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Preface

B Purpose of This Document and Intended Reader
Thank you very much for your continued patronage of Fujitsu Semiconductor products.

FR family is aline of single-chip microcontrollers based on the 32-bit high-performance RISC CPU while
integrating a variety of 1/0 resources for embedded control applications which require high-performance,
high-speed CPU processing.

This manual describes the functions and operation of the MB91313A series for engineers who actualy use
this semiconductor to design products. Please read this manual first.

FR, the abbreviation of FUJTSU RISC controller, is a line of products of FUJTSU SEMICONDUCTOR
LIMITED.

B Trademark

The company names and brand names herein are the trademarks or registered trademarks of their respective
OWners.



B Organization of This Manual

This manual consists of the following 19 chapters and appendix.

CHAPTER 1 OVERVIEW
This chapter explains the features and basic specification of the MB91313A series.

CHAPTER 2 CPU AND CONTROL BLOCK

This chapter provides the CPU core of the FR family, covering its architecture, specifications, and
instructions.

CHAPTER 3 EXTERNAL BUS INTERFACE
This chapter explains the features, block diagram, 1/0 pins, and registers of the external bus interface.

CHAPTER 4 1/0 PORTS
This chapter gives an overview of /O ports and describes their register configuration and functions.

CHAPTER 5 16-BIT RELOAD TIMER

This chapter explains an overview, register configuration/functions and operations of the 16-bit reload
timer.

CHAPTER 6 PPG (PROGRAMMABLE PULSE GENERATOR)

This chapter gives an outline of the PPG (Programmable Pulse Generator) timer and explains the register
configuration and functions and the timer operations.

CHAPTER 7 16-BIT PULSE WIDTH COUNTER

This chapter gives an overview of the 16-bit pulse width counter and explains the register configuration
and functions and the counter operation.

CHAPTER 8 MULTIFUNCTION TIMER

This chapter gives an overview of the multifunction timer and explains the register configuration and
functions and the timer operation.

CHAPTER 9 OTHER TIMERS
This chapter explains the main oscillation stabilization wait timer, interval timer, and watch timer.

CHAPTER 10 INTERRUPT CONTROLLER

This chapter gives an overview of the interrupt controller and explains its register configuration/functions
and its operations.

CHAPTER 11 EXTERNAL INTERRUPT CONTROL UNIT

This chapters gives an overview of the externa interrupt control unit and describes its register
configuration/functions and its operations.

CHAPTER 12 DELAY INTERRUPT MODULE

This chapter explains the overview of the delay interrupt module, configuration/functions of the registers,
and operations of the module.



CHAPTER 13 BIT SEARCH MODULE

This chapter explains the overview of the bit search module, configurations/functions of the registers, and
operations of the module.

CHAPTER 14 10-BIT A/D CONVERTER
This chapter gives an overview of the 10-bit A/D converter, register configuration and functions, and 10-

bit A/D converter operation.

CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
This chapter describes the functions and operations of the multi function serial interface.

CHAPTER 16 DMAC (DMA CONTROLLER)

This chapter gives an overview of the DMA controller (DMAC) and describes its register configuration
and its operations.

CHAPTER 17 REMOTE CONTROL RECEPTION

This chapter describes the functions and operations of HDMI-CEC reception, ACK automatic a response,
and the remote control reception.

CHAPTER 18 FLASH MEMORY

This chapter provides an outline of flash memory and explains its register configuration, register
functions, and operations.

CHAPTER 19 MB91313A SERIAL PROGRAMMING CONNECTION
This chapter explains the serial programming connection for MB91313A.

APPENDIX

This appendix explains the details not covered in the main topics and other referential information for
programming about the 1/0 map, interrupt vector, pin status of the CPU state, notes and instructions list
when using the little endian area.
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CHAPTER 1
OVERVIEW

This chapter explains the features and basic
specification of the MB91313A series.

1.1 Features

1.2 Block Diagram

1.3 Pin Assignment

1.4 Package Dimensions
1.5 List of Pin Functions
1.6 1/O Circuit Types

1.7 Precautions on Handling the Device
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CHAPTER 1 OVERVIEW

1.1 Features

MB91313A Series

1.1 Features

The FR family is a line of microcontrollers based on a 32-bit high-performance RISC
CPU and integrating a variety of 1/0 resources for embedded control applications which
require high-performance, high-speed processing by the CPU.

The microcontrollers are equipped with the multiple channels of the communication
macro and most suitable for embedded applications such as television control.

H FR CPU

32-bit RISC, load/store architecture, 5-stage pipeline
Operating frequency of 33 MHz [PLL used: 16.5-MHz oscillation frequency: multiply by 2]
16-bit fixed-length instructions (basic instructions), one instruction per cycle

Memory-to-memory transfer, bit manipulation, barrel shift, and other instructions ... Instructions
appropriate for embedded applications

Function entry/exit instructions, multi-register load/store instructions ... Instructions compatible with
high-level languages

Register interlock function ... Facilitating assembly-language coding

Built-in multiplier/instruction-level support:

Signed 32-bit multiplication ... 5 cycles

Signed 16-bit multiplication ... 3 cycles

Interrupts (saving of PC and PS) ... 6 cycles, 16 priority levels

Harvard architecture enabling simultaneous execution of program access and data access

4 words queuing in CPU enabling advanced fetch of instructions

I nstruction-compatible with the FR family

B Simplified External Bus Interface
Setting in the program enables the 8-bit or 16-bit multiplex busto run.

Maximum operating frequency of 16.5 MHz

8-/16- hit data/address multiplex 1/0

Totally independent 4-area chip select output that can be defined at a minimum of 64 KB
Basic buscycle ... 3 cycles

Automatic wait cycle generator that can be programmed for each area

Unused data/address/control signal pins can be used for general-purpose I/0

B Built-in Memory

Flash memory 544 KB, RAM/32 KB

FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 1 OVERVIEW

MB91313A Series 1.1 Features

B DMAC (DMA Controller)
e 5channels

« 2transfer sources. internal peripheral/software

» Addressing mode; 20/24-bit full address specifications (increase/decrease/fixed)
e Transfer mode: burst transfer/step transfer/block transfer

» Transfer data size: can be selected from 8, 16, or 32 bits

W Bit Search Module (Used by REALOS)
Searches for the position of the first bit varying between 1 and 0 in the MSB of aword.

B 16-bit Reload Timer (Including One Channel for REALQOS)
e 6 channels

« Internal clock: selectable from among results of dividing the machine clock frequency by 2, 8, and 32

B Multi Function Serial Interface
e 11 channels

« Full-duplex double buffer

« 4 types communication mode: asynchronous (start-stop synchronous), clock-synchronous communication
(maximum 8.25 Mbps), 12C standard mode (maximum 100 kbps), and 1°C
high-speed mode (maximum 400 kbps)

» Parity selectable from enabled or disabled

 Built-in baud rate generator for each channel

« Various error detection functions: parity, frame, overrun

» External clock that can be used as transfer clock

e ch.0 to ch.2 : the DMA transfer / the FIFO function with 16 bytes for each of the transmission and

reception

e ch.8toch.10: 5-V tolerant.

* ch.8: the open drain output

. 1°C bridge function (among 0 channel, 1 channel, and 2 channel)

* SPI mode

B Interrupt Controller
e Total of 24 externa interrupts (external interrupt pinsINT23 to INTO)

* Interrupts from internal peripherals
» Programmable priority level (16 levels)
« Auvailable for wakeup in STOP mode

B 10-bit A/D Converter
* 10 channels
» Successive approximation type: conversion time : approximately 7.94 us
« Conversion modes: single conversion mode and scan conversion mode
« Activation sources: software and externa trigger

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 3



CHAPTER 1 OVERVIEW

1.1 Features MB91313A Series

B PPG
e 4 channels
« 16-bit counter, 16-bit data register with buffer to set the cycle
« Interna clock: selectable from among results of dividing the machine clock frequency by 1, 4, 16, and 64
» Automatic cycle setting supported with the DMA transfer
¢ Remote control transmission support function
* Open drain output

B PWC
e 1 channd (1 input)
e 16-bit up counter
» Simplified LOWPASS filter

B Multifunction Timer
e 4 channels
* Removesthe noise, if lower than specified clock, using the Low Pass filter
« Pulse width can be measured using 7 types of clock signal
» Event count function from pin input
 Interval timer function using 7 types of clock and external input clock
e Built-in HSYNC counter mode

B HDMI-CEC/Remote Control Reception
e 2channels
« HDMI-CEC reception function (with automatic ACK response function)
* Remote control reception function (with 4 byte reception buffers)

B Other Interval Timers
» Watch timer (32 kHz, Max 60 s count)
« Watchdog timer

H 1/O Ports

Maximum 86 ports

B Other Features
» Built-in oscillation circuit as a clock source
e INITX provided asareset pin
« Watchdog timer and software resets available
» Supporting stop mode and sleep mode as |ow-power consumption modes
» Gear function
- Built-in time-base timer
- 5V tolerant I/O (for apart of pins)
e Package: LQFP-120, 0.5 mm pitch, 16 mm x 16 mm
¢ CMOStechnology: 0.18 um
« Power supply voltage 3.3+0.3 V, 1.8+0.15 V, 2 power supply units
« 12Clicense
Purchase of Fujitsu 12C components conveys a license under the Philips 12C Patent Rights to use, these

components in an 1C system provided that the system conforms to the 12C Standard Specification as
defined by Philips.
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MB91313A Series

1.2

Block Diagram

CHAPTER 1 OVERVIEW
1.2 Block Diagram

Figure 1.2-1 shows a block diagram of MB91313A Series.

B Block Diagram of MB91313A Series

Figure 1.2-1 Block Diagram of MB91313A Series

FR
CPU core

32 FLASH
32 544 KB
Bit search —‘
RAM 32 KB Bus converter DMA Controller
W ( 5 channels
32> 16

Adapter

Clock
control

Interrupt
controller

External
interrupt

Simplified external I/F
8/16-bit
multiplex bus

Multi function
serial interface
11 channels

converter
10 channels

PWC
1 channel

PPG
4 channels

A/D HDMI-CEC/
Remote control

reception

2 channels

Reload Multifunction
timer timer
6 channels|| 4 channels
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CHAPTER 1 OVERVIEW
1.3 Pin Assignment

1.3

Pin Assignment

MB91313A Series

Figure 1.3-1 shows the pin assignment of MB91313A Series.

B Pin Assignment of MB91313A Series

Figure 1.3-1 Pin Assignment of MB91313A Series
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CHAPTER 1 OVERVIEW

MB91313A Series 1.4 Package Dimensions
1.4 Package Dimensions

Figure 1.4-1 shows the package dimensions of MB91313A Series.

Figure 1.4-1 Package Dimensions of MB91313A Series

120-pin plastic LQFP Lead pitch 0.50 mm
Package width x 16.0 x 16.0 mm
package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.70 mm MAX
Weight 0.88¢g
(FPT-120P-M21) Code P-LFQFP120-16x16-0.50
(Reference) '
120-pin plastic LQFP Note 1) * : These dimensions do not include resin protrusion.
(FPT-120P-M21) Resin protrusion is +0.25(.010) MAX(each side).

Note 2) Pins width and pins thickness include plating thickness.
Note 3) Pins width do not include tie bar cutting remainder.

18.00+0.20(.709::.008)SQ
*16.00 ‘10 (.630 604 )SQ
AAAAAAARAARARARAAAAAAAAAAAAARA
o= O O =)
= = SO L |
(== = +0.20 I
= = } (1022 4’0:,3> (Mounting height) }
% % } . ~-.004 ‘
= E= |
= INDEX = } |
E= = ‘ 0~8° |
@5 C OFe s |
R LR LR LR IR v } L 0.1020.05 !
LEAD No.(1) ‘ ‘ H | ((.go4¢dooﬁ2)) }
0.22+0.05 0.145 7503 | 0.600.15 tand off) |
+={0.50(.020)| 565 G027 £10.08(.003) @) [ 0062 | (024-008) oz |
o ______ !
Dimensions in mm (inches).
© 2002-2010 FUJITSU SEMICONDUCTOR LIMITED F1200835-c-4-7 Note: The values in parentheses are reference values.

Please check the latest package dimensions at the following URL.
http://edevice.fujitsu.com/package/en-search/
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CHAPTER 1 OVERVIEW

1.5 List of Pin Functions

MB91313A Series

1.5 List of Pin Functions

Table 1.5-1 lists the pin functions of MB91313A Series.

B Pin Functions of MB91313A Series

Table 1.5-1 List of Pin Functions (1/8)

I/O circuit

Pin No. Pin name type *1 Function
VSS - GND pin
2 VDDI - 1.8V power supply pin
P23 General -purpose port
3 SIN1 b Seria datainput pin
P24 General-purpose port
4 SOT1/SDA1 L Serial dataoutput pin
(12C bridge) 12C data1/O pin
P25 General-purpose port
5 SCK1/SCL1 L Clock pulse /O pin for serial communication
(1%C bridge) 12C clock 1/0 pin
P26 General -purpose port
® SIN2 b Seria datainput pin
P27 General-purpose port
7 SOT2/SDA2 L Serial dataoutput pin
(12C bridge) 12C data1/O pin
P30 General-purpose port
8 SCK2/SCL2 L Clock pulse 1/0O pin for serial communication
(1%C bridge) 12C clock 1/0 pin
P31 General -purpose port
° TOTO b Output pin for reload timer
10 P32 b General-purpose port
TOT1 Output pin for reload timer
P33 General-purpose port
1 TOT2 b Output pin for reload timer
1 P34 b General -purpose port
TINO Event input pin for reload timer
13 P35 b General-purpose port
TIN1 Event input pin for reload timer
1 P36 b General-purpose port
TIN2 Event input pin for reload timer

FUJITSU SEMICONDUCTOR LIMITED
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MB91313A Series

Table 1.5-1 List of Pin Functions (2/8)

CHAPTER 1 OVERVIEW
1.5 List of Pin Functions

I/O circuit

Pin No. Pin name type *1 Function

15 P37 b General -purpose port
RIN PWC input pin
P40 General-purpose port

16 TMOO0 B Multifunction timer output pin
INT16 External interrupt request input pin
P41 General-purpose port

17 TMO1 B Multifunction timer output pin
INT17 External interrupt request input pin
P42 General-purpose port

18 TMO2 B Multifunction timer output pin
INT18 External interrupt request input pin
P43 General-purpose port

19 TMO3 B Multifunction timer output pin
INT19 External interrupt request input pin
P44 General-purpose port

20 TMIO B Multifunction timer input pin
INT20 External interrupt request input pin
P45 General-purpose port

o1 T™I1 B Multifunction timer input pin
INT21 External interrupt request input pin
SIN10 Seria datainput pin
P46 General-purpose port
T™MI2 Multifunction timer input pin

22 INT22 B External interrupt request input pin
SOT10/SDA10 Isze(;' 3;;178‘;%“ pin
P47 General -purpose port
TMI3 Multifunction timer input pin

23 INT23 B External interrupt request input pin
SCK10/SCL 10 |C2I(c:)ilfopcukl slijzci)n;l:]t/output pin for serial communication
P60 General-purpose port

24 TOT3 C Output pin for reload timer
TRG2 PPG trigger input pin

CM71-10143-5E
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CHAPTER 1 OVERVIEW
1.5 List of Pin Functions MB91313A Series

Table 1.5-1 List of Pin Functions (3/8)

Pin No. Pin name I/g;ei}rggit Function
P61 General -purpose port
25 TOT4 C Output pin for reload timer
TRG3 PPG trigger input pin
P62 General-purpose port
26 TOT5 C Output pin for reload timer
RDY External ready input pin
P63 General -purpose port
27 TIN3 C Event input pin for reload timer
CLK External clock output pin
P64 General-purpose port
28 TIN4 ¢ Event input pin for reload timer
P65 General-purpose port
2 TINS5 ¢ Event input pin for reload timer
30 VDDE - 3.3V power supply
31 VSS - GND pin
PFO General-purpose port
% RCINO 8 HDMI-CEC/Remote control 0 I/O pin
PF1 General-purpose port
33 RCIN1 8 HDMI-CEC/Remote control 1 1/0 pin
” PF2 b General-purpose port
RCACKO HDMI-CEC/Remote control OACK output pin
35 PF3 b General-purpose port
RCACK1 HDMI-CEC/Remote control TACK output pin
36 PF4 D General-purpose port
37 PF5 D General-purpose port
38 PF6 D General-purpose port
39 PF7 D General -purpose port
40 VDDE - 3.3V power supply
41 VSS - GND pin
42 AVSS - A/D converter GND pin
43 AVRH - A/D converter reference voltage pin
44 AVCC - A/D converter power supply pin
45 PDO L General-purpose port pin
ANO A/D converter analog input pin
PD1 General -purpose port
4 AN1 - A/D converter analog input pin

10 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



MB91313A Series

Table 1.5-1 List of Pin Functions (4/8)

CHAPTER 1 OVERVIEW
1.5 List of Pin Functions

I/O circuit

Pin No. Pin name type *1 Function

PD2 General-purpose port

4 AN2 - A/D converter analog input pin
PD3 General-purpose port

8 AN3 - A/D converter analog input pin
PD4 General -purpose port

* AN4 - A/D converter analog input pin

- PD5 L General-purpose port
ANS A/D converter Analog input pin

51 PD6 L General-purpose port
ANG6 A/D converter Anaog input pin

- PD7 L General-purpose port
AN7 A/D converter Analog input pin
PEO General-purpose port

53 ANS L A/D converter Analog input pin
INTO External interrupt request input pin
PE1 General-purpose port

- AN9 L A/D converter Analog input pin
PPGO "2 Output pin for PPG
INT1 External interrupt request input pin
PE2 General -purpose port

e PPG1 "2 5 Output pin for PPG
INT2 External interrupt request input pin
ATRG Trigger input pin for A/D converter
PE3 General-purpose port

56 | PPG2 "2 B Output pin for PPG
INT3 External interrupt request input pin

57 VDDE - 3.3V power supply

58 INITX G Initial reset pin

59 XO0A A Sub clock input pin

60 X1A A Sub clock output pin

61 VSS - GND pin

62 X1 A Main clock output pin

63 X0 A Main clock input pin

64 VDDI - 1.8V power supply

65 MDO F Mode pin

66 MD1 Mode pin

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED
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CHAPTER 1 OVERVIEW

1.5 List of Pin Functions

Table 1.5-1 List of Pin Functions (5/8)

MB91313A Series

I/O circuit

Pin No. Pin name type *1 Function
67 MD2 F Mode pin
PE4 General -purpose port
68 | PPG3 "2 B Output pin for PPG
INT4 External interrupt request input pin
PES General-purpose port
69 SIN8 B Seria datainput pin
INT5S External interrupt request input pin
PE6 General -purpose port
70 | SOTe/SDAS B E’geg;‘g ;/”ct)e;‘;pt request Input pin
INT6 Seria data output pin
PE7 General-purpose port
71 SCKS/SCLS B IC;I((:)%ITOpCLIJ(I ﬁ(i)nglgloutput pin for serial communication
INT7 External interrupt request input pin
PCO General-purpose port
& SIN9 . Seria datainput pin
PC1 General-purpose port
73 B i i
SOT9Y/SDA9 Iszeé' Zjafgj‘g‘;%“t pin
PC2 General-purpose port
74 SCKO/SCLY B IC;I((:)%ITOpCLIJ(I ﬁ(i)nglgloutput pin for serial communication
75 PC3 B General -purpose port
76 PC4 B General-purpose port
PPGA Output pin for PPG
- PC5 B General-purpose port
PPGB Output pin for PPG
18 PC6 B General-purpose port
TRGO PPG trigger input
79 PC7 B General-purpose port
TRG1 PPG trigger input
80 TRSTX G Reset pin for development tool
81 ICDO K Data pin for development tool
82 ICD1 K Data pin for development tool
83 ICD2 K Data pin for devel opment tool
84 ICD3 K Data pin for devel opment tool

12
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CHAPTER 1 OVERVIEW

MB91313A Series 1.5 List of Pin Functions

Table 1.5-1 List of Pin Functions (6 /8)

Pin No. Pin name Vo cirggit Function
type
85 ICSO H Status pin for development tool
86 ICS1 H Status pin for development tool
87 ICS2 H Status pin for development tool
88 ICLK H Clock pin for development tool
89 IBREAK I Break pin for development tool
Q0 VDDE - 3.3V power supply
91 VSS - GND pin
92 VDDI - 1.8V power supply
POO General-purpose port
93 ADOO c External address/databus1/O pin
SIN3 Seria datainput pin
INT8 External interrupt request input pin
PO1 General-purpose port
ADO1 External address/data bus 1/0O pin
94 C i i
SOT3/SDA3 eré' ﬂa?g?g‘;%“t pin
INT9 External interrupt request input pin
P02 General-purpose port
ADOQ2 External address/databus1/O pin
9% SCK3/SCL3 C IC;I((:)ilTopCLIJ(I ﬁ(i)ng%t/output pin for serial communication
INT10 External interrupt request input pin
P03 General-purpose port
9% ADO3 c External address/databus1/O pin
SIN4 Serial datainput pin
INT11 External interrupt request input pin
P04 General-purpose port
ADO4 External address/data bus1/0O pin
9 | sotaispas c lszeéi g’a?gj‘g‘;‘;“t pin
INT12 External interrupt request input pin
P05 General-purpose port
ADO05 External address/databus1/O pin
98 SCK4/SCL 4 C IC;I((:)iITOpCLIJ(IsI?(i)ngL:/OUtpUt pin for serial communication
INT13 External interrupt request input pin

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 13



CHAPTER 1 OVERVIEW

1.5 List of Pin Functions

Table 1.5-1 List of Pin Functions (7 /8)

MB91313A Series

I/O circuit

Pin No. Pin name *1 Function
type
P06 General -purpose port
9% ADO06 c External address/data bus1/0O pin
SIN5 Seria datainput pin
INT14 External interrupt request input pin
PO7 General-purpose port
ADO7 External address/data bus I/O pin
100 c Serial dataoutput pin
SOTS/SDAS 12C data /O pin
INT15 External interrupt request input pin
P10 General-purpose port
101 ADO08 c External address/databus1/O pin
SCK5/SCL5 (32Iock pulse mput/output pin for serial communication
1“C clock 1/0O pin
P11 General-purpose port
102 ADO09 C External address/databus1/O pin
SING Seria datainput pin
P12 General-purpose port
103 AD10 c External address/data bus1/O pin
Serial dataoutput pin
SOT6/SDAG 12C data 1/O pin
P13 General-purpose port
104 AD11 c External add.reﬁs/data bus I./O pin - _
SCK6/SCL6 C;I ock pulse mput/output pin for serial communication
1“C clock 1/0O pin
P14 General-purpose port
105 AD12 C External address/data bus1/O pin
SIN7 Serial datainput pin
P15 General-purpose port
106 AD13 C External address/data bus I/O pin
Serial data output pin
SOT/ISDA7 12C data /O pin
P16 General-purpose port
107 AD14 c External address/data bus1/O pin
SCK7/SCL7 (32Iock pulse mput/output pin for serial communication
1“C clock 1/O pin
P17 General-purpose port
108 C PATPOSE P -
AD15 External address/databus1/O pin

14
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MB91313A Series

Table 1.5-1 List of Pin Functions (8/8)

CHAPTER 1 OVERVIEW
1.5 List of Pin Functions

I/O circuit

Pin No. Pin name *1 Function
type

P50 General-purpose port

109 CSOX C External chip select pin
PPGO "2 Output pin for PPG
P51 General-purpose port

110 CS1X C External chip select pin
PPG1 "2 Output pin for PPG
P52 General -purpose port

111 Cs2X C External chip select pin
PPG2 "2 Output pin for PPG
P53 General-purpose port

112 CS3X C External chip select pin
PPG3 "2 Output pin for PPG
P54 General-purpose port

113 C PaTPOsEP _
ASX External address strobe output pin
P55 Genera -purpose port

114 C PATPOSE .
RDX External read strobe output pin
P56 General -purpose port

115 C PATPOSE P - .
WROX External data bus write strobe output pin
P57 General-purpose port

116 C PATPOSEP : :
WRI1X External data bus write strobe output pin
P20 Genera -purpose port

117 D . P .p p
SINO Seria datainput pin
P21 General -purpose port

118 | SOTO/SDAO L Serial data output pin
(12C bridge) 12C data1/O pin
P22 General-purpose port

119 | scKO/scLo L Clock pulse input/output pin for serial communication
(12C bridge) 1%C clock 1/ pin

120 VDDE - 3.3V power supply pin

*1: For the I/O circuit type, refer to "1.6 1/0O Circuit Types'.
*2: For PPGO, PPG1, PPG2, PPG3 on pins 54, 55, 56, 68, and on pins 109, 110, 111, 112 respectively, select and use each
one of them via PFR. For the PFR, refer to "CHAPTER 4 1/0O PORTS'.

CM71-10143-5E
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CHAPTER 1 OVERVIEW

1.6 1/O Circuit Types MB91313A Series
1.6 I/O Circuit Types

Table 1.6-1 lists the I/O circuit types of MB91313A series.

W 1/O Circuit Types

Table 1.6-1 1/O Circuit Types (1/3)

Type Circuit type Remarks

A » Oscillation circuit
Glock input Built-in feedback resistor

X0-X1: IMQ
X0

XO0A-X1A: None

STANDBY CONTROL

B * CMOSevel output

lOH =4mA

Digital output * CMOS level hysteresisinput
V|H =0.7x% VDDE

* Standby control supported
Digital output ¢ 5V tolerant

DQ—) Digital input

STANDBY CONTROL

C Pull-up Control * CMOS level output

IOH =4mA
e CMOS level hysteresisinput
V|H =0.8x VDDE
Standby control supported
* Pull-up control supported
 Pull-up resistor available (33 kQ)

Digital output

o

o

=

o

o

=
[

N-ch Digital output

¥

Digital input

[
STANDBY CONTROL
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MB91313A Series

Table 1.6-1 1/O Circuit Types (2/3)

CHAPTER 1 OVERVIEW
1.6 1/O Circuit Types

Type Circuit type Remarks
D * CMOS level output
loy =4 mA
P-eh Digital output * CMOS level hysteresisinput
V|H =0.8x VDDE
« Standby control supported
N-oh Digital output * Pull-up resistor not available
@o—» Digital input
STANDBIY CONTROL
F e CMOSlevel input
« Standby control not supported
P-ch
N-ch 77
{>O—> Digital input
G e CMOS hysteresisinput
 Pull-up resistor available
P-ch % P-ch
N-ch )7
@Oﬁ Digital input
H CMOS level output
P-ch Digital output
N-ch Digital output
I » CMOS hysteresisinput
 Pull-down resistor available
« Standby control not supported
N-ch N-ch j7
@O—) Digital input

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED
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CHAPTER 1 OVERVIEW
1.6 1/O Circuit Types

Table 1.6-1 1/O Circuit Types (3/3)

MB91313A Series

>O—> Digital input

Type Circuit type Remarks
K CMOS level output
CMOS level input
N Standby control not supported
Pigttalouteut Pull-down resistor available
N-ch N-ch Digital output

P-ch P-ch ’7 Digital output

‘ }7 Digital output

4
] I
>

Port input
Resource input

External bus input

v

STANDBY CONTROL

L CMOS level output
CMOS level hysteresisinput
N Standby control supported
P-ch Digital output Analog input with switch

®

§ N-ch Digital output

I‘* j ‘L Analog input

CONTROL
i})_) Digital input
STANDBY CONTROL

0 Pull-up control CMOS level output

|OH:4mA

CMOS input (external bus IF)
CMOS level hysteresisinput
(port, resource)

V|4=0.8 x VDDE

Standby control supported
Pull-up control supported
Pull-up resistor available(33k<)

18 FUJITSU SEMICONDUCTOR LIMITED
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CHAPTER 1 OVERVIEW

MB91313A SerieS 1.7 Precautions on Handling the Device

1.7

Precautions on Handling the Device

This section contains information on the prevention of latch-ups, pin processing,
handling of circuits, input at power-on and so on.

B Preventing a Latch-up

A latch-up can occur if, on aCMOS IC, a voltage higher than Vppg and Vpp, or avoltage lower than Vgg
is applied to an input or output pin or a voltage higher than the rating is applied between VDDE pin or
VDDI pinand VSS. A latch-up, if it occurs, significantly increases the power supply current and may cause
thermal destruction of an element. When you use a CMOS IC, be very careful not to exceed the maximum
rating.

B Unused Input Pins

Do not leave an unused input pin open, since it may cause a malfunction. Handle by, for example, using a
pull-up or pull-down resistor.

B Power Supply Pins

In MB91313A series, devices including multiple of VDDE pins, VDDI pins and VSS pins are designed as
follows; pins necessary to be at the same potential are interconnected internally to prevent malfunctions
such as latch-up. All of the power supply pin and GND pin must be externally connected to the power
supply and ground respectively in order to reduce unnecessary radiation, to prevent strobe signal
malfunctions due to the ground level rising and to follow the total output current ratings. Furthermore, the
VDDE pins, VDDI pins and VSS pins of the MB91313A series must be connected to the current supply
source via alow impedance. It is also recommended to connect a ceramic capacitor of approximately 0.1uF
as a bypass capacitor between VDDE pins, VDDI pinsand VSS pins near this device.

B Crystal Oscillator Circuit

Noise in proximity to the X0 and X1 (X0A, X1A) pins can cause the device to operate abnormally. Printed
circuit boards should be designed so that the X0 (X0A) and X1 (X1A) pins, and crystal oscillator, as well
as bypass capacitors connected to ground, are located near the device and ground.

It is recommended that the printed circuit board artwork be designed such that the X0 and X1 pins or X0A
and X 1A pins are surrounded by ground plane for the stable operation.

Please request the oscillator manufacturer to evaluate the oscillational characteristics of the crystal and this
device.

B Mode Pins (MDO to MD2)

When using mode pins, connect them directly to power supply pin or GND pin. To prevent the device from
entering test mode accidentally due to noise, minimize the lengths of the patterns between each mode pin
and power supply pin or GND pin on the printed circuit board as possible and connect them with low
impedance.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 19
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1.7 Precautions on Handling the Device MB91313A Series

B Operation at Power-On
Ensure that the INITX pin is reset and the settings are initialized (INIT) immediately after the power is
turned on.
Maintain the "L" level input to the INITX pin during the stabilization wait time immediately after the
power on to ensure the stabilization wait time as required by the oscillator circuit (the stabilization wait
timeisreset to the minimum value when INIT is asserted using the INITX pin).

B Note on Oscillator Input at Power-On
At power-on, ensure that the clock isinput until the oscillator stabilization wait time has el apsed.

B Notes on the Turning On/Off VDDI Pin (1.8 V Internal Power Supply) and VDDE Pin
(3.3 V External Pin Power Supply)
Do not apply only VDDE pin (external power supply) voltage continuously (more than one minute) while
the VDDI pin (internal power supply) is disconnected asit will adversely affect the reliability of the LSI.
When the VDDE pin (external power supply) returns from the off state to the on state, the circuit may not
be able to maintain itsinterna state, for example, due to power supply noise.

Power on VDD pin (internal power supply) — VDDE pin (external power supply) — Analog— Signal

Power off  Signal — Analog— VDDE pin (external power supply) — VDDI pin (internal power supply)

Turning on/off these power supplies (VDDI/Analog/VDDE) simultaneously causes no problem.

When the power is turned on, the states of the output pins may remain undefined until the internal power
supply becomes stable.

B Notes on Using an External Clock
When using the external clock as a general rule you should simultaneously supply X0 (X0A) and X1 (X1A)
pins. And also, the clock signal to X0 (X0A) should be supplied a clock signal with the reverse phase to X1
(X1A) pins. However, in this case the stop mode (oscillation stop mode) must not be used (This is because
the X1 (X1A) pin stops at "H" output in STOP mode). Furthermore, supply a clock to X0 (X0A) pin only if
the deviceis operating in lessthan 12.5 MHz.

Figure 1.7-1 Using an External Clock (Normal Method)

X0, X0A

[>o— MB91313A
X1, X1A | series

Cannot be used in STOP mode (oscillation stop mode).

Figure 1.7-2 Using an External Clock (available at 12.5 MHz or less)

X1, X1A| series

Open

{>c X0, X0A
% MB91313A

Note: . When operating at a frequency of 10 MHz, the delay between the X0 (X0A) and X1 signals
should be less than 15 ns.
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MB91313A Series 1.7 Precautions on Handling the Device

B AVCC Pin

The MB91313A has a built-in A/D converter. A capacitor of approximately 0.1uF must be connected
between the AVCC pin and AV SS pin.

AVCC

l]_ 0.1uF

MB91313A series AVSS

B Notes when not Using the Emulator

To operate the evaluation MCU on the user system without connecting the emulator, treat each input pin on
the evaluation MCU connected to the emulator interface on the user system as shown below.

Note that switching circuits or other measures may be needed on the user system.

Table 1.7-1 Emulator Interface Pin Treatment

Evaluation MCU Pin Name Pin Connection
TRSTX Connect to the reset output circuit on the user system.
INITX Connect to the reset output circuit on the user system.
Other Pins Open

B Notes on Selecting PLL Clocks

If the crystal oscillator is disconnected or the clock input stops while the PLL clock is selected, the
microcontroller may continue to operate at the free-running frequency of the self-oscillating circuit within
the PLL. However, this operation is not guaranteed.
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1.7 Precautions on Handling the Device MB91313A Series
B Restrictions

@ Clock control block

When an "L" level isinput to the INITX pin, ensure that it is maintained for the duration of the oscillation
stabilization wait time.

@ Bit Search Module

The bit search data register for O-detection (BSDO), hit search data register for 1-detection (BSD1), and bit
search data register for change point detection (BSDC) can be accessed in word.

@® 1/0O Ports

Ports can only be accessed in byte.

@ Low Power Consumption Mode

» To place the device in standby mode, use the synchronous standby mode (set with bit 8 (SYNCS bit) of
the timebase counter control register, TBCR) and be sure to use the following sequence::

(LDI#vaue_of_standby, r0) ; value_of_standby isthe datato writeto STCR

(LDI#_STCR, R12) ; _STCRisthe address of STCR (481H)

STB RO, @R12 ; Write to the standby control register (STCR)
LDUB @R12, RO ; Read STCR for synchronous standby

LDUB @R12, RO ; Perform an additional dummy read of STCR
NOP ; 5x NOP for timing adjustment

NOP

NOP

NOP

NOP

» Do not perform any of the following actions when using the monitor debugger.
- Set abreakpoint within the sequence of instructions shown above

- Perform step execution of the sequence of instructions shown above
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MB91313A Series 1.7 Precautions on Handling the Device

@ Notes on the PS register

Some instructions write to the PS register in advance before executing. When a debugger is being used,
execution may break within an interrupt handler routine, or the values of the flags within the PS register
may be updated due to exception processing. However, the microcontroller is designed to reprocess
correctly after returning from the EIT, and to execute before and after the EIT proceeds according to the
specifications.

» Inany following situation, the previous instructions before a DIVOU or DIVOS instruction may take the
processing in (1) to (3).
- A userinterrupt or NMI is accepted
- Step execution is performed
- A break occurs due to adata event or by being selected from the emulator menu
1. The DO and D1 flags are updated in advance.
2. The EIT handling routine (user interrupt/NMI or emulator) is executed.

3. Upon returning from the EIT, the DIVOU or DIVOS instruction is executed and the DO/D1 flags
are updated back to the same value as in step (1).

« If any of the OR CCR, ST ILM, or MOV Ri, PS instructions are executed to enable a user interrupt or
NMI interrupt source when that interrupt has occurred, the following operation will be performed.

1. ThePSregister is updated in advance.
2. The EIT handling routine (user interrupt/NMI or emulator) is executed.

3. Upon returning from the EIT, the above instructions are executed and the PS registers are
updated back to the same value asin step (1).

@ Watchdog timer

The watchdog timer has a function to monitors the program to check that it delays a reset within a certain
period of time, and resets the CPU if the program runs out of control and fails to delay the reset. Once the
watchdog timer has been enabled, it keeps running until reset. As an exception, the reset is automatically
delayed in conditions where the execution of the CPU program stops. It is possible that the watchdog timer
will not be triggered if these conditions arise as a result of the system running out of control. In that case,
please reset (INIT) using the external INITX pin.

@ Notes on using the A/D converter

Do not supply avoltage higher than the VDDE pin to the AVCC pin.

@ Software reset in synchronous mode

When using the software reset in synchronous mode, the following two conditions should be satisfied
before setting the SRST bit in STCR (standby control register) to "0".
« Theinterrupt enable flag (I-Flag) is set to interrupts disabled (I-Flag=0) .

e TheNMI isnot being used.
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CHAPTER 2

CPU AND CONTROL BLOCK

CM71-10143-5E

This chapter provides the CPU core of the FR family,
covering its architecture, specifications, and
instructions.

21
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

Memory Space

Internal Architecture

Instructions

Programming Model

Data Structure

Branch Instruction

EIT (Exception, Interruption, and Trap)
Reset (Device Initialization)

Clock Generation Control

2.10 Device State Control
2.11 Operating Mode
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CHAPTER 2 CPU AND CONTROL BLOCK

2.1 Memory Space MB91313A Series
2.1 Memory Space

The logical address space of the FR family is 4GB (232 locations) and the CPU performs
linear access.

W Direct Addressing Area
The following area of the address space is used for 1/0.

This area is caled the direct addressing area and the operand address can be specified directly in the
instruction.

A direct area varies depending on the size of the accessed data as follows.

= byte data access : 000y to OFFy
= half word dataaccess : 0004 to 1FFy
= word data access : 0004 to 3FFy

B FR Family Memory Map
Figure 2.1-1 shows the memory map of the FR family.

The FR family has a 32-hit linear address space.

Figure 2.1-1 FR Family Memory Map

000000004
Byte data

00000100H Direct

Half word data .
000002004 Addressing Area

Word data
000004004
00OFFCO0H

Vector table
Initial area

O00OFFFFFH
FFFFFFFFH

@ Initial Area of the Vector Table

The area from "000FFC004" to "000FFFFF," is used astheinitial area of the EIT vector table.

The vector table to be used during EIT processing can be placed at any address by rewriting TBR.
However, the table will be relocated to this address when initialized by areset.
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MB91313A Series

B Memory Map of MB91313A Series
Figure 2.1-2 shows the memory map.

CHAPTER 2 CPU AND CONTROL BLOCK
2.1 Memory Space

Figure 2.1-2 Memory Map of MB91313A Series

00000000+

00000400+

00010000+

00038000+

00040000+

00050000+

00078000H

00100000+

00200000H

007FFFFFH

FFFFFFFFH

Single chip mode

Internal ROM

external bus mode

110 110
110 110
------ Access Access
prohibited prohibited
Internal RAM Internal RAM
32 Kbytes 32 Kbytes
Access
Access prohibited
prohibited

External area

Internal Flash

Internal Flash

544 Kbytes 544 Kbytes
------------- Access
------------- prohibited

Access Ext |
prohibited xternal area

Access
prohibited

|

Direct addressing area
See "APPENDIX A

1/0 Map".
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CHAPTER 2 CPU AND CONTROL BLOCK
2.2 Internal Architecture

2.2

Internal Architecture

MB91313A Series

As well as adopting a RISC architecture, the FR family CPU is a high performance core

featuring advanced instructions for embedded applications.

B Features of Internal Architecture

28

Adoption of a RISC architecture

Basic instruction: one instruction = one cycle

32-hit architecture

General-purpose registers. 32 bits x 16 registers

Linear memory space of 4 GB

Multipliers provided

32-bit by 32-bit multiplication: 5 cycles
16-bit by 16-bit multiplication: 3 cycles
Reinforced interrupt processing function
High-speed response speed (6 cycles)
Multiple interruption supported

Level mask function (16 levels)

Reinforced instruction for 1/0O operation
Memory-to-memory transfer instruction
Bit manipulation instruction

Basic instruction word length: 16 bits

L ow-power consumption

Sleep mode/ Stop mode
Gear function

FUJITSU SEMICONDUCTOR LIMITED

CM71-10143-5E



CHAPTER 2 CPU AND CONTROL BLOCK

MB91313A Series 2.2 Internal Architecture

B Structure of Internal Architecture
The CPU of the FR family uses the Harvard architecture with separate instruction bus and data bus.

A 32-bit «— 16-bit bus converter is connected to the 32-bit bus (F-bus) to provide an interface between
the CPU and peripherals.

A Harvard «— Princeton bus converter is connected to the I-bus and D-bus to provide an interface
between the CPU and the bus controller.

Figure 2.2-1 Structure of Internal Architecture

FR-CPU

I-bus D-bus

Built-in Built-in 32 32 32 32
RAM ROM

Harvard < Princeton
bus converter

d

F-bus
X-bus

32/ 32 32 32

N\

24,
Z > Address
32-bit < 16-bit

Bus controller

Bus converter <i>

16

Real Bus

16 R-bus

Peripheral resource, port

H CPU

The 32-hit RISC architecture of the FR family has been compactly implemented in this CPU. A 5-stage
instruction pipeline system is used to enable the execution of one instruction per cycle. The pipeline is
composed of the following stages.

Figure 2.2-2 shows the configuration of the instruction pipeline.

¢ Instruction fetch (IF) . Outputs an instruction address and fetches the instruction.

 Instruction decode (ID) : Decodesthe fetched instruction. It also reads from aregister.

« Execution (EX) . Executes an arithmetic operation.

e Memory access (MA) : Accessesthe memory for load or store operation.

e Write-back (WB) . Writes the arithmetic operation result (or loaded memory data) to a
register.
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2.2 Internal Architecture MB91313A Series
Figure 2.2-2 Instruction Pipeline
cLK A s T s F e s AN B N
Instruction 1 WB
Instruction 2 MA WB
Instruction 3 EX MA wWB
Instruction 4 ID EX MA WB
Instruction 5 IF ID EX MA WB
Instruction 6 IF ID EX MA WB

Instructions are always executed in the correct order. This means that if Instruction A enters the pipeline
before Instruction B, Instruction A always reaches the write-back stage before Instruction B does.

Asarule, the execution speed of instructionsis based on one instruction per cycle. However, more than one
cycle are required to execute instructions such as load/store instructions with memory wait, branch
instructions without a delay dlot, and multi-cycle instructions. Moreover, the execution speed of an
instruction also decreases, when the supply of the instruction is delayed.

W 32-bit «— 16-bit Bus Converter

The 32-bit «— 16-hit bus converter provides an interface between the F-bus (high-speed 32-bit access)
and the R-bus (16-bit access) to enable data access from the CPU to the built-in peripheral circuits.

When 32-hit access is performed from the CPU to the R-bus, the bus converter converts 32-bit access into
two sets of 16-bit access. Some built-in peripheral circuits have access-width restrictions.
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MB91313A Series 2.2 Internal Architecture

B Harvard «— Princeton Bus Converter

CM71-10143-5E

The Harvard «— Princeton bus converter adjusts instruction access from the CPU to data access to
provide a seamless interface with an external bus.

The CPU is structured in the Harvard architecture in which the instruction bus exists independently from
the data bus. On the other hand, the bus controller, which controls the external bus, is structured in the
single-bus-based Princeton architecture. This bus converter assigns an order of priority for the instruction
access from the CPU and data access to control access to the bus controller. This mechanism allows the
external bus access order to be always optimized.
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2.3 Instructions

2.3 In

MB91313A Series
structions

The FR famil

y supports not only aregular RISC instruction set but also logic

operations, bit manipulation and direct addressing instructions, which are optimized for
embedded applications. The instruction set is listed in "TAPPENDIX D Instruction

Lists".

Each instruction is 16-bit long (some are 32 or 48-bit long) to ensure excellent efficiency

in memory u
The instructi

sage.
on set can be divided into the following function groups:

» Arithmetic Operation
* Load and Store

* Branching

» Arithmetic Operation and Bit Manipulation
» Direct Addressing

e Others

B Arithmetic Operation

M Load and

There are the standard arithmetic operation instructions (addition, subtraction and comparison) and shift
instructions (logic shift and arithmetic operation shift) available. For addition and subtraction, the following
operations are also possible: operation with carry, used for multi-word operation; and operation with an
unchanged flag value, useful for address calculation.

The provided instructions also include 32-bit-by-32-bit and 16-bit-by-16-bit multiplication instructions, 32-
bit-by-32-hit step division instructions as well as immediate transfer instructions that set an immediate
valuein aregister, and register-to-register transfer instructions.

All arithmetic operation instructions are performed using general-purpose registers and multiplication and
division registersin the CPU.

Store

Load and store instructions are used to read from and write to external memory. They are also used to read
from and write to periphera circuits (1/0) on the chip.

The load and store instructions are provided with three access lengths: byte, half-word, and word length. In
addition to the general register-indirect memory addressing, some instructions support register-indirect
memory addressing with the displacement or register increment/decrement feature.

B Branching

32

Branch instructions are used for branching, calling, interrupting and returning purposes. Some have a delay
slot while the others do not, enabling instruction optimization for each application. The branch instructions
are detailed later in the chapter.
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B Arithmetic Operation and Bit Manipulation

The logic operation instruction can be used to perform a logic operation such as AND, OR, EOR between
general-purpose registers or between a general-purpose register and the memory (and 1/0O). The bit
mani pulation instruction can be used to directly manipulate the content of the memory (and 1/O).

General register indirect memory addressing is supported.

B Direct Addressing
The direct addressing instruction is used to provide access between 1/0 and a general-purpose register or
between /0 and the memory. |/O address can be specified directly in the instruction, rather than indirectly
by a register, to enable high-speed, highly efficient access. Some instructions support register-indirect
memory addressing with the register increment/decrement feature.

B Overview of Other Instructions

Other instructions are used to set a flag in the PS register, perform stack operation, and add sign/zero
extension. They aso include function entry/exit instructions supporting high-level language as well as
register multi-load/store instructions.
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2.4

Programming Model

MB91313A Series

This section explains the programming model, general-purpose registers and dedicated
registers of the FR family.

B Basic Programming Model

Figure 2.4-1 shows the basic programming model of the FR family.

Figure 2.4-1 Basic Programming Model

32 bits
( RO
R1
General-purpose
Register < R12
R13 AC
R14 FP
K R15 SP
Program counter PC | |
Program status PS | - ILM | - [SCR| cCR |
Table base register TBR | |
Return pointer RP | |
System stack pointer SSP | |
User stack pointer usp | |
Multiplication/division MDH
register MDL

[Initial value]

XXXX XXXXH

XXXX XXXXH

0000 0000+

34
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2.4.1 General-purpose Register

Registers RO to R15 are general-purpose registers.
They are used as accumulators for various types of arithmetic operations and as
memory access pointers.

B General-purpose Register
Figure 2.4-2 shows the configuration of a general-purpose register.

Figure 2.4-2 Configuration of General-purpose Register

32 bits |
| [Initial value]
RO XXXX XXXXH
R12
R13 AC
R14 FP XXXX XXXXH
R15 SP 0000 0000

Of the 16 registers, the following are intended for special applications; therefore, they have some advanced
instructions.

e R13:
Virtual accumulator (AC)

+ R14
Frame pointer (FP)

+ RI15:
Stack pointer (SP)

Theinitial value at areset is undefined for RO to R14, but defined as "000000004" (SSP value) for R15.
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2.4.2 Dedicated Register

A dedicated register is used for a specific purpose.
The FR family is provided with the following dedicated register:
 PS (Program Status)

* CCR (Condition Code Register)

* SCR (System Condition code Register)

* ILM (Interrupt Level Mask register)

* PC (Program Counter)

 TBR (Table Base Register)

* RP (Return Pointer)

» SSP (System Stack Pointer)

* USP (User Stack Pointer)

* MDH, MDL (Multiply & Divide register)

B PS (Program Status)
PSisaregister that retains the program status and divided into three parts: ILM, SCR and CCR.

All of the undefined bits are reserved. Reading them always returns "0".
Writing isinvalid.
Theregister configuration of PS (Program Status) is shown below.

bit 31 20 16 10 8 7 0

1 1 1 1 I III I | |
ILM SCR CCR
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B CCR (Condition Code Register)
The register configuration of CCR (Condition Code Register) is shown below.

bit 7

6 5 4 3 2 1 0 [Initial value]

-|s‘||N‘z‘v‘c‘--ooxxxxB

[bit5] S: Stack flag
This bit selects the stack pointer to be used as R15.

Value

Description

SSPisused as R15.
The value is automatically set to "0" when EIT occurs.
(Note that the value before the bit was cleared is saved on the stack.)

USPisused as R15.

eltiscleared to "0" by areset.
*Set it to "0" when executing the RETI instruction.

[bit4] I: Interrupt enable flag

This bit enables and disables a user interrupt request.

Value

Description

Disables user interrupt.
Cleared to "0" when INT instruction is executed.
(Note that the value before the bit was cleared is saved on the stack.)

Enables user interrupt.
Controls the masking of auser interrupt request using the value retained in ILM.

eltiscleared to "0" by areset.

[bit3] N: Negative flag
This bit indicates the sign when the arithmetic operation result is represented as a complement integer

for"2".

Value

Description

0

Indicates that the operation has resulted in a positive value.

1

Indicates that the operation has resulted in a negative value.

*Theinitial state at areset is undefined.

CM71-10143-5E
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[bit2] Z: Zero flag
This bit indicates whether the operation result is"0".

Value

Description

0

Indicates that the operation has resulted in a value other than "0".

1

Indicates that the operation has resulted in "0".

*Theinitial state at areset is undefined.

[bitl] V: Overflow flag

This bit assumes the operand used in an operation as a complement integer for "2" and indicates whether
an overflow has occurred due to the operation.

Value

Description

0

Indicates that no overflow has occurred due to the operation.

1

Indicates that an overflow has occurred due to the operation.

*Theinitial state at areset is undefined.

[bitQ] C: Carry flag
This bit indicates whether an operation has resulted in a carry or borrow from the most significant bit.

Value

Description

0

Indicates that neither a carry nor borrow has occurred.

1

Indicates that either a carry or borrow has occurred.

*Theinitial state at areset is undefined.
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B SCR (System Condition code Register)
The register configuration of SCR (System Condition code Register) is shown below.

bit 10 9 8 [Initial value]
| D1 [ po [ T | xxog

[bit10, bit9] D1, DO: Step division flag
These bits hold the intermediate data obtained when step division is executed.

Do not modify these bits while division processing is being executed. To perform other processing

while executing a step division, save and restore the value of the PS register to ensure that the step
division isrestarted.

*Theinitial state at areset is undefined.
*To set these hits, execute the DIV OS instruction with the dividend and the divisor to be referenced.
*To forcibly clear these bits, execute the DIVOU instruction.

*Do not perform the process before EIT branching in the EIT processing routine, which simultaneously
accepts DIVOS/DIVOU instruction, user interrupt and NMI.

*The DO and D1 bits in the PS register may not indicate the correct value if the operation is stopped by
break or step execution immediately before the DIVOS/DIVOU instruction. Note, however, that the
correct value will be calculated after return.

[bit8] T: Step trace trap flag
This flag specifies whether the step trace trap is to be enabled.

Value Description

0 Disables the step trace trap.

1 Enables the step trace trap.
With this setting, all the user NMI and user interrupts are prohibited.

*Thishitisinitialized to "0" by areset.

*The step trace trap function is used by an emulator. When used by the emulator, this function cannot be
used in the user program.
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B ILM (Interrupt Level Mask Register)

The register configuration of ILM is shown below.

bit 20 19 18 17 16 [Initial value]
‘ ILM4 ‘ ILM3 | ILM2 ‘ ILM1 ‘ ILMO ‘ 01111p

Thisregister retains an interrupt level mask value.

The CPU accepts only interrupt requests sent to it with an interrupt level higher than the level indicated by
the ILM.

The highest level is 0 (00000g) and the lowest level is 31 (111115).
There are restrictions on the values that can be set by the program.

e |If theoriginal valueis between 16 and 31:
The new value must be between 16 and 31. If an instruction that sets a value between 0 and 15 is
executed, the specified value plus 16 is transferred.

» If theoriginal valueis between 0 and 15:
An arbitrary value between 0 and 31 may be set.

Thisregister isinitialized to 15 (01111g) by areset.

B PC (Program Counter)

Theregister configuration of PC (Program Counter) is shown blow.

bit 31 0 [Initial value]
PC | | XXXXXX XXy

[bit31 to bit0]
These bitsindicate the address of the instruction executed with the program counter.

BitO is set to "0", when PC is updated with the execution of an instruction. When an odd-numbered
location is specified as the branch target address, bit0 isinvalid; therefore, an instruction must be placed
at the address with amultiple of "2".

Theinitia value after areset is undefined.

B TBR (Table Base Register)

Theregister configuration of TBR (Table Base Register) is shown below.

bit 31 0 [Initial value]
TBR | | 0O0FFCO00y4

40

TBRisused to retain the start address of the vector table to be used for EIT processing.
Theinitial value at areset is"000FFC004".
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B RP (Return Pointer)
The register configuration of RP (Return Pointer) is shown below.

bit 31 0 [Initial value]
RP | | XXXXXXX Xy

RP retains the address used for returning from the sub routine.

When the CALL instruction is executed, the PC valueis transferred to the RP.
When the RET instruction is executed, the content of RP is transferred to PC.
Theinitial value after areset is undefined.

B SSP (System Stack Pointer)
Theregister configuration of SSP (System Stack Pointer) is shown below.

bit 31 0 [Initial value]
SSP | | 00000000y

SSP stands for system stack pointer.
It serves as R15 when the Sflag isset to "0".
The SSP can also be specified by direct instruction.

Moreover, it can be used as a stack pointer to specify the stack that will save the PS and PC when EIT
occurs.

Theinitial value at areset is"00000000".

B USP (User Stack Pointer)
The register configuration of USP (User Stack Pointer) is shown below.

bit 31 0 [Initial value]
UspP | | XXXXXXXX g

USP stands for user stack pointer.

It serves as R15 when the Sflag is set to "1".
USP can also be specified by direct instruction.
Theinitial value after areset is undefined.

It cannot be used with the RETI instruction.
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B MDH, MDL (Multiply & Divide Register)
The register configuration of the Multiply & Divide register is shown below.

bit 31 0

MDH
MDL

Thisregister isused for multiplication and division. Each is 32-bit long.
Theinitia value after areset is undefined.

e For multiplication:
The 64-bit operation result from a 32-bit-by-32-bit multiplication is stored in the multiplication/division
result storage register in the following format.
MDH : Upper 32 bits
MDL : Lower 32 bits
For a 16-bit-by-16-bit multiplication, the result is stored in the following format.
MDH : Undefined
MDL : Result of 32 bits
» For division:
Thedividend is stored in MDL when the calculation starts.
When a division is performed by executing DIVOS/DIVOU, DIV1, DIV2, DIV3 or DIVA4S instruction,
theresult is stored in MDL and MDH.
MDH : Remainder
MDL : Quotient
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2.5 Data Structure

This section explains the data structure of the FR family.

B Bit Ordering

The FR family has adopted a little endian system for bit ordering. Figure 2.5-1 shows the data arrangement

for bit ordering.

Figure 2.5-1 Data Arrangement for Bit Ordering

bit 31 29 27

30 28 26

25 23 21 19 17 15 13 11 9 7 5 3 1
24 22 20 18 16 14 12 10 8 6 4 2 0

MSB

LSB

B Byte Ordering

The FR family has adopted a big endian system for byte ordering.

Figure 2.5-2 shows the data arrangement for byte ordering.

Figure 2.5-2 Data Arrangement for Byte Ordering

Location n
Location (n+1)
Location (n+2)

Location (n+3)

MSB LSB
Memory bit 31 23 15 7 0
|10101010 11001100 11111111 00010001|
bit A y
7 0

10101010

11001100

A

11111111 | <

00010001

A

CM71-10143-5E
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B Word Alignment
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@ Program access

The program for the FR family must be placed at the address with a multiple of 2.
Bit0 in the PCisset to "0" when the PC is updated with the execution of an instruction.

When an odd-numbered location is specified as the branch target address, bitO is invalid; therefore, an
instruction must be placed at the address with amultiple of "2".

Thereis no exception for the use of an odd-numbered address.

@ Data access

In the FR family, addresses are aligned forcibly, depending on the width of the data to be accessed, as
shown below.

Word access: The address has amultiple of "4". (The lowest 2 bits are forcibly set to "00".)
Half word access: The address has amultiple of "2". (The lowest bit isforcibly set to "0".)
Byte access: -

In word and half-word data access, some hits are forcibly set to "0" only for the calculation result of the
effective address.

In the addressing mode @(R13, Ri), for example, the register before addition is used asit is (even when the
least significant bit is"1"), and the low bits of the addition result are masked. In other words, the register
before the calculation is not masked.

[Example] LD @(R13, R2), RO

R13 |000022224
R2 000000034

Addition result 000022254
| Low 2 bits forcibly masked

Address pin 000022244
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2.6 Branch Instruction

This section explains the branch instructions of the FR family.

B Overview of Branch Instructions
In the FR family, abranch instruction can be specified to operate either with or without a delay slot.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED
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2.6.1 Operation with a Delay Slot

This section explains the branch instruction operation with a delay slot.

B Instruction for Operation with a Delay Slot
Theinstructions listed below perform operation with adelay dlot.

JMP.D @Ri CALL:D label12 CALL: @RI RET:D

BRA:D label9 BNO:D label9 BEQ:D label9 BNE:D label9
BC:.D label9 BNC:D label9 BN:D  label9 BP:D label9
BV:D label9 BNV:D label9 BLT:D label9 BGE:D label9
BLE:D label9 BGT:D label9 BLS:D label9 BHI:D label9

B Operating Explanation of Operation with a Delay Slot

In the operation with a delay dot, branching occurs after the instruction placed immediately after the
branch instruction (called "delay slot") is executed before the instruction at the branch target is executed.

The dummy execution speed is 1 cycle because the instruction with a delay dot is executed before
branching. However, if a valid instruction cannot be placed in the delay dot, a NOP instruction must be
placed instead.

[Example]
; Alignment of instructions

ADD R1,R2 ;
BRA:D LABEL ; Branchinstruction
MOV R2,R3 ; Delay dlot ...... executed before branching

LABEL: ST R3, @R4 ; Branch target

In case of a conditional branch instruction, the instruction placed in the delay slot is executed regardless of
whether the branch condition is satisfied.

In case of delayed branch instructions, the execution order of some instructions appears to be inverted. This
is however only applicable to the updating of PC. Other operations (updating/referencing a register, etc.)
are executed in the order as described.

The following section provides specific details.

1) Ri, which is referenced by the IMP:D @Ri / CALL:D @RI instruction, is not affected even when
updated by the instruction in the delay slot.

[Example]
LDI:32 #Label, RO
IJMP.D @RO ; Branch to Label
LDI:8 #0, RO ; Branch target address not affected
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2) RP, which is referenced by the RET:D instruction, is not affected even when updated by the
instruction in the delay dot.

[Example]
RET:D ; Branch to the preset address indicated by RP
MOV R8, RP ; Return operation not affected

3) The flag referenced by the Bec:D rel instruction is also not affected by the instruction in the delay

dlot.

[Example]
ADD #1, RO ; Flag change
BC:D Overflow ; Branching based on the execution result of the above instruction
AND CCR#0 ; Thisflag update is not referenced by the above branch instruction.

4) When RP is referenced by the instruction in the delay slot of the CALL:D instruction, the updated
content is read by the CALL:D instruction.

[Example]
CALL:D Labe ; RP update and branching
MOV RP, RO ; RP of the execution result in the CALL:D above istransferred

B Restrictions on the Operation with a Delay Slot

@ Instructions that can be placed in the delay slot
Only the instructions which meet the following conditions can be executed in the delay dlot.
* l-cycleinstruction
¢ Not abranch instruction
« Instruction that does not affect the operation even if the order is changed

The "1-cycle instruction” refers to an instruction with "1, "a", "b", "c" or "d" indicated in the column for
the number of cycles on the instruction list.

@ Step trace trap

Step trace trap does not occur between the execution of a branch instruction with adelay slot and the delay
slot.

@ Interrupt and NMI

Neither an interrupt nor NMI can be accepted between the execution of a branch instruction with a delay
slot and the delay dlot.

@ Undefined instruction exception

If the delay slot contains an undefined instruction, no undefined instruction exception occurs. In this case,
the undefined instruction operates as a NOP instruction.
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2.6.2 Operation with No Delay Slot

This section explains the operation with no delay slot specified for a branch instruction.

B Instructions that Operate without a Delay Slot
Theinstructions listed below perform branching without adelay slot.

JMP @RI CALL label12 CALL @Ri RET

BRA label9 BNO label9 BEQ label9 BNE label9
BC label9 BNC label9 BN  label9 BP label9
BV label9 BNV label9 BLT label9 BGE label9
BLE label9 BGT label9 BLS label9 BHI  label9

B Explanation of Operation without a Delay Slot
The operation without adelay dlot is executed strictly according to the order of instructions as arranged.

Theimmediately following instruction is never executed before branching.

[Example]
; Alignment of instructions
ADD R, R2 ;
BRA LABEL ;Branchinstruction (no delay slot)
MOV R2,R3 ; Not executed

LABEL: ST R3, @R4 ; Branch target

The number of execution cycles for a branch instruction without a delay ot is 2 cycles for branching, and
1 cyclefor no branching.

As a branch instruction without a delay slot cannot contain an appropriate instruction in a delay dot, it can
have higher instruction code efficiency than a branch instruction with a delay slot, which describes NOP.

High execution speed and code efficiency can be both achieved by selecting the operation with a delay slot
when a valid instruction can be placed in the delay dot, and selecting the operation without a delay slot
otherwise.
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2.7 EIT (Exception, Interruption, and Trap)

EIT, which is the generic term for "Exception"”, "Interrupt”, and "Trap", indicates that the
current program is suspended due to an event generated when another program is
being executed while the current one is still running.

The exception is an event which occurs in relation to the context under execution.
Execution continues from the instruction that caused the exception.

The interruption is an event which occurs without any relation to the context under
execution. The event source is hardware.

The trap is an event which occurs in relation to the context under execution. Some
traps, such as system calls, are specified by the program. Execution continues from the
instruction after the instruction that caused the trap.

B Features of EIT
« Interruption supporting multiple interrupt

e Level mask function for interruption (15 levels available to the user)
e Trapinstruction (INT)
« EIT for activating an emulator (hardware/software)

M EIT Sources
Thefollowing are used as EIT sources:

* Reset

e Userinterrupt (internal resource and externa interrupts)
* NMI

» Delayed interrupt

« Undefined instruction exception

e Trapinstruction (INT)

e Trapinstruction (INTE)

e Steptracetrap

» Coprocessor absence trap

» Coprocessor Error Trap

Note:

There are EIT-related restrictions on the delay slot of a branch instruction. For details, see "2.6
Branch Instruction”.

B Returning from EIT
RETI instruction
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2.7.1

EIT Interrupt Levels

MB91313A Series

The interrupt levels range from 0 to 31, which are managed by 5 bits.

B EIT Interrupt Levels
Table 2.7-1 shows the interrupt levels.

Table 2.7-1 Interrupt Levels

Level
Interrupt resource Remarks

Binary | Decimal
00000 0 (Reserved for system)
00011 3 (Reserved for system)
00100 4 INTE instruction If the origina yal ueof ILM is betwe_en 16 and 31,

St the value of this range cannot be set in the ILM by

ep trace trap
the program.

00101 5 (Reserved for system)
01110 14 (Reserved for system)
01111 15 NMI (for user)
10000 16 Interrupt When ILM isset, auser interrupt is disabled.
10001 17 Interrupt
11110 30 Interrupt
11111 31 — When ICR is set, an interrupt is disabled.

The operation is enabled at levels 16 to 31.

50

The interrupt level does not affect the undefined interrupt exception, coprocessor absent trap, coprocessor
error trap or INT instruction. It also does not change ILM.
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W | Flag
| flag is used to enable or disable interrupts. It is provided as bit4 in CCR of the PSregister.

Value Description

Interrupts disabled
0 Cleared to "0" when INT instruction is executed.
(Note that the value before the bit was cleared is saved on the stack.)

Interrupt enabled
The masking of the interrupt request is controlled by the value retained in ILM.

HILM
ILM isaPS register (bit20 to bit16) that retains the interrupt level mask value.

The CPU accepts only interrupt requests sent to it with an interrupt level higher than the level indicated by
the ILM.

The highest level is 0 (00000g) and the lowest level is 31 (111115).

There are restrictions on the values that can be set by the program. If the origina value is between 16 and
31, a new value may be set between 16 and 31. If an instruction that sets a value between 0 and 15 is
executed, the specified value plus 16 is transferred.

If the origina value is between 0 and 15, an arbitrary value between 0 and 31 may be set. ST ILM
instruction is used to set an arbitrary value.

B Level Masking for Interrupt/NMi

When NMI or interrupt request is generated, the interrupt level for the interrupt source (see Table 2.7-1) is
compared with the level mask value retained in ILM. Then, if the following condition is satisfied in level
strength, it will be masked and the request will not be accepted.

Interrupt level for interrupt source > Level mask value
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2.7.2 ICR (Interrupt Control Register)

ICR is aregister located in the interrupt controller and used to set a certain level to each
interrupt request. ICR is provided to support the input of various interrupt requests. ICR
Is mapped in the I/O space and accessed from the CPU via a bus.

B Bit Configuration of ICR
The bit configuration of ICR is shown below.

bit 7 6 5 4 3 2 1 0 Initial value

| - | - | - JcrR4[ICR3 |ICR2 | ICRL | ICRO | --111111g
- - - R RW RW RW RW

[bit4] ICR4
ICR4 isalways setto "1".

[bit3 to bit0] ICR3 to ICRO

These are lower 4 bits of the interrupt level of the corresponding interrupt source. They are readable and
writable. Combined with bit4, ICR can be used to set any value between 16 and 31.

B ICR Mapping
Table 2.7-2 lists the assignment of interrupt sources, interrupt control registers, and interrupt vectors.

Table 2.7-2 Interrupt Sources, Interrupt Control Registers and Interrupt Vectors

Interrupt Control Register Corresponding Interrupt Vector
Interrupt No.
Source No. Address Hexa- _ Address
decimal Decimal
IRQOO0 ICROO 00000440, 10y 16 TBR+3BCj,
IRQO1 ICRO1 00000441, 11y 17 TBR+3B8,
IRQO2 ICRO2 00000442, 124 18 TBR+3B4y,
IRQ45 ICR45 0000046D 3Dy 61 TBR+308
IRQ46 ICR46 0000046E,, 3E4 62 TBR+304y,
IRQ47 ICR47 0000046F 3Fy 63 TBR+300

- TBRinitial value: "000FFC00y,"
« For details, see"CHAPTER 10 INTERRUPT CONTROLLER"
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2.7.3 SSP (System Stack Pointer)

SSP (System Stack Pointer) is used as the pointer that indicates the stack for saving
and restoring data at the acceptance of EIT or return.

B SSP (System Stack Pointer)
Theregister configuration of SSP (System Stack Pointer) is shown below.

bit 31 0 [Initial value]
SSP 00000000y

The content is stored by data of SSP-8 during EIT processing and data of SSP-8 is stored to it during return
from the EIT executed by the RETI instruction.

Theinitial value at areset is"00000000".

SSP (System Stack Pointer) also serves as R15 (genera -purpose register) when the S flag in CCR is set to
"0".

B Interrupt Stack

This is the area indicated by SSP (System Stack Pointer), where the PC and PS values are saved and
restored.

After an interrupt, the PC is stored at the address indicated by SSP (System Stack Pointer), and the PS at
the address (SSP + 4).

Figure 2.7-1 shows an example of the interrupt stack.

Figure 2.7-1 Interrupt Stack

[Before interrupt] [After interrupt]
SSP [ 80000000n | — SSP | 7FFFFFF8y | —
Memory
80000000+ < 80000000H
7FFFFFFCH 7FFFFFFCH PS
7FFFFFF8y 7FFFFFF8y PC <
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2.7.4 TBR (Table Base Register)

TBR (Table Base Register) indicates the start address of the EIT vector table.

B TBR (Table Base Register)
Theregister configuration of TBR is shown below.

bit 31 0 [Initial value]
TBR ‘ 000FFCO0y

The vector address is calculated by adding the TBR (Table Base Register) and offset value determined for
each EIT source.

Theinitial value at areset is "000FFCO0".

B EIT Vector Table
The EIT vector areaisthe 1 KB area starting from the address indicated by TBR.

Each vector consists of 4 bytes. The relationship between the vector number and vector address is as
follows.

vctadr =TBR + vctofs
=TBR + (3FCy - 4 x vct)
vctadr : Vector address
vctofs : Vector offset
vct  : Vector number
The lower 2 bits of the addition result are always treated as "00".
Theinitial area of the vector table by areset is the area between "000FFC004" and " 000FFFFF".
Special functions are assigned to some vectors.

Table 2.7-3 shows the vector table on the architecture.

Table 2.7-3 Vector Table (1/4)

Interrupt No.
Interrupt Source . Hexa- | Interrupt Level Offset TBR Default Address
Decimal X
decimal

Reset *1 0 00 - 3FCy O00OFFFFCy
Mode vector *1 1 01 - 3F8y4 O00FFFF8
System-reserved 2 02 - 3F4y 000FFFF4
System-reserved 3 03 - 3F04 000FFFFO
System-reserved 4 04 - 3ECH OOOFFFECH

*1: Even when the TBR value is modified, the fixed addresses "O00FFFFCy" and "OOOFFFF8," are used for the reset
vector and mode vector respectively.
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Table 2.7-3 Vector Table (2/4)

CHAPTER 2 CPU AND CONTROL BLOCK
2.7 EIT (Exception, Interruption, and Trap)

Interrupt No.

Interrupt Source Decimal He?<a- Interrupt Level Offset TBR Default Address
decimal
System-reserved 5 05 - 3E84 O00FFFES8Y
System-reserved 6 06 - 3E4, O00FFFE4y
Coprocessor absence trap 7 07 - 3EOy OO0OFFFEOy
Coprocessor error trap 8 08 - 3DCq O00OFFFDCy
INTE instruction 9 09 - 3D8y OOOFFFD8y
System-reserved 10 0A - 3D4y 000FFFD4
System-reserved 11 0B - 3D0y 000FFFDO
Step trace trap 12 oc - 3CCx 000FFFCCH
NMI reguest (tool) 13 oD - 3C8y 000FFFC8y
Undefined instruction exception 14 OE - 3C44 O000FFFC44
NMI request 15 OF 15(Fp) fixed 3CO0H O00FFFCOH
External interrupt O 16 10 ICROO 3BCh 000FFFBC
External interrupt 1 17 11 ICRO1 3B8 OOOFFFB8y
External interrupt 2 18 12 ICRO2 3B4y 000FFFB4y
External interrupt 3 19 13 ICRO3 3B0y O00FFFBOy
External interrupt 4 20 14 ICRO4 3ACH 000FFFACH
External interrupt 5 21 15 ICRO5 3A84 000FFFA8
External interrupt 6 22 16 ICRO6 3A4, 000FFFA4
External interrupt 7 23 17 ICRO7 3A04 000FFFAOQ
Reload timer 0 24 18 ICRO8 39Cq 000FFFICH
Reload timer 1 25 19 ICRO9 398 O00FFF98y
Reload timer 2 26 1A ICR10 3% 000FFF94y
Maskable interrupt source *2 27 1B ICR11 390y 000FFF90y
Maskable interrupt source * 2 28 1C ICR12 38Cq 000FFF8CH
Maskable interrupt source * 2 29 1D ICR13 388y OOOFFF88y
Maskable interrupt source * 2 30 1E ICR14 384 OOOFFF84y
Maskable interrupt source * 2 31 1F ICR15 3804 00OFFF80y
Maskable interrupt source *2 32 20 ICR16 37Cy 000FFF7Cy
Maskable interrupt source *2 33 21 ICR17 3784 O00FFF78y
Maskable interrupt source * 2 34 22 ICR18 374y 000FFF74y
Maskable interrupt source * 2 35 23 ICR19 370y 000FFF70y
Maskable interrupt source * 2 36 24 ICR20 36CH 000FFF6CH
Maskable interrupt source * 2 37 25 ICR21 3684 OOOFFF68y
Maskable interrupt source * 2 38 26 ICR22 364 OOOFFF64y
Maskable interrupt source *2 39 27 ICR23 3604 000OFFF60y

*2: The maskable interrupt source is defined for each model. For the vector table used in this model, see Appendix B-1.

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED




CHAPTER 2 CPU AND CONTROL BLOCK
2.7 EIT (Exception, Interruption, and Trap)

Table 2.7-3 Vector Table (3/4)

MB91313A Series

Interrupt No.
Interrupt Source Decimal He?<a- Interrupt Level Offset TBR Default Address
decimal
Maskable interrupt source *2 40 28 ICR24 35CH 000FFF5CH
Maskable interrupt source *2 41 29 ICR25 3584 O00FFF58y
Maskable interrupt source * 2 42 2A ICR26 354 O00FFF54y
Maskable interrupt source * 2 43 2B ICR27 3504 000FFF50y
Maskable interrupt source * 2 44 2C ICR28 34Cy 000FFF4CH
Maskable interrupt source *2 45 2D ICR29 348, O0OFFF48y
Maskable interrupt source *2 46 2E ICR30 344 O00FFF44
Overflow of time-base timer 47 2F ICR31 340y 0O0OFFF40y
Maskable interrupt source *2 48 30 ICR32 33Ch 000FFF3CH
Maskable interrupt source *2 49 31 ICR33 3384 00OFFF38y
Maskable interrupt source * 2 50 32 ICR34 334y O00FFF34y
Maskable interrupt source * 2 51 33 ICR35 3304 000FFF30y
Maskable interrupt source * 2 52 34 ICR36 32Cy4 000FFF2CH
Maskable interrupt source *2 53 35 ICR37 328, 000FFF28y
Maskable interrupt source * 2 54 36 ICR38 324, 000FFF24y
Maskable interrupt source *2 55 37 ICR39 320 000FFF20y
Maskable interrupt source *2 56 38 ICR40 31Cy 000FFF1Cy
Maskable interrupt source * 2 57 39 ICR41 3184 O0OFFF18y
Maskable interrupt source * 2 58 3A ICR42 314y O000FFF14y
Maskable interrupt source *2 59 3B ICR43 310 000FFF10y
Maskable interrupt source *2 60 3C ICR44 30Cy 000FFFOCH
Maskable interrupt source * 2 61 3D ICR45 308y OOOFFF08y
Maskable interrupt source * 2 62 3E ICR46 304 00OFFFO04y
Delayed interrupt source bit 63 3F ICR47 300y 0OOFFFO0y
Reserved for system (used in REALOS) 64 40 - 2FCy O000FFEFCH
Reserved for system (used in REALOS) 65 41 - 2F8y O00OFFEF8H
System-reserved 66 42 - 2F4, 000FFEF4y
System-reserved 67 43 - 2F0y 000FFEFOy
System-reserved 68 44 - 2ECy 000FFEECH
System-reserved 69 45 - 2E8 O0OFFEES8y
System-reserved 70 46 - 2E4 O00FFEE4y
System-reserved 71 47 - 2E0 O0OFFEEOH
System-reserved 72 48 - 2DCy 000FFEDCH
System-reserved 73 49 - 2D8y OO0OFFED8
System-reserved 74 4A - 2D4y 000FFED4y

*2: The maskable interrupt source is defined for each model. For the vector table used in this model, see Appendix B-1.
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Table 2.7-3 Vector Table (4/4)

Interrupt No.
Interrupt Source ] Hexa- | Interrupt Level Offset TBR Default Address
Decimal .
decimal
System-reserved 75 4B - 2D0y OOOFFEDOK
System-reserved 76 4C - 2CCy OOOFFECCH
System-reserved 77 4D - 2C8y OOOFFECS8Y
System-reserved 78 4E - 2C4y OOOFFECAy
System-reserved 79 4F - 2C0y 000FFECO
80 50 2BCy O0OOFFEBCH
Used for INT instruction to to - to to

255 FF 000y O00OFFCO0y
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2.7.5 Multiple EIT Processing

When more than one EIT source occur at the same time, the CPU selects and accepts
only one source. After executing the EIT sequence, it detects another EIT source to
continue the operation.

When acceptable EIT sources can no longer be detected, the CPU executes the
instruction of the handler for the last accepted EIT source.

For this reason, the following 2 elements determine the handler execution sequence for
EIT sources that occur at the same time.

» Priority order for accepting EIT sources

» Masking condition for other sources when one is accepted

W Priority Levels for Accepting EIT Sources

The priority level for accepting EIT sources is the level used to select the source for executing the EIT
sequence in which PS and PC are saved, PC is updated (if necessary), and other sources are masked.

The handler of the first accepted sourceis not necessarily executed first.

Table 2.7-4 shows the priority levels for accepting EIT sources and the masking condition for other
SOUrcCes.

Table 2.7-4  Priority Levels for Accepting EIT Sources and Masking Condition for Other

Sources
Acceptance priority Source Masking of Other Sources
1 Reset Discard other sources.
2 Undefined instruction exception | Cancel
3 INTE instruction ::I)_g;r‘:rj other sources.
4 INT instruction | flag=0
5 Coprocessor absence trap B
Coprocessor error trap
6 User interrupt ILM= Level of accepted source
7 NMI (for user) ILM=15 (This product has no NMI.)
8 NMI (for emulator) ILM=4
9 Step trace trap ILM=4

Table 2.7-5 shows the execution sequence of the handlers of EIT sources that occur at the same time, in
conjunction with the masking process for the other sources after oneis accepted.
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Table 2.7-5 Execution Sequence of EIT Handlers

Handler execution order Source
1 Reset*
2 Undefined instruction exception
3 INTE instruction*
4 Step trace trap
5 NMI (for user. Note that this product has no NMI.)
6 INT instruction
7 User interrupt
8 Coprocessor absence trap, Coprocessor error trap

*: Other sources are discarded.

Figure 2.7-2 shows an example of the multiple EIT processing.

Figure 2.7-2 Multiple EIT Processing

Priority level

(High) NMI occurs

executed

Main routine

(Low) INT instructionis  { -

Handler of NMI
Handler of INT
instruction .
A
) (1) Executed first
. (2) Executed next
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2.7.6 Operations of EIT

This section explains various types of operations in the FR family.

In the following explanation, "PC" for the origin of transfer refers to the address of the
instruction that detected each EIT source. Depending on the instruction which has
detected EIT, the "address of the next instruction" varies as follows.

* LDI:32 > PC+6

e LDI:20, COPOP, COPLD, COPST, COPSV — PC + 4

e Other instructions - PC + 2

B Operation of User Interrupt and NMI

When a user interrupt or user NMI interrupt request is generated, the following sequence is used to
determine whether or not to accept the request.

[Determining whether or not to accept interrupt request]

1) The interrupt levels of requests generated at the same time are compared, and the request with the
highest level (the smallest numeric value) is selected and retained.
For the level used for the comparison, the value held in the corresponding ICR is used for a
maskabl e interrupt and the predefined constant is used for the NMI.

2) If multiple requests holding the same level are generated, the request with the smallest interrupt
number is selected.

3) When the interrupt level is the same as the level mask value or greater, the interrupt request is
masked and is not accepted.
When the interrupt level is lower than the level mask value, go to 4).

4) If the | flag is "0" when the selected interrupt request is intended for a maskable interrupt, the
interrupt request is masked and is not accepted. If the |l flagis"1", goto 5).
If the selected interrupt request isintended for NMI, go to 5) regardiess of the value of the | flag.

5) When the above conditions are met, the interrupt request is accepted at a boundary between
instruction processing sessions.

If a user interrupt/NMI request is accepted upon the detection of an EIT request, the CPU operates as
described below, using the interrupt number corresponding to the accepted interrupt request.

Note: What is contained in parentheses represents a register-specified address.

[Operation]
1) SSP-4— SSP
2) PS— (SSP)
3) SSP-4— SSP
4) Address of next instruction — (SSP)
5) Interrupt level of accepted request — ILM
6) "0" — Sflag
7) (TBR + Vector offset of accepted interrupt request) — PC
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A new EIT is detected before executing the first instruction of the handler upon the completion of the
interrupt sequence. If an acceptable EIT has been generated at this point, the CPU moves to the EIT
processing sequence.

CHAPTER 2 CPU AND CONTROL BLOCK
2.7 EIT (Exception, Interruption, and Trap)

If the OR CCR, ST ILM, MOV Ri or PSinstruction is executed to enable an interrupt while a user interrupt
or NMI source is being generated, the above instruction may be executed twice, before and after the
interrupt handler. Note however that this does not affect the operation asit is only the same value that is set

twice.

Do not perform the process before EIT branching in the EIT processing routine.

B Operation of INT Instruction
INT #u8:

Branchesto the interrupt handler for the vector indicated by u8.

[Operation]

1
2)
3
4)
5)
6)
7)

SSP -4 — SSP

PS — (SSP)

SSP -4 — SSP

PC+2— (SSP)

"0" — | flag

"0" — Sflag

(TBR+ 3FCy-4x u8) — PC

B Operation of INTE Instruction

INTE:

Branches to the interrupt handler for the vector #9.

[Operation]

1)
2)
3
4)
5)
6)
7)

SSP -4 — SSP
PS — (SSP)

SSP -4 — SSP
PC+2— (SSP)
"00100" — ILM

"0" — Sflag
(TBR+3D8y) —» PC

Do not use the INTE instruction during the processing routine for the INTE instruction and step trace trap.
Also, EIT is not generated by INTE during the step execution.
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B Operation of Step Trace Trap
A trap occurs on the execution of each instruction and execution breaks, if the T flag in SCR of PSisset to
enable the step trace function.

[Conditions for Step Trace Trap Detection]
1) Tflag=1
2) Not adelayed branch instruction
3) During the execution of processing routine other than for INTE instruction and step trace trap
When the above conditions are met, execution breaks at aboundary of instruction operation.

[Operation]
1) SSP-4— SSP
2) PS— (SSP)
3) SSP-4— SSP
4) Address of next instruction — (SSP)
5) "00100g" — ILM
6) "0"— Sflag
7) (TBR+3CCh) —» PC
When the T flag is set to enable step trace trap, user NMI and user interrupt are disabled. Moreover, EIT is
not generated by the INTE instruction.
In the FR family, atrap is generated from the instruction following the instruction that set the T flag.

B Operation of Undefined Instruction Exception
An undefined instruction exception occurs when an undefined instruction is detected during instruction
decoding.

[Conditions for detecting undefined instruction exception]
1) Undefined instruction detected during instruction decoding

2) Placed outside adelay slot (Not immediately after a delayed branch instruction)
When the above conditions are met, an undefined instruction exception occurs and execution breaks.

[Operation]
1) SSP-4— SSP
2) PS— (SSP)
3) SSP-4— SSP
4) PC — (SSP)
5) "0" — Sflag
6) (TBR+3C4y) — PC

The address saved as the PC is the address of the instruction that has detected the undefined instruction
exception.
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B Coprocessor Absence Trap

A coprocessor absent trap occurs, if a coprocessor instruction is executed to use an unmounted coprocessor.

[Operation]
1) SSP-4— SSP
2) PS— (SSP)
3) SSP-4— SSP
4) Address of next instruction — (SSP)
5) "0" — Sflag
6) (TBR+ 3EQy) — PC

B Coprocessor Error Trap

A coprocessor error trap occurs, if an error occurs while using a coprocessor and then a coprocessor

instruction is executed to operate that coprocessor.

[Operation]
1) SSP-4— SSP
2) PS— (SSP)
3) SSP-4— SSP
4) Address of next instruction — (SSP)
5) "0" — Sflag
6) (TBR+3DCy) — PC

B Operation of RETI Instruction

The RETI instruction is used to return from the EIT processing routine.

[Operation]
1) (R15) - PC
2) R15+4—>R15
3) (R15) —» PS
4) R15+4—RI15
The RETI instruction must be executed when the Sflag is"0".
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2.8 Reset (Device Initialization)

This section explains the reset operation, or initialization, of this model.

B Overview of Reset (Device Initialization)
If areset source occurs, the device stops al the programs and hardware operations, and initializes the state.
This state is called the reset state.

When areset source no longer exists, the device starts programs and hardware operations from their initial
state. The series of operations from the reset state to the start of operationsis called the reset sequence.
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2.8.1 Reset Level

The reset operations of the FR family are classified into two levels, each of which has
different reset sources and initialization operations.
This section explains these reset levels.

B Setting Initialization Reset (INIT)
The highest-level reset, which initializes all settings, is called a settings initialization reset (INIT).
The settings initialization reset (INIT) mainly initializes the following items:

[Items initialized in a settings initialization reset (INIT)]
*Device operation mode (bus mode and external bus width settings)
All internal clock settings (clock source selection, PLL control, and division ratio setting)
*All settings on external bus CS0 area
*Any other settings for pin condition
«All the itemsinitialized by operation initialization reset (RST)
For more information, see the description of each of these functions.
After power-on, be sure to apply the settingsinitialization reset (INIT) at the INITX pin.

B Operation Initialization Reset (RST)
A normal-level reset that initializes the operation of a program is called an operation initialization reset
(RST).
During a settings initialization reset (INIT), an operation initialization reset (RST) also occurs at the same
time.

The operation initialization reset (RST) mainly initializes the following items:

[Items initialized by an operation initialization reset (RST)]
*Program operation
*CPU and internal buses
*Register settings of peripheral circuits
*1/O port settings
*All settings on external bus CSO area
For more information, see the description of each of these functions.
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2.8.2

Reset Sources

This section explains the reset sources and the reset levels in this model.

To determine reset sources that have occurred in the past, read the RSRR (reset source
register). For more information about registers and flags described in this section, see
Section "2.9.5 Block Diagram of Clock Generation Control Block" and "2.9.6
Registers of Clock Generation Control Block".

B INITX Pin Input (Settings Initialization Reset Pin)

The INITX pin, whichis an external pin, isused as the settings initialization reset pin.

A settingsinitialization reset (INIT) request is generated while the Low level is being input to this pin.

A settingsinitialization reset (INIT) request is cleared by inputting the High level to this pin.

If a settings initialization reset (INIT) is generated in response to a request from this pin, INIT (bit15) of
RSRR (reset source register) is set. Because a settings initialization reset (INIT) in response to a request

from this pin has the highest interrupt level among all reset sources, it has precedence over any other input,
operation, or state.

After power-on, be sure to apply the settings initialization reset (INIT) at the INITX pin. Immediately after
turning the power on, in addition, hold the "L" level input to the INITX pin during the stabilization wait
time reguired for the oscillation circuit to reserve the regulator stabilization wait time. (INIT at the INITX
pin initializes the oscillation stabilization wait time to the minimum value.)

* Reset source :"L" level input to external INITX pin
» Source of clearing : "H" level input to externa INITX pin
* Generation level : Setting initialization reset (INIT)

» Corresponding flag: bit15:INIT

B STCR:SRST Bit Writing (Software Reset)

66

If "0" iswritten to SRST (hit4) of STCR (standby control register), a software reset request occurs.
A software reset request is an operation initialization reset (RST) request.

When the request is accepted and a operation initialization reset (RST) is generated, the software reset
request is cleared.

If an operation initialization reset (RST) is generated due to a software reset request, the SRST (bit1l) in
RSRR (reset source register) is set.

An operation initialization reset (RST) is generated due to a software reset request only after all bus access
has stopped and if SYNCR (bit9) of TBCR (time base counter control register) has been set
(synchronization reset mode).

Thus, depending on the bus usage status, a long time is required before an operation initialization reset
(RST) occurs.

Please refer to the limitations of the bit9:SYNCR bit of TBCR (time-base counter control register) for the
use of reset of the software of the synchronous mode.
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Note:

For using software reset on the synchronous mode, see the limitations of the bit9:SYNCR bit of
TBCR (time-base counter control register).

* Reset source:
Writing "0" to SRST (bit4) of STCR (standby control register)
» Source of clearing:
Generation of an operation initialization reset (RST)
e Generation level:
Operation initialization reset (RST)
» Corresponding flag:
bit11:SRST

B Watchdog Reset

Writing to the RSRR (watchdog timer control register) starts the watchdog timer. Unless "A5," / "5A4" is
written to the WPR (watchdog reset postpone register) within the cycle specified in WT1 (bit9) and WTO
(bit8) in RSRR, awatchdog reset request occurs.
A watchdog reset request is a settings initialization reset (INIT) request. If, after the request is accepted, a
settings initialization reset (INIT) occurs or an operation initialization reset (RST) occurs, the watchdog
reset request is cleared.
If a settings initiaization reset (INIT) is generated due to a watchdog reset request, WDOG (bit13) in
RSRR (reset source register) is set.
Note that, if asettingsinitialization reset (INIT) is generated due to a watchdog reset request, the oscillation
stabilization wait time is not initialized.
* Reset source:

Setting cycle of the watchdog timer elapses
e Source of clearing:

Generation of a settingsinitialization reset (INIT) or an operation initialization reset (RST)
* Generation level:

Setting initialization reset (INIT)
» Corresponding flag:

bit13:WDOG
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2.8.3 Reset Sequence

When a reset source no longer exists, the device starts to execute the reset sequence.
A reset sequence has different operations depending on the reset level.
This section explains the operations of the reset sequence for different reset levels.

B Setting Initialization Reset (INIT) Clear Sequence
If asettingsinitialization reset (INIT) request is cleared, the following operations are performed one step at
atimefor the device.

1
2)

3)
4)
5)
6)
7)
8)
9)

Clear the settingsinitialization reset (INIT) and enter the oscillation stabilization wait state.

For the oscillation stabilization wait time (set with OS1 (bit3), OS0 (bit2) in STCR), maintain the
operation initialization reset (RST) state and stop the internal clock.

In the operation initialization reset (RST) state, start internal clock operation.
Clear the operation initialization reset (RST) and enter the normal operating state.
Read the mode vector from address 000FFFF8.

Write the mode vector to the MODR (mode register) at address 000007FDy,.
Read the reset vector from address O00FFFFC.

Write the reset vector to the PC (program counter).

The program starts execution from the address loaded in the PC (program counter).

B Operation Initialization Reset (RST) Clear Sequence
If an operation initialization reset (RST) request is cleared, the following operations are performed one step
at atime for the device.

1)
2)
3
4)
5)
6)

68

Clear the operation initialization reset (RST) and enter the normal operating state.
Read the mode vector from address 000FFFF8,,.

Write the mode vector to the MODR (mode register) at address 000007FDy,.
Read the reset vector from address O0OOFFFFC.

Write the reset vector to the PC (program counter).

The program starts execution from the address loaded in the PC (program counter).
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2.8.4 Oscillation Stabilization Wait Time

If a device returns from the state in which the original oscillation was or may have been
stopped, the device automatically enters the oscillation stabilization wait state.

This function prevents the use of oscillator output after starting before oscillation has
stabilized.

For the oscillation stabilization wait time, neither an internal nor an external clock is
supplied; only the built-in time base counter runs until the stabilization wait time set in
the STCR (standby control register) has elapsed.

This section explains the oscillation stabilization wait operation.

B Sources of an Oscillation Stabilization Wait
The following lists sources of an oscillation stabilization wait.

@ Clearing of a settings initialization reset (INIT)

The device enters the oscillation stabilization wait state if a settings initialization reset (INIT) is cleared for
avariety of reasons.

When the oscillation stabilization wait time has elapsed, the device enters the operation initialization reset
(RST) state.

@ Returning from stop mode

The device enters the oscillation stabilization wait state immediately after stop mode is cleared. However, if
it is cleared by a settings initialization reset (INIT) request, the device enters the settings initialization reset
(INIT) state. Then, after the settings initialization reset (INIT) is cleared, the device enters the oscillation
stabilization wait state.
When the oscillation stabilization wait time has elapsed, the device enters the state corresponding to the
source that cleared stop mode.
¢ Return due to input of a valid externa interrupt request (including NMI) and generation of a watch
timer/amain oscillation stabilization wait time interrupt:
The device enters the normal operating state.

* Return dueto asettingsinitialization reset (INIT) request:
The device enters the operation initialization reset (RST) state.

@ Returning from an abnormal state when PLL is selected
If, while the device is operating with PLL as the source clock, an abnormal condition* occurs in PLL
control, the device automatically enters an oscillation stabilization wait state to assure the PLL lock time.
When the oscillation stabilization wait time has elapsed, the device enters the normal operating state.

*: The multiplication rate is changed while PLL is working, or an incorrect bit such as a bit equivalent to
PLL operation enable bit is generated.
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@ Generating a watchdog reset when the main oscillation stops in sub clock

B Selecting

70

If, while the device is operating with sub clock as the source clock, a watchdog reset is generated when the
main oscillation is stopped by OSCDS1 (bit8) of OSCCR (oscillation control register), the device
automatically enters an oscillation stabilization wait state immediately after areset (INIT) is cleared.

When the oscillation stabilization wait time has elapsed, the device enters the operation initialization reset
(RST) state.

Note that an oscillation stabilization wait is not generated when the OSCDS1 bit of the sub clock is"0" and
the deviceisin the main clock mode.

an Oscillation Stabilization Wait Time

The oscillation stabilization wait time is measured with the built-in time base counter.

If a source for an oscillation stabilization wait occurs and the device enters the oscillation stabilization wait
state, the built-in time base counter is initialized and then it starts to measure the oscillation stabilization
wait time.

Using the OS1 (bit3) and OS0 (bit2) of STCR (standby control register), select and set one of the four types
of oscillation stabilization wait time.

Once selected, a setting is initialized only if a settings initialization reset (INIT) is generated due to the
external INITX pin. The oscillation stabilization wait time that has been set before areset is maintained if a
settings initialization reset (INIT) is generated or an operation initialization reset (RST) is generated due to
awatchdog reset.
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2.8.5 Reset Operation Modes

Two modes for an operation initialization reset (RST) are provided: normal
(asynchronous) reset mode and synchronous reset mode. The operation initialization
reset mode is selected with SYNCR (bit9) of TBCR (time base counter control register).
This setting is initialized only by a settings initialization reset (INIT).

A settings initialization reset (INIT) always results in an asynchronous reset.

B Normal Reset Operation
Normal reset operation refers to entering the operation initialization reset (RST) state immediately after an
operation initialization reset (RST) request occurs.
If areset (RST) request is accepted, the device immediately enters the reset (RST) state regardless of the
operating state of theinternal bus.
The result of bus access performed at the time of transition to each status is not guaranteed. However, these
requests can certainly be accepted.
If the SYNCR (bit9) of TBCR (time base counter control register) is set to "0", normal reset mode is
selected.

Theinitial value after a settings initialization reset (INIT) is normal reset mode.

B Synchronous Reset Operation

Synchronous reset operation refers to entering the operation initialization reset (RST) state after all the bus
accesses have stopped when an operation initialization reset (RST) request is generated.

If areset (RST) request is accepted, the device does not enter the reset (RST) state while internal bus access
isin progress.

If the above request is accepted, a sleep request isissued to the internal buses. If al the buses stop and enter
the sleep state, the device enters the operation initialization reset (RST) state.

The result of all bus accesses is guaranteed because all the bus accesses are stopped at the time of transition
to each state. If bus access does not stop for some reason, no requests can be accepted while the bus access
isin progress. (Even in this case, the settings initialization reset (INIT) isimmediately valid.)

Bus access may not stop in the following cases:

* A RDY (ready request) continuesto be input to the external extended bus interface and bus wait is valid.
(In the following cases, the device eventually enters another state but only after along time.)
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References:

Please refer to the limitations of the bit9:SYNCR bit of TBCR (time-base counter control register)
for the use of reset of the software of the synchronous mode.

The DMA controller, which stops transfer when a request is accepted, does not delay transition to
another state.

If the SYNCR (bit9) of TBCR (time base counter control register) is set to "1", synchronous reset
mode is selected.

For using software reset on the synchronous mode, see the limitations of the bit9:SYNCR bit of
TBCR (time-base timer counter control register).
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Theinitial value returnsto normal reset mode after a settings initialization reset (INIT).
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2.9 Clock Generation Control

This section explains the clock generation control.

B Generating Internal Operating Clock
Theinternal operating clock is generated as follows:

» Selecting the source clock:
The clock supply source is selected.

« Generating the base clock:
The base clock is generated by dividing the source clock by 2 or using PLL oscillation.

» Generating each internal clock:
The base clock is divided to generate 4 types of operating clocks to be supplied to each block.

The following section explains how to generate and control each clock.

For detail of the registers and flags in the following explanation, See Section "2.9.5 Block Diagram of
Clock Generation Control Block” and "2.9.6 Registers of Clock Generation Control Block".

B Selecting the Source Clock
This section explains how the source clock is selected.

The source clock is the source oscillation generated in the built-in oscillation circuit by connecting an
oscillator to the X0/X1 and X0A/X 1A external oscillator pin inputs.

All clock sources including the external bus clock are supplied from within this model.

The external oscillator pins and built-in oscillation circuit can use 2 types of clocks (main clock and sub
clock) and also switch between them during operation at any time.

e Mainclock : Generated from the X0 and X1 pin inputs and intended for use as the high-speed clock.
e Subclock : Generated from the X0A and X1A pin inputs and intended for use as the low-speed clock.

The main and sub clocks are multiplied by using the independently controllable built-in main PLL.
Theinternal base clock can be selectively generated from the following source clocks.

e Main clock divided by 2

e Main clock multiplied using the main PLL

e Subclock asitis

¢ is the base clock that is generated from the source clock divided by two or by using PLL oscillation.
Therefore, the system base clock is a clock generated in the above-mentioned internal base clock

generation.

Selection of the source clock is controlled by the clock source control register (CLKR) setting.
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2.9.1

PLL Control

The PLL oscillation circuit for the main clock can be controlled by enabling or disabling
its operation (oscillation) and setting the multiplication rate.
Each control operation is performed by setting the clock source control register

(CLKR).

This section explains the control operations.

B Enabling PLL Operation
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PLL1EN (bit10) in CLKR (clock source control register) is used to enable/disable the oscillation operation
of the main PLL.

PLL2EN (bit11) in CLKR (clock source control register) is used to enable/disable the oscillation operation
of the sub clock.

Both the PLL1EN and PLL2EN bits are initialized to "0" after a setting initialization reset (INIT) and the
PLL oscillation operation is stopped. While it is stopped, the PLL output cannot be selected as the source
clock.

Once program operation has started, set the multiplication rate for the PLL to be used as the clock source
and enable its operation, and then wait for the PLL lock wait time to elapse before switching the source
clock. In this case, it is recommended to use the time-base timer interrupt for the PLL lock wait time.

The PLL cannot be halted while the PLL output is selected as the source clock. (Writing to the register is
ignored.) When you wish to stop the PLL in such case as changing to stop mode, select the main clock
divided by 2 as the source clock before halting the PLL.

Note that if OSCD1 (bit0) and OSCD2 (bitl) in STCR (standby control register) are set so that oscillation
is stopped during stop mode, the corresponding PLL is automatically stopped when moving to stop mode.
Therefore, it is not necessary to set the bits again to stop the operation. Afterwards, when returning from
the stop mode, PLL automatically begins the oscillation operation. The PLL does not stop automatically if
the oscillation is set to continue during stop mode. In this case, stop the operation before changing to stop
mode if necessary.
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B PLL Multiplication Rate

The multiplication rate for the main PLL isset by PLL1S2, PLL1S1 and PLL1S0 (bitl14 to bit12) in CLKR
(clock source control register).

All the bits are initialized to "0" after a setting initialization reset (INIT).

[Setting PLL multiplication rate]

When changing the PLL multiplication rate from itsinitial value, change it before or at the sametime as
enabling the PLL operation after the program operation starts. Then wait for the PLL lock wait time to
elapse before switching the source clock. In this case, it is recommended to use the time-base timer
interrupt for the PLL lock wait time.

If you wish to change the PLL multiplication rate during operation, first change the source clock to any
clock other than the corresponding PLL. Then wait for the PLL lock wait time to elapse before
switching the source clock, as described above.

The PLL multiplication rate setting can be changed while the PLL isin use. In this case, however, it
automatically enters the oscillation stabilization wait state after the multiplication rate setting is
rewritten, and the program operation is stopped until the set oscillation stabilization wait time elapses.
The program operation does not stop when the clock sourceis switched to a clock other than the PLL.
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2.9.2 Oscillation Stabilization Wait and PLL Lock Wait Time

If the operation of the clock selected as the source clock is not stable, an oscillation
stabilization wait time is required. (See "2.8.4 Oscillation Stabilization Wait Time".)
After the PLL starts operating, a wait time is required until the PLL locks in order to
allow the output to stabilize at the specified frequency.

This section explains the wait time used in various situations.

B Wait Time after Power-up
After power-up, it is necessary to input "L" level to the INITX pin input (setting initialization reset pin). In
this state, as none of the PLL's are allowed to operate, it is not required to consider alock wait time.

B Wait Time after Setting Initialization

When a setting initiaization reset (INIT) is released, the device goes to the oscillation stabilization wait
state. The set oscillation stabilization wait timeisinternally generated.

In this state, as hone of the PLL's are allowed to operate, it is not required to consider alock wait time.

B Wait Time after Enabling PLL Operation

If you enable the PLL in the stop state to operate after the program operation starts, the output of that PLL
cannot be used until the lock wait time elapses.

If the corresponding PLL is not selected as the source clock, the program can be executed even during the
lock wait time.

It is recommended to use the time-base timer interrupt for the PLL lock wait time.

B Wait Time after Changing PLL Multiplication Rate

Even if you change the multiplication rate setting of the currently operating PLL after the program
operation starts, the output of that PLL must not be used until the lock wait time el apses.

If the corresponding PLL is not selected as the source clock, the program can be executed even during the
lock wait time.

The time-base timer interrupt can be used for the PLL lock wait time.
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B Wait Time after Returning from Stop Mode

After the program operation starts, the oscillation stabilization wait time set by the program is generated
internally after the device moves to stop mode and then returns from that mode.

If the device is set to halt the oscillation circuit for the clock selected as the source clock during stop mode,
the longer of the oscillation stabilization wait time for the oscillation circuit and the lock wait time for the
PLL in use is required as the wait time. Therefore, set the oscillation stabilization wait time before
changing to stop mode.

If the device is set not to halt the oscillation circuit for the clock selected as the source clock during stop
mode, the PLL is not halted automatically. Accordingly, no oscillation stabilization wait time is required
unless you halt the PLL. It is recommended to set the oscillation stabilization wait time to the minimum
value before changing to stop mode.

B Wait Time after Switching from the Sub Clock to the Main Clock

When using the PLL after switching from the sub clock to the main clock, the output of that PLL must not
be used regardless of the value of PLL1EN (bit2) in CLKR (clock source register), until the lock wait time
elapses.

If the corresponding PLL is not selected as the source clock, the program can be executed even during the
lock wait time.

It is recommended to use the time-base timer interrupt for the PLL lock wait time.
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2.9.3 Clock Distribution

The operating clock for each function is generated based on the base clock generated
from the source clock.

There are 3 different internal operating clocks in total, and each clock can set its own
division ratio, independently from the other clocks.

B CPU Clock (CLKB)

This clock is used for the CPU, internal memory and internal bus.

The circuits which use this clock are listed bel ow:

CPU

Built-in RAM and built-in ROM
Bit Search Module

I-bus, D-bus, X-bus, F-bus
DMA controller

DSU

The maximum operable frequency is 33 MHz. Therefore, do not set any frequency combination of the
multiplication rate and division ratio that will exceed this frequency.

B Peripheral Clock (CLKP)
This clock is used for peripheral circuits and peripheral bus.

The circuits which use this clock are listed bel ow:
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Peripheral bus

Clock control block (bus interface component only)
Interrupt controller
Peripheral 1/0 port

1/0 port bus

Externa interrupt input
UART

16-bit timer

A/D converter
Free-run timer

Reload timer

Up/down counter

Input capture

Output compare

12C interface

PPG
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The maximum operable frequency is 33 MHz. Therefore, do not set any frequency combination of the
multiplication rate and division ratio that will exceed this frequency.

B External Bus Clock (CLKT)
This clock is used for external extended bus interfaces.
The circuits which use this clock are listed below:
» External extended businterface
e External CLK output

The maximum operable frequency is 16.5 MHz. Therefore, do not set any frequency combination of the
multiplication rate and division ratio that will exceed this frequency.

Note:

The processing performance of CPU is influenced from the setting of flash memory wait register
(FLWC). Adjust the setting of this register to the best value and use it. See Section "18.2.2  Wait
Register (FLWC)".
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2.9.4

Clock Division

Each internal operating clock can independently set its own division ratio from the base
clock from the other clocks. This function allows the most suitable operating frequency
to be provided to each circuit.

B Setting Division Ratio

Thedivision ratio is set by DIVRO (basic clock division setting register 0) and DIVR1 (basic clock division
setting register 1).

Each register contains 4 setting bits which correspond to each of the operating clocks, and the value
"register setting + 1" is used as the division ratio for the base clock of that particular clock. Even when the
division ratio is set to an odd number, Duty is always 50%.

If the setting is modified, the modified division ratio becomes valid from the rising edge of the next clock
signal.

B Initializing the Division Ratio Setting

Even when an operation initialization reset (RST) occurs, the division ratio setting is not initialized and the
setting before the occurrence of the reset is maintained. The setting is initialized only when a setting
initialization reset (INIT) occurs. In the initia state, the division ratio is "1" for al except the peripheral
clock (CLKP). Therefore, make sure to set the division ratio before changing the source clock to a faster
one.

Note:

The maximum operable frequency is defined for each clock. Operation is not guaranteed if a
frequency, in combination with the source clock selection, PLL multiplication rate setting and division
ratio setting, is set to exceed the maximum frequency. In particular, take care to follow the correct
order in conjunction with modifying the source clock selection setting.
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2.9.5 Block Diagram of Clock Generation Control Block

Figure 2.9-1 shows a block diagram of the clock generation control block.
For details of the registers shown in the diagram, see "2.9.6 Registers of Clock
Generation Control Block".

B Block Diagram of Clock Generation Control Block

Figure 2.9-1 Block Diagram of Clock Generation Control Block
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2.9.6 Registers of Clock Generation Control Block

This section explains the registers in the clock generation control block.

B RSRR: Reset Source Register/Watchdog Timer Control Register
Theregister configuration of the reset source register and watchdog timer control register is shown below.

RSRR bit 15 14 13 12 11 10 9 8

Address: 000480y | INIT | Reserved | WDOG | Reserved | SRST | Reserved | WT1 | WTO |
(R) (R) (R) (R) R) Ry  (RW) (RW)
Initial value (INITX pin) 1 0 0 0 0 0 0 0

Initial value (INIT) * * * X X * 0 0
Initial value (RST) X X X X * X 0 0

* Initialized by a source.

R/W: Readable/writable

R: Read only

X: Undefined value

RSRR retains the source of the most recently generated reset, sets the watchdog timer cycle and controlsits
activation.

When this register is read, the retained reset source is cleared after read. If more than one reset occur before
the register isread, reset source flags are accumulated, and as aresult, the multiple flags are set.

Writing to this register activates the watchdog timer. After that, the watchdog timer continues to operate
until areset (RST) occurs.

[bit15] INIT: External reset generation flag
This bit indicates whether the INITX pin input has generated areset (INIT).

Value Description
0 INITX pin input has not generated INIT.
1 INITX pin input has generated INIT.

*INIT iscleared to "0" immediately after reading.
*It isreadable. Writing has no effect on the bit value.

[bit14] Reserved: Reserved bit
Thisisareserved hit.
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[bit13] WDOG: Watchdog reset generation flag
It indicates whether the watchdog timer has generated areset (INIT).

Value Description

0 Watchdog timer has not generated INIT.

1 Weatchdog timer has generated INIT.

*Thishit is cleared to "0" at areset (INIT) by the INITX pin input upon power-up or immediately after
reading.
«It isreadable. Writing has no effect on the bit value.

[bit12] Reserved: Reserved bit
Thisisareserved hit.

[bit1l] SRST: Software reset generation flag
This bit indicates whether a reset (RST) has been generated by writing to the SRST bit in the STCR

register (software reset).

Value Description

0 Software reset has not generated RST.

1 Software reset has generated RST.

*This bit is cleared to "0" at areset (INIT) by the INITX pin input upon power-up or immediately after
reading.

«It isreadable. Writing has no effect on the bit value.

Please refer to the limitations of hit9:SYNCR bit of TBCR (time-base counter control register) when

using software reset of the synchronous mode.

[bit10] Reserved: Reserved bit
Thisisareserved bit.
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[bit9, bit8] WT1, WTO: Watchdog timer interval time selection bits

These bits are used to select the cycle for the watchdog timer.

Based on the value written to the bits, the watchdog timer cycle is selected from the 4 options shown in
the following table.

Minimum interval for writing to WPR, Time from when the last 5Ay is
WT1 | WTO | required to prevent a watchdog reset | written to WPR to when a watchdog
from being generated reset is generated
0 0 | ¢x2%(Initia value) o x2%0to ¢ x 22
0 1 | ox2% 0 x 2% t0 ¢ x 223
1 0 | ox2* o x 2% to ¢ x 2%°
1 1 | ox2% 0 x 2% to ¢ x 227

(¢: Cycle of system base clock)

*These bits are initialized to "00g" by areset (RST).

*They are readable. Writing is alowed only once after a reset (RST); succeeding write operations are
not valid.
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B STCR: Standby Control Register
The configuration of the standby control register is shown below.

STCR bit 7 6 5 4 3 2 1 0
Address: 000481, | STOP |SLEEP| HIZ | SRST | OS1 | 0S0 |OSCD2|OSCD1]
RW) (RW) (RW) [RW) (RW) [RW) RW) (RW)

Initial value (INITX pin) 0 0 1 1 0 0 1 1
Initial value (INIT) 0 0 1 1 X X 1 1
Initial value (RST) 0 0 X 1 X X X X

R/W: Readable/writable

STCR controls the operating mode of the device.

STCR is used to place the device in one of the 2 standby modes (stop/sleep) and stop the pin operation and
oscillation during stop mode as well as to set the oscillation stabilization wait time and issue a software
reset.

Note:

To place the device in a standby mode, use the synchronous standby mode, set in SYNCS (hit8) of
TBCR (time-base counter control register) and be sure to follow the sequence shown below.

(LDI#value_of standby,R0) ; "value_of standby" is the data written to STCR.

(LDI#_STCR,R12) ;"_STCR" is the address of STCR (481).
STB RO,@R12 ; Writing to the standby control register (STCR)
LDUB @R12,R0 ; Reading from STCR for synchronous standby
LDUB @R12,R0 ; Another dummy read from STCR

NOP ; NOP (for timing adjustment) x 5

NOP

NOP

NOP

NOP

[bit7] STOP: STOP mode bit

This bit directs the device to enter stop mode. If "1" is written to SLEEP (bit6) and this bit at the same
time, the device enters stop mode, as the STOP mode hit has higher priority.

Value Description
0 Device does not enter stop mode [Initial valug].
1 Device enters stop mode.

*Thishbit isinitialized to "0" by areset (RST) or an event that recovers the device from stop mode.
*Thishit is readable and writable.
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[bit6] SLEEP: SLEEP mode bit

This bit directs the device to enter leep mode. If "1" is written to STOP (bit7) and this bit at the same
time, the device enters stop mode, as the STOP bit (bit7) has higher priority.

Value Description
0 Device does not enter sleep mode [Initia valug].
1 Device enters sleep mode.

*Thishbit isinitialized to "0" by areset (RST) or an event that recovers the device from sleep mode.
*Thishit is readable and writable.

[bit5] HIZ: Hi-Z mode bit
This bit controls the pin state in stop mode.

Value Description

0 Retains the pin state before transition to stop mode

Sets the pin output to high impedance during stop mode
[Initial valug].

*Thishitisinitiaized to "1" by areset (INIT).
*Thishit is readable and writable.

[bit4] SRST: Software reset bit
SRST directs the issue of a software reset (RST).

Value Description
0 I ssues a software reset.
1 Does not issue a software reset [Initial valug].

*Thisbitisinitialized to "1" by areset (RST).
*Thishit is readable and writable. Reading always returns "1".

For using software reset on the synchronous mode, see the limitations of the bit9:SYNCR bit of TBCR
(time-base counter control register).
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[bit3, bit2] OS1, OSO0: Oscillation stabilization wait time selection bits

These bits set the oscillation stabilization wait time after areset (INIT) or after the device returns from
stop mode.

Based on the value written to the bits, the oscillation stabilization wait time is selected from the 4
options shown in the following table.

os1 | 0so Oscillation_ St_abilization Source Oscillation: Sub Clock Oscillation:
Wait Time 16.5 MHz 32 kHz
S 6 x 2* [Initial value] 0.242 us 125 s
0 1 o x 21 0.248 ms 128 ms
1 0 o x 216 7.94 ms 4s
1 1 o x 222 508 ms 262 s

¢ represents the cycle of the system base clock. Here, it is twice the cycle of the input source oscillation.

*These hitsareinitialized to "00g" by areset (INIT) from the INITX pin input.
*These bits are readable and writable.

[bitl] OSCD2: Sub clock oscillation stop bit
OSCD2 stops the sub clock oscillation in stop mode.

Value Description
0 Does not stop sub clock oscillation during stop mode.
1 Stops sub clock oscillation during stop mode [Initial value].

*Thishitisinitializedto"1" by areset (INIT).
*This bit is readable and writable.

[bit0] OSCD1: Main clock oscillation stop bit
OSCD1 stops the oscillation of the main clock in stop mode.

Value Description
0 Does not stop the main clock oscillation during stop mode.
1 Stops main clock oscillation during stop mode [Initial value].

*Thishitisinitialized to "1" by areset (INIT).
*This bit is readable and writable.
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B TBCR: Time-Base Counter Control Register
The configuration of the time-base counter control register is shown below.

TBCR bit 15 14 13 12 11 10 9 8

Address: 000482, | TBIF ‘ TBIE ‘ TBC2 ‘ TBC1 ‘ TBCO ‘Reserved‘SYNCR‘SYNCS‘
RW RW RW RW RW RW RW RW
Initial value (INIT) 0 0 X X X X 0 0

Initial value (RST) 0 0 X X X X X X

R/W: Readable/writable

TBCR controls interrupts such as time-base timer interrupts.

TBCR is used to enable time-base timer interrupts, select the interrupt interval time, and set option function
of reset operation.

[bit15] TBIF: Time-base timer interrupt flag
TBIF isatime-base timer interrupt flag.

It indicates that the time-base counter has exceeded the specified interval time (set by bit13 to bitl1:
TBC2 to TBCO).

A time-base timer interrupt request is generated, if this bit is set to "1" while TBIE (bit14) is enabled to
generate an interrupt (TBIE=1).

Clearing source | Writing "0" through instruction

Expiration of the set interval time

Setting source: (Detecting the falling edge of the output of the time-base counter)

*Thishit isinitialized to "0" by areset (RST).

eIt is readable and writable. For write operation, however, only "0" can be written. Writing "1" does not
change the bit value.

*Reading by read-modify-write (RMW) instruction always returns"1".

[bit14] TBIE: Time-base timer interrupt enable bit
TBIE enables the output of atime-base timer interrupt request.

TBIE controls the output of an interrupt request due to the expiration of the interval time of the time-
base counter. If TBIF (bitl5) is set to "1" when this bit is "1", a time-base timer interrupt request is
generated.

Value Description

0 Disables the output of time-base timer interrupt request. [Initia value]

1 Enables the output of time-base timer interrupt request.

*Thishit isinitialized to "0" by areset (RST).
Thisbit is readable and writable.
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[bit13 to bit11] TBC2, TBC1, TBCO: Time-base timer counter selection bits

These bits set the interval time for the time-base counter used in the time-base timer.

Based on the value written to these bits, the interval time is selected from the 8 options shown on the
following table.

TBC2 | TBC1 | TRCO Timetriri:éerval When Zcr)lgr(;eljs:(:irlrl]agliggl;éﬁg MHz, Su;ZCL?_'CZK =
0 0 0 o x 21 62.1us 61.4ms
0 0 1 o x 212 124.1 us 123 ms
0 1 0 o x 213 248.2 us 246 ms
0 1 1 ox 222 127 ms 126's
1 0 0 o x 223 254 ms 256 s
1 0 1 ox2% 508 ms 512s
1 1 0 ¢ x 225 1017 ms 1024 s
1 1 1 o x 2% 2034 ms 2048 s

0: Cycle of system base clock

*Theinitia value is undefined. Always set a value before enabling an interrupt.
*These bits are readable and writable.

[bit10] Reserved: Reserved bit
Thisisareserved bit. The read value is undefined. Writing has no effect on operation.

[bit9] SYNCR: Synchronous reset enable bit
SYNCR enables the synchronous reset operation.

It is used to select which should be performed if an operation initialization reset (RST) request occurs:
Normal reset operation in which areset (RST) immediately performed; or synchronous reset in which an
operation initialization reset (RST) is performed after all the bus accesses stop.

Value Description

0 Normal reset operation [Initia value]

1 Synchronous reset operation

*Thishitisinitialized to "0" by areset (INIT).
*Thisbit is readable and writable.
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Note:
Meet the following requirement before setting "0" to the SRST bit of STCR (standby control register)
at using software reset of the synchronous mode.
« Set the interrupt enable flag (I-Flag) to interrupt disabled (I-Flag=0).
e Do not used NMI.
[bit8] SYNCS: Synchronous standby enable bit
SY NCS enables the synchronous standby operation.
It is used to select one of the following operations, which is should be performed if an standby request
(either dleep or stop mode request) occurs. Normal standby operation, in which the device enters
standby mode only by writing to the control bit in the STCR register; or synchronous standby operation
in which the device enters standby mode by reading the STCR register after writing to the control bit in
the STCR register.
Value Description
0 Normal standby operation [Initial value]
1 Synchronous standby operation
*Thisbitisinitialized to "0" by areset (INIT).
*This bit is readable and writable.
Note:
Please set the synchronous standby operation by setting "1" to this bit at changing to the standby
mode.
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B CTBR: Time-Base Counter Clear Register
The configuration of the time-base counter clear register is shown below.

CTBR bit 7 6 5 4 3 2 1 0
Address: 000483y [ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
w W W W w W W W
Initial value X X X X X X X X

W:  Write only

CTBRisused to initiaize the time-base counter.

When "A5," and "5A4" are written to this register consecutively, all the bits of the time-base counter are
cleared to "0" immediately after "S5AQ" is written. There is no time limit between writing "A54" and
"BAY". However, if data other than "5AQ" is written after "A5y" is written, clear operation will not be
performed even when "5A " iswritten, unless "A5" iswritten again.

Theread value of thisregister is undefined.

Note:

When this register is used to clear the time-base counter, there will be temporary fluctuations in the
oscillation stabilization wait interval, watchdog timer cycle, and time-base timer cycle.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 91



CHAPTER 2 CPU AND CONTROL BLOCK
2.9 Clock Generation Control MB91313A Series
B CLKR: Clock Source Control Register

The configuration of the clock source control register is shown below.

CLKR bit 15 14 13 12 11 10 9 8

Address: 000484 | Reserved |PLL1S2|PLL1S1|PLL1SO[PLL2EN|PLL1EN| CLKS1 [ CLKSO |
RW) RW) RW) RW) RW) RW) RW) (RW)

Initial value (INIT) 0 0 0 0 0 0 0 0

Initial value (RST) X X X X X X X X

R/W: Readable/writable
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CLKR selects the clock source to be used as the system base clock and controls the PLL.

This register is used to select one out of the three available clock sources. It is aso used to enable the
operation of the dual clock PLL (operation of both main clock and sub clock) and select the multiplication
rate.

[bitl5] Reserved: Reserved bit
Thisisareserved bit. Be sure to set the bit to "0".

[bit14 to bit1l2] PLL1S2, PLL1S1, PLL1SO: PLL multiplication rate selection bits
These bits are used to select the multiplication rate for the main PLL.
The multiplication rate for the main PLL is selected from 8 options.
Do not rewrite this bit while the main PLL is selected as the clock source.

The maximum operable frequency is 33 MHz. Therefore, do not set any higher frequency. This bit is
initialized to "000g" by areset (INIT).

PLL1S2 | PLL1S1 | PLL1SO | Main PLer;‘t‘;'tip'ica“O” Source oscillation: 16.5 [MHz]

0 0 0 x 1 (equa) ¢ =60.6 ns (16.5 MHz)

0 0 1 x 2 (multiply-by-2) ¢ =30.3ns(33MHz)

0 1 0 x 3 (multiply-by-3) ¢ =20.2 ns (49.5 MHz)

0 1 1 x 4 (multiply-by-4) Setting disabled

1 0 0 x 5 (multiply-by-5) Setting disabled

1 0 1 x 6 (multiply-by-6) Setting disabled

1 1 0 x 7 (multiply-by-7) Setting disabled

1 1 1 x 8 (multiply-by-8) Setting disabled

¢: Cycle of system base clock

These bits are readable and writable.
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[bit11] PLL2EN: Sub clock selection enable bit
PLLZ2EN is a selection enable bit for the sub clock.

CHAPTER 2 CPU AND CONTROL BLOCK

2.9 Clock Generation Control

Do not rewrite this bit while the sub clock is selected as the clock source. Also, do not select the sub
clock as the clock source while this bit is set to "0" (due to the settings of bit9 and bit8: CLKS1 and

CLKS0).

If OSCD2 (bitl) in STCRis"1", the sub clock will be stopped during stop mode, even when PLL2EN is

"1". The operation will be enabled again after return from stop mode.

Value Description
0 Disables sub clock selection. [Initial valug]
1 Enables sub clock selection.

*Thishbitisinitialized to "0" by areset (INIT).

*This bit is readable and writable.

[bit10] PLL1EN: Main PLL enable bit
PLL1EN is an operation enable bit for the main PLL.

Do not rewrite this bit while the main PLL is selected as the clock source. Also, do not select the main
PLL as the clock source while this bit is set to "0" (due to the settings of bit9 and bit8: CLKS1 and

CM71-10143-5E

CLKS0).

If OSCD1 (hit0) in STCR is"1", the main PLL will be stopped during stop mode, even when PLL1EN

is"1". The operation will be enabled again after return from stop mode.

Value Description
0 Stopsmain PLL. [Initial value]
1 Enables main PLL operation.

*Thishitisinitialized to "0" by areset (INIT).

*This bit is readable and writable.
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[bit9, bit8] CLKS1, CLKSO: Clock source selection bits
These bits set the clock source to be used.

Based on the value written to the bits, the clock source is selected from the 3 options shown in the
following table.

Note that the value of CLK SO (bit8) cannot be modified while CLKSL (bit9) is"1".

Unchangeable combination Changeable combination
"00g"—"11g" "00g"—"01g" or "10g"
"01g"—"10g" "01g"—"11g" or "00g"
"10g"—"01g" or "11g" "10g"—"00g"
"11g"—"00g" or "10g" "11g"—"01g"

For the above reason, write "01" first, then write "11" to switch from the post-INIT state to the sub clock

selection.
CLKS1 | CLKSO Clock source setting
0 0 Source oscillation input from X0/X1 divided by 2 [Initial value]
0 1 Source oscillation input from X0/X 1 divided by 2
1 0 Main PLL
1 1 Sub clock

*Thishitisinitialized to "00g" by areset (INIT).
*These bits are readable and writable.
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B WPR: Watchdog Reset Generation Delay Register
The configuration of the watchdog reset generation delay register is shown below.

WPR bit 7 6 5 4 3 2 1 0
Address: 0004854 | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO |
w W W W w W W W
Initial value X X X X X X X X

W:  Write only

WPR is aregister used to delay the generation of awatchdog reset.

When "A5y" and "BAY" are written to this register consecutively, flip-flop for detecting the watchdog
timer is cleared immediately after "5A" iswritten, to delay the generation of awatchdog reset.

There is no time limit between writing "A54" and "5A4". However, if data other than "5AQ" is written
after "A5y" is written, clear operation will not be performed even when "5A " is written, unless "A5," is
written again.

Table 2.9-1 shows the relationship between the time interval pertaining to the generation of watchdog
resets and the RSRR register value.

Unless the writing of both pieces of the data is completed within this interval, a watchdog reset is
generated. The time spent until the generation of a watchdog reset and the writing interval required to
inhibit the generation vary depending on the state of WT1 (bit9) and WTO (bit8) in the RSRR register.

Table 2.9-1 Time Interval of Watchdog Reset Generation

Minimum interval for writing to WPR, | Time from when the last 5Ay is written
WT1 | WTO | required to prevent a watchdog reset to WPR to when a watchdog reset is
to be generated by RSRR generated
0 0 o x 220 [Initial value] o x 290to ¢ x 22
0 1 0 x 222 0 x 22210 ¢ x 223
1 0 ¢ x 224 o x 22410 ¢ x 2%
1 1 ¢ x 226 o x 2% to ¢ x 2%

¢ represents the cycle of system base clock. WT1 and WTO are bit9 and bit8 of RSRR, used to set the
cycle of the watchdog timer.

When the CPU is not in operation, such as during stop mode, sleep mode and DMA transfer, clear
operation is performed automatically. Therefore, once such condition occurs, a watchdog reset is delayed
automatically. However, a watchdog reset is not postponed when an externa bus hold request (BRQ) has
been accepted. To hold the externa bus for a long time, enter sleep mode and then input a hold request
(BRQ).

The read value of thisregister is undefined.
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B DIVRO: Basic Clock Division Setting Register 0

The configuration of the basic clock division setting register 0 is shown below.

DIVRO bit 15 14 13 12 11 10 9 8

Address: 000486y | B3 | B2 | BL | BO | P3 | P2 [ P1L | PO
(RW) (RW) [RW) [RW) RW) RW) [RW) (RW)

Initial value (INIT) 0 0 0 0 0 0 1 1

Initial value (RST) X X X X X X X X

R/W: Readable/writable

DIVRO is aregister used to control the division ratio of the base clock for each internal clock.

This register sets the division ratio between the CPU and the clock of the internal bus (CLKB), a peripheral
circuit and peripheral bus clock (CLKP).

Note:

The maximum operable frequency is defined for each clock. Operation is not guaranteed if a
frequency, in combination with the source clock selection, PLL multiplication rate setting and division
ratio setting, is set to exceed the maximum frequency. In particular, take care to follow the correct
order in conjunction with modifying the source clock selection setting.

When a setting of this register is changed, the new division ratio becomes valid from the next clock rate.
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[bit15 to bit12] B3, B2, B1, BO: CLKB division selection bits

These bits are used to set the division ratio for the CPU clock (CLKB). They set the clock division ratio
for the CPU, internal memory and internal bus.
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Based on the value written to these bits, the division ratio (clock frequency) of the base clock for the
CPU and internal busis selected from the 16 options shown in the following table.

The maximum operable frequency is 33 MHz. Therefore, do not set any division ratio that will cause

this frequency to be exceeded.
83 | B2 | B1| B0 | Clockdivisionratio | C1°%k eduency: When source oscilation
0 0 0 0 |o 33.0 MHz [Initia value]
0| 0| 0| 1 |¢x2(divided-by-2) 16.5 MHz
0 0 1 0 | ¢ x 3 (divided-by-3) 11 MHz
0 0 1 1 | ¢ x4 (divided-by-4) 8.25 MHz
0 1 0 0 | ¢ x5 (divided-by-5) 6.6 MHz
0 1 0 1 | ¢ x 6 (divided-by-6) 5.5MHz
0 1 1 0 | ¢ x 7 (divided-by-7) 4.71 MHz
0| 1| 1| 1 |¢x8(divided-by-8) 4.13 MHz
1 1 1 1 | ¢ x 16 (divided-by-16) 2.06 MHz

¢: Cycle of system base clock

*These bits are initialized to "0000g" by areset (INIT).

*These bits are readable and writable.
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[bit11 to bit8] P3, P2, P1, PO: CLKP division selection bits
These bits are used to set the division ratio for the peripheral clock (CLKP).
They set the division ratio for the clock used for peripheral circuits and peripheral bus.

Based on the value written to these bits, the division ratio (clock frequency) of the base clock for the
periphera circuit and peripheral bus clocksis selected from the 16 options shown in the following table.

The maximum operable frequency is 33 MHz. Therefore, do not set any division ratio that will cause

this frequency to be exceeded.
Clock frequency: When source
P3 | P2 | P1 | PO Clock division ratio oscillation is 16.5 MHz, and
PLL is multiplied by 2

0 0 0 0 | ¢ 33.0 MHz

0 0 0 1 | ¢ x 2 (divided-by-2) 16.5 MHz

0 0 1 0 | ¢ x 3(divided-by-3) 11 MHz

0 0 1 1 | ¢ x4 (divided-by-4) 8.25 MHz [Initial vaue]
0 1 0 0 | ¢ x5 (divided-by-5) 6.6 MHz

0 1 0 1 | ¢ x 6 (divided-by-6) 5.5 MHz

0 1 1 0 | ¢x 7 (divided-by-7) 4.71 MHz

0 1 1 1 | ¢ x 8(divided-by-8) 4.13MHz

1 1 1 1 | ¢ x 16 (divided-by-16) 2.06 MHz

¢: Cycle of system base clock

*These bits are initialized to "0011g" by areset (INIT).
*These bits are readable and writable.
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B DIVR1: Basic Clock Division Setting Register 1

The configuration of the basic clock division setting register 1 is shown below.

DIVR1 bit 7 6 5 4 3 2 1 0
Address: 000487y | T3 | T2 | Tl | TO | Reserved | Reserved | Reserved | Reserved |
RW) (RW) (RW) [RW) [RW) [RW) ([RW) (R/W)
Initial value (INIT) 0 0 0 0 0 0 0 0
Initial value (RST) X X X X X X X X

R/W: Readable/writable

DIVR1 isaregister used to control the division ratio of the base clock for each internal clock.

This register setsthe division ratio of the clock for an external expansion businterface (CLKT).

Note:

The maximum operable frequency is defined for each clock. Operation is not guaranteed if a
frequency, in combination with the source clock selection, PLL multiplication rate setting and division
ratio setting, is set to exceed the maximum frequency. In particular, take care to follow the correct
order in conjunction with modifying the source clock selection setting.

When a setting of this register is changed, the new division ratio becomes valid from the next clock rate.
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[bit7 to bit4] T3, T2, T1, TO: CLKT division selection bits

MB91313A Series

These bits are used to set the division ratio for the external bus clock (CLKT).
They set the clock division ratio for the external extended bus interface.

Based on the value written to these bits, the division ratio (clock frequency) of the base clock for the
external expansion bus interface is selected from the 16 options shown in the following table.

The maximum operable frequency is 16.5 MHz. Therefore, do not set any division ratio that will cause

this frequency to be exceeded.
Clock frequency: When source
T3 | T2 | T1 | TO Clock division ratio oscillation is 16.5 MHz, and
PLL is multiplied by 2
0 0 0 0 |o 33.0 MHz [Initial value]
0 0 0 1 | ¢ x2(divided-by-2) 16.5 MHz
0 0 1 0 | ¢ x 3(divided-by-3) 11 MHz
0 0 1 1 | ¢ x4 (divided-by-4) 8.25 MHz
0 1 0 0 | ¢ x5 (divided-by-5) 6.6 MHz
0 1 0 1 | ¢ x 6 (divided-by-6) 5.5MHz
0 1 1 0 | ¢ x 7 (divided-by-7) 471 MHz
0 1 1 1 | ¢ x 8 (divided-by-8) 4.13MHz
1 1 1 1 | ¢ x 16 (divided-by-16) 2.06 MHz

¢: Cycle of system base clock

*These bits are initialized to "0000g" by areset (INIT).

*These bits are readable and writable.

[bit3 to bit0] Reserved: Reserved bits

These are reserved bits.
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B OSCCR: Oscillation Control Register

The configuration of the oscillation control register is shown below.

OSCCR bit 15 14 13 12 11 10 9 8
Address: 00048Ay4 | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved |OSCDSl|

Initial value (INIT) X X X X X X X 0
Initial value (RST) X X X X X X X X

R/W: Readable/writable

RW) (RIW) (RW) (RW) (RW) (RW) (RIW) (RIW)

OSCCR is aregister used to control the main oscillation during sub clock operation.

[bit15 to bit9] Reserved: Reserved bits

These are reserved bits.

[bit8] OSCDSL1: Main oscillation stop control bit (in sub clock operation mode)

CM71-10143-5E

OSCDS1 is used to stop the main oscillation while the sub clock is selected.
Writing "1" to this bit stops the main oscillation when the sub clock is selected as the clock source.
"1" cannot be written to this bit when the main clock is selected.

Do not select the main clock while this bit is "1". Set it to "0" and wait until the main oscillation
stabilizes before switching to the main clock. In this case, maintain the oscillation stabilization wait time
using the main oscillation stabilization wait timer. Moreover, the main oscillation stabilization wait time
is required when the clock source is switched to the main clock by INIT. At this point, the operation
after return is not guaranteed unless the settings of OS1 and OS0 (bit3 and bit2) in STCR (standby
control register) satisfy the main oscillation stabilization wait time.

In the above case, set OS1 and OS0 in STCR to a value that will satisfy both the sub clock oscillation
stabilization wait time and the main oscillation stabilization wait time.

For information about the oscillation stabilization waiting, see "2.9.2  Oscillation Stabilization Wait
and PLL Lock Wait Time".

Value Description
0 Does not stop main oscillation during execution of sub clock [Initial valug].
1 Stop main oscillation during execution of sub clock.

*Thisbitisinitialized to "0" by areset (INIT).
*This bit is readable and writable.
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2.9.7 Peripheral Circuits in Clock Control Block

This section explains the peripheral circuit functions contained in the clock control
block.

B Time-Base Counter
The clock control block includes a 26-bit time-base counter which runs on the system base clock.

In addition to measuring the oscillation stabilization wait time (see "2.8.4  Oscillation Stabilization Wait
Time"), the time-base counter is used for the following applications.

« Watchdog timer:
The bit output of the time-base counter is used to measure the watchdog timer for detecting system
hang-up.

e Time-basetimer:
The output of the time-base counter is used to generate interval interrupts.

@ Watchdog timer

The watchdog timer detects program hang-up, using the output of the time-base counter. When the
generation of a watchdog reset is no longer delayed during the set interval by an event such as program
hang-up, a setting initialization reset (INIT) regquest is generated as a watchdog reset.

[Activating the watchdog timer and setting the cycle]

The watchdog timer is activated when RSRR (reset source register/watchdog timer control register) is
written to for the first time after areset (RST).

At this point, WT1 and WTO (bit9 and hit8) are used to set the interval time for the watchdog timer. For
setting the interval time, only the time set in the initial write operation becomes valid. Any succeeding
write attempts are ignored.

[Delaying the generation of watchdog reset]

Once the watchdog timer is activated, data must be written periodically to WPR (watchdog reset
generation delay register) in the order of "A54" and "5AR", using the program.
This procedure initializes the flag for generating a watchdog reset.

[Generating watchdog reset]

The flag for generating a watchdog reset is set at the falling edge of the output of the time-base counter
in the set interval. If the flag has been set when the second falling edge is detected, a setting
initialization reset (INIT) request is generated as a watchdog reset.
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[Stopping the watchdog timer]

Once the watchdog timer is activated, it cannot be stopped until an operation initialization reset (RST) is
generated.

The watchdog timer can be stopped under the following condition in which an operation initiaization
reset (RST) is generated, and it does not function until reactivated by program operation.

*Operation initialization reset (RST) state
*Setting initialization reset (INIT) state
*Oscillation stabilization wait reset (RST) state

[Suspending the watchdog timer (automatically delayed generation)]

While the CPU's program operation is stopped, the watchdog timer once initializes the flag for
generating a watchdog reset to delay the generation of such reset. "Suspended program operation” refers
to specific operations listed below.

*Sleep state

*Stop state

*Oscillation stabilization wait RUN state

«Break when emulator debugger and monitor debugger is used

*Period from execution of INTE instruction to execution of RETI instruction

*Step trace trap (Break for each instruction when T flag in PSregister isset to "1")

«Datato cache memory at instruction cache control register (ISIZE, ICHCR) or RAM mode

When the time-base counter is cleared, the flag for generating a watchdog reset is also initialized at the
same time, and the generation of awatchdog reset is postponed.

Note that a watchdog reset may not be generated if system hang-up results in the above state. In that
case, perform areset (INIT) from the external INITX pin.
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@ Time-base timer

The time-base timer is a timer that generates interval interrupts using the output of the time-base counter.
The timer is suitable for measuring relatively long times, up to { base clock x 227} cycles such as for the
PLL lock wait time and sub clock oscillation stabilization wait time.

A time-base timer interrupt request is generated when the falling edge of the output of the time-base
counter corresponding to the set interval is detected.

[Activating the time-base timer and setting the interval]

The time-base timer sets the interval time using TBC2, TBC1 and TBCO (bit13 to bit11) in TBCR (time-
base counter control register).

The falling edge of the output of the time-base counter corresponding to the set interval is aways detected.
Therefore, after setting the interval time, clear TBIF (bit15) firdt, then set TBIE (bit14) to "1" to enable the
output of an interrupt request.

When changing the interval time, disable the output of an interrupt request by setting TBIE (bit14) to "0"
beforehand.

The time-base counter always continues to count without being affected by the above settings. To achieve
the accurate interval interrupt time, clear the time-base counter before enabling interrupts. Otherwise, an
interrupt request may be generated immediately after interrupts are enabled.

[Clearing the time-base counter by program]

When "A5," and "5A" are written to the time-base counter clear register (CTBR) in that order, al the
bits of the time-base counter are cleared to "0" immediately after "S5AQ" is written. There is no time limit
between writing "A54" and "5A4". However, if data other than "S5AQ" is written after "A5y" is written,
clear operation will not be performed even when "5A " iswritten, unless"A5" iswritten again.

When this time-base counter is cleared, the flag for generating a watchdog reset is aso initialized
simultaneously, and the generation of awatchdog reset is postponed temporarily.

[Clearing the time-base counter by the device state]
When the device enters the following state, all the bits of the time-base counter are cleared to "0".
*Stop state
Setting initialization reset (INIT) state

Particularly in stop state, a time-base timer interval interrupt may occur unintentionaly, as the time-base
counter is used to measure the oscillation stabilization wait time.

Therefore, disable time-base timer interrupts and do not use the time-base timer before selecting stop
mode.

In any other state, an operation initialization reset (RST) is generated automatically. Consequently, time-
base timer interrupts are disabled automatically.
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@ Main oscillation stabilization wait timer (when sub clock is selected)
This is a 26-bit timer that is synchronized with the main clock to count up, without being affected by the
clock source selection or division setting.
Thetimer is used to measure the main oscillation stabilization wait time during sub clock operation.

The main oscillation can be controlled in sub clock operation by OSCDSL1 (bit8) in OSCCR (oscillation
control register). This timer is used to measure the oscillation stabilization wait time, when the main
oscillation is stopped and then restarted.

Use the following procedure to switch to the main clock operation from the sub clock operation with the
main clock being stopped.

1) Clear the main oscillation stabilization wait timer.
2) Set OSCDSLI (bit8) in OSCCR (oscillation control register) to "0" to start the main oscillation.
3) Usethe main oscillation stabilization wait timer to wait until the main clock becomes stable.

4) Once the main clock stabilizes, use CLKS1 and CLKSO (bit9 and bit8) in CLKR (clock source
register) to switch from the sub clock to the main clock.

Note:
If the clock is switched to the main clock without waiting until it becomes stable, an unstable clock
signal will be supplied; therefore, the resulting operation will not be guaranteed. Always wait until the
clock stabilizes before switching to the main clock.
For details about the main oscillation stabilization wait timer, see "9.1  Main Oscillation Stabilization
Wait Timer".
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2.10

Device State Control

MB91313A Series

This section explains various states of this model and how they are controlled.

B Device States

Figure 2.10-1 shows the device states and each of the transitions of the FR family.

Figure 2.10-1 Device States

INITX pin =0 (INIT)

INITX pin = 1 (INIT released)
Oscillation stabilization wait completed
Reset (RST) released

Priority order of transition requests

Highest Setting initialization reset (INIT)
1 Oscillation stabilization wait completed
\: Operation initialization reset (RST)

1
2
3
4
5 Software reset (RST) Power-on
6 Sleep (instruction written)
7 Stop (instruction written) 1 4 Interrupt request
8 Interrupt L 1 top
9 External interrupt requiring no clock owest Sleep
10 Main clock — sub clock switched <
(instruction written) - 3 —
11 Sub clock — main clock switched Setting initiali-
(instruction written) zation (INIT)
12 Watchdog reset (INIT) 5
13 Sub clock sleep (instruction written)
Main clock mode
1, A
- Main oscillation
Main stop stabilization wait reset| 1 q
L L°
1
Oscillation stabili- Program reset
zation wait RUN | 3 (RST) 1 .
4
: r1s ot
Main sleep | 6 Main RUN 1
8 A 10
Sub clock mode
11
1 8 3 12
Sub clock sleep 13 Sub RUN 1 .
7 5
3 Iy
P 1
Oscillation stabili- Program reset
zation wait RUN (RST) 1 >
to
1 ¥
Sub clock stop Sub clock stop
(watch state ) (watch state 2)

*1: To switch the clock source between the main clock and sub clock, switch CLKS1 and
CLKSO (bit1, bit0) in the CLKR (clock source register) while a stable supply of the

switched clock is maintained in operation mode.

*2: To stop anything other than the watch timer (watch state), place the device in stop mode
while OSCD?2 (bitl) in the STCR (standby control register) is set to "0" and OSCD1 (bit0)
is set to "1" in the sub clock operation state (they can be written simultaneously).
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B Operational States of Device
This model is provided with the following device operational states:

@ RUN state (normal operation)
In this state, the program is being executed.
All internal clocks are supplied to keep all circuits operable.
Only the clock for the 16-bit periphera bus, however, is stopped unless the bus is accessed.

In this state, a state transition request is accepted. If synchronous reset mode is selected, however, state
transition operations different from normal reset mode are used for some requests.

For details, see "l Synchronous Reset Operation” section of "2.8.5 Reset Operation Modes'.

@ Sleep state
In this state, the program is stopped. The deviceis placed in this state by program operation.

Only the execution of the program by the CPU is stopped, while the periphera circuits are maintained
operable. The built-in memory and internal/external buses remain stopped unless requested by the DMA
controller. When avalid interrupt request is generated, this state is released and the device enters the RUN
state (normal operation).

When a setting initialization reset (INIT) request is generated, the device enters the setting initialization
reset (INIT) state.

When an operation initialization reset (RST) request is generated, the device enters the operation
initialization reset (RST) state.

@ Stop state
In this state, the device is stopped. The deviceis placed in this state by program operation.

In the stop state, all the internal circuits are stopped. The internal clocks are all stopped and the oscillation
circuit and PLL can be stopped by setting. Also, the external pins can be set to the same high impedance by
setting (except some pins).

The device enters the oscillation stabilization wait RUN state when a specific (non-clock-based) valid
interrupt occurs or when a main oscillation stabilization wait timer interrupt request is generated during
oscillation operation.

When a setting initialization reset (INIT) request is generated, the device enters the setting initialization
reset (INIT) state.

When an operation initialization reset (RST) request is generated, the device enters the oscillation
stabilization wait reset (RST) state.

@ Oscillation stabilization wait RUN state
In this state, the device is stopped. The device enters this state when returning from the stop state.

All the internal circuits except the clock generation control block (time-base counter and device state
control component) are stopped. While al the internal clocks are stopped, the oscillation circuit and the
PLL which has been enabled to operate are in operation.

This state rel eases the high impedance control of the external pins used in the stop state.

The device enters the RUN state (normal operation) when the set oscillation stabilization wait time has
elapsed.
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When a setting initialization reset (INIT) request is generated, the device enters the setting initialization
reset (INIT) state.

When an operation initialization reset (RST) request is generated, the device enters the oscillation
stabilization wait reset (RST) state.

@ Oscillation stabilization wait reset (RST) state

In this state, the device is stopped. The device enters this state after returning from the stop state or setting
initialization reset (INIT) state.

All the internal circuits except the clock generation control block (time-base counter and device state
control component) are stopped. While all the internal clocks are stopped, the oscillation circuit and the
PLL which has been enabled to operate are in operation.

This state rel eases the high impedance control of the external pins used in the stop state.

It outputs an operation initialization reset (RST) to the internal circuits.

The device enters the oscillation stabilization wait reset (RST) state when the set oscillation stabilization
wait time has elapsed.

When a setting initialization reset (INIT) request is generated, the device enters the setting initialization
reset (INIT) state.

@ Operation initialization reset (RST) state

In this state, the program is initialized. The device enters this state once the operation initialization reset
(RST) request is accepted or the oscillation stabilization wait reset (RST) state ends.

The execution of the program by the CPU is stopped and the program counter isinitialized. Most peripheral
circuits are initialized. All the internal clocks, the oscillation circuit and the PLL which has been enabled to
operate are in operation.

It outputs an operation initialization reset (RST) to the internal circuits.

When the operation initialization reset (RST) request is lost, the device enters the RUN state (hormal
operation) to execute the operation initialization reset sequence. If the device has just returned from the
setting initialization reset (INIT) state, it will execute the setting initialization reset sequence.

When a setting initialization reset (INIT) request is generated, the device enters the setting initialization
reset (INIT) state.

@ Setting initialization reset (INIT) state

In this state, all settings are initialized. The device enters this state once the settings initialization reset
(INIT) request is accepted or the hardware standby state ends.

The execution of the program by the CPU is stopped and the program counter is initialized. All the
peripheral circuits are initialized. Although the oscillation circuit is in operation, the PLL stops operation.
All the internal clocks are stopped while the "L" level is being input to the external INITX pin. In other
times, they operate.

A setting initialization reset (INIT) and operation initialization reset (RST) are output to the interna
circuits.

When the setting initialization reset (INIT) request is lost, this state is released and the device enters the
oscillation stabilization wait reset (RST) state. After that, the device goes through the operation
initialization reset (RST) state and executes the setting initialization reset sequence.
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@ Priority order of state transition requests

In any state, the device follows the priority order of the state transition requests, shown below. Note that
some requests can be generated only in aparticular state; therefore, they are only valid in that state.

[Highest] Setting initialization reset (INIT) request

{ Oscillation stabilization wait time completed
(This occurs only in oscillation stabilization wait reset state and oscillation stabilization wait
RUN state)

{ Operation initialization reset (RST) request

l Valid interrupt request (Generated only in RUN, sleep and stop state)

l Stop mode request (register written) (Generated only in RUN state)

[Lowest] Sleep mode request (register written) (Generated only in RUN state)

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 109



CHAPTER 2 CPU AND CONTROL BLOCK
2.10 Device State Control MB91313A Serles
2.10.1 Low-power Consumption Mode

Of all the operational states available in this model, this section explains the low-power
consumption modes as well as how to use them.
This model is provided with the following low-power consumption modes:
» Sleep Mode
The device is set to sleep mode by writing to a register.
» Stop Mode
The device is set to stop mode by writing to a register.
Each mode is explained below.

B Sleep Mode

When "1" is written to the SLEEP hit (bit6) in STCR (standby control register), sleep mode is selected and
the device enters sleep mode.

After that, the device remains in sleep state until an event alowing the device to recover from sleep state
occurs.

When "1" is written to both the STOP hit (bit7) in STCR (standby control register) and this bit, the STOP
bit (bit7) has higher priority; therefore, the device enters the stop state.

For information about the sleep state, also see the "I Operational States of Device" section of "2.10
Device State Control".

[Transition to sleep mode]

To place the device in a sleep mode, use the synchronous standby mode, set in SYNCS (bit8) of TBCR
(time-base counter control register) and be sure to follow the sequence shown below.

(LDI #value of dleep,RO) ; "value of dleep” isthe datawritten to STCR.

(LDI # _STCR,R12) ; "_STCR" isthe address of STCR (481,).

STB RO,@R12 ; Writing to the standby control register (STCR)
LDUB@R12,R0 ; Reading from STCR for synchronous standby
LDUB@R12,R0 ; Another dummy read from STCR

NOP ; NOP (for timing adjustment) x 5

NOP

NOP

NOP

NOP

[Circuits that stop in sleep state]
*Execution of program by CPU
*Bit search module (It however operates during DMA transfer.)
*Various types of built-in memory (It however operates during DMA transfer.)
eInternal/external buses (They however operate during DMA transfer.)
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[Circuits that do not stop in sleep state]

*Oscillation circuit

*PLL enabled to operate

Clock generation control block
eInterrupt controller

*Peripheral circuits

*DMA controller

DSU

*Main oscillation stabilization wait timer

[Events that recover the device from sleep state]

*Generation of avalid interrupt request
When an interrupt request holding an interrupt level other than for disabling interrupt (1F) is
generated, the device is released from sleep mode and enters the RUN state (normal state).
To maintain the device in sleep mode even when an interrupt request is generated, set the relevant
ICR to disable interrupts (1Fy) for the interrupt level.

*Generation of a setting initialization reset (INIT) request
When a setting initialization reset (INIT) request is generated, the device enters the setting
initialization reset (INIT) state unconditionally.

*Generation of an operation initialization reset (RST) request
When an operation initialization reset (RST) request is generated, the device enters the operation
initialization reset (RST) state unconditionally.

For information about the priority order of the sources, see"2.10 Device State Control".

[Synchronous standby operation]

CM71-10143-5E

If "1" is set for bit8:SYNCS bit of the time base counter control register (TBCR), synchronous standby
operation is enabled. In this case, the device does not enter the sleep state only by writing to the SLEEP
bit.

After the write operation, the STCR register must also be read from in order to set the device to the
Sleep state.

When using sleep mode, always use the sequence described in [Transition to sleep mode].
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B Stop Mode
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When "1" is written to the STOP bit (bit7) in STCR (standby control register), stop mode is selected and
the device enters the stop state. After that, the device remains in the stop state, until an event allowing the
device to recover from the stop state occurs.

When "1" is written to both the SLEEP hit (bit6) in STCR (standby control register) and this bit, the STOP
bit (bit7) has higher priority; therefore, the device enters the stop state.

For information about the stop state, also see the "I Operational States of Device" section of "2.10
Device State Control".

[Stop mode transition]

Use the following sequences sifter using the synchronous standby mode (TBCR: Set by time base
counter control register bit8 CY NCS hit) when putting in the stop mode.

(LDI #value of stop,R0) ; "value_of_stop" isthe datawritten to STCR.

(LDl # STCR,R12) ; "_STCR" isthe address of STCR (481,).

STB RO,@R12 ; Writing to the standby control register (STCR)
LDUB @R12,R0 ; Reading from STCR for synchronous standby
LDUB @R12,R0 ; Another dummy read from STCR

NOP ; NOP (for timing adjustment) x 5

NOP

NOP

NOP

NOP

Furthermore, set the | flag, ILM and ICR to ensure that branching into the interrupt handler which is a
return source occurs after returning to the standby mode.

[Circuits that halt in stop state]

*Oscillation circuit that has been set to stop:
The oscillation circuit for the sub clock that is in the stop state is set to halt, when OSCD2 (bit1) in
STCR (standby control register) isset to "1". In this case, the watch timer also halts.
The oscillation circuit for the main clock that isin the stop state is set to halt, when OSCD1 (bit0) in
STCR (standby control register) is set to "1". In this case, the main oscillation stabilization wait
timer also halts.

*PLL that is connected to the oscillation circuit either disabled to operate or set to halt:
When OSCD2 (bitl) in STCR (standby control register) is set to "1", the PLL for the sub clock that
isin the stop state is set to halt, even if PLL2EN (bit11) in CLKR (clock source control register) is
setto"1".
When OSCD1 (bit0) in STCR (standby control register) is set to "1", the PLL for the main clock that
isin the stop state is set to halt, even if PLL1EN (bit10) in CLKR (clock source control register) is
setto"1".

«All theinterna circuits except the [Circuits that do not halt in stop state]
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[Circuits that do not halt in stop state]

*Oscillation circuits that are not set to halt:
The oscillation circuit for the sub clock that is in the stop state does not halt, when OSCD2 (bitl) in
STCR (standby control register) is set to "0". In this case, the watch timer also does not halt.
The oscillation circuit for the main clock that isin the stop state does not halt, when OSCD1 (bit0) in
STCR (standby control register) is set to "0". In this case, the main oscillation stabilization wait
timer also does not halt.

*PLL that is connected to the oscillation circuit which is enabled to operate and not set to halt: When
OSCD2 (bitl) in STCR (standby control register) isset to "0", the PLL for the sub clock that isin the
stop state does not halt, if PLL2EN (bit11) in CLKR (clock source control register) isset to "1".
When OSCDL1 (bit0) in STCR (standby control register) is set to "0", the PLL for the main clock that
isin the stop state does not halt, if PLL1EN (bit10) in CLKR (clock source control register) isset to "1".

[High-impedance control of pins in stop state]

The pin outputs in the stop state are set to high impedance, if the HIZ bit (bit5) in STCR (standby
control register) is set to "1". For information about the pins subject to this control feature, see
"APPENDIX C Pin Status In Each CPU State".

The pin outputs in the stop state retain the value used before the transition to the stop state, if the HIZ bit
(bit5) in STCR (standby control register) is set to "0". For details, see "APPENDIX C  Pin Status In
Each CPU State".

[Events that recover the device from stop state]
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*Generation of a specific (non-clock-based) valid interrupt request:
Only the following are valid: externa interrupt input pin (INTn pin), main oscillation stabilization
wait timer interrupt during main oscillation, and watch interrupt during sub clock oscillation.
When an interrupt request holding an interrupt level other than for disabling interrupt (1Fy) is
generated, the device is released from stop mode and enters the RUN state (normal state).
To maintain the device in stop mode even when an interrupt request is generated, set the relevant
ICR to disable interrupts (1Fy) for the interrupt level.

*Main oscillation stabilization wait timer interrupt:
If a main oscillation stabilization wait timer interrupt request is generated, either when OSCDS1
(bit8) in OSCCR (oscillation control register) is set to "0" with the sub clock being selected, or when
OSCD1 (bit0) in STCR (standby control register) is set to "0" with the main clock being selected, the
deviceisreleased from stop mode and enters the RUN state (normal state).
To maintain the device in stop mode even when an interrupt request is generated, stop the main
oscillation stabilization wait timer or disable the interrupt enable bit of the main oscillation
stabilization wait timer.

*Generation of a setting initialization reset (INIT) request:
When a setting initialization reset (INIT) request is generated, the device enters the setting
initialization reset (INIT) state unconditionally.

*Generation of an operation initialization reset (RST) request:
When an operation initialization reset (RST) request is generated, the device enters the operation
initialization reset (RST) state unconditionally.

For information about the priority order of the sources, see the "l Operationa States of Device" section

of "2.10 Device State Control".
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[Clock source selection in stop mode]

Select the main clock divided by 2 as the source clock before setting stop mode. For details, see "2.9
Clock Generation Control", especially "2.9.1 PLL Control" in that section.

Note that the same restrictions as in normal operation apply when setting the division ratio.
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2.11  Operating Mode

This section explains the operating modes of the FR family.

B Operating Mode
The operating modes include bus mode and access mode.

@® Bus Modes

Bus mode is a mode that controls the operations of the internal ROM and external access function. It is
selected based on the content of the mode setting pins (MD2, MD1, and MDO).

@ Access Mode

Access mode is a mode that controls the external data bus width. It is selected by the WTH1 and WTHO
bitsin the mode register and the DBWO bit in ACRO to ACR3 (Area Configuration Register).

B Bus Mode 0 (Single-chip Mode)
In this mode, the interna 1/0, F-bus RAM and F-bus ROM are enabled, but access to other areas is

disabled.
The external pins serve as either a peripheral or general-purpose port. They do not function as bus pins.

B Bus Mode 1 (Internal ROM / External Bus Mode)
In this mode, the internal 1/0, F-bus RAM and F-bus ROM are enabled, and access to an externaly
accessible areais handled as access to an external space. Some external pins serve as bus pins.

B Mode Setting
In the FR family, each operating mode is set by the mode pins (MD2, MD1, and MDQ) and the mode
register (MODR).

@ Mode pins

3pins(MD2, MD1, and MDQ) are used for specification related to mode vector fetch.
Table 2.11-1 lists specification pertaining to mode vector fetch.

Table 2.11-1 Mode Vector Fetch Related Specification

Mode pins MD2, MD1, MDO Mode name Reset vector access area

000g Internal ROM mode vector Internal

Note that settings other than as specified above are prohibited.
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@ Mode register (MODR)

The data written to the mode register by mode vector fetch is called mode data. See Section "2.8.3 Reset
Sequence” for information about mode vector fetch.

Once the mode register (MODR) is set, the device runsin the operating mode set according to this register.

The mode register is set by any reset source. It cannot be written from the user program.

Reference:
Nothing exists in the address (0007FFp) of the mode register of the conventional FR family.
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It can however be rewritten in emulator mode. In this case, use an 8-bit data transfer instruction.
It cannot be written by a 16/32-bit transfer instruction.

The details of the mode register are as follows.

[Register's Detail Explanation]

MODR
bit 7 6 5 4 3 2 1 0 Initial value
Address:0007FDy |Reserved|Reserved|Reserved|Reserved|Reserved|Reserved| WTH1 | WTHO | XXXXXXXXg
“—r

Operating mode

[bit7 to bit2] Reserved bits
Always set them to "000001g".
Operation is not guaranteed if a value other than "000001g" is Set.

[bit1, bit0] WTH1, WTHO (Bus width specification bits)
These bits specify the bus width for external bus mode.
In external bus mode, thisvalueis set in the DBWO bit in ACRO (CS0 area).

WTH1 | WTHO Function Remarks
0 0 8-bit bus width External bus mode
0 1 16-bit bus width External bus mode
1 0 - Setting disabled
1 1 Single-chip mode Single-chip mode
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This chapter explains the features, block diagram, 1/0O
pins, and registers of the external bus interface.

3.1 Overview of External Bus Interface

3.2 Explanation of Registers of External Bus Interface
3.3 Chip Select Area

3.4 Address/Data Multiplex Interface

3.5 DMA Access

3.6 Register Setting Procedure

3.7 Note on Using External Bus Interface
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3.1 Overview of External Bus Interface

The external bus interface controller controls the interface between the LSI's internal
buses and external memory and I/O devices.

B Features

118

Address/data multiplex bus (8-bit/16-bit width)

Four independent banks (chip select areas) can be set, and chip select for each bank can be output.

CSOX and CS1X, in units of 64K/128K/256K/512KB, can be set to the space assigned to the externa
bus areas up to "003FFFFF,"

CS2X and CS3X, in units of 1M/2M/4M/8MB, can be set to the space between "004000004" and
"0OFFFFFFY".

Boundaries may be limited depending on the size of the area.

In each chip select area, the following functions can be set independently:

Enabling and disabling of the chip select area (disabled areas cannot be accessed)

Setting of the access timing type to support various kinds of memory

Detailed accesstiming setting (individual setting of the access type such as the wait cycle)
Setting of the data bus width (8-bit/16-bit)

A different detailed timing can be set for each access timing type

For the same type of access timing, a different setting can be made in each chip select area
Auto-wait can be set to up to seven cycles (asynchronous SRAM, ROM, FLASH, and 1/O area)
The bus cycle can be extended by external RDY input (asynchronous SRAM, ROM, FLASH, and 1/0O
areq)

Various kinds of idle/recovery cycles and setting delays can be inserted

Pins that are not used by the external interface can be used as general-purpose 1/0O ports through settings
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B Block Diagram

Figure 3.1-1 Block Diagram of External Bus Interface

Internal Internal
Address Bus Data Bus A-Out
32 32 I_) M
U External
y,| Write »| switch o X Data Bus
Buffer
< Read |[_ . P
< Buffer Switch
U I DataBlock _______
Address Block
> +1 or +2
Address > A-Out
> Buffer
A

> ASR > f;?g:pa- » CS0X to CS3X

»| ASz >
RDX

External Pin Control Division I » WROX, WR1X
ASX
* All Block Control
RDX
> Register & Control < —> CLK
M I/O Pins

1/0 pins are external bus interface pins.

<Multiplex bus interface>
AD15 to AD0O
CS0X, CS1X, CS2X, CS3X
ASX, CLK
RDX
WRO0X, WR1X
RDY
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B Register List

MB91313A Series

Figure 3.1-2 Register List of External Bus Interface

Address
0006404

000644,
000648,
00064Cy,
000650,
000654,
000658,
00065C
000660,
000664,
000668,
00066Cy
000670
000674
000678y,
00067Cy
000680
000684,
000688,
00068Cy

0007F8y,
0007FCy,

bit31 24 23 16 15 8 7 0
ASRO ACRO
ASR1 ACR1
ASR2 ACR2
ASR3 ACR3

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

AWRO

AWR1

AWR2

AWR3

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

CSER

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved bit

Reserved: Reserved register. Be sure to set "0" at write.
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3.2 Explanation of Registers of External Bus Interface

This section describes the configuration and functions of the registers used for external
bus interface.

B ASRO to ASR3 (Area Select Register)

Figure 3.2-1 Bit Configuration of ASR (Area Select Register)

ASRO Initial value Access
Address  bit 15 8 7 6 1 0 When INIT When RST
0006404 Reserved| ... |Reserved| A23 | A22 Al7 | Al6 0000y 0000y R/W
ASR1
Address  bit 15 8 7 6 1 0
0006444 Reserved| ... |Reserved| A23 | A22 Al7 | Al6 00XXy 00XXH R/W
ASR2
Address  bit 15 8 7 6 1 0
0006484 Reserved| ... |Reserved| A23 | A22 Al7 | Al6 00XXy 00XXy R/W
ASR3
Address  bit 15 8 7 6 1 0
00064Cy Reserved| ... Reserved| A23 A22 Al7 Al6 00XXy 00XXy R/W
R/W: Readable/writable

[bit15 to bit8] Reserved: Reserved bits
Be sureto set these bits to "00y".

[bit7 to bit0] A23 to A16
ASRO to ASR3 (Area Select Register 0 to 3) specify the start address of each chip select areain CSOX
to CS3X.
The start address can be set in the high-order 8 bits of A[23:16]. Each chip select area starts with the
address set in thisregister and covers the range set by the ASZ[1:0] bit of the ACRO to ACR3 registers.

The boundary of each chip select area obeys the setting of the ASZ[1:0] bit of the ACRO to ACR3
registers. For example, if an area of 1M bytes is set by the ASZ[1:0] bit, the low-order four bits of the
ASRO to ASR3 registers are ignored and only A[23:20] bit are valid.

The ASRO register isinitialized to "004" by INIT and RST. ASR1 to ASRS are not initialized by INIT
and RST and are therefore undefined. After starting the LS| operation, be sure to set the corresponding
ASR register before enabling each chip select area with the CSER register.
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B ACRO to ACRS3 (Area Configuration Register)

MB91313A Series

Figure 3.2-2 Bit Configuration of ACR (Area Configuration Register)

ACROH
bit
000642,
ACROL
bit
000643,

ACR1H
bit
000646,
ACRIL
bit
000647,

ACR2H
bit
00064A
ACR2L
bit
00064B,,

ACR3H
bit
00064E,,

ACR3L
bit
00064F,

15 14 13 12 11 10 9 8
Reserved | Reserved | ASZ1 | ASZ0 |Reserved| DBWO | Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | Reserved | WREN |Reserved | TYP3 | TYP2 | TYP1 | TYPO
15 14 13 12 11 10 9 8
Reserved | Reserved | ASZ1 | ASZO |Reserved| DBWO | Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | Reserved | WREN |[Reserved| TYP3 | TYP2 |Reserved | Reserved
15 14 13 12 11 10 9 8
Reserved | Reserved | ASZ1 | ASZ0O |Reserved| DBWO | Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | Reserved | WREN [Reserved| TYP3 | TYP2 | TYP1 | TYPO
15 14 13 12 11 10 9 8
Reserved | Reserved | ASZ1 | ASZ0O |Reserved| DBWO |Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | Reserved | WREN |Reserved | TYP3 | TYP2 | TYP1 | TYPO

R/W: Readable/Writable

Initial value

When INIT
00110X00g

00000000g

00XX0X00g

00XOXXXXg

00XX0X00g

00XOXXXXg

00XX0X00g

00XOXXXXpg

When RST
00110X00g

00000000g

00XX0X00g

O00XOXXXXpg

00XX0X00g

00XOXXXXg

00XX0X00g

00XOXXXXpg

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W
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ACRO to ACR3 (Area Configuration Register 0 to 3) set the functions of each chip select area.

[bit15, bit14] Reserved: Reserved bits

Be sure to set these bits to "00g".
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[bit13, bit12] ASZ1, ASZ0 = Area Size Bit [1:0]
The size of each chip select areais set asfollows:

Register | ASZ1 | ASZ0 Size of Each Chip Select Area Setting

0 0 [64KB (00010000 byte, ASR A[23:16] bit isvalid)
ASRQ/ 0 1 [128KB (000200004 byte, ASR A[23:17] bit isvalid) Only CSOX and CS1X
ASR1 1 0 [256KB (00040000, byte, ASR A[23:18] bit is valid) arevalid

1 1 [512KB (000800004 byte, ASR A [23:19] bit is valid)

0 0 [1MB (00100000 byte, ASR A[23:20] bit isvalid)
ASRD/ 0 1 [2MB (00200000, byte, ASR A[23:21] bit is valid) Only CS2X and CS3X
ASR3 1 0 [4MB (00400000 byte, ASR A[23:22] bit isvalid) arevalid

1 1 [8MB (00800000, byte, ASR A[23] bit isvalid)

ASZ[1:0] are used to set the size of each area by modifying the number of bits for address comparison
to avalue different from ASR. Thus, an ASR contains bits that are not compared.

The ASZ[1:0] bit of ACRO areinitialized to "11g" by RST. Despite this setting, however, the CSO area
just after RST is executed is specially set from "000000004" to "00FFFFFF4" (setting of entire area).
The entire-area setting is reset after the first write to ACRO and an appropriate sizeis set asindicated in
the table shown above.

[bit11] Reserved: Reserved bit
Be sureto set this bit to "0".

[bit10] DBWO = Data Bus Width[0]
Data bus width of each chip select areais set asfollows:

DBWO Data Bus Width
0 8Bit (Byte Access)
1 16 Bit (Half Word Access)

The same values as those of the WTH bits of the mode vector are written automatically to bits DBWO of
ACRO during the reset sequence.

[bit9 to bit6] Reserved: Reserved bits
Be sure to set these bits to "0000g".
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[bit5] WREN = WRite ENable
This bit sets enabling and disabling of writing to each chip select area.

WREN Write enable/disable

0 Disable write

1 Enable write

If an area for which write operations are disabled is accessed for a write operation from the internal bus,
the accessisignored and no external access at all is performed.

Set the WREN bit of areas for which write operations are required, such as data areas, to "1".

[bit4] Reserved: Reserved bit
Be sure to set this bit to "0".

[bit3 to bit0] TYP3 to TYPO = TYPe select

Access type of each chip select areais set asfollows:

TYP3|TYP2 | TYP1|TYPO Access type
0 X X | Norma access (asynchronous SRAM, 1/O, single ROM/FLASH)
1 X X | Address data multiplex access (8/16-bit bus width only)
X 0 |Disable WAIT insertion by the RDY pin
0 X 1 |Enable WAIT insertion by the RDY pin
§ 0 X | Usethe WROX and WR1X pins as write strobes
1 X | Setting disabled
0 | Setting disabled
0 0
1 | Setting disabled
0 1 0 | Setting disabled
0 1 1 | Setting disabled
! 1 0 0 | Setting disabled
1 0 1 | Setting disabled
1 1 0 | Setting disabled
1 1 1 |Mask areasetting (The access type is the same as that of the overlapping area) “1
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Set the access type as the combination of al bits.

See the section of operation explanation for details on how each access type works.

*1:

CS areamask setting function

If you want to set an area some of whose operation settings are changed for a certain CS area
(referred to as the base setting area), you can set ACR:TYP[3:0]=1111 in another CS area so that
the area can function as a mask setting area.

If you do not use the mask setting function, disable any overlapping area settings for multiple CS
areas.

Access operations to the mask setting area are as follows:
-CSnX corresponding to a mask setting areais not asserted.
-CSnX corresponding to a base setting areais asserted.

-For the following ACR settings, the settings on the mask setting area side are valid:
Bit [10] DBWO : Bus width setting
Bit [5] WREN : Write-enable setting *
*:For this setting only, a setting that is different from that of the base setting areais not
allowed.

-For the following ACR setting, the setting on the base setting area side is valid:
Bit [3:0] TYP[3:0] : Accesstype setting

-For the AWR settings, the settings on the mask setting area side are valid.

A mask setting area can be set for only part of another CS area (base setting area). Y ou cannot set
a mask setting area for an area without a base setting area. Do not overlap multiple mask setting
areas. Use care when setting ASR and the ACR:ASZ[1:0] hit.

(Restrictions)
A write-enabl e setting cannot be implemented by a mask.
Write-enable settings in the base CS area and the mask setting area must be identical.

If write operations to a mask setting area are disabled, the area is not masked and operates as a
base CS area.

If write operations to the base CS area are disabled but are enabled to the mask setting area, the
area has no base, resulting in malfunctions.
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B AWRO0 to AWR3 (Area Wait Register)

MB91313A Series

Figure 3.2-3 Bit Configuration of AWR (Area Wait Register)

AWROH
Address bit

000660,

AWROL
Address bit

000661

AWRI1H
Address bit

000662,

AWRI1L
Address hit

000663

AWR2H
Address bit

000664

AWR2L
Address bit

000665y,

AWR3H
Address bit

000666y,

AWR3L
Address hit

000667

15 14 13 12 11 10 9 8
Reserved | W14 W13 W12 | Reserved | Reserved | Reserved | Reserved
7 6 5 4 3 2 1 0

Reserved | WO6 |Reserved | WO04 | Reserved | WO02 W01 W00
15 14 13 12 11 10 9 8
Reserved | W14 W13 W12 | Reserved | Reserved | Reserved | Reserved
7 6 5 4 3 2 1 0

Reserved | W06 | Reserved | WO04 |Reserved | W02 W01 W00
15 14 13 12 11 10 9 8
Reserved | W14 W13 W12 | Reserved | Reserved | Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | WO06 |Reserved| WO04 |Reserved | WO02 Wo01 WO00
15 14 13 12 11 10 9 8
Reserved | W14 W13 W12 | Reserved | Reserved | Reserved | Reserved
7 6 5 4 3 2 1 0
Reserved | W06 |Reserved| WO04 |Reserved | W02 W01 W00

R/W: Readable/writable

Initial value
When INIT When RST

01110000 01110000g

01011011 01011011g

0XXX00005 0XXX0000g

OXOX1XXXg OXOX1XXXg

0XXX0000g 0XXX0000g

O0XOX1XXXg OXOX1IXXXg

0XXX0000g 0XXX0000g

OXOX1XXXg OXOX1XXXg

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

126

AWRO0 to AWR3 specify various kinds of wait timing for each chip select area.

The function of each bit changes according to the access type (TYP[3:0] hit) setting of the ACRO to ACR3
registers.
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B Normal Access or a Address/Data Multiplex Access Operation

A chip select area determined by either of the following settings for the access type (TYP[3:0] bit) of
ACRO to ACRS3 registers becomes the area for normal access or a address/data multiplex access operation.

TYP3 | TYP2 | TYP1 | TYPO Access type

Normal access
(asynchronous SRAM, 1/0O, single ROM/FLASH)

Address data multiplex access
(8/16-bit bus width only)

The following lists the functions of each AWRO to AWR3 bit for a normal access or address/data multiplex
access area. Since the initial values of registers other than AWRO are undefined, set them to their initial
values before enabling each area with the CSER register.

[bit15] Reserved: Reserved bit
Be sure to set this bit to "0".

[Bit 14 to Bit 12] W14 to W12 = First Access Wait Cycle
These bits set the number of auto-wait cycles to be inserted into the first access cycle of each cycle.
Theinitial value of the CS0 areais set to 7 (wait). Theinitial values of other areas are undefined.

w14 | W13 | W12 First access wait cycle
0 0 0 Auto-wait cycle 0
0 0 1 Auto-wait cycle 1
1 1 0 Auto-wait cycle 6
1 1 1 Auto-wait cycle 7

[bitll to bit7] Reserved: Reserved bits
Always set them to "00000g".
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MB91313A Series

[bit6] W06 = Read — Write Idle Cycle

The read — writeidle cycle is set to prevent collision of read data and write data on the data bus when a

write cycle follows a read cycle. During an idle cycle, al chip select signals are negated and the data
terminals maintain the high impedance state.

If awrite cycle follows aread cycle or an access operation to another chip select area occurs after aread
cycle, the specified idle cycle is inserted.

W06 Read — write idle cycles
0 Ocycle
1 lcycle

[bit5] Reserved: Reserved bit
Be sure to set the bit to "0".

[bit4] W04 = Write Recovery Cycle

The write recovery cycle is set to control the access to a device in which the interval of access
subsequently after write access is limited. During a write recovery cycle, all chip select signals are
negated and the data terminals maintain the high impedance state.

If the write recovery cycle is set to "1" or more, a write recovery cycle is aways inserted after write

access.
wo4 Write recovery cycles
0 Ocycle
1 lcycle

[bit3] Reserved: Reserved bit
Be sure to set the bit to "1".
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[bit2] W02 = Address — CSX Delay

The address — CSX delay setting is made when a certain type of setup is required for the address when
CSX falsor CSX edges are needed for successive accesses to the same chip select area.

Set the address and set the delay from ASX output to CSOX to CS3X output.

w02 Address — CSX delay
0 No delay
1 Delay

If no delay is selected by setting "0", assertion of CSOX to CS3X starts at the same timing that ASX is
asserted. If successive accesses are made to the same chip select area at this time, assertion of CS0 to
CS3X may continue without a change between two access operations.

If delay is specified by selecting "1", assertion of CSOX to CS3X starts when the external memory clock
SYSCLK output rises. If successive accesses are made to the same chip select area at this point, CSOX
to CS3X are negated at atiming between two access operations.

If CSX delay is selected, one setup cycleisinserted before asserting the read/write strobe after assertion
of the delayed CSX (operation is the same as the CSX — RDX/WRX setup setting of WO01).

[bitl] W01 = CSnX — RDX/WRX Setup Delay Cycle

CM71-10143-5E

The CSnX — RDX/WRX setup extension cycle is set to extend the period before the read/write strobe
is asserted after CSnX is asserted. At least one setup extension cycle is inserted before the read/write
strobe is asserted after CSnX is asserted.

wo1 CSnX — RDX/WRX setup delay cycle
0 Ocycle
1 lcycle

If O cycle is selected by setting "0", RDX/WRO0X and WR1X are output at the earliest when the externa
memory clock SYSCLK output rises just after CSn is asserted. WROX and WR1X may be delayed 1
cycle or more depending on the internal bus state.

If 1 cycleisselected by setting "1", RDX/WRO0X and WR1X are always output 1 cycle or more later.
When successive accesses are made within the same chip select area without negating CSnX, a setup
extension cycle is not inserted. If a setup extension cycle for determining the address is required, set the
W02 bit and insert the address — CSnX delay. Since CSnX is negated for each access operation, the
setup extension cycleis enabled.

If the CSnX delay set by W02 isinserted, this setup cycle is always enabled regardless of the setting of
the WOL bit.
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130

[bit0] W00 = RDX/WRX — CSnX Hold Extension Cycle

The RDX/WRX — CSnX hold extension cycle is set to extend the period before negating CSnX after
the read/write strobe is negated. One hold extension cycle is inserted before CSnX is negated after the
read/write strobe is negated.

W00 RDX/WRX — CSnX hold extension cycle
0 Ocycle
1 1cycle

If O cycleis selected by setting "0", CS0X to CS3X are negated after the hold delay from the rising edge
of external memory clock SY SCLK output after RDX/WR0X and WR1X are negated.

If 1 cycleisselected by setting "1", CSOX to CS3X are negated one cycle later.

When making successive accesses within the same chip select area without negating CSnX, the hold
extension cycle is not inserted. If a hold extension cycle for determining the address is required, set the
W02 bit and insert the address — CSnX delay. Since CSnX is negated for each access operation, the
hold extension cycleis enabled.
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B CSER (Chip Select Enable Register)

CHAPTER 3 EXTERNAL BUS INTERFACE
3.2 Explanation of Registers of External Bus Interface

Figure 3.2-4 Bit Configuration of CSER (Chip Select Enable register)

Address bit
000680y

31

30

29 28

27

26

25

Initial value
24 When INIT When RST

Reserved

Reserved

Reserved | Reserved

CSES3

CSE2

CSE1

CSEO | 000000015 00000001g

Access

R/W

The chip select enable register enables and disables each chip select area.

[bit31 to bit28] Reserved: Reserved bits
Be sure to set these bits to "0000g".

[bit27 to bit24] CSE3 to CSEO = Chip Select Area Enable (Chip Select Enable 0 to 3)
These bits are the chip select area enable bits for CS0X to CS3X.
Theinitia valueis"0001g", which enables only the CSO area.

When "1" is written, a chip select area operates according to the settings of ASRO to ASR3, ACRO to
ACR3, and AWRO to AWR3.

Before setting this register, be sure to make all settings required for the corresponding chip select areas.

CSE3 to CSEOQ

Area control

0 Disable
1 Enable
CSE bit Corresponding CSX
Bit [24]: CSEO CSOX
Bit [25]: CSE1 CS1X
Bit [26]: CSE2 CS2X
Bit [27]: CSE3 CS3X

CM71-10143-5E
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3.3

Chip Select Area

In the external bus interface, a total of four chip select areas can be set.

B Example of Chip Select Area Setting

The address space for each area is in ASRO to ASR3 (Area Select Register) and ACRO to ACR3 (Area
Configuration Register). CSOX and CS1X can be set in the space assigned to external bus areas between
"00000000H" and "003FFFFFH" in units of 64K/128K/256K/512KB. CS2X and CS3X can be set in the
space between "00400000H" to "OOFFFFFFH" in units of 1IM/2M/4M/8MB.

When bus access is made to an area specified by these registers, the corresponding chip select signals,
CS2X and CS3X, are activated ("L" output) during the access cycle.

@ Example of ASR and ASZ[1:0] settings

1. ASR1=0010 ACR1 — ASZ[1:0]=00g Chip select area 1 is assigned to "001000004" to "0010FFFF".
2. ASR2=0040 ACR2 — ASZ[1:0]=00g Chip select area 2 is assigned to "004000004" to "004FFFFF,".

3. ASR3=0081,; ACR3 — ASZ[1:0]=115 Chip select area 3 is assigned to "00800000" to "00FFFFFF,".
Since 8 MB is set for ACR — ASZ[1:0] at this point, the unit for
boundariesis 8 MB and ASR3[22:16] areignored.

Before there is any writing to ACRO after a reset, "00000000y" to "00FFFFFF," is assigned to the chip
select area 0.

Note:  Set the chip select areas so that there is no overlap.

Figure 3.3-1 Setting Example of Chip Select Area

(Initial value) (Example)
00000000y 00000000y

00100000y - &~~~ "

H Area 1 IG4 KB

Area O

00400000y (- | &a "~~~

Area 2 I 1 MB
00800000y - 1&a ~ "~~~

H Area 3 8 MB
00FFFFFF OOFFFFFFy | |w . .. .
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3.4 Address/Data Multiplex Interface

This section indicates the timing of operation of the address/data multiplex interface.

B Without External Wait (TYP[3:0]=01005, AWR=0008)

Figure 3.4-1 Timing Chart of Address/Data Multiplex Interface (Without External Wait)

SYSCLK ]

o L
ADI[15:0] >< Address[15:0] X
.

.
csnx | /
RDX \ /
Read {
AD[15:0] —4@55[15:0] Data[15:0]
WRnX \ /
Write {

AD[1 5:0] — Address[15:0]>< Data[15:0]

ASX
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Making a setting such as TYP[3:0]=01xxg in the ACR register enables the address/data multiplex
interface to be set.

If the address/data multiplex interfaceis set, set 8 bits or 16 bits for the data bus width (DBWO hit).

In the address/data multiplex interface, the total of 3 cycles of 2 address output cycles + 1 data cycle
becomes the basic number of access cycles.

In the address output cycles, ASX is asserted as the output address latch signal. However, when the
CSnX — RDX/WRnX setup delay (AWR:WO01) is set to "0", the multiplex address output cycle consists
of only one cycle as shown in the figure above. Since the address cannot be directly latched at therising
edge of ASX, fetch the address at the rising edge of MCLK of the cycle in which "L" is asserted for
ASX. When the address is directly latched at the rising edge of ASX, see "Setting of CSnX — RDX/
WRNX setup"”.

As with a normal interface, the address indicating the start of access is output to AD[15:0] during the

time division bus cycle. Use this address if you want to use an address more than 8/16 bits in the
address/data multiplex interface.

As with the normal interface, auto-wait (AWR:W14 to W12), read — write idle cycle (AWR:WO06),
write recovery (AWR:W04), address — CSnX delay (AWR:W02), CSnX — RDX/WRX setup delay
(AWR:W01), and RDX/WRX — CSnX hold delay (AWR:WO00) can be set.
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B With External Wait (TYP[3:0]=0101g, AWR=1008)

Figure 3.4-2 Timing Chart of Address/Data Multiplex Interface (With External Wait)

SYSCLK

o
AD[15:0] >< Address{15:0] |
R

\

ASX

-

CSnX

1=

RDX \ 7
Read
AD[15:0] __| 4@35[15201 — |
WRnX \ —
Write
AD[15:0] ~— | Address{15:0]>< Data15:0] |
External wait CILar

v VYW L Y

Making a setting such as TYP[3:0]=01x1g in the ACR register enables RDY input in the address/data
multiplex interface.
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W Setting of CSX — RDX/WRX Setup (TYP[3:0]=0101g, AWR=100B,)

Figure 3.4-3 Timing Chart of Address/Data Multiplex Interface (Setting of CSX — RDX/WRX Setup)

SYSCLK Jﬁ\_/h\g/—\_/h\_/h\_/h

ADI[15:0] >< Address[15:0] ><

ASX U

csx | ‘-

RDX / o
Read {

AD[15:0] — Address[15:0] Data[15:0]

WRnX / o
Write

{ AD[15:0] ~— | Address[15:0] >< Data[15:0] I

Setting "1" for the CSnX — RDX/WRnX setup delay (AWR:WO01) enables the multiplex address output
cycle to be extended by 1 cycle as shown in the figure above, allowing the address to be latched directly to
the rising edge of ASX. Use this setting if you want to use ASX as an ALE (Address Latch Enable) strobe
without using SY SCLK.
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3.5

DMA Access

MB91313A Series

This section indicates the timing of operation of the DMA access.

B 2-Cycle Transfer (The Timing is the Same as for Internal RAM — External 1/0, RAM,
External /0, RAM — Internal RAM.) (TYP[3:0]=0000g, AWR=0008y)

Figure 3.5-1 2-Cycle Transfer (Internal RAM — External 1/0O, RAM) (When no wait is set on the I/O side)

SYSCLK

[\

L

—

I/O address

L
|
L

|

_
AD[15:0]
ASX ]
CSnX (/O side) |
WRNX
AD[15:0] ——

-
—
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The bus access is the same as that of the interface for non-DMAC transfer.
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MB91313A Series
B 2-Cycle Transfer (External — 1/0) (TYP[3:0]=0000g, AWR=0008)

Figure 3.5-2 2-Cycle Transfer (External — 1/O) (When memory and I/O wait are not set)

CHAPTER 3 EXTERNAL BUS INTERFACE
3.5 DMA Access

SYSCLK

AD[15:0]

ASX

CSnX

RDX

CSnX

WRnX

AD[15:0]

—

B S

L

L

L

L

—

|

Memory address ><

idle

I/0 address

e

-

-

W

-
—

The bus access is the same as that of the interface for non-DMAC transfer.
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B 2-Cycle Transfer (1/O — External) (TYP[3:0]=00005, AWR=0008)

Figure 3.5-3 2-Cycle Transfer (/O — External) (When memory and I/O wait are not set)

SYSCLK ]

AD[15:0] >< I/0 address X idle >< Memory address ><
L

- [

ASX

CSnX \

—
WA T
csx ) /
ADX L

AD[15:0] —

The bus access is the same as that of the interface for non-DMAC transfer.
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3.6 Register Setting Procedure

This section explains the procedure of the register used in the external bus interface.

B Register Setting Procedure
For setting procedure concerning with external bus interface, follow the principle described below.

1

CM71-10143-5E

Before rewriting the contents of a register, be sure to set the CSER register so that the corresponding
areaisset"0".
If you change the settings while "1" is set, access before and after the change cannot be guaranteed.
Use the following procedure to change a register:
(1) Set "0" for the CSER hit corresponding to the applicable area.
(2) Set both ASR and ACR at the same time using word access.

When accessing ASR and ACR using half word, set ACR after setting ASR.
(3) Set AWR.
(4) Set the CSER bit corresponding to the applicable area.
The CSOX areais enabled after areset is released. If the area is used as a program area, the register
contents need to be rewritten while the CSER bit is"1". In this case, make the settings described in (2)
to (3) abovein theinitia state with alow-speed internal clock. Then, switch the clock to a high-speed
clock.
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3.7

Note on Using External Bus Interface

This section explains the note on using the external bus interface.

B Notes on Using External Bus Interface

140

To mix the area where WROX and WR1X are used as write strobes (TYP[3:0]=0X0Xg) and area
where WRnX is used as write strobe (TY P[3:0]=0X1Xg), be sure to set the following items for al the
areas to be used.

(1) Set oneor moreread — writeidle cycles (AWR:W06=1).

(2) Set one or more write recovery cycles (AWR:W04=1).

These restrictions do not apply if the area where WROX and WR1X are used as write strobes
(TYP[3:0]=0X0Xp) is specified but WROX and WR1X is unavailable (only ROM is connected). The
restrictions do not apply if the area where WRX is used as write strobe (TYP[3:0]=0X1Xpg) is
specified and both address — RDX/WRX setup cycle (W01=1) and RDX/WRX — address hold cycle
(W00=1) are set.

<Reason for the Restrictions>

In the area where TY P[3:0]=0X 1X5 is set and WRnX is used as write strobe, the WROX/WR1X pins

are in form of the byte enable (UBX/LBX) output. In this case, the byte enable output generates the
enable signal for each byte location at the same timing as the address and CSX output.

Therefore, if an access is made to an area where the WROX/WR1X pins are used as asynchronous
write strobes before or after the operation, the area may not satisfy the AC standard between CSX and
WROX/WR1X, resulting into an error writing.

If aread — write idle cycle and write recovery cycle are set, CSX is not asserted (the "H" level is
maintained) in these cycles, so the AC standard is satisfied.

The restriction does not apply if there is a space for the AC standard (setup and hold) between CSX
and WROX/WR21X in the area where the WROX/WR1X pins are used as asynchronous write strobes.

FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 4
/O PORTS

This chapter gives an overview of I/O ports and
describes their register configuration and functions.

4.1 Overview of I/O Ports

4.2 Settings of Port Data Registers

4.3 Settings of Data Direction Registers

4.4 Settings of Extra Port Control Registers

4.5 Pull-up Control Register

4.6 External Bus, I°C Bridge, ADER Control Register

4.7 Noise Filter Control Register for 12C
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4.1 Overview of I/O

MB91313A Series

Ports

This section gives an overview

of the 1/0 ports of the MB91313A series.

B Basic Block Diagram of Ports
It can be used as an 1/O port if the settings are made so that the external bus interfaces or peripherals
corresponding to the pins do not use the pins for input/output.

Figure 4.1-1 shows a basic block diagram of ports.

Figure 4.1-1 Basic Block Diagrams of Ports

R-bus

External bus P

CMOS
pd

o

interface input

|

CMOS
Schmitt

Py

<_.<TN|—OA

Peripheral input <
0

Pin

o—
PDR read 1
PullUp
» PCR Contl’0| 4‘ 33 kQ
External bus I
control output
. | Output Output
Peripheral output > MUX driver
Peripheral output > | -
L
» PDR
» DDR
bER Port
Direction
control
> EPFR
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MB91313A Series 4.1 Overview of I/0O Ports

B General Specifications of Ports

Each port has a port data register (PDR) to store output data. A reset does not initialize the PDR register.
Each port has a data direction register (DDR) to switch its data direction between input and output. A
reset switches the data direction of al ports to input (DDR=004).
- Port input mode (PFR=0 & EPFR=0 & DDR=0)

PDR read :Reads the level at the corresponding externa pin.

PDR write:Writes a set value to the port data register.
- Port output mode (PFR=0 & EPFR=0 & DDR=1)

PDR read :Reads a value from the port data register.

PDR write:Writes a set value to the port data register to output it to the corresponding external pin.
- Peripheral output mode (other settings than PFR=0 & EPFR=0)

PDR read :Reads the output value from the peripheral when DDR=0.

Reads a value from the port data register when DDR=1.
PDR write:Writes a set value to the port data register.

- The read-modify-write (RMW) instruction for a port data register reads the register set value
irrespective of the state of the corresponding port.

- Barring some unique circumstance, the input to a periphera is always connected to a pin. Usually,
use the port input mode for input to a peripheral.

Each port has the pull-up control register, and can set the pull-up of 33 kQ per pin.

The ports have the port function register (PFR), and some have the extended port function register
(EPFR). They mainly control the peripheral output.

In the external bus mode, the pin assigned to the external bus interface invalidates the setting of DDR
and PFR, and the function of the bus interface is prioritized. When these pins are used as the general-
purpose port/peripheral output in the external bus mode, set the EPFR and disable the function of the
bus interface.

In STOP mode, input is fixed to "0". Note, however, that the external interrupt inputs to their respective
pins are not fixed and can be used as interrupts when the interrupts are enabled (with the ENIR bit set
and the PFR/EPFR/DDR register selecting the input pins).

Two-way signas of peripheras (the 1?C function SOT and SCK of UART) are enabled by the PFR
register. For switching between input and output, see the chapter for the relevant peripheral.

Notes:

If using the pins as an input resource, make sure that PFR=0 and DDR=0 (port input mode).

There is no register switched between general-purpose port input and peripheral input. The value
input via an external pin is always passed to the general-purpose port and peripheral circuit.

Even with the DDR output setting, the value output to the outside is always propagated to the

general-purpose port and peripheral circuit.

For use as a peripheral input, use PER, EPER and DDR input and enable each peripheral’s input

signal.
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4.2 Settings of Port Data Registers

This section explains the configuration and functions of the port data register.

Each port has a port data register (PDR) to store output data. A reset does not initialize the PDR register.

B Configuration of Port Data Register (PDR)
The following figure shows the configuration of the port data register (PDR).

Figure 4.2-1 Configuration of Port Data Register (PDR)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PDRO 000000, |PDRO7 | PDR0O6 | PDRO5 | PDR04 | PDR0O3 | PDR02 | PDRO1 | PDR0OO [ XXXXXXXXg
PDR1 000001, |PDR17|PDR16 |PDR15|PDR14 |PDR13|PDR12 | PDR11 | PDR10 |XXXXXXXXg
PDR2 000002, |PDR27 |PDR26 |PDR25 | PDR24 | PDR23 | PDR22 | PDR21 | PDR20 |XXXXXXXXg
PDR3 000003, |PDR37|PDR36 |PDR35 |PDR34 | PDR33 | PDR32 | PDR31 | PDR30 |XXXXXXXXg
PDR4 000004, |PDRA47 |PDR46 | PDR45 | PDR44 | PDR43 | PDR42 | PDR41 | PDR40 |[XXXXXXXXg
PDR5 000005, |PDR57 | PDR56 | PDR55 | PDR54 | PDR53 | PDR52 | PDR51 | PDR50 [XXXXXXXXg
PDR6 000006y - - PDR65 | PDR64 | PDR63 | PDR62 | PDR61 | PDR60 |--XXXXXXg
PDRC 00000C, |PDRC7|PDRC6 |PDRC5|PDRC4|PDRC3|PDRC2|PDRC1|PDRCO [XXXXXXXXg
PDRD 00000Dy |PDRD7|PDRD6 |PDRD5|PDRD4|PDRD3|PDRD2 |PDRD1 | PDRDO [XXXXXXXXg
PDRE O0O000OEy |PDRE7|PDREG6 |PDRES5 |PDRE4|PDRE3 |PDRE2|PDRE1 | PDREQ |[XXXXXXXXg
PDRF 00000F, |PDRF7 |PDRF6 |PDRF5 | PDRF4 | PDRF3 | PDRF2 | PDRF1 | PDRFO [XXXXXXXXg

R/W R/W R/W R/W R/W R/W R/W R/W

PDRO to PDR6, PDRC to PDRF are the I/O data registers for the 1/0O port.
Input/output is controlled by the corresponding DDRO to DDR6 and DDRC to DDRF.

The read-modify-write (RMW) instruction for a port data register reads the register set value irrespective of
the state of the corresponding port.

144 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 4 I/O PORTS
MB91313A Series 4.3 Settings of Data Direction Registers

4.3 Settings of Data Direction Registers

This section explains the configuration and functions of the data direction register.

B Configuration of Data Direction Register
The following figure shows the configuration of the data direction register (DDR).

Figure 4.3-1 Configuration of Data Direction Register (DDR)

Address bit 7 6 5 4 3 2 1 0 Initial value
DDRO 0004004 |DDRO7 | DDRO6 | DDRO5 | DDR04 | DDR03 | DDR02 | DDR0O1 | DDROO |00000000g
DDR1 000401, |DDR17 | DDR16 | DDR15 | DDR14 | DDR13 | DDR12 | DDR11 | DDR10 |00000000g
DDR2 000402, |DDR27 | DDR26 | DDR25 | DDR24 | DDR23 | DDR22 | DDR21 | DDR20 |00000000g
DDR3 000403, |DDR37 |DDR36 | DDR35 | DDR34 | DDR33 | DDR32 | DDR31 | DDR30 |00000000g
DDR4 000404, |DDR47 | DDR46 | DDR45 | DDR44 | DDR43 | DDR42 | DDR41 | DDR40 |00000000g
DDR5 000405, |DDR57 | DDR56 | DDR55 | DDR54 | DDR53 | DDR52 | DDR51 | DDR50 (000000005
DDR6 000406y - - DDR65 | DDR64 | DDR63 | DDR62 | DDR61 | DDR60 [--000000g
DDRC 00040C, |DDRC7|DDRC6 |DDRC5|DDRC4 |DDRC3|DDRC2 |DDRC1 | DDRCO |00000000g
DDRD 00040Dy |DDRD7|DDRD6 | DDRD5 | DDRD4 | DDRD3 | DDRD2 | DDRD1 | DDRDO |00000000g
DDRE 00040E, |DDRE7|DDRE6 | DDRE5 |DDRE4 |DDRE3 | DDRE2 | DDRE1 | DDREO |00000000g
DDRF 00040F, | DDRF7 | DDRF6 | DDRF5 | DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO (000000005

R/W R/W R/W R/W R/W R/W R/W R/W

« Each port has a data direction register (DDR) to switch its data direction between input and output. A
reset switches the data direction of all ports to input (DDR=00).

- Port input mode (PFR=0 & EPFR=0 & DDR=0)

PDR read : Reads the level at the corresponding external pin.
PDR write: Writes a set value to the port data register.

- Port output mode (PFR=0 & EPFR=0 & DDR=1)

PDR read : Reads a value from the port data register.
PDR write: Writes a set value to the port data register to output it to the corresponding external pin.

- Peripheral output mode (PFR=1)

PDR read : Reads the output value from the corresponding peripheral.
PDR write: Writes a set value to the port data register.

- Barring some unique circumstance, the input to a peripheral is always connected to a pin. Usually,
use the port input mode for input to a peripheral.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 145



CHAPTER 4 1/0O PORTS
4.4 Settings of Extra Port Control Registers MB91313A Series

4.4

Settings of Extra Port Control Registers

This section describes the functions of port functions registers.

MW Port O

Port 0 is controlled by PFRO and EPFRO.

In the external bus 16-bit mode, port 0 is AD[7:0] of the businterface. In other mode, it is assigned to Multi
Function serial interface ch.3 to ch.5. Select the input pin in each resource for selectable input signals.

Figure 4.4-1 Configuration of Extra Port Control Register (Port 0)

Address  hit 7 6 5 4 3 2 1 0 Initial value
PFRO 000420y | PFRO7 | PFRO6 | PFRO5 | PFR04 | PFRO3 | PFRO2 | PFRO1 | PFR0OO |00000000g
EPFRO 0005204 |EPFRO7|EPFR06|EPFRO5|EPFR04|EPFR0O3|EPFR02|EPFR0O1|EPFR00|{00000000g

R/W R/W R/W R/W R/W R/W R/W R/W
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Table 4.4-1 Function of Extra Port Control Register (Port 0)

Bit

1Y)
T
Py

EPFR Function
General-purpose port

Setting disabled

Multi Function Seria Interfaceb SOT5 output / SDA5 /O pin
Setting disabled

General-purpose port

Setting disabled

Setting disabled

Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface4 SCK4 1/0/ SCL4 /O pin
Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface4 SOT4 output / SDA4 /O pin
Setting disabled

General-purpose port

Setting disabled

Setting disabled

Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface3 SCK31/0/ SCL3 /O pin
Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface3 SOT3 output / SDA3 I/O pin
Setting disabled

General-purpose port

Setting disabled

Setting disabled

Setting disabled

bit7

bit6

bit5

bit4

bit3

bit2

bitl

bit0

P OIRP O R ORI OIRP O ORI ORI O O ORI O O PO PO PO+ O

P RO O R KPR OIOIR PP OOR R OO R OO FPOO RO O P PO O
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B Portl

Port 1 is controlled by PFR1 and EPFRL.

In the external bus 8/16-bit mode, port 1 is AD[15:7] of the bus interface. In other mode, it is assigned to
multi function serial interface ch.5 to ch.7. Select the input pin in each resource for selectable input signals.

Figure 4.4-2 Configuration of Extra Port Control Register (Port 1)

Address it 7 6 5 4 3 2 1 0 Initial value
PFR1 000421, | PFR17 | PFR16 | PFR15 | PFR14 | PFR13 | PFR12 | PFR11 | PFR10 {00000000g
EPFR1 000521, |[EPFR17|EPFR16|EPFR15|EPFR14|EPFR13|EPFR12|EPFR11|EPFR10|00000000g

R/W R/W R/W R/W R/W R/W R/W R/W
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Table 4.4-2 Function of Extra Port Control Register (Port 1)

Bit

i)
7
puj

EPFR Function

General -purpose port

Setting disabled

Setting disabled

Setting disabled

General -purpose port

Setting disabled

Multi Function Serial Interface7 SCK71/0/ SCL7 /O pin
Setting disabled

General -purpose port

Setting disabled

Multi Function Serial Interface7 SOT7 output / SDA7 1/O pin
Setting disabled

General -purpose port

Setting disabled

Setting disabled

Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface6 SCK6 1/0/ SCL6 /O pin
Setting disabled

General-purpose port

Setting disabled

Multi Function Serial Interface6 SOT6 output / SDAG 1/O pin
Setting disabled

General-purpose port

Setting disabled

Setting disabled

Setting disabled

General-purpose port

Setting disabled

Multi Function Seria Interface5 SCK5 I/O / SCL5 I/O pin
Setting disabled

o

bit7

bit6

bit5

bit4

bit3

bit2

bitl

bit0

Rl oo krkrolokrkrolor koo r krolokrkr oo krkr o okr r oo
Rlolr o krokrokrolrokror o rokr ol rlor o rol r ol r ol
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W Port 2

Port 2 is controlled by PFR2 and EPFR2.

It is assigned to multi function serial interface ch.0 to ch.2. Select the input pin in each resource for
selectable input signals.

Figure 4.4-3 Configuration of Extra Port Control Register (Port 2)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFR2 000422, | PFR27 | PFR26 | PFR25 | PFR24 | PFR23 | PFR22 | PFR21 | PFR20 |00000000g
EPFR2 000522y |EPFR27|EPFR26|EPFR25|EPFR24|EPFR23|EPFR22|EPFR21|EPFR20|11111111g
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4.4-3 Function of Extra Port Control Register (Port 2)
Bit PFR | EPFR Function
0 0 General -purpose port
bit7 0 1 Setting disabled
1 0 Multi Function Serial Interface2 SOT2 output / SDA2 1/O pin
1 1 Setting disabled
0 0 Genera -purpose port
bit6 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 Genera -purpose port
bit5 0 1 Setting disabled
s 1 0 Multi Function Serial Interfacel SCK11/0 SCL1 1/O pin
1 1 Setting disabled
0 0 General -purpose port
bita 0 1 Setting disabled
1 0 Multi Function Serial Interfacel SOT1 output / SDA1 1/O pin
1 1 Setting disabled
0 0 Genera -purpose port
bit3 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bit2 0 1 Setting disabled
1 0 Multi Function Serial Interface0 SCKO 1/O SCLO I/O pin
1 1 Setting disabled
0 0 General-purpose port
. 0 1 Setting disabled
bitl 1 0 Multi Function Serial Interface0 SOTO output / SDAO /O pin
1 1 Setting disabled
0 0 Genera -purpose port
bit0 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled

When the external busis not set, it isinvalid if it is set to external address output, and the port becomes a
general-purpose port.
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B Port 3
Port 3 is controlled by PFR3 and EPFRS.

It is assigned to multi function serial interface ch.2, reload timer 0/1/2 and PWC. Select the input pin in
each resource for selectable input signals.

Figure 4.4-4 Configuration of Extra Port Control Register (Port 3)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFR3 000423, | PFR37 | PFR36 | PFR35 | PFR34 | PFR33 | PFR32 | PFR31 | PFR30 {00000000g
EPFR3 000523y |[EPFR37|EPFR36|EPFR35|EPFR34|EPFR33|EPFR32|EPFR31|EPFR30{11111111g
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4.4-4 Function of Extra Port Control Register (Port 3)
Bit PFR | EPFR Function
0 0 General -purpose port
bit7 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General -purpose port
bit6 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General -purpose port
bit5 0 1 Setting disabled
" 1 0 | Setting disabled
1 1 Setting disabled
0 0 General -purpose port
bita 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General -purpose port
bit3 0 1 Setting disabled
1 0 Output of reload timer TOT2
1 1 Setting disabled
0 0 General-purpose port
bit2 0 1 Setting disabled
1 0 Output of reload timer TOT1
1 1 Setting disabled
0 0 General-purpose port
b 0 1 Setting disabled
Itl 1 0 Output of reload timer TOTO
1 1 Setting disabled
0 0 General -purpose port
bit0 0 1 Setting disabled
1 0 Multi Function Serial Interface2 SCK2 1/0 SCL2 I/O pin
1 1 Setting disabled

When the external busis not set, it isinvalid if it is set to external address output, and the port becomes a
general-purpose port.
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B Port 4
Port 4 is controlled by PFR4 and EPFRA4.
It is assigned to the multifunction timer. Select the input pin in each resource for selectable input signals.

Figure 4.4-5 Configuration of Extra Port Control Register (Port 4)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFR4 000424y, | PFR47 | PFR46 | PFR45 | PFR44 | PFR43 | PFR42 | PFR41 | PFR40 {00000000g
EPFR4 000524, |[EPFR47|EPFR46|EPFR45|EPFR44|EPFR43|EPFR42|EPFR41|EPFR40(11111111g

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-5 Configuration of Extra Port Control Register (Port 4)

Bit PFR | EPFR Function

0 0 General-purpose port
bit7 0 1 Setting disabled

1 0 Multi Function Serial Interfacel0 SCK101/O/ SCL10 I/O pin

1 1 Setting disabled

0 0 General-purpose port
bit6 0 1 Setting disabled

1 0 Multi Function Serial Interfacel0 SOT10 I/O/ SDA10 /O pin

1 1 Setting disabled

0 0 General-purpose port
bit5 0 1 Setting disabled

1 0 Setting disabled

1 1 Setting disabled

0 0 General-purpose port
bitd 0 1 Setting disabled

1 0 Setting disabled

1 1 Setting disabled

0 0 General-purpose port
bit3 0 1 Setting disabled

1 0 TMOS3 output

1 1 Setting disabled

0 0 General-purpose port
bit2 0 1 Setting disabled

1 0 TMO2 output

1 1 Setting disabled

0 0 General-purpose port
bitl 0 1 Setting disabled

1 0 TMOL output

1 1 Setting disabled

0 0 General-purpose port
bit0 0 1 Setting disabled

1 0 TMOO output

1 1 Setting disabled

When the external busis not set, it isinvalid if it is set to external address output, and the port becomes a
general-purpose port.
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B Port 5

Port 5 is controlled by PFR5 and EPFR5. In the external bus mode, it is control pin for the bus interface
(CsnX, ASX, RDX, WRnX). In other mode, it is assigned to PPGO to PPG3. Select the input pin in each
resource for selectable input signals.

Figure 4.4-6 Configuration of Extra Port Control Register (Port 5)

Address  bit 7 6 5 4 3 2 1 0 Initial value

PFR5

EPFR5 000525, |[EPFR57|EPFR56|EPFR55|EPFR54|EPFR53|EPFR52|EPFR51|EPFR50(111111115

000425, | PFR57 | PFR56 | PFR55 | PFR54 | PFR53 | PFR52 | PFR51 | PFR50 |00000000g

R/W R/W R/W R/W R/W R/W R/W R/W
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Table 4.4-6 Function of Extra Port Control Register (Port 5)

Bit

)
T
Py

EPFR Function

General-purpose port

Write strobe 1 (WR1X) output (Enabled when the external bus is set)
Setting disabled

Setting disabled

bit7

General-purpose port

Write strobe 0 (WRO0X) output (Enabled when the external bus is set)
Setting disabled

Setting disabled

bit6

General-purpose port

Read strobe (RDX) output (Enabled when the external bus s set)
Setting disabled

Setting disabled

bit5

General-purpose port

Address strobe (ASX) output (Enabled when the external busis set)
Setting disabled

Setting disabled

bit4

General-purpose port

Chip select 3 (CS3X) output (Enabled when the external busis set)
PPG3 output

Setting disabled

bit3

General-purpose port

Chip select 2 (CS2X) output (Enabled when the external busis set)
PPG2 output

Setting disabled

bit2

General-purpose port

Chip select 1 (CS1X) output (Enabled when the external busis set)
PPG1 output

Setting disabled

bitl

General-purpose port

Chip select 0 (CSOX) output (Enabled when the external busis set)
PPGO output

Setting disabled

bit0

PR OO R R OOR P OO R OIOIR PP O ORI OIOIR P OOk O O
PO RO R ORFR ORI OIR O ORI ORI O OO PO O PO OO

When the external bus is not set, it isinvalid if it is set to externa control output, and the port becomes a
general-purpose port.
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W Port 6

Port 6 is controlled by PFR6 and EPFR6. In the external bus mode, it is control pin for the bus interface
(RDY, CLK). In other mode, it is assigned to reload timer. Select the input pin in each resource for
selectable input signals.

Figure 4.4-7 Configuration of Extra Port Control Register (Port 6)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFR6 0004264 - - PFR65 | PFR64 | PFR63 | PFR62 | PFR61 | PFR60 | --000000g
EPFR6 000526y - - EPFR65|EPFR64|EPFR63|EPFR62|EPFR61|EPFR60| --0010005

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-7 Function of Extra Port Control Register (Port 6)

Bit

)
T
Py

EPFR Function

Ignored

Ignored

Ignored

Ignored

Ignored

Ignored

Ignored

Ignored
General-purpose port
Setting disabled
Setting disabled
Setting disabled
General-purpose port
Setting disabled
Setting disabled
Setting disabled
General-purpose port
CLK output (Enabled when the external busis set)
Setting disabled
Setting disabled
General-purpose port
RDY input

TOTS output

Setting disabled
General-purpose port
Setting disabled
TOT4 output

Setting disabled
General-purpose port
Setting disabled
TOT3 output

Setting disabled

bit7

bit6

bit5

bit4

bit3

bit2

bitl

bit0

PR OO R R OOR P OO R OIOIR PP O ORI OIOIR P OOk O O
P ORI O R ORFR ORI OIR OO OO OO PO O PO PO+ O

When the external bus is not set, it isinvalid if it is set to externa control output, and the port becomes a
general-purpose port.
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B Port C
Port Cis controlled by PFRC and EPFRC. It is also used for PPG and multi function serial interface ch.9.

Figure 4.4-8 Configuration of Extra Port Control Register (Port C)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFRC 00042Cy | PFRC7 | PFRC6 | PFRC5 | PFRC4 | PFRC3 | PFRC2 | PFRC1 | PFRCO [00000000g
EPFRC 00052CH EPFRC7 | EPFRC6 | EPFRC5 | EPFRC4 | EPFRC3 | EPFRC2 | EPFRC1 | EPFRCO OOOOOOOOB

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-8 Function of Extra Port Control Register (Port C)

Bit

i)
7
pyj

EPFR Function
General-purpose port

Setting disabled

Setting disabled

Setting disabled
General-purpose port

Setting disabled

Setting disabled

Setting disabled
General-purpose port

Setting disabled

PPGB (PPG2 & PPG3) output
Setting disabled
General-purpose port

Setting disabled

PPGA (PPGO & PPG1) output
Setting disabled
General-purpose port

Setting disabled

Setting disabled

Setting disabled
General-purpose port

Setting disabled

Multi Function Serial Interface9 SCK9 1/0 SCL9 I/O pin
Setting disabled
General-purpose port

Setting disabled

Multi Function Serial Interfaced SOT9 input / SDA9 1/O pin
Setting disabled
General-purpose port

Setting disabled

Setting disabled

Setting disabled

o

bit7

bit6

bit5

bit4

bit3

bit2

bitl

bit0

Rl ook krolokrkroor koo kr koo r ko o rkr oo rr oo
Rlo|lr olrlokrolkrolkrloror o rokr ol rlokr o ko r ol r ol
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B Port D

Port D is controlled by PFRD and EPFRD. It is also used for an analog input of the A/D converter. The port
setting is disabled if the corresponding bit is set in the ADER register, and the port becomes an analog
input pin. In this case, al the input values to the pin are handled as "0". Select the input pin in each
resource for selectable input signals.

Figure 4.4-9 Configuration of Extra Port Control Register (Port D)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFRD 00042Dy | PFRD7 | PFRD6 | PFRD5 | PFRD4 | PFRD3 | PFRD2 | PFRD1 | PFRDO |00000000g
EPFRD 00052Dy | EPFRD7 | EPFRD6 | EPFRD5 | EPFRD4 | EPFRD3 | EPFRD2 | EPFRD1 | EPFRDO0|00000000g

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-9 Function of Extra Port Control Register (Port D)

Bit PFR | EPFR Function
0 0 General -purpose port
bit7 0 1 Sett@ng d?sabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bit6 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bit5 0 1 Setting disabled
" 1 0 | Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bit 0 1 Sett?ng d@bled
1 0 Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bit3 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 Genera -purpose port
bit2 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General-purpose port
bitl 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
0 0 General -purpose port
bit0 0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
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Note:

By default, the ADER register is set to A/D analog input. If using other function than analog input,
clear the settings of the ADER register.
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B Port E

Port E is controlled by PFRE and EPFRE. It is also used for an analog input and PPG of the multi function
serial interface ch.8 and A/D converter. The port setting is disabled if the corresponding bit is set in the
ADER register, and the port becomes an analog input pin. In this case, al the input values to the pin are
handled as "0". Select the input pin in each resource for selectable input signals.

Figure 4.4-10 Configuration of Extra Port Control Register (Port E)

Address  bit 7 6 5 4 3 2 1 0 Initial value

PFRE 00042E, | PFRE7 | PFREG6 | PFRE5 | PFRE4 | PFRE3 | PFRE2 | PFRE1 | PFREO |{00000000g

EPFRE 00052E, |[EPFRE7|EPFRE6|EPFRE5S|EPFRE4|EPFRE3|EPFRE2|EPFRE1|EPFREQ[00000000g
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-10 Function of Extra Port Control Register (Port E)

Bit

i)
7
pyj

EPFR Function
General-purpose port

Setting disabled

Multi Function Seria Interface8 SCK8 1/0 SCL8 I/O pin
Multi Function Seria Interface8 SCK8/ SOL8 pseudo open drain output
General-purpose port

Setting disabled

Multi Function Seria Interface8 SOT8 output / SDA8 I/O pin
Multi Function Seria Interface8 SOT8 / SDA8 pseudo open drain output
General-purpose port

Setting disabled

Setting disabled

Setting disabled

General-purpose port

Setting disabled

PPG3 output

UART PPG3 pseudo open drain output

General-purpose port

Setting disabled

PPG2 output

UART PPG2 pseudo open drain output

General-purpose port

Setting disabled

PPG1 output

UART PPG1 pseudo open drain output

General-purpose port

Setting disabled

PPGO output

UART PPGO pseudo open drain output

General-purpose port

Setting disabled

Setting disabled

Setting disabled

o

bit7

bit6

bit5

bit4

bit3

bit2

bitl

bit0

Rl o olkrkrolokrkroor koo r koo r ko o rkr ook oo
Rlo|lrolrlokrolkrorlokror o ror ol rokr o ro r ol r ol
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B Port F

Port E is controlled by PFRF and EPFRF. It is also used for an analog input of the CEC and remote control
0,1

Figure 4.4-11 Configuration of Extra Port Control Register (Port F)

Address  bit 7 6 5 4 3 2 1 0 Initial value
PFRF 00042Fy | PFRF7 | PFRF6 | PFRF5 | PFRF4 | PFRF3 | PFRF2 | PFRF1 | PFRFO |00000000g
EPFRF 00052F, |EPFRF7|EPFRF6|EPFRF5|EPFRF4|EPFRF3|EPFRF2|EPFRF1|EPFRF0{00000000g

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4.4-11 Function of Extra Port Control Register (Port F)

Bit

1Y)
-
Py

EPFR Function
General -purpose port

bit7 Setting disabled

Setting disabled
Setting disabled

General -purpose port

bit6 Setting disabled

Multi Function Serial Interface SOT input / SDA 1/0 pin
Setting disabled

Genera -purpose port

Setting disabled

bits Setting disabled

Setting disabled

Genera -purpose port

Setting disabled

bit4 Satting disabled

Setting disabled

General-purpose port

Setting disabled

bit3 -
HDMI-CEC1 ACK output

Setting disabled

General-purpose port

) Setting disabled
bit2

HDMI-CECO ACK output”

Setting disabled

General-purpose port

Setting disabled

bitl HDMI-CEC1 input/output (pseudo open drain)

Setting disabled

General-purpose port

Setting disabled
HDMI-CECO input/output (pseudo open drain)

P OO R P OO R RPOOIR PO ORI KPP OO R F OO PO Ol kPOl O
Ol O R O O FR O OFR O O RO O PO PO Ok O| k| Okl O

bit0

1 1 Setting disabled
*: The ACK output isonly available on the MB91F313A. This setting is prohibited on the MB91F313.
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Note:

Only set HDMI-CEC input/output mode when using HDMI-CEC mode. Set as a general-purpose port
and set as an input in the DDRF register when using remote control reception mode.
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4.5 Pull-up Control Register

Pins can be added with a 33 kQ pull-up resistor. This function can be controlled by
software using the bit for each pin.

B Pull-up Control
The pull-up function is controlled by the port pull-up control register (PCR).
Pin pull-up control is disabled automatically in the following cases:
¢ Port in the output state
e STOP mode output Hi-Z is selected

B Port Pull-Up Control Register

Table 4.5-1 shows the settings of port pull-up/pull-down control registers. The setting of each bit is valid
only with the corresponding PCR hit set.

Ports PO7 to P00, P17 to P10, P57 to P50, and P65 to P60 can be available for the pull-up control. Each
port has the corresponding bit.

Table 4.5-1 Settings of Port Pull-up/Pull-down Control Registers

Port Pull-Up/Pull-Down Control Register
Bit
0 (Initial Value) 1
PCRxy No pull-up Pull-up
Figure 4.5-1 Configuration of Port Pull-Up Control Register
Address  bit 7 6 5 4 3 2 1 0 Initial value

PCRO 000500y | PCRO7 | PCRO6 | PCRO5 | PCR0O4 | PCRO3 | PCRO2 | PCRO1 | PCROO |00000000g
PCR1 000501y | PCR17 | PCR16 | PCR15 | PCR14 | PCR13 | PCR12 | PCR11 | PCR10 |00000000g
PCR5 000505y | PCR57 | PCR56 | PCR55 | PCR54 | PCR53 | PCR52 | PCR51 | PCR50 |00000000g
PCR6 000506y - - PCR65 | PCR64 | PCR63 | PCR62 | PCR61 | PCR60 | --000000g
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4.6 External Bus, I1°C Bridge, ADER Control Register

This function enables the external bus. This function can be controlled by software
using the bit for each pin.

B ADER: External Bus, I°C Bridge, ADER Control Register

Figure 4.6-1 Configuration of External Bus, 1°C Bridge, ADER Control Register

Address bit 15 14 13 12 11 10 9 8 Initial value
000570 | EXT |[12CBR12]12CBRO1| ADER9 | ADERS |00000011
bit 7 6 5 4 3 2 1

| ADER7 | ADER6 | ADERS5 | ADER4 | ADER3 | ADER2 | ADER1 | ADERO | 11111111

[bitl5 to bit12] EXT: External bus control
Writing "1010g" to this bit enables the external bus function.
The procedureis asfollows:
«Set the necessary functions in the PFR and EPFR register from port 2 to 5.
+*Set the external bus interface (6404 to 687y).
*Writing "1010g" to this bit enables the external bus.

*The data bus of port 0 and 1 corresponds to the mode register setting and the bus width specified in the
external businterface.

«8-bit bus width: Port 1 isthe data bus.
*16-bit bus width: Port 1 and O are the data bus.

*It serves as a single chip unless this register is set. Therefore, set 8 bit or 16 bit of the data bus width
for the mode register.

[bit11,bit10] I2CBR12,12CBRO1: 1°C bridge function
Setting this bit (=1) enables the 1%C pin to be bridged.
*If set I2CBR12, P24=P27 and P25=P30 are short-circuited inside the chip.
«If set I2CBRO1, P21=P24 and P22=P25 are short-circuited inside the chip.
«If set both, P21=P24=P27 and P22=P25=P30 are short-circuited inside the chip.

[bit9 to bit0] ADER9 to ADERO: A/D input enable

The PDO to PD7, PEO, and PEL1 pins are also used for the A/D converter input. Set the corresponding bit
if used for the A/D analog input.

Setting this bit (=1) fixes the input gate inside the chip to "0". If using other function than analog input,
clear thisbit (=0).

With this register, be sure to use half word (16 bit) for access.
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4.7 Noise Filter Control Register for 1°C

This section explains the noise filter control register for I1°C.

B NSF: Noise Filter Control Register for I1°C

Figure 4.7-1 Configuration of Noise Filter Control Register for 12c

Address bit 15 14 13 12 11 10 9 8 Initial value
0005784 [ - [ - | - | - ] - |NSF10| NSF9 | NSF8 | ----000g
bit 7 6 5 4 3 2 1 0

| NSF7 | NSF6 | NSF5 | NSF4 | NSF3 | NSF2 | NSF1 | NSFO |00000000g

[bit10 to bit0] NSF10 to NSFO: Noise filter enable bit for 1°C

NSFn Operation

0 Noise filter disabled

1 Noise filter enabled

(n=0to 10)
Set the value to "1" only if used with 100 kbps or faster environment.

With this register, be sure to use half word (16 bit) for access.
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CHAPTER 5
16-BIT RELOAD TIMER

This chapter explains an overview, register
configuration/functions and operations of the 16-bit
reload timer.

5.1 Overview of 16-Bit Reload Timer
5.2 Registers of 16-Bit Reload Timer
5.3 Operations of 16-Bit Reload Timer
5.4 Operating Status of Counter

5.5 Notes on Using 16-Bit Reload Timer
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51 Overview of 16-Bit Reload Timer

The 16-bit reload timer consists of a 16-bit down counter, a 16-bit reload register, a
prescaler for creating internal count clock, and a control register.

B Overview of 16-Bit Reload Timer
This series has three built-in channels (0 to 2), for the 16-bit reload timer.
ch.0to ch.2 can activate the DMA transfer viainterrupt.

The input clock can be selected from three internal clocks (machine clock divided by 2, 8, and 32) and an
external clock.

The output pin (TOUT) provides a toggle output waveform each time an underflow occurs (in reload
mode), or arectangular wave that indicates that counting isin progress (in one shot mode).

The input pin (TIN) can be used for event input in the external event count mode, and trigger or gate input
in the internal clock mode.

The external event count function, when used in the reload mode, can be used as a clock frequency divider
for the external clock mode.

B Block Diagram
Figure 5.1-1 shows a block diagram of the 16-bit reload timer.

Figure 5.1-1 Block Diagram of 16-Bit Reload Timer

16-bit reload register

A 4

(TMRLR)
Reload (¢
h 4 ™ v
P 16-bit down counter ] RELD
) (TMR) v | —{ OUTL
t ouT [ INTE
2 Count |« cTL UF IRQ
o enable < LI cNTE
AND
T — TRG
Clock
selector [+ _CSL1 > t0 port
+— CSLO
+ f Exck t
B IN CTL |«
Prescaler Prescaler MOD2 External
clear trigger select|* External
MOD1 2 trigger input
t MODO
0 )

A A
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5.2 Registers of 16-Bit Reload Timer

This section explains the configurations and functions of the registers used by the 16bit
reload timer.

B Register List of 16-Bit Reload Timer

Figure 5.2-1 Register List of 16-Bit Reload Timer

bit 15 14 13 12 11 10 9 8
‘ Reserved | Reserved | Reserved ‘ Reserved ‘ CSL1 ‘ CSLO ‘ MOD?2 ‘ MOD1 |
Control status register (TMCSR)

bit 7 6 5 4 3 2 1 0
‘ MODO |Reserved| OUTL ‘ RELD ‘ INTE ‘ UF ‘ CNTE ‘ TRG |

bit15 bit0
‘ | 16-bit timer register (TMR)

bit15 bit0
‘ | 16-bit reload register (TMRLR)
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5.2.1 Control Status Register (TMCSR)

The control status register (TMCSR) controls the operating modes and interrupts of the
16-bit reload timer.

B Bit Configuration of Control Status Register (TMCSR)

Figure 5.2-2 Bit Configuration of Control Status Register (TMCSR)

TMCSR
Address bit 15 14 13 12 11 10 9 8 Initial value

ch.0 00004E Reserved | Reserved | Reserved | Reserved | CSL1 | CSLO | MOD2 | MOD1 00000000g

ch.1 000056y R R R R RW RW RW RW
ch.2 00005Ey,

bit 7 6 5 4 3 2 1 0 Initial value

MODO |Reserved| OUTL | RELD | INTE UF CNTE | TRG 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W

R/W : Readable/Writable
R: Read only

Rewrite the bit other than UF, CNTE, and TRG bitsif CNTE=0.
The control status register (TMCSR) supports simultaneous writing.
The following explains bit functions of control status register (TMCSR).

[bitl5 to bit1l2] Reserved: Reserved bits
Theread valueis aways "0000g".

[bit11, bit10] CSL1, CSLO (Count clock SelLect)

These bits are the count clock select bits. Table 5.2-1 shows the clock sources that can be selected using
these bits. Countable edges used when external event count mode is set are set by the MOD1 and MODO
bits.

Table 5.2-1 Clock Sources Set Using the CSL Bits

CsL1 CSLO Clock Source (¢: Machine Clock)
0 0 o/2t
0 1 /23
1 0 o/2°
1 1 External clock (event)

Note:  The minimum pulse width required for an external clock is 2T (T: Peripheral machine clock
cycle).
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[bit9 to bit7] MOD2, MOD1, MODO (MODe)
These hits set the operating modes and functions of the I/O pin.
The MOD2 bit selects the functions of the input pin. If this bit is"0", the input pin becomes the trigger
input pin. When avalid edge is input, the contents of the reload register are loaded into the counter and
the count operation is continued. Setting this bit to "1" enters the gate count mode. The input pin
becomes the gate input, and the count operation is performed only when avalid level is being input.

The MOD1 and MODO bits set the pin function for each mode. Table 5.2-2 and Table 5.2-3 show the
settings of the MOD2, MOD1, and MODO hits.

Table 5.2-2MOD2, MOD1, and MODO Setting Method 1
(in Internal Clock Mode (CSLO, CSL1=00g, 01g, 10g))

MOD2 MOD1 MODO Input Pin Function Valid Edge, Level
0 0 0 Trigger disabled -
0 0 1 Rising edge
0 1 0 Trigger input Falling edge
0 1 1 Both edges
1 X 0 "L" level
Gate input
1 X 1 "H" level

Table 5.2-3MOD2, MOD1, and MODO Setting Method 2
(in Event Count Mode (CSLO, CSL1=11g))

MOD2 MOD1 MODO Input Pin Function Valid Edge, Level
0 0 - -
0 1 Rising edge
g 1 0 Event input Falling edge
1 1 Both edges

Note: x inthistable represents any value.

[bit6] Reserved: Reserved bit
Theread value is always"0".
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168

[bit5] OUTL

This bit sets the output level of the TOUT pin. The pin level is reversed depending on whether thisbit is
"0" or "1". This hit, bit4 (RELD bit), and the corresponding bit of the PFR register of the 1/O port are
combined to specify the output waveform. Table 5.2-4 shows the setting of a combination of these bits.

Table 5.2-4 Setting of PFR, RELD, and OUTL

PFR OuUTL RELD Output waveform
0 X X General-purpose port
1 0 0 Rectangular wave of "H" during counting
1 1 0 Rectangular wave of "L" during counting
1 0 1 Toggle output of "L" at count start
1 1 1 Toggle output of "H" at count start

Note: PFRisthe corresponding bit of the PFR register of the I/O port

[bit4] RELD

This bit is the reload enable bit."1" turns on the reload mode. As soon as the counter value underflows
from "0000y" — "FFFFy", the contents of the reload register are loaded into the counter and the count
operation is continued.

If this bit is set to "0", the count operation is stopped when the counter value underflows from "00004" —
"FFFFY".

[bit3] INTE

This bit is an interrupt request enable bit. If the INTE bit is set to "1," an interrupt request is generated
when the UF bitisset to "1."If it isset to "0", no interrupt request is generated.

[bit2] UF
This bit is the timer interrupt request flag. This bit is set to "1" when the counter value underflows from
"0000y" — "FFFFY". Writing "0" clearsthe flag.

Writing "1" to this bit has no effect on the operations. For a read-modify-write (RMW) instruction, "1" is
awaysread.

[bitl] CNTE

This bit is the count enable bit of the timer. Write "1" to this bit to enter the activation trigger wait state.
Writing 0" to this bit stops the count operation.

[bit0] TRG
This bit is the software trigger bit. Writing "1" to this bit generates a software trigger, loads the contents
of the reload register into the counter, and starts the count operation.

Writing "0" to this bit has no effect on the operations. Reading value is always "0".
Thetrigger input to thisregister isvalid only if CNTE=1.
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5.2.2 16-Bit Timer Register (TMR)

The 16-bit timer register (TMR) can be used to read the count value of the 16-bit timer.

The initial value is undefined.
Be sure to read this register using a 16-bit data transfer instruction.

W Bit Configuration of 16-Bit Timer Register (TMR)
Figure 5.2-3 shows the bit configuration of the 16-bit timer register (TMR).

Figure 5.2-3 Bit Configuration of 16-Bit Timer Register (TMR)

TMR
Address:

R: Read only

ch.0 00004Ay bit15 bit0
ch.1 000052 | ;Z
ch.2 00005A
R R R R R R R R R
Initial value X X X X X X X X X
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5.2.3 16-Bit Reload Register (TMRLR)

The 16-bit reload register (TMRLR) holds the initial value of a counter. The initial value
is undefined.
Be sure to write the value to this register using a 16-bit data transfer instruction.

B Bit Configuration of 16-Bit Reload Register (TMRLR)
Figure 5.2-4 shows the bit configuration of the 16-bit reload register (TMRLR).

Figure 5.2-4 Bit Configuration of 16-Bit Reload Register (TMRLR)

TMRLR

Address:
ch.0 000048 hit15 bit0

ch.1 000050} | H
ch.2 000058y,

0

W
Initial value X

X 2
x =
X
X
x =
x
X Z
x =

W: Write only
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5.3 Operations of 16-Bit Reload Timer

This section explains the following operations of the 16-bit reload timer:
Internal clock operation

Underflow operation

Input pin function operation

Output pin function operation

B Internal Clock Operation
If the timer operates with a division clock of the internal clock, one of the clocks created by dividing the
machine clock by 2, 8, or 32 can be selected as the clock source.

The external input pin can be used for the trigger input or gate input depending on the register setting.

To start the count operation as soon as counting is enabled, write "1" to the CNTE and TRG bits of the
control status register. Trigger input due to the TRG bit is always valid regardless of the operating mode,
when the timer isrunning (CNTE=1).

Figure 5.3-1 shows the activation and operations of the counter.

Time as long as T (T: periphera clock machine cycle) is required after the counter activation trigger is
input and before the data of the reload register is actually loaded into the counter.

Figure 5.3-1 Activation and Operations of the Counter

Count clock ,—\m
Counter >< Reload data >< -1 >< - >< A

Data load

CNTE (bit)

TRG (bit)
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B Underflow Operation
Underflow is an event in which the counter value changes from "00004" to "FFFF". Thus, an underflow
occurs at the count of [Reload register setting value +1].

If the RELD bit of the control status register (TMCSR) is set to "1" when an underflow occurs, the contents
of the 16-bit reload register (TMRLR) are loaded into the counter and the count operation is continued. If
the RELD bit isset to "0", the counter stops at "FFFF".

The underflow sets the UF bit of the control status register (TMCSR). If the INTE hit is set to "1," an
interrupt request is generated.

Figure 5.3-2 shows the timing chart of the underflow operation.

Figure 5.3-2 Timing Chart of the Underflow Operation

When [RDRF=1]
Count clock
Counter >< 0000y >< Reload data >< -1 >< -1 >< -1

Data load

Underflow set

When [RELD=0]

Count clock

Counter >< 0000y FFFFy4

Underflow set
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B Operation of Input Pin Function (in Internal Clock Mode)
If an internal clock is selected as the clock source, the TIN pin can be used as the trigger input or gate

input.
@ Operation of Trigger Input

If the pin is used as the trigger input when a valid edge is input, the contents of the 16-bit reload register
(TMRLR) are loaded into the counter, the internal prescaler is cleared, and the count operation is started.
Input the pulse with 2T (T is peripheral clock machine cycle) or more for TIN.

Figure 5.3-3 shows the timing chart of the trigger input operation.

Figure 5.3-3 Timing Chart of the Trigger Input Operation

Count clock | | |

TIN Rising edge detection

Prescaler clear

Counter >< -1

Load

2T to
2.5T

T
D G G &
|

@ Operation of Gate Input

If the pin is used as the gate input, the count operation is performed only while the valid level, set by the
MODO hit of the control status register (TMCSR), is input from the TIN pin. In this case, the count clock
keeps operating. In the gate mode, the software trigger is available, regardiess of the gate level. The pulse
width for the TIN pin should be 2T (T is periphera clock machine cycle) or more.

Figure 5.3-4 shows the timing chart of the gate input operation.

Figure 5.3-4 Timing Chart of the Gate Input Operation

Count clock | | | | | | | | | | | | |

TIN When the MODO bit = 1
(Count during input of "H")

Counter >< - >< -1 >< 1

B External Event Count Operation

If an external clock is selected, the TIN pin becomes the external event input pin, and the valid edge set by
the register is counted. The pulse width for the TIN pin should be 2T (T is peripheral clock machine cycle)
or more.
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B Output Pin Function Operation

The TOT pin provides a toggle output that is inverted by an underflow (in reload mode), or a pulse output
that indicates that counting is in progress (in one shot mode). The output polarity can be set using the
OUTL bit of the control status register (TMCSR). If OUTL=0, toggle output is"0" for the initial value, and

the one-shot pulse output is 1" while the count operation is in progress. If OUTL=1, the output waveform
isreversed.

Figure 5.3-5 shows the timing chart of the output pin function operation.

Figure 5.3-5 Timing Chart of the Output Pin Function Operation

When [RELD=1, OUTL=0]

Count activation

Underton M M o
-

TOUT A | Inverted at OUTL=1 |

Genefal-
CNTE purpose port

Activation trigger |_|

When [RELD=0, OUTL=0]

Count activation

Underflow |_| |—|
TOUT A ,m ,—L
Genei’al-
CNTE purpose port
Activation trigger |_| |—|

Activation trigger
waiting state

B Other Operations

174

Ch.0 to ch.2 of the 16-bit reload timer can be used to activate the DMA transfer with its interrupt request
signal.

The DMA controller clears the interrupt flag of the reload timer at the time of the reception of a transfer
request.
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54 Operating Status of Counter

The counter state is determined by the CNTE bit of the control status register (TMCSR)
and the WAIT signal, which is an internal signal. The states that can be set include the
stop state, when CNTE=0 and WAIT=1 (STOP state); the activation trigger wait state,
when CNTE=1 and WAIT=1 (WAIT state); and the operation state, when CNTE=1 and

WAIT=0 (RUN state).

B Operating Status of Counter
Figure 5.4-1 shows the transition of each state.

Figure 5.4-1 Counter State Transition

Reset I .
—> State transition by hardware
——>State transition by register access
STOP CNTE=0, WAIT=1
TIN: Input disabled
TOUT: General-purpose port
Counter: Holds the value when it
stops
Undefined just after reset
CNTE=0 CNTE=0
CNTE=1 CNTE=1
TRG=0 TRG=1
WAIT CNTE=1, WAIT=1 RUN CNTE=1, WAIT=0
TIN: Only trigger input enabled TIN:Serves as TIN
TOUT: Initial value output TOUT:Serves as TOUT
. : RELD-UF
Counter: Holds the value when it stops .
Counter: operation
Undefined just after reset and until
data is loaded
TRG=1 TRG=1
RELD-UF
LOAD CNTE=1, WAIT=0
Trigger from TIN
Loads contents of reload register Load completed
into counter
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5.5 Notes on Using 16-Bit Reload Timer

This section explains the precautions when using the 16-bit reload timer.

B Notes on Using 16-Bit Reload Timer

@ Internal prescaler

The internal prescaler is enabled if a trigger (software or external trigger) is applied while bitl (timer
enable: CNTE) of the control status register (TMCSR) is set to "1".

Even if used only with the gate count mode, be sure to assign atrigger before inputting the valid gate level.
It isrecommended that "1" iswritten to bitO (TRG) of the TMCSR register when setting CNTE.

@ Timing of setting and clearing the interrupt request flag
If the device attempts to set and clear the interrupt request flag at the same time, the flag is set and the clear
operation becomes ineffective.

@ 16-bit timer register (TMR) / 16-bit reload register (TMRLR)

If the device attempts to write to the 16-bit timer register and reload the data into the 16-bit reload register
at the same time, old data is loaded into the counter. New data is loaded into the counter only in the next
reload timing.

@ 16-bit timer register (TMR)

If the device attempts to load and count the 16-bit timer register at the same time, the load (reload)
operation takes precedence.
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CHAPTER 6
PPG (PROGRAMMABLE
PULSE GENERATOR)

This chapter gives an outline of the PPG (Programmable
Pulse Generator) timer and explains the register
configuration and functions and the timer operations.

6.1 Outline of the PPG Timer
6.2 Operation of the PPG Timer
6.3 Precautions on Using the PPG Timer
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6.1 Outline of the PPG Timer

The PPG timer can efficiently output highly accurate PWM waveforms.
The MB91313A series has four channels of the PPG timer.

B Characteristics of PPG Timer

178

Each channel consists of a 16-bit down counter, 16-bit data register with a cycle setting buffer, 16-bit
compare register with a duty setting buffer, and pin control block.

One of the four count clocks can be selected for the 16-bit down counter:
Peripheral clocks: ¢, /4, $/16, and /64

A reset or counter borrow can initialize the counter value to " FFFF".
Each channel has PPG output (PPGO to PPG3).
Registers
Cycle setting register : Dataregister for reload with buffer
Data is transferred from the buffer when an activation trigger signal is detected

and a counter borrow occurs.
The PPG output is inverted when a counter borrow occurs.

Duty setting register : Compare register with buffer
PPG output is inverted when the value of this register and the counter value
match.

Pin control

Set to "1" when the duty matches (priority).

Reset to "0" when a counter borrow occurs.

Output-value fixed mode is available to facilitate output of al-L (or H).
The polarity can be specified.

An interrupt request can be generated as one of the following combinations:
Activation of PPG timer (software trigger or trigger input)

Generation of counter borrow (cycle match)

Generation of duty match

Generation of counter borrow (cycle match) or duty match

Restart during operation can be set.

Remote control sending is supported.
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MB91313A Series

B Registers
Figure 6.1-1 Registers of PPG

Address  bitl5 bit0
000120 PDUTO R ch.0 Duty setting register
0001224 PCSRO W  ch.0 Cycle setting register
000124 PTMRO W  ch.0 Timer register
000126 PCNHO PCNLO R/W ch.0 Control status register
000127y
000128 PDUT1 R  ch.1 Duty setting register
00012A PCSR1 W  ch.1 Cycle setting register
00012Cy PTMR1 W  ch.1 Timer register
00012E PCNH1 PCNL1 R/W ch.1 Control status register
0001304 PDUT2 R  ch.2 Duty setting register
000132 PCSR2 W  ch.2 Cycle setting register
0001344 PTMR2 W  ch.2 Timer register
000136 PCNH2 PCNL2 R/W ch.2 Control status register
000138 PDUT3 R  ch.3 Duty setting register
00013A4 PCSR3 W  ch.3 Cycle setting register
00013Cy PTMR3 W  ch.3 Timer register
00013Ey PCNH3 PCNL3 R/W ch.3 Control status register

CM71-10143-5E
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6.1 Outline of the PPG Timer MB91313A Series
B Block Diagram

Figure 6.1-2 Overall Block Diagram

External TRGO ————— 1RO INPUt » PPGO
PPG timer ch.0 |
J—— PPGA
External TRG1 ————— 1 RC INPUt I PPG1
PPG timer ch.1
External TRG2 ———| 1 RG Input PPG2
PPG timer ch.2 |
J———— PPGB
External TRG3 — TRG input I PPG3
PPG timer ch.3

Figure 6.1-3 Block Diagram for One Channel of PPG Timer

PCSR PDUT
Prescaler
1/1 \l/i
1/4 & CK Load il CMP
1716 |—o >
1/64 }|—o 16-bit ey
i down counter

1 Start Borrow A PPG mask
Peripheral clock
S Q] D PPG output

R
¢ Reverse bit
5%
Enable — EsHIRQ
E ()
TRG input —| Edge
detection

Software trigger
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B Control Status Register

CHAPTER 6 PPG (PROGRAMMABLE PULSE GENERATOR)

6.1 Outline of the PPG Timer

Figure 6.1-4 Bit Configuration of Control Status Register

<« Attribute
« Initial value

« Rewrite during operation

R/W: Readable/writable
- Unused

PCNH
bt 15 14 13 12 11 10 9 8
Address: ch.0 000126, | cnTE | STGR | MDSE | RTRG | CKS1 | CKSO |PGMS | -
ch.1 00012E,
ch2000136, RW RW RW RW RW RW RW -
ch.300013E, O 0 0 0 0 0 0 .
0 0 X x X X 0 -
PCNL
bit 7 6 5 4 3 2 1 0
Address: ch.0 000127 | Egs1 | EGSO | IREN | IRQF | IRS1 | IRSO | - | OSEL
ch.1 00012F,
ch2000137, RMW RW RW RW RW RW - RW
ch.300013F, O 0 0 0 0 0 ; 0
X X 0 0 X x - X

<« Attribute
« Initial value

« Rewrite during operation

[bit15] CNTE: Timer enable bit

This bit enables operation of the 16-bit down counter.

0

Disabled (initial value)

1

Enabled

[bit14] STGR: Software trigger bit
Writing 1 into this bit applies software trigger.
Theread value is always 0.

[bit13] MDSE: Mode select bit

This bit is used to select either the PWM mode in which continuous pulses are output or the one-shot

mode in which asingle pulse is output.

0

PWM mode (initial value)

1

One-shot mode

[bit12] RTRG: Restart select bit

This bit enables arestart resulting from a software trigger or trigger input.

0

Restart disabled (initial value)

1

Restart enabled

CM71-10143-5E
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[bit11, bit10] CKS1, CKSO0: Count clock select bit
These bits are used to select the count clock of the 16-bit down counter.

CKS1 CKS0 Cycle
0 0 o (initial value)
0 1 ol4
1 0 /16
1 1 0/64

¢: Peripheral machine clock

[bit9] PGMS: PPG Output mask select bit
Writing 1 into this bit allows PPG output to be masked to O or 1, regardless of mode, cycle, and duty
settings.
PPG output when write "1" to PGMS

Polarity PPG output
Ordinary polarity L output
Reverse polarity H output

For all-H output in ordinary polarity mode and all-L output in reverse polarity mode, specify the same
value in the cycle setting register and duty setting register in order to output the above mask value with
the polarity reversed.

[bit8] This bit is undefined.

[bit7, bit6] EGS1, EGSO0: Trigger input edge select bit
These bits are used to select an effective edge for PPG input.
Regardless of the mode that is selected, writing "1" to the bit of a software trigger enables the software

trigger.
EGS1 EGSO0 Edge selection
0 0 Not effective (initial value)
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

182 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 6 PPG (PROGRAMMABLE PULSE GENERATOR)
6.1 Outline of the PPG Timer
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[[bit5] IREN: Interrupt request enable bit

0 Disabled (initial value)

1 Enabled

[bit4] IRQF: Interrupt request flag bit

If bit5:IREN, is enabled and an interrupt source selected in bit3, bit2:1RS1 and IRS0, occurs then this bit

is set and an interrupt request is generated and issued to the CPU.
Thishitiscleared if "0" iswritten to it.

This bit remains unchanged if "1" iswritten to it.

The read value by a read-modify-write (RMW) instruction is always "1", regardless of the bit value.

[bit3, bit2] IRS1, IRSO: Interrupt resource select bit
These hits are used to select a source that sets bit4:|RQF.

IRS1 IRSO Interrupt resource
0 0 Software trigger or trigger input (initial value)
0 1 Occurrence of a counter borrow (cycle match)
1 0 Occurrence of aduty match
1 1 Occurrence of acounter borrow (cycle match) or duty match

[bitl] Unused bit

[bit0] OSEL: PPG output polarity specification bit
This bit sets the polarity of the PPG output.

The followings show the combination results for this bit and bit9:PGMS.

PGMS OSEL PPG output

0 0 Ordinary polarity (initia value)

0 1 Reverse polarity

1 0 Output fixed to "L"

1 1 Output fixed to "H"

Polarity After reset Duty match Counter borrow

Ordinary polarity "L" output f 1
Reverse polarity "H" output 1 _f_
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MB91313A Series

B PCSR (PPG Cycle Setting Register)

Figure 6.1-5 Bit Configuration of PCSR (PPG Cycle Setting Register)

PCSR

W:

Address: ch.0 000122

bit 15 14 13 12 11 10 9 8

ch.1 00012A4

ch.3 00013Ay x x X X X X « Initial value
bit 7 6 5 4 3 2 1 0
w w W W w w w W < Attribute
X X X X X X X X <« Initial value

Write only

The PPG cycle setting register (PCSR) is a register with a buffer for setting a cycle. Transfers from the
buffer are performed with counter borrow.

When initializing or rewriting the cycle setting register, be sure to write to the duty setting register after the
writing of the cycle setting register.

This register must be accessed using 16-bit data.

B PDUT (PPG Duty Setting Register)

Figure 6.1-6 Bit Configuration of PDUT (PPG Duty Setting Register)

PDUT

W:

Address: ch.0 000120y

Write only

bit 15 14 13 12 11 10 9 8
ch.1 000128 _
ch.3 000138y x x x x X X X x ¢ Initial value
bit 7 6 5 4 3 2 1 0
w w W W w W w W <« Attribute
x X X X x X x X « Initial value

184

The PPG duty setting register (PDUT) is a register with buffer for setting a duty. Transfers from the buffer
are performed with counter borrow.

When the same value is set in the cycle setting register and the duty setting register, all-H is output in
ordinary polarity mode and al-L is output in reverse polarity mode.

Do not specify asmaller value in PCSR than that in PDUT. Otherwise, PPG output becomes undefined.
This register must be accessed using 16-bit data.
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B PTMR (PPG Timer Register)

Figure 6.1-7 Bit Configuration of PTMR (PPG Timer Register)

PTMR

bit 15 14 13 12 11 10 9 8
Address: ch.0 000124,
ch.1 00012Cy

ch.3 00013Cy 1 1 1 1 1 1 1 1  « Initial value
bit 7 6 5 4 3 2 1 0
R R R R R R R R « Attribute
1 1 1 1 1 1 1 1 « Initial value

R: Read only

The PPG timer register (PTMR) isaregister used to read the value of the 16-bit down counter.
This register must be accessed using 16-bit data.
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6.2 Operation of the PPG Timer

MB91313A Series

This section describes the PPG timer operation.

B Timing Charts for PWM Operation

Figure 6.2-1 PWM Operation Timing Chart (When reactivation is disabled)

Rising edge detection Trigger ignored
Activation
trigger |
m
n ‘ ‘
0 | | : !
- | IR N e B
<« (1) —
— @ —
(1) = T(n+l) ms
2) = T(m+1l) ms T : Count clock cycle
m: PCSR value
n : PDUT value
Figure 6.2-2 PWM Operation Timing Chart (When reactivation is enabled)
Rising edge detection Restart by trigger
Activation I e R B—
trigger | ; 3
" ‘ ‘
n
0 :
PPG 3‘ 3 ; |
O T : Count clock cycle
L . (1) =T(+l)ms  m:PCSR value
€ @ ?, (2 = T(m#*)ms n:PDUT value
@ PWM mode

In PWM mode, the PPG timer can output pul ses continuously after an activation trigger signal is detected.
The output pulse cycle can be controlled with the PCSR value, and the duty ratio can be controlled with the

PDUT value.

Note:  After dataiswritten to PCSR, be sure to write datato PDUT.
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B Timing Charts for One-Shot Operation

Figure 6.2-3 Timing Charts for One-Shot Operation (When restart is disabled)

Rising edge detection Trigger ignored
Activation
trigger —
m
n
O 1
PPG , |
: e— (1) —>!

| e—— 2 —/8——
! T : Count clock cycle
(1) = T(n+l) ms m: PCSR value
(2) = T(m+l) ms n : PDUT value

Figure 6.2-4 Timing Charts for One-Shot Operation (When restart is enabled)

Rising edge detection Restart by trigger
Activation / /

trigger —4l—\—l—‘

m

T s s

PPG

o>
— o —

1)
@

T : Count clock cycle
T (n+1) ms m: PCSR value
T (m+1) ms n : PDUT value

@ One-shot mode

In one-shot mode, the PPG timer can output a single pulse of an arbitrary width when triggered.

When reactivation is enabled, the PPG timer reloads the counter value after an edge is detected during
operation.
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B Interrupt Sources and Timing Chart (with PPG Output Set for Ordinary Polarity)

Figure 6.2-5 Interrupt Sources and Timing Chart

Activation trigger

12.5T maximum
1
: 1
|
oo | [] i
:
e [1 [T i
|
| 1 1
] |
|
Count value X >< 0003H >< 0002H >:< 0001H >< 0000H >.< 0003H ><:
|
|
PPG E
Interrupt ﬁ ﬁ ﬂ
Effective edge Duty match Counter borrow

It takes at most 2.5T (T stands for the count clock cycle) to load a count value after an activation trigger is

input.

B Examples of Methods of All-L and All-H PPG Output

Figure 6.2-6 Methods of All-L and All-H PPG Output

PPG

o

c

—_
<

ST

=

1

When using an interrupt by borrow, set the
PGMS (mask bit) to "1".

If the PGMS (mask bit) is set to "0" during
use of an interrupt by borrow, the PWM
waveform can be output without generating
glitches.

|
PPG
|
|

Increase the

=

When using an interrupt by compare match,

write to the duty setting register the same
values as that in the cycle setting register.
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6.3 Precautions on Using the PPG Timer

This section gives notes on using the PPG timer.

B Precautions on Using the PPG Timer

« If the device attempts to set and clear the interrupt request flag at the same time, the flag is set and the
clear operation becomes ineffective.

e The settings of bit11 and bit10 (count clock select bits CKS1 and CK S0) of the PPG control register are
reflected immediately after data is written to the bits. Change the settings of the bits when counting
stops.

 |If the device attempts to load and count the PPG down counter (PPGC: 16-bit down counter) at the same
time, the load operation takes precedence.
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CHAPTER 7
16-BIT PULSE WIDTH COUNTER

This chapter gives an overview of the 16-bit pulse width
counter and explains the register configuration and
functions and the counter operation.

7.1 Overview of the PWC Timer
7.2 Operation of the PWC Timer
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7.1 Overview of the PWC Timer

The 16-bit pulse width counter uses a 16-bit up counter to measure the pulse width of
externally input signals.

The 16-bit pulse width counter consists of a 16-bit up counter, three 8-bit control
registers, a PWC data register, PWC upper data register, and a low-pass filter (LPF).

* Interrupt request generation during data register transfer

B Registers of the 16-Bit Pulse Width Counter

Address  bitl5 bit8 bit7 bit0

0000D0y PWCCL PWCCH PWC control register

0000D4y PWCD PWC data register

0000D8y PWCC2 Reserved PWC control register

0000DCH PWCUD PWC upper value setting register

B Block Diagram

Figure 7.1-1 PWC Block Diagram

p | Upper value register
Count clock
RIN D— LPF Count clear 16 bit C t
Overflow it Lounter
Upper
v value
5 A
Count clock L .
ount cloc / Control circuit b Captuer Register
4
Sampling interval 7L
A
Flag set h 4
Control bit PWCD
Sampling interval selection
Count clock selection
PWCCL | | PWCCH
A
+ IRQ i v
Internal bus
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B PWC Control Register (PWCCL)

Figure 7.1-2 Bit Configuration of PWC Control Register (PWCCL)

PWCCL
Address bit 7 6 5 4 3 2 1 0 Initial value
0000D0y INT INTE OVFL | OVFLE - - Reserved ST 0000 --00g

R/W R/W R/W R/W - - - R/W

R/W: Readable/writable
- Unused

[bit7] INT

This bit is a flag that indicates that capture data has been transferred to the PWC data register. When a

capture data transfer interrupt request is enabled (bit6: INTE = 1) and this bit is set, an interrupt request
is generated.

The read modify write (RMW) instruction isread as"1".

0 Interrupt sourceis cleared.
1 Capture datais available.
[bit6] INTE

Thisbit isthe capture data transfer request interrupt enable bit.

0 Interrupt request is disabled.
1 Interrupt request is enabled.
[bit5] OVFL

This bit is a flag that indicates that the 16-bit up counter has overflowed from FFFF to 00004. When

an overflow interrupt request is enabled (bit4: OVFLE = 1) and this bit is set, an interrupt request is
generated.

The read modify write (RMW) instruction isread as"1".

0 Interrupt sourceis cleared.

1 An overflow occurs.

[bit4] OVFLE
Thisbit is the overflow interrupt request enable bit.

0 Interrupt request is disabled.

1 Interrupt request is enabled.
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[bit3, bit2] Unused bits

[bitl] Reserved: Reserved bit
Thishit isareserved bit. Be sure to write "0" at writing.

[bit0] ST
This bit isthe PWC start bit.

0 PWC stops.

1 PWC operates.

B PWC Control Register (PWCCH)

Figure 7.1-3 Bit Configuration of PWC Control Register (PWCCH)

R/W: Readable/writable
- Unused

PWCCH
Address bit 7 6 5 4 3 2 1 0
0000DO0y TEST1 | TESTO - CSLF1 | CSLFO CS2 CS1 CSO0
R/W R/W - R/W R/W R/W R/W R/W

Initial value

00-00000g

[bit7, bit6] TEST1, TESTO
These bits are test bits.
Be sure to write "0" at writing.

[bit5] Unused bit

[bit4, bit3] CSLF1, CSLFO

These bits are used to select the L PF sampling interval from the followings.

CSLF1 | CSLFO Sampling Interval
0 0 o x 28
0 1 ox28
1 0 O X 210
1 1 0 x 212

(¢ isthe cycle of the system base clock.)
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[bit2, bit1, bit0] CS2, CS1, CSO

These bits are used to select the internal count clock as shown below.

CS2 Cs1 CS0 Count clock selection
0 0 0 o
0 0 1 0 x 2
0 1 0 ox28
0 1 1 ¢ x 210
1 0 0 o x 212

(¢ isthe cycle of the system base clock.)

B PWC Data Register (PWCD)

Figure 7.1-4 Bit Configuration of PWC Data Register (PWCD)

PWCD
Address bit 15 14 13 12 11 10 9 8 Initial value
0000D4,, XXXXXXXXg
R R R R R R R R
bit 7 6 5 4 3 2 1 0 Initial value
XXXXXXXXg
R R R R R R R R
R: Read only

The PWC dataregister (PWCD) stores the measured value of the pulse width. Only the edge of input signal
is captured the capture value.

When the overflow is performed and the upper value is exceeded, this register does not capture.
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B PWC Control Register 2 (PWCC2)

Figure 7.1-5 Bit Configuration of PWC Control Register 2 (PWCC2)

PWCC2
Address bit 7 6 5 4 3 2 1 0 Initial value
0000D8y UPINT |UPINTE| LOW - - - - - 000-----g

R/W R/W R/W - - - - -

R/W: Readable/writable
- Undefined

[bit7] UPINT

This bit is aflag that indicates that the setting value of upper register has counted. When the upper value
interrupt request is enabled (bit6: UPINTE=1) and this bit is set, an interrupt request is generated.

The read modify write (RMW) instruction isread as"1".

0 Interrupt sourceis cleared. (Initial value)

1 Upper value over count is available.

[bit6] UPINTE

This bit is an upper value interrupt request enable bit. Set to this bit to "1" and compare the counter
value and the upper setting register.

0 Interrupt request is disabled. (Initial value)
1 Interrupt request is enabled.
[bit5] LOW

The hit represents that the capture value in the data register isindicated "L" width.

0 "H" width measurement is completed (Initial value)

1 "L" width measurement is compl eted.

[bit4 to bit0] Unused bit
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B PWC Upper Value Setting Register (PWCUD)

Figure 7.1-6 Bit Configuration of PWC Upper Value Setting Register (PWCUD)

PWCUD
Address bit 15 14 13 12 11 10 9 8 Initial value
0000DCy XXXXXXXXg

R/W R/W R/W R/W R/W R/W R/W R/W

bit 7 6 5 4 3 2 1 0 Initial value
XXXXXXXXg

R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

This register stores the upper value of a pulse width measurement.

Thisregister is corresponding to each width regardless of H and L width, the pulse which exceeds the upper
value is measured and the UPINT bit of PWCC2 register is set. When this register exceeds the counter
value, the count is continued and is not stopped. Therefore the initial value of this register is undefined,
writing "1" to the UPINTE bit of PWCC2 register, and write the upper value before compare it.
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7.2 Operation of the PWC Timer

The 16-bit pulse width counter consists of a 16-bit up counter, three 8-bit control
registers, a PWC data register, PWC upper value setting register, and an LPF. This
counter measures the pulse width. One of five count clocks can be selected.

The basic operation is described below.

B Operation Overview

@ Pulse width count operation

The PWC captures the counter value and clears the counter at the rising and falling edge of the RIN signal.
The cleared counter continues counting unchanged. When the count value is captured, the PWC generates
an interrupt.

When the counter value changes from FFFF to 0000y, the PWC generates an overflow interrupt.
Figure 7.2-1 shows the operation of the 16-hit pulse width counter.

Figure 7.2-1 PWC Operation

ST
(operation enable) _|
RINinput | L] L L | he upper value interrupt is
Rising edge H H H set, but not captured.
Falling edge I \
FFFFH ; \
Upper value mmmms P
Count value
0000+ /LM\
PWCD " xxxxu__ (aaaan bbbb A X dddds N eeeen
CCCCH
INT * i 11 [ 1
UPINT * [ [
OVFL * =
LOW * ] L
* : These are internal signals.

Note:  Thefirst edge (ST=1) is not captured after the operation enables.
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One of five count clocks can be selected.

Selectable count clock is shown as follow.

7.2 Operation of the PWC Timer

CS2 | CS1 | CSO | Count clock selection PLL frequ(égcl\);lezu)ltiply by 2 (Source osci:jilll_ell_tigfr: 16.5 MHz)
0 0 0 | CLKP 30ns 61 ns
0 0 1 | gx28" 1.9us 3.8us
0 1 0 |ox28" 7.8 s 15.5 us
0 1 1 | gx20 31.0us 62.1 s
1 0 0 | gx2m2* 124.1us 248.2 s

(CLKP isthe peripheral clock. ¢ isthe cycle of the system base clock.)

B LPF Sampling Intervals
The LPF sampling intervals can be selected as follow.

CSLFL CSLFO Sampling interval ot frew(ggcgl/l:'ﬁzu;tiply e (Source osglll_zli_tigfr]: 16.5 MHz)
0 0 0 x 28" 1.9us 3.8us
0 1 0 x 28" 7.8 s 155 s
1 0 o x 210* 31.0us 62.1us
1 1 O X 212> 124.1 us 248.2 us

(¢ isthe cycle of the system base clock.)

*: Caution of setting

Cycle: PWC operation clock x 4 < count clock

CM71-10143-5E

The PWC operation clock is CLKP. The count clock and the LFP sampling clock operate using ¢.

Therefore, it does not operate correctly when the PWC operation clock is not faster than the count
clock and the LFP sampling clock.

PWC operation clock x 4 < keep the LFP sampling clock condition.

Example: at CLKP: 33 MHz — 30 nsx 4 < count clock (¢ x 2519 us) No problem

at CLKP: 16.5 MHz — 61 nsx 4 < count clock (¢ x 2619 us) No problem

at CLKP: 8.25 MHz — 121 nsx 4 < count clock (¢ x 2619 us) No problem

at CLKP: 4.13 MHz — 242 nsx 4 < count clock (¢ x 2619 us) No problem

at CLKP: 0.26 MHz — 3879 nsx 4 < count clock (¢ x 2% 1.9 us) Setting prohibited

FUJITSU SEMICONDUCTOR LIMITED

199



CHAPTER 7 16-BIT PULSE WIDTH COUNTER
7.2 Operation of the PWC Timer MB91313A SerieS
Figure 7.2-2 LFP Operation

"L" is eliminated. }MJ
Sampling clock

Internal LFP output J

Sampling clock

Internal LFP output

Input signal

Input signal —I

B Interrupt Request Generation
The 16-bit pulse width counter can generate the following three interrupt requests:

« Capture data transfer interrupt request

When capture data is transferred to the PWC data register, the interrupt flag is set. When interrupt
requests are enabled, an interrupt request is generated.

e Counter overflow interrupt request

When the counter value overflows from FFFF to 0000y during measurement, the overflow flag is set.
When interrupt requests are enabled, an interrupt request is generated.
Captureis not performed in overflow.

 Interrupt request which counts exceeding the value of upper register during counting
When the counter value is larger than the upper setting register during measurement, the flag is set.
When interrupt requests are enabled, an interrupt request is generated.
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CHAPTER 8
MULTIFUNCTION TIMER

This chapter gives an overview of the multifunction
timer and explains the register configuration and
functions and the timer operation.

8.1 Overview of the Multifunction Timer
8.2 Registers of the Multifunction Timer

8.3 Multifunction Timer Operation
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8.1 Overview of the Multifunction Timer

MB91313A Series

The multifunction timer consists of four channels for a 16-bit up counter. The
multifunction timer has the following features:
* A low-pass filter reduces noise that is below the amplitude of the set clock.

* The pulse width can be measured according to settings using seven types of clock

signals.

* An event count from pin input is available.
* An interval timer that uses seven types of clocks and external input clocks is

available.

« An HSYNC counter is available.

B Registers

Figure 8.1-1 Registers List of Multifunction Timer

Address
0000F0

0000F2,,
0000F4
0000F6,
0000F8y,
0000FA
0000FCy
0000FEy
000100y,
000102,
000104
000106,
000108
00010Ay
00010Cy
00010E

000110y

TOLPCR TOCCR
TOTCR TOR
TODRR
TOCRR
TI1LPCR T1CCR
T1TRR TR
T1DRR
T1CRR
T2LPCR T2CCR
T2TRR T2R
T2DRR
T2CRR
T3LPCR T3CCR
T3TRR T3R
T3DRR
T3CRR
TMODE

(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
(RIW)
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B Block Diagram

Figure 8.1-2 Block Diagram of the Multifunction Timer (Simple)

Synchronization

i oLke o

TO <« C CK

Event counter

16bit Counter

CPIB
Edge
detection|

Synchronization

CNT EN

Interval
register

l«— CPIA
Cap_ture le]|
register
LPF
Interrupt «— Division
CLKP
» OUT
Figure 8.1-3 Block Diagram of the Multifunction Timer (Universal)
® HCNTMD
CKI < ® ® TMIO
TMOO < TO
Ch.0 CPIA|«
ouT Y
CPIB«
Y
CKl [«—eo ® T™MI1
TMO1 TO
Ch.l CPIAl«—®
CPIB«
CKil ® TMI2
TMO2 < TO
Ch.2 CPIA
CPIB
CKI TMI3
TMO3 <« TO
Ch.3 CPIA
CPIB
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8.2 Registers of the Multifunction Timer
B TXLPCR (Low-Pass Filter Control Register)

Figure 8.2-1 Bit Configuration of TXLPCR (Low-Pass Filter Control Register)

TXLPCR
Address bit 15 14 13 12 11 10 9 8 Initial value
ch.0 0000FOy - - - - - FCx1 | FCx0 | FXEN | --- 000g

ch.1 0000F8,,
ch.2 000100y,
ch.3 000108y,

- - - - R/W R/W R/W

R/W: Readable/writable
- Unused

The low-pass filter control register (TXLPCR) sets the low-pass filter for input pins. The low-pass filter
control register (TXLPCR) can be 8-hit accessed. Because this filter reduces noise logicaly, the delay
between the output waveform and the input waveform is the noise reduction width plus two cycles.

[bitl5 to bitll] Unused bits

[bit10, bit9] FCx1, FCxO (filter clock select flag)
These bits are used to select the operating clock for the L PF.

Table 8.2-1 Operating Clock Selection

FCx1 FCx0 Clock cycle Noise reduction width (@33MHz)
0 0 ¢><22 0.12 ps(Initial value]
0 1 ox23 0.24 us
1 0 ox24 0.48 us
1 1 o x2° 0.97 us

[bit8] FXEN (filter enable flag)
This bit specifies whether the filter is used.

0 Thefilter isnot used [initial valug].

1 Thefilter is used.
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B TXCCR (Capture Control Register)

Figure 8.2-2 Bit Configuration of TXCCR (Capture Control Register)

TXCCR
Address bit 7 6 5 4 3 2 1 0 Initial value

ch.0 0000F 1 CPF |Reserved| CPST | CPED | CPIE | CPOV | CPMD | CPIS 0-000000g
ch.1 0000F9,

ch.2 000101,
ch.3 000109,

R/W - R/W R/W R/W R/W R/W R/W

R/W: Readable/writable
- Unused

The capture control register (TXCCR) sets the count, edge, and interrupt in capture mode.

The capture control register can be 8-bit accessed. If this register is written to during operation (entire
register ST = 1), thetimer operation is unpredictable. Be sure to rewrite this register when it is stopped (ST = 0).

[bit7] CPF (capture edge detection flag)
This bit indicates that the capture end edge has been detected.

0 No capture edge [initial value]

1 Capture edge

Writing 1" to this bit has no effect.

Note: If datais written to this flag from the hardware and the CPU at the same time, writing from the
hardware has priority.

[bit6] Reserved: Reserved bit

[bit5] CPST (capture start edge select flag)
This bit setsthe polarity of the capture start edge.

0 Rising edge [initial value]

1 Falling edge

Note:  When you specify the same edge as the polarity of capture end edge for a value of this bit,
capture isrestarted after the next edge from the end edge.

[bit4] CPED (capture end edge select flag)
This bit sets the polarity of the capture end edge.

0 Rising edge [initial value]

1 Falling edge
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[bit3] CPIE (capture interrupt enable flag)
This bit enables capture interrupt at capture end.

0 Capture interrupts are disabled [initial value]

1 Capture interrupts are enabled

When this bit and CPF are both set to "1", an interrupt is sent to the CPU.

[bit2] CPOV (capture overflow detection flag)

This bit indicates that the counter has detected an overflow from FFFF to 00004 in the free-run mode
of capture mode.

0 No capture overflow [initial value]
1 Capture overflow
Notes:

e Writing "1" to this bit has no effect.
« If datais written to this bit from the hardware and the CPU at the same time, writing from the
hardware has priority.

[bitl] CPMD (capture count mode flag)
This bit sets the count mode of the capture counter.

0 Free-run mode [initial value]

1 Upper-limit compare mode

[bit0] CPIS (capture input select flag)
Thishit is used to select the input signal for capture.

0 CPIA input is used [initial value].

1 CPIB input is used.
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B TXTCR (Timer Setting Register)

Figure 8.2-3 Bit Configuration of TXTCR (Timer Setting Register)

TXTCR
Address bit 15 14 13 12 11 10 9 8 Initial value

ch.0 0000F2, TCF TSES TCC TIE CINV | TCS2 | TCS1 | TCSO 000000005
ch.1 0000FAy R/W R/W R/W R/W R/W R/W R/W R/W
ch.2 000102y,

ch.3 00010Ay

R/W: Readable/writable

The timer setting register (TXTCR) controls the timer operation.
The timer setting register (TXTCR) can be 8-bit accessed.

If this register is rewritten during operation (entire register ST = 1), the timer operation is unpredictable. Be
sure to rewrite this register when it is stopped (ST = 0).

[bit15] TCF (timer compare match detection flag)
Thisbit indicates that atimer compare match has been detected.

0 No compare match [initial value]
1 Compare match
Notes:

e Writing "1" to this bit has no effect.

« |f datais written to this bit from the hardware and the CPU at the same time, writing data from
the hardware has priority.

[bit14] TSES (timer start edge select flag)
This hit sets the start edge of the timer.

0 Rising edge [initial value]
1 Falling edge

[bit13] TCC (timer count clear setting flag)

This bit specifies that the counter is cleared when atimer compare match is detected.

0 Count clear [initia value]

1 No count clear
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[bit12] TIE (timer interrupt enable flag)

This bit enables timer interrupts.

MB91313A Series

0

Timer interrupts are disabled [initial valug].

1

Timer interrupts are enabled.

When this bit and TCF are both set to 1", an interrupt is sent to the CPU.

[bit11] CINV (timer clock invert flag)

Thisbit inverts the timer input clock signal from the external pin.

0

The count increments at the rising edge of the clock [initial valug].

1

The count increments at the falling edge of the clock.

[bit10 to bit8] TCS2 to TCSO (timer clock select flag)

These bits are used to select the timer clock.

Note: To usethe event count mode, set these bitsto "111g".

TCS bit Clock and source to be selected

TCS2 TCS1 TCSO Division ratio Cycle (@33MHz)
0 0 0 ox23 0.24 us
0 0 1 o x 2° 0.96 us
0 1 0 ox27 3.88us
0 1 1 o x 20 155us
1 0 0 o x 210 31.0us
1 0 1 o x 212 124.1us
1 1 0 o x 214 496.5 us
1 1 1 External clock
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B TxR (Entire Timer Control Register)

Figure 8.2-4 Bit Configuration of TXR (Entire Timer Control Register)

TXR

Address bit 7 6 5 4 3 2 1 0 Initial value

ch.0 0000F3,
ch.1 0000FBy,
ch.2 000103,
ch.3 00010By,

- - TST2 TST1 MD1 MDO ST ---00000g

- - R/W R/W R/W R/W R/W

R/W: Readable/writable
- Unused

The entire timer control register (TxR) controls the entire timer operation.
The entire timer control register (TxR) can be 8-bit accessed.

[bit7 to bit5] Unused bits

[bit4, bit3] TST2, TST1 (test bits)
Always write 0 to these bits.

[bit2, bitl] MD1, MDO (timer select flag)
These bits are used to select the timer operation.

MD1 MDO Selection mode
0 0 Interval timer [initial value]
0 1 Event count
1 0 Capture
1 1 Setting prohibited

[bit0O] ST (timer operation start flag)

0 Timer operation is disabled [initial value].

1 Timer operation is enabled.

Set CPIE or TIE to "0" before ST=0.

When ST=0 and the interrupt factor occurs at the same time, even though ST=0, the interrupt occurs.
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B TXDRR (Timer Compare Data Register)

Figure 8.2-5 Bit Configuration of TXDRR (Timer Compare Data Register)

TxDRR
Address bit 15 14 13 12 11 10 9 8 Initial value
ch.0 0000F4y D15 D14 D13 D12 D11 D10 D9 D8 XXXXXXXXg
ch.1 0000FCy,

ch2000104, RW ~RW  RW RW RW RW RW RW
ch.3 00010C,

bit 7 6 5 4 3 2 1 0 Initial value

D7 D6 D5 D4 D3 D2 D1 DO XXXXXXXXg
R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

The timer compare data register (TXDRR) stores timer compare data. The timer compare data register

(TXDRR) compares data in this register and the value of the timer counter and then indicates whether there
is acompare match.

To use this register, set the interval time in the timer mode and the event count in the external event mode.

Enter the upper count limit in capture mode. This register cannot be 8-bit accessed. Setting "0" in this
register resultsin 26 counts.

B TxCRR (Capture Data Register)

Figure 8.2-6 Bit Configuration of TXCRR (Capture Data Register)

TXCRR
Address bit 15 14 13 12 11 10 9 8 Initial value
ch.0 0000F6 D15 D14 D13 D12 D11 D10 D9 D8 XXXXXXXXg
ch.1 0000FE

ch2000106, "W RW RW  RW RW RW RW  RW
ch.3 00010E,

bit 7 6 5 4 3 2 1 0 Initial value

D7 D6 D5 D4 D3 D2 D1 DO XXXXXXXXg
R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

The capture dataregister (TXCRR) is used to read the captured value.
This register can be written to enter the initial value.
Thisregister cannot be 8-bit accessed.
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B TMODE

Figure 8.2-7 Bit Configuration of TMODE

TMODE
Address bit 15 14 13 12 11 10 9 8 Initial value
0001104 Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved |  00000000g

R/W R/W R/W R/W R/W R/W R/W R/W

bit 7 6 5 4 3 2 1 0 Initial value

Reserved | Reserved | Reserved | Reserved | Reserved | HCNTMD | Reserved | Reserved |  00000000g

R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

TMODE is aregister to set the HSYNC counter mode.
Thisregister is allowed an access with 16-hit.

[bit15 to bit3] Reserved: Reserved bits
These bits are reserved. Write"0" to these bits.

[bit2] HCNTMD:
This bit setsthe HSY NC counter mode.
0: Normal mode
1: HSYNC counter mode
The counter ch.0 isused in the HSY NC counter mode.
When input HSYNC to TMI0 and VSYNC to TMI1, the counter is used to set to the capture mode.
Be sure to specify different edge for capture start and end edges.

[bitl, bit0] Reserved: Reserved bits

These bits are reserved. Write "0" to these bits.
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8.3 Multifunction Timer Operation

The multifunction timer has the following operating modes:

* Interval timer

* Event count

e Capture mode

This section gives an overview of operation in each mode. The initial value of the toggle
output of this module is 0 in all modes.

B Interval Timer Mode
In the interval timer mode, the multifunction timer has functions that use the clock selected from the seven
types of clock sources for the timer count and toggle output and generate an interrupt if the counter value
and the compare register value match. The following figure shows the multifunction timer operating state
ininterval timer mode.

Figure 8.3-1 Operating State in Interval Timer Mode

FFFFy

Compare register
value

Counter value

00004
.“ - ..‘
N >
Pin output x H
Interrupt s N

An interrupt is generated
at the pin output edge.
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B Event Count Mode
In the event count mode, the multifunction timer detects the pin input edge and counts the edges the
specified number of times.

When the counter value and the compare register value match, TCFisset to "1". If TIE isset to "1" at this
time, an interrupt is generated. When a compare match is detected, the counter can be cleared.

Figure 8.3-2 Operating State in Event Count Mode

Clock | [ s s N I
| | | | | L | I
Pin input
Edge detection e
Counter 0 2 - .': "'-_ : .
Compare 4 L 3 :. ;
register B .
Toggle output ) .:
_— -\\
An output signal is This signal enables an
output yvhen a compare interrupt to be generated
match is detected. and the counter to be
cleared.
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B Capture Mode
In the capture mode, the width between the rising or falling edges of an external pin input can be measured.
The clock for measurement can be selected from the seven types of clock sources. The start and end edges
can be selected from either the rising or falling edge. In free-run mode, the count value is captured when
the end edge is reached. In the upper-limit compare mode, an upper limit isinput if the count value and the
upper-limit compare value match before the end edge is reached. Otherwise, the captured value at the end
edge isinput. The following figure shows an example of starting the count at the rising edge and ending it

at the falling edge in free-run mode.

MB91313A Series

Figure 8.3-3 Operating State in Capture Mode

External input

FFFFy

Counter value
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B Low-Pass Filter

CHAPTER 8 MULTIFUNCTION TIMER
8.3 Multifunction Timer Operation

This module contains alow-pass filter for each external pin input.

Thisfilter enableslogical reduction of noise in four types of widths.

Figure 8.3-4 Noise Reduction of Low-Pass Filter

Input signal

Capture signal

State

Output signal

Filter clock —1_—1_—1_—1_—1_—1_—1_—1_—1_—1_—1_—1_—1_—1_ﬂ
Input signal __':;hl‘:LQ -:L :::: W_Jj“j j':FW ‘: I \
Capture signal N !—Kﬁj i J. | /l.J |
y.
State XoX ON‘XZ 1:X2X2X_17y0 X1XOX1XZ
/
Output signal \ I | |
\\\ / g
This noise is
eliminated.
Filter clock

AN
AN

// /
[/
\ / / / All noise except signals that

This noise is continue for at least two cycles
of the filter clock is eliminated.

eliminated.
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CHAPTER 9
OTHER TIMERS

This chapter explains the main oscillation stabilization
wait timer, interval timer, and watch timer.

9.1 Main Oscillation Stabilization Wait Timer
9.2 Watch Timer
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9.1 Main Oscillation Stabilization Wait Timer

The main oscillation stabilization wait timer is a 23-bit counter that is synchronized with
the main clock to count up. It includes an interval timer function that continues to
generate interrupts in regular time intervals.

This timer uses the main clock to secure the oscillation stabilization wait time, when the
main oscillation is temporarily suspended during sub clock operation and restarted
using OSCDSL1 (bit8) in OSCCR (oscillation control register).

B Interval Times of the Main Oscillation Stabilization Wait Timer
Table 9.1-1 shows types of theinterval times. The following 3 interval times are available for selection.

Table 9.1-1 Interval Times of Main Oscillation Stabilization Wait Timer

Main clock cycle Interval time

2YF (12419

1/F¢, (approx. 60 ns) 21/F¢, (3.9 mg)

2%|F¢, (254 ms)

Note: F¢ representsthe main clock oscillation frequency (at F = 16.5 MHz).
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B Block Diagram of the Main Oscillation Stabilization Wait Timer
Figure 9.1-1 shows a block diagram of the main oscillation stabilization wait timer.

Figure 9.1-1 Block Diagram of Main Oscillation Stabilization Wait Timer

Counter for the main .l ,
oscillation stabilization E 0 1 2 3 4 5 6 7 8 10 15 22 E
wait timer ; - - - |
FoL———® 21| 22|23 |24 25|26 |27 |28 |2° 211 216 223 ;
(124 us)
Interval <
u 1_ < timer (3.9 ms)
selector [——————
254
< (254 ms)
4 Reset Counter
ese )
(INIT) clear circuit
Interval timer
interrupt
Main oscillation stabili- v
zation wait timer control | WIF | WIE | WEN |Reserved|Reserved| WS1 | WSO | WCL
register (OSCR)
FcL: Source oscillation of main clock
Number in () is the cycle when the source oscillation of the
main clock is 16.5 MHz

@ Main oscillation stabilization wait timer

Thistimer isa 23-bit up-counter that uses the source oscillation of the main clock for its count clock.

@ Counter clear circuit

Thiscircuit clears the counter at areset (INIT), other than the OSCR register setting (WCL=0).

@ Interval timer selector

Out of 3 different division outputs of the counter for the main oscillation stabilization wait timer, this
circuit selects one to be used for the interval timer. The falling edge of the selected division output is used
asthe interrupt source.

@ Main oscillation stabilization wait register (OSCR)

This register selects the interval time, clears the counter, controls interrupts and checks the interrupt state.
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B Explanation of the Main Oscillation Stabilization Wait Timer Register
The configuration of the main oscillation stabilization wait timer register is shown below.

Figure 9.1-2 Bit Configuration of Main Oscillation Stabilization Wait Control Register

OSCR
Address bit 15 14 13 12 11 10 9 8
000490y WIF WIE WEN |[Reserved|Reserved| WS1 WSO WCL
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value (INIT) 0 0 0 0 0 0 0 0
Initial value (RST) X X X X X X
R/W: Readable/writable

[bit15] WIF: Timer interrupt flag
WIF isthe flag for main oscillation stabilization wait interrupt requests.
Itissetto"1" at the falling edge of the selected division output for the interval timer.
A main oscillation stabilization interrupt request is output, when this bit and the interrupt request enable

bit are set to "1".
Value Description
0 No request for main oscillation stabilization interrupt [Initial value]
1 Reguest for main oscillation stabilization interrupt

* Thishitisinitialized to "0" by areset (INIT).

* Thisbit is readable and writable. For write operation, however, only "0" can be written. Writing 1"
does not change the bit value.

* Reading by read-modify-write (RMW) instruction always returns"1".

[bit14] WIE: Timer interrupt enable bit

WIE enables/disables the output of an interrupt request to the CPU. A main oscillation stabilization
interrupt reguest is output, when this bit and the main oscillation stabilization interrupt request flag bit
aresetto"1".

Value Description

0 Disables the output of main oscillation stabilization interrupt request. [Initial value]

1 Enables the output of main oscillation stabilization interrupt request.

e Thishitisinitialized to "0" by areset (INIT).
e Thishit isreadable and writable.
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[bit13] WEN: Timer operation enable bit
WEN enabl es the timer operation.

When thisbit is set to "1", the timer performs count operation.

Value Description

0 Thetimer stops. [Initia value]

1 The timer operates.

e Thishitisinitialized to "0" by areset (INIT).
* Thishit is readable and writable.

[bit12, bit1l] Reserved: Reserved bits
These are reserved bits. Write "0" on writing (writing "1" is disabled).
Read value is undefined.

[bit10, bit9] WS1, WSO0:Timer interval time selection bits
These bits select the cycle for the interval timer.
The cycleis selected from the following 3 output bits of the counter for the main oscillation stabilization

wait timer.
WS1 | WSO Interval timer cycle (When F¢ = 16.5 MHz)
0 0 Prohibited setting [Initial value]
0 1 | 2%YFq (124 p9)
1 0 | 2'Fg (3.9 ms)
1 1 | 22IFq (254 m9)

* Thesebitsareinitialized to "00g" by areset (INIT).
¢ These bits are readable and writable.

e To use the main oscillation stabilization wait time timer, write data to this register.

[bit8] WCL: Timer clear bit
When "0" iswritten to WCL, the oscillation stabilization wait timer is cleared to "0".
For write operation, only "0" can be written. Writing "1" has no effect on operation.

¢ Reading alwaysreturns"1".
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B Main Oscillation Stabilization Wait Interrupt

The counter for the main oscillation stabilization wait timer counts on the main clock, and sets the main
oscillation stabilization wait interrupt request flag (WIF) to "1" when the set interval time has elapsed. In
this case, if the interrupt request enable bit has been enabled (WIE=1), an interrupt request is generated to
the CPU. However, if the oscillation of the main clock is stopped (see the next section "Il Operation of the
Main Oscillation Stabilization Wait Timer"), the count operation also stops. As aresult, no main oscillation
stabilization wait interrupt is generated.

To clear an interrupt request, write"0" to the WIF flag in the interrupt processing routine.
Note that WIF is set at the falling edge of the specified division output, regardless of the WIE value.

Note:

When enabling the output of an interrupt request (WIE=1) after reset release or modifying WS1,WS0
bit, always clear WIF and WCL at the same time (WIF=WCL=0).

References:

When WIF is set to "1", an interrupt request is generated as soon as WIE is enabled from the
disabled state (0 — 1).

WIF is not set, if the counter is cleared (WPCR:WCL=1) at the same time as an overflow occurs
at the selected bit.

B Operation of Interval Timer Function

222

The counter for the main oscillation stabilization wait timer counts up on the main clock. Under the
following conditions, however, the count operation stops because the oscillation of the main clock stops.
e When WEN isset to"0"
« If the device enters stop mode when the main oscillation is set to stop in stop mode (bit0:OSCD1 in the
standby control register STCR = 1), the count operation stops during stop mode.
OSCDlisinitialized to "1" at areset (INIT). Therefore, to operate the main oscillation stabilization wait
timer even during stop mode, set OSCD2 to "0" before the device enters standby mode.
*  When OSCDSL (hit8) in OSCCR (oscillation control register) is set to "1" in sub clock mode, the main
oscillation stops and the timer also stops the count operation.
When the counter is cleared (WCL=0), it starts count operation from "0000004". Once it reaches
"TFFFFFY", it goes back to "0000004" and continues to count. When a falling edge is generated at the
selected division output for the interval timer, the main oscillation stabilization wait interrupt request bit
(WIF) isset to "1". This means that a main oscillation stabilization wait timer interrupt request is generated
at every selected interval time, based on the cleared time.
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B Operation of Clock Supply Function
The time-base counter is used to secure the oscillation stabilization wait timer after INIT or stop mode.
However, to secure the oscillation stabilization wait time for the main clock when the sub clock is selected
as the clock source, the main oscillation stabilization wait timer is used, as it operates on the main clock
regardless of the clock source selection.

To perform the main clock oscillation stabilization wait from the main oscillation stop state in the sub clock
operation, follow the procedure described below.

1) Set the time required to stabilize the oscillation of the main clock in WT1 and WTO and clear the
counter to "0" (WT1 and WTO =oscillation stabilization wait time; write "0" to WCL).
To perform processing after the completion of oscillation stabilization wait by an interrupt, also
initialize the interrupt flag (write "0" to WIF and WIE).

2) Start the oscillation of the main clock (write"1" to OSCDSL1 (bit8) in OSCCR).
3) Wait until the WIF flag is set to "1" by program.

4) Make sure that the WIF flag has been set to "1" and then perform the processing after the
completion of the oscillation stabilization wait. If interrupts are enabled, an interrupt occurs when
WIF is set to "1". In this case, perform the processing after the completion of the oscillation
stabilization wait in the interrupt routine.

Also, when switching from the sub clock to main clock, make sure that WIF has been set to "1" beforehand,
as described in 4). (If the clock is switched to the main clock without waiting until the oscillation stabilizes,
an unstable clock signal is supplied through the device, and the succeeding operation is not guaranteed.)

B Operation of the Main Oscillation Stabilization Wait Timer

Figure 9.1-3 shows the state of the counter during transition to the main clock when the main oscillation
stabilization wait timer is activated.

Figure 9.1-3 State of Counter during Transition to Main Clock when Main Oscillation Stabilization
Wait Timer is Activated

TFFFFPH e - o

Counter value

\4

A
Main clock oscillation
stabilization wait time

e Clear the timer (WCL=1) * When not "0"

e Set the interval time (WS1, WS0=11,) ! routine
e Start the main oscillation (OSCCR:0SCDS1=0)
[

Cleared in interrupt

WIF
(interrupt request) |

WIE | :il

(interrupt masking)
Sub clock

Clock mode

Change from sub clock to main clock
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B Notes on Using the Main Oscillation Stabilization Wait Timer

224

The oscillation stabilization wait time should be used for reference only, as the oscillation cycle is unstable
immediately after the oscillation starts.

While the oscillation of the main clock is stopped, the counter is also stopped. Consequently, ho main
oscillation stabilization interrupt occurs. Therefore, to perform any processing using a main oscillation
stabilization interrupt, do not stop the main oscillation.

If the WIF flag set request and the clearing to "0" from the CPU occur simultaneously, the flag set request
will have higher priority; therefore, the clearing to "0" will be cancelled.
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CHAPTER 9 OTHER TIMERS

9.2 Watch Timer

The watch timer is a 21-bit free-run counter that is synchronized with the sub clock to
count up. It includes an interval timer function that continues to generate interrupts in

regular time intervals.

M Interval Time of Watch Timer
Thefollowing 7 interval times are available for selection.

Table 9.2-1 Interval Time of Watch Timer

Sub clock cycle

Interval time

VFc, (approx. 30.5 us)

23F¢ (0.2559)

2Y¥Fc (0509

25/F¢, (1.009)

21%/F¢, (2.009)

15x2%/F (15

15x2'%/F, (30

15x2Y/F (60 s)

Note: F isthe sub clock oscillation frequency (at Fo = 32.768 kHz).

CM71-10143-5E
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B Block Diagram of Watch Timer

Figure 9.2-1 Block Diagram of Watch Timer

Counter for 77T T T T T T T T T T T T T T T T
watch timer 01 2 3 45 6 7 8 9 10 11 12 13 14 15 15t018 19 20

FCL4>|21|22|23|24|25|26|27|28|29|21°|2“|212|213|21“|215|2%—{ x15 |—2'[2""|

(0.25s)
(0.5s)
(1.0s)
In_terval 2.0s)
] 1 l— timer <
selector (15s)
(30°s)
(60s)
Reset ) Counter clear
(INIT) circuit
A
Watch interrupt
v

Watch timer control | WIE I WIE
register (WPCR)

Reserved | Reserved | \WS2 I WS1 I WSO I WCL |

FcL: Sub clock source oscillation
Number in () is the cycle when the source oscillation of the
sub clock is 32.768 kHz

[Watch timer]

Thistimer isa 21-bit up-counter that uses the source oscillation of the sub clock for its count clock.

[Counter clear circuit]
Thiscircuit clears the counter at areset (INIT), other than the WPCR register setting (WCL=0).

[Interval timer selector]

Out of 4 different division outputs of the counter for the watch timer, this circuit selects one to be used
for theinterval timer. The falling edge of the selected division output is used as the interrupt source.

[Watch timer control register (WPCR)]

This register selects the interval time, clears the counter, controls interrupts and checks the interrupt
state.
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B Registers of Watch Timer

Figure 9.2-2 Bit Configuration of Registers of Watch Timer

WPCR
Address bit 15 14 13 12 11 10 9 8
00048Cy WIF WIE |Reserved|Reserved| WS2 WS1 WSO WCL

R/W R/W W w R/W R/W R/W w

Initial value (INIT) 0 0 0 0 0 0 0 0
Initial value (RST) X X X X X X

R/W: Readable/writable

W:  Write only

[bitl5] WIF (Watch timer Interrupt Flag)
Thishit is the watch interrupt request flag.
Itissetto"1" at the falling edge of the selected division output for the interval timer.
A watch interrupt request is output, when this bit and the interrupt request enable bit are set to "1".

0 No watch interrupt request (initial value)

1 Watch interrupt request

* Thishitisinitialized to "0" by areset (INIT).

» Thisbit is readable and writable. For write operation, however, only "0" can be written. Writing "1"
does not change the bit value. Reading by read-modify-write (RMW) instruction always returns"1".

[bit14] WIE (Watch timer Interrupt Enable)

WIE enables/disables the output of an interrupt request to the CPU. A watch interrupt request is output,
when this bit and the watch interrupt request flag bit are set to "1".

0 Watch interrupt request output disabled (initial value)

1 Watch interrupt request output enabled

* Thishitisinitialized to "0" by areset (INIT).
* Thishit isreadable and writable.

[bitl3 to bit12] Reserved: Reserved bits
These are reserved bits. Write "0" on writing (writing "1" is disabled).
Read value is undefined.
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[bit11 to bit9] WS2 to WSO (Watch timer interval Select 2 to 0)
These bits select the cycle for the interval timer.
The cycleis selected from the following 7 output bits of the counter for the watch timer.

WS1 WSO WSO Interval timer cycle (When F¢| = 32.768 kHz)
0 0 0 213/ Fe (0.25'9) (Initial value)
0 0 1 214/ Fc (0509)
0 1 0 215/ F¢ (1.009)
0 1 1 218/ Fc (209
1 0 0 15x215/ Fo (159)
1 0 1 15x21%/ Fo (309)
1 1 0 15x217 | Fo (609)
1 1 1 Setting disabled

* Thesebitsareinitialized to "000g" by areset (INIT).
¢ These bits are readable and writable.

[bit8] WCL (Watch timer CLear)
When "0" iswritten to WCL, the watch timer is cleared to "0".
» For write operation, only "0" can be written. Writing "1" has no effect on operation.
* Reading aways returns"1".
B Watch Interrupt

The counter for the watch timer counts on the sub clock, and sets the watch interrupt request flag (WIF) to
"1" when the set interval time has elapsed. In this case, if the interrupt request enable bit has been enabled
(WIE=1), an interrupt request is generated to the CPU. However, if the oscillation of the sub clock is
stopped (see "W Operation of Interval Timer Function"), the count operation also stops. As a result, no
watch interrupt is generated.

To clear an interrupt request, write"0" to the WIF flag in the interrupt processing routine.
Note that WIF is set at the falling edge of the specified division output, regardliess of the WIE value.

Note:

When enabling the output of an interrupt request (WIE=1) after reset release or modifying WS1,WS0
bit, always clear WIF and WCL at the same time (WIF=WCL=0).

< When WIF is set to "1", an interrupt request is generated as soon as WIE is enabled from the
disabled state (0 — 1).

* WIF is not set, if the counter is cleared (WPCR:WCL=1) at the same time as an overflow occurs
at the selected bit.
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B Operation of Interval Timer Function
The counter for the watch timer always counts up during the sub clock oscillation. Under the following
conditions, however, the count operation stops because the oscillation of the sub clock stops.

When PLL2EN (bit11) of the clock source register CLKR is"0".

PLL2EN isinitialized to "0" at reset (INIT). When using the watch timer, write "1" to PLL2EN to start
the oscillation of the sub clock.

If the device enters stop mode when the sub oscillation is set to stop in stop mode (OSCD?2 (hitl) in the
standby control register STCR = 1), the count operation stops during stop mode. In this model, OSCD2
isinitialized to "1" at areset (INIT). Therefore, to operate the watch timer even during stop mode, set
OSCD2 to "0" before the device enters standby mode.

When the counter is cleared (WCL=0), it starts count operation from "0000004". Once it reaches
"1FFFFF", it goes back to "0000004" and continues to count. When a falling edge is generated at the
selected division output for the interval timer, the watch interrupt request bit (WIF) is set to "1". This
means that a watch interrupt request is generated at every selected interval time, based on the cleared time.

B Operation of Clock Supply Function
The time-base counter is used to secure the oscillation stabilization wait time after INIT or stop mode.
However, to secure the oscillation stabilization wait time for the sub clock when the main clock is selected
as the clock source, this watch timer is used, as it operates on the sub clock regardiess of the clock source
selection.

To perform the sub clock oscillation stabilization wait from the main clock operation, follow the procedure
described below:

CM71-10143-5E

1)

2)
3
4)

Set the interval time of the watch timer to 1 s (when F| = 32.768 kHz) and clear the counter to "0".
(Write"011" to WS2 to WSO, and "0" to WCL)

To perform processing after the completion of oscillation stabilization wait by an interrupt, also
initialize the interrupt flag (write "0" to WIF and "1" to WIE).

Start the oscillation of the sub clock (write"1" to PLL2EN (bit1l) in CLKR).
Wait until the WIF flag is set to "1" by program.

Make sure that the WIF flag has been set to "1" and then perform the processing after the
completion of the oscillation stabilization wait. If interrupts are enabled, an interrupt occurs when
WIF is set to "1". In this case, perform the processing after the completion of the oscillation
stabilization wait in the interrupt routine.

Also, when switching from the main clock to sub clock, make sure that WIF has been set to "1"
beforehand, as described in 4). (If the clock is switched to the sub clock without waiting until the
oscillation stahilizes, an unstable clock signal is supplied through the device, and the succeeding
operation is not guaranteed.)
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The following shows the state of the counter when activating the watch timer, when making a transition to
the sub clock, and when making a transition to the stop mode in the sub clock operation.

1FFFFF S 7 i R
Counter value
004000y f--mmmmmmmmmeeeee fe b e
i i i
| | |
| ] |
1 1 1
| ] |
| | |
| | 1
| | ]
y : : : >
| 1 1 |
Oscillation stabilization ! ![nterval i ! i ! i !
wait time for the sub clock! M€ ! | ! i ! i
| | | l V. | | 1 | | | |
! ! : ! > ’ :
. ] . . ] |
o Clear the timer (WCL=1) * When not "0" iCIeared in! Cleared in i Cleared in | i ! i
« Set the interval time (WS2 to WS0=011,) : 'r’;tft'iﬁ;pt | 'r’c‘)tliri:]“ep‘ : 'r’c‘)tl‘fé;‘gpt | i | :
¢ Activate sub clock oscillation (CLKR:PLLZENzl)i i i i i i i
L ! 1 ! | : |
WIF r‘# t*# 14 Y
/ﬁ T i
| ! 1
Clock source.  —— Main clock > Sub clock i T
' : i~ Stop’
Clock mod !
ock mode RUN . : RUN —
. . Instruction for transition to stop mode
¢ Change the interval time (WS2 to WS0=010;) P
¢ Change from the main clock to sub clock *:When STCR:0SCD2=0 (the oscillation is not stopped when stopped) is set

B Notes on Using Watch Timer

230

e The oscillation stabilization wait time should be used for reference only, as the oscillation cycle is
unstable immediately after the oscillation starts.

« While the oscillation of the sub clock is stopped, the watch timer is also stopped. Consequently, no
watch interrupt occurs. Therefore, to perform any processing using a watch interrupt, do not stop the
oscillation of sub clock.

« If the WIF flag set request and the clearing to "0" from the CPU occur simultaneously, the flag set
request will have higher priority; therefore, the clearing to "0" will be cancelled.
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CHAPTER 10
INTERRUPT CONTROLLER

This chapter gives an overview of the interrupt
controller and explains its register configuration/
functions and its operations.

10.1 Overview of Interrupt Controller
10.2 Registers of Interrupt Controller

10.3 Operations of Interrupt Controller
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10.1  Overview of Interrupt Controller

The interrupt controller receives and arbitrates interrupts.

B Hardware Configuration of the Interrupt Controller
This module consists of the following components:
e ICRregister
 Interrupt priority judgment circuit
* Interrupt level and interrupt number (vector) generation unit

« Hold request cancel request generation unit

B Major Functions of the Interrupt Controller
This module has the following major functions:
e Priority judgment (by interrupt level and number)
« Transmission of the interrupt level of the interrupt source selected by priority judgment (to the CPU)
« Transmission of the interrupt number of the interrupt source selected by priority judgment (to the CPU)
« Generation of arequest to the bus master to cancel a hold request
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B Register List of Interrupt Controller

Figure 10.1-1 lists the registers of the interrupt controller.

CHAPTER 10 INTERRUPT CONTROLLER
10.1 Overview of Interrupt Controller

Figure 10.1-1 List of Interrupt Controller Registers

Address

000440y,
000441y
000442,
000443y
000444,
000445y
000446,
000447y
000448,
000449y
00044A,,
00044By
00044Cy,
00044Dy
00044Ey,
00044Fy
000450,
000451y
000452y,
000453y
000454,
000455y
000456
000457y
000458,
000459y
00045A,,
00045By
00045Cy,
00045Dy
00045E,
00045Fy4
000460y
000461y
000462y,
000463y
000464,

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
- - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO
R RW RW RW R/W

ICROO
ICRO1
ICRO2
ICRO3
ICRO4
ICRO5
ICRO6
ICRO7
ICRO8
ICRO9
ICR10
ICR11
ICR12
ICR13
ICR14
ICR15
ICR16
ICR17
ICR18
ICR19
ICR20
ICR21
ICR22
ICR23
ICR24
ICR25
ICR26
ICR27
ICR28
ICR29
ICR30
ICR31
ICR32
ICR33
ICR34
ICR35
ICR36
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(Continued)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
000465y - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR37
000466 - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR38
000467y - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR39
000468, - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR40
000469y - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR41
00046AH - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR42
00046By - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR43
00046Cy - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR44
00046Dy - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR45
00046EH - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR46
00046F - - - ICR4 | ICR3 | ICR2 | ICR1 | ICRO ICR47
R R/W R/W R/W R/W
Address:
000045, - - - LvL4 | LVL3 | LVL2 | LVL1 | LVLO HRCL
R R/W R/W R/W R/W

B Interrupt Controller Block Diagram
Figure 10.1-2 isablock diagram of the interrupt controller.

Figure 10.1-2 Interrupt Controller Block Diagram

UNMI WAKEUP (1 when the level # 11111g)
Priority judgment
NMI 5 . Level 4t0 0
processing L
HLDREQ MHALTI
Level/ cancel
Level judgment request
vector 1 9
ICROO generation
RI00 VCT5 to VCTO
Vector ?L 0
. judgment
. ICR47
RI147
(DLYIRQ)
R-bus
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10.2  Registers of Interrupt Controller

This section describes the register configuration and functions of the interrupt
controller.

B Details of Interrupt Controller Registers
Theinterrupt controller has the following two types of registers:

¢ ICR (Interrupt Control Register)
+ HRCL (Hold Request Cancel Request Register)
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10.2.1 ICR (Interrupt Control Register)

An interrupt control register (ICR) is provided for each interrupt input to set the
interrupt level of the corresponding interrupt request.

B Interrupt Control Register (ICR)
The interrupt control register (ICR) consists of the following bits:

Figure 10.2-1 Bit Configuration of Interrupt Control Register (ICR)

ICR
Address bit 7 6 5 4 3 2 1 0 Initial value
000440 - - - ICR4 ICR3 ICR2 ICR1 ICRO --111115
to
00046F, R R/W R/W R/W R/W

R/W: Readable/writable
R: Read only
- Unused

[bit4 to bit0] ICR4 to ICRO
These bits are interrupt level setting bits to specify the interrupt level of the corresponding interrupt
request.
The CPU masks the interrupt request if the interrupt level set in this register is greater than or equal to
the level mask value set in the ILM register of the CPU.

Thebitsareinitialized to "11111g" at areset.
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Table 10.2-1 lists the available settings of the interrupt level setting bits and their respective interrupt
levels.

Table 10.2-1 Available Settings of Interrupt Level Setting Bits and Corresponding
Interrupt Levels

ICR4* | ICR3 | ICR2 | ICR1 | ICRO Interrupt level
0 0 0 0 0 0
0 1 1 1 0 1 System-reserved
0 1 1 1 1 15 NMI
1 0 0 0 0 16 Highest level available
1 0 0 0 1 17 (High)
1 0 0 1 0 18 A
1 0 0 1 1 19
1 0 1 0 0 20
1 0 1 0 1 21
1 0 1 1 0 22
1 0 1 1 1 23
1 1 0 0 0 24
1 1 0 0 1 25
1 1 0 1 0 26
1 1 0 1 1 27
1 1 1 0 0 28
1 1 1 0 1 29 v
1 1 1 1 0 30 (Low)
1 1 1 1 1 31 Interrupts disabled

*: |CR4 isfixed tobe"1"; "0" cannot be written to it.
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10.2.2 HRCL (Hold Request Cancel Request Register)

The hold request cancel request register (HRCL) is a level setting register for
generating a request to cancel a hold request.

B Hold Request Cancel Request Register (HRCL)
The hold request cancel request register (HRCL) consists of the following bits:

Figure 10.2-2 Bit Configuration of Hold Request Cancel Request Register (HRCL)

HRCL
Address bit 7 6 5 4 3 2 1 0 Initial value
00000045y - - - LvVL4 LVL3 LVL2 LvL1 LVLO 0--11111g

- - - R R/W R/W R/W R/W

R/W: Readable/writable
R: Read only
- Unused

[bit4 to bit0] LVL4 to LVLO
These hits set the interrupt level for generating a reguest to the bus master to cancel a hold request.

If an interrupt request with a higher priority level than the interrupt level set in this register occurs, a
request to cancel the hold request isissued to the bus master.

The LVL4 bitisfixed tobe"1"; "0" cannot be written to it.
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10.3  Operations of Interrupt Controller

This section describes the operations of the interrupt controller.

B Determining the Priority

This module selects the highest-priority interrupt among any interrupt sources that occur simultaneously
and outputsitsinterrupt level and interrupt number to the CPU.

The criteriafor determining the priority of interrupt sources are as follows.

 Interrupt source whose interrupt level is not 31 (31 indicates "interrupt disabled")

 Interrupt source with the lowest interrupt level value

 Interrupt source with the smallest interrupt number while satisfying the above

If no interrupt source is selected by the above criteria, 31 (11111g) is output as the interrupt level. The
interrupt number in this case is indeterminate.

For information on relationship between the interrupt sources, interrupt numbers, and interrupt levels, see
"APPENDIX B Vector Table".

B Hold Request Cancel Request

If you want to process high- priority interrupts during a CPU hold (during DMA transfer), the module that
generated the hold request needs to cancel the request. Use the HRCL register to set the reference interrupt
level at which arequest to cancel isto be generated.

@ Generation criteria
If an interrupt source with a higher priority level than the level set in the HRCL register occurs, arequest to
cancel the hold request is generated.

If interrupt level in HRCL register > level of interrupt after priority judgment, then generate cancel
request.

If interrupt level in HRCL register < level of interrupt after priority judgment, then do not generate
cancel request.

The cancel request remains active until the interrupt source that generated the cancel request is cleared and
therefore no DMA transfer occurs during this time. Always clear the associated interrupt source.
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@ Possible levels
The values able to be set in the HRCL register are "10000g" to "111115", the same asin the ICR.
If "11111R" is set, a cancel request is generated for all interrupt levels.
Table 10.3-1 shows the interrupt level settings for generating a request to cancel a hold request.

Table 10.3-1 Interrupt Level Settings That Generate a Hold Request Cancel Request

HRCL register Interrupt levels that generate a cancel request
16 None
17 Interrupt level 16
18 Interrupt levels 16 and 17
! |
31 Interrupt levels 16 to 30 [Initial value]

Once areset occurs, DMA transfer isinhibited for al interrupt levels. As this means that no DMA transfer
will be performed when an interrupt occurs, set the required value in the HRCL register.

B Returning from Standby (Stop or Sleep) Mode

The function for using an interrupt request to return from stop mode is performed by this module. If even
oneinterrupt request from a peripheral (with interrupt level other than "111115") occurs, arequest to return

from stop mode is issued to the clock control unit.

As the priority judgment unit restarts operation once the clock supply starts after recovery from stop mode,
the CPU is able to execute instructions until the priority judgment unit produces aresult.

The same operation occurs when returning from sleep mode. Access to the registers in this module remains
possible even in sleep mode.

Note:

Set the interrupt level for interrupt sources that you do not want to cause the device to return from
stop or sleep mode to "11111g" in the corresponding peripheral control register.

240 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 10 INTERRUPT CONTROLLER

MB91313A Series 10.3 Operations of Interrupt Controller

B Example of Using the Function to Generate a Request to Cancel a Hold Request

(HRCR)

If you want the CPU to perform high-priority processing during DMA transfer, you need to cancel the hold
state by requesting the DMA to cancel its hold request. This example uses an interrupt to cause the DMA to
cancdl its hold request and to give priority to CPU operation.

@ Control registers

(1) HRCL (Hold request cancel level setting register): this module:
If an interrupt with a higher-priority level than the interrupt level set in this register occurs, a request
to cancel the hold request is passed to the DMA. Set the level to use as the criterion.

(2) ICR: this module:
Set an interrupt level with a higher priority than the level set in the HRCL register in the ICRs of the
interrupt sources you want to use.

@ Hardware configuration

Figure 10.3-1 shows the flow of each signal for ahold request.

Figure 10.3-1 Hold Request Signal Flow

This module Bus access request
IRQ MHALTI DHREQ DHREQ : D-bus hold request
_% I-unit DMA B-unit CPU DHACK : D-bus hold acknowledge
ICR IRQ : Interrupt request
(ICR) MHALT]I : Hold request cancel request
(HRCL) DHACK
@ Sequence

Figure 10.3-2 shows the interrupt level for a higher priority level than the level set in the HRCL register.

Figure 10.3-2 Interrupt Level: HRCL < ICR (LEVEL)

RUN Bus hold Interrupt processing Bus hold (DMA transfer)

Example of
CPU 1 2
>< >< ;_( ) @ >< interrupt routine

Bus access N ! :
request (2) Clear interrupt
DHREQ j RS ‘ source

to
DHACK [ ]
(2) RETI
IRQ :

LEVEL Y

N
MHALTI = >—T
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When an interrupt reguest occurs and the interrupt level changes, the MHALTI signal to the DMA goes
activeif the new level has a higher priority than the level set in the HRCL register. This causes the DMA to
cancel access requests and the CPU to return from the hold state and start processing the interrupt.

Figure 10.3-3 shows the interrupt level for multiple interrupts.

Figure 10.3-3 Interrupt Level: HRCL < ICR (Interrupt I) < ICR (Interrupt II)

Interrupt Interrupt Bus hold
RUN Bus hold Interrupt | processing Il processing | (DMA transfer)
CPU X X X3 @ X @ X
B
usoceess | 5
DHREQ i |
DHACK T [
IRQ1 [ ol
IRQ2 ' [ ke
B v ) 4 H
LEVEL X X X X ]
MHALTI ) b
[Example of interrupt routine]
(2), (3) Clear interrupt source
to
(2), (4) RETI
The above example shows the case when a higher priority interrupt occurs during execution of interrupt
routine .

DHREQ remains low while the interrupt with an interrupt level higher than the interrupt level set in the
HRCL register is present.

Note:
Pay due attention to the relationship between the interrupt levels set in the HRCL register and ICRs.
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CHAPTER 11
EXTERNAL INTERRUPT
CONTROL UNIT

This chapters gives an overview of the external interrupt
control unit and describes its register configuration/
functions and its operations.

11.1 Overview of External Interrupt Control Unit
11.2 Registers of External Interrupt Control Unit

11.3 Operations of External Interrupt Control Unit

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 243



CHAPTER 11 EXTERNAL INTERRUPT CONTROL UNIT
11.1 Overview of External Interrupt Control Unit MB91313A Series

11.1  Overview of External Interrupt Control Unit

The external interrupt control unit is a block to control an external interrupt request
input to the INT pin.

The external interrupt to be detected can be selected from among the following four:
o "H" level

o "L" level

* Rising edge

* Falling edge

These levels can be used for the STOP restore.

B List of Registers of External Interrupt Control Unit
The registers of the external interrupt control unit are listed below.

Address bit31 2423 1615 87 1
000040y, | EIRRO [ ENIRO | ELVRO
to |
0000C0y EIRR1 ENIR1 ELVR1
0000C4, EIRR2 ENIR2 ELVR2

B Block Diagram of External Interrupt Control Unit
Figure 11.1-1 isablock diagram of the external interrupt control unit.

Figure 11.1-1 Block Diagram of External Interrupt Control Unit

R-bus
8
Interrupt enable register
24 24
Gate Source FF Edge detection circuit INTO to INT23
8
Interrupt source register
16
Request level setting register
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11.2 Registers of External Interrupt Control Unit

This section describes the register configuration and functions of the external interrupt
control unit.

B Details of Registers of External Interrupt Control Unit
The external interrupt control unit has the following three types of registers:
 Interrupt Enable Register (ENIR)
« Externa Interrupt Source Register (EIRR)
« Externa Interrupt Request Level Setting Register (ELVR)
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11.2.1 Interrupt Enable Register (ENIR)

The interrupt enable register (ENIR) controls the masking of the external interrupt
request output.

B Interrupt Enable Register (ENIR)
Theinterrupt enable register consists of the following bits:

Figure 11.2-1 Bit Configuration of Interrupt Enable Register (ENIR)

ENIRO
Address bit 23 22 21 20 19 18 17 16 Initial value
0000414 EN7 EN6 EN5 EN4 EN3 EN2 EN1 ENO 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W
ENIR1
Address bit 15 14 13 12 11 10 9 8 Initial value
0000C14 EN15 EN14 EN13 EN12 EN11 EN10 EN9 ENS8 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W
ENIR2
Address bit 7 6 5 4 3 2 1 0 Initial value
0000C54 EN23 EN22 EN21 EN20 EN19 EN18 EN17 EN16 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W
R/W: Readable/writable

When "1" is written to a bit in this register, the interrupt request output corresponding to the bit is enabled
(for example, ENO controls the enabling of INTO), and the interrupt request is output to the interrupt
controller. The pin corresponding to the bit to which "0" is written holds the interrupt source but does not
generate arequest to the interrupt controller.
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CHAPTER 11 EXTERNAL INTERRUPT CONTROL UNIT

External Interrupt Source Register (EIRR)

11.2 Registers of External Interrupt Control Unit

The external interrupt source register (EIRR) is a register to indicate that a

corresponding external interrupt request exists when read, and to clear a content of the
flip-flop showing this request when written.

B External Interrupt Source Register (EIRR)

The external interrupt source register consists of the following bits:

Figure 11.2-2 Bit Configuration of External Interrupt Source Register (EIRR)

EIRRO
Address
000040y,

EIRR1
Address
0000COy

EIRR2
Address
0000C4,

bit

bit

bit

23 22 21 20 19 18 17 16
ER7 ER6 ER5 ER4 ERS3 ER2 ER1 ERO
R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8
ER15 ER14 ER13 ER12 ER11 ER10 ER9 ERS8
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0

ER23 ER22 ER21 ER20 ER19 ER18 ER17 ER16
R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

Initial value

00000000g

Initial value

00000000g

Initial value

00000000g

The operation performed when this EIRR register is read depends on the read value as follows.

When a hit contains "1", it indicates that there is an external interrupt request at the pin corresponding to
that bit. Writing "0" to a bit in this register clears the request flip-flop of that bit.

Writing "1" isignored. When this bit is read to a read-modify-write (RMW) instruction, "1" is always read.

Depending on the pin state, the bit value of the external interrupt source register can be "1" even if "0" is
written to the corresponding bit of the external interrupt enable register.
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External Interrupt Request Level Setting Register (ELVR)

The external interrupt request level setting register (ELVR) is a register to select request
detections.

B External Interrupt Request Level Setting Register (ELVR)
The external interrupt request level setting register (ELVR) consists of the following bits.

Figure 11.2-3 Bit Configuration of External Interrupt Request Level Setting Register (ELVR)

ELVRO
Address
000042y

Address
000043y

ELVR1
Address
0000C2y

Address
0000C34

ELVR2
Address
0000C6,

Address
0000C7y

bit

bit

bit

bit

bit

bit

15 14 13 12 11 10 9 8
LB7 LA7 LB6 LAG LB5 LAS LB4 LA4
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
LB3 LA3 LB2 LA2 LB1 LAl LBO LAO
R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8

LB15 LA15 LB14 LA14 LB13 LA13 LB12 LA12
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
LB11 LAl LB10 LA10 LB9 LA9 LB8 LA8
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8
LB23 LA23 LB22 LA22 LB21 LA21 LB20 LA20
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
LB19 LA19 LB18 LA18 LB17 LAL17 LB16 LA16
R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

Initial value

00000000g

Initial value

00000000g

Initial value

00000000g

Initial value

00000000g

Initial value

00000000g

Initial value

00000000g
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In the ELVR register, two bits are assigned to each interrupt channel, which results in the settings shown in
the table below.

When each bit in the EIRR register is cleared while the level isin the request input level, the corresponding
bit is set again aslong asthe input is at active level.

Table 11.2-1 shows assignment of ELVR.

Table 11.2-1 Assignment of ELVR

LBx, LAX Operation
00 "L" level indicates the presence of arequest. [Initial value]
01 "H" level indicates the presence of arequest.
10 A rising edge indicates the presence of arequest. i
1 A falling edge indicates the presence of arequest. )

*: The setting to INT16-to-INT23 is disabled.
Note: Any request level can be set for restoring from STOP. (INTO to INT15)

Notes:

If external interrupt request level is changed, internal interrupt request may be occurred. So clear
the external interrupt register after changing the external interrupt request level. When you want
to clear the external interrupt request level register once.

Edge detection is not available for the INT17 and INT19 channels. Always set these channels to
use level detection.

This restriction does not apply to the MB91F313A.

All request levels are able to be set after recovery from STOP (except for INT17 and INT19).

This restriction does not apply to the MB91F313A.
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11.3  Operations of External Interrupt Control Unit

This section describes the operations of the external interrupt control unit.

B Operations of an External Interrupt
If, after arequest level and an enable register are set, a request defined in the ELVR register is input to the
corresponding pin, this module generates an interrupt request signal to the interrupt controller. The
interrupt controller identifies the priorities of interrupts simultaneously generated within the interrupt
controller and, if it determines that the interrupt request from this resource has the highest priority, the
corresponding interrupt generates.

Figure 11.3-1 shows the external interrupt operation.

Figure 11.3-1 External Interrupt Operation

External interrupt  gocoirce Interrupt controller CPU
request
ELVR ICRyy > IL —>i
EIRR > CMP > CMP
ENIR ICRxx > ILM >
Source —>r------ S

B Operating Procedure for an External Interrupt
Set up the registers located inside the external interrupt control unit as follows:
Set the general-purpose 1/0 port served dua use as external interrupt input pin as the input port.
Disable the target bit in the enable interrupts register (ENIR).
Set the target bit in the external interrupt request level setting register (ELVR).
Read the external interrupt request level setting register (ELVR).
Clear the target bit in the enable interrupts register (ENIR).
Enable the target bit in the enable interrupts register (ENIR).
However, simultaneous writing of 16-bit datais allowed for steps 5. and 6.

o 0k~ wDdPE

Before setting a register in this module, you must disable the enable register. In addition, before enabling
the enable register, you must clear the interrupt source register. This procedure is required to prevent an
interrupt source from occurring by mistake while aregister is being set or an interrupt is enabled.
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B External Interrupt Request Level

If the request level is an edge request, a pulse width of at least 3 machine cycles (peripheral clock machine
cycles) isrequired to detect an edge.

When the request input level is alevel setting, the required pulse width is a minimum of 3 machine cycles.
While the interrupt input pin is holding its active level, the interrupt request to the interrupt controller keeps
on being generated even with the external interrupt source register cleared.

If the request input level isalevel setting, a request input is entered from outside and is then cancelled, the
reguest to the interrupt controller remains active because a source holding circuit existsinternally.

The external interrupt source register must be cleared to cancel arequest to the interrupt controller.
Figure 11.3-2 illustrates the clearing of the source holding circuit when alevel is set.

Figure 11.3-2 Clearing the Source Holding Circuit When a Level is Set

. Interrupt
Interrupt input——>{Level detection Source FF —>| Enable gate controller

(source holding circuit)

e

Holds a source unless it is cleared.

Figure 11.3-3 shows an interrupt source and an interrupt request to the interrupt controller when interrupts
are enabled.

Figure 11.3-3 Interrupt Source with Interrupts Enables and Interrupt Request to Interrupt Controller

R-bus
8
<—F~—> Interrupt enable register
24 24
Gate Source FF Edge detection circuit INTO to INT23
8
Interrupt source register

16

<—~—> Request level setting register ’7
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CHAPTER 12

DELAY INTERRUPT MODULE

This chapter explains the overview of the delay interrupt
module, configuration/functions of the registers, and
operations of the module.

12.1 Overview of Delay Interrupt Module
12.2 Registers of Delay Interrupt Module
12.3 Operations of Delay Interrupt Module

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 253



CHAPTER 12 DELAY INTERRUPT MODULE
12.1 Overview of Delay Interrupt Module

12.1  Overview of Delay Interrupt Module

MB91313A Series

The delay interrupt module generates an interrupt for switching tasks.
Using this module, software can generate or release an interrupt request for the CPU.

B Register List of Delay Interrupt Module
Register list of the delay interrupt moduleis as follows:

R/W: Readable/writable
- Undefined

DICR
Address bit 7 6 5 2 0
000044, - DLYI
R/IW

B Block Diagram of Delay Interrupt Module
Figure 12.1-1 shows a block diagram of the delay interrupt module.

Figure 12.1-1 Block Diagram of Delay Interrupt Module

R-bus

Interrupt request

DLYI
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12.2 Registers of Delay Interrupt Module

This section explains the register configurations/functions of the delay interrupt

module.

B DICR (Delay Interrupt Module Register)
DICR controls the delay interrupt.
The bit configuration of the delay interrupt module register (DICR) is asfollows:

DICR
Address bit 7 6 5 4 3 2 1 0 Initial value
000044 - DLYI | - O
R/W
R/W: Readable/writable
- Undefined
[bit0] DLYI
DLYI Description
0 No release and request of delay interrupt source [Initial value]
1 Generated delay interrupt source

This bit controls generating and releasing of the corresponding interrupt sources.
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12.3  Operations of Delay Interrupt Module

The delay interrupt is an interrupt generated for switching tasks.Use this function to
allow a software program to generate an interrupt request for the CPU or to release an
interrupt request.

W Interrupt Number
A delay interrupt is assigned to the interrupt source corresponding to the largest interrupt number.

In thismodel, adelay interrupt is assigned to interrupt number 63 (3F).

H DLYI Bit of DICR
Writing "1" to this bit generates a delay interrupt source.Writing "0" clears a delay interrupt source.

This bit is the same as the interrupt source flag for a normal interrupt. Therefore, clear this bit and switch
tasksin the interrupt routine.
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CHAPTER 13

BIT SEARCH MODULE

This chapter explains the overview of the bit search
module, configurations/functions of the registers, and
operations of the module.

13.1 Overview of Bit Search Module
13.2 Registers of Bit Search Module
13.3 Operations of Bit Search Module
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13.1 Overview of Bit Search Module

The bit search module searches for "0", "1", or any points of change for data written to the
input register and then returns the detected bit locations.

B Register List of Bit Search Module
Register list of the bit search moduleis asfollows:

bit31 bit0
Address: 0003F0y BSDO 0 Detection data register
Address: 0003F4y BSD1 1 Detection data register
Address: 0003F84 BSDC Change point detection data register
Address: 0003FC BSRR Detection result register

B Block Diagram of Bit Search Module
Figure 13.1-1 shows a block diagram of the bit search module.

Figure 13.1-1 Block Diagram of Bit Search Module

D-bus

Input latch

—>| Address decoder ———>|Detection mode

1 detection data

Bit search circuit

Detection result

258 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E




CHAPTER 13 BIT SEARCH MODULE
MB91313A Series 13.2 Registers of Bit Search Module

13.2 Registers of Bit Search Module

This section explains the register configurations/functions of the bit search module.

B O Detection Data Register (BSDO)
0 detection is performed for written value.
Shown below is the configuration of the O detection data register (BSDO):

Figure 13.2-1 Bit Configuration of 0 Detection Data Register (BSDO)

Address bit31 bit0
0003FO0y, |
Read/write w
Initial value XXXXXXXXH

Theinitia value after areset is undefined. Read value is undefined.

Use a 32-bit length data transfer instruction for data transfer (Do not use 8-bit or 16-bit length data transfer
instructions).

B 1 Detection Data Register (BSD1)
Shown below is the configuration of the 1 detection dataregister (BSD1):

Figure 13.2-2 Bit Configuration of 1 Detection Data Register (BSD1)

Address bit31 bit0
0003F4 |
Read/write R/W
Initial value XXXXXXXXH

Use a 32-bit length data transfer instruction for data transfer (Do not use 8-bit or 16-bit length data transfer
instructions).
e Writing:
"1" detection is performed for the written value.
e Reading:
Saved data of the internal state in the bit search module is read. This register is used to save and restore
to the origina state when the bit search module is used by, for example, an interrupt handler.
Even though data is written to the O detection, change point detection, or data register, the data can be
saved and restored only by using the 1 detection data register.
Theinitial value after areset is undefined.
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B Change Point Detection Data Register (BSDC)

Point of change is detected in the written value.

Shown below is the configuration of the change point detection data register (BSDC):

Figure 13.2-3 Bit Configuration of Change Point Detection Data Register (BSDC)

Address bit31 bit0
0003F8y, |
Read/write w
Initial value XXXXXXXXH

Theinitial value after areset is undefined.

Read value is undefined.

Use a 32-bit length data transfer instruction for data transfer (Do not use 8-bit or 16-bit length data transfer
instructions).

B Detection Result Register (BSRR)
The result of O detection, 1 detection, or change point detection is read.

Which detection result isto be read is determined by the data register that has been written to last.
Register configuration of the detection result register (BSRR) is as follows:

Figure 13.2-4 Bit Configuration of Detection Result Register (BSRR)

Address bit31 bit0
0003FCy |
Read/write R
Initial value XXXXXXXXH
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13.3  Operations of Bit Search Module

This section explains the operations of the bit search module.

B O Detection

The bit search module scans data written to the O detection data register from MSB to LSB and returns the
location where the first "0" is detected.

The detection result can be obtained by reading the detection result register. The relationship between the
detected location and the return value is described in Table 13.3-1.

If "0" isnot found (that is, the value is FFFFFFFF), 32 is returned as the search result.

[Execution example]
Written data Read value (decimal)

111111111111111111110000000000005 (FFFFFO00R) - 20
11111000010010011110000010101010g (FB49EOAA) — 5
10000000000000101010101010101010g (8002AAAA) — 1
11111111111111111121111111111111 1 (FFFFFFFF) — 32

B 1 Detection

The bit search module scans data written to the 1 detection data register from MSB to LSB and returns the
location where the first "1" is detected.

The detection result can be obtained by reading the detection result register. The relationship between the
detected location and the return value is described in Table 13.3-1.

If "1" is not found (that is, the value is 000000004), 32 is returned as the search result.

[Execution example]
Written data Read value (decimal)

001000000000000000000000000000005 (20000000y) -

00000001001000110100010101100111 (01234567,) - 7
000000000000001111111111111111115 (OO03FFFF) - 14
(000000000000000000000000000000015 (00000001) - 31
(00000000000000000000000000000000g (00000000) - 32
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B Change Point Detection

The bit search module scans data written to the change point detection data register from bit30 to LSB for
comparison with the MSB value.

The first location where a value that is different from that of the MSB is detected is returned. The detection
result can be obtained by reading the detection result register.

The relationship between the detected location and the return value is described in Table 13.3-1.
If achange point is not detected, 32 is returned. In change point detection, "0" is never returned as aresult.

[Execution example]
Written data

001000000000000000000000000000005 (20000000y)
00000001001000110100010101100111 (01234567,)
000000000000001111111111111111115 (OO03FFFF)
(000000000000000000000000000000015 (00000001)
(00000000000000000000000000000000g (00000000

111111111111111111110000000000005 (FFFFFO00,,)
11111000010010011110000010101010g (FB49EO0AA)
100000000000001010101010101010105 (8002AAAAL)
1111111111111111112111111111111 15 (FFFFFFFFY)

N

Table 13.3-1 shows the bit locations and return values (decimal).

Table 13.3-1 Bit Locations and Return Values (Decimal)

MB91313A Series

Read value (decimal)
2
7
14
31
32
20
5
1
32

DetectedBit | Return | DetectedBit | Return | DetectedBit | Return Detected Bit
Location Value Location Value Location Value Location Return Value

31 0 23 8 15 16 7 24
30 1 22 9 14 17 6 25
29 2 21 10 13 18 5 26
28 3 20 11 12 19 4 27
27 4 19 12 11 20 3 28
26 5 18 13 10 21 2 29
25 6 17 14 9 22 1 30
24 7 16 15 8 23 0 31

Does not exist 32
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B Process of Save/Restore

If it is necessary to save and restore the internal state of the bit search module, such as when the bit search
moduleis used in an interrupt handler, use the following procedure:

1) Read the 1 detection data register and save its content (save).
2) Usethebit search module.
3) Writethe data saved in 1) to the 1 detection data register (restore).

With the above operation, the value obtained when the detection result register is read the next time
corresponds to the value written to the bit search module before 1).

If the data register written to last is the O detection or change point detection register, the value is restored
correctly with the above procedure.
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CHAPTER 14
10-BIT A/D CONVERTER

This chapter gives an overview of the 10-bit A/D
converter, register configuration and functions, and
10- bit A/D converter operation.

14.1 Overview of the 10-Bit A/D Converter
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14.1 Overview of the 10-Bit A/D Converter

The 10-bit successive approximation A/D converter has two operation modes:
conversion start by software and conversion start by external trigger.

B Features of the 10-Bit A/D Converter
e Conversion time: 7.94 us (sampling: 5.91 us, conversion: 2.03 us) when fch is @33MHz
« A/D conversion result register available for each channel
¢ Channel scan function

B Registers
Address  bitl5 bit0
000020H ADCTH ADCTL A/D Converter control register
000022+ ADCH Software conversion analog input select register
000024+ ADATO A/D conversion result register ch.0
000026H ADAT1 A/D conversion result register ch.1
000028+ ADAT2 A/D conversion result register ch.2
00002AH ADAT3 A/D conversion result register ch.3
00002CH ADAT4 A/D conversion result register ch.4
00002EH ADAT5 A/D conversion result register ch.5
000030H ADAT6 A/D conversion result register ch.6
000032H ADAT7 A/D conversion result register ch.7
000034+ ADAT8 A/D conversion result register ch.8
000036H ADAT9 A/D conversion result register ch.9
000038H TEST A/D converter test register (access prohibited)
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B Block Diagram

CHAPTER 14 10-BIT A/D CONVERTER
14.1 Overview of the 10-Bit A/D Converter

Figure 14.1-1 A/D Converter Block Diagram

AN9 —>
AN8 —>
AN7 —>
ANG —>
ANS5 —>
AN4 —>
AN3 —>
AN2 —>
AN1 —>
ANO —>

BUFFERx 10
................................................ € >
D/IA Converter | ... eerrereen e
Comparator T
< Control Logic
% S/H >
AID €—>
ch & Status
Control Logic
External pin —> IRQ
ATRG

Internal data bus
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B A/D Converter Control Register (ADCTH, ADCTL)

Figure 14.1-2 Bit Configuration of A/D Converter Control Register (ADCTH, ADCTL)

ADCTH
Address bit 15 14 13 12 11 10 9 8 Initial value
000020y - - - - - - TRG STR 000000005
R/W R/W R/W R/W R/W R/W R/W R/W
ADCTL
Address bit 7 6 5 4 3 2 1 0 Initial value
000021y ASS3 ASS2 ASS1 ASSO BUSY - INT INTE 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W
R/W: Readable/writable

[bit15 to bit10] Unused bits
The read value of these bits are always "000000g".

[bit9] TRG

0 Start by external pin trigger is prohibited.

1 Start by external pin trigger

When this bit is set to "1", A/D conversion is started when a rising edge is detected at external pin
(ATRG) input.

Thishit isignored if an edgeis detected during A/D conversion.

[bit8] STR

This bit isthe A/D conversion start bit.

0 No effect

1 Software start/restart (write during conversion)

The read value of this bit isalways"0".

[bit7 to bit4] ASS3 to ASSO

These bits enable reading of the selected analog channel.
Thisbit enables reading of effective datawhen [bit3] BUSY = 1.

0000g to 10015 | Selected channel

Others Setting disabled
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[bit3] BUSY
Thishbit isaflag that indicates A/D conversion isin progress.

0 A/D conversion isnot in progress.

1 A/D conversion isin progress.

[bit2] Unused bit
The read value of thisbit isalways"0".

[bitl] INT
Thishit isthe A/D conversion end flag.
0 No conversion, or conversion isin progress.
1 Conversion is compl eted.
[bit0] INTE

Thisbit isthe A/D conversion interrupt enable bit.

0 Interrupt is disabled.

1 Interrupt is enabled.

When INT and INTE are both set to "1", an interrupt request is generated.
B Software Conversion Analog Input Select Register

Figure 14.1-3 Bit Configuration of Software Conversion Analog Input Select Register

ADCH
Address bit 15 14 13 12 11 10 9 8 Initial value
000022, ‘ - | - ‘ - ‘ - ‘ - ‘ - ‘ i9 ‘ i8 ‘ 00000000
RW RW RW RW RW RW RW RW
Address bit 7 6 5 4 3 2 1 0 Initial value
000022, | i7 | i6 ‘ i5 ‘ i4 ‘ i3 ‘ i2 ‘ i1 ‘ i0 ‘ 00000000
RW RW RW RW RW RW RW RW
R/W:Readable/writable

[bitl5 to bit10] Unused bits
The read value of these bits are always"0".
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[bit9 to bit0] i9to i0
These hits are the software conversion analog input select bits.

0 Input is not selected.

1 Input is selected.

If multiple inputs are selected, datais sequentially converted for all selected inputs.

B A/D Conversion Result Register (Channels 0 to 9)

Figure 14.1-4 Bit Configuration of A/D Conversion Result Register (Channels 0to 9)

ADATO to ADAT9
Address bit 15 14 13 12 11 10 9 8 Initial value
000022, | - | - ‘ - ‘ - ‘ - ‘ - ‘ do ‘ ds ‘ 00000000
R R R R R R R
Address bit 7 6 5 4 3 2 1 0 Initial value
000022, | d7 | d6 ‘ ds ‘ d4 ‘ d3 ‘ d2 ‘ d1 ‘ do ‘ 00000000
R R R R R R R R
R: Read only

[bitl5 to bit10] Reserved
The read value of these bits are always "000000g".

[bit9 to bit0] d9 to dO
These bits store the A/D conversion result for the channels.

B A/D Conversion Started by Software

To perform A/D conversion started by software, select the required channel from analog input pins ANO to

AN9. Write"1" to the corresponding bit of the ADCH register to enable A/D conversion.

(1) Single channel
If only one channel is selected as the analog input pin for conversion, writing "1" to the STR bit of the
ADCTH register starts software-started conversion and sets the BUSY hit of the ADCH register to
n lll X
Writing "1" to the STR bit again during conversion initializes the converter and restarts conversion.
After A/D conversion ends, the BUSY hit of the ADCH register is reset to "0" and the INT bit of the
ADCTL register isset to "1". These status bits can be read to determine whether conversion has ended.
To generate an interrupt to complete conversion, set the INTE bit of the ADCTL register to "1"
beforehand.

(2) Multiple channels (scan conversion)
If multiple channels are selected as the analog input pins for conversion, the converter performs A/D
conversion for the first selected channel and then stores the conversion result in the register
corresponding to the channel. The converter then repeats this process for the remaining selected
channels.
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Writing 1 to the corresponding bit of the ADCH register to select the channel for conversion and
writing "1" to the STR bit of the ADCH register start conversion and set the BUSY bit of the ADCTL
register to "1". The channels are converted sequentially from 0 to 9. If a channel is not selected in the
ADCH register, the converter skips that channel and starts conversion for the next selected channel.
Writing "1" to the STR bit again during conversion initializes the converter and restarts conversion for
the selected channelsin the order of 0 to 9.

When A/D conversion for all selected channels ends, the BUSY bit of the ADCTL register is reset to
"0" and the INT bit of the ADCTL register is set to "1". To generate an interrupt to complete
conversion, set the INTE bit of the ADCTL register to "1" beforehand.

Theresults of A/D conversion are stored in the registers of individual channels.

B A/D Conversion Started by External Trigger
If externa trigger start is enabled (ADCTH: TRG = 1), detection of arising edge at externa pin (ATRG)
input starts A/D conversion. If the signal for A/D conversion by software is received when the externa
trigger is enabled, conversion is also started. If arising edge is detected again at externa pin (ATRG) input
during A/D conversion, conversion isinitialized and restarts the operation from the beginning.

Note:

When entering the stop mode in the low-power consumption mode, be sure to confirm that A/D
conversion is not in progress.
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MULTI FUNCTION
SERIAL INTERFACE

This chapter describes the functions and operations of
the multi function serial interface.

15.1 Overview of the Multi Function Serial Interface

15.2 Functions of UART (Asynchronous Multi Function Serial Interface)
15.3 Registers of UART (Asynchronous Multi Function Serial Interface)
15.4 Interrupts of UART

15.5 Operations of UART

15.6 UART Dedicated Baud Rate Generator

15.7 Setting Procedure and Program Flow for Operating Mode 0
(Asynchronous Normal Mode)

15.8 Setting Procedure and Program Flow for Operating Mode 1
(Asynchronous Multiprocessor Mode)

15.9 Notes on UART Mode

15.10 Overview of CSIO (Clock Synchronous Multi Function Serial
Interface)

15.11 Registers of CSIO (Clock Synchronous Multi Function Serial
Interface)

15.12 Interrupts of CSIO (Clock Synchronous Multi Function Serial
Interface)

15.13 Operations of CSIO (Clock Synchronous Multi Function Serial
Interface)

15.14 CSIO Dedicated Baud Rate Generator

15.15 Setting Procedure and Program Flow for CSIO (Clock
Synchronous Multi Function Serial Interface)

15.16 Notes on CSIO Mode
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Registers of the I1°C Interface
Interrupts of the 1°C Interface

Operations of 12C Interface Communication
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CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE

15.1 Overview of the Multi Function Serial Interface

This section describes the overview of multi function serial interface.

B Interface Mode

The multi function seria interface can select the following interface modes depending on the operating

mode setting:
* UARTO (asynchronous norma multi function serial interface)

* UART1 (asynchronous multiprocessor multi function serial interface)

¢ CSIO (clock synchronous multi function serial interface) (capable of supporting SPI)

« 12C (1°C businterface)

B Switching the Interface Modes

When communicating with each multi function serial interface, set the operating mode in the registers

shown in Table 15.1-1 before starting the communication.

Figure 15.1-1 Bit Configuration of Serial Mode Register (SMR)

SMR
bit 7 6 5 4 3 2 1 0 Initial value
MD2 MD1 MDO - WUCR SBL SCKE SOE 000-0000g
R/W R/W R/W - R/W R/W R/W R/W
R/W: Readable/writable
- Undefined
Table 15.1-1 Switching the Interface Modes
MD2 MD1 MDO Interface mode
0 0 0 UARTO (asynchronous normal multi function seria interface)
0 0 1 UART1 (asynchronous multiprocessor multi function serial interface)

0 ! 0 (capable of supporting SPI)

CSIO (clock synchronous multi function serial interface)

1 0 0 I2C (1°C businterface)

Note: Any mode other than those above is prohibited to set.
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Notes:

e If you switch the mode while transmission/reception operation using 1 multi function serial
interface, the transmission/reception operation cannot be guaranteed.

« Set the operating mode first because the other registers will be initialized once the operating
mode has been changed. However, when SCR and SMR are written at the same time by 16-bit
writing, the written contents will be reflected on SCR.

B Transmission and Reception FIFO (Ch.0, Ch.1 and Ch.2)

16-byte transmission FIFO and 16-byte reception FIFO are provided to ch.0, ch.1 and ch.2. Read the
number of stages of FIFO described from here on as 16-byte. Since FIFO will not be provided other than
ch.0, ch.1 and ch.2, ignore the description about FIFO and refer to the description when FIFO is not used.
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15.2  Functions of UART (Asynchronous Multi Function Serial
Interface)

UART (asynchronous multi function serial interface) is a general-purpose serial data
communication interface for asynchronous communication with external devices. UART
supports bidirectional communication function (normal mode), master/slave
communication function (multiprocessor mode: supports both master/slave). In
addition, it has the transmission/reception FIFO.

B Functions of UART (Asynchronous Multi Function Serial Interface)

Function

¢ Full-duplex, double buffering (when FIFO is not used)

1 Daa ¢ Transmission/reception FIFO (maximum size 16-byte each) (when FIFO is used)
- Performs oversampling 3 times and determines the reception value by majority decision of
2 Serial input .
the sampling values
3 Transfer format Asynchronous
4 Baud rate Dedicated baud rate generator (15-bit reload counter configuration)
External clock input can be adjusted with the reload counter
Datalength * 5109 bits (norma mode) and 7 or 8 bits (multiprocessor mode)
Signal method NRZ (Non Return to Zero), invert NRZ

Synchronizes with the start bit falling edge (for NRZ method)

! Start bit detection Synchronizes with the start bit rising edge (for invert NRZ method)

e Framing error
8 | Reception error detection [+ Overrun error
e Parity error

* Reception interrupt X
(reception completion, framing error, overrun error, and parity error )
« Transmission interrupt (transmission data empty, transmission busidl€)

9 Interrupt request e Transmission FIFO interrupt (when the transmission FIFO is empty)
« Both transmission/reception have the extended intelligent I/O service (El 2OS) and DMA
function
Master/dave

1: n communication (1 = master, n = daves) is enabled

10| communication function (supports both master and slave systems)

(multiprocessor mode)

» Transmission/reception FIFO are provided (maximum size: transmission FIFO 16-byte,
reception FIFO 16-byte)

Transmission FIFO and reception FIFO can be selected

Transmission data can be retransmitted

Reception FIFO interrupt timing can be changed from the software

Independent FIFO reset support

11 FIFO options

*: Parity error is enabled in normal mode only.
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15.3

MB91313A Series

Registers of UART (Asynchronous Multi Function Serial
Interface)

This section shows the register list of UART (asynchronous multi function serial
interface).

B Register List of UART (Asynchronous Multi Function Serial Interface)

Table 15.3-1 Register List of UART (Asynchronous Multi Function Serial Interface)

Address bit15 bit8|bit7 bit0
000X0y [000X1y |SCR (seria control register) SMR (serial mode register)
000X2y 000X3y | SSR (serial status register) I(Eeifelr:‘:ded communication control register)
UART | oo0x4,, |000x5,, |RPRVTDRL _ . RDRO/TDRO _ _
(transmission and reception data register 1) (transmission and reception data register)
000X6y |000X7y |BGRL (baud rate generator register 1) BGRO (baud rate generator register 0)
000X8y |000X9 - -
000YA [000YBy |FCRL1 (FIFO control register 1) FCRO (FIFO control register 0)
FIFO 000YCy |000YDy |FBYTEZ2 (FIFO2 byte register) FBYTEL (FIFO1 byte register)

(X = 064, 07y, 08, 09y, OAy, 0By, 1By, 1C, 1Dy, 1Ey, 1Fy, Y = 06y, 07,4, 08,)

Table 15.3-2 Bit Arrangement of UART (Asynchronous Multi Function Serial Interface)

bit15 |bit14|bit13 |bit12|bit11|bit10| bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl bit0
SCR/ISMR|UPCL| - | - |RIE| TIE |TBIE|RXE|TXE|MD2|MD1|MDO| - |SBL |BDS|SCKE SOE
SSR/ESCR|REC| - | PE |FRE|ORE|RDRATDRE| TBI| - | - [INV|PEN| P | L2 | L1 LO
TDR (RDR) i psap) D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
BGRUBGRO| EXT | B14 | B13|B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 BO
FCRUFCRO |FTST1|FTSTO| - |FLSTE|FRIIE|FDRQ|FTIE|FSEL| - |FLST|FLD [FSET|FCL2|FCL1| FE2 FE1
FFBBT(TTEEi’ FD15|FD14|FD13|FD12|FD11|FD10| FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 FDO
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15.3 Registers of UART (Asynchronous Multi Function Serial Interface)

UART (asynchronous multi function serial interface) operates in 2 different modes. MD2, MD1, and MDO
in the serial mode register (SMR) are used to select the operating mode.

Table 15.3-3 Operating Mode of UART (Asynchronous Multi Function Serial Interface)

Operating mode |MD2|MD1|MDO Type
0 0 0 0 |UARTO (asynchronous normal mode)
1 0 0 1 | UART1 (asynchronous multiprocessor mode)
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15.3.1  Serial Control Register (SCR)

MB91313A Series

Serial control register (SCR) can enable/disable the transmission and reception, the
transmission and reception interrupt, transmission bus idle interrupt, and perform

UART reset.

B Serial Control Register (SCR)

Figure 15.3-1 shows the bit configuration of the serial control register (SCR), and Table 15.3-4 shows the

function of each hit.

Figure 15.3-1 Bit Configuration of Serial Control Register (SCR)

SCR  bit
ch.0 000060+
ch.1 000070n
ch.2 000080+
ch.3 000090+
ch.4 0000AQH
ch.5 0000BOH
ch.6 0001BO+
ch.7 0001COH
ch.8 0001DOH
ch.9 0001EOH
ch.A 0001FOH

15 14 13 12

11 10 9 8

UPCL| - | - | RIE | TIE |TBIE | RXE | TXE| 0--000008

R/W - - R/W

L

RW RW RW RW

N

Y

Initial value

\ 4

\4

TXE Transmission enable bit
0 Disables transmission
1 Enables transmission
RXE Reception enable bit
0 Disables reception
1 Enables reception
TBIE Transmission bus idle interrupt enable bit
0 Disables transmission bus idle interrupt
1 Enables transmission bus idle interrupt
TIE Transmission interrupt enable bit
0 Disables transmission interrupt
1 Enables transmission interrupt
RIE Reception interrupt enable bit
0 Disables reception interrupt

Enables reception interrupt

Unused bits

Read the values are undefined. Writing has no effect on operation.

Programmable clear bit

R/W  :Readable/writable

[ ] :mnitial value

\/

UPCL

Write Read

0

No effect

1

Programmable clear
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Table 15.3-4 Function Description of Each Bit in the Serial Control Register (SCR)

Bit name

Function

bit15

UPCL:
Programmable clear bit

Initiizesthe internal state of UART.

When"1" is set:

¢ UART isdirectly reset (software reset). However, the register setting isretained. The
UART that is under transmission/reception statusisimmediately disconnected.

» Baud rate generator reloads the value set in BGR1/BGRO register and restarts.

 All transmission and reception interrupt sources (PE, FRE, ORE, RDRF, TDRE, and
TBI) areinitialized (000011g).

When "0" isset: Thereis no effect.

When reading, "0" is always returned.

Notes:
¢ Execute programmable clear after you disable an interrupt.
e Whenusing FIFO, disable FIFO (FE2, FE1 = 0) before you execute programmable

Clear.

bit14,
bit13

Unused bits

When reading : Values are undefined.
When writing : No effect.

bit12

RIE:
Reception interrupt enable
bit

» Enableddisablesthe output of areception interrupt request to the CPU.
» A reception interrupt request is output when RIE bit and the reception data flag bit
(RDRF) are"1" or when any of the error flag bits (PE, ORE, FRE) issetto "1".

bit11

TIE:
Transmission interrupt
enable bit

» Enablegd/disables the output of atransmission interrupt request to the CPU.
A transmission interrupt request is output when TIE bit and the TDRE bit are"1".

enable bit

TBIE: » Enableddisables the output of atransmission busidle interrupt request to the CPU.
bit10 | Transmisson busidle » A transmission busidleinterrupt request is output when TBI bit and the TBIE bit are
interrupt enable bit "1".
Enabl es/di sabl es the reception operation of UART.
*  When"0" is set: Disablesthe reception operation.
*  When"1" isset: Enables the reception operation.
RXE: Notes:
bit9 | Reception operation enable » Evenif the reception operation is enabled (RXE = 1), it will not start until the start
bit bit falling edge (for NRZ format (INV = 0)) isinput (For invert NRZ format
(INV=1), it will not start until therising edgeisinput).
» Thereception operation isimmediately stopped if you disable it (RXE = 0) while
receiving.
Enables/disables the transmission operation of UART.
TXE: When " 0" is set: Disables the transmission operation.
. . . When"1" is set: Enables the transmission operation.
bit8 | Transmission operation

Note:
The transmission operation isimmediately stopped if you disableit (TXE = 0) while
transmitting.
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Serial Mode Register (SMR)

15.3.2

Serial mode register (SMR) can set the operating mode, select transfer direction, data
length and stop bit length, and enable/disable the output to the pin of the serial data

and clock.

B Serial Mode Register (SMR)

Figure 15.3-2 shows the bit configuration of the serial mode register (SMR), and Table 15.3-5 shows the

function of each hit.

Figure 15.3-2 Bit Configuration of Serial Mode Register (SMR)

4 3 2 1 0

SMR  bit 7 6 5
ch.0 000061+
ch.10000714 | MD2| MD1|MDO

— | SBL|BDS [SCKE| SOE

ch.2 000081+
ch.3 000091+

RW R/W R/W R/W R/W R/W R/W R/W

Initial value

000-00008B

ch.4 0000A1H \_ J
ch.5 0000B1n
ch.6 0001B1n
ch.7 0001C1n
ch.8 0001D1H
ch.9 0001E1H SOE Serial data output enable bit
ch.A 0001F1n 0 Disables SOT output
1 Enables SOT output
»  SCKE Serial clock output enable bit
Disables SCK output
0 or
Enables SCK input
1 Enables SCK output
> BDS Transfer direction selection bit
0 LSB first (transferred with the lowest bit)
1 MSB first (transferred with the highest bit)
> SBL Stop bit length selection bit
0 1-bit
1 2-bit
> Undefined bit
Read value is undefined. Writing has no effect on operation.
» MD2| MD1| MDO Operating mode setting bits
0 0 0 |Operating mode 0 (asynchronous normal mode)
0 0 1 |Operating mode 1 (asynchronous multiprocessor mode)
R/W : Readable/writable 0 1 0 |Operating mode 2 (clock synchronous mode)
» 1 0 0 |Operating mode 4 (12C mode)
|:| : Initial value

Note: This chapter explains the register and operation in the
operating modes 0 and 1.
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Table 15.3-5 Function Description of Each Bit in the Serial Mode Register (SMR)

Bit name

Function

Sets the operating mode of the asynchronous multifunction multi function serial
interface.

"000g": Setsto the operating mode O (asynchronous norma mode)

"001g": Sets to the operating mode 1 (asynchronous multiprocessor mode)

"010g": Sets to the operating mode 2 (clock synchronous mode)

bit7 |MD2, MD1, MDO: "100g": Sets to the operating mode 4 (| 2c mode)
to | Operating mode setting This chapter explains the register and operation in the operating mode 0 (asynchronous
bit5 | bits normal mode) and 1 (asynchronous multiprocessor mode).
Notes:
* Any setting other than those above is disabled.
«  When switching the operating mode, execute the programmeable clear
(SCR:UPCL =1) before switchingit.
e Set the operating mode, and then set each regiter.
. : When reading : Value is undefined.
bit | Unused bit When writing : No effect.
Specifies the bit length of the stop bit (frame end mark of the transmission data).
SBL: When "0" is set: Setsthe stop bit to 1-bit.
bit3 | Stop bit length selection \lilv(;: 1" is set: Setsthe stop bit to 2-bit.
bit *  When receiving, only thefirst bit of the stop bit is always detected.
e Specify this bit when the transmission isdisabled (TXE = 0).
BDS: Specifies whether the transfer seria datais transferred with the lowest bit (L SB first,
. ' — BDS = 0) or the highest bit (MSB first, BDS = 1).
bit2 | Transfer direction Note:
selection bit Specify this bit when the transmission/reception are disabled (TXE = RXE= 0).
Controlsthe 1/0 port of the serial clock.
SCKE: When "0" is set: Enables SCK "H" output or SCK inpuit.
. o When using as SCK input, set the general-purpose 1/0 port as an input
bitl ;?“al clock outpuit enable port. In addition, select the external clock by using the external clock
selection bit (BGR:EXT =1).
When "1" is set: Enables SCK output.
SOE: Enables/disables the output of the seria data.
bit0 | Serial dataoutput enable |When "0" isset: Enables SOT "H" output.
bit When "1" is set: Enables SOT output.
Note:

Set the operating mode first because the other registers will be initialized once the operating mode
has been changed. However, when SCR and SMR are written at the same time by 16-bit writing, the
written contents will be reflected on SCR.
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15.3.3

Serial Status Register (SSR)

MB91313A Series

Serial status register (SSR) verifies the transmission/reception status and the reception
error flag, and also clears the reception error flag.

B Serial Status Register (SSR)
Figure 15.3-3 shows the bit configuration of the serial status register (SSR), and Table 15.3-6 shows the
function of each bit.

Figure 15.3-3 Bit Configuration of Serial Status Register (SSR)

SSR it 15

ch.0 000062+
ch.1 0000721
ch.2 000082+
ch.3 0000921
ch.4 0000A2H
ch.5 0000B2+
ch.6 0001B2+
ch.7 0001C2H
ch.8 0001D2+
ch.9 0001E2H
ch.A 0001F2H

14 13 12 11 10 9 8 Initial value
| REC | - | PE | FRE | ORE | RDRF| TDRE| TBI | 0-0000118B
R/W - R R R R R R
TBI Transmission bus idle flag bit
0 Transmitting
1 No transmission operation
TDRE Transmission data empty flag bit
0 Transmission data register (TDR) has data
1 Transmission data register is empty
» RDRF Reception data full flag bit
0 Reception data register (RDR) is empty
1 Reception data register (RDR) has data
> ORE Overrun error flag bit
0 No overrun error
1 There is an overrun error
> FRE Framing error flag bit
0 No framing error
1 There is a framing error
> PE Parity error flag bit
0 No parity error
1 There is a parity error
> Unused bit
Read value is undefined. Writing has no effect on operation.
> Reception error flag clear bit
o REC Write Read
) 0 No effect
R/W : Readable/writable ’ Clears reception error flags Always reads "0"
R : Read only (PE, FRE, ORE)
- : Undefined
|:| : Initial value

284

FUJITSU SEMICONDUCTOR LIMITED

CM71-10143-5E



MB91313A Series

Table 15.3-6 Function Description of Each Bit in the Serial Status Register (SSR) (1/2)
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Bit name

Function

bit15

REC:
Reception error flag clear
bit

Clears PE, FRE and ORE flagsin the seria statusregister (SSR).
e Writing "1" to this bit clears the error flags.

e Writing "0" has no effect.

When reading, "0" is always returned.

Whenreading : Vaueis undefined.

bit13

Perity error flag bit (only
operating mode 0
functions)

bitl4 | Unused bit When writing : No effect.
e SMR: If PEN =1 and when a parity error occurs while receiving, this bit is set to
"1". When you write "1" to REC bit in the seria statusregister (SSR), thisbit is
PE: cleared.

A reception interrupt request is output when PE bit and SCR: RIE bit are "1".

« Datainthe reception data register (RDR) isinvalid if thisflag is set.

¢ When thisbit is set while using the reception FIFO, the enable bit in the reception
FIFO will be cleared and the reception data will not be stored into the reception
FIFO.

bit12

FRE:
Framing error flag bit

»  When aframing error occurs while receiving, thisbit is set to "1". When you write
"1" to REC bit in the serial status register (SSR), thisbit is cleared.

» A reception interrupt request is output when FRE bit and RIE bit are "1".
Datain the reception dataregister (RDR) isinvalid if thisflag is set.
When this bit is set while using the reception FIFO, the enable bit in the reception
FIFO will be cleared and the reception data will not be stored into the reception
FIFO.

bit1l

ORE:
Overrun error flag bit

»  When an overrun error occurs while receiving, thisbit is set to "1". When you write
"1" to REC bit in the serial status register (SSR), thisbit is cleared.

* A reception interrupt request is output when ORE bit and RIE bit are"1".
Datain the reception data register (RDR) isinvalid if thisflag is set.
When this bit is set while using the reception FIFO, the enable bit in the reception
FIFO will be cleared and the reception data will not be stored into the reception
FIFO.

bit10

RDRF:
Reception datafull flag bit

 Indicates the status of the reception data register (RDR).

*  When the reception dataisloaded to RDR, thishit isset to "1". If the reception data
register (RDR) isread, thisbit is cleared to "0".

» A reception interrupt request is output when RDRF bit and RIE bit are"1".

*  When using the reception FIFO, RDRF is set to "1" when the reception FIFO has
received a predefined number of data.

» When using the reception FIFO, if the reception FIFO idle detection enable bit
(FCR1:FRIIE) is"1" and the reception idle state continues over 8 clocks of the baud
rate clock (because the reception FIFO has not received a predefined number of data
and some data still remains in the reception FIFO), RDRF isset to "1". If you read
the RDR while counting 8 clocks, the counter isreset to "0" and start counting 8
clocks al over again.

»  When using the reception FIFO, this bit is cleared to "0" when the reception FIFO
gets empty.

CM71-10143-5E
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Table 15.3-6 Function Description of Each Bit in the Serial Status Register (SSR) (2/ 2)

Bit name Function

¢ Indicates the status of the transmission dataregister (TDR).

¢ When you write atransmission datato TDR, this bit becomes "0" to indicate that
thereis somevalid data. When the datais|oaded to the transmission shift register to
start transmission, this bit becomes 1" to indicate that thereis no valid datain

TDRE: TDR.

bit9 | Transmission data empty A transmission interrupt request is output when TIE bit and the TDRE bit are"1".

flag bit e |f you set UPCL bit in the serial control register (SCR) to "1", TDRE bit becomes
"1".

» For moreinformation about set/reset timing of TDRE bit when using the
transmission FIFO, see "15.4.2 Interrupt Generation and Flag Set Timing When
Using Reception FIFO".

L]

e Indicatesthat UART is not processing the transmission operation.
¢ Thisbit becomes"0" when transmission data is written to the transmission data
register (TDR).

TBI: L wan . N _
bit8 | Transmission busidleflag e Thishit bepqm% 1 W'hen.the trgnsm|sson data register is empty (TDRE = 1) and
bit the transmission operation is not in progress.

e If youset"1" to UPCL bitin the serial control register (SCR), TBI bit becomes"1".
e A transmission interrupt request is output when thisbit is"1" and the transmission
busidleinterrupt is enabled (SCR:TBIE = 1).
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15.3.4 Extended Communication Control Register (ESCR)

Extended communication control register (ESCR) can set the transmission/reception data

length, enable/disable the parity bit, select the parity bit, and specify the inversion of the
serial data format.

B Bit Configuration of Extended Communication Control Register (ESCR)

Figure 15.3-4 shows the hit configuration of the extended communication control register (ESCR), and
Table 15.3-7 shows the function of each bit.

Figure 15.3-4 Bit Configuration of Extended Communication Control Register (ESCR)

ESCR bit 7 6 5 4 3 2 1 0 Initial value
ch.0 000063+
ch.1 0000734 - - INV | PEN| P L2 L1 LO | --000000s

ch.2 000083+

ch.3 000093+ - - R/W R/W R/W R/W R/W R/W

ch.4 0000A3H LJ
ch.5 0000B3H
ch.6 0001B3H
ch.7 0001C3H S—
ch.8 0001D3H » L2 [L1 ] LO Data length selection bits
ch.9 0001E3H 0 0 0 8-bit length
ch.A 0001F3w 0 0 1 5-bit length
0 1 0 6-bit length
0 1 1 7-bit length
1 0 0 9-bit length
» P Parity selection bit
0 Even parity
1 QOdd parity
» PEN Parity enable bit
0 Parity disabled
1 Parity enabled
p| INV Invert serial data format bit
0 NRZ format
1 Invert NRZ format
> Undefined bits
. Read values are undefined. Writing has no effect on operation.
R/W  :Readable/writable

: Undefined

|:| - Initial value
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Table 15.3-7 Function Description of Each Bit in the Extended Communication Control Register (ESCR)

Bit name Function
bit7, . When reading : Values are undefined.
bit6 Unused bits When writing : No effect.
INV:
bit5 |Invert serial dataformat | Specifies whether the serial data format should be NRZ format or invert NRZ format.
bit
Specifies whether to provide (when transmitting) and detect (when receiving) a parity
PEN: bit.
bita Parity enable bit (only * When"0" is set: Does not add a parity bit.
operating mode 0 * When"1" isset: Adds a parity bit.
functions) Note:
Thisbit isinterndly fixed to "0" in the operating mode 1.
P When parity is enabled (ESCR:PEN = 1), this bit selects even parity "0" or odd parity
bit3 Parity selection bit "1".
(only operating mode O * When"0" is set: Selects even parity.
functions) * When"1" isset: Selects odd parity.
Specifies the data length of the transmission/reception data.
* When "000g" is set: Sets the data length to 8-hit.
e When"001g" is set: Sets the data length to 5-hit.
bit2 e When"010g" is set: Sets the data length to 6-bit.
0 L2toLO: e When"011g" is set: Setsthe data length to 7-hit.
bit0 Datalength selection bits |¢ When "100g" is set: Sets the data length to 9-bit.
Notes:
¢ Any setting other than those above is disabled.
* Setsthedatalength to 7-bit or 8-bit when using the operating mode 1. Any setting
other than thisis disabled.
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15.3.5 Reception/Transmission Data Registers (RDR/TDR)

Reception/transmission data registers are arranged in the same address. When reading,
it functions as the reception data register and when writing, it functions as the
transmission data register.

If the FIFO operating is enabled, RDR/TDR address works as FIFO reading/writing
address.

B Reception Data Register (RDR)
Figure 15.3-5 shows the bit configuration of the reception data register (RDR).

Figure 15.3-5 Bit Configuration of the Reception Data Register (RDR)

RDR

ch.0 000064y ch.1 000074y pit15........... bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

gﬂ:i 8888%1: gﬂg 8888%1: [ [D8]D7[Dé[D5]D4[D3[D2] DI DO 00000000

ch.6 0001B4y ch.7 0001C4y, R R R R R R R R
ch.8 0001D4y, ch.9 0001E4,
ch.A 0001F4,,

R: Read only

Reception dataregister (RDR) is a 9-bit data buffer register for seria data reception.

» A serial data signal transmitted to the serial input pin (SIN pin) is converted at the shift register and then
stored in this reception data register (RDR).

» Asdescribed below, "0" is set in the upper bits depending on the data length.

Datalength D8 D7 D6 D5 D4 D3 D2 D1 DO

9-hit X X X X X X X X X
8-bit 0 X X X X X X X X
7-bit 0 0 X X X X X X X
6-bit 0 0 0 X X X X X X
5-bit 0 0 0 0 X X X X X

(X represents the received data bit)

» When the received data is stored in the reception data register (RDR), the reception data full flag bit
(SSR:RDRF) is set to "1". If the reception interrupt is enabled (SSR:RIE = 1), a reception interrupt
request occurs.

» Read the reception data register (RDR) when the reception data full flag bit (SSR:RDRF) is"1". If the
reception data register (RDR) is read, the reception data full flag bit (SSR:RDRF) is automatically
cleared to "0".
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« If areception error has occurred (any of PE, ORE or FRE in SSR is"1"), the data in the reception data
register (RDR) becomesinvalid.

« For the operating mode 1 (multiprocessor mode), the operation becomes 7-bit or 8-bit length and the
received AD hit is stored into D8 bit.

« For 9-bit length transfer and the operating mode 1, RDR reading is performed by 16-bit access.

Notes:
* When using the reception FIFO, RDRF is set to "1" if the reception FIFO has received a
predefined number of data.
« When using the reception FIFO, RDRF is cleared to "0" if the reception FIFO gets empty.
* When a reception error occurs (any of PE, ORE or FRE in SSR is "1") while using the reception
FIFO, the enable bit in the reception FIFO will be cleared and the received data will not be stored
into the reception FIFO.
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B Transmission Data Register (TDR)
Figure 15.3-6 shows the bit configuration of the transmission data register (TDR).

Figure 15.3-6 Bit Configuration of the Transmission Data Register (TDR)

TDR

ch.0 000064, ch.1 000074y pit15........... 8 7 6 5 4 3 2 1 0 Initial value
ch.2 000084, ch.3 000094 ~-------

ch.4 0000A4; ch.5 0000B4,
ch.6 0001B4y; ch.7 0001C4y,
ch.8 0001D4y, ch.9 0001E4,
ch.A 0001F4,,

W: Write only

| D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |1llllllllB

Transmission dataregister (TDR) is a 9-bit data buffer register for serial data transmission.

CM71-10143-5E

If data to be transmitted is written to the transmission data register (TDR) when the transmission
operation is enabled (SCR:TXE=1), the data is transferred to the transmission shift register where the
datais converted to serial data, and then transmitted from the seria data output pin (SOT pin).

As described below, data becomes invalid from the upper bits depending on the data length.

Data length D8 D7 D6 D5 D4 D3 D2 D1 DO
9-bit X X X X X X X X X
8-bit Invalid X X X X X X X X
7-bit Invalid  Invalid X X X X X X X
6-bit Invalid  Invalid Invalid X X X X X X
5-bit Invalid  Invalid  Invalid  Invalid X X X X X

A transmission data empty flag (SSR:TDRE) is cleared to "0" when the transmission data is written into
the transmission dataregister (TDR).

If the transmission FIFO is disabled or empty, the transmission data empty flag (SSR:TDRE) is set to
"1" when the transmission data is transferred to the transmission shift register and the transmission is
started.

When the transmission data empty flag (SSR:TDRE) is "1", you can write the transmission data. If
transmission interrupt is enabled, a transmission interrupt request occurs. Write a transmission data
when a transmission interrupt occurs or when the transmission data empty flag (SSR:TDRE) is"1".

Y ou cannot write the transmission data when the transmission data empty flag (SSR:TDRE) is "0" and
also the transmission FIFO is disabled or full.

For the operating mode 1 (multiprocessor mode), the operation becomes 7-bit or 8-bit length and the AD
bit is transmitted by writing to D8 hit.

For 9-bit length transfer and the operating mode 1, writing to TDR is performed by 16-bit access.
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Notes:

The transmission data register (TDR) is a write only register and the reception data register (RDR)
is a read only register. These registers are located at the same address, so the read value is
different from the write value. Therefore an instruction that operates read-modify-write (RMW)
instruction, such as INC/DEC, cannot be used.

For more information about the set timing of the transmission data empty flag (SSR:TDRE) when
using the transmission FIFO, see "15.4.2 Interrupt Generation and Flag Set Timing When Using
Reception FIFO".
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15.3.6  Baud Rate Generator Registers 1, 0 (BGR1/BGRO)

The baud rate generator registers 1, 0 (BGR1/BGRO) sets the division ratio for the serial
clock. They can also select an external clock as the clock source of the reload counter.

B Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO)
Figure 15.3-7 shows the bit configuration of the baud rate generator registers 1, 0 (BGRL/BGRO).

Figure 15.3-7 Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO0)

BGR bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value
ch.0 000066
o1 0000ven| EXT|B14 | B13| B12 [B11 [B10 | BO | B8 | B7 | B6 | BS | B4 | B3 | B2 | BY | BO | 000000005

§E§ 888332*‘ RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 000000008
. H

havooodm || | | N s Y T N O
ch.5 0000B6H
ch.6 0001B6H
ch.7 0001C6H
ch.8 0001D6H
ch.9 0001E6H |—> BGRO Baud rate generator register 0
ch.A 0001F6H Write Writes to the reload counter bits 0 to 7
Read Reads the value set to BGRO
» BGR1 Baud rate generator register 1
Write Writes to the reload counter bits 8 to 14
Read Reads the value set to BGR1
> EXT External clock selection bit
0 Uses internal clock
R/W  : Readable/writable 1 Uses external clock
[ ]:mitial value

« The baud rate generator registers (BGR) set the division ratio for the seria clock.

« BGR1 (supports the upper bits) and BGRO (supports the lower bits) can write the reload value to count
and read the value set to BGR1L/BGRO.

* Thereload counter starts counting when areload value is written in the baud rate generator registers 1, 0
(BGR1/BGRO).

» Specify whether to use the internal clock or external clock for a clock source of the reload counter using
EXT bitin bitl5. EXT = 0 specifies the internal clock. EXT = 1 specifies the external clock.
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Notes:

Write to the baud rate generator registers 1, 0 (BGR1/BGRO) by 16-bit access.

When you change the value set to the baud rate generator registers 1, 0 (BGR1/BGRO), new
value is reloaded after the counter value reaches "000000000000000g". Therefore, if you want to
reflect the change immediately, execute programmable clear (UPCL) after you change the value
set to BGR1/BGRO.

If the reload value is an even number, "L" width of the reception serial clock is longer than "H"
width by 1 cycle of the machine clock. If it is an odd number, "H" and "L" widths of the serial clock
have the same length.

Set a value more than 4 to BGR1/BGRO. However, they may not be able to receive data properly
depending on a baud rate error and the setting for the reload value.

If you want to change to the external clock setting (EXT = 1) while operating the baud rate
generator, write "0" into the baud rate generator 1, 0 (BGR1/BGRO0) and execute programmable
clear (UPCL), and then specify the external clock (EXT = 1).
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15.3.7 FIFO Control Register 1 (FCR1)

FIFO control register 1 (FCR1) sets the test for FIFO, specifies the transmission/
reception FIFO, enables the transmission FIFO interrupt, and controls the interrupt flag.

B Bit Configuration of FIFO Control Register 1 (FCR1)

Figure 15.3-8 shows the bit configuration of the FIFO control register 1 (FCR1), and Table 15.3-8 shows
the function of each bit.

Figure 15.3-8 Bit Configuration of FIFO Control Register 1 (FCR1)

FCR1 bit 15 14 13 12 11 10 9 8 Initial value

ch.0 00006AH
ch.1 00007 Ax FTST1|FTSTO| - |FLSTE| FRIIE|FDRQ| FTIE |FSEL| 00-00100s

ch.200008AH RW RW () RW RW RW RW RW

L
FSEL FIFO selection bit
0 Transmission FIFO: FIFO1, Reception FIFO: FIFO2
1 Transmission FIFO: FIFO2, Reception FIFO: FIFO1
FTIE Transmission FIFO interrupt enable bit
0 Disables the transmission FIFO interrupt
1 Enables the transmission FIFO interrupt
» FDRQ Transmission FIFO data request bit
0 Does not request the transmission FIFO data
1 Requests the transmission FIFO data
» FRIIE Reception FIFO idle detection enable bit
0 Disables the reception FIFO idle detection
1 Enables the reception FIFO idle detection
»| FLSTE Retransmission data lost detection enable bit
0 Disables the data lost detection
1 Enables the data lost detection
> Unused bit
Read value is undefined. Writing has no effect on operation.
»| FTST1.0 FIFO test bits
00s Disables FIFO test
Other than 00g Setting disabled

R/W  : Readable/writable
: Unused

[ ]:nitial value
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Table 15.3-8 Function Description of Each Bit in the FIFO Control Register 1 (FCR1)

Bit name Function
These are the test bits for FIFO.
bitl5, |FTST1, FTSTO: Be sure to set these bitsto "0".
bitl4 |FIFO test bits Note:

If you set these bitsto " 1", the test for FIFO will be executed.

Whenreading : Vaueis undefined.
When writing : No effect.

Enables datalost detection.

bitl3 | Unused bit

FLSTE: When "0" is set: Disables data lost detection.
bitl2 |Retransmissiondatalost |When"1" isset: Enables data lost detection.
detection enable bit Note:

When you set thisbit to "1", set FSET hit to "1" before doing so.
Specifies whether to detect the reception idle state that continues over 8-bit time with

FRIIE: the reception FIFO holding valid data. If the reception interrupt is enabled (SCR:RIE =
bitll |Reception FIFOidle 1), areception interrupt occurs when the reception idle state is detected.
detection enable bit When "0" is set: Disables the reception FIFO idle state detection.

When "1" is set: Enables the reception FIFO idle state detection.

Thisisadatarequest bit for the transmission FIFO.
When thisbit is set to "1", it indicates that the transmission data is being requested. A
FIFO transmission interrupt request is output when this bit is"1" and the transmission
FIFO interrupt isenabled (FTIE = 1).
FDRQ set condition
FBYTE (for transmission) = O (transmission FIFO is empty)
_ FDRQ: FDRQ reset condition
bitl0 |Transmission FIFO data «  Whenwriting "0" to this bit
request bit +  When the transmission FIFO gets full
Notes:
*  When the transmission FIFO is enabled, writing "0" isvalid.
* When FBYTE (for transmission) = 0, writing "0" to this bit is disabled.
e Setting "1" to thisbit has no effect on the operations.
» "1"isread by aread-modify-write (RMW) instruction.

FTIE:
bit9 | Transmission FIFO
interrupt enable bit

Thisisan interrupt enable bit for the transmission FIFO. If thishit isset to "1", an
interrupt occurs when FDRQ bit is"1".

Selects the transmission/reception FIFO.

When "0" is set: Assignsthe transmission FIFO:FIFO1 and the reception FIFO:FIFO2.
FSEL: When "1" is set: Assignsthe transmission FIFO:FIFO2 and the reception FIFO:FIFOL.
FIFO selection bit Notes:

e Thishit cannot be cleared by the FIFO reset (FCL2, FCL1=1).

» When you change this bit, disable FIFO operation (FCR:FE2, FE1 = 0) first.

bit8

Note:

There are 2 transmission interrupts: transmission FIFO interrupt request and transmission buffer
interrupt request.
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15.3.8  FIFO Control Register 0 (FCRO0)

FIFO control register 0 (FCRO) enables/disables FIFO operation, performs FIFO reset,
saves the read pointer, and sets the retransmission.

B Bit Configuration of FIFO Control Register 0 (FCRO0)

Figure 15.3-9 shows the bit configuration of the FIFO control register 0 (FCRO), and Table 15.3-9 shows
the function of each bit.

Figure 15.3-9 Bit Configuration of FIFO Control Register 0 (FCRO0)

FCRO bit 7 6 5 4 3 2 1 0 Initial value

ch.0 00006BH
ch.1 00007BH - |FLST| FLD | FSET|FCL2| FCL1| FE2 | FE1 | 000000008

ch.2 00008BH

(=) R RW RW RW RW RW RW

l—_J FE1 FIFO1 operation enable bit

0 Disables FIFO1 operation
1 Enables FIFO1 operation
»  FE2 FIFO2 operation enable bit
0 Disables FIFO2 operation
1 Enables FIFO2 operation
FIFO1 reset bit
» FCL1
C Write Read
0 No effect upyn
1 FIFO1 reset Always read "0
FIFO2 reset bit
» FCL2
Write Read
0 No effect upyn
1 FIFO2 reset Always read "0
FIFO pointer save bit
» FSET -
Write Read
0 Does not save Always read "0"
1 Executes save
» FLD FIFO pointer reload bit
0 Does not reload
1 Executes reload
» FLST FIFO retransmission data lost flag bit
0 Disables the data lost
1 Enables the data lost

A 4

Unused bit
When reading, "0" is always read. When writing, "0" is always written.

R/W : Readable/writable
R : Read only
: Unused

[ ]:nitial value
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Table 15.3-9 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (1/2)

Bit name

Function

bit7

Unused bit

When reading : "0" is always read.
When writing : Alwayswrite"0".

bit6

FLST:
FIFO retransmission data
lost flag bit

Indicates that retransmission data of the transmission FIFO has been lost.
FL ST set condition
Writing (Overwriting) to FIFO when FLSTE bit in the FIFO control register 1
(FCR1) is"1" and aso the write pointer of the transmission FIFO and the read
pointer saved by FSET hit match each other.
FLST reset condition
e HFOresat (writing"1" into FCL)
¢ Whenwriting "1" to FSET bit
Setting thishit to"1" overwritesthe dataindicated by the read pointer saved with FSET
bit, therefore FLD bit cannot set the retransmission when an error occurs. If you
retransmit with this bit set to "1", perform FIFO reset and write the data again into
FIFO.

bit5

FLD:
FIFO pointer reload bit

Reloads the data saved to the transmission FIFO by FSET bit to the read pointer. This
bit is used for the retransmission due to a communication error.
When aretransmission setting is completed, this bit becomes"0".
Notes:
¢ Aslongasthishitissetto"1", thishit isreloading to the read pointer. Therefore, do
not write anything other than FIFO reset.
e Setting thishit to "1" is disabled while transmitting or being in FIFO enabled state.
e SetTIEand TBIE bitsto "0" and then write"1" into this bit. After you enabled the
transmission FIFO, set TIE and TBIE bitsto "1".

bit4

FSET:
FIFO pointer save bit

Saves the read pointer of the transmission FIFO.
Once you save the read pointer before communication, when FLST bitis"0" itis
possible to retransmit in the case a communication error.
When "1" is set: Retains the current value set to the read pointer.
When "0" is set: No effect.
Note:
Set thisbit to "1" when the number of bytesfor transmission (FBY TE) indicates"0".

bit3

FCL2:
FIFO reset bit

Resets FIFO2.
If you set thishitto "1", the internal state of FIFO2 isinitialized.
Only the FLST bit in the FIFO control register 1 (FCR1) isinitialized and the other bits
in the FCRL/FCRO registers remain unchanged.
Notes:
» Disables any transmission/reception before performing FIFO2 reset.
» Setthetransmission FIFO interrupt enable bit to " 0" firgt.
» Thenumber of thevalid datain the FBY TE2 register becomes™0".

bit2

FCL1:
FIFO1 reset bit

Resets FIFOL.
If you set thisbit to "1", theinternal state of FIFOL isinitialized.
Only the FLST bit in the FIFO control register 1 (FCR1) isinitialized and the other bits
in the FCRL/FCRO registers remain unchanged.
Notes:
» Disablesany transmission/reception before performing FIFOL reset.
» Set thetransmission FIFO interrupt enable bit to "0" firgt.
» Thenumber of thevalid datain the FBY TEL register becomes"0".
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Table 15.3-9 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (2 / 2)

Bit name

Function

FE2:
bitl |FIFO2 operation enable
bit

Enables/disables the operation of FIFO2.

L]

L]

When using FIFO2, set this bit to "1".

Set FIFO2 to the transmission FIFO (FCR1:FSEL = 1). When thereis some datain
FIFO2 and UART is enabled for transmission (TXE = 1), writing "1" into this bit
startstransmitting immediately. Set TIE and TBIE bitsto "0" and then write"1" into
this bit to make TIE and TBIE bitsto "1".

If specified as areception FIFO by FSEL bit, areception error clears thisbit to "0".
You cannot set thisbit to "1" until the reception error is cleared.

When using as the transmission FIFO, set "1" or "0" to this bit when the
transmission buffer isempty (TDRE = 1). If using as the reception FIFO, set "1" or
"0" to this bit when the reception buffer is empty (RDRF = 0).

Evenif FIFO2 is disabled, the state of FIFO2 is still retained.

FE1:
bit0 | FIFO1 operation enable
bit

Enabl es/disables the operation of FIFO1.

When using FIFO1, set thisbit to "1".

Set FIFOL1 to the transmission FIFO (FCR1:FSEL = 0). When thereis some datain
FIFO1 and UART isenabled for transmission (TXE = 1), writing "1" into this bit
startstransmitting immediately. Set TIE and TBIE bitsto 0" and then write"1" into
this bit to make TIE and TBIE bitsto "1".

If specified as areception FIFO by FSEL bit, areception error clears this bit to "0".
You cannot set thisbit to "1" until the reception error is cleared.

If using as the transmission FIFO, set "1" or "0" to this bit when the transmission
buffer isempty (TDRE = 1). If using as the reception FIFO, set "1" or "0" to thisbit
when the reception buffer is empty (RDRF = 0).

Even if FIFO1 is disabled, the state of FIFO1 is still retained.

CM71-10143-5E
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15.3.9 FIFO Byte Register (FBYTE)

FIFO byte register (FBYTE) indicates the number of valid data for FIFO. In addition, it
can specify whether to generate a reception interrupt when the predefined number of
data has been received at the reception FIFO.

W Bit Configuration of FIFO Byte Register (FBYTE)

Figure 15.3-10 shows the bit configuration of the FIFO byte register (FBYTE).

Figure 15.3-10 Bit Configuration of FIFO Byte Register (FBYTE)

FBYTE bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value

22? gggggg:éFD15|FD14|FD13| FD12 | FD11 | FD10| FD9 | FD8 i FD7| FD8 | FD5| FD4 | FD3 | FD2| FD1| FDO; 00000000s

ch.200008C+ mW RW RW RW RW RW RW RW RW RW RW RW RW RW RwW mw 00000000
|_> FBYTE1 FIFO1 data number display bit
Write Sets the transfer count
Read Reads the number of valid data
» | FBYTE2 FIFO2 data number display bit
Write Sets the transfer count
Read Reads the number of valid data

R/W: Readable/writable
Read (number of valid data)
When transmitting : The number of data that are written into FIFO and have not transmitted yet.
When receiving : The number of data that are received at FIFO.
Write (transfer count)
When transmitting : Sets "00,,".
When receiving : Sets the number of data that generates a reception interrupt.

300

FIFO byte register (FBY TE) indicates the number of valid data written or received into FIFO. The number
varies as follows, depending on the setting of FSEL bit in the FCR1 register.

Table 15.3-10 The Number of Data Displayed

FSEL FIFO selection The number of data displayed

0 FIFO2: Reception FIFO, FIFOL: Transmission FIFO | FIFO2: FBYTEZ2, FIFO1: FBY TE1

1 FIFO2: Transmission FIFO, FIFO1: Reception FIFO | FIFO2: FBYTEZ, FIFO1: FBY TE1

* Theinitial value of the transfer count of the FBY TE register is"08y".

« Set the number of data to generate a reception interrupt flag to the FBY TE in the reception FIFO. An
interrupt flag (RDRF bit in the SSR) is set to "1" when the defined transfer count matches with the
number of data displayed in the FIFO byteregister (FBYTE).
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If the reception FIFO idle detection enable bit (FRIIE) is"1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.

Notes:

+ Set "004" to the FIFO byte register (FBYTE) in the transmission FIFO.

* Set a data more than "1" to the FBYTE in the reception FIFO.

« Disable the reception before you change the setting.

* You cannot use any read-modify-write (RMW) instruction to this register.
e The setting that exceeds the FIFO size is disabled.

CM71-10143-5E
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15.4 Interrupts of UART

UART uses both reception and transmission interrupts. An interrupt request can be
generated by the following sources:

When the received data is set in the reception data register (RDR), or a reception
error occur.

When the transmission data is transferred from the transmission data register (TDR)
to the transmission shift register and the transmission has started.

Transmission bus idle (no transmission operation)

Transmission FIFO data request

B Interrupts of UART

Table 15.4-1 shows the UART interrupt control bit and the interrupt source.
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15.4 Interrupts of UART

Table 15.4-1 UART Interrupt Control Bit and Interrupt Source

Interrupt Operating Interrupt
Interrupt P Flag mode b How to clear the interrupt
type request register Interrupt source source request flag

flag bit 0 1 enable bit

Receive 1 byte Read reception data (RDR)
Thevaluesetto FBYTE
isreceived
o o | Detectthereceptionidle ) ]
RDRF SSR state that continues over Read rece_ptlon data (RDR) until
. 8-bit time with the the reception FIFO gets empty
Reception reception FIFO holding | SCR:RIE
valid datawhen FRIIE
bitis"1"
ORE SSR 0 o | Overrun error
. Write "1" to the reception error
FRE SSR O | Framing error flag clear bit (SSR:REC)
PE SSR x | Parity error
Write to the transmission data
(TDR), or write"1" to the
Transmission register is transmission FIFO operation
O .

TDRE | SR O |empty SCRTIE | oable bit when it is"0" and the
transmission FIFO has avalid
data (retransmission)”

Write to the transmission data
Transmis- (TDR), or write "1" to the
sion No transmission . transmission FIFO operation
T8l SSR © © operation SCRTBIE enable bit whenitis"0" and the
transmission FIFO has avalid
data (retransmission)
Write "0" to the FIFO
Transmission FIFO is transmission data request bit
O @] :

FDRQ FCR1 empty FCRLFTIE (FCR1:FDRQ), or the

transmission FIFO isfull

*: Set TIE bit to"1" after TDRE bit has become "0".

CM71-10143-5E
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15.4 Interrupts of UART MB91313A SerIeS
15.4.1 Reception Interrupt Generation and Flag Set Timing

A reception completion (RDRF bit in SSR) and a reception error occurrence (PE, ORE,
FRE bits in SSR) are the sources of the reception interrupt.

B Reception Interrupt Generation and Flag Set Timing
Detection of the first stop bit stores the reception data to the reception data register (RDR). When a
reception is completed (SSR:RDRF = 1) or areception error occurs (SSR:PE, ORE, FRE = 1), each flag is
set. If reception interrupt is enabled (SSR:RIE = 1) at this point, a reception interrupt occurs.

Note:
If a reception error occurs, the data in the reception data register (RDR) becomes invalid.

Figure 15.4-1 Set Timing of RDRF (Reception Data Full) Flag Bit

Reception data NsT /oo X1 Xp2 | ps X 06 X D7
RDRF E 5 5 g 5 5
Reception interrupt occurred
Figure 15.4-2 Set Timing of FRE (Framing Error) Flag Bit
Reception data ST DO D1 ’< D2 D5 D6 D7 SP ST 2

RDRF |

FRE ,aJ
e

Reception interrupt occurred

A framing error occurs when the first stop bit is"L" level.

Even when a framing error occurs, RDRF is set to "1" to receive the data however, the reception data
becomes invalid.

Figure 15.4-3 Set Timing of ORE (Overrun Error) Flag Bit

Recepiion data\\ ST/ D0XD1 X02 (D3 D4X DSX D6YD7 ) 5P\ ST/ D001 Xp2 X 03 ( D4 D5KD6 (D7 YSP,

RDRF

ORE

An overrun error occurs when next datais transferred before the reception datais read (RDRF = 1).
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15.4.2 Interrupt Generation and Flag Set Timing When Using
Reception FIFO

When using the reception FIFO, an interrupt is generated when the same value set to
the FIFO byte register (FBYTE) has been received.

B Reception Interrupt Generation and Flag Set Timing When Using Reception FIFO
When using the reception FIFO, the generation of an interrupt depends on the value set to the FIFO byte
register (FBYTE).
«  When the amount of data set to the FIFO byte register (FBY TE) as the transfer count has been received,
the reception data full flag bit in the serial status register (RDRF bit in SSR) is set to "1". If reception
interrupt is enabled (SCR:RIE) at this point, a reception interrupt occurs.

 If the reception FIFO idle detection enable bit (FRIIE) is"1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.

¢ When the reception data (RDR) is read until the reception FIFO gets empty, the reception data full flag
bit (SSR:RDRF) is cleared.

« If next data is received with the FIFO size displayed as the number of data that can be received, an
overrun error occurs (SSR:ORE = 1).

Figure 15.4-4 Reception Interrupt Generation Timing When Using Reception FIFO

Reception data |ST| 1st byte |SP| |ST| 2nd byte |SP| IST| 3rd byte \SP| |ST| 4th byte |SP| |ST| 5th byte |SP|
(Ftrzsr/]tsef: reg(iJTJ?]t) :X s
(vl e dspaec) o)1 X 2 e X 1 X @
RDRF P
RDR reading /
/ %/—J
An interrupt occurs upon a match between F byte Read all reception data
setting (transfer count) and the number of data received
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Figure 15.4-5 Set Timing of ORE (Overrun Error) Flag Bit

Reception data

IsT{sanabyee [P (57| vutye [SP| ST santyee [SP| |sT] estneyee [SP| [sT] 6snoyee 5P

F byte setting
(transfer count)

62

F byte reading

62 63

64

(valid byte displayed).
RDRF

ORE

Pl

An overrun error occurs
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An overrun error occurs when next datais received with the FIFO size displayed as the F byte reading.

The figure shows an example where a FIFO size of 64 bytesis used.
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MB91313A Series 15.4 Interrupts of UART
15.4.3 Transmission Interrupt Generation and Flag Set Timing

A transmission interrupt occurs when the transmission data is transferred from the
transmission data register (TDR) to the transmission shift register (SSR:TDRE = 1) and
the transmission has started, or when the transmission operation is not in progress
(SSR:TBI=1).

B Transmission Interrupt Generation and Flag Set Timing

@ Set timing of the transmission data empty flag (TDRE)

Once the data written into the transmission data register (TDR) is transferred to the transmission shift register,
next data can be written (SSR:TDRE = 1). If transmission interrupt is enabled (SCR:TIE = 1) at this point, a
transmission interrupt occurs. As TDRE bit is read only, it is cleared to "0" by writing data into the
transmission data register (TDR).

Figure 15.4-6 Set Timing of Transmission Data Empty Flag (TDRE)

A transmission interrupt occurred A transmission interrupt occurred

Transmission data
(mode0 and model)

TDRE

—

Writing to TDR |_| |_|

ST: Startbit DO to D7: Data bits ~ SP: Stop Bit

@ Set timing of the transmission bus idle flag (TBI)

TBI bit in the serial statusregister (SSR) isset to "1" when the transmission data register is empty (TDRE = 1)
and the transmission operation is not in progress. If transmission busidle interrupt is enabled (SCR:TBIE =
1) at this paoint, a transmission interrupt occurs. TBI bit and the transmission interrupt request are cleared
when atransmission datais set to the transmission dataregister (TDR).

Figure 15.4-7 Set Timing of Transmission Bus Idle Flag (TBI)

Transmission mm@@@@@@ SP \ST @@@@@@@ b7

data

TBI |—'|
TDRE _u A transmission interrupt m

by TBI bit occurred
Writing to TDR Y |_|

ST: Startbit DO to D7: Data bits ~ SP: Stop Bit
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15.4.4 Interrupt Generation and Flag Set Timing When Using

Transmission FIFO

When using the transmission FIFO, an interrupt occurs when the transmission FIFO has
no data.

B Transmission Interrupt Generation and Flag Set Timing When Using Transmission

FIFO

¢ When the transmission FIFO has no data, FIFO transmission data request bit (FCR1:FDRQ) is set to
"1,
If FIFO transmission interrupt is enabled (FCR1:FTIE = 1) at this point, a transmission interrupt occurs.
¢ Once the transmission interrupt has been generated and you have written the required data into the
transmission FIFO, write "0" to the FIFO transmission data request bit (FCR1:FDRQ) to clear the
interrupt request.

e The FIFO transmission data request bit (FCR1:FDRQ) becomes "0" when the transmission FIFO gets
full.

* You can verify if the transmission FIFO has data or not by reading the FIFO byte register (FBY TE).
FBY TE = 00y indicates that the transmission FIFO has no data.

Figure 15.4-8 Transmission Interrupt Generation Timing When Using Transmission FIFO

Tansmission |sT] 1stbyte [sP| [sT| 2nd byte[sF|  [sT| srdbyte [sT] [sP] 4th byte [sP|  [sP]sth byte
ata

F oyte o XXXt HoaXe X1 X0
FDRQ —/,‘ = - w_
rone | Clearbywitng > AT o1 Cloarbywring's' AT heg 1 o]
\S/Y;:";?th t{?g;w |_|_|_| Transmission data register is empty *2

*1: FDRQ is set to "1" as the transmission FIFO is empty.

*2: TDRE is set to "1" as the transmission shift register and the transmission buffer register have no data.
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15.5 Operations of UART

UART operates in the mode O for bidirectional serial asynchronous communication and
the mode 1 for master/slave multiprocessor communication.

B Operations of UART

@ Transmission and reception data formats
e Thetransmission and reception data always start with the start bit, continue as long as the data bit length
specified, and end with at least 1 bit of the stop bit.

e Thedatatransfer direction (LSB first or MSB first) is determined by BDS hit in the serial mode register
(SMR). If parity is enabled, a parity bit is aways placed between the last data bit and the first stop bit.

* In operating mode O (normal mode), you can select whether to enable or disable the parity.
« Inoperating mode 1 (multiprocessor mode), AD hit is added instead of the parity.

Figure 15.5-1 shows the transmission and reception data formats in operating modes 0 and 1.
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Figure 15.5-1 Example of Transmission and Reception Data Format (Operating Modes 0 and 1)

[Operating mode 0]
8-bit dat
[Operating mode 1]
8-bit dat
7-bit dat
ST : Start bit |
SP : Stop Bit
P : Parity bit
AD : Address bit
DO to D7 : Data bit

Notes:

« The figure above shows the case where the data length is set to 7 and 8 bits (the data length can
be set between 5 and 9 bits in operating mode 0).

« |If BDS bit in the serial mode register (SMR) is set to "1" (MSB first), the bit is processed in order
as D7, D6, D5, ..., D1, DO, (P).

< If the data length is set to X-bit, the lower X-bit in the transmission and reception data registers
(RDR/TDR) are enabled.

310
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@ Transmission operation

If the transmission data empty flag bit (TDRE) in the serial status register (SSR) is"1", you can write a
transmission data into the transmission data register (TDR) (if the transmission FIFO is enabled, you
can also write the transmission data when TDRE = 0).

The transmission data empty flag bit (TDRE) is cleared to "0" when a transmission data is written into
the transmission dataregister (TDR).

When the transmission operation enable (TXE) bit in the serial control register (SCR) is set to "1", the
transmission datais |oaded to the transmission shift register and the transmission starts with the start bit.

Once the transmission has started, the transmission data empty flag bit (TDRE) is set back to "1". If
transmission interrupt is enabled (SCR:TIE = 1) at this point, a transmission interrupt occurs. In the
interrupt process, next transmission data can be written to the transmission data register.

Notes:

« Since the initial value of the transmission data empty bit flag (TDRE) in the serial status register
(SSR) is "1", a transmission interrupt will occur immediately once the transmission interrupt is
enabled (SCR:TIE).

e Since the initial value of the FIFO transmission data request bit (FDRQ) in the FIFO control
register 1 (FCR1) is "1", a transmission interrupt will occur immediately once the FIFO
transmission interrupt is enabled (FCR1:FTIE = 1).

@ Reception operation

CM71-10143-5E

A reception operation is performed when the reception operation is enabled (SCR:RXE = 1).

When a start bit is detected, 1 frame data is received according to the data format set to the extended
communication control register (ESCR:PEN, P, L2, L1, LO) and the serial mode register (SMR:BDS).
When the reception of 1 frame of datais completed, the reception data full flag bit (SSR:RDRF) is set to
"1". If reception interrupt is enabled (SCR:RIE = 1) at this point, areception interrupt occurs.

If you want to read the received data, wait until the reception of 1 frame of data is completed to verify
the status of the error flag in the seria status register (SSR). If areception error occurs, correct the error.

When the received datais read, the reception data full flag bit (SSR:RDRF) is cleared to "0".

When the reception FIFO is enabled, the reception data full flag bit (SSR:RDRF) is set to "1" after the
certain frames set to the reception FBY TE have been received.

If the reception FIFO idle detection enable bit (FRIIE) is"1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.
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« If the reception FIFO is enabled, when the error flag in the serial status register (SSR) is set to 1", the
data that generated the error is not stored into the reception FIFO. In this case, the reception data full
flag bit (SSR:RDRF) is not set to "1" (however, RDRF flag will be set to "1" when it is an overrun
error). The reception FBY TE displays the number of data that has been successfully received before the
error. The reception FIFO will not be enabled until the error flag in the serial status register (SSR) is
cleared to "0".

 If the reception FIFO is enabled, reception data full flag bit (SSR:RDRF) is cleared to "0" when the
reception FIFO gets empty.

Note:

The data in the reception data register (RDR) becomes valid when the reception data full flag bit
(SSR:RDRF) is set to "1" and no reception error is generated (SSR:PE, ORE, FRE = 0).

@ Clock selection

* You can usetheinternal clock or the external clock.

* When using an external clock, set EXT bit in the serial mode register (SMR) to "1". If so, the external
clock is divided by the baud rate generator.

@ Start bit detection

« Inasynchronous mode, the start bit is detected by the falling edge of the SIN signal.
Therefore, the reception operation does not start without inputting the falling edge of the SIN signal,
even if the reception operation is enabled (SCR:RXE = 1).

«  When the falling edge of the start bit is detected, the reception reload counter of the baud rate generator
is reset to reload and starts counting down. This makes it possible to take a sample always in the center

of the data
. Start bit Data bit
4P
SIN |—|

SIN (Over-

Sampled) |

SEDGE ) Reset the reload

(Internal signal) counter I \ Data sampling

Reception ) |

sampling clock | « |

; 1-bit time
@ Stop bit

¢ You can choose 1-bit or 2-bit length.
¢ Thereception data full flag bit (SSR:RDRF) is set to "1" when the first stop bit is detected.
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@ Error detection

In operating mode O, parity, overrun, and framing errors can be detected.
In operating mode 1, overrun and framing errors can be detected. Parity error cannot be detected.

@ Parity bit

Parity bit can be added only in the operating mode 0. The parity enable bit (ESCR:PEN) can specify
whether to enable or disable the parity, and the parity selection bit (ESCR:P) can specify whether to use
even parity or odd parity.

Parity cannot be used in operating mode 1.

Figure 15.5-2 shows the operation when parity is enabled.

Figure 15.5-2 Operation When Parity Is Enabled

Reception A parity error occurs upon the

data (mode 0) reception in even parity
ESCR:P=0

SMR:PE ( )

Transmission .
data (mode 0) (ESCR:P=0)

Transmission (ESCR:P=1)
data (mode 0)

ST DO D1 D2 D3 D4 D5 D6 D7 P SP

Transmission of even parity

Transmission of odd parity

ST: Start bit SP: Stop bit With parity (ESCR: PEN = 1), when data length is 8-bit
(Note) Parity cannot be used in operating mode 1.

@ Data signal method

You can specify the NRZ (Non Return to Zero) (ESCR:INV = 0) or invert NRZ (ESCR:INV = 1) signa
methods depending on the setting of the INV bit in the extended communication control register.

Figure 15.5-3 showsthe NRZ (Non Return to Zero) and invert NRZ signal methods.

Figure 15.5-3 NRZ (Non Return to Zero) and Invert NRZ Signal Methods

Is;\w(:NCTZ) \ST/DO><D1><D2><D3><D4><D5><D6><D7/ sP
mcﬂn;/ertNRZ) /ST\DO><D1><D2><D3><D4><D5><D6><D7\ sP

SOT (NRZ2)
INV =0

SOT (invertNRZ) | sT | Do | D1 | D2 | D3 | D4 | D5 | D6 | D7 | SP
INV = 1

ST | DO D1 | D2 | D3 | D4 | D5 | D6 D7 SP

@ Data transfer method

Y ou can select the LSB first or MSB first as the data bit transfer method.

CM71-10143-5E
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15.6 UART Dedicated Baud Rate Generator

One of the followings can be selected for the transmission and reception clock source
of UART:

» Dedicated baud rate generator (reload counter)

* Input an external clock to the baud rate generator (reload counter)

B UART Baud Rate Selection
Y ou can select 1 type of baud rate out of the following 2 types:

@ Baud rate that can be obtained by dividing the internal clock with the dedicated baud rate generator
(reload counter)

There are 2 internal reload counters that correspond to transmission and reception serial clocks. Baud rate
can be specified by setting the reload value for 15 bits with the baud rate generator registers 1, 0 (BGRY/
BGRO).

The reload counter divides theinternal clock by the set value.

To set the clock source, select the internal clock (SMR:EXT = 0).

@ Baud rate that can be obtained by dividing the external clock with the dedicated baud rate generator
(reload counter)

An externa clock is used as the clock source of the reload counter.

Baud rate can be specified by setting the reload value for 15 bits with the baud rate generator registers 1, 0
(BGR1/BGRO).

Thereload counter divides the external clock by the set value.
To set the clock source, select the external clock and enable the baud rate generator clock (SMR:EXT = 1).
Thismode is provided for the case where the resonator that has special frequency is divided to use.

Notes:
* Be sure to specify the external clock (EXT = 1) after the reload counter has stopped (BGR1/BGRO =
15"H00).
« When you specified to the external clock (EXT = 1), the minimum widths required for "H" and "L"
of the external clock is 2-machine clock or more.
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15.6.1 Baud Rate Setting

This section shows the setting for the baud rate. The calculation result of serial clock
frequency is also described.

B Calculating Baud Rate
2 of 15-bit reload counters are set using the baud rate generator registers 1, 0 (BGR1/BGRO).

The eguation to calculate the baud rate is shown below:

(1) Reload value
V=¢/b-1

V: Reload value
b : Baud rate, ¢: Machine clock, External clock frequency

(2) Example of calculation
Where the machine clock is 16 MHz, theinternal clock isenabled, and the baud rate is set to 19200
bps, the reload value is calculated as follows:
Reload value:
V = (16 x 1000000)/19200 - 1 = 832
Therefore, the baud rate is:
b = (16 x 1000000)/(832+1) = 19208 bps

(3) Baud rate error

Baud rate error can be calculated by the following equation:
Error (%) = (calculated value - desired value) / desired value x 100

(Example) Where the machine clock is 20 MHz and the desired baud rate is set to 153600 bps:
Reload value= (20 x 10000000) / 153600 - 1 = 129
Baud rate (calculated value) = (20 x 10000000) / (129 + 1) = 153846 (bps)
Error (%) = (153846 -153600) / 153600 x100 = 0.16 (%)

Notes:

« If the reload value is set to "0", the reload counter will stop.

« If the reload value is an even number, "L" width of the reception serial clock is longer than "H"
width by 1 cycle of the machine clock. If it is an odd number, "H" and "L" widths of the serial clock
have the same length.

« Be sure to set the reload value to 4 or more. However, data may not be able to receive properly
depending on a baud rate error and the setting for the reload value.
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Table 15.6-1 Reload Value And Baud Rate

MB91313A Series
B Reload Value and Baud Rate for Each Machine Clock Frequency

Baud rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32MHz
(oPS) | value | ERR | Value | ERR | Value | ERR | Value | ERR | Value | ERR | Value | ERR
aM| - - - - ) 0 4 0 5 0 7 0
25M| - - - 0 - - - - - - - -
oM| - 0 0 7 0 9 0 1 0 15 0
M| 7 0 0 15 0 19 0 23 0 31 0
500000 15 0 19 0 31 0 39 0 47 0 63 0
460800| - - - - - - - - 51 | -016 | - -
250000| 31 0 39 0 63 0 79 0 95 0o | 127 | o
230400| - - - - - - - - 103 | 016 | - -
153600 51 | -016 | 64 | -0.16 | 103 | -016 | 129 | -016 | 155 | -0.16 | 207 | -0.16
125000| 63 0 79 0 | 1227 | o | 15| o | 91| o | 255 | o
115200/ 68 | -064 | 8 | 022 | 138 | 008 | 173 | 022 | 207 | -016 | 277 | 0.08
76800| 103 | 016 | 129 | -0.16 | 207 | 016 | 259 | -0.16 | 311 | -0.16 | 416 | 008
57600| 138 | 008 | 173 | 022 | 277 | 008 | 346 | -016 | 416 | 008 | 555 | 008
38400| 207 | 016 | 259 | -0.16 | 416 | 008 | 520 | 003 | 624 | 0 | 832 | -0.04
28800| 277 | 008 | 346 | <00l | 554 | -00L | 693 | -0.06 | 832 | -003 | 1110 | -0.01
19200| 416 | 008 | 520 | 003 | 832 | -003 | 1041 | 003 | 1249 | 0 | 1666 | 0.2
10417| 767 | <001 | 959 | <001 | 1535 | <0.01 | 1919 | <0.01 | 2303 | <0.01 | 3071 | <0.01
9600| 832 | 004 | 1041 | 003 | 1666 | 0.02 | 2083 | 003 | 2499 | 0 | 3332 | -0.01
7200| 1110 | <0.01 | 1388 | <0.01 | 2221 | <0.01 | 2777 | <0.01 | 3332 | <0.01 | 4443 | -0.01
4800 1666 | 002 | 2082 | -0.02 | 3332 | <0.01 | 4166 | <001 | 4999 | 0 | 6666 | <0.01
2400| 3332 | <0.01 | 4166 | <0.01 | 6666 | <0.01 | 8332 | <0.01 | 9999 | 0 | 13332 | <-0.01
1200| 6666 | <0.01 | 8334 | 0.02 | 13332 | <0.01 | 16666 | <0.01 | 19999 | O | 26666 | <0.01
600| 13332 | <0.01 | 16666 | <0.01 | 26666 | <0.01 | - - - - - -
300| 26666 | 26666 | <0.01 | - - - - - - - - -

e Vaue: Vaue set to BGR1/BGRO registers (decimal)
e ERR : Baud rate error (%)
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B Baud Rate Tolerance Level upon the Reception
The baud rate tolerance level upon the reception is shown as follows.

Make sure that the baud rate error upon the reception falls into the tolerance level using the equation shown

below.
Figure 15.6-1 Baud Rate Tolerance Level upon the Reception
Sampling
\ v v v v V
UART transfer rate \ Start >< Bit 0 >< Bit 1 >< \\ X Bit 7 >< Parity >< Siop \
. lFL ’

1 data frame (11 x FL)

\
Minimum transfer \ Start >< Bit 0 >< Bit1>< \\ X Bit7 >< Parity >< Stop \
>

rate allowed
-

FLmin

Maximum transfer \ Start >< Bit 0 >< Bit 1 >< X Bit 7 >< Parity >< Stop \
rate allowed ;

»

Ll

-

.
-} |
<l

FLmax

As described in the figure, once the start bit is detected, the counter set in the BGR1/BGRO registers decide
the sampling timing of the reception data. If the last data (stop bit) can be included in this sampling timing,
the datais received successfully.

If thisis applied to 11-bit reception, the tolerance level can theoretically be calculated as follows:

Where the margin of the sampling timing is 2 clocks of the machine clock (¢), the minimum transfer rate
alowed (FLmin) can be asfollows:

FLmin = (11 bit x (V+1) - (V+1)/2 + 3)/$ = (21V+27)/2¢ (9)
V: Reload value, ¢: Machine clock

Therefore, the receivable maximum baud rate (BGmax) for the destination is as follows:
BGmax = 11/FLmin = 22¢/(21V +27) (bps) V: Reload value, ¢: Machine clock

Similarly, the maximum transfer rate allowed (FLmax) can be calculated as follows:
FLmax = (11 bitsx (V+1) + (V+1)/2 - 3)/$ = (23V+17)/20 (S)
V: Reload value, ¢: Machine clock

Therefore, the receivable minimum baud rate (BGmin) for the destination is as follows:
BGmin = 11/FLmax = 22¢/(23V+17) (bps) V: Reload value, ¢: Machine clock
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The following table shows the allowable error between UART and the destination baud rate calculated by
the equations for the maximum/minimum baud rate value described above:

Reload value (V) Maximum baud rate error allowed Minimum baud rate error allowed
3 0% 0
10 +2.98% -2.81%
50 +4.37% -4.02%
100 +4.56% -4.18%
200 +4.66% -4.26%
32767 +4.76% -4.35%

Note:  Accuracy of the reception depends on the number of bits for 1 frame, the machine clock, and the
reload value. The higher the machine clock and the division ratio become, the higher the accuracy
becomes.

B External Clock
The baud rate generator divides the external clock when "1" iswritten to EXT bit in the baud rate generator
registers 1, 0 (BGR1L/BGRO).

Note:

The external clock signal is synchronized with the internal clock at UART. Therefore, the operation
becomes unstable when the external clock is unsynchronizable.

B Functions of the Reload Counter

The reload counter has the transmission and reception reload counters that function as the dedicated baud
rate generator. The reload counter consists of 15-bit register and generates a transmission and reception
clock by the external or internal clock.

B Start of a Count
The reload counter starts counting when a reload value is written in the baud rate generator registers 1, 0
(BGR1/BGRO).

B Restart
Thereload counters can be restarted for the following conditions:

@ For both transmission/reception reload counters

Programmabl e reset (SCR: UPCL bit)

@ For reception reload counter only

Detection of the start bit falling edge in asynchronous mode
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15.7  Setting Procedure and Program Flow for Operating Mode 0
(Asynchronous Normal Mode)

In operating mode 0, asynchronous serial bidirectional communication is available.

B Inter-CPU Connection
In operating mode 0 (normal mode), the bidirectional communication is selected. As shown in
Figure 15.7-1, 2 CPUs are connected each other.

Figure 15.7-1 Example of Bidirectional Communication Connection in UART Operating Mode O

SOT SOT
SIN SIN
SCK SCK
CPU-1 (Master) CPU-2 (Slave)

B Flowchart
@ Without FIFO

Figure 15.7-2 Example of Bidirectional Communication Flowchart (Without FIFO)

(Transmission side) (Reception side)

Set operating mode
(coordinate with the
transmission side)

ola
L Bl

Set operating mode
(set to mode 0)

|

v Transmit the data
Set 1 byte data to o~

TDR to communicate o

Read the received
NO Transmit the data data to process
YES l

Transmit 1 byte data

Read the received
data to process
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@® Wwith FIFO

Figure 15.7-3 Example of Bidirectional Communication Flowchart (With FIFO)

(Transmission side) (Reception side)
Set operating mode Set operating mode
(set to mode 0) (set to mode 0)
e Enable the transmission and e Enable the transmission and
reception FIFO reception FIFO
o Specify the FBYTE e Specify the FBYTE
«
Transmit NO
Set N byte to the the data
transmission FIFO —_—>
¢ YES
Write "0" to FDRQ bit Read the data according

to the value set to the
FBYTE and process it

NO Return the +
data Set N byte to the
— transmission FIFO
YES *
Read the data according Write "0" to FDRQ bit
to the value set to the

FBYTE and process it
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15.8 Setting Procedure and Program Flow for Operating Mode 1
(Asynchronous Multiprocessor Mode)

In operating mode 1 (multiprocessor mode), multiple CPUs communication using the
master/slave connection is available. It is possible to use as master/slave.

B Inter-CPU Connection
As shown in the figure below, the master/save communication system consists of 1 master CPU and

multiple slave CPUs connected by 2 common communication lines. UART can be used for the master or

save.

Figure 15.8-1 Example of UART Master/Slave Communication Connection

3

SIN y y

v A

Master CPU SOT SN SOT SIN
Slave CPU#0 Slave CPU#1

B Function Selection
For master/dave communication, select the operating mode and data transfer method as shown in Table

15.8-1.
Table 15.8-1 Master/Slave Communication Function Selection
Operating mode
Data Parity Stop bit Bit direction
Master CPU Slave CPU
Address AD=1
transmission Mode 1 Mode 1 +
and reception ode ode 7-bit or 8-bit address i
(AD bit (AD bit None | 1-bitor2-bit | -°F f';ﬁs‘t)r MSB
Data transmission) reception) AD=0
transmission +
and reception 7-bit or 8-hit data
Note:

Use word access to perform the transmission and reception data (TDR/RDR) in the operating mode
1.
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@ Communication procedure

The communication starts when the master CPU transmits address data. The address data, where D8 bit is
set to "1", selects the slave CPU to be the destination of the communication. Each slave CPU identifies the

address data with the program and communi cates with the master CPU (normal data) when the address data
matches with the address assigned to the slave CPU.

Figure 15.8-2 and Figure 15.8-3 show the flowcharts for master/slave communication.

322 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



MB91313A Series

Bl Flowchart

@ Without FIFO

Figure 15.8-2 Example of Master/Slave Communication Flowchart (Without FIFO)
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15.8 Setting Procedure and Program Flow for Operating Mode 1

(Asynchronous Multiprocessor Mode)

(Master CPU)

C =

=i

Set operating mode
(set to mode 1)

v

Set SIN pin as serial data
input
Set SOT pin as serial data

output

Set 7 or 8 data bits
Set 1 or 2 stop bits

v

Set D8 bit to "1"

v

Enable transmission and
reception operation

v

Transmit the slave address

v

Set D8 bit to "0"

# YES

Communicate with slave CPU

Terminate
communication?

YES

Communicate with
other slave CPU

Disable transmission
and reception operation

(Slave CPU)

s D
v

Set operating mode
(set to mode 1)

v

Set SIN pin as serial data
input
Set SOT pin as serial data

output

Set 7 or 8 data bits
Set 1 or 2 stop bits

“

Enable transmission and
reception operation

e

Receive byte

NO
D8 bit = 1

YES

Slave address
matched

Communicate with
master CPU

v

Terminate
communication?

YES

|
C

End )
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MB91313A Series

@® Wwith FIFO

Figure 15.8-3 Example of Master/Slave Communication Flowchart (With FIFO)

(Master CPU)

Start

C

N

Set operating mode
(set to mode 1)

A 4

e Enable the transmission
and reception FIFO
¢ Specify the FBYTE

e
v

| Set AD bit to "1"

v

Set a slave address to the
transmission FIFO and

D

Transmit the
slave address

write "0" to FDRQ bit

v

| Set AD bit to 0"

v

Set N byte to the transmission
FIFO and write "0" to FDRQ bit

Transmit the data

v

| Set D8 bit to "0" |

YES

Transmit the data
il

| lEnemiinedaia -y,

(Slave CPU)

Start

v

Set operating mode
(set to mode 1)

“

Enable the transmission
and reception FIFO

C D

v

| SetFBYTE =1 |

AD=1 &
slave address
matched

Read the data according to the value
set to the FBYTE and process it

v

Read the data according to the value
set to the FBYTE and process it

v

-

Set N byte to the transmission
FIFO and write "0" to FDRQ bit
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15.9 Notes on UART Mode

The notes for when you use the UART mode are shown below.

¢ FIFO cannot be used for requesting DMA transfer with a channel with FIFO. Please set as FIFO
operation disable.

* Torequest aDMA transfer request, set the block size of DMA to one time.
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15.10 Overview of CSIO (Clock Synchronous Multi Function Serial

Interface)

CSIO (clock synchronous multi function serial interface) is a general-purpose serial
data communication interface for synchronous communication with external devices
(SPI compliant). In addition, it has the transmission/reception FIFO (Maximum 16-byte

each).

B Functions of CSIO (Clock Synchronous Multi Function Serial Interface)

Function
1 Data buffer Full-duplex, double buffering (when FIFO is not used)
Transmission/reception FIFO (maximum 16-byte each) * (when FIFO is used)
Clock synchronous (no start/stop bit)
2 Transfer format Master/dlave function
SPI compliant (both master/slave)
Dedicated baud rate generator (15-bit reload counter configuration, when master
3 Baud rate operation)
External clock input capability (when slave operation)
4 Datalength Variable 5 to 9 bits
Reception error
5 detection Overrun error
Reception interrupt (reception completion, overrun error)
Transmission interrupt (transmission data empty, transmission busidle)
6 Interrupt request Transmission FIFO interrupt (when the transmission FIFO is empty)

Both transmission/reception have the extended intelligent /O service (E120S) and DMA
transfer function

7 Synchronous mode

Master or slave function

8 Pin access "1" can be set to the serial data output pin
Transmission/reception FIFO are provided (maximum size; transmission FIFO 16-byte,
reception FIFO 16-byte)”

9 FIFO options Transmission FIFO and reception FIFO can be selected

Transmission data can be retransmitted
Reception FIFO interrupt timing can be changed from the software
Independent FIFO reset support

*: FIFO isonly provided to ch.0, ch.1 and ch.2 (16-byte each for transmission and reception).
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15.11 Registers of CSIO (Clock Synchronous Multi Function
Serial Interface)

This section shows the register list of CSIO (clock synchronous multi function serial
interface).

B Register List of CSIO (Clock Synchronous Multi Function Serial Interface)

Table 15.11-1 Register List of CSIO (Clock Synchronous Multi Function Serial Interface)

Address bit15 bit8 | bit7 bit0
00X0y | 0O0X1y |SCR (serial control register) SMR (serial mode register)
00X2y | 00X3y | SSR (serial status register) (EeiSeI:ded communication control register)
CSIO| oox4,, | ooxs, |RDRUTDRL _ _ RDRO/TD.RO . .
(transmission and reception data register 1) (transmission and reception data register 0)
00X6y | 00X7y |BGR1 (baud rate generator register 1) BGRO (baud rate generator register 0)
00X8y | 00X9y - -
00YAy | 00YBy | FCR1 (FIFO control register 1) FCRO (FIFO control register 0)
FIFO 00YCy | 00YDy |FBYTE2 (FIFO2 byte register) FBYTEL (FIFOL byte register)

(X = 06H, O7H1 08H7 OgH, OAH, OBH, 1BH1 lCH, 1DH, 1EH, 1FH' Y:OGH, 07H7 OBH)

Table 15.11-2 Bit Arrangement of CSIO (Clock Synchronous Multi Function Serial Interface)

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0

SCR/SMR| UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV | BDS | SCKE | SOE
|5588ng REC - - - ORE | RDRF | TDRE | TBI SOP - - - - L2 L1 LO
TDR/RDR - D8 D7 D6 D5 D4 D3 D2 D1 DO
BBgF;J(.)/ - B14 B13 B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 B1 BO

FCRY/

FCRO FTST1| FTSTO - FLSTE| FRIIE | FDRQ | FTIE | FSEL - FLST | FLD | FSET | FCL2 | FCL1 | FE2 FE1
FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 FD8 FD7 FD6 FDS5 FD4 FD3 FD2 FD1 FDO
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15.11.1 Serial Control Register (SCR)

MB91313A Series

Serial control register (SCR) can enable/disable the transmission and reception
interrupts, the transmission and reception operations, and transmission idle interrupt. It

is also able to set to connect to SPI and reset CSIO.

B Serial Control Register (SCR)
Figure 15.11-1 shows the hit configuration of the serial control register (SCR), and Table 15.11-3 shows
the function of each bit.

Figure 15.11-1 Bit Configuration of Serial Control Register (SCR)

ch.0 000060+
ch.1 000070n
ch.2 000080+

SCR bt 15 14 13 12 1 10 9 8

UPCL| MS | SPI | RIE | TIE |TBIE | RXE| TXE | 000000008

RW RW RW RW RW RW RW RW

Initial value

ch.3 000090+
ch.4 0000AOH
ch.5 0000BOH
ch.6 0001BOH — -
ch.7 0001COH TXE Transmission enable bit
ch.8 0001D0H 0 Disables transmission
ch.9 0001EOH 1 Enables transmission
ch.A 0001FOH
RXE Reception enable bit
0 Disables reception
1 Enables reception
» TBIE Transmission bus idle interrupt enable bit
0 Disables transmission bus idle interrupt
1 Enables transmission bus idle interrupt
> TIE Transmission interrupt enable bit
0 Disables transmission interrupt
1 Enables transmission interrupt
> RIE Reception interrupt enable bit
0 Disables reception interrupt
1 Enables reception interrupt
> SPI SPI compliant bit
0 Normal synchronous transfer
1 SPI compliant
> MS Master/slave function selection bit
0 Master mode
1 Slave mode
»| urcL : Programmable clear bit
Write Read
? 5 No eﬁle)ft I Always read "0"
RW  :Readable/writable rogrammable clear
I:l : Initial value
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Table 15.11-3 Function Description of Each Bit in the Serial Control Register (SCR)

Bit name

Function

bit15

UPCL:
Programmable clear bit

Initializes the internal state of CSIO.
When "1" is set:
e CSlOisdirectly reset (software reset). However, the register setting isretained. The
CSIO that is under transmission/reception statusisimmediately disconnected.
e Baud rate generator reloads the value set in BGRL/BGRO register and restarts.
¢ All transmission and reception interrupt sources (TDRE, TBI, RDRF, and ORE) are
initialized.
* When"0" isset: No effect on the operation.
When reading, "0" is always read.
Notes:
¢ Execute programmable clear after you disable an interrupt.
e When using FIFO, disable FIFO (FE2, FE1 = 0) before you execute programmable
Clear.

Specifies whether to use master or slave mode.
When "0" is set: Setsto the master mode.

SPI compliant bit

MS: wqn .
bit14 | Master/slave function XIV(?[? 1"is set: Setsto the slave mode.
selection bit If the dave mode is specified, an external clock isdirectly input when SCKE = 0inthe
seria mode register (SMR).
SPI- Thisbit is provided for the SPI compliant communication.
bit13 ' When "0" is set: Performs the normal synchronous communication.

When "1" is set: Performs the SPI compliant communication.

bit12

RIE:

Reception interrupt enable

bit

» Enables/disables the output of areception interrupt request to the CPU.
» A reception interrupt request is output when RIE bit and the reception data flag bit
(RDRF) are"0" or when the error flag bit (ORE) isset to"1".

bit1l

TIE:
Transmission interrupt
enable bit

» Enableg/disables the output of atransmission interrupt request to the CPU.
» A transmission interrupt request is output when TIE bit and the TDRE bit are "1".

enable bit

TBIE: » Enableg/disables the output of atransmission busidleinterrupt request to the CPU.
bit10 | Transmission busidle » A transmission busidle interrupt request is output when TBI bit and the TBIE bit
interrupt enable bit are"1".
Enabl es/disables the reception operation of CSIO.
RXE: * When "0" is set: Disables the data frame reception operation.
bit9 | Reception operation e When"1" is set: Enables the data frame reception operation.

Note:
The reception operation isimmediately stopped if you disable it (RXE = 0) while
receiving.

bit8

TXE:
Transmission operation
enable bit

Enables/disables the transmission operation of CSIO.

* When "0" is set: Disables the data frame transmission operation.

* When"1" is set: Enables the data frame transmission operation.

Note:
Thetransmission operation isimmediately stopped if you disableit (TXE = 0) while
transmitting.
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15.11.2 Serial Mode Register (SMR)

MB91313A Series

Serial mode register (SMR) can set the operating mode, select transfer direction, data
length and serial clock inversion, and enable/disable the output to the pin of the serial
data and clock.

B Serial Mode Register (SMR)

Figure 15.11-2 shows the bit configuration of the serial mode register (SMR), and Table 15.11-4 shows the
function of each bit.

Figure 15.11-2 Bit Configuration of Serial Mode Register (SMR)

SMR
ch.0 000061+
ch.1 000071+
ch.2 000081+
ch.3 000091+
ch.4 0000A1H
ch.5 0000B1H
ch.6 0001B1+
ch.7 0001C1H
ch.8 0001D1H
ch.9 0001E1H
ch.A 0001F1+

R/W

]

bit 7 6 5 4

3 2 1 0

Initial value

MD2| MD1| MDO| -

SCINV | BDS [SCKE| SOE

000-00008

RW R/W R/W RW R/W R/W R/W R/W

L]

: Readable/writable
:Unused
: Initial value

SOE Serial data output enable bit
0 Disables SOT output
1 Enables SOT output
SCKE Serial clock output enable bit
Disables SCK output
0 or
Enables SCK input
1 Enables SCK output
» BDS Transfer direction selection bit
0 LSB first (transferred with the lowest bit)
1 MSB first (transferred with the highest bit)
SCINV Serial clock inversion bit
0 Mark level "H" format
1 Mark level "L" format
> Unused bit
Read value is undefined. Writing has no effect on operation.
» MD2| MD1| MDO Operating mode setting bits
0 0 0 | Operating mode 0 (asynchronous normal mode)
0 0 1 | Operating mode 1 (asynchronous multiprocessor mode)
0 1 0 | Operating mode 2 (clock synchronous mode)
1 0 0 | Operating mode 4 (12C mode)

Note: This section explains the register and operation in the operating mode 2.
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Table 15.11-4 Function Description of Each Bit in the Serial Mode Register (SMR)

Bit name

Function

bit7
to
bit5

MD2 to MDO:
Operating mode setting
bits

Sets the operating mode.
"000g": Sets to the operating mode O (asynchronous normal mode)
"001g": Setsto the operating mode 1 (asynchronous multiprocessor mode)
"010g": Setsto the operating mode 2 (clock synchronous mode)
"100g": Setsto the operating mode 4 (| c mode)
Notes:
¢ Any setting other than those above is disabled.
«  When switching the operating mode, execute the programmable clear (SCR:UPCL =1)
before switching it.
» Set the operating mode, and then set each register.

bit4

Unused bit

When reading : Vaueisundefined.
When writing : No effect.

bit3

SCINV:
Seria clock inversion bit

Inverts the serial clock format.
When "0" is set:
e Themark level of the serial clock output isset to "H".
e Thetransmission datais synchronized with the faling edge of aseria clock in
normal transfer or the rising edge of aserial clock in SPI transfer to output.
* Thereception datais sampled at therising edge of aseria clock in normd transfer
or thefalling edge of aserial clock in SPI transfer.
When "1" is set:
e Themark level of the serial clock output issetto"L".
e Thetransmisson datais synchronized with the rising edge of aseria clock in
normd transfer or the falling edge of aseria clock in SPI transfer to output.
* Thereception datais sampled at thefalling edge of aseria clock in normal transfer
or therising edge of aseria clock in SPI transfer.
Note:
Specify thisbit when the transmission/reception are disabled (TXE = RXE=0).

bit2

BDS:
Transfer direction
selection bit

Specifies whether the transfer serial datais transferred with the lowest bit (LSB first,
BDS = 0) or the highest bit (MSB first, BDS = 1).
Note:

Specify thisbit when the transmission/reception are disabled (TXE = RXE=0).

bitl

SCKE:
Serial clock output enable
bit

Controlsthe 1/O port of the serial clock.

When "0" is set: Enables SCK "H" output or SCK input. When using as SCK input, set
the general-purpose 1/0 port as an input port.

When "1" is set: Enables SCK output.

bit0

SOE:
Serial data output enable
bit

Enables/disables the output of the seria data.
When "0" is set: Enables SOT "H" output.
When "1" is set: Enables SOT output.

Note:

Set the operating mode first because the other registers will be initialized once the operating mode
has been changed. However, when SCR and SMR are written at the same time by 16-bit writing, the
written contents will be reflected on SCR.

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED 331



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.11 Registers of CSIO (Clock Synchronous Multi Function Serial ;
Interface) MB91313A Series

15.11.3 Serial Status Register (SSR)

Serial status register (SSR) verifies the transmission/reception status and the reception
error flag, and also clears the reception error flag.

B Serial Status Register (SSR)

Figure 15.11-3 shows the bit configuration of the serial status register (SSR), and Table 15.11-5 shows the
function of each bit.

Figure 15.11-3 Bit Configuration of Serial Status Register (SSR)

SSR bit 15 14 13 12 11 10 9 8 Initial value
o0 000002 lrec| - | - | - |ome [rore{ToRE| TBI | 000118
ch.2 000082+ R/W _ _ _ R R R R
ch.3 000092+
ch.4 0000A2H J L
g:g ggg?gg: TBI Transmission bus idle flag bit
ch.7 0001C2+ 0 Transmitting
ch.8 0001D2H 1 No transmission operation
ch.9 0001E2H
ch.A 0001F2+ TDRE Transmission data empty flag bit
0 Transmission data register (TDR) has data
1 Transmission data register is empty
» RDRF Reception data full flag bit
0 Reception data register (RDR) is empty
1 Reception data register (RDR) has data
——>» ORE Overrun error flag bit
0 No overrun error
1 There is an overrun error
> Unused bits
Read values are undefined. Writing has no effect on operation.
» REC ‘Reception error flag clear bit
Write Read
R/W : Readable/writable 0 No effect
R :Readonly Clears reception error Always read "0"
- :Unused 1 flags (FRE, ORE)
[ |:mnitial value
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Table 15.11-5 Function Description of Each Bit in the Serial Status Register (SSR)
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Interface)

Bit name

Function

bit15

REC:
Reception error flag clear
bit

Clears ORE flag in the serial status register (SSR).

Writing "1" to this bit clears the error flags.
Writing "0" has no effect.

When reading, "0" is always read.

Overrun error flag bit

bit14 . .
o Ui e g e e e
bit12 ’ ’
«  When an overrun error occurs while receiving, thisbit isset to "1". When you write
"1" to REC bit in the serial status register (SSR), thisbit is cleared.
ORE: ¢ A reception interrupt request is output when ORE bit and RIE bit are"1".
bit1l : Datain the reception data register (RDR) isinvalid if thisflag is set.

When this bit is set while using the reception FIFO, the enable bit in the reception
FIFO will be cleared and the reception data will not be stored into the reception
FIFO.

bit10

RDRF:

Reception datafull flag bit |~

Indicates the status of the reception data register (RDR).

When the reception dataiis loaded to RDR, thisbit isset to "1". If the reception data
register (RDR) isread, thisbit is cleared to "0".

A reception interrupt request is output when RDRF bit and RIE bit are"1".

When using the reception FIFO, RDRF isset to "1" if the reception FIFO has
received a predefined number of data.

When using the reception FIFO, if the reception idle state continues over 8 clocks of
the baud rate clock (because the reception FIFO has not received a predefined
number of dataand some data still remainsin the reception FIFO), RDRF is set to
"1". If you read the RDR while counting 8 clocks, the counter isreset to "0" and
start counting 8 clocks all over again.

When using the reception FIFO, this bit is cleared to "0" if the reception FIFO gets
empty.

Indicates the status of the transmission data register (TDR).

When you write atransmission datato TDR, this bit becomes "0" to indicate that
thereis somevalid data. When the datais|oaded to the transmission shift register to
start transmission, this bit becomes"1" to indicate that there isno valid datain

bit

TDRE: TDR.
bit9 |Transmission dataempty |¢ A transmission interrupt request is output when TIE bit and the TDRE bit are"1".
flag bit » If you set UPCL bit in the serial control register (SCR) to "1", TDRE bit becomes
n 1II .
» For more information about set/reset timing of TDRE bit when using the
transmission FIFO, see"15.4.4 Interrupt Generation and Flag Set Timing When
Using Transmission FIFO".
* Indicatesthat CSIO is not processing the transmission operation.
» Thishit becomes"0" when data is written to the transmission dataregister (TDR).
TBI: » Thisbit becomes"1" when the transmission dataregister (TDR) isempty (TDRE =
bit8 | Transmission busidleflag 1) and the transmission operation is not in progress.

If you set UPCL bit in the serial control register (SCR) to "1", TDRE bit becomes
"1".

A transmission interrupt request is output when this bit is"1" and the transmission
busidleinterrupt is enabled (SCR: TBIE = 1).
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15.11.4 Extended Communication Control Register (ESCR)

Extended communication control register (ESCR) can set the transmission/reception
data length and fix the serial output to "H".

B Bit Configuration of Extended Communication Control Register (ESCR)

Figure 15.11-4 shows the bit configuration of the extended communication control register (ESCR), and
Table 15.11-6 shows the function of each bit.

Figure 15.11-4 Bit Configuration of Extended Communication Control Register (ESCR)

ESCR bt 7 6 5 4 3 2 1 0 Initial value
ch.0 000063+
ch.1 0000734 |SOP| - | - | - | - | L2 | L1 | Lo |0--“OOOB

ch.2 000083
h3000093, RW - - - - RW RW RW
ch.4 0000A3H | | | | | |
ch.5 0000B3+

ch.6 0001B3+
ch.7 0001C3H
ch.8 0001D3H
ch.9 0001E3+

ch.A 0001F3H » |2 L1 LO Data length selection bits
0 0 0 8-bit length
0 0 1 5-bit length
0 1 0 6-bit length
0 1 1 7-bit length
1 0 0 9-bit length
> Unused bits

Read values are undefined. Writing has no effect on operation.

_ Serial output pin set bit
> SOP Write Read
R/W : Readable/writable 0 No effect Always read "0"
: Unused 1 Sets SOT pin to "H"

|:|: Initial value
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Table 15.11-6 Function Description of Each Bit in the Extended Communication Control Register (ESCR)

Bit name Function
e Setsthe seria output pinto "H" level.
e Whenreading, "0" isaways read.
bit7 SOP: Note:

Serial output pin set bit Do not st thisbit while transmitting the seria data.
Configuration value for this bit is enabled only when TXE bit for seria control
register (SCR) is"0".

bit6 When reading : Values are undefined
to | Unused bits Whenwriting : No effect,
bit3
Specifies the data length of the transmission/reception data
e When "000g" is set: Sets the data length to 8-hit.
bit2 * When"001g" is set: Sets the data length to 5-hit.
o |L2tLO: |+ When"010g" isset: Setsthe datalength to 6-bit.
bito | Daalength selectionbits |« \when 011" is set: Sets the datalength to 7-bit.

e When "100g" is set: Sets the data length to 9-hit.
Note:
Any setting other than those above is disabled.
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Iln5telr;LaCIz$gsteso 10 (Clock Synchronous Multi Function Seria M891313A Serles
15.11.5 Reception Data Register/Transmission Data Register

(RDR/TDR)

Reception/transmission data registers are arranged in the same address. When reading,
it functions as the reception data register and when writing, it functions as the
transmission data register.

B Reception Data Register (RDR)
Figure 15.11-5 shows the bit configuration of the reception data register (RDR).

Figure 15.11-5 Bit Configuration of the Reception Data Register (RDR)

RDR

ch.0 000064, ch.1 000074y pit15........... 8 7 6 5 4 3 2 1 0 Initial value

cha 8888%’1: 3 8888%1: [ [D8[D7[D6[D5]Da4]D3[D2]DIL][DO | 0000000005

ch.6 0001B4y, ch.7 0001C4, R R R R R R R R
ch.8 0001D4, ch.9 0001E4y
ch.A 0001F4,,

R: Read only

Reception dataregister (RDR) is a 9-bit data buffer register for serial data reception.

* A seria datasignal transmitted to the serial input pin (SIN pin) is converted at the shift register and then
stored in this reception data register (RDR).

» Asdescribed below, data becomes "0" from the upper bits depending on the data length.

Data length D8 D7 D6 D5 D4 D3 D2 D1 DO

9-hit X X X X X X X X X
8-hit 0 X X X X X X X X
7-bit 0 0 X X X X X X X
6-bit 0 0 0 X X X X X X
5-bit 0 0 0 0 X X X X X

« When the received data is stored in the reception data register (RDR), the reception data full flag bit
(SSR:RDRF) is set to "1". If the reception interrupt is enabled (SSR:RIE = 1), a reception interrupt
request occurs.

» Read the reception data register (RDR) when the reception data full flag bit (SSR:RDRF) is "1". If the
serial reception data register (RDR) isread, the reception data full flag bit (SSR:RDRF) is automatically
cleared to "0".

« If areception error occurs (SSR:ORE), the data in the reception data register (RDR) becomesinvalid.
» For 9-bit length transfer, RDR reading is performed by 16-bit access.
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Notes:

 When using the reception FIFO, RDRF is set to "1" if the reception FIFO has received a
predefined number of data.

« When using the reception FIFO, RDRF is cleared to "0" if the reception FIFO gets empty.

* When a reception error occurs (SSR:ORE = 1) while using the reception FIFO, the enable bit in
the reception FIFO will be cleared and the received data will not be stored into the reception
FIFO.
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B Transmission Data Register (TDR)
Figure 15.11-6 shows the bit configuration of the transmission dataregister (TDR).

Figure 15.11-6 Bit Configuration of the Transmission Data Register (TDR)

TDR

ch.0 000064, ch.1 000074 pit15........... 8 7 6 4 5 3 2 1 0 Initial value

gﬂ:i 888821: gﬂg gggggﬁ:; """" [D8 [ D7 [ D6 [ D5 [ D4 [ D3 [ D2 | DI | DO | 1111111114

ch.6 0001B4y; ch.7 0001C4
ch.8 0001D4y, ch.9 0001E4,
ch.A 0001F4,,

W: Write only

Transmission dataregister (TDR) is a 9-bit data buffer register for serial data transmission.

» |If data to be transmitted is written to the transmission data register (TDR) when the transmission
operation is enabled (SCR:TXE = 1), the data is transferred to the transmission shift register where the
datais converted to serial data, and then transmitted from the seria data output pin (SOT pin).

« Asdescribed below, data becomes invalid from the upper bits depending on the data length.

Data length D8 D7 D6 D5 D4 D3 D2 D1 DO
9-hit X X X X X X X X X
8-hit Invalid X X X X X X X X
7-bit Invelid  Invalid X X X X X X X
6-bit Invalid  Invalid  Invalid X X X X X X
5-bit Invalid Invalid Invalid  Invalid X X X X X

e A transmission data empty flag (SSR:TDRE) is cleared to "0" when the transmission data is written into
the transmission dataregister (TDR).

« If the transmission FIFO is disabled or empty, the transmission data empty flag (SSR:TDRE) is set to
"1" when the transmission data is transferred to the transmission shift register and the transmission is
started.

* When the transmission data empty flag (SSR:TDRE) is "1", you can write next transmission data. If
transmission interrupt is enabled, a transmission interrupt request occurs. Write next transmission data
when a transmission interrupt occurs or when the transmission data empty flag (SSR:TDRE) is"1".

¢ You cannot write a transmission data to the transmission data register (TDR) when the transmission data
empty flag (SSR:TDRE) is"0" and a so the transmission FIFO is disabled or full.

» For 9-bit length transfer, writing to TDR is performed by 16-bit access.
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Notes:

« The transmission data register (TDR) is a write only register and the reception data register (RDR)
is a read only register. These registers are located at the same address, so the read value is
different from the write value. Therefore an instruction that operates read-modify-write (RMW)
instruction, such as INC/DEC, cannot be used.

« For more information about the set timing of the transmission data empty flag (SSR:TDRE) when
using the transmission FIFO, see "15.4.4 Interrupt Generation and Flag Set Timing When Using
Transmission FIFO".
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15.11.6 Baud Rate Generator Registers 1, 0 (BGR1/BGRO0)

The baud rate generator registers 1, 0 (BGR1/BGRO) sets the division ratio for the serial

clock.

B Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO)

Figure 15.11-7 shows the bit configuration of the baud rate generator registers 1, 0 (BGR1/BGRO).

Figure 15.11-7 Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO)

BGR bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value
ch.0 000066+ {-0000000
ch.1 000076 - B14 | B13| B12 | B11 | B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BOE B

00000000
ch.2000086v  _ R RW RMW RW RW RW RW RW RW RW RW RW RW RW RW 3
ch.3 000096+
ndooooner || || N 1 O O O N O
ch.5 0000B6H
ch.6 0001B6H
ch.7 0001C6H
ch.8 0001D6H
ch.9 0001E6H BGRO Baud rate generator register 0
ch.A 0001F6x Write Writes to the reload counter bits O to 7
Read Reads the value set to BGRO
> BGR1 Baud rate generator register 1
Write Writes to the reload counter bits 8 to 14
Read Reads the value set to BGR1
> Unused bit
R/W: Readable/writable Read value is undefined. Writing has no effect on operation.

340

Set avalue to the baud rate generator registers 1, 0 (BGR1, BGRO).

BGR1 (supports the upper bits) and BGRO (supports the lower bits) can write the reload value to count
and read the value set to BGR1/BGRO.

The reload counter starts counting when areload value is written in the baud rate generator registers 1, 0
(BGRL/BGRO).
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Notes:
« Write to the baud rate generator registers 1, 0 (BGR1/BGRO0) by 16-bit access.

 If the reload value is an even number, "L" and "H" widths of the serial clock become as follows
depending on the setting for SCINV bit; If it is an odd number, "H" and "L" widths of the serial
clock have the same length.
When SCINV = 0, "H" width of the serial clock is longer than "L" width by 1 cycle of the machine
clock.

When SCINV = 1, "L" width of the serial clock is longer than "H" width by 1 cycle of the machine
clock.

* Be sure to set the reload value to 1 or more. However, if you use CSIO for the master and slave,
set the reload value for the master CSIO to 3 or more.

« When you change the value set to the baud rate generator registers 1, 0 (BGRO/BGR1), new
value is reloaded after the counter value reaches "000000000000000g". Therefore, if you want to
reflect the change immediately, execute CSIO reset (UPCL) after you change the value set to
BGR1/BGRO.

« When using the reception FIFO, you need to set a baud rate to BGR1/BGRO if the reception FIFO
idle detection enable bit is set to "1" (FCR1:FRIIE) to operate as the slave mode.
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15.11.7 FIFO Control Register 1 (FCR1)

FIFO control register 1 (FCR1) sets the test for FIFO, specifies the transmission/
reception FIFO, enables the transmission FIFO interrupt, and controls the interrupt flag.

B Bit Configuration of FIFO Control Register 1 (FCR1)
Figure 15.11-8 shows the bit configuration of the FIFO control register 1 (FCR1), and Table 15.11-7 shows
the function of each bit.

Figure 15.11-8 Bit Configuration of FIFO Control Register 1 (FCR1)

FCR1 bit 15 14 13 12 11 10 9 8 Initial value
ch.0 00006AH
ch.1 00007Ax FTST1|FTSTO| — |FLSTE|FRIIE | FDRQ| FTIE | FSEL | 00-001008
ch.200008AH RW RW — RW RW RW RW RW
L FSEL FIFO selection bit
0 Transmission FIFO: FIFO1, Reception FIFO: FIFO2
1 Transmission FIFO: FIFO2, Reception FIFO: FIFO1
FTIE Transmission FIFO interrupt enable bit
0 Disables the transmission FIFO interrupt
1 Enables the transmission FIFO interrupt
» FDRQ Transmission FIFO data request bit
0 Does not request the transmission FIFO data
1 Requests the transmission FIFO data
> FRIE Reception FIFO idle detection enable bit
0 Disables the reception FIFO idle detection
1 Enables the reception FIFO idle detection
» FLSTE Retransmission data lost detection enable bit
0 Disables the data lost detection
1 Enables the data lost detection
> Unused bit
Read value is undefined. Writing has no effect on operation.
| FTST1.0 FIFO test bits
00s Disables FIFO test
R/W  : Readable/writable Other than 00g Prohibited setting
- : Unused
|:| : Initial value
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Table 15.11-7 Function Description of Each Bit in the FIFO Control Register 1 (FCR1)
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Bit name Function
These are the test bits for FIFO.
bitl5, |FTST1, FTSTO: Be sure to set these bitsto "0".
bit14 |FIFO test bits Note:
If you set these bitsto "1", the test for FIFO will be executed.
. . When reading : Vaueis undefined.
bitl3 | Unused bit When writing : No effect.
Enables data lost detection.
FLSTE: When "0" is set: Disables datalost detection.
bit12 |Retransmissiondatalost |When"1" isset: Enables datalost detection.
detection enable bit Note:
When you set thisbit to 1", set FSET hit to "1" before doing so.
Specifies whether to detect the reception idle state that continues over 8-bit time with
FRIIE: the reception FIFO holding valid data. If the reception interrupt isenabled (SCR:RIE =
bitll |Reception FIFOidle 1), areception interrupt occurs when the reception idle state is detected.
detection enable bit When "0" is set: Disables the reception idle state detection.
When "1" is set: Enables the reception idle state detection.
Thisisadatarequest bit for the transmission FIFO.
When thisbitisset to "1", it indicates that the transmission datais being requested. A
transmission FIFO interrupt request is output when thisbit is"1" and the transmission
FIFO interrupt isenabled (FTIE = 1).
FDRQ set condition
* FBYTE (for transmission) = 0 (transmission FIFO is empty)
FDRQ: * Reset the transmission FIFO
bitl0 | Transmission FIFO data | FDRQ reset condition

request bit

*  Whenwriting "0" to this bit
*  When the transmission FIFO gets full
Notes:
* When FBYTE (for transmission) = 0, writing "0" to this bit is disabled.
* Whenthishitissetto"0", change of FSEL bit isdisabled.
e Setting "1" to this bit has no effect on the operations.
» "1"isread by aread-modify-write (RMW) instruction.

. FTIE: . Thisisan interrupt enable bit for the transmission FIFO. If thishit isset to "1", an
bit9 | Transmission FIFO interrupt occurs when FDRQ bit is"1"
interrupt enable bit P '
Selects the transmission/reception FIFO.
When"0" isset:Assigns the transmission FIFO:FIFO1 and the reception FIFO:FIFO2.
i When"1" isset:Assigns the transmission FIFO:FIFO2 and the reception FIFO:FIFOL.
hit8 FSEL: Notes:

FIFO selection bit

e Thishit cannot be cleared by the FIFO reset (FCL2, FCL1=1).
»  When you want to change this bit, disable FIFO operation (FE2, FE1 = 0) and any
transmission/reception (TXE = RXE = 0) firgt.
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15.11.8 FIFO Control Register 0 (FCRO0)

FIFO control register 0 (FCRO) enables/disables FIFO operation, performs FIFO reset,
saves the read pointer, and sets the retransmission.

B Bit Configuration of FIFO Control Register 0 (FCRO)
Figure 15.11-9 shows the bit configuration of the FIFO control register 0 (FCRO), and Table 15.11-8 shows
the function of each bit.

Figure 15.11-9 Bit Configuration of FIFO Control Register 0 (FCRO)

FCRO bit 7 6 5 4 3 2 1 0 Initial value

ch.0 00006BH
ch.1 00007BH - |FLST| FLD | FSET|FCL2| FCL1| FE2 | FE1 | .00000008

ch.2 00008BH

=) R RW RW RW RW RW RW

FE1 FIFO1 operation enable bit
0 Disables FIFO1 operation
1 Enables FIFOO operation
FE2 FIFO2 operation enable bit
0 Disables FIFO2 operation
1 Enables FIFO2 operation
_ FCLA FIFO1 reset bit
" Write Read
0 No effect .
1 FIFO1 reset Always read "0
_ FCL2 FIFO2 reset bit
o Write Read
0 No effect uau
1 FIFO2 reset Always read 0
_ FSET FIFO pointer save bit
o Write Read
0 Does not save Always read "0"
1 Executes save
> FLD FIFO pointer reload bit
0 Does not reload
1 Executes reload
> FLST FIFO retransmission data lost flag bit
0 Disables the data lost
1 Enables the data lost
> Unused bit
RW  :Readable/writable When reading, "0" is always read. When writing, "0" is always written.
R : Read only
- :Unused
|:| : Initial value
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Table 15.11-8 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (1/2)
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Bit name

Function

bit7

Unused bit

When reading : "0" isadwaysread.
When writing : Alwayswrite"0".

bit6

FLST:
FIFO retransmission data
lost flag bit

Indicates that retransmission data of the transmission FIFO has been lost.
FLST set condition
e Writing to FIFO when FLSTE bit in the FIFO control register 1 (FCR1) is"1"
and also the write pointer of the transmission FIFO and the read pointer saved
by FSET bit match each other.
FLST reset condition
e FIFO reset (writing "1" into FCL)
e When writing "1" to FSET bit
Setting thisbit to " 1" overwritesthe dataindicated by the read pointer saved with FSET
bit, therefore FLD bit cannot set the retransmission when an error occurs. If you
retransmit with this bit set to "1", perform FIFO reset and write the data again into
FIFO.

bit5

FLD:
FIFO pointer reload bit

Reloads the data saved to the transmission FIFO by FSET bit to the read pointer. This
bit is used for the retransmission due to a communication error.
When aretransmission setting is completed, this bit becomes"0".
Notes:
¢ Aslongasthishitissetto"1", thishit isreloading to the read pointer. Therefore, do
not write anything other than FIFO reset.
e Setingthishitto"1" isdisabled while transmitting or being in FIFO enabled State.
¢ Sa TIEand TBIE bitsto "0" and then write " 1" into this bit. After you enabled the
transmission FIFO, set TIE and TBIE hitsto "1".

bit4

FSET:
FIFO pointer save bit

Saves the read pointer of the transmission FIFO.

Once you save the read pointer before transmission, when FLST bitis"0" it ispossible

to retransmit in the case a communication error.

When "1" is set: Retains the current value set to the read pointer.

When "0" is set: No effect.

Note:
Set this bit to "1" when the number of bytes for transmission (FBY TE) indicates
"0".

bit3

FCL2:
FIFO2 reset bit

Resets FIFO2.
If you set thisbit to "1", theinternal state of FIFO2 isinitialized.
Only the FLST2 bit in the FIFO control register 1 (FCR1) isinitialized and the other
bitsin the FCR1/FCRO registers remain unchanged.
Notes:
» Disablesany transmission/reception before performing FIFO2 reset.
» Set thetransmission FIFO interrupt enable bit to "0" firgt.
* Thenumber of thevalid datain the FBY TE2 register becomes"0".

bit2

FCL1:
FIFOL1 reset hit

Resets FIFOL.
If you set thisbit to "1", the internal state of FIFO1 isinitialized.
Only the FLST1 bit in the FIFO control register 1 (FCR1) isinitialized and the other
bits in the FCR1/FCRO registers remain unchanged.
Notes:
» Disablesany transmission/reception before performing FIFOL reset.
» Set the transmission FIFO interrupt enable bit to "0" firgt.
» Thenumber of thevalid datain the FBY TEL register becomes"0".
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Table 15.11-8 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (2/2)

Bit name Function
Enables/disables the operation of FIFO2.
¢ When using FIFO2, set thisbitto "1".
e Set FIFO2 to the transmission FIFO (FCR1:FSEL = 1). When thereis some datain
FIFO2 and UART isenabled for transmission (TXE = 1), writing "1" into this bit
FED: sta_rts tran_smitti ng immediately. At thistime, set TIE and TBIE bitsto "0" and then
bitl |FIFO2 operation enable write 1 into this bit t_o make TIE and TBI_E bitsto 1 o
bit e If specified as argceptlon FIFO py FSEL b|t_, arecept|_on error clearsthisbit to"0".
You cannot set thisbit to "1" until the reception error is cleared.
¢ When using as the transmission FIFO, set "1" or "0" to this bit when the
transmission buffer is empty (TDRE = 1). If using as the reception FIFO, set "1" or
"0" to this bit when the reception buffer is empty (RDRF = 0).
« Evenif FIFO2 isdisabled, the state of FIFO2 is still retained.
Enables/disables the operation of FIFO1.
¢ When using FIFOL1, set thisbitto "1".
e Set FIFOL1 to the transmission FIFO (FCR1:FSEL = 0). When there is some datain
FIFO1 and UART isenabled for transmission (TXE = 1), writing "1" into this bit
FE1- stqrts tran;mitti ng immediately. At thistime, set TIE and TBIE bitsto "0" and then
bit0 | FIFO1 operation enable write 1 into this bit tp make TIE and TBI.E bitsto l o
bit o |If specified as argceptlon FIFO py FSEL blt., areceptl_on error clearsthisbit to "0".
You cannot set thisbit to "1" until the reception error is cleared.
e When using as the transmission FIFO, set "1" or "0" to this bit when the
transmission buffer isempty (TDRE = 1). If using as the reception FIFO, set "1" or
"0" to this bit when the reception buffer is empty (RDRF = 0).
¢ Evenif FIFO1 isdisabled, the state of FIFO1 is still retained.
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15.11.9 FIFO Byte Register (FBYTE)

FIFO byte register (FBYTE) indicates the number of valid data for FIFO.

B Bit Configuration of FIFO Byte Register (FBYTE)
Figure 15.11-10 shows the bit configuration of the FIFO byte register (FBYTE).

Figure 15.11-10 Bit Configuration of FIFO Byte Register (FBYTE)

FBYTE bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value

22? 888838:5FD15|FD14|FD13|FD12|FD11 | FD10| FD9 | FD8 § FD7 | FD8 | FD5| FD4 | FD3 | FD2| FD1| FDO! 000000008

ch.200008CH R\ RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 000000008

|_> FBYTE1 FIFO1 data number display bit
Write Sets the transfer count
Read Reads the number of valid data
> FBYTE2 FIFO2 data number display bit
R/W: Readable/writable Write Sets the transfer coqnt
Read (number of valid data) Read Reads the number of valid data

When transmitting : The number of data that are written into FIFO and have not transmitted yet.
When receiving : The number of data that are received at FIFO.
Write (transfer count)
When transmitting : Sets "O0H".
When receiving : Sets the number of data that generates a reception interrupt.

FIFO byte register (FBY TE) indicates the number of valid data of FIFO. The number varies as follows,
depending on the setting of FSEL bit in the FCR1 register.

Table 15.11-9 The Number of Data Displayed

FSEL FIFO selection The number of byte displayed

0 FIFO2: Reception FIFO, FIFO1: Transmission FIFO | FIFO2: FBYTE2, FIFO1: FBYTEL

1 FIFO2: Transmission FIFO, FIFOL: Reception FIFO | FIFO2: FBYTE2, FIFO1: FBYTEL

» Theinitial value of the transfer count of the FIFO byte register (FBYTE) is"084".

» Set the number of data to generate a reception interrupt flag to the FBY TE in the reception FIFO. An
interrupt flag (RDRF) is set to "1" when the defined transfer count matches with the number of data
displayed in the FIFO byte register (FBY TE).

« If the reception FIFO idle detection enable bit (FRIIE) is"1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.
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» To receive the data with the master operation (master reception), set TIE and TBIE bits to "0", specify

the number of data to receive in the FIFO byte register (FBYTE) of the transmission FIFO, and write
"0" to FDRQ hit. Then, the specified number of data for serial clock can be output when TXE bit is"1"
to receive the specified number of data. If you want to set TIE and TBIE bitsto "1", wait until FDRQ bit
becomes"1".

Notes:
* In the master operation, set "004" to FBYTE of the transmission FIFO except that data is
received.

* When receiving data with the master operation, set the number of transmission data when the
transmission FIFO is empty and also TIE and TBIE bits are set to "0".

< If you want to disable the reception (RXE=0) while receiving the data with the master operation,
disable the transmission FIFO before disabling the transmission and reception.

* Set a data more than "1" to the FBYTE in the reception FIFO.

« Disable the reception before changing the FBYTE in the reception FIFO.
* You cannot use any read-modify-write (RMW) instruction to this register.
« The setting that exceeds the FIFO size is disabled.
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15.12 Interrupts of CSIO (Clock Synchronous Multi Function
Serial Interface)

There are reception and transmission interrupts for CSIO (clock synchronous multi

function serial interface) and an interrupt request can be generated by the following

sources:

 When the received data is set in the reception data register (RDR), or a reception
error occurs

* When the transmission data is transferred from the transmission data register (TDR)
to the transmission shift register and the transmission has started

* Transmission bus idle (no transmission operation)

* Transmission FIFO data request

B Interrupts of CSIO
Table 15.12-1 shows the CSIO interrupt control bit and the interrupt source.

Table 15.12-1 CSIO Interrupt Control Bit and Interrupt Source

Interruot Interrupt Fla Interrupt
i ep request re is?er Interrupt source source How to clear the interrupt request flag
yp flag bit | "9 enable bit
Receive 1 byte Read reception data (RDR)
Thevalueset to FBYTE is
received
Detect the reception idle
) RDRE SR state that continues over Read reception data (RDR) until the
Reception 8-bit time with the SCRRIE | reception FIFO gets empty
reception FIFO holding
valid data when FRIIE bit
is"1"
ORE SSR | Overrun error Write"1" to the reception error flag clear

bit (SSR:REC)
Write to the transmission data (TDR), or
write "1" to the transmission FIFO
SCR:TIE operation enable bit when it is"0" and the
transmission FIFO has avalid data
(retransmission)”
Write to the transmission data (TDR), or
write "1" to the transmission FIFO
TBI SSR | Notransmission operation | SCR:TBIE | operation enable bit whenitis"0" and the
transmission FIFO has avalid data
(retransmission)”
Transmission FIFO is Write O to the FIFO transmission data
FDRQ FCR1 FCR1:FTIE | request bit (FCR1:FDRQ), or the
empty - .

transmission FIFO isfull

Transmission register is

TDRE SSR
empty

Transmis-
sion

*: Set TIE bit to "1" after TDRE bhit has become "0".
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15.12.1 Reception Interrupt Generation and Flag Set Timing

A reception completion (RDRF bit in SSR) and a reception error occurrence (ORE bit in
SSR) are the sources of the reception interrupt.

B Reception Interrupt Generation and Flag Set Timing

Detection of the last data bit stores the reception data to the reception data register (RDR). When a
reception is completed (SSR:RDRF = 1) or a reception error occurs (SSR:ORE = 1), each flag is set. If
reception interrupt is enabled (SSR:RIE = 1) at this point, a reception interrupt occurs.

Note:
If a reception error occurs, the data in the reception data register (RDR) becomes invalid.

Figure 15.12-1 Reception Operation and Flag Set Timing

ScK I B Y B O
SIN DO D1 D2 D3 D4 D5 D6 D7
camping N Y O I O
RDRF

Note: Reception interrupt occurred

This figure shows the timing under the following conditions:
SCR: MS=1, SPI=0

ESCR: L2 to L0=000s

SMR:SCINV=0, BDS=0, SCKE=0, SOE=0

Figure 15.12-2 ORE (Overrun Error) Flag Set Timing

s« U U L
SIN DO | D1 | D2 | D3| D4 | D5 | D6 | D7 | DO | D1 |{D2 | D3 | D4 | D5 | D6 |D7
e L1 1L
RDRF |
ORE I
—

An overrun error occurs
Note:

This figure shows the timing under the following conditions:
SCR: MS=1, SPI=0

ESCR: L2 to L0=000s

SMR:SCINV=0, BDS=0, SCKE=0, SOE=0

An overrun error occurs when next datais transferred before the reception datais read (RDRF = 1).
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MB91313A Series 15.12 Interrupts of CSIO (Clock Synchronous Multi Function Serial
Interface)
15.12.2 Interrupt Generation and Flag Set Timing When Using

Reception FIFO

When using the reception FIFO, an interrupt is generated when the same value set to
the FIFO byte register (FBYTE) has been received.

B Reception Interrupt Generation and Flag Set Timing When Using Reception FIFO

When using the reception FIFO, the generation of an interrupt depends on the value set to the FIFO byte
register (FBYTE).

When the amount of data set to the FIFO byte register (FBY TE) as the transfer count has been received,
the reception data full flag bit in the serial status register (RDRF bit in SSR) is set to "1". If reception
interrupt is enabled (SCR:RIE) at this point, a reception interrupt occurs.

If the reception FIFO idle detection enable bit (FRIIE) is "1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.

When the reception data (RDR) is read until the reception FIFO gets empty, the reception data full flag
bit (SSR:RDRF) is cleared.

If next data is received with the FIFO size displayed as the number of data that can be received, an
overrun error occurs (SSR:ORE = 1).

Figure 15.12-3 Reception Interrupt Generation Timing When Using Reception FIFO

Reception data 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte

FIFO byte 3

(reception)
Valid byte
displayed o 1 2 @@@@ 1 2 3 e“Q 1

RDRF -
RDR reading /H_.D:I:I//
L

SCK

An interrupt occurs upon a match between
FIFO byte setting (transfer count) and the
number of data received

Read all reception data
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Interface)
Figure 15.12-4 Set Timing of ORE (Overrun Error) Flag Bit
SCK
A A
seception 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte
ata
FIFO byte 50
(reception)
Valid byte
displayed 59 60 61 62 63 64
RDRF b A
ORE v
An interrupt occurs upon a match between AN OvVerrun error occurs
FIFO byte (reception) setting + 1 and the
number of data received

352

An overrun error occurs when next data is received with the FIFO size displayed in the FIFO. The figure

shows an example where a FIFO size of 64 bytesis used.
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15.12.3 Transmission Interrupt Generation and Flag Set Timing

CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.12 Interrupts of CSIO (Clock Synchronous Multi Function Serial

Interface)

A transmission interrupt occurs when the transmission data is transferred from the
transmission data register (TDR) to the transmission shift register (SSR: TDRE = 1) and the
transmission has started, or when the transmission operation is not in progress (SSR:TBI =

1).

B Transmission Interrupt Generation and Flag Set Timing

@ Set timing of the transmission data empty flag (TDRE)

Once the data written into the transmission data register (TDR) is transferred to the transmission shift
register, next data can be written into TDR (SSR:TDRE = 1). If transmission interrupt is enabled (SCR:TIE = 1)
at this point, a transmission interrupt occurs. As TDRE bit is read only, it is cleared to "0" by writing data
into the transmission data register (TDR).

Figure 15.12-5 Set Timing of Transmission Data Empty Flag (TDRE)

A transmission interrupt occurred

SCK EREREREREREEEEEEREEREREREn
Transmission data DO D1 D2 Y D3 D4 D5 D6 D7 DO D1 D2 Y D3 D4 D5
TDRE N
Writing to TDR I_I T I_I
\

@ Set timing of the transmission bus idle flag (TBI)

TBI bit in the seria statusregister (SSR) isset to 1" when the transmission data register is empty (TDRE = 1)
and the transmission operation is not in progress. If transmission busidle interrupt is enabled (SCR:TBIE = 1)
at this point, a transmission interrupt occurs. TBI bit and the transmission interrupt request are cleared

when atransmission data is set to the transmission dataregister (TDR).

Figure 15.12-6 Set Timing of Transmission Bus Idle Flag (TBI)

SCK

L LT L L]

L]

g=p=p=y

n
CHENE

Transmission data X DO X D1 ) 'D3 YD4 YD5 Y De Y D7 DO D2 D5
TBI _| P
TDRE _|_ A transmission interrupt |_
Writing to TDR |_| by jfhe busE idle og:currecsl |_|

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED

353



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.12 Interrupts of CSIO (Clock Synchronous Multi Function Serial ;
Interface) MB91313A Series

15.12.4 Interrupt Generation and Flag Set Timing When Using
Transmission FIFO

When using the transmission FIFO, an interrupt occurs when the transmission FIFO has
no data.

B Transmission Interrupt Generation and Flag Set Timing When Using Transmission
FIFO

¢ When the transmission FIFO has no data, FIFO transmission data request bit (FCR1:FDRQ) is set to
Illll.
If FIFO transmission interrupt is enabled (FCR1:FTIE = 1) at this point, a transmission interrupt occurs.
¢ Once the transmission interrupt has been generated and you have written the required data into the

transmission FIFO, write "0" to the FIFO transmission data request bit (FCR1:FDRQ) to clear the
interrupt request.

e The FIFO transmission data request bit (FCR1:FDRQ) becomes "0" when the transmission FIFO gets
full.

* You can verify if the transmission FIFO has data or not by reading the FIFO byte register (FBY TE).
FBY TE = 00y indicates that the transmission FIFO has no data.

Figure 15.12-7 Transmission Interrupt Generation Timing When Using Transmission FIFO

scK Ui U UL
Transmission data 1st byte 3rd byte 4th byte
FIFO byte 0 X : X2 1 0 1 0
displayed
FDRQ W }\/}V
TDRE Writing "0" to clear A transmission interrupt occurred *1 /V
Writing to o .
transmission |_| Transmission buffer is empty *2
FIFO
TXE
*1: FDRQ is set to "1" as the transmission FIFO is empty.
*2: TDRE is set to "1" as the transmission buffer register has no data.
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15.13 Operations of CSIO (Clock Synchronous Multi Function
Serial Interface)

CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.13 Operations of CSIO (Clock Synchronous Multi Function Serial
Interface)

The clock synchronous method is employed as the transfer method.

B Operations of CSIO (Clock Synchronous Multi Function Serial Interface)

(1) Normal transfer (1)

Table 15.13-1 Normal Transfer () Register Setting

@ Features
Item Description
1 | Mark level of the serial clock (SCK) "H"
2 | Transmission data output timing Falling edge of SCK
3 | Reception data sampling Rising edge of SCK
4 | Datalength 5to 9 bits

@ Register setting

The following table shows the register setting required for the normal transfer (1):

bitl5 | bitl4 | bit13 | bitl2 | bitll | bit10 | bit9 | bit8 | bitz | bite | bits | bit4 | bitd | bit2 | bitl | bito
scr/ |UPCL| Ms | sat | RIE | TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO |WUCR|SCINV| BDS | SCKE | SOE
SMR 0 1/0 0 * * * * * 0 1 0 0 0 * vo | wo
ssr/ | REC - | ORE |RDRF|TDRE| TBI | soP | - - L2 L1 LO
ESCR 0 - - - 0 - - * * *
TDR/ - D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RDR - * * * * * * * * *
BGRY/ B4 | B13 | B2 | B11 | BIo | B9 | B8 | B7 | B6 | BS | B4 | B3 | B2 | BL | BO
BGRO * * * * * * * * * * * * * * *
1: Set"1"
0: Set"0"

*: Setting defined by the user

Note:

The values set for the bits
operation. Set as follows:

Master transmission: SCR: MS =0, SMR: SCKE =1, SOE =1

Master reception

:SCR: MS =0, SMR: SCKE=1,SOE=0

Slave transmission : SCR: MS =1, SMR: SCKE =0, SOE =1

Slave reception

:SCR: MS =1, SMR: SCKE=0,SOE=0

above (1/0) varies depending on the master operation and slave

CM71-10143-5E
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@ Normal Transfer (I) Timing Chart

® Transmission

1st byte

2nd byt
> nd byte

operation
SCK

SOuUT

TDRE

TDR RW

upap

igiyigipipiginiginiy
(o2} r

Ll
(55558 ) o) B 23 = )es)

B
2]y

— 1[4

TXE

® Reception
operation

SIN

Sampling

“:_IH

\
=

D6 O, CC @ D EN G D CD

=)
— &)

— &

RDRF

RDR RD

— | O
e Nl 1

RXE |

@ Operating explanation

[1] Master operation (SCR:MS = 0, SMR:SCKE = 1)
¢ Transmission operation

@

2

Enable the seria data output (SMR:SOE = 1) and the transmission operation (SCR: TXE = 1), and
disable the reception operation (SCR:RXE = 0). Then, when you write atransmission datato TDR,
TDRE bit in the serial status register (SSR) becomes "0" to output the transmission data in
synchronization with the falling edge of the serial clock (SCK) output.

When the 1st bit of the transmission data is output, TDRE hit in the serial status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

* Reception operation

@

2

©)

356

Disable the serial data output (SMR:SOE = 0), and enable the transmission operation (SCR:TXE =
1) and the reception operation (SCR:RXE = 1). Then, when you write a dummy data to TDR, the
reception datais sampled in synchronization with the rising edge of the serial clock output (SCK).

Receiving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).
At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
cleared to "0".
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Notes:

« If you want the reception operation only, write a dummy data to TDR in order to output the serial
clock (SCK).

« When the transmission and reception FIFO are enabled, setting the number of frames you want to
transfer to the FIFO byte register (FBYTE) outputs the serial clock (SCK) of the desired number of

frames.

[2] Slave operation (SCR:MS = 1, SMR:SCKE = 0)

Transmission operation

CM71-10143-5E

D

2

Enable the serial data output (SMR:SOE = 1) and the transmission operation (SCR:TXE = 1).
Then, when you write a transmission data to TDR, TDRE bit in the serial status register (SSR)
becomes "0" to output the transmission data in synchronization with the falling edge of the serial
clock (SCK) input.

When the 1st bit of the transmission data is output, TDRE hit in the serial status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

Reception operation

@

)

©)

If you disable the seria data output (SMR:SOE = 0) and enable the reception operation (SCR:RXE = 1),
the reception data is sampled in synchronization with the rising edge of the serial clock (SCK)
input.

Recelving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
clearedto "0".
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Interface)
(2) Normal transfer (I1)

Table 15.13-2 Normal Transfer (II) Register Setting

@ Features
ltem Description
1 | Mark level of the serial clock (SCK) "L
2 | Transmission data output timing Rising edge of SCK
3 | Reception data sampling Falling edge of SCK
4 | Datalength 5to 9 hits

@ Register setting

The following table shows the register setting required for the normal transfer (11):

MB91313A Series

bitl5 | bitl4 | bit13 | bit12 | bitll | bit10 | bito | bit8 | bit7 | bit6 | bits | bit4 | bit3 | bit2 | bitl | bit0
scr/ |UPCL | MS | sPl | RIE | TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO [WUCR|SCINV| BDS | SCKE | SOE
SMR | g 10 0 * * * * * 0 1 0 0 1 * 10 | o
ssr/ | REC - | orRE | RDRF | TDRE| TBI | Sop - L2 | L1 | Lo
ESCR [ o i 0 i N N .
DR/ . D8 | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO
RDR - * * * * * * * * *
BGRU| - B4 | B13 | B12 | B11 | Blo | BO | B8 | B7 | B6 | B5 | B4 | B3 | B2 | BL | BO
BGRO - * * * * * * * * * * * * * * *

1: Set"1"

0: Set"0"

*: Setting defined by the user

Note:
The values set for the bits above (1/0) varies depending on the master operation and slave
operation. Set as follows:
Master transmission: SCR: MS =0, SMR: SCKE =1, SOE=1
Master reception : SCR: MS =0, SMR: SCKE=1,SOE=0
Slave transmission : SCR: MS =1, SMR: SCKE =0, SOE =1
Slave reception :SCR: MS =1, SMR: SCKE=0,SOE =0
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@ Normal Transfer (Il) Timing Chart

® Transmission
operation

SCK

1st byte 2nd byte Mark level

SOuUT
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@ Operating explanation

[1] Master operation (SCR:MS = 0, SMR:SCKE = 1)
e Transmission operation

@

2

Enable the seria data output (SMR:SOE = 1) and the transmission operation (SCR: TXE = 1), and
disable the reception operation (SCR:RXE = 0). Then, when you write atransmission datato TDR,
TDRE hit in the serial status register (SSR) becomes "0" to output the transmission data in
synchronization with the rising edge of the serial clock (SCK) output.

When the 1st bit of the transmission data is output, TDRE bit in the serial status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

» Reception operation

@

)

©)

CM71-10143-5E

Disable the serial data output (SMR:SOE = 0), and enable the transmission operation (SCR:TXE =
1) and the reception operation (SCR:RXE = 1). Then, when you write a dummy data to TDR, the
reception datais sampled in synchronization with the falling edge of the serial clock output (SCK).
Receiving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
cleared to "0".
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Notes:

If you want the reception operation only, write a dummy data to TDR in order to output the serial
clock (SCK).

When the transmission and reception FIFO are enabled, setting the number of frames you want to
transfer to the FIFO byte register (FBYTE) outputs the serial clock (SCK) of the desired number of

frames.

360

[2] Slave operation (SCR:MS =1, SMR:SCKE = 0)

e Transmission operation

@

@)

Enable the serial data output (SMR:SOE = 1) and the transmission operation (SCR:TXE = 1).
Then, when you write a transmission data to TDR, TDRE bit in the serial status register (SSR)
becomes "0" to output the transmission data in synchronization with the rising edge of the serial
clock (SCK) inpuit.

When the 1st bit of the transmission data is output, TDRE bit in the seria status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

* Reception operation

@

)

©)

If you disable the seria data output (SMR:SOE = 0) and enable the reception operation (SCR:RXE = 1),
the reception data is sampled in synchronization with the falling edge of the serial clock (SCK)
input.

Recelving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
cleared to "0".
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CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.13 Operations of CSIO (Clock Synchronous Multi Function Serial

Interface)
(3) SPI transfer (1)
@ Features
Item Description
1 | Mark level of the serial clock (SCK) "H"
2 | Transmission data output timing Rising edge of SCK
3 | Reception data sampling Falling edge of SCK
4 | Datalength 5to 9 bits
@ Register setting
The following table shows the register setting required for the SPI transfer (1):
Table 15.13-3 SPI Transfer (I) Register Setting
bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bite | bit5 | bit4 | bit3 | bit2 | bitl | bit0
scr/ |UPCL| MS | sPl | RIE | TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO |WUCR|SCINV | BDS | SCKE | SOE
SMR 0 1/0 1 * * * * * 0 1 0 0 0 * 1/0 1/0
ssr/ | REC - ORE | RDRF | TDRE | TBI | SOP - L2 L1 LO
ESCR|[ R R 0 R N N .
TDR/ D8 D7 D6 D5 D4 D3 D2 D1 DO
RDR * * * * * * * * *
BGRY/ Bl14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
BGRO * * * * * * * * * * * * * * *
1: Set"1"
0: Set"0"

*: Setting defined by the user

Note:

The values set for the bits above (1/0) varies depending on the master operation and slave
operation. Set as follows:

Master transmission: SCR: MS =0, SMR: SCKE =1, SOE=1
:SCR: MS =0, SMR: SCKE=1,SOE =0
:SCR: MS =1, SMR: SCKE =0, SOE =1

Master reception
Slave transmission

Slave reception

:SCR: MS =1, SMR: SCKE =0, SOE=0

CM71-10143-5E
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@ SPI Transfer (1) Timing Chart

@ Transmission
operation

1st byte 2nd byte
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*A: In the slave transmission (MS = 1, SCKE = 0, SOE = 1), you need to
wait the time more than 4 machine cycles is elapsed after writing to TDR.
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@ Operating explanation

[1] Master operation (SCR:MS = 0, SMR:SCKE = 1)

e Transmission operation

@

@)

Enable the seria data output (SMR:SOE = 1) and the transmission operation (SCR: TXE = 1), and
disable the reception operation (SCR:RXE = 0). Then, when you write atransmission datato TDR,
TDRE bit in the seria status register (SSR) becomes "0" to output the 1st bit. Then, the
transmission data is output in synchronization with the rising edge of the serial clock (SCK)
output.

TDRE bit in the seria status register (SSR) becomes "1" before the half cycle of the falling edge of
the first serial clock. A transmission interrupt request is also output when the transmission interrupt
isenabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

* Reception operation

@

2

©)

Disable the serial data output (SMR:SOE = 0), and enable the transmission operation (SCR:TXE =
1) and the reception operation (SCR:RXE = 1). Then, when you write a dummy datato TDR, the
reception data is sampled in synchronization with the falling edge of the seria clock output (SCK).

Receiving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF hit in the serial status register (SSR) is
clearedto "0".
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MB91313A Series 15.13 Operations of CSIO (Clock Synchronous Multi Function Serial

Interface)

Notes:

« If you want the reception operation only, write a dummy data to TDR in order to output the serial
clock (SCK).

« When the transmission and reception FIFO are enabled, setting the number of frames you want to
transfer to the FIFO byte register (FBYTE) outputs the serial clock (SCK) of the desired number of

frames.

[2] Slave operation (SCR:MS = 1, SMR:SCKE = 0)

CM71-10143-5E

Transmission operation

D

@)

Enable the serial data output (SMR:SOE = 1) and the transmission operation (SCR:TXE = 1).
Then, when you write a transmission data to TDR, TDRE bit in the serial status register (SSR)
becomes "0" to output the 1st bit. Then, the transmission data is output in synchronization with the
rising edge of the serial clock (SCK) output.

TDRE bit in the seria status register (SSR) becomes "1" before the half cycle of the falling edge of
the first serial clock. A transmission interrupt request is also output when the transmission interrupt
isenabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

Reception operation

@

@

©)

If you disable the serial data output (SMR:SOE = 0) and enable the reception operation (SCR:RXE =
1), the reception data is sampled in synchronization with the falling edge of the serial clock (SCK)
input.

Receiving the last bit sets RDRF bit in the seria status register (SSR) to "1". A reception interrupt
reguest is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
clearedto "0".
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Interface) MB91313A Series

(4) SPI transfer (1)

@ Features
ltem Description
1 | Mark level of the serial clock (SCK) "L
2 | Transmission data output timing Falling edge of SCK
3 | Reception data sampling Rising edge of SCK
4 | Datalength 5to 9 hits

@ Register setting
The following table shows the register setting required for the SPI transfer (11):

Table 15.13-4 SPI Transfer (ll) Register Setting

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bito
scr/ |UPCL| MS | SPl | RIE | TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO |WUCR |SCINV | BDS | SCKE | SOE
SMRI o | wo | 1 * * * * * 0 1 0 0 1 * o | 10
ssr/ | REC | - - - | ORE |RDRF | TDRE| TBI | SOP | - - - - L2 | L1 | Lo
ESCR[ ) 0 ) ) . . .
TOR! - D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RDR - * * * * * * * * *
BGRy| - | B4 | B13 | B2 | BIl | BIO | B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | BL | BO
BGRO - * * * * * * * * * * * * * * *
1 Set"1"
0: Set"0"

*: Setting defined by the user

Note:

The values set for the bits above (1/0) varies depending on the master operation and slave
operation. Set as follows:

Master transmission: SCR: MS =0, SMR: SCKE=1,SOE =1
Master reception : SCR: MS =0, SMR: SCKE=1,SOE =0
Slave transmission : SCR: MS =1, SMR: SCKE =0, SOE=1
Slave reception :SCR: MS =1, SMR: SCKE =0, SOE=0
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Interface)

@ SPI Transfer (Il) Timing Chart

@ Transmission
operation
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*A: In the slave transmission (MS = 1, SCKE = 0, SOE = 1), you need to
wait the time more than 4 machine cycles is elapsed after writing to TDR.

@ Operating explanation

[1] Master operation (SCR: MS = 0, SMR: SCKE = 1)
e Transmission operation

@

2

Enable the serial data output (SMR: SOE = 1) and the transmission operation (SCR:TXE = 1), and
disable the reception operation (SCR:RXE = 0). Then, when you write atransmission datato TDR,
TDRE hit in the serial status register (SSR) becomes "0" to output the transmission data in
synchronization with the falling edge of the serial clock (SCK) output.

When the 1st bit of the transmission data is output, TDRE bit in the serial status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

» Reception operation

@

2

©)

CM71-10143-5E

Disable the serial data output (SMR:SOE = 0), and enable the transmission operation (SCR:TXE =
1) and the reception operation (SCR:RXE = 1). Then, when you write a dummy data to TDR, the
reception data is sampled in synchronization with the rising edge of the serial clock output (SCK).
Receiving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF bit in the serial status register (SSR) is
cleared to "0".
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Notes:

If you want the reception operation only, write a dummy data to TDR in order to output the serial
clock (SCK).

When the transmission and reception FIFO are enabled, setting the number of frames you want to
transfer to the FIFO byte register (FBYTE) outputs the serial clock (SCK) of the desired number of

frames.

366

[2] Slave operation (SCR:MS = 1, SMR:SCKE = 0)
e Transmission operation

)

2

Enable the seria data output (SMR:SOE = 1) and the transmission operation (SCR:TXE = 1).
Then, when you write a transmission data to TDR, TDRE bit in the serial status register (SSR)
becomes "0" to output the transmission data in synchronization with the falling edge of the seria
clock (SCK) output.

When the 1st bit of the transmission data is output, TDRE hit in the serial status register (SSR)
becomes "1". A transmission interrupt request is also output when the transmission interrupt is
enabled (SCR:TIE = 1). At this point, 2nd byte of the transmission data can be written.

* Reception operation

@

2

©)

If you disable the seria data output (SMR:SOE = 0) and enable the reception operation (SCR:RXE = 1),
the reception data is sampled in synchronization with the rising edge of the serial clock (SCK)
input.

Receiving the last bit sets RDRF bit in the serial status register (SSR) to "1". A reception interrupt
request is also output when the reception interrupt is enabled (SCR:RIE = 1).

At this point, the reception data (RDR) can be read.

If the reception data register (RDR) is read, the RDRF hit in the serial status register (SSR) is
clearedto "0".
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15.14 CSIO Dedicated Baud Rate Generator

The CSIO dedicated baud rate generator only functions in the master operation.
However, if you use the reception FIFO, set the dedicated baud rate generator even in

the slave operation.

B CSIO (Clock Synchronous Multi Function Serial Interface) Baud Rate Selection
The setting for the dedicated baud rate generator varies depending on the master operation and dave
operation.

@ Master operation

Select the baud rate by dividing the internal clock by the dedicated baud rate generator.

- There are 2 internal reload counters that correspond to transmission and reception serial clocks. Baud
rate can be specified by setting the reload value for 15 bits with the baud rate generator registers 1, 0
(BGR1/BGRO).

- Thereload counter dividestheinternal clock by the set value.

@ Slave operation

The dedicated baud rate generator does not function in the slave operation (SCR:MS = 1).
(The external clock input from the clock input pin SCK is directly used)

Note:
If you use the reception FIFO, set the dedicated baud rate generator even in the slave operation.
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15.14.1 Baud Rate Setting

This section shows the setting for the baud rate. The calculation result of serial clock
frequency is also described.

B Calculating Baud Rate
2 of 15-bit reload counters are set using the baud rate generator registers 1, 0 (BGR1/BGRO).

The eguation to calculate the baud rate is shown below:
(1) Reload value

V=0/b-1

V: Reload value, b: Baud rate, ¢: Machine clock frequency

(2) Example of calculation
Where the machine clock is 16 MHz, the internal clock is enabled, and the baud rate is set to
19200 bps, the reload valueis calculated as follows:
Reload value:
V = (16 x 1000000) / 19200 - 1 =832
Therefore, the baud rateis:
b = (16 x 1000000) / (832 + 1) = 19208 (bps)

(3) Baud rate error

Baud rate error can be calculated by the following equation:
Error (%) = (calculated value - desired value) / desired value x 100

Ex.) Where the machine clock is 20 MHz and the desired baud rate is set to 153600 bps:
Reload value = (20 x 1000000)/153600 - 1 = 129
Baud rate (calculated value) = (20 x 1000000)/(129+1) = 153846 (bps)
Error (%) = (153846 - 153600)/153600 x 100 = 0.16 (%)

Notes:
« If the reload value is set to "0", the reload counter will stop.
< If the reload value is an even number, "L" and "H" widths of the serial clock become as follows
depending on the setting for SCINV bit:If it is an odd number, "H" and "L" widths of the serial clock

have the same length.
When SCINV = 0, "H" width of the serial clock is longer than "L" width by 1 cycle of the machine

clock.
When SCINV = 1, "L" width of the serial clock is longer than "H" width by 1 cycle of the machine

clock.
* Be sure to set the reload value to 3 or more.
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B Reload Value and Baud Rate for Each Machine Clock Frequency

Table 15.14-1 Reload Value And Baud Rate

CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.14 CSIO Dedicated Baud Rate Generator

Baud rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32MHz
(bps) Value | ERR | Value | ERR | Value | ERR | Value | ERR | Value | ERR | Value | ERR
8M - - - - - - - - - 3 0
6M - - - - - - - - 3 0 - -
5M - - - - - 3 0 - - - -
4M - - - - 3 0 4 0 5 0 7 0
25M - - 3 0 - - - - - - - -
2M 0 4 0 7 0 9 0 11 0 15 0
1M 7 0 9 0 15 0 19 0 23 0 31 0
500000 15 0 19 0 31 0 39 0 47 0 63 0
460800 - - - - - - - - 51 -0.16 - -
250000 31 0 39 0 63 0 79 0 95 0 127 0
230400 - - - - - - - - 103 -0.16 - -
1536000 51 -0.16 64 -0.16 103 -0.16 129 -0.16 155 -0.16 207 -0.16
125000 63 0 79 0 127 0 159 0 191 0 255 0
115200 68 -0.64 86 0.22 138 0.08 173 0.22 207 -0.16 277 0.08
76800 103 -0.16 129 -0.16 207 -0.16 259 -0.16 311 -0.16 416 0.08
576000 138 0.08 173 0.22 277 0.08 346 -0.16 416 0.08 555 0.08
38400 207 -0.16 259 -0.16 416 0.08 520 0.03 624 0 832 -0.04
28800 277 0.08 346 <0.01 554 -0.01 693 -0.06 832 -0.03 1110 -0.01
19200 416 0.08 520 0.03 832 -0.03 1041 0.03 1249 0 1666 0.02
10417 767 <0.01 959 <0.01 1535 <0.01 1919 <0.01 2303 <0.01 3071 <0.01
9600 832 0.04 1041 0.03 1666 0.02 2083 0.03 2499 0 3332 -0.01
72000 1110 <0.01 1388 <0.01 2221 <0.01 2777 <0.01 3332 <0.01 4443 -0.01
4800 1666 0.02 2082 -0.02 3332 <0.01 4166 <0.01 4999 0 6666 <0.01
2400 3332 <0.01 4166 <0.01 6666 <0.01 8332 <0.01 9999 0 13332 | <-0.01
1200, 6666 <0.01 8334 0.02 13332 <0.01 16666 <0.01 19999 0 26666 <0.01
600 13332 <0.01 16666 <0.01 26666 <0.01 - - - - - -
300 26666 26666 <0.01 - - - - - - - - -

« Value : Vaue set to BGRL/BGRO registers

* ERR : Baud rate error (%)

CM71-10143-5E
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B Functions of the Reload Counter

The reload counter has the transmission and reception reload counters that function as the dedicated baud

rate generator. The reload counter consists of 15-bit register and generates a transmission and reception
clock from the internal clock.

B Start of a Count

The reload counter starts counting when a reload value is written in the baud rate generator registers 1, 0
(BGR1L/BGRO).

B Restart
The reload counters can be restarted for the following conditions:

@ For both transmission/reception reload counters

Programmable reset (SCR: UPCL bit)
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15.15 Setting Procedure and Program Flow for CSIO
(Clock Synchronous Multi Function Serial Interface)

In CSIO (clock synchronous multi function serial interface), a synchronous serial
bidirectional communication is available.

B Inter-CPU Connection
The bidirectional communication is selected in CSIO (clock synchronous multi function seria interface).
As shown in Figure 15.15-1 CPUs are connected each other.

Figure 15.15-1 Example of Bidirectional Communication Connection in CSIO
(Clock Synchronous Multi Function Serial Interface)

SOT SOT
SIN SIN
SCK »|scK
LML
CPU-1 (Master) CPU-2 (Slave)

B Flowchart
@ Without FIFO

Figure 15.15-2 Example of Bidirectional Communication Flowchart (Without FIFO)

(Master side) (Slave side)

Set operating format (coordinate
with the master side)

Set the operating format

»| »la

L gl
v Transmit the data

Set1bytedatatoTDR |——— . | NO
to communicate

YES
NO Read and process
) the reception data
Transmit the
YES data (ANS) ¢

Read and process the | Transmit 1 byte data
reception data |
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@® Wwith FIFO

MB91313A Series

Figure 15.15-3 Example of Bidirectional Communication Flowchart (With FIFO)
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>
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=
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15.16 Notes on CSIO Mode

The notes for when you use the CSIO mode are shown below.

¢ FIFO cannot be used for requesting DMA transfer with a channel with FIFO. Please set as FIFO
operation disable.
» Torequest aDMA transfer request, set the block size of DMA to one time.

* When master reception and slave reception are selected, it is required to use two channels for DMA; one
is used for DMA transfer to receive data and the other one is used for DMA transfer to send dummy
data.
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15.17 Overview of the 1°C Interface

1°C interface that supports the Inter IC bus operates as the master/slave device on the I°C
bus. In addition, it has the transmission/reception FIFO (Maximum 16-byte each).

B Functions of the I°C Interface
12C interface has the followi ng functions:

Master/slave transmission and reception function

Arbitration function

Clock synchronization function

Transfer direction detection function

Function that generates and detects a repetitive start condition
Bus error detection function

Genera call addressing function

7-bit addressing as master and slave

Capable of generating an interrupt upon the transfer and bus error
10-bit addressing function can be supported by program
Noise filter provided

B Functions of FIFO
FIFO has the following functions:

374

Transmission/reception FIFO provided (maximum size: transmission FIFO 16-byte, reception FIFO
16-byte)

Transmission FIFO and reception FIFO can be selected

Capable of retransmitting the transmission data

Reception FIFO interrupt timing can be changed from the software

Independent FIFO reset supported
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15.18 Registers of the I°C Interface

This section shows the register list of I1°C interface.

W Register List of the I1°C Interface

Table 15.18-1 Register List of the I°C Interface

Address bit15 bit8 | bit7 bit0
00X0y | 00X1y [IBCR (1C buscontrol register) SMR (serial mode register)
00X2y | 00X3y |SSR (serial status register) IBSR (1C bus status register)
RDR/TDR

2 00X4y | 00X5 - . . .
I°C H H (transmission and reception data register)

00X6y | 00X7y |BGRL1 (baud rate generator register 1) BGRO (baud rate generator register 0)

00X8y | 00X9y [ISMK (7-bit slave address mask register) IBSA (7-bit slave address register)
FIFO 00YAy | 00YBy | FCRL1 (FIFO control register 1) FCRO (FIFO control register 0)

00YCy | 00YDy |FBYTEZ (FIFO2 byte register) FBY TE1 (FIFOL1 byte register)
(X = 06H’ O7H’ 08H, 09H, OAH, OBH, 1BH’ 1CH, 1DH, 1EH’ 1FH’ Y = 06H’ 07H’ 08H)
Table 15.18-2 Bit Arrangement of the 1°C Interface

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bitg | bit7 | bit6 | bits5 | bit4 | bit3 | bit2 | bitl | bit0
IBCR/ ACT/
SMR | MSS | ‘g | ACKE | WSEL | CNDE | INTE | BER | INT | MD2 | MD1 | MDO - RIE | TIE |ITST1|ITSTO
|SBS§/R REC | TSET ORE | RDRF | TDRE FBT |RACK| RSA | TRX | AL | RSC | SPC | BB
TDRY
TDRO D7 D6 D5 D4 D3 D2 D1 DO
BGRY/
BGRO Bl4 | B13 | B12 | B1l | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
'@gi’ EN | SM6 | SM5 | SM4 | SM3 | SM2 | SM1 | SMO | SAEN | SA6 | SA5 | SA4 | SA3 | SA2 | SALl | SAO
FF%F%/ FTST1|FTSTO| - |FLSTE| FRIIE | FDRQ | FTIE | FSEL FLST | FLD | FSET | FCL2 | FCL1 | FE2 | FE1
YT FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
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15.18.1 1°C Bus Control Register (IBCR)

I°C bus control register (IBCR) can select master/slave mode, generate the repetitive
start condition, enable the acknowledgment and interrupt, and display the interrupt flag.

W °C Bus Control Register (IBCR)
Figure 15.18-1 shows the bit configuration of the 1%C bus control register (IBCR), and Table 15.18-3 shows
the function of each bit.

Figure 15.18-1 Bit Configuration of 12C Bus Control Register (IBCR)

IBCR bit 15 14 13 12 11 10 9 8 Initial value

ch.0 000060+
eh1000070n | MSS |ACTISCC| ACKE | WSEL| CNDE| INTE | BER | INT | 00000000s

ch.2000080n —"R/W  RW  RW  RW RW  RMW R RIW
Interrupt flag bit
INT -
Write Read

0 Clears INT bit No interrupt request

1 No effect Interrupt request
» BER Bus error detection bit

0 No error

1 Detects error
» INTE Interrupt enable bit

0 Disables the interrupt

1 Enables the interrupt
» CNDE Condition detection interrupt enable bit

0 Disables the interrupt of the repetitive start or stop condition

1 Enables the interrupt of the repetitive start or stop condition
» WSEL Wait selection bit

0 Wait after acknowledgment (9-bit)

1 Wait after the data transmission and reception are completed (8-bit)
» ACKE Acknowledgment enable bit

0 Disables acknowledgment

1 Enables acknowledgment
> ACT/SCC Operating flag/rgpetitive start condition generation bit

Write Read
0 No effect No operation
1 Generates the repetitive start condition| While 12C operating

» MSS Master/slave selection bit
0 Selects the slave mode
R/W :Readable/writable 1 Selects the master mode
R :Read only
[ ]:Initial value
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Table 15.18-3 Function Description of Each Bit in the 1°C Bus Control Register (IBCR) (1/ 4)

Bit name

Function

bit15

MSS:
Master/dlave selection bit

« Ifthishitissetto"1", the master modeis selected when 1°C busisinidie state (EN = 1,

« If BB hitinthe IBSR register is"1", generation of the start condition iswaited until

o If theinterrupt flag (INT) is"1" during the master operation (MSS=1, ACT = 1), a

BB = 0).

BB bit becomes"0" when "1" is set to this bit. While waiting, if it operatesas a
slave by matching the slave address, this bit becomes"0" and AL bit in the IBSR
register becomes"1".

stop condition is generated when "0" is written to this bit.

MSS hit is cleared when:
(1) 12C interface s disabled (EN bit = 0)
(2) Arbitration lost is generated
(3) Bus error is detected (BER bit = 1)
(4) Write"0" to MSS bit when INT = 1.
The relationship between the MSS and ACT bitsis shown below:

MSS bit ACT bit State
0 0 Idle
ACK response* to the reserved address or the
0 1 match with slave address, and slave operation isin
progress (slave mode)
1 0 Waiting for master operation
1 1 Master operation isin progress (master mode)
*: ACK response: Indicates that SDA in the 1°C busis"L" while the acknowledg-
ment period.
Notes:

e If MSShitissetto"1", change MSShit to "0" when MSShitis"1" and INT hitis
"1". If "0" iswritten to MSS bit when ACT hitis"1", INT bit isaso cleared to "0".

e During master operation, "1" isread aslong as ACT hitis"1", evenif "0" iswritten
to MSS bit.
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Table 15.18-3 Function Description of Each Bit in the 12C Bus Control Register (IBCR) (2/ 4)

Bit name Function

This bit has a different role when reading and writing.

Read Write

ACT hit SCC hit

ACT bit indicates that the IBCR register is operating as master or slave mode.
Set conditions for ACT bit:
(1) When the start condition is output to 1°C bus (master mode)
(2) When the dave address matches with the address transmitted from the master
(dlave mode)
(3) When areserved address is detected and an ACK response is performed to the
address (slave mode is selected when MSS = 0)
Reset conditions for ACT bit:
<Master mode>
ACT/SCC: (1) Stop condition detected
Operating flag/repetitive (2) Arbitration lost detected
start condition generation (3) Buserror detection
bit (4) 12C interface disabled (EN bit = 0)
<Slave mode>
(1) (Repetitive) start condition detected
(2) Stop condition detected
(3) When areserved addressis detected (RSA = 1) but an ACK response is not
performed
(4) 12C interface disabled (EN bit = 0)
(5) Bus error generated (BER bit = 1)
During master mode, arepetitive start is executed when "1" iswritten to this bit.
Writing "0" to this bit isignored.
Notes:
e Write"1" to SCC hit while master modeisinterrupted (MSS=1, ACT =1,
INT =1). If ACT bitis"1", INT bitiscleared to "0" when "1" iswritten to SCC bit.
e Writing "1" to thisbit is disabled during dave mode (MSS= 0, ACT = 1).
e If youwrite"1" to SCC bit and "0" to MSS bit, MSS bit is prioritized.
e SCC hit isread by aread-modify-write (RMW) instruction.

bit14
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Bit name

Function

bit13

ACKE:

Data byte
acknowledgment enable
bit

e Setting thisbit to "1" will output "L" at an acknowledgment timing.
e If ACT =1, change this bit when INT bitis"1".
This bit becomes invalid when:

(1) An acknowledgment is performed to an address field other than the reserved
address (auto-generation)

(2) Dataistransmitted (RSA =0, TRX =1, FBT =0)

(3) ACK response is always performed when the reception FIFO and dlave reception
areenabled (FE=1, MSS=0, ACT =1)

(4) If WSEL hitis"0", and the reception FIFO and master reception are enabled
(FE=1,MSS=1, ACT =1, WSEL = 0), ACK responseis performed when
TDRE hitis"0" and NACK response is performed when TDRE hitis"1" (5)
When the reception FIFO is enabled, WSEL = 0, areserved address is detected,
and davetransmissionisenabled (RSA = 1, TRX =1, FBT = 1), ACK responseis
always performed. If you want to perform NACK response, disablesthe reception
FIFO and set ACKE hit to "0" when interrupting after areserved addressis
detected.

(5) The reception FIFO is enabled, WSEL hitis"1", master reception is enabled, and
the transmission data register hasdata (FE =1, MSS=1, ACT =1, WSEL =1,
TDRE=0)

bit12

WSEL.:
Wait selection bit

e Thisbit generatesan interrupt (INT = 1) either before or after the acknowledgment,
and selects whether to have 1°C bus waited.
e WSEL bit becomes invalid when:
(1) Aninterrupt for the 1st byte' ! is generated (INT = 1)
(2) A reserved addressis detected (FBT = 1, RSA = 1)
(3) NACK raspond*2 is detected while transmitting the data when FIFO is used
(FE=1,RACK =1, ACT = 1)
(4) Reception FIFO gets full when using the reception FIFO
*1. 1st byte: Indicates the data after the (repetitive) start condition.
*2: NACK response: Indicates that SDA in the 1%C busis"H" while the
acknowledgment period.

bitll

CNDE:
Condition detection
interrupt enable bit

Enables the generation of an interrupt when the stop conditions or the repetitive start
conditions are detected in master or lave mode (ACT = 1). Aninterrupt is generated
when RSC or SPC bit in the 1°C bus status register (IBSR) is"1" and also thisbitis"1".

bit10

INTE:
Interrupt enable bit

Enables an interrupt for the data transmission/reception and the bus error (INT = 0)
when in master or dlave mode.

bit9

BER:
Bus error detection bit

Indicates that an error is detected on the 1°C bus.
Set conditions for BER bit:
(1) A start or stop condition is detected while transmitting the 1st byte *
(2) A (repetitive) start or stop condition is detected at 2nd to 9th bit
(acknowledgment) of the datain the 2nd or subsequent byte
Reset conditions for BER bit:
(1) Write"0"to INT bitwhen BER =1
(2) 1°C interface disabled (EN = 0)
*: 1st byte: Indicates the data after the (repetitive) start condition.
Note:
Check this bit when theinterrupt flag (INT bit) becomes™ 1" so that you can implement
appropriate measures including retransmission (if itis™"1", datais not transmitted or
received successfully).
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Table 15.18-3 Function Description of Each Bit in the I°C Bus Control Register (IBCR) (4 / 4)

Bit name

Function

bit8

INT:
Interrupt flag bit

Setsthisflag to "1" when in master or slave mode, after 8 or 9 hit (ACK) of the data
transmission/reception, or upon a bus error. When other than the bus error, SCL is set
to"L" when INT =1, and SCL released from "L" when INT = 0.

Set conditions for INT bit:

<8th bit>

(1) Thereserved address is detected with 1st byte

(2) WSEL bitis"1" and an arbitration lost is detected in the 2nd or subsequent
byte

(3) WSEL bitis"1", and TDRE hitis"1" in the 2nd or subsequent byte during
master operation

(4) WSEL bitis"1", reception FIFO is disabled, and TDRE hit is"1" in the 2nd or
subsequent byte during slave operation

(5) WSEL bitis"1", and TDRE hitis"1" in the 2nd or subsequent byte during
slave operation

<9th bit>

(1) Anarbitration lost is detected with 1st byte

(2) NACK isreceived when other than the stop condition output setting (writing
"0" to MSS bit during master operation)

(38) Thereserved addressis not detected with 1st byte, and TDRE bitis"1" in the
transmission direction of master or slave mode (TRX = 1)

(4) Thereserved addressis not detected with 1st byte, and reception FIFO has data
in the reception direction of master or slave mode (TRX = 0) when the
reception FIFO is enabled

(5) Thereserved addressis not detected with 1st byte, and TDRE bitis"1" in the
reception direction of master or ave mode (TRX = 0) when the reception
FIFO is disabled

(6) WSEL bit isset to "0" and an arbitration lost is detected in the 2nd or
subsequent byte

(7) WSEL bitissetto"0", and TDRE hitis"1" in the 2nd or subsequent byte
during master operation

(8) WSEL hitissetto"0", and TDRE bitis"1" in the 2nd or subsequent byte while
slave transmission

(9) WSEL bitissetto"0" and slave reception is enabled while reception FIFO is
disabled. However, an interrupt is not generated at 9th bit in the slave reception
with 1st byte that detects the reserved address

(10)Reception FIFO gets full in the slave reception when the reception FIFO is
enabled

<Others>
(1) Bus error detection
Reset conditions for INT bit:

(1) Writing "0" to INT bit

(2) Writing "0" to MSS bit when INT =1and ACT =1

(3) Writing "1" to SCC bit when INT=1and ACT =1

Writing "1" to INT bit isignored.
Notes:

e If youset EN bhitto"0", RDRF and INT bits may become"1" depending on the

reception timing. In this case, read the reception datato clear INT hit.

e "1"isread by aread-modify-write (RMW) instruction.

« If thereception FIFO isenabled, INT bit isnot set to "1" even when the reception

FIFO getsfull by the master reception operation.
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15.18.2 Serial Mode Register (SMR)

The serial mode register (SMR) is used to set the operating mode, enable/disable the
transmission and reception interrupts.

B Serial Mode Register (SMR)

Figure 15.18-2 shows the bit configuration of the serial mode register (SMR), and Table 15.18-4 shows the
function of each bit.

Figure 15.18-2 Bit Configuration of Serial Mode Register (SMR)

SMR  bit 7 6 5 4 3 2 1 0 Initial value
ch.0 000061+
ch.1 000071+ MD2 (MD1|MDO| - RIE | TIE [ITSTLYITSTO| 000-0000s

ch.2 000081+
ch.3 000091k RW R/W R/W R/W R/W RW R/W R/W

ch.4 0000A1H
ch.5 0000B1+
ch.6 0001B1+
ch.7 0001C1H
ch.8 0001D1+

ch.9 0001E1H

ch.A 0001F 1+

£ ITST 12C test bit
0 Disables 1°C test
1 Enables I°C test

> TIE Transmission interrupt enable bit
0 Disables transmission interrupt
1 Enables transmission interrupt

> RIE Reception interrupt enable bit
0 Disables reception interrupt
1 Enables reception interrupt

Unused bit
Read value is undefined. Writing has no effect on operation.

A 4

» MD2| MD1| MDO Operating mode setting bits
0 0 0 | Operating mode 0 (asynchronous normal mode)
. 0 0 1 | Operating mode 1 (asynchronous multiprocessor mode)
RMW  : Readable/writable 0 1 0 | Operating mode 2 (clock synchronous mode)
: Unused 1 0 0 | Operating mode 4 (I2C mode)
|:| - Initial value (Note) This section explains the register and operation in the operating mode 4.
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Table 15.18-4 Function Description of Each Bit in the Serial Mode Register (SMR)

Bit name Function
Sets the operating mode.
"000g": Setsto the operating mode O (asynchronous norma mode)
"001g": Setsto the operating mode 1 (asynchronous multiprocessor mode)
bit7 | MD2 to MDO: "0105"5 Setsto the operat! ng mode 2 (céock synchronous mode)
) . 100g": Sets to the operating mode 4 (1“C mode)
to | Operating mode setting Notes:
bit5 | bits « Any setting other than those aboveiis disabled.
«  When switching the operating mode, disables 1°C (ISMK:EN = 0) before switching
it.
¢ Set the operating mode, and then set each register.
. . When reading : Vaues are undefined.
bit4 | Unused bit When writing : No effect.
» Enables/disables the output of areception interrupt request to the CPU.
RIE: * A reception interrupt request is output when RIE bit and the reception data flag bit
bit3 | Reception interrupt enable NOt(g-\.’DRF) are"1" or when the error flag bit (ORE) isset to "1".
bit If INT bit in the 12C bus control register (IBCR) isused to receivethe data, set thishit to
"0".
¢ Enables/disables the output of atransmission interrupt request to the CPU.
TIE: e A transmission interrupt request is output when TIE bit and the TDRE bit are"1".
bit2 | Transmission interrupt Note:
enable bit If INT bit in the 12C bus control register (IBCR) is used to transmit the data, set this bit
to"0".
These are 12C test bits.
bitl, |ITST1,ITSTO: Be sure to set these bitsto "0".
bitd | 12C test bits Note:
If you set these bitsto " 1", the test for 1°C will be executed.
Note:

Set the operating mode first because the other registers will be initialized once the operating mode
has been changed. However, when IBCR and SMR are written at the same time by 16-bit writing,
the written contents will be reflected on IBCR.
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15.18.3 Serial Status Register (SSR)

The serial status register (SSR) is used to check transmission/reception status.

B Serial Status Register (SSR)

Figure 15.18-3 shows the hit configuration of the serial status register (SSR), and Table 15.18-5 shows the
function of each bit.

Figure 15.18-3 Bit Configuration of Serial Status Register (SSR)

SSR bit 15 14 13 12 11 10 9 8 Initial value
ch.0 000062+
ch.1 0000724 REC |TSET| - — | ORE |RDRF[TDRE| - 00--001-8
ch.2000082+ R/W R/W — — R R R —
ch.3 000092+
ch.4 0000A2H+ L L'
ch.5 0000B2H _
ch.6 0001B2+ Unused bit
ch.7 0001C2u Read value is undefined. Writing has no effect on operation.
ch.8 0001D2H
ch.9 0001E2+ TDRE Transmission data empty flag bit
ch.A 0001F2+ 0 Transmission data register (TDR) has data
1 Transmission data register is empty
» RDRF Reception data full flag bit
0 Reception data register (RDR) is empty
1 Reception data register (RDR) has data
» ORE Overrun error flag bit
0 No overrun error
1 There is an overrun error
> Unused bit
Read values are undefined. Writing has no effect on operation.
Transmission data empty flag set bit
» TSET -
S Write Read
0 No effect
Always read "0"
1 TDRE bit set i
» REC V\I;{rizepuon error flag clea;t;:ld
R/W : Readable/writable
R ) donl 0 No effect
) Read only 1 Clears reception error Always read "0"
- ‘Unused flag (ORE)
|:| - Initial value
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Table 15.18-5 Function Description of Each Bit in the Serial Status Register (SSR) (1/2)

Bit name

Function

bit15

REC:
Reception error flag clear
bit

Clears ORE bit in the seria status register (SSR).
e Writing "1" to this bit clears ORE bit.

e Writing "0" has no effect.

When reading, "0" is always read.

bit14

TSET:
Transmission buffer empty
flag set bit

Sets TDRE bit in the seria status register (SSR).
e Writing "1" to this bit sets TDRE bit.

e Writing "0" has no effect.

When reading, "0" is always read.

bit13, Unused bits When reading : Values are undefined.
bit12 When writing : No effect.
* When an overrun error occurs while receiving, this bit is set to "1". When you write
"1" to REC bit in the serial status register (SSR), this bit is cleared.
bit11 ORE: * A reception interrupt request is output when ORE bit and RIE bit are"1".

Overrun error flag bit

» Datain the reception dataregister (RDR) isinvalid if thisflag is set.
*  When thisbit is set while using the reception FIFO, the reception datawill not be
stored into the reception FIFO.

bit10

RDRF:
Reception datafull flag bit

 Indicates the status of the reception dataregister (RDR).

» A reception interrupt request is output when the reception data flag (RDRF) bit and
RIE bit are"1".

*  When the reception datais|oaded to RDR, thishit isset to "1". If the reception data
register (RDR) isread, thisbit is cleared to "0".

» Thishitisset at SCL faling timing of 8th bit of the data.

« Thisbitisalso set by NACK response .

*  When using the reception FIFO, RDRF is set to "1" if the reception FIFO has

received a predefined number of data.

When using the reception FIFO, this bit is cleared to "0" if the reception FIFO gets

empty.

« When using the reception FIFQ, if the reception idle state continues over 8 clocks of
the reception baud rate clock (because the reception FIFO has not received a
predefined number of data and some data still remainsin the reception FIFO),
RDRF isset to "1" when BER hitis"0". If you read the RDR while counting 8
clocks, the counter isreset to "0" and start counting 8 clocks all over again.

*: NACK response: Indicatesthat SDA inthe 12C busis"H" while the acknowledgment

period.
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Table 15.18-5 Function Description of Each Bit in the Serial Status Register (SSR) (2 / 2)

Bit name Function

¢ Indicates the status of the transmission dataregister (TDR).
¢ A transmission interrupt request is output when TIE bit and the TDRE bit are"1".
¢ When you write atransmission datato TDR, this bit becomes "0" to indicate that

bito 1$;is§on data.emot thereis somevalid data. When the datais|oaded to the transmission shift register to
flag bit Pty start transmission, this bit becomes"1" to indicate that thereis no valid datain

TDR.
e Thishitisset when "1" iswritten to TSET bit in the serial status register (SSR).
When an arbitration lost or bus error is detected, use this bit to set TDRE bit to "1".

When reading : Valuesis undefined.

bit8 | Unused bit When writing : No effect.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 385



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.18 Registers of the 12C Interface MB91313A Series

15.18.4 1°C Bus Status Register (IBSR)

I°C bus status register (IBSR) indicates that a repetitive start, acknowledgment, data
direction, arbitration lost, stop condition, I°C bus state, and bus error are detected.

W °C Bus Status Register (IBSR)

Figure 15.18-4 shows the bit configuration of the 12C bus status register (IBSR), and Table 15.18-6 shows
the function of each bit.

Figure 15.18-4 Bit Configuration of I°C Bus Status Register (IBSR)

IBSR  bit 7 6 5 4 3 2 1 0 Initial value
ch.0 000063+
ch.1 000073 FBT [RACK| RSA | TRX| AL [RSC | SPC| BB | 00000000s
ch.2 000083+
h.3 0000934 R R R R R RW RW R
ch.4 0000A3H
ch.5 0000B3+
ch.6 0001B3x -
ch.7 0001C3k BB Bus state bit
ch.8 0001D3x 0 Bus idle state
ch.9 0001E3n 1 Bus transmission/reception state
ch.A 0001F3H
» SPC Stop condition verification bit
0 Stop condition has not been detected
Master Arbitration lost is generated when the stop
1 condition is detected or output
Slave Stop condition is detected
» RSC Repetitive start condition verification bit
0 Repititive start condition has not been detected
1 Repititive start condition has been detected
> AL Arbitration lost bit
0 Arbitration lost is not generated
1 Arbitration lost is generated
» TRX Data direction bit
0 Reception direction
1 Transmission direction
»| RSA Reserved address detection bit
0 Reserved address has not been detected
1 Reserved address has been detected
»| RACK Acknowledgment flag bit
0 "L" reception
1 "H" reception
» FBT First byte bit
R/W : Readable/writable g Other than first byte
1 In transmitting or receiving first byte
R :Read only
I:l: Initial value
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Table 15.18-6 Function Description of Each Bit in the 1°C Bus Status Register (IBSR) (1/3)

Bit name

Function

bit7

FBT:
First byte bit

Indicates First byte.
Set conditions for FBT bit:
(1) (Repetitive) start condition is detected
Clear conditionsfor FBT hit:
(1) Transmission and reception of 2nd byte
(2) Stop condition is detected
(3) 1°C interfaceis disabled (EN bit = 0)
(4) Bus error is detected (BER hit = 1)

bit6

RACK:
Acknowledgment flag bit

The acknowledgment received with First byte or when in master or slave modeis
indicated in this bit.
Update conditions for RACK bit
(1) An acknowledgment when 1st byte
(2) An acknowledgment when in master or slave mode
Clear conditions for RACK bit (RACK = 0)
(1) (Repetitive) start condition is detected
(2) 1°C interfaceis disabled (EN bit = 0)
(3) Bus error is detected (BER bit = 1)

bit5

RSA:
Reserved address
detection bit

Indicates that a reserved address is detected.
Set conditions for RSA bit (RSA = 1)
(1) 1st byte is (0000xxxxg) or (1111xxxxg). "X" represents "0" or "1".
Reset conditions for RSA bit (RSA =0)
(1) (Repetitive) start condition is detected
(2) Stop condition is detected
(3) I°C interfaceis disabled (EN bit = 0)
(4) Bus error is detected (BER bit = 1)
When RSA hit becomes "1" with 1st byte, the interrupt flag (INT) issetto "1" to
specify SCL to "L" at the falling of SCL of the 8th bit in the 1st byte, regardless of
whether FIFO is enabled or disabled. If you want to read the reception data to operate
asadlave at thispoint, set ACKE to"1" to clear theinterrupt flag (INT) to "0". Then, if
TRX bitis"0", the datais received as adave. If you do not want to have the data
received, set ACKE hit to "0". Subsequent datawill not be received.
Notes:
¢ If ACKE hitissetto"0" while transmitting the data, setting ACKE bitto"1" is
disabled until astop or arepetitive start condition is detected.
« Upon the interrupt by detecting the reserved address, the verification of the dave
transmission causes an ACK response when the reception FIFO is enabled, so
disable the reception FIFO and set ACKE hit to "0".
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Table 15.18-6 Function Description of Each Bit in the I2C Bus Status Register (IBSR) (2/3)

Bit name

Function

bit4

TRX:
Data direction bit

Indicates the direction of the data.
Set conditions for TRX bit:
(1) Transmits a (repetitive) start condition in master mode
(2) When 8th bit in 1st byteis"1" in slave mode (transmission direction as a slave)
Reset conditions for TRX bit:
(1) Arbitration lost is generated (AL = 1)
(2) When 8th bit in 1st byteis"0" in slave mode (reception direction as a slave)
(3) When 8th bit in 1st byteis"1" in master mode (reception direction as a master)
(4) Stop condition is detected
(5) (Repetitive) start condition is detected in other than master mode
(6) 1°C interfaceis disabled (EN bit = 0)
(7) Bus error is detected (BER bit = 1)

bit3

AL:
Arbitration lost bit

Indicates the arbitration lost.
Set conditions for AL hit:
(2) The output data and received data are different when in master mode
(2) MSShitissetto"1" but, the register is operating as aslave
(3) A repetitive start condition is detected at 1st bit of the datain the 2nd or
subsequent byte when in master mode
(4) A stop condition is detected at 1st bit of the datain the 2nd or subseguent byte
when in master mode
(5) Trying to generate a (repetitive) start condition but cannot do so when in master
mode
(6) Trying to generate a stop condition but cannot do so when in master mode
Reset conditions for AL bit:
(1) Writing "1" to MSS bit
(2) Writing "0" to INT bit
(3) Writing "0" to SPC bit when AL bit =1 and SPC hit=1
(4) 12C interface s disabled (EN bit = 0)
(5) Bus error is detected (BER bit = 1)

bit2

RSC:
Repetitive start condition
verification bit

Indicates that a repetitive start condition is detected when in master or slave mode.
Set conditions for RSC bit:

(1) A repetitive start condition is detected after the acknowledgment during the

slave or master mode operation
Reset conditions for RSC hit:

(1) Writing "0" to RSC hit

(2) Writing "1" to MSS hit

(3) 1°C interfaceis disabled (EN bit = 0)

Writing "1" to this bit isignored.
Notes:

«  Whilethe reception operation isin progress as slave mode by detecting the reserved
address, if the ACK responseis not performed, the dave mode is terminated so that
this bit will not be set to "1" even when next repetitive start condition is detected.

e "1"isread by aread-modify-write (RMW) ingtruction.
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Bit name Function
Indicates that a stop condition is detected when in master or slave mode.
Set conditions for SPC bit:

(1) A stop condition is detected during the slave or master mode operation

(2) An arbitration lost is generated by the operation to generate a stop condition
when in master mode

Reset conditions for SPC hit:
SPC: (1) Writing "0" to this bit
bitl |Stop condition verification (2) Writing "1" to MSS bit
bit (3) I°C interfaceis disabled (EN bit = 0)
Writing "1" to this bit isignored.
Notes:

« Whilethe reception operation isin progress as dave mode by detecting the reserved
address, if the ACK responseis not performed, the dave mode is terminated so that
thisbit will not be setto 1" even when next stop condition is detected.

e "1"isread by aread-modify-write (RMW) instruction.

Indicates the state of the bus.
Set conditions for BB hit:
BB (1) "L" is detected in SDA or SCL in the 1°C bus
bit0 i . Reset conditions for BB bit:
Bus state bit

(1) Stop condition is detected
(2) 12C interface s disabled (EN bit = 0)
(3) Bus error is detected (BER bit = 1)
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15.18.5 Reception/Transmission Data Registers (RDR/TDR)

Reception/transmission data registers are arranged in the same address. When reading,
it functions as the reception data register and when writing, it functions as the
transmission data register.

B Reception Data Register (RDR)
Figure 15.18-5 shows the bit configuration of the reception data register (RDR).

Figure 15.18-5 Bit Configuration of the Reception Data Register (RDR)

RDR

ch.0 000064,
ch.2 000084,
ch.4 0000A4,,
ch.6 0001B4y,
ch.8 0001D4y,
ch.A 0001F4,,

R: Read only

CE% 88883? bit15........... 7 6 5 4 3 2 1 0 Initialvalue
chn. Hr=-------

ch5 00004y | [ D7 [ D6 [ D5 [ D4 [ D3 [ D2 | DI [ DO | 000000005
ch.7 0001C4y; R R R R R R R

ch.9 0001E4,

Reception dataregister (RDR) is a data buffer register for serial data reception.

e A seria data signal transmitted to the seria data line (SDA pin) is converted at the shift register and
then stored in this reception data register (RDR).

¢ When 1st byte* isreceived, the lowest bit (RDR:D0) becomes the data direction bit.

« When the received data is stored in the reception data register (RDR), the reception data full flag bit
(SSR:RDRF) issetto "1".

« If the reception data register (RDR) is read, the reception data full flag bit (SSR:RDRF) is automatically
cleared to "0".

*: 1st byte: Indicates the data after the (repetitive) start condition.

Notes:
« When using the reception FIFO, RDRF is set to "1" if the reception FIFO has received a
predefined number of data.
« When using the reception FIFO, RDRF is cleared to "0" if the reception FIFO gets empty.
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B Transmission Data Register (TDR)
Figure 15.18-6 shows the bit configuration of the transmission dataregister (TDR).

Figure 15.18-6 Bit Configuration of the Transmission Data Register (TDR)

TDR

ch.0 000064, ch.1 000074y pit15........... 7 6 5 4 3 2 1 0 Initial value

h.2 000084 ch.3 000094y --------
gh_4 0000A4|:| gh_5 000034:5 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |1lllllllB

ch.6 0001B4y; ch.7 0001C4y,
ch.8 0001D4y, ch.9 0001E4,
ch.A 0001F4,,

W: Write only

Transmission dataregister (TDR) is a data buffer register for serial data transmission.

» Data is output to the serial data line (SDA pin) by MSB first of the value in the transmission data
register (TDR).

* When 1st byte is transmitted, the lowest bit (TDR:DO0) becomes the data direction hit.

* A transmission data empty flag (SSR:TDRE) is cleared to "0" when the transmission data is written into
the transmission data register (TDR).

* Once the data is transferred to the transmission shift register, the transmission data empty flag
(SSR:TDRE) hit isset to "1".

* Write next transmission data when:
* Interrupt flag (INT bit) is"1"
e Buserror isnot generated (BER bit = 0)
» Acknowledgment performs ACK response (receive "0" as an acknowledgment)
e If the transmission FIFO is disabled, you cannot write the transmission data to the transmission data
register (TDR) when the data empty flag (SSR:TDRE) is"0".
« If the transmission FIFO is used, you can write the transmission data up to the size of the transmission
FIFO even when the data empty flag (SSR: TDRE) is"0".

Note:

The transmission data register (TDR) is a write only register and the reception data register (RDR) is
a read only register. These registers are located at the same address, so the read value is different
from the write value. Therefore an instruction that operates read-modify-write (RMW) instruction,
such as INC/DEC, cannot be used.
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15.18.6 Baud Rate Generator Registers 1, 0 (BGR1/BGRO)

The baud rate generator registers 1, 0 (BGR1/BGRO) sets the division ratio for the serial
clock.

B Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO)
Figure 15.18-7 shows the bit configuration of the baud rate generator registers 1, 0 (BGR1/BGRO).

Figure 15.18-7 Bit Configuration of Baud Rate Generator Registers 1, 0 (BGR1/BGRO)

BGR bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value

ch.0 000066+ |
ch.1 000076 |

- §B14|B13|B12|B11 |B10|Bg |BB B7 | B6 | B5 | B4 | B3 | B2 | B1 | B0 | -0000000s

ch20000861 () RW RW RW RW RW RW RW RW RW RW RW RW RW Rw Rw 00000000
ch.3 000096+
I I Y B B
ch.5 0000B6H
ch.6 0001B6H
ch.7 0001C6H
ch.8 0001D6H |_>
ch.9 0001E6H BGRO Baud rate generator register 0
ch.A 0001F6H Write Writes to the reload counter bits 0 to 7
Read Reads the value set to BGRO
» BGR1 Baud rate generator register 1
Write Writes to the reload counter bits 8 to 14
Read Reads the value set to BGR1
> Unused bit
Read value is undefined. Writing has no effect on operation.

R/W: Readable/writable
Unused

The baud rate generator registers (BGR) set the division ratio for the serial clock.

BGR1 (supports the upper bits) and BGRO (supports the lower bits) can write the reload value to count and
read the value set to BGR1/BGRO.

The reload counter starts counting when a reload value is written in the baud rate generator registers 1, 0
(BGR1/BGRO).

Notes:
< Write to the baud rate generator registers 1, 0 (BGR1/BGRO0) by 16-bit access.
« Set the baud rate generator registers when EN bit in the ISMK register is "0".
< Baud rate should be set regardless of master or slave mode.

* In operating mode 4 (I2C mode), the machine clock should be used for 8 MHz or more and setting
over 400 kbps to the baud rate generator is disabled.
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7-bit slave address mask register (ISMK) is used to compare or set each bit in the slave
address.

B 7-bit Slave Address Mask Register (ISMK)

Figure 15.18-8 shows the bit configuration of the 7-bit slave address register (ISMK), and Table 15.18-7
shows the function of each hit.

Figure 15.18-8 Bit Configuration of 7-bit Slave Mask Register (ISMK)

ISMK' bit 15 14 13

12

11 10 9 8 Initial value

ch.0 000068+
ch.1 000078+

EN | SM6| SM5| SM4| SM3| SM2| SM1| SM0|01111111B

ch.2000088+ "Ry RW RW RW RW RW RW RW

ch.3 000098H
ch.4 0000A8H | |

ch.5 0000B8H
ch.6 0001B8H
ch.7 0001C8H
ch.8 0001D8H
ch.9 0001E8H
ch.A 0001F8H

R/W : Readable/writable

[ ] :nitial value

»|SM6 to SMO 7-bit slave address mask bits
0 Doesn't compare each bit
1 Compares each bit
> EN 12C interface enable bit
0 Disable
1 Enable

Table 15.18-7 Function Description of Each Bit in the 7-bit Slave Mask Register (ISMK)

Bit name

Function

bit15

EN:
12C interface enable bit

Enables/disables the operation of the 12C interface.

When "0" is set: Disables the operation of the 12C interface.
When "1" is set: Enables the operation of the 1°C interface.
Notes:

This bit is not cleared to "0" even if BER bit in the 12C bus status register (IBSR) is
stto"1".

Set the baud rate generator when thisbit isset to "0".

Set the 7-bit dave address and 7-bit dave mask registerswhen thisbit isset to "0".
I1;EN bitisset to"0" whiletransmitting, apulse can be generated in SDA/SCL inthe
1“C bus.

If FIFO isenabled, disable the FIFO then write"0" to EN bit.

bit14
to
bit8

SM6 to SMO:
Slave address mask bits

Specifies whether 7-hit slave address and the received address should be the subject of
comparison or not.
The bit set to "1": Compares
The bit set to "0": Processed asif they match
Note:
Set this register when EN bitis"0".
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15.18.8 7-bit Slave Address Register (ISBA)

7-bit slave address register (ISBA) is used to set the slave address.

B 7-bit Slave Address Register (ISBA)

Figure 15.18-9 shows the bit configuration of the 7-bit slave address register (ISBA), and Table 15.18-8
shows the function of each bit.

Figure 15.18-9 Bit Configuration of 7-bit Slave Address Register (ISBA)

ISBA bit 7 6 5 4 3 2 1 0 Initial value
ch.0 000069+
ch.1 0000794 [SAEN| SA6| SA5| SA4| SA3| SA2| SA1| SA0| 000000008

§[};§8888§§: RW RW RMW RW RMW RMW RW R/W
ch.4 0000A%H | | | | | |

ch.5 0000B9+
ch.6 0001B9+
ch.7 0001C9

ch.8 0001D9% »  SA Slave address setting bits
ch.9 0001E9H 6to0 7-bit slave addresses
ch.A 0001F9x
RIW - Readable/writable » SAEN Slave addrless enable bit
. 0 Disable
I:I : Initial value 1 Enable

Table 15.18-8 Function Description of Each Bit in the 7-bit Slave Address Register (ISBA)

Bit name Function
Enables the detection of the slave address.
bit7 SAEN: _ When "0" ?s set: Does not detect the slave address.
Slave address enable bit | When"1" isset: Compares between the setting of ISBA and ISMK and 1st byte of the
received data.

« If the detection of the slave addressis enabled (SAEN = 1), 7-bit slave address
register (ISBA) compares with the 7-bit of data received after the (repetitive) start
condition is detected. If they match each other, this register operates as slave mode

bit6 and outputs an ACK. At this point, the received dave addressis set to this register
to SAG6to SAO: (ACK isnot output when SAEN = 0).
bit0 7-bit dave addresses e The ado_lre$ bit of which ISMK register is set to "0" is not the subject of
comparison.
Notes:
»  Setting the reserved addressis disabled.
e Setthisregister when EN hit inthe ISMK register is"0".
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15.18.9 FIFO Control Register 1 (FCR1)

FIFO control register 1 (FCR1) sets the test for FIFO, specifies the transmission/
reception FIFO, enables the transmission FIFO interrupt, and controls the interrupt flag.

B Bit Configuration of FIFO Control Register 1 (FCR1)
Figure 15.18-10 shows the bit configuration of the FIFO control register 1 (FCR1), and Table 15.18-9
shows the function of each bit.

Figure 15.18-10 Bit Configuration of FIFO Control Register 1 (FCR1)

FCR1 bit 15 14 13 12 11 10 9 8 Initial value

ch.0 00006AH
ch.1 00007An FTST1|FTSTO| |FLSTE|FRIIE | FDRQ| FTIE | FSEL | 00-00100s

ch.2 00008AH R/W R/W (=) RW R/W R/W RW R/W

FSEL FIFO selection bit
0 Transmission FIFO: FIFO1, Reception FIFO: FIFO2
1 Transmission FIFO: FIFO2, Reception FIFO: FIFO1
» FTIE Transmission FIFO interrupt enable bit
0 Disables the transmission FIFO interrupt
1 Enables the transmission FIFO interrupt
» FDRQ Transmission FIFO data request bit
0 Does not request the transmission FIFO data
1 Requests the transmission FIFO data
» FRIIE Reception FIFO idle detection enable bit
0 Disables the reception FIFO idle detection
1 Enables the reception FIFO idle detection
» FLSTE Retransmission data lost detection enable bit
0 Disables the data lost detection
1 Enables the data lost detection
> Unused bit
Read value is undefined. Writing has no effect on operation.
- P FTST1, 0 FIFO test bits
R/W :Readable/writable 008 Disables FIFO test
:Unused Other than 00g Prohibited setting

|:| : Initial value
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Table 15.18-9 Function Description of Each Bit in the FIFO Control Register 1 (FCR1)

reguest bit

Bit name Function
These are the test bits for FIFO.
bitl5, |FTST1, FTSTO: Be sure to set these bitsto 0",
bit1l4 |FIFO test bits Note:
If you set these bitsto "1", the test for FIFO will be executed.
. . Whenreading : Vauesis undefined.
bitl3 | Unused bit When writing : No effect.
Enables data lost detection.
FLSTE: When "0" is set: Disables datalost detection.
bitl2 |Retransmissiondatalost |When"1" isset: Enables datalost detection.
detection enable bit Note:
When you set thishit to "1", set FSET hit to"1" before doing so.
ERIIE: Specifies whether to detect the reception idle state that continues over 8-bit time with
y . the reception FIFO holding valid data. If the reception interrupt is enabled (SMR:RIE =
bitll Recepn on FIFO 'd.l € 1), areception interrupt occurs when the reception idle state is detected.
detection enable bit o o~ . ;
Unused bit When "0 !sset. Disablesthe recep_tlon_|dle state detecpon.
When "1" is set: Enables the reception idle state detection.
Thisisadatarequest bit for the transmission FIFO.
When thisbit isset to "1", it indicates that the transmission data is being requested. A
transmission FIFO interrupt request is output when this bit is"1" and the transmission
interrupt is enabled (FTIE = 1).
FDRQ set condition
» FBYTE (for transmission) = O (transmission FIFO is empty)
FDRQ: * Reset the transmission FIFO
bit10 | Transmission FIFO data | FDRQ reset condition

* Writing "0" to this bit
» Thetransmission FIFO gets full
Notes:
*  When FBYTE (for transmission) = 0, writing "0" to this bit is disabled.
* Whenthishitissetto"0", change of FSEL hit is disabled.
» Setting "1" to thisbit has no effect on the operations.
» "1"isread by aread-modify-write (RMW) instruction.

. FTIE: . Thisisan interrupt enable bit for the transmission FIFO. If thishit isset to "1", an
bit9 | Transmission FIFO . hen FDRQ bit is"1"
interrupt enable bit interrupt occurs when .
Selects the transmission/reception FIFO.
When "0" isset: Assigns the transmission FIFO:FIFO1 and the reception
FIFO:FIFO2.
) When "1" isset: Assigns the transmission FIFO:FIFO2 and the reception
bit8 FSEL: . . FIFO:FIFOL.
FIFO selection bit
Notes:
» Thishit cannot be cleared by the FIFO reset (FCL2, FCL1=1).
»  When you want to change this bit, disable FIFO operation (FE2, FE1 = 0) and any
transmission/reception (TXE = RXE = 0) firgt.
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15.18.10 FIFO Control Register 0 (FCRO)

FIFO control register 0 (FCRO) enables/disables FIFO operation, performs FIFO reset,
saves the read pointer, and sets the retransmission.

B Bit Configuration of FIFO Control Register 0 (FCRO)
Figure 15.18-11 shows the bit configuration of the FIFO control register 0 (FCRO0), and Table 15.18-10
shows the function of each bit.

Figure 15.18-11 Bit Configuration of FIFO Control Register 0 (FCRO0)

FCRO bit 7 6 5 4 3 2 1 0 Initial value

ch.0 00006BH
ch.1 00007BH - |FLST| FLD |FSET|FCL2|FCL1| FE2 | FE1 | 00000000s

ch.2 00008BH

() R RW RW RW RW RW RW

JJJ

FE1 FIFO1 operation enable bit
0 Disables FIFO1 operation
1 Enables FIFOO operation
> FE2 FIFO2 operation enable bit
0 Disables FIFO2 operation
1 Enables FIFO2 operation
> FCL1 : FIFO1 reset bit
Write Read
0 No effect Always read "0"
1 FIFOL1 reset
> FCL2 _ FIFO2 reset bit
Write Read
0 No effect Always read "0"
1 FIFO2 reset
> FSET FIFO pointer save bit
0 Does not save
1 Executes save
> FLD FIFO pointer reload bit
0 Does not reload
1 Executes reload
> FLST FIFO retransmission data lost flag bit
0 Disables the data lost
1 Enables the data lost
> Unused bit
When reading, "0" is always read. When writing, "0" is always written.

R/W : Readable/writable
R : Read only
:Unused

I:l - Initial value
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Table 15.18-10 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (1/ 2)

Bit name

Function

bit7

Unused bit

Whenreading :"0" isaways read.
When writing : Alwayswrite"0".

bit6

FLST:
FIFO retransmission
datalost flag bit

Indicates that retransmission data of the transmission FIFO has been |ost.

FLST set condition

e Writing to FIFO when FLSTE bit in the FIFO control register 1 (FCR1) is"1" and also the
write pointer of the transmission FIFO and the read pointer saved by FSET bit match each
other.

FLST reset condition

e FIFO reset (writing "1" into FCL)

e When writing "1" to FSET hit

Setting thisbit to "1" overwrites the dataindicated by the read pointer saved with FSET bit,

therefore FLD bhit cannot set the retransmission when an error occurs. If you retransmit with

thisbit set to "1", perform FIFO reset and write the data again into FIFO.

bit5

FLD:
FIFO pointer reload
bit

Rel oads the data saved to the transmission FIFO by FSET hit to the read pointer. Thisbit is
used for the retransmission due to a communication error.
When aretransmission setting is completed, this bit becomes"0".
Notes:
» Aslongasthishitissetto"1", thishit isreloading to the read pointer. Therefore, do not
write anything other than FIFO reset.
e Sdtingthishitto"1" isdisabled while transmitting or being in FIFO enabled state.
» SaTIEbitto"0", andthen write"1" into thishit. After you enabled the transmission FIFO,
st TIE bitto"1".

bit4

FSET:
FIFO pointer save bit

Saves the read pointer of the transmission FIFO.
Once you save the read pointer before communication, when FLST bitis"0" it is possible to
retransmit in the case a communication error.
When "1" is set: Retains the current value set to the read pointer.
When "0" is set: No effect.
Note:
Set this bit to "1" when the number of bytesfor transmission (FBY TE) indicates"0".

bit3

FCL2:
FIFO2 reset hit

Resets FIFO2.
If you set thisbitto "1", the internal state of FIFO2 isinitialized.
Only the FLST hit in the FIFO control register 0 (FCRO) isinitialized and the other bitsin the
FCR1/FCRO registers remain unchanged.
Notes:
» Disables FIFO2 before performing FIFO2 reset.
» Setthetransmission FIFO interrupt enable bit to " 0" firgt.
» Thenumber of thevdid datain the FBY TE2 register becomes"0".

bit2

FCL1:
FIFOL1 reset bit

Resets FIFO1.
If you set thishitto "1", the internal state of FIFOL1 isinitialized.
Only the FLST hit in the FIFO control register 0 (FCRO) isinitialized and the other bitsin the
FCR1/FCRO registers remain unchanged.
Notes:
» Disables FIFOL before performing FIFO1 reset.
» Setthetransmission FIFO interrupt enable bit to " 0" firdt.
* Thenumber of thevdid datain the FBY TEL register becomes™0".
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Table 15.18-10 Function Description of Each Bit in the FIFO Control Register 0 (FCRO) (2/ 2)

Bit name Function
Enables/disables the operation of FIFO2.
» When using FIFO2, set thishit to"1".
»  When specified as areception FIFO by FSEL bit, areception error clearsthis bit to "0".
You cannot set this bit to "1" until the reception error is cleared.
 If using asthe transmission FIFO, set "1" or "0" to this bit when the transmission datais
empty (TDRE = 1). If using as the reception FIFO, set "1" or "0" to this bit when the

reception datais empty (RDRF = 0).

» Evenif FIFO2 isdisabled, the state of FIFO2 is still retained.
FE2: Notes:
bitl |FIFO2 operation » Enable/disable the operation when BB bitis"0" or INT bitis"1".
enable hit »  When specified as areception FIFO, the reserved addressis detected, and it operatesasa
davetransmission, set this bit to "0" with the interrupt generated by detecting the reserved
addressand ACKE to "0".

» Ifthe RDRF hitin SSRisset to"1" when the device is used as the reception FIFO and this
bit is switched from"1" to "0", the reception FIFO will not be disabled until the RDRF bitis
st to"0".

» Toswitchthishitfrom"0" to"1", setthe TIE bit to"0" firgt, write"1" to thisbit and then set
the TIE bit to "1", when the device is used as the transmission FIFO and FIFO2 contains
data.

Enables/disables the operation of FIFO1.
»  When using FIFO1, set thishit to"1".
* When specified as a reception FIFO by FSEL bit, areception error clears this bit to "0".

You cannot set thisbit to "1" until the reception error is cleared.

 |If using asthe transmission FIFO, set "1" or "0" to this bit when the transmission datais
empty (TDRE = 1). If using as the reception FIFO, set "1" or "0" to this bit when the

reception datais empty (RDRF = 0).

» Evenif FIFO1 isdisabled, the state of FIFO1 is still retained.
FE1: Notes:
bit0 | FIFO1 operation » Enable/disable the operation when BB bitis"0" or INT bitis"1".
enable hit »  When specified as areception FIFO, the reserved addressis detected, and it operatesasa

davetransmission, set thisbit to "0" with the interrupt generated by detecting the reserved
addressand ACKE to "0".

» If the RDRF bitin SSRisset to"1" when the device is used as the reception FIFO and this
bit isswitched from"1" to 0", the reception FIFO will not be disabled until the RDRF bitis
setto"0".

e Toswitchthishit from"0" to"1", setthe TIE bit to "0" firgt, write"1" to thisbit and then set
the TIE bit to "1", when the device is used as the transmission FIFO and FIFOL contains
data.
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15.18.11 FIFO Byte Register (FBYTE)

FIFO byte register (FBYTE) indicates the number of valid data for FIFO. In addition, it
can specify whether to generate a reception interrupt when the predefined number of
data has been received at the reception FIFO.

W Bit Configuration of FIFO Byte Register (FBYTE)
Figure 15.18-12 shows the bit configuration of the FIFO byte register (FBY TE).

Figure 15.18-12 Bit Configuration of FIFO Byte Register (FBYTE)

FBYTE bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value

ch.0 00006CH §
oh.1 00007CH EFD15|FD14|FD13|FD12 | FD11 | FD10| FD9 | FD8 i FD7 | FD8 | FD5| FD4 | FD3 | FD2 | FD1| FDo ; 000000008

ch200008CH "RV RAW AW RW RAW AW RAW RW  RW RW RW RW RW RW Rw Rw 000000008
|_> FBYTE1 FIFO1 data number display bit
Write Sets the transfer count
Read Reads the number of valid data
»| FBYTE2 FIFO2 data number display bit
. Write Sets the transfer count
R/W: Readable/writable Read Reads the number of valid data

Read (number of valid data)
When transmitting: The number of data that are written into FIFO and have not transmitted yet.
When receiving: The number of data that are received at FIFO.

Write (transfer count)

When transmitting: Sets "00+".
When receiving: Sets the number of data that generates a reception interrupt.

FIFO byte register (FBY TE) indicates the number of valid data of FIFO. The number varies as follows,
depending on the setting of FSEL bit in the FCR1 register.

Table 15.18-11 The Number of Data Displayed

FSEL FIFO selection The number of data displayed

0 FIFO2: Reception FIFO, FIFO1: Transmission FIFO | FIFO2: FBYTE2, FIFO1: FBY TE1

1 FIFO2: Transmission FIFO, FIFOL: Reception FIFO | FIFO2: FBYTE2, FIFOL1: FBYTEL

» Theinitial value of the transfer count of the FIFO byte register (FBYTE) is"084".

» Set the number of data to generate a reception interrupt flag to the FBY TE in the reception FIFO. An
interrupt flag (RDRF) is set to "1" when the defined transfer count matches with the number of data
displayed in the FIFO byte register (FBY TE).
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 If the reception FIFO idle detection enable bit (FRIIE) is"1" and the number of data that exists in the
reception FIFO has not reached the transfer count, the interrupt flag (RDRF) is set to "1" when the
reception idle state continues over 8 clocks of the baud rate clock. If you read the RDR while counting 8
clocks, the counter is reset to "0" and start counting 8 clocks all over again. The counter is reset to "0"
when the reception FIFO is disabled. When the reception FIFO that has still some data is enabled, it
starts counting all over again.

« To receive the data with the master operation (master reception), set TIE bit to "0", specify the number
of datato receive in the FIFO byte register (FBY TE) of the transmission FIFO, and write "0" to FDRQ
bit. The specified number of datafor SCL clocks are output, and then INT bit becomes"1". If you want
to set TIE bit to "1", wait until FDRQ bit becomes "1".

Notes:
* In the master operation, set "004" to FBYTE of the transmission FIFO except that data is
received.

« When receiving data with the master operation, set the number of transmission data when the
transmission FIFO is empty and also TIE bit is set to "0".

e If you want to disable the 1°C interface (EN = 0) while receiving the data with the master
operation, disable the transmission and reception FIFO before disabling the interface.

e Set a data more than "1" to the FBYTE in the reception FIFO.

» Disable the transmission and reception before you change the setting.

« You cannot use any read-modify-write (RMW) instruction to this register.
» The setting that exceeds the FIFO size is disabled.
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15.19 Interrupts of the I°C Interface

An interrupt request of the I1°C interface can be generated by the following sources:
» After 1st byte/data is transmitted and received

» Stop conditions

» Repetitive start conditions

* FIFO transmission data request

* FIFO reception data is completed

M Interrupts of the 1°C Interface
Table 15.19-1 shows the 1°C interface interrupt control bit and the interrupt source.
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Table 15.19-1 12C Interface Interrupt Control Bit and Interrupt Source

15.19 Interrupts of the 1°C Interface

Interrupt Interrupt Flag Interrupt How to clear the interrupt request
request flag . Interrupt source source
type bit | register enable bit flag
After 1st byteistransmitted
and received !
After the dataiis transmitted
and recaived™1 Write"0" to the interrupt flag bit
(IBCR:INT)
Bus error has been detected
Arbitration lost has been
INT IBCR | detected IBCR:INTE
Thevaluesetto FBYTE is
received
— Read the reception data (RDR) until
The reception idle state that the reception FIFO gets empty, and
continues over 8-bit time has then write "0" to the interrupt flag
been detected with the bit (IBCR:INT)
Reception reception FIFO holding valid
datawhen FRIIE bitis"1"
Reserved address has been
detected Read reception data (RDR)
RDRF SSR | After the datais received
Thevalue set to FBY TE is SMR'RIE Read reception data (RDR) until the
received reception FIFO gets empty
Write"1" to the reception error flag
ORE SSR | Overrun error bit (SSR:REC)
. Write "0" to the stop condition
SPC IBSR | Stop conditions detection bit
IBCR:CNDE
. . Write "0" to the repetitive start
RSC IBSR | Repetitive start conditions detection flag bit (IBSR:RSC)
Transmission register is empty Write to the transmission data
(TDR), or write"1" to the
TDRE SsR | "1 iswritten to the SMRTIE tr_ansm|$_|0_n l‘:'l lfO operation enable
Transmis. transmission buffer empty flag bitwhenitis"0" andthe
_ set bit (SSR:TSET) transmission Fl E(z) has avalid data
sion (retransmission)
Write "0" to the FIFO transmission
FDRQ FCR1 | Transmission FIFO is empty FCRL:FTIE | datarequest bit, or the transmission

FIFO isfull

*1: If normal data can be transmitted and received and TDRE bitis"0", no interrupt is generated. This is because the DMA
transfer is supported.
If you want INT flag to be generated on the data transmission/reception, TDRE bit must be "1" before the timing when
the INT flag is set.
*2. Set TIE bit to "1" after TDRE bit has become "0".
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15.20 Operations of I°C Interface Communication

I°C interface uses 2 bidirectional bus lines, the serial data line (SDA) and the serial
clock line (SCL), for communication.

B 1°C Bus Start Condition

The figure below shows the start condition for 12C bus.

Figure 15.20-1 Start Condition

SDA

SCL

Start condition

W °C Bus Stop Condition

The figure below shows the stop condition for 12C bus.

Figure 15.20-2 Stop Condition

SDA

SCL

Stop condition

W 1°C Bus Repetitive Start Condition
The figure below shows the repetitive start condition for 12C bus.

Figure 15.20-3 Repetitive Start Condition

SDA

SCL / \ /

/

ACK

\

Repetitive

start condition

ACK:

Acknowledgment
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15.20.1 Master Mode

Master mode gets 1°C bus to generate a start condition and outputs the clock to 1°C bus.
If 1°C bus is in the idle state (SCL = "H", SDA =" H"), the master mode is selected when
"1" is set to MSS bit in the IBCR register, and ACT bit in the IBCR register becomes "1".

B Generation of the Start Condition
A start condition is output under the following condition:
When SDA ="H", SCL ="H", EN =1, and BB = 0, ACT bhitissetto "1" if "1" iswritten to MSS bit and a
start condition is output to 12C bus. Then, once the start condition is received, BB bit is set to "1",
indicating that 1°C busis on the communication (See, Figure 15.20-4).

Figure 15.20-4 Relationship Between Start Condition and Each Bit

Start condition

SDA —_\ / A6 >< A5
SCL \ /1 \_/2

BB bit
MSS bit A
Writing "1"
ACT bit
TRX bit
FBT bit
TDRE bit

Note:

In operating mode 4 (IZC mode), the machine clock should be used for 8 MHz or more and setting
over 400 kbps to the baud rate generator is disabled.
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B Slave Address Output

When the start condition is output, the data set in the TDR register is output from bit7 as the address. If
FIFO is enabled, the first data written to TDR is output. bitO is used as the data direction bit (R/W). When
the data direction bit (R/W) is "0", the data indicates the write direction (master — slave). Set the address
for the TDR register before"1" iswritten to MSS or SCC.

Figure 15.20-5 and Figure 15.20-6 show the output timing of the address and data direction.

Figure 15.20-5 Address and Data Direction (When FIFO is Disabled)
1 2 3 4 5 6 7 8
el \/\/\/\/\/\/\/\/\p
SDA \ /A6(D7)XA5(D6)XA4(D5)XA3(D4)XA2(D3)XA1 (D2)XAO(D1 )XRNV(DO)X:?-CEE :X:

BB bit /
MSS bit* /

TDRE bit

INT bit

<Reserved address is detected> /

RSA bit

RDREF bit

INT bit //'
Vv

SCLis "L" as long as INT is "1"
A6 to AO: Address

D7 to DO: TDR register bit
R/W: Data direction ("L": write direction)
ACK: Acknowledgment ("L": acknowledgment, output from slave)

*: Set the address for the TDR register before "1" is written to MSS bit.
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Figure 15.20-6 Address and Data Direction (When Transmission/Reception FIFO are Enabled)

s \/\/\/\/\/\/\/\/\}\
SDA \ / A6(D7)XA5(D6)XA4(D5)XA3( D4)XA2(D3)XA1 (D2)XAO(D1 )XR/W(DO)X: /éé:K:X:

BB bit

MSS bit*!

INT bit*2

<Reserved address is detected> /
RSA bit

RDRF bit

INT bit / P

A6 to AO: Address SCLis "L" as long as INT is "1"
D7 to DO: TDR register bit

R/W: Data direction ("L": write direction)
ACK: Acknowledgment ("L": acknowledgment, output from slave)

*1: Set the address for the TDR register before "1" is written to MSS bit.

*2: When acknowledgment is "L", R/W = "L", and transmission FIFO has data, or when acknowledgment is
"L", R/W = "H", and reception FIFO has no data, INT bit doesn't become "1".
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B Acknowledgment Reception by Transmitting First Byte

When the data direction bit (R/W) is output, | 2C interface receives the acknowledgment from the slave. The
table below shows the operation when FIFO is enabled and when FIFO is disabled.

Table 15.20-1 Operation after Acknowledgment is Received (RSA bit = 0)

Trans-
mission
FIFO

Recep-
tion
FIFO

State of
the
transmis-
sion FIFO

State of the
reception
FIFO

Data direction
bit
(RIW)

Operation right after the acknowledgment is

received

Acknowledgment is ACK

Acknowledgment
is NACK

Disable

Disable

INT bitissetto"1" and wait

when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bitissetto"1"
and wait.

Disable

Enable

No data

There is data

INT bit isset to"1" and wait
when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bit isset to"1" and wait.

INT bitissetto"1" and wait

when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bitissetto"1"
and wait.

Enable

Disable

INT bitissetto"1" and wait
when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bitissetto"1"
and wait.

Enable

Enable

No data

Thereisdata

INT bitissetto"1" and wait
when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bit isset to"1" and wait.

INT bit isset to"1" and wait
when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE bitis"0".

INT bitissetto"1"
and wait.
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@ FIFO disabled (both transmission and reception FIFOs are disabled)

When RSA bit is "0", the interrupt flag bit (INT) is set to "1" and SCL is retained as "L" to wait if
TDRE bit is "1" after the acknowledgment is received. To release the wait, write "0" to the interrupt
flag. If TDRE bit is"0", the clock is generated to SCL instead of setting "1" to the interrupt flag when
ACK isreceived.

When RSA hitis"1", theinterrupt flag bit (INT) isset to "1" and SCL isretained as"L" to wait after the
reserved address is received (before the acknowledgment). After RDR register is read, the interrupt flag
becomes "0" to release the wait when you set ACKE bit and the transmission data, and write "0" to the
interrupt flag.

The received acknowledgment is set to RACK bit. If you check the RACK bit during the wait and it is
NACK, write "0" to MSS hit or "1" to SCC hit in order to generate a stop or repetitive start condition.
At this point, INT bit isautomatically cleared to "0".

@® FIFO enabled

CM71-10143-5E

FIFO should be set as follows before "1" is set to MSS bit.

- When transmitting to slave (data direction bit = 0), data including slave address should be set to the
transmission FIFO

- When receiving data from dave (data direction bit = 1), specify the number of datato be received to
the FIFO byte count register, and write to the transmission data register using save address, data
direction bit, and the number of dummy data that you want to receive.

When RSA bit is"0", the data is transmitted and received according to the data direction bit, instead of
setting the interrupt flag bit (INT) to "1" after the acknowledgment is received and it is ACK (no wait).
If itisNACK, theinterrupt flag bit (INT) isset to "1" and SCL isretained as"L" to wait.

The received acknowledgment is stored to RACK bit. If you check the RACK bit during the wait and it
isNACK, write"0" to MSS hit or "1" to SCC hit in order to generate a stop or repetitive start condition.
At thispoint, INT bit is automatically cleared to "0".
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Figure 15.20-7 Acknowledgment (When FIFO is Disabled, RSA =0, and ACK Response)

SCL

SDA

INT bit

RACK bit

FBT bit

TDRE bit

"L" because of INT bit

'¢— Data

/[ \

Writing "0"

AN

h

\

D

Write to TDR register

The wait for the address is generated:

» After the reception of the acknowledgment when RSA bitis"0"

» Before the reception of the acknowledgment when RSA bitis"1"

These are independent of the WSEL setting.

Figure 15.20-8 Acknowledgment (When FIFO is Disabled, RSA =0, and NACK Response)

SCL

SDA

INT bit

MSS bit

RACK bit

FBT bit

"L" because of INT bit

\

RIW / NACK

Writing "0"\

\

i

Stop condition
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Figure 15.20-9 Acknowledgment (When FIFO is Disabled, RSA =1, and ACK Response)

"L" because of INT bit - Data

soL /_\ ......... ~ /_\ /_\
SDA >< R/W / \ ACK X:

Writing "0"
INT bit res
RACK bit
FBT bit
RSA bit
Reading the RDR register
RDRF bit

Figure 15.20-10 Acknowledgment (When FIFO is Disabled, RSA =1, and NACK Response)

"L" because of INT bit

SDA K oaw / NACK \ J a

Writing "0"

INT bit N Stop condition
\

MSS bit

RACK bit /

FBT bit \

RSA bit \_

Reading the RDR register

RDRF bit
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Figure 15.20-11 Acknowledgment (When FIFO is Enabled, Transmission FIFO Has Data, Reception FIFO
Has No Data, RSA =0, and ACK Response)

scL [\ [\
SDA o omw | Ack /_V—X:

INT bit

<4— Data

RACK bit

FBT bit

TDRE bit

B Data Transmission by Master

When the data direction bit (R/W) is "0", data is transmitted from the master. Slave responds ACK or
NACK on every 1 byte transmission.

Thewait is generated at the following point depending on the setting for WSEL bit:

Table 15.20-2 WSEL Bit When Transmitting Master Data

WSEL bit Operation

In the 2nd or subsequent byte, the interrupt flag bit (INT) isset to "0" and SCL isset to"L" to go into the wait
state when TDRE bitis"1" or after the acknowledgment on the arbitration lost detection. The interrupt flag
0 bit (INT) isset to "1" to go into the wait state after the acknowledgment if FIFO is enabled, or after the
acknowledgment when the arbitration lost is detected or the transmission data register has no longer valid
data (TDRE = 1).

In the 2nd or subsequent byte, the interrupt flag bit (INT) isset to"1" and SCL isset to "L" to go into the wait
state when TDRE hit is"1" or after the master transmitted 1 byte data on the arbitration lost detection. The
interrupt flag bit (INT) isset to "1" to go into the wait state after the data is transmitted when the arbitration
lost is detected or the transmission data register has no longer valid data (TDRE = 1), if FIFO is enabled.

However, the interrupt flag (INT) is set after the acknowledgment regardless of the WSEL setting in the
following case:
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NACK isreceived other than when the stop conditions are set (MSS=0, ACT=1)

An example of procedure to transmit the data to the slave is described below:

@ When transmitting to other than the reserved address

When the transmission FIFO is disabled

D
)
(©)
4

©)

(6)

Set the dave address (including the data direction bit) to the TDR register, and write "1" to MSS
bit.

After the lave addressis transmitted, ACK isreceived and the interrupt flag (INT) becomes "1".
Write the data to transmit to the TDR register.

Write "0" to the interrupt flag (INT) together with the update of WSEL bit to release the wait of
1°C bus.

Put the 12C bus in a wait by setting the interrupt flag to 1", after receiving an acknowledge upon
the transmission of one byte when WSEL is set to "0", or immediately after one byte has been
transmitted when WSEL is set to "1". Repeat (2) to (4) until the predefined number of data is
transmitted. However, another interrupt occurs upon the reception of an acknowledge, causing the
bus to wait, when aNACK isreceived after the wait is cancelled with WSEL set to "1".

Set MSS hit to "0" or SCC bit to "1" to generate a stop or repetitive start condition.

When the transmission FIFO is enabled

@

@
©)

(4)

Write the slave address (including the data direction bit) and the transmission data to the TDR
register.
Write"1" to MSS bit along with setting up WSEL bit.

Set the interrupt flag bit (INT) to "1" to wait the 12C bus right after the NACK is received during
transmission. Set the interrupt flag to "1" to wait the 1°C bus accordi ng to the setting for WSEL
after the last byteis transmitted when all ACK responses are received.

Generate a stop condition by writing "0" to MSS bit.

@ When transmitting to the reserved address

CM71-10143-5E

When the transmission FIFO is disabled

@
@)
©)
(4)
©)

(6)

)

Set the reserved address as a dlave address to the TDR register, and write "1" to MSS bit.
Once the slave address is transmitted, the interrupt flag (INT) becomes "1".

Read the RDR register and verify the reserved address.”

Write the data to transmit to the TDR register.

Write "0" to the interrupt flag (INT) together with the update of WSEL bit to release the wait of
1°C bus.

Put the 12C bus in a wait by setting the interrupt flag to "1", after receiving an acknowledge upon
the transmission of one byte when WSEL is set to "0", or immediately after one byte has been
transmitted when WSEL is set to "1". Repeat (4) to (6) until the predefined number of data is
transmitted. However, ancther interrupt occurs upon the reception of an acknowledge, causing the
bus to wait, when aNACK isreceived after the wait is cancelled with WSEL set to "1".

Set MSS hit to "0" or SCC hit to "1" to generate a stop or repetitive start condition.
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¢ When the transmission FIFO is enabled
(1) Setthereserved address as a slave address to the TDR register, and write "1" to MSS hit.
(2) Oncethe dave addressis transmitted, the interrupt flag (INT) becomes"1".

(3) Read the RDR register and verify the reserved address.”
(4) Writeall transmission data to the TDR register (until the transmission FIFO gets full, if possible).

(5) Set the interrupt flag bit (INT) to "1" to wait the 12C bus right after the NACK is received during
transmission. Set the interrupt flag to "1" to wait the 12C bus accordi ng to the setting for WSEL
after the last byte is transmitted when all ACK responses are received.

(6) Set MSShitto"0" or SCC bit to "1" to generate a stop or repetitive start condition.

*. Set ACKE and WSEL bitsto "1" to verify whether to operate as a master or a slave on next data if an

arbitration lost is generated and there is a possibility to operate as a slave when the reserved addressis a
genera call in the multi-master.

Notes:

Change IBCR register during transmission and reception, when the interrupt flag (INT) is "1".

WSEL bit is changed, which is used as a generation condition of an interrupt flag (INT) for next
data.

If the transmission data is written to the TDR register when transmitting the data (TDRE = 1) and
the ACK response is detected, the interrupt flag (INT) will not become "1" and the written data is
transmitted instead.

If the transmission data is written to the TDR register when transmitting the data (TDRE = 1) and
the ACK response is detected, the interrupt flag (INT) will not become "1" and only RDRF
becomes "1" instead (if the number of data set to the FBYTE register are received when the
reception FIFO is enabled).

414

FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
MB91313A Series 15.20 Operations of I°C Interface Communication

Figure 15.20-12 Interrupt of Master by Disabling FIFO (1) (WSEL =0, RSA =0)

S |Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr

A A A AA
1) @ @ 3)

: Start condition

: Data direction bit (Write direction)

: Stop condition

: Repetitive start condition

> Interrupt because of INTE = 1

. Interrupt because of CNDE =1

(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register

(2) An interrupt generated by 1 byte transmission + acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register

(3) An interrupt generated by 1 byte transmission + acknowledgment reception
-SetMSS=00rMSS=1and SCC=1

(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

| A

Figure 15.20-13 Interrupt of Master Transmission by Disabling FIFO (2)
(WSEL =1, RSA =0, ACK Response)

S [Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr
A A A AN A
(1) 2 2 (3)

: Start condition
: Data direction bit (Write direction)
: Stop condition
: Repetitive start condition
. Interrupt because of INTE =1
. Interrupt because of CNDE = 1
(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register
(2) An interrupt generated by 1 byte transmission
- Write INT = 0 after the transmission data is written to TDR register
(3) An interrupt generated by 1 byte transmission
-SetMSS=00orMSS=1and SCC=1
(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

P> RV=O
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Figure 15.20-14 Interrupt of Master Transmission by Disabling FIFO (3)
(WSEL =1, RSA =0, NACK Response)

S |Slave Address | W [ACK Data ACK Data ACK| Data JNACK P or Sr

A A A A A
1) ) 2 ©)

: Start condition
: Data direction bit (Write direction)
: Stop condition
: Repetitive start condition
> Interrupt because of INTE = 1
. Interrupt because of CNDE =1
(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register
(2) An interrupt generated by 1 byte transmission
- Write INT = 0 after the transmission data is written to TDR register
(3) An interrupt generated by 1 byte transmission
-SetMSS=00rMSS=1and SCC=1
(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

| R

Figure 15.20-15 Interrupt of Master Transmission by Disabling FIFO (4)
(WSEL =1, RSA =0, Halfway NACK Response)

S |Slave Address | W [ACK Data ACK Data ACK| Data NACK|P or Sr

A A A A AA
(1) &) @ @ ©

S : Start condition
W : Data direction bit (Write direction)
P : Stop condition
Sr: Repetitive start condition
A - Interrupt because of INTE = 1
A : Interrupt because of CNDE =1
(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register
(2) An interrupt generated by 1 byte transmission
- Write INT = O after the transmission data is written to TDR register
(3) An interrupt generated by NACK response
-SetMSS=00rMSS=1and SCC=1
(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)
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Figure 15.20-16 Interrupt of Master Transmission by Disabling FIFO (5)
(WSEL =1 — 0, RSA =0, ACK Response)

S |[Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr

A A A AA
@) @) ) ®)

: Start condition
: Data direction bit (Write direction)
: Stop condition
: Repetitive start condition
. Interrupt because of INTE = 1
. Interrupt because of CNDE =1
(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Write INT = 0 after the transmission data is written to the transmission buffer
(2) An interrupt generated by 1 byte transmission
- Write INT = 0 and WSEL = 0 after the transmission data is written to the transmission buffer
(3) An interrupt generated by 1 byte transmission
-SetMSS=00rMSS=1and SCC=1
(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

}DC_I?'UéU)

Figure 15.20-17 Interrupt of Master by Disabling FIFO (6) (WSEL =0, RSA =1)

S |Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr
A AN A NA
(1) (2 2 (3)

: Start condition

: Data direction bit (Write direction)

: Stop condition

: Repetitive start condition

> Interrupt because of INTE = 1

. Interrupt because of CNDE =1

(1) An interrupt generated by slave address (reserved address) transmission
+ direction bit transmission + acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register

(2) An interrupt generated by 1 byte transmission + acknowledgment reception
- Write INT = 0 after the transmission data is written to TDR register

(3) An interrupt generated by 1 byte transmission + acknowledgment reception
-SetMSS=00rMSS=1and SCC=1

(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

P>LT=O

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 417



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE
15.20 Operations of 1°C Interface Communication

Figure 15.20-18 Interrupt of Master Transmission by Enabling FIFO (7)
(WSEL =0, RSA =0, ACK Response)

MB91313A Series

: Start condition

: Data direction bit (Write direction)

: Stop condition

: Repetitive start condition

s Interrupt because of INTE =1

. Interrupt because of CNDE =1

(1) An interrupt generated because the transmission FIFO is empty

- Write INT = 0 after the transmission data is written to the transmission FIFO

(2) An interrupt generated by the last byte transmission (transmission FIFO is empty)
+ acknowledgment reception

-SetMSS=00rMSS=1and SCC=1

P> LTV=O

S [Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr
A A A
(1) 2

Figure 15.20-19 Interrupt of Master Transmission by Enabling FIFO (8) (WSEL =1, RSA =0)
S [Slave Address | W [ACK Data ACK Data ACK| Data ACK|P or Sr
A A A
(1) )

: Start condition
: Data direction bit (Write direction)
: Stop condition
: Repetitive start condition
s Interrupt because of INTE =1
> Interrupt because of CNDE = 1
(1) An interrupt generated because the transmission FIFO is empty
- Write INT = 0 after the transmission data is written to the transmission FIFO
(2) An interrupt generated by the last byte transmission (transmission FIFO is empty)
-SetMSS=00rMSS=1and SCC=1

P> LOV=O
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Figure 15.20-20 Interrupt of Master Transmission by Enabling FIFO (9)
(WSEL =1, RSA =0, NACK Response)

S |Slave Address | W [ACK Data ACK Data ACK| Data NACK|P or Sr

A AA
1) @)

: Start condition
: Data direction bit (Write direction)
: Stop condition
: Repetitive start condition
s Interrupt because of INTE =1
> Interrupt because of CNDE = 1
(1) An interrupt generated because the transmission FIFO is empty
- Write INT = 0 after the transmission data is written to the transmission FIFO
(2) An interrupt generated by NACK response
-SetMSS=00orMSS=1and SCC=1

P> QU=
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B Data Reception by Master

When the data direction bit (R/W) is"1", the data transmitted from the slave is received.

When FIFO is disabled, master generates await every 1 byte received (INT = 1, RDRF = 1) if TDRE hit is
"1", and performs ACK or NACK response with the setting for ACKE bit in the IBCR register according to
WSEL bit. If TDRE bit is "0", next data is received instead of generating a wait (INT = 0) when ACK
response is performed with the setting for ACKE bit in the IBCR register, or a wait is generated when
NACK responseis performed (INT = 1).

When FIFO is enabled, RDRF hit is set once the same number of bytes as the defined number of reception
byte is received. Set the interrupt flag when TDRE hit is "1" to wait the 12C bus. NACK response is
performed to set the interrupt flag to "1" when TDRE bit becomes "1" if WSEL = 0. When WSEL =1, a
walit is generated after the last byte is received. Set ACKE bit during the wait, and then ACK or NACK
response is performed according to the setting for ACKE bit once the interrupt flag is cleared to "0". The
datais stored to the reception FIFO as the reception data even if NACK is output.

See the table below about the wait generated by the interrupt:

Table 15.20-3 WSEL Bit When Receiving Master Data

WSEL bit

Operation

In the 2nd or subsequent byte, the interrupt flag bit (INT) isset to"1" and SCL isset to "L" to go into the wait
state after the acknowledgment when TDRE bit is"1".

In the 2nd or subsequent byte, the interrupt flag bit (INT) issetto"1" and SCL isset to "L" to go into the wait
state after the master received 1 byte data when TDRE bit is"1

420

An example of procedure to receive the data from the slave is described bel ow:
*  When the reception FIFO is disabled
(1) Set the slave address (including the data direction bit) to the TDR register, and write "1" to MSS
bit.
(2) After the dave addressistransmitted, ACK isreceived and the interrupt flag (INT) becomes"1".

(3) Write"0" to the interrupt flag bit (INT) together with the update of WSEL bit to release the wait of
1°C bus.

(4) Put the 12C bus in a wait by setting the interrupt flag to "1", after transmitting an acknowledge
upon the reception of one byte when WSEL is set to "0", or immediately after one byte has been
received when WSEL is set to "1". Repeat (2) to (4) until the predefined number of data is
received.

(5) Output NACK and set MSS hit to "0" or SCC hit to "1" to generate a stop or repetitive start
condition after the last data is received.
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*  When the transmission and reception FIFO is enabled
(1) Writethe slave address (including the data direction bit) to the TDR register.
(2) Set the number of datato be received to the FBY TE register.
(3) Write"1" to MSS hit.

(4) ACK responseis performed and receiving is continued as long as TDRE bit is"0". RDRF becomes
"1" once the amount of data predefined to the FBY TE is received during this receiving period.
RDR register is read when RDRF bit becomes 1",

(5) Set the interrupt flag to "1" to wait the 12C bus after NACK is output when WSEL = 0, or right
after 1st byte is received when WSEL = 0 once TDRE bit becomes"1".

(6) Set MSSbit to "0" or SCC bit to "1" to generate a stop or repetitive start condition after ACKE bit
isset to "0" when WSEL = 1, or regardless of the setting for ACKE bit when WSEL = 0.

Notes:

« When TDRE bit is "0", even if an overrun error is generated, the acknowledgment is output
according to the setting for ACKE bit and the following processes are executed:
e Change IBCR register during transmission and reception, when the interrupt flag (INT) is "1".

e The interrupt flag (INT) remains "0" and next data is received when a dummy data is written to the
TDR register and TDRE bit is "0" at the timing when the interrupt flag (INT) becomes "1" in master
reception.

« If data is received when the reception FIFO is enabled and WSEL = 0, RDRF bit becomes "1"
after the last bit is received and the interrupt flag (INT) becomes "1" after ACK is transmitted.

Figure 15.20-21 Interrupt of Master Reception by Disabling FIFO (1) (WSEL =0, RSA =0)

S Slave Address | R |ACK| Data [ACK| Data [ACK| Data |NACK| P or Sr

A - Interrupt because of INTE =1

A Interrupt because of CNDE = 1

(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Interrupt is cleared to "0" by writing INT = 0

(2) An interrupt generated by 1 byte reception + acknowledgment transmission
- Set ACKE = 0 and then write INT = 0 after the reception data is read

(3) An interrupt generated by 1 byte reception + acknowledgment transmission
-SetMSS=00rMSS=1and SCC =1

(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)
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Figure 15.20-22 Interrupt of Master Reception by Disabling FIFO (2) (WSEL =1, RSA =0)

S Slave Address | R |ACK| Data [ACK| Data [ACK| Data |NACK| P or Sr

A Interrupt because of INTE = 1
A : Interrupt because of CNDE = 1
(1) An interrupt generated by slave address transmission + direction bit transmission
+ acknowledgment reception
- Interrupt is cleared to "0" by writing INT =0
(2) An interrupt generated by 1 byte reception
- Write INT = O after the reception data is read
(3) An interrupt generated by 1 byte reception
- Set ACKE =0 and MSS =0, or MSS = 1, SCC = 1 after reception data is read
(Note) TDRE bit is "1" upon the generation of the interrupt flag (INT)

Figure 15.20-23 Interrupt of Master Reception by Enabling FIFO (3) (WSEL = 0, ACKE=0, RSA = 0)

S Slave Address | R |ACK| Data [ACK| Data [ACK| Data |[NAck| P orSr

AA
)

A\ Interrupt because of INTE =1
A Interrupt because of CNDE = 1
(1) An interrupt generated by TDRE = 1
- Set MSS =0, or MSS = 1 and SCC = 1 after all data is read from the reception FIFO

Figure 15.20-24 Interrupt of Master Reception by Enabling FIFO (4) (WSEL =1, RSA =0)

S Slave Address | R |ACK| Data |ACK| Data [ACK| Data [Nack| P or Sr

A A
@

A\ Interrupt because of INTE = 1
A Interrupt because of CNDE = 1
(1) An interrupt generated by TDRE = 1
- Set ACKE =0 and MSS =0, or MSS = 1 and SCC = 1 after all data is read
from the reception FIFO
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B Arbitration Lost

When a master receives the different data than the transmitted data due to a collision of data from another
master, which is recognized as arbitration lost, and the master becomes available to operate as slave mode,
setting MSS hit to "0" and AL bit to"1".

AL bit iscleared to "0" when:

e "1" iswritten to MSS hit

e "O0"iswrittento INT hit

e "0"iswritten to SPC bit when AL bit=1and SPC bhit=1
« 1%Cinterfaceisdisabled (EN bit = 0)

When the arbitration lost is generated, the interrupt flag (INT) is set to "1" and the SCL of 1°C bus to "L"
according to the setting for WSEL.

B Wait of the Master Mode

When BB bit is"1" and MSS bit is set to "1", if the slave mode is not operated, wait the master mode as
long as the BB hit is "1". The start condition is transmitted when BB bit becomes "0". You can judge
whether the master mode is in wait state or not using MSS and ACT bits (in wait state if MSS= 1 and ACT =
0). To operate as the dlave mode after MSS bit isset to "1", set AL and ACT bitsto "1" and MSS bit to "0".
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15.20.2 Slave Mode

MB91313A Series

Slave mode is used to detect the (repetitive) start condition. When the combination of
ISBA and ISMK registers matches with received address, ACK response is performed
and the slave mode is enabled.

B Slave Address Match Detection

When the (repetitive) start condition is detected, 7-bit of next datais received as the address. ISBA register
and each bit of the received address are compared about the bit where "1" is set in the ISMK register, and if

they are matched, ACK is output.

Table 15.20-4 Operation Right After Acknowledgment is Output for Slave Address

State of Operation right after the acknowledgment
oo FoeeP| e | S ot | osadrecr
transmis- bit (R/W) . Acknowledgment
FIFO FIFO sion EIEO FIFO Acknowledgment is ACK is NACK
0 INT hitissetto"1" and wait
Dissble | Disable ) ) when TDRE bitis"1". INT bit | INT bit remains"0"
remains"0" and no wait when | and no wait.
1 TDRE bit is"0".
No data INT bit remains "0" and no
0 wait.
oictie | Enate _ There is data INT bitissetto"1" and wait. INT bit remains”0"
TINT bitisset to"1" and wait | @d nowait.
) 1 when TDRE bitis"1". INT bit
remains"0" and no wait when
TDRE hitis"0".
0 INT bitissetto"1" and wait
Enable | Disable ) ) when TDRE bitis"1". INT bit | INT bit remains"0"
remains"0" and no wait when | and no wait.
1 TDRE bitis"0".
No data INT bit remains"0" and no
Thereisdata INT bit isset to"1" and wait.
INT bit remains"0"
Enabl Enabl - .
navie navie INT bit issetto"1" and wait | and no wait.
i 1 when TDRE bitis"1". INT bit

remains"0" and no wait when
TDRE hitis"0".

424

FUJITSU SEMICONDUCTOR LIMITED

CM71-10143-5E



CHAPTER 15 MULTI FUNCTION SERIAL INTERFACE

MB91313A Series 15.20 Operations of I°C Interface Communication

Reserved address detection

If 1st byte matches with the reserved address ("O000XXXXg" or "1111XXXXg"), INT bit is set to "1"
to wait 12C bus after the data in 8th bit is received whichever the transmission and reception FIFO is
enabled or not. If you want to read the reception data to operate as a slave at this point, set ACKE to "1"
to clear INT bit to "0". Then, it operates as adave. If ACKE is"0", it does not operate as save after the
acknowledgment is outpult.

B Data Direction Bit

After the address is received, the data direction bit is received that decides the transmission and reception
of the data. When this bit is set to "0", it indicates the transmission from the master, and the datais received
asadave.

B Reception by Slave

When the slave address matches and the data direction bit is "0", which indicates the reception by the dave
mode. An example of procedure to receive data by the slave mode is described below:

When the reception FIFO is disabled

CM71-10143-5E

D

)

©)

(4)

After ACK is transmitted, set the interrupt flag bit (INT) to "1" to wait the I2C bus. When
recoghized as an interrupt generated by the match of the salve address using MSS, ACT, and FBT
bits, 1 iswritten to the ACKE bit and "0" is written to the interrupt flag (INT) to release the wait of
12C bus (See, Table 15.20-4).

After 1 byte data is received, the interrupt flag (INT) is set to "1" to wait the 12C bus accordi ng to
the setting for WSEL .

After the received data is read from the RDR register and ACKE bit is set, "0" is written to the
interrupt flag (INT) to release the wait of 1°C bus.

(2) to (3) arerepeated until a stop or repetitive start condition is detected.

When the reception FIFO is enabled

D

2

The interrupt flag bit (INT) becomes "1" to wait the 12C bus when the NACK is detected or the
reception FIFO gets full. When a stop or repetitive start condition is detected, SPC and RSC bits
are set to "1" instead of the interrupt flag bit (INT) (no wait of 12C bus). The reception FIFO sets
RDRF bit to "1" when the number of received data reaches the value set to FIFO byte register
(FBYTE). If RIE bitis"1" at this point, a reception interrupt occurs.

When the interrupt flag (INT) becomes 1", the received data is read from the RDR register. Once
al the dataisread, "0" is written to the interrupt flag to release the wait of 12C bus. When astop or
repetitive start condition is detected, all the received data is read from the RDR register to clear
SPC or RSC bit to "0".
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Figure 15.20-25 Interrupt of Slave Reception by Disabling FIFO (1) (WSEL =0, RSA =0)

S Slave Address | W [ACK| Data |ACK| Data [ACK| Data |NAck| P or Sr

A A A AA
1) ) ) ®)

A Interrupt because of INTE =1

A Interrupt because of CNDE = 1

(1) An interrupt generated by ACK output due to the match with the slave address
- Write ACKE =1 and INT =0

(2) An interrupt generated by 1 byte reception + ACK response
- Write INT = 0 after the reception data is read from the reception buffer

(3) An interrupt generated by 1 byte reception + NACK response
- Write INT = 0 after the reception data is read from the reception buffer

Figure 15.20-26 Interrupt of Slave Reception by Disabling FIFO (2) (WSEL =1, RSA =0)

S Slave Address | W [ACK| Data |ACK| Data [ACK| Data |ACK| P or Sr

A A A A A
1) 2 2 )

A @ Interrupt because of INTE =1

A Interrupt because of CNDE =1

(1) An interrupt generated by ACK output due to the match with the slave address
-Write ACKE=1and INT=0

(2) An interrupt generated by 1 byte reception
- Write INT = 0 after the reception data is read from the reception buffer

(3) An interrupt generated by 1 byte reception
- Write INT = 0 after the reception data is read from the reception buffer

Figure 15.20-27 Interrupt of Slave Reception by Disabling FIFO (3) (WSEL =1, RSA =0)

S Slave Address | W [ACK| Data |ACK| Data [ACK| Data |NAck| P or Sr

A A A A A DA
® @ @ @ @ 6

A : Interrupt because of INTE = 1

A Interrupt because of CNDE =1

(1) An interrupt generated by ACK output due to the match with the slave address
- Write ACKE =1 and INT=0

(2) An interrupt generated by 1 byte reception
- Write INT = 0 after the reception data is read from the reception buffer

(3) An interrupt generated by NACK response
-Write INT =0
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Figure 15.20-28 Interrupt of Slave Reception by Enabling Reception FIFO (4) (RSA =0)

S Slave Address |W |ACK| Data |ACK| Data |ACK| Data [ACK| P or Sr

1)

A : Interrupt because of CNDE =1
(1) An interrupt generated by a stop or repetitive start condition
- Read all data from the reception FIFO

Figure 15.20-29 Interrupt of Slave Reception by Enabling Reception FIFO (5) (RSA =0)

S Slave Address | W |ACK| Data |ACK| Data [ACK| Data |ACK| P or Sr

AA
@)

A Interrupt because of INTE = 1

A : Interrupt because of CNDE = 1

(1) An interrupt generated because the reception FIFO gets full
- Read all data from the reception FIFO, and write INT =0

Figure 15.20-30 Interrupt of Slave Reception by Disabling FIFO (6) (WSEL =0, RSA =1)

S Slave Address | W [ACK| Data |ACK| Data [ACK| Data |ACK| P or Sr

A A A AA
@) @) @) ®)

A Interrupt because of INTE = 1

A : Interrupt because of CNDE =1

(1) An interrupt generated by matching the reserved address ("0000XXXX" of "1111XXXX")
- Read the reception data, and write ACKE =1 and INT =0

(2) An interrupt generated by 1 byte reception + acknowledgment output
- Write INT =0

(3) An interrupt generated by 1 byte reception + acknowledgment output
- Interrupt by writing INT =0

B Transmission by Slave
When the dave address matches and the data direction bit is "1", which indicates the transmission by the
slave mode. Set the interrupt flag (INT) to "1" to generate a wait after 1 byte is transmitted or ACK
response depending on the setting for WSEL bit when FIFO is disabled (See, Table 15.20-4).
You can verify the acknowledgment output from the master using RACK bit. If NACK response is output,
which indicates that the master cannot receive properly or data reception is completed. NACK is detected
when WSEL =1, aninterrupt occurs and await is generated.
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15.20.3 Bus Error

It is recognized as a bus error when a stop or (repetitive) start condition is detected
while transmitting/receiving data on I°C bus.

B Bus Error Generation Condition
A bus error sets BER bit to "1" when:
* A (repetitive) start or stop condition is detected while transferring 1st byte
« A (repetitive) start or stop condition is detected at 2nd to 9th bit (acknowledgment) of the data

B Bus Error Operation

Implement appropriate error process if you verify BER bit when the interrupt flag (INT) generated by a
transmission/reception becomes "1", and you found that BER bit is"1". You can clear BER bit by writing
"0" to INT hit.

A buserror setsINT bit to "1" however, it does not start await state by setting SCL of the 1°C busto "L".
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15.21 Dedicated Baud Rate Generator

Dedicated baud rate generator is used to set the frequency of the serial clock.

Bl Baud Rate Selection

@ Baud rate that can be obtained by dividing the internal clock with the dedicated baud rate generator
(reload counter)

There are 2 internal reload counters that correspond to transmission and reception serial clocks. Baud rate

can be specified by setting the reload value for 15 bits with the baud rate generator registers 1, 0 (BGRY/
BGRO).

Thereload counter dividesthe internal clock by the set value.

B Calculating Baud Rate
2 of 15-bit reload counters are set using the baud rate generator registers 1, 0 (BGR1/BGRO).
The equation to calculate the baud rate is shown below:

(1) Reload value:
V=¢/b-1

V: Reload value, b: Baud rate, ¢: Machine clock frequency

However, you may need to adjust the rel oad val ue because the defined baud rate may not be
generated depending on the rising time of the SCL in the 12C bus.

(2) Example of calculation
Where the machine clock is 16 MHz and the baud rate is set to 400 kbps, the reload value is
calculated as follows:
Reload value:
V = (16 x 1000000) / 400000 - 1 =39
Therefore, the baud rateis:
b = (16 x 1000000) / (38 +2) = 400 kbps

Notes:
« Write to the baud rate generator registers 1, 0 (BGR1/BGRO0) by 16-bit access.
« Set the baud rate generator registers when EN bit in the ISMK register is "0".

* In operating mode 4 (I2C mode), the machine clock should be used for 8 MHz or more and setting
over 400 kbps to the baud rate generator is disabled.

« If the reload value set is to "0", the reload counter will stop.
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B Reload Value and Baud Rate for Each Machine Clock Frequency

Table 15.21-1 Reload Value And Baud Rate

Ba[‘ézsr?te 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
400000 19 24 39 49 59 79
200000 39 49 79 99 119 159
100000 79 29 159 199 239 319

Note: The table indicates the Value (set value of the BGRL/BGRO register).

These values are for when the SCL rising in the 1°C busis"0". If the SCL rising in the 1?C busis delayed,
the baud rate gets slower than the value above.

B Functions of the Reload Counter

The reload counter consists of 15-bit register and generates a transmission and reception clock from the
internal clock. Y ou can read the count value of the transmission reload counter from the baud rate generator
registers 1, 0 (BGR1L/BGRO).

B Start of a Count

The reload counter starts counting when a reload value is written in the baud rate generator registers 1, 0
(BGR1/BGRO).
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15.22 Examples of 1°C Flowchart

This section shows examples of I°C communication flowchart.

B °C Master Reception/ Slave Transmission FIFO Communication Flow

Figure 15.22-1 Master Reception Main Settings

Master Reception
Initial Settings

Communication error?

Error flag=1

Stop 12C (ISMK:EN=0)

End

ISMK: 7-bit slave address mask register (ISMK)
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Figure 15.22-2 Master Reception Initial Settings

Set initial settings

[2C mode settings (SMR)
Baud rate settings (BGR)

Set FIFO settings

FIFO control register 1 settings (FCR1)
FIFO control register 0 settings (FCRO)

(IBCR:INTE=1)

Enable INT interrupt

Set I2C enable settings (ISMK:EN=1)

1 Reception FIFO depends on
+ FSEL value of FIFO control

/iregister 1.

Set FIFO reception byte count
(FBYTE1=xx FBYTE2=00, or
FBYTE1=00 FBYTE2=xx)

Write FIFO buffer:

direction (Read)

Slave address + communication

Store Dummy data FIFO (TDR)

IBSR:BB=1 YES

NO

Bus busy?

Set operation mode:
Master (IBCR:MSS=1)

| Error

SMR: Serial mode register (SMR)
ISBA: 7-bit slave address register (ISBA)

FCR1: FIFO control register 1 (FCR1)
FCRO: FIFO control register 0 (FCRO0)
IBCR: I2C bus control register (IBCR)
IBSR: I2C bus status register (IBSR)
FBYTE1: FIFO1 byte register (FBYTE1)
FBYTE2: FIFO2 byte register (FBYTE2)
TDR: Transmitted data register (TDR)

BGR: Baud rate generator register (BGR)

End

ISMK: 7-bit slave address mask register (ISMK)
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Figure 15.22-3 Master Reception Interrupt Process

( Reception interrupt

process

IBCR:BER=1

IBSR:AL=1

YES

NO Arbitration error?

NO

SSR:RDRF=1
FIFO END?

(Reception is completed)

|Read FIFO received data (RDR)|

IBCR: 12C bus control register (IBCR)
IBSR: I2C bus status register (IBSR)
SSR: serial status register (SSR)
RDR: received data register (RDR)

NO

IBCR:ACT=1

Iterative start?

IBCR:MSS=1, and

Are all data transferred?

YES

YES

Error

—)
—)

Write FIFO buffer:
Slave address + communication direction
(Read)

Store dummy data FIFO (TDR)
Iterative start condition settings (IBCR:SCC=1)

Clear interrupt (IBCR:INT=0) |

| StopCondition (IBCR:MSS=0) |

IBCR :I%C bus control register (IBCR)

TDR :Transmitted data register (TDR)

End

* For actual error handling, please judge each status error flag and handle each error by considering your systems.

* For final ACK process when receiving FIFO continuously, a wait will be generated after receiving the final
data, if setting WSEL=1. Please respond with NACK by setting IBSR.RACK=1 during this wait.

Confirm I°C / master operation

Software checks whether all

the expected data (for
dummy data write) have
been received.

When WSEL=1, a user
should set NACK
transmission settings. INT
flag becomes "1" after the
NACK transmission.

' When WSEL=1, a user
1 should set NACK
| transmission settings.
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Figure 15.22-4 Slave Transmission Main Settings

=)

Slave transmission
initial settings

Communication error?
NO

Error flag=1

Stop I2C (ISMK:EN=0)

e )

ISMK: 7-bit slave address mask register (ISMK)
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Figure 15.22-5 Slave Transmission Initial Settings

Start

Set initial settings:

12C mode settings (SMR)
Baud rate settings (BGR)
Slave address settings (ISBA)
Slave mask settings (ISMK)

Enable iterative start interrupt
(IBCR:CNDE=1)

Enable INT interrupt
(IBCR:INTE=1)

Set I2C enable settings
(ISMK:EN=1)

Set Slave settings (IBCR:MSS=0)

Set FIFO settings

FIFO control register 1settings
(FCR1)

FIFO control register 0 settings

(FCRO)
|

Write FIFO buffer:
Store Transmitted data FIFO
(TDR)

End

SMR: Serial mode register (SMR)

BGR: Baud rate generator register (BGR)
ISBA: 7-bit slave address register (ISBA)

ISMK: 7-bit slave address mask register (ISMK)
IBCR: I12C bus control register (IBCR)

FCR1: FIFO control register 1 (FCR1)

FCRO: FIFO control register 0 (FCRO)

TDR: Transmitted data register (TDR)
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Figure 15.22-6 Slave Transmission Interrupt Process
Transmission
interrupt process

IBCR:BER=1

 NACK is output

1 from master even if
“} transmission/

' reception are

i interrupted.

Bus error?
YES

_ YES .
Detected iterative start?

(IBSR:RSC=1) S
.~ |Write FIFO buffer:
Store Transmitted data FIFO
NO (TDR)

Clear the interrupt flag
(IBSR:RSC=0)

NACK response

at final data? I
(IBSR:RACK=1) NO ' Whether

-17% transmission/

1 reception are
vinterrupted is

' judged by the

1 existence of FIFO
i data.

Error

Is there data in FIFO?
(SSR:TDRE=0)

Prohibit FIFO operation
NO (FCR0=0x00)

[
Reset FIFO (FCRO:FCL=1)

Set transmitted data empty
flag (SSR:TSET=1)

[
> Enable FIFO operation
(FCR0=0x03)

I

Clear interrupt (IBCR:INT=0)

End

IBSR: I2C bus status register (IBSR)

TDR: Transmitted data register (TDR)

SSR: Serial status register (SSR)

FCRO: FIFO control register 0 (FCRO)

IBCR: I2C bus control register (IBCR)

* For actual error handling, please judge each status error flag and handle each error by considering your systems.
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W 2C Master Transmission/ Slave Reception FIFO Communication Flow

Figure 15.22-7 Master Transmission Main Settings

Start

Master Transmission
Initial Setting

Communication error?

Error flag=1 NO

Stop 12C (ISMK:EN=0)

End

ISMK: 7-bit slave address mask register (ISMK)
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Figure 15.22-8 Master Transmission Initial Settings

( Start )

Set initial settings:
I2C mode settings (SMR)
Baud rate settings (BGR)

Set FIFO settings

FIFO control register 1 settings
(FCR1)

FIFO control register 0 settings
(FCRO)

Enable INT interrupt
(IBCR:INTE=1)

Set I2C enable settings
(ISMK:EN=1)

Write FIFO buffer:

Slave address + communication
direction (Write)

Store transmission data FIFO
(TDR)

Bus busy?

IBSR:BB=1

NO

Set operation mode:
Master (IBCR:MSS=1)

Error

End

SMR: Serial mode register (SMR)

BGR: Baud rate generator register (BGR)
ISBA: 7-bit slave address register (ISBA)

ISMK: 7-bit slave address mask register (ISMK)
FCR1: FIFO control register 1 (FCR1)

FCRO: FIFO control register 0 (FCRO)

IBCR: I12C bus control register (IBCR)

IBSR: I2C bus status register (IBSR)

TDR: Transmitted data register (TDR)
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Figure 15.22-9 Master Transmission Interrupt Process

Transmission interrupt
process

Bus error?

IBCR:BER=1 YES

Arbitration error?

IBSR:AL=1 YES

NACK error?

YES
IBSR:RACK=1

Error

IBCR: I2C bus control register (IBCR)
IBSR: 12C bus status register (IBSR)

* For actual error handling, please judge each status error flag and handle each error by considering your systems.

Confirm I°C/ master operation

NO IBCR:MSS=1, and

IBCR:ACT=1

.- Software checks whether
1 all the transmission data
1 have been written to the
| transmission buffer.

NO SSR:TDRE=1, and

A

Are all data transferred?

_-~" Judge iterative packet
| operation requests for

NO ! the whole system.

Iteration start request?

( ) Write FIFO buffer:
Slave address + communication direction (Write)

Score Transmitted data FIFO (TDRX)

Clear interrupt (IBCR:INT=0) Iteration start condition settings (IBCR:SCC=1)

Iteration operation initial settings

Stop Condition (IBCR:MSS=0)

v

IBCR  :I°C bus control register (IBCR) End
TDR : Transmitted data register (TDR)
SSR : Serial status register (SSR)

* For actual error handling, please judge each status error flag and handle each error by considering your systems.

\4
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Figure 15.22-10 Slave Reception Main Settings

=

Slave reception initial settings

<

Communication error?

Error flag=1
NO

Stop I12C (ISMK:EN=0)

=)

ISMK: 7-bit slave address mask register (ISMK)
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Figure 15.22-11 Slave Reception Initial Settings

Start

Set initial settings:

12C mode settings (SMR)
Baud rate settings (BGR)
Slave address settings (ISBA)
Slave mask settings (ISMK)

Enable INT interrupt
(IBCR:INTE=1)

Set I2C enable settings
(ISMK:EN=1)

Set slave settings (IBCR:MSS=0)

Set FIFO settings
FIFO control register 1 settings

(FCR1) .
FIFO control register 0 settings i Reception FIFO depends on
(FCRO) 4 FSEL value of FIFO control

/iregister 1.

Set FIFO reception byte count |/
(FBYTE1=xx FBYTE2=00, or
FBYTE1=00 FBYTE2=xx)

End

SMR: Serial mode register (SMR)

BGR: Baud rate generator register (BGR)
ISBA: 7-bit slave address register (ISBA)
ISMK: 7-bit slave address mask register (ISMK)
IBCR: I12C bus control register (IBCR)

FCR1: FIFO control register 1 (FCR1)

FCRO: FIFO control register 0 (FCRO)

FBYTE1: FIFO1 byte register (FBYTE1)
FBYTE2: FIFO2 byte register (FBYTEZ2)
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Figure 15.22-12 Slave Reception Interrupt Process

Reception interrupt
process

Bus error?

IBCR:BER=1

N
FIFO END? ©

(Reception is completed)
SSR:RDRF=1
YES Error

Read FIFO received data
(RDR)

&
<

»
»

Clear interrupt
(IBCR:INT=0)

IBSR: I2C bus status register (IBSR)

SSR: Serial status register (SSR)

RDR: Received data register (RDR)

IBCR: 12C bus control register (IBCR)

* For actual error handling, please judge each status error flag and handle each error by considering your systems.
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15.23 Notes on I°C Mode

The notes for when you use the 12C mode are shown below.

FIFO cannot be used for requesting DMA transfer with a channel with FIFO. Please set as FIFO
operation disable.

To request aDMA transfer request, set the block size of DMA to one time.

When master reception and slave reception are selected, it is required to use two channels for DMA; one

is used for DMA transfer to receive data and the other one is used for DMA transfer to send dummy
data.

In 12C mode, if there is no valid data in transmission register (TDR), and transmission data empty flag
bit (TDRE) is "1", the interrupt flag (INT) becomes "1" as shown in Figure 15.23-1 when the data on

12C bus for 9 bits (WSEL=0) or for 8 bits (WSEL=1) is transmitted. When the interrupt flag (INT)
becomes "1" during DMA transfer, DMA transfer cannot be continued unless clearing the bit to "0" by
software. (Common to master transmission, slave transmission, master reception, and slave reception.)

Figure 15.23-1 INT Bit Change Timing of 12c (WSEL=0)

SDA

SCL |

/< DATA \ ACK / DATA \ACK /

TDRE bit

DMA transfer
to TDR

-

INT bit

CM71-10143-5E

To perform DMA transfer in 12C mode, since the specification is as shown above, such operations listed
below are required for performing DMA transfer to TDR before the interrupt flag (INT) becomes "1".

Below operations are possible to perform to prioritize DMA transfer of 12C.

- Use DMA which has a higher priority (channel number is small). It is enabled to use by fixing the
priority setting bit (AT=0).

- Set the value of DMA-halt by interrupt level bit as small as possible (LVL4-LVLO bit in DILVR
register).
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* In case of writing the transmission data to transmission data register (TDR) by DMA transfer after
transmission data empty flag (SSR: TDRE) becomes "1", or writing the data by software confirming the
transmission data empty flag (SSR:TDRE), transmission data empty flag (SSR: TDRE) may not become
"0". Therefore, the transmission data should be written before SCL in ACK field falls. There are no
restrictions on writing the transmission data by software after the interrupt flag (IBCR:INT) becomes
"1,

When performing DMA transfer or sending the data by software confirming the transmission data
empty flag (SSR:TDRE), please follow below procedures if the data cannot be written before SCL in
ACK field falls.

- Setting
Set the timing of interrupt flag (IBCR:INT) becoming "1" to the 8th bit (WSEL=1).

- Procedures

To transmit or receive data by master, the following procedures are required. To transmit or receive
data by slave, it is not required to perform the following.

1. Writethefirst byte (dave address) to the transmission data register by software.

2. Set to 8-hit for wait selection (IBCR:WSEL="1" write) at the same time that master is started
(IBCR:MSS="1" write).

3. After sending the first byte, the interrupt flag (IBCR:INT) becomes "1". Write the second byte to
transmission data register (TDR) by software after confirming ACK response (IBSR:RACK="0").
Set the DMAC, and activate DMA transfer, then write "0" to interrupt flag (IBCR:INT).

4. After transmission and reception are completed, terminate the master (IBCR:MSS="0" write) or
reboot (IBCR:SCC="1" write).
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CHAPTER 16
DMAC (DMA CONTROLLER)

This chapter gives an overview of the DMA controller
(DMAC) and describes its register configuration and its
operations.

16.1 Overview of DMA Controller
16.2 Operations of DMA Controller
16.3 Setting of Transfer Request
16.4 Transfer Sequence

16.5 Operation Flowcharts

16.6 Data Bus
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16.1 Overview of DMA Controller

MB91313A Series

This module is used to carry out the DMA (Direct Memory Access) transfer in the FR
family devices.
The DMA transfer controlled by this module enables various data to be transferred

quickly without using CPU, resulting into an improvement of the system performance.

B Hardware Configuration
This module is composed of the following items:

Five independent DMA channels

Five independent channels access control circuit

20-hit address register (reload selectable: ch.0 to ch.3)

24-hit address register (reload selectable: ch.4)

16-bit transfer count register (reload selectable: one for each channel)
4-bit block count register (one for each channel)

Two-cycle transfer

B Main Functions
The data transfer in this module has the following functions:

446

Data can be transferred dependently from multiple channels (5 channels)
Priority (ch.0 > ch.1 > ch.2 >ch.3>ch.4)
» Priority can be rotated between ch.0 and ch.1

* DMAC activation source

- Internal peripheral request

- Software request (register programming)
* Transfer mode

- Burst transfer/step transfer/block transfer

- Addressing mode: 20-bit (24-bit) address specification (increased/reduced/fixed) (range of changein

addressis+1, 2, 4 fixed)
- Datatype: byte/half word/word length
- Single shot/reload selectable

FUJITSU SEMICONDUCTOR LIMITED
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CHAPTER 16 DMAC (DMA CONTROLLER)
16.1 Overview of DMA Controller

Figure 16.1-1 Registers of DMA Controller

ch.0 Control/Status register A

ch.0 Control/Status register B

ch.1 Control/Status register A

ch.1 Control/Status register B

ch.2 Control/Status register A

ch.2 Control/Status register B

ch.3 Control/Status register A

ch.3 Control/Status register B

ch.4 Control/Status register A
ch.4 Control/Status register B

Overall control register

ch.0 Transfer source address register

ch.0 Transfer destination address register

ch.1 Transfer source address register

ch.1 Transfer destination address register

ch.2 Transfer source address register

ch.2 Transfer destination address register

ch.3 Transfer source address register

ch.3 Transfer destination address register

ch.4 Transfer source address register

ch.4 Transfer destination address register

DMACAO

DMACBO

DMACA1

DMACB1

DMACA2

DMACB2

DMACA3

DMACB3

DMACA4

DMACB4

DMACR

DMASAQ

DMADAO

DMASA1

DMADA1

DMASA2

DMADA2

DMASAS3

DMADA3

DMASA4

DMADA4

(bit) 31

000200y |

000204y, |

000208y |

00020Cy |

000210y |

000214y |

000218y |

00021Cy; |

000220y; |

000224y; |

000240y, |

(bit) 31

20 19

00001000y |

00001004y, |

00001008y |

00001oocH|

00001010y |

00001014y |

00001018y |

0000101CH |

(bit) 31

24 23

00001020y |

00001024y, |
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B Block Diagram

MB

Figure 16.1-2 Block Diagram

91313A Series
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16.1 Overview of DMA Controller

If setting this DMAC, there is a bit that needs to be executed when DMA is stopped. If bit is set during the

operation (transfer), this DMAC may not normally operate.

The * mark indicates that the bit effects the operation if set during the DMAC transfer. This bit should be
rewritten when the DM CA transfer is stopped (is not permitted to activate or halted).

If it is set when the DMA transfer is not permitted to activate (DMACR:DMAE=0 or DMACA:DENB=0),

the setting is enabled after the activation is permitted.

If it is set when the DMA transfer is halted (DMACR:DMAH[3:0] # 00005 or DMACA:PAUS=1), the

setting is enabled after the halt is cancelled.

B DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 Control/Status Register A [DMACAO to DMACAA4]

DMACAO to DMACA4 are the registers that control the operations of each of the DMAC channels, and
they exist independently for each of the channels. The bit functions are as follows:

Figure 16.1-3 DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 Control/Status Register A [DMACAOQO to DMACAA4]

bit 31 30 29 28 27 26 25 24 23 22 21

20 19 18 17 16

‘ DENB‘ PAUS ‘STRG‘ 1S4 10 IS0 Reserved

‘ BLK3 to BLKO |

bit 15 14 13 11 11 10 9 8 7 6 5

‘ DTC15 to DTCO

(Initial value: 00000000g)

[bit31] DENB (Dma ENaBle): DMA operation enable bit

Corresponds to each of the transfer channels and enables/disables the DMA transfer activation.

The activated channel startsthe DMA transfer when the transfer request occurs and is accepted.

Any transfer requests, if occurred on the channel that is disabled to activate, areinvalid.
If the activated channel's transfer is finished after repeated by specified counts, this bit turns to "0" and

the transfer stops.

Writing "0" to this bit forcibly stops the transfer. However, be sure to halt DMA in the PAUS bit
[DMACA hit30] before forcibly stopping the operation (write "0"). If it is stopped forcibly without
halting it, DMA is stopped but the transfer data is not guaranteed. To check if it is stopped, see the

DSS[2:0] bit (DMACB:bit18 to bit16).

CM71-10143-5E

DENB Function
0 Corresponding channel DMA operation disabled (Initial value)
1 Corresponding channel DMA operation enabled

FUJITSU SEMICONDUCTOR LIMITED
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« If the stop request is accepted when reset: Initialized to "0".

 This

bit is readable and writable.

MB91313A Series

« |If operations of all of the channels are disabled with the bitl5:DMAE, a hit in the DMAC overall
control register DMACR, writing "1" to this bit is invalid and the stop status remains. If the
operation is disabled with the bit mentioned above when the operation is enabled by this bit, this bit
turnsto "0" and the transfer is stopped (forcibly stopped).

[bit30] PAUS (PAUSe): Instruction for pause

Pauses the DMA transfer for the corresponding channel. If this bit is set, the DMA transfer is not
executed before this bit is cleared again (When DMA is paused, the DSS bit is"1XXg").

If this bit is set before activation, it keeps paused.

A transfer request that occurs when this bit is set can be accepted, but the transfer is not started unless
thisbit is cleared (see "B Acceptance and Transfer of Transfer Request").

PAUS Function
0 Corresponding channel DMA operation enabled (Initial value)
1 Corresponding channel DMA paused

* Whenreset: Initialized to "0".
* Thisbit is readable and writable.

[bit29] STRG (Software TRiGger): Transfer request

Generates the DMA transfer request for the corresponding channel. If "1" iswritten to this bit, atransfer
request occurs when writing to the register is completed, starting the transfer to the corresponding
channel. However, if the corresponding channel is not activated, any operation to this bit is disabled.

Note: If the channel is activated by writing to the DMAE bit at the same time when a transfer request
occurs from this bit, the transfer request is enabled and the transfer is started. The transfer
request is enabled just when "1" is written to the PAUS bit, but the DMA transfer is not started
until the PAUS bit isreturned to "0".

STRG Function
0 Ignored
1 DMA activation request

* Whenreset: Initialized to "0".

* Read

* Thewrite value only works on 1"

valueisaways"0".

FUJITSU SEMICONDUCTOR LIMITED
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[bit28 to bit24] IS4 to ISO (Input Select) *: Transfer source selection

Select the transfer request source as follows. However, the software transfer request by the STRG bit
function is enabled regardless of this setting.

IS Function Transfer stop request

000005 Software transfer request only

000015 No
to Setting disabled
01111g

100005 UARTO (Reception complete)

100015 UART1 (Reception complete) Yes

100105 UART2 (Reception complete)

10011 UARTO (Transmission compl ete)

101005 UART1 (Transmission complete)

10101 UART2 (Transmission compl ete)

101105 | Setting disabled

101115 | Setting disabled

110005 | Setting disabled

11001 Setting disabled No

110105 | Setting disabled

110115 | Setting disabled

111003 | PPGO

11101g PPG1

111105 | PPG2

111115 | PPG3

*  When reset: initialized to "00000g".

» These bits are readable and writable.
Notes: < If setting DMA activation with the interrupt of peripheral functions (ISS1IXXXXpg), the
selected function should disable the interrupt in the ICR register.

» When the software transfer request causes the DMA transfer to be activated if the DMA
activation with the interrupt of peripheral functions is set, the source is cleared for the
appropriate peripherals after the transfer is completed. Therefore, the origina transfer
request can be cleared, so do not activate the transfer from the software transfer request if
the DMA activation with the interrupt of peripheral functionsis set.
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[bit23 to bit20] Reserved: Reserved bits
* Theread valueisfixed as"0000g". Thewriteis disabled.

[bit19 to bit16] BLK3 to BLKO (BLocK size): Block size specification

Specifies the block size for the corresponding channel at the time of the block transfer. The value
specified in these bits is the number of words in a transfer unit at a time (the number of the repeats of
the data width setting). Set 00015 (size 1) if the block transfer is not to be performed.

BLK Function

XXXXg | Theblock size specification for the corresponding channel

*  When reset: Initialized to "0000g".

* These bits are readable and writable.

o If dl the hitsare set to "0", the block size is 16 words.

» When reading, the block size (reload value) is always read.

[bitl5 to bit0] DTC15 to DTCO (Dma Terminal Count register) *: Transfer count register
Thisisaregister that stores the transfer counts. Each register has 16-bit length.

Every register has its reload register. If reloading of the transfer count register is used for the enabled
channdl, theinitial value is automatically returned to the register when the transfer is completed.

DTC Function

XXXXy | Thetransfer counts specification for the corresponding channel

When the DMA transfer is activated, this register's data is stored in the counter buffer for the transfer
counter for DMA and is counted by -1 (subtracted by 1) per transfer unit. DMA is finished by writing
back the content of the counter buffer to this register when the DMA transfer is finished. Therefore, you
cannot read the specified value of the transfer counts during the DMA operation.

*  When reset: Initialized to "0000y".

« These hits are readable and writable. Be sure to use the half word length or word length to access to
DTC.

* Theread valueis the count value. The reload value cannot be read.
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B DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 Control/Status Register B [DMACBO to DMACBA4]

DMACBO0 to DMACB4 are the registers that control the operation of each of the DMAC channels, and they
exist independently for each of the channels. The bit functions are as follows

Figure 16.1-4 DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 Control/Status Register B [DMACBO to DMACB4]

Address bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

ch.0 000204, |TYPE1,TYPEO MOD1,MODO | WS1,WS0 ‘SADM‘DADM‘DTCR‘SADR|DADR‘ ERIE‘ EDIE‘ DSS2 to DSSO ‘
ch.1 00020Cy
ch.2 000214,
ch.300021Cy bit 15 14 13 11 11 10 9 8 7 6 5 4 3 2 1 0

ch.4 000224
H | SASZ7 to SASZ0 ‘ DASZ7 to DASZ0 ‘

(Initial value: 00000000g)

[bit31, bit30] TYPEL, TYPEO (TYPE) *: Transfer type setting
Select the operation type for the corresponding channel as follows:

Two-cycletransfer mode: This is a mode in which the read and write operations are transferred
repeatedly by the transfer counts after setting the transfer source address
(DMASA) and the transfer destination address (DMADA).

TYPEL, TYPEO Function
00g Two-cycle transfer (Initia value)
01y Setting disabled
105 Setting disabled
11p Setting disabled

*  When reset: Initialized to "00g".
* These bits are readable and writable.
» Besureset thevalueto "00g".

[bit29, bit28] MOD1, MODO (MODe) *: Transfer mode setting
Select the operation mode for the corresponding channel as follows:

MOD1, MODO Function
00g Block/step transfer mode (Initial value)
01g Burst transfer mode
105 Setting disabled
11 Setting disabled

*  When reset: Initialized to "00g".
¢ These bits are readable and writable.
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[bit27, bit26] WS1, WSO (Word Size): Transfer data width selection

Select the transfer data range for the corresponding channel. Transfer the data by the specified number
of times on a data-range basis specified in this register.

WS1, WSO Function
00g Transfer on abyte basis (Initial value)
01g Transfer on ahalf word basis
10g Transfer on aword range basis
11 Setting disabled

*  Whenreset: Initialized to "00g".
¢ These bits are readable and writable.

[bit25] SADM (Source-ADdr. count-Mode select) *: Transfer source address count mode
specification

Specifies the processing of the source address per transfer for the corresponding channel.

Address is incremented/decremented after each transfer is completed based on the specified source
address count range (SASZ) and the next accessing address is written to the corresponding address
register (DMASA) when the transfer is compl eted.

Therefore, the transfer source address register is not updated until the DMA transfer is finished.
To fix the address, specify thisbit to "0" or "1" and set the address count range (SASZ, DASZ) to "0".

SADM Function
0 The transfer source addressis incremented. (Initial value)
1 The transfer source address is decremented.

* Whenreset: Initialized to "0".
* These bits are readable and writable.
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[bit24] DADM (Destination-ADdr. Count-Mode select) *: Transfer destination address count

mode specification
Specifies the processing of the destination address per transfer for the corresponding channel.

Address is incremented/decremented after each transfer is completed based on the specified destination
address count width (DASZ) and the next accessing address is written to the corresponding address
register (DMADA) when the transfer is compl eted.

Therefore, the transfer destination address register is not updated until the DMA transfer is finished.
To fix the address, specify thisbit to "0" or "1" and set the address count width (SASZ, DASZ) to "0".

DADM Function
0 The transfer destination address is incremented. (Initial value)
1 The transfer destination address is decremented.

* When reset; Initialized to "0".
e Thisbhit is readable and writable.

[bit23] DTCR (DTC-reg. Reload) *: Transfer count register reload specification

CM71-10143-5E

Controls the reload function of the transfer count register for the corresponding channel.

If the reload operation is enabled by this bit, the count register value is returned to the initial value and
stopped when the transfer is finished, resulting into a status of waiting for a transfer request (activation
reguest by the STRG or IS setting). (If this bitis 1, the DENB bit is not cleared.)

Setting DENB=0 or DMAE=0 forcibly stops the operation.

If the reload operation of the counter is disabled, specifying the reload in the address register makes the
operation single shot which would be stopped when the transfer is finished. In this case, the DENB bit is
cleared.

DTCR Function
0 Disable the reload of the transfer count register (Initial value)
1 Enable the reload of the transfer count register

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.
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[bit22] SADR (Source-ADdr.-reg. Reload) *: Reload specification of the transfer source
address register
Controls the reload function of the transfer source address register for the corresponding channel.
If the reload operation is enabled by this bit, the transfer source address register value is returned to the
initial value when the transfer is finished.

If the reload operation of the counter is disabled, specifying the reload in the address register makes the
operation single shot which would be stopped when the transfer is finished. In this case, the address
register value is stopped with the initial setting value having been rel oaded.

If the reload operation is disabled by this bit when the transfer is finished, the address register value is
the next access address to the last address (or incremented address if the address increment is specified).

SADR Function
0 Disable the reload of the transfer source address register (Initial value)
1 Enable the reload of the transfer source address register

* Whenreset: Initialized to "0".
¢ Thishit isreadable and writable.

[bit21] DADR (Dest.-ADdr.-reg. Reload) *: Reload specification of the transfer destination
address register

Controls the reload function of the transfer destination address register for the corresponding channel.

If the reload operation is enabled by this bit, the transfer destination address register value is returned to
theinitial value when the transfer is finished.

Other details of the function is equivalent to the content of bit22:SADR.

DADR Function
0 Disable the reload of the transfer destination address register (Initial value)
1 Enable the reload of the transfer destination address register

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.

[bit20] ERIE (ERror Interrupt Enable)*: Error interrupt output enabled

Controls the interrupt occurrence when finished due to an occurrence of error. The content of occurred
error isindicated in DSS2 to DSSO. Note that this interrupt occurs only for particular finish sources, not
for every finish source (see the explanation of the DSS2 to DSSO hits).

ERIE Function
0 Error interrupt request output disabled (Initial value)
1 Error interrupt request output enabled

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.
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[bit19] EDIE (EnD Interrupt Enable) *: End interrupt output enable
Controls the interrupt occurrence when normally finished.

EDIE Function
0 End interrupt request output disabled (Initial value)
1 End interrupt request output enabled

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.

[bit18 to bit16] DSS2 to DSSO (Dma Stop Status)*: Transfer stop source display

Displays a 3-bit code (end code) that indicates the source of the DMA transfer stop/finish for the
corresponding channel. The contents of the end code are as follows:

DSS2 Function Interrupt generation
0 Initial value No
1 Pausing DMA (DMAH, PAUS hit, interrupt, and so on) No
DSS1, DSS0 Function Interrupt generation
00g Initial value No
01g - No
105 Transfer stop request Error
115 Normal termination End

The transfer stop request is set only if the request from peripheral circuit is used.

Note:  The "interrupt generation” column indicates the type of possible interrupt requests.
* When reset: Initialized to "000g".

» Cleared by writing "000g".

» These hits are readable/writable, but only "000g" can be written to this bit.
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[bitl5 to bit8] SASZ7 to SASZ0 (Source Addr count SiZe) *: Transfer source address count
size specification

Specifies the increment/decrement width of the transfer source address (DMASA) per transfer for the

corresponding channel. The value set to this bit is the address increment/decrement width per transfer.

The address increment/decrement depends on the instruction of the transfer source address count mode

(SADM).
SASZ7 to SASZ0 Function
004 Address fixed
014 Transfer on abyte basis
024 Transfer on a half word basis
044 Transfer on aword basis
Others Setting disabled

*  Whenreset: Initialized to "004".
* These bits are readable and writable.

 If set to other than address fixed, only the same transfer unit as the transfer data width (WS) can be
Set.

[bit7 to bit0] DASZ7 to DASZ0 (Des Addr count SiZe) *: Transfer destination address count
size specification

Specifies the increment/decrement range of the transfer destination address (DMADA) per transfer for

the corresponding channel. The value set to this bit is the address increment/decrement width per

transfer. The address increment/decrement depends on the instruction of the transfer destination address

count mode (DADM).
DASZ7 to DASZ0 Function
00y Address fixed
01 Transfer on abyte basis
02y Transfer on a half word basis
04y, Transfer on aword basis
Others Setting disabled

*  When reset: Initialized to "00y".
¢ These bits are readable and writable.

« |If set to other than address fixed, only the same transfer unit as the transfer data width (WS) can be
Set.
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B DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 Transfer Source/Destination Address Setting
Registers [DMASAO to DMASA4/DMADAO to DMADAA4]

DMASAO to DMASA4/DMADAO to DMADAA4 are the registers that control the operations of each of the
DMAC channels, and they exist independently for each of the channels. The bit functions are as follows:

Figure 16.1-5 DMAC Transfer Source/Destination Address Setting Registers

Address: bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ch.0 001000, ] DMASAO to DMASA3
ch.1 001008y, [19:16]

ch.2 0010104

ch-30010184 v 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DMASAOQ to DMASA3 [15:0]
(Initial value: 00000000y,)
Address: bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ch.0 001004 ) DMADAO to DMADA3
ch.1 00100Cy [19:16]

ch.2 001014,
ch.300101C,, bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DMADAO to DMADA3[15:0]

(Initial value: 000000004)

Figure 16.1-6 DMAC Transfer Source/Destination Address Setting Registers

Address: bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ch.4 001020y ‘ ; DMASA4 [23:16] ‘

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DMASAA[15:0] ‘
(Initial value: 00000000y)

Address: bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ch.4 001024y, ‘ - DMADA4 [23:16] ‘

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DMADA4[15:0] ‘
(Initial value: 00000000y)
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These are a set of registers that store the transfer source/destination addresses. ch.0 to ch.3 have 20-bit
length, ch.4 has 24-bit length.

[bit31 to bit0] DMASA (DMA Source Addr) *: Transfer source address setting
Sets the transfer source address.

[bit31 to bit0] DMADA (DMA Destination Addr) *: Transfer destination address setting
Sets the transfer destination address.

When the DMA transfer is activated, this register's data is stored in the counter buffer for the address
counter for DMA and the address is counted per transfer based on the setting. DMA is finished by
writing back the content of the counter buffer to this register when the DMA transfer is finished.
Therefore, you cannot read the address counter value during the DMA operation.

Every register has its reload register. If reloading of the transfer source/destination address register is
used for the enabled channel, the initial value is automatically returned to the register when the transfer
is completed. In this case, other address registers are not effected.

When reset: Initialized to "00000000".
These bits are readable and writable. With this register, be sure to use 32 bit data for access.

The read value is an address value before transfer when the transfer is being executed, and the next
access address value when the transfer is finished. The reload value cannot be read. Therefore, the
transfer address cannot be read at real time.

Set "0" to a nonexistent upper bit.

Note:

Do not use this register to set the register of DMAC itself. The DMA transfer cannot be executed to
the register of DMAC itself.

460
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B DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 DMAC Overall Control Register [DMACR]

DMACR is aregister that controls the operation for the DMAC 5 channels. With this register, be sure to
use byte length for access.

CHAPTER 16 DMAC (DMA CONTROLLER)
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The bit functions are as follows:

Figure 16.1-7 DMAC-ch.0, ch.1, ch.2, ch.3, ch.4 DMAC Overall Control Register [DMACR]

Address:
000240y,

bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|DMAE‘ Reserved |PM01‘ DMAHS3 to DMAHO Reserved ‘
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved

(Initial value: 0XX00000 XXXXXXXX XXXXXXXX XXXXXXXXg)

[bit31] DMAE (DMA Enable): DMA operation enable
Controls the operations of all the DMA channels.

If the DMA operation is disabled by this bit, the transfer operations of al the channels are disabled
regardless of the settings of activation/stop and operation statuses of the channels. The channel in which a

transfer is in progress turns down the request and stops the transfer at the block boundary. Any activation
operations for each channel, if disabled, areinvalid.
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If the DMA operation is enabled by this bit, the activation/stop operation is available for each channel. The
channels will not be activated by enabling the DMA operation with this bit.

Writing "0" to this bit forcibly stops the transfer. However, be sure to halt DMA in the DMAH[3:0] bits
(DMACR hit27 to hit24) before forcibly stopping the operation (write "0"). If it is stopped forcibly without
hating it, DMA is stopped but the transfer data is not guaranteed. To check if it is stopped, see the
DSS[2:0] bit (DMACB:hit18 to hit16).

DMAE Function
0 All the channels DMA operation disabled (Initial value)
1 All the channels DMA operation enabled

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.

FUJITSU SEMICONDUCTOR LIMITED

461



CHAPTER 16 DMAC (DMA CONTROLLER)
16.1 Overview of DMA Controller

MB91313A Series
[bit28] PMO1 (Priority Mode ch.0, ch.1 robin): Channel priority rotation
Set this bit if the priority of ch.0. ch.1 should be rotated for each transfer.

PMO1 Function
0 Priority fixed (ch.0 > ch.1) (Initial value)
1 Priority rotated (ch.1 > ch.0)

* Whenreset: Initialized to "0".
¢ Thisbhit isreadable and writable.

[bit27 to bit24] DMAH3 to DMAHO (DMA Halt): DMA pause

Controls pausing of all the DMA channels. If these bits are set, all the channels DMA transfers are not
executed before these bits are cleared again.

If these hits are set before activation, the channels keep paused.

When these bits are set, all the transfer requests that occur on the channel with the DMA transfer
enabled (DENB=1) are valid and the transfer is started by clearing these bits.

DMAH3 to DMAHO Function

0000g All the channels, DMA operation enabled (Initia value)

Other than 0000g All the channels DMA halted

* Whenreset: Initialized to "0".
¢ These bits are readable and writable.

[bit30, bit29, bit23 to bit0] Reserved: Reserved bits
* Theread values are undefined.
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16.2  Operations of DMA Controller

This section explains operation of a multifunction DMA controller that controls the high
performance of data transfer without receiving any instructions from CPU.

B Main Operations
« Each of the transfer channels independently sets each of the functions.
« If the activation is enabled, the channels do not execute the transfer operation until the specified transfer
request is detected.

* By detecting a transfer request, the DMA transfer request is output to the bus controller, and the bus
controller controls the operation to obtain the bus right and start the transfer.

e Thetransfer is performed according to the sequence based on the mode setting specified independently
for each channel.

B Transfer Mode
Each of the DMA channels executes the transfer operation according to the transfer mode specified in the
MOD[1:0] bit in each of the DMACB registers.

@ Block/step transfer

Transfers one block transfer unit for each transfer request. DMA stops the transfer request to the bus
controller until the next transfer request is accepted.

1 block transfer unit: Specified block size (DMACA:BLK][3:0])

@ Burst transfer

Repeats the transfer for atransfer request until the specified number of transfers is completed.

Specified transfer count; Block size x Transfer count
(DMACA:BLK][3:0] x DMACA:DTC[15:0])
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W Transfer Type

@ Two-cycle transfer (normal transfer)

The DMA controller operates as a unit of the read and write operations.

The data is read from the address of the transfer source register, and written to the address of the transfer
destination register.

B Transfer Address

The following addressing is available. The address is set independently for each channel's transfer source/
destination.

@ Specifying address in two-cycle transfer

Access to the value as the address that is read from the register (DMASA, DMADA) in which the address
is set in advance.

After the transfer request is accepted, DMA starts the transfer after storing the address from the register to
the temporary storage buffer.

The address to be accessed next is generated (addition, subtraction, or fix can be selected) at the address
counter for each transfer (access) and returned to the temporary storage buffer. The content of this
temporary storage buffer is written back to the register (DMASA, DMADA) for each completion of a block
transfer unit.

Therefore, the address register (DMASA, DMADA) value is updated only on a block-transfer-unit basis,
and the address cannot be known at real time.

B Transfer Count and Transfer Termination

464

@ Transfer count

The transfer count register is decremented (by 1) for each completion of ablock transfer unit. If the transfer
count register is"0", then the specified number of transfers is finished, resulting into a stop or re-activation
after the end code is displayed.

The transfer count register value is updated only on a block-transfer unit basis, similarly to the address
register.

If the reload of the transfer count register is disabled, the transfer is terminated. If it is enabled, the register
valueisinitialized, resulting into a status where the transfer iswaited (DMACB:DTCR).

@ Transfer termination

The sources of the transfer termination are as follows. When terminated, one of the source is displayed as a
end code (DMACB:DSS[2:0]).

« End of specified number of transfers (DMACA:BLK][3:0] x DMACA:DTC[15:0]) — Normal
Termination

e Occurrence of transfer stop request from peripheral circuit — Error
» Occurrence of reset — Reset

The transfer stop sourceis displayed (DSS) for each of the termination sources, and the transfer termination
interrupt/error interrupt can be generated,
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16.3  Setting of Transfer Request

There are two types of the transfer request that activates the DMA transfer. The
software request can always be used regardless of other request settings.

B Built-in Peripheral Request
Generates a transfer request due to an occurrence of the interrupt from the built-in peripheral circuit.
Set which of the peripheral interrupts generates a transfer request for each channe (DMACA:
I S[4:0]=1XXXXp).

Note: The interrupt request used for a transfer request can be seen as an interrupt request to CPU, so
disable the interrupt for the interrupt controller setting (ICR register).

B Software Request
Generates a transfer request by writing to the trigger bit in the register (DMACA:STRG).
It isindependent of the transfer request shown above, and it can always be used.

If a software request is issued simultaneously with activation (enabling of transfer), the DMA transfer

reguest isimmediately output to the bus controller to start the transfer.

Note: If a software request is issued to the channel in which built-in peripheral request is set, the source
is cleared for the corresponding peripheral after the transfer is completed. Therefore, the original
transfer request can be cleared, so do not issue the software request.
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16.4  Transfer Sequence

You can independently set the transfer type and transfer mode to determine the
operation sequence after the DMA transfer is activated for each channel (setting of
DMACB:TYPE[1:0], MOD[1:0]).

B Selecting the Transfer Sequence
The following sequence can be selected depending on the register setting:

Burst two-cycle transfer
Block/step two-cycle transfer

B Burst Two-cycle Transfer
Repeats the specified number of transfers at one transfer source. For the two-cycle transfer, the transfer
source/destination address can be specified with 20 bits (for ch.0 to ch.3) or 24 bits (for ch.4).

The transfer source can select the peripheral transfer request/software transfer request.

[Features of burst transfer]

« |If onetransfer request is accepted, the transfer is repeated until the transfer count register turnsto "0".
Number of transfersis block size x number of transfers (DMACA:BLK][3:0] x DMACA:DTC[15:0]).

 If another request occurs during the transfer, it isignored.

« If the reload function of the transfer count register is enabled, the next transfer request is accepted after
the transfer is finished.

 |If another channel's transfer request with a higher priority is accepted during the transfer, the channel is
switched at the boundary of the current block transfer unit, and it is not returned until the transfer
request for the channel is cleared.

Figure 16.4-1 Transfer Sequence of Burst Transfer

Peripheral transfer

request |

Bus operation CPU SA DA SA DA SA DA SA DA CPU
Transfer count 4 4 3 2 1 X 0
Transfer termination ]
(Internal)

(Example of burst transfer when peripheral transfer request, block count = 1, transfer count = 4)
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B Step/Block Transfer Two-cycle Transfer

For the step/block transfer (in which the transfer is executed for each transfer request at the specified
number of blocks), the transfer source/destination address can be specified with 20 bits (for ch.0 to ch.3) or
24 hits (for ch.4).

@ Step transfer

If "1" is set to the block size, the sequence turns to the step transfer sequence.

[Features of step transfer]

« If atransfer request is accepted once, the transfer is executed once and stopped after the transfer
request is cleared (the DMA transfer request is turned down to the bus controller).

 If another request occurs during the transfer, it isignored.

 If another channel's transfer request with a higher priority is accepted during the transfer, the channel
is switched after the transfer is stopped and the new transfer is started. Priority in the step transfer
worksonly if multiple transfer requests occur simultaneously.

@ Block transfer

If other value than "1" is set to the block size, the sequence turns to the block transfer sequence.

[Features of block transfer]

The operation is the same except one transfer unit is composed of multiple numbers (blocks) of the
transfer cycle.

Figure 16.4-2 Transfer Sequence of Block Transfer

Peripheral transfer

request ]

Bus operation CPU SA DA SA DA CPU SA DA SA DA

Block count X 2 1 X0 X D 1 e
Transfer count N 5 4 e 1 4
;I;rnatrelf:gl)termmatmn —1
(Example of block transfer when peripheral transfer request, block count = 2, transfer count=2)
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B General DMA Transfer
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@ Block size

One transfer unit of the transfer datais a collection of the data, number of which is specified in the block
size specification register (x the data width).

Since the data transferred in one transfer cycle is fixed to the value specified with the data width, a
transfer unit is composed of the number of the transfer cycles with the block size specified value.

If atransfer request with a higher priority is accepted during the transfer or if the transfer pause request
isissued, even the block transfer is stopped only at the end of one transfer unit. This enables the data to
be protected for the data block that does not want to be divided or paused, but the response can be
downgraded if the block sizeislarge.

Though it is stopped immediately only when the reset occurs, the content of the data being transferred is
not secured.

@ Reload operation

This module enables you to set the three types of the reload function for each channel:

(2) Transfer count register reload function

After the specified number of transfers are finished, the initial value isreset in the transfer count register
to wait for acceptance of an activation.

Set it if the whole transfer sequence is repeated.

If the reload is not specified, the count register value remains "0" after the specified number of transfers
is completed, and the subsequent transfer is not performed.

(2) Reload function of the transfer source address register

After the specified number of transfers are finished, the initial value is reset in the transfer source
addressregister.

Set if the transfer isrepeated from the fixed areain the transfer source address area.

If the reload is not specified, the transfer source address register value is the next address after the
specified number of transfers are completed. It is used if the address areais not fixed.

(3) Reload function of the transfer destination address register

After the specified number of transfers are finished, the initial value is reset in the transfer destination
address register.

Set if the transfer is repeated to the fixed areain the transfer destination address area.
(Description shown below is the same as (2))

Only If the reload function of the transfer source/destination register is enabled, the re-activation is not
performed after the specified number of the transfers are completed. Each of the address register values
isonly reset.

Note:  Special case of operation mode and reload operation

If it is preferable that processing stops when data transfer ends and starts after input is detected again, do
not specify reload.

If the burst/block/step transfer mode is used for the transfer, the data is not transferred when the transfer
iscompleted, until the transfer is halted after reloaded and then a new transfer request input is detected.
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B Addressing Mode
The transfer destination/source address is specified independently for each of the transfer channel.
The following methods are provided to specify the address. The transfer sequence should be used to set it.

@ Address register specification

For the two-cycle transfer mode, set the transfer source address in the transfer source address setting
register (DMASA) and the transfer destination address in the transfer destination address setting register
(DMADA).

[Features of address register]

ch.0 to ch.3 areregisters with 20-bit length, and ch.4 is aregister with 24-bit length.

[Functions of address register]
» Read for each access and sent to the address bus.

* At the same time, the address for the next access is calculated with the address counter, and the
address register is updated with the address of the calculation result.

e The address calculation is selected from addition/subtraction independently for each channel/transfer
destination/transfer source. Increment/decrement width of the address depends on the value of the
address count size specification register (DMACB:SASZ, DASZ).

» If the reload function is disabled, the calculated address is left in the last address in the address
register after the transfer is completed.

« |f thereload function is enabled, the initial value of the addressis reloaded.

Notes:

« If an overflow or underflow occurs as a result of 20-bit or 24-bit length full address calculation,
transfer on the channel continues. Set each channel to prevent an overflow or underflow from
being generated.

* Do not set the address of the register of DMAC itself in the address register.

B Data Type
The data length (data width) transferred in one transfer should be selected from one of the following:
e Byte
» Half word
* Word

Since the word boundary specification is kept for the DMA transfer, the different lower bit isignored if the
specified address does not match the data length in the transfer source/destination address specification.

« Word ...... Actual access addressis 4 bytes in which the lower 2 bits start with "00g".
* Half word. . .Actual access addressis 2 bytesin which the lower 1 bit starts with "0g".
e Byte........ Actual access address matches the address specification.

If the lower bit of the transfer source address does not match that of the transfer destination address, the
address as is set is output on the internal address bus, but the address is fixed on each of the transfer targets
on the bus, based on the rule described above.

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 469



CHAPTER 16 DMAC (DMA CONTROLLER)
16.4 Transfer Sequence MB91313A Serles

B Transfer Count Control
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The transfer count is specified within arange of 16-bit length (1 to 65536) at maximum. The transfer count
specification value is set in the transfer count register (DMACA:DTC).

The register value is stored in the temporary storage buffer when the transfer is started, and decremented by
the transfer counter. When this counter value turnsto "0", it is detected as completion of specified number
of the transfers, and the transfer for the channel is stopped or re-activation is waited (when the reload is
specified).

[Features of transfer count registers]
« Each of theregisters has 16-bit length.
» Every register hasitsreload register.
* |If activated when the register valueis"0Og", the transfer is repeated 65536 times.

[Reload operation]
» Auvailable only if the register has the reload function and the function is enabled.
e Theinitial value of the count register is saved to the reload register when the transfer is activated.

< If the count turns to "0" using the transfer counter, the transfer is notified as completed, and the
initial value isread from the reload register and written to the count register.
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B CPU Control
If the DMA transfer request is accepted, DMA issues the transfer request to the bus controller.

The bus controller passes the right to use the internal busto DMA at the break of the bus operation to start
the DMA transfer.

@ DMA transfer and interrupt

During DMA transfer, interrupts are generally not accepted until the transfer ends. And if the DMA
transfer request occurs when the interrupt is being processed, the transfer request is accepted and the
process of the interrupt is paused until the transfer is completed.

If, as an exception, an interrupt request with a higher priority than the hold suppression level specified in
the interrupt controller occurs, DMAC temporarily turns down the transfer request to the bus controller
at the boundary of the transfer unit (1 block), and pauses the transfer until the interrupt request is
cleared. The transfer request is internally kept during this time. If the interrupt request is cleared, then
DMAC issues the transfer request to the bus controller to obtain the right to use the bus and resume the
DMA transfer.

@ DMA suppression

@® Notes
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If the interrupt source with a higher priority occurs during the DMA transfer, the FR family halts the
DMA transfer and branches to the appropriate interrupt routine. This mechanism is valid as long as the
interrupt request exists. However, the suppression mechanism does not work if the interrupt source is
cleared, resulting that the DMA transfer resumes in the interrupt process routine. Therefore, use the
DMA suppression function, if you do not want the DMA transfer to be resumed in the process routine of
the interrupt source with a level which halts the DMA transfer. The DMA suppression function is
activated when other value than "0000g" is written to the DMAH[3:0] bit in the DMA overall control
register, and stopped when "0000g" is written.

This function is mainly used in the interrupt process routine. Before the interrupt source is cleared in the
interrupt process routine, the content of the DMA suppression register is incremented by 1. This
prevents the subsequent DMA transfer from being performed. After the interrupt process is addressed,

the content of the DMAHI3:0] bit is decremented by 1 before the return. If there are multiple interrupts,
the content of the DMAH[3:0] bit is not "0000g" yet, meaning that the DMA transfer continues to be

suppressed. If there are not multiple interrupts, the content of the DMAH[3:0] bit is "0", meaning that
the DMA transfer request isimmediately enabled.

As number of the register's bits are 4 bits, this function cannot be used for multiple interrupts with more
than 15 levels.

The priority order of the DMA tasks should be placed at least 15-level higher than other interrupt levels.
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W Start of Operation

Starting of the DMA transfer is controlled independently for each channel, but you must enable all the
channels' operations before that.

@ All the channels' operation enabled

Before activating each of the DMAC channels, you must enable all the channels' operation using the DMA
operation enable bit (DMACR:DMAE) in advance. If not enabled, any activation settings or occurred
transfer requests areinvalid.

@ Transfer activation

Use the operation enable bit in the control register of each channel to activate the transfer operation. When
the transfer request is accepted for the activated channel, the DMA transfer operation is started in the
specified mode.

@ Activation from pausing state

If each or al the channels control is paused before the activation, the state remains after activating the
transfer operation. If a transfer request is issued at this time, the request is accepted and maintained. The
transfer is started at the point where the pausing is deactivated.

B Acceptance and Transfer of Transfer Request
*  When activated, the transfer request specified for each channel starts to be sampled.

« If the periphera interrupt activation is selected, the DMAC transfers are continued until the transfer
request is cleared, and if cleared, the transfer is stopped at a transfer unit (periphera interrupt
activation).

Since the peripheral interrupt level is treated as detected, the interrupt should be performed with the
interrupt cleared by DMA.

* The transfer request is always accepted, even when other channel's request is accepted to perform the
transfer. The channel to transfer for each transfer unit is determined based on ajudgment of the priority.

B Peripheral Interrupt Clear by DMA

e This DMA has a function to clear the peripheral interrupt. This function works when the periphera
interrupt is selected for the DMA activation source (when 15[4:0]=1XXXXg).

« The periphera interrupt is cleared only for the specified activation source. That is, only the periphera
function specified in 15]4:0] is cleared.

@ Timing of occurrence for interrupt clear

» Thetiming of occurrence depends on the transfer mode (see the section "16.5 Operation Flowcharts").

[Block/step transfer]

If the block transfer is selected, a clear signal occurs for each block (step) transfer.

[Burst transfer]

If the burst transfer is selected, the clear signal occurs when the specified number of transfers are
completed.
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B Pause
The DMA transfer pausesif:

@ Setting of pausing by writing to the control register (Each channel independently or all the channels
simultaneously)

If pause is set by the pause bit, the corresponding channel's transfer is stopped until the pause deactivation
is enabled again. Pause should be checked in the DSS hit.
If the pause is deactivated, the transfer is resumed.

@ Hold suppression level interrupt process

If an interrupt request with a higher level than the hold suppression level occurs, all the channels being
transferred are paused at the boundary of the transfer unit, and the NMl/interrupt is processed first after
releasing the bus right. The transfer request accepted during the processing of the interrupt is maintained.

The channel in which the request is retained resumes the transfer after the interrupt process is completed.

B Termination/Stop of Operation

Termination of the DMA transfer is controlled independently for each channel, but you can disable all the
channels' operations.

@ Transfer termination

If the reload operation is invalid, the transfer is stopped when the transfer count register turnsto "0". The
subsequent transfer requests become invalid after "normal termination” is displayed in the end code (the
DMACA:DENB bit is cleared).

If the reload operation is valid, the initial value is reloaded when the transfer count register turnsto "0". A
transfer request is being waited again after "normal termination” is displayed in the end code (the
DMACA:DENB hit is not cleared).

@ All the channels' operation disabled

If the DMA operation enable bit DMAE is used to disable all the channels' operations, all the DMAC
operations are stopped, including those of running channels. If al the channels DMA operations are
enabled again after that, a transfer is not performed unless it is re-activated for each channel. In this case,
interrupt does not occur at all.
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B Stop By Error

As some cases where the transfer is stopped due to other source than the normal termination by completion
of the specified number of transfers, there are stop and halt by various errors.

@ Occurrence of Transfer Stop Request from Peripheral Circuit

Some peripheral circuits that output the transfer request can generate the transfer stop request when an
abnormality (such as receive/send error around the communication system) is found.

If this transfer stop request is received, DMAC stops the corresponding channel's transfer, displaying
"transfer stop request” in the end code.

See the explanation of the transfer source selection bits bit28 to bit24 (1S4 to 1S0) of the DMACA register
for information on whether thereis atransfer stop request in the peripheral circuit.

See the specification of each peripheral circuit for details on the condition for generation of each transfer
stop request.

B DMAC Interrupt Control

The following interrupts can be output for each DMAC channel, independently of the peripheral interrupt,
which becomes a transfer request.

e Transfer end interrupt. . . . Occurs only for normal termination.

e Errorinterrupt.......... Transfer stop request from the peripheral circuit (Error due to peripheral)
Theseinterrupts are all output according to the content of the end code.

The interrupt request can be cleared by writing "000g" to DSS2 to DSSO (end code) of DMACS.

The end code must be cleared by writing "000g" for reactivation.

If the reload operation is valid, it is automatically reactivated, but the end code is not cleared in this case,
meaning that the data remains until a new end code is written when the next transfer is finished.

There is only one type of the end source that can be displayed in the end code, so if the multiple sources
occur simultaneoudly, the result of the priority judgment is displayed. Interrupt that occurs in this case
follows the displayed end code.

The priority of the end code is shown in the following (from the top with the highest priority):
* Reset

» Clear by writing "000g"

* Peripheral stop request

e Normal termination

¢ Channel selection and control

B DMA Transfer during the Sleep

474

« DMAC can operate during the sleep mode.
« If the operation during the sleep mode is expected, you should consider the following:

(1) As CPU is being stopped, the DMAC register cannot be changed. The setting should be finished
before entering the sleep mode.

(2) The sleep mode is deactivated by interrupt, and if interrupt around the DMA activation source is
selected, the interrupt controller must be used to disable the interrupt.

Similarly, if you do not want to deactivate the sleep mode in the DMA end interrupt, the interrupt should be
disabled.
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B Channel Selection and Control

You can set up to five channels simultaneously for the transfer channel. Each of the channel can be set
independently for each function.

@ Priority among channels
Only one channel is simultaneously available for the DMA transfer, and the priority is set among the
channels.
The priority setting has two modes, fix/rotation, and is selected for each channel group (described later).
e Fix mode
Fixed from the smallest channel number.
(ch.0>ch.1>ch.2>ch.3>ch.4)

If a transfer request with a higher priority is accepted during the transfer, the transfer channel is
switched to the channel with the higher priority at the end of one transfer unit (number specified in the
block size specification register x data width).

After the higher priority transfers are finished, the original channel's transfer is resumed.

Figure 16.4-3 DMA Transfer in Fix Mode

ch.0 transfer request [

ch.1 transfer request L

Bus operation CPU SA DA SA DA SA DA SA DA CPU

Transfer channel ch.1 ch.0 ch.0 ch.1

ch.0 transfer finished ]

ch.1 transfer finished [

« Rotation Mode (Only between ch.0 and ch.1)

The initial state is set the same as (1) after the operation is enabled, but the priority of the channel
changes for each transfer completion. Therefore, if the transfer request is output simultaneously, the
channels switches for each transfer unit.

Thisisamodethat is useful if the continuous/burst transfer is set.

Figure 16.4-4 DMA Transfer in Rotation Mode

ch.0 transfer request |
ch.1 transfer request

Bus operation CPU SA DA SA DA SA DA SA DA CPU

Transfer channel ch.1 ch.0 ch.1 ch.0

ch.0 transfer finished [

ch.1 transfer finished .
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@ Channel group

The priority is selected in the following unit.

Mode Priority level Remarks
Fix ch.0>ch.1 -
ch.0>ch.1 Theinitial state isthe top row.
Rotation T It is reversed when the transfer occurs for the top row.
ch.0<ch.1
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CHAPTER 16 DMAC (DMA CONTROLLER)
16.5 Operation Flowcharts

This section contains operation flowcharts for the following operation modes:

* Block transfer
* Burst transfer

B Block Transfer

Figure 16.5-1 Operation Flowchart of Block Transfer

Block transfer

Activation \
Reload enabled \.'équest waiting /=

Activation request
\ 4

DENBE=0 DMA stopped

'DENB:1

A

Load initial address,
number of the transfers,
number of the blocks

|

Transfer source address access
address operation

A 4

Transfer destination address access
address operation

Transfer count - 1

Y

Write back address, transfer
count, number of the blocks

Only when the peripheral interrupt
activation source is selected

Clearing of interrupt
occurred

Clear interrupt

| DTC=0

v

> Occurrence of the DMA

DMA transfer finished

e Can be activated for every activation source (selected)
» Accessible to all the areas

e Configurable for the number of the blocks

e Interrupt clear is issue at the end of the block count

e The DMA interrupt is issued when the specified number of transfers is completed

interrupt
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B Burst Transfer

Figure 16.5-2 Operation Flowchart of Burst Transfer

p( DMA stopped )
DENB->0 o PP

DENB=1
\ 4

»/ Activation
Reload enabled '\ request waiting

\ 4

Load initial address,
number of the transfers,
number of the blocks

v
Transfer source address access
address operation

\ 4

Transfer destination address access
address operation

Block count -1

BLK=0

Transfer count - 1 —

DTC=0
A 4

Write back address, transfer
count, number of the blocks

Only when the peripheral interrupt activation
source is selected
=——— Clearing of interrupt occurred

Clear interrupt

DMA transfer finished ———>0Qccurrence of the DMA
interrupt

Burst transfer

e Can be activated for every activation source (selected)

o Accessible to all the areas

e Configurable for the number of the blocks

e Interrupt clear and the DMA interrupt are issued when the specified number of transfer is completed.
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16.6 Data Bus

This section shows transfer examples of data bus.

B Operation of Data in Two-cycle Transfer

Figure 16.6-1 Operation of Data in Two-cycle Transfer
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(Continued)
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CHAPTER 17
REMOTE CONTROL
RECEPTION

This chapter describes the functions and operations of
HDMI-CEC reception, ACK automatic a response, and
the remote control reception.

17.1 Overview of Remote Control Reception
17.2 Register of Remote Control Reception

17.3 Explanation of Operations and Setting Procedure Examples
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17.1  Overview of Remote Control Reception

This Product is equipped with HDMI-CEC reception, ACK automatic response, and
remote-control reception function.

B Block Diagram of Remote Control Reception
Figure 17.1-1 Block Diagram of Remote Control Reception

Count
clock Counter Overflow >
High width setting
register
RCIN A StartBit Detect >
Noise Edge Latch » Com wan
Filter » Detect [ P 1" Detect
Rise/Fall
"0" Detect
*1
ACK

*2 . Endian . <
RCACK Data store register convert — Shifter 4
*1 : Pseudo open drain

*2 : MB91F313A only
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17.2 Register of Remote Control Reception

This section describes the configurations and functions of the registers used for

remote control reception.

B Register Configuration of Remote Control Reception
Table 17.2-1 shows alist of remote control reception registers.

Table 17.2-1 Registers of the Remote Control Reception

Address | Register Abbreviation Register Name
000X 0y RCCR Remote control reception control register **
000X 1 RCST Remote control reception interrupt control register “*
000X 2 RCSHW Start bit high width setting register "1
000X 3y RCDAHW High width setting register A 1
000X 4 RCDBHW High width setting register B *1
000X 5, Reserved
000X 64 RCADR1 Device address setting register 1 **
000X 74 RCADR2 Device address setting register 2 1
000X 8y RCDTHH Data store register HH
000X 9y RCDTHL Data store register HL
000X AR RCDTLH Data store register LH
000X By RCDTLL Data store register LL
000X Cyy .
000XD, RCCKD Clock divided register "2

X =184 : (ch.0), 19y : (ch.1)

*1: 8-hit access only

*2 : 16-bit access only
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17.2.1 Remote Control Reception Control Register (RCCR)

Shows the bit configuration of the remote control reception control register (RCCR).

B Remote Control Reception Control Register (RCCR)

Figure 17.2-1 Bit Configuration of Remote Control Reception Control Register (RCCR)

bit 7 6 5 4 3 2 1 0
THSEL | Reserved | Reserved | Reserved | ADRCE | MOD1 MODO EN
Attribute R/W
Initial value 0 - - - 0 0 0 0

R/W: Readable/writable

Note:
This register allows only 8-bit access.

[bit 7]: THSEL

Thisisthe threshold select bit.

Initial valueis"0".

Set the criteriato check for "0" and "1" in the high width setting register A/B.

Status THSEL
0 1

W > width A "0" data "1" data
W < width B
W > width A "1" data "0" data
W > width B

[bit 6 to bit 4]: Reserved
Write Ignored.
Read The read valueis"0".
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[bit 3]: ADRCE
Enable address comparison bit.

CHAPTER 17 REMOTE CONTROL RECEPTION
17.2 Register of Remote Control Reception

Theinitial valueis"0" (disable comparison). Comparison of receive address and device address is enabled
whensetto"1".

When comparison is enabled, an ACK/OVF interrupt occurs only when the addresses match.

In CEC mode, an ACK is returned when the address match is detected. In the case of broadcast address,
match is assumed, but no ACK isreturned.

Set "0" if the modeis other than SIRCS mode or HDMI-CEC mode.
[bit 2,bit 1]: MOD1,MODO

These bits are used to set the remote control reception operation mode.

MOD1 | MODO Function
0 0 SIRCS mode [Initial Value]
0 Forbidden to set
1 0 NEC/AEHA mode (repeat signal not supported)
1 1 HDMI-CEC mode

Except for SIRCS mode (MOD1=1), the input signal isinternally reversed.

High width comparison is applied to Low width.

[bit 0]: EN

Thisis the operation enable bit.

Remote control reception operation starts when this bit isset to "1".
Initial valueis"0" (stopped).

Do not change the following registers and bits when this bit is"1" (operating).

RCCR register's THSEL hit, ADRCE hit, and MOD bit
RCST register's OVFSEL

RCSHW, RCDAHW, RCDBHW, RCADR1, RCADR2, and RCCKD register

CM71-10143-5E
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17.2.2 Remote Control Reception Interrupt Control Register
(RCST)

Figure 17.2-2 shows the bit configuration of the remote control reception interrupt
control register (RCST).

B Remote Control Reception Interrupt Control Register (RCST)

Figure 17.2-2 Bit Configuration of Remote Control Reception Interrupt Control Register (RCST)

R/W: Readable/writable

bit 7 6 5 4 3 2 1 0
STIE ACKIE | OVFIE | OVFSEL ST ACK EOM OVF
Attribute R/IW
Initial 0
value

Note:

This register allows only 8-bit access.

[bit 7]: STIE
This bit enables start bit interrupt.
Value Description
0 Interrupt disabled
1 Interrupt enabled
[bit 6]: ACKIE
This bit enables ACK interrupt.
Value Description
0 Interrupt disabled
1 Interrupt enabled

Itisvalid only in CEC mode.
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[bit 5]: OVFIE
This bit enables counter overflow interrupt.

Value Description

0 Interrupt disabled

1 Interrupt enabled

Thisinterrupt occurs only when thereis an overflow after a start bit is detected.
No interrupt occursif start bit is undetected.

[bit 4]: OVFSEL

This bit is used to set the overflow detection condition.

Value Description
0 Overflow occurs when the counter reaches 128 clock counts.
1 Overflow occurs when the counter reaches 256 clock counts.
[bit 3]: ST

This bit indicates the detection of start bit.

Value Description

0 Start bit undetected

1 Start bit detected

Cleared when "0" is written.
An interrupt occurs when a start bit is detected while the STIE bitis"1".

[bit 2]: ACK
This bit indicates the detection of ACK.

Value Description

0 ACK undetected

1 ACK detected

Cleared when "0" is written.

An interrupt occurs when an ACK is detected while the ACKIE bitis"1".

When address comparison is enabled, an interrupt occurs only when the addresses match.
Itisvalid only in CEC mode.
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[bit 1]: EOM
This bit indicates the detection of EOM.

Value

Description

0

EOM undetected

1

EOM detected

Cleared when "0" is written.
Itisvalid only in CEC mode.

[bit 0]: OVF
This bit indicates the detection of counter overflow.

Value Description
0 Counter overflow undetected
1 Counter overflow detected

MB91313A Series

When address comparison is enabled, an interrupt occurs only when the addresses match.
Cleared when "0" is written.

In SIRCS mode, the OVF flag is not set until the second byteis received.

FUJITSU SEMICONDUCTOR LIMITED
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17.2.3 Device Address Configuration Registers 1, 2
(RCADR1, RCADR2)

Figure 17.2-3 shows the bit configuration of the device address configuration registers
1, 2 (RCADR1, RCADR?2).

B Device Address Configuration Registers 1, 2 (RCADR1, RCADR?2)

Figure 17.2-3 Bit Configuration of Device Address Configuration Registers 1, 2 (RCADR1, RCADR?2)

bit 7 6 5 4 3 2 1 0
Reserved RCADR1,2
Attribute R/IW
Initial value - - - 0 0 0 0 0

R/W: Readable/writable

Note:
This register allows only 8-bit access.

[bit 7 to bit 5]: Reserved

Write | Ignored.

Read | Theread valueis"0".

[bit 4 to bit 0]: RCADR1, 2

Thisisthe register to set the device side (receive side) address.

The address set in this register is compared with the Remote Control Reception device address and HDMI-
CEC destination.

Do not set OF (broadcast address) in this register in HDMI-CEC mode.
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17.2.4  Start Bit High Width Configuration Register (RCSHW)

Figure 17.2-4 shows the bit configuration of the start bit high width configuration
register (RCSHW).

B Start Bit High Width Configuration Register (RCSHW)

Figure 17.2-4 Bit Configuration of Start Bit High Width Configuration Register (RCSHW)

bit 7 0
RCSHW
Attribute R/W
Initial value 0

R/W: Readable/writable

Note:
This register allows only 8-bit access.

Thisregister isused to set the High duration of the start bit.
A start bit is detected when the width of the received High exceeds the set value.

If the High width of the received signal is less than the set value, no start bit is detected and start bit High
detection wait state is reentered.

Set RCSHW < 127 (value not exceeding overflow detection) if OV FSEL=0.
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17.2.5 "H" Width Configuration Register A (RCDAHW)

Figure 17.2-5 shows the bit configuration of the "H" Width Configuration register A
(RCDAHW).

W "H" Width Configuration Register A (RCDAHW)

Figure 17.2-5 Bit Configuration of "H" Width Configuration A (RCDAHW)

bit 7 0
RCDAHW
Attribute R/W
Initial value 0

R/W: Readable/writable

Note:
This register allows only 8-bit access.

Thisisregister A used to set the "H" duration.
The value set in this register must be such that 2 < RCDAHW < RCDBHW.
Also, in CEC mode, set so that RCDAHW < 46 (less than ACK response pulse width).
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17.2.6  "H" Width Configuration Register B (RCDAHW)

Figure 17.2-6 shows the bit configuration of the "H" Width Configuration register B
(RCDBHW).

W "H" Width Configuration Register B (RCDAHW)

Figure 17.2-6 Bit Configuration of "H" Width Configuration Register B (RCDBHW)

bit 7 0
RCDBHW
Attribute R/W
Initial value 0

R/W: Readable/writable

Note:
This register allows only 8-bit access.

Thisisregister B used to set the "H" duration.
Do not set value less than RCCDAHW.
Make sure RCCDAHW < RCCDBHW < RCSHW is satisfied.
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(RCDTHH, RCDTHL, RCDTLH, RCDTLL)

Figure 17.2-7 shows the bit configuration of the data storage registers (RCDTHH,

RCDTHL, RCDTLH, RCDTLL).

B Data Storage Registers (RCDTHH, RCDTHL, RCDTLH, RCDTLL)

Figure 17.2-7 Bit Configuration of Data Storage Registers (RCDTHH, RCDTHL, RCDTLH, RCDTLL)

bit 31 24 23

16 15

8

7

0

RCDTHH RCDTHL

RCDTLH

RCDTLL

Attribute

Initial value

R/W: Readable/writable

These are the registers to store the received data.

In CEC mode, the received datais stored in RCDTHH.

In remote control mode, data is stored starting from RCDTHH as each 8 bits are received.

When a counter overflow interrupt occurs, the bits received up to that point are stored M SB justified.

When the EN bit of RCCR register is"0", the value read from these registers is undefined.

If asignal exceeding 4 bytesis received, the excess data is ignored and not reflected in the registers.
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17.2.8 Clock Division Configuration Register (RCCKD)

Figure 17.2-8 shows the bit configuration of the clock division configuration register
(RCCKD).

B Clock Division Configuration Register (RCCKD)

Figure 17.2-8 Bit Configuration of Clock Division Configuration Register (RCCKD)

bit 15 13 12 11 0
Reserved CKSEL CKDIV
Attribute R/W R/W R/W
Initial value - 0 0

R/W: Readable/writable

Note:
This register allows only 16-bit access.

[bit 15 to bit 13]: Reserved

Write | Ignored.

Read | Theread valueis"0".

[bit 12]: CKSEL
This bit selects the operating clock.

Value Description

0 Clock dividing the resource clock is selected.

1 Source oscillation clock (32kHz) is selected.

To select a sub-clock by CKSEL hit of Clock Division Configuration Register (RCCKD), write "1" in
PLLZ2EN bit of Clock Source Control register (CLKP) to oscillate the sub-clock.

[bit 11 to bit 0]: CKDIV

These bits are used to set the resource clock division rate.
Divisionrateis CKDIV+1.
From 1 division (no division) to 4096 divisions can be set (only if CKSEL=0).
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17.3 Explanation of Operations and Setting Procedure
Examples

This section describes the remote control reception operation. A setting examples for
each operation status are also shown.

B Operation Flowchart of Remote Control Reception
@ HDMI-CEC Reception

Figure 17.3-1 Operation Flowchart of HDMI-CEC Reception

l HDMI-CEC I

STRAT bit detect ?

YES

Data reception (8bit)

EOM detect ?
NO

iYES
A 4

ACK processing ACK processing

.

END I

b7 b0

Start bit Initiator Destination EOM ACK Data EOM ACK
MSB LSB
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@ Remote Control Reception

Figure 17.3-2 Operation Flowchart of Remote Control Reception

l Remote control I

Data reception

YESi
| END |

b0 b6 b0 b4 bO b2 b0

Start bit command device Ext.+3 Ext.+5 Start bit
MSB |LSB MSB|LSB MSB|LSB MSB |LSB

b0 b15 b0 b7 b0 b7

Reader Data code Data code Data code Stop bit Reader
code code
LSB MSB|LSB MSB|LSB MSB
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B Setting Example of Remote Control Reception

Table 17.3-1 Setting Example of HDMI-CEC

17.3 Explanation of Operations and Setting Procedure Examples

Registers Settings Remarks
Remote Control Reception control register MOD=11, THSEL=1, ADRCE=1
Remote Control Reception interrupt control register ACKIE=]1, OVFSEL=1, OVFIE=1 (7.8 ms)
Start bit high width configuration register 114 35ms
"H" width configuration register A 13 0.4 ms
"H" width configuration register B 42 1.3ms
Table 17.3-2 Setting Example of Remote Control (SIRCS)
Registers Settings Remarks
Remote Control Reception control register MOD=00, THSEL=0, ADRCE=1
Remote Control Reception interrupt control register ACKIE=0, OVFSEL=0, OVFIE=1 3.9ms
Start bit high width configuration register 76 2.3ms
"H" width configuration register A 17 0.52ms
"H" width configuration register B 37 11lms
Table 17.3-3 Setting Example of Remote Control (NEC)
Registers Settings Remarks
Remote Control Reception control register MOD=10, THSEL=0
Remote Control Reception interrupt control register ACKIE=0, OVFSEL=1, OVFIE=1 7.8 ms
Start bit high width configuration register 144 44 ms
"H" width configuration register A 15 0.46 ms
"H" width configuration register B 52 16ms
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CHAPTER 18
FLASH MEMORY

This chapter provides an outline of flash memory and
explains its register configuration, register functions,
and operations.

18.1 Outline of Flash Memory

18.2 Flash Memory Registers

18.3 Flash Memory Access Modes

18.4 Automatic Algorithm of Flash Memory

18.5 Execution Status of the Automatic Algorithm
18.6 Data Writing to and Erasing from Flash Memory

18.7 Restrictions on Data Polling Flag (DQ7) and How to
Avoid Erroneous Judgment

18.8 Restriction and Notes

Code: CM71-00512-2E
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18.1  Outline of Flash Memory

MB91313A series has a built-in 544 KB flash memory.

The internal flash memory can be erased either by sector or in all of the sectors
collectively, and can be written (programmed) in halfwords (16-bit units), via the FR-
CPU.

B Outline of Flash Memory

This flash memory is a built-in 544 KB memory operating at 3.3 V. Similar to the discrete flash
memory, this flash memory supports writing outside the device using the ROM programmer. In
addition to the functions equivalent to the discrete flash memory, when used as built-in ROM for
the FR-CPU, the flash memory allows instructions and data to be read from in words (32 bits),
enabling a high-speed operation of the device.

This product supports the following features by combining flash memory macros and FR-CPU
interface circuits:

« Features for use as CPU memory, for storing programs and data
Accessibility through 32-bit bus when used as ROM
Allowing read, write, and erase (automatic algorithm*) by the CPU
« Features equivalent to single flash memory product
Allowing read or write (automatic algorithm*) by a ROM writer
*. Automatic algorithm: embedded algorithm

Embedded Algorithm is a trademark of Advanced Micro Devices, Inc.

This section explains use of the flash memory accessed from the FR-CPU.

For information on using the flash memory accessed from a ROM writer, see the instruction
manual provided with the ROM writer.
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B Block Diagram

Figure 18.1-1 shows a block diagram of flash memory.

Figure 18.1-1 Block Diagram of Flash Memory

Detection of rising edge [ RDY/BUSYX
- » RESETX
controlsgnal | ] BYEX
L | > OEX FLASHmemory
544KB
j—> WEX
©
5 FA 19-0 DI 15-0 DO 15-0
° y /
o
\ = | \
RDY | WE 8 Address buffer Data buffer
J @ /
FA 19-0 FD 31-0
A A \
FR F-bus (instruction/data)

B Memory Map

Figure 18.1-2 shows a memory map of flash memory.

Figure 18.1-2 Memory map of Flash memory

0000_0000

0007_8000

544KB
FLASH

0010_0000

FFFF_FFFF
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B Sector Address Table

Sector configuration is different between Flash mode and CPU mode.

O Sector map in CPU mode

078000y

SA4 (84kB)
088000y

SAS5 (64kB)
098000y

SA6 (64kB)
0A8000

SA7 (64kB)
0B8000K

SAB8 (64kB)
0C80004

SA9 (64kB)
0D8000,

SA10 (64kB)
0E80004

SA11 (64kB)

SA1 (8kB)
OFC0004
OFE0004 SA2 (8KB)
1000004 = SAS (8kB) —

- 32Dbits -
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O Sector map in FLASH mode

CHAPTER 18 FLASH MEMORY
18.1 Outline of Flash Memory

0780004
07A0004

07C0004
07E0004
0800004
0900004
0A00004
0B0000H
0C00004
0DO0000
0E00004

O0F0000H

1000004

SA4 (64kB)

SA5 (64kB)

SAG (64kB)

SA7 (64kB)

SA8 (64kB)

SA9 (64kB)

SA10 (64kB)

SA11 (64kB)

16bits

CM71-10143-5E
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18.2 Flash Memory Registers

The flash memory has two registers: flash control status register (FLCR) and wait
register (FLWC).

B List of Flash Memory Registers

Figure 18.2-1 shows a list of flash memory registers.

Figure 18.2-1 Flash Memory Registers

bit 7 0

Flash control status register(FLCR)

Wait register (FLWC)
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18.2.1 Flash Control Status Register (FLCR)

The flash control status register (FLCR) indicates the operation status of flash memory.

B Configuration of Flash Control Status Register (FLCR) (CPU Mode)
This register controls writing to flash memory.

This register can only be accessed in CPU mode. Do not access this register using the Read
Modify Write instruction.

Figure 18.2-2 shows the bit configuration of FLCR.

Figure 18.2-2 Bit Configuration of FLCR

FLCR
Address bit 7 6 5 4 3 2 1 0 Initial value

00007000y Reserved|Reserved|Reserved|Reserved] RDY |Reserved] WE |Reserved| 0000X000g

R R R R R R R/W R

R/W: Readable/writable
R: Read only

[bit7 to bit4] Reserved: Reserved bits
These are reserved bits.
The read value is always "0000g".
[bit3] RDY: Ready bit
This bit indicates the operation status of the automatic algorithm (data write/erase).

The read data indicates the flash memory status as listed in the table below.

Data writing or erasing is in process, flash memory is not ready to accept a new

0 Data write/Erase command, and no data can be read from a flash memory
address.
1 Flash memory is ready to accept a new Data write/Erase command and data can

be read from a flash memory address.

 This bit is not initialized during a reset.

» Only read operation is possible, but write operation does not affect this bit.
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[bit2] Reserved bit
This is a reserved bit. Always set this bit to "0".
[bitl] WE : Write Enable bit
This bit controls the writing of data and commands to flash memory in CPU mode.

In flash memory mode, writing is enabled regardless of this bit.

Writing to flash memory is disabled and data is read from flash memory in 32-bit
access mode.

Writing to flash memory is enabled and data is read from flash memory in 16-bit
access mode.

This bit is initialized to "0" during reset.

Notes:
 If this is overwritten, confirm that the RDY bit has stopped the automatic algorithm. When the RDY
bit is set to "0", the value of this bit cannot be charged.
« When WE=1, do not respond to the instruction access request and only respond to the data
access request.

[bit0] Reserved bit

This is a reserved bit. Always set this bit to "0".
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18.2.2  Wait Register (FLWC)

The wait register (FLWC) controls the wait state for flash memory access in CPU mode.

B Bit Configuration of Wait Register (FLWC)

The wait register (FLWC) consists of the following bits:

Figure 18.2-3 Bit Configuration of Wait Register (FLWC)

FLWC
Address bit 7 6 5 4 3 2 1 0 Initial value
0070044 FAC1 FACO | WTW2 | WTW1 | WTWO | WTC2 | WTC1 | WTCO 01011011p

R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable

[bit7, bit6] FAC1, FACO: Access control bits

These bits are set to control internal pulse generation for flash memory control. The ATDIN/
EQIN pulse width can be set by setting these bits.

Please set the value matched to setting (WTC2 to WTCO) of the wait cycle of the read access.

FAC1 FACO ATDIN width EQIN width Remarks
0 0 0.5 clock 1.0 clock Read 1 wait
0 1 1.0 clock 1.5 clock Read 2, 3 wait [Initial value]
1 0 1.5 clock 2.0 clock Setting disabled
1 1 2.0 clock 2.5 clock Setting disabled

CM71-10143-5E FUJITSU SEMICONDUCTOR LIMITED 507



CHAPTER 18 FLASH MEMORY
18.2 Flash Memory Registers

508

[bit5 to bit3] WTW2 to WTWO: Write wait cycle bits

MB91313A Series

WTW2

WTW1

WTWO

Wait cycle

Remarks

0

0

0

Setting disabled

Setting disabled

Setting disabled

[Initial value]

Setting disabled

Setting disabled

Setting disabled

0
0
0
1
1
1
1

0
1
1
0
0
1
1

Rr|lo|lr|lO|R|O| R

N[ o|oal b~ W DN]|PFP

Setting disabled

This bit is initialized to "011g" at a reset.

Be sure to set always"011g".

[bit2 to bit0] WTC2, WTC1, WTCO: Wait cycle bits

WTC2

WTC1

WTCO

Wait cycle

Remarks

Setting disabled

Initial value

Setting disabled

Setting disabled

Setting disabled

k||| OCO O OO

Rr|lr|lo|lo|r|r|lo]|o

R O|lPrr| Ok |O|FL,|O

N[ o|la| b~ W| NP

Setting disabled

These bits are initialized to "011g" at a reset.
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18.3

Flash Memory Access Modes

The following two types of access mode are available for the FR-CPU:

FR-CPU ROM mode:

One word (32 bits) data can be read but not written in a single cycle.

FR-CPU Programming mode:

Word (32 bits) access is prohibited but reading/writing data with half-word (16 bits) is

FR-CPU ROM Mode (32 Bits, Read Only)

In this mode, the flash memory serves as FR-CPU internal ROM. This mode enables to read one
word (32 bits) in one cycle but does not enable to write to flash memory or to start the automatic
algorithm.

Mode specification

When specifying this mode, set the WE bit of the flash control status register (FLCR) to "0".

This mode is always set after releasing a reset at CPU run time.

This mode can be set only when the CPU is running.

Detailed operation

In this mode, one word (32 bits) can be read from the flash memory area in one cycle.

O Restrictions

¢ Address assignment and endians in this mode differ from those for writing with the ROM
writer.

« In this mode, commands and data cannot be written to flash memory together.

B FR-CPU Programming Mode (16 Bits, Read/Write)

This mode enables data to be written and erased. As one word (32 bits) cannot be accessed in
one cycle, program execution in flash memory is disabled in this mode.

Mode specification

When specifying this mode, set the WE bit of the flash control status register (FLCR) to "1".

When a reset is released at CPU run time, the WE bit indicates "0". To set to this mode, set the
WE bit to "1". If the WE bit is set again to "0" through a writing operation or because of a reset,
the device enters FR-CPU ROM mode.

When the RDY bit of the flash control status register (FLCR) is "0", the WE bit cannot be overwritten.
When overwriting the WE bit, ensure that the RDY bit is set to "1".
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O Detailed operation

Half word (16 bits) data can be read from the flash memory area in one cycle.
The automatic algorithm can be started by writing a command to flash memory.

When the automatic algorithm starts, data can be written to or erased from flash memory. For
details on the automatic algorithm, see "18.4 Automatic Algorithm of Flash Memory".

O Restrictions

« Address assignment and endians in this mode differ from those for writing with the ROM
writer.

* This mode inhibits reading data in words (32 bits).

B Automatic Algorithm Execution Status

510

When the automatic algorithm is started in FR-CPU programming mode, the operation status of
the automatic algorithm can be checked by reading the RDY bit in the flash control status register
(FLCR).

When the RDY bit is set to "0", data is being written or erased with the automatic algorithm, and
no write or erase command can be accepted. Moreover, data cannot be read from any address in
flash memory.

Data read with the RDY bit set to "0" is a hardware sequence flag to indicate flash memory
status.
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18.4 Automatic Algorithm of Flash Memory

Automatic Algorithm of Flash Memory

The flash memory automatic algorithm can be started using a Reset, Write, Chip Erase,
or Sector Erase command. The Sector Erase command can suspend and resume the
automatic algorithm.

B Command Sequence

To start the automatic algorithm, write one to six half-words (16 bits) data in sequence. This is
called the command.

If the address and data to be written are invalid or are written in an incorrect sequence, the flash
memory is reset to read mode.

Table 18.4-1 lists commands that can be used to write data to or erase data from flash memory.

Table 18.4-1 Command Sequence Table

4th Bus

Bus 1st Bus 2nd Bus 3rd Bus Read/write 5th Bus 6th Bus

Command |\ Write cycle Write cycle Write cycle | Write cycle Write cycle
Sequence Cycle cycle

Address | Data | Address | Data |Address| Data |[Address| Data |Address| Data |Address| Data
Reset 1 XXXXy | FOFOy -
Reset 3 DAAA8, | AAAAL | D5554, | 5555, |DAAA8,| FOFO4 -- - --
Datawriting 4 DAAA8, | AAAAL | D5554 | 5555, [DAAA8,| AOAO4 PA PD
Chip erase 6 DAAA8, | AAAA | D5554 | 5555, |[DAAA8,| 8080, [DAAA8,| AAAAy | D5554, | AAAA [DAAAS,| 10104
Sector erase 6 DAAAS, | AAAA | D5554, | 5555, |[DAAA8,| 8080, [DAAAS,| AAAAy | D5554, | AAAAY SA 30304
Sector erase suspend Suspend erase during sector erase with input of Address= XXXX, data = BOBO
Sector erase resume Resume erase after Sector erase suspend, with input of Address= XXXX, data= 3030y
zzr(‘ji”“ous 3 | DAAA8, | AAAA, | D5S554, | 5555, |DAAA8Y| 2020 | - -
Continuous 2 |XXXXXy| AGAOY | PA PD - - - -
writing
Continuous
mode 2 [XXXXXy| 9090, [XXXXXy Fggggor - - - -
Reset H
RA:  Read address
PA:  Write address
SA:  Sector address (Specify any address in the sector)
RD: Read data
PD:  Writedata

O Reset command

Set flash memory into Read/Reset mode.

The flash memory remains in reading state until another command is entered.

When the power is turned on, flash memory is automatically set to the read or reset state. In this
case, data can be read without a reset command of the automatic algorithm.

To return to read/reset mode after the time limit is exceeded, issue a Reset command. Data is
read from flash memory in the next read cycle.

CM71-10143-5E
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O Program (Data write)

In FR-CPU programming mode, data is basically written in half-word units. The data write
operation is performed in four cycles of bus operation. Writing to memory starts when the last
write cycle is performed.

After executing automatic algorithm of data writing, it becomes unnecessary to control the flash
memory externally. The flash memory itself internally generates write pulses to check the margin
of the cells to which data is written. The data polling function compares bit7 of the original data
with data polling flag (DQ7) of the written data, and if these bits are the same, the automatic write
operation ends (see "HHardware Sequence Flag" in "18.5 Execution Status of the Automatic
Algorithm”). The automatic write operation then returns to the read/reset mode and accepts no
more write addresses. After that, the flash memory requests the next valid address. In this
manner, the data polling function indicates a write operation in memory.

During a write operation, all commands written to the flash memory are ignored. If a hardware
reset starts during write operation, the data at the address for writing may become invalid.

Writing operations can be performed in any address sequence and outside of sector boundaries.
However, write operations cannot change a data item "0" to "1". If a "0" is overwritten with a "1",
the data polling algorithm either determines that the elements are defective, or that "1" has been
written. In the latter case, however, the respective data item is read as "0" in reset or read/reset
mode. A data item "0" can be changed to "1" only after an erase operation.

Chip Erase

The Chip Erase command sequence ("erase all sectors simultaneously") is executed in six
access cycles.

During the Chip Erase command sequence, the user does not have to write to flash memory
before the erase operation. When the automatic algorithm of chip erasure is executed, flash
memory checks cell states by writing a pattern of zeros before automatically erasing the contents
of all cells (preprogram). In this operation, flash memory does not have to be controlled
externally.

The automatic erase operation starts with the write operation of the command sequence and
ends when data polling flag (DQ7) is set to "1", where flash memory returns to the read/reset
mode. The chip erase time can be expressed as follows: time for sector erase x number of all
sectors + time for writing to the chip (preprogram).
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O Sector Erase

The Sector Erase command sequence is executed in six access cycles. The Sector Erase
command is entered in the sixth cycle for starting the sector erase operation. The next Sector
Erase command can be accepted within a time-out period of 40 us to 160 us after the last Sector
Erase command is written.

Multiple Sector Erase commands can be accepted during the six bus cycles of the writing
operation. During the command sequence, Sector Erase commands (3030y) for sectors whose

contents are to be erased simultaneously are written consecutively to the addresses for these
sectors. The sector erase operation itself starts from the end of the time-out period of 40 us to
160 us after the last Sector Erase command is written. When the contents of multiple sectors are
erased simultaneously, the subsequent Sector Erase commands must be input within the 40 us
time-out period to ensure that they are accepted. For checking whether the succeeding Sector
Erase command is valid, read sector erase timer flag (DQ3) (see "HMHardware Sequence Flag" in
"18.5 Execution Status of the Automatic Algorithm™).

During the time-out period, any command other than Sector Erase and Temporarily Stop Erase is
reset at read time, and the preceding command sequence is ignored. In the case of the
Temporary Stop Erase command, the contends of the sector are erased again and the erase
operation is completed.

Any combination and number (from 0 to 6) of sector addresses can be entered in the sector erase
buffers.

The user does not have to write to flash memory before the sector erase operation.

Flash memory automatically writes to all cells in a sector whose data is automatically erased
(preprogram). When the contents of a sector are erased, the other cells remain intact. In these
operations, flash memory does not have to be controlled externally.

The automatic sector erase operation starts from the end of the 40 us to 160 us time-out period
after the last Sector Erase command is written. When data polling flag (DQ?7) is set to "1", the
automatic sector erase operation ends and flash memory returns to the read/reset mode. At this
time, other commands are ignored.

The data polling function is enabled for any sector address in which data has been erased. The
time required for erasing the data of multiple sectors can be expressed as follows: time for sector
erase + time for sector write (preprogram) x number of erased sectors.

O Temporarily Stop Erase

The Temporarily Stop Erase command temporarily stops the automatic algorithm in flash memory
when the user is erasing the data of a sector, thereby making it possible to write data to and read
data from the other sectors. This command is valid only during the sector erase operation and
ignored during chip erase and write operations.

The Temporarily Stop Erase command (BOBOy) is effective only during sector erasure operation
that includes the sector erase time-out period after a Sector Erase command (3030) is issued.

When this command is entered within the time-out period, waiting for time-out ends and the erase
operation is suspended. The erase operation is restarted when a Restart Erase command was
written. Temporarily Stop Erase and Restart Erase commands can be entered with any address.

When a Temporarily Stop Erase command is entered during sector erase operation, the flash
memory needs a maximum of 20 us to stop the erase operation. When flash memory enters
temporary erase stop mode, a RDY bit in FLCR register and data polling flag (DQ7) output "1",
and toggle bit flag (DQ6) stops to toggle. For checking whether the erase operation has stopped,
enter the address of the sector whose data is being erased and read the values of toggle bit flag
(DQ6) and data polling flag (DQ7). At this time, another Temporarily Stop Erase command entry
is ignored.
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When the erase operation stops, flash memory enters the temporary erase stop and read mode.
Data reading is enabled in this mode for sectors that are not subject to temporary erase. Other
than that, there is no difference from the standard read operation.

After the temporary erase stop and read mode is entered, the user can write to flash memory by
writing a Write command sequence. The write mode in this case is the temporary erase stop and
write mode. In this mode, data write operations become valid for sectors that are not subject to
temporary erase stop. Other than that, there is no difference from the standard byte writing
operation. The temporary toggle bit flag (DQ6) can be used to detect this operation.

Note that toggle bit flag (DQ6) can be read from any address, but data polling flag (DQ7) must be
read from write addresses.

To restart the sector erase operation, a Restart Erase command (3030y) must be entered.

Another Restart Erase command entry is ignored in this case. On the other hand, a Temporarily
Stop Erase command can be entered after flash memory restarts the erase operation.
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18.5 Execution Status of the Automatic Algorithm

Data write/erasure operation of flash memory is performed by automatic algorithm. The
operation status of automatic algorithm can be checked by hardware sequence flag and
RDY bit.

B RDY bit

The flash memory uses RDY bit in flash memory status register (FLCR) in addition to the hardware
sequence flag to indicate whether the automatic algorithm is running or ends.

When the value of the RDY bit is "0", the flash memory is executing a data write or erase
operation, where new Data Write and Erase commands are not accepted.

When the value of the RDY bit is "1", the flash memory is in read/data write or erase operation
wait state.

B Hardware Sequence Flag

For obtaining the hardware sequence flag as data, read an arbitrary address (an odd address in
byte access) from flash memory when the automatic algorithm is executed. The data contains five
validity bits which indicate the status of the automatic algorithm.

When the automatic algorithm is executed for ROM1, specify an address in ROM1. When executed
for ROM2, specify an address in ROM2.

Figure 18.5-1 shows the structure of the hardware sequence flag.

Figure 18.5-1 Structure of the Hardware Sequence Flag

_ bit 15 8 7 0
During half-word read | (Undefined) | Hardware sequence flag |

During byte read bit 7 0
(from odd address only) | Hardware sequence flag |

* Reading in units of words is disabled. (Only use this function in FR-CPU programming mode.)
bit 7 6 5 4 3 2 1
(in half-word and [DPOLL [TOGGLE | TLOVER |(Undefined)[SETIMER|(Undefined)| (Undefined)| (Undefined)|
byte access)

The hardware sequence flag becomes invalid in FR-CPU ROM mode. Always use FR-CPU
programming mode and read only in half-words or bytes.
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Table 18.5-1 Statuses of the Hardware Sequence Flag

MB91313A Series

Table 18.5-1 lists the possible statuses of the hardware sequence flag.

Status DPOLL TOGGLE | TLOVER | SETIMR
Data write Reverse data | Toggle 0 0
Chip erase 0 Toggle 0 1
Time-out duration 1 Toggle 0 0
Sector erase _
Erase duration 0 Toggle 0 1
Executing Rea()d (from sectors in temporary erase 1 1 0 0
stop
Temporary -
erase stop Read (from sectors not in temporary Data Data Data Data
erase stop)
mode i i
Data write (to sectors not in temporary Reverse data | Toggle* 0 0
erase stop)

. ~_|Data write Reverse data | Toggle 1 0
Time limit Chip/sector erase 0 Toggle 1 1
exceeded _p i i 99

Write operation during temporary erase stop 0 Toggle 1 1

*: TOGGLE toggles continuous read operations from any address.

516

The hardware sequence flags are explained below.

[bit7] DPOLL: Data polling flag (DQ7)

This flag is used with the data polling function to report that the automatic algorithm is being
executed or terminated.

Automatic data write operation status

When read access is performed while the automatic algorithm of data write is being executed,
flash memory outputs the inversion of bit7 of the last data written regardless of the address
indicated by the address signal. When read access is performed at the end of the automatic
write algorithm, flash memory outputs bit7 of the read data to the address indicated by the
address signal.

Chip erase operation status

When read access is performed while the automatic algorithm of chip erase is being
executed, flash memory outputs "0", regardless of the address indicated by the address
signal. Similarly, flash memory outputs "1" at the end of the chip erase.

During a sector erase operation:

When read access is performed from the sector being erased during execution of the sector
erase automatic algorithm, it outputs "0". Due to restrictions on the function in this series, the
flash memory outputs "1" for 40 us to 160 us after the sector erase command is issued, and
then outputs "0".

After the sector erase is terminated, the flash memory outputs "1".

For restrictions on the data polling flag (DQ7) and how to avoid erroneous judgment of sector
erase completion, see section "18.7 Restrictions on Data Polling Flag (DQ7) and How to Avoid
Erroneous Judgment".

Temporary sector erase stop status

When read access is performed during temporary sector erase stop status, flash memory
outputs "1" when the address indicated by the address signal is included in the sector in erase
status. If the address is not included in the sector in erase status, flash memory outputs bit7 of
the read value to the address. For checking whether a sector is in temporary sector erase stop
status and which sector is in erase status, read this bit and the toggle bit flag.
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Note:

Read access to a specified address is ignored while the automatic algorithm is active. Values can be
output to other bits after data polling flag operation terminates in data read operation. Therefore,
when data is to be read after terminating the automatic algorithm, confirm that data polling is
terminated in the current read access.

[bit6] TOGGLE: Toggle bit flag (DQ6)

This flag is used with the toggle bit function to mainly report that the automatic algorithm is being
executed or terminated as well as data polling flag.

« Write or chip/sector erase operation status

When continuous read operations are performed while the automatic algorithm of data write
or chip/sector erase is being executed, flash memory outputs "1" and "0" toggle results to bit6
regardless of the address indicated by the address signal. When continuous read operations
are performed at the end of the automatic algorithm of write or chip/sector erase algorithm,
flash memory stops toggle operation of bité and outputs bité (DATA: 6) of the data read from
the address indicated by the address signal.

If a write target sector is protected from overwriting during a write operation, the toggle bit
tries to toggle for about 2 us and stops toggling without changing data. If all selected sectors
are protected from overwriting, the toggle bit tries to toggle for about 100 pus and the system
returns to read/reset status without changing data.

« Temporary sector erase stop status

When a read operation is performed during a temporary sector erase stop operation, flash
memory outputs "1" if the address indicated by the address signal is included in the sector in
erase state. If the address is not included in the sector in erase state, flash memory outputs
the data of bit6 of the read value at the address indicated by the address signal.

[bit5] TLOVER: Timing limit over flag (DQ5)

This flag is used to report that a time (number of internal pulses) specified internally with flash
memory is exceeded while the automatic algorithm is being executed.

CM71-10143-5E

» Write or chip/sector erase operation status

When read access is performed within a specified time (necessary for write or erase) after
activating the automatic algorithm of write or chip/sector erase, flash memory outputs "0". If
read access is performed beyond the specified time, flash memory outputs "1". Because these
output operations are not affected by whether the automatic algorithm is being executed or
terminated, these operations can be used to check whether data write or erase operation is
successful. If flash memory outputs "1" while the automatic algorithm is being executed with
the data polling function or toggle bit function, consider the write operation to be unsuccessful.

For example, when "1" is written to a flash memory address where "0" is written, failure
occurs. Flash memory is locked and the automatic algorithm is not terminated. Thus, valid
data is not output from the data polling flag. The toggle bit flag does not stop toggling, the time
limit is exceeded, and "1" is output to the TLOVER flag. This status indicates that flash
memory was not used correctly, not that it was defective. Execute a Reset command.
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[bit3] SETIMR: Sector erase timer flag (DQ3)

This flag is used to report that sector erasure is being awaited after starting a Sector Erase
command.

¢ Sector erase operation status

When read access is performed within a sector erase time-out period after starting a Sector
Erase command, flash memory outputs "0" regardless of the address indicated by the address
signal of the target sector. If read access is performed beyond the time-out period, flash memory
outputs "1" regardless of the address.

When "1" is set in this flag while the data polling or toggle bit function indicates that the
automatic algorithm is being executed, an internally controlled erase operation has started.
The writing of subsequent sector erase code and commands other than Erase Temporary
Stop is ignored until erase operation terminates.

When this flag is "0", flash memory accepts another sector erase code entry. In this case, it is
recommended to check the status of this flag by software before writing the succeeding sector
erase code. If this flag is "1" at the second time of status check, the additional sector erase
code may not be accepted.

Sector erase operation status

When a read operation is performed during a temporary sector erase stop operation, flash
memory outputs "1" if the address indicated by the address signal is included in the sector that
is subject to the erase operation. If the address is not included in the sector that is subject to
the erase operation, flash memory outputs the data of bit3 of the read value at the address
indicated by the address signal.
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18.6  Data Writing to and Erasing from Flash Memory

This section explains how to issue a command to start the automatic algorithm for
following operations in flash memory.

* Reset e« Datawrite <« Chip erase < Sector erase e« Temporary sector erase stop
 Sector erase restart

B Data Writing/Erase

Automatic algorithm (data write, chip erase, sector erase, temporary sector erase stop, sector
erase restart) of flash memory is activated by writing the command sequence into bus. The write
cycles for each bus must always be executed continuously. Termination of the automatic
algorithm can be checked with the data polling function and toggle bit function. Flash memory is
set again into read/reset status after the automatic algorithm terminates normally.
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18.6.1

Read/Reset Status

This section explains the procedure to set flash memory into read/reset status by
issuing reset command.

B Read/Reset Status

520

To set the flash memory read/reset status, issue the reset command sequence table continuously
to target sector in the flash memory.

A bus operation is performed one or three times with a Reset command sequence. There is no
essential difference between these two sequences. Read/reset status is the initial status of flash
memory, and flash memory is set in this status at power-on or when a command terminates
normally. In this status, the system waits for a command other than Read/Reset to be entered.

Data can be read using normal read access in this status. Programs can be accessed from the
CPU the same way the programs in mask ROM are accessed. The Read/Reset command is not
necessary for reading data in normal read access. This command is required, however, to
initialize the automatic algorithm if a command does not terminate normally.
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18.6.2

Data Writing

This section explains the procedure to write data to flash memory by issuing data write

command.

B Data Writing

To activate the automatic algorithm of data write, issue the data write command in command
sequence table continuously to target sector in flash memory. The automatic algorithm and
automatic writing start when writing data to the target address terminates in the fourth cycle.

How to specify address

Only even-numbered addresses can be specified in write data cycles. If an odd-numbered address
is specified, data cannot be written correctly. In other words, data must be written to even-
numbered addresses in units of half-words.

Data can be written by freely specifying the order of addresses where data is to be written.
Moreover, data can be written beyond sector boundaries. Note that items of data can only be
written with each write command in units of half-words.

Notes on writing data

Data "0" cannot be changed to "1" in a write operation. If data "1" is overwritten, the data polling
algorithm or toggle operation does not terminate, and the flash memory device is considered
defective. An error is assumed with the time limit over flag if the specified write time is exceeded,
or if only data "1" is apparently written, although data "0" is read in read/reset status. Data "0" can
be changed to "1" only with an erase operation. All commands are ignored during automatic
writing. If a hardware reset is activated during writing, the data being written is not guaranteed.

Write procedure

Figure 18.6-1 shows an example of the write procedure.

The status of the automatic algorithm in flash memory can be checked using the hardware
sequence flag. In the example in Figure 18.6-1, the data polling flag (DQ7) is used to check for
termination of the write operation.

Data for the flag check is read from the address where the last data was written.

The data polling flag (DQ7) changes together with the timing limit over flag (DQ5). Therefore,
data polling flag (DQ7) must be rechecked even though timing limit over flag (DQ5) is set to "1".

The toggle bit flag (DQ6) also stops toggling simultaneously when the value of timing limit over
flag (DQ5) is changed to "1". Therefore, this flag must also be rechecked.
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Figure 18.6-1 Example of Flash Memory Programming Procedure

MB91313A Series

{ Write error }

Program start

FLCR: WE (bit1)
Programming of flash memory
enabled

Programming command sequence
D5556H «——— AAAAH
CAAAAH  «—— 5555u
D5556H <+«—— AOAOH
Program address «——Program data

| Read internal address |

| Next address

Data polling
(DQ7)

Time limit
(DQ5)

Read internal address

Data polling
(DQ7)

Last address

FLCR : WE(bit1)
Programming of flash memory disabled

Program finished

=7 Check with hardware
= — = sequence flag
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18.6.3  Erasing Data (Chip Erase)

This section explains the procedures to erase all items of data in flash memory by
issuing chip erase commands.

B Erasing Data (Chip Erase)

To erase all data in flash memory, issue the chip erase command in command sequence table to
the target section in flash memory.

Six bus operations are necessary to execute a chip erase operation. The operation starts when
the sixth write cycle is completed. The user need not write any value to flash memory before chip
erase operation. Flash memory automatically writes "0" to erase all cells.
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18.6.4

Erasing Data (Sector Erase)

This section explains the procedures to erase specified sectors in flash memory by
iIssuing sector erase commands. Erasure in sector units is possible and two or more
sectors can be specified with this command.

B Sector Erase

To erase the sectors, issue the sector erase command continuously to the target sector in the
flash memory.

How to specify sectors

A sector erase operation can be performed with six bus operations. A 40us to 160us sector erase time-
out period starts when a sector erase code (30304) is written to an even-numbered address

accessible in the target sector in the sixth cycle. To erase another sector, a sector code (3030y)
must be written in the same cycle the same way.

Note on specifying two or more sectors

A sector erase operation starts when the 40 us to 160 us sector erase time-out period terminates
after the final sector erase code is written. Therefore, when two or more sectors are to be
specified, the address and erase code of each target sector must be entered within 40 us (in the
sixth cycle of the command sequence) after specifying the preceding sector. Note that an address
and erase code not entered within 40 us may not be accepted. The sector erase timer flag (DQ?3)
of hardware sequence flag can be used to check the validity of a written sector erase code. The
address at which the read sector erase time is written should indicate the target sector.

Sector erase procedure

The hardware sequence flag can be used to check the status of the automatic algorithm in flash
memory.

Figure 18.6-2 shows an example of the sector erase procedure. In this example, the toggle bit
flag (DQ6) is used to check for termination of the erase operation.

Note that data for the flag check is read from the sector to be erased.

The toggle bit flag (DQ6) stops toggling simultaneously when the value of the timing limit over flag
(DQ5) changes to "1". Therefore, the toggle bit flag (DQ6) must be rechecked even though the
timing limit over flag (DQ5) is set to "1".

Because the data polling flag (DQ7) also changes with the timing limit over flag (DQ5), it must
also be rechecked.

B Restrictions on Data Polling Flag (DQ7)

524

Due to restrictions on the function in this series, the data polling flag(DQ7) outputs "1" for 40 us to
160 us after the sector erase command is issued, and then outputs "0". After the sector erase is
terminated, the flash memory outputs "1".

For restrictions on the data polling flag (DQ7) and how to avoid erroneous judgment of sector
erase completion, see section "18.7 Restrictions on Data Polling Flag (DQ7) and How to Avoid
Erroneous Judgment".
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Figure 18.6-2 Example of Sector Erasing Procedure

FLCR : WE(bit1)

Flash memory erase
enabled

la
IV

Erase commandsequence
(1)DAAA8H —AAAAY
Q) D55541 < 5555y
3 DAAASH < 8080K
@ DAAASH — AAAAH
() D5554 “— 5555y

N|
L

Is there any

@ Input to erasesector (3030H)
other sector?

N
L |

Internal address read

Internal address read 1

Sector
erase timer (DQ3)

Internal address read 2

YES

Toggle bit (TOGGLE)
Data 1 =Data2 ?

occurs within 40 ps
additionally.

Set the flag for starting
again from the remainder
andsuspend the erasing.

I— Internal address read 1

No erasing specification

______________________________ Q Internal address read 2

F---

L : Check by hardware sequince flag

Toggle bit (TOGGLE)
Data 1 =Data2 ?

A\ 4

Erase error

Set the flag
for starting again from
the remainder ?

FLCR : WE(bit1)
Flash memory erase
disabled

TOGGLE: Toggle bit flag (DQ6)
TLOVER: Timing limit over flag (DQ5)
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18.6.5

Temporary Sector Erase Stop

This section explains the procedures to stop the sector erase operation temporarily by
iIssuing temporary sector erase stop command. When sector erase operation is
temporarily stopped by this command, the data can be read from a sector not being
erased by using this command.

B Temporary Sector Erase Stop

526

To stop the sector erase temporarily, issue the temporary sector erase command in command
sequence table to target sector in flash memory.

This command stops erase operation temporarily, so, data read from a sector not being erased
becomes available. Data can only be read from the sector; data cannot be written there. This
command is only effective during sector erasure that includes an erase time-out period. It is ignored
during chip erase operation and write operation.

A sector erase operation is stopped temporarily by writing a temporary erase stop code (BOBO ).
The address where the temporary erase stop code is written should indicate an address in flash
memory. A Temporary Sector Erase Stop command issued during temporary erase stop status is
ignored.

If a Temporary Sector Erase Stop command is entered during a sector erase time-out period, the
sector erase time-out is immediately canceled and erase operation in progress is stopped. If a
Temporary Sector Erase Stop command is entered during a sector erase operation after the
sector erase time-out period elapses, sector erase operation is stopped temporarily after up to 20
us elapse.
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18.6.6 Sector Erase Restart

This section explains how to restart the temporarily stopped sector erase operation by
issuing the sector erase restart command.

M Sector Erase Restart

To restart the sector erase which is temporarily stopped, issue the sector erase restart command
in command sequence table to target sector in flash memory.

Restart operation starts when an erase restart code (3030y) is written. The address where the
erase restart code is written should indicate an address in flash memory.

Sector Erase Restart commands issued during a sector erase operation are ignored.
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18.7 Restrictions on Data Polling Flag (DQ7) and How to Avoid

Erroneous Judgment

This series has some restrictions on how to use the data polling flag (DQ7) during
execution of the automatic sector erase algorithm. This section describes such
restrictions and how to avoid erroneous judgment of sector erase completion.

B Description of Problems due to Restrictions

The data polling flag (DQ?7) is used to indicate that the execution of the automatic algorithm is
currently in progress or completed, by using the data polling function. In its original operation, as
shown in Figure 18.7-1, DQ7 outputs "0" after the sector erase command is issued when the
automatic algorithm is being started, and returns to "1" upon the completion of the erase
operation. Therefore, the DQ7 polling algorithm indicates the completion of the erase operation
by outputting "1".

In this series, DQ7 continues to output "1" for 40 us to 160 us, after the Sector Erase command is
issued, and then it outputs "0". When the erase operation is completed, it then returns to "1". For
this reason, if the sector erase polling is started while "1" is still being output immediately after the
sector erase command is issued, the erroneous judgment that the erase operation has been
completed may occur, although the erase operation has not actually started.

The timing for DQ7 to change from "1" to "0" after the sector erase command is accepted is the
same as the timing for the sector erase timer flag (DQ3), which indicates the sector erase timeout
period, to change from "0" to "1".

Figure 18.7-1 Actual Operation of Data Polling Flag (DQ7)

Writing the last 30304 by
sector erase command Erase completed

Signal of internal

interruption |—|
First reading —
DQ7 (Normal)

40 ps to 160 us
P

DQ7(Problems)

DQS3
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The following or other problems may occur, as a result of the erroneous judgment that the erase operation
has been completed,

(1) Runaway or abnormal operation may occur, because the value of the sequence flag is read from the
flash memory even when the CPU attempts to fetch instruction/data; therefore, the value of the program
cannot be read properly.

(2) If the next command is issued after the erroneous judgment that the sector erase operation has been
completed occurs, the first command may be cancelled, resulting in areturn to the read state, or the next
command may not be accepted.
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m How to Avoid Problems

Use one of the following methods to avoid the problems.

@ Polling using the toggle bit flag (DQ6)

Determine the state of the automatic algorithm using DQ6, as shown in Figure 18.6-2 in "18.6.4 Erasing
Data (Sector Erase)"

In the same manner as the data polling flag (DQ7), the toggle bit flag (DQ6) indicates that the automatic
algorithm is being executed or has terminated by the toggle bit function.
@ Starting polling of DQ7 after the sector erase timeout period elapses

Before starting the polling of DQ7, wait for 160us or more by software after the sector erase command is
issued, or wait until DQ3 is set to "1" (end of the sector erase timeout period). Figure 18.7-2 shows the
judgment method using DQ3 after the sector erase command is issued.

Figure 18.7-2 How to Avoid Problems by Sector Erase Timer Flag (DQ3)

A 4

Internal address read

Sector erase timer flag

(DQ3)

A 4

Internal address read

Data polling flag (DQ7)

Timing limit over flag

(DQ5)

Internal address read

Data polling flag (DQ7)

A 4

Sector erase
Erase error completed
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Judgment
@ Data polling using the 8 bits of hardware sequence flags

Make a judgment by data polling using the 8 bits of hardware sequence flags, rather than using only the

polling of DQ7.

Figure 18.7-3 shows the judgment method using the data polling of the 8 bits after the sector erase

command is issued.

Figure 18.7-3 How to Avoid Problems by Data Polling of 8 Bits

Internal address read

A 4

FFy
Data (DQO to DQ7)?

Timing limit over flag

(DQ5)

Internal address read

other

Data (DQO to DQ7)?

\ 4
Sector erase
Erase error completed
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18.8 Restriction and Notes

This section explains the notes on programming flash memory.

B Restrictions and Notes
(1) Do not execute the write access for the following area (I-bus)

0000_03004 to 0000_037Fy
0000_03E4y to 0000_03ET7H
0000_80004 to 0000_BFFFy
0001_00004 to 0001_FFFF

(2) Do not execute the write access to the FLASH memory at WE=0 of FLCR register.

(3) Do not execute the continuous write access for the FLASH memory at WE=1 of FLCR
register. Be sure to open more than "NOP"1 instruction.

Example: Command write to FLASH (command sequence) => FLASH read

Idi #OXAAAA, r0

Idi #0x5555, rl

Idi #OXAAAAA, r6

Idi #0xA5555, r7

Idi #0xAO0AO, r8

Idi #PA, r2

Idi #PD, r3

sth r0, @r6

nop : Be sure to open more than "NOP"1 instruction
sth rl, @r7

nop : Be sure to open more than "NOP"1 instruction
sth r8, @r6

nop : Be sure to open more than "NOP"1 instruction
sth r3, @r2

nop : Be sure to open more than "NOP"1 instruction

(4) The write access is enabled only the halfword to FLASH memory at the CPU mode. Do not
execute the byte write access.

(5) Do not execute the branch instruction to the FLASH memory area after rewriting the WE of the
FLCR register. When branching to the FLASH area, obey the following program example
once the FLCR register value is read.

STB R1, @R2 /1 WE=OFF
LDUB @R2, R1 /1 FLCR value dummy read
BRA _flash_address  // Branch to the FLASH memory

(6) The sector protect cannot be used.

(7) Do not guarantee the read value immediately after rewriting to FLASH. Before reading is
executed after writing, be sure to insert the dummy read.

STH ro, @rl /1 FLASH write
LDUH @r2, r4 /1 Dummy read
LDUH @r3 r4 /1 Polling data read
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CHAPTER 19

MB91313A

SERIAL PROGRAMMING
CONNECTION

This chapter explains the serial programming
connection for MB91313A.

19.1 Basic Configuration of Serial Programming
19.2 Example of Serial Programming Connection
19.3 System Configuration of Flash Microcontroller Programmer

19.4 Additional Notes
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19.1 Basic Configuration of Serial Programming

MB91313A supports serial on-board programming (Fujitsu standard) into flash ROM.
This section summarizes its specifications.

B Basic Configuration of Serial Programming Connection
Fujitsu standard serial on-board programming uses the AF420/AF320/AF220/AF210/AF120/AF110 flash
microcontroller programmers by Y okogawa Digital Computer Corporation. The following figure shows the
basic configuration for the MB91313A serial programming connection.
It is possible to choose between the program operated in single-chip mode and the program operated in
internal ROM external bus mode and to write.

Host interface cable
General-purpose common cable (AZ210)

—m / AF420/AF320/ /
- AF220/AF210/ CLK synchronous
RS232C AF120/AF110 serial

== < > Flash
microcontroller

programmer
+

| MB91313A
"1 user system

F 3

memory card

N _/

—~

Operable in stand-alone mode

Note:
Contact Yokogawa Digital Computer Corporation for the functions and use of the flash
microcontroller programmer and for information on the general-purpose common cable (AZ210) for
connection and relevant connectors.
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B Pins Used for Fujitsu-standard Serial On-board Programming

CHAPTER 19 MB91313A SERIAL PROGRAMMING CONNECTION
19.1 Basic Configuration of Serial Programming

Pin Function Supplement
MD2, MD1, MDO | Mode pins Controls the programming mode.
Flash serial programming mode: MD2, MD1, MDO=H, L, L
P54/ASX Write program start pins Sets P54="L", P55="H" (clock synchronous mode) during the flash
P55/RDX serial reprogramming.
INITX, TRSTX Reset pins -
ICD3 (SINO) Serial datainput pin Use the ch.0 resource of UART as an interface for the serial on-board
ICS0 (SOT0) Serial data output pin programming communication viathe DSU pin.
ICD2 (SCKO) Serial clock input pin
Vee Supply-voltage feeder pin Supply the programming voltage from the user system.
Vss GND pin Use this pin also to GND of the flash microcontroller programmer.
AF420/AF320/
AF220/AF210/
AF120/AF110 M391313A .
Write control pin Write control pin
10 kQ
AF420/AF320/
AF220/AF210/
AF120/AF110
ITICS pin User
Notes:

1. The control circuit shown above is required for the user system to use the Pxx, ICD3, ICSO0, and
ICD2 pins. (During serial programming, the user circuit can be isolated by the /TICS signal of the
flash microcontroller programmer.)

2. Connect the user system to the flash microcontroller programmer with the user power supply off.

CM71-10143-5E

FUJITSU SEMICONDUCTOR LIMITED 535



CHAPTER 19 MB91313A SERIAL PROGRAMMING CONNECTION
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19.2

Example of Serial Programming Connection

MB91313A Series

This section indicates an example the serial programming connection.

B Example of Serial Programming Connection

Figure 19.2-1 shows an exampl e of the serial programming connection.

Figure 19.2-1 Example for Serial Programming Connection MB91313A

Flash microcontroller User system
programmer

Connector DX10-28S MB91313A

TAUX3 (19) _ ? MD2
For serial
reprogramming 1i>4 7kO
r. MD1

MDO

Usercircuit —>0 o | p5g

For serial
reprogramming O ~4.7 KO

For serial
reprogramming 1
prog g >4.7kQ | P55

User circuit—>°

% TRSTX
>4.7 kQ
ITRES (5) — INITX
TTXD (13) ICD3 (SINO)*
TRXD (27) ICS0 (SOTO0)*
TCK (6) ICD2 (SCKO0)*
TVce 2 T Vee
(7.8, User power supply (3.3 V) Vv
GND 14,15, ss
21,22
1,28 .
) 14 pin 1 pjn
....................... \N_ —7 /
3,4,9,10, 11, 12, 16, 17, DX10-28S
18, 20, 23, 24, 25, and /7'_ _N\
26 pins are OPEN 28 pin 15 pin

Pin assignment of connector

DX10-28S: Right-angle type f(manufactured by HIROSE ELECTRIC)
*:It becomes the ch.0 resource o

UART only at the serial programming mode.
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19.3 System Configuration of Flash Microcontroller
Programmer

This section indicates the system configuration of the flash microcontroller
programmer (manufactured by Yokogawa Digital Computer Corporation).

B System Configuration of Flash Microcontroller Programmer

Model Function
AF220 /ACAP Ethernet interface model /100V to 220V power adapter
AF210 [ACAP Standard model /100V to 220V power adapter

Main unit

AF120 [AC4P Single-key Ethernet interface model /100V to 220V power adapter

AF110 IACAP Single-key model /100V to 220V power adapter

Contact: Y okogawa Digital Computer Corporation
Phone: (81)-42-333-6224
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19.4  Additional Notes

This section explains the note for the serial programming connection for MB91313A.

B Note

The port state during flash memory programming by the serial programmer is the same as the reset state,
except for the pin being used for programming.
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APPENDIX

This appendix explains the details not covered in the
main topics and other referential information for
programming about the I1/O map, interrupt vector, pin
status of the CPU state, notes and instructions list when
using the little endian area.

APPENDIX A 1/O Map

APPENDIX B Vector Table

APPENDIX C Pin Status In Each CPU State
APPENDIX D Instruction Lists
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APPENDIX A 1/0 Map

This section shows the correspondence between memory space area and each register
of peripheral resources.

B How to Read I/0O Map

Address

Reqister

+0 +1 +2 +3 Block

0000004
A

PDRO [R/W]B [PDR1 [R/W]B[PDR2 [R/W]B[PDR3 [R/W]B| T-unit
BOOOXXRXX | XXXXXXXX | XXXXXXXX_ | XXXXXXXX | port data register

540

A

Read/write attribute

Initial register value after reset

Register name (Registers in column 1 are located at 4n addresses,
registers in column 2 are located at 4n + 2 addresses, and so on)

The leftmost register address (When word access is used, the register
in the first column becomes the MSB side of data.)

The bit value of aregister shows an initial value asfollows;
"1": Initial value"1"

"0": Initial value"0"

"X": Initial value "Undefine"

"-": No physical register exists at that location.
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APPENDIX
APPENDIX A 1/0O Map

Register
Address 0 1 > 3 Block
00000 FDRO [RIW] FDRT [RAW] FORZ [RIW] PR3 [RIW]
Ho | OXXXXXXXX | XXXXXXXX | XXXXXXXX | XXXXXXXX
PDR4 [RIW] PDR5 [RAW] PDR6 [RIW]
000004 | yxXXXXXX | XXXXXXXX e XXXX Reserved Port data register
000008, Resarved
0000C. FDRC [RIW] FDRD [RIW] PDRE [RIW] PDRE [RIW]
Ho| OXXXXXXXX | XXXXXXXX | XXXXXXXX | XXXXXXXX
000010,
to Reserved Reserved
00001C,,
200020, | ADCTHIRM] | ADCTL [RMW] ADCH [RIW]
H 00000000 00000000 00000000_00000000
" ADATO[R] ADATL[R]
H XXXXXX00 00000000 |  cee XX XXXXXXXX
P ADATZ[R] ADAT3[R]
H XXXXXX00_00000000 XXXXXX00_00000000 bt A/D comverter
00020 ADATA[R] ADATS [R]
H XX XXXX00_00000000 XXXXXX00_00000000
00030 ADAT6 [R] ADAT7[R]
H XXXXXX00_00000000 XXXXXX00_00000000
" ADATS [R] ADATO [R]
H XXXXXX00_00000000 XXXXXX00_00000000
000038,
to Reserved Reserved
00003C,,
ETRRO [RIW] ENTRO [RIW] ECVRO [RAW] .
000040y 00000000 00000000 00000000 00000000 External interrupt 0to 7
oooo44, | P Ef‘__[_FféW] HRE_Ll[lFi'lF;NV] Reserved Delay / I-unit
P TMRLRO [W] TMROR]
H XXXXXXXX XXXXXXXX XXXXXXXK XXXXXXXX .
Reload timer O
00004C,, Reserved TMCSRO[R,RW]
00000000 00000000
00050 TMRLRL [W] TMRL[R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX .
Reload timer 1
000054, Reserved TMCSRI [RRW]
H 00000000 00000000
0005 TMRLR2 [W] T™MRZ [R]
H XXXXXXXX XXXXXXXX XXXXXXXK XXXXXXXX .
TMCSR2 [R.RW] Reload timer 2
00005C,, Resarved

00000000 00000000
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MB91313A Series

Register
Address 0 1 5 3 Block
200060 SCRO[RRW] | SMRO[W.RW] | SSRO[RRW] ESCRO [RIW]
H 0--00000 000-0000 0-000011 --000000
000064 ----F-{-[-)-R(;)(/)ggo%gcg F-eQe/\[/)]Ro BGROL[R/W] | BGROO [R/W]
H : 00000000 00000000 Serial interface 0
-------- 11111111 : TDRO i)
000068 ISMKO [RIW] IBSA [RIW] FCROL [RIW] FCROO [RIW]
H 01111110 00000000 00-00100 00000000
FBYTEOL[R/W] | FBYTEOO [R/W]
00006C 00000000 00000000 Reserved
000070 SCRL[RRW] | SMRLI[WRW] | SSRI[RRW] ESCRL [RIW]
H 0--00000 000-0000 0-000011 --000000
000074 ----F-{?-R()lc/)ggo?)cl)chQeAgRl BGRIL[RW] | BGRIO [R/W]
H : 00000000 00000000 Serial interface 1
-------- 11111111 : TDR1 i)
000078 ISMK1 [RIW] IBSAL[RW] FCR1L [RIW] FCR10 [RIW]
H 01111110 00000000 00-00100 00000000
FBYTELO[R/W] | FBYTEOO [R/W]
00007CH 00000000 00000000 Reserved Reserved
000080 SCR2Z[RRW] | SMR2[WRW] | SSR2 [RRW] ESCR2 [RIW]
H 0--00000 000-0000 0-000011 --000000
RDR2/TDR2 [R/W] BGR2L[RW] | BGR20[RW]
000084y | e 00000000 : RDR2 Oo00000 00000
-------- 11111111 : TDR2 Serial interface 2
000083 ISMK2 [RIW] IBSA2 [RIW] FCR21 [RIW] FCR20 [RIW]
H 01111110 00000000 00000000 00000000
FBYTE2L[RW] | FBYTEZ0 [R/W]
00008C 00000000 00000000 Resarved
000090 SCR3[RRW] | SMR3[WRW] | SSR3[RRW] ESCR3 [RIW]
H 0--00000 000-0000 0-000011 --000000
000094, ----F-{-[-)-R()S(/)gc[))o?)gcg F:QQeA[/)]Rs BGRSL[RMW] | BGR30[R/W] .
________ 11111111 - TDR3 00000000 00000000 Serial interface 3
ISMK3 [RIW] IBSA3 [RIW]
000098y 01111110 00000000 Reserved
00009C, Reserved
00RO SCRA[RRW] | SMRA[WRW] | SSR4[RRW] ESCR4 [RIW]
H 0--00000 00000000 0-000011 --000000
0000A 4, ----F-{-[-)-R(;l(/)gc[))o?)gcg T RORS BGRAL[R/W] | BGRA40[R/W] .
________ 11111111 - TDR4 00000000 00000000 Serial interface 4
ISMK4 [RIW] IBSA4 [RIW]
0000A8 01111110 00000000 Reserved
0000ACH, Reserved
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Register
Address 0 1 5 3 Block
200080 SCRE[RRW] | SMRG[WRW] | SSR5 [R.RIW] ESCRS [RIW]
H 0--00000 00000000 0-000011 --000000
000084, ___??_Rgéggozgéfe/;/\gRS BGRS1[RMW] | BGRSO0[R/W] o
________ 11111111 - TDR5 00000000 00000000 Serial interface 5
ISMK5 [RIW] IBSAS [RIW]
0000884 01111110 00000000 Reserved
0000BC, Reserved
EIRRL [RIW] ENIRL [R/W] ELVRL[RIW]
0000COy 00000000 00000000 00000000 00000000 Ext.INT8t0INT 15
EIRR2 [RIW] ENIR2 [RIW] ELVR2 [RIW]
0000C4 00000000 00000000 00000000 00000000 Ext. INT 1610 INT 23
0000C8y,
to Reserved Reserved
0000CC
PWCCL [RW] | PWCCH [RIW]
0000D0y 000000 000000 Reserved
PWCD [R]
0000D44 XXXXXXXX XXXXXXXX Reserved .
0000D8, ngéff_[ff/ W Reserved
PWCUD [RIW]
0000DCH XXXXXXXX XXXXXXXX Reserved
0000EQ,
to Reserved Reserved
0000ECH
0000F0 TOLPCR[RW] | TOCCR [RIW] TOTCR [RIW] TOR [RIW]
Ho| 000 0-000000 00000000 ---00000
0000F4 TODRR [RIW] TOCRR [RIW]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
0000FE TILPCR[RW] | TICCR[RW] TITCR [RIW] TIR [RIW]
L 000 0-000000 00000000 ---00000
000G TIDRR [RIW] TICRR [RIW]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
TOLPCR[RW] | T2CCR [RIW] T2TCR [RIW] T2R [RIW] o
0001004 | 000 0-000000 00000000 00000 Multifunction timer
000104 T2DRR [RIW] T2CRR [RIW]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
000108 T3LPCR[RW] | T3CCR[RW] T3TCR [RIW] T3R [RIW]
Ho | 000 0-000000 00000000 ---00000
00010C T3DRR [RIW] T3CRR [RIW]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
TMODE [RIW]
000110, 00000000 00000000 Reserved
000114,
to Reserved Reserved
00011Cy,
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Register
Address Block
0 1 2 | 3
200120 PDUTO W] PCSRO [W]
H XXXXXKXXX XXXXXXXX XXXXXXXX XXXXXKXXX PPGO
000124 PTMRO [W] PCNHO [RIW] PCNLO [R/W]
H 11111111 11111111 0000000- 0000000-
000128 PDUTL [W] PCSRL [W]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX -
00012C PTMRL [W] PCNHL [RIW] PCNL1 [R/W]
H 11111111 11111111 0000000- 0000000-
000130 PDUT2 [W] PCSR2 [W]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXKXXX opG2
000154 PTMR2 [W] PCNH2 [RIW] PCNL2 [RIW]
H 11111111 11111111 0000000- 0000000-
000133 PDUT3 [W] PCSR3 [W]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX PPG3
000130 PTMR3 [W] PCNH3 [RIW] PCNL3 [R/W]
H 11111111 11111111 0000000- 0000000-
000140,
to Reserved Reserved
000144y,
000148 TMRLR3 [W] TMR3[R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXKXXX .
Reload timer 3
00014C Resarved TMCSRS [R,RW]
H 00000000 00000000
000150 TMRLRA [W] TMRA[R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXKXXX .
Reload timer 4
000154, Reserved TMCSR4 [RRW]
H 00000000 00000000
000158 TMRLR5 [W] TMRS [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXKXXX .
Reload timer 5
00015C Reserved TMCSRS [R,RW]
H 00000000 00000000
000160,
to Reserved Reserved
00017C,,
000160 RCCRO [R/W] RCSTO[RW] | RCSHWO[RMW] | RCDAHWO [RIW]
H 0---0000 00000000 00000000 00000000
RCDBHWO [RIW] RCADROL[RW] | RCADRO2 [R/W]
0001844 00000000 Reserved 00000000 00000000 oot control 0
000188 RCDTOHH[R] | RCDTOHL[R] | RCDTOLH[R] | RCDTOLL [R] emote contro
H 00000000 00000000 00000000 00000000
RCCKDO [RIW]
00018CH 00000000 00000000 Reserved
000190 RCCRL [R/W] RCSTL[RW] | RCSHWI[RMW] | RCDAHWI [R/W]
H 0---0000 00000000 00000000 00000000
RCDBHWI [RIW] RCADRIL[R/W] | RCADRL2 [RIW]
0001944 00000000 Reserved 00000000 00000000 oot control 1
000198 RCDTIHH[R] | RCDTIHL[R] | RCDTILH[R] | RCDTILL [R] emote contro
H 00000000 00000000 00000000 00000000
RCCKD1 [RIW]
00013CH 00000000 00000000 Reserved
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APPENDIX
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Register
Address 0 ‘ 1 ‘ 5 3 Block
0001A0,,
to Reserved Reserved
0001AC
0001B0 SCRE[RRW] [ SMR6[W,RW] [ SSR6[R,RW] ESCR6 [RIW]
H 0--00000 000-0000 0-000011 --000000
0001B4 RDRSSE(?OE&E%RG BGR61 [RIW] BGRG0 [R/W]
T : o
________ 11111111 : TDR6 00000000 00000000 Serial interface 6
ISMK6 [RIW] IBSA6 [RIW]
0001884 01111110 00000000 Reserved
0001BCH Reserved
0001C0 SCR7[RRW] | SMR7T[WRMW] | SSR7[RRW] ESCR7 [RIW]
H 0--00000 000-0000 0-000011 --000000
0001C4 RDRJSESOES(E%R? BGR71 [RIW] BGR70 [R/W]
T : o
________ 11111111 : TDR7 00000000 00000000 Serial interface 7
ISMK7 [RIW] IBSA7 [RIW]
0001C8y 01111110 00000000 Reserved
0001CC, Resorved
000100, | SCRBIRR/W] [ SMRB[WR/W] | SSR8[RR/W] ESCR8 [RIW]
H 0--00000 000-0000 0-000011 --000000
0001D4 RDR(?(/)-Cl)—CI)DO%g(ER/I;AIS]RS BGR81 [RIW] BGR80 [R/W]
W : o
________ 11111111 : TDR8 00000000 00000000 Serial interface 8
ISMK8 [RIW] IBSAS [RIW]
000108 01111110 00000000 Reserved
0001DCy Reserved
0001E0 SCRO[RRW] | SMRO[WRMW] | SSRO[RRW] ESCRO [RIW]
H 0--00000 000-0000 0-000011 --000000
0001E4, RDR(%E(?OE%(E%% BGRIL [RIW] BGR90 [R/W]
T : o
________ 11111111 : TDR9 00000000 00000000 Serid interface 9
ISMK [RIW] IBSAQ [RIW]
0001E8y 01111110 00000000 Reserved
0001ECH Reserved
0001F0 SCRA[RRW] | SMRA[WRMW] | SSRA[RRW] | ESCRA [RIW]
H 0--00000 000-0000 0-000011 --000000
0001F4 RDR@Q&?& ['RIQS/I]?A BGRAL[RMW] | BGRAO[R/W]
Ho|oo : o
________ 11111111 . TORA 00000000 00000000 Serial interface 10
ISMKA [RIW] IBSAA [RIW]
0001F8y 01111110 00000000 Reserved
0001FCy Reserved
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Register
Address 0 ‘ 1 5 3 Block
000200 DMACAO [R/W]
H 00000000 00000000 00000000 00000000
000204 DMACBO [R/W]
H 00000000 00000000 00000000 00000000
000208, DMACAL [R/IW]
00000000 00000000 00000000 00000000
DMACB1 [R/W]
00020C 00000000 00000000 00000000 00000000
000210 DMACAZ2 [R/W]
H 00000000 00000000 00000000 00000000
000214 DMACB2 [R/W]
H 00000000 00000000 00000000 00000000
000218 DMACA3[R/W] DMAC
H 00000000 00000000 00000000 00000000
DMACB3 [R/W]
00021Cy 00000000 00000000 00000000 00000000
000220 DMACA4 [R/W]
H 00000000 00000000 00000000 00000000
000224 DMACBA4 [R/W]
H 00000000 00000000 00000000 00000000
000228,
to Reserved
00023Cy
000240 DMACR [R/W]
H 0XX00000 XX XXX XXX XXXXXXXX XXXXXXXX
000244,
to Reserved Reserved
0003EC
00030, BSDO [W]
XAXXXX XXX XXX XXXXX XXKXXXXXK XXXXXXXX
0003F4 BSD1 [R/W]
H XXX XX XXX XXXXX XXX XXXXXXXX XXXXXXXX .
Bit search module
0003F8 BSDC [W]
H XXX XX XXX XXXXX XXX XXXXXXXX XXXXXXXX
0003FC BSRR[R]
H XXX XXXXK XXKXXX XXX XXXXKXXXX XXXXXXXX
000400 DDRO[R/W] B,H | DDRI1[R/W] B,H | DDR2 [R/W] B,H | DDR3[R/W] B,H
H 00000000 00000000 00000000 00000000
DDR4[R/W] B,H | DDR5[R/W] B,H | DDR6 [R/W] B,H
000404 00000000 00000000 ~---0000 Reserved o
000408, Reserved Data direction register
DDRC[R/W] B,H | DDRD [R/W] B,H | DDRE [R/W] B,H
00040CH ---[--oog 00(%0000]0 00(50000]0 Reserved
000410 Reserved
000414,
to Reserved Reserved
00041Cy
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Register

Address 0 1 5 3 Block
200a20.. | PFRO[RWIBH | PFRL[RW] BH | PFRZ[RMW] BH | PFRG [RIW] B.H

H 00000000 00000000 00000000 00000000

PFR4 [R/W] B,H | PFR5[R/W] B,H | PFR6 [R/W] B,H

0004244 00000000 00000000 ~---0000 Reserved Crction e
000428, Reserved Port function register
00042G.. | PFRCIRMTBH | PFRD [RIW] BH | PFRE [RAW] BH B

HoL 000 00000000 00000000
000430, Reserved
000434,

to Reserved Reserved

00043C,
000420 ICROO[RRW] | ICROL[RRMW] | ICRO2[RRW] | ICRO3[RRW]

H 11111 “11111 11111 11111
000424 ICRO4 [RRW] | ICRO5[RRW] | ICRO6[RRW] | ICRO7 [RR/W]

H -11111 -11111 11111 -11111
000248 ICROS[RR/W] | ICRO9[RRW] | ICRIO[RRW] | ICRIL[RRW]

H -11111 -11111 -11111 -11111
00024C ICRIZ[RRW] | ICRI3[RRW] | ICRI4[RRW] | ICRI5[RRW]

H -11111 -11111 -11111 -11111
000450 ICRI6 [RRW] | ICRL7[RRW] | ICRI8[RRW] | ICRI9[RRW]

H -11111 “11111 11111 -11111
000454 ICR20[RRW] | ICRZL[RRW] | ICR22[RRW] | ICR23[RRW]

H -11111 -11111 11111 -11111 Interrupt control urit
000458 ICR24[RRW] | ICR25[RRW] | ICR26[RRW] | ICR27 [RRW]

H -11111 -11111 -11111 -11111
00045C ICR28[RRW] | ICR29[RRW] | ICR30[RRW] | ICR3L[RRW]

H -11111 -11111 -11111 -11111
000460 ICR32[RRW] | ICR33[RRW] | ICR34[RRW] | ICR35[RRW]

H 11111 “11111 11111 -11111
000464 ICR36 [RRW] | ICR37[RRW] | ICR38[RRW] | ICR39[RRW]

H -11111 -11111 11111 -11111
000468 ICRA0[RR/W] | ICRAL[RRW] | ICRA2[RRW] | ICR43 [RRW]

H -11111 -11111 -11111 -11111
000460 ICR44 [RRW] | ICR45[RRW] | ICRA46[RRW] | ICR47 [RR/W]

H -11111 -11111 -11111 -11111
000470,

to Reserved Reserved

00047Cy,
000480 RSRR [R,R/W] STCR [RIW] TBCR [RIW] CTBR[W]

H 10000000 00110011 00X XX X00 XXXXXXXX

CLKR [RIW WPR [W DIVRO [R/ DIVRL [R/W .

000484 0000(5000] xxxxx[x>]<x 00000[01\1N] ooooo[ooo ] Clock control unit
000488, Resarved ?(ch)ffx[il)\(’\g Reserved
00048CH Wgocolgo[géxv] Reserved Clock timer
000490, 0350%([,(%\(/)\/] )?g(;; )[(Fj(/\)’(v)]( Reserved Stabilization wait timer
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MB91313A Series

Register

Address 0 1 5 3 Block
000494,

to Reserved Reserved
0004FCy,

PCRO [R/W] PCR1 [R/W]

000500y 00000000 00000000 Reserved
000504 Reserved Pg&%é%%” PCRGO[OFE)/OW] Reserved Port pull -up control
000508, register

to Reserved
000510
000514,

to Reserved Reserved
00051Cy,
000520 EPFRO [R/W] EPFR1 [R/W] EPFR2 [R/W] EPFR3 [R/W]

H 00000000 00000000 11111111 11111111
EPFR4 [R/W] EPFR5 [R/W] EPFR6 [R/W]
000524 11111111 11111111 ----1000 Reserved Extra port function
000528y Reserved register
00052C. EPFRC [R/W] EPFRD [R/W] EPFRE [R/W] EPFRF [R/W]
Hol 000 B,H 00000000 00000000 00000000

000530 Reserved
000534

to Reserved Reserved
00056Cy

ADER [R/W] H

000570, 00000011[ 1111]1111 Reserved EXT/I2CIAD
000574y Reserved Reserved
000578, L R o Reserved 12C noise filter
00057Cy

to Reserved Reserved
00063Cy
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Register
Address 0 1 5 | 3 Block
000640 ASRO [R/W] ACRO [R/W]
H 00000000 00000000 1111XX00 00000000
000644 ASR1[R/W] ACR1[R/W]
H 00000000 XXX XXXXX 00X X0X00 00XO0XXX X
000648 ASR2 [R/W] ACR2 [R/W]
H 00000000 XX XXXXXX 00X X0X00 00X 0OX XXX
00064C, ASR3 [R/W] ACR3 [R/W]
H 00000000 X XXX XXX X 00X X0X00 00XOXXX X
000650
to Reserved
00065C 4 Ext. bus Interface
000660 AWRO [R/W] AWR1 [R/W]
H 01110000 01011011 OXXX0000 0X0OX1XXX
000664 AWR2 [R/W] AWR3 [R/W]
H OX XX 0000 OX0OX1XXX OXXX0000 0X0X1XXX
000668
to Reserved
00067C
000680 H C(?(I):B%%%/ovi/] Reserved
000684 Reserved
000688
to - Unused
0007F8
0007FC Reserved X'\;l(g?(i%\é]x Reserved Mode register
000800
to - Unused
000AFC 4
000B00H
to Reserved Reserved
000FFCy
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MB91313A Series

Register
Address 0 1 5 Block
001000 DMASAO [R/W]
H 00000000 00000000 00000000 00000000
001004 DMADAO [R/W]
H 00000000 00000000 00000000 00000000
001008, DMASAL [R/W]
00000000 00000000 00000000 00000000
DMADA1 [R/W]
00100CH 00000000 00000000 00000000 00000000
001010 DMASA2 [R/W]
H 00000000 00000000 00000000 00000000 DMAC
001014 DMADAZ2 [R/W]
H 00000000 00000000 00000000 00000000
001018, DMASAS [R/W]
00000000 00000000 00000000 00000000
DMADA3 [R/W]
00101CH 00000000 00000000 00000000 00000000
001020 DMASA4 [R/W]
H 00000000 00000000 00000000 00000000
001024 DMADA4 [R/W]
H 00000000 00000000 00000000 00000000
001028,
to Reserved Reserved
006FFCy
007000 FLCRIR/W] Reserved
0000X 000 Flash I/F
007004, FLWCIR/W] Reserved
H 00011011
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APPENDIX

APPENDIX B Vector Table

This section indicates the interrupt vector table.

Appendix B-1 Interrupt Vector (1/3)

Interrupt Number

Interrupt Source Decimal He_xa- InIt_Eérvrglpt Offset Ti%dDrgfsiun RN I:é[\l'/lOAI(DZ

decimal Source
Reset 0 0 - 3FCq 000FFFFCy - -
Mode vector 1 1 - 3F8, O00FFFF8, - -
System-reserved 2 2 - 3F4y 000FFFF4, - -
System-reserved 3 3 - 3FO0y OOOFFFFOy - -
System-reserved 4 4 - 3ECy 000FFFEC, - -
System-reserved 5 5 - 3E84 OOOFFFES8Y - -
System-reserved 6 6 - 3E4y, OOOFFFE4Y - -
Coprocessor absence trap 7 7 - 3EOH O0OOFFFEOQy - -
Coprocessor error trap 8 8 - 3DCy 000FFFDCH - -
INTE instruction 9 9 - 3D8y 000FFFD8 - -
System-reserved 10 0A - 3D4 O00OFFFDA4, - -
System-reserved 11 0B - 3D0y OOOFFFDOy - -
Step trace trap 12 ocC - 3CCH 000FFFCCy - -
NMI request (tool) 13 oD - 3C8y O00OFFFC8y - -
Undefined instruction exception 14 OE - 3C4, 000FFFC4y - -
System-reserved 15 OF fi’;:';?] 3C04 000FFFCO - -
External interrupt O 16 10 ICROO 3BCy 000FFFBC - -
External interrupt 1 17 11 ICRO1 3B8y 000FFFB8y - -
External interrupt 2 18 12 ICRO2 3B4y 000FFFB4y - -
External interrupt 3 19 13 ICRO3 3B0y 000FFFBOy - -
External interrupt 4 20 14 ICRO4 3AC 000FFFACH - -
External interrupt 5 21 15 ICRO5 3A8y O00FFFA8 - -
External interrupt 6 22 16 ICRO6 3A4y, O00FFFA4, - -
External interrupt 7 23 17 ICRO7 3A04 000FFFAOQ - -
Reload timer O 24 18 ICR0O8 39CH O0O0OFFFOCH - -
Reload timer 1 25 19 ICRO9 398y O0O0OFFF98y - -
Reload timer 2 26 1A ICR10 394, 000FFF94y - -

UARTO RX/I%C status 27 1B ICR11 3904 000FFF90, 0 STOP
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Interrupt Number

Interrupt Source Decimal He_xa- Inlt_eervrglpt Offset Ti%d[igf;u't RN Sg[\I'AOAIS
decimal ource
UARTOTX 28 1C ICR12 38CH 000FFF8Cy 3 -
UART1 RX/I%C status 29 1D ICR13 388y OOOFFF88y 1 STOP
UART1TX 30 1E ICR14 384 OO0OFFF84y 4 -
UART2 RX/I1%C status 31 1F ICR15 3804 000FFF80y, 2 STOP
UART2TX 32 20 ICR16 37Cq O00OFFF7CH 5 -
UART3 RX/UART3 TX/I2C status 33 21 ICR17 378, 000FFF78,, - R
UART4 RX/UART4 TX /1°C status 34 22 ICR18 3744 000FFF74y - -
UART5 RX/UART5 TX/I>C status | 35 23 ICR19 370y 000FFF70y ; -
UART6 RX/UART6 TX /1°C status 36 24 ICR20 36CH O0OOFFF6CH - -
UART7 RX/UART7 TX /I°C status | 37 25 ICR21 368, O0OFFF68,, - _
UART8 RX/UART8 TX/I’C status | 38 26 ICR22 364y 000FFF64y, - -
UART9 RX/UART9 TX/I2C status 39 27 ICR23 3604 O0O0OFFF60y - -
EQZT;I'SSRX/UA RTIOTX/ 40 28 ICR24 35C O0O0OFFF5CH - -
A/D Converter 41 29 ICR25 3584 OO0OFFF58y - -
PPGO 42 2A ICR26 354 O000FFF54y 12 -
PWC 43 2B ICR27 3504 000FFF50 - ]
HDMI-CEC/Remote Controler0,1 44 2C ICR28 34Cy 000FFFACH - -
Watch timer 45 2D ICR29 348y OOOFFF48y - -
Main clock oscillation wait 46 2E ICR30 344 000FFF44 - -
Time-base timer 47 2F ICR31 3404 000FFF40y - -
Reload timer 3 48 30 ICR32 33Cy 00OFFF3CH - -
Reload timer 4 49 31 ICR33 3384 OO0OFFF38y - -
Reload timer 5 50 32 ICR34 334y O000FFF34y - -
PPG1 51 33 ICR35 3304 000FFF30y - -
PPG2 52 34 ICR36 32Cy 000FFF2Cy, - -
PPG3 53 35 ICR37 328y OOOFFF28y - -
DMAO 54 36 ICR38 324y, OO0OFFF24y - -
DMA1 55 37 ICR39 3204 000FFF20y - -
DMA2 56 38 ICR40 31Cy 00OFFF1CH - -
DMA3 57 39 ICR41 3184 000FFF18,, - -
DMA4 58 3A ICR42 3144 000FFF14y - -
External interrupt 8 to 15 59 3B ICR43 3104 000FFF10y - -
External interrupt 16 to 23 60 3C ICR44 30Cy 000FFFOCH - -
Multifunction timer 0, 1 61 3D ICR45 3084 000FFF08y - -
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Interrupt Number

Interrupt Source Decimal He_xa- Inlt_eervrglpt Offset Ti%cliDrgfsa;ult RN SI:é[\l'/IOAIS
decimal ource
Multifunction timer 2, 3 62 3E ICR46 304y O000FFF04y - -
Delayed interrupt 63 3F ICR47 3004 000FFFOO0K - -
(Sl}';derrn rFierA"LegS) 64 40 ; 2FC, | OOOFFEFC, | - i
a’;erﬂ;rg"gs) 65 41 i 2F8, | OOOFFEFS, i i
System-reserved 66 42 - 2F4, O000FFEF4y - -
System-reserved 67 43 - 2FO0y 00OFFEFO - -
System-reserved 68 44 - 2EC,, O00OFFEECH - -
System-reserved 69 45 - 2E8,, OOOFFEE8y - -
System-reserved 70 46 - 2E4, 000OFFEE4y - -
System-reserved 71 47 - 2E0y O00OFFEEOy - -
System-reserved 72 48 - 2DCy 000FFEDCH - -
System-reserved 73 49 - 2D8y, O0OFFED8y - -
System-reserved 74 4A - 2D4y, 000FFED4y - -
System-reserved 75 4B - 2D0y O000FFEDOH - -
System-reserved 76 4C - 2CCh 000FFECCH - -
System-reserved 77 4D - 2C8, O00OFFECSY - -
System-reserved 78 4E - 2C4y O000FFEC4 - -
System-reserved 79 4F - 2C0y 000FFECOH - -
80 50 2BCy OOOFFEBCH
Used for INT instruction to to - to to - -
255 FF 0004 000FFCO0y
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APPENDIX C Pin Status In Each CPU State MB91313A Serles
APPENDIX C Pin Status In Each CPU State

This appendix describes the pin status in each CPU state.

Words and phrases used for the pin status have the following meanings.

1

554

Input enabled

It means that the input function is allowed to be used.

Input O fix

It means that the pin is sending "0" to the internal by blocking the external input at the input gate near
the pin.

Output Hi-Z

It means that the transistor for pin drive is disabled and the pin is set to high impedance.

Output Retention

It means that the output status used immediately before becoming this modeis output asit is.

That is, when internal peripherals are operating, the pin will output by following the peripherals in
which the output occurs. When the pin outputs as a port, it will retains the outpuit.

Retention of the Status Immediately Before

It means that the output status immediately before becoming this mode is output as it is, or for input, it
means that the input is enabled.
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MB91313A Series

Appendix C-1 Pin Status in Single-Chip Mode (Internal Vector Mode) (1/ 4)

APPENDIX

APPENDIX C Pin Status In Each CPU State

: . At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. | name Function Initial value HIZ=0 HiZz=1
3 P23 SIN1 P23
4 P24 SOT1/SDA1 P24
5 P25 SCK1/SCL1 P25
6 P26 SIN2 P26
7 P27 SOT2 P27
8 P30 SCK2 P30
9 | Pa1 TOTO PaL Output Hi-Z/
Input O fix
10 P32 TOT1 P32
11 | P33 TOT2 P33
12 P34 TINO P34
13 P35 TIN1 P35
14 P36 TIN2 P36
15 P37 RIN P37
16 P40 TMOO/INT16 P40
17 P41 TMOY/INT17 P41
18 | P42 | TMOZ/INTI8 pa2 Retention of the | Retention of the | Output Hi-Z/
19 | P43 TMO3/INT19 P43 Output Hi-z/ status status Input O fix
Input enabled immediately immediately (Can only be set
20 | P44 TMIO/INT20 P44 before before asan input when
21 P45 | TMI1Z/INT21/SIN10 P45 external
interrupts are
TMI2/INT22/
22 | P46 | or10/SDALO P46 enabled.)
TMI3/INT23/
2 | P gokaoscLio | P
24 | P60 TOT3/TRG2 P60
25 P61 TOT4/TRG3 P61
26 P62 TOT5 P62
27 P63 TIN3 P63
28 P64 TIN4 P64
29 | P65 TINS P65 Output Hi-Z/
Input O fix
32 PFO PFO/RCINO PFO
33 PF1 PF1/RCIN1 PF1
34 PF2 PF2/RCACKO PF2
35 PF3 PF3/RCACK1 PF3
36 PF4 — PF4

CM71-10143-5E
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APPENDIX C Pin Status In Each CPU State

Appendix C-1 Pin Status in Single-Chip Mode (Internal Vector Mode) (2 / 4)

MB91313A Series

: : At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. |name Function | Initial value HIZ=0 HIz=1
37 | PF5 — PF5
Output Hi-z/
38 | PF6 — PF6 | |nput enabled
39 | PF7 — PF7
45 | PDO ANO ANO
46 | PD1 AN1 AN1
47 | PD2 AN2 AN2 Output Hi-Z/
Input O fix
48 | PD3 AN3 AN3
Retention of the | Retention of the
49 | PD4 AN4 AN4 Output Hi-Z/ Satus atus
50 | PD5 AN5 AN5 Input O fix immediately immediately
51 | PD6 ANG ANG before before
52 | PD7 AN7 AN7
53 | PEO ANS8/INTO ANS Output Hi-Z/
54 | PEL | ANY/PPGOINTL | ANO Input O fix
(Can only be set
55 | PE2 | PPGLINT2ZATRG PE2 as an input when
Output Hi-zZ/ external
56 | PE3 PPG2/INT3 PE3 Input enabled interrupts are
enabled.)
58 | — INITX INITX
65 | — MDO MDO
Input enabled Input enabled Input enabled Input enabled
66 | — MD1 MD1
67 | — MD2 MD2
68 | PE4 PPG3/INT4 PE4 Output Hi-Z/
69 | PE5 SINS/INT5 PE5S Input O fix
(Can only be set
70 | PE6 | SOT8/SDAS8/INT6 PE6 as an input when
external
71 | PE7 | SCK8/SCL8/INT7 PE7 interrupts are
enabled.)
72 PCO SIN9 PCO Retention of the | Retention of the
Output Hi-z/ status status
B | PCl SOT9Y/SDA9 PCl | |nputenabled | immediately immediately
74 | PC2 SCK9/SCL9 PC2 before before
75 | PC3 — PC3 Output Hi-Z/
76 | PC4 PPGA PC4 Input O fix
77 | PC5 PPGB PC5
78 | PC6 TRGO PC6
79 | PC7 TRG1 PC7
80 — TRSTX TRSTX Input enabled Input enabled Input enabled Input enabled
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MB91313A Series

Appendix C-1 Pin Status in Single-Chip Mode (Internal Vector Mode) (3/ 4)

APPENDIX

APPENDIX C Pin Status In Each CPU State

; ; At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*

0. | hame Function Initial value HIZ=0 HizZz=1
81 — ICDO ICDO ) , i

Retention of the | Retention of the | Retention of the
82 | — ICD1 ICD1 Output Hi-Z/ status status status
83 _ ICD2 ICD2 Input enabled immediately immediately immediately
before before before

84 — ICD3 ICD3
85 — ICSO ICSO "H" output "L" output "L" output "L" output
86 — ICS1 ICS1 "L" output "L" output "L" output "L" output
87 — ICS2 ICS2 "L" output "L" output "L" output "L" output
88 — ICLK ICLK Undefined "H" output "H" output "H" output
89 — IBREAK IBREAK | Input enabled Input enabled Input enabled Input enabled

CM71-10143-5E
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APPENDIX
APPENDIX C Pin Status In Each CPU State MB91313A SerieS
Appendix C-1 Pin Status in Single-Chip Mode (Internal Vector Mode) (4 / 4)

pin | Pin At initialize (INITX=0) At stop*
N Function At sleep*
0. | name Function | Initial value HIZ=0 HIZ=1

93 | POO SIN3/INT8 POO

94 | POl | SOT3/SDA3/INT9 | POl Output Hi-2/

95 | P02 | SCK3/SCL3/INT10| P02 Input O fix

% | PO3 SIN4/INT11 P03 (Can only be set

as an input when

97 | P04 | SOT4/SDA4/INT12| P04 external

98 | P05 | SCK4/SCL4/INT13| PO5 interrupts are

99 | Po6 SINS/INT14 P06 enabled.)

100 | PO7 | SOT5/SDAS/INT15| P07

101 | P10 SCK5/SCL5 P10

102 | P11 SING P11

103 | P12 SOT6/SDA6 P12

104 | P13 SCK6/SCL6 P13

105 | P14 SIN7 P14 Retention of the | Retention of the

Output Hi-z/ status status

106 | P15 |  SOT7/SDAY PIS | Inputenabled | immediatdy | immediately

107 | P16 SCK7/SCL7 P16 before before

108 | P17 — P17

109 | P50 PPGO P50

110 | P51 PPG1 P51 Output Hi-Z/
Input O fix

111 | P52 PPG2 P52

112 | P53 PPG3 P53

113 | P54 — P54

114 | P55 — P55

115 | P56 — P56

116 | P57 — P57

117 | P20 SINO P20

118 | P21 SOTO/SDAO P21

119 | P22 SCKO/SCLO P22

* . P: When set asageneral-purpose port  F : When specified function is selected
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Appendix C-2 Pin Status in Internal ROM External Bus Mode (Internal Vector Mode) (1/ 4)

APPENDIX

APPENDIX C Pin Status In Each CPU State

. . At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. |name Function | Initial Value HIZ=0 HiZz=1
3 P23 SIN1 P23
4 P24 SOT1/SDA1 P24
5 P25 SCK1/SCL1 P25
6 P26 SIN2 P26
7 P27 SOT2 P27
8 P30 SCK2 P30
9 | Pal TOTO P31 Output Hi-Z/
Input O fix
10 P32 TOT1 P32
11 P33 TOT2 P33
12 P34 TINO P34
13 P35 TIN1 P35
14 P36 TIN2 P36 Retention of the | Retention of the
15 P37 RIN P37 statusimmediately | statusimmediately
before before
16 P40 TMOO/INT16 P40
17 P41 TMOLVINT17 P41
18 P42 TMO2/INT18 P42 Output Hi-Z/ .
Input enabled Output Hi-Z/
19 P43 TMO3/INT19 P43 Input O fix
20 | P44 TMIO/INT20 P44 (Canonly besetas
an input when
21 P45 | TMI1Z/INT21/SIN10 P45 external interrupts
TMI2/INT22/ are enabled.)
22 Pa SOT10/SDA10 P46
TMI3/INT23/
2 | P gokaoscLio | P
24 P60 TOT3/TRG2 P60
25 P61 TOT4/TRG3 P61
P: Retention of the | P: Retention of the
status status
immediately immediately .
before before Output Hi-Z/
. ; . : Input O fix
% P62 TOT5/RDY P62 F: Retention of the |F: Retention of the
status status
immediately immediately
before (TOT5) before (TOT5)
CLK output "H" or "L"
(CLK) output (CLK)
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APPENDIX C Pin Status In Each CPU State

Appendix C-2 Pin Status in Internal ROM External Bus Mode (Internal Vector Mode) (2 / 4)

MB91313A Series

; : At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. |hame Function | Initial Value HIZ=0 HIZ=1
P: Retention of the
P: Retention of the |  status
status immediately
immediately before
before F: Retention of the
F: Retention of the |  status
27 P63 TIN3/CLK P63 otatus immediately
immediately before (TIN3)
before (TIN3) Retention of the
RDY input status
(RDY) immediately
before (RDY)
28 | Pes TIN4 pe4 | Output Hi-Z/
Input enabled
29 P65 TINS P65
32 PFO PFO/RCINO PFO
33 PF1 PF1/RCIN1 PF1
34 | PR2 PF2/RCACKO PF2 Output Hi-z/
Input O fix
35 PF3 PF3/RCACK1 PF3
36 | PF4 — PF4
37 | PF5 — PF5
38 | PF6 — PF6
39 | PF7 — PF7
45 PDO ANO ANO Retention of the | Retention of the
46 | PD1 AN1 AN1 statusimmediately | statusimmediately
before before
47 PD2 AN2 AN2
48 PD3 AN3 AN3
49 PD4 AN4 AN4 Output Hi-z/
50 | PD5 AN5 AN5 Input O fix
51 PD6 ANG ANG
52 PD7 AN7 AN7
53 PEO ANBS/INTO ANS8 Output Hi-zZ/
54 | PEL | AN9/PPGOINTL | ANO Input O fix
(Canonly beset as
55 PE2 | PPGLINT2/ATRG PE2 . i
Output Hi-2/ evrna et
Input enabled
56 PE3 PPG2/INT3 PE3 p are enabled.)
58 — INITX INITX
65 — MDO MDO
Input enabled Input enabled Input enabled Input enabled
66 — MD1 MD1
67 — MD2 MD2
560 FUJITSU SEMICONDUCTOR LIMITED CM71-10143-5E




MB91313A Series

Appendix C-2 Pin Status in Internal ROM External Bus Mode (Internal Vector Mode) (3/4)

APPENDIX

APPENDIX C Pin Status In Each CPU State

; ; At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. |name Function | Initial Value HIZ=0 HIZ=1

68 PE4 PPG3/INT4 PE4 Output Hi-z/

69 | PES SINS/INT5 PES Inpuit O fix
(Canonly beset as
external interrupts

71 | PE7 | SCK8/SCL8/INT7 PE7 are enabled.)

72 | PCO SIN9 PCO

Output Hi-Z/ Retention of the | Retention of the

73 | PCL | SOTY/SDA9 PC1 Inqu; oo | SEUSIMMediately | statusimmediately

74 | PC2 SCK9/SCL9 PC2 before before

7S | PC3 — PC3 Output Hi-Z/

76 | PC4 PPGA PC4 Input O fix

77 | PC5 PPGB PC5

78 | PC6 TRGO PC6

79 PC7 TRG1 PC7

80 — TRSTX TRSTX | Input enabled |  Input enabled Input enabled Input enabled

81 — ICDO ICDO

82 _ ICD1 ICD1 | output Hi-2/ Reteption 01" the Reteption of the Reteption 01_‘ the

Inout enabled statusimmediately | statusimmediately | statusimmediately

83 — 1CD2 1CH2 P before before before

84 — ICD3 ICD3

85 — ICSO ICSO "H" output "L" output "L" output "L" output

86 — ICS1 ICS1 "L" output "L" output "L" output "L" output

87 — ICS2 ICS2 "L" output "L" output "L" output "L" output

88 — ICLK ICLK Undefined "H" output "H" output "H" output

89 — IBREAK IBREAK | Input enabled Input enabled Input enabled Input enabled
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APPENDIX C Pin Status In Each CPU State

Appendix C-2 Pin Status in Internal ROM External Bus Mode (Internal Vector Mode) (4 / 4)

MB91313A Series

; : At initialize (INITX=0) At stop*
Pin Pin .
N Function At sleep*
0. | name Function | Initial Value HIZ=0 HIZ=1

93 [2000) ADOO POO
9 PO1 ADO1 PO1
95 P02 ADO2 P02
96 P03 ADO3 P03
97 P04 ADO4 P04
98 PO5 ADO5 P05
99 PO6 ADO6 P06 P: Retention of the | P: Retention of the

status status
100 | PO7 ADO7 PO7 immediately immediately
101 | P10 ADO8 P10 before before

F: Output Reten- |F: Output Reten-
102 ) P11 ADO9 P11 tion or Hi-Z tion or Hi-Z
103 | P12 AD10 P12
104 | P13 AD11 P13
105 | P14 AD12 P14
Output Hi-z/ Output Hi-z/

106 | P15 AD13 P15 Input enabled Input O fix
107 P16 AD14 P16
108 P17 AD15 P17
109 | P50 CSOX/PPGO P50
110 | P51 CS1X/PPG1 P51
111 | P52 CS2X/PPG2 P52 P: Retention of the |P: Retention of the
112 | P53 CS3X/PPG3 P53 Status Status

immediately immediately
113 P54 ASX P54 before before
114 | P55 RDX P55 F: "H" output F: "H" output
115 | P56 WROX P56
116 | P57 WR1X P57
17| P20 SINO P20 Retention of the | Retention of the
118 | P21 SOTO/SDAO P21 statusimmediately | statusimmediately
119 | P22 | SCKO/SCLO P22 before before

* . P: When set as a general-purpose port
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F : When specified function is selected
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MB91313A Series

Appendix C-3 Pin status in serial programming mode (1/3)

APPENDIX

APPENDIX C Pin Status In Each CPU State

Pin | Pin . At initialize (INITX=0) P54="L" *

No. | name Function : — — —
Function | Initial Value P55="H P55="L

3 P23 SIN1 P23

4 P24 SOT1/SDA1 P24

5 P25 SCK1/SCL1 P25

6 P26 SIN2 P26

7 P27 SOT2 P27

8 P30 SCK2 P30

9 P31 TOTO P31

10 | P32 TOT1 P32

11 | P33 TOT2 P33

12 | P4 TINO P34

13 | P35 TIN1 P35

14 | P36 TIN2 P36

15 | P37 RIN P37

16 P40 TMOO/INT16 P40

17 PA1 TMOLVINT17 P41

18 P42 TMO2/INT18 P42 _ _ _

o [ i | Capatz | otz | otz

20 | P44 TMIO/INT20 P44

21 | P45 TMIL/INT21/SIN10 P45

22 | P46 TMI2/INT22/SOT10/SDA10 P46

23 P47 TMI3/INT23/SCK 10/SCL 10 P47

24 | P60 TOT3/TRG2 P60

25 | P61l TOT4/TRG3 P61

26 | P62 TOTS P62

27 | P63 TIN3 P63

28 | P64 TIN4 P64

29 | P65 TINS5 P65

32 PFO PFO/RCINO PFO

33 | PF1 PF1/RCIN1 PF1

34 | PR2 PF2/RCACKO PF2

35 | PF3 PF3/RCACK1 PF3

36 | PF4 — PF4

37 | PF5 — PF5

38 | PF6 — PF6 | Output Hi-z/ | Output Hi-Z/ | Output Hi-Z/

39 | PE7 _ PE7 Input enabled | Input enabled | Input enabled
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APPENDIX C Pin Status In Each CPU State

Appendix C-3 Pin status in serial programming mode (2/3)

MB91313A Series

Pin Pin _ At initialize (INITX=0) pP54="_"*
No. | name Function : — — —
Function | Initial Value P55="H P55="L
45 PDO ANO ANO
46 PD1 AN1 AN1
47 PD2 AN2 AN2
48 PD3 AN3 AN3
49 | PD4 AN4 AN4 | Output Hi-Z/ | Output Hi-Z/ | Output Hi-Z/
50 | PD5 ANS5 ANS5 Input O fix Input O fix Input O fix
51 PD6 ANG6 ANG6
52 PD7 AN7 AN7
53 PEO ANBS8/INTO AN8
54 PE1 AN9/PPGO/INT1 AN9
55 | PE2 PPGUINTZATRG PE2 | Output Hi-Z/ | Output Hi-Z/ | Output Hi-Z/
56 PE3 PPG2/INT3 PE3 Input enabled | Input enabled | Input enabled
58 — INITX INITX
65 — MDO MDO
o — VDL VD1 Input enabled | Input enabled | Input enabled
67 — MD2 MD2
68 PE4 PPG3/INT4 PE4
69 PE5 SIN8/INT5 PES5
70 PE6 SOT8/SDAS/INT6 PE6
71 PE7 SCK8/SCL8/INT7 PE7
72 PCO SIN9 PCO
73 | PC1 SOT9/SDA9 PC1 | Output Hi-z/ | Output Hi-z/ | Output Hi-Z/
74 PC2 SCK9/SCL9 PC2 Input enabled | Input enabled | Input enabled
75 PC3 — PC3
76 PC4 PPGA PC4
77 PC5 PPGB PC5
78 PC6 TRGO PC6
79 PC7 TRG1 PC7
80 — TRSTX TRSTX | Input enabled | Input enabled | Input enabled
81 — ICDO ICDO Retention of | Retention of
the status the status
82 | — ICD1 ICD1 | Output Hi-z/ Imrggiely Imrggiely
Input enabled
83 | — SCKO SCKO Output Hi-Z/ |Output Hi-Z/
84 _ SINO SINO Input enabled |Input enabled
85 — SOTO SOTO "H" output Output state | Output state
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Appendix C-3 Pin status in serial programming mode (3/3)

APPENDIX

APPENDIX C Pin Status In Each CPU State

Pin | Pin _ At initialize (INITX=0) P54="L"*

No. | name Function : — — —
Function | Initial Value P55="H P55="L

86 — ICS1 ICS1 "L" output "L" output "L" output

87 — ICS2 ICS2 "L" output "L" output "L" output

88 — ICLK ICLK Undefined "H" output "H" output

89 — IBREAK IBREAK | Input enabled | Input enabled | Input enabled

93 | POO SIN3/INT8 POO

94 | POl SOT3/SDAZ/INT9 PO1

95 | P02 SCK3/SCL3/INT10 P02

96 PO3 SIN4/INT11 PO3

97 | P04 SOT4/SDA4/INT12 PO4

98 | P05 SCK4/SCL4/INT13 P05

99 | P06 SIN5/INT14 P06

100 | PO7 SOT5/SDAS5/INT15 P07

101 | P10 SCK5/SCL5 P10

102 | P11 SIN6 P11

103 | P12 SOT6/SDA6 P12

104 | P13 SCK6/SCL6 P13 _ _ _

106 | P15 SOT7/SDA7 P15

107 | P16 SCK7/SCL7 P16

108 | P17 — P17

109 | P50 PPGO P50

110 | P51 PPG1 P51

111 | P52 PPG2 P52

112 | P53 PPG3 P53

113 | P54 — P54

114 | P55 — P55

115 | P56 — P56

116 | P57 — P57

117 | P20 — P20

118 | P21 — P21 | Output Hi-z/ | Output Hi-Z/ | Output Hi-Z/

119 | P22 _ P22 Input enabled | Input enabled | Input enabled

* . P: When set as a genera -purpose port
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F : When specified function is selected
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APPENDIX D Instruction Lists

MB91313A Series

APPENDIX D Instruction Lists

FR family instruction lists are shown below.

[How to read instruction lists]

Mnemonic Type OP CYC | NzvC Operation Remarks
ADD R;j, A AG 1 CCCC | Ri+Rj ->R;j
*ADD #s5, Rj C A4 1 CCCC | Ri+s5 ->Ri

3) (4) () (6) (7)

566

(2) Instruction name
An asterisk (*) indicates an extended instruction that is not contained in the CPU specifications and is
obtained by extension or addition by the assembler.

(2) Symbols indicating addressing modes that can be specified for the operand.

For the meaning of symbols, see "Addressing Mode Symbols (on the next page)”.
(3) Instruction format

(4) Instruction code in hexadecimal notation
(5) Number of machine cycles

a  Memory access cycle. It may be extended by the Ready function.

b:  Memory accesscycle. It may be extended by the Ready function.
However, the cycle is interlocked if the instruction immediately after refers to a targeted register
for LD operation, and the number of execution cyclesisincreased by 1.

c. Interlocked if the instruction immediately after is an instruction that reads or writes to R15, SSP,
or USP, or an instruction in instruction format A. The number of execution cyclesisincreased by
1 and so it becomes 2.

d:  Interlocked if the instruction immediately after refers to MDH/MDL. The number of execution
cyclesisincreased to 2.
The minimum cycle number is 1 for each case g, b, ¢, and d.

(6) Indicating flag changes

—— Flag change — Flag meaning —
C: Change N: Negative flag
-: No change Z: Zero flag
0: Clear V: Over flag
1: Set C: Carry flag

(7) Instruction operation
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@ Addressing mode symbols

CM71-10143-5E

Ri
Rj
R13
Ps
Rs
Cri
CRj
#8

#i20

#i32

#s5

#s10

#ud

#US

#U8

#ul0

@dir8

@dir9
@dir10
label9

label12

label 20
label32

@RI

@Rj
@(R13,Rj)
@(R14,disp10)
@(R14,disp9)
@(R14,disp8)
@(R15,udisp6)
@Ri+
@R13+
@SP+

@-SP
(reglist)

APPENDIX
APPENDIX D Instruction Lists

: Register direct (RO to R15, AC, FP, SP)

: Register direct (RO to R15, AC, FP, SP)

: Register direct (R13, AC)

. Register direct (Program status register)

: Register direct (TBR, RP, SSP, USP, MDH, MDL)
: Register direct (CRO to CR15)

: Register direct (CRO to CR15)

: Unsigned 8-bit immediate (-128 to 255)

Note: -128 to -1 is handled as 128 to 255.

: Unsigned 20-bit immediate (-0X80000 to OXFFFFF)

Note: -OX7FFFF to -1 is handled as OX 7FFFF to OX FFFFF.

- Unsigned 32-bit immediate (-0X 80000000 to OX FFFFFFFF)

Note: -0X80000000 to -1 is handled as 0X80000000 to OX FFFFFFFF.

: Signed 5-bit immediate (-16 to 15)

: Signed 10-bit immediate (-512 to 508, multiples of 4 only)

: Unsigned 4-bit immediate (0 to 15)

: Unsigned 5-bit immediate (0 to 31)

: Unsigned 8-bit immediate (0 to 255)

: Unsigned 10-bit immediate (0 to 1020, multiples of 4 only)

: Unsigned 8-hit direct address (0 to OXFF)

: Unsigned 9-bit direct address (0 to OX1FE, multiples of 2 only)

: Unsigned 10-bit direct address (0 to 0X3FC, multiples of 4 only)

: Signed 9-bit branch address (-0X100 to OXFC, multiples of 2 only)

: Signed 12-bit branch address (-0X800 to 0X7FC, multiples of 2 only)
: Signed 20-bit branch address (-0X80000 to 0X 7FFFF)

: Signed 32-bit branch address (-0X80000000 to OX 7FFFFFFF)

: Register indirect (RO to R15, AC, FP, SP)

: Register indirect (RO to R15, AC, FP, SP)

: Register relative indirect (Rj: RO to R15, AC, FP, SP)

: Register relative indirect (disp10: -0X200 to OX1FC, multiples of 4 only)
: Register relative indirect (disp9: -0X 100 to OXFE, multiples of 2 only)
: Register relative indirect (disp8: -0X80 to 0X7F)

. Register relative indirect (udisp6: 0 to 60, multiples of 4 only)

: Register indirect with post-increment (RO to R15, AC, FP, SP)

: Register indirect with post-increment (R13, AC)

: Stack pop

: Stack push

: Register list
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APPENDIX D Instruction Lists

MB91313A Series

@ Instruction format

MSB LSB
I — 16bit ————— .
A OP Rj Ri
8 4 4
B OoP i8/08 Ri
4 8 4
C OP u4/m4| Ri
8 4 4
ADD, ADDN, CMP, LSL, LSR, and ASR instructions only
*C' OoP s5/u5 Ri
7 5 4
D op u8/rfel8/d|r/
reglist
8 8
E OP SUB-OP| R
8 4 4
F OP relll
5 11
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MB91313A Series

Appendix Table D-1 Addition and Subtraction

APPENDIX
APPENDIX D Instruction Lists

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
ADD Rj,Ri A A6 1 CCCC | Ri+Rj->Ri The assembler treats the
*ADD #s5, Ri c A4 1 CCCC | Ri+s5->Ri highest-order 1 bit asthe

sign.
ADD #u4, Ri C A4 1 CCCC | Rit+extu(i4)->Ri Zero extension
ADD2 #u4, Ri C A5 1 CCCC | Ritextu(i4)->Ri Minus extension
ADDN Rj, Ri A A7 1 CCCC |Ri+Rj+c->Ri Addition with carry
ADDN Rj, Ri A A2 1 Ri+Rj->Ri The assembler treats the
*ADDN #s5, Ri (04 A0 1 Ri+s5->Ri highest-order 1 bit as the
sign.
ADDN #u4, Ri C A0 1 Ri+extu(i4)->Ri Zero extension
ADDNZ2 #u4, Ri C Al 1 Ri+extu(i4)->Ri Minus extension
SUB Rj, Ri A AC 1 CCCC |Ri-Rj->Ri
SUBC Rj, Ri A AD 1 CCCC | Ri-Rj-c->Ri Subtraction with carry
SUBN R, Ri A AE 1 --- | Ri-Rj->Ri
Appendix Table D-2 Comparison Operation

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
CMP R}, Ri A AA 1 CCCC |Ri-Rj The assembler treats the
*CMP #s5, Ri C A8 1 CCCC |Ri-s5 highest-order 1 bit as the sign.
CMP #u4, Ri C A8 1 CCCC | Ri-extu(i4) Zero extension
CMP2 #u4, Ri C A9 1 CCCC | Ri-extu(i4) Minus extension

CM71-10143-5E
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APPENDIX

APPENDIX D Instruction Lists

Appendix Table D-3 Logic Operation

MB91313A Series

Mnemonic Type | OP | CYCLE | NzVC Operation RMW Remarks
AND Rj, Ri A 82 1 CC-- Ri & =Rj - Word
AND Rj, @Ri A 84 1+2a CC-- |(R)& =Rj O | Word
ANDH Rj, @RI A 85 1+2a CC-- |(R)& =Rj O | Hafword
ANDB Rj, @Ri A 86 1+2a CC-- |(R)& =Rj O |Byte
OR R, Ri A 92 1 CC-- |[Ri| =Rj - |[word
OR Rj, @Ri A 94 1+2a CC- |(R)| =R O |Word
ORH Rj, @RI A 95 1+2a CC- |(R)| =R O | Hafword
ORB Rj, @Ri A 96 1+2a CC- |(R)| =R O | Byte
EOR Rj, Ri A 9A 1 CC- |Ri~ =R - Word
EOR Rj, @RI A oC 1+2a CC-- |(R)"N =R O | Word
EORH Rj, @Ri A 9D 1+2a CC-- |(R)"N =R O | Hafword
EORB Rj, @RI A 9E 1+2a CC-- |(R)"N =R O | Byte
Appendix Table D-4 Bit Manipulation Instruction
Mnemonic Type | OP | CYCLE | NzVC Operation RMW Remarks
BANDL #u4, @RI C | 8 1+2a (Ri)&=(0xFO+u4) O | Low-order 4 bits are manipulated.
BANDH #u4, @RI C |8 1+2a (Ri)&=((ud<<4)+0xO0F) O | High-order 4 bits are manipulated.
*BAND #u8, @Ri (Ri)&=u8 -
*1
BORL #u4, @RI C | 90 1+2a (Ri)|=u4 O | Low-order 4 bits are manipul ated.
BORH #u4, @Ri C |91 1+2a (Ri) | = (ud<<4) O | High-order 4 bits are manipulated.
*BOR #u8, @RI (Ri)|=u8 -
*2
BEORL #u4, @Ri C | 98 1+2a (RN =ud O | Low-order 4 bits are manipulated.
BEORH #u4, @Ri C |99 1+2a (Ri) ™ = (ud<<q) O | High-order 4 bits are manipul ated.
*BEOR #U8, @RI —- | (Ri)" =u8 -
*3
BTSTL #u4, @Ri C | 88 2+a 0C-- | (R)& u4 - Low-order 4 bits are tested.
BTSTH #u4, @RI C | 89 2+a CC-- | (Ri) & (ud<<4) - High-order 4 bits are tested.
*1: The assembler generates BANDL if the bit is set at u8&0xOF, and BANDH if the bit is set at u8&0xF0. In some

cases, both BANDL and BANDH may be generated.

*2:

both BORL and BORH are generated.

*3:

both BEORL and BEORH are generated.
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The assembler generates BORL if the bit is set at u8& OxOF, and BORH if the bit is set at u8& 0xFO. In some cases,

The assembler generates BEORL if the bit is set at u8& 0xOF, and BEORH if the bit is set at u8& OxF0. In some cases,
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MB91313A Series

Appendix Table D-5 Multiplication and Division

APPENDIX
APPENDIX D Instruction Lists

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
MUL Rj,Ri A AF 5 CCC- |Ri* Rj->MDH, MDL 32bit* 32bit=64bit
MULU Rj,Ri A AB 5 CCC- |Ri* Rj->MDH,MDL |Nosign
MULH Rj,Ri A BF 3 CC-- Ri * Rj -> MDL 16bit* 16hit=32bit
MULUH Rj,Ri A BB 3 CC-- |Ri* Rj->MDL No sign
DIVOSRi E 97-4 1 Step operation
DIVOU Ri E 97-5 1 32hit/32bit=32hit
DIV1 Ri E 97-6 d -C-C
DIV2 Ri E 97-7 1 -C-C
DIV3 E 9F-6 1
DIv4s E 9F-7 1
*DIV Ri " 36 -C-C | MDL/Ri->MDL ,MDL %Ri -> MDH
N :
DIVURI " -C-C | MDL /Ri->MDL, MDL|% Ri -> MDH
|
Appendix Table D-6 Shift
Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
LSL R, Ri A B6 1 CC-C |Ri<<Rj->Ri Logical shift
*LSL #u5, Ri(u5:0 to 31) C B4 1 CC-C |Ri<<u5->Ri
LSL #u4, Ri C B4 1 CC-C |Ri<<u4->Ri
LSL2 #u4, Ri C B5 1 CC-C |Ri <<(u4+16) ->Ri
LSR R}, Ri A B2 1 CC-C |Ri>Rj->Ri Logical shift
*LSR #ub, Ri(u5:0to 31) C BO 1 CC-C |Ri>>u5->Ri
LSR #u4, Ri C BO 1 CC-C |Ri>>u4->Ri
LSR2 #u4, Ri C B1 1 CC-C |Ri >>(u4+16) ->Ri
ASR Rj, Ri A BA 1 CC-C |Ri>Rj->Ri Arithmetic shift
* ASR #Ub, Ri (u5:0 to 31) C B8 1 CC-C |Ri>>u5->Ri
ASR #u4, Ri C B8 1 CC-C |Ri>>u4->Ri
ASR2 #u4, Ri C B9 1 CC-C |Ri >>(u4+16) ->Ri

Appendix Table D-7 Immediate Value Set/16-Bit/32-Bit Inmediate Value Transfer Instruction

*LDI #{i8]i20[i32} ,Ri
*3

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
LDI:32 #i32, Ri E 9F-8 3 i32->Ri High-order 12 bits are zero-extended.
LDI:20 #i20, Ri C 9B 2 i20 -> Ri High-order 24 bits are zero-extended.
LDI:8 #8, Ri B Co 1 i8->Ri

{i8i20]i32} -> Ri

*1:
*2:
*3:

DIVOS, DIV1x 32, DIV2, DIV3, and DIV4S are generated. The instruction code length becomes 72 bytes.
DIVOU and DIV1 x 32 are generated. The instruction code length becomes 66 bytes.
If the immediate value is an absolute value, i8, 120, or 132 is selected automatically by the assembler.

If immediate value contains arelative value or an external reference symbol, 132 is selected.
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APPENDIX D Instruction Lists

Appendix Table D-8 Memory Load

MB91313A Series

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
LD @Rj,Ri A 04 b (R)->Ri Rs: Special register
LD @(R13,R)), Ri A 00 b - | (R13+Rj)->Ri *1
LD @(R14,displ0),Ri B 2 b - | (R14+disp10)->Ri
LD @(R15,udisp6),Ri C 03 b (R15+udisp6)->Ri
LD @R15+ Ri E 07-0 b ---- | (R15)->Ri,R15+=4
LD @R15+ Rs E 07-8 b - | (R15)->Rs,R15+=4
LD @R15+, PS E 07-9 | 1l+atb CCCC | (R15)->PS, R15+=4
LDUH @Rj, Ri A 05 b (R)->Ri Zero extension
LDUH @(R13,Rj), Ri A 01 b (R13+Rj)->Ri Zero extension
LDUH @(R14,disp9), Ri B 4 b (R14+digp9)->Ri Zero extension
LDUB @Rj, Ri A 06 b (Rj)->Ri Zero extension
LDUB @(R13,R)), Ri A 02 b (R13+Rj)->Ri Zero extension
LDUB @(R14,disp8), Ri B 6 b (R14+disp8)->Ri Zero extension

*1:In the 08 and o4 fields of the hardware specifications, the assembler calculates values and sets them as shown below:
disp10/4->08, disp9/2->08, digp8->08, displ0, disp9, and disp8 have a sign, udisp6/4->04 udisp6 has no sign.

Appendix Table D-9 Memory Store

Mnemonic Type | OP | CYCLE | NzVC Operation Remarks
ST Ri,@R] A 14 a — | Ri->(R)) Word
ST Ri,@(R13,R)) A 10 a Ri->(R13+Rj) Word
ST Ri,@(R14,displ10) B 3 a Ri->(R14+disp10) | Word
ST Ri,@(R15,udisp6) C 13 a Ri->(R15+udisp6)
ST Ri,@-R15 E | 17-0 a - | R15-=4,Ri->(R15)
ST Rs,@-R15 E 17-8 a R15-=4, Rs->(R15) | Rs Specid register
ST PS,@-R15 E | 17-9 a - | R15-=4, PS>(R15) "1
STH Ri,@R] A 15 a — | Ri-=>(R)) Halfword
STH Ri,@(R13,Rj) A 11 a - | Ri->(R13+Rj) Halfword
STH Ri,@(R14,disp9) B 5 a Ri->(R14+disp9) Halfword
STB Ri,@R| A 16 a — | Ri-=>(R)) Byte
STB Ri,@(R13,Rj) A 12 a —— | Ri->(R13+R)) Byte
STB Ri,@(R14,disp8) B 7 a - | Ri->(R14+disp8) | Byte

*1:In the 08 and o4 fields of the hardware specifications, the assembler calculates values and sets them as shown below:
disp10/4->08, disp9/2->08, disp8->08, displ0, disp9, and disp8 have a sign, udisp6/4->04 udispb has no sign.

Appendix Table D-10 Register-to-Register Transfer

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
MOV Rj, Ri A 8B 1 Rj -> Ri Transfer between general-
MOV Rs, Ri A B7 1 Rs->Ri purpose registers
MOV Ri, Rs E B3 1 Ri -> Rs Rs: Specia register
MOV PS, Ri E 17-1 1 PS-> Ri Rs: Special register
MOV Ri, PS E | 071 c CcCC |Ri->PS "1

*1: Specid register Rs: TBR, RP, USP, SSP, MDH, and MDL
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MB91313A Series

Appendix Table D-11 Normal Branch (No Delay)

APPENDIX

APPENDIX D Instruction Lists

Mnemonic Type | OP | CYCLE | NzVC Operation Remarks
JMP @Ri E 97-0 2 — |Ri->PC
CALL label12 E DO 2 = |PC+2->RP, PC+2+(label12-PC-2)->PC
CALL @Ri F 97-1 2 - | PC+2->RP ,Ri->PC
RET E 97-2 2 -— |RP>PC | Return
INT #u8 D 1F 3+3a - | SSP-=4, PS->(SSP), SSP-=4, PC+2->(SSP),
0->I Flag, 0->S Flag,
(TBR+0x3FC-u8 x 4)->PC
INTE E OF-3 | 3+3a - | SSP-=4, PS->(SSP), SSP-=4, PC+2->(SSP),
0->S Flag,(TBR+0x3D8)->PC
| For emulator
RETI E 97-3 | 2+2A CCCC | (R15)->PC,R15-=4,(R15)->PS,R15-=4
BRA label9 D EO 2 —--- | PC+2+(label9-PC-2)->PC
BNO label9 D E1l 1 No branch
BEQ label9 D E2 2/1 - |if(Z==1) then
PC+2+(label9-PC-2)->PC
BNE label9 D E3 2/1 Toz==
BC label9 D E4 2/1 T gC==1
BNC label9 D E5 2/1 —  |[TgC=
BN label9 D E6 2/1 — | TgN==1
BP label9 D E7 2/1 — | TgN==
BV label9 D ES 2/1 — | Tev==1
BNV label9 D E9 2/1 — | TgVv==
BLT label9 D EA 2/1 - | TV xorN==1
BGE label9 D EB 2/1 —- | TV xorN==
BLE label9 D EC 2/1 - | Ts/(V xor N) or Z==1
BGT label9 D ED 2/1 - | TSV xor N) or Z==
BLS label9 D EE 2/1 — |T9Corz==1
BHI label9 D EF 2/1 - |TdCorz==
Notes:

e "2/1" under CYCLE indicates"2" cycles when branching occursand "1" cycle when branching does not occur.

« Intherelll and rel8 fields of the hardware specifications, the assembler calculates values and sets them as shown below:
(label 12-PC-2)/2->rel 11, (Iabel9-PC-2)/2->rel 8, 1abel 12 and label 9 have asign.

» To execute the RETI instruction, the S flag must be set to "0".
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Appendix Table D-12 Delayed Branch

MB91313A Series

Mnemonic Type | OP | CYCLE | NzVC Operation Remarks

JMPD @Ri E 9F-0 1 — |Ri>PC

CALL:D label12 F D8 1 = |PC+4->RP, PC+2+(label 12-PC-2)->PC
CALL:D @RI E OF-1 1 - | PC+4->RP ,Ri->PC

RET:D E oF-2 1 - |RP->PC | Return
BRA:D label9 D FO 1 ---- | PC+2+(label9-PC-2)->PC
BNO:D label9 D F1 1 --—- | No branch

BEQ:D label9 D F2 1 ---- | if(Z==1) then

PC+2+(label9-PC-2)->PC

BNE:D label9 D F3 1 — | T9z==

BC:D label9 D F4 1 - | T9gC==1

BNC:D label9 D F5 1 — | TgC=

BN:D label9 D F6 1 — | TgN==1

BP:D label9 D F7 1 — | TgN==

BV:D label9 D F8 1 — | Tev==1

BNV:D label9 D F9 1 — | TeVv==

BLT:D label9 D FA 1 - | T 9V xor N==1

BGE:D label9 D FB 1 - | T 9V xor N==0

BLE:D label9 D FC 1 - | Ts/(V xor N) or Z==1

BGT:D label9 D FD 1 - | T S(V xor N) or Z==

BLS:D label9 D FE 1 - |TgCorz==1

BHI:D label9 D FF 1 - | TgCorz==0
Notes:

e Intherel1l and rel8 fields of the hardware specifications, the assembler calculates values and sets them as shown below:
(label12-PC-2)/2->rel 11, (label9-PC-2)/2->rel8, label 12 and label9 have asign.

» A delayed branch always occurs after the next instruction (delay slot) is executed.
 Ingtructions that can be placed in the delay slot are al 1-cycle, a, b-, ¢-, and d-cycle instructions.

Multi-cycle instructions cannot be placed in the delay slot.
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MB91313A Series

Appendix Table D-13 Other Instructions

APPENDIX
APPENDIX D Instruction Lists

Mnemonic Type | OP | CYCLE | NzVvC Operation RMW Remarks
NOP E 9F-A 1 No change -
ANDCCR #u8 D 83 c cccc | CCRand u8 ->CCR -
ORCCR #u8 D 93 c ccce | CCRor u8 ->CCR -
STILM #u8 D 87 1 i8->ILM - ILM Immediate set
ADDSP #s10 *| D A3 1 R15 +=s10 - ADD SPinstruction
EXTSB Ri E 97-8 1 Sign extension 8->32hbit -
EXTUB Ri E 97-9 1 Zero extension 8->32bit -
EXTSH Ri E 97-A 1 Sign extension 16->32hit -
EXTUH Ri E 97-B 1 Zero extension 16->32bit -
LDMO (reglist) D 8C e (R15)->reglist, - Load multi RO-R7
R15 increment
LDM1 (reglist) D 8D (R15)->reglist, - Load multi R8-R15
R15 increment
*LDM (reglist) (R15)->reglist, - Load multi RO-R15
"2 R15 increment
STMO (reglist) D 8E R15 decrement - Store multi RO-R7
reglist->(R15)
STM1 (reglist) D 8F R15 decrement - Store multi R8-R15
reglist->(R15)
*STM (reglist) R15 decrement - Store multi RO-R15
"3 reglist->(R15)
ENTER #ul0 D OF 1+a R14 -> (R15 - 4), - Entry processing of a
R15- 4 -> R14, function
4 R15 - u10 -> R15
LEAVE E 9F-9 b R14 + 4 -> R15, - Exit processing of a
(R15-4) ->R14 function
XCHB @Rj, Ri A 8A 2a Ri -> TEMP O | For semaphore
(R)) ->Ri management
TEMP-> (R)) Byte data

*1: For s10, the assembler calculates s10/4 and then changes to s8 to set avalue. s10 hasasign.
*2: If any of RO to R7 is specified in reglist, LDMO is generated, and if any of R8 to R15 is specified, LDM1 is generated.

In some cases, both LDMO and LDM1 are generated.

*3: If any of RO to R7 is specified in reglist, STMO is generated, and if any of R8 to R15 is specified, STM1 is generated. In
some cases, both STMO and STM1 are generated.

*4: For ul0, the assembler calculates u10/4 and then changes to u8 to set avalue. ul0 has no sign.

Notes:

e The number of execution cycles of LDMO(reglist) and LDM1(reglist) can be calculated as a x (n-1)+b+1 cycles if the

number of specified registersisn.

» The number of execution cycles of STMO(reglist) and STM 1(reglist) can be calculated as a x n+1 cycles if the number of
specified registersisn.
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APPENDIX D Instruction Lists M891313A Serles

Appendix Table D-14 20-Bit Normal Branch Macro Instruction

Mnemonic Operation Remarks
*CALL20 label20,Ri Address of the next instruction ->RP, | Ri: Temporary register (See Reference 1)
label 20->PC
*BRAZ20 label20,Ri label20->PC Ri: Temporary register (See Reference 2)
*BEQ20 label20,Ri if(Z==1) then label20->PC Ri: Temporary register (See Reference 3)
*BNE20 label20,Ri T ¢7==0 T
*BC20 label20,Ri TgC==1 T
*BNC20 label20,Ri T gC==0 T
*BN20 |abel20,Ri T gN==1 T
*BP20 label20,Ri T gN==0 T
*BV20 label20,Ri Tav==1 T
*BNV20 |abel20,Ri T sV==0 T
*BLT20 label20,Ri T s/V xor N==1 T
*BGE20 |abel20,Ri T s/V xor N==0 T
*BLE20 |abel20,Ri T /(V xor N) or Z==1 T
*BGT20 label20,Ri T s/(V xor N) or Z==0 T
*BLS20 label20,Ri TsCorz==1 T
*BHI20 label20,Ri T g/CorZ==0 T

[Reference 1] CALL20
(2) If label20-PC-2 is between -0x800 and +0x7fe, the following instruction will be generated:
CALL label12

(2) If label20-PC-2 is outside the range of (1) or contains an external reference symbol, the following instruction will be
generated:

LDI:20 #label20,Ri
CALL Q@RI

[Reference 2] BRA20

(2) If label20-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
BRA label9

(2) If 1abel20-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

LDI:20 #abel20,Ri
JMP @RI

[Reference 3] Bcc20

(2) If label20-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
Bec label9

(2) If label20-PC-2 is outside the range of (1) or contains an external reference symbol, the following instruction will be
generated:

Bxcc fase Xcc is the opposite condition of cc.
LDI:20 #label 20,Ri

JMP @Ri

false:
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Appendix Table D-15 20-Bit Delayed Branch Macro Instruction

Mnemonic Operation Remarks
*CALL20:D label20,Ri Address of the next instruction +2->RP, RRi: Temporary register (See Reference 1)
label 20->PC

*BRAZ20:D label20,Ri label20->PC Ri: Temporary register (See Reference 2)
*BEQ20:D label20,Ri if(Z==1) then label20->PC Ri: Temporary register (See Reference 3)
*BNE20:D label20,Ri T 97==0 T

*BC20:D label20,Ri TgC==1 T

*BNC20:D label20,Ri TgC== T

*BN20:D label20,Ri T gN==1 T

*BP20:D label20,Ri T gN==0 T

*BV20:D label20,Ri Tov==1 T

*BNV20:D label20,Ri T sV==0 T

*BLT20:D label20,Ri T sV xor N==1 T

*BGE20:D label20,Ri T s/V xor N==0 T

*BLE20:D label20,Ri T /(V xor N) or Z==1 T

*BGT20:D label20,Ri T s/(V xor N) or Z==0 T

*BLS20:D label20,Ri TdCorz==1 T

*BHI20:D label20,Ri TsCorz== T

[Reference 1] CALL20:D
(2) If label20-PC-2 is between -0x800 and +0x7fe, the following instruction will be generated:
CALL:D label12

(2) If label20-PC-2 is outside the range of (1) or contains an external reference symbol, the following instruction will be
generated:

LDI:20 #label20,Ri
CALL:D @Ri

[Reference 2] BRA20:D

(2) If label20-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
BRA:D label9

(2) If 1abel20-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

LDI:20 #label20,Ri
JMP:D @Ri

[Reference 3] Bcc20:D

(2) If label20-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
Bee:D label9

(2) If label20-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

Bxcc fase Xcc is the opposite condition of cc.
LDI:20 #label 20,Ri

JMP:D @RI

false:
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Appendix Table D-16 32-Bit Normal Branch Macro Instruction

Mnemonic Operation Remarks
*CALL32 labe32,Ri Address of the next instruction ->RP, Ri: Temporary register (See Reference 1)
label 32->PC
*BRA32 label32,Ri label 32->PC Ri: Temporary register (See Reference 2)
*BEQ32 label32,Ri if(Z==1) then label32->PC Ri: Temporary register (See Reference 3)
*BNE32 label32,Ri T 97==0 T
*BC32 label32,Ri TgC==1 T
*BNC32 label32,Ri TgC== T
*BN32 label32,Ri T gN==1 T
*BP32 label32,Ri T gN==0 T
*BV32 label32,Ri Tsv==1 T
*BNV32 label32,Ri T sV==0 T
*BLT32 label32,Ri T s/V xor N==1 T
*BGE32 |abel32,Ri T s/V xor N==0 T
*BLE32 label32,Ri T s/(V xor N) or Z==1 T
*BGT32 label32,Ri T s/(V xor N) or Z==0 T
*BLS32 label32,Ri TsCorz==1 T
*BHI32 label32,Ri T §/Cor z==0 T

[Reference 1] CALL32
(2) If label 32-PC-2 is between -0x800 and +0x7fe, the following instruction will be generated:
CALL label12

(2) If label32-PC-2 is outside the range of (1) or contains an external reference symbol, the following instruction will be
generated:

LDI:32 #label32,Ri
CALL Q@RI

[Reference 2] BRA32

(2) If label32-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
BRA label9

(2) If 1abel32-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

LDI:32 #label 32,Ri
JMP @RI

[Reference 3] Bcc32

(2) If label 32-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
Bec label9

(2) If label32-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

Bxcc fase Xcc is the opposite condition of cc.
LDI:32 #label32,Ri

JMP @Ri

false:
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Appendix Table D-17 32-Bit Delayed Branch Macro Instruction

Mnemonic Operation Remarks
*CALL32D label32,Ri Address of the next instruction +2->RP, Ri: Temporary register (See Reference 1)
label 32->PC
*BRA32:D label32,Ri |abel 32->PC Ri: Temporary register (See Reference 2)
*BEQ32:D label32,Ri if(Z==1) then |abel32->PC Ri: Temporary register (See Reference 3)
*BNE32:D label32,Ri T §Z2==0 T
*BC32:D label32,Ri TgC==1 T
*BNC32:D |abel32,Ri T g/C==0 T
*BN32:D label32,Ri T sN==1 T
*BP32:D label32,Ri T IIN==0 T
*BV32:D label32,Ri TsVv==1 T
*BNV32:D label32,Ri T sV==0 T
*BLT32:D label32,Ri T sV xor N==1 T
*BGE32:D label32,Ri T s/V xor N==0 T
*BLE32:D label32,Ri T /(V xor N) or Z==1 T
*BGT32:D label32,Ri T /(V xor N) or Z==0 T
*BLS32:D label32,Ri Ts/Corz==1 T
*BHI32:D label32,Ri T s/Corz==0 T

[Reference 1] CALL32:D
(2) If label32-PC-2 is between -0x800 and +0x7fe, the following instruction will be generated:
CALL:D label12

(2) If label32-PC-2 is outside the range of (1) or contains an external reference symbol, the following instruction will be
generated:

LDI:32 #label32,Ri
CALL:D @Ri

[Reference 2] BRA32:D

(2) If label32-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
BRA:D label9

(2) If 1abel32-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

LDI:32 #label 32,Ri
JMP:D @Ri

[Reference 3] Bcc32:D

(2) If label 32-PC-2 is between -0x100 and +0xfe, the following instruction will be generated:
Bee:D label9

(2) If label32-PC-2 is outside the range of (1) or contains an externa reference symbol, the following instruction will be
generated:

Bxcc fase Xcc is the opposite condition of cc.
LDI:32 #label32,Ri

JMP:D @RI

false:
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Appendix Table D-18 Direct Addressing

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
DMOV @dir10, R13 D 08 b - | (dir10)-> R13 Word
DMOV R13, @dir10 D 18 a R13 ->(dir10) Word
DMOV @dirl0, @R13+ D oC 2a (dir10)->(R13),R13+=4 Word
DMOV @R13+, @dir10 D 1C 2a (R13)->(dir10),R13+=4 Word
DMOV @dirl0, @-R15 D 0B 2a R15-=4,(R15)->(dir10) Word
DMOV @R15+, @dirl0 D 1B 2a - | (R15)->(dir10),R15+=4 | Word
DMOVH @dir9, R13 D 09 b (dir9)-> R13 Halfword
DMOVH R13, @dir9 D 19 a R13 ->(dir9) Halfword
DMOVH @dir9, @R13+ D 0D 2a (dir9)->(R13),R13+=2 Halfword
DMOVH @R13+, @dir9 D 1D 2a (R13)->(dir9),R13+=2 Halfword
DMOVB @dir8, R13 D 0A b (dir8)-> R13 Byte
DMOVB R13, @dir8 D 1A a R13 ->(dir8) Byte
DMOVB @dir8, @R13+ D OE 2a (dir8)->(R13),R13++ Byte
DMOVB @R13+, @dir8 D 1E 2a (R13)->(dir8),R13++ Byte

Note: Inthedir8, dir9, and dirl10 fields, the assembler calculates values and sets them as shown below:
dir8->dir, dir9/2->dir, dir10/4->dir dir8, dir9, and dir10 have no sign.

Appendix Table D-19 Resource Instruction

Mnemonic Type | OP | CYCLE | NzVvC Operation Remarks
LDRES @Ri+, #u4 C BC a Resource of u4 u4: Channel No.
Ri+=4
STRES #u4, @Ri+ C BD a Resource of u4->(Ri) u4: Channel No.
Ri+=4

Note: These instructions cannot be used in this MB91313A series since resource having channel number is not installed.

Appendix Table D-20 Coprocessor Control Instruction
{CRIICRj} :=CRO|CR1|CR2 | CR3|CR4|CR5|CR6|CR7|CR8| CR9 | CR10 | CR11 |CR12 | CR13|CR14| | CR15
u4; ;= Specify channel
u8: := Specify command

Mnemonic Type | OP | CYCLE| NzVvC Operation Remarks
COPOP #ud4, #u8, CRj, Cri E 9F-C 2+a Operation instruction
COPLD #u4, #u8, Rj, Cri E 9F-D 1+2a Rj -> CRi No error sto
COPST #u4, #u8, CRj, Ri E | OFE| 1+2a — |CRj>Ri P
COPSV #u4, #u8, CRj, Ri E 9F-F 1+2a - |CRj->Ri

Note: These instructions cannot be used in this MB91313A series since coprocessor is not installed.
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