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PREFACE

B The Purpose and Intended Readership of This Manual
Thank you very much for your continued special support for Fujitsu semiconductor products.
The MB95130/MB series is a line of products developed as general-purpose products in the FMC-8FX
family of proprietary 8-bit single-chip microcontrollers applicable as application-specific integrated
circuits (ASICs). The MB95130/MB series can be used for a wide range of applications from consumer
products including portable devices to industrial equipment.

Intended for engineers who actually develop products using the MB95130/MB series of microcontrollers,
this manual describesits functions, features, and operations. Y ou should read through the manual .
For details on individual instructions, refer to the "F2MC-8FX Programming Manual”.

Note: FMC is the abbreviation of FUJITSU Flexible Microcontroller.

B Trademark

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

B Sample Programs

Fujitsu provides sample programs free of charge to operate the peripheral resources of the F2MC-8FX
family of microcontrollers. Feel free to use such sample programs to check the operational specifications
and usages of Fujitsu microcontrollers.

Microcontroller support information:
http://www.fujitsu.com/global/services/microel ectroni cs/product/micom/support/

Note that sample programs are subject to change without notice. As these pieces of software are offered
to show standard operations and usages, evaluate them sufficiently before use with your system. Fujitsu
assumes no liability for any damages whatsoever arising out of the use of sample programs.



« The contents of this document are subject to change without notice.
Customers are advised to consult with sales representatives before ordering.

e The information, such as descriptions of function and application circuit examples, in this document are presented solely
for the purpose of reference to show examples of operations and uses of FUJTSU MICROELECTRONICS device;
FUJTSU MICROELECTRONICS does not warrant proper operation of the device with respect to use based on such
information. When you develop equipment incorporating the device based on such information, you must assume any
responsibility arising out of such use of the information. FUJITSU MICROELECTRONICS assumes no liability for any
damages whatsoever arising out of the use of the information.

e Any information in this document, including descriptions of function and schematic diagrams, shall not be construed as
license of the use or exercise of any intellectual property right, such as patent right or copyright, or any other right of
FUJITSU MICROELECTRONICS or any third party or does FUJITSU MICROEL ECTRONICS warrant non-infringement
of any third-party's intellectual property right or other right by using such information. FUJTSU MICROELECTRONICS
assumes no liability for any infringement of the intellectual property rights or other rights of third parties which would
result from the use of information contained herein.

e The products described in this document are designed, developed and manufactured as contemplated for general use,
including without limitation, ordinary industria use, genera office use, persona use, and household use, but are not
designed, developed and manufactured as contemplated (1) for use accompanying fatal risks or dangers that, unless
extremely high safety is secured, could have a serious effect to the public, and could lead directly to death, personal injury,
severe physical damage or other loss (i.e., nuclear reaction control in nuclear facility, aircraft flight control, air traffic
control, mass transport control, medical life support system, missile launch control in weapon system), or (2) for use
requiring extremely high reliability (i.e., submersible repeater and artificial satellite).

Please note that FUJITSU MICROELECTRONICS will not be liable against you and/or any third party for any claims or
damages arising in connection with above-mentioned uses of the products.

« Any semiconductor devices have an inherent chance of failure. Y ou must protect against injury, damage or loss from such
failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and
prevention of over-current levels and other abnormal operating conditions.

» Exportation/release of any products described in this document may require necessary procedures in accordance with the
regulations of the Foreign Exchange and Foreign Trade Control Law of Japan and/or US export control laws.

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

Copyright ©2007-2008 FUJITSU MICROELECTRONICS LIMITED All rights reserved.
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CHAPTER 1

DESCRIPTION

This chapter explains a feature and a basic specification
of the MB95130/MB series.

1.1 Feature of MB95130/MB Series

1.2 Product Lineup of MB95130/MB Series

1.3 Difference Points among Products and Notes on Selecting a Product
1.4 Block Diagram of MB95130/MB Series

1.5 Pin Assignment

1.6 Package Dimension

1.7 Pin Description

1.8 I/O Circuit Type



CHAPTER 1 DESCRIPTION

1.1 Feature of MB95130/MB Series

In addition to a compact instruction set, the MB95130/MB series is a general-purpose
single-chip microcontroller built-in abundant peripheral functions.

B Feature of MB95130/MB Series

@® F2MC-8FX CPU core

Instruction system optimized for controllers
* Multiplication and division instructions
« 16-bit operation

« Bit test branch instruction

« Bit operation instructions, etc.

e Mainclock

e Main PLL clock

« Sub clock (Only for dual clock product)

e SubPLL clock (Only for dual clock product)

@ Timer

¢ 1chx 8/16-bit compound timer
Can be used as the interval timer, PWM timer, PWC timer or the input capture

» 1chx 8/16-hit PPG
e Ichx 16-hit PPG
e 1chxtime-basetimer
e 1chx watch prescaler (Only for dual clock product)
@ 1ch x LIN-UART
» LIN function and an asynchronous clock or a synchronous clock serial datatransfer can be used
» With full-duplex double buffer
@ ich x UART/SIO
« Anasynchronous clock or a synchronous clock serial datatransfer can be used
e With full-duplex double buffer
@ External interrupt
« Interrupt by the edge detection (Select from rising edge, falling edge, or both edges)
« Can be used to recover from low-power consumption (standby) mode

@ 3/10-hit A/D converter

8-bit or 10-hit resolutions can be selected



@ Low-power consumption (standby) mode

« Stop mode

e Sleep mode

«  Watch mode (Only for dual clock product)
e Time-basetimer

@ 1/0 port: Max 20
General-purpose I/0 ports (CMOS)  : 20

@ Programmable input voltage levels of port

Automotive input level / CMOS input level / hysteresis input level

@ Flash memory security function

Protects the content of Flash memory (Flash memory device only)

CHAPTER 1 DESCRIPTION
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1.2 Product Lineup of MB95130/MB Series

MB95130/MB series is available in three types. Table 1.2-1 lists the product lineup and
Table 1.2-2 lists the CPUs and peripheral functions.

B Product Lineup of MB95130/MB Series

Table 1.2-1 Product Lineup of MB95130/MB Series

Option

Classification Product ROM/RAM Voltage Re:[sett
Clock system LVD | CSV outpu
Single clock
MBO95FV100D-101 | 60KB/3.75KB 3V None | None None
Dual-clock
None | None
) Yes
N Single clock Yes None
Evaluation products™*
Yes Yes None
MB95FV100D-103 | 60KB/3.75KB 5V
None | None
Yes
Dual-clock Yes None
Yes Yes None
MB95F133MBS None | None v
es
MB95F133NBS Single clock Yes | None
MB95F133JBS Yes Yes None
8KB/256B 5v
MB95F133MBW None | None v
es
MB95F133NBW Dual-clock Yes None
MB95F133JBW Yes Yes None
MB95F134MBS None | None v
es
MB95F134NBS Single clock Yes | None
MB95F134JBS Yes Yes None
Flash memory 16KB/5128B 5V
products  |MB95F134MBW None | None v
es
MB95F134NBW Dual-clock Yes None
MB95F134JBW Yes Yes None
SV products MB95F136MBS None | None y
es
MB95F136NBS Single clock Yes | None
MB95F136JBS Yes Yes None
32KB/1KB 5V
MB95F136MBW None | None v
es
MB95F136NBW Dual-clock Yes None
MB95F136JBW Yes Yes None
None | None
_ Yes
Single clock Yes | None
Mask ROM Yes Yes None
x> |MB95136MB 32KB/1KB 5V
products None | None v
es
Dual-clock Yes None
Yes Yes None
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LVD: Low-voltage detection reset

CSV: Clock Supervisor

*1: For evauation products, use the switch on MCU board to enable/disable LVD, CSV, and the 1/2 system (LVD cannot
be disabled while CSV is enabled).
*2:. For the mask ROM products, enable/disable LVD, CSV, and the 1/2 system when ordering the mask ROM (LVD

cannot be disabled while CSV is enabled).
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Table 1.2-2 CPU and Peripheral Function of MB95130/MB Series

Peripheral
function

Item Specification

Number of basic instructions: 136 instructions
Instruction bit length: 8 bits

. Instruction length: 1 to 3 bytes

CPU function Data it length: 1, 8, and 16 bits

Minimum instruction execution time: 61.5 ns (at machine clock 16.25 MHz)
Interrupt processing time: 0.6 s (at machine clock 16.25 MHz)

Port Genera-purpose |/O ports (CMOS): 20 (Max)

Time-base timer

Interrupt cycle: 0.5 ms, 2.1 ms, 8.2 ms, 32.8 ms (at external 4 MHz)

Watchdog timer

Reset generation cycle
Main clock at 10 MHz : 105 ms (Min)
Sub clock at 32.768 kHz (Only for dual clock product) : 250 ms (Min)

Wild registers

ROM data for three bytes can be replaced

UART/SIO

Datatransfer is enabled at UART/SIO

Built-in full-duplex double buffer, Changeable data length (5/6/7/8-bit), Built-in baud rate
generator

NRZ method transfer format, Error detected function

L SB-first or MSB-first can be selected

Serial datatransfer is available for clock synchronous (SIO) and clock asynchronous
(UART)

LIN-UART

A wide-range communication speed can be set with the dedicated reload timer
Full-duplex double buffer

Serial datatransfer is available for clock synchronous and clock asynchronous
LIN function can be used asa LIN master and LIN slave

8/10-bit A/D converter

8ch. 8-bit or 10-bit resolution can be selected

8/16-bit composite timer

Can be configured as a 2ch x 8-bit timer or 1ch x 16-bit timer

Built-in timer function, PWC function, PWM function and capture function
Count clock: available from internal clocks (7 types) or external clocks
With square wave output

PWM mode or one-shot mode can be selected

16-bit PPG Counter operation clock: Available from eight selectable clock sources
Support for external trigger activation
8/16-bit PPG Can be configured as a 2ch x 8-bit PPG or 1ch x 16-bit PPG

Counter operation clock: Available from eight selectable clock sources

Watch counter

Count clock: Available from four selectable clock sources (125 ms, 250 ms, 500 ms, or 1 5)
Counter value can be set within the range of 0 to 63 (When one second is selected as for the
clock source and the counter valueis set to 60, it is possible to count for one minute.)

Note: At selecting the dual clock product

Watch prescaler

Available from four selectable interval times (125 ms, 250 ms, 500 ms, 1 s)
Note: At selecting the dual clock product

Externa interrupt

8ch. Interrupt by edge detection (Select from rising edge, falling edge, or both edges)
Can be used to recover from standby modes

Supports automatic programming, Embedded Algorithm
Write/Erase/Erase-Suspend/Resume commands

A flag indicating completion of the algorithm

Number of write/erase cycles: 10000 times

Flash memory o
Data retention time: 20 years
Erase can be performed on each block
Block protection with external programming voltage
Flash Memory Security feature
Standby Mode Sleep, stop, watch (Only for dual clock product), and time-base timer
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1.3 Difference Points among Products and Notes on Selecting
a Product

The following describes differences among MB95130/MB series products and notes
when selecting the product.

B Difference Points among Products and Notes on Selecting a Product

@ Notes on using evaluation products

The evaluation products are intended to support software development for a number of different F°MC-8FX
family series and products, and it therefore includes additional functions that may not be included in
MB95130/MB series. Accordingly, access to 1/0O address of peripheral functions that are not used in
MB95130/MB seriesis prohibited.

Reading or writing to these prohibited addresses may cause these unused peripheral functions to operate
and lead to unexpected hardware or software problems.

Take particular care not to use word access to read or write odd numbered bytes in the prohibited areas (It
causes unexpected read/write operation).

Also, as the read values of prohibited addresses on the evaluation product are different to the values on the
flash memory and mask ROM products, do not use these valuesin the program.

The functions corresponding to certain bits in single-byte registers may not be supported on some mask
ROM and flash memory products. However, reading or writing to these bits will not cause malfunction of
the hardware. Also, as the evauation, flash memory, and mask ROM products are designed to have
identical software operation, no particular precautions are required.

@ Difference of memory space

If the memory size on the evaluation product is different to the flash memory or mask ROM product, please
ensure you understand these differences when devel oping software.

@ Current consumption
The current consumption of flash memory productsis greater than for mask ROM products.
For the details of current consumption, refer to "BIELECTRICAL CHARACTERISTICS" in data sheet.
@ Package
For detailed information on each package, see "BMPackage and Its Corresponding Product" and "1.6
Package Dimension".
@ Operating voltage

The operating voltage may be different depending on the products. For the details, see "MIELECTRICAL
CHARACTERISTICS" in "data sheet".

@ Difference of MOD pin

For mask ROM products, a pull-down resistor is provided for the MOD pin.
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B Package and Its Corresponding Product

Product

Package

MB95136MB

MB95F133MBS
MB95F133NBS
MB95F133JBS
MB95F133MBW
MB95F133NBW
MB95F133JBW
MB95F134MBS
MB95F134NBS
MB95F134JBS
MB95F134MBW
MB95F134NBW
MB95F134JBS
MB95F136MBS
MB95F136NBS
MB95F136JBS
MB95F136MBW
MB95F136NBW
MB95F136JBW

MB95FV100D-101
MB95FV100D-103

FPT-28P-M17

O

FPT-30P-M02

O

BGA-224P-M08

O:usable
x: unusable
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1.4 Block Diagram of MB95130/MB Series

Figure 1.4-1 shows the block diagram of all MB95130/MB series.

B Block Diagram of All MB95130/MB Series

Figure 1.4-1 Block Diagram of All MB95130/MB Series

F?MC-8FX CPU

RST Reset control |<—> <—>| ROM |
X0X1 ———»] 4 » RAM |
N Clock control [
PG2/(X1A)* >
(X14) <—>| Interrupt control |
PG1/(X0A)* —»|
| Watch counter |<—> - -
PGO/CH? 4 < » Wild register |
| Watch prescaler |<—>
POO/INTO0 to PO7/INTO7 «—»  |—»|  External interrupt |« 611601t PPG L[ Je—> (Po0/PPGO0)
-bi
3 e —» [« (PO1/PPGO1)
P10/UI0 4 —> %
P11/UO0 <+—»] — UART/SIO > S > | (P02/SCK)
P12/UCKO +—» ] = e LIN-UART | | (P03/SOT)
—] e (PO4/SIN)
P13/TRGO/ADTG <+ 4—]| 16.bit PPG
-bi >
P14/PPGO <] —P — [<—» (P0O5/TO00)
P15,P16 4 < 8/16-bit —» |l (P06/TOO01)
Composite timer
(POO/ANOO to PO7/ANO7) <+ — —] | (P12/ECO)
8/10-bit
—T -1 >
AVee A/D converter «—> PFO, PF1
AVgs — -1
Port fe> [ Port
Other pins *1: These pins are the oscillationgminals for general-purpose port in single system clock product, and
MOD, Ve, Vss the oscillation terminals for sub clock in dual clock product.
*2: 5V product is C terminal.




CHAPTER 1 DESCRIPTION

1.5 Pin Assignment

Figure 1.5-1 and Figure 1.5-2 shows the pin assignment of the MB95130/MB series.

B Pin Assignment of MB95130/MB Series

Figure 1.5-1 Pin Assignment of FPT-28P-M17

(TOP VIEW)
Pi6[] 1 ‘ 28 [ 1 P15
PFO[] 2 27 [ P14/PPGO
PF1[] 3 26 | _] P13/TRGO/ADTG
MOD [] 4 25 | ] P12/UCKO/ECO
X0[] 5 24 [ P11/UOO
X1[] 6 23 [ P1o/UIO
Vss[| 7 22 [] PO7/INTO7/ANO7
vee [] 8 21 |1 PO6/INTO6/ANO6/TOO01
cl] o 20 | PO5/INTO5/ANO5/TO00
PG2/X1A* [] 10 19 | ] PO4/INTO4/ANO4/SIN
PG1/X0A* [] 11 18 | ] PO3/INTO3/AN0O3/SOT
RST[| 12 17 | ] P02/INT02/AN02/SCK
Avcc [] 13 16 |_] PO1/INTO1/ANO1/PPGO1
Avss [| 14 15 | ] POO/INTOO/ANOO/PPGO0

(FPT-28P-M17)

* : General-purpose port for the single clock product and oscillation pin for sub clock for the dual clock product
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Figure 1.5-2 Pin Assighment of FPT-30P-M02

(TOP VIEW)

P16 []

PFO []

PF1 [

MOD []

X0 ]

X1 []

Vss []

Vee []

c ]
PG2/X1A* []
PG1/X0A* []
RST [
Avce [
AVss [
POO/INTOO/ANOO/PPG00 [

© 00 N O O b WN PP

I e N
oM W N P O

29
28
27
26
25
24
23
22
21
20
19
18
17
16

] P15

1 P14/PPGO

] P13/TRGO/ADTG

1 P12/UCKO/ECO

1 NC

] P11/UOO

1 P10/UIO

] PO7/INTO7/ANO7

] PO6/INTO6/ANO6/TO01
] PO5/INTO5/ANO5/TO00
] PO4/INTO4/ANO4/SIN
] NC

|1 PO3/INTO3/ANO3/SOT
[ 1 PO2/INT02/AN02/SCK
1 PO1/INTO1/ANO1/PPGO1

(FPT-30P-M02)

* : General-purpose port for the single clock product and oscillation pin for sub clock for the dual clock product
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1.6

Package Dimension

MB95130/MB series is available in 2 types of package.

B Package Dimension of FPT-28P-M17

12

Figure 1.6-1 Package Dimension of FPT-28P-M17

28-pin plastic SOP

(FPT-28P-M17)

Lead pitch 1.27 mm
Package width x 8.6 x 17.75 mm
package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 2.80 mm MAX
Weight 0.82¢g
Code P-SOP28-8.6x17.75-1.27
(Reference)

[=]0.10(004)]

© 2002-2008 FUJITSU MICROELECTRONICS LIMITED F28048S-¢-3-5

Dimensions in mm (inches).
Note: The values in parentheses are reference values.

Please confirm the latest Package dimension by following URL.

http://edevice.fujitsu.com/package/en-search/

28-pin plastic SOP Note 1) #1 : These dimensions include resin protrusion.
(FPT-28P-M17) Note 2) #2 : These dimensions do not include resin protrusion.
Note 3) Pins width and pins thickness include plating thickness.
Note 4) Pins width do not include tie bar cutting remainder.
#117.75 "85 (.699 555 ) 0.1756:
® (.00726)
HHHAHHHAAAAH AN P
11.80£0.30
(:465+.012)
INDEX #2860¢020 | | || | o ________________
(:339+.008) } Details of "A" part
i } (Zlgii%ég) (Mounting height)
& ) N\ | y
IEEEEEEEEEEEE:D: 5| e
\ / I 1
I i g (
® A 0;8 }E
I
[127(0%0)] 047:008 ! = o
o (.019+.003) ©[0.13(.005) @) | R/
| _0.80£0.20 0.20+0.15
I (.031+.008) (.008+.006)
[ \ | 088015 (Stand off)
| (:035%,006)




B Package Dimension of FPT-30P-M02

Figure 1.6-2 Package Dimension of FPT-30P-M02
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30-pin plastic SSOP Lead pitch 0.65 mm
Package width x 560 x 9.70 mm
package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.45 mm MAX
Code P-SSOP30-5.6x9.7-0.65
(Reference)

(FPT-30P-M02)

30-pin plastic SSOP
(FPT-30P-M02)

Note 1) #1 : Resin protrusion. (Each side : +0.15 (.006) Max).
Note 2) *2 : These dimensions do not include resin protrusion.
Note 3) Pins width and pins thickness include plating thickness.
Note 4) Pins width do not include tie bar cutting remainder.
*19.70+0.10(.382+.004)

0.17+0.03

(:007+.001)

N

*25,60+0.10
(.220+.004)

7.60+0.20

INDEX (:299+.008)

1.255%

|
| |

|

PR— : i (049 °%%) (Mounting height) }
Sl T |
0.65(.026) 0.24500% A | 10-25(010)] |

(009 "63) } ] =L }

| 0;8 ‘l G[ |

| == —1

| LS |

[ ) | 0.50%0.20 0.10:0.10 | |

| (0202.008) (004£.004) |

| 0.60+0.15 (Stand off)

| (.024=.006) |

|

[=]0.10(.004)]

Dimensions in mm (inches).

©2003-2008 FUJITSU MICROELECTRONICS LIMITED F30003S-c-3-5 Note: The values in parentheses are reference values

Please confirm the latest Package dimension by following URL.
http://edevice.fujitsu.com/package/en-search/
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1.7

Pin Description

Table 1.7-1 shows pin description. The alphabet in the "I/O Circuit Type" column of
Table 1.7-1 corresponds to the one in the "Type" column of Table 1.8-1.

B Pin Description

Table 1.7-1 Pin Description (1/2)

Pin no. o
N N Pin name circuit Function
ssop ™| sop ™ type "3
1 1 P16 H General-purpose |/O port
2 2 PFO
K General-purpose |/O port for large current
3 3 PF1
4 4 MOD B Operating mode designation pin
5 5 X0 A Main clock oscillation input pin
6 6 X1 Main clock oscillation input/output pin
7 7 Vss — Power supply pin (GND)
8 8 Vee — Power supply pin
9 9 C — Capacity connection pin
Single clock product is general-purpose port (PG2) .
10 10 PG2/X1A HIA Dual clock product is sub clock input/output oscillation pin (32 kHz) .
Single clock product is general-purpose port (PG1) .
1 1 PGL/X0A Dual clock product is sub clock input oscillation pin (32 kHz) .
12 12 RST B’ Reset pin
13 13 AVcc — A/D converter power supply pin
14 14 AVgg — A/D converter power supply pin (GND)
POO/INTOO/ General-purpose |/O port
15 15 ANOO/PPGOO0 Shared with external interrupt input (INT00), A/D converter analog input (ANQO)
and 8/16-hit PPG ch.0 output (PPGQ0).
POL/INTOL/ General-purpose |/O port
16 16 ANOL/PPGOL Shared with external interrupt input (INTO1), A/D converter analog input (ANO1)
b and 8/16-bit PPG ch.0 output (PPGO1).
PO2/INTO2/ Genera-purpose |/O port
17 17 ANO2/SCK Shared with external interrupt input (INT02), A/D converter analog input (AN02)
and LIN-UART clock 1/0 (SCK).
PO3/INTOS/ General-purpose |/O port
18 18 ANO/SOT Shared with external interrupt input (INT03), A/D converter analog input (ANO3)
and LIN-UART data output (SOT).
POA/INTO4/ Genera-purpose |/O port
20 19 ANO/SIN E Shared with external interrupt input (INT04), A/D converter analog input (ANO4)
and LIN-UART datainput (SIN).

14




Table 1.7-1 Pin Description (2/2)

CHAPTER 1 DESCRIPTION

Pin no. 1o
- N Pin name circuit Function
ssop ™| sop ™ type "3
PO5/INTO5/
21 20 ANO5/TO00 General-purpose 1/0 port
Shared with external interrupt input (INTO5 & INT06), A/D converter analog input
2 21 POG/INTO6/ (ANOS5 & ANO6) and 8/16-bit compound timer ch.0 output (TO00 & TOO1).
ANO06/TO01 D
Genera-purpose |/O port
23 22 PO7/INTO7/ Shared with external interrupt input (INTQO7) and A/D converter
ANO7 .
analog input (ANOQ7).
General-purpose |/O port
24 23 PLOUIO S | Shared with UART/SIO ch.0 datainput (UI0)
Genera-purpose |/O port
25 24 PLI/UGO Shared with UART/SIO ch.0 data output (UOQ)
General-purpose |/O port
27 25 P12/UCKO/ECO Shared with UART/SIO ch.0 clock 1/0 (UCKO) and 8/16-bit compound timer ch.0
clock input (ECO)
P13/TRGO/ H General-purpose |/O port
28 26 Shared with 16-bit PPG ch.0 trigger input (TRGO) and A/D converter trigger input
ADTG
(ADTG)
Genera-purpose |/O port
29 27 PL4/PPGO Shared with 16-bit PPG ch.0 output (PPGO)
30 28 P15 General-purpose |/O port
Internal connection pin
19,26 o NC T Make sure to be open.

*1: FPT-30P-M02
*2: FPT-28P-M17

*3: Refer to section "1.8 1/O Circuit Type" about the I/O circuit types

15
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1.8

I/O Circuit Type

Table 1.8-1 lists the I/O circuit types. Also, the alphabet in the "Type" column of Table
1.8-1 corresponds to the one in the "1/O Circuit Type" column of Table 1.7-1.

W 1/O Circuit Type

Table 1.8-1 1/O Circuit Type (1/2)

Type

Circuit

Remarks

A

L]
x% 4[?'?

X0 (X0A)

Standby control

>OJ S0

Clock
input

Oscillation circuit

High-speed side

Feedback resistance: approx. 1 MQ
L ow-speed side

Feedback resistance: approx. 10 MQ

[+ >0
§R

Mode input

Only for input
Hysteresisinput only for MASK ROM product
Pull-down resistor available only to MASK
ROM product

L] >0

J;Hi Reset output
N-ch

Reset input

Hysteresisinput only for MASK ROM product
Reset output

R
P-ch

|7P'Ch ____ Digital output
N
-ch

e

+—™4— Analog input
==

@7 Automotive input

A/D control

)
Standby control »5“3/
External E:)i

interrupt control

Pull-up control

. Digital output

Hysteresis input

CMOS output
Hysteresisinput

Analog input

Pull-up control available
Automotive input

16




Table 1.8-1 1/O Circuit Type (2/2)

CHAPTER 1 DESCRIPTION

Type Circuit Remarks
E CMOS output
R Pull-up control CMOS input
P-ch Hysteresisinput
&7 Digital output | * Analog input
o Pull-up control available
N-ch Digital output | . A tomotive input
_I_ .
+—™1— Analog input
—
=9 )—— CMOS input
Fﬂ'gi Hysteresis input
A/D control k@— Automotive input
Standby control ﬁ >7
External
interrupt control
G CMOS output
R Pull-up control CMOS "?pf”
P-ch Hysteresis input
}—‘ P-ch Digital output Pull-up c_ontrol available
Automotive input
— Digital output
N-ch
4 >———CMOS input
—J™)———— Hysteresis input
Standby |~ )——— Automotive input
control
H CMOS output
R Pull-up control Hysteresisinput
P-ch ———(& Pull-up control available
- Automotive input
— | P-ch Digital output P
} Digital output
N-ch
[ J{™————— Hysteresis input
Standby [ {~)————— Automotive input
control
K * CMOS output
P-ch - . o
= Digital output Hysteresis input
|:|7 . * Automotive input
| Digital output
N-ch
t———J~)———— Hysteresis input
Standby d™)———— Automotive input
control

17
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CHAPTER 2 HANDLING DEVICES

2.1

Device Handling Precautions

This section summarizes the precautions on the device's power supply voltage and pin

treatment.

B Device Handling Precautions

@ Preventing Latch-up

Care must be taken to ensure that maximum voltage ratings are not exceeded when they are used.

Latch-up may occur on CMOS ICs if voltage higher than V¢ or lower than Vg is applied to input and
output pins other than medium- and high-withstand voltage pins or if higher than the rating voltage is
applied between V¢ pin and V gg pin.

When latch-up occurs, power supply current increases rapidly and might thermally damage elements.

Also, take care to prevent the analog power supply voltage (AVcc) and analog input voltage from
exceeding the digital power supply voltage (V cc) when the analog system power supply is turned on or off.

@ Stable Supply Voltage

Supply voltage should be stabilized.

A sudden change in power-supply voltage may cause a malfunction even within the guaranteed operating
range of the V cc power-supply voltage.

For stabilization, in principle, keep the variation in Vcc ripple (p-p value) in acommercial frequency range
(50 Hz/60 Hz) not to exceed 10% of the standard Vcc value and suppress the voltage variation so that the
transient variation rate does not exceed 0.1 V/ms during a momentary change such as when the power
supply is switched.

@ Precautions for Use of External Clock

Even when an external clock is used, oscillation stabilization wait time is required for power-on reset,
wake-up from sub clock mode or stop mode.

B Precautions for Debug

When using an evaluation device (mounted on an MCU board) for software development, there may be
some differences between the operation of the evaluation device and the device you will actually use. The
following lists some points to note during development.

@ SYCC Register Settings

20

During debugging, the values of the DIV1 and DIVO bits in the SYCC register may differ from the user
settings. This is because, when a break occurs, the CPU adjusts the communications speed between the
evaluation device and the BGM adapter to use the optimum speed.

To prevent this from occurring, you need to set response speed optimization to disabled.

This point is explained in "Section 2.3.1 of the Function Description for the SOFTUNE WORKBENCH
development environment”. Please refer to this document also.
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@ Flash Memory Types and Sizes

Each evaluation device can be used for debugging of a number of different production models (series).
When developing your program, please take note of the actual ROM and RAM sizes on the device you
intend to use.

Further, evaluation devices use dua-operation flash memory. However, some production models have flash
memory containing only one sector. Please take note of any differences between the flash memory
configurations of the production and evaluation devices, particularly if writing a program that performs
self-updating of flash memory.

@ Differences in Flash Memory Content

The debugger for the FPMC-8FX family uses the software break instruction to implement break points.
When continuous or step execution is performed after setting a break point, the software break instruction
iswritten to the break address in the flash memory on the evaluation device.

Accordingly, the contents of flash memory after a software break has been inserted by the debugger will be
different to the program data image generated by the compiler. Before performing a checksum, you must
remember to clear all break points and "synchronize flash memory".

@ Restrictions Relating to the Flash Memory on the Evaluation Device

The following restrictions apply to the evaluation device for the F2MC-8FX fami ly.

(2) Writing or erasing the lower bank (addresses 1000y to 3FFFy) is not possible.
When debugging, please do this on the production flash memory model.

(2) Do not use the chip erase command for the flash memory on the evaluation device. When debugging,
please do this on the production flash memory model.

@ Operation of Peripheral Functions During a Break

When a CPU break occurs, the debugger for the F°MC-8FX family halts CPU operation (instruction code

fetch, decoding, instruction execution, updating the PC, etc.) but the peripheral functions (PPG timer,

UART, A/D converter, etc.) continue to operate.

The following are some example implications:

(1) If the overflow flag for a timer/counter is set during a CPU break and the interrupt is enabled, the
interrupt routine will run immediately when execution restarts after the break.

(2) Clearing the overflow flag for a timer/counter via the memory window or similar during a CPU break
will not appear to work as the flag will quickly be reset again.
@ Prohibited Access to Undefined 1/0O Addresses

The debugger for the FAMC-8FX family uses the same evaluation device for debugging all models. This
evaluation device includes all peripheral functions that may be used during debugging. Accessing a register
that does not exist on your target production device may invoke a peripheral function that should not exist
and may result in abnormal operation. Accordingly, please do not access undefined address aress.

21
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B Pin Connection

@ Treatment of Unused Pin

Leaving unused input pins unconnected can cause abnormal operation or latch-up, leaving to permanent
damage. Unused input pins should always be pulled up or down through resistance of at least 2 kQ. Any
unused input/output pins may be set to output mode and |eft open, or set to input mode and treated the same
as unused input pins. If there is unused output pin, make it open.

@ Treatment of Power Supply Pins on A/D Converter

Connect to be AV e =V and AV gg = Vgg even if the A/D converter isnot in use.

Noise riding on the AVc pin may cause accuracy degradation. So, connect approx. 0.1 pF ceramic
capacitor as a bypass capacitor between AV ¢ and AV gg pinsin the vicinity of this device.

@ Power Supply Pins

In products with multiple V¢ or Vg pins, the pins of the same potential are internally connected in the
device to avoid abnormal operations including latch-up. However, you must connect the pins to external
power supply and a ground line to lower the electro-magnetic emission level, to prevent abnormal
operation of strobe signals caused by the rise in the ground level, and to conform to the total output current
rating.

Moreover, connect the current supply source with the V¢ and Vgg pins of this device at the low
impedance.

It is also advisable to connect a ceramic bypass capacitor of approximately 0.1 uF between V¢ and Vgg
pins near this device.

@® Mode Pin (MOD)

Connect the mode pin directly to V¢ or Vs,

To prevent the device unintentionally entering test mode due to noise, lay out the printed circuit board so as
to minimize the distance from the mode pinsto V ¢ or V g and to provide a low-impedance connection.

Use a ceramic capacitor or a capacitor with equivalent frequency characteristics. A bypass capacitor of V¢
pin must have a capacitance value higher than Cg. For connection of smoothing capacitor Cg, see the
diagram below.

Figure 2.1-1 C pin connection diagram

—

Cs
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@® NC Pins

Any pins marked "NC" (not connected) must be left open.

@ Analog Power Supply

Always set the same potential to AV and V. When Ve > AV, the current may flow through the
ANOO to ANQ7 pins.

23
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MEMORY SPACE

This chapter describes memory space.



CHAPTER 3 MEMORY SPACE

3.1 Memory Space

The memory space on the FMC-8FX family is 64 K bytes, divided into I/O, extended 1/0O,
data, and program areas. The memory space includes special-purpose areas such as
the general-purpose registers and vector table.

B Configuration of Memory Space

@ /O area (addresses: 0000y, to 007F )

« Thisareacontainsthe control registers and data registers for on-chip peripheral resources.

« Asthel/O areais alocated as part of memory space, it can be accessed in the same way as for memory.
It can also be accessed at higher speed by using direct addressing instructions.

@ Extended /O area (addresses: 0F80y, to OFFF)

« Thisareacontainsthe control registers and data registers for on-chip peripheral resources.

« Asthe extended I/O areais allocated as part of memory space, it can be accessed in the same way as for
memory.

@ Data area

» Static RAM isincorporated as the internal data area.

e Theinternal RAM capacity is different depending on the product.

» The RAM areafrom 80y to FF can be accessed at higher speed by using direct addressing instructions.

* Theareafrom 1004 to 47Fy is an extended direct addressing area. It can be accessed at higher speed by
direct addressing instructions with the direct bank pointer set.

* Addresses 100y to 1FFy can be used as a general-purpose register area

@ Program area

« ROM isincorporated as the internal program area.
« Theinternal ROM capacity is different depending on the model.
» Addresses FFCOy to FFFF are used as the vector table.
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B Memory Map

CHAPTER 3 MEMORY SPACE

Figure 3.1-1 Memory Map

0000,
0080y,
0100y

0200

047F,

OF80,

OFFFy

8000,

FFCOy

FFFFy

I/O area

S Register banks
& » (General-purpose register area)
P R
<
o

Extended 1/O area
«
g
<
E
g
(2]
<
T

Vector table area

Direct addressing area

Extended direct addressing area
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3.1.1 Areas for Specific Applications

The general-purpose register area and vector table area are used for the specific
applications.

B General-purpose Register Area (Addresses: 01004 to 01FFy)

» Thisareacontainsthe auxiliary registers used for 8-bit arithmetic or transfer operations.
« Astheareaisallocated as part of the RAM area, it can also be used as ordinary RAM.

* When the areais used as general-purpose registers, general-purpose register addressing enables higher-
speed access using short instructions.

For details, see Section "5.1.1 Register Bank Pointer (RP)" and Section "5.2 General-purpose Registers'.
B Vector Table Area (Addresses: FFCOy to FFFFL)

e Thisareais used asthe vector table for vector call instructions (CALLV), interrupts, and resets.

¢ The vector table areais allocated at the top of the ROM area. At the individual addresses in the vector
table, the start addresses of their respective service routines are set as data.

Table 8.1-1 lists the vector table addresses to be referenced for vector call instructions, interrupts, and for
resets.

For details, see "CHAPTER 8 INTERRUPTS', "CHAPTER 7 RESET", and "@ CALLV #vct" in
Appendix "E.2 Specia Instruction".

28



3.2

Memory Map

CHAPTER 3 MEMORY SPACE

This section gives a memory map of the MB95130/MB series.

B Memory Map

Figure 3.2-1 Memory Map

0000y,

0080y,

0100y

0200,

OF80,

1000,

FFFFy

Flash
ROM

MB95FV100D-101
MB95FV100D-103

11O

RAM 3.75K bytes

Extended 1/0

Flash 60K bytes

: Flash memory
: Mask ROM

0000y,

0080y,

0100,

0200,

0480y,

OF80,

1000,

8000y,

FFFFy

MB95136MB

11O

RAM 1K bytes

Access prohibited

Extended 1/0

Access prohibited

ROM 32K bytes

MB95F133MBS/F133NBS/F133JBS

MB95F134MBS/F134NBS/F134JBS

MB95F136MBS/F136NBS/F136JBS
MB95F133MBW/F133NBW/F133JBW
MB95F134MBW/F134NBW/F134JBW
MB95F136MBW/F136NBW/F136JBW

0000y,
1o}

0080y,

0100y

0200,

Address #1
Access prohibited

O0F80y
Extended I/0

1000,

Access prohibited

Address #2

Flash memory

FFFFy
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Flash memory

RAM

Address #1

Address #2

MB95F133MBS/F133NBS/F133JBS

MB95F133M BW/F133NBW/
F133JBW

8 Khytes

256 bytes

0180y

E000

MB95F134MBS/F134NBS/F134JBS

MB95F134M BW/F134NBW/
F1343BW

16 Kbytes

512 bytes

0280,

C000y

MB95F136MBS/F136NBS/F136JBS

MB95F136M BW/F136NBW/
F136JBW

32 Kbytes

1 Kbytes

0480,

8000y
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MEMORY ACCESS MODE

This chapter describes the memory access mode.



CHAPTER 4 MEMORY ACCESS MODE

4.1 Memory Access Mode

The memory access mode supported by the MB95130/MB series is only single-chip
mode.

B Single-chip Mode
Single-chip mode uses only internal RAM and ROM without using an external bus access.
@ Mode data

Mode datais used to determine the memory access mode of the CPU.
The mode data address is fixed as FFFDy, (The value of FFFCy, can be any value). Be sure to set the mode
data of internal ROM to "004" to select single-chip mode.

Figure 4.1-1 Mode Data Settings

Address  bit7  bit6  bit5  bit4  bit3 btz  bitl  bit0
aLac I A I A D D B

Data Operation
004 Select single-chip mode.
Other than 00| Reserved. Do not make any setting.

After areset, the CPU fetches mode data first.

The CPU then fetches the reset vector after the mode data. The instruction is performed from the address
set by reset vector.

@ Mode pin (MOD)

Be sure to set the mode pin (MOD) to Vg,
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CPU

This chapter describes functions and operations of the
CPU.

5.1 Dedicated Registers
5.2 General-purpose Registers

5.3 Placement of 16-bit Data in Memory
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5.1 Dedicated Registers

The CPU has its dedicated registers: the program counter (PC), two arithmetic registers
(A and T), three address pointers (IX, EP, and SP), and the program status (PS) register.
Each of the registers is 16 bits long. The PS register consists of the register bank
pointer (RP), direct pointer (DP), and condition code register (CCR).

B Configuration of Dedicated Registers

The dedicated registers in the CPU are seven 16-hit registers. Accumulator (A) and temporary accumulator
(T) can aso be used with only their lower eight bitsin service.

Figure 5.1-1 shows the configuration of the dedicated registers.

Figure 5.1-1 Configuration of Dedicated Registers

Initial value | 16 bits -
FFFDy PC : Program counter
Contains the address of the current instruction.
0000y | AH | AL | : Accumulator (A)
Temporary storage register for arithmetic operation and
transfer.
0000y | TH | TL | : Temporary accumulator (T)
Performs an operation with accumulator.
0000y | IX | . Index register
Register containing an index address.
0000y | EP | : Extra pointer
Pointer containing a memory address.
0000y | SP | : Stack pointer
Contains the current stack location.
0030y | RP ‘ DP | CCR | : Program status
S Register consisting of the register bank pointer, direct bank
pointer, and condition code register.

B Functions of Dedicated Registers

@ Program counter (PC)

The program counter is a 16-bit counter which contains the memory address of the instruction currently
executed by the CPU. The program counter is updated whenever an instruction is executed or an interrupt
or reset occurs. The initial value set immediately after areset is the mode data read address (FFFDy).

@ Accumulator (A)

The accumulator is a 16-bit register for arithmetic operation. It is used for a variety of arithmetic and
transfer operations of datain memory or datain other registers such as the temporary accumulator (T). The
data in the accumulator can be handled either as word (16-bit) data or byte (8-hit) data. For byte-length
arithmetic and transfer operations, only the lower eight bits (AL) of the accumulator are used with the
upper eight bits (AH) left unchanged. Theinitial value set immediately after areset is"00004".
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@ Temporary accumulator (T)

The temporary accumulator is an auxiliary 16-hit register for arithmetic operation. It is used to perform
arithmetic operations with the data in the accumulator (A). The data in the temporary accumulator is
handled as word data for word-length (16-bit) operations with the accumulator (A) and as byte data for
byte-length (8-bit) operations. For byte-length operations, only the lower eight bits (TL) of the temporary
accumulator are used and the upper eight bits (TH) are not used.

When a MOV instruction is used to transfer data to the accumulator (A), the previous contents of the
accumulator are automatically transferred to the temporary accumulator. When transferring byte-length
data, the upper eight bits (TH) of the temporary accumulator remain unchanged. The initial value after a
reset is"00004".

@ Index register (IX)

The index register is a 16-hit register used to hold the index address. The index register is used with a
single-byte offset (-128 to +127). The offset value is added to the index address to generate the memory
address for data access. Theinitial value after areset is "0000y".

@ Extra pointer (EP)

The extra pointer is a 16-bit register which contains the value indicating the memory address for data
access. Theinitial value after areset is"0000y".

@ Stack pointer (SP)

The stack pointer is a 16-bit register which holds the address referenced when an interrupt or subroutine
call occurs and by the stack push and pop instructions. During program execution, the value of the stack
pointer indicates the address of the most recent data pushed onto the stack. The initial value after areset is
"0000y".

@ Program status (PS)
The program status is a 16-hit control register. The upper eight bits make up the register bank pointer (RP)
and direct bank pointer (DP); the lower eight bits make up the condition code register (CCR).

In the upper eight bits, the upper five bits make up the register bank pointer used to contain the address of
the general-purpose register bank. The lower three bits make up the direct bank pointer which locates the
areato be accessed at high speed by direct addressing.

The lower eight bits make up the condition code register (CCR) which consists of flags that represent the
state of the CPU.

The instructions that can access the program status are MOVW A,PS or MOVW PS,A. The register bank
pointer (RP) and direct bank pointer (DP) in the program status register can also be read from or written to
by accessing the mirror address (0078,).

Note that the condition code register (CCR) is part of the program status register and cannot be accessed
independently.

Refer to the "F?M C-8FX Programming Manual” for details on using the dedicated registers.
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5.1.1 Register Bank Pointer (RP)

The register bank pointer (RP) in bits 15 to 11 of the program status (PS) register
contains the address of the general-purpose register bank that is currently in use and is
translated into a real address when general-purpose register addressing is used.

B Configuration of Register Bank Pointer (RP)
Figure 5.1-2 shows the configuration of the register bank pointer.

Figure 5.1-2 Configuration of Register Bank Pointer

RP DP CCR
! ' RP Initial
bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9 bit8 bhit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 value
PS| R4 | R3|R2|[RL|RO|DP2|DP1[DPO| H | I |1 |[mo| N | z | v [ c | 00000g

The register bank pointer contains the address of the register bank currently being used. The content of the
register bank pointer is translated into areal address according to the rule shown in Figure 5.1-3.

Figure 5.1-3 Rule for Translation into Real Addresses in General-purpose Register Area

Fixed value RP: Upper Op-code: Lower
"o* "o* "0o" "0 "Oo" "Oo" "0" "1" | R4 R3 R2 R1 RO| b2 bl bO ‘
A N N N N N e

Generated Al5 Al4 Al13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO‘
address

The register bank pointer specifies the register bank used as general-purpose registers in the RAM area.
There are a total of 32 register banks. The current register bank is specified by setting a value between 0
and 31 in the upper five bits of the register bank pointer. Each register bank has eight 8-bit general-purpose
registers which are selected by the lower three bits of the op-code.

The register bank pointer alows the space from "01004" to up to "01FFy (Max.)" to be used as a general-
purpose register area. Note, however, that the available areais limited depending on the product. Theinitial
value after areset is "0000y".

B Mirror Address for Register Bank and Direct Bank Pointers

The register bank pointer (RP) and direct bank pointer (DP) can be written to and read from by accessing
the program status (PS) register using the "MOVW A,PS" and "MOVW PS,A" instructions, respectively.
They can also be written to and read from directly by accessing mirror address "0078y" of the register bank
pointer.
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51.2 Direct Bank Pointer (DP)

The direct bank pointer (DP) in bits 10 to 8 of the program status (PS) register specifies
the area to be accessed by direct addressing.

B Configuration of Direct Bank Pointer (DP)
Figure 5.1-4 shows the configuration of the direct bank pointer.

Figure 5.1-4 Configuration of Direct Bank Pointer

RP DP CCR
/ b DP Initial
bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO value
PS| R4 | R3|R2[RL|RO|DP2[DP1[DPO| H | I |1 |[mo| N | z | Vv [ c | 000

The areas from 0000y to 007F, and 0080y to 047Fy can be accessed by direct addressing. Access to
0000y to 007F is specified with an operand regardless of the value in the direct bank pointer. Access to
0080y to 047F is specified with the value in the value of the direct bank pointer and the operand.

Table 5.1-1 shows the relationship between direct bank pointer (DP) and access area; Table 5.1-2 lists the
direct addressing instructions.

Table 5.1-1 Direct Access Pointer and Access Area

Direct bank pointer (DP) [2:0] Operand-specified dir Access area

XXXpg (It does not affect the mapping. ) 0000 to 007F 00004 to 007Fy
000 (Initial value) 0080y, to 00FF

001g 0100, to 017F

010g 0180y to O1FFy

011 0200y to 027Fy

100g 00801 to 00FFy 0280, to 02FF;

101g 0300, to 037F4

1105 0380y to 03FFy

1115 0400y to 047Fy
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Table 5.1-2 Direct Address Instruction List

Applicable Instruction
CLRB dir:bit
SETB dir:hit
BBC dir:bit,rel

BBS dir:bit,rel
MOV A.dir
CMP A,dir

ADDC A, dir

SUBC A, dir
MOV dir,A

XOR A, dir

AND A dir
OR A.dir

MOV dir#imm

CMP dir#imm

MOVW A .dir

MOVW dir,A
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5.1.3 Condition Code Register (CCR)

The condition code register (CCR) in the lower eight bits of the program status (PS)
register consists of the bits (H, N, Z, V, and C) containing information about the
arithmetic result or transfer data and the bits (I, IL1, and ILO) used to control the
acceptance of interrupt requests.

B Configuration of Condition Code Register (CCR)

Figure 5.1-5 Configuration of Condition Code Register

RP DP CCR
/ \ CCR Initial
bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 value
PS| R4 | R3[| R2 | RL | RO [DP2[DP1[DPO| H [ I [m1[wo|[ N [ z | v | c |00110000g
Half carry flag

Interrupt enable flag
Interrupt level bits
Negative flag
Zero flag
Overflow flag
Carry flag

The condition code register is a part of the program status (PS) register and therefore cannot be accessed
independently.

M Bits Result Information Bits

@ Half carry flag (H)
Thisflag is set to "1" when a carry from bit 3 to bit 4 or a borrow from bit 4 to bit 3 occurs as the result of
an operation. Otherwise, the flag is set to "0". Do not use this flag for any operation other than addition and
subtraction as the flag is intended for decimal-adjusted instructions.

@ Negative flag (N)
Thisflag isset to "1" when the value of the most significant bit is"1" as the result of an operation and set to
"0" if thevalueis"0".

@ Zero flag (2)

Thisflag isset to "1" when the result of an operation is"0" and set to "0" otherwise.

@ Overflow flag (V)

This flag indicates whether an operation has resulted in an overflow, assuming the operand used for the
operation as an integer represented by a two's complement. The flag is set to "1" when an overflow occurs
and set to "0" otherwise.
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@ Carry flag (C)

This flag is set to "1" when a carry from bit 7 or a borrow to bit 7 occurs as the result of an operation.
Otherwise, the flag is set to "0". When a shift instruction is executed, the flag is set to the shift-out value.

Figure 5.1-6 shows how the carry flag is updated by a shift instruction.

Figure 5.1-6 Carry Flag Updated by Shift Instruction

« Left-shift (ROLC) « Right-shift (RORC)
bit7 bitd  bit7 bit0
(Cl<— [ T T [ [ T 1 JC [ T 1 [ [ T T J—=[c]
r 1

B Interrupt Acceptance Control Bits
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@ Interrupt enable flag (1)
When this flag is set to "1", interrupts are enabled and accepted by the CPU. When this flag is set to "0",
interrupts are disabled and rejected by the CPU.
Theinitial value after aresetis"0".
The SETI and CLRI instructions set and clear the flag to "1" and "0", respectively.

@ Interrupt level bits (IL1, ILO)

These bitsindicate the level of the interrupt currently accepted by the CPU.

The interrupt level is compared with the value of the interrupt level setting register (ILRO to ILR5) that
corresponds to the interrupt request (IRQO to IRQ23) of each peripheral resource.

The CPU services an interrupt request only when its interrupt level is smaller than the value of these bits
with the interrupt enable flag set (CCR: | = 1). Table 5.1-3 lists interrupt level priorities. The initial value
after areset is"11g".

Table 5.1-3 Interrupt Levels

IL1 ILO Interrupt Level Priority
0 0 0 High
0 1 1
1 0 2 #
1 1 3 Low (No interrupt)

The interrupt level bits (IL1, ILO) are usually "11g" with the CPU not servicing an interrupt (with the main
program running).

For details on interrupts, see"8.1 Interrupts’.
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5.2 General-purpose Registers

The general-purpose registers are memory blocks consisting of eight 8-bit registers per
bank. A total of up to 32 register banks can be used. The register bank pointer (RP) is
used to specify the register bank.

Register banks are useful for interrupt handling, vector call processing, and subroutine
calls.

B Configuration of General-purpose Registers

» The general-purpose registers are 8-bit registers and are located in register banks in the general-purpose
register area (in RAM).
» Upto 32 banks can be used, where each bank consists of eight registers (RO to R7).

* The register bank pointer (RP) specifies the register bank currently being used and the lower three bits
of the op-code specify general-purpose register 0 (RO) to 7 (R7).

Figure 5.2-1 shows the configuration of the register banks.

Figure 5.2-1 Configuration of Register Banks

8bits
T, pa 1F8y,
This address = 0100+ + 8 x (RP) ‘| ............. -
Address 100y —»p=——d—v" RO| Ry
RO
R1 il R2
R2 R3
R2
R3 R4
R3
R4 R5
R4 RS
R6
i 1FFy
R6 R7
1074 R7 [ Bank 31 32 banks
R7[ The number of banks
Bank O available is restricted by
H—J the RAM capacity
available.
Memory area

For information on the general-purpose register area available on each model, see"3.1.1 Areas for Specific
Applications’.
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B Features of General-purpose Registers

There are the following features in the general -purpose registers:

« High-speed access to RAM using short instructions (general-purpose register addressing).

» Blocks of register banks facilitating data backup and division by function unit.

General-purpose register banks can be allocated exclusively for specific interrupt service routines or vector
call (CALLV #0 to #7) processing routines. An example is aways using the fourth register bank for the
second interrupt.

Only specifying a dedicated register bank at the beginning of an interrupt service routine automatically
saves the general-purpose registers before the interrupt. This eliminates the need for pushing general-
purpose register data onto the stack, allowing the CPU to accept interrupts at high speed.

Notes:

When coding an interrupt service routine, be careful not to change the value of the interrupt level
bits (CCR: IL1, ILO) in the condition code register when specifying the register bank by updating
the register bank pointer (RP) in that routine. Perform the programming by using either of them.

Read the interrupt level bits and save their value before writing to the RP.
Directly write to the RP mirror address "00784" to update the RP.
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5.3 Placement of 16-bit Data in Memory

This section describes how 16-bit data is stored in memory.

B Placement of 16-bit Data in Memory

@ State of 16-bit data stored in RAM

When you write 16-bit data to memory, the upper byte of the data is stored at a smaller address and the
lower byteis stored at the next address. When you read 16-hit data, it is handled in the same way.

Figure 5.3-1 shows how 16-bit dataiis placed in memory.

Figure 5.3-1 Placing 16-bit Data in Memory

Before After
execution Memory execution Memory

MOVW 0081H, A
00804 00804
00814 124 | 00814
Al12344 | Al1234y |
. 00824 [12344] 344 | 00824
00834 00834

@ State of operand-specified 16-bit data

In the same way, even when the operands in an instruction specifies 16-bit data, the upper byte is stored at
the address closer to the op-code (instruction) and the lower byte is stored at the next address.

That is true whether the operands are either memory addresses or 16-bit immediate data.

Figure 5.3-2 shows how 16-bit datain an instruction is placed.

Figure 5.3-2 Storing 16-bit Data in Instruction

[Example] MOV A, 5678H ; Extended address
MOVW A, #1234H ; 16-bitimmediate data

@ Assemble

XXX0y XX XX

XXX2, 60 56 78 ; Extended address
XXX5y E4 12 34 ; 16-bitimmediate data
XXX8y XX

@ State of 16-bit data in the stack

When 16-bit register data is pushed onto the stack upon an interrupt, the upper byte is stored at a lower
addressin the same way.
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CHAPTER 6

CLOCK CONTROLLER

This chapter describes the functions and operations of
the clock controller.

6.1 Overview of Clock Controller

6.2 Oscillation Stabilization Wait Time

6.3 System Clock Control Register (SYCC)

6.4 PLL Control Register (PLLC)

6.5 Oscillation Stabilization Wait Time Setting Register (WATR)
6.6 Standby Control Register (STBC)

6.7 Clock Modes

6.8 Operations in Low-power Consumption Modes (Standby Modes)
6.9 Clock Oscillator Circuits

6.10 Overview of Prescaler

6.11 Configuration of Prescaler

6.12 Operating Explanation of Prescaler

6.13 Notes on Use of Prescaler
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6.1 Overview of Clock Controller

The FPMC-8FX family has a built-in clock controller that optimizes its power

consumption. It includes dual clock product supporting both of the main clock and sub
clock and single system clock product supporting only the main clock.

The clock controller enables/disables clock oscillation, enables/disables the supply of
clock signals to the internal circuitry, selects the clock source, and controls the PLL and
frequency divider circuits.

B Overview of Clock Controller

46

The clock controller enables/disables clock oscillation, enables/disables clock supply to the internal
circuitry, selects the clock source, and controls the PLL and frequency divider circuits.

The clock controller controls the internal clock according to the clock mode, standby mode settings and the
reset operation. The current clock mode selects the internal operating clock and the standby mode selects
whether to enable or disable clock oscillation and signal supply.

The clock controller selects the optimum power consumption and features depending on the combination of
clock mode and standby mode.

Dua clock product have four different source clocks: a main clock, which is the main oscillation clock
divided by two, a sub clock, which is the sub oscillation clock divided by two, a main PLL clock, which is
the main oscillation clock multiplied by the PLL multiplier and a sub PLL clock, which is the sub
oscillation clock multiplied by the PLL multiplier.

Single system clock product have two different source clocks: a main clock, which is the main oscillation

clock divided by two; and a main PLL clock, which is the main oscillation clock multiplied by the PLL
multiplier.
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B Block Diagram of the Clock Controller
Figure 6.1-1 shows the block diagram of the clock controller.

Figure 6.1-1 Clock Controller Block Diagram

PLL controller register (PLLC) Standby control register (STBC)
[MPEN|MPMC1iMPMCo|MPRDY| SPENSPMC1|sPmcolsproy| | sTP | stp | spL[srsT|tmo| - | - | - |
* * Stop signal
o L Sleep signal
Clock for watch
System clock selector prescaler
Q) @ . H Watch or time-base
Sub clock = Divide by 2|~ T®—>\_ N~ | timer
oscillator 1 :
circuit Sub PLL (6) | Prescaler !
oscillator ) NN N ]
Sub clock control LS| circuit ] @ No division ! > Supply to CPU
7N : 2IDivide by 4 > ' Clock
\[/ | ! Dvideby8 || [(8)a] ¢
H i, 2| control
(1) (3) ' Divide by 16 H i
Main clock CH 7 : circuit
. . . 1 .
oscillator circuit | & - : ! —> Supply to peripheral
i oscillator ' £ ! resources
Main clock control cireuit ! Source clock !
! selection '
1\ : control circuit 1
‘ 1 _/S, I )
B i - Clock for time-base
timer
[
Oscillation ¢ From time-base timer
stabilization 2%/Fch to 2Y/Fcn
wait circuit From watch prescaler
255/FcL to 2Y/FcL
‘ | | I x x [ I I

[scmi]scmo]scsi[scso[srov]suss] pivi | pivo] [swrs]swr2] swra[swro[uwramwTz]MwTamwTo|

System clock control register (SYCC) Oscillation stabilization wait time setting register (WATR)
(1): Main clock (Fcn) (5): Main PLL clock

(2): Sub clock (Fev) (6): Sub PLL clock

(8): Main clock (7): Source clock

(4): Sub clock (8): Machine clock (MCLK)
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The clock controller consists of the following blocks:

@ Main clock oscillator circuit

This block is the oscillator circuit for the main clock.

@ Sub clock oscillator circuit (Dual clock product)

This block isthe oscillator circuit for the sub clock.

@ Main PLL oscillator circuit

This block is the oscillator circuit for the main PLL.

@ Sub PLL oscillator circuit (Dual clock product)

This block isthe oscillator circuit for the sub PLL clock.

@ System clock selector
This block selects one of the four different source clocks for main clock, sub clock, main PLL clock, and
sub PLL clock depending on the clock mode. The prescaler frequency-divides the selected source clock
into the machine clock. It is supplied to the clock control circuit.

@ Clock control circuit
This block controls the supply of the machine clock to the CPU and each peripheral resource according to
the standby mode or oscillation stabilization wait time.

@ Oscillation stabilization wait circuit
This block outputs the oscillation stabilization wait time signal for each clock from 14 types of main clock
oscillation stabilization signals created by the time-base timer and 15 types of sub clock oscillation
stabilization signals created by the watch prescaler.

@ System clock control register (SYCC)
This register is used to control current clock mode display, clock mode selection, machine clock divide
ratio selection, and sub clock oscillation in main clock mode and main PLL clock mode.

@ Standby control register (STBC)
This register is used to contral the transition from RUN state to standby mode, the setting of pin states in
stop mode, time-base timer mode, or watch mode, and the generation of software resets.

@ PLL control register (PLLC)
This register is used to enable/disable the oscillation of the main PLL and sub PLL clocks, set the
multiplier, and to indicate the stability of PLL oscillation.

@ Oscillation stabilization wait time setting register (WATR)

Thisregister is used to set the oscillation stabilization wait time for the main clock and sub clock.
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B Clock Modes
There are four clock modes available: main clock mode, main PLL clock mode, sub clock mode, and sub
PLL clock mode.

Table 6.1-1 shows the relationships between the clock modes and the machine clock (operating clock for
the CPU and peripheral resources).

Table 6.1-1 Clock Modes and Machine Clock Selection

Clock Mode Machine Clock

Main clock mode The machine clock is generated from the main clock (main clock divided by 2).

The machine clock is generated from themain PLL clock (main clock multiplied by

Main PLL clock mode the PLL multiplier).

Sub clock mode . . -
(Dual clock product only) The machine clock is generated from the sub clock (sub clock divided by 2).
Sub PLL clock mode The machine clock is generated from the sub PLL clock (sub clock multiplied by

(Dual clock product only) the PLL multiplier).

In any of the clock modes, the selected clock can also be frequency-divided. Additionally, in modes using a
PLL clock, amultiplier for the clock frequency can also be set.

B Peripheral Resources not Affected by Clock Mode

Note that the peripheral resources listed in the table below are not affected by the clock mode, division, and
PLL multiplier settings. Table 6.1-2 lists the peripheral resources not affected by the clock mode.

Table 6.1-2 Peripheral Resources Not Affected by Clock Mode

Peripheral Resource Operating Clock

Time-base timer Main clock (21/FCH: main clock divided by 2)

Main clock (with time-base timer output selected)

Watchdog timer Sub clock (with watch prescaler output selected) (Dual clock product only)

Watch prescaler

1= . i
(Dual clock product only) Sub clock (2*/F¢y : sub clock divided by 2)

Clock counter

(Dual clock product only) Sub clock (watch prescaler output)

For some peripheral resources other than those listed above, it may be possible to select the time-base timer
or watch prescaler output as a count clock. Check the description of each peripheral resource for details.
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B Standby Modes
The clock controller selects whether to enable or disable clock oscillation and clock supply to internal
circuitry depending on each standby mode. With the exception of time-base timer mode and watch mode,
the standby mode can be set independently of the clock mode.

50

Table 6.1-3 shows the rel ationships between standby modes and clock supply states.

Table 6.1-3 Standby Modes and Clock Supply States

Standby Mode

Clock Supply States

Sleep mode

Stops clock supply to the CPU and watchdog timer. As aresult, the CPU stops operation,
but other peripheral resources continue operating.

Time-base timer mode

Supplies clock signals only to the time-base timer, watch prescaler, and watch counter
while stopping clock supply to other circuits. As aresult, all the functions other than the
time-base timer, watch prescaler, watch counter, external interrupt, and low-voltage
detection reset (option) are stopped.

Time-base timer modeis only the standby mode for main clock mode or main PLL clock
mode.

Watch mode
(Dual clock product only)

Stops main clock oscillation, but supplies clock signals only to the watch prescaler and
watch counter while stopping clock supply to other circuits. Asaresult, all the functions
other than the watch prescaler, watch counter, external interrupt, and low-voltage
detection reset (option) are stopped.

Watch mode is only the standby mode for sub clock mode or sub PLL clock mode.

Stop mode

Stops main clock oscillation and sub clock oscillation and stops the supply of all clock
signals. Asaresult, al the functions other than external interrupt and low-voltage
detection reset (option) are stopped.




B Combinations of Clock Mode and Standby Mode

Table 6.1-4 lists the combinations of clock mode and standby mode and their respective operating states of
interna circuits.
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Table 6.1-4 Combinations of Standby Mode and Clock Mode and Internal Operating States

Time-base Watch (Dual
RUN Sleep Timer clock product) Stop
sup | Sub sup | Sub sub | SuP SubPLL
. . PLL . PLL . PLL .
Function Main Main | clock clock | Main Main | clock clock | Main Main | clock clock Main clock
PLL mode PLL mode PLL mode PLL mode
clock mode | clock mode | clock mode
clock | (Dual clock | (Dual clock | (Dual clock | (Dual
mode (Dual | mode (Dual | mode (Dual
mode | clock mode | clock mode | clock mode | clock
roduct) clock product) clock product) clock product)
P product) product) product)
Main clock Operating Stopped Operating Stopped Operating Stopped Stopped| Stopped
MainPLL |Stopped|Operat- Stopped| Operat- 1
clock a1 | ing Stopped 1 | ing Stopped Stopped Stopped | Stopped| Stopped
o . oy . % ) Operat-
Sub clock Operating Operating Operating Operating Operating Operating ing* > | Stopped
SubPLL clock|  Stopped"3 So*psped Oﬁ’ﬁrat' Stopped’3 | Sopped| Operat-| 3 | Siopped| Operat- | Stopped ey
g 3 ing 3 ing 3
CPU Operating Operating Stopped Stopped Stopped Stopped Stopped| Stopped
ROM . . Value | Value
RAM Operating Operating Value held Value held Value held Value held held held
Output | Output
1/0 ports Operating Operating Output held Output held Outpqt held/ Outpqt held/ held/ | held/
Hi-Z Hi-Z . .
Hi-Z | Hi-Z
i rtr;;:rwe Operating Stopped Operating Stopped Operating Stopped Stopped| Stopped
Watch ) . ) . ) . Opera['
prescaler Operating Operating Operating Operating Operating Operating ing'2 Stopped
* . N . . . Operat-

Watch counter |  Operating"? Operating Operating 2 Operating Operating" 2 Operating ing™ Stopped
External . . . . . . Operat-| Operat-
interrupt Operating Operating Operating Operating Operating Operating ing ing

W?;hgog Operating Operating Stopped Stopped Stopped Stopped Stopped| Stopped
Low-voltage . . . . . ) Operat-| Operat-
detection reset Operating Operating Operating Operating Operating Operating ing ing
Other
periphera Operating Operating Operating Operating Stopped Stopped Stopped| Stopped
resources

*1: Operates when the main PLL clock oscillation enable bit in the PLL control register (PLLC:MPEN) issetto "1".
*2: Stops when the sub clock oscillation stop bit in the system clock control register (SY CC:SUBS) isset to "1".
*3: Operates when the sub PLL clock oscillation enable bit in the PLL control register (PLLC:SPEN) issetto "1".

*4: Watch counter keeps counting and no interrupts occur. When the sub clock oscillation stop hit in the system clock
control register (SYCC: SUBS) isset to "1", watch counter stops.
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6.2 Oscillation Stabilization Wait Time

The oscillation stabilization wait time is the time after the oscillator circuit stops
oscillation until the oscillator resumes its stable oscillation at its natural frequency. The
clock controller obtains the oscillation stabilization wait time by counting a set number
of oscillation clock cycles to prevent clock supply to internal circuits.

B Oscillation Stabilization Wait Time
The clock controller obtains the oscillation stabilization wait time followed by the initiation of oscillation
by counting a set number of oscillation clock cycles to prevent clock supply to internal circuits.

When a state transition reguest for starting oscillation when the power is turned on or for restarting halted
oscillation at a clock mode change by a reset, an interrupt in standby mode, or by software, the clock
controller automatically waits until the oscillation stabilization wait time for the main clock or sub clock
has passed and then causes transition to the next state.

Figure 6.2-1 shows oscillation immediately after being started.

Figure 6.2-1 Behavior of Oscillator Inmediately after Starting Oscillation

Normal operation
Operation after returning
from stop mode or a reset

Oscillation time of Oscillation stabilization
oscillator : wait time :

N VAVAVAVA

1 i

Oscillation stabilized

Oscillation started

The main clock oscillation stabilization wait time is counted by using the time-base timer. The sub clock
oscillation stabilization wait time is counted by using the watch prescaler. The count can be set in the
oscillation stabilization wait time setting register (WATR). Set it in keeping with the oscillator
characteristics.

When a power-on reset occurs, the oscillation stabilization wait time is fixed to the initial value. For
masked ROM products, however, you can specify the initial value of the oscillation stabilization wait time
when ordering masked ROM.

Table 6.2-1 shows the length of oscillation stabilization wait time.

Table 6.2-1 Oscillation Stabilization Wait Time

Clock Factor Oscillation Stabilization Wait Time

Power-on reset Initia! Yal ue: (214-2)/F?H, where Fcy isthe main clock frequency
Main clock (specified when ROM is ordered for mask ROM products)

Other than power-on reset Register setting value (WATR:MWT3, MWT2, MWT1, MWTO)

Sub clock Power-on reset Initial value: (21°-2)/F¢, , where F¢, isthe sub clock frequency.
(Dual clock product) Other than power-onreset | Register setting value (WATR:SWT3, SWT2, SWT1, SWT0)

After the oscillation stabilization wait time of the main clock ends, the oscillation stabilization wait time of
sub clock measurement is begun.
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B PLL Clock Oscillation Stabilization Wait Time
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As with the oscillation stabilization wait time of the oscillator, the clock controller automatically waits for
the PLL oscillation stabilization wait time to elapse after a request for state transition from PLL oscillation
stopped state to oscillation start is generated via an interrupt in standby mode or a change of clock mode by

software.

Note that the PLL clock oscillation stabilization wait time changes according to the PLL startup timing.
Table 6.2-2 shows the PLL oscillation stabilization wait time.

Table 6.2-2 PLL Oscillation Stabilization Wait Time

PLL Oscillation Stabilization Wait Time

Minimum time

Maximum time

Remarks

« Oscillation stabilization wait time is taken while 21Y/Fq,

(Dual clock product)

Main PLL clock 2WFoy x 2 2MFoyx 3 is counted twice (minimum) or three times (maximum).
* Fcn represents the main clock frequency.
Sub PLL dlock . . OSCIIIaIIOh Stab!ll_zatlon Wattlmglstaken whllez /FeL is
2°[F x 2 2°/FcL X 3 counted twice (minimum) or three times (maximum).

* Fc, represents the sub clock frequency.

B Oscillation Stabilization Wait Time and Clock Mode/Standby Mode Transition

The clock controller automatically waits for the oscillation stabilization wait time to elapse as needed when
the operating state causes a transition. Depending on the state transition, however, the clock controller does
not always wait for the oscillation stabilization wait time.

For details on state transitions, see "6.7 Clock Modes' and "6.8 Operations in Low-power Consumption
Modes (Standby Modes)".
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6.3 System Clock Control Register (SYCC)

The system clock control register (SYCC) is used to indicate and switch the current clock
mode, select the machine clock divide ratio, and control sub clock oscillation in main clock
mode and main PLL clock mode.

B Configuration of System Clock Control Register (SYCC)

Figure 6.3-1 Configuration of System Clock Control Register (SYCC)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0007y | scM1| scmo| scs1 | scso | sroy | suBs| pivi | pivo | 1010x011g
RIWX RWX RW RMW RWX RW RW RW

I —

DIVl DIVO |Machine clock divide ratio selection bits
0 0 Source clock
0 1 Source clock / 4
1 0 Source clock / 8
1 1 Source clock /16
—>| SUBS Sub clock oscillation stop bit
0 Starts sub clock oscillation
1 Stops sub clock oscillation
L > | SRDY Sub clock oscillation stability bit
0 Indicates the sub clock oscillation stabilization
wait state or sub clock oscillation being stopped
1 Indicates sub clock oscillation being stable
———>| SCS1 SCS0 Cock mode selection bits
0 0 Sub clock mode
0 1 Sub PLL clock mode
1 0 Main clock mode
1 1 Main PLL clock mode
SCM1 | SCMO Clock mode monitor bits
0 0 Sub clock mode
0 1 Sub PLL clock mode
1 0 Main clock mode
1 1 Main PLL clock mode

R/WX : Read only (Readable, writing has no effect on operation)
R/W : Readable/writable (Read value is the same as write value)
X : Indeterminate

: Initial value
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Table 6.3-1 Functions of Bits in System Clock Control Register (SYCC)

Bit name Function
Indicate the current clock mode.
When set to " 00g" : the bits indicate sub clock mode.
hit7, SCM1, SCMO: ) When set to " 01g" : the bit indicate sub PLL clock mode.
bit6 ;ltzd( mode monitor When set to " 105" : the bit indicate main clock mode.
When set to " 11g": the bit indicate main PLL clock mode.
These bits are read-only; any value attempted to be written is meaningless.
Specify the clock mode.
When set to " 00g" : the bits specify transition to sub clock mode.(Dual clock product only)
When set to " 01g" : the bits specify transition to sub PLL clock mode.(Dual clock product only)
bit5 SCS1, SCSO: When set to " 10g" : the bits specify transition to main clock mode.
blit4, Qlock mode selection | When set to " 115" : the bits specify transition to main PLL clock mode.
bits Once a clock mode has been selected in the SCS1 and SCSO0 bits, any attempt to write to them isignored
until the transition to that clock mode is completed.
On single system clock product, an attempt to write "00g" or "01g" to these bitsis ignored, leaving their
value unchanged.
Indicates whether sub clock oscillation has become stable.
SRDY: * When set to "1", the SRDY hit indicates that the oscillation stabilization wait time for the sub clock has
Sub clock oscillation passed.
bit3 | stability bit * When set to "0", the SRDY bhit indicates that the clock controller is in the sub clock oscillation
(Dual clock product stabilization wait state or that sub clock oscillation has been stopped.
only) This bit is read-only; any value attempted to be written is meaningless.
On single system clock product, the value of the bit is meaningless.
Stops sub clock oscillation in main clock mode or main PLL clock mode.
When set to " 0" : the bit enables sub clock oscillation.
When set to " 1" : the bit stops sub clock oscillation.
SUBS: Notes:
Sub clock oscillation |« In sub clock mode or sub PLL clock mode, the sub clock oscillates regardless of the value of this bit,
bit2 | stop bit except in stop mode.
(Dual clock product  In main clock mode or main PLL clock mode as well, the sub clock oscillates regardless of the value of
only) this bit when sub PLL clock oscillation has been enabled by the PLL clock oscillation enable bit in the
PLL control register (PLLC:SPEN).
Do not update the SY CC: SCS1 bit and this bit at the same time.
* On single system clock product, the value of this bit has no effect on operation.
* These bits select the machine clock divide ratio to the source clock.
« The machine clock is generated from the source clock according to the divide ratio set by the
bits.
bit, D|V1.' DIVO: - DIVl | DIVO MaChmgecligfilc()r?lgliltie rate SCM1, SCMO = 10g
bit0 ?gt?ghé;‘;ct'i%f]kbﬂ‘s"de 0 0 Source clock (No division) Main clock divided by 2
0 1 Source clock/4 Main clock divided by 8
1 0 Source clock/8 Main clock divided by 16
1 1 Source clock/16 Main clock divided by 32
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6.4 PLL Control Register (PLLC)

The PLL control register (PLLC) controls the main PLL clock and sub PLL clock.

B Configuration of PLL Control Register (PLLC)

Figure 6.4-1 Configuration of PLL Control Register (PLLC)

Address  pit7  bit6 bits5  bit4

bit3 bit2 bitl bit0 Initial value

0006H |MPEN [MPMC1JMPMCO[MPRDY| SPEN | SPMC1|SPMCO|SPRDY| 000000008

R/W RW  R/W R/WX

R/W RW  R/W R/WX

L SPRDY

Sub PLL clock oscillation stability bit

Indicates the sub PLL clock oscillation stabilization

0 wait state or sub PLL clock oscillation being stopped

1 Indicates sub PLL clock oscillation being stable
—>| SPMC1 | SPMCO| Sub PLL clock multiplier setting bits

0 0 Setting prohibited

0 1 Sub clock x 2

1 0 Sub clock x 3

1 1 Sub clock x 4

Sub PLL clock oscillation enable bit

Disables sub PLL clock oscillation

Enables sub PLL clock oscillation

Main PLL clock oscillation stability bit

Indicates the main PLL clock oscillation stabilization
wait state or main PLL clock oscillation being stopped

Indicates main PLL clock oscillation being stable

MPMC1

MPMCO | Main PLL clock multiplier setting bits

0 Main clock x 1

Main clock x 2

IS E=)

1
0 Main clock x 2.5
1 Main clock x 4

MPEN

Main PLL clock oscillation enable bit

Disables main PLL clock oscillation

Enables main PLL clock oscillation

: Initial value

R/W : Readable/writable (Read value is the same as write value)
R/WX : Read only (Readable, writing has no effect on operation)
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Table 6.4-1 Functions of Bits in PLL Control Register (PLLC) (1/2)

Bit name Function
Enables or disables the oscillation of the main PLL clock in main clock mode or time-base timer
MPEN: mode.
bit7 MainP.LL clock When set to" 0" : the bit disables main PLL clock oscillation.
oscillation enable bit When set to" 1" : the bit enables main PLL clock oscillation.
In main PLL clock mode, the main PLL clock oscillates regardless of the value of this bit either in
the RUN state or in sleep mode.
Set the multiplier for the main PLL clock.
MPMC1 MPMCO Main PLL clock multiplier setting bits
0 0 Main clock x 1
0 1 Main clock x 2
. MPMC1, MPMCO: 1 0 Main clock x 2.5
bit6, .
bits | ManPLL clock 1 1 Main clock x 4
multiplier setting bits
Note:  The value of these bits can be changed only when the main PLL clock is stopped.
Therefore, do not attempt to update the bits with the PLL clock oscillation enable bit
(MPEN) isset to "1" or with the clock mode selection bits in the system clock control
register (SYCC: SCS1, SCS0) are set to "11g". (It is however possible to set these bits at
the same time as setting MPEN to "1".)
Indicates whether main PLL clock oscillation has become stable.
* When set to "1", the MPRDY bit indicates that the oscillation stabilization wait time for the main
MPRDY: PLL clock has passed.
bit4 Main PLL clock e When set to "0", the MPRDY bit indicates that the clock controller is in the main PLL clock
oscillation stability bit oscillation stabilization wait state or that main PLL clock oscillation has been stopped.
This bit isread-only; any value attempted to be written is meaningless and has no effect on the
operation.
Enables or disables the oscillation of the sub PLL clock in main clock mode, main PLL clock mode,
sub clock mode, or in watch mode.
SPEN: When set to " 0" : the bit disables sub PLL clock oscillation.
Sub PLL clock When set to" 1" : the bit enables sub PLL clock oscillation.
hit3 oscillation enable bit | In sub PLL clock mode, the sub PLL clock oscillates regardless of the value of this bit except in

(Dual clock product
only)

watch mode.

Even in sub PLL clock mode, the sub PLL clock stops oscillation in stop mode regardless of the
value of this bit.

On single system clock product, the value of the bit has no effect on the operation.
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Table 6.4-1 Functions of Bits in PLL Control Register (PLLC) (2/2)

Bit name Function
Set the multiplier for the Sub PLL clock.
SPMC1 SPMCO Sub PLL Clock Multiplier Setting Bits
0 0 Setting prohibited. Be sureto write any other
value before using the PLL.
1 Sub clock x 2
Sub clockx 3
SPMC1, SPMCO: 1 Sub clock x 4
bit2 Sub PLL clock ) . .
bitl’ multiplier setting bits On single system clock product, the value of these bits has no effect on the operation.
(Dual clock product | Notes:
only) « Although the initial value of these hits is "00g", the PLL does not operate normally with this
setting. Be sure to set the bits to any value other than "00g" either before setting the sub PLL clock
oscillation enable bit (SPEN) to "1" or before setting the clock mode selection bits in the system
clock control register (SYCC:SCS1, SCS0) to "01g".

« These hits can be updated only when the sub PLL clock is stopped. Consequently, you should not
update the bits either with the sub PLL clock oscillation enable bit (SPEN) set to "1" or with the
system clock selection bits in the system clock control register (SYCC:SCS1, SCS0) set to "01g".
(It is however possible to set these bits at the same time as setting SPEN to "1".)

Indicates whether sub PLL clock oscillation has become stable.

SPRDY: *« When set to "1", the SPRDY bit indicates that the oscillation stabilization wait time for the sub
Sub PLL clock PLL clock has passed.
bit0 oscillation stability bit |« When set to "0", the SPRDY bit indicates that the clock controller is in the sub PLL clock

(Dual clock product
only)

oscillation stabilization wait state or that sub PLL clock oscillation has been stopped.
This bit is read-only; any value attempted to be written is meaningless.
On single system clock product, the value of the bit is meaningless.
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6.5 Oscillation Stabilization Wait Time Setting Register (WATR)

This register is used to set the oscillation stabilization wait time.

B Configuration of Oscillation Stabilization Wait Time Setting Register (WATR)

Figure 6.5-1 Configuration of Oscillation Stabilization Wait Time Setting Register (WATR)

Address _ bit7 bit6 bit5 bit4 bit3 bit2 bitl bito_ Initial value
00054 | swt3 [ swr2 [ swr1 | swro [ mwTa[ mwT2 | MwT1]mwTo] 111111115
R/W Ri/W R|NV RiW R"/W R‘/\N R/W R/‘W
MWT3 | MWT2 | MWT1| MWTO| Nurberof | Main Oscillation Clock Fex = 4 MHz
1 1 1 1 2142 (2%4-2)/Fcu About 4.10 ms
1 1 1 0 213-2 (2%3-2)/Fcu About 2.05 ms
1 1 0 1 2129 (212-2)/Fcn About 1.02 ms
1 1 0 0 2112 (211-2)/Fcn 511.5 us
1 0 1 1 210.2 (2%0-2)/Fcn 255.5 us
1 0 1 0 29.2 (2°-2)/Fcn 127.5 us
1 0 0 1 28-2 (28-2)/Fcn 63.5 us
1 0 0 0 27-2 (27-2)/Fcn 31.5 us
0 1 1 1 26-2 (28-2)/Fcn 15.5 us
0 1 1 0 25-2 (25-2)/[Fcn 7.5 us
0 1 0 1 24-2 (24-2)/Fcn 3.5 us
0 1 0 0 23-2 (28-2)/[Fcn 1.5 us
0 0 1 1 22-2 (22-2)/[Fcn 0.5 us
0 0 1 0 212 (2%-2)/Fcn 0.0 us
0 0 0 1 21-2 (2%-2)/Fcn 0.0 us
0 0 0 0 212 (2%-2)/Fcn 0.0 us
SWT3 | SWT2| SWT1| SWTO| Nymberof |Sup Oscillation Clock Fet = 32.768 kHz
1 1 1 1 215-2 (2%5-2)/FcL About 1.00 s
1 1 1 0 2142 (214-2)/Fc. About 0.5 s
1 1 0 1 2132 (213-2)/FcL About 0.25 s
1 1 0 0 212.2 (212-2)/Fc. About 0.125 s
1 0 1 1 2112 (211-2)/FcL About 62.44 ms
1 0 1 0 2102 (2%0-2)/Fc. About 31.19 ms
1 0 0 1 2%-2 (2°-2)/FcL About 15.56 ms
1 0 0 0 28-2 (28-2)/FcL About 7.75 ms
0 1 1 1 27-2 (27-2)/Fc. About 3.85 ms
0 1 1 0 26-2 (25-2)/Fc About 1.89 ms
0 1 0 1 25-2 (2%-2)/FcL About 915.5 us
0 1 0 0 24-2 (24-2)/[FcL About 427.2 us
0 0 1 1 23-2 (2%-2)/FcL About 183.1 us
0 0 1 0 22-2 (22-2)/[FcL. About 61.0 us
0 0 0 1 212 (2%-2)/FcL 0.0 us
0 0 0 0 21-2 (21-2)/FcL._0.0 us
R/W : Readable/writable (Read value is the same as write value)
: Initial value (For mask ROM products, you can specify the Oscillation Stabilization Wait Time value when ordering mask ROM.)
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Table 6.5-1 Functions of Bits in Oscillation Stabilization Wait Time Setting Register (WATR) (1/2)

Bit name Function
Set the sub clock oscillation stabilization wait time.
SWT3 SWT2 SWT1 SWTO N“Cr;('i’l‘zrsc’f Sub clock Fe, = 32.768 kHz
1111g 2150 (2%5-2)IF¢, About 1.0s
1110g 2l (2¥-2)/Fc. About 0.5
1101 2132 (213-2)IF¢, About 0.25's
11005 2129 (2%-2)/Fy.  About0.125s
1011g ) (M1-2)/F¢, About 62.44 ms
10105 210.o (219-2)/F¢, About 31.19 ms
1001g 292 (2%-2)/Fc. About 15.56 ms
10005 282 (28-2)/Fc. About 7.75 ms
SWT3, SWT2, 0111 272 27-2)IFq About 3.85 ms
btict: g‘u’\t’) -l;:llocslzl\é zg:”aﬁ o 0110g 26.2 (B-2/Fe.  About 1.89 ms
bit4 :tdagic[[iiz?]ﬁ girtlswait time 01015 5.2 (25-2)IF¢, About 9155 us
0100g 242 (2*2)/FcL About 427.2 us
0011g 282 (2%-2)/FcL About 183.1 us
0010g 222 (2%-2)/Fc. About 61.0 ps
0001g olo (2%-2)IFq, 0.0us
0000g 212 (2%-2)/Fc. 0.0us

On single system clock product, the value of these bitsis meaningless.

Number of cyclesin the above table isfor aminimum value. Add 1/F¢ to the number of cyclein the

above table for a maximum value.

Note: Do not update these bits during sub clock oscillation stabilization wait time. Y ou should
update them either with the sub clock oscillation stability bit in the system clock control
register (SYCC:SRDY) set to "1" or in sub clock mode or sub PLL clock mode. Y ou can
also update them while the sub clock is stopped with the sub clock oscillation stop bit in the
system clock control register (SYCC:SUBS) set to "1" in main clock mode or main PLL
clock mode.
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Bit name Function
Set the main clock oscillation stabilization wait time.
MWT3 MWT2 MWTL MwTo| NumPer of Main clock Fcy = 4 MHz
Cycles
11115 2149 (2¥-2)/Fey  About 4.10 ms
11105 213.0 (21-2)/Fcy  About 2.05ms
1101g 2129 (2%-2)/Fey  About 1.02ms
11005 2llo (M-2)/Fcy  5115us
1011g 210 (0-2)/Fcy  2555us
10105 292 (2%2)/Fcny 127.5us
1001g 28.2 (28-2)/Fcyy 63.5us
MWT3, MWT2, 1000 7 2"-2)IF 315us
bit3 | MWTL MWTO: ° 22 (- AFen ~H
to Main clock oscillation 0111g 26.2 (2%-2)/Fcyy 15.5us
bit0 stabilization wait time
selection bits 0110g 25.2 (>2/Fcy  75ps
0101g 22 (2*2)/Fcn 35us
0100g 282 (2%-2)/Fcy 15us
0011g 22.2 (2%-2)/Fcny 0.5us
0010g 212 (2%-2)/Fey 0.0us
0001g 2lo (2%-2)/Fcny 0.0us
0000g 2lo (2%-2)/Fcy 0.0us

Number of cyclesisfor aminimum value. Add 1/Fcy to the minimum value for a maximum value.

Note: Do not update these bits during main clock oscillation stabilization wait time. You should
update them in main clock mode or main PLL clock mode. You can also update them in sub

clock mode.
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6.6 Standby Control Register (STBC)

The standby control register (STBC) is used to control transition from the RUN state to
sleep mode, stop mode, time-base timer mode, or watch mode, set the pin state in stop
mode, time-base timer mode, and watch mode, and to control the generation of
software resets.

B Standby Control Register (STBC)

Figure 6.6-1 Standby Control Register (STBC)

Address pit7 bt bit5  bit4  bit3  bit2  bit!  bit0 Initial value
0008+ | STP | SLP | sPL [ sRST| TMD | - | - | - | 000000008
ROW ROW RW ROW ROW RO/WX RO/WX RO/WX

— |

L Watch bit
TMD
Read Write
0 fngays reads Has no effect on the operation.
Main clock mode Sub clock mode
1 Main PLL clock mode Sub PLL clock mode
Causes transition to Causes transition to
time-base timer mode watch mode
Software reset bit
—>|SRST
Read Write
0 Always reads "0". Has no effect on the operation
1 - Generates a 3 machine clock reset signal
SPL Pin state setting bit
0 Holds external pins in their immediately preceding state in stop mode, time-base

timer mode, or watch mode

Places external pins in a high impedance state in stop mode, time-base timer
mode, or watch mode.

Sleep bit
SLP Read Write
0 Always reads "0". Has no effect on the operation
1 - Causes transition to sleep mode
Stop bit
STP Read Write
0 Always reads "0". Has no effect on the operation
1 - Causes transition to stop mode

RO,W : Write only (Writable, "0" is read)
R/W  : Readable/writable (Read value is the same as write value)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
- : Undefined
: Initial value
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Table 6.6-1 Functions of Bits in Standby Control Register (STBC)

Bit name

Function

bit7

STP:
Stop bit

Sets transition to stop mode.

When set to " 0" : the bit is meaningless.

When set to" 1" : the bit causes transition to stop mode.

When read, the bit always returns "0".

Note:  Anattempt to write"1" to thisbit isignored if an interrupt request has been issued. For
details, see"6.8.1 Notes on Using Standby Mode".

bit6

SLP:
Sleep bit

Sets transition to sleep mode.

When set to " 0" : the bit is meaningless.

When set to" 1" : the bit causes transition to sleep mode.

When read, the bit always returns "0".

Note:  An attempt to write"1" to this bit isignored if an interrupt request has been issued. For
details, see "6.8.1 Noteson Using Standby Mode".

bit5

SPL:
Pin state setting bit

Sets the states of external pinsin stop mode, time-base timer mode, and watch mode.

When set to" 0": the bit holds the states (levels) of external pinsin stop mode, time-base timer
mode, and watch mode.

When set to" 1": thebit places external pinsin ahigh impedance state in stop mode, time-base
timer mode, and watch mode. (Those pins are pulled up for which pull-up
resistor connection has been selected in the pull-up setting register.)

bit4

SRST:
Software reset bit

Sets a software reset.

When set to " 0" : the bit is meaningless.

When set to" 1" : the bit generates a 3 machine clock reset signal.
When read, the bit always returns "0".

bit3

TMD:
Watch bit

On dual clock product, this bit sets transition to time-base timer mode or watch mode.

On single system clock product, the bit sets transition to time-base timer mode.

« Writing "1" to the bit in main clock mode or main PLL clock mode causes transition to time-base
timer mode.

» Writing "1" to the bit in sub clock mode or sub PLL clock mode causes transition to watch mode.

« Writing "0" to the bit is meaningless.

* When read, the bit dways returns "0".

Note:  Anattempt to write"1" to thisbit isignored if an interrupt request has been issued. For

details, see"6.8.1 Notes on Using Standby Mode".

bit2
to
bit0

Undefined bits

When read, these bits always return "0". These are undefined bits.
The bits are read only; any value attempted to be written is meaningless.
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Notes:

Set the standby mode after making sure that the transition to clock mode has been completed by

comparing the values of the clock mode monitor bits (SYCC:SCM1,SCM0) and clock mode
setting bits (SYCC:SCS1,SCSO0) in the system clock control register.

If you write "1" simultaneously to two or more of the stop bit (STP), sleep bit (SLP), software reset
bit (SRST), and watch bit (TMD), priority is given to them in the following order:

(1) Software reset bit (SRST)
(2) Stop bit (STP)

(3) Watch bit (TMD)

(4) Sleep hit (SLP)

When released from the standby mode, the device returns to the normal operating status.
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6.7 Clock Modes

The clock modes available are: main clock mode, sub clock mode, main PLL clock
mode, and sub PLL clock mode. Mode switching takes place according to the settings
in the system clock control register (SYCC).

Sub clock mode and sub PLL clock mode are not supported by single system clock
product.

B Operations in Main Clock Mode
Main clock mode uses the main clock as the machine clock for the CPU and peripheral resources.
The time-base timer operates with the main clock.
The watch prescaler and watch counter operate with the sub clock (on dual clock product).

If you set standby mode during operation in main clock mode, the device can enter sleep mode, stop mode,
or time-base timer mode.

After areset, main clock mode is always set regardless of the clock mode used before the reset.
B Operations in Sub Clock Mode (on Dual Clock Product)

Sub clock mode uses the sub clock as the machine clock for the CPU and peripheral resources with main
clock oscillation stopped. In this mode, the time-base timer remains stopped as it requires the main clock
for operation.

If you set standby mode during operation in sub clock mode, the device can enter sleep mode, stop mode,
or watch mode.

B Operations in Main PLL Clock Mode
Main PLL clock mode uses the main PLL clock as the machine clock for the CPU and periphera resources.
The time-base timer and watchdog timer operate with the main clock.
The watch prescaler and watch counter operate with the sub clock (on dual clock product).
If you set standby mode during operation in main PLL clock mode, the device can enter sleep mode, stop
mode, or time-base timer mode.

B Operations in Sub PLL Clock Mode (on Dual Clock Product)

Sub PLL clock mode uses the sub PLL clock as the machine clock for the CPU and peripheral resources
with main clock oscillation stopped. In this mode, the time-base timer remains stopped as it requires the
main clock for operation. The watch prescaler and watch counter operate with the sub clock.

If you set standby mode during operation in sub PLL clock mode, the device can enter sleep mode, stop
mode, or watch mode.
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B Clock Mode State Transition Diagram

The clock modes available are: main clock mode, main PLL clock mode, sub clock mode, and sub PLL
clock mode. The device can switch between these modes according to the settings in the system clock
control register (SYCC).

Figure 6.7-1 Clock Mode State Transition Diagram (Dual Clock Product)
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Figure 6.7-2 Clock Mode State Transition Diagram (Single System Clock Product)
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Table 6.7-1 Clock Mode State Transition Table (1/2)

Current
State

Next State

Description

<1>

<2>

Reset state

Main clock

After areset, the device waits for the main clock oscillation stabilization wait time to elapse
and enters main clock mode. If the reset is awatchdog reset, software reset, or external reset
caused in main clock mode or main PLL clock mode, however, the device does not wait for
the main clock oscillation stabilization wait time to elapse.

@

@

©)

4

©)

(6)

Main clock

Sub clock

The device enters sub clock mode when the system clock selection bits in the system clock
control register (SYCC: SCS1, SCS0) are set to "00g".

Note, however, that the device waits for the sub clock oscillation stabilization wait time to
elapse before entering sub clock mode either if the sub clock has been stopped according to
the setting of the sub clock oscillation stop bit in the system clock control register (SY CC:
SUBS) in main clock mode or if the sub clock oscillation stabilization wait time has not
passed immediately after the power is turned on.

Sub PLL clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "01g", the device enters sub PLL clock mode after waiting for the sub PLL
clock oscillation stabilization wait time. Note, however, that the device does not wait for the
sub PLL clock oscillation stabilization wait time to elapse if the sub PLL clock has been
oscillating according to the setting of the sub PLL clock oscillation enable bit in the PLL
control register (PLLC: SPEN) in main clock mode. Note also that the device waits for the
sub clock oscillation stabilization wait time to elapse before entering sub PLL clock mode
either if the sub clock has been stopped according to the setting of the sub clock oscillation
stop bit in the system clock control register (SY CC: SUBS) in main clock mode or if the sub
clock oscillation stabilization wait time has not passed immediately after the power is
turned on.

When the device waits for the sub clock oscillation stabilization wait time or sub PLL clock
oscillation stabilization wait time, it waits for whichever islonger to elapse.

Main PLL clock

When the system clock selection hits in the system clock control register (SYCC: SCS1,
SCS0) are set to "11g", the device enters main PLL clock mode after waiting for the main
PLL clock oscillation stabilization wait time. Note, however, that the device does not wait
for the main PLL clock oscillation stabilization wait time to elapse if the main PLL clock
has been oscillating according to the setting of the main PLL clock oscillation enable bit in
the PLL control register (PLLC: MPEN).
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Table 6.7-1 Clock Mode State Transition Table (2/2)

Current
State

Next State

Description

@)

®

©)

(10)

(11)

Main PLL
clock

Main clock

The device enters main clock mode when the system clock selection bitsin the system clock
control register (SYCC: SCS1, SCS0) are set to "10g".

Sub clock

The device enters sub clock mode when the system clock selection bits in the system clock
control register (SYCC: SCS1, SCS0) are set to "00g".

Note, however, that the device waits for the sub clock oscillation stabilization wait time to
elapse before entering sub clock mode either if the sub clock has been stopped according to
the setting of the sub clock oscillation stop bit in the system clock control register (SY CC:
SUBS) in main PLL clock mode or if the sub clock oscillation stabilization wait time has
not passed immediately after the power is turned on.

Sub PLL clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "01g", the device enters sub PLL clock mode after waiting for the sub PLL
clock oscillation stabilization wait time. Note, however, that the device does not wait for the
sub PLL clock oscillation stabilization wait time to elapse if the sub PLL clock has been
oscillating according to the setting of the sub PLL clock oscillation enable bit in the PLL
control register (PLLC: SPEN) in main PLL clock mode.

Note also that the device waits for the sub clock oscillation stabilization wait time to elapse
before entering sub PLL clock mode either if the sub clock has been stopped according to
the setting of the sub clock oscillation stop bit in the system clock control register (SY CC:
SUBS) in main PLL clock mode or if the sub clock oscillation stabilization wait time has
not passed immediately after the power is turned on.

When the device waits for the sub clock oscillation stabilization wait time or sub PLL clock
oscillation stabilization wait time, it waits for whichever islonger to elapse.

(12)

(13)

(14)

(15)

Sub clock

Main clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "10g", the device enters main clock mode after waiting for the main clock

oscillation stabilization wait time.

Sub PLL clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "01g", the device enters sub PLL clock mode after waiting for the sub PLL
clock oscillation stabilization wait time. Note, however, that the device does not wait for the
sub PLL clock oscillation stabilization wait time to elapse if the sub PLL clock has been
oscillating according to the setting of the sub PLL clock oscillation enable bit in the PLL
control register (PLLC: SPEN) in sub clock mode.

Main PLL clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "11g", the device enters main PLL clock mode after waiting for the main
PLL clock oscillation stabilization wait time or main clock oscillation stabilization wait
time to elapse, whichever islonger.

(16)

(17)

(18)

Sub PLL clock

Sub clock

The device enters sub clock mode when the system clock selection bits in the system clock
control register (SYCC: SCS1, SCS0) are set to "00g".

Main PLL clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "115", the device enters main PLL clock mode after waiting for the main
PLL clock oscillation stabilization wait time or main clock oscillation stabilization wait
time to elapse, whichever islonger.

Main clock

When the system clock selection bits in the system clock control register (SYCC: SCS1,
SCS0) are set to "10g", the device enters main clock mode after waiting for the main clock

oscillation stabilization wait time.
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6.8 Operations in Low-power Consumption Modes (Standby
Modes)

The standby modes available are: sleep mode, stop mode, time-base timer mode, and
watch mode.

B Overview of Transitions to and from Standby Mode
The standby modes available are: eep mode, stop mode, time-base timer mode, and watch mode. The
device enters standby mode according to the settings in the standby control register (STBC).
The device is released from standby mode in response to an interrupt or reset. Before transition to normal
operation, the device waits for the oscillation stabilization wait time to elapse as required.

When released from standby mode by a reset, the device returns to main clock mode. When released from
standby mode by an interrupt, the device enters the clock mode in which the device was before entering the
standby mode.

B Pin States in Standby Mode

The pin state setting bit (STBC:SPL) of the standby control register can be used to set the 1/O port/
peripheral resource pins in the stop mode, time-base timer mode, or watch mode to hold their immediately
preceding state or to be placed in a high impedance state.

See"APPENDIX D Pin Status of MB95130/MB series"” for the states of al pinsin standby modes.
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6.8.1 Notes on Using Standby Mode

Even if the standby control register (STBC) sets standby mode, transition to the
standby mode does not take place when an interrupt request has been issued from a
peripheral resource. When the device returns from standby mode to the normal
operating state in response to an interrupt, the operation that follows varies depending
on whether the interrupt request is accepted or not.

B Place at Least Three NOP Instructions Immediately Following a Standby Mode Setting
Instruction.
The device requires four machine clock cycles before entering standby mode after it is set in the standby
control register. During that period, the CPU executes the program. To avoid program execution during this
transition to standby mode, enter at |east three NOP instructions.

The device operates normally if you place instructions other than NOP instructions. In that case, however,
note that the device may execute the instructions to be executed after being released from standby mode
before entering the standby mode and that the device may enter the standby mode during instruction
execution, which is resumed after the device is released from the standby mode (increasing the number of
instruction execution cycles).

B Check That Clock-mode Transition has been Completed before Setting Standby Mode.
Before setting standby mode, make sure that clock-mode transition has been completed by comparing the
values of the clock mode monitor bit (SYCC: SCM1, SCMO0) and clock mode setting bit (SYCC: SCS1,
SCS0) in the system clock control register.

B An Interrupt Request may Suppress Transition to Standby Mode.

If an attempt is made to set a standby mode while an interrupt request with an interrupt level higher than
"11g" has been issued, the device ignores the attempt to write to the standby control register and continues

instruction execution without entering the standby mode. The device does not enter the standby mode even
after having serviced the interrupt.

This behavior is the same as when interrupts are disabled by the interrupt enable flag (CCR:1) and interrupt
level bitsin the condition code register (CCR:IL1, ILO) of the CPU.

B Standby Mode is Also Canceled when the CPU Rejects Interrupts.

When an interrupt request with an interrupt level higher than "11g" isissued in standby mode, the device is
released from the standby mode regardless of the settings of the interrupt enable flag (CCR: 1) and interrupt
level bits (CCR:IL1, ILO) of the condition code register of the CPU.

After being released from standby mode, the device services the interrupt when the CPU's condition code
register has been set to accept interrupts. If the register has been set to reject interrupts, the device resumes
processing from the instruction that follows the last instruction executed before entering the standby mode.
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B Standby Mode State Transition Diagram
Figure 6.8-1 and Figure 6.8-2 are standby mode state transition diagrams.

Figure 6.8-1 Standby Mode State Transition Diagram (Dual Clock Product)
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Figure 6.8-2 Standby Mode State Transition Diagram (Single System Clock Product)
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Table 6.8-1 State Transition Diagram (Transitions to and from Standby Modes)

State Transition

Description

<1>

<2>

Normal operation from reset
State

After areset, the device enters main clock mode.

If the reset is a power-on reset, the device always waits for the main clock oscillation stabilization
wait time to elapse.

When the clock mode before the reset is sub clock mode or sub PLL clock mode, the device waits
for the main clock oscillation stabilization wait time to elapse. The device waitsfor it aswell when
the standby mode is stop mode.

When the clock mode before the reset is main clock mode or main PLL clock mode and the standby
mode is other than stop mode, the device does not wait for the main clock oscillation stabilization
wait time to elapse even after entering a reset state in response to a watchdog reset, software reset,
or external reset.

@

@

Sleep mode

The device enters sleep mode when "1" is written to the sleep bit in the standby control register
(STBC: SLP).

The device returns to the RUN state in response to an interrupt from a peripheral resource.

©)

4

Stop mode

The device enters stop mode when "1" is written to the stop bit in the standby control register
(STBC: STP).

In response to an external interrupt, the device returns to the RUN state after waiting for the
oscillation stabilization wait time required for each clock mode.

When the device waits for a PLL oscillation stabilization wait time, it waits for the relevant
oscillation stabilization wait time or PLL oscillation stabilization wait time to elapse, whichever is
longer.

©®)

(6)

)

Time-base timer mode

The device enters time-base timer mode when "1" is written to the watch bit in the standby control
register (STBC: TMD) in main clock mode or main PLL clock mode.

The device returns to the RUN state in response to a time-base timer interrupt, watch prescaler/
watch counter interrupt, or external interrupt.

When the clock mode ismain PLL clock mode, the device waits for the main PLL clock oscillation
stabilization wait time to elapse. If the main PLL oscillation enable bit in the PLL control register
(PLLC: MPEN) contains "1", however, the device does not wait for that time to elapse even when
the clock modeis main PLL clock mode.

®

©)

(10

Watch mode

The device enters watch mode when "1" is written to the watch bit in the standby control register
(STBC: TMD) in sub clock mode or sub PLL clock mode.

The device returns to the normal operating state in response to a watch prescaler/watch counter
interrupt or external interrupt.

When the clock mode is sub PLL clock mode, the device waits for the sub PLL clock oscillation
stabilization wait time to elapse. If the sub PLL oscillation enable bit in the PLL control register
(PLLC: SPEN) contains "1", however, the device does not wait for that time to elapse even when
the clock modeis sub PLL clock mode.
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6.8.2 Sleep Mode

Sleep mode stops the operations of the CPU and watchdog timer.

B Operations in Sleep Mode
Sleep mode stops the operating clock for the CPU and watchdog timer. In this mode, the CPU stops while

retaining the contents of registers and RAM that exist immediately before the transition to sleep mode, but
the peripheral resources except the watchdog timer continue operating.

@ Transition to sleep mode
Writing "1" to the sleep bit in the standby control register (STBC:SLP) causes the device to enter sleep
mode.

@ Cancellation of sleep mode

A reset or an interrupt from a peripheral resource releases the device from sleep mode.
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6.8.3

Stop Mode

Stop mode stops the main clock.

B Operations in Stop Mode

Stop mode stops the main clock. In this mode, the device stops all the functions except external interrupt
and low-voltage detection reset while retaining the contents of registers and RAM that exist immediately
before the transition to stop mode.

In main clock mode or main PLL clock mode, however, you can start or stop sub clock oscillation by
setting the sub clock oscillation stop bit in the system clock control register (SYCC: SUBS). When the sub
clock is oscillating, the watch prescaler and watch counter operate.

@ Transition to stop mode

Writing "1" to the stop bit in the standby control register (STBC:STP) causes the device to enter stop mode.
At this time, the states of external pins are retained when the pin state setting bit in the standby control
register (STBC:SPL) is "0", and the states of external pins become high impedance when that bit is "1"
(those pins are pulled up for which pull-up resistor connection has been selected in the pull-up setting
register).

In main clock mode or main PLL clock mode, a time-base timer interrupt request may be generated while
the device is waiting for main clock oscillation to stabilize after being released from stop mode by an
interrupt. If the interrupt interval time of the time-base timer is shorter than the main clock oscillation
stabilization wait time, you should disable interrupt requests output from the time-base timer before
entering stop mode, thereby preventing unexpected interrupts from occurring.

Y ou should also disable interrupt requests output from the watch prescaler before entering stop mode in sub
clock mode or sub PLL clock mode.

@ Cancellation of stop mode

The device is released from stop mode in response to areset or an external interrupt.

In main clock mode or main PLL clock mode, you can start or stop sub clock oscillation by setting the sub
clock oscillation stop bit in the system clock control register (SYCC: SUBS). When the sub clock is
oscillating, you can also release the device from stop mode using an interrupt by the watch prescaler or
watch counter.

Note:

When stop mode is canceled via an interrupt, peripheral resources placed into stop mode during an
action resume that action. Therefore, the initial interval time of the interval timer and other similar
settings are rendered indeterminate. After recovery from stop mode, initialize each peripheral
resource as necessary.
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Time-base Timer Mode

Time-base timer mode allows only the main clock oscillation, sub clock oscillation,

time-b
periph

ase timer, and watch prescaler to work. The operating clock for the CPU and
eral resources is stopped in this mode.

B Operations in Time-base Timer Mode

In time-base timer mode, main clock supply is stopped except for the time-base timer. The device stops all
the functions except time-base timer, external interrupt and low-voltage detection reset while retaining the
contents of registers and RAM that exist immediately before the transition to time-base timer mode.

You can however start or stop sub clock oscillation by setting the sub clock oscillation stop bit in the
system clock control register (SYCC: SUBS). When the sub clock is oscillating, the watch prescaler and
watch counter operate.

@ Transition to time-base timer mode

Writing "1" to the watch hit in the standby control register (STBC:TMD) causes the device to enter time-
base timer mode if the system clock monitor bits in the system clock control register (SYCC: SCM1,
SCMO) are"10g" or "11g".

The device can enter time-base timer mode only when the clock mode is main clock mode or main PLL
clock mode.

Upon transition to time-base timer mode, the states of external pins are retained when the pin state setting
bit in the standby control register (STBC:SPL) is "0", and the states of external pins become high
impedance when that bit is "1" (those pins are pulled up for which pull-up resistor connection has been
selected in the pull-up setting register).

@ Cancellation of time-base timer mode

The device is released from time-base timer mode in response to a reset, time-base timer interrupt, or
external interrupt.

You can start or stop sub clock oscillation by setting the sub clock oscillation stop bit in the system clock
control register (SYCC: SUBS). When the sub clock is oscillating, you can also release the device from
time-base timer mode using an interrupt by the watch prescaler or watch counter.

Note:

When time-base timer mode is canceled via an interrupt, peripheral resources placed into time-base
timer mode during an action resume that action. Therefore, the initial interval time of the interval
timer and other similar settings are rendered indeterminate. After recovery from time-base timer
mode, initialize each peripheral resource as necessary.
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6.8.5

Watch Mode

In watch mode, the operating clock for the CPU and peripheral resources is stopped.
The device stops all the functions except the watch prescaler, watch counter, external
interrupt, and low-voltage detection reset while retaining the contents of registers and
RAM that exist immediately before the transition to watch mode.

B Operations in Watch Mode

In watch mode, the operating clock for the CPU and peripheral resources is stopped. The device stops all
the functions except the watch prescaler, watch counter, external interrupt, and low-voltage detection reset
while retaining the contents of registers and RAM that exist immediately before the transition to watch
mode.

@ Transition to watch mode

Writing "1" to the watch bit in the standby control register (STBC:TMD) causes the device to enter watch
mode if the system clock monitor bits in the system clock control register (SYCC: SCM1, SCMO0) are
"00g" or "01g".

The device can enter watch mode only when the clock mode is sub clock mode or sub PLL clock mode.
Upon transition to watch mode, the states of external pins are retained when the pin state setting bit in the
standby control register (STBC:SPL) is "0", and the states of external pins become high impedance when
that bit is"1" (those pins are pulled up for which pull-up resistor connection has been selected in the pull-
up setting register).

@ Cancellation of watch mode

The device is released from watch mode in response to a reset, watch interrupt, or external interrupt.

Note:

When watch mode is canceled via an interrupt, peripheral resources placed into watch mode during
an action resume that action. Therefore, the initial interval time of the interval timer and other similar
settings are rendered indeterminate. After recovery from watch mode, initialize each peripheral
resource as necessary.
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The clock oscillator circuit generates an internal clock with an oscillator connected to
or a clock signal input to the clock oscillation pin.

B Clock Oscillator Circuit

@ Using crystal and ceramic oscillators

Connect crystal and ceramic oscillators as shown in Figure 6.9-1.

Figure 6.9-1 Sample Connections of Crystal and Ceramic Oscillators
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@ Using external clock

As shown in Figure 6.9-2, connect the externa clock to the X0 pin while leaving the X1 pin open. To
supply the sub clock from an external source, connect the external clock to the X0A pin while leaving the

X1A pin open.

Figure 6.9-2 Sample Connections of External Clocks
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Note:
If you use only the main clock without using sub clock oscillation on a dual clock product and it
enters sub clock mode for some reason, there is no solution to recovering its operation as there is no
clock supply available. If you use the main clock alone, therefore, be sure to select a single system

clock product.
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6.10 Overview of Prescaler

The prescaler generates the count clock source for various peripheral resources from
the machine clock (MCLK) and the count clock output from the time-base timer.

B Prescaler
The prescaler generates the count clock source for various peripheral resources from the machine clock
(MCLK) that drives the CPU and the count clock (27/Fcy or 28/Fc) output from of the time-base timer.
The count clock source is a clock frequency-divided by the prescaler or a buffered clock, used by the
peripheral resources listed below.
Note that the prescaler has no control register and operates continuously driven by the machine clock
(MCLK) and the count clock (2/Fcy or 28/F¢yy) of the time-base timer.
* 8/16-bit compound timer O
« 8/16-bit PPGtimer O, 1
e 16-bit PPG timer O
¢ UART/SIO baud rate generator 0
* 8/10-bit A/D converter
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6.11  Configuration of Prescaler

Figure 6.11-1is a block diagram of the prescaler.

B Prescaler Block Diagram

Figure 6.11-1 Prescaler Block Diagram
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« 5-bit counter
The machine clock (MCLK) is counted by a 5-bit counter and the count value is output to the output
control circuit.

¢ Output control circuit

Based on the 5-bit counter value, this circuit supplies clocks generated by frequency-dividing the
machine clock (MCLK) by 2, 4, 8, 16, or 32 to individual peripheral resources. The circuit also buffers

the clock from the time-base timer (27/FCH and 28/FCH) and suppliesit to the peripheral resources.

B Input Clock
The prescaler uses the machine clock or the clock output from the time-base timer as the input clock.

B Output Clock
The prescaler supplies clocks to the 8/10-bit compound timer, 8/16-bit PPG timer, 16-bit PPG timer,
UART/SIO dedicated baud rate generator, and 8/10-bit A/D converter.
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The prescaler generates count clock sources to individual peripheral resources.

B Operations of Prescaler

The prescaler generates count clock sources from the frequency-divided version of the machine clock

(MCLK) and buffered signals from the time-base timer (2/ Fehs 28 Fcr) and supplies them to individual
peripheral resources. The prescaler remains operating as long as the machine clock and time-base timer

clocks are supplied.

Table 6.12-1 lists the count clock sources generated by the prescaler.

Table 6.12-1 Count Clock Sources Generated by Prescaler

Count Clock Source Cycle (Fcy =10MHz, Cycle (Fcy =16MHz, Cycle (Fcy =16.25MHz,
Cycle MCLK=10MHz) MCLK=16MHz) MCLK=16.25MHz)
2/MCLK MCLK/2  (5MHz) MCLK/2 (8MH2) MCLK/2  (8.125MHz)
4/MCLK MCLK/4  (25MH2) MCLK/4 (4MH2) MCLK/4  (4.0625MHz)
8/MCLK MCLK/8  (125MHz2) MCLK/8 (2MHz) MCLK/8  (2.0313MH2)
16/MCLK MCLK/16  (0.625MHz) |MCLK/16  (IMH2) MCLK/16  (1.0156MHz)
32/MCLK MCLK/32  (0.3125MHz) |MCLK/32  (05MHz) |[MCLK/32  (0.5078MH2)
2"l Fen Fen 127 (78kH2) Fen 127 (125kHz) | Fey /2’ (127kH2)
28 Fey Fon 128 (39%Hz) Fon 128 (62.5kHz) | Foy /28 (63.5kH2)
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6.13 Notes on Use of Prescaler

This section gives notes on using the prescaler.

The prescaler uses the machine clock and time-base timer clock and operates continuously while these
clocks are running. Accordingly, the operations of individual peripheral resources immediately after they
are activated may involve an error of up to one cycle of the clock source captured by the resource,
depending on the prescaler output value.

Figure 6.13-1 Clock Capturing Error Immediately after Activation of Peripheral Resources

Prescaler output

Resource activation

] [ ]

I

I

I
<>

| |
Clock capturing error
immediately after
resource activation

Clock capturing
by resource

The prescaler count value affects the following resources:
 UART/SIO

e 8/16-hit compound timer

» 8/16-bit PPG

» 16-hit PPG

e 8/10-bit A/D converter
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RESET

This section describes the reset operation.

7.1 Reset Operation
7.2 Reset Source Register (RSRR)

7.3 Notes on Using Reset
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7.1 Reset Operation

When a reset factor occurs, the CPU stops the current execution immediately and
enters the reset release wait state. When the device is released from the reset, the CPU
reads mode data and the reset vector from internal ROM (mode fetch). When the power
is turned on or when the device is released from areset in sub clock mode, sub-PLL
clock mode, or stop mode, the CPU performs mode fetch after the oscillation
stabilization wait time has passed.

B Reset Factors
Resets are classified into five reset factors.

Table 7.1-1 Reset Factors

Reset Factor Reset Condition
External reset "L" level input to the external reset pin
Software reset 1 _|swr|tten to the software reset bit (STBC: SRST) in the standby control
register.
Watchdog reset The watchdog timer causes an overflow.
Power-on reset/ The power isturned on or the supply voltage falls below the detected voltage.
low-voltage detection reset (Option)
Clock Supervisor Reset Abnormal Stop of Clock Oscillation (Option)

@ External reset

An external reset is generated upon "L" level input to the external reset pin (RST).

An externally input reset signal is accepted asynchronously via the internal noise filter and generates an
internal reset signal in synchronization with the machine clock to initiadlize the interna circuit.
Consequently, a clock is necessary for internal circuit initialization. Clock input is therefore necessary for
operation with an external clock. Note, however, that external pins (including 1/O ports and peripheral
resources) are reset asynchronoudly. Additionally, there are standard pulse-width values for external reset
input. If the value is below the standard, the reset may not be accepted.

The standard value is listed on the data sheet. Please design your external reset circuit so that this standard
ismet.

@ Software reset

Writing "1" to the software reset bit of the standby control register (STBC:SRST) generates a software
reset.

@ Watchdog reset

After the watchdog timer starts, a watchdog reset is generated if the watchdog timer is not cleared within a
preset amount of time.
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@ Power-on reset/low-voltage detection reset (Option)

A power-on reset is generated when the power is turned on.

Some 5-V products have alow-voltage detection reset circuit (option) integrated.

The low-voltage detection reset circuit generates a reset if the power supply voltage falls below a
predetermined level.

The logical function of the low-voltage detection reset is completely equivalent to the power-on reset. All
the text in this manual concerning power-on resets applies to low-voltage detection resets as well.

For details about low-voltage detection resets, see "CHAPTER 24 LOW-VOLTAGE DETECTION
RESET CIRCUIT".

@ Clock Supervisor Reset (Option)

Some 5V products have the (optional) clock supervisor.

The clock supervisor monitors the main and sub clocks and generates a reset when the oscillation stops due
to not given state transition but any abnormality. After reset, a clock occurred in the built-in RC oscillation
circuit is provided internally.

For details on the clock supervisor, see "CHAPTER 25 CLOCK SUPERVISOR".

B Reset Time

In the case of a software reset or watchdog reset, the reset time consists of a total of three machine clock
cycles: one machine clock cycle at the machine clock frequency selected before the reset, and two machine
clock cycles at the machine clock frequency initially set after the reset (1/32 of the main clock frequency).
However, the reset time may be extended in machine clock cycles of the frequency selected before the
reset, via the RAM access protection function which suppresses resets during RAM access. In addition,
when in main clock oscillation stabilization standby mode, the reset time is further extended for the
oscillation stabilization wait time.

External resets and resets are also affected by the RAM access protection function and main clock
oscillation stabilization wait time.

In the case of a power-on reset or low-voltage detection reset, the reset continues during the oscillation
stabilization wait time.

B Reset Output

The RST pin of 5V products with the reset (For details, see Table 1.2-1.) outputs "L" level during reset
time. However, areset pin does not output "L" level in the case of an external reset.

The RST pin of 3V products and 5 V products without the reset outputs do not have an output function.
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B Overview of Reset Operation

Figure 7.1-1 Reset Operation Flow

During reset

Mode fetch

Normal
operation
(Run state)

Software reset
Watchdog reset

J

Suppress resets
during RAM access|

Sub clock mode
During operation in
sub-PLL clock mode

Main clock oscillation
stabilization wait time
Reset state

External reset input
Clock Supervisor Reset

Power-on reset/
low-voltage detection
reset

J

Suppress resets
during RAM access

In sub clock mode,
sub-PLL clock mode,
or stop mode

Main clock oscillation
stabilization wait time
Reset state

Main clock oscillation
stabilization wait time
Reset state

Released from
external reset

Capture mode data.

!

Capture reset vector.

(Address: FFFDy)

(Address: FFFEH, FFFFR)

Capture instruction code from the
address indicated by reset vector
and execute the instruction.

In the case of a power-on reset/low-voltage detection reset, and a reset when in sub clock mode, sub-PLL
clock mode, or stop mode, the CPU performs mode fetch after the main clock oscillation stabilization wait
time has elapsed. If the external reset input is not cleared after the oscillation stabilization wait time has

elapsed, the CPU performs mode fetch after the external reset input is cleared.

B Effect of Reset on RAM Contents
When areset occurs, the CPU halts the operation of the command currently being executed, and enters the
reset status. During RAM access execution, however, RAM access protection causes an internal reset signal
to be generated in synchronization with the machine clock, after RAM access has ended. This function

prevents aword-data write operation from being cut off by areset after one byte.
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B Pin State During a Reset

When areset occurs, al of the I/O ports and periphera resource pins remain in a high impedance state until
setup is performed by software after the reset is released.

Note:

Connect a pull-up resistor to those pins which remain at high impedance during a reset to prevent
the devices the pins from malfunctioning.

See "APPENDIX D Pin Status of MB95130/MB series" for details about the states of all pins during a
reset.
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7.2 Reset Source Register (RSRR)

The reset source register indicates the source or factor causing a reset that has been
generated.

B Configuration of Reset Source Register (RSRR)

Figure 7.2-1 Reset Source Register (RSRR)

Address  pit7  bit6  bit5  bit4  bit3  bit2  bitl _ bitg Initial value
0009 | - | - [csvrR| ExTS|WDTR| PONR| HWR | SWR | x00000ie
ROWX ROWX RW RW RW RW RW RW

QI\‘

> SWR Software reset flag bit

Read Write
0 - Write access to this
1 Factor is software reset bit sets it to "0".

Hardware reset flag bit

Read Write
0 - Write access to this
1 Factor is hardware reset bit sets it to "0".

Power-on reset flag bit

PONR
Read Write
0 - Write access to this
1 Factor is power-on reset bit sets it to "0".
‘ > WDTR Watchdog reset flag bit .
Read Write
0 - Write access to this
1 Factor is watchdog reset bit sets it to "0".
External reset flag bit
EXTS -
Read Write
0 - Write access to this
1 Factor is external reset bit sets it to "0".
CSVR Clock supervisor reset flag bit .
Read Write
0 - Write access to this

1 |Factor is clock super visor reset| bit sets it to "0".

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)

R,W  : Readable/writable (Read value is different from write value)
- : Undefined
X : Indeterminate
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Table 7.2-1 Functions of Bits in Reset Source Register (RSRR)

Bit name Function
bit7 ) . Thevalueread is always "00g".
. Undefined hits
bit6 ! I These bits are read-only. Any value written is meaningless.
Thishit isset to "1" to indicate that a clock supervisor reset has occurred.
CSVR: Otherwise, the bit retains the value existing before the clock supervisor reset occurred.
bit5 Clock supervisor  Thisbit varies only with the models equipped with the clock supervisor.
reset flag bit « Thishit valueis dways "0" for the models not equipped with the clock supervisor. Writing to this
bit does not affect the operation.
Thishit isset to "1" to indicate that an external reset has occurred.
bit4 EXTS: Otherwise, the bit retains the value existing before the reset occurred.
External reset flag bit |« Read/write access to this bit setsit to "0".
* Thebit isread-only. Any value written is meaningless.
Thisbit isset to "1" to indicate that a watchdog reset has occurred.
bit3 WDTR: Otherwise, the bit retains the value existing before the reset occurred.
Watchdog reset flag bit | + Read accessto this bit setsit to "0".
» Thebit isread-only. Any value written is meaningless.
Thishit isset to "1" to indicate that a power-on reset or low-voltage detection reset (option) has
occurred.
bit2 PONR: Otherwise, the bit retains the value existing before the reset occurred.
Power-on reset flag bit | » The low-voltage detection reset function is provided for specific models.
» Read/write access to this bit setsit to "0".
» Thehit isread-only. Any value written is meaningless.
Thishitisset to"1" to indicate that areset other than software resets has occurred. When any of bits
HWR: 2to5issetto"1", therefore, thisbitisset to "1" aswell.
bitl Har dWwe reset flag bit Otherwise, the bit retains the val ue existing before the reset occurred.
o * Read/write access to this bit setsit to "0".
» Thebit isread-only. Any value written is meaningless.
Thishit isset to "1" to indicate that a software reset has occurred.
bit0 SWR: Otherwise, the bit retains the val ue existing before the reset occurred.
Software reset flag bit | « Read/write access to this bit or a power-on reset setsit to "0".
» Thebit isread-only. Any value written is meaningless.
Note:

Reading the reset source register clears its contents. To use the reset source register for calculation,
therefore, you should move the contents of the register to RAM in advance.
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B Status of Reset Source Register (RSRR)

Table 7.2-2 Status of Reset Source Register

Reset Sources — - CSVR | EXTS | WDTR | PONR | HWR | SWR
Power on reset/L ow-voltage detection reset - - X X X 1 1 0
Software reset - - A A A A A 1
Watch dog reset - - A A 1 A 1 A
External reset - - A 1 A A 1 A
Clock supervisor reset - - 1 A A A 1 A
1 Flag set
A Previous state saved
X: Undefined

CSVR: Thisbhitissetto"1" to indicate that a clock supervisor reset has occurred
(Always"0" if thereis no clock supervisor option)

EXTS: Thishitissetto"1" to indicate that an external reset has occurred.
WDTR: Thishitissetto"1" to indicate that awatchdog reset has occurred.

PONR: Thishitisset to"1" to indicate that a power-on reset or low-voltage detection reset (option) has occurred.
HWR: Thebit value"1" indicates that areset source occurs from either CSVR, EXTS, WDTR, or PONR.

SWR: Thishitissetto"1" to indicate that a software reset has occurred.
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7.3 Notes on Using Reset

This section explains the precautions when using Reset.

B Notes on Using Reset

@ Initialization of the main clock stop detection bit of clock supervisor

The main clock stop detection bit (CSVCR:MM) of clock supervisor is initialized only by power-on reset
and external reset.

The bit is not initialized by the watchdog timer reset/software reset/clock supervisor reset. Therefore, if one
of these resetsis issued, the CR clock mode continues.

@ Initialization of register and bit by reset source

Some registers and bits are not initialized by reset source.
For the reset source register (RSRR), which of the bit isinitialized depends on the reset source.

e The main clock stop detection bit (CSVCR:MM) of clock supervisor is initialized only by power-on
reset/external reset.

» The RC oscillation enable bit (CSVCR:RCE) of clock supervisor is initialized only by power-on reset/
external reset.

e The main clock monitoring enable bit (CSVCR:MSVE) of clock supervisor isinitialized only by power-
on reset.

» The oscillation stabilization wait time setting register (WATR) of clock control block is initialized only
by power-on reset.
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CHAPTER 8 INTERRUPTS

8.1

Interrupts

This section explains the interrupts.

B Overview of Interrupts

The FAMC-8FX family has 24 interrupt request input lines corresponding to peripheral resources, for each
of which an interrupt level can be set independently.

When a peripheral resource generates an interrupt request, the interrupt request is output to the interrupt
controller. The interrupt controller checks the interrupt level of that interrupt request and then passes the
occurrence of the interrupt to the CPU. The CPU services the interrupt according to the interrupt
acceptance status. Interrupt requests also release the device from standby mode to resume instruction
execution.

B Interrupt Requests from Peripheral Resources

96

Table 8.1-1 lists the interrupt requests corresponding to peripheral resources. When an interrupt is accepted,
a branch to the interrupt service routine takes place with the content of the interrupt vector table address
corresponding to the interrupt request as the address of the branch destination.

The priority for each interrupt request can be set to one of four levels using the interrupt level setting
registers (ILRO to ILR5).

If another interrupt request with the same or lower level occurs during execution of the interrupt service
routine, the interrupt is processed after the current interrupt handler routine completes. If interrupt requests
of the same level occur at the sametime, IRQO is assigned the highest priority.



Table 8.1-1 Interrupt Requests and Interrupt Vectors

CHAPTER 8 INTERRUPTS

Vector Table Address - Priority for Equal-level Interrupt
Interrupt Request Bitin I_nterrupt_ Level Requests
Upper Lower Setting Register (Generated Simultaneously)
(Reset vector) FFFEY FFFFy - Highest
(Mode data) FFFC, FFFDy R
IRQO FFFA FFFB, L0O0 [1:0] A
IRQL FFF8, FFFOy, L01 [1:0]
IRQ2 FFF6 FFF7y LO2[1:0]
IRQ3 FFF4y FFF5y L03[1:0]
IRQ4 FFF2y FFF34 L04[1:Q]
IRQ5 FFFO4 FFF1y LO5[1:Q]
IRQ6 FFEEH FFEFY L06 [1:0]
IRQ7 FFECy FFED LO7 [1:0]
IRQ8 FFEAY FFEBy L08 [1:0]
IRQ9 FFE8, FFE9, L09 [1:0]
IRQ10 FFE6, FFE7 L10[1:Q]
IRQ11 FFE4, FFE5, L11[1:Q]
IRQ12 FFE2, FFE3, L12[1:0]
IRQ13 FFEOy FFE1y L13[1:0]
IRQ14 FFDEY FFDFy L14[1:Q]
IRQ15 FFDCH FFDDy L15[1:Q]
IRQ16 FFDAR FFDBy L16[1:0]
IRQ17 FFD8, FFD9, L17[1:0]
IRQ18 FFD6y FFD7y L18 [1:0]
IRQ19 FFD4y FFD5y L19[1:Q]
IRQ20 FFD2y FFD3y4 L20[1:0]
IRQ21 FFDO FFD1, L21[1:0]
IRQ22 FFCEy FFCFy L22[1:0] v
IRQ23 FFCCy FFCDy L23[1:0] Lowest

For interrupt sources, see "APPENDIX B Table of Interrupt Causes".

97



CHAPTER 8 INTERRUPTS

8.1.1

Interrupt Level Setting Registers (ILRO to ILR5)

The interrupt level setting registers (ILRO to ILR5) contain 24 pairs of bits assigned for
the interrupt requests from different peripheral resources. Each pair of bits (interrupt
level setting bits as two-bit data) sets each interrupt level.

B Configuration of Interrupt Level Setting Registers (ILRO to ILR5)

Figure 8.1-1 Configuration of Interrupt Level Setting Registers

bit0 Initial value

[1:0] | RW 11111111

[1:0] | RIW 11111111

[1:0] | R/W 111111115

[10] | RW 11111111

[1:0] | RW 11111111

Register Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl
ILRO 00079y [ LO3  [1:0] | LO2 [LO] | LO1  [1:0] | LOO
ILR1 0007Ay [ LO7 [1:0] | LO6 [1:0] | LO5 [L1:0] | LO4
ILR2 0007By | L11  [1:.0] | L10  [1:0] | L09  [1:0] | LO8
ILR3 ooo7cH| L15  [1:.0] | L14  [1:.0] | L13  [1:0] | L12
ILR4 0007Dy [ L19 [1:0] [ L18 [1:0] [ L17 [L:0] | L16
ILR5 0007Ey | 23  [1:0] | L22  [1:0] | L21  [1:0] | L20

[1:0] | R/W 111111115
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The interrupt level setting registers assign each pair of bits for a different interrupt request. The values of
interrupt level setting bits in these registers specify interrupt service priorities (interrupt levels 0 to 3).

The interrupt level setting bits are compared with the interrupt level bits in the condition code register
(CCR:IL1, ILO).

When interrupt level 3 is set for an interrupt request, the CPU ignores the interrupt request.

Table 8.1-2 shows the relationships between interrupt level setting bits and interrupt levels.

Table 8.1-2 Relationships Between Interrupt Level Setting Bits and Interrupt Levels

LXX[1:0] Interrupt Level Priority
00 0 Highest
01 1
10 2 #
11 3 Lowest (No interrupt accepted)

XX:00to 23 Corresponding interrupt number

During execution of a main program, usualy, the interrupt level bits in the condition code register (CCR:
IL1, ILO) contain"11g".
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8.1.2 Interrupt Processing

When an interrupt request is generated by a peripheral resource, the interrupt controller
passes the interrupt level to the CPU. When the CPU is ready to accept interrupts, it
temporarily halts the program currently being executed and executes an interrupt
service routine.

B Interrupt Processing
The procedure of processing an interrupt takes the following steps: the generation of an interrupt resource in a
peripheral resource, the execution of the main program, the setting of the interrupt request flag bit, the
evauation of the interrupt request enable hit, the evaluation of interrupt level (ILRO to ILR5 and CCR:IL1,
IL0), the checking for any equal-level interrupt request, and the evaluation of the interrupt enable flag (CCR:l).
Figure 8.1-2 illustrates the steps to take for interrupt processing.

Figure 8.1-2 Interrupt Processing Steps

3 Condition code register (CCR)
o
9 L Dol [l |
k) [ [
= CPU | Check H Comparator |
gl | @ (5)
START 9_,) R%Iegse from stop
c RAM Release from sleep
mode
I_?elease from time-base
@ |Initialize peripheral resourcesl ®) fimerfwaich mode
hnlerrupl request |__| ::l_g (4)
ag I
Interrupt YES AND =3
. Interrupt request || —H £
from penph%ral anabled M —H 8 |interrupt
resource’ 3) - —H € |controller
- 3 Each peripheral resource 3
NO Peripheral 3)

fesource interrupt request
output enabled?

@) Check interrupt priority and
transfer interrupt level to CPU

T ©)

v

Compare interrupt level
with IL bit

3

nterrupt level higher
than IL value?

NO YES

(2) | Run main program

< NO|

Interrupt service routine |
A4

| Clear interrupt request | |Save PC and PS onto stack|
(7) | Restore PC and PS \l/ \I/

Execute interrupt processing| (6) | PC « interrupt vector |
| RETI | | Update IL in PS |
' |
e |

99



CHAPTER 8 INTERRUPTS

(1) Any interrupt request is disabled immediately after a reset. In the peripheral resource initialization
program, initialize those periphera resources which generate interrupts and set their interrupt levelsin
their respective interrupt level setting registers (ILRO to ILR5) before starting operating the peripheral
resources. The interrupt level can be setto 0, 1, 2, or 3. Level 0 is given the highest priority, and level 1
the second highest. Setting level 3 for a peripheral resource disables interrupts from that resource.

(2) Execute the main program (or the interrupt service routine for nested interrupts).

(3) When an interrupt is triggered in a peripheral resource, the interrupt request flag bit of the periphera
resource is set to "1". If the interrupt request enable bit of the peripheral resource has been set to enable
interrupts, the interrupt request is then output to the interrupt controller.

(4) The interrupt controller always monitors interrupt requests from individual peripheral resources and
transfers the highest-priority interrupt level, to the CPU, among the interrupt levels of the currently
generated interrupt requests. The relative priority to be assigned if another request with the same
interrupt level occurs simultaneously is aso determined at thistime.

(5) If the received interrupt level or priority is lower than the level set in the interrupt level bits in the
condition code register (CCR: IL1, ILO), the CPU checks the content of the interrupt enable flag
(CCR:I) and, if interrupts are enabled (CCR:I = 1), accepts the interrupt.

(6) The CPU pushes the contents of the program counter (PC) and program status (PS) register onto the
stack, fetches the start address of the interrupt service routine from the corresponding interrupt vector
table, changes the value of the interrupt level bits in the condition code register (CCR: IL1, ILO) to the
value of the received interrupt level, then starts the execution of the interrupt service routine.

(7) Finally, the CPU uses the RET]I instruction to restore the program counter (PC) and program status (PS)
values from the stack and resumes execution from the instruction that follows the instruction executed
prior to the interrupt.

Note:

The interrupt request flag bits of peripheral resources are not automatically cleared to "0" after an
interrupt request is accepted. The bits must therefore be cleared to "0" by a program (by writing "0"
to the interrupt request flag bit) in the interrupt service routine.
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An interrupt causes the device to recover from standby mode (low power consumption mode). For details,
see 6.8 Operationsin Low-power Consumption Modes (Standby Modes)".



8.1.3

CHAPTER 8 INTERRUPTS

Nested Interrupts

You can set different interrupt levels for two or more interrupt requests from peripheral
resources in the interrupt level setting registers (ILRO to ILR5) to process the nested

interrupts.

B Nested Interrupts

If an interrupt request of higher-priority interrupt level occurs while an interrupt service routine is being
executed, the CPU halts processing of the current interrupt and accepts the higher-priority interrupt request.
Theinterrupt level canbe setto 0to 3. If it is set to 3, the CPU will accept no interrupt request.

[Example: Nested interrupts]

To assign higher priority to external interrupts over timer interrupts as an example of processing nested-
interrupts, set the timer interrupt and external interrupt levels to 2 and 1, respectively. If an externa
interrupt occurs while a timer interrupt is being processed with these settings in use, the interrupts are
processed as shown in Figure 8.1-3.

Figure 8.1-3 Example of Processing Nested Interrupts

Main Program Timer Interrupt Processing External Interrupt Processing

Interrupt level 2 Interrupt level 1
(CCR:IL1,IL0=10s) (CCR:IL1,1L0=01e)

Initialize peripheral (1)
resources. |

) ) (8) External interrupt
Timer interrupt occurs. (%)

| occurs.

(4) Process external interrupt.

Suspend

| Resume |

Resume main program. (8) (6) Process timer interrupt (5) Retum from external interrupt.
I

(7) Return from timer interrupt.
|

« While atimer interrupt is being processed, the interrupt level bits in the condition code register (CCR:
IL1, ILO) hold the same value as that of the interrupt level setting registers (ILRO to ILR5)
corresponding to the current timer interrupt (level 2 in this example). If an interrupt request with a
higher-priority interrupt level (level 1 in the example) occurs, the higher-priority interrupt is processed
preferentially.

* To temporarily disable nested interrupt processing while a timer interrupt is being processed, set the
interrupt enable flag in the condition code register to disable interrupts (CCR:l = 0) or set the interrupt
level bits (CCR: IL1, ILO) to "00g".

« Executing the interrupt return instruction (RETI) after interrupt processing is completed restores the
program counter (PC) and program status (PS) values saved in a stack and resumes the processing of the
interrupted program. Restoring the program status (PS) also restores the condition code register (CCR)
toits value existing prior to the interrupt.
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8.1.4

Interrupt Processing Time

The time between an interrupt request being generated and control being passed to the
interrupt processing routine is equal to the sum of the time until the currently executing
instruction completes and the interrupt handling time (time required to initiate interrupt
processing). This time consists of a maximum of 26 machine clock cycles.

B Interrupt Processing Time

The interrupt request sampling wait time and interrupt handling time intervene between the occurrence and
acceptance of an interrupt request and the execution of the relevant interrupt service routine.

@ Interrupt request sampling wait time

Whether an interrupt request has occurred is determined through the sampling of the interrupt request
during the last cycle of each instruction. The CPU cannot therefore recognize interrupt requests during the
execution of each instruction. The maximum length of this delay occurs if the interrupt request is generated
immediately after the DIVU instruction requiring the longest instruction cycle (17 machine clock cycles)
starts executing.

@ Interrupt handling time

After receiving an interrupt, the CPU requires 9 machine clock cycles to perform the following interrupt
processing setup:

» Savesthe program counter (PC) and program status (PS) values.

» Setsthe PC to the start address (interrupt vector) of interrupt service routine.

* Updatestheinterrupt level bits (PS:CCR:IL1, ILO) in the program status (PS) register.

Figure 8.1-4 Interrupt Processing Time

Normal instruction execution Interrupt handling Interrupt service routine
CPU operation @ K————————————>KK————— D¢ ———————-
<> <+
Interrupt request Interrupt handling time
Interrupt wait time sampling wait time | (9 machine clock cycles)

Interrupt request generated
< : Last instruction cycle in which the instruction request is sampled
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When an interrupt request is generated immediately after the beginning of execution of the DIVU
instruction requiring the longest execution cycle (17 machine clock cycles), it takes an interrupt processing
time of 17+9=26 machine clock cycles.

The machine clock changes depending on the clock mode and main clock speed switching (gear function).
For details, refer to "CHAPTER 6 CLOCK CONTROLLER".
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8.1.5 Stack Operations During Interrupt Processing

This section describes how registers are saved and restored during interrupt
processing.

B Stack Operation at the Start of Interrupt Processing
Once the CPU accepts an interrupt, it automatically saves the current program counter (PC) and program
status (PS) values onto a stack.

Figure 8.1-5 shows how the stack is used at the start of interrupt processing.

Figure 8.1-5 Stack Operation at Start of Interrupt Processing

"Immediate before interrupt" " Immediate after interrupt "
Address Memory Address Memory
027CH | XXH Sp 027ch> 027CH | 08H }
PS
PS| 0870 027Dy | XXn 027Dy | 704
pc| Eoooy 027EH | XXH PS 0870H 027Ey EO4 }PC
027FH | XXy PC EOOO 027FH 00n
SP| 02804 | 02804 [ XXy H 02804 | XX
0281H | XXy 0281 XXH

B Stack Operation upon Returning from Interrupt
When the interrupt return instruction (RETI) is executed to end interrupt processing, the program status
(PS) and then the program counter (PC) are restored from the stack, in the reverse order from which they
were saved to the stack when interrupt processing started. This restores the PS and PC values to their states
prior to starting interrupt processing.

Note:

As the accumulator (A) and temporary accumulator (T) are not saved onto the stack automatically,
use the PUSHW and POPW instructions to save and restore the A and T values.
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8.1.6 Interrupt Processing Stack Area

The stack area in RAM is used for interrupt processing. The stack pointer (SP) contains
the start address of the stack area.

B Interrupt Processing Stack Area

The stack areais aso used to save and restore the program counter (PC) when subroutine call (CALL) or
vector call (CALLV) instructions are executed and to temporarily save and restore the registers via the
PUSHW and POPW instructions.

e Thestack areaislocated in RAM together with the data area.

« Itisadvisable to initialize the stack pointer (SP) to the maximum RAM address and allocate data areas
starting from the minimum RAM address.

Figure 8.1-6 shows an example of setting the stack area.

Figure 8.1-6 Setting Example of Interrupt Processing Stack Area

0000H
/0

, 0080H
Data area § RAM

0100H[ -~~~ 7 i
General-|

purpose ,

0200H

0280H Recommended SP value
(assuming a maximum RAM
address of 0280H)

\/ Stack area T

Access
prohibited

ROM

FFFFH

Note:

The stack area is allocated in descending order of addresses for interrupts, subroutine calls, and the
PUSHW instruction; it is deallocated in ascending order of addresses for return (RETI, RET) and
POPW instructions. When the stack area address used decreases for nested interrupts or
subroutines, prevent the stack area from overlapping the data area or general-purpose register area
containing other data.
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This chapter describes the functions and operations of
the I/O ports.

9.1 Overview of I/O Ports
9.2 Port0
9.3 Port1
9.4 PortF
9.5 PortG
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9.1 Overview of I/O Ports

I/O ports are used to control general-purpose 1/O pins.

B Overview of I/O Ports
The 1/0 port has functions to output data from the CPU and load inputted signals into the CPU, via the port
data register (PDR). It is also possible to set the input/output direction of the 1/O pins as desired at the bit
level, viathe port direction register (DDR).

Table 9.1-1 lists the registers for each port.

Table 9.1-1 Each Port Registers

Register name Read/Write Initial value
Port O data register (PDRO) R, RM/W 00000000g
Port O direction register (DDRO) R/W 00000000g
Port 1 dataregister (PDRY) R, RM/W 000000005
Port 1 direction register (DDRY) R/W 00000000g
Port F data register (PDRF) R, RM/W 00000000g
Port F direction register (DDRF) R/W 00000000g
Port G dataregister (PDRG) R, RM/W 00000000g
Port G direction register (DDRG) R/W 00000000g
Port O pull-up register (PULO) R/W 000000005
Port 1 pull-up register (PULD) R/W 000000005
Port G pull-up register (PULG) R/W 000000005
A/D input disable register lower (AIDRL) R/W 00000000g
Input level selection register (ILSR) R/W 000000005
Input level selection register 2* (ILSR2) R/W 00000000g

R/W: Readable/writable (Read value is the same as the write value.)
R, RM/W: Readable/writable (Read valueis different from write value, write value is read by read-modify-write instruction.)
*: Only for 5V products, it is an effective register.
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9.2 Port O

Port 0 is a general-purpose I/O port.
This section focuses on functions as a general-purpose I/O port.
See the chapters on each peripheral function for details about peripheral functions.

B Port 0 Configuration
Port 0 is made up of the following elements.
« Genera-purpose /O ping/peripheral function I/O pins
¢ Port 0 dataregister (PDRO)
» Port O direction register (DDRO)
« Port 0 pull-up register (PULQ)
* A/D input disable register lower (AIDRL)
* Input level selection register (ILSR)
* Input level selection register 2 (ILSR2)
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B Port O Pins
Port 0 has eight I/O pins.
Table 9.2-1 lists the port O pins.

Table 9.2-1 Port 0 Pins

I/O type
Pin name Function Shared peripheral functions
Input* Output | OD | PU
ANOO analog input -
POO/INTQO/ . : Hysteresis/
POO/PPGO0 POO general-purpose 1/0  |INTOO external interrupt input Anal og/ CMOS| - | O
8/16-bit PPGO ch.0 output Automotive
ANO1 analog input :
POL/INTO1/ L : Hysteresis/
ANO1/PPGOL P01 genera-purpose I/0  |INTO1 externa interrupt input Analog/ CMOSs| - | O
8/16-bit PPGO ch.1 output Automotive
ANO2 analog input -
PO2/INTO02 . _ Hysteresis/
ANO2/SCK P02 general-purpose I/0O  |INTO2 external interrupt input Anal og/ CMOS| - | O
LIN-UART clock I/0 Automotive
PO3/INTO3/ ANO3 analog input Hysteresis/
ANO3/SOT P03 general-purpose I/0  |INTO3 external interrupt input Analog/ CMOSs| - | O
LIN-UART data output Automotive
ANO04 analog input Hysteresis/
PO4/INTO4/ . INTO04 external interrupt input Analog/ )
ANOA/SIN P04 general-purpose I/0 : CMOS/ CMOS O
LIN-UART datainput Automotive
ANO5 analog input ’ o
> : ysteresi
m%g/\lTng(l) POS general-purpose 1/0 I NT05. externa |nter.rupt input Anclog S S
8|/‘]1§_blt compound timer0 Automotive
ch.0 output
ANOG6 analog input ’ o
. : ysteresi
:ﬁ%g;?ggi P0G general-purpose 1/0 INTOG_ externa mter_rupt input Anclog N
8(11;3-b|t compound timer0 Automotive
ch.1 output
ANO7 analog input Hysteresis/
POZII\IJ\IO-I;OW P07 general-purpose I/O _ ) Anaog/ CMOS| - | O
INTO7 external interrupt input Automotive

OD: Open drain, PU: Pull-up

*
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B Block Diagram of Port O

Figure 9.2-1 Block Diagram of Port O
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9.21

Port O Registers

This section describes the port 0 registers.

B Port 0 Register Function
Table 9.2-2 lists the port O register functions.

Table 9.2-2 Port 0 Register Function

Register name| Data Read Read read-modify-write Write
PDRO 0 Pin stateis"L" level. PDR register valueis"0". Asoutput port, outputs "L" level.
1 Pin stateis"H" level. PDR register valueis"1". Asoutput port, outputs "H" level.
0 Port input enabled
DDRO
1 Port output enabled
0 Pull-up disabled
PULO
1 Pull-up enabled
0 Analog input enabled
AIDRL -
1 Port input enabled
ILSR 0 Hysteresisinput level selection
1 CMOS input level selection
0 Hysteresisinput level selection
ILSR2* — -
1 Automotive input level selection

*: Only for 5V products, it is an effective register.

Table 9.2-3 lists the correspondence between port O pins and each register bit.

Table 9.2-3 Correspondence between Registers and Pins for Port 0

Correspondence between related register bits and pins

Pin name

P07

P06

P05

P04 PO3 P02 PO1

POO

PDRO

DDRO

PULO

AIDRL

bit7

bit6

bit5

bit4 bit3 bit2 bitl

bit0

ILSR

bit2 - - -

ILSR2*

bit0

*: Only for 5V products, it is an effective register.
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9.2.2 Operations of Port O

This section describes the operations of port 0.

B Operations of Port 0

@ Operation as an output port

« Setting the corresponding DDR register bit to "1" sets a pin as an output port.

* When apinisset as an output port, it outputs the value of the PDR register to pins.

< If dataiswritten to the PDR register, the value is stored in the output latch and output to the pin asit is.
* Reading the PDR register returns the PDR register value.

@ Operation as an input port

« Setting the corresponding DDR register bit to "0" sets apin as an input port.
* When using the analog input shared pin as an input port, set the corresponding bits in the A/D input
disable register low (AIDRL) to"1".

« If dataiswritten to the PDR register, the value is stored in the output latch but not output to the pin.

* Reading the PDR register returns the pin value. However, the read-modify-write command returns the
PDR register value.

@ Operation as a peripheral function output

» Setting the output enable bit of a peripheral function sets the corresponding pin as a peripheral function
output.

e The pin value can be read from the PDR register even if the peripheral function output is enabled.
Therefore, the output value of a peripheral function can be read by the read operation on PDR register.
However, the read-modify-write command returns the PDR register value.

@ Operation as a peripheral function input
« Set the DDR register bit, which is corresponding to the peripheral function input pin, to "0" to set a pin
asan input port.

< As with an input port, when using the analog input shared pin as another peripheral function input,
configureit as an input port.

* Reading the PDR register returns the pin value, regardless of whether the peripheral function uses an
input pin. However, the read-modify-write command returns the PDR register value.

@ Operation at reset

Resetting the CPU initializes the DDR register values to "0", and sets the port input enabled. Note that
the pin sharing for the analog input is set its port input disabled since A/D input disable register low
(AIDRL) isinitialized to "0".

@ Operation in stop mode and watch mode

« If the pin state specification bit in the standby control register (STBC:SPL) is set to "1" when the device
switches to stop or watch mode, the pin is set forcibly to the high-impedance state regardiess of the
DDR register value. Note that the input is locked to "L" level and blocked in order to prevent leaks due
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to freed input. However, if the interrupt input is enabled for the external interrupt control register (EIC)
of the external interrupt circuit and the interrupt pin selection circuit control register (WICR) of the
external interrupt selection circuit, the input is enabled and not blocked.

« If the pin state specification hit is "0", the state remains in port 1/O or periphera function 1/0O and the

output is maintained.

@ Operation as an analog input

« Set the DDR register bit, which is corresponding to the analog input pin, to "0", and set the AIDRL

register bit to "0".
» Set the corresponding PUL register bit to "0".

@ Operation of the external interrupt input pin

» Set the DDR register bit, which is corresponding to the external interrupt input pin, to "0".

* Pin vaues are continuously input to the external interrupt circuit. When using the pin for a function

other than an interrupt, you must disable the corresponding external interrupt.

@ Operation of the pull-up control register

Writing "1" to the PUL register internally connects the pull-up resistor to the pin. When the output is

"L" level, the pull-up resistor is disconnected regardiess of the PUL register value.

@ Operation of the input level selection register

e Setting "1" to the bit2 of ILSR register changes only P04 from the hysteresis input level to the CMOS

input level. When the bit2 of ILSR register is"0", it should be the hysteresisinput level.

« For pins other than P04, the CMOS input level cannot be selected; however, only the hysteresis input

level or the automotive input level can.

» Make surethat the input level for P04 is changed during the peripheral function (UART/SIO) stopped.

@ Operation of the input level selection register 2

e ThelLSR2register isavalid register only for 5V models.

» Setting bit0 of the ILSR2 register to "1" changes the port O input level from the hysteresis input level to
the automotive input level. The hysteresisinput level is used when bitO of the ILSR2 register is"0".

< Only modify the port O input level setting when the peripheral functions input are halted.
Table 9.2-4 shows the pin states of the port.

Table 9.2-4 Pin State of Port O

Normal operation
Operating Sleep Stop (SPL=1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z
(the pull-up setting is enabled) .

Pin state peri phelr/a(I) f%cr):(t:/tion 110 Input cutoff I nputHd: sﬁbl ed*
(If external interrupts are enabled,
the external interrupt can be input.)

SPL: Pin state specification bit in standby control register (STBC:SPL)
Hi-Z: High impedance
*: "Input disabled" means the state that the operation of the input gate close to the pin is disabled.
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Port 1

CHAPTER 9 1/O PORT

Port 1 is a general-purpose I/O port.
This section focuses on functions as a general-purpose I/O port.
See the chapters on each peripheral function for details about peripheral functions.

B Port 1 Configuration
Port 1 is made up of the following elements.

« Genera-purpose /O ping/peripheral function I/O pins
¢ Port 1 dataregister (PDR1)

» Port 1 direction register (DDR1)

e Port 1 pull-up control register (PUL1)

« Input level selection register (ILSR)

* Input level selection register 2 (ILSR2)

W Port 1 Pins

Port 1 has seven I/O pins.

Table 9.3-1 lists the port 1 pins.

Table 9.3-1 Port 1 Pins

I/O type
Pin name Function Shared peripheral functions
Input* Output| OD | PU
PIO/UI0 | P10 general-purpose /O |UI0 UART/SIO ch.0 datainput HystereSSCMOS/ | oy gl . | o
Automotive
P11/UO0 P11 genera-purpose I/0 |UOO UART/SIO ch.0 dataoutput | HysteresigAutomotive| CMOS| - | O
P12/ UOO UART/SIO ch.0 clock 110
uckoEco | P12 generd-purpose /O | ECO 8/16-bit composite timer ch.0 | HysteresisAutomotive| CMOS| - | O
clock input
P13/ TRGO 16-bit PPG ch.0 trigger input . .
P13 general-purpose I/O Hysteresis/Automotive| CMOS| - | O
TRGO/ADTG g pUrp ADTG A/D trigger activation input y
P14/PPGO P14 genera -purpose I/O | PPGO 16-bit PPG ch.0 output HysteresigAutomotive| CMOS| - | O
P15 P15 genera-purpose I/O | Not shared Hysteresig Automotive| CMOS| - | O
P16 P16 genera-purpose I/0O |Not shared HysteresigAutomotive| CMOS| - | O

OD: Open drain, PU: Pull-up

*: For 5V products, the hysteresis input can be switched to the automotive input. It becomes hysteresisinput or CMOS input

besides.
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W Block Diagram of Port 1

Figure 9.3-1 Block Diagram of Port 1
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9.3.1 Port 1 Registers

This section describes the port 1 registers.

B Port 1 Register Function
Table 9.3-2 lists the port 1 register functions.

Table 9.3-2 Port 1 Register Function

Register name| Data Read Read read-modify-write Write

FDR1 0 Pin stateis"L" level. PDR register valueis"0". Asoutput port, outputs "L" level.
1 Pin stateis"H" level. PDR register valueis"1". Asoutput port, outputs "H" level.
0 Port input enabled

DDR1
1 Port output enabled
0 Pull-up disabled

PUL1
1 Pull-up enabled

ILSR 0 Hysteresisinput level selection
1 CMOS input level selection
0 Hysteresisinput level selection

ILSR2* — -
1 Automotive input level selection

*: Only for 5V products, it is an effective register.

Table 9.3-3 lists the correspondence between port 1 pins and each register bit.

Table 9.3-3 Correspondence between Registers and Pins for Port 1

Correspondence between related register bits and pins
Pin name - P16 P15 P14 P13 P12 P11 P10
PDR1
DDR1 - bit6 bit5 bit4 bit3 bit2 bitl bit0
PUL1
ILSR - - - - - - - bit0
ILSR2* - - bitl

*: Only for 5V products, it is an effective register.
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9.3.2 Operations of Port 1

This section describes the operations of port 1.

B Operations of Port 1

@ Operation as an output port

« Setting the corresponding DDR register bit to "1" sets a pin as an output port.

« For aperipheral function sharing pins, disable its output.

« When apinisset asan output port, it outputs the value of the PDR register to pins.

« |If dataiswritten to the PDR register, the valueis stored in the output latch and output to the pin asit is.
* Reading the PDR register returns the PDR register value.

@ Operation as an input port

» Setting the corresponding DDR register bit to "0" sets apin as an input port.
» For aperipheral function sharing pins, disable its output.
« If dataiswritten to the PDR register, the value is stored in the output latch but not output to the pin.

« Reading the PDR register returns the pin value. However, the read-modify-write command returns the
PDR register value.

@ Operation as a peripheral function output

» Setting the output enable bit of a peripheral function sets the corresponding pin as a peripheral function
output.

« The pin value can be read from the PDR register even if the peripheral function output is enabled.
Therefore, the output value of a peripheral function can be read by the read operation on PDR register.
However, the read-modify-write command returns the PDR register value.

@ Operation as a peripheral function input

« Set the DDR register bit, which is corresponding to the peripheral function input pin, to "0" to set a pin
as an input port.

* Reading the PDR register returns the pin value, regardless of whether the peripheral function uses an
input pin. However, the read-modify-write command returns the PDR register value.

@ Operation at reset

Resetting the CPU initializes the DDR register valuesto "0", and sets the port input enabled.
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@ Operation in stop mode and watch mode

« If the pin state specification bit in the standby control register (STBC:SPL) is set to "1" when the device
switches to stop or watch mode, the pin is set forcibly to the high-impedance state regardless of the
DDR register value. Note that the input is locked to "L" level and blocked in order to prevent leaks due
to freed input. However, if the interrupt input of P10/U10, P12/UCKO/ECO, P13/TRGO/ADTG port is
enabled for the external interrupt control register (EIC) of the external interrupt circuit and the interrupt
pin selection circuit control register (WICR) of the external interrupt selection circuit, the input is
enabled and not blocked.

« If the pin state specification bit is "0", the state remains in port 1/O or periphera function 1/0 and the
output is maintained.

@ Operation of the pull-up control register

Writing "1" to the PUL register internally connects the pull-up resistor to the pin. When the output is
"L" level, the pull-up resistor is disconnected regardless of the PUL register value.

@ Operation of the input level selection register

e Setting "1" to the bit0 of ILSR register changes only P10 from the hysteresis input level to the CMOS
input level. When the bitO of ILSR register is"0", it should be the hysteresisinput level.

« For pins other than P10, the CMOS input level cannot be selected; however, only the hysteresis input
level or the automotive input level can.

* Make surethat the input level for P10 is changed during the peripheral function (UART/SIO) stopped.

@ Operation of the input level selection register 2

e ThelLSR2 register isavalid register only for 5V models.

» Setting bitl of the ILSR2 register to "1" changes the port 1 input level from the hysteresis input level to
the automotive input level. The hysteresisinput level is used when bitl of the ILSR2 register is"0".

* P10 only uses the automotive input level when bit O of the ILSR register is"0". In the case of P10 only,
setting 1" to bit0 of the ILSR register has priority over ILSR2.

e Only modify the port 1 input level setting when the peripheral functions (UART/SIO) are halted.

Table 9.3-4 shows the pin states of the port.

Table 9.3-4 Pin State of Port 1

Normal operation
Operating Sleep Stop (SPL=1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
1/0 port/ Hi-Z Hi-Z
Pin state . : (the pull-up setting is enabled) Input enabled*
peripheral function 1/0 Input cutoff (Not functional)

SPL: Pin state specification bit in standby control register (STBC:SPL)

Hi-Z: High impedance

*: "Input enabled" means that the input function isin the enabled state. After reset, setting for internal pullup or output pin is
recommended.

117



CHAPTER 9 1/O

94 Po

PORT

rtF

Port F is a general-purpose /O port.
This section focuses on functions as a general-purpose I/O port.
See the chapters on each peripheral function for details about peripheral functions.

B Port F Configuration
Port F is made up of the following elements.

B Port F Pins

General-purpose |/O ping/periphera function 1/0 pins
Port F dataregister (PDRF)

Port F direction register (DDRF)

Input level selection register 2 (ILSR2)

Port F hastwo 1/0 pins.
Table 9.4-1 lists the port F pins.

Table 9.4-1 Port F Pins
I/O type
Pin name Function Shared peripheral functions
Input* Output| OD | PU
PFO PFO general-purpose 1/0O  |Not shared Hysteresig Automotive | CMOS | - -
PF1 PF1 general-purpose 1/O  |Not shared HysteresigAutomotive | CMOS | - -

OD: Open drain, PU: Pull-up

*: For 5V products, the hysteresis input can be switched to the automotive input. It becomes hysteresis input besides.
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B Block Diagram of Port F

Figure 9.4-1 Block Diagram of Port F
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94.1

Port F Registers

This section describes the port F registers.

B Port F Register Function

Table 9.4-2 Port F Register Function

Table 9.4-2 lists the port F register functions.

Register name Data Read Read read-modify-write Write

PORF 0 Pin stateis"L" level. PDR register valueis"0". Asoutput port, outputs"L" level.
1 Pin stateis"H" level. PDR register valueis"1". As output port, outputs "H" level.
0 Port input enabled

DDRF
1 Port output enabled
0 Hysteresisinput level selection

ILSR2* — .
1 Automotive input level selection

*: Only for 5V products, it is an effective register.

Table 9.4-3 Correspondence Between Registers and Pins for Port F

Table 9.4-3 lists the correspondence between port F pins and each register bit.

Correspondence between related register bits and pins
Pin name - - - - - PF1 PFO
PDRF : -
- - - - - bitl bit0
DDRF
ILSR2* bit2

*: Only for 5V products, it is an effective register.
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9.4.2 Operations of Port F

This section describes the operations of port F.

B Operations of Port F

@ Operation as an output port

Setting the corresponding DDR register bit to "1" sets apin as an output port.

For a peripheral function sharing pins, disable its output.

When apin is set as an output port, it outputs the value of the PDR register to pins.

If datais written to the PDR register, the value is stored in the output latch and output to the pin asit is.
Reading the PDR register returns the PDR register value.

@ Operation as an input port

Setting the corresponding DDR register bit to "0" setsa pin as an input port.
If dataiswritten to the PDR register, the value is stored in the output latch but not output to the pin.

Reading the PDR register returns the pin value. However, the read-modify-write command returns the
PDR register value.

@ Operation at reset

Resetting the CPU initializes the DDR register valuesto "0", and sets the port input enabled.

@ Operation in stop mode and watch mode

If the pin state specification bit in the standby control register (STBC:SPL) is set to "1" when the device
switches to stop or watch mode, the pin is set forcibly to the high-impedance state regardless of the
DDR register value. Note that the input is locked to "L" level and blocked in order to prevent leaks due
to freed input.

If the pin state specification bit is"0", the state remainsin port 1/0 and the output is maintai ned.

@ Operation of the input level selection register 2

The ILSR2 register isavalid register only for 5V models.

Setting bit2 of the ILSR2 register to "1" changes the port F input level from the hysteresis input level to
the automotive input level. The hysteresisinput level is used when bit2 of the ILSR2 register is"0".
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Table 9.4-4 shows the pin states of the port.

Table 9.4-4 Pin State of Port F

Normal operation
Operating Sleep B Stop (SPL :_1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z Hi-Z
Pin state 1/0 port Inout cutoff Input enabled*
P (Not functional)

SPL: Pin state specification bit in standby control register (STBC:SPL)

Hi-Z: High impedance

*: "Input enabled" means that the input function isin the enabled state. After reset, setting for internal pullup or output pinis
recommended.
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9.5 Port G

Port G is a general-purpose I/O port.
This section focuses on functions as a general-purpose I/O port.

B Port G Configuration

Port G is made up of the following elements.

« Genera-purpose I/O pins

» Port G dataregister (PDRG)

» Port G direction register (DDRG)

» Port G pull-up control register (PULG)

« Input level selection register 2 (ILSR2)
B Port G Pins

Port G has three 1/0O pins.

Table 9.5-1 lists the port G pins.

Table 9.5-1 Port G Pins

I/O type
Pin name Function Shared peripheral functions
Inpl,lt*3 Output |OD | PU
pPGo*1 PGO general-purpose I/O | Not shared HysteresigAutomotive | CMOS| - | O
PG1L/X0A*2 | PG1 general-purposel/O |Not shared HysteresigAutomotive | CMOS| - | O
PG2/X 1A*?2 PG2 general-purpose I/O | Not shared HysteresigAutomotive | CMOS| - | O

OD: Open drain, PU: Pull-up
*1: For the 5V product, the C pin is used.
*2: For the single system product, the general-purpose port is used; for the dual system, the sub clock oscillation pin is used.

*3: For 5V products, the hysteresis input can be switched to an automotive input. It becomes a hysteresis input besides.
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B Block Diagram of Port G

Figure 9.5-1 Block Diagram of Port G
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9.5.1 Port G Registers

This section describes the port G registers.

B Port G Register Function
Table 9.5-2 lists the port G register functions.

Table 9.5-2 Port G Register Function

Register name | Data Read Read read-modify-write Write

PDRG 0 Pin stateis"L" level. PDR register valueis"0". Asoutput port, outputs"L" level.
1 Pin stateis"H" level. PDR register valueis"1". As output port, outputs "H" level.
0 Port input enabled

DDRG
1 Port output enabled
0 Pull-up disabled

PULG
1 Pull-up enabled
0 Hysteresisinput level selection

ILSR2* — .
1 Automotive input level selection

*: Only for 5V products, it is an effective register.

Table 9.5-3 lists the correspondence between port G pins and each register bit.

Table 9.5-3 Correspondence between Registers and Pins for Port G

Correspondence between related register bits and pins
Pin name - - - - - PG2 PG1 PGO2
PDRG
DDRG - - - - - hit2 bitl bit0
PULG
ILSR2"! - - - - - bit6

*1: Only for 5V products, it is an effective register.
*2: For the 5V product, the C pin is used.
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9.5.2

Operations of Port G

This section describes the operations of port G.

B Operations of Port G

126

@ Operation as an output port

« Setting the corresponding DDR register bit to "1" sets a pin as an output port.

* When apinisset as an output port, it outputs the value of the PDR register to pins.

< If dataiswritten to the PDR register, the value is stored in the output latch and output to the pin asit is.
* Reading the PDR register returns the PDR register value.

@ Operation as an input port

« Setting the corresponding DDR register bit to "0" sets apin as an input port.
« If dataiswritten to the PDR register, the value is stored in the output latch but not output to the pin.

« Reading the PDR register returns the pin value. However, the read-modify-write command returns the
PDR register value.

@ Operation at reset

Resetting the CPU initializes the DDR register valuesto "0", and sets the port input enabled.

@ Operation in stop mode and watch mode

 If the pin state specification bit in the standby control register (STBC:SPL) is set to "1" when the device
switches to stop or watch mode, the pin is set forcibly to the high-impedance state regardless of the
DDR register value. Note that the input is locked to "L" level and blocked in order to prevent leaks due
to freed input.

« If the pin state specification bit is"0", the state remains in port I/O and the output is maintained.

@ Operation of the pull-up control register
Writing "1" to the PUL register internally connects the pull-up resistor to the pin. When the output is "L"
level, the pull-up resistor is disconnected regardless of the PUL register value.

@ Operation of the input level selection register 2

e ThelLSR2 register isavalid register only for 5V models.

e Setting bit6 of the ILSR2 register to "1" changes the port G input level from the hysteresis input level to
the automotive input level. The hysteresisinput level is used when bit6 of the ILSR2 register is"0".
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Table 9.5-4 shows the pin states of the port.

Table 9.5-4 Pin State of Port G

Normal operation
Operating Sleep B Stop (SPL :_1) At reset
state Stop (SPL=0) Watch (SPL=1)
Watch (SPL=0)
Hi-Z Hi-2
Pin state 1/0 port Inout cutoff Input enabled*
P (Not functional)

SPL: Pin state specification bit in standby control register (STBC:SPL)

Hi-Z: High impedance

*: "Input enabled" means that the input function isin the enabled state. After reset, setting for internal pullup or output pinis
recommended.
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CHAPTER 10

TIME-BASE TIMER

This chapter describes the functions and operations of
the time-base timer.

10.1 Overview of Time-base Timer
10.2 Configuration of Time-base Timer
10.3 Registers of the Time-base Timer
10.4 Interrupts of Time-base Timer

10.5 Explanation of Time-base Timer Operations and Setup Procedure
Example

10.6 Precautions when Using Time-base Timer
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10.1 Overview of Time-base Timer

The time-base timer is a 22-bit free-run down-counting counter which is synchronized
with the main clock divided by two. The time-base timer has an interval timer function
which can repeatedly generate interrupt requests at regular intervals.

M Interval Timer Function

The interval timer function repeatedly generates interrupt requests at regular intervals by using the main
clock divided by two as the count clock.

« The counter of the time-base timer counts down so that an interrupt request is generated every time the
selected interval time elapses.

« Theinterval time can be selected from the following four types.

Table 10.1-1 shows the interval times available to the time-base timer.

Table 10.1-1 Interval Times of Time-base Timer

Internal count clock cycle Interval time

210 2/F 5y (512.0 us)

212 % 2IF ¢y (2.05ms)
2IFcy (0519) cH

214 x 2/F ¢y, (8.19ms)

218 % 2/F ¢y, (32.77ms)

Fcn: Main clock

The values in parentheses represent the values used when the main clock operates at 4AMHz.
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10.2  Configuration of Time-base Timer

The time-base timer consists of the following blocks:
Time-base timer counter

Counter clear circuit

Interval timer selector

Time-base timer control register (TBTC)

B Block Diagram of Time-base Timer

Figure 10.2-1 Block Diagram of Time-base Timer

Time-base timer counter To prescaler To watchdog timer

— To clock control block

(Main PLL oscillation stabilization wait)

Fch
divided
by 2

X 21|x 22 x 28 |x 24| x 25|x 28| x 27| x 28| x 2°[x 2% x 2% x 22 x 23| x 2M| x 25| x 26| x 2V7| x 28| x 21| x 22| x 2% x 2%

Counter clear

(214-2)/Fcn to (21-2)/Fcn
To clock control block
oscillation stabilization
wait time selector

Watchdog timer clear

Resets, stops Main clock———{ Counter Interval timer
oscillation —> clear circuit selector

Time-base timer
interrupt {

e | ] - [ - | - | tBca| tBco| TCLR]
Time-base timer control register (TBTC)

Fch: Main clock
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@ Time-base timer counter

22-hit down-counter that uses the main clock divided by two as the count clock

@ Counter clear circuit

This circuit controls clearing of the time-base counter.

@ Interval timer selector

This circuit selects the one hit from four bits in the 22 bits that make up the time-base timer counter to use
theinterval timer.

@ Time-base timer control register (TBTC)

This register selects the interval time, clears the counter, controls interrupts and checks the status.

B Input Clock
The time-base timer uses the main clock divided by two asitsinput clock (count clock).

B Output Clock
The time-base timer supplies clocks to the main clock oscillation stabilization wait time timer, the
watchdog timer and the prescaler.
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10.3 Registers of the Time-base Timer

Figure 10.3-1 shows the register of the time-base timer.

B Register of the Time-base Timer

Figure 10.3-1 Register of the Time-base Timer

Time-base timer control register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
000Ay | TBIF | TBIE | - | - | - | TBCL1 | TBCO | TCLR | 00000000g
RRMDW R/W RO/WX ROWX ROMWX RW  RW RO,W

R(RM1),W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)

R/W: Readable/writable (Read value is the same as write value)

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)
RO,W: Write only (Writable, "0" is read)

- Undefined
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10.3.1 Time-base Timer Control Register (TBTC)

The time-base timer control register (TBTC) selects the interval time, clears the counter,
controls interrupts and checks the status.

B Time-base Timer Control Register (TBTC)

Figure 10.3-2 Time-base Timer Control Register (TBTC)

Address  pit7 bt bits5  bit4  bitd  bit2  bitl  bit0 Initial value
000AH| TBIF | TBIE | - | - | - [ TBCi| TBCO| TCLR| 000000008
R(RM1),W R/W RO/WX RO/WX RO/WX R/W RT\N RO,W
Ll Ttelr Time-base timer initialization pit
Read Write
0 | "0"is always read No change,
No effect on operation
Clears the counter of
1 ) time-base timer
Interval time select bit
TBC1 | TBCO (Main clock Fcrn = 4MHZz)
0 0 210 % 2/Fc (512.0 ps)
0 1 212 % 2/Fcr (2.05 ms)
1 0 214 x 2/FcH (8.19 ms)
1 1 216 x 2/FcH (32.77 ms)
TBIE Time-base timer interrupt request enable bit
0 Disables output of interrupt request
1 Enables output of interrupt request
Time-base timer interrupt request flag bit
TBIE -
Read Write
o | ierval tme has not Clears bt
1 Interval time has No change,
elapsed No effect on operation

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)
R/W : Readable/writable (Read value is the same as write value)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
RO,W :Write only (Writable, "0" is read)
- :Undefined
: Initial value
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Table 10.3-1 Functional Description of Each Bit of Time-base Timer Control Register (TBTC)

Bit name Function
Set to "1" when interval time selected by the time-base timer elapses.
TBIF: Interrupt request is outputted when this bit and the time-base timer interrupt request enable

Time-base timer

bit (TBIE) aresetto "1".

bit7 interrupt request flag | Writing " 0" : clears the bit.
bit Writing " 1" : no effect on the operation.
"1" isaways read in read-modify-write (RMW) instruction.
TBIE: Enableg/disables output of interrupt requests to interrupt controller.
- . Writing " 0" : disables output of time-base timer interrupt requests.
. Time-base timer A . . .
hit6 interrunt reauest enable Writing " 1" : enables output of time-base timer interrupt requests.
bit ptreq Interrupt request is outputted when this bit and the time-base timer interrupt request flag bit (TBIF)
aresetto"1".
bit5 These bits are undefined.
to Undefined bits * Read valueis always"0".
bit3 » Write has no effect on the operation.
These bits select interval time.
Interval time
TBC1 TBCO (Main clock Foy = 4MHz)
bit2, | TBC1, TBCO: 0 0 210 2/F ¢, (512.0 us)
bitl Interval time select bits 0 1 22 2IF oy (2.05m)
1 0 21 x 2IF ¢y (8.19ms)
1 1 216 % 2/F oy (32.77ms)
This bit clears the time-base timer counter.
. Writing " 0" : ignored and has no effect on the operation.
TCLR: o ; WA
. ) . Writing " 1" : initializes all counter bitsto "1".
bit0 Time-base timer Read valueis aways"0"
initialization bit &s H

Note:  When the output of the time-base timer is selected as the count clock for the watchdog

timer, using this bit to clear the time-base timer also clears the watchdog timer.
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10.4

Interrupts of Time-base Timer

An interrupt request is triggered when the interval time selected by the time-base timer
elapses (interval timer function).

B Interrupt when Interval Function is in Operation

When the time-base timer counter counts down using the internal count clock and the selected time-base
timer counter underflows, the time-base timer interrupt request flag bit (TBTC:TBIF) is set to "1". If the
time-base timer interrupt request enable bit is enabled (TBTC:TBIE = 1), an interrupt request (IRQE) will
be generated to interrupt controller.

Regardless of the value of TBIE bit, TBIF bit is set to "1", when the selected bit underflows.

When TBIF bit is set to "1" and TBIE bit is changed from the disable state to the enable state (0 — 1),
an interrupt request is generated immediately.

TBIF bit is not set when the counter is cleared (TBTC:TCLR = 1) and the time-base timer counter
underflows at the same time.

Write "1" to TBIF bit to clear an interrupt request in an interrupt processing routine.

Note:

When enabling the output of interrupt requests after canceling a reset (TBTC:TBIE = 1), always clear
TBIF bit at the same time (TBTC:TBIF = 0).
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Table 10.4-1 Interrupts of Time-base Timer

Item Description
Interrupt condition Interval time set by "TBTC:TBC1" and "TBCO" has elapsed
Interrupt flag TBTC.TBIF
Interrupt enable TBTC:TBIE
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B Register and Vector Table for Interrupts of Time-base Timer

Table 10.4-2 Register and Vector Table for Interrupts of Time-base Timer

Interrupt Interrupt Interrupt level setup register Vector table address
source request No. Register Setting bit Upper Lower
Time-base timer IRQ19 ILR4 L19 FFD4, FFD5

Refer to "CHAPTER 8 INTERRUPTS' for the interrupt request numbers and vector tables of all
peripheral functions.

Note:

If the interval time set for the time-base timer is shorter than the main clock oscillation stabilization
wait time, an interrupt request of the time-base timer is generated during the main clock oscillation
wait time derived from the transition to the clock mode or standby mode. To prevent this, set the
time-base timer interrupt request enable bit of the time-base timer control register (TBTC:TBIE) to "0"
to disable interrupts of the time-base timer when entering a mode in which the main clock stops
oscillating (stop mode, sub clock mode or sub PLL clock mode).
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10.5

Explanation of Time-base Timer Operations and Setup
Procedure Example

This section describes the operations of the interval timer function of the time-base

timer.

B Operations of Time-base Timer

The counter of the time-base timer isinitialized to "3FFFFFy" after a reset and starts counting while being
synchronized with the main clock divided by two.

The time-base timer continues to count down as long as the main clock is oscillating. Once the main clock
halts, the counter stops counting and isinitialized to "3FFFFF".

The settings shown in Figure 10.5-1 are required to use the interval timer function.

Figure 10.5-1 Settings of Interval Timer Function

Address bit7 bit6  bit5  bit4  bit3  bit2  bitl  bitd

000A,; TBTC | TBIF | TBIE | - | - | - |TBC1 | TBCO | TCLR|
0 1 ® ® 0

®: Used bit

1: Setto"1"

0: Setto"0"

When the time-base timer initialization bit in the time-base timer control register (TBTC:TCLR) is set to
"1", the counter of the time-base timer is initialized to "3FFFFF" and continues to count down. When the
selected interval time has elapsed, the time-base timer interrupt request flag bit of the time-base timer
control register (TBTC:TBIF) becomes "1". In other words, an interrupt request is generated at each
interval time selected, based on the time when the counter was last cleared.

B Clearing Time-base Timer
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If the time-base timer is cleared when the output of the time-base timer is used in other peripheral
functions, this will affect the operation by changing the count time or in other manners.

When clearing the counter by using the time-base timer initialization bit (TBTC:TCLR), perform setup so
that this does not have unexpected effects on other peripheral functions.

When the output of the time-base timer is selected as the count clock for the watchdog timer, clearing the
time-base timer also clears the watchdog timer.

The time-base timer is cleared not only by the time-base timer initiaization bit (TBTC:TCLR), but also
when the main clock is stopped and a count is required for the oscillation stabilization wait time. More
specifically, the time-base timer is cleared in the following situations:

* When moving from the main clock mode or main PLL clock mode to the stop mode

¢ When moving from the main clock mode or main PLL clock mode to the sub clock mode or sub PLL
clock mode

e At power on
« At low-voltage detection reset
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The counter of the time-base timer is also cleared and stops the operation if a reset occurs while the main

clock is dtill running after the main clock oscillation stabilization wait time has elapsed. The counter,

however, continues to operate during areset if acount isrequired for the oscillation stabilization wait time.
B Operating Examples of Time-base Timer

Figure 10.5-2 shows operating examples of operation under the following conditions:

1) When a power-on reset is generated

2) When entering the sleep mode during the operation of the interval timer function in the main clock
mode or main PLL clock mode

3) When entering the stop mode during the main clock mode or main PLL clock mode
4) When arequest isissued to clear the counter

The same operation is performed when changing to the time-base timer mode as for when changing to the
sleep mode.

In the sub clock mode, sub PLL clock mode, main clock mode and main PLL clock mode, the timer
operation is stopped during the stop mode, as the time-base timer is cleared and the main clock halts. Upon
recovering from the stop mode, the time-base timer is used to count the oscillation stabilization wait time.

Figure 10.5-2 Operations of Time-base Timer

Counter value
(count down)

3FFFFFy
Count value detected in WATR:
MWT3, MWT2, MWT1, MWTO
Count value detected in TBTC:
TBC1, TBCO
Interval cycle
(TBTC:TBC1, TBCO = 11g)
Clear by transferring
to stop mode
Nt
000000 = S = < -
Oscillation 4) Counter ¢ Oscillation
stabilization wait time ounter clear ilizati it ti
(TBTC-TCLR = 1) stabilization wait time
1) Power-on reset ;
Clear atinterval  Clear in interrupt
setup processing routine
TBIF bit
TBIE bit
Sleep
2) SLP bit S
STBC register top
¢ gisten) Sleep cancelled by time-  {<——>
. base timer interrupt (TIRQ)
3) STP bit .
(STBC register) i

Stop cancelled by external interrupt

« When setting "11" to interval time select bits of time-base timer control register (TBTC:TBC1, TBCO) (2° x 2/Fcx)

* TBTC:TBC1,TBCO : Interval time select bits of time-base timer control register

e TBTC:TCLR : Time-base timer initialization bit of time-base timer control register

« TBTC:TBIF : Time-base timer interrupt request flag bit of time-base timer control register

* TBTC:TBIE : Time-base timer interrupt request enable bit of time-base timer control register
* STBC:SLP : Sleep bit of standby control register

* STBC:STP : Stop bit of standby control register

* WATR:MWT3 to MWTO : Main clock oscillation stabilization wait time select bit of oscillation stabilization wait time setup register
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B Setup Procedure Example

@ Initial Setting

The time-base timer is set up in the following procedure:

1) Disableinterrupts. (TBTC:TBIE=0)
2) Settheinterval time. (TBTC:TBC1, TBCO)
3) Enable interrupts. (TBTC:TBIE=1)
4) Clear the counter. (TBTC:TCLR=1)

@ Processing interrupts

1) Clear theinterrupt request flag. (TBTC:TBIF =0)
2) Clear the counter. (TBTC.:TCLR=1)

140



CHAPTER 10 TIME-BASE TIMER

10.6  Precautions when Using Time-base Timer

Care must be taken for the following points when using the time-base timer.

B Precautions when Using Time-base Timer

@ When setting the timer by program

The timer cannot be recovered from interrupt processing, when the time-base timer interrupt request flag
bit (TBTC:TBIF) is set to "1" and the interrupt request enable bit is enabled (TBTC:TBIE = 1). Always
clear TBIF bit in the interrupt processing routine.

@ Clearing Time-base Timer

The time-base timer is cleared not only by the time-base timer initialization bit (TBTC:TCLR = 1) but also
when the oscillation stabilization wait time is required for the main clock. When the time-base timer is
selected for the count clock of the watchdog timer (WDTC:CS1, CS0 = 00g or CS1, CS0 = 01), clearing

the time-base timer also clears the watchdog timer.

@ Peripheral functions receiving clock from time-base timer

In the mode where the source oscillation of the main clock is stopped, the counter is cleared and the time-
base timer stops operation. In addition, if the time-base timer is cleared when the output of the time-base
timer is used in other peripheral functions, thiswill affect the operation such as cycle change.

The clock for the watchdog timer is also outputted from the initial state. However, as the watchdog timer
counter is cleared at the same time, the watchdog timer operatesin the normal cycles.
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CHAPTER 11

WATCHDOG TIMER

This chapter describes the functions and operations of
the watchdog timer.

11.1 Overview of Watchdog Timer
11.2 Configuration of Watchdog Timer
11.3 Registers of the Watchdog Timer

11.4 Explanation of Watchdog Timer Operations and Setup Procedure
Example

11.5 Precautions when Using Watchdog Timer
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11.1

Overview of Watchdog Timer

The watchdog timer serves as a counter used to prevent programs from running out of

control.

B Watchdog Timer Function

144

The watchdog timer functions as a counter used to prevent programs from running out of control. Once the
watchdog timer is activated, its counter needs to be cleared at specified intervals regularly. A watchdog
reset is generated if the timer is not cleared within a certain amount of time due to a problem such as the
program entering an infinite loop.

The output of either the time-base timer or watch prescaler can be selected as the count clock for the
watchdog timer.

Theinterval times of the watchdog timer are shown in Table 11.1-1. If the counter of the watchdog timer is
not cleared, a watchdog reset is generated between the minimum time and the maximum time. Clear the
counter of the watchdog timer within the minimum time.

Table 11.1-1 Interval Times of Watchdog Timer

Count clock type Count clock switch bit Interval time
(WDTC:CS1, CS0)* Minimum time | Maximum time
Time-base timer output 00g 524 ms 1.05s
(main clock = 4MHz) 0lg 262 ms 524 ms
Watch prescaler output 105 500 ms 1.00s
(sub clock = 32.768kHz) 11g 250 ms 500 ms

*: WDTC:CSL, CS0: Count clock switch bit of watchdog timer control register

For information about the minimum and maximum times of the watchdog timer interva, refer to "11.4
Explanation of Watchdog Timer Operations and Setup Procedure Example'”.
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11.2  Configuration of Watchdog Timer

The watchdog timer consists of the following blocks:
» Count clock selector

» Watchdog timer counter

» Reset control circuit

* Watchdog timer clear selector

» Counter clear control circuit

» Watchdog timer control register (WDTC)

B Block Diagram of Watchdog Timer

Figure 11.2-1 Block Diagram of Watchdog Timer

Watchdog timer control register (WDTC)
lcs1|cso|l - | - |wreslwre2]wTE1|wTEO|

Watchdog timer

20 x 2/Fcn, 2'9% 2/Fen 1
(Time-base timer output) Count clock
218 x 2/FcL, 22 x 2/FcL 1 s selector Clearing
(Watch prescaler output) activated
Watchdog Reset Reset
control — .
timer counter circuit signal
Clear signal from S

time-base timer
Watchdog timer Overflow

clear selector

Clear signalfrom ____
watch prescaler

Sleep mode starts
Stop mode starts Counter clear

Time-base timer/ control circuit
watch mode starts

Fch: Main clock
FcL: Sub clock
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@ Count clock selector

This selector selects the count clock of the watchdog timer counter.

@ Watchdog timer counter
This is a 1-bit counter that uses the output of either the time-base timer or watch prescaler as the count
clock.

@ Reset control circuit

This circuit generates areset signal when the watchdog timer counter overflows.

@ Watchdog timer clear selector

This selector selects the watchdog timer clear signal.

@ Counter clear control circuit

This circuit controls the clearing and stopping of the watchdog timer counter.

@ Watchdog timer control register (WDTC)

This register performs setup for activating/clearing the watchdog timer counter as well as for selecting the
count clock.

B Input Clock

The watchdog timer uses the output clock from either the time-base timer or watch prescaler as the input
clock (count clock).
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11.3 Registers of the Watchdog Timer

Figure 11.3-1 shows the register of the watchdog timer.

B Register of The Watchdog Timer

Figure 11.3-1 Register of The Watchdog Timer

Watchdog timer control register (WDTC)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

000Cy cst | cso | - | - [ WTE3 | WTE2 | WTE1 | WTEO | 00000000
RW  RW ROWX ROWX ROW ROW ROW ROW

R/W: Readable/writable (Read value is the same as write value)

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)
RO,W: Write only (Writable, "0" is read)

- Undefined
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11.3.1 Watchdog Timer Control Register (WDTC)

The watchdog timer control register (WDTC) activates or clears the watchdog timer.

B Watchdog Timer Control Register (WDTC)

Figure 11.3-2 Watchdog Timer Control Register (WDTC)

Address pit7  bit6  bit5  bit4  bit3  bit2  bitl  bitp  Initial value
ooocu| cs1 | cso | - | - [wres|wre2 | wTELl| WTEO| 00000000
RW RMW ROWX ROWX ROW ROW ROW ROW

I% WTE3| WTE2| WTE1| WTEO Watchdog control bits
¢ Activate watchdog timer
(in first write after reset)
0 1 0 1 .
¢ Clear watchdog timer
(in second or succeeding write after reset)
Other than above No effect on operation
CS1| CSO Count clock switch bits
0 0 Output cycle of time-base timer (22}/Fch)
0 1 Output cycle of time-base timer (229/Fcw)
1 0 Output cycle of watch prescaler (2'4/FcL)
1 1 Output cycle of watch prescaler (2'3/FcL)

R/W : Readable/writable (Read value is the same as write value)

RO,W :Write only (Writable, "0" is read)

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
- : Undefined

|:| - Initial value

Fch : Main clock
FecL : Sub clock
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Table 11.3-1 Functional Description of Each Bit of Watchdog Timer Control Register (WDTC)

Bit name Function
These bits select the count clock of the watchdog timer.
Cs1 CSO Count clock switch bits
0 0 Output cycle of time-base timer (22Y/F¢,,)
0 1 Output cycle of time-base timer (22%F¢,,)
bty | CSL CO: 1 0 Output cycle of watch prescaler (2*4/F,)
it7, .
bit6 g(z:nt clock switch 1 1 Output cycle of watch prescaler (213/F¢)

« Write to these hits at the same time as activating the watchdog timer by the watchdog

control hits.

« No change can be made once the watchdog timer is activated.

Note:  Always select the output of the watch prescaler in the sub clock mode or sub PLL clock
mode, as the time-base timer is stopped in these modes. Do not select the output of the
watch prescaler in single system clock product.

] These bits are undefined.
lgitti Undefined bits *» Theread valueis"00g".

« Write has no effect on operation.

These bits are used to control the watchdog timer.

, WTES3, WTEZ, Writing " 0101g": activates the watchdog timer (in first write after reset) or clearsit (in
bits | wrEL, WTEO: ° ing wri

to Wat Ch’ dog coﬁtrol second or succeeding write after reset).
bit0 bits Writing other than " 0101g5": has no effect on operation.

* Theread valueis "0000g".

Read-modify-write instructions cannot be used.
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11.4 Explanation of Watchdog Timer Operations and Setup
Procedure Example

The watchdog timer generates a watchdog reset when the watchdog timer counter
overflows.

B Operations of Watchdog Timer

@ How to activate the watchdog timer

» Thetimer of the watchdog timer is activated when "0101g" is written to the watchdog control bits of the

watchdog timer control register (WDTC:WTE3 to WTEOQ) for the first time after a reset. The count
clock switch bits of the watchdog timer control register (WDTC:CS1,CS0) should also be set at the
sametime.

» Once the watchdog timer is activated, areset isthe only way to stop its operation.

@ Clearing the watchdog timer

«  When the counter of the watchdog timer is not cleared within the interval time, it overflows, allowing
the watchdog timer to generate awatchdog reset.

» The counter of the watchdog timer is cleared when “0101g" iswritten to the watchdog control bits of the
watchdog timer control register (WDTC:WTE3 to WTEQ) for the second or any succeeding time.

« Thewatchdog timer is cleared at the same time as the timer selected as the count clock (time-base timer
or watch prescaler) is cleared.

@ Operation in standby mode

Regardless of the clock mode selected, the watchdog timer clears its counter and stops the operation when
entering a standby mode (sl eep/stop/time-base timer/watch).

Once released from the standby mode, the timer restarts the operation.

Note:

The watchdog timer is also cleared when the timer selected as the count clock (time-base timer
or watch prescaler) is cleared.

For this reason, the watchdog timer cannot function as such, if the software is set to clear the
selected timer repeatedly during the interval time of the watchdog timer.
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@ Interval time

The interval time varies depending on the timing for clearing the watchdog timer. Figure 11.4-1 shows the
correlation between the clearing timing of the watchdog timer and the interval time when the time-base

timer output 22Y/F¢y, (Fy: main clock) is selected as the count clock (main clock = 4MH2).

Figure 11.4-1 Clearing Timing and Interval Time of Watchdog Timer

Minimum time L 524ms |

~ I
Time-base timer | | I. | | I

count clock output

Watchdog clear

Overflow
Watchdog 1-bit
counter |_|
Watchdog reset I—I
Maximum time 1.05s

| |
[~ 1
Time-base timer | | | | “ I

count clock output

Watchdog clear Overflow
Watchdog 1-bit
counter 1 ]
Watchdog reset [

@ Operation in the sub clock mode

When a watchdog reset is generated in the sub clock mode, the timer starts operating in the main clock

mode after the oscillation stabilization wait time has elapsed. The reset signal is outputted during this
oscillation stabilization wait time.

B Setup Procedure Example
The watchdog timer is set up in the following procedure;

1) Select the count clock. (WDTC:CSL, CS0)
2) Activate the watchdog timer. (WDTC:WTE3 to WTEO = 0101g)
3) Clear the watchdog timer. (WDTC:WTE3 to WTEO = 0101g)
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11.5

Precautions when Using Watchdog Timer

Care must be taken for the following points when using the watchdog timer.

B Precautions when Using Watchdog Timer
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@ Stopping the watchdog timer

Once activated, the watchdog timer cannot be stopped until areset is generated.

@ Selecting the count clock

The count clock switch bits (WDTC:CS1,CS0) can be rewritten only when the watchdog control bits
(WDTC:WTE3 to WTEO) are set to "0101g" upon the activation of the watchdog timer. The count clock

switch bits cannot be written by a bit operation instruction. Moreover, the hit settings should not be
changed once the timer is activated.

In the sub clock mode, the time-base timer does not operate because the main clock stops oscillating.

In order to operate the watchdog timer in the sub clock mode, it is necessary to select the watch prescaler as
the count clock beforehand and set "WDTC:CS1,CS0" to "10g" or "11g".

@ Clearing the watchdog timer

Clearing the counter used for the count clock of the watchdog timer (time-base timer or watch prescaler)
also clears the counter of the watchdog timer.

The counter of the watchdog timer is cleared when entering the sleep mode, stop mode or watch mode.

@ Programming precaution

When creating a program in which the watchdog timer is cleared repeatedly in the main loop, set the
processing time of the main loop including the interrupt processing time to the minimum watchdog timer
interval time or shorter.



CHAPTER 12

WATCH PRESCALER

This chapter describes the functions and operations of
the watch prescaler.

12.1 Overview of Watch Prescaler
12.2 Configuration of Watch Prescaler
12.3 Registers of the Watch Prescaler
12.4 Interrupts of Watch Prescaler

12.5 Explanation of Watch Prescaler Operations and Setup Procedure
Example

12.6 Precautions when Using Watch Prescaler

12.7 Sample Programs for Watch Prescaler
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12.1 Overview of Watch Prescaler

The watch prescaler is a 15-bit down-counting, free-run counter, which is synchronized
with the sub clock divided by two. It has an interval timer function that continuously
generates interrupt requests at regular intervals.

B Interval Timer Function
The interval timer function continuously generates interrupt requests at regular intervals, using the sub
clock divided by two as its count clock.

e The counter of the watch prescaler counts down and an interrupt request is generated every time the
selected interval time has elapsed.

« Theinterval time can be selected from the following four types:
Table 12.1-1 shows the interval times of the watch prescaler.

Table 12.1-1 Interval Times of Watch Prescaler

Internal count clock cycle Interval time

211 % 2/F¢ (125ms)
212 % 2/F¢| (250ms)
213 % 2/F¢| (500ms)
214 % 2/IF, (1.009)

2/Fc (61.0ps)

FcL: Sub clock

The values in parentheses represent the val ues achieved when the sub clock operates at 32.768kHz.

Note:
The watch prescaler cannot be used in single system clock product.
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12.2  Configuration of Watch Prescaler

The watch prescaler consists of the following blocks:
Watch prescaler counter

Counter clear circuit

Interval timer selector

Watch prescaler control register (WPCR)

B Block Diagram of Watch Prescaler

Figure 12.2-1 Block Diagram of Watch Prescaler

To oscillation stabilization wait timer of sub clock,

Watch prescaler counter (counter) watchdog timer, watch counter

FeL
divided —3[x 2t [x 22|x 23|x 24| x 25[x 28[x 27| x 28| x 2°|x 219 x 211 x 2%2|x 213|x 2%4| x 25
by 2

Counter clear

- (2%5-2)/Fc to (2%-2)/FcL
To clock control
oscillation stabilization
wait time selector

Watchdog timer clear €<———@

Resets, stops ——| Counter clear Interval timer
Sub clock —> circuit selector

Interrupt {
of watch

prescaler
(To the selector of | WTIF | WTIE | - | - | - | WTC1 | WTCO | WCLR|
watch counter) Watch prescaler control register (WPCR)

FcL : Sub clock
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@ Watch prescaler counter (counter)

Thisisa 15-bit down-counter that uses the sub clock divided by two as its count clock.

@ Counter clear circuit

This circuit controls the clearing of the watch prescaler.

@ Interval timer selector

This circuit selects one out of the four bits used for the interval timer among 15 bits available in the watch
prescaler counter.

@ Waitch prescaler control register (WPCR)

This register selects the interval time, clears the counter, controls interrupts and checks the status.

B Input Clock
The watch prescaler uses the sub clock divided by two asits input clock (count clock).

B Output Clock
The watch prescaler supplies its clock to the timer for the oscillation stabilization wait time of the sub
clock, the watchdog timer and the watch counter.
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12.3 Registers of the Watch Prescaler

Figure 12.3-1 shows the register of the watch prescaler.

B Register of the Watch Prescaler

Figure 12.3-1 Register of the Watch Prescaler

Watch Prescaler Control Register (WPCR)
Address bit7 bité bits bit4 bit3 bit2 bitl bit0 Initial value

000By [ WTIF [WTE ] - [ - [ - [WICL]|WTCO|WCLR | 00000000g
RRMDW R/W ROWX ROWX ROMWX RW  RW  ROW

R(RM1),W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)

R/W: Readable/writable (Read value is the same as write value)

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)
RO,W: Write only (Writable, "0" is read)

- Undefined
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12.3.1 Watch Prescaler Control Register (WPCR)

The watch prescaler control register (WPCR) is a register used to select the interval
time, clear the counter, control interrupts and check the status.

B Watch Prescaler Control Register (WPCR)

Figure 12.3-2 Watch Prescaler Control Register (WPCR)

Address  pit7 bit  Dbit5  bit4  bit3  bit2  bitl __ bit0 Initial value
oooBy [ WTiIF [wrie| - | - [ - [wrci]wrco|wcLR| 000000008
R(RM1)W R/W ROMWX RO/WX ROWX R/W RMW ROW

WCLR Watch timer initialization .bl'[
Read Write
0 . No change,
0"is always read No effect on operation
1 i Clears watch prescaler
counter
WTC1 | WTco Watch interrupt interval timer time select bit

(Sub clock FcL = 32.768kHz)
0 0 21 x 2/FcL (125ms)

0 1 212 x 2/FcL (250ms)

1 0 213 x 2/FcL (500ms)

1 1 214 x 2/FcL (1.00s)
WTIE Interrupt request enable bit

0 Disables interrupt request output
1 Enables interrupt request output

Watch interrupt request flag bit

WTIF -
Read Write
Interval time has .
0 not elapsed Clears the bit
1 Interval time has No change,
elapsed No effect on operation

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)

R/W: Readable/writable (Read value is the same as write value)
RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)
RO,W: Write only (Writable, "0" is read)

- Undefined

|:| : Initial value
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Table 12.3-1 Functional Description of Each Bit of Watch Prescaler Control Register (WPCR)

Bit name Function
This bit becomes " 1" when the selected interval time of the watch prescaler has elapsed.
WTIE: « Interrupt requests are generated when this bit and the interrupt request enable bit (WTIE) are set to

1

bit7 ]\(/|Vatcg;t|nterrupt request Writing " 0" : setsthisbit to "0".
& Writing " 1" : ignored and has no effect on the operation.
» "1" isaways read in read-modify-write (RMW) instruction.
This bit enables or disables the output of interrupt requests to interrupt controller.
WTIE: Writing " 0" : disables the interrupt request output of the watch prescaler.
bit6 Interrupt request Writing " 1" : enables the interrupt request output of the watch prescaler.
enable bit Interrupt requests are outputted when this bit and the watch interrupt request flag bit (WTIF) are set
to"1".
bit5 These bits are undefined.
to Undefined bits e Theread valueis dways"0".
bit3 » Write has no effect on the operation.
These bits select the interval time.
Interval time
WTC1 WTCO (Sub clock Fey, = 32.768kHz)
: WTCL, WTCO: 0 0 211 % 2/F ¢ (125ms)
tt;l|ttzl Watch interrupt 5
interval time select bits 0 1 27 % 2IF¢ (250ms)
1 0 213 % 2/F¢, (500ms)
1 1 21 % 2/F¢, (1.00s)
This bit clears the counter for the watch prescaler.
. Writing " 0" : ignored and has no effect on the operation.
WCLR: A ; -
. : Writing " 1" : initializes all counter bitsto "1".
bit0 Watch timer Theread value is aways "0"
initialization bit s -

Note:  When the output of the watch prescaler is selected as the count clock of the watchdog

timer, clearing the watch prescaler with this bit also clears the watchdog timer.
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12.4  Interrupts of Watch Prescaler

An interrupt request is generated when the selected interval time of the watch prescaler
has elapsed (interval timer function).

B Interrupts in Operation of Interval Timer Function (Watch Interrupts)
In any mode other than the main clock stop mode, the watch interrupt request flag bit is set to "1"
(WPCR:WTIF = 1), when the watch prescaler counter counts up by using the source oscillation of the sub
clock and the time of the interval timer has elapsed. If the interrupt request enable bit is also enabled
(WPCR:WTIE = 1) and watch counter start interrupt request enable bit of the watch counter is disabled
(WCSR: ISEL=0), an interrupt request (IRQ20) occurs from watch prescaler to an interrupt controller.
* Regardless of the value in the WTIE bit, the WTIF bit is set to "1" when the time set by the watch
interrupt interval time select bits has been reached.

« When the WTIF hit is set to "1", changing the WTIE bit from the disable state to the enable state
(WPCR:WTIE = 0 — 1) immediately generates an interrupt request.

e The WTIF bit cannot be set when the counter is cleared (WPCR:WCLR = 1) at the same time as the
selected bit overflows.

« Write"0" to the WTIF bit in the interrupt processing routine to clear an interrupt request to "0".

Note:

When enabling the output of interrupt requests (WPCR:WTIE = 1) after canceling a reset, always
clear the WTIF bit at the same time (WPCR:WTIF = 0).

B Interrupts of Watch Prescaler

Table 12.4-1 Interrupts of Watch Prescaler

Item Description
Interrupt condition Interval time set by "WPCR:WTC1" and "WTCO0" has el apsed.
Interrupt flag WPCR:WTIF
Interrupt enable WPCR:WTIE

B Register and Vector Table Related to Interrupts of Watch Prescaler

Table 12.4-2 Register and Vector Table Related to Interrupts of Watch Prescaler
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Interrupt Interrupt Interrupt level setup register Vector table address
source request No. Register Setting bit Upper Lower
Watch

x IRQ20 ILR5 L20 FFD2y FFD3y
prescaler

*: The watch prescaler shares the same interrupt request number and vector table as the watch counter.

Refer to "CHAPTER 8 INTERRUPTS' for the interrupt request numbers and vector tables of all periphera

functions.
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Note:

If the interval time set for the watch prescaler is shorter than the oscillation stabilization wait time of
the sub clock, an interrupt request of the watch prescaler is generated during the oscillation
stabilization wait time of the sub clock required for recovery by an external interrupt upon the
transition from the sub clock mode or the sub PLL clock mode to the stop mode. To prevent this, set
the interrupt request enable bit (WPCR:WTIE) in the watch prescaler control register to "0" to disable
interrupts of the watch prescaler when entering the stop mode during the sub clock mode or the sub
PLL clock mode.
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12.5

Explanation of Watch Prescaler Operations and Setup
Procedure Example

The watch prescaler operates as an interval timer.

B Operations of Interval Timer Function (Watch Prescaler)

The counter of the watch prescaler continues to count down using the sub clock divided by two as its count
clock aslong as the sub clock oscillates.

When cleared (WPCR:WCLR = 1), the counter starts to count down from "7FFF4". Once "0000y" is
reached, the counter returns to "7FFF4" to continue the count. When the time set by the interrupt interval
time select bits is reached during down-counting, the watch interrupt request flag bit (WPCR:WTIF) is set
to "1" in any mode other than the main clock stop mode. In other words, a watch interrupt request is
generated at each selected interval time, based on the time when the counter was | ast cleared.

B Clearing Watch Prescaler

If the watch prescaler is cleared when the output of the watch prescaler is used in other peripheral
functions, this will affect the operation by changing the count time or in other manners.

When clearing the counter by using the watch prescaler initialization bit (WPCR:WCLR), perform setup so
that this does not have unexpected effects on other peripheral functions.

When the output of the watch prescaler is selected as the count clock, clearing the watch prescaler also
clears the watchdog timer.

The watch prescaler is cleared not only by the watch prescaler initiaization bit (WPCR:WCLR) but also
when the sub clock is stopped and a count is required for the oscillation stabilization wait time.
*  When moving from the sub clock mode or sub PLL clock mode to the stop mode

*  When the sub clock oscillation stop bit in the system clock control register (SYCC:SUBS) is set to 1"
in the main clock mode or main PLL clock mode

In addition, the counter of the watch prescaler is cleared and stops operation when areset is generated.

B Operating Examples of Watch Prescaler

162

Figure 12.5-1 shows operating examples under the following conditions:
1) When a power-on reset is generated

2) When entering the sleep mode during the operation of the interval timer function in the sub clock mode
or sub PLL clock mode

3) When entering the stop mode during the operation of the interval timer function in the sub clock mode
or sub PLL clock mode

4) When arequest isissued to clear the counter

The same operation is performed when changing to the watch mode as for when changing to the sleep
mode.
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Figure 12.5-1 Operating Examples of Watch Prescaler

Counter value
(count down

TFFFy

Count value detected in

WATR:SWT3 to SWTO

Count value detected in

WPCR:WTC1, WTCO

Interval cycle
(WPCR:WTC1, WTCO = 11g)

00004

WTIF bit

Sub clock oscillation
stabilization wait time

1) Power-on reset

Clear by transferring
to stop mode

'

}

4) Counter clear
(\NPCI}?:WCLR =1)

WTIE bit

Sub clock oscillation
stabilization wait time

2) SLP bit
(STBC register)

Clear at interval Clear in interrupt
setup processing routine
Sleep
Sto

Sleep cancelled by P
watch interrupt (WIRQ) ;

i

T
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3) STP bit
(STBC register)

* WPCR:WTC1,WTCO
* WPCR:WCLR

* WPCR:WTIF

* WPCR:WTIE

* STBC:SLP

* STBC:STP

Stop cancelled by external interrupt

« When setting interval time select bits in the watch prescaler control register (WPCR:WTC1, WTCO) to "11g" (2” x 2/FcL)

: Interval time select bits in watch prescaler control register

:Watch timer initialization bit in watch prescaler control register

: Watch interrupt request flag bit in watch prescaler control register

: Watch interrupt request enable bit in watch prescaler control register

: Sleep bit in standby control register
: Stop bit in standby control register
 WATR:SWT3 to SWTO : Sub clock oscillation stabilization wait time select bit in oscillation stabilization wait time setup register

B Setup Procedure Example
The watch prescaler is set up in the following procedure:

@ Initial setup

1) Settheinterrupt level.

2) Settheinterval time.
3) Enableinterrupts.
4) Clear the counter.

@ Processing interrupts

1) Clear theinterrupt request flag.
2) Process any interrupt.

(ILR5)
(WPCR:WTC1, WTCO)
(WPCR:WTIE = 1)
(WPCR:WCLR = 1)

(WPCRWTIF = 0)
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12.6

Precautions when Using Watch Prescaler

Shown below are the precautions that must be followed when using the watch

prescaler.
The watch prescaler cannot be used in single system clock option product.

B Precautions when Using Watch Prescaler
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@ When setting the prescaler by program

The prescaler cannot be recovered from interrupt processing when the watch interrupt request flag bit
(WPCR:WTIF) is set to "1" and the interrupt request enable bit is enabled (WPCR:WTIE = 1). Always
clear the WTIF bit within the interrupt routine.

@ Clearing the watch prescaler

When the watch prescaler is selected as the count clock of the watchdog timer (WDTC:CS1, CSO = 105 or
CS1, CS0 = 11g), clearing the watch prescaler also clears the watchdog timer.

@ Watch interrupts

In the main clock stop mode, the watch prescaler performs counting but does not generate the watch
prescaler interrupts (IRQ20).

@ Peripheral functions receiving clock from the watch prescaler

If the watch prescaler is cleared when the output of the watch prescaler is used in other peripheral
functions, thiswill affect the operation by changing the count time or in other manners.

The clock for the watchdog timer is also outputted from the initial state. However, as the watchdog timer
counter is cleared at the same time as the prescaler counter, the watchdog timer operates in the normal
cycles.
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12.7 Sample Programs for Watch Prescaler

We provide sample programs that can be used to operate the watch prescaler.

B Sample Programs for Watch Prescaler
For information about sample programs for the watch prescaler, refer to "Il Sample programs” in Preface.

B Setup Methods without Sample Program

@ How to initialize the watch prescaler

The watch timer initialization bit (WPCR:WCLR) is used.

What to be controlled Watch timer initialization bit (WCLR)

When initializing watch prescaler Set the bitto "1"

@ How to select the interval time

The watch interrupt interval time select bits (WPCR:WTCL/WTCO) are used to select the interval time.

@ Interrupt-related register

Theinterrupt level register shown in the following table is used to select the interrupt level.

Interrupt source Interrupt level setup register Interrupt vector
Interrupt level register (ILR5) #20
Weatch prescaler Address: 0007E}, Address; OFFD2,,

@ How to enable/disable/clear interrupts

Interrupt request enable flag, Interrupt request flag
Theinterrupt request enable bit (WPCR:WTIE) is used to enable interrupts.

What to be controlled Interrupt request enable bit (WTIE)
When disabling interrupt requests Set the bit to "0"
When enabling interrupt requests Set the bit to "1"

The watch interrupt request flag (WPCR:WTIF) is used to clear interrupt requests.

What to be controlled Watch interrupt request flag (WTIF)

When clearing interrupt requests Write"0"
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WATCH COUNTER

This chapter describes the functions and operations of
the watch counter.

13.1 Overview of Watch Counter
13.2 Configuration of Watch Counter
13.3 Registers of Watch Counter
13.4 Interrupts of Watch Counter

13.5 Explanation of Watch Counter Operations and Setup Procedure
Example

13.6 Precautions when Using Watch Counter

13.7 Sample Programs for Watch Counter
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13.1

Overview of Watch Counter

The watch counter can generate interrupt requests ranging from min. 125ms to max.
63s intervals.

B Watch Counter
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The watch counter performs counting for the number of times specified in the register by using the selected
count clock and generates an interrupt request. The count clock can be selected from the four types shown
in Table 13.1-1. The count value can be set to any number from 0 to 63. When "0" is selected, no interrupt
is generated.

When the count clock is set to 1s and the count value is set to "60", an interrupt is generated every one
minute.

Table 13.1-1 Count Clock Types

Count clock Count cycle when F¢ operates at 32.768kHz
2IFc. 125ms
2V/Fc. 250ms
2¥F, 500ms
25/F¢, 1s
FcL: Sub clock
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13.2 Configuration of Watch Counter

Figure 13.2-1 shows the block diagram of the watch counter.

B Block Diagram of Watch Counter

Figure 13.2-1 Block Diagram of Watch Counter

Watch counter control register (WCSR)

44— ISEL WCFLG| CTR5 | CTR4 | CTR3| CTR2 | CTR1 | CTRO

4 4 4 4+ 4+ 4+ 3
Interrupt of Counter value
watch j > Interrupt of
prescaler ¢ 71 watch counter
¢
@ Interrupt Underflow
2 enabled
g
@
£ ———»
Counter clear Counter
(6-bit counter)
—>
A
Counter clock 1 Reload value
2°IFcL
selected 13
2°IFcL
2"IFcL
From ——p 2¥/FcL

watch
rescaler —4 [ 1 T T T ]

44— p| cs1 CSO0 |RCTR5|RCTR4|RCTR3|RCTR2 |RCTR1 [RCTRO

Watch counter data register (WCDR)

FcL: Sub clock
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@® Counter

Thisisa6-hit down-counter that uses the output clock of the watch prescaler asits count clock.

@ Watch counter control register (WCSR)

This register controls interrupts and checks the status.

@ Watch counter data register (WCDR)

Thisregister setsthe interval time and selects the count clock.

B Input Clock
The watch counter uses the output clock of the watch prescaler asits input clock (count clock).
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13.3  Registers of Watch Counter

Figure 13.3-1 shows the registers of the watch counter.

B Registers of Watch Counter

Figure 13.3-1 Registers Related to Watch Counter

Watch counter data register (WCDR)

Address btz bit6  bit5  bit4  bitd  bit2  bitl  bit0 Initial value
OFE3y | CS1 | CS0O |RCTR5|RCTR4|RCTR3[RCTR2 | RCTR1 | RCTRO |00111111g
RW RW RW RW RW RW RW RW

Watch counter control register (WCSR)
Address bit7 bité bits bit4 bit3 bit2 bitl bit0 Initial value

00704 | ISEL |[WCFLG| CTR5 | CTR4 | CTR3 | CTR2 | CTR1 | CTRO |00000000g
RW RW RW RW RW RW RW RW

R/W: Readable/writable (Read value is the same as write value)
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13.3.1 Watch Counter Data Register (WCDR)

The watch counter data register (WCDR) is used to select the count clock and set the
counter reload value.

B Watch Counter Data Register (WCDR)

Figure 13.3.1-1 Watch Counter Data Register (WCDR)

bit7 bit6 bits5 bit4 bitd bit2 bitl bit0O Initial value

Address
OFE3y CS1 | CSO |[RCTR5/RCTR4RCTR3[RCTR2|RCTRIRCTRO] 00111111s

RW R/W R/W R/W R/W RW R/W R/W

RCTRS5 to These bits set the counter reload value.
RCTRO (Initial value = 3FH)
CS1]CS0 Count clock select bits (FcL = 32.768kHz)
0 0 2%/FcL (125ms)
0 1 2"%/FcL (250ms)
1 0 2"/FcL (500ms)
111 2°IFcL (1s)

[ Initial value

R/W: Readable/writable (Read value is the same as write value)
FcL : Sub clock

Table 13.3.1-1 Functional Description of Each Bit of Watch Counter Data Register (WCDR)

Bit name Function

These bits select the clock for the watch counter.

bit7, | CSl, CS: 00g = 2%2/Fct, 01g = 2 3Fc, 10g = 2M/Fct, 115 = 2%%FaL
bit6 Count clock select bits | (F : Sub clock)

These bits should be modified when the WCSR:ISEL bit is"0".

These bits set the counter reload value.

If the value is modified during counting, the modified value will become effective upon areload after
the counter underflows.

Writing " 0" : generates no interrupt request.

If thereload value (RCTR5 to RCTRO) is modified at the same time as an interrupt is generated
(WCSR:WCFLG = 1), the correct value will not be reloaded. Therefore, the reload value must be
modified before an interrupt is generated, such as when the watch counter is stopped (WCSR:ISEL =
0), during the interrupt routine.

bit5 RCTR5 to RCTRO:
to Counter reload value
bit0 setting bits
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13.3.2  Watch Counter Control Register (WCSR)

The watch counter control register (WCSR) is used to control the operation and
interrupts of the watch counter. It can also read the count value.

B Watch Counter Control Register (WCSR)

Figure 13.3.2-1 Watch Counter Control Register (WCSR)
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
Address

0070k | ISEL |WCFLG|CTR5|CTR4|CTR3|CTR2|CTR1|CTRO| 000000008
R/W R(RM1)/W R/WX R/IWX R/WX R/WX R/WX R/WX

CTR5 to .
These bits can read the counter value.
CTRO
Interrupt request flag bit
WCFLG -
Read Write
No interrupt request generated Clears this bit
1 An interrupt request generated | No change, no effect on operation
ISEL| Watch counter start & interrupt enable bit
0 | Stops watch counter and disables interrupt request of watch counter (Enables interrupt request of watch prescaler)
1 | Activates watch counter and enables interrupt request of watch counter (Disables interrupt request of watch prescaler)

1 : Initial value

R/W : Readable/writable (Read value is the same as write value)

R/WX : Read only (Readable, writing has no effect on operation)

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write instruction)
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Table 13.3.2-1 Functional Description of Each Bit of Watch Counter Status Register (WCSR)

Bit name Function
 Thishit activates the watch counter and selects whether to enable interrupts of the watch counter or
those of the watch prescaler.
When set to " 0" : The watch counter is cleared and stopped. Moreover, interrupt requests of the
watch counter are disabled, while interrupt requests of the watch prescaler are
ISEL: enabled. .
When set to " 1" : The interrupt request output of the watch counter is enabled and the counter starts
bit7 Watch counter start & operation. On the other hand, interrupt requests of the watch prescaler are
|r_1terrupt request enable disabled.
bit « Always disable interrupts of the watch prescaler before setting thisbit to "1" to select interrupts of
the watch counter.
« The watch counter performs counting, using an asynchronous clock from the watch prescaler. For
this reason, an error of up to one count clock may occur at the beginning of a count cycle,
depending on the timing for setting ISEL bit to "1".
 Thisbit isset to "1" when the counter underflows.
WCFLG: * When this bit and the ISEL bit are both set to "1", awatch counter interrupt is generated.
bit6 Interrupt request flag |« Writing "0" clears the bit.
bit » Writing "1" has no effect on the operation.
« "1" isawaysread in read-modify-write (RMW) instruction.
* These hits can read the counter value during counting.
_ | cTRBt0 CTRO: It should be n(_)ted Fhat the correct counter value may not be read if a_read is ar[terr_mpted whilethe
bit5 to bit0 Counter read bi :[s counter value is being changed. Therefore, read the counter value twice to check if the same value

isread on both occasions before using it.
» Write has no effect on the operation.
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13.4 Interrupts of Watch Counter

The watch counter outputs interrupt requests when the counter underflows (counter
value = 000001g).

B Interrupts of Watch Counter
When the counter of the watch counter underflows, the interrupt request flag bit (WCFLG) of the watch
counter control register (WCSR) isset to "1". If the interrupt request enable bit (ISEL) of the watch counter
issetto"1", an interrupt request of the watch counter is outputted to the interrupt controller.

Table 13.4-1 shows the interrupt control bits and interrupt sources of the watch counter.

Table 13.4-1 Interrupt Control Bits and Interrupt Sources of Watch Timer

Item Description
Interrupt request flag bit WCFLG bit of the WCSR register
Interrupt request enable bit ISEL bit of the WCSR register
Interrupt source Counter underflow

B Register and Vector Table Related to Interrupts of Watch Counter

Table 13.4-2 Register and Vector Table Related to Interrupts of Watch Counter

Interrupt Interrupt Interrupt level setup register Vector table address
source request No. Register Setting bit Upper Lower
Watch counter” IRQ20 ILR5 L20 FFD2,, FFD3,,

*: The watch counter shares the same interrupt request number and vector table as the watch prescaler.

Refer to "CHAPTER 8 INTERRUPTS' for the interrupt request numbers and vector tables of all
peripheral functions.
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13.5 Explanation of Watch Counter Operations and Setup
Procedure Example

The watch counter counts down for the number of times specified in the count value by
RCTR5 to RCTRO bits, using the count clock selected by CS1 and CSO bits, when the
ISEL bitis setto "1". Once the counter underflows, WCFLG bit of the WCSR register is
setto "1", generating an interrupt.

B Setup Procedure of Watch Counter
The setup procedure of the watch counter is described below.

(1) Select the count clock (CS1 and CSO bits) and set the counter reload value (RCTR5 to RCTRO bits).

(2) SettheISEL hit of the WCSR register to "1" to start a down count and enable interrupts. Also disable
interrupts of the watch prescaler.

The watch counter performs counting by using a divided clock (asynchronous) from the watch
prescaler. An error of up to one count clock may occur at the beginning of a count cycle, depending on
the timing for setting the ISEL bit to "1".

(3) When the counter underflows, the WCFLG bit of the WCSR register is set to "1", generating an
interrupt.

(4) Write"0" to the WCFLG bit to clear it.

(5) If RCTR5 to RCTRO bits are modified during counting, the reload value will be updated during a
reload after the counter isset to"1".

(6) When writing "0" to the ISEL hit, the counter becomes 0" and stops operation.

Figure 13.5-1 Descriptive Diagram of Watch Counter Operation

ISEL___| 2) RO
Count c|ock_|—|_m—|_|—|j|_|‘|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_;l_l_l_l_l_l
CS1,cS0 i ‘11s" \

(1)— 7 9 |

CTR5toCTRO 0! |7|6|5|4a|3|2|l1|9|8|7]6]5|4]| o

WCFLG
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Note:

When the operation is reactivated by WCSR:ISEL=0 after counter stop, please reactivate after
confirming reading WCSR:CTR[5:0] twice, and clearing to CTR[5:0]=0000005.

B Operation in Sub Clock Stop Mode

When the device enters the sub clock stop mode, the watch counter stops the count operation and the watch
prescaler is aso cleared. Therefore, the watch counter cannot count the correct value after the sub clock stop
mode is cancelled. After the sub clock stop mode is cancelled, the ISEL bit must always be set to "0" to clear
the counter before use. In any standby mode other than the sub clock stop mode, the watch counter continues
to operate.

B Operation at the Main Clock Stop Mode
The interrupt is not generated though the clock counter continues the count operation when entering the
main clock stop mode. Moreover, the clock counter stops, too, when sub clock oscillation stop bit (SY CC:
SUBS) of the system clock control register is set to "1".

M Setup Procedure Example
The watch counter is set up in the following procedure:

@ Initial setup
1) Settheinterrupt level. (ILR5)
2) Select the count clock. (WCDR:CS1, C<0)
3) Set the counter reload value. (WCDR:RCTR5 to RCTRO)

4) Activate the watch counter and enable interrupts. (WCSR:ISEL = 1)

@ Interrupt processing

1) Clear the interrupt request flag. (WCSR:WCFLG =0)
2) Process any interrupt.
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13.6  Precautions when Using Watch Counter

Shown below are the precautions that must be followed when using the watch counter.

« |If the watch prescaler is cleared during the operation of the watch counter, the watch counter may not be
able to perform normal operation. When clearing the watch prescaler, set the ISEL bit of the WCSR

register to "0" to stop the watch counter in advance.
« When the operation is reactivated by WCSR:ISEL=0 after counter stop, please reactivate after
confirming reading WCSR:CTR[5:0] twice, and clearing to CTR[5:0]=000000g.
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13.7 Sample Programs for Watch Counter

We provide sample programs that can be used to operate the watch counter.

B Sample Programs for Watch Counter
For information about sample programs for the watch counter, refer to "Ill Sample Programs' in Preface.

B Setup Methods without Programs

@ How to enable/stop the watch counter

Use the interrupt request enable bit (WCSR:ISEL).

What to be controlled Watch timer initialization bit (ISEL)
When enabling watch counter Set the bit to "1"
When stopping watch counter Set the bit to "0"

@ How to select the count clock

The count clock select bits (WCDR:CS1/CS0) are used to select the clock.

@ Interrupt-related register

Theinterrupt level is set in the interrupt level register shown in the following table.

Interrupt source Interrupt level setup register Interrupt vector
Interrupt level register (ILR5) #20
Watch counter Address: 0007E,, Address; OFFD2,,

@ How to enable/disable/clear interrupts

Interrupt request enable flag, Interrupt request flag
The interrupt request enable bit (WCSR:ISEL) is used to enable interrupts.

What to be controlled Interrupt request enable bit (ISEL)
When disabling interrupt request Set the bit to "0"
When enabling interrupt request Set the bit to "1"

The interrupt request flag (WCSR:WCFLG) is used to clear interrupt requests.

What to be controlled Interrupt request flag (WCFLG)

When clearing interrupt request Write "0"
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CHAPTER 14

WILD REGISTER

This chapter describes the functions and operations of
the wild register.

14.1 Overview of Wild Register

14.2 Configuration of Wild Register

14.3 Registers of Wild Register

14.4 Operating Description of Wild Register

14.5 Typical Hardware Connection Example
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14.1  Overview of Wild Register

The wild register can be used to patch bugs in the program by using the addresses set in
the built-in register and amendment data.
The following section describes the wild register function.

B Wild Register Function

The wild register consists of 3 data setup registers, 3 upper-address setup registers, 3 lower-address setup
registers, a 1-byte address compare enable register and a 1-byte data test setup register. When certain
addresses and modified data are specified in these registers, the ROM data can be replaced with the
modified data specified in the registers. Data of up to three different addresses can be modified.

The wild register function can be used to debug the program after creating the mask and patch bugs in the
program.
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14.2  Configuration of Wild Register

The block diagram of the wild register is shown below. The wild register consists of the

following blocks:

* Memory area block
Wild register data setup register (WRDRO to WRDR2)
Wild register address setup register (WRARO to WRAR?2)
Wild register address compare enable register (WREN)
Wild register data test setup register (WROR)

» Control circuit block

B Block Diagram of Wild Register Function

Figure 14.2-1 Block Diagram of Wild Register Function

Wild register function

Control circuit block Access
control circuit

T

Decoder and logic Address
control circuit compare circuit

Memory area block
Wild register address
setup register
(WRAR)

Internal bus

Wild register data setup
register
(WRDR)

Access
control circuit

Wild register address
compare enable register

(WREN)

Wild register data test
setup register
(WROR)

Memory space
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@ Memory area block

The memory area block consists of the wild register data setup registers (WRDR), wild register address
setup registers (WRAR), wild register address compare enable register (WREN) and wild register data test
setup register (WROR). The wild register function is used to specify the addresses and data that need to be
replaced. The wild register address compare enable register (WREN) enables the wild register function for
each wild register data setup register (WRDR). Moreover, the wild register data test setup register (WROR)
enables the normal read function for each wild register data setup register (WRDR).

@ Control circuit block

This circuit compares the actual address data with addresses set in the wild register address setup registers
(WRDR), and if the values match, outputs the data from the wild register data setup register (WRDR) to the
data bus. The control circuit block uses the wild register address compare enable register (WREN) to
control the operation.
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Registers of Wild Register

The registers of the wild register include the wild register data setup registers (WRDR),
wild register address setup registers (WRAR), wild register address compare enable
register (WREN) and wild register data test setup register (WROR).

B Registers Related to Wild Register

Figure 14.3-1 Registers Related to Wild Register

Wild register data setup registers (WRDRO to WRDR?2)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0O  Initial value
OF824 WRDRO | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO |OOOOOOOOB
0OF85, WRDR1 RW RW RW RW RW RW RW RW

OF88,, WRDR2

Wild register address setup registers (WRARO to WRAR2)

Address bitl5 bitl4 bitdl3 bitl2 bitll bitl0 bit9 bit8 Initial value
OF80y, OF814 WRARO | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA9 | RA8 | 00000000g
OF834, OF84; WRARL1 R/W R/W R/W R/W R/W R/W R/W R/W
OF86y, OF87,; WRAR2 bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value

| RA7 | RA6 | RA5 | RA4 | RA3 | RA2 | RA1 | RAO |ooooooooB
R/W R/W R/W R/W R/W R/W R/W R/W

Wild register address compare enable register (WREN)
Address bit7 bité bits bit4 bit3 bit2 bitl bit0O  Initial value

0076, WREN | - | - | Reserved | Resened [ Reserned | EN2 [ EN1 | ENO | 00000000g
RO/WX RO/WX RO/WO RO/WO ROWO R/W R/MW  R/W

Wild register data test setup register (WROR)
Address bit7 bité bits bit4 bit3 bit2 bitl bit0  Initial value

0077y WROR | - | - [ Reserved [ Reserved | Resened | DRR2 | DRR1 | DRRO | 000000005
RO/WX RO/WX RO/WO RO/WO ROWO R/W RMW  R/W

R/W: Readable/writable (Read value is the same as write value)
RO/WX: Undefined bit (Read value is "0", write has no effect on operation)
RO/WO0: Reserved bit (Write value is "0", read value is "0")

- Undefind
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B Wild Register Number
Each wild register address setup register (WRAR) and wild register data setup register (WRDR) has its
corresponding wild register number.

Table 14.3-1 Wild Register Numbers Corresponding to Wild Register Address Setup Registers and Wild
Register Data Setup Registers

Wild register number Wild register address setup register (WRAR) | Wild register data setup register (WRDR)
0 WRARO WRDRO
1 WRARL1 WRDR1
2 WRAR2 WRDR2
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CHAPTER 14 WILD REGISTER

Wild Register Data Setup Registers (WRDRO to WRDR2)

The wild register data setup registers (WRDRO to WRDR?2) use the wild register function
to specify the data to be amended.

B Wild Register Data Setup Registers (WRDRO to WRDR2)

Figure 14.3-2 Wild Register Data Setup Registers (WRDRO to WRDR2)

WRDRO

Address
0F82,,

WRDR1

Address
OF85,

WRDR2

Address
0F88y

bit7 bit6 bits bit4 bit3 bit2 bitl bit0
| RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO
RW RW RW RW RW RW RW RW
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
| RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO
RW RW RW RW RW RW RW RW
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
| RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO
RW RW RW RW RW RW RW RW

R/W: Readable/writable (Read value is the same as write value)

Initial value
00000000g

Initial value
00000000y

Initial value
00000000y

Table 14.3-2 Functional Description of Each Bit of Wild Register Data Setup Resister (WRDR)

register data test setup register (WROR) issetto "1".

Bit name Function
These bits specify the data to be amended by the wild register function.
bit7 RD7 to RDO: » These bits are used to set the amendment data at the address assigned by the wild register address
to Wildregister datasetup | setup register (WRAR). Datais enabled at the address corresponding to each wild register number.
bit0 bits » Read access of these hitsis enabled only when the corresponding data test setting bit in the wild
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14.3.2  Wild Register Address Setup Registers (WRARO to
WRAR2)

The wild register address setup registers (WRARO to WRAR?2) set the address to be
amended by the wild register function.

B Wild Register Address Setup Registers (WRARO to WRAR?2)

Figure 14.3-3 Wild Register Address Setup Registers (WRARO to WRAR?2)

WRARO
Address bitl5  bitl4  bitl3 bitl2 bitll bitl0  bit9  bit8 Initial value
OF80y, | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA9 | RA8 | 000000005
RW RW RW RW RW RW RW RW
Address bit7 bt  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OF81y | RA7 | RA6 | RA5 | RA4 [ RA3 | RA2 | RAL | RAD |  00000000g
RW RW RW RW RW RW RW RW
WRAR1
Address bitl5  bitl4  bitl3 bitl2 bitll bitl0  bit9  bit8 Initial value
OF83y, | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA9 | RA8 | 000000005
RW RW RW RW RW RW RW RW
Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OF84y, | RA7 | RA6 | RA5 | RA4 [ RA3 | RA2 | RAL | RAD |  00000000g
RW RW RW RW RW RW RW RW
WRAR?2
Address bitl5  bitl4  bitl3 bitl2 bitll bitl0  bit9  bit8 Initial value
OF86, | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA9 | RAS8 | 000000005
RW RW RW RW RW RW RW RW
Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OF87y | RA7 | RA6 | RA5 | RA4 [ RA3 | RA2 | RAL | RAD |  00000000g
RW RW RW RW RW RW RW RW
R/W: Readable/writable (Read value is the same as write value)

Table 14.3-3 Functional Description of Each Bit of Wild Register Address Setup Register (WRAR)

Bit name Function
bit15 RA15 to RAO: These bits set the address to be amended by the wild register function.
to Wild register address | These bits are used to specify the address to be allocated. The addressis specified in accordance with
bit0 setting bits its corresponding wild register number.
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14.3.3  Wild Register Address Compare Enable Register (WREN)

The wild register address compare enable register (WREN) enables/disables the
operation of the wild register in accordance with each wild register number.

B Wild Register Address Compare Enable Register (WREN)

Figure 14.3-4 Wild Register Address Compare Enable Register (WREN)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0076H | - | - | Reserved | Reserved | Reserved| EN2 | EN1 | ENO | OOOOOOOOB
RO/WX RO/WX RO/WO0 RO/WO0 RO/WO R/W R/W R/W

RO/WX :Undefined bit (Read value is "0", writing has no effect on operation)
RO/WO : Reserved bit (Write value is "0", read value is "0")

R/W : Readable/writable (Read value is the same as write value)

- Undefind

Table 14.3-4 Functional Description of Wild Register Address Compare Enable Register (WREN)

Bit name Function
bit7 These bits are undefined.
bité Undefined bits » Theread valueis"0".
« Write has no effect on the operation.
bit5 These bits are reserved.
to Reserved bits » Theread valueis"0".
hit3 e Alwaysset "0".
These bits enabl e/disable the operation of the wild register.
. ' » ENO corresponds to wild register number 0.
bit2 ENZ‘ EN.l’ ENO: « EN1 corresponds to wild register number 1.
to Wild register address . .
bit0 compare enable bits * EN2 corresponds to_W|Id register number 2. _ _ _
When set to " 0" : disable the operation of the wild register function.
When set to " 1" : enable the operation of the wild register function.
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14.3.4

Wild Register Data Test Setup Register (WROR)

The wild register data test setup register (WROR) enables/disables reading from the
corresponding wild register data setup register (WRDRO to WRDR2).

B Wild Register Data Test Setup Register (WROR)

Figure 14.3-5 Wild Register Data Test Setup Register (WROR)

Address bit7

bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0077y |

- | Reserved | Reserved | Reserved | DRR2 | DRR1 | DRRO | OOOOOOOOB

RO/WX RO/WX RO/WO RO/WO ROWO R/W R/W R/W

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
RO/WO : Reserved bit (Write value is "0", read value is "0")
R/W  : Readable/writable (Read value is the same as write value)

- : Undefind

Table 14.3-5 Functional Description of Wild Register Data Test Setup Register (WROR)

Bit name Function
bit7 These bits are undefined.
bité Undefined hits * Theread valueis"0".
« Write has no effect on operation.
bit5 These hits are reserved.
to Reserved bits * Theread valueis"0".
bit3 * Alwaysset "0".
These bits enabl e/disable the normal reading from the corresponding data setup register of the wild
register.
bit2 DRR2, DRR1, DRRO: |+ DRRO enables/disables reading from the wild register data setup register (WRDRO).
to Wild register datatest |+ DRR1 enables/disables reading from the wild register data setup register (WRDRL).
bit0 setting bits * DRR2 enables/disables reading from the wild register data setup register (WRDR?2).

When set to " 0" : disable reading.
When set to" 1" : enable reading.
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14.4  Operating Description of Wild Register

This section describes the setup procedure for the wild register.

B Setup Procedure for Wild Register
Prepare a special program that can read the value to be set in the wild register from external memory (e.g.

Table 14.4-1 Register Setup Procedure for Wild Register

E2PROM or FRAM) in the user program before executing the program. The setup method for the wild

register is shown below.

It should be noted that this section does not explain how to communicate between the external memory and

the device.

» Write the address of the built-in ROM code that will be modified to the wild register address setup

register (WRARO to WRAR?2).

« Writeanew code into the corresponding wild register data setup register (WRDRO to WRDR2).
» Write to the corresponding bits in the wild register address compare enable register (WREN) to enable

the wild register function.

Table 14.4-1 shows the register setup procedure for the wild register.

Operating step

Operation

Example operation

Read replacement data from outside through its

Set the built-in ROM code to be modified isin the address

1 ecific communi cation method FO11, and the data to be modified to "B5,". Three built-in
¥ ' ROM codes can be modified.
2 Write the replacement address into the wild register | Set wild register address setup registers (WRARO = FO11,,,
address setup register (WRARO to WRAR2). WRAR1 = ..., WRAR2 =..)).
Write anew ROM code (replacement for the built-in . ; ; _
) : : Set the wild register data setup registers (WRDRO = B5,
3 ROM code) to the wild register data setup register WRDR = engRDR o= PTeg ( H
(WRDRO to WRDR?2). T =),
Setting bit O of the address compare enable register (WREN) to
"1" enables the wild register function for the wild register
Enable the corresoonding bits in the wild reqister number 1. If the address matches the value set in the address
4 &P 9 9 setup register (WRAR), the value of the data setup register

address compare enable register (WREN).

(WRDR) will replace the built-in ROM code. When replacing
more than one built-in ROM code, enable the corresponding
bits of the address compare enable register (WREN).

B Wild Register Applicable Addresses
The wild register is applicable to all addresses in the address space except "0078".

As address "0078" is used as a mirror address for the register bank pointer and direct bank pointer, this

address cannot be patched.
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14.5 Typical Hardware Connection Example

Shown below is a typical hardware connection example applied when using the wild
register function.

B Hardware Connection Example

Figure 14.5-1 Typical Hardware Connection Example

E’PROM
(Stores correction program)

SO SIN
sl sSoT MB95130/MB series
SCK SCK
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8/16-BIT COMPOUND TIMER

This chapter describes the functions and operations of
the 8/16-bit compound timer.

15.1 Overview of 8/16-bit Compound Timer

15.2 Configuration of 8/16-bit Compound Timer

15.3 Channels of 8/16-bit Compound Timer

15.4 Pins of 8/16-bit Compound Timer

15.5 Registers of 8/16-bit Compound Timer

15.6 Interrupts of 8/16-bit Compound Timer

15.7 Operating Description of Interval Timer Function (One-shot Mode)

15.8 Operating Description of Interval Timer Function (Continuous
Mode)

15.9 Operating Description of Interval Timer Function (Free-run Mode)
15.10 Operating Description of PWM Timer Function (Fixed-cycle mode)

15.11 Operating Description of PWM Timer Function (Variable-cycle
Mode)

15.12 Operating Description of PWC Timer Function
15.13 Operating Description of Input Capture Function
15.14 Operating Description of Noise Filter

15.15 States in Each Mode during Operation

15.16 Precautions when Using 8/16-bit Compound Timer
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15.1  Overview of 8/16-bit Compound Timer

The 8/16-bit compound timer consists of two 8-bit counters and can be used as two 8-
bit timers, or one 16-bit timer if they are connected in cascade.

The 8/16-bit compound timer has the following functions:

* Interval timer function

* PWM timer function

* PWC timer function (pulse width measurement)

* Input capture function

B Interval Timer Function (One-shot Mode)
When the interval timer function (one-shot mode) is selected, the counter starts counting from "004" as the
timer is started. When the counter value matches the register setting value, the timer output is inverted, the
interrupt request occurs, and the count operation is stopped.

B Interval Timer Function (Continuous Mode)
When the interval timer function (continuous mode) is selected, the counter starts counting from "004" as

the timer is started. When the counter value matches the register setting value, the timer output is inverted,
the interrupt request occurs, and the count operation is continued from "00y" again. The timer output a

sguare wave as aresult of this repeated operation.

B Interval Timer Function (Free-run Mode)
When theinterval timer function (free-run mode) is selected, the counter starts counting from "004". When

the counter value matches the register setting value, the timer output is inverted and the interrupt request
occurs. When the counter continues to count until reaching "FFy", it restarts counting from "004" to

continue the counting operation. The timer outputs a square wave as a result of this repeated operation.

B PWM Timer Function (Fixed-cycle Mode)

When the PWM timer function (fixed-cycle mode) is selected, a PWM signal with a variable "H" pulse
width is generated in fixed cycles. The cycle is fixed to "FFy" during 8-bit operation or "FFFF4" during

16-bit operation. The time is determined by the count clock selected. The "H" pulse width is specified by
setting aregister.

B PWM Timer Function (Variable-cycle Mode)
When the PWM timer function (variable-cycle mode) is selected, two 8-bit counters are used to generate an
8-bit PWM signal in any cycles and duty depending on the cycle and "L" pulse width specified by registers.
In this operation mode, the compound timer cannot serve as a 16-bit counter, as two 8-bit counters are used.
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B PWC Timer Function
When the PWC timer function is selected, the width and cycle of an external input pulse can be measured.

In this operation mode, the counter starts counting from "00y" upon detection of a count start edge of an

external input signal and transfers the count value to a register to generate an interrupt upon detection of a
count end edge.

B Input Capture Function

When the input capture function is selected, the counter value is stored in a register upon detection of an
edge for an external input signal.

Thisfunction is available in either free-run mode or clear mode for count operation.
In the clear mode, the counter starts counting from "004" and transfers its value to a register to generate an
interrupt upon detection of an edge. In this case, the counter continues to count from "004".

In the free-run mode, the counter transfers its value to a register to generate an interrupt upon detection of
an edge. In this case, however, the counter continues to count without being cleared.
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15.2  Configuration of 8/16-bit Compound Timer

The 8/16-bit compound timer consists of the following blocks:

8-bit counter x 2 channels

8-bit comparator (including a temporary latch) x 2 channels

8/16-bit compound timer 00/01 data register x 2 channels (TOODR/TO1DR)
8/16-bit compound timer 00/01 control status register 0 x 2 channels (TOOCRO/
TO1CRO)

8/16-bit compound timer 00/01 control status register 1 x 2 channels (TOOCR1/
TO1CR1)

8/16-bit compound timer 00/01 timer mode control register (TMCRO)

Output controller x 2 channels

Control logic x 2 channels

Count clock selector x 2 channels

Edge detector x 2 channels

Noise filter x 2 channels
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B Block Diagram of 8/16-bit Compound Timer

Figure 15.2-1 Block Diagram of 8/16-bit Compound Timer

TooCRO|IFE[c2|c1]co|F3|F2|F1]Fo]

Timer 00
CKOO——p. _bi
Clocks from ] | 8-bit counter |
: prescaler/ : : Count Timer output
R e o [l
= | 8-bit comparator [T [ utpu
CKO7 = Y controller b -\ 09
© | 8-bit data register |
L P e f
lter
£C00 detector —
TIO | 4 -
v v
IstalHo| IE | IR | BF] IF [ so|oE|
TOOCRL [ IR0
* »| IRQ
TMCRO & N Logics _,'RQl
|To1 | To0] 115 |Mob|FE11|FE10|FE0L|FEO| j“ 16-bit mode control signal 'y
A0 1 I T
! T01CRO|IFE|c2|c1|co|r3|F2[F1]Fo| !
| Timer 01 |
I I
ECo I' | 16-bit mode clock | | [ !
I I
: K10 | 8-bit counter | :
1Clocks from . > |
- Count v Timer output
: prescaler/ : : clock " { :
j Time Base cyq6— 3l selector =S - 1 »| Output ’ D Toor
| Timer k) | 8-bit comparator | controller 1
! CK17 ° 'y —» ENO1 !
: External § 11 :
I input | 8-bit data register | |
| ¢ Edge 1
] filter detector 1— |
I ECOL y I
I I
I | I
I I
1 1
I I
! To1CR1|sTA|HO| IE | IR [ BF| IF [SO|OE| !
I (O SR O N
I I
Lo e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —— o

*: Register shared by timer 00 and timer 01

@ 3-bit counter
This counter serves as the basis for various timer operations. It can be used either as two 8-bit counters or
as a 16-bit counter.

@ 8-bit comparator
The comparator compares the values in the 8/16-bit compound timer 00/01 data register and counter. It
incorporates alatch to temporarily store the 8/16-bit compound timer 00/01 data register value.

@ 8/16-bit compound timer 00/01 data register

The 8/16-bit compound timer 00/01 data register is used to write the maximum value counted during
interval timer or PWM timer operation and to read the count value during PWC timer or input capture
operation.
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@ 8/16-bit compound timer 00/01 control status registers 0 (TOOCRO/T01CRO)
These registers are used to select the timer operation mode, select the count clock, and to enable or disable
IF flag interrupts.

@ 8/16-bit compound timer 00/01 control status registers 1 (TOOCR1/TO1CR1)

These registers are used to control interrupt flags, timer output, and timer operation.

@ 8/16-bit compound timer 00/01 timer mode control register (TMCRO)
This register is used to select the noise filter function, 8-bit or16-bit operation mode, and signal input to
timer 00 and to indicate the timer output value.

@ Output controller
The output controller controls timer output. The timer output is supplied to the external pin when the pin
output has been enabled.

@ Control logic

The control logic controlstimer operation.

@ Count clock selector
The selector selects the counter operation clock signal from among prescaler outputs (machine clock
divided signal and time-base timer output).

@ Edge detector
The edge detector selects the edge of an external input signal to be used as an event for PWC timer
operation or input capture operation.

@ Noise filter
This filter serves as a noise filter for external input signals. "H" pulse noise, "L" pulse noise, or "H"/"L"-
pulse noise elimination can be selected as the filter function.

@ TII0 internal pin (internally connected to the LIN-UART, available only in channel 0)

The THO pin serves as the signal input pin for timer 00; it is connected to the LIN-UART inside the chip.
For information about how to use the pin, refer to "CHAPTER 22 LIN-UART". Note that the TI10 pin in
channel 1lisinternaly fixed to"0".

B Input Clock

The 8/16-bit compound timer uses the output clock from the prescaler asits input clock (count clock).
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15.3 Channels of 8/16-bit Compound Timer

This section describes the channels of 8/16-bit compound timer.

B Channels of 8/16-bit Compound Timer
MB95130/MB series contains one channel of 8/16-bit compound timer.

In one channel, there are two 8-bit counters. Each counter can be used as two 8-bit timers or one 16-bit
timer. The following table lists the external pins and registers corresponding to each channel.

Table 15.3-1 8/16-bit Compound Timer Channels and Corresponding External Pins

Channel Pin name Pin function
TO00 Timer 00 output
0 TOO01 Timer 01 output
ECO Timer 00 input and timer 01 input

Table 15.3-2 8/16-bit Compound Timer Channels and Corresponding Registers

Channel Register name Registers

TOOCRO Timer 00 control status register O
TO1CRO Timer 01 control status register O
TOOCR1 Timer 00 control status register 1

0 TO1CR1 Timer O1 control status register 1
TOODR Timer 00 data register
TO1DR Timer 01 dataregister
TMCRO Timer 00/01 timer mode control register

The 2-digit number in the pin names and register names corresponds to channel and timer. The upper
number corresponds to channel and the lower number corresponds to timer.
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15.4

Pins of 8/16-bit Compound Timer

This section describes the pins related to the 8/16-bit compound timer.

B Pins Related to 8/16-bit Compound Timer

200

The external pins related to the 8/16-bit compound timer are TO00, TO01, and ECO. TIIO0 is for internal

chip connection.

@ TOO00 pins
TOOO:

This pin serves as the timer output pin for timer 00 during 8-bit operation or for timers 00 and 01 during
16-bit operation. When the output is enabled (TOOCR1:0OE = 1) in interval timer, PWM timer, or PWC
timer function, the pin is set for output automatically regardless of the port direction register (DDRO:hit5)
to serve as the timer output TOOQO pin.

The output remains indeterminate when the input capture function has been selected enabling output.

@ TOO01 pins
TOO1:

This pin serves as the timer output pin for timer 01 during 8-bit operation. When the output is enabled
(TO1CRL:OE =1) ininterval timer, PWM timer (fixed cycle mode), or PWC timer function, the pinis set
for output automatically regardless of the port direction register (DDRO:bit6) to serve as the timer output
TOO1 pin.

The output remains indeterminate during 16-bit operation when the PWM timer function (variable-cycle
mode) or input capture function has been selected enabling output.

@ ECO pins
The ECO pin is connected to the EC00 and ECOL internal pins.

ECOO internal pin:
This pin serves as the external count clock input pin for timer 00 when the interval timer or PWM timer
function has been selected, or as the signal input pin for timer 00 when the PWC timer or input capture
function has been selected. The pin cannot be set as the external count clock input pin when the PWC
timer or input capture function has been selected.
To use thisinput feature, set the port direction register (DDRO:bit2) to "0" to set the pin as an input port.
ECO1 internal pin:

This pin serves as the external count clock input pin for timer 01 when the interval timer or PWM timer
function has been selected or the signal input pin for timer 01 when the PWC timer or input capture
function has been selected. The pin cannot be set as the external count clock input pin when the PWC
timer or input capture function has been selected.

This input is not used during 16-bit operation. The input can be used as well when the PWM timer
function has been selected (variable-cycle mode).

To use thisinput feature, set the port direction register (DDRO:bit2) to set the pin as an input port.
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W Block Diagram of Pins Related to 8/16-bit Compound Timer

Figure 15.4-1 Block Diagram of Pins (ECO0) Related to 8/16-bit Compound Timer TO00 and TO01

} Peripheral function input ;‘
| Peripheral function input enable ;
I Peripheral function output enable Hysteresis

} Peripheral function output ; J—Gf
S
0
[
4‘ P-ch

1 v i .
Automotive
PDR read 1 N~
Pin

or || o)
;

Only P24 is

PDR write
selectable.

In bit operation instruction

DDR read

R I

DDR write Stop, Watch (SPL=1)

Internal bus

PUL read

PUL
PUL write

%7

ILSR2 read

ILSR2 write
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15.5

Registers of 8/16-bit Compound Timer

This section describes the registers related to the 8/16-bit compound timer.

B Registers Related to 8/16-bit Compound Timer

Figure 15.5-1 Registers Related to 8/16-bit Compound Timer

8/16-bit compound timer 00/01 control status register 0 (TOOCR0/T01CRO)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit0 bit0  Initial value
0F92,, TO1CRO | IFE | c2 | Cc1 | Co | F3 | F2 | F1 | FO |ooooooooB
0F93,; TOOCRO RW RW RW RW RW RW RW RW

8/16-bit compound timer 00/01 control status register 1 (TOOCR1/T01CR1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit0 bit0  Initial value
0036y TO1CR1 | STA | HO | IE | IR | BF | IF | SO | OE | 000000005
00374 TOOCR1 R/W R/W R/W RERMHW RAWX RRMLHW  R/W R/W

8/16-bit compound timer 00/01 data register (TOODR/T01DR)

Address bit7 bité bit5 bit4 bit3 bit2 bit0 bito  Initial value
OF94, TO1DR | TDR7 | TDR6 | TDRS | TDR4 | TDR3 | TDR2 | TDR1 | TDRO | 00000000g
OF95, TOODR RW RW RW RW RW RW RW RW

8/16-bit compound timer 00/01 timer mode control register (TMCRO)
Address bit7 bité bit5 bit4 bit3 bit2 bit0 bit0  Initial value
0F96, TMCRO | TO1 | TOO | IS | MOD | FE11 | FE10 | FEO1 | FEOO |ooooooooB
R/WX R/WX R/W R/W R/W R/W R/W R/W

R/W : Readable/writable (Read value is the same as write value)

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-
write (RMW) instruction)

R/WX : Read only (Readable, writing has no effect on operation)

R,W : Readable/writable (Read value is different from write value)
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8/16-bit Compound Timer 00/01 Control Status Register 0
(TOOCRO/TO1CRO)

The 8/16-bit compound timer 00/01 control status register 0 (TOOCRO/TO1CRO) selects the
timer operation mode, selects the count clock, and enables or disables IF flag interrupts.

The TOOCRO and TO1CRO registers correspond to timers 00 and 01, respectively.

B 8/16-bit Compound Timer 00/01 Control Status Register 0 (TOOCRO/TO1CRO)

Figure 15.5-2 8/16-bit Compound Timer 00/01 Control Status Register 0 (TOOCRO/TO1CRO)

Address

bit7 bit6  bit5 bit4

bit3

bit2

bitl

bit0

Initial value

oFo2uTo1CR0| 1FE | c2 | c1 | co| Fs | F2 | F1 | Fo | oooooooos

0F93+H TOOCRO

RIW RW R/W R/W

R/IW

R/IW

R/IW

R/IW

.

n
w

n
N

n
iy

n
o

Timer operation mode select bits

Interval timer (one-shot mode)

Interval timer (continuous mode)

Interval timer (free-run mode)

PWM timer (fixed-cycle mode)

PWM timer (variable-cycle mode)

PWC timer ("H" pulse = rising to falling)

PWC timer ("L" pulse = falling to rising)

PWC timer (cycle = rising to rising)

PWC timer (cycle = falling to falling)

PWC timer ("H" pulse = rising to falling; Cycle = rising to rising)

Input capture (rising, free-run counter)

Input capture (falling, free-run counter)

Input capture (both edges, free-run counter)

Input capture (rising, counter clear)

Input capture (falling, counter clear)

Rl FP|IP|IP|P|IPFP|IP|lO|JlO|lO|lO|lO|O| O] O

PlPr|Pr|P|lO|lO|lOC|O|r|rR|rR|Fr|lo|o|o|o

Prl|Rr|OlO|R|F|lO|lO|r|r|o|Oo|r|r|o|lo

Fr|lO|rR|O|FP|O|FR|lO|FR|O|rR|O|IR|O|FR|o

Input capture (both edges, counter clear)

O
N

(]
=

(@]
o

Count clock select bits

1 x MCLK (machine clock)

1/2 x MCLK (machine clock)

1/4 x MCLK (machine clock)

1/8 x MCLK (machine clock)

1/16 x MCLK (machine clock)

1/32 x MCLK (machine clock)

1/27 X Fen

RPlRPr|Pr|P|O|O|lOC|O

Pl |O|O|FR|FR|[O|O

~lo|lr|lo|lr|olr|o

External clock

[1: Initial value

IFE

IF flag interrupt enable

0

IF flag interrupt disabled

1

IF flag interrupt enabled

R/W : Readable/writable (Read value is the same as write value)
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Table 15.5-1 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Control Status Register
0 (TOOCRO/TO1CRO) (1/2)

Bit name Function
This bit enables or disables IF flag interrupts.
bit7 IFE: Setting thisbit to " 0" : disables I F flag interrupts.
IF flag interrupt enable | Setting this bit to "1": an IF flag interrupt request is outputted when both the IE bit (TOOCRY/
TO1CRLIE) and the IF flag (TOOCRL/TO1CR1:IF) are setto "1".

These bits select the count clock.

» The count clock is generated by the prescaler. Refer to "6.12 Operating Explanation of Prescaler".

» Write access to these bitsis nullified during timer operation (TOOCRL/TO1CR1:STA = 1).

« The clock selection of TO1CRO (timer 01) is nullified during 16-bit operation.

* These bits cannot be set to "111g" when the PWC or input capture function is used. An attempt to
write "111g" with the PWC or input capture function in use resets the bits to "000g". The bits are
asoreset to "000g" if the timer enters the input capture operation mode with the bits set to "111g".

Cc2 C1 Co Count clock
bit6 | 5 c1, co: 0 0 0 Tx MCLK (machine clock)
o lock select bit -

bita | CoUNt clock select bits 0 0 1 /2% MCLK (machine clock)
0 1 0 1/4 x MCLK (machine clock)
0 1 1 1/8 x MCLK (machine clock)
1 0 0 1/16 x MCLK (machine clock)
1 0 1 1/32 x MCLK (machine clock)
1 1 0 12" x Feyy
1 1 1 External clock
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Table 15.5-1 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Control Status Register

0 (TOOCRO/TO1CRO) (2 / 2)

Bit name Function
These bits select the timer operation mode.
* The PWM timer function (variable-cycle mode; F3, F2, F1, FO = 0100g) is set by either the
TOOCRO (timer 00) register or TO1CRO (timer 01) register. In this case, the other register is set to
F3, F2, F1, FO = 0100g automatically when the timer starts operation (TOOCR1L/TO1CR1: STA= 1).
* The MOD hitisset to"0" automatically when the timer set for 16-bit operation (TMCRO:MOD = 1)
starts operation (TOOCRL/TO1CR1:STA = 1) in the PWM timer function (variable-cycle mode).
« Write access to these hitsis nullified during timer operation (TOOCRL/TO1CR1:STA = 1).
F3 F2 F1 FO Timer operation mode select bits
0 0 0 0 |Interval timer (one-shot mode)
0 0 0 1 |Interval timer (continuous mode)
0 0 1 0 |Interval timer (free-run mode)
0 0 1 1 |PWM timer (fixed-cycle mode)
0 1 0 0 |PWM timer (variable-cycle mode)
0 1 0 1 |PWCtimer ("H" pulse = rising to falling)
bit3 F3, F2, F1, FO: 0 1 1 0 |PWCtimer ("L" pulse =falling to rising)
to Timer operation mode 0 1 1 1 |PWCtimer (cycle=risingtorising)
bit0 select bits 1 0 0 0 |PWC timer (cycle =falling to falling)
PWC timer
1 0 0 1 |("H" pulse=rising to faling; Cycle =rising to
rising)
1 0 1 0 In_p_ut capture
(rising, free-run counter)
Input capture
! 0 ! ! (falling, free-run counter)
Input capture
1 1 0 0 (both edges, free-run counter)
1 1 0 1 In_p_ut capture
(rising, counter clear)
Input capture
L L L 0 (falling, counter clear)
Input capture
L L L 1 (both edges, counter clear)
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15.5.2  8/16-bit Compound Timer 00/01 Control Status Register 1
(TOOCR1/TO1CR1)

8/16-bit compound timer 00/01 control status register 1 (TOOCR1/TO1CR1) controls the
interrupt flag, timer output, and timer operations. TOOCR1 and TO1CR1 registers
correspond to timers 00 and 01, respectively.

B 8/16-bit Compound Timer 00/01 Control Status Register 1 (TOOCR1/TO1CR1)

Figure 15.5-3 8/16-bit Compound Timer 00/01 Control Status Register 1 (TOOCR1/TO1CR1)

bitz bt  bit,  bit4  bit3 btz bitl  bit0 Initial value
Address
oosenToicR1| sTA | Ho | IE | R [ BF | IF | so | oE | oooooooo,
0037HTOOCRL oy Rw  RW R(RML),W RAWX RRML,W RW  RIW

Timer output enable bit

0 Timer output disabled

Timer output enabled

SO Timer output initial value bit

Timer initial value "0"
Timer initial value "1"

Timer reload/overflow flag

Read Write
0 No reload or overflow Flag clear
1 Reload and overflow No effect on operation
BF Data register full flag
0 Measurement data absent in data register
Measurement data present in data register
IR Pulse width measurement complete and edge detection flag

Read Write

0 Measurement complete, edge undetected | Flag clear

1 Measurement complete, edge detected No effect on operation

IE Interrupt request bit
0 Interrupt disabled
1 Interrupt enabled
HO Timer pause bit
0 Timer operable
1 Timer paused
STA Timer operation enable bit

0 Timer stopped

1 Timer operable
R/W : Readable/writable (Read value is the same as write value)
R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)
R/WX : Read only (Readable, writing has no effect on operation)

— : Initial value
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Table 15.5-2 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Control Status Register

1(1/2)

Bit name

Function

bit7

STA:
Timer operation enable
bit

This bit enables or stops timer operation.

Writing " 0" : stops the timer operation and sets the count value to "004".

* When the PWM timer function (variable-cycle mode) has been selected (TOOCRO/TO1CRO: F3,
F2, F1, FO = 0100g), the STA bit can be used to enable or disable timer operation from within
either the TOOCR1 (timer 00) or TO1CR1 (timer 01) register. In this case, the STA bhit in the other
register is set to the same value automatically.

» During 16-bit operation (TMCRO:MOD = 1), use the STA bit in the TOOCRL1 (timer 00) register to
enable or disable timer operation. In this case, the STA bhit in the other register is set to the same
value automatically.

Writing " 1" : allows timer operation to start from count value "004".

« Set this bit to "1" after setting the count clock select bits (TOOCRO/TO1CRO0:C2, C1, CO0), timer
operation select bits (TOOCRO/TO1CRO:F3, F2, F1, F0), timer output initial value bit (TOOCRL/
TO1CR1:S0O), 16-bit mode enable bit (TMCRO:MOD), and filter function select bits (TM CRO:
FE11, FE10, FEO1, FEOO).

bit6

HO:
Timer suspend bit

This bit suspends or resumes timer operation.

« Writing "1" to this bit during timer operation suspends the timer operation.

« Writing "0" to the bit when timer operation has been enabled (TOOCRL/TO1CR1:STA = 1) resumes
the timer operation.

* When the PWM timer function (variable-cycle mode) has been selected (TOOCRO/TO1CRO: F3,
F2, F1, F0=0100g), the HO bit can be used to suspend or resume timer operation from within
either the TOOCRL1 (timer 00) or TO1CR1 (timer O1) register. In this case, the HO bit in the other
register is set to the same value automatically.

 During 16-bit operation (TMCRO:MOD = 1), use the HO bit in the TOOCRL1 (timer 00) register to
suspend or resume timer operation. In this case, the STA bit in the other register is set to the same
vaue automatically.

bit5

IE:
Interrupt request
enable bit

This bit enables or disables the output of interrupt requests.

Writing" 0": disablesinterrupt request.

Writing" 1": outputs an interrupt request when the pulse width measurement completion/edge
detection flag (TOOCRLUTOL1CRLIR) or timer reload/overflow flag (TOOCRY/
TO1CRLIF) is"1".
Note, however, that an interrupt request from the timer reload/overflow flag
(TOOCRY/TO1CR1L:IF) is not outputted unless the IF flag interrupt enable (TOOCRO/
TO1CRO:IFE) bit isalso set to "1".

bit4

IR:

Pulse width
measurement
completion/edge
detection flag

This bit shows the completion of pulse width measurement or the detection of an edge.

* The bit is set to "1" upon completion of pulse width measurement when the PWC timer function
has been selected.

* Thehitisset to"1" upon detection of an edge when the input capture function has been selected.

e The bit is"0" when any timer function other than the PWC timer and input capture functions has
been selected.

« Thisbit dways returns"1" to aread modify write (RMW) instruction.

e ThelR bit in TO1CRL1 (timer 01) register is set to "0" during 16-bit operation.

» Writing "0" to the bit setsit to "0".

* An attempt to write "1" to the bit isignored.

207



CHAPTER 15 8/16-BIT COMPOUND TIMER

Table 15.5-2 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Control Status Register

1(21/2)

Bit name

Function

bit3

BF:
Data register full flag

e This hit is set to "1" when a count value is stored in the 8/16-hit compound timer 00/01 data
register (TOODR/TO1DR) upon completion of pulse width measurement in PWC timer function.

e This bit is set to "0" when the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is
read during 8-bit operation.

* The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) holds data with this bit
containing "1". Even when the next edge is detected with this bit containing "1", the count valueis
not transferred to the 8/16-bit compound timer 00/01 data register (TOODR/T01DR) and thus the
next measurement result is lost. However, as the exception, when the "H" pulse and cycle
measurement (TOOCRO/TO1CRO: F3, F2, F1, FO= 1001g) is selected, the "H" pulse measurement
result is transferred to the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) with this
bit set to "1". The cycle measurement result is not transferred to the 8/16-bit compound timer 00/01
data register with the bit set to "1". For cycle measurement, therefore, the "H" pulse measurement
result must be read before the cycle is completed. Note also that the result of "H" pulse
measurement or cycle measurement islost unless read before the completion of the next "H" pulse.

« The BF bit in the TOOCRL1 (timer 00) register is set to "0" when the TO1DR (timer 01) register is
read during 16-bit operation.

* The BF bitin TO1CRL1 (timer 01) register is set to "0" during 16-bit operation.

e Thishit is"0" when any timer function other than the PWC timer function has been selected.

< Writing to this bit has no effects on the operation.

bit2

IF:
Timer reload/overflow

flag

This bit detects amatch with a count value or a counter overflow.

« The bit is set to "1" when the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) value
matches the count value during interval timer function (both one-shot and continuous mode) or
PWM timer function (variable-cycle mode).

* Thehit isset to "1" when a counter overflow occurs during PWC or input capture function.

e Thisbit always returns"1" to a read-modify-write (RMW) instruction.

» Writing "0" to the bit setsit to "0".

e Writing "1" to this bit has no effects on the operation.

« Thehitis"0" when the PWM function (variable-cycle mode) has been sel ected.

e ThelF bitinthe TO1CR1 (timer 01) register is"0" during 16-bit operation.

bitl

SO:
Timer output initial
value bit

Writing to this bit sets the timer output (TMCRO: TOL/TOO) initial value. The valuein thisbit is
reflected in the timer output when the timer operation enable bit (TOOCRL/TO1CR1:STA) changes
from"0" to "1".

« During 16-bit operation (TMCRO:MOD = 1), use the SO hit in the TOOCR1 (timer 00) register to
set the timer output initial value. In this case, the value of the S bit in the other register is
meaningless.

« An attempt to write to this bit is nullified during timer operation (TOOCRL/TO1CR1:STA = 1).
During 16-bit operation, however, a value can be written to the SO bit in the TO1CR1 (timer 01)
register even during timer operation but it has no direct effect on the timer output.

« The value of this hit is meaningless when the PWM timer function (either fixed-cycle or variable-
cycle mode) or input capture function has been selected.

bit0

OE:
Timer output enable bit

This bit enables or disabled timer output.

Writing " 0": prevents the timer output from being supplied to the externa pin. In this case, the
external pin serves as a general-purpose port.

Writing " 1" : suppliestimer output (TMCRO:TOL/TOO) to the external pin.
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15.5.3  8/16-bit Compound Timer 00/01 Timer Mode Control

CHAPTER 15 8/16-BIT COMPOUND TIMER

Register ch.0 (TMCRO)

The 8/16-bit compound timer 00/01 timer mode control register ch.0 (TMCRO) selects the

filter function, 8-bit or 16-bit operation mode, and signal input to timer 00 and to
indicate the timer output value. This register serves for both of timers 00 and 01.

B 8/16-bit Compound Timer 00/01 Timer Mode Control Register ch.0 (TMCRO)

Figure 15.5-4 8/16-bit Compound Timer 00/01 Timer Mode Control Register ch.0 (TMCRO)

TMCRO
Address
OF96H

R/W

RIWX
[ —

bit7 bit6 bit5

bit4 bit3

bit2

bitl bit0 Initial value

| to1 | 100| us | mop| Fe11| FE10| FEO1| FEOO| 00000000,

R/WX R/WX R/W

R/W  R/W

R/IW R/IW R/IW

B

FEO1 | FEOO Timer 00 filter function select bits
0 0 No filtering
0 1 Removing "H" pulse noise
1 0 Removing "L" pulse noise
1 1 Removing "H"/"L" pulse noise
FE11 | FE10 Timer 01 filter function select bits
0 0 No filtering
0 1 Removing "H" pulse noise
1 0 Removing "L" pulse noise
1 1 Removing "H"/"L" pulse noise
MOD 8-bit/16-bit operation mode select bit
0 8-bit operation
1 16-bit operation
IS Timer 00 internal signal select bit
0 Selecting external signal (EC00) as timer 00 input
1 Selecting internal signal (T110) as timer 00 input
TOO Timer 00 output bit
2 Output value of timer 00
TO1 Timer 01 output bit
(1) Output value of timer 01

: Readable/writable (Read value is the same as write value)

R(RM1),W : Readable/writable (Read value is different from write value, “1" is read by read-modify-write (RMW) instruction)

: Read only (Readable, writing has no effect on operation)

: Initial value
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Table 15.5-3 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Timer Mode Control
Register ch.0 (TMCRO) (1/ 2)

Bit name Function

This bit indicates the output value of timer 01. When the timer starts operation (TOOCRLY/

TO1CR1:STA = 1), the value in the bit changes depending on the selected timer function.

» Writing to this bit has no effect on the operation.

« The value in the bit remains indeterminate during 16-bit operation when the PWM timer function
(variable-cycle mode) or input capture function has been selected.

bit7 TOL: * When the timer stops operation (TOOCRL/TO1CRL:STA = 0) in interval timer or PWC timer
Timer 01 output bit function, this bit holds the last value.

* When the timer stops operation in PWM timer function (fixed-cycle mode), this bit holds the last
value.

« When the timer operation mode select bit (TOOCRO/TO1CRO: F3, F2, F1, FO) is changed with the
timer being stopped, the bit indicates the last value of timer operation if the same timer operation
has ever been performed or otherwise contains "0".

This bhit indicates the output value of timer 00. When the timer starts operation (TOOCRL1/

TO1CR1:STA = 1), the valuein the bit changes depending on the selected timer function.

» Writing to this bit has no effect on the operation.

« The valuein the bit remains indeterminate when the input capture function has been selected.

TO0: e When the timer stops operation (TOOCRLTO1CR1:STA = 0) in interval timer, PWM timer
bit6 Ti mér 00 outout bit (variable-cycle mode), or PWC timer function, this bit holds the last value.
P « When the timer stops operation in PWM timer function (fixed-cycle mode), this bit holds the last
value.

« When the timer operation mode select bit (TOOCRO/TO1CRO: F3, F2, F1, FO) is changed with the
timer being stopped, the bit indicates the last value of timer operation if the same timer operation
has ever been performed or otherwise contains"0".

s This bit selects the signal input to timer 00 when the PWC timer or input capture function has been
bits | Timer 00 interndl selected.
sional sslect bit Writing " 0" : selects the external signal (EC00) as the signal input for timer 0.
9 Writing " 1" : selectsthe internal signal (T110) as the signal input for timer 00.
This bit selects 8-bit or 16-bit operation mode.
Writing " 0" : allows timers 00 and 01 to operate as separate 8-bit timers.
bitd MOD: Writing " 1" : allows timers 00 and 01 to operate as a 16-bit timer.
16-bit mode enable bit |« This bit is set to "0" automatically when the timer starts operation (TOOCRL/TO1CR1:STA=1) in
PWM timer mode (variable-cycle mode).

» Write access to this bit is nullified during timer operation (TOOCR1:STA = 1 or TOICR1:STA =1).

These bits select the filter function for the external signal (ECO1) to timer 01 when the PWC timer

or input capture function has been selected.

FE11 | FE10 Timer 01 filter
0 0 No filtering
bit3, F.Ell’ FEl.O' . 0 1 Removing "H" pulse noise
: Timer O1 filter function
bit2 | ect bits 1 0 Removing "L" pulse noise
1 1 Removing "H"/"L" pulse noise

» Write access to these bitsis nullified during timer operation (TO1CR1:STA = 1).
» The settings of the bits have no effect on operation when the interval timer or PWM timer function
has been selected (filter function does not operate.).
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Table 15.5-3 Functional Description of Each Bit of 8/16-bit Compound Timer 00/01 Timer Mode Control

Register ch.0 (TMCRO) (2/ 2)

CHAPTER 15 8/16-BIT COMPOUND TIMER

Bit name Function
These bits select the filter function for the external signal (ECO0) to timer 00 when the PWC timer
or input capture function has been selected.
FEO1 | FEOO Timer 00 filter
0 0 No filtering
bitd, FEOL FEQO' . 0 1 Removing "H" pulse noise
. Timer O0filter function : :
bitd | et bits 1 0 Removing "L" pulse noise
1 1 Removing "H"/"L" pulse noise

< An attempt to write to these bits is nullified during timer operation (TOOCRL1:STA = 1).
« The settings of these hits have no effect on operation when the interva timer or PWM timer

function has been selected (filter function does not operate.).
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15.5.4  8/16-bit Compound Timer 00/01 Data Register ch.0
(TOODR/TO1DR)

The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is used to write the
maximum value counted during interval timer or PWM timer operation and to read the
count value during PWC timer or input capture operation. The TOODR and TO1DR
registers correspond to timers 00 and 01, respectively.

B 8/16-bit Compound Timer 00/01 Data Register (TOODR/TO1DR)

Figure 15.5-5 8/16-bit Compound Timer 00/01 Data Register (TOODR/TO1DR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OF94,, TO1DR | TDR7 | TDR6 | TDR5 | TDR4 | TDR3 | TDR2 | TDR1 | TDRO | 00000000g
OF95, TOODR R,W R,W R,W RW RW R,W RW R/W

R,W: Readable/writable (Read value is different from write value)

@ Interval timer function

The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is used to set the interval time. When
the timer starts operation (TOOCRL/TO1CR1:STA = 1), the value of thisregister istransferred to the latch in
the 8-bit comparator and the counter starts counting. When the count value matches the value held in the
latch in the 8-bit comparator, the value of thisregister is transferred again to the latch and the count value is

reset to "004" to continue to count.

The current count value can be read from this register.
An attempt to write "00y" to this register is disabled in interval timer function.

In 16-bit operation, set the upper datato TO1DR and lower datato TOODR. And, write and read TO1DR and

TOODR in this order.

@ PWM timer functions (fixed-cycle)

The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is used to set "H" pulse width time.
When the timer starts operation (TOOCRL/TOLCR1:STA=1), the value of this register is transferred to the
latch in the 8-bit comparator and the counter starts counting from timer output "H". When the count value
matches the value held in the latch, the timer output becomes "L" and the counter continues to count until
the count value reaches "FF4". When an overflow occurs, the value of this register is transferred again to

the latch in the 8-bit comparator and the counter performs the next cycle of counting.

The current value can be read from this register. In 16-bit operation, set the upper datato TO1DR and lower

datato TOODR. And, write and read TO1DR and TOODR in this order.
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@ PWM timer functions (variable-cycle)

The 8/16-hit compound timer 00 data register (TOODR) and 8/16-bit compound timer 01 data register
(TO1DR) are used to set "L" pulse width timer and cycle, respectively. When the timer starts operation
(TOOCRLU/TOLCR1:STA = 1), the value of each register is transferred to the latch in the 8-bit comparator
and two counters start counting from timer output "L". When the TOODR value held in the latch matches
the timer 00 counter value, the timer output becomes "H" and the counting continues until the TO1DR value
held in the latch matches the timer 01 counter value. When the TO1DR value held in the latch of the 8-bit
comparator matches the timer 01 counter value, the values of these registers are transferred again to the
latch and the next PWM cycle of counting is performed continuously.

The current count value can be read from this register.

In 16-bit operation, set the upper data and lower data to TO1DR and TOODR, respectively. And, write and
read TO1DR and TOODR in this order.

@ PWC timer function

The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is used to read PWC measurement
results. When PWC measurement is completed, the counter value is transferred to this register and the BF
bitissetto"1".

When the 8/16-hit compound timer 00/01 data register is read, the BF bit is set to "0". Transfer to the 8/16-
bit compound timer 00/01 data register is not performed with the BF bit containing "1".

As the exception, when the "H" pulse and cycle measurement (TOOCRO/T01CRO:F3, F2, F1, FO = 1001g)
is selected, the "H" pulse measurement result is transferred to the 8/16-bit compound timer 00/01 data
register with the BF bit set to "1", but the cycle measurement result is not transferred to the 8/16-bit
compound timer 00/01 data register with the BF bit set to "1". For cycle measurement, therefore, the "H"
pulse measurement result must be read before the cycle is completed. Note also that the result of "H" pulse
measurement or cycle measurement is lost unless read before the completion of the next "H" pulse.

When reading the 8/16-bit compound timer 00/01 data register, be careful not to clear the BF bit
unintentionally.

Writing to the 8/16-bit compound timer 00/01 data register updates the stored measurement data with the
write value. Therefore, do not perform a write operation. In 16-bit operation, the upper data and lower data
aretransferred to TO1DR and TOODR, respectively. Read TO1DR and TOODR in this order.

@ Input capture function

The 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is used to read input capture results.
When a specified edge is detected, the counter value is transferred to the 8/16-bit compound timer 00/01
dataregister.

Writing a value to the data register updates the measurement data stored there with that value. Therefore,
do not write to the 8/16-bit compound timer 00/01 data register. In 16-bit operation, the upper data and
lower data are transferred to TO1DR and TOODR, respectively. Read TO1DR and TOODR in this order.

213



CHAPTER 15 8/16-BIT COMPOUND TIMER

@ Read and write operations

Read and write operations of TOODR and TO1DR are performed in the following manner during 16-bit
operation and PWM timer function (variable-cycle).

 ReadfromTOIDR: Read access from the register also involves storing the TOODR value into the
internal read buffer.

e Read from TOODR: Read from the internal read buffer.
* Writeto TO1DR: Write to the internal write buffer.

* Writeto TOODR: Write access to the register also involves storing the value of the internal write
buffer into TO1DR.

Figure 15.5-6 shows the TOODR and TO1DR registers read from and written to during 16-bit operation.

Figure 15.5-6 TOODR and TO1DR registers read from and written to during 16-bit operation

TOODR Read >
Write register buffer Read d
data ead data
> Write TO1DR
P buffer register
TO1DR TOODR TO1DR TOODR
write write read read
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15.6

CHAPTER 15 8/16-BIT COMPOUND TIMER

Interrupts of 8/16-bit Compound Timer

The 8/16-bit compound timer generates the following types of interrupts to each of
which an interrupt number and interrupt vector are assigned.

e Timer 00 interrupt
e Timer 01 interrupt

B Timer 00 Interrupt

Table 15.6-1 explains the timer 00 interrupt and its source.

Table 15.6-1 Timer 00 Interrupt

Item

Description

Interrupt generating

Comparison match in interval
timer function or PWM timer

Overflow in PWC timer
function or input capture

Completion of
measurement in PWC
timer function or edge

condition function (variable-cycle mode) . o
has been selected function detec_tlon ininput capture
function
Interrupt flag TOOCRL:IF TOOCRL:IF TOOCRLIR
Interrupt enable TOOCRL:IE and TOOCRO:IFE | TOOCRL:IE and TOOCRO:IFE | TOOCR1:IE
B Timer 01 Interrupt
Table 15.6-2 explains the timer O1 interrupt and its cause.
Table 15.6-2 Timer 01 Interrupt
Item Description
Completion of

Interrupt generating

Comparison match in interval
timer function or PWM timer
function (variable-cycle mode)

Overflow in PWC timer
function or input capture
function

measurement in PWC
timer function or edge
detection in input capture

condition E?(sclbu eidsgluﬁedls-bi t Excluded during 16-bit function
- 9 operation Excluded during 16-bit
operation .
operation
Interrupt flag TO1CRIL:IF TO1CRL:IF TO1CRI1IR
Interrupt enable TO1CR1:IE and TOICRO:IFE | TO1CR1:IIE and TO1CRO:IFE | TO1CRIL:IE
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B Registers and Vector Tables Related to Interrupts of 8/16-bit Compound Timer

216

Table 15.6-3 Registers and Vector Tables Related to Interrupts of 8/16-bit Compound Timer

Interrupt level setup register

Vector table address

Interrupt Interrupt

source request No. Register Setting bit Upper Lower
Timer 00 IRQ5 ILR1 LO5 FFFOy FFF1,
Timer 01 IRQ6 ILR1 LO6 FFEE, FFEF,

The request numbers and vector tables of all peripheral functions are listed in "APPENDIX B Table of
Interrupt Causes".




CHAPTER 15 8/16-BIT COMPOUND TIMER

15.7  Operating Description of Interval Timer Function (One-
shot Mode)

This section describes the operations of the interval timer function (one-shot mode) for
the 8/16-bit compound timer.

B Operation of Interval Timer Function (One-shot Mode)
The compound timer requires the register settings shown in Figure 15.7-1 to serve as the interval timer

function.
Figure 15.7-1 Settings of Interval Timer Function
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOICRO| IFE [ c2 | c1 | co | P38 | F2 | F1 | FO |
o) O O O 0 0 0 0
TOOCRl/TOlCRl‘ STA \ HO \ IE | IR \ BF \ IF | SO | OE \
1 O O X X O O O
TMCRO\ TO1 \ TOO \ s | MOD \ FE11 \ FE10 | FEO1 | FEOO \
O O x o) O O O o)
TOODR/TO1DR ‘ Sets interval timer (counter compare value) ‘
O:Used bit
x: Unused bit
1: Set"1"
0: Set"0"

In interval timer function (one-shot mode), enabling timer operation (TOOCRO/TOOCR1:STA = 1) causes
the counter to start counting from "004" at the rising edge of a selected count clock signal. When the
counter value matches the value of the 8/16-hit compound timer 00/01 data register (TOODR/TO1DR), the
timer output (TMCRO:TOO/TO1) is inverted, the interrupt flag (TOOCRL/TO1CR1:IF) is set to "1" and the
start bit (TOOCRO/TOOCR1:STA) is set to "0", and then the count operation stops.

The value of the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is transferred to the
temporary storage latch (comparison data storage latch) in the comparator when the counter starts counting.
Writing "004" to the 8/16-bit compound timer 00/01 data register is prohibited.

Figure 15.7-2 shows the operation of the interval timer function in the 8-bit operation.
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Figure 15.7-2 Operation of Interval Timer Function in 8-bit Mode (Timer 0)

Counter value FFq

80H
ooH L 7 1 '
I —— ! 1 - Time
1 1
Timer cycle ifi "
TOODR/TO1DR : Yy : o TOOIZR/TOlDR valuelz modified (FFH — 80H) :
value (FFH) 1  Cleare ' '
1 1 by program 1 1
1 1 1
1 4 1
. n - n
IF bit T 1 T ]
STA bit . » 4 4 4
| Automatically cleared Reactivated Automatically cleared Reactivated
1 1 ! 1
1 Inverted ) ) o ! !
1 Reactivated with output initial value unchanged ('0")

T ,

For initial value "1" on activation

L

Timer output pin

*: If the TOODR/TO1DR data register value is modified during operation, the new value is used from the next active cycle.
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15.8 Operating Description of Interval Timer Function
(Continuous Mode)

This section describes the interval timer function (continuous mode operation) of
the 8/16-bit compound timer.

B Operation of Interval Timer Function (Continuous Mode)

The compound timer requires the register settings shown in Figure 15.8-1 to serve as the interval timer
function (continuous mode).

Figure 15.8-1 Settings for Counter Function (8-bit Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOlCRO‘ IFE \ c2 \ c1 \ co | F3 \ F2 \ F1 \ FO |
O O ) ) 0 0 0 1
TOOCRl/TOlCRl‘ STA \ HO \ IE \ IR | BF \ IF \ SO \ OE |
1 O O x x O O )
TMCRO‘ TO1 \ TOO \ s \ MOD | FE11 \ FE10 \ FEO1 \ FEOO |
O O x O O O O )
TOODR/TOLDR | Setsinterval time (counter compare value) |
O:Used bit
x: Unused bit
1: Set"1"
0: Set"0"

Ininterval timer function (continuous mode), enabling timer operation (TOOCRO/TOOCR1:STA = 1) causes
the counter to start counting from "004" at the rising edge of a selected count clock signal. When the

counter value matches the value in the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR), the
timer output bit (TMCRO:TOO/TOL) is inverted, the interrupt flag (TOOCRL/TO1CRL:IF) is set to "1", and
the counter continues to count by restarting at "004". The timer outputs a square wave as a result of this

continuous operation.
The vaue of the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is transferred to the

temporary storage latch (comparison data storage latch) in the comparator either when the counter starts
counting or when a counter value comparison match is detected. Writing "004" to the 8/16-bit compound

timer 00/01 data register is disabled during the count operation.
When the timer stops operation, the timer output bit (TMCRO:TO0/TO1) holds the last value.
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Figure 15.8-2 Operating Diagram of Interval Timer Function (Continuous Mode)

. Compare value . Compare value . Compare value
Compare value | (EOH) \ (FFH) | (80H)
0 Al
FFH iy
EOH
80H
O0H

L ¢ ' '

>
Time

TOODR/TO1DR value (EOH) ! loared by program ! !
1

1
1
1
1
1
: 1 : :
! TOODR/TO1DR value modified (FFH — 80H)"1 , ,
- ' I :
1
1
1
1

IF bit :I_" ’ !_" ll_" i_'

. ! 1 1
STA bit 1Activated I Matched IMatched 1 Matched Matched IMalChed

1
Counter clear 2 n rl ﬂ “ l_l
Timer output pin : I I—I |—

1
*1: If the TOODR/TO1DR data register value is modified during operation, the new value is used from the next active cycle.

*2: The counter is cleared and the data register settings are loaded into the comparison data latch when a match is detected at each point
during activation.
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15.9  Operating Description of Interval Timer Function (Free-run
Mode)

This section describes the operation of the interval timer function (free-run mode) for
the 8/16-bit compound timer.

B Operation of Interval Timer Function (Free-run Mode)
The compound timer requires the settings shown in Figure 15.9-1 to serve as the interval timer function
(free-run mode).

Figure 15.9-1 Settings for Interval Timer Function (Free-run Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
TOOCRO/TOlCRO‘ IFE \ c2 \ c1 \ co | F3 | F2 | F1 | FO |
O O O O 0 0 1 0
TOOCRl/TOlCRl‘ STA \ HO \ IE \ IR | BF | IF | SO | OE |
1 O O x x O O O
TMCRO| TO1 [ TOO | WIS | MOD | FELl | FE10 | FEOl | FE0O0 |
O o) x O O O O O
TOODR/T01DR ‘ Sets interval time (counter compare value) |
O:Used bit
x: Unused bit
1: Set"1"
0: Set"0"

Ininterval timer function (free-run mode), enabling timer operation (TOOCRO/TO0OCR1:STA = 1) causes the
counter to start counting from "004" at the rising edge of a selected count clock signal. When the counter

value matches the value in the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR), the timer
output bit (TMCRO:TOO/TOL) is inverted and the interrupt flag (TOOCRL/TO1CR1:IF) is set to "1". The
counter continues to count, and when the count value reaches "FFy", it restarts counting at "004" to

continue. The timer outputs a square wave as aresult of this continuous operation.
The value of the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is transferred to the

temporary storage latch (comparison data storage latch) in the comparator either when the counter starts
counting or when a counter value comparison match is detected. Writing "004" to the 8/16-bit compound

timer 00/01 data register is prohibited.
When the timer stops operation, the timer output bit (TMCRO: TO0/TO1) holds the last value.
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Figure 15.9-2 Operating Diagram of Interval Timer Function (Free-run Mode)

Counter value [P - (EOH) >
b - - -
FFH P '
1
EOH |-=--a-------- e D ] D)
1 ' !
1 1 1
80H [ ---t---- Lo-r Lo - - e
| ! !
1 ! 1
1 ! !
1 1
00w L T ™ Time
1

TOODR/TO1DR value (EOH) '

I Cleared by program 1 : \
1

1
1
1
1
1
T : v , .
I Although the TOODR/TO1DR value is modified, it is not updated into the comparison latch.
1 1
1
1
1
1
1

[ S S B

. ! 1 1
STA bit | Activated :Malched 1 Matched | Matched | Matched
'

1
Counter value match * I n : n !_l |-|
1 | —
Timer output pin ! I . I—I I_

*: The counter is not cleared and the data register settings are not reloaded into the comparison data latch when a match is detected at each point during activation.
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15.10 Operating Description of PWM Timer Function (Fixed-cycle
mode)

This section describes the operation of the PWM timer function (fixed-cycle mode) for
the 8/16-bit compound timer.

B Operation of PWM Timer Function (Fixed-cycle Mode)
The compound timer requires the settings shown in Figure 15.10-1 to serve as the PWM timer function
(fixed-cycle mode).

Figure 15.10-1 Settings for PWM Timer Function (Fixed-cycle Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOlCRO‘ IFE \ c2 \ c1 | co | F3 | F2 | F1 | FO |
O O O ) 0 0 1 1
TOOCRl/TOlCRl‘ STA \ HO \ IE | IR | BF | IF | SO | OE |
1 O X X X X X X
TMCRO‘ TO1 \ TOO \ s | MOD | FE11 | FE10 | FEO1 | FEOO |
O O x ) ) ) ) O
TOODR/TO1DR ‘ Sets "H" pulse width (compare value) |
O:Used bit
x: Unused bit
1: Set"1"
0: Set"0"

In PWM timer function (fixed-cycle mode), a fixed cycle PWM signal in a variable "H" pulse width is
outputted from the timer output pin (TO00/TOO0L). The cycle is fixed to "FFy" in 8-bit operation or
"FFFFL" in 16-bit operation. The time is determined by the count clock selected. The "H" pulse width is
specified by the value in the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR).

This function has no effect on the interrupt flag (TOOCRL/TO1CR1:IF). As each cycle always starts with
"H" pulse output, the timer output initial value setting bit (TOOCRL/TO1CR1:SO) is meaningless.

The value of the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is transferred to the
temporary storage latch (comparison data storage latch) in the comparator either when the counter starts
counting or when a counter value comparison match is detected.

When the timer stops operation, the timer output bit (TMCRO:TO0/TO1) holds the last value.

The "H" pulse is one count clock shorter than the setting value in the output waveform immediately after
activation of the timer (write"1" to the STA bit).
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Figure 15.10-2 Operating Diagram of PWM Timer Function (Fixed-cycle Mode)

TOODR/TO1DR register value: "00," (duty ratio = 0%)

v

Counter value 00y FFy 00y =——>

e 1 1
PWM waveform !
wp

TOODR/TO1DR register value: "80," (duty ratio = 50%)

Counter value 00y > 804

N
n
iy

I
o
-0

I

e
PWM waveform J |
L

TOODR/TO1DR register value: "FF," (duty ratio = 99.6%)

Counter value 00y
uHu 1

1 1
LJ | I One count width
fe—s|

v

FFy 00y ——>

PWM waveform

Note: When the PWM function has been selected, the timer output pin holds the level used when the counter stops
(TOOCRO/TO1CRO:STA = 0).
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15.11 Operating Description of PWM Timer Function (Variable-
cycle Mode)

This section describes the operations of the PWM timer function (variable-cycle mode)
for the 8/16-bit compound timer.

B Operation of PWM Timer Function (Variable-cycle Mode)
The compound timer requires the settings shown in Figure 15.11-1 to serve as the PWM timer function
(variable-cycle mode).

Figure 15.11-1 Settings for PWM Timer Function (Variable-cycle Mode)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOlCRO‘ IFE \ c2 | c1 \ co \ F3 \ F2 \ F1 \ FO \
O O O O 0 1 0 0
TOOCRl/TOlCRl‘ STA \ HO | IE \ IR \ BF \ IF \ SO \ OE \
1 @] @) X X O X x
TMCRO‘ TO1 \ TOO | s \ MOD \ FE11 \ FE10 \ FEO1 \ FEOO \
o) O x x O o) o) o)
TOODR Sets "L" pulse width (compare value)
TO1DR Sets the cycle of PWM waveform (compare value)
O: Used bit
x: Unused bit
1: Set"1"
0: Set"0"

In PWM timer function (variable-cycle mode), both timers 00 and 01 are used when the cycle is specified
by the 8/16-bit compound timer 01 data register (TO1DR), and the "L" pulse width is specified by the 8/16-
bit compound timer 00 data register (TOODR), any cycle and duty PWM signal is generated from the timer
output bit (TO00).

For this function, the compound timer cannot serve as a 16-bit counter as the two 8-bit counters are used.
Enabling timer operation (by setting either TOOCR1:STA = 1 or TO1ICRL:STA = 1) sets the mode bit
(TMCRO:MOD) to "0". As the first cycle aways begins with "L" pulse output, the timer initial vaue
setting bit (TOOCRL/TO1CR1:SO) is meaningless.

The interrupt flag (TOOCRL/TOL1CRL:IF) is set when each 8-bit counter matches the value in the
corresponding 8/16-bit compound timer 00/01 dataregister (TOODR/TO1DR).

The 8/16-bit compound timer 00/01 data register value is transferred to the temporary storage latch
(comparison data storage latch) in the comparator either when the counter starts counting or when a
comparison match with each counter value is detected.

"H" is not outputted when the "L" pulse width setting value is greater than the cycle setting value.

The count clock must be selected for both of timers 00 and 01. Selecting different count clocks, however, is
prohibited.

When the timer stops operation, the timer output bit (TMCRO0: TOO) holds the last output value.

If the 8/16-hit compound timer 00/01 data register is written over during operation, the written data will be
effective from the cycle immediately after the detection of a synchronous match.
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Figure 15.11-2 Operating Diagram of PWM Timer Function (Variable-cycle Mode)

TOODR register value: "80y", and TO1DR register value: "80y" (duty ratio = 0%)
(timer 00 value >= timer 01 value)

Counter timer 00 value

00, - 804,00 > 80,00,
_ H 80,001 2 80,00
Counter timer 01 value ?:‘H : > 80y;,00; $80,,,00,
PWM waveform : : :
o

TOODR register value: "40", and TO1DR register value: "80y" (duty ratio = 50%)
Counter timer 00 value 00 ———>40, - — — > 00y—>40y * =~ 00y
Counter timer 01 value 00y - > 39H~°0H | $80,,,00
e

PWM waveform

TOODR register value: "00y", and TO1DR register value: "FF" (duty ratio = 99.6%)

Counter timer 00 value 00y -——=--—————---———————-
Counter timer 01 value 00y

PWM waveform J | I
'K

One count width k—)'
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15.12 Operating Description of PWC Timer Function

This section describes the operations of the PWC timer function for the 8/16-bit
compound timer.

B Operation of PWC Timer Function
The compound timer requires the settings shown in Figure 15.12-1 to serve as the PWC timer function.

Figure 15.12-1 Settings for PWC Timer Function

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOlCRO‘ IFE \ c2 \ c1 \ Co | F3 | F2 | F1 \ FO \
O O O O O O O O
TOOCRl/TOlCRl‘ STA \ HO \ IE \ IR | BF | IF | SO \ OE \
1 O O O O O O x
TMCRO‘ TO1 \ TOO \ s \ MOD | FE11 | FE10 | FEO1 \ FEOO \
O O O O O O O O
TOODR/TO1DR ‘ Holds pulse width measurement value ‘
O:Used bit
x: Unused bit
1: Set"1"

When the PWC timer function is selected, the width and cycle of an external input pulse can be measured.
The edges to start and end counting are selected by timer operation mode setting (TOOCRO/TO1CRO:F3, F2,
F1, FO).

In this operation mode, the counter starts counting from "004" upon detection of the specified count start

edge of an external input signal. Upon detection of the specified count end edge, the count value is
transferred to the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) and the interrupt flag
(TOOCRY/TO1CR1:IR) and buffer full flag (TOOCRL/TO1CR1:BF) are set to "1". The buffer full flag is set
to "0" when the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) is read from.

The 8/16-bit compound timer 00/01 data register holds data with the buffer full flag set to "1". Even when
the next edge is detected at this time, the next measurement result is lost as the count value is not
transferred to the 8/16-bit compound timer 00/01 data register.

As the exception, when the H-pulse and cycle measurement (TOOCRO/TO1CRO:F3, F2, F1, FO = 1001g) is

selected, the H-pulse measurement result is transferred to the 8/16-bit compound timer 00/01 data register
with the BF hit set to "1", but the cycle measurement result is not transferred to the 8/16-bit compound
timer 00/01 data register with the BF bit set to "1". For cycle measurement, therefore, the H-pulse
measurement result must be read before the cycle is completed. Note also that the result of H-pulse
measurement or cycle measurement is lost unless read before the completion of the next H pulse.

To measure the time exceeding the length of the counter, you can use software to count the number of
occurrences of a counter overflow. When the counter causes an overflow, the interrupt flag (TOOCRY/
TO1CRL:IF) isset to "1". The interrupt service routine can therefore be used to count the number of times
the overflow occurs. Note also that an overflow toggles the timer output. The timer output initial value can
be set by the timer output initial value bit (TOOCRL/TO1CR1:S0O).
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When the timer stops operation, the timer output bit (TMCRO:TOL/TOO0) holds the last value.

The value of the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) must be nullified if an
interrupt occurs before the timer is activated (before "1" iswritten to the STA bit).

Figure 15.12-2 Operating Diagram of PWC Timer (Example of H-pulse Width Measurement)

v "H"width
—d>
Pulse input
(Input waveform to PWC pin) 1
Counter value g, T __________________ e mmemeeecan
:/I s Time
—>,
STA bit J i Counter 1 Cleared by program
' operation ' v
IR bit
BF bit <
Data transferred from T
counter to TOODR/TO1DR TOODR/TO1DR data register read
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15.13 Operating Description of Input Capture Function

This section describes the operations of the input capture function for the 8/16-bit
compound timer.

B Operation of Input Capture Function
The compound timer requires the settings shown in Figure 15.13-1 to serve as the input capture function.

Figure 15.13-1 Settings for Input Capture Function

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TOOCRO/TOlCRO‘ IFE \ c2 \ c1 | co | F3 | F2 | F1 | FO |
O O O O ) ) ) O
TOOCRl/TOlCRl‘ STA \ HO \ IE | IR | BF | IF | SO | OE |
1 O O O x O x x
TMCRO‘ TO1 \ TOO \ s | MOD | FE11 | FE10 | FEO1 | FEOO |
x x O ) ) ) ) O
TOODR/TO1DR ‘ Holds pulse width measurement value |
O:Used bit
x: Unused bit
1: Set"1"

When the input capture function is selected, the counter value is stored to the 8/16-bit compound timer
00/01 data register (TOODR/TO1DR) upon detection of an edge of the external signal input. The edge to be
detected is selected by timer operation mode setting (TOOCRO/TO1CRO:F3, F2, F1, FO).

This function is available in either free-run mode or clear mode, which can be selected by timer operation
mode setting.

In clear mode, the counter starts counting from "004". When the edge is detected, the counter value is

transferred to the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR), the interrupt flag
(TOOCRL/TO1CRLIR) isset to 1", and the counter continues to count by restarting at "004".

When the edge is detected in free-run mode, the counter value is transferred to the 8/16-bit compound timer
00/01 data register (TOODR/TO1DR) and the interrupt flag (TOOCRL/TOLCRL:IR) is set to "1". In this case,
the counter continues to count without being cleared.

This function has no effect on the buffer full flag (TOOCRL/TO1CR1:BF).

To measure the time exceeding the length of the counter, software can be used to count the number of
occurrences of a counter overflow. When the counter causes an overflow, the interrupt flag (TOOCRL/
TO1CRL:IF) isset to "1". The interrupt service routine can therefore be used to count the number of times
the overflow occurs.

The capture value in the 8/16-bit compound timer 00/01 data register (TOODR/TO1DR) must be nullified if
an interrupt occurs before the timer is activated (before " 1" is written to the STA hit).
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Figure 15.13-2 Operating Diagram of Input Capture Function
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»
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15.14 Operating Description of Noise Filter

This section describes the operations of the noise filter for the 8/16-bit compound timer.

When the input capture or PWC timer function has been selected, a noise filter can be used to eliminate the
pulse noise of the signal from the external input pin (ECO/EC1). H-pulse noise, L-pulse noise, or H/L-pulse
noise elimination can be selected depending on the register setting (TMCRO:FE11, FE10, FEO1, FEQQ).
The maximum pulse width from which to eliminate noise is three machine clock cycles. When the filter
function is active, the signal input is subject to adelay of four machine clock cycles.

Figure 15.14-1 Operation of Noise Filter

o NN nnnnnnnhnnnhnnEnnnns

filter clock

1 1 1

1 1 1

External

input signal J I_I I—I | |_|
1 1
1

Output filter
"H" noise

Output filter
"L" noise

"HY"L" noise

1
1
Output filter E |
T
1
1
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15.15 States in Each Mode during Operation

This section describes how the 8/16-bit compound timer behaves when the
microcontroller enters watch mode or stop mode or when a suspend (TOOCR1/
TO1CR1:HO =1) request is issued during operation.

B When Interval Timer, Input Capture, or PWC Function Has Been Selected
Figure 15.15-1 shows how the counter value changes when transition to watch mode or stop mode or a
suspend request occurs during operation of the 8/16-bit compound timer.
The counter stops operation while holding the value when transition to stop mode or watch mode occurs.
When the stop mode or watch mode is canceled by an interrupt, the counter resumes operation with the last
value held. So the first interval time and external clock count are incorrect. After releasing from stop mode
or watch mode, be sure to initialize the counter value.

Figure 15.15-1 Operations of Counter in Standby Mode or in Pause (Not Serving as PWM Timer)

Count | P TOODR/TO1DR data register value (FFH) R
ounter value « v
FFH A : Y B B I Tttt
1
1
80H X
1 1
1 1 1
00H y t - f y ' ; >
: f T : Timer cycle : f : : : : ! Time
" HO rebuest 1 1 Requestends 1 ! '
' ' ' I ' o I 1
' ' e A ol 1 1
' HO rlequest,ends : 1Delay of oscillalioln stabilizationiwait time !
X ' ' : I 1 ' e—p 1 :
1 o 0 1
1 1 1 1 : Interval time after wake-up !
: : 1 ! 1 from stop mode (indeterminate) !
1 1 [ '
IF bit ' —t M T]
I : : : : A 1 A : | 1 A .
1 1 1
: : : : Cleared by prograrr: : : : Operation halts :
: . ! ! ! ! ! v \
. { ' ! ! 1 ! 1
STA bit i ' iOperation history | 1 1 1
' ' . I 1 I 1
] 1 1 . .
]_l 1 1 1 Operation reactivated
HO bit L ! t L T
L S L
. { ! ! ! Slee modle X X ! !
IE bit — o L e v | '
! 1
SLP bit : ! L f .
(STBC register) ' * ! Wake-up from stop mode by external interrupt
H 1
' Wake-up from sleep mode by mterr:}pt .
. 1
STP bit L : J |
(STBC register) . . 1 — '
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Figure 15.15-2 Operations of Counter in Standby Mode or in Pause (Serving as PWM Timer)
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15.16 Precautions when Using 8/16-bit Compound Timer

This section explains the precautions to be taken when using the 8/16-bit compound

timer.

B Precautions when Using 8/16-bit Compound Timer

234

When changing the timer function by using the timer operation mode select bits (TOOCRO/TO1CRO:F3, F2,
F1, FO), the timer operation must be stopped (TOOCRL/TO1CR1:STA = 0) before clearing the interrupt flag
(TOOCRY/TO1CRIL:IF, IR), interrupt enable bits (TOOCRL/TO1CR1:1E, TOOCRO/TO1CRO:IFE) and buffer
full flag (TOOCRL/TO1CR1:BF).

When the PWC or input capture function has been selected, an interrupt may occur even before the timer is
activated (STA = 0). Therefore, nullify the value of the 8/16-bit compound timer 00/01 data register
(TOODR/TO1DR) obtained before the activation.
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8/16-BIT PPG

This chapter describes the functions and operations of
the 8/16-bit PPG.

16.1 Overview of 8/16-bit PPG

16.2 Configuration of 8/16-bit PPG

16.3 Channels of 8/16-bit PPG

16.4 Pins of 8/16-bit PPG

16.5 Registers of 8/16-bit PPG

16.6 Interrupts of 8/16-bit PPG

16.7 Operating Description of 8/16-bit PPG
16.8 Precautions when Using 8/16-bit PPG
16.9 Sample Programs for 8/16-bit PPG Timer

235



CHAPTER 16 8/16-BIT PPG

16.1 Overview of 8/16-bit PPG

The 8/16-bit PPG is an 8-bit reload timer module that uses pulse output control based
on timer operation to perform PPG output. The 8/16-bit PPG also operates in cascade
(8 bits + 8 bits) as 16-bit PPG.

B Overview of 8/16-bit PPG
The following section summarizes the 8/16-bit PPG functions.
@ 3-bit PPG output independent operation mode

In this mode, the unit can operate as 2 8-bit PPG (PPG timer 00 and PPG timer 01).

@ 3-bit prescaler + 8-bit PPG output operation mode
The rising and falling edge detection pulses from the PPG timer 01 output can be inputted to the down-
counter of the PPG timer 00 to enable variable-cycle 8-bit PPG output.

@ 16-bit PPG output operation mode
The unit can also operate in cascade (PPG timer 01 (upper 8 bits) + PPG timer 00 (lower 8 bits)) as 16-hit
PPG output.

@ PPG output operation

In this operation, a variable-cycle pulse waveform is outputted in any duty ratio.

The unit can also be used as a D/A converter in conjunction with an external circuit.

@ Output inversion mode

This mode can invert the PPG output value.
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16.2  Configuration of 8/16-bit PPG

This section shows the block diagram of 8/16-bit PPG.

B Block Diagram of 8/16-bit PPG
Figure 16.2-1 shows the block diagram of the 8/16-bit PPG.

Figure 16.2-1 Block Diagram of 8/16-bit PPG
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11 8-bit down-counter N REVO00
(PPG timer 00) 0
PEN0O L STOP _—D_l s Q Pin
R
Edge i O PPG00
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/0 1 ~
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] | PIEO | PUFO |POENO|—> POENO
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IRQ13
Used as the select signal of each selector
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3 buffer register cycle setup PPG timer 01
MCLK
PCKO
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@ Counter clock selector

The clock for the countdown of 8-bit down counter is selected from eight types of internal count clocks.

@ 3-bit down-counter

It counts down with the count clock selected with the count clock selector.

@ Comparator circuit

The output is kept "H" level until the value of 8-bit down counter is corresponding to the value of 8/16-bit
PPG duty setup buffer register from the value of 8/16-bit set buffer register of PPG cycle.

Afterwards, after keep "L" level the output until the counter value is corresponding to "1", it keeps counting
8-bit down counter from the value of 8/16-bit PPG cycle setup buffer register.

@ 8/16-bit PPG timer 01 control register (PC01)

The operation condition on the PPG timer 01 side of 8/16-bit PPG timer is set.

@ 8/16-bit PPG timer 00 control register (PC00)

The operation mode of 8/16-bit PPG timer and the operation condition on the PPG timer 00 side are set.

@ 8/16-bit PPG timer 01/00 cycle setup buffer register ch.0 (PPS01), ch.0(PPS00)

The compare value for the cycle of 8/16-bit PPG timer is set.

@ 8/16-bit PPG timer 01/00 duty setup buffer register ch.0 (PDS01), ch.0(PDS00)

The compare value for "H" width of 8/16-bit PPG timer is set.

@ 8/16-bit PPG start register

The start or the stop of 8/16-bit PPG timer is set.

@ 8/16-bit PPG output inversion register

Aninitia level also includes the output of 8/16-bit PPG timer and it is reversed.
B Input Clock

The 8/16-bit PPG uses the output clock from the prescaler asitsinput clock (count clock).
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16.3 Channels of 8/16-bit PPG

This section describes the channels of the 8/16-bit PPG.

Bl Channels of 8/16-bit PPG
MB95130/MB series has 1 channel of the 8/16-bit PPG. There are 8-bit PPG timer 00 and 8-bit PPG timer
01in 1 channel. They can be used respectively as two 8-bit PPGs. Also, they can be used as a 16-bit PPG.

Table 16.3-1 and Table 16.3-2 show the channels and their corresponding pins and registers.

Table 16.3-1 Pins of 8/16-bit PPG

Channel Pin name Pin function
o PPG00 PPG timer 00 (8-hit PPG (00), 16-bit PPG)
PPGO1 PPG timer 01 (8-bit PPG (01), 8-hit prescaler)

Table 16.3-2 Registers of 8/16-bit PPG

Channel Register name Corresponding register (as written in this manual)
PCO1 8/16-bit PPG timer 01 control register
PC00 8/16-bit PPG timer 00 control register

0 PPSO1 8/16-bit PPG timer 01 cycle setup buffer register

PPS00 8/16-bit PPG timer 00 cycle setup buffer register
PDS01 8/16-hit PPG timer 01 duty setup buffer register
PDS00 8/16-bit PPG timer 00 duty setup buffer register
PPGS 8/16-bit PPG start register

Common - - - -
REVC 8/16-bit PPG output inversion register

This series has only ch.0.
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16.4 Pins of 8/16-bit PPG

This section describes the pins of the 8/16-bit PPG.

B Pins of 8/16-bit PPG

@ PPGO0O0 pin and PPGO1 pin

These pins function both as general-purpose 1/0 ports and 8/16-bit PPG outputs.

PPGO0, PPGO1: A PPG waveform is outputted to these pins. The PPG waveform can be outputted by
enabling the output by the 8/16-bit PPG timer 01/00 control registers (PC00: POENO = 1,
PCO01: POEN1 = 1).
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B Block Diagram of Pins Related to 8/16-bit PPG

Figure 16.4-1 Block Diagram of Pins (PPGO00, PPGO01) Related to 8/16-bit PPG
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Figure 16.4-2 Block Diagram of Pins (PPG10, PPG11) Related to 8/16-bit PPG
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16.5

Registers of 8/16-bit PPG

This section describes the registers of the 8/16-bit PPG.

B Registers of 8/16-bit PPG

Figure 16.5-1 shows the registers of the 8/16-bit PPG.

Figure 16.5-1 Registers of 8/16-bit PPG

8/16-bit PPG timer 01 control register (PC01)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
003A, PCO1 ‘ - - ‘ PIE1 | PUF1 ‘ POENl‘ CKS12 ‘ CKS11 | CKS10 ‘ 00000000
RO/WX RO/WX RW RRML)W R/W R/W R/W
8/16-bit PPG timer 00 control register (PC00)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
003By, PCO0 ‘ MD1 ‘ MDO ‘ PIEO | PUFO ‘POENO‘ CKS02 ‘ CKS01 | CKS00 ‘ 00000000g
R/W R/W RW RRML)W R/W R/W R/W R/W
8/16-bit PPG timer 01 cycle setup buffer register (PPS01)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Reset value
OF9C,; PPS01 ‘ PH7 ‘ PH6 ‘ PH5 | PH4 ‘ PH3 ‘ PH2 ‘ PH1 | PHO ‘ 111111114
R/W R/W R/W R/W R/W R/W R/W R/W
8/16-bit PPG timer 00 cycle setup buffer register (PPS00)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Reset value
OF9D,; PPS00 ‘ PL7 ‘ PL6 ‘ PL5 | PL4 ‘ PL3 ‘ PL2 ‘ PL1 | PLO ‘ 111111114
R/W R/W R/W R/W R/W R/W R/W R/W
8/16-bit PPG timer 01 duty setup buffer register (PDS01)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Reset value
OF9E,, PDSO01 ‘ DH7 ‘ DH6 ‘ DH5 | DH4 ‘ DH3 ‘ DH2 ‘ DH1 | DHO ‘111111113

R/W R/W R/W R/W R/W R/W R/W R/W
8/16-bit PPG timer 00 duty setup buffer register (PDS00)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Reset value
OF9F, PDS00 ‘ DL7 ‘ DL6 ‘ DL5 | DL4 ‘ DL3 ‘ DL2 ‘ DL1 | DLO ‘111111115

R/W R/W R/W R/W R/W R/W R/W R/W
8/16-bit PPG start register (PPGS)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFA4y | - - - - - [ - TPeno1] PeENoo | 000000005

RO/WX RO/WX RO/WX RO/WX RO/WX RO/WX R/W R/W
8/16-bit PPG output inversion register (REVC)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFA5, ‘ ; ‘ - ‘ - | - ‘ - ‘ - ‘ REV01 | REV00 ‘ 00000000g
RO/WX RO/WX RO/WX RO/WX RO/MWX RO/MWX R/W R/W
R/W: Readable/writable (Read value is the same as write value)

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)
RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)
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16.5.1  8/16-bit PPG Timer 01 Control Register ch.0 (PC01)

The 8/16-bit PPG timer 01 control register ch.0 (PC01) sets the operating conditions for
PPG timer 01.

W 8/16-bit PPG Timer 01 Control Register ch.0 (PCO01)

Figure 16.5-2 8/16-bit PPG Timer 01 Control Register ch.0 (PC01)

bit7 bité bits bit4 bit3 bit2 bitl bit0 Initial value
Address
003AH PCO1| - - PIE1 | PUF1 [POEN1|CKS12|CKS11|CKS10| 000000008
RO/WX ROWX R/W RRM1)W R'W R/W R/W R/W
= ] | |
I—» CKS12| CKS11| CKS10 Operating clock select bits
0 0 0 1/MCLK
0 0 1 2/MCLK
0 1 0 4/MCLK
0 1 1 8/MCLK
1 0 0 16/MCLK
1 0 1 32/MCLK
1 1 0 27/FcH
1 1 1 28/FcH
» POEN1 Output enable bit
0 Output disabled (general-purpose port)
1 Output enabled
PUF1 Counter borrow detection flag bit for PPG cycle down-counter
" Read Write
0 |Counter borrow undetected Flag cleared
1 Counter borrow detected | No effect on operation
» PIE1 Interrupt request enable bit
0 Interrupt disabled
1 Interrupt enabled
MCLK : Machine clock frequency
FcH : Main clock oscillation frequency
R/W : Readable/writable (Read value is the same as write value)
R(RM1),W : Readable/writable (Read value is different from write value,
"1" is read by read-modify-write (RMW) instruction)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
1 - Initial value
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Table 16.5-1 8/16-bit PPG Timer 01 Control Register (PCO01)

Bit name Function
. . These bits are undefined.
bitz, - = « Writing to the bits is meaningless
bit6 Undefined bits « Read dwaysreturmns"0".
This bit controlsinterrupts of PPG timer 01.
PIEL: Setting the bit to " 0" : disables interrupts of PPG timer 01.
bit5 Interrupt request Setting the bit to " 1" : enables interrupts of PPG timer 01.
enable hit The bit outputs an interrupt request (IRQ) when the counter borrow detection bit (PUF1) and the
PIE1 bit are both set to "1".
This bit serves as the counter borrow detection flag for the PPG cycle down-counter of the PPG
timer O1.
PUF1: « Thishitissetto"1" when acounter borrow occurs during 8-bit PPG mode or 8-bit prescaler mode.
Counter borrow * |n 16-bit PPG mode, this bit is not set to "1" even when a counter borrow occurs.
bit4 detection flag bit for » Writing "1" to the bit is meaningless.
PPG cycle down- « Writing "0" clears the hit.
counter « "1" isread in read-modify-write (RMW) instruction.
When thebit isset to" 0": acounter borrow is undetected.
When thebit isset to" 1": acounter borrow is detected.
This bit enables or disables the output of PPG timer 01 pin.
POEN1: When thebit isset to" 0": the PPG timer O1 pin is used as a general -purpose port.
hit3 Outout énablebit When thebitisset to" 1": the PPG timer 01 pin is used as the PPG output pin.
P Setting this bit to "1" during 16-bit PPG operation mode sets the PPG timer 01 pin as an output.
(The setting value of REV01 is outputted. "L" output is supplied when REV01is"0".)
These bits select the operating clock for 8-bit down-counter of the PPG timer O1.
» The operating clock is generated from the prescaler. Refer to "CHAPTER 6 CLOCK
CONTROLLER".
« In 16-bit PPG operation mode, the setting of this bit has no effect on the operation.
"000g": YMCLK
CKSI12, "001g": 2/MCLK
CKS11, "010g": 4/MCLK
bit2 to bit0 | CKS10: "011g": 8/MCLK
Operating clock select | 1005": 16/MCLK
bits "1015" : 32/MCLK
"110g": 2'IFcyy
"111g": 28/Fcyy
Note:  Useof asub clock (in dua clock product) stops the time-base timer operation. Therefore,

selecting "110g" or "111g" is prohibited.
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16.5.2  8/16-bit PPG Timer 00 Control Register ch.0 (PCO00)

The 8/16-bit PPG timer 00 control register ch.0 (PCO00) sets the operating conditions and
the operation mode for PPG timer 00.

W 8/16-bit PPG Timer 00 Control Register ch.0 (PCO00)

Figure 16.5-3 8/16-bit PPG Timer 00 Control Register ch.0 (PC00)
bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value

Address
003BH PCO0| MD1 | MDO | PIEO | PUFO |POENO|CKS02| CKS01/CKS00| 000000008

RW RW R/W RRMLHW RW RW R/W R/W

| | ‘ ‘ ‘
|—> CKS02| CKS01]CKS00 Operating clock select bits
0 0 0 1/MCLK
0 0 1 2/MCLK
0 1 0 4/MCLK
0 1 1 8/MCLK
1 0 0 16/MCLK
1 0 1 32/MCLK
1 1 0 27[FcH
1 1 1 28/FcH
» POENO Output enable bit
0 Output disabled (general-purpose port)
1 Output enabled
» PUFO Counter borrow detection flag bit for PPG cycle down-counter
Read Write
0  |Counter borrow undetected Flag cleared
1 Counter borrow detected | No effect on operation
» PIEO Interrupt request enable bit
0 Interrupt disabled
1 Interrupt enabled
» MD1 | MDO Operation mode select bits
0 0 8-bit PPG independent mode
0 1 8-bit prescaler + 8-bit PPG mode
i 2 16-bit PPG mode
MCLK : Machine clock frequency
FcH : Main clock oscillation frequency
R/W : Readable/writable (Read value is the same as write value)

R(RM1),W : Readable/writable (Read value is different from write value,
"1" is read by read-modify-write (RMW) instruction)
1  Initial value
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Table 16.5-2 8/16-bit PPGO Control Register (PCO0)

bits

Bit name Function

These bits select the PPG operation mode.

] MD1, Do not modify the bit settings during counting.
bit7, | MDO: When set to " 00g" : 8-bit PPG independent mode
bité S?erat' on mode select When set to " 01g" : 8-bit prescaler + 8-bit PPG mode
s When set to " 1xg" : 16-bit PPG mode
This bit controlsinterrupts of PPG timer 00.
PIEO: e Set t_his bit in_16-bit PPG_operati_on mode. _
bits Interr'upt request Sett!ng the b!t to" 0": disabl es_lnterrupts of PPG p mer 00.
enable bit Setting the bit to " 1" : enablesinterrupts of PPG timer 00.

« Aninterrupt request (IRQ) is outputted when the counter borrow detection bit (PUF0) and PIEO bit
are both set to "1".

Thisis the counter borrow detection flag for the PPG cycle down-counter of PPG timer 00.

PUFO: « Only thisbit is effective in 16-bit PPG operation mode (PCO1:PUF1 is not operable).
’ Note: Always effective in 8-bit mode
Counter borrow e aw o .
. . . e Writing "1" to this bit is meaningless.
bit4 detection flag bit for R .
PPG cycle down- . erp ng "0 . clearsthe bllt. . . .
counter e "1" isread in read-modify-write (RMW) instruction.
When set to" 0" : Counter borrow of PPG timer 00 undetected
When set to" 1" : Counter borrow of PPG timer 00 detected

This bit enables or disables the output of PPG timer 00 pin.

POENO: When set to " 0": PPG timer 00 pin is used as a general-purpose port.
bit3 Output énable bit When set to" 1" : PPG timer 00 pin is used as the PPG output pin.

Asthe output is supplied from the PPG timer 00 pin in 16-bit PPG operation mode, thisbit is used to

control the operation.

These bits select the operating clock for PPG down-counter PPG timer 00.

» The operating clock is generated from the prescaler. Refer to "CHAPTER 6 CLOCK
CONTROLLER".

« Therising and falling edge detection pulses from the PPG timer 01 output are used as the count
clock for PPG timer 00 when the 8-hit prescaler + 8-bit PPG mode has been selected. Therefore,
the setting of this bit has no effect on the operation.

« Set thisbit in 16-bit PPG operation mode.

CKS02, "000g": YMCLK

btit2 gigg "001g": 2/MCLK
0 : " ".

bit0 Operating clock select 010g": 4MCLK

"011g": 8/MCLK
"100g": 16/MCLK
"101g": 32/MCLK

"110g": 2'/Fcy
"111g" : 28/Fcy
Note:  Useof asub clock (in dua clock product) stops the time-base timer operation. Therefore,
selecting "110g" or "111g" is prohibited.
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16.5.3  8/16-bit PPG Timer 00/01 Cycle Setup Buffer Register
(PPS01/PPS00)

The 8/16-bit PPG timer 00/01 cycle setup buffer register (PPS01/PPS00) sets the PPG

output cycle.

B 8/16-bit PPG Timer 00/01 Cycle Setup Buffer Register (PPS01/PPS00)

Figure 16.5-4 8/16-bit PPG Timer 00/01 Cycle Setup Buffer Register (PPS01/PPS00)

PPSO01 bit7  hit6  bit5  bit4  bitd3  bit2  bitl  bit0 Initial value
Address | PH7 [ PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO | 11111111y
OF9CLPPSO1 RW RW RW RW RW RW RW RW

PPS00 bit7  hit6  bit5  bit4  bitd3  bit2  bitl  bit0 Initial value
Address | PL7 [ PL6 | PL6 | PL4 | PL3 | PL2 | PL1 | PLO | 11111111y
OF9DLPPSO0 RW RW RW RW RW RW RW RW

R/W : Readable/writable (Read value is the same as write value)

Thisregister is used to set the PPG output cycle.

In 16-bit PPG mode, PPS01 serves as the upper 8 bits, while PPS00 serves as the lower 8 bits.

In 16-bit PPG mode, write the upper bits before the lower bits. When only the upper bits are written, the
previously written value is reused in the next load.

8-bit mode: Cycle = max. 255 (FF) x Input clock cycle

16-bit mode: Cycle = max. 65535 (FFFF) x Input clock cycle

Initialized at reset.

Do not set the cycle to "004" or "01y" when using the unit in 8-bit PPG independent mode, or in 8-bit
prescaler mode + 8-bit PPG mode

Do not set the cycle to "00004" or "0001y" when using the unit in 16-bit PPG mode.

If the cycle settings are modified during the operation, the modified settings will be effective from the
next PPG cycle.
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16.5.4

8/16-bit PPG Timer 00/01 Duty Setup Buffer Register (PDS01/
PDS00)

The 8/16-bit PPG timer 00/01 duty setup buffer register (PDS01/PDS00) sets the duty of
the PPG output.

W 8/16-bit PPG Timer 00/01 Duty Setup Buffer Register (PDS01/PDS00)

Figure 16.5-5 8/16-bit PPG Timer 00/01 Duty Setup Buffer Register (PDS01/PDS00)

PDSO01 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

Address | DH7 | DH6 | DH5 | DH4 | DH3 | DH2 | DH1 | DHO | = 11111111y
OF9E,PDS01 RW RW RW RW RW RW RW RW

PDS00 bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

Address | DL7 | DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO | 11111111g
OF9F,PDSO0 RW RW RW RW RW RW RW RW

R/W : Readable/writable (Read value is the same as write value)
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Thisregister is used to set the duty of the PPG output ("H" pulse width when normal polarity).

In 16-bit PPG mode, PDS01 serves as the upper 8 bits while PDS00 serves as the lower 8 bits.

In 16-bit PPG mode, write the upper bits before the lower bits. When only the upper bits are written, the
previously written value is reused in the next load. By writing to PDS00, PDS01 is updated.

Initialized at reset.

To set the duty to 0%, select "004".

To set the duty to 100%, set it to the same value as the 8/16-bit PPG timer 00/01 cycle setup register
(PPS).

When the 8/16-bit PPG timer 00/01 duty setup register (PDS) is set to a larger value than the setting
value of the 8/16-hit PPG cycle setup buffer register (PPS), the PPG output becomes "L" output in the
normal polarity (when the output level inversion bit of 8/16-bit PPG output inversion register is"0").

If the duty settings are modified during operation, the modified value will be effective from the next
PPG cycle.
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16.5.5 8/16-bit PPG Start Register (PPGS)

The 8/16-bit PPG start register (PPGS) starts or stops the down-counter. The operation
enable bit of each channel is assigned to the PPGS register, allowing simultaneous
activation of the PPG channels.

B 8/16-bit PPG Start Register (PPGS)

Figure 16.5-6 8/16-bit PPG Start Register (PPGS)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

Address
OFA4H - - - - - - PENO1|PENOO| 000000008

RO/WX RO/WX RO/WX RO/WX RO/WX RO/WX R/W  R/W

L» PENOO| PPG timer 00 (ch.0) down-counter operation enable bit
0 Stops operation
1 Enables operation

y

PENO1| PPG timer 01 (ch.0) down-counter operation enable bit
0 Stops operation
1 Enables operation

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
R/W  : Readable/writable (Read value is the same as write value)
[ - Initial value
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16.5.6  8/16-bit PPG Output Inversion Register (REVC)

The 8/16-bit PPG output inversion register (REVC) inverts the PPG output including the
initial level.

W 8/16-bit PPG Output Inversion Register (REVC)

Figure 16.5-7 8/16-bit PPG Output Inversion Register (REVC)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

Address - - - - - - REVO1|REV00| 000000008
OFAS5H

RO/WX RO/WX RO/WX RO/WX RO/WX RO/WX R/W  R/W

I—» REV00 PPG timer 00 (ch.0) output level inversion bit
0 Normal
1 Inversion
» REVO1 PPG timer 01 (ch.0) output level inversion bit
0 Normal
1 Inversion

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
R/W  : Readable/writable (Read value is the same as write value)
[ :Initial value
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16.6 Interrupts of 8/16-bit PPG

The 8/16-bit PPG outputs an interrupt request when a counter borrow is detected.

B Interrupts of 8/16-bit PPG
Table 16.6-1 shows the interrupt control bits and interrupt sources of the 8/16-bit PPG.

Table 16.6-1 Interrupt Control Bits and Interrupt Sources of 8/16-bit PPG

Description
ltem PPG timer 01 PPG timer 00
(8-bit PPG, 8-bit prescaler) (8-bit PPG, 16-bit PPG)
Interrupt request flag bit PUF1 bitin PC1 PUFO bit in PCO
Interrupt request enable bit PIE1 bitin PC1 PIEO bit in PCO
Interrupt source Counter borrow of PPG cycle down-counter

When a counter borrow occurs on the down-counter, the 8/16-bit PPG sets the counter borrow detection
flag bit (PUF) in the 8/16-bit PPG timer 00/01 control register (PC) to "1". When the interrupt request
enable bit is enabled (PIE = 1), an interrupt request is outputted to the interrupt controller.

In 16-bit PPG mode, the 8/16-bit PPG timer 00 control register (PCO0) is available.
B Registers and Vector Table Related to Interrupts of 8/16-bit PPG

Table 16.6-2 Registers and Vector Table Related to Interrupts of 8/16-bit PPG

Interrupt Interrupt Interrupt level setup register Vector table address
source request No. Register Setting bit Upper Lower
ch.0 (lower) IRQ12 ILR3 L12 FFE2, FFE3y4
ch.0 (upper) IRQ13 ILR3 L13 FFEOY FFE1,
ch : channel

Refer to "APPENDIX B Table of Interrupt Causes' for the interrupt request numbers and vector tables of
al peripheral functions.
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16.7  Operating Description of 8/16-bit PPG

This section describes the operations of the 8/16-bit PPG.

B Setup Procedure Example
The setup procedure of the 8/16-bit PPG is described below.

@ Initial setup

1) Set the port output (DDR2, DDR6)

2) Settheinterrupt revel (ILR2, ILR3)

3) Select the operating clock, enable the output and interrupt (PCO1)

4) Select the operating clock, enable the output and interrupt, select the operation mode (PC00)
5) Set the cycle (PPS)

6) Settheduty (PDS)

7) Set the output inversion (REVC)

8) Start PPG (PPGS)

@ Interrupt processing

1) Processany interrupt
2) Clear theinterrupt request flag (PCO1: PUF1, PC00: PUFQ)
3) Start PPG (PPGS)
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16.7.1  8-bit PPG Independent Mode

In this mode, the unit operates as two channels (PPG timer 00 and PPG timer 01) of the
8-bit PPG.

B Setting 8-bit Independent Mode
The unit requires the register settings shown in Figure 16.7-1 to operate in 8-bit independent mode.

Figure 16.7-1 8-bit Independent Mode

bit7  bit6  bits  bit4  bit3  bit2  bitl  bit0
Pcol [ - | - [ PIEL | PUFL [POEN1[CKS12][CKS11[CKS10]
® ® ® @ ® ®

PCO0 [ MD1 | MDO | PIEO | PUFO [POENO|CKS02[CKS01[CKS00]
0 0 ® @ ® ® ® ®

PPSO1 | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO ]
Set PPG output cycle for PPG timer 01

PPS00 [ PL7 [ PL6 [ PL5 | PL4 [ PL3 [ PL2 | PL1 [ PLO |
N—— Set PPG output cycle for PPG timer 00 ——————

PDSO1 [ DH7 | DH6 | DH5 | DH4 | DH3 | DH2 | DH1 | DHO |
N—— Set PPG output duty for PPG timer 01 ——————

PDS00 | DL7 | DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO ]
N———  Set PPG output duty for PPG timer 00 —————

PPGs | - | - | - | - 1 - 1 - [PENO1[PENOO|
* * * * * * @ @
REVC [ - | - [ - T - T - T - [REVOI[REVOO]
* * * * * * @ @
® : Used bit
0 :Set"0"

* 1 The bit status depends on the number of channels provided.

B Operation of 8-bit PPG Independent Mode
« This mode is selected when the operation mode select bits (MD1, MDO) in the 8/16-bit PPG timer 00
control register (PC0O0) are set to "00g".

»  When the corresponding bit (PEN) in the 8/16-bit PPG start register (PPGS) is set to "1, the value in
the 8/16-bit PPG cycle setup buffer register (PPS) is loaded to start down-count operation. When the
count value reaches "1", the value in the cycle setup register is reloaded to repeat the counting.

e "H" is output to the PPG output synchronizing with the count clock. When the down-counter value
matches the value in the 8/16-bit PPG timer 00/01 duty setup buffer register (PDS). After "H" which is
the value of duty setting isoutput, "L" is output to the PPG output.

If, however, the PPG output inversion bit is set to "1", the PPG output is set and reset inversely from the
above process.

Figure 16.7-2 shows the operation of the 8-bit PPG independent mode.
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Figure 16.7-2 Operation of 8-bit PPG Independent Mode

Count clock f f f f f f f f f f f f f f f f
(Cycle T)
PEN
(Counter start) —

Cycle setting -5
(PPS)

Duty setting

(Pps) =4

PPG timer 00 counter value
Down-counter value matches |
matches duty setting value
Counter borrow \ \
PPG output source | | | |

Synchronizing with machine clock

| Stop
PPGOO Pin £

(Normal polarity) I

(Inversion polarity) l

< »
- Ll
(1)
-t » -t »
-t - -¢ >
@ @
(1)=nxT T: Count clock cycle
m: PPS register value
2)=mxT n: PDS register value
o: The value changes depending

on the count clock selected and
the start timing.

Example for setting the duty to 50%

When PDS is set to "024" with PPS set to "04", the PPG output is set at a duty ratio of 50% (PPS
setting value /2 set to PDS).
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16.7.2 8-bit Prescaler + 8-bit PPG Mode

In this mode, the rising and falling edge detection pulses from the PPG timer 01 output
can be used as the count clock of the PPG timer 00 down-counter to allow variable-

cycle 8-bit PPG output from PPG timer 00.

B Setting 8-bit Prescaler + 8-bit PPG Mode

The unit requires the register settings shown in Figure 16.7-3 to operate in 8-bit prescaler + 8-bit PPG
mode.

Figure 16.7-3 Setting 8-bit Prescaler + 8-bit PPG Mode

bit7 b6 bit5  bit4  bit3  bit2  bitl  bit
Pcolr [ - | - [ PIEL | PUFL [POENI1|CKS12][CKSI1]|CKSIO]
® ® ® © ® ®

PCO0 | MD1 | MDO | PIEO | PUFO [POENO|CKS02|CKS01|CKS00|
0 1 ©® ® ® X X x

PPSO1 | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO |
N——— Set PPG output cycle for PPG timer 01 ———

PPS00 | PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO ]
Set PPG output cycle for PPG timer 00 ———————

PDS01 [ DH7 | DH6 | DH5 | DH4 | DH3 | DHZ2 | DHI | DHO |
N——— Set PPG output duty for PPG timer 01 —————

PDS00 [ DL7 | DL6 | DL5 | DL4 | DL3 | DLZ | DL1 | DLO |
N—— Set PPG output duty for PPG timer 00 ———

PPGS | - | - | - | - 1 - 1 - [PENO1[PENOO|
* * * * * * © ®

REVC [ - [ - [ - T - T - [ - [REVO1][REVOOQ]
* * * ¥ * ¥ ® ®

® : Used bit

0 :Set"0"

1 :Set"1"

x : Setting nullified

: The bit status varies depending of the number of channels implemented

B Operation of 8-bit Prescaler + 8-bit PPG Mode

e Thismode is selected by setting the operation mode select bits (MD1, MDO) of the 8/16-bit PPG timer
00 control register (PCO0) to "01g". This allows PPG timer 01 to be used as an 8-bit prescaler and PPG
timer 00 to be used as an 8-bit PPG.

¢ When the PPG timer 00 (ch.1) down counter operation enable bit (PENOL) is set to "1", the 8-bit
prescaler (PPG timer 01) loads the value in the 8/16-bit PPG timer 01 cycle setup buffer register
(PPS01) and starts down-count operation. When the value of the down-counter matches the value in the
8/16-bit PPG timer 01 duty setup buffer register (PDS01), the PPGO1 output is set to "H" synchronizing
with the count clock. After "H" which is the value of duty setting is output, the PPGO1 output is set to
"L". If the output inversion signal (REVO0L) is "0", the polarity will remain the same. If it is"1", the
polarity will be inverted and the signal will be outputted to the PPG pin.
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When the PPG operation enable bit (PENQO) is set to "1", the 8-bit PPG (PPG timer 00) loads the value
in the 8/16-bit PPG timer 00 cycle setup buffer register (PPS00) and starts down-count operation (count
clock = rising and falling edge detection pulses of PPGO1 output after PPG timer O1 operation is
enabled). When the count value reaches "1", the value in the 8/16-bit PPG timer 00 cycle setup buffer
register is reloaded to repeat the counting. When the value of the down-counter matches the value in the
8/16-bit PPG timer 00 duty setup buffer register (PDS00), the PPGOO output is set to "H" synchronizing
with the count clock. After "H" which is the value of duty setting is output, the PPGOO output is reset to
"L". If the output inversion signal (REV00) is "0", the polarity will remain the same. If it is "1", the

polarity will be inverted and the signal will be outputted to the PPGOO pin.
Set that the duty of the 8-hit prescaler (PPG timer 01) output to 50%.

When PPG timer 00 is started with the 8-bit prescaler (PPG timer 01) being stopped, PPG timer 00 does

not count.

When the duty of the 8-bit prescaler (PPG timer 01) is set to 0% or 100%, PPG timer 00 does not

perform counting as the 8-bit prescaler (PPG timer 01) output does not toggle.
Figure 16.7-4 shows the operation of 8-bit prescaler + 8-bit PPG mode.

Figure 16.7-4 Operation of 8-bit Prescaler + 8-bit PPG Mode

Count clock MWM
(Cycle T)
PENO1
Cycle setting
(PPSO1) mi=4
Duty setting
(PDSO1) n1=2
PPG timer 01
counter value
Down-counter value
matches matches duty
setting value
Counter borrow \i \‘- I_
PPG output source
Synchronizing with machine clock
PPGO1 1
(Normal polarity) |
(Inversion polarity) |
-
- > - T
o (@)
PENOO
Cycle setting
(PPso0) ~ MO=3
Duty setting -
(PDsoo)  "9=2
PPG timer 00
counter value X 3 X 2 X X s X 2 X 1 X 3 X 2
Down-counter value —l
matches matches duty
setting value \-
Counter borrow \} )i ,—\—
PPG output source |
\Synchronizing with machine clock
PPG00
(Normal polarity) |
(Inversion polarity) | ‘
< »
| Lol
(©)
- » - —
| Ll .- Ll
p (4)
(1)=n1xT T:  Count clock cycle o: The value changes depending on the count
@ =mixT mO: PPS00 register value clock selected and the PENO1 start timing.
- n0: PDSOO0 register value ~ B: The value changes depending on the
(3)=(1)xno m1: PPSO01 register value PPGO1 output (ch.1) waveform and the
(4) = (1) xmo ni: PDSO01 register value PENOO start timing.
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16.7.3  16-bit PPG Mode

In this mode, the unit can operate as a 16-bit PPG when PPG timer 01 and PPG timer 00
are assigned to the upper and lower bits respectively.

B Setting 16-bit PPG Mode
The unit requires the register settings shown in Figure 16.7-5 to operate in 16-bit PPG mode.

Figure 16.7-5 Setting 16-bit PPG Mode

bit7  bit6  bits  bit4  bit3 btz  bitl  bit0
Pcol [ - | - [ PIEL | PUFL [POEN1[CKS12][CKS11[CKS10]
® ® ® ® ® ®

PCO0 [ MD1 | MDO | PIEO | PUFO [POENO|CKS02[CKS01[CKS00]
0 01 @ ® ® ® ® ®

PPSO1 | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO ]
N\—— Set PPG output cycle (Upper 8 bits) for PPG timer 01—

PPS00 [ PL7 [ PL6 [ PL5 | PL4 [ PL3 [ PL2 | PL1 [ PLO |
N\—— Set PPG output cycle (Lower 8 bits) for PPG timer 00 ——

PDSO01 [ DH7 | DH6 | DH5 | DH4 | DH3 | DH2 | DH1 | DHO |
N\——Set PPG output duty (Upper 8 bits) for PPG timer 01—

PDS00 | DL7 | DL6 | DL5 | DL4 | DL3 | DL2 | DL1 | DLO ]
N——Set PPG output duty (Lower 8 bits) for PPG timer 00——"

PPGsS | - | - | - | - 1 - 1 - [PENO1[PENOO|
* * * * * X @

REVC [ - [ - [ - [ - T - [ - [REVO1][REVOOQ]
* * * * * * X @

® : Used bit

0 :Set"0"

1 :Set"1"

x : Setting nullified

: The bit status changes depending on the number of channels implemented.
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B Operation of 16-bit PPG Mode

Thismode is selected by setting the operation mode select bits (MD1, MDO) of the PPG timer 00
control register (PC00) to "10g" or "11g".

When the PPG operation enable bit (PENOQ) is set to "1" in 16-bit PPG mode, the 8-bit down-counters
(PPG timer 00) and 8-bit down-counter (PPG timer 01) load the values in the 8/16-bit PPG timer 00/01
cycle setup buffer registers (PPS01 for PPG timer 01 and PPS00 for PPG timer 00) and start down-count
operation. When the count value reaches "1", the values in the cycle setup register are reloaded and the
counters repeat the counting.

When the values of the down-counters match the values in the 8/16-bit PPG timer duty setup buffer
registers (both the value in PDS01 for PPG timer 01 and the value in PDS00 for PPG timer 00), the
PPGOO0 pin is set to "H" synchronizing with the count clock. After "H" which is the value of duty setting
is output, the PPGOO pin is set to "L". If the output inversion signal (REV00) is"0", the signal will be
outputted to the PPGO0 with the polarity unchanged. If it is set to "1", the polarity will be inverted and
the signal will be outputted to the PPGOO pin. (ch.0 only. ch.1 will be set to the initial value <"L" if
REVO01is"0", or "H" if itis"1">.)

Figure 16.7-6 shows the operation of 16-bit PPG mode.

Figure 16.7-6 Operation of 16-bit PPG Mode
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258



CHAPTER 16 8/16-BIT PPG

16.8 Precautions when Using 8/16-bit PPG

The following precautions must be followed when using the 8/16-bit PPG.

B Precautions when Using 8/16-bit PPG

@ Operational precaution

Depending on the timing between the activation of PPG and count clock, an error may occur in the first
cycle of the PPG output immediately after the activation. The error varies depending on the count clock
selected. The output, however, is performed properly in the succeeding cycles.

@ Precaution regarding interrupts

A PPG interrupt is generated when the interrupt enable bit (PIEL/PIEO) is set to "1" and the interrupt
request flag bit (PUFL/PUFOQ) in the 8/16-bit PPG timer 01/00 control register (PC0L/PCQ0) is also set to
"1". Always clear the interrupt request flag bit (PUFL/PUFO) to "0" in the interrupt routine.
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16.9 Sample Programs for 8/16-bit PPG Timer

We provide sample programs that can be used to operate the 8/16-bit PPG timer.

B Sample Programs for 8/16-bit PPG Timer

For information about the sample programs for the 8/16-bit PPG timer, refer to "Il Sample Programs” in
Preface.

B Setup Methods without Sample Program

@ How to enable/stop PPG operation
The PPG operation enable bit (PPGS:PENQO) is used for PPG timer 00.

Control PPG operation enable bit (PENOO)
When stopping PPG operation Set the bit to "0"
When enabling PPG operation Set the bit to "1"

PPG operation must be enabled before the PPG is activated.
The PPG operation enable bit (PPGS:PENO01) is used for PPG timer 01.

Control PPG operation enable bit (PENO1)
When stopping PPG operation Set the bit to "0"
When enabling PPG operation Set the bit to "1"

PPG operation must be enabled before the PPG is activated.

@ How to set the PPG operation mode
The operation mode select bits (PC00:MD[1:0]) are used.

@ How to select the operating clock

ch.0 is selected by the operating clock select bits (PC00:CK S02/CK S01/CK S00).

@ How to enable/disable the PPG output pin
The output enable bit (PC00:POENO) is used.

Control Output enable bit (POENO)
When enabling PPG output Set the bitto "1"
When disabling PPG output Set the bit to "0"
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@ How to invert the PPG output

The output level inversion bit (REVC:REV00 or REV10) is used for PPGOO.

Control Output level inversion bit (REV00 or REV10)

When inverting PPG output Set the bit to "1"

The output level inversion bit (REVC:REV01 or REV11) is used for PPGOL.

Control Output level inversion bit (REVO1 or REV11)

When inverting PPG output Set the bit to "1"

@ Interrupt-related register

Theinterrupt level is set by the interrupt setup register shown in the following table.

Interrupt source Interrupt level setup register Interrupt vector
ch.1 (lower) | nterruXtdId?/gSrc;eggs?tng(l mit Addrei(:) (?FFESH
ch.1 (upper) ! ”‘“ruﬂijﬁgﬁﬁﬂ pi Addres#;:lCc))FFE6H
ch.0 (lower) | nterru,ztdlcjerveeslsr(;eg(i;tecr,_'(l - Addres#;:lgFFEZH
ch.0 (upper) ! nterruXtdId?/eeslgr(;eg(iJSYteCrH(l ai Addrei;:lgFFEOH

@ How to enable/disable/clear interrupts

Interrupt request enable flag, Interrupt request flag
Theinterrupt request enable bit (PC00:PIEQ or PCO1:PIEL) is used to enable or disable interrupts.

What to be controlled Interrupt request enable bit (PIEO or PIE1)
When disabling interrupt requests Set the bit to "0"
When enabling interrupt requests Set the bitto "1"

Theinterrupt request flag (PC00:PUFO or PCO1:PUFL) is used to clear interrupt requests.

What to be controlled Interrupt request flag (PUFO or PUF1)

When clearing interrupt requests Write"0"
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CHAPTER 17

16-BIT PPG TIMER

This chapter describes the functions and operations of
the 16-bit PPG timer.

17.1 Overview of 16-bit PPG Timer
17.2 Configuration of 16-bit PPG Timer
17.3 Channels of 16-bit PPG Timer
17.4 Pins of 16-bit PPG Timer

17.5 Registers of 16-bit PPG Timer
17.6 Interrupts of 16-bit PPG Timer

17.7 Explanation of 16-bit PPG Timer Operations and Setup Procedure
Example

17.8 Precautions when Using 16-bit PPG Timer
17.9 Sample Programs for 16-bit PPG Timer
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17.1 Overview of 16-bit PPG Timer

The 16-bit PPG timer can generate a PWM (Pulse Width Modulation) output or one-shot
(square wave) output, and the period and duty of the output waveform can be changed
by software freely. The timer can also generate an interrupt when a start trigger occurs
or on the rising or falling edge of the output waveform.

B 16-bit PPG Timer

16-bit PPG timer can output the PWM output and the one shot. The output wave form can be reversed by
setting the register (Normal polarity < Inverted polarity).

Output waveform

PWM waveform

Normal polarity L H L L H

Inverted polarity H L m ( m L

One-shot waveform

Normal polarity L H L

Inverted polarity H L H

« The count operation clock can be selected from eight different clock sources (MCLK/1, MCLK/2,
MCLK/4, MCLK/8, MCLK/16, MCLK/32, Fcy/27, or FCH/28). (MCLK: Machine clock, Fcpy: Clock)

 Interrupt can be selectively triggered by the following four conditions:
- Occurrence of astart trigger in the PPG timer

- Occurrence of acounter borrow in the 16-hit down-counter (cycle match).
- Rising edge of PPG in normal polarity or falling edge of PPG in inverted polarity
- Counter borrow, rising edge of PPG in normal polarity, or falling edge of PPG in inverted polarity
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Configuration of 16-bit PPG Timer

CHAPTER 17 16-BIT PPG TIMER

Shown below is the block diagram of the 16-bit PPG timer.

B Block Diagram of 16-bit PPG Timer

Figure 17.2-1 Block Diagram of 16-bit PPG Timer

Internal data bus

[ 1
' When upper 8 bits of duty |
| setting register are written,
| but lower 8 bits are not
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the value is 1,
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setting buffer register
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16-bit PPG cycle
setting buffer register
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16-bit PPG duty
setting buffer register
(upper 8 bits)

16-bit PPG duty
setting buffer register
(lower 8 bits)

'

'

16-bit PPG duty
setting buffer register
for upper 8 bits buffer

16-bit PPG duty
setting buffer register
for lower 8 bits buffer

MCLK/1
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MCLK/32
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)
Edge
detection 5) ) [IRs1]IRS0]IRQF[IREN]
™ |
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TRGO
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@ Count clock selector

The clock for the countdown of 16-bit down-counter is selected from eight types of internal count clocks.

@ 16 bhit down-counter

It counts down with the count clock selected with the count clock selector.
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@ Comparator circuit

The output is kept "H" until the value of 16-bit down-counter is corresponding to the value of 8/16-bit PPG
duty setting buffer register from the value of 16-bit PPG cycle setting buffer register.

Afterwards, after keep "L" the output until the counter value is corresponding to "1", it keeps counting 8-bit
down counter from the value of 16-bit PPG cycle setting buffer register.

@ 16-bit PPG down-counter register upper, lower (PDCRHO, PDCRLO)

The value of 16-bit down-counter of 16-bit PPG timer isread.

@ 16-bit PPG cycle setting buffer register upper, lower (PCSRHO, PCSRLO)

The compare value for the cycle of 16-bit PPG timer is set.

@ 16-bit PPG duty setting buffer register upper, lower (PDUTHO, PDUTLO)

The compare value for "H" width of 16-bit PPG timer is set.

@ 16-bit PPG status control register upper, lower (PCNTHO, PCNTLO)

The operation mode and the operation condition of 16-bit PPG timer are set.

B Input Clock
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17.3 Channels of 16-bit PPG Timer

This section describes the channels of the 16-bit PPG timer.

B Channels of 16-bit PP

G Timer

MB95130/MB series has onel6-bit PPG timer.
Table 17.3-1 and Table 17.3-2 show the correspondence among the channel, pin and register.
Table 17.3-1 Pins of 16-bit PPG Timer

Channel Pin name Pin function
0 PPGO PPGO output
TRGO Trigger O input

Table 17.3-2 Registers of 16-bit PPG Timer

Channel Register name Corresponding register (name in this manual)

PDCRHO 16-bit PPG down counter register (upper)
PDCRLO 16-bit PPG down counter register (lower)
PCSRHO 16-bit PPG cycle setting buffer register (upper)

0 PCSRLO 16-bit PPG cycle setting buffer register (lower)
PDUTHO 16-bit PPG duty setting buffer register (upper)
PDUTLO 16-bit PPG duty setting buffer register (lower)
PCNTHO 16-bit PPG status control register (upper)
PCNTLO 16-bit PPG status control register (lower)
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17.4 Pins of 16-bit PPG Timer

This section describes the pins of the 16-bit PPG timer.

B Pins of 16-bit PPG Timer
The pin related to the 16-bit PPG timer is namely the PPGO pin and TRGO pin.

@ PPGO pin

Each pin serves as a general-purpose 1/0 port as well as a 16-bit PPG timer output.

PPGO: A PPG waveform is outputted to these pins. The PPG waveform can be outputted by using the 16-

bit PPG status control register to enable output (PCNTLO: POEN=1).

@® TRGO pin

TRGO: Used to start 16-bit PPG timer by hardware trigger.
B Block Diagrams of Pins Related to 16-bit PPG

Figure 17.4-1 Block Diagram of Pin Related to 16-bit PPG (PPGO, TRGO)
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PDR write

| Peripheral function input enable *
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17.5 Registers of 16-bit PPG Timer

This section describes the registers of the 16-bit PPG timer.

B Registers of 16-bit PPG Timer
Figure 17.5-1 Registers of 16-bit PPG Timer

16-bit PPG down counter register (upper): PDCRH
Address bit7 bité bit5 bit4 bit3 bit2 bitl

bit0

OFAA PDCRHO | DC15 | DC14 | DC13 [ DC12 [ DC11 | DC10 | DC09 | DCO08 |

16-bit PPG down counter register (lower): PDCRL
Address bit7 bité bit5 bit4 bit3 bit2 bitl

RWX R/WX R/MWX R/WX R/WX R/WX R/WX R/WX

bit0

OFABy PDCRLO [ DC07 [ DC06 | DCO5 | DC04 | DC03 | DC02 | DCO1 | DCOO |]

16-bit PPG cycle setting buffer register (upper): PCSRH
Address bitl5  bitl4 bitl3  bitl2 bitll bitl0  bit9

RWX R/WX R/MWX R/WX R/WX R/WX R/WX R/WX

bit8

OFACy PCSRHO [ CS15 | CS14 | CS13 [ CS12 | CS11 [ CS10 | CS09 [ CS08 |

RW RW RW RW RW RW R/W

16-bit PPG cycle setting buffer register (lower): PCSRL
Address bit7 bité bit5 bit4 bit3 bit2 bitl

R/W

bit0

OFADy; PCSRLO [ CS07 [ CS06 | CS05 | CS04 | CS03 | CS02 [ CSO01 | CS00 |

RW RW RW RW RW RW R/W

16-bit PPG duty setting buffer register (upper): PDUTH
Address bitl5  bitl4 bitl3  bitl2 bitll bitl0  bit9

R/W

bit8

OFAEy PDUTHO [ DU15 | DU14 | DU13 | DU12 | DU11 [ DU10 | DUO9 | DUOS |

RW RW RW RW RW RW R/W

16-bit PPG duty setting buffer register (lower): PDUTL
Address bit7 bité bit5 bit4 bit3 bit2 bitl

R/W

bit0

OFAF, PDUTLO [ DUO7 | DUO6 | DUO5 | DUO4 | DUO3 | DUO2 | DUO1 | DUOO |

RW RW RW RW RW RW R/W

16-bit PPG status control register (upper): PCNTH
Address bitl5  bitl4 bitl3  bitl2 bitll bitl0  bit9

R/W

bit8

0042, PCNTHO [ CNTE | STRG | MDSE | RTRG | CKS2 [ CKS1 [ CKSO [PGMS |

RW ROW RW RW RW RW RW

16-bit PPG status control register (lower): PCNTL
Address bit7 bité bit5 bit4 bit3 bit2 bitl

R/W

bit0

0043, PCNTLO [EGS1 [ EGSO [ IREN [ IRQF | IRS1 | IRSO | POEN ] OSEL |

RW R/W R/W RRMHW R/W  R/W R/W

R/W: Readable/writable (Read value is the same as write value)
R/WX: Read only (Readable, writing has no effect on operation)

(RMW) instruction)
RO, W: Write only (Read value is "1", writing has no effect on operation)

R/W

Initial value
00000000g

Initial value
00000000g

Initial value
111111115

Initial value
111111115

Initial value
111111115

Initial value
111111115

Initial value
000000005

Initial value
000000005

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
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17.5.1 16- bit PPG Down Counter Registers Upper, Lower
(PDCRHO, PDCRLO)

The 16-bit PPG down counter registers upper, lower (PDCRHO, PDCRLO) form a 16-bit
register which is used to read the count value from the 16-bit PPG down-counter.

B 16-bit PPG Down Counter Registers Upper, Lower (PDCRHO, PDCRLO)

Figure 17.5-2 16-bit PPG Down Counter Registers Upper, Lower (PDCRHO0, PDCRLO0)

16-bit PPG down counter register (upper) PDCRHO

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFAAL PDCRHO | DC15 | DC14 | DC13 | DC12 | DC11 | DC10 | DCO09 | DCO08 | 00000000
R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX

16-bit PPG down counter register (lower) PDCRLO

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFABy PDCRLO | DCO7 | DCO06 | DCO05 | DCO04 | DCO03 | DCO02 | DCO01 | DCO00 | 00000000g
R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX

R/WX: Read only (Readable, writing has no effect on operation)

These registers form a 16-hit register which is used to read the count value from the 16-bit down-counter.
Theinitia values of the register are al "0".

Always use one of the following proceduresto read from this register.

e Usethe"MOVW" instruction (use a 16-bit access instruction to read the PDCRHO register address).

e Use the "MOV" instruction and read PDCRHO first and PDCRLO second (reading PDCRHO
automatically copiesthe lower 8 hits of the down-counter to PDCRLO).

These registers are read-only and writing has no effect on the operation.

Note:

If you use the "MOV" instruction and read PDCRLO before PDCRHO, PDCRLO will return the value
from the previous valid read operation. Therefore, the value of the 16-bit down-counter will not be
read correctly.
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17.5.2 16-bit PPG Cycle Setting Buffer Registers Upper, Lower
(PCSRHO, PCSRLO)

The 16-bit PPG cycle setting buffer registers are used to set the cycle for the output
pulses generated by the PPG.

B 16-bit PPG Cycle Setting Buffer Registers Upper, Lower (PCSRHO, PCSRLDO)

Figure 17.5-3 16-bit PPG Cycle Setting Buffer Registers Upper, Lower (PCSRHO, PCSRLO)

16-bit PPG cycle setting buffer register (upper) PCSRHO
Address bitl5  bitl4  bitl3  bitl2  bitll  bit1l0 bit9 bit8 Initial value
OFACH PCSRHO | CsSi15 | CS14 | Cs13 | CS12 | Cs11 | Cs10 | CS09 | CS08 | 11111111f
RW RW RW RW RW RW RW R/W

16-bit PPG cycle setting buffer register (lower) PCSRLO
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFADy PCSRLO | CS07 | CS06 | CS05 | CS04 | CS03 | CS02 | Cso1 | CS00 | 111111114
RW RW RW RW RW RW RW R/W

R/W: Readable/writable (Read value is the same as write value)

These registers form a 16-hit register which sets the period for the output pulses generated by the PPG. The
values set in these registers are loaded to the down-counter.

When writing to these registers, always use one of the following procedures.

e Usethe"MOVW" instruction (use a 16-bit access instruction to write to the PCSRHO register address)

e Usethe"MOV" instruction and write to PCSRHO first and PCSRL 0 second
If a down-counter load occurs after writing data to PCSRHO (but before writing data to PCSRLO0), the
previous valid PCSRHO/PCSRLO value will be loaded to the down-counter. If the PCSRHO/PCSRLO
value is modified during counting, the modified value will become effective from the next load of the
down-counter.

» Do not set PCSRHO and PCSRLO to "004", or PCSRHO to "01y" and PCSRLO to "01,".

Note:
If the down-counter load occurs after the "MOV" instruction is used to write data to PCSRLO before
PCSRHO, the previous valid PCSRHO value and newly written PCSRLO value are loaded to the
down-counter. It should be noted that as a result, the correct period cannot be set.

271



CHAPTER 17 16-BIT PPG TIMER

17.5.3 16-bit PPG Duty Setting Buffer Registers Upper, Lower

(PDUTHO, PDUTLO)

The 16-bit PPG duty setting buffer registers control the duty ratio for the output pulses
generated by the PPG.

B 16-bit PPG Duty Setting Buffer Registers Upper, Lower (PDUTHO, PDUTLDO)

Figure 17.5-4 16-bit PPG Duty Setting Buffer Registers Upper, Lower (PDUTHO, PDUTLO)

16-bit PPG duty setting buffer register (upper) PDUTHO
Address bitl5  bitl4 bitl3 bitl2 bitll  bitl0 bit9 bit8 Initial value
OFAE PDUTHO | DU15 | DU14 | DU13 | DU12 | DU11 | DU10 | DU09 | DU08 | 111111114
RW RW RW RW RW RW RW R/W

16-bit PPG duty setting buffer register (lower) PDUTLO

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFAF, PDUTLO | DuU07 | DU06 | DUO05 | DU04 | DUO03 | DU02 | DU0O1 | DUO0O | 111111114
R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Readable/writable (Read value is the same as write value)

272

These registers form a 16-bit register which controls the duty ratio for the output pulses generated by the
PPG. Transfer of the data from the 16-bit PPG duty setting buffer registers to the duty setting registersis
performed at the same timing as the down-counter read.

When writing to these registers, always use one of the following procedures.

* Usethe"MOVW" instruction (use a 16-bit access instruction to write to the PDUTHO register address)

¢ Usethe"MOV" instruction and write to PDUTHO first and PDUTLO second
If a down-counter load occurs after writing data to PDUTHO (but before writing data to PDUTLO), the
value of the 16-hit PPG duty setting buffer registersis not transferred to the duty setting registers.

The relation between the value of the 16-bit PPG duty setting registers and output pulseis as follows:

* When the same value is set in both the 16-bit PPG cycle setting buffer registers and duty setting
registers, the "H" level will always be outputted if normal polarity is set, or the "L" level will always be
outputted if inverted polarity is set.

*  When the duty setting registers are set to "00g", the "L" level will aways be outputted if normal polarity
isset, or the"H" level will always be outputted if inverted polarity is set.

¢ When the value set in the duty setting registers is greater than the value in the 16-bit PPG cycle setting

buffer registers, the "L" level will aways be outputted if normal polarity is set, and the "H" level will
aways be outputted if inverted polarity is set.
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17.5.4  16-bit PPG Status Control Register Upper, Lower

(PCNTHO, PCNTLO)

The 16-bit PPG status control register is used to enable and disable the 16-bit PPG timer
and also to set the operating status for the software trigger, retrigger control interrupt,
and output polarity. This register can also check the operation status.

B 16-bit PPG Status Control Register, Upper (PCNTHO)

Figure 17.5-5 16-bit PPG Status Control Register Upper (PCNTHO)

bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value
A o CNTHO ‘ CNTE ‘ STRG ‘ MDSE‘ RTRG ‘ CKS2 ‘ CKS1 ‘ CKS0 ‘ PGMS‘ 000000005
RW RO,W RW RW RW RW RW RW
I B |
S PGMS PPG output mask enable bit
0 Disables PPG output mask
1 Enables PPG output mask
»| CKS2| CKS1| CKS0| Counter clock select bit
0 0 0 MCLK/1
0 0 1 MCLK/2
0 1 0 MCLK/4
0 1 1 MCLK/8
1 0 0 MCLK/16
1 0 1 MCLK/32
1 1 0 Fon/27?
1 1 1 Fon/28
MCLK: Machine clock, Fcx: Main clock
»| RTRG Software retrigger enable bit
0 Disables software retrigger
1 Enables software retrigger
»| MDSE Mode select bit
0 PWM mode
1 One-shot mode
JsTRG Wr?tzftware trigger bit ——
0 No effect on operation Always reads "0"
1 Generates software trigger
BW R ' *| CNTE Timer enable bit
- (;:s;?/lael/umglitsaﬁllz same as write value) Y Stops PPG timer
RO,W : Write only (Read value is “0”, 1 Enables PPG timer
writing has no effect on operation)
[ 1 :Initial value
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Table 17.5-1 16-bit PPG Status Control Register Upper (PCNTHO)

Bit name Function
This bit is used to enable/stop PPG timer operation.
CNTE: When thebit isset to" 0", the PPG operation haltsimmediately and the PPG output goes to the
bit7 Timer énablebit initial level ("L" output if OSEL is"0"; "H" output if OSEL is"1").
When thebit isset to" 1", PPG operation is enabled and the PPG goes to standby to wait for a
trigger.
STRG: This bit isused to start the PPG timer by software.
hit6 Softwéretri or bit When thebitisset to" 1", setting the CNTE bit to "1" starts the PPG timer.
99 Reading this bit always returns "0".
This bit is used to set the PPG operation mode.
bits MDSE: When thebit isset to" 0", the PPG operatesin PWM mode.
It Mode select bit When thebit isset to" 1", the PPG operates in one-shot mode.
Note:  Madifying this bit is prohibited during operation.
RTRG: This bit is used to enable or disable the software retrigger function of the PPG during operation.
bit4 Software retrigger When thebit isset to" 0", the software retrigger function is "disabled".
enable hit When thebit isset to" 1", the software retrigger function is "enabled".
These bits select the operating clock for the 16-bit PPG timer.
bit3 The count clock signal is generated by the prescaler. Refer to "6.12 Operating Explanation of
o CKS2 to CKSO: Prescaler.
. Count clock select bits
bit1 Note:  As the time-base timer (TBT) is halted in sub clock mode, Fepy/2” and Fyy/28 cannot be
selected in this case.
This bit is used to mask the PPG output to a specific level regardless of the mode setting (MDSE:
bit5), period setting (PCSRHO, PCSRLO), and duty setting (PDUTHO, PDUTLO).
PGMS: When thebit isset to" 0", the PPG output mask function is disabled.
bit0 PPG output mask When thebit isset to" 1", the PPG output mask function is enabled. When the PPG output polarity
enable bit setting is set to "normal" (OSEL bit in PCNTLO register = 0), the output is always masked to "L".

When the polarity setting is seto "inverted" (OSEL bit in PCNTLO register = 1), the PPG output is
aways masked to "H".
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W 16-bit PPG Status Control Register, Lower (PCNTLO)

Figure 17.5-6 16-bit PPG Status Control Register, Lower (PCNTLO)

bit7  bit6  bit5  bit4  bit3  bit2 bl bito Initial value

Address

00434 PCNTLO | EGS1 | EGSO| IREN | IRQF | IRS1 | IRSO | POEN| OSEL | 00000000g
RW RW RWRRML)WRW RW RW RMW

[: OSEL Output inversion bit
0 Normal polarity
1 Inverted polarity
POEN Output enable bit
0 General-purpose I/O port
1 PPGO output pin
IRS1 IRSO Interrupt type select bit
0 0 Trigger, software trigger, and
retrigger by TRGO input
0 1 Counter borrow
Rising edge of PPGO output in nomal
1 0 polarity or falling edge of PPGO output

in inverted polarity (Duty match)

Counter borrow, rising edge of PPGO
1 1 output in normal polarity, or falling
edge of PPGO output inriverted polarity

PPG interrupt flag bit

IRQF
Q Read Write
0 No PPG interrupt Clears this bit
. No effect on
1 PPG interrupt generated operation
IREN PPG interrupt request enable flag
0 Disables interrupt request
1 Enables interrupt request

EGSO0 Hardware trigger enable bit0

0 The falling edge of TRGO has no effect on operation

1 The operation is started by the falling edge of TRGO

EGS1 Hardware trigger enable bitl

0 The rising edge of TRGO has no effect on operation

1 The operation is started by the rising edge of TRGO

R/W: Readable/writable (Read value is the same as write value)
R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)
C1: Initial value
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Table 17.5-2 16-bit PPG Status Control Register, Lower (PCNTLO)

Output inversion bit

Bit name Function
EGSL: This bit determines whether to allow or disallow the falling edge of TRGO input to stop operation.
bit7 Hardware trigger When thebit isset to" 0", the faling edge of TRGO has no effect on operation.
enable bitl When thebit isset to" 1", the operation is stopped by the falling edge of TRGO.
EGSO: This bit determines whether to allow or disallow the rising edge of TRGO input to start operation.
bit6 Hardware trigger When thebit isset to" 0", the rising edge of TRGO has no effect on operation.
enable bit0 When thebit isset to" 1", the operation is started by the rising edge of TRGO.
IREN: This bit enables or disables PPG interrupt request to the interrupt controller.
bit5 PPG interrupt request | When the bit isset to" 0", an interrupt request is disabled.
enable bit When thebit isset to" 1", an interrupt request is enabled.
Thisbit is set to "1" when a PPG interrupt occurs.
bit4 IRQF: When thebit isset to" 0", clears the hit.
PPG interrupt flag bit | When the bit isset to" 1", has no effect on operation.
"1" isaways read in read-modify-write (RMW) instruction.
These bits select the interrupt type for the PPG timer.
IRS1 IRSO Type of interrupt
0 0 Trigger by TRGO input, software trigger, or retrigger
bit3 IRS1, IRS0: 0 1 Counter borrow
) Interrupt type select — - - -
bit2 bits 1 0 Rising edge of PPGO output in normal polarity, or falling edge
of PPGO output in inverted polarity
1 1 Counter borrow, rising edge of PPGO output in normal polarity,
or falling edge of PPGO output in inverted polarity
. This bit enables or disables output from the PPGO output pin.
. POEN: o " h
bitl Outout enable bit When thebit isset to " 0", the pin serves as a general-purpose port.
P When thebit isset to" 1", the pin serves as the PPG timer output pin.
This bit selects the polarity of PPGO output pin.
OSEL: When thebit isset to" 0", the PPGO output goesto "H" when "L" is output in the internal start and
bit0 : the 16-bit down-counter value matches the duty setting register value, and goesto "L" when a down-

counter borrow occurs (Normal polarity).
When thebit isset to" 1", the PPGO output is inverted (Inverted polarity).
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17.6 Interrupts of 16-bit PPG Timer

The 16-bit PPG timer can generate interrupt requests in the following cases:

* When atrigger or counter borrow occurs

* When arising edge of PPG is generated in normal polarity

* When afalling edge of PPG is generated in inverted polarity

The interrupt operation is controlled by IRS1 (bit 3) and IRSO (bit2) in the PCNTL register.

B Interrupts of 16-bit PPG Timer
Table 17.6-1 shows interrupt control bits and interrupt sources of the 16-bit PPG timer.

Table 17.6-1 Interrupt Control Bits and Interrupt Sources of 16-bit PPG Timer

ltem Description

Interrupt flag bit PCNTLO:IRQF

Interrupt request enable bit | PCNTLO:IREN

Interrupt type select bits PCNTLO:IRSL, IRSO

PCNTLO:IRSL, IRS0=00g
Hardware trigger by TRGO Pin input of 16-bit down-counter, software trigger and
retrigger

PCNTLO:IRS1, IRS0=01g
Counter borrow of 16-bit down-counter

Interrupt sources PCNTLO:IRSL, IRS0=10g

Rising edge of PPGO output in normal polarity, or falling edge of PPGO output in
inverted polarity

PCNTLO:IRS], IRS0=11g
Counter borrow of 16-bit down-counter, rising edge of PPGO output in normal
polarity, or falling edge of PPGO output in inverted polarity

When IRQF (bit 4) in the 16-hit PPG status control register (PCNTLO) is set to "1" and interrupt requests
are enabled (PCNTLO:IREN: bit 5 = 1) in the 16-bit PPG timer, an interrupt request is generated and
outputted to the controller.

B Registers and Vector Table Related to Interrupts of 16-bit PPG Timer

Table 17.6-2 Registers and Vector Table Related to Interrupts of 16-bit PPG Timer

Interrupt Interrupt Interrupt level setting register Vector table address
source request No. Register Setting bit Upper Lower
ch.0 IRQ15 ILR3 L15 FFDCy FFDD
ch: Channel

Refer to "APPENDIX B Table of Interrupt Causes' for the interrupt request numbers and vector tables of
all periphera functions,
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17.7

Explanation of 16-bit PPG Timer Operations and Setup
Procedure Example

The 16-bit PPG timer can operate in PWM mode or one-shot mode. In addition, a
retrigger function can be used in the 16-bit PPG timer.

B PWM Mode (MDSE of PCNTH Register: bit 5= 0)
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In PWM operation mode, the 16-bit PPG cycle setting buffer register (PCSRHO, PCSRLO) values are
loaded and the 16-bit down-counter starts down-count operation when a software trigger is inputted or a
hardware trigger by TRGO pin input is inputted. When the count value reaches "1", the 16-bit PPG cycle
setting buffer register (PCSRHO, PCSRL0) values are rel oaded to repeat the down-count operation.

The initial state of the PPGO output is "L". When the 16-bit down-counter value matches the value set in
the duty setting registers, the output changes to "H" synchronizing with count clock. The output changes
back to "L" when the "H" was output until the value of duty setting. (The output levels will be reversed if
OSEL issetto"1"))

When the retrigger function is disabled (RTRG = 0), software triggers (STRG = 1) are ignored during the
operation of the down-counter.

When the down-counter is not running, the maximum time between a valid trigger input occurring and the
down-counter starting is as follows.

Software trigger: 1count clock cycle + 2 machine clock cycles

Hardware trigger by TRGO Pin input: 1 count clock cycle + 3 machine clock cycles
The minimum time is as follows.

Software trigger: 2 machine clock cycles

Hardware trigger by TRGO Pin input: 3 machine clock cycles

When the down-counter is running, the maximum time between a valid retrigger input occurring and the
down-counter restarting is as follows.

Software trigger: 1 count clock cycle + 2 machine clock cycles

Hardware trigger by TRGO Pin input: 1 count clock cycle + 3 machine clock cycles
The minimum time is as follows.

Software trigger: 2 machine clock cycles

Hardware trigger by TRGO Pin input: 3 machine clock cycles



CHAPTER 17 16-BIT PPG TIMER

@ Invalidating the retrigger (RTRG of PCNTHO register: bit 4 = 0)

Figure 17.7-1 When Retrigger Is Invalid in PWM Mode
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@ Validating the retrigger (RTRG of PCNTHO register: bit 4 = 1)

Figure 17.7-2 When Retrigger Is Valid in PWM Mode
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B One-shot Mode (MDSE of PCNTHO Register: bit 5 =1)

One-shot operation mode can be used to output a single pulse with a specified width when a valid trigger
input occurs. When retriggering is enabled and a valid trigger is detected during the counter operation, the

down counter valueis rel oaded.

The initial state of the PPG output is"L". When the 16-bit down-counter value matches the value set in the
duty setting registers, the output changes to "H". The output changes back to "L" when the counter reaches

"1". (The output levelswill be reversed if OSEL issetto"1".)

@ Invalidating the retrigger (RTRG of PCNTHO register: bit 4 = 0)

Figure 17.7-3 When Retrigger Is Invalid in One-shot Mode
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@ Validating the retrigger (RTRG of PCNTHO register: bit 4 = 1)

Figure 17.7-4 When Retrigger Is Valid in One-shot Mode
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"Hardware trigger” refers to PPG activation by signal input to the TRGO input pin. When EGS1 and EGSO
are set to "11g" and the hardware trigger is used with TRGO input, PPG starts operation on a rising edge

and halts the operation upon the detection of afalling edge.

Moreover, the PPG timer begins operation of the following rising edge from the beginning.

The operation can be retriggered by avalid TRGO input hardware trigger regardless of the retrigger setting
of the RTRG bit when the TRGO input hardware trigger has been selected.

Figure 17.7-5 Hardware Trigger in PWM Mode
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(2)=m x T ns n : PDUTHO & PDUTLO register value

B Setup Procedure Example

The 16-bit PPG timer is set up in the following procedure:

@ Initial setup

1) Settheinterrupt level (ILR3, ILR4)

2) Enablethe hardware trigger and interrupts, select the interrupt type, and enable output (PCNTL)

3) Select the count clock and the mode, and enable timer operation (PCNTH)
4) Set the cycle (PCSRLO, PCSRHO0)
5) Set the duty (PDUTHO, PDUNTO)
6) Start the PPG by the software trigger (PCNTH:STRG = 1)

@ Interrupt processing

1) Process any interrupt

2) Clear the interrupt request flag (PCNTL:IRQF)
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17.8

Precautions when Using 16-bit PPG Timer

Shown below are the precautions that must be followed when using the 16-bit PPG

timer.

B Precautions when Using 16-bit PPG Timer
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@ Precautions when setting the program

Do not use the retrigger if the same values are set for the cycle and duty. If used, the PPG output will go to
the "L" level for one count clock cycle after the retrigger, and then go back to the "H" level when normal
polarity has been selected.

If the microcontroller enters a standby mode, the TRGO pin setting may change and cause the device to

malfunction. Therefore, disable the timer enable bit (PCNTHO:CNTE = 0) or disable the hardware trigger
enable bit (PCNTLO:EGS1, EGS0 = 00g).

When the cycle and duty are set to the same value, an interrupt is generated only once by duty match.
Moreover, if the duty is set to a value greater than the value of the period, no interrupt will be generated by
duty match.

Do not disable the timer enable bit (PCNTHO: CNTE = 0) and software trigger (PCNTHO: STRG =1) at the
same time when retrigger by the software is enabled (PCNTHO: RTRG =1) and the retrigger is selected as
an interrupt type (PCNTLO: IRS1, IRSO = 00g) during count operation. If it occurs, interrupt flag bit may
set by retrigger although timer stops.
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17.9 Sample Programs for 16-bit PPG Timer

We provide sample programs that can be used to operate the 16-bit PPG timer.

B Sample Programs for 16-bit PPG Timer
For information about the sample programs for the 16-bit PPG timer, refer to "Il Sample Programs' in
Preface.

B Setup Methods without Sample Program

@ How to set the PPG operation mode

The operation mode select bit (PCNTHO:MDSE) is used.

Operation mode Operation mode select bit (MDSE)
PWM mode Set the bit to "0"
One-shot mode Set the bit to "1"

@ How to select the operating clock

The operating clock select bits (PCNTHO:CK S2/CK S1/CK S0) are used to select the clock.

@ How to enable/disable the PPG output pin
The output enable bit (PCNTLO:POEN) is used.

What to be controlled Output enable bit (POEN)
When enabling PPG output Set the bit to "1"
When disabling PPG output Set the bit to "0"

@ How to enable/disable PPG operation

The timer enable bit (PCNTHO:CNTE) is used.

What to be controlled Timer enable bit (CNTE)
When disabling PPG operation Set the bit to " 0"
When enabling PPG operation Set the bit to "1"

Enable PPG operation before starting the PPG.
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@ How to start PPG operation by software
The software trigger bit (PCNTHO:STRG) is used.

What to be controlled Software trigger bit (STRG)

When starting PPG operation by software Set the bit to "1"

@ How to enable/disable the retrigger function of the software trigger

Theretrigger enable bit (PCNTHO:RTRG) is used.

What to be controlled Retrigger enable bit (RTRG)
When enabling retrigger function Set the bitto "1"
When disabling retrigger function Set the bit to "0"

@ How to start/stop operation on a rising edge of trigger input

The hardware trigger enable bit (PCNTLO:EGS0) is used.

What to be controlled Hardware trigger enable bit (EGSO0)
When starting operation on rising edge Set the bit to "1"
When stopping operation on rising edge Set the bit to "0"

@ How to start/stop operation on a falling edge of trigger input

The hardware trigger enable bit (PCNTLO:EGSL) is used.

What to be controlled Hardware trigger enable bit (EGS1)
When starting operation on falling edge Set the bit to "1"
When stopping operation on falling edge Set the bit to "0"

@ How to invert PPG output

The output inversion bit (PCNTLO:OSEL ) is used.

What to be controlled Output inversion bit (OSEL)

When inverting PPG output Set the bitto "1"
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@ How to set the PPG output to the "H" or "L" level

The PPG output mask enable bit (PCNTHO:PGMS) and the output inversion bit (PCNTLO:OSEL) are used.

What to be controlled

PPG output mask enable bit

Output inversion bit (OSEL)

(PGMS)
When setting output to "H" level Set the bitto "1" Set the bit to "1"
When setting output to "L" level Set the bitto "1" Set the bit to "0"

@ How to select the interrupt source

The interrupt select bits (PCNTLO:IRSY/IRS0) are used to select the interrupt source.

Interrupt source

Interrupt select bits (IRS1/IRS0)

Trigger by TRGO input, software trigger,

or retrigger

Set the bitsto "00g"

Counter borrow

Set the bitsto "01g"

PPG output in inverted polarity

Rising edge of PPG output in normal polarity, or falling edge of

Set the bitsto "10g"

Counter borrow, rising edge of PPG output in normal polarity, or
faling edge of PPG output in inverted polarity

Set the bitsto "11p"

@ Interrupt-related registers

Theinterrupt level is set by the level setting registers shown in the following table.

Interrupt source Interrupt level setting register

Interrupt vector

ch.0

Interrupt level register (ILR3)
Address; 0007Cy

#15
Address: OFFDCy,

@ How to enable/disable/clear interrupts

Theinterrupt request enable bit (PCNTLO:IREN) is used to enable interrupts.

What to be controlled

Interrupt request enable bit (IREN)

When disabling interrupt request

Set the bit to "0"

When enabling interrupt request

Set the bitto "1"

Theinterrupt request flag (PCNTLO:IRQF) is used to clear interrupt requests.

What to be controlled

Interrupt request flag (IRQF)

When clearing interrupt request

Write"0" to the bit
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CHAPTER 18

EXTERNAL INTERRUPT
CIRCUIT

This chapter describes the functions and operations of
the external interrupt circuit.

18.1 Overview of External Interrupt Circuit
18.2 Configuration of External Interrupt Circuit
18.3 Channels of External Interrupt Circuit
18.4 Pins of External Interrupt Circuit

18.5 Registers of External Interrupt Circuit
18.6 Interrupts of External Interrupt Circuit

18.7 Explanation of External Interrupt Circuit Operations and Setup
Procedure Example

18.8 Precautions when Using External Interrupt Circuit

18.9 Sample Programs for External Interrupt Circuit
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18.1  Overview of External Interrupt Circuit

The external interrupt circuit detects edges on the signal that is inputted to the external
interrupt pin and generates interrupt requests to the CPU.

B Functions of External Interrupt Circuit

The external interrupt circuit has the functions to detect any edge of a signal that is inputted to an external
interrupt pin and generate an interrupt request to the CPU. This interrupt allows the unit to recover from a
standby mode and return to its normal operation.
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18.2  Configuration of External Interrupt Circuit

The external interrupt circuit consists of the following blocks:
» Edge detection circuit
» External interrupt control register

B Block Diagram of External Interrupt Circuit
Figure 18.2-1 shows the block diagram of the external interrupt circuit.

Figure 18.2-1 Block Diagram of External Interrupt Circuit (Unit0)

Interrupt pin select circuit *

[ein ]

INTOO Edge detection circuit 1 Edge detection circuit 0
N\ o 5 N\ o 5
(8]
[Pin_| L ~o1 2 | ~o1 5
n\PJ?m J Z J Z
NAE: NaAE:

External interrupt
control register | EIR1 | SL11 | SL10 | EIE1 | EIR0O | SL01 | SLOO | EIEQ |<:—:>

(EIC)
[

Internal data bus

Interrupt request O

Interrupt request 1

*: Only for INT 00 pin of unit 0
See "CHAPTER 19 INTERRUPT PIN SELECTION CIRCUIT".

@ Edge detection circuit

When the polarity of the edge detected on a signal inputted to an external interrupt circuit pin (INT)
matches the polarity of the edge selected in the interrupt control register (EIC), the corresponding external
interrupt request flag bit (EIR) isset to "1".

@ External interrupt control register (EIC)

This register is used to select the valid edge, enable or disable interrupt requests, check for interrupt
requests, €tc.
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18.3 Channels of External Interrupt Circuit

This section describes the channels of the external interrupt circuit.

B Channels of External Interrupt Circuit
In MB95130/MB series, each unit has four channels of the external interrupt circuit.

Table 18.3-1 and Table 18.3-2 show the correspondence among the channel, pin and register.

Table 18.3-1 Pins of External Interrupt Circuit

Unit Pin name Pin function
INTOO Externa interrupt input ch.0
0 INTO1 External interrupt input ch.1
1 INTO2 Externa interrupt input ch.2
INTO3 Externa interrupt input ch.3
2 INTO4 Externa interrupt input ch.4
INTO5 External interrupt input ch.5
INTO6 Externa interrupt input ch.6
3 INTO7 External interrupt input ch.7

Table 18.3-2 Registers of External Interrupt Circuit

Unit Register name Corresponding register (Name in this manual)
0 EIC00
1 EIC10 .
EIC: External Interrupt Control register
2 EIC20
3 EIC30

The following sections only describe the unit 0 side of the external interrupt circuit.
The other units are the same as the unit 0 side of the external interrupt circuit.
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18.4  Pins of External Interrupt Circuit

This section shows the pins related to the external interrupt circuit and the block
diagram of such pins.

B Pins Related to External Interrupt Circuit
The pinsrelated to the external interrupt circuit are the INTOO to INTO7 pins.

@ INTOO to INTO7 pins

These pins serve both as external interrupt inputs and as general -purpose /O ports.

INTOOto INTO7:  When the corresponding pin of the INTOO to INTO7 pinsis set as an input port by the
port direction register (DDR) and the corresponding external interrupt input is enabled
by the external interrupt control register (EIC), that pin functions as an external
interrupt input pin (INTOO = INTQ7).

The state of pins can be read from the port data register (PDR) whenever input port is
set as a pin function. However, the value of PDR is read when read-modify-write
(RMW) instruction is used.

B Block Diagram of Pins Related to External Interrupt Circuit

Figure 18.4-1 Block Diagram of Pins (INTOO to INTO7) Related to External Interrupt Circuit

Peripheral function input

Peripheral function input enable :
|

Hysteresis

\/\ 0
1 7
N X @.
PDR read 1 Automotive
or | o]
PDR write ¢
In bit operation instruction
. >
21
© \\‘
£
2 DDR read
DDR \
DDR write
Stop, Watch (SPL=1)
1
RN
ILSR2 read
ILSR2
ILSR2 write
NZan
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18.5 Registers of External Interrupt Circuit

This section describes the registers of the external interrupt circuit.

B List of Registers of External Interrupt Circuit

Figure 18.5-1 shows the registers of the external interrupt circuit.

Figure 18.5-1 Registers of External Interrupt Circuit

Initial value
00000000g

Initial value
00000000g

Initial value
00000000g

Initial value
00000000g

External interrupt control register (EIC)
Address bit7 bit6  bit5  bit4  bit3  bit2  bitl  bit0
0048y, EICOO‘ EIR1 | sL11 ‘ SL10 ‘ EIEL | EIRO | SLOL ‘ SLOO ‘ EIEO |
RRMDW RW RW  RW RRMDW RW  RW  RW
Address bit7  bit6  bit5  bit4  bit3  bitz2  bitl  bit0
00494 E|010‘ EIRL | SL11 ‘ SL10 ‘ EIEL | EIRO | SLO1 ‘ SL0O ‘ EIEO |
RRMDW RW  RW  RW RRMDW RW  RW  RW
Address bit7  bit6  bit5  bit4  bit3  bitz2  bitl  bit0
004Ay EICZO‘ EIRL | SL11 ‘ SL10 ‘ EIEl | EIRO | SLOL ‘ SL0O ‘ EIEO |
RRMDW RW RW RW RRMDW RW  RW  RW
Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
004By, E|C30‘ EIRL | SL11 ‘ SL10 ‘ EIEL | EIRO | SLO1 ‘ SL0O ‘ EIEO |
RRMDW RW  RW  RW RRMDW RW  RW  RW
R/W: Readable/writable (Read value is the same as write value)
R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)
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18.5.1 External Interrupt Control Register (EIC00)

The external interrupt control register (EIC00) is used to select the edge polarity for the
external interrupt input and control interrupts.

B External Interrupt Control Register (EIC00)

Figure 18.5-2 External Interrupt Control Register (EIC00)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0048+ EICO0
00494 Elcio | EIR1 | SL11| SL10 | EIE1 | EIRO | SLO1 | SLOO | EIEO 000000008
004AH EIC20

004Bx EIC30 R(RM1),W R/W RW R/W REBM1H)W RW R/W R/W

|—> EIEO Interrupt request enable bit O
0 Disables output of interrupt request
1 Enables output of interrupt request
» SLO1 | SLOO Edge polarity select bits 0

0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

EIRO External interrupt request flag bit 0

Read Write

0 Specified edge not inputted Clears this bit
1 Specified edge inputted No change, no effect on others

EIE1 Interrupt request enable bit 1
0 Disables output of interrupt request
1 Enables output of interrupt request

» SL11 | SL10 Edge polarity select bits 1

0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

EIR1 External interrupt request flag bit 1

Read Write
0 Specified edge not inputted Clears this bit
1 Specified edge inputted No change, no effect on others
R/W : Readable/writable (Read value is the same as write value)

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)

1] : Initial value

293



CHAPTER 18 EXTERNAL INTERRUPT CIRCUIT

Table 18.5-1 Functional Description of Each Bit of External Interrupt Control Register (EIC00)

Bit name Function
Thisflagissetto"1" when the edge selected by the edge polarity select bits (SL11, SL10) isinputted
EIRL: to the external interrupt pin INTO1.
bit7 External interrupt » When this bit and the interrupt request enable bit 1 (EIEL) are set to "1", an interrupt request is
request flag bit 1 outpuited.
€ 9 « Writing "0" clears the bit. Writing "1" has no effect.
» "1" isread in read-modify-write (RMW) instructions.
These bits select the polarity of the interrupt source edge of the pulse inputted to the external
] SL11, SL10: interrupt pin INTO1.
b'.tﬁ‘ Edge polarity select + Edge detection is not performed and no interrupt is generated when these bits are set to "00g".
bits bits 1 * Rising edges are detected when these bits are "01g", falling edges when "10g", and both edges
when "11g".
This bit is used to enable and disable output of interrupt requests to the interrupt controller. When
EIEL: this bit and the external interrupt request flag bit 1 (EIR1) are "1", an interrupt request is outputted.
) ) « When using an external interrupt pin, write "0" to the corresponding bit in the port direction
bit4 Interrupt request . . .
enable bit 1 register (DDR) tosetthepln asanlr_lput. _ _
« The status of the external interrupt pin can be read directly from the port data register, regardless of
the status of the interrupt request enable bit.
Thisflagissetto"1" when the edge selected by the edge polarity select bits (SL01, SL0O) isinputted
EIRO: to the external interrupt pin INTOO.
bit3 External interrupt » When this bit and the interrupt request enable bit 0 (EIEQ) are set to "1", an interrupt request is
request flag bit 0 outpuitted.
* Writing "0" clears the bit. Writing "1" has no effect.
e "1" isread in read-modify-write (RMW) instructions.
These bits are used to select the polarity of the interrupt source edge of the pulse inputted to the
. SL01, SLOo: external interrupt pin INTOO.
b|_t2, Edge polarity select + Edge detection is not performed and no interrupt request is generated when these bits are "00g".
bitl bits 0 * Rising edges are detected when the bits are "01g", falling edges when "10g", and both edges when
"11g".
This bit enables or disables the output of interrupt requests to the interrupt controller. An interrupt
. reguest is outputted when this bit and the external interrupt request flag bit 0 (EIRO) are "1".
EIEO: . . - e A o
. * When using an external interrupt pin, write "0" to the corresponding bit in the port direction
bit0 Interrupt request . . .
enable bit 0 register (DDR) to set the pin as an input.

« The status of the external interrupt pin can be read directly from the port data register (PFR),
regardless of the status of the interrupt request enable bit.
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18.6 Interrupts of External Interrupt Circuit

The interrupt sources for the external interrupt circuit include detection of the specified
edge of the signal inputted to an external interrupt pin.

B Interrupt During Operation of External Interrupt Circuit
When the specified edge of external interrupt input is detected, the corresponding external interrupt request
flag bit (EIC: EIRO, EIR1) is set to "1". In this case, an interrupt request will be generated to the interrupt
controller, if the corresponding interrupt request enable hit is enabled (EIC: EIEO, EIE1=1). Write "0" to
the corresponding external interrupt request flag big to clear the interrupt request in the interrupt process
routine.

B Registers and Vector Table Related to Interrupts of External Interrupt Circuit

Table 18.6-1 Registers and Vector Table Related to Interrupts of External Interrupt Circuit

Interrupt Interrupt Interrupt level setting register Vector table address
source request No. Register Setting bit Upper Lower
ch.0
IRQO ILRO LOO FFFAL FFFBy
ch.4
ch.1
IRQ1 ILRO LO1 FFF84 FFFO4
ch.5
ch.2
IRQ2 ILRO LO2 FFF6 FFF7y
ch.6
ch.3
IRQ3 ILRO LO3 FFF4 FFF5y
ch.7
ch. : Channel

Refer to "APPENDIX B Table of Interrupt Causes' for the interrupt request numbers and vector tables of
all periphera functions.
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18.7 Explanation of External Interrupt Circuit Operations and
Setup Procedure Example

This section describes the operation of the external interrupt circuit.

B Operation of External Interrupt Circuit
When the polarity of an edge of a signa inputted from one of the external interrupt pins (INTOO, INTO1)
matches the polarity of the edge selected by the external interrupt control register (EIC: SL0O, SLO1, SL10,
SL11), the corresponding external interrupt request flag bit (EIC: EIRO, EIR1) isset to "1" and the interrupt
reguest is generated.
Always set the interrupt enable bit to "0" when not using an external interrupt to recover from a standby
mode.

When setting the edge polarity select bit (SL), set the interrupt request enable bit (EIE) to "0" to prevent the
interrupt request from being generated accidentally. Also clear the interrupt request flag bit (EIR) to "0"
after changing the edge polarity.

Figure 18.7-1 shows the operation for setting the INTOO pin as an external interrupt input.

Figure 18.7-1 Operation of External Interrupt

Input waveform
to INTOO pin | I | I | ‘I‘
Cleared by | Interrupt request flag bit cleared
program by program
EIRO bit I I
EIEO bit | |__| |_| | |
SLO1 bit ' |
SLOO bit
RQ M MM
No edge Rising edge Falling edge Both edges
detection
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B Setup Procedure Example
The external interrupt circuit is set up in the following procedure:

@ Initial setup

1) Settheinterrupt level. (ILRO)
2) Select the edge polarity. (EIC:SL01, SL00)
3) Enableinterrupt requests. (EIC:EIEO = 1)

@ Interrupt processing

1) Clear theinterrupt request flag. (EIC:EIRO = 0)
2) Process any interrupt.

Note:

The external interrupt input is also used as an I/O port. Therefore, when it is used as the external
interrupt input, the corresponding bit in the port direction register (DDR) must be set to "0" (input).
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18.8  Precautions when Using External Interrupt Circuit

This section describes the precautions that must be followed when using the external
interrupt circuit.

B Precautions when Using External Interrupt Circuit

« Set the interrupt request enable bit (EIE) to "0" (disabling interrupt requests) when setting the edge
polarity select bit (SL). Also clear the external interrupt request flag bit (EIR) to "0" after setting the
edge polarity.

e The operation cannot recover from the interrupt processing routine if the external interrupt request flag
bit is"1" and the interrupt request enable bit is enabled. Always clear the external interrupt request flag
bit in the interrupt processing routine.
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18.9 Sample Programs for External Interrupt Circuit

We provide sample programs that can be used to operate the external interrupt circuit.

B Sample Programs for External Interrupt Circuit

For information about the sample programs for the external interrupt circuit, refer to "Il Sample Programs”
in Preface.

B Setup Methods without Sample Program

@ Detection levels and setup methods

Four detection levels are available: no edge detection, rising edge, falling edge, both edges
The detection level bits (EIC: SLO1, SL0O0 or EIC: SL11, SL10) are used.

Operation mode Detection level bits (SL01,SL00)
No edge detection Select "00g"
Detecting rising edges Select "01g"
Detecting falling edges Select "10g"
Detecting both edges Select "115"

@ How to use the external interrupt pin

Set the corresponding data direction register (DDRO) to "0".

Operation Direction bit (P00 to P07) Setting
Using INTOO pin for external interrupt DDRO: POO Set the register to "0"
Using INTO1 pin for external interrupt DDRO: PO1 Set the register to "0"
Using INTO2 pin for external interrupt DDRO: P02 Set the register to "0"
Using INTO3 pin for external interrupt DDRO: P03 Set the register to "0"
Using INTO04 pin for external interrupt DDRO: P04 Set the register to "0"
Using INTOS5 pin for external interrupt DDRO: P05 Set the register to "0"
Using INTO6 pin for external interrupt DDRO: P06 Set the register to "0"
Using INTO7 pin for external interrupt DDRO: PO7 Set the register to "0"
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@ Interrupt-related registers

Theinterrupt level is set by the interrupt level setting registers shown in the following table.

Channel Interrupt level setting register Interrupt vector
ho Interrupt level register (ILRO) #0
cn. Address: 00079, Address: OFFFA
hi Interrupt level register (ILRO) #1
cn- Address: 00079y Address: OFFF8,
h.2 Interrupt level register (ILRO) #2
en- Address; 00079 Address: OFFF6
h3 Interrupt level register (ILRO) #3
cn- Address: 00079, Address: OFFF4,,
ha Interrupt level register (ILRO) #0
cn. Address: 00079, Address; OFFFA
h5 Interrupt level register (ILRO) #1
cn. Address: 00079, Address: OFFF8,
h6 Interrupt level register (ILRO) #2
cn. Address: 00079, Address: OFFF6,
h7 Interrupt level register (ILRO) #3
cn- Address: 00079, Address: OFFF4,,

@ How to enable/disable/clear interrupts

Interrupts are enabled by the interrupt enable bit (EICOO: EIEO or EIE1).

What to be controlled

Interrupt enable bit (EIEO or EIE1)

When disabling interrupt request

Set the bit to "0"

When enabling interrupt request

Set the bitto "1"

Interrupt requests are cleared by the interrupt request bit (EIC00: EIRO or EIR1).

What to be controlled

Interrupt request bit (EIRO or EIR1)

When clearing interrupt request

Write"0"
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This chapter describes the functions and operations of
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19.1  Overview of Interrupt Pin Selection Circuit

The interrupt pin selection circuit selects pins to be used as interrupt input pins from
among various peripheral input pins.

B Interrupt Pin Selection Circuit
The interrupt pin selection circuit is used to select interrupt input pins from amongst various peripheral
inputs (TRGO/ADTG, UCKO, UIO, ECO, SCK, SIN, INT00). The input signal from each periphera
function pin is selected by this circuit and the signal is used as the INTOO (channel 0) input of external
interrupt. This enables the input signals to the peripheral function pins to also serve as external interrupt
pins.
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Configuration of Interrupt Pin Selection Circuit

Figure 19.2-1 shows the block diagram of the interrupt pin selection circuit.

B Block Diagram of Interrupt Pin Selection Circuit

Figure 19.2-1 Block Diagram of Interrupt Pin Selection Circuit

To each peripheral function

A A A 4 A A
External
interrupt
INTo1 circuit P
Pin INTO1
__ Interrupt pin selection circuit__
! 1
INTOO i Selection circuit i
Pin ! : }'E_ ! (—)
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Pin : L ) i !
| i !
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WICR register

WICR register (interrupt pin selection circuit control register)

This register is used to determine which of the available peripheral input pins should be outputted to the
interrupt circuit and which interrupt pins they should serve as.

Selection circuit

This circuit outputs the input from the pin selected by the WICR register to the INTOO input of the
external interrupt circuit (ch.0).
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19.3  Pins of Interrupt Pin Selection Circuit

This section describes the pins of the interrupt pin selection circuit.

B Pins Related to Interrupt Pin Selection Circuit
The peripheral function pins related to the interrupt pin selection circuit are the TRGO/ADTG, UCKO, UIOQ,
ECO, SCK, SIN, and INTOO pins. These inputs (except INTOO) are also connected to their respective
peripheral units in parallel and can be used for both functions simultaneously. Table 19.3-1 lists the
correlation between the peripheral functions and peripheral input pins.

Table 19.3-1 Correlation Between Peripheral Functions and Peripheral Input Pins

Peripheral input pin name Peripheral functions name
INTOO Interrupt pin selection circuit
Interrupt pin selection circuit
TRGO/ ADTG 16-bit PPG timer (trigger input)

8/10-bit A/D converter (trigger input)
Interrupt pin selection circuit

ucKo UART/SIO (clock input/output)

uIo Interrupt pin selection circuit
UART/SIO (datainput)

ECO Interrupt pin selection circuit
8/16-bit compound timer (event input)

SCK Interrupt pin selection circuit
LIN-UART (clock input/output)

SIN Interrupt pin selection circuit

LIN-UART (datainput)
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19.4  Registers of Interrupt Pin Selection Circuit

Figure 19.4-1 shows the registers related to the interrupt pin selection circuit.

B Registers Related to Interrupt Pin Selection Circuit

Figure 19.4-1 Registers Related to Interrupt Pin Selection Circuit

Interrupt pin control selection circuit register (WICR)
Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

OFEFy | - ||NT00| Sl |SCK | ECO | ulo |UCKO|TRGO| 010000005
ROWX RW RW RW RW RW RW RW

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
R/W : Readable/writable (Read value is the same as write value)
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19.4.1 Interrupt Pin Selection Circuit Control Register (WICR)

This register is used to determine which of the available peripheral input pins should be
outputted to the interrupt circuit and which interrupt pins they should serve as.

B Interrupt Pin Selection Circuit Control Register (WICR)

Figure 19.4-2 Interrupt Pin Selection Circuit Control Register (WICR)

Interrupt pin selection circuit control register (WICR)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OFEFH | - |INToo| sI |sck | Eco| uio Jucko|[TRGO| 010000008
ROWX RW RMW RW RW RW RW R/W

TRGO TRGO interrupt pin selection bit
0 | Deselects TRGO as interrupt input pin

1 |Selects TRGO as interrupt input pin

—|UCKO UCKO interrupt pin selection bit
0 |Deselects UCKO as interrupt input pin

1 | Selects UCKO as interrupt input pin

—P UI0 UI0 interrupt pin selection bit
0 | Deselects UIO as interrupt input pin

1 | Selects UIO as interrupt input pin

—— | ECO ECO interrupt pin selection bit
0 |Deselects ECO as interrupt input pin

1 |[Selects ECO as interrupt input pin

L P SCcK SCK interrupt pin selection bit

0 |Deselects SCK as interrupt input pin

1 |[Selects SCK as interrupt input pin

P SI SIN interrupt pin selection bit

0 | Deselects SIN as interrupt input pin

Selects SIN as interrupt input pin

PINTOO INTOO interrupt pin selection bit
0 | Deselects INTOO as interrupt input pin

1 |Selects INTOO as interrupt input pin

R/W  : Readable/writable (Read value is the same as write value)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)

|:| : Initial value
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Table 19.4-1 Functional Description of Each Bit of Interrupt Pin Selection Circuit Control Register (WICR)

select bit

Bit name Function
This bit is undefined.
bit7 Undefined bit * Reading always returns "0".
« Writing has no effect on the operation.
This bit is used to determine whether to select the INTOO pin as an interrupt input pin.
Writing " 0" to the bit deselects the INTOO pin as an interrupt input pin and the circuit treats the
INTOO: INTOO pin input as being fixed at "0".
hit6 IINTOO interrupt pin Writing " 1" to the bit selects the INTOO pin as an interrupt input pin and the circuit passes the
select hit INTOO pin input to INTOO (ch.0) of the external interrupt circuit. In this case, the input signal to the
INTOO pin can generate an external interrupt if INTOO (ch.0) operation is enabled in the external
interrupt circuit.
This bit is used to determine whether to select the SIN pin as an interrupt input pin.
g Writing " 0" to the bit deselects the SIN pin as an interrupt input pin and the circuit treats the SIN
. N . pininput as being fixed at "0".
bit5 SiItN Interrupt pin sefect Writing " 1" to the bit selectsthe SIN pin as an interrupt input pin and the circuit passes the SIN pin
input to INTQO (ch.0) of the external interrupt circuit. In this case, the input signal to the SIN pin can
generate an external interrupt if INTOO (ch.0) operation is enabled in the external interrupt circuit.
This bit is used to determine whether to select the SCK pin as an interrupt input pin.
Writing " 0" to the bit deselects the SCK pin as an interrupt input pin and the circuit treats the SCK
SCK: pininput as being fixed at "0".
bit4 SCK interrupt pin Writing " 1" to the bit selects the SCK pin as an interrupt input pin and the circuit passes the SCK
select bit pininput to INTOO (ch.0) of the external interrupt circuit. In this case, the input signal to the SCK pin
can generate an external interrupt if INTOO (ch.0) operation is enabled in the external interrupt
circuit.
This bit is used to determine whether to select the ECO pin as an interrupt input pin.
ECO: Writing " 0" to the bit deselects the ECO pin as an interrupt input pin and the circuit treats the ECO
) " . pininput as being fixed at "0".
bit3 ECO interrupt pin T . . . . . o .
select bit ertlng 1" tothebit selectsthe ECQ pinasan mt_errupt mput pin anq theci _rcwt passesthe EC_:O pin
input to INTQO (ch.0) of the external interrupt circuit. In this case, the input signal to the ECO pin can
generate an external interrupt if INTOO (ch.0) operation is enabled in the external interrupt circuit.
This bit is used to determine whether to select the UI0 pin as an interrupt input pin.
ulo: Writing " O"bto th? b;tdd@el ects the U10 pin as an interrupt input pin and the circuit treats the UI0
. . . pin input as being fixed at "0".
bit2 [L)JIItO nterrupt pin select Writing " 1" to the bit selectsthe UIO pin as an interrupt input pin and the circuit passesthe UIO pin
input to INTQO (ch.0) of the external interrupt circuit. In this case, the input signal to the UI0 pin can
generate an external interrupt if INTOO (ch.0) operation is enabled in the external interrupt circuit.
This bit is used to determine whether to select the UCKO pin as an interrupt input pin.
Writing " 0" to the bit deselects the UCKO pin as an interrupt input pin and the circuit treats the
UCKO: UCKO pininput as being fixed at "0".
bitl UCKO interrupt pin Writing " 1" to the bit selects the UCKO pin as an interrupt input pin and the circuit passes the
select bit UCKO pininput to INTOO (ch.0) of the external interrupt circuit. In this case, the input signal to the
UCKO pin can generate an external interrupt if INTOO (ch.0) operation is enabled in the external
interrupt circuit.
This bit is used to determine whether to select the TRGO pin as an interrupt input pin.
Writing " 0" to the bit deselects the TRGO pin as an interrupt input pin and the circuit treats the
TRGO: TRGO pin input as being fixed at "0".
bit0 TRGO interrupt pin Writing" 1" to the bit selects the TRGO pin as an interrupt input pin and the circuit passes the SCK

pininput to INTOO (ch.0) of the external interrupt circuit. In this case, the input signal to the SCK pin
can generate an external interrupt if INTOO (ch.0) operation is enabled in the external interrupt
circuit.
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When these bits are set to "1" and the operation of INTQOO (ch.0) of the external interrupt circuit is enabled in MCU
standby mode, the selected pins are enabled to perform input operation. The MCU wakes up from the standby mode
when a valid edge pulse is inputted to the pins. For information about the standby modes, refer to 6.8 Operations in
Low-power Consumption Modes (Standby Modes)".

Note:

The input signals to the peripheral pins do not generate an external interrupt even when "1" is written
to these bits if the INTOO (ch.0) of the external interrupt circuit is disabled.

Do not modify the values of these bits while the INTOO (ch.0) of the external interrupt circuit is

enabled. If modified, the external interrupt circuit may detect a valid edge, depending on the pin input
level.

If more than one interrupt pin are selected in WICR (interrupt pin selection circuit control register)
simultaneously and the operation of INTOO (ch.0) of the external interrupt circuit is enabled (the
values other than "00g" are set to SLO1, SLOO bits in EICOO register of external interrupt circuit.), the

selected pins will remain enabled to perform input so as to accept interrupts even in a standby mode.
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Operating Description of Interrupt Pin Selection Circuit

The interrupt pins are selected by setting WICR (interrupt pin selection circuit control

register).

B Operation of Interrupt Pin Selection Circuit

The WICR (interrupt pin selection circuit control register) setting is used to select the input pins to be
inputted to INTOO of the external interrupt circuit (ch.0). Shown below is the setup procedure for the
interrupt pin selection circuit and external interrupt circuit (ch.0), which must be followed when selecting
the TRGO pin as an interrupt pin.

1) Write"0" to the corresponding bit in the port direction register (DDR) to set the pin as an input.

2) Select the TRGO pin as an interrupt input pin in WICR (interrupt pin selection circuit control register)
(Write "01y" to the WICR register. At this point, after writing "0" in the EIEO bit of the EICOO register
of the external interrupt circuit, the operation of the external interrupt circuit is disabled).

3) Enable the operation of INTOO of the external interrupt circuit (ch.0).

(Set the SL01 and SL OO bits of the EICOO register to any value other than "00g" in the external interrupt
circuit to select the valid edge. Also write "1" to the EIEQ bit to enable interrupts).

4) The subsequent interrupt operation is the same as for the external interrupt circuit.

* When areset is released, WICR (interrupt pin selection circuit control register) is initialized to "404"
and the INTOO bit is selected as the only available interrupt pin. Update the value of this register before
enabling the operation of the external interrupt circuit, when using any pins other than the INTOO pin as
external interrupt pins.

Note:

If more than one interrupt pin are selected in WICR (interrupt pin selection circuit control register)
simultaneously, an input to INTOO (ch.0) of the external interrupt circuit is treated as "H" if any of the
selected input signals is "H". (It becomes "OR" of the signals inputted to the selected pins.)
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19.6

Precautions when Using Interrupt Pin Selection Circuit

This section explains the precautions to be taken when using the interrupt pin selection

circuit.

310

If more than one interrupt pin are selected in WICR (interrupt pin selection circuit control register)
simultaneously and the operation of INTOO (ch.0) of the external interrupt circuit is enabled (Set the
SLO1 and SLOO bits of the EICOO register to any value other than "00g" in the external interrupt circuit
to select the valid edge. Also write "1" to the EIEO bit to enable interrupts), the selected pins will remain
enabled to perform input so as to accept interrupts even in a standby mode.

If more than one interrupt pin are selected in WICR (interrupt pin selection circuit control register)
simultaneously, an input to INTOO (ch.0) of the external interrupt circuit is treated as "H" if any of the
selected input signalsis"H" (It becomes"OR" of the signalsinputted to the selected pins).
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20.1 Overview of UART/SIO

The UART/SIO is a general-purpose serial data communication interface. Serial data
transfers of variable-length data can be made with a synchronous or asynchronous
clock. The transfer format is NRZ. The transfer rate can be set with the dedicated baud
rate generator or external clock (in clock synchronous mode).

B Functions

of UART/SIO

The UART/SIO is capable of serial data transmission/reception (serial input/output) to and from another
CPU or peripheral device.

Equipped with afull-duplex double buffer that allows 2-way full-duplex communication.
The synchronous or asynchronous transfer mode can be selected.
The optimum baud rate can be selected with the dedicated baud rate generator.

The data length is variable; it can be set to 5 bit to 8 bit when no parity is used or to 6 bit to 9 bit when
parity isused. (Refer to Table 20.1-1.)

The serial data direction (endian) can be selected.
The datatransfer format is NRZ (Non-Return-to-Zero).

Two operation modes (operation modes 0 and 1) are available.
Operation mode 0 operates as asynchronous clock mode (UART).
Operation mode 1 operates as clock synchronous mode (SIO).

Table 20.1-1 UART/SIO Operation Modes

Data length i ati
Operation mode Synchroglzatlon Length of stop bit
No parity With parity mode
5 6
6 7 . .
0 > 8 Asynchronous 1 bit or 2 bits
8 9
5 -
6 -
1 5 Synchronous -
8 -
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20.2  Configuration of UART/SIO

The UART/SIO consists of the following blocks:

* UART/SIO serial mode control register 1 (SMC10)
» UART/SIO serial mode control register 2 (SMC20)
* UART/SIO serial status register (SSRO0)

* UART/SIO serial input data register (RDRO)

* UART/SIO serial output data register (TDRO)

B Block Diagram of UART/SIO

Figure 20.2-1 Block Diagram of UART/SIO
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@ UART/SIO serial mode control register 1 (SMC10)

This register controls UART/SIO operation mode. It is used to set the serial data direction (endian), parity
and its polarity, stop bit length, operation mode (synchronous/asynchronous), data length, and serial clock.

@ UART/SIO serial mode control register 2 (SMC20)

This register controls UART/SIO operation mode. It is used to enable/disable serial clock output, serial data
output, transmission/reception, and interrupts and to clear the reception error flag.

@ UART/SIO serial status register (SSRO0)

This register indicates the transmission/reception status and error status of UART/SIO.

@ UART/SIO serial input data register (RDRO)

This register holds the receive data. The serial input is converted and then stored in this register.

@ UART/SIO serial output data register (TDRO)

Thisregister sets the transmit data. Data written to this register is serial-converted and then outputted.

B Input Clock

The UART/SIO uses the output clock (internal clock) from the dedicated baud rate generator or the input
signal (externa clock) from the UCKO pin asitsinput clock (seria clock).

314



CHAPTER 20 UART/SIO

20.3 Channels of UART/SIO

This section describes the channels of UART/SIO.

B Channels of UART/SIO
MB95130/MB series contains 1 channel of UART/SIO. Table 20.3-1 and Table 20.3-2 shows the
correspondence the channel, pin, and register.

Table 20.3-1 Pins of UART/SIO

Channel Pin name Pin function
UCKO Clock input/output
0 uoo0 Data output
ulo Datainput

Table 20.3-2 Registers of UART/SIO

Channel Register name Corresponding register (Name in this manual)
SMC10 UART/SIO serial mode control register 1
SMC20 UART/SIO serial mode control register 2
0 SSRO UART/SIO seria status register
TDRO UART/SIO serial output data register
RDRO UART/SIO seria input data register
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20.4 Pins of UART/SIO

This section describes the pins related to the UART/SIO.

B Pins Related to UART/SIO
The pins associated with UART/SIO are the clock input and output pin (UCKO), serial data output pin
(UO0) and seria datainput pin (UI0).
UCKaO:

Clock input/output pin for UART/SIO.

When the clock output is enabled (SMC20:SCKE=1), it serves asa UART/SIO clock output pin (UCKO)
regardless of the vaue of the corresponding port direction register. At thistime, do not select the external
clock (set SMC10:CKS=0).

When it is to be used as a UART/SIO clock input pin, disable the clock output (SMC20:SCKE = 0) and
make sure that it is set as input port by the corresponding port direction register. At this time, be sure to
select the external clock (set SMC10:CKS = 0).

UOO0:
Serial data output pin for UART/SIO. When the serial data output is enabled (SMC20:TXOE = 1), it

serves as a UART/SIO seria data output pin (UOO) regardiess of the value of the corresponding port
direction register.

ulo:

Seria data input pin for UART/SIO. When it is to be used as a UART/SIO seria data input pin, make
sure that it is set asinput port by the corresponding port direction register.
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B Block Diagram of Pins Related to UART/SIO

Figure 20.4-1 Block Diagram of Pins Related to UART/SIO (U10, UOO, UCKO)
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20.5 Registers of UART/SIO

The registers related to UART/SIO are UART/SIO serial mode control register 1 (SMC10),
UART/SIO serial mode control register 2 (SMC20), UART/SIO serial status register
(SSRO0), UART/SIO serial output data register (TDRO0), and UART/SIO serial input data
register (RDRO).

B Registers Related to UART/SIO

Figure 20.5-1 Registers Related to UART/SIO

UART/SIO serial mode control register 1 (SMC10)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
0056, SMC10 | BDS | PEN | TDP | SBL |CBL1 | CBLO| CKS | MD | 000000005
RW RW RW RW RW RW RW RW

UART/SIO serial mode control register 2 (SMC20)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
0057 SMC20 |SCKE | TXOE | RERC| RXE | TXE | RIE | TCIE | TEIE | 001000005
RW RW RW RW RW RW RW R/W

UART/SIO serial status register (SSRO0)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
0058y SSRO | - | - | PER | OVE | FER | RDRF | TCPL | TDRE | 000000015
RO/WX RO/WX R/WX R/WX R/WX R/WX RRML), W R/WX

UART/SIO serial output data register (TDRO)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
0059y TDRO | TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO | 00000000g
RW RW RW RW RW RW RW RW

UART/SIO serial input data register (RDRO)

Address bit7  bit6  bits  bit4  bit3  bit2  bitl  bit0 Initial value

005A, RDRO | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO | 000000005
R/WX R/MWX R/MWX R/WX RMWX R/WX RMWX R/WX

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)

R/W: Readable/writable (Read value is the same as write value)

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)

R/WX: Read only (Readable, writing has no effect on operation)
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20.5.1 UART/SIO Serial Mode Control Register 1 (SMC10)

UART/SIO serial mode control register 1(SMC10) controls the UART/SIO operation
mode. The register is used to set the serial data direction (endian), parity and its

polarity, stop bit length, operation mode (synchronous/asynchronous), data length, and

serial clock.

B UART/SIO Serial Mode Control Register 1 (SMC10)

Figure 20.5-2 UART/SIO Serial Mode Control Register 1 (SMC10)

Add bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

ress

0056H SMC10 BDS | PEN | TDP | SBL |CBL1|CBLO| CKS | MD 000000008
RW RW R/W R/W R/W R/W R/W R/W

|ﬁ MD Operation mode selection bit
0 | Clock asynchronous mode (UART)
Clock synchronous mode (SI0)
CKS Clock selection bit
0 | Dedicated baud rate generator
1 | External clock (cannot be used in clock asynchronous mode)
CBL1|CBLO Character bit length control bits
0 | 0 [ 5bits
0 | 1 [ 6hits
1| 0 | 7bits
1 1 8 bits
SBL Stop bit length control bit
0 | 1-bitlength
1 | 2-bitlength
TDP Parity polarity bit
0 | Even parity
1 | Odd parity
PEN Parity control bit
0 | No parity
1 | With parity
BDS Serial data direction control bit
0 | Transmit/receive data from LSB side sequentially
1 | Transmit/receive data from MSB side sequentially

R/W : Readable/writable (Read value is the same as write value)

[_]: Initial value
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Table 20.5-1 Functional Description of Each Bit of UART/SIO Serial Mode Control Register 1 (SMC10)

Bit name Function
This bit setsthe serial data direction (endian).
BDS: Setting thisbit to" 0": the bit specifies transmission or reception to be performed sequentially
bit7 Seria datadirection starting from the LSB sidein the serial data register.
control hit Setting thishitto" 1": the bit specifies transmission or reception to be performed sequentially
starting from the MSB side in the serial data register.
. This bit enables or disables parity in clock asynchronous mode.
. PEN: : i b ;
bit6 Parity control bit Setting thisbit to " 0" : no parity
y Setting thisbit to " 1" : with parity
TDP: This bit controls even/odd parity.
bit5 Parit- olarity bit Setting this bit to " 0" : specifies even parity
yp y Setting thisbit to " 1" : specifies odd parity
This bit controls the length of the stop bit in clock asynchronous mode.
SBL: Setting thisbit to " 0" : setsthe stop bit length to "1".
bit4 Sto .bit lenath control Setting thisbit to " 1" : setsthe stop bit length to “2".
bit P ) Note:  The setting of thishit isonly valid for transmission operation in clock asynchronous mode.
For receiving operation, reception data register full flag isseto "1" after detecting stop
bit(1-bit) and completing the reception regardless of this bit.
These bits select the character bit length as shown in the following table:
CBL1 | CBLO | Character bit length
bit3 CBL1, CBLO: 0 0 5
1 0 7
1 1 8
» The above setting is valid in both asynchronous and synchronous modes.
This bit selects the external clock or dedicated baud rate generator.
CKS: Setting the bit to " 0" selects the dedicated baud rate generator.
bitl Clock selection bit Setting thebit to" 1" selects the external clock.
Note:  Setting this bit to "1" forcibly disables the output of the UCKO pin.
The external clock cannot be used in clock asynchronous mode (UART).
MD: This bit selects clock asynchronous mode (UART) or clock synchronous mode (SIO).
bit0 Operation mode Setting the bit to " 0" selects clock asynchronous mode (UART).
selection bit Setting the bit to " 1" selects clock synchronous mode (SI10).
Note:

When modifying the UART/SIO serial mode control register 1 (SMC10), do not perform the

modification during data transmission or reception.
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UART/SIO Serial Mode Control Register 2 (SMC20)

UART/SIO serial mode control register 2 (SMC20) controls the UART/SIO operation
mode. The register is used to enable/disable serial clock output, serial data output,
transmission/reception, and interrupts and to clear the reception error flag.

B UART/SIO Serial Mode Control Register 2 (SMC20)

Figure 20.5-3 UART/SIO Serial Mode Control Register 2 (SMC20)

Address

0057H SMC20

bit7  bit6  bit5

bit4 bit3 bit2 bitl bitO Initial value

SCKE|TXOE|RERC

RXE | TXE | RIE | TCIE| TEIE| 001000008

R/W R/W RL/W

R/W R/W R/W R/W R/W

Transmission data register empty interrupt enable bit

Disables transmission data register empty interrupt

Enables transmission data register empty interrupt

Transmission completion interrupt enable bit

Disables transmission completion interrupt

Enables transmission completion interrupt

Reception interrupt enable bit

Disables reception interrupt

Enables reception interrupt

Transmission operation enable bit

Disables transmission operation

Enables transmission operation

Reception operation enable bit

Disables reception operation

Enables reception operation

Reception error flag clear bit

Clears each error flag

No change to this bit, no effect on others

Serial data output enable bit

Disables serial data output (usable as port)

Enables serial data output

Serial clock output enable bit

Disables serial clock output (usable as port)

Enables serial clock output

R/W : Readable/writable (Read value is the same as write value)
R1/W : Readable/writable (Read value is "1")

[ : mnitial value
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Table 20.5-2 Functional Description of Each Bit of UART/SIO Serial Mode Control Register 2 (SMC20)

register empty interrupt
enable bit

Bit name Function
This bit controls the input/output of the serial clock (UCKO) pinin clock synchronous mode.
. Setting the bit to " 0" allows the pin to be used as a general -purpose port.
SCKE: : e wqm
bit7 Serial clock output Setting thebitto" 1 . epa}'bles c!ock output. . . . o o
enable bit Note: Whgn C‘TK.S|s 1", the mternal clock signal is not outputted even with this bit set to "1".
If thishitissetto"1" with SMC10:MD set to "0" (asynchronous mode), the output from
the port will alwaysbe "H".
TXOE: This bit controls the output of the serial data (UOOQ pin).
hit6 Seria data output Setting the bit to " 0" allowsthe pin to be used as a general -purpose port.
enable bit Setting thebit to " 1" enables seria data output.
RERC: Setting thebit to " 0" clearsthe SSRO register error flags (PER, OVE, FER).
bit5 Reception error flag Setting thebit to" 1" clears the reception error flag.
clear bit Reading this bit always returns"1".
Setting the bit to " 0" disables the reception of serial data.
Setting thebit to" 1" enables the reception of serial data.
RXE: If thisbit is set to "0" during reception, the reception operation will be immediately disabled and
bit4 Reception operation initialization will be performed. The data received up to that point will not be transferred to the
enable bit UART/SIO seria input data register.
Note:  Setting this bit to "0" initializes reception operation. It has no effect on the interrupt flags
(PER, OVE, FRE, RDRF).
Setting the bit to " 0" disables the transmission of serial data.
TXE: Setting the bit to " 1" enables the transmission of serial data
hit3 Transmissionoperation | If thisbit is set to "0" during transmission, the transmission operation will be immediately disabled
enable bit and initialization will be performed. The transmission completion flag (TCPL) will be setto 1" and
the transmission data register empty (TDRE) bit will also be setto "1".
RIE: Sett@ng the b?t to" 0" disables recept.ion.interrupt.
bit2 Recéption interrupt Setting t_he l_)lt to"1" enablgsreceptlon mterrupt. _ _ .
enable bit A reception interrupt occurs |mmed|atel_y after either Fhe receive dataregister full (RDRF) bit or an
error flag (PER, OVE, FER, or RDRF) isset to "1" with this bit set to "1" (enabled).
TCIE: Setting the bit to " 0" disablesinterrupts by the transmission completion flag.
bit1 Transmission Setting thebit to" 1" enables interrupts by the transmission completion flag.
completion interrupt A transmission interrupt occursimmediately after the transmission completion flag (TCPL) bit is set
enable bit to "1" with this bit set to "1" (enabled).
TEIE: Setting thebit to " 0" disables interrupts by the transmission data register empty.
bit0 Transmission data Setting thebit to " 1" enables interrupts by the transmission data register empty.

A transmission interrupt occursimmediately after the transmission dataregister empty (TDRE) bit is
set to "1" with this bit set to "1" (enabled).
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UART/SIO Serial Status Register (SSRO)

The UART/SIO serial status register (SSRO0) indicates the transmission/reception status
and error status of the UART/SIO.

B UART/SIO Serial Status Register (SSRO0)

Figure 20.5-4 UART/SIO Serial Status Register (SSRO0)

Address
0058H SSRO

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

PER

OVE| FER |[RDRF|TCPL|TDRE

RO/WX RO/WX R/IWX R/WX R/WX R/WXrrmy,w RWX

Initial value

00000001s

Transmission data register empty flag

Transmit data present

Transmit data absent

Transmission completion flag

Cleared by writing "0"

Serial transmission complete

Reception data register full flag

Receive data absent

Receive data present

Framing error flag

Framing error absent

Framing error present

Overrun error flag

Overrun error absent

Overrun error present

R/W:
RO/WX:

R/WX:

I

Parity error flag

Parity error absent

Parity error present

Readable/writable (Read value is the same as write value)
Undefined bit (Read value is "0", writing has no ef fect on operation)
R(RM1), W: Readable/writable (Read value is different from write value,

"1" is read by read-modify-write (RMW) instruction)

Read only (Readable, writing has no ef fect on operation)

Initial value
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Table 20.5-3 Functional Description of Each Bit of UART/SIO serial status register (SSR0)

register empty flag

Bit name Function
bit7 These bits are undefined.
bité Undefined bit * Reading always returns "0".
 Writing to the bits has no effect on operation.
Thisflag detects a parity error in receive data.
bit5 PER: » Thehit is set when a parity error occurs during reception. Writing "0" to the RERC bit clearsthis
Parity error flag flag.
« If error detection and clearing by RERC occur at the same time, the error flag is set preferentially.
This flag detects an overrun error in receive data.
bitd OVE: » Theflag is set when an overrun error occurs during reception. Writing "0" to the RERC bit clears
Overrun error flag thisflag.
« If error detection and clearing by RERC occur at the same time, the error flag is set preferentially.
Thisflag detects aframing error in receive data.
bit3 FER: « Thehit is set when aframing error occurs during reception. Writing "0" to the RERC hit clearsthis
Framing error flag flag.
« If error detection and clearing by RERC occur at the same time, the error flag is set preferentially.
RDRF: This flag indicates the status of the UART/SIO serial input data register.
bit2 Receive dataregister |+ Thebitisset to"1" when receive datais loaded to the serial input data register.
full flag « Thehit iscleared to "0" when datais read from the seria input data register.
This flag indicates the data transmission status.
« Thehitisset to"1" upon completion of serial transmission. Note, however, that the bit is not set to
TCPL: "1" even upon completion of transmission when the UART/SIO serial output dataregister contains
bitl Transmission data to be transmitted in succession.
completion flag * Writing "0" to this bit clearsits flag.
« If eventsto set and clear the flag occur at the same time, it is set preferentialy.
e Writing "1" to this bit has no effect on operation.
TDRE: Thisflag indicates the status of the UART/SIO serial output data register.
bit0 Transmission data » Thebit isset to "0" when transmit data is written to the serial output register.

« Thehitisset to "1" when datais loaded to the transmission shift register and transmission starts.
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20.5.4 UART/SIO Serial Input Data Register (RDRO)

The UART/SIO serial input data register (RDRO) is used to input (receive) serial data.

B UART/SIO Serial Input Data Register (RDRO)
Figure 20.5-5 shows the bit configuration of the UART/SIO serial input data register.

Figure 20.5-5 UART/SIO Serial Input Data Register (RDRO0)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
005A, RDRO | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO | 000000005
RWX R/WX R/WX R/WX R/WX RMWX R/MWX R/WX

R/WX: Read only (Readable, writing has no effect on operation)

This register stores received data. The seria data signals sent to the seria data input pin (UIO pin) is
converted by the shift register and stored in this register.

When received datais set correctly in this register, the receive data register full (RDRF) bit isset to "1". At
this time, an interrupt occurs if reception interrupt requests have been enabled. If an RDRF bit check by the
program or using an interruption shows that received data is stored in this register, the reading of the
content for this register clears the RDRF flag to "0".

When the character bit length (CBL 1, CBLO) is set to shorter than 8 bits, the excess upper bits (beyond the
set bit length) are set to "0".
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20.5.5 UART/SIO Serial Output Data Register (TDRO)

The UART/SIO serial output data register (TDRO) is used to output (transmit) serial data.

B UART/SIO Serial Output Data Register (TDRO)
Figure 20.5-6 shows the bit configuration of the UART/SIO serial output data register.

Figure 20.5-6 UART/SIO Serial Output Data Register (TDRO)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
0059, TDRO | TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO | 000000005
RW RW RW RW RW RW RW RW

R/W : Readable/writable (Read value is the same as write value)

This register holds data to be transmitted. The register accepts a write when the transmission data register
empty (TDRE) bit contains"1". An attempt to write to the bit is ignored when the bit contains "0".

When this register is updated at writing complete the transmission data and TDRE=0 (without depending
on TXE of the UART/SIO serial mode control register is "1" or "0"), the transmission operation is
initialized by writing "0" to TXE, TDRE becomes "1", and the update of this register becomes possible.
Moreover, when "0" is written in TXE without the starting transmission (when the transmission data is
written in TDRO, and it has not transmitted TXE to "1" yet), TCPL isnot set in "1". The transmission data
is transferred to the shift register for the transmission, it is converted into the serial data, and it is
transmitted from the serial data output pin.

When transmit data is written to the UART/SIO seria output data register (TDRO), the transmission data
register empty bit (TDRE) is set to "0". Upon completion of transfer of transmit data to the transmission
shift register, the transmission data register empty bit (TDRE) is set to "1", alowing the next piece of
transmit data to be written. At this time, an interrupt occurs if transmission data register empty interrupts
have been enabled. Write the next piece of transmit data when transmit data empty occurs or the transmit
data empty (TDRE) bitisset to "1".

When the character bit length (CBL1, CBLO) is set to shorter than 8 bits, the excess upper bits (beyond the
set bit length) are ignored.

Note:

The data in this register cannot be updated when TDRE in UART/SIO serial status data register is
"0".

When this register is updated at writing complete the transmission data and TDRE=0 (without
depending on TXE of the UART/SIO serial mode control register 2 is "1" or "0"), the transmission
operation is initialized by writing "0" to TXE, TDRE becomes "1", and the update of this register
becomes possible.

Moreover, when "0" is written in TXE without the starting transmission (when the transmission data is
written in TDR, and it has not transmitted TXE to "1" yet), TCPL is not set in "1". And, to change
data, please write it after making TDRE "1" once by writing TXE =0.
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Interrupts of UART/SIO

The UART/SIO has six interrupt-related bits: error flag bits (PER, OVE, FER), receive
data register full bit (RDRF), transmission data register empty bit (TDRE), and
transmission completion flag (TCPL).

B Interrupts of UART/SIO

Table 20.6-1 lists the UART/SIO interrupt control bits and interrupt sources.

Table 20.6-1 UART/SIO Interrupt Control Bits and Interrupt Sources

Item Description
]'clnatg;‘tpt request SSRO: TDRE | SSRO:TCPL | SSRO:RDRF | SSRO:PER | SSRO:OVE | SSRO: FER
'er:;lrg‘gi treq”a SMC20: TEIE | SMC20: TCIE | SMC20:RIE | SMC20:RIE | SMC20:RIE | SMC20:RIE
Interrupt source T::gls'fstnelrﬁer%?)tc:/ ata Eg;;r;tﬁsn Receive data full Parity error Overrun error Framing error

B Transmission Interrupt

When transmit data is written to the UART/SIO serial output data register (TDRO), the data is transferred to
the transmission shift register. When the next piece of data can be written, the TDRE bit is set to "1". At
this time, an interrupt reguest to the interrupt controller occurs when transmit data register empty interrupt
enable bit has been enabled (SMC20:TEIE = 1).

The TCPL hit is set to "1" upon completion of transmission of all pieces of transmit data. At this time, an
interrupt request to the interrupt controller occurs when transmission completion interrupt enable bit has
been enabled (SMC20:TCIE = 1).

B Reception Interrupt

If the data is inputted successfully up to the stop bit, the RDRF bit is set to 1. If an overrun, parity, or
framing error occurs, the corresponding error flag bit (PER, OVE, or FER) issetto"1".

These bits are set when a stop hit is detected. If reception interrupt enable bit has been enabled (SMC20:RIE =
1), an interrupt request to the interrupt controller will be generated.

Refer to "CHAPTER 8 INTERRUPTS' for the interrupt request numbers and vector tables of all
peripheral functions.

B Registers and Vector Table Related to UART/SIO Interrupts

Table 20.6-2 Registers and Vector Table Related to UART/SIO Interrupts

Interrupt Interrupt Interrupt level setting register Vector table address
source request No. Register Setting bit Upper Lower
ch.0 IRQ4 ILR1 LO4 FFF24 FFF34
ch. : channel
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20.7  Explanation of UART/SIO Operations and Setup Procedure
Example

The UART/SIO has a serial communication function (operation mode 0, 1).

B Operation of UART/SIO

@ Operation mode

Two operation modes are available in the UART/SIO. Clock synchronous mode (SIO) or clock
asynchronous mode (UART) can be selected (see Table 20.7-1).

Table 20.7-1 Operation Modes of UART/SIO

Data length At
Operation mode Synchroglzatlon Length of stop bit
No parity With parity moade
5 6
6 7 ) .
0 = 3 Asynchronous 1 bit or 2 bits
8 9
5 -
6 -
1 7 Synchronous
8 -

B Setup Procedure Example
The UART/SIO is set up in the following procedure.

@ Initial setup

1) Settheport input. (DDR1)

2) Settheinterrupt level. (ILR1)

3) Set the prescaler. (PSSR0)

4) Set the baud rate. (BRSRO)

5) Select the clock. (SMC10:CKS)

6) Set the operation mode. (SMC10:MD)

7) Enable/disable the serial clock output. (SMC20:SCKE)
8) Enablereception. (SMC20:RXE = 1)

9) Enableinterrupts. (SMC20:RIE = 1)

@ Interrupt processing

Read receive data. (RDRO)
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Operating Description of Operation Mode O

Operation mode 0 operates as clock asynchronous mode (UART).

B Operating Description of UART/SIO Operation Mode 0

Clock asynchronous mode (UART) is selected when the MD bit in the UART/SIO serial mode control
register 1 (SMC10) isset to "0".

@ Baud rate

The serid clock is selected by the CKS hit in the SMC10 register. Be sure to select the dedicated baud rate
generator at thistime.

The baud rate is equivalent to the output clock frequency of the dedicated baud rate generator, divided by
four. The UART can perform communication within the range from -2% to +2% of the selected baud rate.

The baud rate generated by the dedicated baud rate generator is obtained from the eguation illustrated
below. (For information about the dedicated baud rate generator, refer to "CHAPTER 21 UART/SIO

DEDICATED BAUD RATE GENERATOR".)

Figure 20.7-1 Baud Rate Calculation when Using Dedicated Baud Rate Generator

Baud rate value =

Machine clock (MCLK)

UART prescaler selection register (PSSRO0)
Prescaler selection (PSS1, PSS0)

ORrDNPE

2

255

[bps]

UART baud rate setting register (BRSRO0)
Baud rate setting (BRS7 to BRS0)

Table 20.7-2 Sample Asynchronous Transfer Rates Based on Dedicated Baud Rate Generator
(Clock Gear = 4/Fcy, Machine Clock = 10MHz, 16MHz, 16.25MHz)

Dedicated baud rate generator setting Internal o . Baud rate Baud rate Baud rate
Prescaler | Baudratecounter | UART T(cﬁfglsd'xv BRS rxaﬂ? (10MHz /Total | (16Mriz  Total | g B8EEE]

selection PSS[1:0] | setting BRS[7:0] division division ratio) division ratio) ratio)

1 (Setting value: 0,0) 20 4 80 125000 200000 203125

1 (Setting value: 0,0) 22 4 88 113636 181818 184659

1 (Setting value: 0,0) 44 4 176 56818 90909 92330

1 (Setting value: 0,0) 87 4 348 28736 45977 46695

1 (Setting value: 0,0) 130 4 520 19231 30769 31250

2 (Setting value: 0,1) 130 4 1040 9615 15385 15625

4 (Setting value: 1,0) 130 4 2080 4808 7692 7813

8 (Setting value: 1,1) 130 4 4160 2404 3846 3906
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The baud rate in clock asynchronous mode can be set in the following range.

Table 20.7-3 Baud Rate Setting Range in Clock Asynchronous Mode

PSS[1:0]

BRS[7:0]

00g to 115 02, (2) to FFy (255)

@ Transfer data format

UART can treat data only in NRZ (Non-Return-to-Zero) format. Figure 20.7-2 shows the data format.
The character bit length can be selected from among 5 to 8 bits depending on the CBL 1 and CBLO settings.
The stop bit length can be set to 1 or 2 bits depending on the SBL setting.

PEN and TDP can be used to enable/disable parity and to select parity polarity.

As shown in Figure 20.7-2, the transfer data always starts from the start bit ("L" level) and ends with the
stop bit ("H" level) by performing the specified data bit length transfer with MSB first or LSB first ("LSB
first" or "MSB first" can be selected by the BDS bit). It becomes"H" level at theidle state.

Figure 20.7-2 Transfer Data Format

STALOX DX 2 X X o4 s

6-bit and 8-bit data is also the same.

D EDED ED D EOEO LA

Without P

With P

N

> 5-bit data

Without P

With P

ST : Start bit

SP: Stop bit
P : Parity bit

DO to D7: Data. The sequence can be selected from “LSB first" or "MSB first" by the

direction control register (BDS bit)

> 8-bit data
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@ Receiving operation in asynchronous clock mode (UART)

Use UART/SIO seria mode control register 1 (SMC10) to select the seria data direction (endian), parity/
non-parity, parity polarity, stop bit length, character bit length, and clock.

Reception remains performed as long as the reception operation enable bit (RXE) contains"1".

Upon detection of a start bit in receive data with the reception operation enable bit (RXE) set to "1, one
frame of dataisreceived according to the dataformat set in UART/SIO serial control register 1 (SMC10).
When the reception of one frame of data has been completed, the received datais transferred to the UART/
SIO seria input data register (RDRO) and the next frame of serial data can be received.

When the UART/SIO serial input data register (RDRO) stores data, the receive dataregister full (RDRF) bit
issetto"1".

A reception interrupt occurs the moment the receive data register full (RDRF) hit is set to "1" when the
reception interrupt enable bit (RIE) contains"1".

Received data is read from the UART/SIO serial input data register (RDRO) after each error flag (PER,
OVE, FER) inthe UART/SIO serial status register is checked.

When received datais read from the UART/SIO seria input data register (RDRO), the receive data register
full (RDRF) bit iscleared to "0".

Note that modifying UART/SIO serial mode control register 1 (SMC10) during reception may result in
unpredictable operation. If the RXE bit is set to "0" during reception, the reception isimmediately disabled
and initialization will be performed. The data received up to that point will not be transferred to the serial
input data register.

Figure 20.7-3 Receiving Operation in Asynchronous Clock Mode

RXE J

ulo St | DO| D1| D2| D3| D4| D5| D6| D7 SpéSp St | DO| D1| D2
RDRO —|
read

RDRF
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@ Reception error in asynchronous clock mode (UART)

If any of the following three error flags (PER, FER, OVE) has been set, receive data is not transferred to
the UART/SIO serid input data register (RDRO) and the receive data register full (RDRF) bit is not set to

"1" either.
 Parity error (PER)

The parity error (PER) bit is set to "1" if the parity bit in received serial data does not match the parity

polarity bit (TDP) when the parity control bit (PEN) contains"1".
» Framing error (FER)

The framing error (FER) bit is set to "1" if "1" is not detected at the position of the first stop bit in seria
datareceived in the set character bit length (CBL) under parity control (PEN).

Note that the stop bit is not checked if it appears at the second bit or later.
* Overrun error (OVE)

Upon completion of reception of serial data, the overrun error (OVE) bit is set to "1" if the reception of

the next datais performed before the previous receive datais read.
Each flag is set at the position of the first stop bit.

Figure 20.7-4 Setting Timing for Receiving Errors

ulo :X D5 X D6 X D7 X P >< SP ><

PER

OVE
FER |

Reception

interrupt
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@ Start bit detection and confirmation of receive data during reception

The start bit is detected by afalling of the serial input followed by a succession of three "L" levels after the
serial data input is sampled according to the clock (BRCLK) signal provided by the dedicated baud rate
generator with the reception operation enable bit (RXE) set to "1". When the first "H", "L", "L", "L" trainis
detected in aBRCLK sample, therefore, the current bit is regarded as the start bit.

The frequency-quartered circuit is activated upon detection of the start bit and serial data is inputted to the
reception shift register at intervals of four periods of BRCLK.

When data is received, sampling is performed at three points of the baud rate clock (BRCLK) and data
sampling clock (DSCLK) and received data is confirmed on a majority basis when two bits out of three
match.

Figure 20.7-5 Start Bit Detection and Serial Data Input

RXE /

Start bit

Serialdatai(rijr:;;—g\ /< = >< 1 X
R A

Start bit detection

Courter gy 4 X %EX 2 o)

TR A A A A A A AN A MY
k_"(_J

Sampling at three points to determine "0" or "1" on a majority basis
when two bits out of three match

Reception shift register X >< DO X D1 X
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@ Transmission in asynchronous clock mode

Use UART/SIO seria mode control register 1 (SMC10) to select the seria data direction (endian), parity/

non-parity, parity polarity, stop bit length, character bit length, and clock.

Either of the following two procedures can be used to initiate the transmission process:

¢ Set the transmission operation enable bit (TXE) to "1", and then write transmit data to the serial output
dataregister to start transmission.

« Write transmit data to the UART/SIO seria output data register, and then set the transmission operation
enable bit (TXE) to "1" to start transmission.

Transmit data is written to the UART/SIO seria output data register (TDRO) after it is checked that the
transmit data register empty (TDRE) bit set to "1".

When the transmit data is written to the UART/SIO seria output data register (TDRO), the transmit data
register empty (TDRE) bit iscleared to "0".

The transmit datais transferred from the UART/SIO seria output data register (TDRO) to the transmission
shift register, and the transmit data register empty (TDRE) is set to "1".

When the transmission interrupt enable bit (TIE) contains "1", a transmission interrupt occurs if the
transmit data register empty (TDRE) bit is set to "1". This allows the next piece of transmit data to be
written to the UART/SIO seria output data register (TDRO) by interrupt handling.

To detect the completion of serial transmission by transmission interrupt, set the transmission completion
interrupt enable bits as follows: TEIE = 0, TCIE = 1. Upon completion of transmission, the transmission
completion flag (TCPL) is set to "1" and a transmission interrupt occurs.

Both the transmission completion flag (TCPL) and the transmission data register empty flag (TDRE), when
transmitting data consecutively, are set at the position which the transmission of the last bit was completed
(it varies depending on the data length, parity enable, or stop bit length setting), as shown in Figure 20.7-6
below.

Note that modifying UART/SIO serial mode control register 1 (SMC10) during transmission may result in
unpredictable operation.

Figure 20.7-6 Transmission in Asynchronous Clock Mode (UART)

A N\
uoo :>< D5 X D6 X D7 X P >< sp >< sp ><

TCPL

TDRE I | }

\\'// \U
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The TDRE flag is set at the point indicated in the following figure if the preceding piece of transmit data
does not exist in the transmission shift register.

Figure 20.7-7 Setting Timing 1 for Transmit Data Register Empty Flag (TDRE) (When TXE is "1")

nn
TXE

Writing of ﬂ
transmit data

uoo A po X b1t X b2 X b3 X

TDRE \L{
i

Transmission
Interrupt L N

\: Data transfer from UART/SIO serial output data register (TDR) to transmission
i shift register is performed in one machine clock (MCLK) cycle. !

Figure 20.7-8 Setting Timing 2 for Transmit Data Register Empty Flag (TDRE)
(When TXE Is Switched from "0" to "1")

TXE
Writing of H
transmit data
uoo T\ A oo X b1 X b2 X b3 X
f
TDRE J/
Transmission
interrupt

@ Concurrent transmission and reception

In asynchronous clock mode (UART), transmission and reception can be performed independently.
Therefore, transmission and reception can be performed at the same time or even with transmitting and
receiving frames overlapping each other in shifted phases.
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20.7.2

Operating Description of Operation Mode 1

Operation mode 1 operates in synchronous clock mode.

B Operating Description of UART/SIO Operation Mode 1

Setting the MD bit in UART/SIO serial mode control register 1 (SMC10) to "1" selects synchronous clock
mode (SIO).

The character bit length in synchronous clock mode (SIO) is variable between 5 bits and 8 hits.
Note, however, that parity is disabled and no stop bit is used.

The serial clock is selected by the CKS bit in the SMC10 register. Select the dedicated baud rate generator
or external clock. The SIO performs shift operation using the selected serial clock as a shift clock.

To input the external clock signal, set the SCKE bit to "0".

To output the dedicated baud rate generator output as a shift clock signal, set the SCKE bit to "1". The
serial clock signal is obtained by dividing clock by two, which is supplied by the dedicated baud rate
generator. The baud rate in the SIO mode can be set in the following range. (For more information about
the dedicated baud rate generator, also refer to "CHAPTER 21 UART/SIO DEDICATED BAUD RATE
GENERATOR")

Table 20.7-4 Baud Rate Setting Range in SIO Mode

PSS[1:0] BRS[7:0]

014(1) to FF4(255), 00y(256)
(The highest and lowest baud rate settings are 01 and 00, respectively.)

OOB to 118

The baud rate applied when the external clock or dedicated baud rate generator is used is obtained from the
corresponding equation illustrated below.

Figure 20.7-9 Calculating Baud Rate Based on External Clock

1
Baud rate value = [bps]
External clock*

More than 4 machine clock
+—>

*: External clock

<«—>
More than 4 machine clock
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Figure 20.7-10 Baud Rate Calculation Formula for Using Dedicated Baud Rate Generator

Machine clock (MCLK)

Baud rate value = [bps]
1 1
2 x 2 x :
4 256
8
UART prescaler selection register (PSSR0) UART baud rate setting register (BRSRO)
Prescaler selection (PSS1, PSS0) Baud rate setting (BRS7 to BRS0)
@ Serial clock

The serial clock signal is outputted under control of the output for transmit data. When only reception is
performed, therefore, set transmission control (TXE = 1) to write dummy transmit data to the UART/SIO
serial output register. Refer to the data sheet for the UCKO clock value.

@ Reception in UART/SIO operation mode 1

For reception in operation mode 1, each register is used as follows.
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Figure 20.7-11 Registers Used for Reception in Operation Mode 1

SMC10 (UART/SIO serial mode control register 1)

bit7  bit6  bit5  bit4  hbit3  hit2  hitl  hit0
| BDS | PEN | TDP | SBL [ CBL1 [ CBLO [ CKS | MD ]
® x x X ® ® ® 1

SMC20 (UART/SIO serial mode control register 2)

bit7  bit6 bt  bit4  bit3  hbit2  hbitl  bit0
| SCKE | TXOE [ RERC | RXE | TXE | RIE [ TCIE [ TEIE ]
® 0 ® ® ® ® X X

SSRO (UART/SIO serial status register)
bit7  bit6  bit5  bit4  bit3  hit2  bitl  hit0
| - | - [ PER | OVE | FER [ RDRF [ TCPL [ TDRE ]

X X X © X © X X

TDRO (UART/SIO serial output data register)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
| TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO |

X X X X X X X X

RDRO (UART/SIO serial input data register)
bit7 bité bit5 bit4 bit3 bit2 bitl bit0
[ RD7 | RD6 [ RD5 | RD4 [ RD3 [ RD2 | RD1 [ RDO ]
© © © © © © © ©

®:Used bit
x: Unused bit
1: Set "1"

0: Set "0"

The reception depends on whether the serial clock has been set to external or internal clock.
<When external clock is enabled>

When the reception operation enable bit (RXE) contains "1", serial data is received always at the rising
edge of the external clock signal.

<When internal clock is enabled>
The seria clock signal is outputted in accordance with transmission. Therefore, transmission must be
performed even when only performing reception. The following two procedures can be used.

«  Set the transmission operation enable bit (TXE) to "1", then write transmit data to the UART/SIO seria
output data register to generate the serial clock signal and start reception.
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« Write transmit data to the UART/SIO serial output data register, then set the transmission operation
enable bit (TXE) to "1" to generate the serial clock signal and start reception.

When 5-bit to 8-hit serial datais received by the reception shift register, the received data is transferred to
the UART/SIO serial input data register (RDRO) and the next piece of serial data can be received.

When the seria input data register stores data, the receive data register full (RDRF) bitissetto "1".

A reception interrupt occurs the moment the receive data register full (RDRF) hit is set to "1" when the
reception interrupt enable bit (RIE) contains 1",

To read received data, read it from the UART/SIO seria input data register after checking the error flag
(OVE) inthe UART/SIO serial status register.

When received datais read from the UART/SIO seria input data register (RDRO), the receive data register
full (RDRF) hit is cleared to "0".

Figure 20.7-12 8-bit Reception of Synchronous CLK Mode

ulo DO |D1|D2|D3|D4 |D5 (D6 |D7
Read to RDRO |_
RDRF

™

Interrupt to interrupt controller

Operation when reception error occurs

When an overrun error (OVE) exists, received data is not transferred to the UART/SIO serial input data
register (RDRO).
Overrun error (OVE)

Upon completion of reception for serial data, the overrun error (OVE) bit is set to "1" if the receive data
register full (RDRF) bit has been set to "1" by the reception for the preceding piece of data.

Figure 20.7-13 Overrun Error

N I I I I 6 e B N N Nt N

0 [po[p1] ... |p6[D7] [Do[p1] ... |D6|D7] [Do[p1]... [p6|D7|

U

Read to |_|
RDRO

RDRF |

OVE
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@ Transmission in UART/SIO operation mode 1

For transmission in operation mode 1, each register is used as follows.

Figure 20.7-14 Registers Used for Transmission in Operation Mode 1

SMC10 (UART/SIO serial mode control register 1)

SMC20 (UART/SIO serial mode control register 2)

SSRO (UART/SIO serial status register)

TDRO (UART/SIO serial output data register)

RDRO (UART/SIO serial input data register)

o P X

: Used bit

: Unused bit
1 Set "1"

: Set "0"

bit7  bit6  bits  bit4  bit3  bit2  bitl  bit
[BDS | PEN | TDP | SBL | CBL1 | CBLO | CKS | MD |
® x x x ® ® ® 1

bit7  bit6  bits  bit4  bit3  bit2  bitl  bit
[ SCKE [ TXOE [ RERC | RXE | TXE | RIE | TCIE | TEIE |
® 0 @ ® ® ® x x

bit7 bt  bit5  bit4  bit3  hbit2  hbitl  bit0
| - | - [ PER | OVE | FER | RDRF [ TCPL | TDRE ]

X X X © X © X X

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
| TD7 | 7TD6 | TD5 | TD4 | TD3 | TD2 [ TD1 [ TDO |

X X X X X X X X

bit7  bit6 bt  bit4  bit3  hit2  hbitl  hit0
| RD7 | RD6 | RD5 | RD4 | RD3 | RD2 [ RD1 [ RDO ]
® ® ® ® ® ® ® ®
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The following two procedures can be used to initiate the transmission process:

Set the transmission operation enable bit (TXE) to "1", then write transmit data to the UART/SIO serial
output data register to start transmission.

Write transmit data to the UART/SIO serial output data register, then set the transmission operation
enable bit (TXE) to "1" to start transmission.

Transmit data is written to the UART/SIO serial output data register (TDRO) after it is checked that the
transmit data register empty (TDRE) bit isset to "1".

When the transmit data is written to the UART/SIO seria output data register (TDRO), the transmit data
register empty (TDRE) bit iscleared to "0".

When serial transmission is started after transmit data is transferred from the UART/SIO serial output data
register (TDRO) to the transmission shift register, the transmit data register empty (TDRE) bit isset to"1".
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When the use of the external clock signal has been set, serial data transmission starts at the fall of the first
serial clock signal after the transmission processis started.

A transmission completion interrupt occurs the moment the transmit data register empty (TDRE) bit is set
to "1" when the transmission interrupt enable bit (TIE) contains "1". At this time, the next piece of transmit
data can be written to the UART/SIO serial output data register (TDRO). Serial transmission can be
continued with the transmission operation enable bit (TXE) setto "1".

To use a transmission completion interrupt to detect the completion of seria transmission, enable
transmission completion interrupt output this way: TEIE = 0, TCIE = 1. Upon completion of transmission,
the transmission completion flag (TCPL) is set to "1" and a transmission compl etion interrupt occurs.

Figure 20.7-15 8-bit Transmission in Synchronous Clock Mode

Writing |_|
to TDRO

ulo DO| D1| D2| D3| D4| D5| D6| D7
TDRE L]
TCPL
0 . g .
Interrupt After falling of UCKO Interrupt After last 1-bit cycle
to interrupt when external clock to interrupt When internal clock
controller is enabled. controller IS enabled.

@ Concurrent transmission and reception

<When external clock is enabled>
Transmission and reception can be performed independently of each other. Transmission and reception
can therefore be performed at the same time or even when their phases are shifted from each other and
overlapping.

<When internal clock is enabled>
As the transmitting side generates a serial clock, reception isinfluenced.

If transmission stops during reception, the receiving side is suspended. It resumes reception when the
transmitting side is restarted.

» Referto"20.4 Pinsof UART/SIO" for operation with serial clock output and operation with serial clock
input.
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20.8 Sample Programs for UART/SIO

We provide sample programs that can be used to operate UART/SIO.

B Sample Programs for UART/SIO
For information about the sample programs for UART/SIO, refer to "Il Sample Programs' in Preface.
B Setup Methods without Sample Program

@ How to select the operation mode

The operation mode selection bit (SMC10:MD) is used.

Operation mode Operation mode selection (MD)
Mode O | Asynchronous clock mode (UART) Set the bit to "0"
Mode1l |Synchronous clock mode (SIO) Set the bitto "1"

@ Operating clock types and selection method

The clock selection bit (SMC10:CKS) is used.

Clock input Clock selection (CKS)
When selecting dedicated baud rate generator Set the bit to "0"
When selecting external clock Set the bit to "1"

@ How to use the UCKO, UI0, or UOO pin

Thefollowing setting is used.

UART

DDR1:P12=0

When setting UCKO pin as an input SMC20:SCKE = 0

When setting UCKO pin as an output SMC20:SCKE=1
When using UI0 pin DDR1:P10=0
When using UOO pin SMC20:TXOE=1
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@ How to enable/stop UART operation
The reception operation enable bit (SMC20:RXE) is used.

CHAPTER 20 UART/SIO

What is controlled Reception operation enable bit (RXE)
Disabling (stopping) reception Set the bit to "0"
Enabling reception Set the bit to "1"
The transmission operation control bit (SMC20:TXE) is used.
What is controlled Transmission operation control bit (TXE)
Disabling (stopping) transmission Set the bit to " 0"
Enabling transmission Set the bit to "1"

@ How to set parity

The parity control (SMC10:PEN) and parity polarity (SMC10: TDP) bits are used.

Operation Parity control (PEN) Parity polarity (TDP)
When selecting no parity Set the bit to "0" -
When selecting even parity Set the bitto "1" Set the bit to 0"
When selecting odd parity Set the bitto "1" Set the bit to "1"

@ How to set the data length
The datalength selection bit (SMC10:CBL[1:0]) is used.

Operation Data length selection bit (CBL[1:0])
When selecting 5-bit length Specify "00g"
When selecting 6-bit length Specify "01g"
When selecting 7-bit length Specify "10g"
When selecting 8-bit length Specify "11g"

@ How to select the STOP bit length
The STOP bit length control bit (SMC10:SBL) is used.

Operation STOP bit length control (SBL)
When setting STOP bit to 1-bit length Set SBL to "0"
When setting STOP bit to 2-bit length Set SBL to"1"
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@ How to clear error flags

The reception error flag clear bit (SMC20:RERC) is used.

What is controlled Reception error flag clear bit (RERC)

When clearing error flags (PER, OVE, FER) Write"0"

@® How to set the transfer direction

The serial datadirection control bit (SMC10:BDS) is used.
L SB first or MSB first can be selected for the transfer direction in any operation mode.

What is controlled Serial data direction control (BDS)
When selecting L SB first transfer .
(from least significant bit) Setthebit to"0
When selecting M SB first transfer s wam
(from most significant bit) Setthebitto "1
@ How to clear the reception completion flag
The following setup is performed.
What is controlled Method
When clearing reception completion flag Read from RDRO register

When the first read from the RDRO register is performed, reception starts.

@ How to clear the transmission buffer empty flag

The following setup is performed.

What is controlled Method

When clearing transmission buffer empty flag Write to TDRO register

When the first write to TDRO register is performed, transmission starts.

@ How to set the baud rate

Refer to "20.7.1 Operating Description of Operation Mode 0".
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@ Interrupt-related registers

CHAPTER 20 UART/SIO

Theinterrupt level setting registers shown in the following table are used to set the interrupt level.

Channel Interrupt level setting register Interrupt vector
hO Interrupt level register(ILR1) #4
ch. Address: 0007A Address: OFFF2,,

@ How to enable/disable/clear interrupts

The interrupt request enable bits (SMC20:RIE, SMC20:TCIE, SMC20: TEIE) are used to enable interrupts.

UART reception UART transmission

Reception interrupt Transmission

enable bit (RIE)

completion interrupt | register empty interrupt

Transmission data

requests

enable bit (TCIE) enable bit (TEIE)
When disabling interrupt Select "0"
requests
When enabling interrupt Select "1"

Interrupt requests are cleared in the following setup procedure.

UART reception

UART transmission

When clearing

Read from UART/SIO serial input register
(RDRO) to clear reception dataregister full bit
(RDRF).

interrupt requests

Write "0" to error flag clear bit (RERC) to clear
error flags (PER, OVE, FER) to "0".

Write datato UART/SIO serid
output data register (TDRO) to
clear transmission data register
empty bit (TDRE) to "0".
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CHAPTER 21

UART/SIO
DEDICATED BAUD
RATE GENERATOR

This chapter describes the functions and operations of
the dedicated baud rate generator of UART/SIO.

21.1 Overview of UART/SIO Dedicated Baud Rate Generator
21.2 Channels of UART/SIO Dedicated Baud Rate Generator
21.3 Registers of UART/SIO Dedicated Baud Rate Generator

21.4 Operating Description of UART/SIO Dedicated Baud Rate
Generator

347



CHAPTER 21 UART/SIO DEDICATED BAUD RATE GENERATOR

21.1 Overview of UART/SIO Dedicated Baud Rate Generator

The UART/SIO dedicated baud rate generator generates the baud rate for the UART/SIO.
The generator consists of the UART/SIO dedicated baud rate generator prescaler
selection register (PSSR0) and UART/SIO dedicated baud rate generator baud rate
setting register (BRSRO).

B Block Diagram of UART/SIO Dedicated Baud Rate Generator

Figure 21.1-1 Block Diagram of UART/SIO Dedicated Baud Rate Generator

Baud rate generator UART/SIO
|F’SSl,PSSO| | BRS7 to BRSO |
MCLK

(Machine clock) > CLK 1_0

| p{ Pckio] {)\O 8-bit BRCLK —

down-counter

Prescaler ——p»| PCK[1] O
P PCK2] L0

B Input Clock

The UART/SIO dedicated baud rate generator uses the output clock from the prescaler or the machine
clock asitsinput clock.

B Output Clock
The UART/SIO dedicated baud rate generator suppliesits clock to the UART/SIO.
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21.2 Channels of UART/SIO Dedicated Baud Rate Generator

This section describes the channels of the UART/SIO dedicated baud rate generator.

B Channels of UART/SIO Dedicated Baud Rate Generator
MB95130/MB series contains 1 channel of the UART/SIO dedicated baud rate generator.
Table 21.2-1 shows the correspondence the channel and registers.

Table 21.2-1 Registers of Dedicated Baud Rate Generator

Channel Register name Corresponding register (Name in this manual)
0 PSSR0 UART/SIO dedicated baud rate generator prescaler selection register
BRSRO UART/SIO dedicated baud rate generator baud rate setting register
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21.3 Registers of UART/SIO Dedicated Baud Rate Generator

The registers related to the UART/SIO dedicated baud rate generator are namely the
UART/SIO dedicated baud rate generator prescaler selection register (PSSR0) and
UART/SIO dedicated baud rate generator baud rate setting register (BRSRO).

B Registers Related to UART/SIO Dedicated Baud Rate Generator

Figure 21.3-1 Registers Related to UART/SIO Dedicated Baud Rate Generator

UART/SIO dedicated baud rate generator prescaler selection register (PSSRO)
Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

oFBEyPSSRO | - [ - | - | - | - [BRGE|Pssi|psso|  00000000g
RO/WX RO/WX RO/WX RO/WX RO/WX R/W R/W R/W

UART/SIO dedicated baud rate generator baud rate setting register (BRSRO0)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

OFBF, BRSRO | BRS7 | BRS6 | BRS5 | BRS4 | BRS3 | BRS2 | BRS1 | BRSO | ~ 00000000g
RW RW RW RW RW RW RW RW

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)
R/W  : Readable/writable (Read value is the same as write value)
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UART/SIO Dedicated Baud Rate Generator Prescaler
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Selection Register (PSSRO0)

The UART/SIO dedicated baud rate generator prescaler register (PSSRO0) controls the

output of the baud rate clock and the prescaler.

B UART/SIO Dedicated Baud Rate Generator Prescaler Selection Register (PSSRO)

Figure 21.3-2 UART/SIO Dedicated Baud Rate Generator Prescaler Selection Register (PSSRO0)

PSSR0 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
Address
OFBE, | - - |- - |BRGE| PSS1|pPsso| 00000000s
RO/WX RO/MWXRO/WX RO/WX ROWX RW  RW  R/W
PSS1| PSSO Prescaler selection bits
0 0 1/1
0 1 1/2
1 0 1/4
1 1 1/8
BRGE Baud rate clock output enable bit
0 Disables baud rate output
1 Enable baud rate output
R/W: Readable/writable (Read value is the same as write value)
RO/WX: Undefined bit (Read value is "0", writing has no ef fect on operation)
[ ]: Initial value

Table 21.3-1 UART/SIO Dedicated Baud Rate Generator Prescaler Selection Register (PSSRO0)

enable bit

Bit name Function
bit7 to bit3 | Undefined bit These bits are undefined. Reading the bits always returns "0".
BRGE: -Is-gtltsl rt:lgt ter?:bgiﬁ:)h?ﬁytlzl;gég;[b%? :(a)t teh(;I gdl;t ISO\RA(/:nL-E(:l.mter and outputs "BRCLK", whichis
bit2 Baud rate clock output ' ’

supplied to the UART/SIO.
Setting the bit to " 0" stops the output of "BRCLK".

bit1, bit0

PSS1, PSS0:
Prescaler selection bit

PSS1 PSSO Prescaler selection
0 0 11
0 1 1/2
1 0 14
1 1 1/8
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21.3.2 UART/SIO Dedicated Baud Rate Generator Baud Rate
Setting Register (BRSRO0)

The UART/SIO dedicated baud rate generator dedicated baud rate generator baud rate
setting register (BRSRO0) controls the baud rate settings.

B UART/SIO Dedicated Baud Rate Generator Baud Rate Setting Register (BRSRO0)

Figure 21.3-3 UART/SIO Dedicated Baud Rate Generator Baud Rate Setting Register (BRSRO0)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OFBF, BRSRO | BRS7 | BRS6 | BRS5 | BRS4 | BRS3 | BRS2 | BRS1 | BRSO | 000000005
RW RW RW RW RW RW RW RW

R/W: Readable/writable (Read value is the same as write value)

This register sets the cycle of the 8-bit down-counter and can be used to set any baud rate clock. Write to
the register when the UART is stopped.

Do not set BRS[7:0] to "00y" or "01y" in clock asynchronous mode.
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Operating Description of UART/SIO Dedicated Baud Rate

The UART/SIO dedicated baud rate generator serves as the baud rate generator for
asynchronous clock mode.

B Baud Rate Setting
The SMC10 register (CKS hit) of the UART/SIO is used to select the serial clock. This selects the UART/
SIO dedicated baud rate generator.
In asynchronous CLK mode, the shift clock that is selected by the CKS bit and divided by four is used and
transfers can be performed within the range from -2% to +2%. The baud rate calculation formula for the
UART/SIO dedicated baud rate generator is shown below.

Figure 21.4-1 Baud Rate Calculation Formula when UART/SIO Dedicated Baud Rate Generator Is Used

Baud rate =

Machine clock (MCLK)

ORrDNPE

UART dedicated baud rate generator
prescaler selection register (PSSRO0)
Prescaler selection (PSS1, PSSO0)

2

255

[bps]

UART dedicated baud rate generator

baud rate setting register (BRSRO0)
Baud rate setting (BRS7 to BRS0)

Table 21.4-1Sample Asynchronous Transfer Rates by Baud Rate Generator
(Machine Clock = 10MHz, 16MHz, 16.25MHz)

UART/SIO Dedicated baud rate generator
setting UART Total division Baud rate ?f;&;it? (1B6al21g,\;?_t|§ /
internal ratio (10MHz/Total Total divisi T .I divisi
Prescaler selection | Baud rate counter division | (PSS x BRS x4) | division ratio) otal division | Total division
PSS[1:0] setting BRS [7:0] ratio) ratio)
1 (Setting value: O, 0) 20 4 80 125000 200000 203125
1 (Setting value: 0, 0) 22 4 88 113636 181818 184659
1 (Setting value: O, 0) 44 4 176 56818 90909 92330
1 (Setting value: 0, 0) 87 4 348 28736 45977 46695
1 (Setting value: 0, 0) 130 4 520 19231 30769 31250
2 (Setting value: O, 1) 130 4 1040 9615 15385 15625
4 (Setting value: 1, 0) 130 4 2080 4808 7692 7813
8 (Setting value: 1, 1) 130 4 4160 2404 3846 3906

The baud rate can be set in UART mode within the following range.

Table 21.4-2 Permissible Baud Rate Range in UART Mode

PSS[1:0]

BRS[7:0]

00g to 115

02, (2) to FF, (255)
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CHAPTER 22

LIN-UART

This chapter describes the function and operation of the
LIN-UART

22.1 Overview of LIN-UART

22.2 Configuration of LIN-UART

22.3 LIN-UART Pins

22.4 Registers of LIN-UART

22.5 LIN-UART Interrupt

22.6 LIN-UART Baud Rate

22.7 Operations and Setting Procedure Example of LIN-UART
22.8 Notes on Using LIN-UART

22.9 Sample Programs of LIN-UART
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22.1 Overview of LIN-UART

The LIN (Local Interconnect Network)-UART is a general-purpose serial data
communication interface for synchronous or asynchronous (start-stop synchronization)
communication with external devices. In addition to a bi-directional communication
function (normal mode) and master/slave communication function (multiprocessor
mode: supports both master and slave operation), the LIN-UART also supports the
special functions used by the LIN bus.

B Functions of LIN-UART

The LIN-UART is a general-purpose serial data communication interface for exchanging serial data with
other CPUs and peripheral devices. Table 22.1-1 lists the functions of the LIN-UART.

Table 22.1-1 Functions of LIN-UART

Function
Data buffer Full-duplex double-buffer
- The LIN-UART oversamples received data for five timesto determine the received value by
Seria input -
majority (only asynchronous mode).
« Clock synchronization (Select start/stop synchronization, or start/stop bit)
Transfer mode « Clock asynchronous (Start/stop bits available)
« Dedicated baud rate generator provided (made of a 15-bit reload counter)
Baud rate » The external clock can be inputted. The reload counter can also be used to adjust the external
clock.
Datalength -7 b!ts (not in synchronous or LIN mode)
* 8 bits
Signal type NRZ (Non Return to Zero)
Start bit timing Synchronization with the start bit falling edge in asynchronous mode.

Reception error detection

* Framing error
« Overrun error
« Parity error (Not supported in operation mode 1)

I nterrupt request

 Reception interrupts (reception completed, reception error detected, LIN synch break detected)
 Transmit interrupts (send data empty)
« Interrupt requeststo TI10 (LIN synch field detected: LSYN)

Master/slave mode communication
function (Multiprocessor mode)

Capable of 1 (master) to n (slaves) communication
(support both the master and slave system)

Synchronous mode

Send side/receive side of serial clock

Pin access

Serid /O pin states can be read directly.

LIN bus option

» Master device operation

» Slave device operation

 LIN synch break detection

* LIN synch break generation

« Detection of LIN synch field start/stop edges connected to the 8/16-bit multifunction timer

Synchronous serial clock

Continuous output to the SCK pin is possible for synchronous communication using the start/stop
bits

Clock delay option

Specia synchronous clock mode for delaying the clock (used for SPI)
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The LIN-UART operates in four different modes. The operation mode is selected by the MDO and MD1 bits
in the LIN-UART serial mode register (SMR). Mode O and mode 2 are used for bi-directiona serial
communication; mode 1 for master/slave communication; and mode 3 for LIN master/slave communication.

Table 22.1-2 LIN-UART Operation Modes

Data length
Operation mode Synchrr?n(;)us Stop bit length Data bit format
No parity With parity metho

0 Normal mode 7 bits or 8 bits Asynchronous

: - 1 bit or 2 bits LSB first
1 Multiprocessor mode | 7 bits or 8 bits +1 ‘ - Asynchronous MSB first
2 Normal mode 8 hits Synchronous | None, 1 bit, 2 bits
3 LIN mode 8 hits | - Asynchronous 1 bit LSB first

- :Unavalable

* 1 "+1" isthe address/data selection bit (AD) used for communication control in multiprocessor mode.

The MDO and MD1 bits in the LIN-UART serial mode register (SMR) are used to select the following
LIN-UART operation modes.

Table 22.1-3 LIN-UART Operation Modes

MD1 MDO Mode Type
0 0 0 Asynchronous (Normal mode)
0 1 1 Asynchronous (M ultiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)

* Mode 1 supports both master and slave operation for the multiprocessor mode.
* Maode 3isfixed to communication format 8-bit data, no parity, stop bit 1, L SB-first.
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22.2  Configuration of LIN-UART

LIN-UART is made up of the following blocks.

* Reload Counter

* Reception Control Circuit

* Reception Shift Register

* LIN-UART Reception Data Register (RDR)

* Transmit Control Circuit

* Transmit Shift Register

* LIN-UART Transmit Data Register (TDR)

» Error Detection Circuit

* Oversampling Circuit

* Interrupt Generation Circuit

* LIN Synch Break/Synch Field Detection Circuit

* Bus Idle Detection Circuit

* LIN-UART Serial Control Register (SCR)

* LIN-UART Serial Mode Register (SMR)

* LIN-UART Serial Status Register (SSR)

* LIN-UART Extended Status Control Register (ESCR)
* LIN-UART Extended Communication Control Register (ECCR)
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B LIN-UART Block Diagram
Figure 22.2-1 LIN-UART Block Diagram
. o —_— OTO,
Machine A Ext PE{ORE&RE{
) + Transmit clock RIE
| Reload | | Reception clock Transmitl Interrupt 4%
! counter . — - generation [
SCK ' | Reception control control circuit L
' : C|rcu|tr_ o *_ I A R circuit RBI
Pin |- ' | . ' : ; < sl
. ! - dse};gtil:)l; . '|  Transmit |, <
; A : [ cireut || o[ Starteireul je—y A Rception
SIN . = = y : ) ' : . -
Pin Restart reception 'l Reception |: '| Transmit ' TDRE 'Il'rsgsmit
1 reload counter : bit counter . : bit counter : -
o ! : ! : SOT
ver- .| Reception | | Transmit | o p
sampling | parity counter | : | parity counter [\~ 4 e Bk
circuit ! ' . '
e 4 L 4
1 RDRF
SoT
Internal signal  J SIN SIN
to 8/16-bit
composite timer | LIN break/ | | | ---- ¥----2] - V-----
SynField ! ) ' ! . '
: .| Reception |. 'l Transmit [ LIN break
Cle det_ectl_on | shift register | ! + | shift register |~ generation
circuit . . . , Start circuit
v o iaintidll A |
Error ' . ' , Bus idle LBR
: ' ! , ! detection LBL1
detection |, v \ ! X circuit LBLO
PE - RDR Z : TDR l
ORE T N s ‘/ __ \‘ _ RBI| |TBI
Internal data bus
PE |- MD1 |- PEN |- LBIE |- LBR [«
ORE |- MDO [ P |« LBD ||
FRE |- OTO |- SBL |- LBL1 |-&— MS |-
RDRF || SSR EXT |« SMR cL|<{ scr LBLO || EgCR | SCDE [« EccR
TDRE (| register | REST|<| register [ AD[<>{ register [ SOPE | rogister [ SSM [« 1ogigter
BDS |- UPCL | CRE | SIOP |=»
RIE |- SCKE |- RXE | CCO |- RBI |-
TIE |-+ SOE | TXE |- SCES |- TBl |
Z Z ya / /

@® Reload counter

This block is a 15-hit reload counter serving as a dedicated baud rate generator. The block consists of a 15-
bit register for reload values; it generates the transmit/reception clock from the external or internal clock.
The count value in the transmit reload counter is read from the baud rate generatorl, 0 (BGR1 and BGRO).
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@ Reception control circuit

This block consists of a reception bit counter, a start bit detection circuit, and a reception parity counter.
The reception bit counter counts the reception data bits and sets a flag in the LIN-UART reception data
register when one data reception is completed according to the specified data length. If the reception
interrupt is enabled at this time, a reception interrupt request is generated. The start bit detection circuit
detects a start bit in a serial input signal. When a start bit is detected, the circuit sends a signal to the reload
counter in synchronization with the start bit falling edge. The reception parity counter calculates the parity
of the received data.

@ Reception shift register

The circuit inputs received data from the SIN pin while bit-shifting and transfers it to the RDR register
upon completion of reception.

@ LIN-UART reception data register (RDR)

This register retains the received data. Serial input datais converted and stored in the LIN-UART reception
dataregister.

@ Transmit control circuit

This block consists of atransmit bit counter, a transmission start circuit, and a transmit parity counter. The
transmit bit counter counts the transmit data bits and sets a flag in the transmit data register when one data
transmission is completed according to the specified data length. If the transmit interrupt is enabled at this
time, a transmit interrupt request is generated. The transmit start circuit starts transmission when data is
written to the TDR. The transmit parity counter generates a parity bit for data to be transmitted if the dataiis
parity-checked.

@ Transmit shift register

The data written to the LIN-UART transmit data register (TDR) is transferred to the transmit shift register,
and output to the SOT pin while bit-shifting.

@ LIN-UART transmit data register (TDR)

Thisregister sets the transmit data. The written datais converted to serial data and output.

@ Error detection circuit

This circuit detects an error upon completion of reception, if any. If an error occurs, the corresponding error
flagis set.

@ Oversampling circuit

In asynchronous mode, the LIN-UART oversamples received data for five times to determine the received
value by majority. The LIN-UART stops during operation in synchronous mode.

@ Interrupt generation circuit

This circuit controls al interrupt factors. An interrupt is generated immediately if the corresponding
interrupt enable bit has been set.
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@ LIN synch break/Synch Field detection circuit

This circuit detects a LIN synch break when the LIN master node transmits a message header. The LBD
flag is set when the LIN synch break is detected. An internal signal is output to 8/16-bit compound timer in
order to detect the first and fifth falling edges of the LIN synch Field and to measure the actual serial clock
synchronization transmitted by the master node.

@ LIN synch break generation circuit

This circuit generates aLIN synch break with the specified length.

@ Bus idle detection circuit

This circuit detects that no transmission or reception is in progress, and generates the TBI and RBI flag
bits.

@ LIN-UART serial control register (SCR)

Operating functions are as follows:

» Setsparity bit existence

e Parity bit selection

* Setsstop bit length

e Setsdatalength

e Sdectsthe frame dataformat in mode 1
e Clearserror flag

« Enable/disable transmission

« Enables/disables reception

@ LIN-UART serial mode register (SMR)

Operating functions are as follows:

» Sedlectsthe LIN-UART operation mode

» Selectsaclock input source

» Selects between one-to-one connection or reload counter connection for the external clock
* Resets adedicated reload timer

¢ LIN-UART software reset (maintains register settings)

« Enables/disables output to the serial datapin

» Enables/disables output to the clock pin

@ LIN-UART serial status register (SSR)

Operating functions are as follows:

« Check transmission/reception or error status

» Sdlectsthe transfer direction (LSB-first or M SB-first)
» Enables/disables reception interrupts

» Enables/disables transmit interrupts
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@ Extended status control register (ESCR)

« Enables/disables LIN synch break interrupts

* LIN synch break detection

* SeectsLIN synch break length

« Direct accessto SIN pin and SOT pin

» Sets continuous clock output in LIN-UART synchronous clock mode
« Sampling clock edge selection

@ LIN-UART extended communication control register (ECCR)

* Busidle detection
« Synchronous clock setting
¢ LIN synch break generation

B Input Clock
LIN-UART uses amachine clock or an input signal from the SCK pin as an input clock.

Input clock is used as clock source of transmission/reception of LIN-UART.
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22.3  LIN-UART Pins

This section describes LIN-UART pins.

B LIN-UART Pins
The LIN-UART pins also serve as general-purpose ports. Table 22.3-1 lists the pin functions and settings
for using the LIN-UART.

Table 22.3-1 LIN-UART Pins

Pin name Pin function Required settings for using the pin
. . Set to the input port
SIN Serial datainput (DDR: corresponding bit = 0)
. Set to output enable
SOT Seria data output (SMIR:SOE = 1)
Set to the input port when used as clock input
DDR: corr nding bit = 0
SCK Serial clock input/output ( eponding )

Set to output enable when used as clock output
(SMR:SCKE =1)

B Block Diagram of LIN-UART Pins

Figure 22.3-1 Block Diagram of LIN-UART Pins (SCK, SOT, SIN)

Hysteresis
e ] :j
} Peripheral function input } Only P67 is 0
| Peripheral function input enable ; selectable.
} Peripheral function output enable T @
| Peripheral function output } | | N
[EOEE } oH Automotive
" I ! it B [
0 } 11— }
I
| cmos_ | |

PDR read £ B H ] _EMDo i
{>—< Pin

PDR
PDR write
In bit operation instruction

{}—,

DDR read

DDR write Stop, Watch (SPL=1)

-
|
I
ILSR read }
I
|
Il
|
|
I

Internal bus

|
|
|

| ILSR write

Only P67 is selectable.

K}—

ILSR2 read
ILSR2
ILSR2 write
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22.4  Registers of LIN-UART

This section lists the registers of LIN-UART.

B Register List of LIN-UART
Figure 22.4-1 Register List of LIN-UART

LIN-UART serial control register (SCR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0050y | PEN| P [ sBL| cL | AD | CRE | RXE | TXE |  00000000g
RW RW RW RW RW ROW RW RW

LIN-UART serial mode register (SMR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0051 | MD1 [ MDO | OTO [ EXT [ REST | UPCL | SCKE | SOE | 00000000
RW RW RW RW ROW ROW RW RW

LIN-UART serial status register (SSR)
Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
0052y | PE | ORE | FRE |RDRF|TDRE| BDS | RIE | TIE |  00001000g
R/WX R/WX R/WX R/WX R/WX R/W R/W R/W
LIN-UART reception data register/transmit data register (RDR/TDR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
00534 | | | | | | | | | 00000000g
R/W R/W R/W R/W R/W R/W R/W R/W

LIN-UART extended status control register (ESCR)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0054 | LBIE | LBD | LBL1 | LBLO | SOPE] SIOP | cCO | SCES|  00000100g
RIW reMpw R/W  R/W  R/W revyw R/W  R/W

LIN-UART extended communication control register (ECCR)
Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

0055 [Reseed| LBR | MS [SCDE | SSM [Reseved| RBI | TBI |  000000XXg
ROW ROW RMW RMW RMW RXWO0 RMWX RWX

LIN-UART baud rate generator register 1 (BGR1)

Address bit7  hit6  bits  bit4  hbit3  bit2  bitl  hit0 Initial value
OFBCy [ ] | | | | | | | 000000005
ROWX RW RW RW RW RW RW RW

LIN-UART baud rate generator register 0 (BGRO)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
OFBDy | | | | | | | | | 000000005
R/W R/W R/W R/W R/IW R/W R/W R/W
R/W: Readable/writable (Read value is the same as write value)
R/WX: Read only (Readable, writing has no effect on operation)

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)

RO, W: Write only (Writable, "0" is read)
RO, WX: Undefined bit (Read value is "0", writing has no effect on operation)
RX,WO0: Reserved bit (Read value is undefined, write value is "0")
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22.4.1  LIN-UART Serial Control Register (SCR)

The LIN-UART serial control register (SCR) is used to set parity, select the stop bit
length and data length, select the frame data format in mode 1, clear the reception error
flag, and enable/disable transmission/reception.

B LIN-UART Serial Control Register (SCR)

Figure 22.4-2 LIN-UART Serial Control Register (SCR)

Address bit7 bit bit5 bitd bit3 bit2 bit1 bitd Initial value
0050%  Tpen] P ['seL] cL [ AD [cre[rxe[ x| oooooooos
RW R/W R/W RW R/W RO,W RW R/W
L TXE Transmit operation enable bit
0 Disable transmission
1 Enable transmission
— | RXE Reception operation enable bit
0 Disable reception
1 Enable reception
Reception error flag clear bit

Write Read

0 No effect " is
1 Clear reception error flag always

(PE, FRE, ORE) read.

> AD Address/data format selection bit
0 Data frame
1 Address frame
» | CL Data length selection bit
0 7-bit
1 8-bit
> | SBL Stop bit length selection bit
0 1-bit
1 2-bit
> P Parity selection bit
0 Even parity
1 Odd parity
R/W : Readable/writable
(Read value is the same as write value) » | PEN Parity enable bit
RO,W : Write only (Writable, "0" is read) 0 No parity
[/ : Initial value 1 With parity
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Table 22.4-1 Functions of Each Bit in LIN-UART Serial Control Register (SCR)

Bit name Function
Specify whether or not to add (at transmission) and detect (at reception) a parity bit.
bit7 PEN: Note:  The parity bit is added only in operation mode O, or in operation mode 2 with the settings
Parity enable bit that start/stop is set (ECCR:SSM = 1).
Thishitisfixed to "0" in mode 3 (LIN).
bit6 Ilzarity sdlection bit Set either odd parity (1) or even parity (0) if the parity bit has been selected (SCR:PEN = 1).
Set the bit length of the stop bit (frame end mark in transmit data) in operation mode 0, 1
SBL: (asynchronous) or in operation mode 2 (synchronous) with the settings that start/stop bit is set
bit5 Stop bit length (ECCR:SSM =1).
selection hit Thisbit isfixed to "0" in mode 3 (LIN).
Note: At reception, only the first bit of the stop bit is always detected.
CL:
bit4 Datalength selection | Specify the datalength to be transmitted and received. This bit isfixed to "1" in mode 2 and mode 3.
bit
Specify the data format for the frame to be transmitted and received in multiprocessor mode (mode
. 1). Writeto this bit in master mode; read this bit in slave. The operation in master modeis asfollows.
AD: "0": Set to dataframe
bit3 Address/data format . :
election bit 1": Set to address dz_ataframe. _
The value of last received dataformat is read.
Note:  See"22.8 Noteson Using LIN-UART" for using this bit.
Thisbit isto clear FRE, ORE, and PE flagsin seria status register (SSR).
CRE: "0": No effect.
bit2 Reception error flag "1": Clear the error flag.
clear bit Reading this bit always returns "0".
Note:  Clear reception error flag after halting reception.
Enable or disable the reception of LIN-UART.
RXE: "0": Disable dataframe recepFion.
bit1 Reception operation "1": Enable data frame recepu on. .
enable bit The LIN synch break dete_ctl onin mode 3 is not affecteq. _ _
Note:  When the reception is disabled (RXE = 0) during reception, the reception halts
immediately. In that case, received datais not guaranteed.
Enable or disable the transmission of LIN-UART.
TXE: "0": Disable data frame transmission.
bit0 Transmit operation "1": Enable data frame transmission.
enable bit Note:  When the transmission is disabled (TXE = 0) during transmission, the transmission halts

immediately. In that case, received datais not guaranteed.
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22.4.2  LIN-UART Serial Mode Register (SMR)

The LIN-UART serial mode register (SMR) is used to select the operation mode, specify
the baud rate clock, and enable/disable output to the serial data and clock pins.

B LIN-UART Serial Mode Register (SMR)

Figure 22.4-3 LIN-UART Serial Mode Register (SMR)

Address bit7 bit6 bit5 bit4 bit3 bit2  bitl bit0 Initial value
0052 fvpa|mipo [ oTo [ ExT [rEST|UPCL[SCKE|SOE| 000000008
R/W R/W R/W R/W ROW ROW R/W R/W
SOE LIN-UART serial data output enable bit
0 General-purpose I/O port
1 LIN-UART serial data output pin
> SCKE LIN-UART serial clock output enable bit
0 General-purpose I/0 port or LIN-UART clock
input pin
1 LIN-UART serial clock output pin
LIN-UART programmable clear bit
> UPCL -
Write Read
No effect "0" is always
1 LIN-UART reset read.
Reload counter restart bit
> REST -
Write Read
0 No effect "0" is always
1 Restart the reload counter read.
> EXT External serial clock source selection bit
0 Use the baud rate generator (reload counter).
1 Use the external serial clock source.
= OTO One-to-one external clock input enable bit
0 Use the baud rate generator (reload counter).
1 Use the external clock directly.
> MD1 | MDO Operation mode selection bits
RIW : Readable/writable 0 0 Mode 0: asynchronous normal
(Read value is the same as write value) 0 1 Mode 1: asynchronous multiprocessor
RO,W : Write only (Writable, "0" is read) 1 0 Mode 2: synchronous
: Initial value 1 1 Mode 3: asynchronous LIN
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Table 22.4-2 Functions of Each Bit in LIN-UART Serial Mode Register (SMR)

Bit name Function
Set the operation mode.
Note:  If the mode is changed during communication, exchanging on LIN-UART halts and waits
for starting the next communication.
MD1 MDO Mode Type
bit7 MD1, MDO:
bitg | Operation mode 0 0 0 Asynchronous (Normal mode)
selection bits
0 1 1 Asynchronous (Multiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)
OTO: "1": Enable the external clock to be used directly asthe LIN-UART serial clock.
bit5 One-to-one external Used for reception side of serial clock (ECCR:MS = 1) in operation mode 2 (synchronous).
clock input enable bit | When EXT =0, the OTO bit isfixed to "0".
EXT: Select a clock input.
bit4 External seria clock "0": Select the clock of theinternal baud rate generator (reload counter).
source selection bit "1": Select the external serial clock source.
REST- RgstarNt (t)h:ﬁr:lc f[)ad counter.
bit3 tF;? oad counter restart |, 1": Restart the reload counter.
Reading this bit always returns "0".
Reset the LIN-UART.
UPCL: "0": No effect.
LIN UART "1": Reset the LIN-UART immediately (LIN-UART software reset). However, the register settings
bit2 ) ableclear bit are maintained. At that time, transmission and reception are halted.

' pli?lg\]lrmmRT e(f: earoi All of the transmit/reception interrupt factors (TDRE, RDRF, LBD, PE, ORE, FRE) are reset.
(m' software Reset the LIN-UART a&fter the interrupt and transmission are disabled. Also, the reception data
reset) register is cleared (RDR = 00y), and the reload counter is restarted.

Reading this bit always returns "0".
Control the serial clock /O port.
"0": The SCK pin works as ageneral-purpose 1/0 port or aserial clock input pin.
"1": Thispin works as the seria clock output pin and outputs the clock in operation mode 2
SCKE: (synchronous).
bitl LIN-UART serial clock | Note:  When the SCK pinisused asaserial clock input (SCKE = 0), set the corresponding DDR
output enable bit bitsin the general-purpose 1/O port as an input port. Also, select the external clock (EXT =
1) by using the clock selection bit.
When the SCK pinis set asaserial clock output (SCKE = 1), this pin works as a serial clock output
pin regardless of the state of the general-purpose 1/O port.
Enable or disable output of serial data.
SOE: "0": The SOT pin works as a general-purpose /O port.
bit0 LIN-UART seria data |"1": The SOT pin works as a serial data output pin (SOT).
output enable bit When set as a serial data output (SOE = 1), the SOT pin works as a SOT pin regardless of a general-

purpose 1/O port.

368




CHAPTER 22 LIN-UART

22.4.3  LIN-UART Serial Status Register (SSR)

The LIN-UART serial status register (SSR) is used to check the status of transmission/
reception or error, and to enable/disable interrupts.

B LIN-UART Serial Status Register (SSR)

Figure 22.4-4 LIN-UART Serial Status Register (SSR)

Address  bit7 bit6 bits  bit4  bit3 bit2 bitl bit0 Initial value
0052+ [ PE |ORE|FRE|RDRF|TDRE[BDS|RIE | TIE | 000010008
R/WX R/WX RIWX R/WX R/WX R/W R/W R/W
L TIE Transmit interrupt request enable bit
0 Disable transmit interrupts.
1 Enable transmit interrupts.
L——»| RIE Reception interrupt request enable bit

0 Disable reception interrupts.
1 Enable reception interrupts.

»| BDS Transfer direction selection bit
0 LSB-first (transfer from the least significant bit)
1 MSB-first (transfer from the most significant bit)

> TDRE Transmit data empty flag bit
0 Transmit data register (TDR) has data.
1 Transmit data register (TDR) is empty.

™1 RDRF Reception data full flag bit
0 Reception data register (RDR) is empty.
1 Reception data register (RDR) has data.

> FRE Framing error flag bit
0 No framing error
1 Framing error exists

> ORE Overrun error flag bit
0 No overrun error
1 Overrun error exists

> PE Parity error flag bit
0 Not parity error
1 Parity error exists

R/W : Readable/writable (Read value is the same as write value) Yy

R/WX : Read only (Readable, writing has no effect on operation)
1 : Initial value
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Table 22.4-3 Functions of Each Bit in Serial Status Register (SSR)

Bit name Function
Detect a parity error in received data.
PE: » Thisbit isset to "1" when a parity error occurs during reception with PEN = 1, and cleared by
bit7 Par.ity arror flag bit writing "1" to the CRE bit in the LIN-UART serial control register (SCR).
« Output areception interrupt request when both PE bit and RIE bit are "1".
« When thisflag is set, the datain the reception data register (RDR) isinvalid.
Detect an overrun error in received data.
ORE: e Thishitisset to"1" when an overrun occurs during reception, and cleared by writing "1" to the
hit6 Over.run arror flag bit CRE hit inthe LIN-UART seria control register (SCR).
« Output areception interrupt request when both ORE bit and RIE bit are "1".
* When thisflag is set, the datain the reception data register (RDR) isinvalid.
Detect aframing error in received data.
FRE: e Thishitisset to"1" when aframing error occurs during reception, and cleared by writing "1" to
bit5 Frarﬁing arror flag bit the CRE bit in the LIN-UART serial control register (SCR).
» Output areception interrupt request when both FRE bit and RIE bit are"1".
* When thisflag is set, the datain the LIN-UART reception data register (RDR) isinvalid.
RDRE: This_flag s_hows the status of the _I_I N-UART recepti on dataregister (RDR). _
bitd Recept-ion datafull flag e This b.lt issetto 1 when received datais loaded into RDR, and cleared to "0" by reading the
bit reception dataregister (RDR).
« Output areception interrupt request when both RDRF bit and RIE bit are "1".
This flag shows the status of the LIN-UART transmit data register (TDR).
» Thishitissetto"0" by writing the transmit datato TDR, and indicatesthat the TDR has valid data.
Thisbit isset to "1" when datais loaded into the transmit shift register and transferred, and
TDRE: indicates that the TDR does not have effective data.
bit3 Transmit data empty « Output atransmit interrupt request when both TDRE bit and TIE bit are"1".
flag bit * When the TDRE bit is"1", setting the LBR bit in the LIN-UART extended communication control
register (ECCR) to "1" changes the TDRE bit to "0". Then, the TDRE bit goes back to "1" after
LIN synch break is generated.
Note:  Theinitial stateis TDRE =1.
Specify whether the transfer serial datais transfer from the least significant bit (LSB-first, BDS = 0)
BDS: or from the most significant bit (MSB-first, BDS = 1).
hit2 Transfer direction Note:  Since data values are exchanged between the upper and lower when the dataiis read/written
selection hit to the serial dataregister, changing BDS bit after writing data to the RDR register
invalidates the written data. The BDS hit isfixed to "0" in mode 3 (LIN).
RIE: Enable or disable the reception interrupt request output to the interrupt controller.
bitl Reception interrupt QOutput areception interrupt request when both the RIE bit and the reception dataflag bit (RDRF) are
request enable bit "1", or when one or more error flag bits (PE, ORE, FRE) is"1".
. TIE: . Enable or disable the transmit interrupt request output to the interrupt controller.
bit0 Transmit interrupt . . . wan
: Output atransmit interrupt request when both TIE bit and TDRE bit are "1".
request enable bit
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22.4.4  LIN-UART Reception Data Register/LIN-UART Transmit
Data Register (RDR/TDR)

The LIN-UART reception and LIN-UART transmit data registers are located at the same
address. If read, they work as the reception data register; if written, they work as the
transmit data register.

B LIN-UART Reception Data Register (RDR)
Figure 22.4-5 shows the bit configuration of LIN-UART reception/LIN-UART transmit data register.

Figure 22.4-5 LIN-UART Reception Data Register/LIN-UART Transmit Data Register (RDR/TDR)

Address bit 7 6 5 4 3 2 1 0 Initial value
0053H | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | 000000008

RW R/W R/W R/W R/W R/W RW R/W

I

R/W Data register
Read | Read from the LIN-UART reception data register

—| Write | Write to the LIN-UART transmit data register

R/W: Readable/writable (Read value is the same as write value)

The LIN-UART reception data register (RDR) is the data buffer register for the serial data reception.

Serial input data signal transmitted to the serial input pin (SIN pin) is converted via a shift register and
stored in the LIN-UART reception dataregister (RDR).

If the datalength is 7 bits, the upper 1 bit (RDR:D7) is"0".

The reception data full flag bit (SSR:RDRF) is set to "1" when received data is stored into the LIN-UART

reception data register (RDR). If the reception interrupt is enabled (SSR:RIE = 1), a reception interrupt
request is generated.

The LIN-UART reception data register (RDR) should be read when the reception data full flag bit
(SSR:RDRF) is"1". The reception data full flag bit (SSR:RDRF) is automatically cleared to "0" by reading
the LIN-UART reception data register (RDR). Also, the reception interrupt is cleared when the reception
interrupt is enabled and no error occurs.
When the reception error occurs (any of SSR:PE, ORE, or FRE is "1"), the data in the LIN-UART
reception dataregister (RDR) isinvalid.
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B LIN-UART Transmit Data Register (TDR)

The LIN-UART transmit dataregister (TDR) is the data buffer register for the serial data transmission.
If the data to be transmitted is written to the LIN-UART transmit data register (TDR) when transmission is

enabled (SCR:TXE = 1), the transmit data is transferred to the transmission shift register, converted to
serial data, and output from the serial data output pin (SOT pin).

If the datalength is 7 bits, the datain the upper 1 bit (TDR:D7) isinvalid.

The transmit data empty flag (SSR:TDRE) is cleared to "0" when a transmit data is written to the LIN-
UART transmit dataregister (TDR).

The transmit data empty flag (SSR:TDRE) is set to "1" after the data is transferred to the transmission shift
register and the transmission starts.

If the transmit data empty flag (SSR:TDRE) is "1", the next transmit data can be written. If the transmit
interrupt is enabled, a transmit interrupt is generated. The next transmit data should be written by
generating the transmit interrupt, or when the transmit data empty flag (SSR:TDRE) is"1".

Note:

The LIN-UART transmit data register is a write-only register; the reception data register is a read-
only register. Since both registers are located at the same address, the write value and read value
are different. Thus, the instructions to operate the read-modify-write (RMW) instruction, such as the
INC/DEC instruction, cannot be used.
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LIN-UART Extended Status Control Register (ESCR)

The LIN-UART extended status control register (ESCR) has the settings for enabling/
disabling LIN synch break interrupt, LIN synch break length selection, LIN synch break
detection, direct access to the SIN and SOT pins, continuos clock output in LIN-UART
synchronous clock mode and sampling clock edge.

B Bit Configuration of LIN-UART Extended Status Control Register (ESCR)

Figure 22.4-6 shows the bit configuration of the LIN-UART extended status control register (ESCR). Table

22.4-4 lists the function of each bit.

Figure 22.4-6 Bit Configuration of LIN-UART Extended Status Control Register (ESCR)

Address bit7  bits  bits bit4 bit3 bit2 bit!  bit
0054+ | LBIE| LBD |LBL1 | LBLO|SOPE| SIOPl cco |SCES|

R/W reMiw RW  R/W R/W rRrMiw R'W  R/W
[I—

R/W: Readable/writable

(Read value is the same as write value)

Initial value
00000100g
SCES Sampling clock edge selection bit (mode 2)
0 Sampling with rising clock edge (normal)
1 Sampling with falling clock edge (inverted clock)
CCoO Continuous clock output enable bit (mode 2)
0 Disable continuous clock output
1 Enable continuous clock output
SIOP Serial 1/0 pin direct access bit
Write (SOPE = 1) Read
Fix SOT pin to "0"
0 !X p!n 0 Read the value of SIN pin
1 Fix SOT pin to "1"
SOPE Serial output pin direct access enable bit
0 Disable serial output pin direct access
1 Enable serial output pin direct access
LBLO LBL1 LIN synch break length selection bits
0 0 13 bits
1 0 14 bits
0 1 15 bits
1 1 16 bits
LBD LIN synch break detection flag bit
Write Read
0 LIN synch break detection No LIN synch break
flag clear detection
1 No effect With LIN synch break detection
LBIE LIN synch break detection interrupt enable bit
0 Disable LIN synch break detection interrupt

1

Enable LIN synch break detection interrupt

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write (RMW) instruction)

O Initial value
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Table 22.4-4 Functions of Each Bit in LIN-UART Extended Status Control Register (ESCR)

Bit name Function
LBIE: This bit enables or disables LIN synch break detection interrupts.
bit7 LIN synch break An interrupt is generated when the LIN synch break detection flag (LBD) is"1" and the interrupt is
detection interrupt enabled (LBIE = 1).
enable bit Thishitisfixed to "0" in mode 1 and mode 2.
Detect LIN synch break.
Thishitissetto"1" whenthe LIN synch break is detected in operation mode 3 (the serial input is"0"
LBD: when bit width is 11 bits or more). Also, writing "0" clearsthe LBD bit and the interrupt. Although
hit6 LIN synch break the bit is alwaysread as " 1" when the read-modify-write (RMW) instruction is executed, this does
detection flag bit not indicate that a LIN synch break detected.
Note:  Todetect aLIN synch break, enable the LIN synch break detection interrupt (LBIE = 1),
and then disable the reception (SCR:RXE = 0).
bits, | v ; LY e i | These bitsspecify the it lengih for the LIN synch break generation time.
bit4 sdection bits The LIN synch break length for reception is always 11 bits.
SOPE: Enable or disable direct writing to the SOT pin.
bit3 Serial output pin direct | Setting thisbit to " 1" when serial data output is enabled (SMR:SOE = 1) enables direct writing to the
access enable bit" SOT pin.”
Control direct access to the serial /O pin.
SIOP: Normal read instruction always returns the value of the SIN pin.
bit2 Serial /O pin direct When direct access to the serial output pin datais enabled (SOPE = 1), the SOT pin reflects the value
access hit" written to this bit.”
Note:  The bit operation instruction returns the bit value of the SOT pinin the read cycle.
cCo: Enable or disable continuous serial clock output from the SCK pin.
. ; Setting thisbit to "1" with sending side of serial clock in operation mode 2 (synchronous) enables the
bitl Continuous clock . . . T
output enable bit continuous serial clock output from the SCK pin if the pin is set as a clock output.
Note:  When the CCO hitis"1", the SSM bit in the ECCR should be "1".
Select asampling edge. Setting the SCES to "1" in reception side of serial clock in operation mode 2
SCES: (synchronous) switches the sampling edge from the rising edge to the falling edge.
bit0 Sampling clock edge | When the SCK pin is set as the clock output with sending side of serial clock (ECCR:MS=0) in
selection bit operation mode 2, the internal serial clock and the output clock signa are inverted.

This bit should be "0" in operation modes 0, 1, and 3.

*: Interaction between SOPE and SIOP

SOPE SIOP Write to SIOP Read from SIOP
0 R/W No effect (however, the write value is retained) Return the SIN value
1 R/W Write"0" or "1" to SOT Return the SIN value
1 RMW Read the SOT value, write"0" or "1"
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(ECCR)
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The LIN-UART extended communication control register (ECCR) is used for the bus idle
detection, the synchronous clock setting, and the LIN synch break generation.

B Bit Configuration of LIN-UART Extended Communication Control Register (ECCR)

Figure 22.4-7 shows the bit configuration of the LIN-UART extended communication control register
(ECCR). Table 22.4-5 lists the function of each bit.

Figure 22.4-7 Bit Configuration of LIN-UART Extended Communication Control Register (ECCR)

Address bit7 bit6  bit5 bit4 bit3 bit2 bitl bitO

0055H

|Reserved| LBR I MS ISCDEI SSMIReservedI RBI I TBI |

RX,W0 RO,W R/W R/W R/W RX,W0 R/WX R/WX

Initial value
000000XXB

.

TBI* Transmit bus idle detection flag bit
0 In transmission
1 No transmission

RBI* Reception bus idle detection flag bit
0 In reception
1 No reception

Y

Reserved bit

The read value is indeterminate.
"0" is always set.

»| SSM Start/stop enable bit (mode 2)
0 No start/stop bit
1 With start/stop bit
»| SCDE Serial clock delay enable bit (mode 2)
0 Disable clock delay
1 Enable clock delay
L MS Sendeing side/receiving side of serial clock selection bit (mode 2)
0 Sending side (serial clock generation)
1 Receiving side (external serial clock reception)
»| LBR LIN synch break generation bit (mode 3)
Write Read
0 No effect "0" is always read
1 LIN synch break generation Y ’

R/W  : Readable/writable (Read value is the same as write value)
R/WX : Read only (Readable, writing has no effect on operation)
RO,W : Write only (Writable, "0" is read)

RX,WO0 : Reserved bit (Write value is "0", read value is "1")

X : Indeterminate

[ :Initial value

*: Unused when SSM = 0 in operation mode 2

\

Reserved bit

The read value is indeterminate. "0" is always set.
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Table 22.4-5 Functions of Each Bit in LIN-UART Extended Communication Control Register (ECCR)

Bit name Function
bit7 Resarved bit The read value is indeterminate.
0" isaways set.
LBR: Setting thisbit to "1" in mode 3 generates a LIN synch break which has the length specified by LBL
bit6 LIN synch break 0/1in the ESCR.
generation bit This bit should be"0" in mode 0, 1 and 2.
Select sending side/receiving side of seria clock in mode 2.
MS: When sending side "0" is selected, generate a synchronous clock.
- . L. When receiving side "1" is selected, receive an external serial clock. Thisbit isfixed to "0" in modes
. Sending side/receiving
b5 | §de of serial clock | % 1 @d 3
election bit Modify this bit only when the SCR: TXE bit is"0".
Note:  When receiving sideis selected, the clock source must be set as an external clock and the
external clock input must be enabled (SMR:SCKE =0, EXT =1, OTO = 1).
SCDE: Setting the SCDE hit to "1" at sending side/receiving side of serial clock in mode 2 outputs adelayed
bit4 Seria clock delay seria clock as shown in Figure 22.7-5. This bit is effective in SPI.
enable bit Thishitisfixedto"0" in modes O, 1, and 3.
bit3 Start/stop bit mode Ad_d the_sta_rt/stop t.).lt..tc-) the synchronous data format when this bit is set to "1" in mode 2.
: Thishitisfixedto"0" in modes 0, 1, and 3.
enable bit
bit2 Reserved bit The read value is indeterminate.
0" isaways set.
RBI: I -
bit1 Reception busidle Vs\lsr;/len_tréeiﬁlcl)\l ggt:znl-r:wl;ezl and reception is not performed, thishitis"1". Do not use this bit when
detection flag bit =Pinop :
. Bl . . Thisbit is"1" when there is no transmission on the SOT pin. Do not use this bit when SSM = 0in
bit0 Transmit busidle operation mode 2
detection flag bit P :
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22.4.7 LIN-UART Baud Rate Generator Register 1,0
(BGR1, BGRO)

The LIN-UART baud rate generator register 1, 0 (BGR1, BGRO) sets the division ratio of
the serial clock. Also, the count value in the transmit reload counter is read from this
generator.

B LIN-UART Bit Configuration of Baud Rate Generator Register 1, 0 (BGR1, BGRO)
Figure 22.4-8 shows the bit configuration of LIN-UART baud rate generator register 1, 0 (BGR1, BGRO).

Figure 22.4-8 Bit Configuration of LIN-UART Baud Rate Generator Register 1, 0 (BGR1, BGRO0)

BGR1 bit7 bité bits5 bit4 bit3 bit2 bitl bit0 Initial value
Address
OFBCH

| - |BGR14|BGR13|BGR12|BGR11|BGR10| BGR9 | BGR8 | 000000008

RO/WXR/W R/W R/W R/W R/W R/W R/W

R/W LIN-UART baud rate generator register 1
Write Write to reload counter bit 8 to bit 14.
Read Read transmit reload counter bit 8 to bit 14.

Undefined bit

Read | Read"0".

BGRO bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
Address
OFBDH | BGR7| BGR6 | BGR5| BGR4| BGR3| BGR2| BGR1 | BGROl 000000008

R/W R/W R/W R/W R/W R/W R/W R/W

R/W LIN-UART baud rate generator register O
Write Write to reload counter bit O to bit 7.
Read Read transmit reload counter bit O to bit 7.

R/W  :Readable/writable (Read value is the same as write value)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)

The LIN-UART baud rate generator register sets the division ratio of the serial clock.

BGRL1 is associated with the upper bits; BGRO is associated with the lower bits. The reload value of the
counter can be written and the transmit reload counter value can be read from them. Byte/lword access is
also possible.

Writing a reload value to the LIN-UART baud rate generator registers causes the reload counter to start
counting.

Note:
Write to this register when LIN-UART stops.
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22.5

LIN-UART Interrupt

The LIN-UART has reception interrupts and transmit interrupts, which are generated by

following factor and have the assigned interrupt number and interrupt vector. Also, it

has the LIN synch field edge detection interrupt function using the 8/16-bit compound

timer interrupt.

* Reception interrupts
When the received data is set in the LIN-UART reception data register (RDR), or when
a reception error occurs. Also, when a LIN synch break is detected.

e Transmit interrupts
When the transmit data is transferred from the LIN-UART transmit data register (TDR)
to the transmission shift register, and the transmission starts.

B Reception Interrupt

Table 22.5-1 shows the control bits and interrupt factors of reception interrupts.

Table 22.5-1 Interrupt Control Bits and Interrupt Factors of Reception Interrupts

Interrupt

Operation mode

Flag Interrupt factor
reque;t flag register | o | 1 | 2 | 3 Interrupt factor enable bit Interrupt request flag clear
bit
RDRF SSR O | O | O | O |Writereceived datato RDR Read received data
ORE SSR O | O | O | O |Overrunerror SSR-RIE
- : Write "1" to reception error
FRE SSR O | O | A | O |Framingerror flag clear bit (SCR:CRE)
PE SSR O | x | A | x |Parityerror
LBD ESCR X x | x | O [LIN synch break detection ESCR:LBIE | Write"0" to ESCR:LBD
O : Used bit
x : Unused bit

A : Only ECCR:SSM = 1 available

@ Reception interrupts

378

Each flag bit in the LIN-UART serial status register (SSR) is set to "1" when any of following operation
occurs in reception mode:

Data reception completed

When the reception data is transferred from the LIN-UART serial input shift register to the LIN-UART
reception data register (RDR) (RDRF = 1)
Overrun error

When the following seria datais received when RDRF = 1 and the RDR is not read by the CPU (ORE =

1

Framing error

When the stop bit reception error occurs (FRE = 1)
Parity error

When the parity detection error occurs (PE = 1)
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A reception interrupt request is generated if the reception interrupt is enabled (SSR:RIE = 1) when any of
the above flag bitsis"1".

RDRF flag is automatically cleared to "0" by reading the LIN-UART reception data register (RDR). All of
error flags are cleared to "0" by writing "1" to the reception error flag clear bit (CRE) in the LIN-UART
serial control register (SCR).

Note:
CRE flag is write-only, and retains "1" for one clock cycle when "1" is written.

@ LIN synch break interrupts

Works for LIN slave operation in operation mode 3.

The LIN synch break detection flag bit (LBD) in the LIN-UART extended status control register (ESCR) is
set to "1" when the internal data bus (serial input) is "0" for 11 bits or longer. The LIN synch break
interrupt and the LBD flag are cleared by writing "0" to the LBD flag. The LBD flag must be cleared
before the 8/16-bit compound timer interrupt is generated in the LIN synch field.

To detect aLIN synch break, the reception must be disabled (SCR:RXE = 0).
B Transmit Interrupts
Table 22.5-2 shows the control bits and interrupt factors of transmit interrupts.

Table 22.5-2 Interrupt Control Bits and Interrupt Factors of Transmit Interrupts

Interrupt Operation mode
Flag Interrupt factor
request flag ) Interrupt factor - Interrupt request flag clear
; register 0 1 2 3 enable bit
bit
TDRE SSR O | O | O | O |Transmitregister isempty SSR:TIE Write transmit data

O: Used bit

@ Transmit interrupts

The transmit data register empty flag bit (TDRE) in the LIN-UART serial status register (SSR) is set to "1"
when the transmit datais transferred from the LIN-UART transmit data register (TDR) to the transmission
shift register, and the transmission starts. If the transmit interrupt is enabled (SSR:TIE = 1) in this case, a
transmit interrupt request is generated.

Note:

Since the initial value of TDRE is "1", an interrupt is generated immediately after the TIE bit is set to
"1" after hardware/software reset. Also, the TDRE is cleared only by writing data to the LIN-UART
transmit data register (TDR).

379



CHAPTER 22 LIN-UART

B LIN Synch Field Edge Detection Interrupt (8/16-bit Compound Timer Interrupt)
Table 22.5-3 shows the control bits and interrupt factors of the LIN synch field edge detection interrupt.

Table 22.5-3 Interrupt Control Bits and Interrupt Factors of LIN Synch Field Edge Detection Interrupt

Operation mode

Interrupt _ Fl_ag Interrupt factor Interruptfac_:tor Interrupt request flag
request flag bit | register 0 1 > 3 enable bit cloar
IR ToocrL | x | x | x | O EglsdtfalllngedgeoftheLlench
Fifth falling edae of the LIN " TOOCR1:IE Write "0" to TOOCR1L:IIR
IR TOOCRL | x | x | x | O [ ing edge of the LIN sync
field
O : Used hit
x : Unused bit

@ LIN Synch field edge detection interrupt (8/16-bit compound timer interrupt)

Works for LIN slave operation in operation mode 3.

After a LIN synch break is detected, the internal signal (LSYN) is set to "1" at the first falling edge of the
LIN synch field, and set to "0" after the fifth falling edge. When the 8/16-bit compound timer is configured
to be input the internal signal and to detect both edges, a 8/16-hit compound timer interrupt is generated if

enabled.

The difference in the count values detected by the 8/16-bit compound timer (see Figure 22.5-1) corresponds
to the 8 bitsin the master seria clock. The new baud rate can be calculated from this value.
When a new baud rate is set, the rate become effective from the falling edge detection of the specified next

start bit.

Figure 22.5-1 Baud Rate Calculation by 8/16-bit Multi-Function Timer

Reception data

<

LIN Synch field

Internal signal
(LSYN)

8/16-bit
composite timer

Start |

Data = 0x55

|

X

Capture value 1

>< Capture value 2

Difference in count values = Capture value 2 - Capture Value 1
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B Register and Vector Table Related to LIN-UART Interrupt

Table 22.5-4 Register and Vector Table Related to LIN-UART Interrupt

Interrupt Interrupt level setting register Address of vector table

Interrupt factor
request No. Register Setting bit Upper Lower
Reception IRQ7 ILR1 LO7 FFFCy FFFDy
Transmission IRQS8 ILR2 LO8 FFEAY FFEBY
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22.5.1 Timing of Reception Interrupt Generation and Flag Set

Reception interrupts are a reception completion (SSR:RDRF) and an occurrence of a
reception error (SSR:PE, ORE, FRE).

B Timing of Reception Interrupt Generation and Flag Set
Received datais stored in the LIN-UART reception data register (RDR) when the first stop bit is detected
inmode 0, 1, 2 (SSM =1), 3, or when the last data bit is detected in mode 2 (SSM = 0). Each error flag is
set when a reception is completed (SSR:RDRF = 1), or when areception error occurs (SSR:PE, ORE, FRE = 1).
If the reception interrupt is enabled (SSR:RIE = 1) at thistime, a reception interrupt is generated.

Note:
When a reception error occurs in each mode, the data in the LIN-UART reception data register
(RDR) is invalid.

Figure 22.5-2 shows the timing of reception and flag set.

Figure 22.5-2 Timing of Reception and Flag Set

Reception data
(Mode 0/3)

Reception data
(Mode 1)

Reception data
(Mode 2)

PE™, FRE
RDRF

ORE™2
(RDRF = 1)

Reception interrupts generated

*1: PE flag is always "0" in modes 1 and 3.
* 2. An overrun error is generated if the next data is transferred before a received data is read (RDRF = 1).

ST: Start bit, SP: Stop bit, AD: Mode 1 (multiprocessor) address data selection bit

Note:
Figure 22.5-2 does not show all receptions in mode 0. It only shows examples for 7-bit data, parity
(even parity or odd parity), 1 stop bit and 8-bit data, no parity, 1 stop bit.
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Figure 22.5-3 ORE Flag Set Timing

R WAC 0060000700000 0Us

RDRF |

ORE |_
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22.5.2 Timing of Transmit Interrupt Generation and Flag Set

Transmit interrupts are generated when the transmit data is transferred from the LIN-
UART transmit data register (TDR) to the transmission shift register and then the
transmission starts.

B Timing of Transmit Interrupt Generation and Flag Set

When the data written to the LIN-UART transmit data register (TDR) is transferred to the transmission
shift register and then the transmission starts, the next data becomes to be writable (SSR: TDRE = 1). If the
transmit interrupt is enabled (SSR:TIE = 1) at thistime, atransmit interrupt is generated.

TDRE bit is aread-only bit and cleared to "0" only by writing data to the LIN-UART transmit data register
(TDR).

Figure 22.5-4 shows the timing of the transmission and flag set in each LIN-UART mode.

Figure 22.5-4 Timing of Transmission and Flag Set

Transmit interrupts generated Transmit interrupts generated

Modes 0, 1, and 3:
Write to TDR J_| v |_|
TORE [ |

Serial output

|s7|Do[p1]p2[D3|D4]D5[D6|D7| P +5P|ST| DO| D1|D2| D3| D4 | D5 D8 D7 P+ 5P

Transmit interrupts generated Transmit interrupts generated

Mode 2 (SSM =0):
Write to TDR |_| \ |_|

TDRE

Serial output

[0o| p1] 2| D3| D4 | D5| D6 [ D7|D0 | D1] D2| D3| D4| D5 | DB | D7| DO| D1] D2 D3| D4

ST: Start bit, DO to D7: Data bits, P: Parity, SP: Stop bit
AD: Address data selection bit (mode 1)

Note:

Figure 22.5-4 does not show all transmissions in mode 0. It only shows 8-bit data, parity ("even
parity" or "odd parity"), 1 stop bit.

No parity bit is transmitted in mode 3, or in mode 2 with SSM = 0.

384



CHAPTER 22 LIN-UART

B Transmit Interrupt Request Generation Timing

When TDRE flag isset to "1" if the transmit interrupt is enabled (SSR:TIE = 1), atransmit interrupt request
is generated.

Note:

Since the TDRE bit is initially set to "1", a transmit interrupt is generated immediately after the
transmit interrupt is enabled (SSR:TIE = 1). Be careful with the timing for enabling the transmit
interrupt since the TDRE bit can be cleared only by writing new data to the LIN-UART transmit data
register (TDR).

Refer to "APPENDIX B Table of Interrupt Causes' for interrupt request number/vector table of each
peripheral function.
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22.6

LIN-UART Baud Rate

One of the following can be selected for the LIN-UART input clock (send/receive clock

source):

* Input a machine clock into a baud rate generator (reload counter)
* Input an external clock into a baud rate generator (reload counter)
» Use the external clock (SCK pin input clock) directly.

B LIN-UART Baud Rate Selection

You can select one of the following three different baud rates. Figure 22.6-1 shows the baud rate selection
circuit.

@ Baud rate derived from the internal clock divided by the dedicated baud rate generator (reload counter)

Two internal reload counters are provided and assigned the transmit and reception serial clock respectively.
The baud rate is selected by setting a 15-hit reload value in the LIN-UART baud rate generator register 1, 0
(BGR1, BGRO).

Thereload counter dividesthe internal clock by the specified value.
It is used in asynchronous mode and in synchronous mode (sending side of serial clock).
To et the clock source, select the use of theinternal clock and baud rate generator (SMR:EXT =0, OTO = 0).

@ Baud rate derived from the external clock divided by the dedicated baud rate generator (reload counter)

The external clock is used as the clock source for the reload counter.

The baud rate is selected by setting a 15-bit reload value in the LIN-UART baud rate generator register 1, 0
(BGRO, BGR1).

The reload counter divides the external clock by the specified value.
It is used in asynchronous mode.

To set the clock source, select the use of the externa clock and baud rate generator (SMR:EXT =1, OTO =0).

@ Baud rate by the external clock (one-to-one mode)

386

The clock input from the clock input pin (SCK) of the LIN-UART is used as the baud rate (slave 2
operation (ECCR:MS =1) in synchronous mode).

Itisused in synchronous mode (receiving side of serial clock).
To set the clock source, select the external clock and its direct use (SMR:EXT =1, OTO =1).
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Figure 22.6-1 LIN-UART Baud Rate Selection Circuit

Start bit falling
Reload value: v edge detection
. Rxc = 0? - Set Reception
Reception Reload
15-bit reload counter eloa
Rxc = v/2?
Reload value: v
MCLK —— o Transmit Txc =0?
(Machine clock) 15-bit reload counter Reload
SCK 11 )
(External clock Counter value: Txc TxC = v/2?
input
put) Transmit
YYVYYVYVYVYVYVVYVY clock
Internal data bus
BGR7 |=
BGR14 BGR6 |
SMR BGR13 BGR1 BGRS5 | BGRO
EXT |- register BGR12 |« register BGR4 | register
REST | BGR11 | BGR3 |
OTO | *— BGR10 BGR2
BGR9 |= BGR1 |-
BGR8 |= BGRO |-
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22.6.1

Baud Rate Setting

This section shows baud rate settings and the calculation result of serial clock
frequencies.

B Baud Rate Calculation

The two 15-bit reload counters are set by the LIN-UART baud rate generator register 1, 0 (BGR1, BGRO).
The expressions for the baud rate are as follows.
Reload value:

_ MCLK 1
Oy
v: Reload value, b: Baud rate, MCLK: Machine clock, or external clock frequency

Calculation example

Assuming that the machine clock is 10MHz, the internal clock is used, and the baud rate is set to 19200
bps:

Reload value:

6
v= (20X10° v 51983, = 520
19200

Thus, the actual baud rate can be calculated as follows.

MCLK 6
b= = 10x10°  _ 191938579
(v +1) 521

Note:

The reload counter halts if the reload value is set to "0". Therefore, the least reload value should be
ny

For transmission/reception in asynchronous mode, the reload value must be at least "4" in order to
determine the reception value by oversampling on five times.
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B Reload Value and Baud Rate of Each Clock Speed
Table 22.6-1 shows the reload value and baud rate of each clock speed.

Table 22.6-1 Reload Value and Baud Rate

CHAPTER 22 LIN-UART

8MHz (MCLK) 10MHz (MCLK) 16MHz (MCLK) 16.25MHz(MCLK)
Br:tued Reload | Frequency | Reload | Frequency | Reload | Frequency | Reload | Frequency
value deviation value deviation value deviation value deviation
M - - 4 0 7 0 - -
1M 7 0 9 0 15 0 - -
500000 15 0 19 0 31 0 - -
400800 - - - - - - - -
250000 31 0 39 0 63 0 64 0
230400 - - - - 68 -0.64 - -
153600 51 -0.16 64 -0.16 103 -0.16 105 0.19
125000 63 0 79 0 127 0 129 0
115200 68 -0.64 86 0.22 138 0.08 140 -0.04
76800 103 0.16 129 0.16 207 -0.16 211 0.19
57600 138 0.08 173 0.22 277 0.08 281 -0.04
38400 207 0.16 259 0.16 416 0.08 422 -0,04
28800 277 0.08 346 -0.06 555 0.08 563 -0.04
19200 416 0.08 520 0.03 832 -0.04 845 -0.04
10417 767 <0.01 959 <0.01 1535 <0.01 1559 <0.01
9600 832 -0.04 1041 0.03 1666 0.02 1692 0.02
7200 1110 <0.01 1388 <0.01 2221 <0.01 2256 <0.01
4800 1666 0.02 2082 - 0.02 3332 <0.01 3384 <0.01
2400 3332 <0.01 4166 <0.01 6666 <0.01 6770 <0.01
1200 6666 <0.01 8334 <0.01 13332 <0.01 13541 <0.01
600 13332 <0.01 16666 <0.01 26666 <0.01 27082 <0.01
300 26666 <0.01 - - 53332 <0.01 54166 <0.01

The unit of frequency deviation (dev.) is %. MCLK indicates the machine clock.
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B External Clock

The external clock is selected by writing "1" to the EXT hit in the LIN-UART serial mode register (SMR).
In the baud rate generator, the external clock can be used in the same way asthe internal clock.

When dlave operation is used in synchronous mode 2, select the one-to-one external clock input mode
(SMR:OTO = 1). In this mode, the external clock input to SCK is input directly to the LIN-UART seria
clock.

Note:

The external clock signal is synchronized with the internal clock (MCLK: machine clock) in the LIN-
UART. Therefore, the signal is unstable because the external clock cannot be divided if its cycle is
faster than half cycle of the internal clock.

For the value of the SCK clock, refer to the data sheet.
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B Operation of Dedicated Baud Rate Generator (Reload Counter)

Figure 22.6-2 shows the operation of two reload counters when the reload value is 832 as an example”.

Figure 22.6-2 Operation of Dedicated Baud Rate Generator (Reload Counter)

Transmit/reception clock - — — - Fallin
g at (V+1)/2
— ;
Reoad couner ooz ou ss2 s 830 sz ) ) o) sis anef sz rz e
A

Reload counter value

Note:

The falling edge of the serial clock signal is generated after the reload value divided by 2 ((V+1)/2) is
counted.
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22.6.2 Reload Counter

This block is a 15-bit reload counter serving as a dedicated baud rate generator. It
generates the transmit/reception clock from the external or internal clock.

The count value in the transmit reload counter is read from the LIN-UART baud rate
generator registers 1, 0 (BGR1 and BGRO).

Bl Function of Reload Counter

There are two kinds of reload counters; transmit and reception. They work as the dedicated baud rate
generator. The block consists of a 15-hit register for reload values; it generates the transmit/reception clock
from the external or internal clock. The count value in the transmit reload counter is read from the LIN-
UART baud rate generator registers 1, 0 (BGR1 and BGRO).

@ Start counting

Writing a reload value to the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO) causes the
reload counter to start counting.

@ Restart

Thereload counter restarts in the following conditions.
For both transmit/reception reload counter

e LIN-UART programmable reset (SMR:UPCL bit)
¢ Programmable restart (SMR:REST bit)
For reception reload counter

Start bit falling edge detection in asynchronous mode

@ Simple timer function

Two reload counters restart at the next clock cycle when the REST bit in the LIN-UART serial mode
register (SMR) isset to "1".

This function enables the transmit reload counter to be used as a simple timer.

Figure 22.6-3 shows an example of using this function (when reload value is 100).
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Figure 22.6-3 Example of Using a Simple Timer by Restarting the Reload Timer

MCLK
(Machine clock)

SMR register Write
REST bit |_|
write signal
Reload

ww@@www@w ;

BGRO/BGR1 register
read signal

//////////////////////////////////////W///////

The number of machine cyclescyc" after restart in this example is obtained by the following expression.
cyc=v-c+1=100- 90+1=11
v: Reload value, c: Reload counter value

Note:
The reload counters also restart when the LIN-UART is reset by writing "1" to the SMR:UPCL bit.

Automatic restart (reception reload counter only)

The reception reload counter is restarted when the start bit falling edge is detected in asynchronous
mode. Thisisthe function to synchronize the reception shift register with the reception data.

@ Clear counter
When areset occurs, the reload values in the LIN-UART baud rate generator registers 1, 0 (BGR1, BGRO)
and the reload counter are cleared to "004", and the reload counter halts.
Although the counter value is temporarily cleared to "004" by the LIN-UART reset (writing "1" to
SMR:UPCL), the reload counter restarts since the reload value is retained.

The counter value is not cleared to "004" by the reset setting (writing "1" to SMR:REST), and the reload
counter restarts.
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22.

7  Operations and Setting Procedure Example of LIN-UART

LIN-UART operates in mode 0, 2 for bi-directional serial communication, in mode 1 for
master/slave communication, and in mode 3 for LIN master/slave communication.

B Operation of LIN-UART

Table 22.7-1 LIN-UART Operation Modes

@ Operation mode

The LIN-UART has four operation modes (0 to 3), allowing the connections and the data transfer methods
between CPUs to be selected aslisted in Table 22.7-1.

Data length
Operation mode Synchronous method Stop bit length Data bit format
No parity With parity

0 Normal mode 7 bits or 8 hits Asynchronous

1 Multi processor _ . ] AS/ChIONoLS 1 bit or 2 bits L SB first
mode 7 bitsor 8 bits +1 Syl MSB first

2 Normal mode 8 bits Synchronous None, 1 bit, 2 bits

3 LIN mode 8 hits | - Asynchronous 1 bit LSB first

- Unavailable

* . "+1" isthe address/data selection bit (AD) used for communication control in multiprocessor mode.

The MDO and MD1 bhits in the LIN-UART serial mode register (SMR) are used to select the following

LIN-UART operation modes.

Table 22.7-2 LIN-UART Operation Modes

MD1 MDO Mode Type
0 0 0 Asynchronous (Normal mode)
0 1 1 Asynchronous (M ultiprocessor mode)
1 0 2 Synchronous (Normal mode)
1 1 3 Asynchronous (LIN mode)

Notes:

« Both master and slave operation are supported in a system with master/slave connection in mode

1.

« In mode 3, the communication format is fixed to 8-bit data, no parity, stop bitl, LSB-first.

 If the mode is changed, all transmissions and receptions are canceled, and the LIN-UART waits
for the next operation.
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B Inter-CPU Connection Method

You can select either external clock one-to-one connection (normal mode) or master/slave connection
(multiprocessor mode). In either methods, data length, parity setting, synchronization type must be the
same between al CPUs and thus the operation mode must be selected as follows.

e One-to-oneconnection: Two CPUs must use the same method in either operation mode O or 2. Select
the operation mode O for asynchronous method or the operation mode 2 for
synchronous method. Also, for the operation mode 2, set one CPU as sending
side of serial clock and the other as the receiving side of serial clock.

* Master/slave connection: Select operation mode 1. Use the system as a master/slave system.

B Synchronous Method
In asynchronous method, the reception clock is synchronized with the reception start bit falling edge. In
synchronous method, the reception clock can be synchronized by the sending side of serial clock signal or
the clock signal at operating as sending side of serial clock.

B Signaling
NRZ (Non Return to Zero).

B Enable Transmission/Reception
The LIN-UART uses the SCR:TXE bit and the SCR:RXE bit to control transmission and reception,
respectively. To disable transmission or reception, set as follows.

 If the reception is in progress, wait until the reception completed, read the LIN-UART reception data
register (RDR), and then disable the reception.

e If the transmission is in progress, wait until the transmission completed, and then disable the
transmission.

B Setting Procedure
LIN-UART is set in the following procedure:

@ Initial setting

1) Set the port input (DDR1).

2) Settheinterrupt level (ILR1, ILR2).

3) Set the data format, enable transmission/reception (SCR).

4) The operation mode, baud rate selection, pin output enabled (SMR)
5) The baud rate generator 1, 0 (BGR1,BGRO)

395



CHAPTER 22 LIN-UART

22.7.1  Operation of Asynchronous Mode (Operation Mode O, 1)

When LIN-UART is used in operation mode 0 (hormal mode) or operation mode 1
(multiprocessor mode), the transfer method is asynchronous.

B Asynchronous Mode Operation

@ Transmit/reception data format
Transmit/reception data always begins with a start bit ("L" level) followed by a specified data bits length
and ends up with at least one stop bit ("H" level).

The bit transfer direction (LSB-first or MSB-first) is determined by the BDS bit in the LIN-UART serial
status register (SSR). When a parity is used, the parity bit is always placed between the last data bit and the
first stop bit.

In operation mode O, select 7-bit or 8-bit for the data length. Y ou can select whether or not to use a parity.
Also, the stop bit length (1 or 2) can be selected.

In operation mode 1, adata length is 7-bit or 8-bit, the parity is not added, and the address/data bit is added.
The stop bit length (1 or 2) can be selected.

The bit length of transmit/reception frame is calculated as follows:
Length=1+d+p+s
(d = Number of databits[7 or 8], p = parity [0 or 1],
s = Number of stop bits[1 or 2])
Figure 22.7-1 shows the data format in asynchronous mode.
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Figure 22.7-1 Transmit/Reception Data Format (Operation Mode 0, 1)
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ST : Start bit

SP : Stop mode

P : Parity bit

AD : Address/data bit

Note:

When the BDS bit in the LIN-UART serial status register (SSR) is set to "1" (MSB-first), the bits are

processed in the order of D7, D6, ... D1, DO (P).
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@ Transmission

If the transmit data register empty flag bit (TDRE) in the LIN-UART serial status register (SSR) is "1",
transmit data can be written into the LIN-UART transmit data register (TDR). Writing data sets the TDRE
flag to "0". If transmission is enabled (SCR:TXE = 1) at this time, the data is written to the transmit shift
register and the transmission is started sequentially from the start bit in the next serial clock cycle.

When TDRE flag is set to "1" if the transmit interrupt is enabled (TIE = 1), an interrupt is generated when
the TDRE flag isset to "1".

When the data length is set to 7-bit (CL = 0), the bit 7 in the RDR is an unused bit regardless of the transfer
direction select bit (BDS) setting (L SB-first or MSB-first).

Note:

Since the initial value of transmit data empty flag bit (SSR:TDRE) is "1", an interrupt is generated
immediately when transmit interrupts are enabled (SSR:TIE =1).

@ Reception

The reception is performed when reception is enabled (SCR:RXE =1). When the start bit is detected, one
frame data is received according to the data format defined in the LIN-UART seria control register (SCR).
If an error occurs, the error flag (SSR:PE, ORE, FRE) is set. After the reception of the one frame data is
completed, the received data is transferred from the reception shift register to the LIN-UART reception
data register (RDR), and the reception data register full flag bit (SSR:RDRF) is set to "1". If the reception
interrupt request is enabled (SSR:RIE = 1) at thistime, areception interrupt request is output.

To read the received data, check the error flag status and read the received data from the LIN-UART
reception data register (RDR) if the reception is normal. If a reception error occurs, perform error
handlings.

When the received datais read, the reception data register full flag bit (SSR:RDRF) is cleared to "0".

When the data length is set to 7-bit (CL = 0), the bit7 of RDR register is an unused bit regardless of the
transfer direction select bit (BDS) setting (L SB-first or MSB-first).

Note:

Data in the LIN-UART reception data register (RDR) becomes valid when the reception data register
full flag bit (SSR:RDRF) is set to "1" and no error occurs (SSR:PE, ORE, FRE=0).
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@ Input clock

Internal or external clock is used. For the baud rate, select the baud rate generator (SMR:EXT = 0 or 1,
OTO =0).
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@ Stop bit and reception bus idle flag
Y ou can select one or two stop bits at transmission. When 2-bit of the stop bit are selected, both of the stop
bits are detected during reception.

When the first stop bit is detected, the reception data register full flag (SSR:RDRF) is set to "1". When no
start bit is detected after that, the reception bus idle flag (ECCR:RBI) is set to "1", indicating that the
reception is not performed.

@ Error detection

In mode O, parity, overrun, and frame errors can be detected.

In mode 1, overrun and frame errors can be detected. But, parity errors cannot be detected.
@ Parity

Y ou can specify whether or not to add (at transmission) and detect (at reception) a parity bit.

The parity enable bit (SCR:PEN) can be used whether or not to use a parity; the parity selection bit
(SCR:P) can be used to select the odd or even parity.

In operation mode 1, the parity cannot be used.

Figure 22.7-2 Transmission Data when Parity is Enabled

e Parity error is generated in
SIN |ST| | | : O A () even parity during reception

[ S S N S S A (SCR:P =0)
101100000

Transmission of even parity
SOt W sp (SCR:P = 0)

10100001

Transmission of odd parity
SoT |ST| | | | 0 i [sp scrP=1)
$1:0:1:1:0i0:0:0:0:

<
P — f f f PR W

Data’ Parity

ST: Start bit, SP: Stop bit, Parity used (PEN = 1)
Note: In operation mode 1, the parity cannot be used.

@ Data signaling

NRZ dataformat.

@ Data transfer method

The data bit transfer method can be the L SB-first or M SB-first.
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22.7.2  Operation of Synchronous Mode (Operation Mode 2)

When LIN-UART is used in operation mode 2 (normal mode), the transfer method is
clock synchronous.

B Operation of Synchronous Mode (Operation Mode 2)

@ Transmit/reception data format

In synchronous mode, you can transmit and receive 8-bit data and select whether or not to include the start
bit and stop bit (ECCR:SSM). When the start/stop bit isincluded (ECCR:SSM = 1), you can select whether
or not to include the parity bit (SCR:PEN).

Figure 22.7-3 shows the data format in synchronous mode.

Figure 22.7-3 Transmit/Reception Data Format (Operation Mode 2)

Transmit/reception data

(ECOR:SSM-0.5RPEN-0) 0 01)(02)(05)(04)(03) 08} 07
Transmit/reception data *
(ECOR 5SSt SoRPEN=0) \sT /00)(o1)(02)(03Ype Y05 o507/ 5P P

Transmit/reception data

*
(Econseut sorpen-1) \s7 /o) o1)02)(oapa) oe)(oso7) ¢ fse sp

*: When two stop bits are set (SCR:SBL = 1)

ST: Start bit, SP: Stop bit, P: Parity bit, LSB-first

@ Clock inversion function

When the SCES bit in the LIN-UART extended status control register (ESCR) is "1", the serial clock is
inverted. In receiving side of serial clock, the LIN-UART samples data at the falling edge of the received
serial clock. Note that, in sending side of seria clock, the mark level is set to "0" when the SCES bitis"1".

Figure 22.7-4 Transmission Data Format During Clock Inverted

Transmit/reception clock —U—U—U—U—U—U—U—U—U—U—'— Mark level
(SCES =0, CCO =0): . '

Transmit/reception clock ' l
(SCES =1,CCO = 0) Mark level

Data stream (SSM = 1) iST| HEEEEEEE
(No parity, 1 stop bit)

Data frame

@ Start/stop bit

When the SSM hit in the LIN-UART extended communication control register (ECCR) is"1", the start and
stop bits are added to the data format as in asynchronous mode.
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@ Clock supply

In clock synchronous mode (normal), the number of the transmit/reception bits must be equal to the number
of the clock cycles. When the start/stop bit is enabled, the number of the added start/stop bits must be
equal, aswell.

When the serial clock output is enabled (SMR:SCKE = 1) in sending side of serial clock (ECCR:MS=0), a
synchronous clock is output automatically at transmission/reception. When the serial clock output is
disabled (SMR:SCKE = 0) in receiving side of seria clock (ECCR:MS = 1), the clock for each bit of
transmit/reception data must be supplied from the outside.

The clock signal must remain at the mark level ("H") aslong asit isirrelevant to transmission/reception.

@ Clock delay

Setting the SCDE bit in the ECCR to "1", a delayed transmit clock is output as shown in Figure 22.7-5.
This function is required when the receiving device samples data at the rising or falling edge of the clock.

Figure 22.7-5 Transmission Clock Delay (SCDE = 1)

Write transmit data ﬂ

*Reception data sample edge (SCES = 0)

Transmit/reception Mark level
clock (normal) X
. Mark level
Transmit clock
(SCDE =1)
Mark level

Transmit/reception data 0 1 1 0 1 0.0 1

. LSB MSB |
Data \

@ Clock inversion

When the SCES bit in the LIN-UART extended status register (ESCR) is "1", the LIN-UART clock is
inverted, and received data is sampled at the falling edge of the clock. At this time, the value of the seria
data must be enabled at the timing of the clock falling edge.
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@ Continuous clock supply

When the CCO bit in the ESCR is "1", the seria clock output from the SCK pin is supplied in the sending
side of serial clock continuously. In this mode, add the start/stop hit to the data format (SSM = 1) in order

to identify the beginning and end of the data frame. Figure 22.7-6 shows the operation of this function.

Figure 22.7-6 Continuous Clock Supply (Mode 2)

Transmit/reception clock l
(SCES =0,CCO =1):
Transmit/reception clock l
(SCES =1,CCO =1):

Data stream (SSM = 1) |ST| | | | | | | | |SP:
(No parity, 1 stop bit) v :

Data frame
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@ Error detection

When the start/stop bits are disabled (ECCR:SSM = 0), only overrun errors are detected.

@ Communication settings for synchronous mode

To communicate in synchronous mode, the following settings are required.
¢ LIN-UART baud rate generator register 1, 0 (BGR1, BGRO)
Set the dedicated baud rate rel oad counter to arequired value.
e LIN-UART serial mode register (SMR)
MD1, MDO: "10g" (Mode 2)
SCKE : "1": Usethe dedicated baud rate reload counter
:"0": Input external clock
SOE :"1": Enable transmission/reception
: "0": Enable reception only
e LIN-UART serial control register (SCR)
RXE, TXE: Set either bit to "1".

AD : The value of this bit is disabled so that the address/data format selection function cannot be

used.

CL : Thishitissetto 8 bitslength automatically, and its value is disabled.
CRE: "1": Sincetheerror flag is cleared, transmission/reception is stopped.
- For SSM =0:

PEN, P, SBL: Since not used, parity bit and stop bit are disabled.
- For SSM = 1:

PEN : "1": Add/detect parity bit,"0": Not use parity bit

P :"1":Odd, "0": Even

SBL :"1": Stop bit length2,  "0": Stop bit length 1
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e LIN-UART serial statusregister (SSR)
BDS: "0": LSB-first, "1": MSB-first
RIE :"1": Enable reception interrupt, "0": Disable reception interrupt
TIE :"1": Enable transmit interrupt, "0": Disable transmit interrupt
¢ LIN-UART extended communication control register (ECCR)
SSM : "0": Not use start/stop bit (normal),
"1": Use start/stop bit (extended function),
MS :"0": Sending side of serial clock (serial clock output),
"1": Receiving side of serial clock (input serial clock from sending side of serial clock)

Note:

To start communication, write data into the LIN-UART transmit data register (TDR).
To receive data, disable the serial output (SMR:SOE = 0), and then write dummy data into the TDR.

Enabling continuous clock and start/stop bit allows bi-directional communication as in asynchronous
mode.
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22.7.3

Operation of LIN function (Operation Mode 3)

In operation mode 3, the LIN-UART works as the LIN master and the LIN slave. In
operation mode 3, the communication format is set to 8-bit data, no parity, stop bit 1,

LSB first.

B Asynchronous LIN Mode Operation

@ Operation as LIN master

In LIN mode, the master determines the baud rate for the entire bus, and the slave synchronizes to the
master.

Writing "1" to the LBR bit in the LIN-UART extended communication control register (ECCR) outputs 13
to 16 bits at the "L" level from the SOT pin. These bits are the LIN synch break signifying the beginning of
aLIN message.

The TDRE flag hit in the LIN-UART seria status register (SSR) is set to "0". After the break, it is set to
"1" (initial value). If the TIE bit in SSRis"1" at thistime, atransmit interrupt is output.

The length of the LIN Synch break transmitted is set by the LBLO/LBL1 bitsin ESCR as in the following
table.

Table 22.7-3 LIN Break Length

LBLO LBL1 Break length
0 0 13 bits
1 0 14 bits
0 1 15 hits
1 1 16 bits

Synch field is transmitted as byte data 0x55 following the LIN break. To prevent generation of a transmit
interrupt, 0x55 can be written to the TDR after the LBR bit in ECCR is set to "1" even if the TDRE flag is
"o,

@ Operation as LIN slave
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In LIN slave mode, the LIN-UART must synchronize to the baud rate for the master. The LIN-UART
generates a reception interrupt when LIN break interrupt is enabled (LBIE = 1) even though reception is
disabled (RXE = 0). The LBD bit inthe ESCR isset to "1" at thistime.

Writing "0" to the LBD hit clears the reception interrupt request flag.

For calculation of the baud rate, the following example shows the operation of the LIN-UART. When the
LIN-UART detects the first falling edge of Synch field, set an internal signal, which isinput to the 8/16-bit
compound timer, to "H", and then start the timer. The internal signal should be "L" at the fifth falling edge.
The 8/16-bit compound timer must be set to the input capture mode. Also, the 8/16-bit compound timer
interrupts must be enabled and set for the detection at both edges. The time for which the input signal to the
8/16-bit compound timer is the value obtained by multiplying the baud rate by 8.



CHAPTER 22 LIN-UART

The baud rate setting value is calculated by the following expressions.
When the counter of the 8/16-bit compound timer is not overflowing
:BGRvaue=(b-a)/8-1
When the counter of the 8/16-bit compound timer is overflowing
:BGRvalue=(max+b-a)/8-1
max: Maximum value of free-run timer
a TI10 dataregister value after the first interrupt
b: T110 data register value after the second interrupt

Note:

Do not set the baud rate if the new BGR value calculated based on Synch field as above in LIN slave
mode involves an error over +15%.

For the operations of the input capture function on the 8/16-bit compound timer, see "15.13 Operating
Description of Input Capture Function”.

@ LIN synch break detection interrupt and flag

The LIN break detection (LBD) flag in ESCR is set to "1" when the LIN synch break is detected in save
mode. When the LIN break interrupt is enabled (LBIE = 1), an interrupt is generated.

Figure 22.7-7 Timing of LIN Synch Break Detection and Flag Set

Serial clock |
Serial input —
(LIN bus) |_ | | | | | | | _| |

LBD

TIO input
(LSYN)

The above diagram shows the timing of the LIN synch break detection and flag.

Since the data framing error (FRE) flag bit in SSR generates a reception interrupt two bits earlier than a
LIN break interrupt (for communication format is 8-bit data, no parity, "1" stop hit.), set the RXE to "0"
when aLIN break isused.

The LIN synch break detection works only in operation mode 3.
Figure 22.7-8 shows the beginning of atypical LIN message and the LIN-UART operation.
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Figure 22.7-8 LIN-UART Operation in LIN Slave Modes
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Figure 22.7-9 LIN Bus Timing and LIN-UART Signals
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Serial Pin Direct Access

Transmission pin (SOT) or reception pin (SIN) can be accessed directly.

Bl LIN-UART Pin Direct Access

The LIN-UART allows the programmer to directly access the serial 1/0 pins.

The status of the serial input pin (SIN) can be read by using the seria 1/O pin direct access bit
(ESCR:SIOP).

You can set the value of the serial output pin (SOT) arbitrarily when the seria output is enabled
(SMR:SOE=1) after direct write to the seria output pin (SOT) is enabled (ESCR:SOPE = 1), and then "0"
or "1" iswritten to the seria 1/0 pin direct access bit (ESCR:SIOP).

In LIN mode, this feature is used for reading transmitted data or for error handling when a LIN bus line
signal isphysicaly incorrect.

Note:

Direct access is allowed only when transmission is not in progress (the transmission shift register is
empty).

Before enabling transmission (SMR:SOE = 1), write a value to the serial output pin direct access bit
(ESCR:SIOP). This prevents a signal of an unexpected level from being output since the SIOP bit
holds a previous value.

While the value of the SIN pin is read by normal read, the value of the SOT pin is read for the SIOP
bit by the read-modify-write (RMW) instructions.
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22.7.5 Bidirectional Communication Function (Normal Mode)

Normal serial bidirectional communication can be performed in operation mode 0 or 2.
Asynchronous mode and synchronous mode can be selected in operation modes 0 and
2, respectively.

B Bidirectional Communication Function
To operate the LIN-UART in normal mode (operation mode O or 2), the settings shown in Figure 22.7-10
are required.

Figure 22.7-10 Settings of LIN-UART Operation Modes 0 and 2

bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

SCR, SMR |PEN| P |SBL| CL | AD |CRE|RXE|TXE|MD1|MDO|OTO| EXT|REST|UPCL|SCKE|SOE|
Mode 0 —» © ® ® ® X 0 ® ® 0 0 0 ® 0 0 ® ®
Mode 2 —» [g =i =] + X 0 ® ® 1 0 ® ® 0 0 ® ®

SSR, Set conversion data (during writing)
RDR/TDR PE |ORE| FRE |RDRFITDRE BDS| RIE | TIE Retain reception data (during reading)

Mode0-> ®@ ©® © ©®© © © © 0
Mode2—- @ ® @ ®©® ©® © ©® 6

ESCR, ECCR [LBIE| LBD [LBL1|LBLO[SOPE|SIOP|CCO [SCES[reserved LBR | MS [SCDE| SSM [resered RBI | TBI |
Mode 0 —» x x X X ® ® 0 0 0 0 x X X 0 ® ®
Mode 2 —» x x X X ® ® =] ® 0 X ® ® ® 0 @ =]

: Used bit

: Unused bit

:Set"1"

: Set "0"

: Used when SSM = 1 (Synchronous star/stop bit mode)

: Bit correctly set automatically

+@ O r X

@ Inter-CPU connection

For bidirectional communication, interconnect two CPUs as shown in Figure 22.7-11.

Figure 22.7-11 Connection Example of Bidirectional Communication in LIN-UART Mode 2

SOT SOT
SIN SIN
Output Input
SCK » SCK
B I O I
CPU-1 CPU-2
(Sending side of serial clock) (Receiving side of serial clock)
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@ Communication procedure example

The communication is started from transmitting end at arbitrary timing when data is ready to be
transmitted. The receiving end returns ANS (per one byte in this example) regularly after the transmitted
dataisreceived. Figure 22.7-12 shows an example of bidirectional communication flowchart.

Figure 22.7-12 Example of Bidirectional Communication Flowchart

(Master) (Slave)
Set operation mode Set operation mode (match
(Oor2) with the master)
| »le
- ¥ - Data transmission
Communicate with one byte
: —_—
data set in TDR Has received data
Has received data Read and process received
NO
data
YES ¢
- Data transmission
Read and process received .
dat - Transmit one byte data
ata (ANS)
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22.7.6 Master/Slave Mode Communication Function
(Multiprocessor Mode)

Operation mode 1 allows communication between multiple CPUs connected in master/
slave mode. It can be used as a master or slave.

B Master/Slave Mode Communication Function
To operate the LIN-UART in multiprocessor mode (operation mode 1), the settings shown in Figure 22.7-
13 arerequired.

Figure 22.7-13 Settings of LIN-UART Operation Mode 1

bitl5 bitl4 bit13 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SCR,SMR [PEN| P [SBL[ CL | AD [CRE|RXE]|TXE |[MD1[MDO|OTO[EXT |[REST|UPCL|SCKE|SOE|
Mode 1 —» + X ® ® ® 0 ® ® 0 1 0 ® 0 0 ® ®

SSR, Set conversion data (during writing)
RDR1/TDR PE |ORE | FRE |RDRF|TDRE| BDS | RIE | TIE Retain reception data (during reading)

Mode 1l — x ©® ® 66 @ 6 © o

ESCR, ECCR |LBIE| LBD |LBL1|LBLO|SOPE|S|OP|CCO|SCES|Reserved| LBR | MS |SCDE| SSM |Reserved| RBI | TBI |
Mode 1 —» x x X X ® ® 0 0 0 X x X X 0 ® ®

: Used bit

: Unused bit

: Set "1"

: Set "0"

: Bit correctly set automatically

+OI—‘X@

@ Inter-CPU connection

For master/dave mode communication, a communication system is configured by connecting between one
master CPU and multiple slave CPUs with two common communication lines, as shown in Figure 22.7-14.
The LIN-UART can be used as the master or slave.

Figure 22.7-14 Connection Example of LIN-UART Master/Slave Mode Communication

:

SIN [< A A

Master CPU

Y Y

SOT SIN SOT SIN

Slave CPU #0 Slave CPU #1
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@ Function Selection

For master/slave mode communication, select the operation mode and the data transfer method, as shown in
Table 22.7-4.

Table 22.7-4 Select of Master/Slave Mode Communication Function

Operation mode
Data Parity Synchrr(])n(;)us Stop bit Bit direction
Master CPU | Slave CPU metho
Address AD=1
transmission/ Mode 1 Mode 1 + LSB first
reception (Transmit/ (Transmit/ | 7-bit or 8-bit address _ _ Ir
: : None Asynchronous | 1 bit or 2 bits or
Data receive AD receive AD AD=0 MSB first
transmission/ bit) bit) +
reception 7-bit or 8-bit data

@ Communication procedure

Communication is started by transmitting address data from the master CPU. The address data, whose AD
bit is set as "1", determines the slave CPU to be the destination. Each slave CPU checks address data by
using a program, and communicates with the master CPU when the data matches an assigned address.

Figure 22.7-15 shows a flowchart for master/slave mode communication (multiprocessor mode).
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Figure 22.7-15 Master/Slave Mode Communication Flowchart

(Master CPU)

;'

| Set to operation mode 1 |

Set SIN pin for serial data
input.

Set SOT pin for serial data
output.

Y

Set 7 or 8 data bits.
Set 1 or 2 stop bits.

Y

Set "1" to AD bit

Y

Enable transmission/
reception

v

Transmit address to slave

Set "0" to AD bit

+<—

Communicate with slave
CPU

Terminate
communication?

NO

Communicate NO
with another slave

CPU
YES

Disable transmission/
reception

End

(Slave CPU)

| Set to operation mode 1 |

Y

Set SIN pin for serial data
input.
Set SOT pin for serial
data output.

Y

Set 7 or 8 data bits.
Set 1 or 2 stop bits.

Enable transmission/
reception
ale

i Al

Receive bytes

Slave address
matched

Communicate with master
CPU

Terminate NO

communication?
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22.7.7 LIN Communication Function

For LIN-UART communication, a LIN device can be used in the LIN master system or the
LIN slave system.

B LIN Master/Slave Mode Communication Function
Figure 22.7-16 shows the required settings for the LIN communication mode of LIN-UART (operation
mode 3).

Figure 22.7-16 Settings of LIN-UART Operation Mode 3 (LIN)

bitl5 bitl4 bit13 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SCR,SMR [PEN| P [SBL| CL | AD [CRE|RXE|TXE |[MD1[MDO|OTO[EXT |[REST|UPCL|SCKE|SOE|
Mode 3 —» + X + + X 0 ® ® 1 1 0 ® 0 0 ® ®

SSR, Set conversion data (during writing)
RDR/TDR PE |ORE| FRE |RDRFITDRE BDS| RIE | TIE Retain reception data (during reading)

Mode 3 —» x ® ® ® ® + ® ®

ESCR, ECCR |LBIE| LBD [LBL1[LBLO[SOPE[SIOP|CCO [SCES|Reserved LBR | MS |SCDE| SSM [Resered| RBI | TBI |
Mode3 > @ ® ® ® ® ® 0 0 0 ® X x X 0 ® ®

: Used bit

: Unused bit

: Set "1"

: Set "0"

: Bit correctly set automatically

+OI—‘X@

@ LIN device connection

Figure 22.7-17 shows the communication system between one LIN master and LIN slave.
The LIN-UART can serve asthe LIN master or LIN dave.

Figure 22.7-17 Example of LIN Bus System Communication

11

< <
< =<
= =

sSOT N N soT
48 LIN bus dh
SIN |« I 1) SIN

LIN master Transceiver Transceiver LIN slave

x

>
>
=

Y
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22.7.8 Example of LIN-UART LIN Communication Flowchart
(Operation Mode 3)

This section shows examples of LIN-UART LIN communication flowchart.

Bl LIN Master Device

Figure 22.7-18 LIN Master Flowchart

Initial setting:

Set to operation mode 3

Enable serial data output, Set baud rate
Set Synch break length
TXE=1,TIE=0,RXE=1,RIE=1

Y

Message?

(Reception) (Transmission)
YES NO

Data field
received?

Wake up?
(80 reception)

Reception interrupt Y
‘ Receive data 1" Set transmit data 1
TDR = Data 1

/ RDRF =1 Enable transmit
Reception interrupt interrupts.
RXE =0

Enable Synch break interrupts TDRE=1
Transmit Synch break: ‘ Receive data N Transmit interrupt
ECCR:LBR =1 g
Transmit Synch field: Set transmit data N
TDR =55y TDR = Data N
Disable transmit
LBD =1 interrupts
Synch break interrupts RDRF = 1
- Reception interrupt

Enable reception
LBD=0 .
Disable Synch break Receive data 1"
interrupts Read data 1

RDRF =1 ~

Reception interrupt RDRF - 1 .

Reception interrupt
Receive Synch field* Recei "1
e _ eceive data N

Set Identify field: TDR = ID Read data N

RDRF =1

Reception interrupt

‘ Receive ID field? ‘

NO ”
Handle an error

Y

Y

*1: Handle an error if it occurs.

* 2: - If the FRE or ORE flag is set "1", write "1" to the SCR:CRE bit to clear the error flag.
- If the ESCR:LBD bit is set to "1", execute the LIN-UART reset.

Note: Detect an error in each process and handle it appropriately.
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B LIN Slave Device

Figure 22.7-19 LIN Slave Flowchart

Initial setting:

Set to operation mode 3

Enable serial data output
TXE=1,TIE=0,RXE=0,RIE=1
Connect LIN-UART with 8/16-bit compound
timer

v

Disable reception
Enable 8/16-bit compound timer interrupts
Enable Synch break interrupts

Transmission)

(Receptlon)YES

Data field ol

LBD=1 received?

Synch break interrupts

")

RDRF =1

Clear Synch break detection Reception interrupt Y
EQCR:LBD =0 Receive data 1'1 Set transmit data 1
Disable Synch break TDR =Data 1
interrupts RDRF = 1 _Er:able iransmlt
Reception interrupt Interrupts

TDR interrupt
TDRE =1

Transmit interrupt

‘Q

Y

| Receive data N’ |
Read 8/16-bit compound timer data

Clear 8/16-bit compound timer interrupt flag Set transmit data N
TDR = Data N
Disable transmit
TIIO interrupt | Disable reception | interrupts

Q

RDRF =1
Reception interrupt

Read 8/16-bit compound timer data
Adjust baud rate

Q

Enable reception .
Clear 8/16-bit compound timer interrupt Receive data 1%
flag Read data 1
Disable 8/16-bit compound timer interrupts

RDRF =1 EDRF(: 1 . .
Reception interrupts eception interrup
N . "
Receive Identify field Receive data N
Read data N

Disable reception

NO

Sleep mode?

NO o
Handle an error |—>

YES
Wake-up .
received? o
Wake-up
transmitted?
I i I
| Transmit wake-up code I— >

*1: Handle an error if it occurs.

* 2. - If the FRE or ORE flag is set "1", write "1" to the SCR:CRE bhit to clear the error flag.
- If the ESCR:LBD bit is set to "1", execute the LIN-UART reset.

Note: Detect an error in each process and handle it appropriately.
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22.8

Notes on Using LIN-UART

This section shows notes on using the LIN-UART.

B Notes on Using LIN-UART

416

@ Enabling operation

The LIN-UART has the TXE (transmission) and RXE (reception) enable bit in the LIN-UART serial
control register (SCR) for transmission and reception, respectively. Since both transmission and reception
are disabled by default (internal value), these operations must be enabled before transfer. Also, you can
disable these operations to stop transfer as required.

@ Setting communication mode
The communication mode must be set while the LIN-UART is stopped. If the mode is set during
transmission/reception, the transmitted/received data is not guaranteed.

@ Timing of enabling transmit interrupts

Since the default (initial) value of the transmit data empty flag bit (SSR:TDRE) is "1" (no transmit data,
transmit data write enabled), a transmit interrupt request is generated immediately when transmit interrupt
reguest is enabled (SSR:TIE =1). To prevent this, be sure to set the transmit data before setting the TIE flag
to"1".

@ Changing operation setting

Reset the LIN-UART after changing its settings, such as adding the start/stop bit or changing the data
format.

The correct operation settings are not guaranteed even if you reset the LIN-UART (SMR:UPCL = 1)
concurrently with setting the LIN-UART serial mode register (SMR). Therefore, after setting the bit in
LIN-UART serial mode register (SMR), reset the LIN-UART (SMR:UPCL = 1) again.

@ Using LIN function

Although the LIN functions are available in the operation mode 3, the LIN format is automatically set in
the mode 3 (8-bit data, no parity, 1 stop bit, LSB-first).

While the length of LIN break transmit bit is variable, the detection bit length is fixed to 11 bits.

@ Setting LIN slave
When starting LIN slave mode, be sure to set the baud rate before receiving the LIN synch break in order to
make sure that the minimum 13 bits length of the LIN synch break is detected.

@ Bus idle function

Thebusidleis not available in synchronous mode 2.
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@ AD bit (LIN-UART serial control register (SCR): Address/data format selection bit)

Be sure to note the followings when using the AD bit.

The AD bit is used to select the address/data for transmission when it is written, and to read the AD bit
received last when it reads. Internally, the AD bit values for transmission and reception are stored in
separate registers.

The transmit AD bit value is read when read-modify-write (RMW) instructions are used. Therefore, an
incorrect value may be written to the AD bit when another bit in the SCR is bit-accessed.

For the above reason, the AD bit must be set at the last access to the SCR before transmission. Or, the
above problem can be prevented by byte-accessing whenever the SCR is written.

@ LIN-UART software reset

Execute the LIN-UART software reset (SMR:UPCL = 1) when the TXE bit in the LIN-UART serial
control register (SCR) is"0".

@ Synch break detection

In mode 3 (LIN mode), when seria input has 11 bits width or more and becomes "L", the LBD bit in the
extended status control register (ESCR) is set to "1" (Synch break detection) and the LIN-UART waits for
the Synch field. As aresult, when serial input has more than 11 bits of "0", the LIN-UART recognizes that
the Synch break isinput (LBD = 1), and then waits for the Synch field.

In this case, execute the LIN-UART reset (SMR: UPCL = 1).
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22.9  Sample Programs of LIN-UART

This section provides sample programs for operating the LIN-UART.

B Sample Programs of LIN-UART
See the sample programsin "Il Introduction” for those of the LIN-UART.

B Setting Procedure Other than Program Examples

@ How to select the operation mode

Use the operation mode selection (SMR:MDI[1:0]).

Operation mode Operation mode selection (MD[1:0]).
Mode 0 Normal (Asynchronous) Set to "00g"
Mode 1 Multiprocessor Set to "01g"
Mode 2 Normal (Synchronous) Set to "10g"
Mode 3 LIN Setto"11p"

@ Operation clock types and how to select it

Use the externa clock selection bit (SMR:EXT).

Clock input External clock selection bit (EXT)
To select adedicated baud rate generator Setto"0"
To select an external clock Setto"1"

@ How to control the SCK, SIN, and SOT pins

Use the following setting.

LIN-UART
. . DDRG6:P05 =0
To set the SCK pin asinput SMR'SCKE =0
To set the SCK pin as output SMR:SCKE =1
To use the SIN pin DDR®6:P0O7 =0
To use the SOT pin SMR:SOE =1
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@ How to enable/disable the LIN-UART operation

Use the reception enable bit (SCR:RXE).

CHAPTER 22 LIN-UART

Control details

Reception enable bit (RXE)

Disable reception

Setto"0"

Enable reception

Setto"1"

Use the transmit control bit (SCR:TXE).

Control details

Transmit control bit (TXE)

Disable transmission

Set to "0"

Enable transmission

Setto"1"

@ How to use an external clock as the LIN-UART serial clock

Use the one-to-one external clock enable bit (SMR:OTO).

Control details

Reception enable bit (OTO)

Enable externa clock

Setto"1"

@ How to restart the reload counter

Use the reload counter restart bit (SMR:REST).

Control details

Reload counter restart bit (REST)

Restart the reload counter

Setto"1"

@ How to reset the LIN-UART

Usethe LIN-UART programmable clear bit (SMR:UPCL).

Control details

LIN-UART programmable clear bit (UPCL)

Reset the LIN-UART software

Setto"1"

@ How to set the parity

Use the parity enable bit (SCR:PEN) and the parity selection bit (SCR:P).

Operation Parity control (PEN) Parity polarity (P)
To set to no parity Setto"0" -
To set to even parity Setto"1" Setto"0"
To set to odd parity Setto"1" Setto"1"
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@ How to set the data length

Use the data length selection bit (SCR:CL).

Operation Data length selection bit (CL)
To set the bit length to 7 Set to"0"
To set the bit length to 8 Setto"1"

@ How to select the STOP bit length

Use the STOP bit length control (SCR:SBL).

Operation STOP bit length control (SBL)
To set STOP bit length to 1 Setto"0"
To set STOP bit length to 2 Setto"1"

@ How to clear the error flag

Use the reception error flag clear bit (SCR:CRE).

Control details

Reception error flag clear bit (CRE)

To clear the error flag (PE, ORE, FRE)

Write"0"

@ How to set the transfer direction

Use the transfer direction selection bit (SSR:BDS).

LSB/MSB can be selected for transfer direction in any operation mode.

Control details

Serial data direction control (BDS)

To select the LSB first

(from the least significant bit) Setto”0
To select the M SB first A
(from the most significant bit) Setto”l
@ How to clear the reception completion flag
Uses the following setting.
Control details Method
To clear the reception completion flag Read the RDR register

Thefirst RDR register read is the reception initiation.




@ How to clear the transmit buffer empty flag

Uses the following setting.
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Control details

Method

To clear the transmit buffer empty flag

Writeto TDR register

Thefirst TDR register write is the transmit initiation.

@ How to select the data format (Address/Data) (Only in mode 1)

Use the data length selection bit (SCR:AD).

Operation Data format selection bit (AD)
To select the data frame Setto"0"
To select the address frame Setto"1"

Thisis effective only at transmission. The AD bit isignored at reception.

@ How to set the baud rate

See"22.6 LIN-UART Baud Rate".

@ Interrupt related registers

Interrupt level is set by interrupt level setting registers asin the following table.

Interrupt level setting register

Interrupt vector

Reception Address: 0007A 4

Interrupt level register (ILR1)

#7
Address; OFFFCy

Transmission Address: 0007By,

Interrupt level register (ILR2)

#8
Address: OFFEA L
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@ How to enable/disable/clear interrupts

Interrupt request enable flag, interrupt request flag
Interrupt request enable bit (SSR:RIE), (SSR:TIE) is used to enable interrupts.

UART reception

UART transmission

Reception interrupt enable bit
(RIE)

Reception interrupt enable bit
(TIE)

To disable interrupt requests

Set to "0"

To enable interrupt requests

Setto"1"

The following setting is used to clear interrupt requests.

UART reception

UART transmission

To clear interrupt
requests

The reception dataregister full (RDRF) is
cleared by reading the LIN-UART seria input
register (RDR).

Theerror flags (PE, ORE, FRE) are set to "0" by
writing "1" to the error flag clear bit (CRE).

The transmit data register empty
(TDRE) isset to "0" by writing
datato the LIN-UART serial
output data register (TDR).
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8/10-BIT A/D CONVERTER

This chapter describes the functions and operations of
the 8/10-bit A/D converter.

23.1 Overview of 8/10-bit A/D Converter
23.2 Configuration of 8/10-bit A/D Converter
23.3 Pins of 8/10-bit A/D Converter

23.4 Registers of 8/10-bit A/D Converter
23.5 Interrupts of 8/10-bit A/D Converter

23.6 Operations of 8/10-bit A/D Converter and Its Setup Procedure
Examples

23.7 Notes on Use of 8/10-bit A/D Converter
23.8 Sample Programs for 8/10-bit A/D Converter
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23.1 Overview of 8/10-bit A/D Converter

The 8/10-bit A/D converter is a 10-bit successive approximation type of 8/10-bit A/D
converter. It can be started via software, external trigger, and internal clock, with one
input signal selected from among multiple analog input pins.

B A/D Conversion Functions
The A/D converter converts analog voltages (input voltages) input to an analog input pin to 10-bit digital
values.
« One of multiple analog input pins can be selected.

« The conversion speed is programmable to be configured (selected according to the operating voltage
and frequency).

e Aninterrupt is generated when A/D conversion completes.
e The completion of conversion can aso be checked with the ADI bit in the ADC1 register.

To activate A/D conversion functions, follow one of the methods given below.

» Activation using the AD bit in the ADCL register
« Continuous activation using the external pin (ADTG)
« Continuous activation using the 8/16-bit compound timer output TO00
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Configuration of 8/10-bit A/D Converter

The 8/10-bit A/D converter consists of the following blocks:
Clock selector (input clock selector for starting A/D conversion)

Analog channel selector
Sample-and-hold circuit

Control circuit
A/D converter data registers (ADDH, ADDL)
A/D converter control register 1 (ADC1)
A/D converter control register 2 (ADC2)

B Block Diagram of 8/10-bit A/D Converter
Figure 23.2-1 isablock diagram of the 8/10-bit A/D converter.

Figure 23.2-1 Block Diagram of 8/10-bit A/D Converter

. Startup
ADTG pin —>) signal
8/16-bit —| selector
composite timer
(TO00) output
Sample-
Analo
ANOO to ANO7—3] 209 and-hold Control circuit
selector circuit
A/D converter data
registers (ADDH, ADDL)
AVcc——>
AVss_ > | ANS3| ANS2| ANS1] ANSO| ADI | ADMV [ADMVX] AD K )

A/D converter control register 2 (ADC2)

| AD8 | TIM1 | TIMO | ADCK| ADIE | EXT |CKDIVi[CKDIVOK )

A/D converter control register 1 (ADC1)

Internal data bus
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@ Clock selector

This block selects the A/D conversion clock with continuous activation enabled (ADC2:EXT =1).

@ Analog channel selector

This circuit selects one of multiple analog input pins.

@ Sample-and-hold circuit

This circuit holds the input voltage selected by the analog channel selector. This enables A/D conversion to
be performed without being affected by variation in input voltage during conversion (comparison) by
sampling and holding the input voltage immediately after starting A/D conversion.

@ Control circuit

The A/D conversion function determines the values in the 10-bit A/D data register sequentialy from MSB
to LSB based on the voltage compare signals from the comparator. When conversion is completed, the A/D
conversion function sets the interrupt request flag bit (ADC1: ADI).

@ A/D converter data registers (ADDH/ADDL)

The high-order two bits of 10-bit A/D data are stored in the ADDH register; the low-order eight bits are
stored in the ADDL register.

Setting the A/D conversion precision bit (ADC2:ADS8) to "1" provides 8-bit precision, storing the upper
eight bits of the 10-bit A/D datain the ADDL register.

@ A/D converter control register 1 (ADC1)
This register is used to enable and disable functions, select an analog input pin, check statuses, and control
interrupts.

@ A/D converter control register 2 (ADC2)

This register is used to select an input clock, enable and disable interrupts, and select functions.

B Input Clock
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23.3 Pins of 8/10-bit A/D Converter

This section describes the pins of the 8/10-bit A/D converter.

B Pins of 8/10-bit A/D Converter
MB95130/MB series has 8 channels of analog input pin.

Analog input pins also serve as general-purpose |/O ports.

@ ANO7 to ANOO Pins

ANO7 to ANOO: When using the A/D conversion function, input the analog voltage you wish to convert
to one of these pins. Each of the pins serves as an analog input pin by selecting it using
the analog input channel select bits (ADC1: ANSO to ANS3) with the corresponding bit
in the port direction register (DDR) set to "0". Even when the 8/10-bit A/D converter is
used, the pins not used for analog input can be used as general-purpose 1/0 ports.

Note that the number of analog input pins differs depending on the series.

@ ADTG Pin
ADTG: Thisisapin used to activate A/D conversion function by external trigger.
. AVCC pln
AVce: Thisisa8/10-bit A/D converter power supply pin. Usethis at the same potential asV cc.
If A/D conversion precision is demanded, you should take measures to ensure that V¢
noise does not enter AV ¢, Or use a separate power source. Y ou should connect this pin
to a power source even when the 8/10-bit A/D converter is not being used.
. AVSS pln
AVgg Thisisaground pin of the 8/10-bit A/D converter. Use this at the same potentia asVgg.

When A/D conversion precision is required, take measures to ensure that the V g5 noise
does not interfere with AVgs. You should connect this pin to a ground (GND) even
when the 8/10-bit A/D converter is not being used.
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B Block Diagram of Pins Related to 8/10-bit A/D Converter
Figure 23.3-1 Block Diagram of Pins (ANOO to ANO7) Related to 8/10-bit A/D Converter

Internal bus

A/D analog input—o/oi

Hysteresis

0
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PDR read S

1

Automotive
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PDR write
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K}—,

DDR read

DDR write

PUL read

-

Stop, Watch (SPL=1)

v

O—

PUL
PUL write

K}—

AIDR read

AIDR

AIDR write

K}—

ILSR2 read

ILSR2 write
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23.4  Registers of 8/10-bit A/D Converter

The 8/10-bit A/D converter has four registers: A/D converter control register 1 (ADC1),
A/D converter control register 2 (ADC2), A/D converter data register upper (ADDH), and
A/D converter data register, lower (ADDL).

B List of 8/10-bit A/D Converter Registers
Figure 23.4-1 lists the registers of the 8/10-bit A/D converter.

Figure 23.4-1 Registers of 8/10-bit A/D Converter
8/10-hit A/D converter control register 1 (ADC1)
Address bit7 bit6  bit5  bit4  bit3  bit2  bitl  bitd Initial value
006Cy ‘ ANS3 | ANS?2 ‘ ANS1 ‘ ANSO ‘ ADI | ADMV ‘ADMVX‘ AD ‘ 000000005

R/W R/W R/W R/W  RRMLW R/WX R/W RO,W
8/10-bit A/D converter control register 2 (ADC2)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
006Dy, ‘ AD8 | TIM1 ‘ TIMO ‘ADCK‘ ADIE | EXT ‘CKDIVl‘CKDIVO‘ 000000005

R/W R/W R/W R/W R/W R/W R/W R/W
8/10-bit A/D converter data register upper (ADDH)

Address bit7  bite  bits  bit4  bit3  bit2  bitl  bit0 Initial value
006E,, ‘ - | - ‘ ; ‘ - ‘ - | - ‘ SAR9 ‘ SARS ‘ 00000000
ROMWX ROMWX ROMWX ROWX ROWX ROWX RWX RWX
8/10-bit A/D converter data register lower (ADDL)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
006F, ‘ SAR7 | SAR6 ‘ SAR5 ‘ SAR4 ‘ SAR3 | SAR2 ‘ SAR1 ‘ SARO ‘ 000000005
RWX RWX RMWX RWX RWX RWX RWX RWX

R/W: Readable/writable (Read value is the same as write value)

RO, W: Write only (Writable, "0" is read)

R/WX: Read only (Readable, writing has no effect on operation)

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
(RMW) instruction)
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23.4.1  8/10-bit A/D Converter Control Register 1 (ADC1)

8/10-bit A/D converter control register 1 (ADC1) is used to enable and disable individual
functions of the 8/10-bit A/D converter, select an analog input pin, and to check the
states.

B 8/10-bit A/D Converter Control Register 1 (ADC1)
Figure 23.4-2 8/10-bit A/D Converter Control Register 1 (ADC1)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

006CH | ANS3 | ANS2 | ANS1 | ANSO | ADI |ADMV |ADMVX| AD 000000008

RW RW R/W R/W REBM1)WRWX RW ROW

|—> AD A/D conversion start bit

0 Do not start A/D conversion.
1 Start A/D conversion.

» ADMVX Current cut-off analog switch control bit
0 Turn on analog switch only during conversion.
1 Maintain analog switch on.

» ADMV Conversion flag bit
0 Not converting
1 Currently converting

Interrupt request flag bit

Read Write
0 |Conversion not completed Clear this bit.
1 Conversion completed Mal.<e no changes to the bit
with no effect on others.
ANS3 | ANS2 | ANS1| ANSO |Analog input channel select bits
0 0 0 0 ANOO pin
0 0 0 1 ANO1 pin
0 0 1 0 ANO2 pin
0 0 1 1 ANO3 pin
0 1 0 0 ANO04 pin
0 1 0 1 ANO5 pin
0 1 1 0 ANO06 pin
0 1 1 1 ANO7 pin
R/W : Readable/writable (Read value is the same as write value)
R/WX : Read only (Readable, writing has no effect on operation)
RO,W : Write only (Writable, "0" is read)

R(RM1),W : Readable/writable (Read value is different from write value,
"1" is read by read-modify-write (RMW) instruction)

1 : Initial value

Do not select the unusable channel for the MB95130/MB series by analog input channel select bits.
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Table 23.4-1 Functions of Bits in 8/10-bit A/D Converter Control Register 1 (ADC1)

Bit name Function
Select the analog input pin to be used from among ANOO to ANO7.
bit7 ANS3, ANS2, Note that the number of analog input pins differs depending on the series.
ANS1, ANSO: When A/D conversion is activated (AD = 1) via software (ADC2: EXT = 0), these bits can be
to . .
bitd Anaog input channel | updated at the same time.
select bits Note:  Whenthe ADMYV bitis"1", do not update these bits.
The pins not used as analog input pins can be used as general-purpose ports.
Detects the termination of A/D conversion.
ADI: * When the A/D conversion function is used, the bit is set "1" upon termination of A/D conversion.
bit3 Interrupt request flag . It)rg)ttirrulpt requests are output when this bit and the interrupt request enable bit (ADC2: ADIE) are
bit * When written to this bit, "0" clearsit; "1" leaves it unchanged with no affect on others.
* When read by aread-modify-write (RMW) instruction, the bit returns "1".
Indicates that conversion is ongoing during execution of the A/D conversion function.
bit2 ADMV: The bit contains "1" during conversion.
Conversion flag bit Thisbit isread-only. Any value attempted to be written is meaningless and has no effect on
operation.
Controls the analog switch for shutting down the internal reference power supply.
ADMVX: When the external impedance of the AVR pin ishigh, rush current flows immediately after A/D
bit1 Analog switch for startup and may affect A/D conversion precision. In thiskind of situation, this can be avoided by
' shutting down setting thisbit to " 1" before A/D startup. Set the bit to "0" before switching to standby mode, in order
control bit to reduce current consumption.
Note that some series do not have AVR pins, and are internally connected to AV .
Startsthe A/D conversion function via software.
AD: Writing "1" to the bit startsthe A/D conversion function.
bito A/D conversion startup Note:  Writing "0" to this bit will not stop operation of the A/D conversion function. The value

bit

read is always"0".
A/D conversion startup by this bit is disabled with EXT=1.
A/D converter re-starts by writing "1" to this bit during A/D conversion with EXT = 0.
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23.4.2  8/10-bit A/D Converter Control Register 2 (ADC2)

8/10-bit A/D converter control register 2 (ADC2) selects the 8/10-bit A/D converter
function, selects the input clock, and performs interrupt and status checking.

W 8/10-bit A/D Converter Control Register 2 (ADC2)

Figure 23.4-3 8/10-bit A/D Converter Control Register 2 (ADC2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

006DH | AD8 | TIM1 | TIMO | ADCK| ADIE | EXT |CKDIV1|CKDIVO 000000008

RW RW RW RW RW RW RW R/W

|—> CKDIV1| CKDIVO Clock (CKIN) select bits
0 0 1 MCLK
0 1 2 MCLK
1 0 4 MCLK
1 1 8 MCLK
EXT Continuous activation enable bit
0 Start using the AD bit in the ADC1 register
1 Continuous activation with the clock selected by the ADCK bit in the ADC2 register
ADIE Interrupt request enable bit
0 Disables interrupt request output.
1 Enable interrupt request output.
ADCK External start signal select bit
0 Start via ADTG input pin
1 Start via 8/16-bit composite timer (TO00) output
TIM1 | TIMO Sampling time select bits
0 0 CKIN x 4
0 1 CKIN x 7
1 0 CKIN x 10
1 1 CKIN x 16
ADS8 Precision select bit
0 10-bit precision
1 8-bit precision

MCLK : Machine clock
R/W : Readable/writable (Read value is the same as write value)

[ : initial value
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Table 23.4-2 Functions of Bits in 8/10-bit A/D Converter Control Register 2 (ADC2)

Bit name Function
This bit selects the resolution of A/D conversion.
When set to" 0": The bit selects 10-bit precision.
bit7 ADS: When set to" 1": The bit selects 8-bit precision, in which case eight bits of data can be read from
Precision select hit the ADDL register.
Note:  The data bits used are different depending on the resolution.
Update this bit only with A/D operation stopped before starting conversion.
TIML TIMO: Set the sampling time.
hit6, Sam fin tirﬁe et |° Change this sampling time setting depending on the operating conditions (voltage and frequency).
bits | 0 Ping « The CKIN valueis determined by the clock select bits (ADC2:CKDIV1, DKDIVO).
Note:  Update this bit only with A/D operation stopped.
ADCK: Selects the start signal for external start (ADC2:EXT =1).
bit4 External start signal
select bit
ADIE: Enables or disables output of interrupts to the interrupt controller.
bit3 Interrupt request * Interrupt requests are output with both of thisbit and the interrupt request flag bit (ADC1: ADI) set
enable bit to"1".
) EXTE - « Selects whether to activate the A/D conversion function via software, or continuously upon
bit2 Continuous activation : . . .
: detection of the rise of theinput clock signal.
enable bit
Select the clock to use for A/D conversion. The input clock is generated by the prescaler. See
bit1 CKDIV1, "CHAPTER 6 CLOCK CONTROLLER" for details.
bitd CKDIVO: » The sampling time can a so be changed viathis clock selection.
Clock select bits » Change this setting depending on the operating conditions (voltage and frequency).

Note:  Update this bit only with A/D operation stopped.
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23.4.3  8/10-bit A/D Converter Data Registers Upper/Lower
(ADDH, ADDL)

The 8/10-bit A/D converter data registers upper/lower (ADDH, ADDL) contain the results
of 10-bit A/D conversion.

The high-order two bits of 10-bit data correspond to the ADDH register; the low-order
eight bits correspond to the ADDL register.

B 8/10-bit A/D Converter Data Registers Upper/Lower (ADDH, ADDL)

Figure 23.4-4 8/10-bit A/D Converter Data Registers Upper/Lower (ADDH, ADDL)

ADDH bit7  bit6  bit5  bitd  bit3  bit2 bl  bit0 Initial value
Address [ - [ - [ - [ - ] - [ - [SAR9[SAR8|  00000000g
006Ey RO/WX RO/WX RO/WX RO/MWX RO/MWX ROWX R/WX R/WX
ADDL bitl5  bitl4  bitl3  bit12  bitll  bitl0 b9  bits Initial value
Address | SAR7 | SAR6 | SAR5 | SAR4 | SAR3 | SAR2 | SAR1 | SARO | 00000000
006F RWX R/WX R/WX R/WX RWX RWX RWX RWX

R/WX : Read only (Readable, writing has no effect on operation)
RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)

The upper two bits of 10-bit A/D data correspond to bits"1" and "0" in the ADDH register; the lower eight
bits correspond to bit15 to bit8 in the ADDL register.

Set the AD8 bit in the ADC2 register to "1" to select 8-bit precision mode, so that 8-bit data can be read
from the ADDL register.

These registers are read-only. Writing either is meaningless.
During 8-bit conversion, SAR8 and SAR9 hold "0".

@ A/D conversion functions

When A/D conversion is started, the results of conversion are finalized and stored in these registers after
the conversion time according to the register settings has passed. After A/D conversion finishes, therefore,
read the A/D data registers (conversion results), write "0" to the ADI hit (bit 3) in the ADCL1 register before
the next A/D conversion terminates, then after A/D conversion finishes, clear the flag. During A/D
conversion, the registers contain the values resulting from the last conversion performed.
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23.5 Interrupts of 8/10-bit A/D Converter

An interrupt source of the 8/10-bit A/D converter is Completion of conversion when A/D
conversion functions are operating.

B Interrupts During 8/10-bit A/D Converter Operation

When A/D conversion is completed, the interrupt request flag bit (ADC1: ADI) is set to "1". Then if the
interrupt request enable bit is enabled (ADC2: ADIE = 1), an interrupt request is issued to the interrupt
controller. Write"0" to the ADI bit using the interrupt service routine to clear the interrupt request.

The ADI hit is set when A/D conversion is completed, irrespective of the value of the ADIE bit.

The CPU cannot return from interrupt processing if the interrupt request flag bit (ADC1: ADI) is 1 with
interrupt requests enabled (ADC2: ADIE = 1). Be sure to clear the ADI bit within the interrupt service
routine.

B Register and Vector Table Related to 8/10-bit A/D Converter Interrupts

Table 23.5-1 Register and Vector Table Related to 8/10-bit A/D Converter Interrupts

Interrupt InterrupRt Level Setting Vector Table Address

Interrupt Source | Request egister
No. Register Setting bit Upper Lower
8/10-bit A/D IRQ18 ILR4 L18 FFD6y FFD 7y

Refer to "APPENDIX B Table of Interrupt Causes' for the interrupt request numbers and vector tables of
all peripheral resources are covered in.
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23.6  Operations of 8/10-bit A/D Converter and Its Setup
Procedure Examples

The EXT bit in the ADC1 register can be used to select the software activation or
continuous activation of the 8/10-bit A/D converter.

B Operations of 8/10-bit A/D Converter's Conversion Function

@ Software activation

The settings shown in Figure 23.6-1 are required for software activation of the A/D conversion function.

Figure 23.6-1 Settings for A/D Conversion Function (Software Activation)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
ADC1 | ANS3 | ANS2 | ANS1 [ ANSO | ADI | ADMV [ADMVX| AD ]
® ® ® ® ® ® ® 1
ADC2 | AD8 | TIM1 | TIMO [ ADCK | ADIE | EXT [CKDIV1][CKDIVO]
® ® ® x ® 0 ® ®
ADDH | - | - | - | - | - | - | A/D converted value retained |
ADDL | AID converted value is retained. |
@®:Bit used
x: Bit unused
1: Setto"1"
0: Setto "0"

When A/D conversion is activated, the A/D conversion function starts working. In addition, even during
conversion, the A/D conversion function can be reactivated.
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@ Continuous activation

The settings shown in Figure 23.6-2 are required for continuous activation of the A/D conversion function.

Figure 23.6-2 Settings for A/D Conversion Function (Continuous Activation)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
ADC1 [ ANS3 [ ANS2 [ ANS1 | ANSO | ADI [ ADMV [ADMVX][ AD ]

© © O] O] ©] © O] X
ADC2 [ AD8 [ TIM1 | TIMO [ ADCK | ADIE | EXT [CKDIV1[CKDIVO]

© © O] O] O] 1 O] O]
ADDH | - | - | - | - | - | - | A/D converted value retained |

®:Bit used
x: Bit unused
1. Setto"1"

When continuous activation is enabled, A/D conversion is activated at the rising edge of the selected input
clock to start the A/D conversion function. Continuous activation is stopped by disabling it (ADC2:EXT = 0).

B Operations of A/D Conversion Function

This section details the operations of the 8/10-bit A/D converter.

1) When A/D conversion is started, the conversion flag bit is set (ADC1:ADMV = 1) and the selected
analog input pin is connected to the sample-and-hold circuit.

2) The voltage at the analog input pin is loaded into the sample-and-hold capacitor in the sample-and-hold
circuit during the sampling cycle. Thisvoltage is held until A/D conversion has been completed.

3) The comparator in the control circuit compares the voltage loaded into the sample-and-hold capacitor
with the A/D conversion reference voltage, from the most significant bit (MSB) to the least significant
bit (LSB), and then sends the results to the ADDH and ADDL registers.

After the results have been completely transferred, the conversion flag bit is cleared (ADCL:ADMV =
0) and the interrupt request flag bit is set (ADCL:ADI = 1).

Notes:

When the A/D conversion function is used, the contents of the ADDH and ADDL registers are
retained upon completion of A/D conversion. During A/D conversion, the values resulting from the
last conversion are loaded.

Do not re-select the analog input channel (ADC1: ANS3 to ANSO) while the A/D conversion
function is running, in particular, during continuous activation. Disable continuous activation
(ADC2: EXT = 0) before re-selecting the analog input channel.

Starting the reset, stop, or watch mode stops the 8/10-bit A/D converter and initializes each
register.
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B Setup Procedure Example
Follow the procedure below to set up the 8/10-bit A/D converter:

@ |Initialization

1) Set the port for input (DDR1).

2) Set theinterrupt level (ILR4).

3) Enable A/D input (ADC1:ANSO to ANS3).
4) Set the sampling time (ADC2:TIM1, TIMO).
5) Select the clock (ADC2:CKDIV1, CKDIVO0).
6) Set A/D conversion properties (ADC2:AD8).
7) Select the operation mode (ADC2:EXT).

8) Select the startup trigger (ADC2:ADCK).

9) Enableinterrupts (ADC2:ADIE=1).
10)Activate A/D (ADC1:AD=1).

@ Interrupt processing

1) Clear theinterrupt request flag (ADC1:ADI=0).
2) Read converted values (ADDH, ADDL).
3) Activate A/D (ADC1:AD=1).
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23.7 Notes on Use of 8/10-bit A/D Converter

This section summarizes notes on using the 8/10-bit A/D converter.

B Notes on Use of 8/10-bit A/D Converter

@ Notes on programmed setup

« When the A/D conversion function is used, the contents of the ADDH and ADDL registers are retained
upon completion of A/D conversion. During A/D conversion, the values resulting from the last
conversion are loaded.

« Do not re-select the analog input channel (ADC1: ANS3 to ANSO) while the A/D conversion function is
running, in particular, during continuous activation. Disable continuous activation (ADC2: EXT = 0)
before re-sel ecting the analog input channel.

« Starting the reset, stop, or watch mode stops the 8/10-bit A/D converter and initializes each register.

« The CPU cannot return from interrupt processing if the interrupt request flag bit (ADC1: ADI) is 1 with
interrupt requests enabled (ADC2: ADIE = 1). Be sure to clear the ADI bit within the interrupt service
routine.

@ Note on interrupt requests

If A/D conversion is reactivated (ADC1: AD = 1) and terminated at the same time, the interrupt request
flag bit (ADC1: ADI) is set.

® Error

As|AVR-AV gg| decreases, an error increases relatively.

@ 8/10-bit A/D converter and analog input power-on/shut-down sequences

Turn on the 8/10-hit A/D converter power supply (AV ¢, AVsg) and analog input (ANOO to ANQ7) at the
same as or after turning on the digital power supply (Vcc).

In addition, turn off the digital power supply (Vcc) €ither at the same time as or after turning off the 8/10-
bit A/D converter power supply (AV ¢, AVsg) and analog input (ANOO to ANO7).

Be careful not to let the AV, AVgs, and analog input exceed the voltage of the digital power supply
when turning the 8/10-bit A/D converter on and off.

@ Conversion time
The conversion speed of the A/D conversion function is affected by the clock mode, main clock oscillation
frequency, and main clock speed switching (gear function).
Example: Sampling time = CKIN x (ADC2: TIML/TIMO setting)
Comparetime = CKIN x 10 (fixed value) + MCLK
Conversion time = A/D start processing time + sampling time + compare time
e Theerror max. 1CKIN-1IMCLK may occur depending on the timing of A/D startup.

e Program the software satisfied with "sampling time" and "compare time" in A/D conversion of data
sheet.
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23.8

Sample Programs for 8/10-bit A/D Converter

Fujitsu provides sample programs to operate the 8/10-bit A/D converter.

B Sample Programs for 8/10-bit A/D Converter

For sample programs for the 8/10-bit A/D converter, see "Il Sample Programs' in "Preface’.

B Setting Methods not Covered by Sample Programs
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@ Selecting the operating clock for the 8/10-bit A/D converter
Use the clock select bits (ADC2:CKDIV1/CKDIVO0) to select the operating clock.

@ Selecting the sampling time of the 8/10-bit A/D converter
Use the sampling time select bits (ADC2: TIM1/TIMO) to select the sampling time.

@ Controlling the analog switch for internal reference power shutdown of the 8/10-bit A/D converter

Use the analog switch control bit (ADC1:ADMVX) to control the internal reference power shutdown

analog switch.
Control item Analog switch control bit (ADMVX)
To turn off internal reference power supply Set the bit to "0".
To turn on internal reference power supply Set the bitto "1".

@ Selecting the 8/10-bit A/D converter activation method

Use the continuous activation enable bit (ADC2:EXT) to select the startup trigger.

Continuous activation enable bit
A/D startup factor (EXT)

To select the software trigger Set the bit to "0".

To select theinput clock rising signal Set the bitto "1".

« Generating a software trigger
Usethe A/D conversion start bit (ADC1:AD) to generate a software trigger.
Operation A/D conversion start bit (AD)
To generate a software trigger Set the bitto "1".




« Activation using the input clock

CHAPTER 23 8/10-BIT A/D CONVERTER

A startup trigger is generated at the rise of the input clock signal.
To select the input clock, use the external start signal select bit (ADC2:ADCK).

Input clock External start signal select bit (ADCK)
To select the ADTG input pin Set the bit to "0".
To select the 8/16-bit compound timer (TO00) Set the bit to "1".

@ Selecting the A/D conversion precision

To select the precision of conversion results, use the precision select bit (ADC2:AD8).

Operating mode

Precision select bit (AD8)

To select 10-bit precision

Set the bitto "0".

To select 8-bit precision

Set the bit to "1".

@ Using analog input pins

To select an analog input pin, use the analog input channel select bits (ADC1:ANS3 to ANSD).

Operation

Analog input channel select bits (ANS3 to ANSO)

To use the ANQO pin

Set the pins to "0000g".

To use the ANOL pin

Set the pins to "0001g".

To use the ANO2 pin

Set the pins to "0010g".

To usethe ANO3 pin Set the pinsto "0011g".
To use the ANO4 pin Set the pins to "0100g".
To use the ANO5 pin Set the pins to "0101g".
To use the ANO6 pin Set the pinsto "0110g".

To use the ANO7 pin

Set the pinsto "0111g".
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@ Checking the completion of conversion

The following two methods can be used to check whether conversion has been completed.
« Checking with the interrupt request flag bit (ADC1:ADI)

Interrupt request flag bit (ADI)

Meaning

Thevauereadis"0".

A/D conversion completed with no interrupt request

Thevaluereadis"1".

A/D conversion completed with interrupt request generated

» Checking with the conversion flag bit (ADC1L:ADMV)

Conversion flag bit (ADMV)

Setting

Thevauereadis"0".

A/D conversion completed (suspended)

Thevauereadis"1".

A/D conversion in progress

@ Interrupted related register

Use the following interrupt level setting register to set the interrupt level.

Interrupt source

Interrupt level setting register

Interrupt vector

8/10-bit AD converter

Interrupt level register (ILR4)
Address; 0007D

#18
Address: OFFD6,

@ Enabling, disabling, and clearing interrupts

To enable interrupts, use the interrupt request enable bit (ADC2:ADIE).

Control item Interrupt request enable bit (ADIE)
To disableinterrupt requests Set the bit to "0".
To enable interrupt requests Set the bitto "1".

To clear interrupt requests, use the interrupt request bit (ADC1:ADI).

Control item

Interrupt request bit (ADI)

To clear an interrupt request

Set the bit to "1" or activate A/D.
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CHAPTER 24

LOW-VOLTAGE DETECTION
RESET CIRCUIT

This chapter describes the functions and operations of
the low-voltage detection reset circuit.

24.1 Overview of Low-voltage Detection Reset Circuit
24.2 Configuration of Low-voltage Detection Reset Circuit
24.3 Pins of Low-voltage Detection Reset Circuit

24.4 Operations of Low-voltage Detection Reset Circuit
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24.1  Overview of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit monitors the power supply voltage and
generates areset signal if the voltage drops below the detection voltage level (available
as an option to 5-V products only).

B Low-voltage Detection Reset Circuit

This circuit monitors the power supply voltage and generates a reset signal if the voltage drops below the
detection voltage level. The circuit can be selected as an option to 5-V products only. Refer to the data
sheet for details of the electrical characteristics.
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24.2  Configuration of Low-voltage Detection Reset Circuit

Figure 24.2-1is a block diagram of the low-voltage detection reset circuit.

B Block Diagram of Low-voltage Detection Reset Circuit

Figure 24.2-1 Block Diagram of Low-voltage Detection Reset Circuit

vee[ | ’
Reset signal
>—{ N'C;|'7

Vref
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24.3  Pins of Low-voltage Detection Reset Circuit

This section explains the pins of the low-voltage detection reset circuit.

B Pins Related to Low-voltage Detection Reset Circuit
. VCC pln
The low-voltage detection reset circuit monitors the voltage at this pin.
‘ VSS pln
ThispinisaGND pin serving as the reference for voltage detection.
@ RST pin

The low-voltage detection reset signal is output inside the microcontroller and to this pin.

However, for the model equipped with the clock supervisor function (see "1.2 Product Lineup of
MB95130/MB Series' for details), the low-voltage detection reset signa is generated only in the
microcontroller and not output to this pin.
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24.4  Operations of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit generates a reset signal if the power supply
voltage falls below the detection voltage.

B Operations of Low-voltage Detection Reset Circuit

The low-voltage detection reset circuit generates a reset signa if the power supply voltage falls below the
detection voltage. If the voltage is subsequently detected to have recovered, the circuit outputs a reset
signal for the duration of the oscillation stabilization wait time to cancel the reset.

For details on the electrical characteristics, see the data sheet.

Figure 24.4-1 Operations of Low-voltage Detection Reset Circuit

Vcc
Detection/cancel-
lation voltage

Lower operating
voltage limit

Reset signal

i

i

A: Delay

B: Oscillation stabilization wait time

B Operations in Standby Mode

The low-voltage detection reset circuit remains operating even in standby modes (stop, sleep, sub clock,
and watch modes).
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CHAPTER 25

CLOCK SUPERVISOR

This chapter describes the functions and operations of
the clock supervisor.

25.1 Overview of Clock Supervisor
25.2 Configuration of Clock Supervisor
25.3 Registers of Clock Supervisor
25.4 Operations of Clock Supervisor

25.5 Precautions when Using Clock Supervisor
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25.1

Overview of Clock Supervisor

The clock supervisor prevents the situation which is out of control, when main clock
and sub clock (only on dual clock products) oscillations have halted. This function
switches to an CR clock generated in internal CR oscillator circuit, if main clock and sub
clock oscillations have halted. (this feature is optional to 5-V products).

B Overview of Clock Supervisor

The clock supervisor monitors the main clock and sub clock oscillations and generates an internal reset
if it detects that the oscillation has halted. In this case, the clock supervisor switches to the internal CR
clock (The clock frequency of the sub clock is equal to the CR clock frequency divided by 2).

The reset source register (RSRR) can be used to determine whether a reset was triggered by the clock
supervisor.

A main clock oscillation halt is detected if the rising edge of the main clock is not detected for 4 CR
clock cycles. The clock supervisor may detect incorrectly, if main clock is longer than 4 CR clock
cycles.

A sub clock oscillation halt is detected if the rising edge of the sub clock is not detected for 32 CR clock
cycles. The clock supervisor may detect incorrectly, if sub clock islonger than 32 CR clock cycles.

The clock supervisor can prohibit to monitor the main clock and sub clock respectively.

If the sub clock is halted in the main clock mode, a reset does not occur immediately, but does occur
after switching to the sub clock mode.
Setting registers enable to prohibit the reset output.

While the clock stopsin main clock and sub clock stop modes, clock monitoring is disabled.
This function can be selected as an option on 5-V products only.

Note:

Refer to the data sheet for the period and other details about the CR clock.
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25.2 Configuration of Clock Supervisor

The clock supervisor consists of the following blocks:
e Control circuit

* CR oscillator circuit

e Main clock monitor

e Sub clock monitor

* Main clock selector

* Sub clock selector

* CSV control register (CSVCR)

B Block Diagram of Clock Supervisor
Figure 25.2-1 shows a block diagram of the clock supervisor.

Figure 25.2-1 Block Diagram of Clock Supervisor

< Internal bus >

CSV control register (CSVCR)

i

Control circuit - » Internal reset
A A A
Enable Enable Detect Enable Detect Select Select
A v v sub clock | main clock
CR oscillator Main clock Sub clock
circuit monitor monitor >
+ 1 + ¢ v Internal
Y »  Main bLL main clock
o clock > circuit >
Main clock » selector
(From X0/X1) Selector
12 "|Sub clock Internal
sub clock
Sub clock »| Selector

(From X0A/X1A)
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@ Control circuit
This block controls the clocks, resets, and other settings based on the information in the CSV control
register (CSVCR).

@ CR oscillator circuit
This block is ainternal CR oscillator circuit. The oscillation can be turned on or off via a control signal
from the control circuit. This also serves as an internal clock after a clock halt is detected.

@® Main clock monitor

This block monitors whether the main clock halts.

@ Sub clock monitor

This block monitors whether the sub clock halts.

@® Main clock selector

This block outputs the CR clock as the internal main clock upon detection of amain clock halt.

@ Sub clock selector

This block outputs the clock obtained by dividing the CR clock as the internal sub clock upon detection of a
sub clock halt.

@ CSV control register (CSVCR)

Thisblock is used to control clock monitoring and CR clock and to check information on halt detection.
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25.3 Registers of Clock Supervisor

This section describes the clock supervisor registers.

B Clock Supervisor Register
Figure 25.3-1 shows the register of the clock supervisor.

Figure 25.3-1 Clock Supervisor Register

Clock supervisor control register (CSVCR)

bit 7 6 5 4 3 2 1 0
Address Initial value
000FEA Reserved MM SM RCE MSVE SSVE SRST | Reserved 000111005
R/W R R R/W R/W R/W R/W R/W

R/W: Readable/writable
R: Read only
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25.3.1 Clock Supervisor Control Register (CSVCR)

The clock supervisor control register (CSVCR) is used to enable the various functions
and to check the status.

B Clock Supervisor Control Register (CSVCR)

Figure 25.3-2 Clock Supervisor Control Register (CSVCR)

bit 7 6 5 4 3 2 1 0
Address Initial value
000FEAH Reserved| MM SM RCE | MSVE| SSVE| SRST |Reserved 000111008
R/W R R RW RW RW R/W R/W
I—P Reserved Reserved bit
0 Be sure to set this bit to "0".
SRST Reset generation enable bit *
0 Disables reset generation.
1 Enables reset generation.
*: Assuming that a sub clock halt has been already detected at transition from
main mode to sub mode.
SSVE Sub clock monitoring enable bit
0 Disables sub clock monitoring.
1 Enables sub clock monitoring.
MSVE Main clock monitoring enable bit
0 Disables main clock monitoring.
1 Enables main clock monitoring.
» RCE CR clock oscillation enable bit
0 Disables CR clock oscillation.
1 Enables CR clock oscillation.
» SM Sub clock halt detection bit
0 Sub clock halt not detected.
1 Sub clock halt detected.
» MM Main clock halt detection bit
0 Main clock halt not detected.
1 Main clock halt detected.
» Reserved Reserved bit
0 Be sure to set this bit to "0".
R/W : Readable/writable
R : Read only
Reserved : Reserved bit
[] : Initial value
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Table 25.3-1 Functions of Bits in Clock Supervisor Control Register (CSVCR)

Bit name Function
. . Thisbit isreserved.
bit7 R ed bit Write "0" to this bit. The read valueis always"0".
MM: Thisbit isread-only, and this bit indicates that a main clock oscillation halt has been detected.
bit6 Maiﬁclock halt When set to" 1" : The bit indicates that a main clock oscillation halt has been detected.
detection bit When set to" 0" : The bit indicates that no main clock oscillation halt has been detected.
Writing "1" to this bit does not affect the operation.
M- This bit isread-only, and this bit indicates that a sub clock oscillation halt has been detected.
bit5 Sub clock halt When set to" 1" : The bit indicates that a sub clock oscillation halt has been detected.
detection bit When set to" 0" : The bit indicates that no sub clock oscillation halt has been detected.
Writing "1" to this bit does not affect the operation.
This bit enables CR oscillation.
RCE: When set to" 1" : The bit enables oscillation.
bit4 CR clock oscillation When set to" 0" : The bit disables oscillation.
enable hit Before writing "0" to this bit, make sure that the clock monitor function has been disabled with the
MM and SM bits set to "0".
. This bit enables the monitoring of main clock oscillation.
MSVE: " ) . o
bit3 Main clack monitoring When set to" 1" : The bit enables main clock monitoring.
enable bit When set to" 0" : The bit disables main clock monitoring.
Thisbit isset to "1" only when a power-on reset occurs.
SSVE: This bit enables the monitoring of sub clock oscillation.
bit2 Sub clbck monitorin When set to" 1" : The bit enables sub clock monitoring.
enable bit 9 | When set to" 0" : The bit disables sub clock monitoring.
Thisbit isset to "1" only when a power-on reset occurs.
This bit enables reset output upon transition to sub mode.
SRST: When set to" 1": Thebit causesareset upon transition to sub clock mode with the sub clock halted
bitl Reset generation in main clock mode.
enable bit When set to " 0": The bit prevents areset upon transition to sub clock mode with the sub clock
halted in main clock mode.
. . Thisbit isreserved.
bit0 Reserved bit Write "0" to this bit. The read valueis always"0".
Note:

When the power is turned on, the clock supervisor starts monitoring after the oscillation stabilization
wait time for the main clock elapses. The oscillation stabilization wait time of the main clock must
therefore be longer than the time required for the clock supervisor to start operating.
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25.4  Operations of Clock Supervisor

This section describes the operations of the clock supervisor.

B Operations of Clock Supervisor
The clock supervisor monitors the main clock and sub clock oscillations. If main clock and sub clock
oscillations have halted, the device switchesto an CR clock and generates a reset.

The following describes the operation in each clock mode.

@ Main clock oscillation halt in main clock mode
The clock supervisor detect that main clock oscillation has halted, if no rising edge is detected on the main
clock for 4 CR clock cyclesin main clock mode.
If amain clock halt is detected, areset is generated and the main clock switchesto the CR clock.

The clock supervisor may detect incorrectly, if main clock is alow speed (longer than 4 CR clock cycles).
It results from using the CR clock for detecting that main clock oscillation have halted.

The clock supervisor does not detect the main clock during stop mode.

@ Sub clock oscillation halt in main clock mode (only on dual clock products)
In main clock mode, the condition used to detect the sub clock oscillation as having halted is that no rising
edge is detected on the sub clock for 32 CR clock cycles.

Although no reset is generated immediately if a sub clock halt is detected in main clock mode, the sub
clock switchesto CR clock divided by two.

A reset can be generated when the device switches from main clock mode to sub clock mode with a sub clock
oscillation halt detected, by setting the SRST hit in the clock supervisor control register (CSVCR).

Because the CR clock is used to detect whether the sub clock has halted, a sub clock halt may be detected if
the sub clock is set to alow speed (period longer than 32 CR clock cycles).

The clock supervisor does not detect the sub clock during stop mode.

@ Sub clock oscillation halt in sub clock mode (only on dual clock products)
In sub clock mode, the condition used to detect the sub clock oscillation as having halted is that no rising
edge is detected on the sub clock for 34 CR clock cycles.

If asub clock halt is detected, a reset is generated and the device enters main clock mode. In this case, the
sub clock switchesto CR clock divided by two.

Asthe CR clock is used to detect whether the sub clock has halted, a sub clock halt may be detected if the
sub clock is set to alow speed (period longer than 32 CR clock cycles).

The clock supervisor does not detect the sub clock during the stop mode.

@ Main clock oscillation halt in sub clock mode (only on dual clock products)

In sub clock mode, the main clock oscillation remains halted and is therefore not detected by the clock
supervisor.
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B Example Operation Flowchart for the Clock Supervisor

Figure 25.4-1 Example Operation Flowchart for the Clock Supervisor

Power on

Has the main

oscillation started?
NO
2 v

Wait for reset state
(oscillation
stabilization wait)

Oscillation ( ]

restarts Main clock p

operation
L (4)

NO

Oscillation

CR clock
operation halted?

A 4

CSV reset
generated
\4

Reset is cleared External reset ] ®)
(CR clock operation) generated J

CSV : Clock supervisor

(1) After the power isturned on, the main clock operation starts after the oscillation stabilization wait time
generated by the main oscillation has el apsed.

(2) If the main clock halts at power on, the device remains in the reset state (oscillation stabilization wait
state). The operation changes to the main clock, after the oscillation restarts and the oscillation
stabilization wait time el apsed.

(3) If an oscillation halt is detected during main clock operation, the operating clock is switched to the CR
clock and areset is generated.

(4) If the main oscillation continues (oscillation does not halt), the device continues to run using the main
clock.

(5) If an external reset occurs during the CR clock operation, operation changes to the main clock.
However, if the oscillation is halted at this time, another CSV reset is generated and the device returns
to CR clock operation.
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B Example Startup Flowchart when using the Clock Supervisor

Inserting checking process of the main clock stop detection bit (CSVCR:MM) enables user programs to
control the Fail Safe routine.

Figure 25.4-2 shows the example startup flowchart when using the clock supervisor.

Figure 25.4-2 Example Startup Flowchart when using the Clock Supervisor
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25.5 Precautions when Using Clock Supervisor

Take note of the following points when using the clock supervisor.

B Precautions when using the Clock Supervisor

@ Operation of the clock supervisor at power on

When the power is turned on, the clock supervisor starts monitoring after the oscillation stabilization wait
time for the main clock has elapsed. Therefore, unless the operation continues for longer than the
oscillation stabilization wait time for the main clock, the clock supervisor will not operate.

@ Transition to CR clock mode

Do not turn on the PLL after changing to CR clock mode.
Asthe frequency is below the lower limit for the input frequency of the PLL circuit, the PLL operation will

not be guaranteed.
@ Disabling the CR oscillation

Do not use the CR oscillation enable bit (CSVCR:RCE) to disable the CR oscillation during CR clock
mode.

Asthishaltsthe internal clock, it may result in deadlock.

@ Initializing the main clock halt detection bit

The main clock halt detection bit (CSVCR:MM) is initialized by a power-on reset or external reset only.
The bit isnot initialized by neither awatchdog reset, software reset, nor CSV reset. Accordingly, the device
remainsin CR clock modeif one of these resets occurs during CR clock mode.
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CHAPTER 26

256-KBIT FLASH
MEMORY

This chapter describes the functions and operations of
256-Kbit flash memory.

26.1 Overview of 256-Kbit Flash Memory

26.2 Sector Configuration of Flash Memory

26.3 Register of Flash Memory

26.4 Starting the Flash Memory Automatic Algorithm
26.5 Checking the Automatic Algorithm Execution Status
26.6 Details of Programming/Erasing Flash Memory

26.7 Features of Flash Security
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26.1  Overview of 256-Kbit Flash Memory

The following methods can be used to program (write) and erase data into/from flash
memory:

* Programming/erasing using a parallel programmer

* Programming/erasing using a dedicated serial programmer

* Programming/erasing by program execution

This section describes "programming/erasing by program execution”.

B Overview of 256-Kbit Flash Memory
256-Kbit flash memory is located from 8000y to FFFF on the CPU memory map. The function of the
flash memory interface circuit provides read access and program access from the CPU to flash memory.
As flash memory can be programmed and erased by the instructions from the CPU via the flash memory
interface circuit, you can efficiently reprogram (update) program code and data in flash memory with the
device mounted on a circuit board.
M Features of 256-Kbit Flash Memory
» Sector configuration: 32K bytes x 8 hits
« Automatic program algorithm (Embedded Algorithm)
« Detection of completion of programming/erasing using the data polling or toggle bit function
» Detection of completion of programming/erasing by CPU interrupts
e Compatible with JEDEC standard command
* Programming/erase count (minimum): 10,000 times
B Programming and Erasing Flash Memory
e Itisnot possible to write to and read from the flash memory at the same time.

» To program/erase data into/from a bank in flash memory, execute the one copied from the flash memory
to RAM, so that writing to the flash memory can be performed.
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26.2  Sector Configuration of Flash Memory

This section explains the registers and the sector configuration of flash memory.

B Sector Configuration of 256-Kbit Flash Memory

Figure 26.2-1 shows the sector configuration of the 256-Kbit flash memory. The upper and lower addresses
of each sector are given in the figure.

Figure 26.2-1 Sector Configuration of 256-Kbit Flash Memory

Flash memory CPU address Programmer address*
8000y 180004
32 Khytes
FFFFy 1IFFFF,

*. Programmer addresses are corresponding to CPU addresses, used when the parallel programmer
programs data into flash memory.
These programmer addresses are used for the parallel programmer to program or erase data in flash memory.

463



CHAPTER 26 256-KBIT FLASH MEMORY

26.3

Register of Flash Memory

This section shows the register of the flash memory

B Register of the Flash Memory

Figure 26.3-1 Register of the Flash Memory

Flash memory status register (FSR)
Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

0072y ‘ i ‘ - ‘RDYIRQ| RDY ‘Reserved‘ IRQEN‘ WRE ‘Reserved‘ 000X0000g
ROWX ROWX RRMLW RMWX RWO RW  RW RO

R/W: Readable/writable (Read value is the same as write value)

R(RM1), W: Readable/writable (Read value is different from write value, "1" is read by read-modify-write
instruction)

R/WX: Read only (Readable, writing has no effect on operation)

R/WO: Reserved bit (Write value is "0", read value is the same as write value)

RO/WX: Undefined bit (Read value is "0", writing has no effect on operation)

X: Indeterminate
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26.3.1 Flash Memory Status Register (FSR)

Figure 26.3-2 lists the functions of the flash memory status register (FSR).

B Flash Memory Status Register (FSR)

Figure 26.3-2 Flash Memory Status Register (FSR)

Address bit7  bit6  bit5 bit4 bit3 bit2 bitl  bit0 Initial value
Re- -
00721 | - - |RoviRQ| RDY |qereay|ROEN| WRE | RS 000X0000s

RO/WX RO/WX R(RM1),W R/WX R/WO R/W R/W R/WO

]
Re-

served Reserved bit
0 | Be sure to set the bit to "0".

A4

WRE Flash memory program/erase enable bit
0 | Disables flash memory area programming/erasing.

1 | Enables flash memory area programming/erasing.

\
by,
Le}
m
b

Flash memory program/erase interrupt enable bit
0 | Disables interrupts upon completion of programming/erasing.

1 | Enables interrupts upon completion of programming/erasing.

»| Re- R
> served Reserved bit

0 | Be sure to set the bit to "0".

> RDY Flash memory program/erase status bit

0 Data is being programmed/erased (not ready to program/erase next data).

1 | Data has been programmed/erased (ready to program/erase next data).

Flash memory operation flag bit
Read Write
0 | Programming/erasing is being performed. | Clears this bit.

\/

RDYIRQ

1 | Programming/erasing has been completed. | No effect.

Undefined bit
The value read is always "0". Writing has no effect on the operation.

A\

v

Undefined bit
The value read is always "0". Writing has no effect on the operation.

R/W : Readable/writable (Read value is the same as write value)

R(RM1),W : Readable/writable (Read value is different from write value, "1" is read by read-modify-write instruction)
R/WX : Read only (Readable, writing has no effect on operation)

R/WO : Reserved bit (Write value is "0", read value is the same as write value)

RO/WX : Undefined bit (Read value is "0", writing has no effect on operation)

X : Indeterminate

1 :lInitial value
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Table 26.3-1 Functions of Flash Memory Status Register (FSR)

Bit name Function
E'Itté - Undefined bits The value read is dways "0". Writing has no effect on the operation.
This bit shows the operating state of flash memory.
The RDYIRQ hit is set to "1" upon completion of the flash memory automatic algorithm when flash
memory programming/erasing is completed.
RDYIRQ: « Aninterrupt request occurs when the RDY IRQ bit is set to "1" if interrupts triggered by the
. : completion of flash memory programming/erasing have been enabled (FSR:IRQEN = 1).
hit5 Flash memory . e ; N
operation flag bit « If the RDYIRQ bit is set .to 0 when fla§|1 memory programming/erasing is completed, further
flash memory programming/erasing is disabled.
Setting the bit to " 0" : Clearsthe hit.
Setting the bit to " 1" : Has no effect on the operation.
"1" isread from the bit whenever aread-modify-write (RMW) instruction is used.
This bit shows the programming/erasing status of flash memory.
RDY:  Flash memory programming/erasing cannot be performed with the RDY hit set to "0".
: « A read/reset command can be accepted even when the RDY bit contains"0". The RDY bit is set to
. Flash memory o . ! ;i
bit4 program/erase status 1" upon completion of programming/erasing.
bit « It takes adelay of two machine clock (MCLK) cycles after the issuance of a program/erase
command for the RDY hit to be set to "0". Read this bit after, for example, inserting NOP twice
after issuing the program/erase command.
bit3 Sgrvvg'bit Be sure to set this bit to "0".
Thisbit enables or disables the generation of interrupt requestsin response to the completion of flash
IRQEN: memory programming/erasing.
bit2 Flash memory Setting thebit to" 1": Causes an interrupt request to occur when the flash memory operation flag
program/eraseinterrupt bitissetto"1" (FSR:RDYIRQ = 1).
enable bit Setting thebit to " 0": Prevents an interrupt request from occurring even when the flash memory
operation flag bitisset to "1" (FSR:RDYIRQ = 1).
This bit enables or disables the programming/erasing of datainto/from the flash memory area.
Set the WRE bit before invoking a flash memory program/erase command.
Setting thebit to " 0": Prevents a program/erase signal from being generated even when a program/
erase command is input.
WRE: Setting thebit to" 1" : Allows flash memory programming/erasing to be performed after a
bit1 Flash memory program/erase command is input.
program/erase enable |« When flash memory is not to be programmed or erased, set the WRE hit to "0" to prevent it from
bit being accidentally programmed or erased.
 To program datainto the flash memory, set FSR:WRE to "1" to write-enable the flash memory and
set the flash memory sector write control register (SWREO/SWREL). When FSR:WRE disables
programming (contains "0"), write access to flash memory does not take place even though it is
enabled by the flash memory write control register (SWREO/SWREL).
bit0 Eﬁg-bit Be sure to set this bit to "0".
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26.4  Starting the Flash Memory Automatic Algorithm

There are three types of commands that invoke the flash memory automatic algorithm:
read/reset, write (program), and chip-erase.

B Command Sequence Table
Table 26.4-1 lists the commands used in programming/erasing flash memory.

Table 26.4-1 Command Sequence

Command | Bus write 1st bus write cycle | 2nd bus write cycle | 3rd bus write cycle | 4th bus write cycle | 5th bus write cycle | 6th bus write cycle
sequence cycle Address | Data |Address| Data |Address| Data |Address| Data |Address| Data |Address| Data
1 Fy XXy FOy
Read/rest*
4 UAAAL | AAy US54y, 55 UAAAL FOy RA RD
Write 4 UAAA, | AAy US54, 554 UAAAL | ADy PA PD
Chip erase 6 XAAAY AAy X554, 554 XAAAY 80y XAAAY AAY X554y 554 XAAAY 104

* RA : Read address

* PA : Write (program) address

* RD : Read data

* PD : Write (program) data

U :Upper4hitssameasRA, PA, and SA

*Fx FRFE

* X :Arbitrary address

*: Both of the two types of read/reset command can reset the flash memory to read mode.

Notes:

e Addresses in the table are the values in the CPU memory map. All addresses and data are
hexadecimal values. However, "X" is an arbitrary value.

« Address "U" in the table is not arbitrary, whose four bits (bits 15 to 12) must have the same value
as RA and PA.

Example: If RA = C48Ey, U = C; If PA = 1024, U=1

467



CHAPTER 26 256-KBIT FLASH MEMORY

B Notes on Issuing Commands
Pay attention to the following points when issuing commands in the command sequence table:

The upper address U hits (bits 15 to 12) used when commands are issued must have the same value as RA
and PA, from the first command on.

If the above measures are not followed, commands are not recognized normally. Execute a reset to
initialize the command sequencer in the flash memory.
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26.5 Checking the Automatic Algorithm Execution Status

As the flash memory uses the automatic algorithm for a process flow for programming/
erasing, you can check its internal operating status with hardware sequence flags.

B Hardware Sequence Flag

@ Overview of hardware sequence flag

The hardware sequence flag consists of the following 5-bit outputs:

« Datapolling flag (DQ7)

» Toggle bit flag (DQ6)

« Execution time-out flag (DQ5)

* Togglebit 2 flag (DQ2)

The hardware sequence flags tell whether the write (program) or chip-erase command has been terminated
and whether an erase code write can be performed.

You can reference hardware sequence flags by read access to the address of each relevant sector in flash
memory after setting a command sequence. Note, however, that hardware sequence flags are output only
for the bank on a command-issued side.

Table 26.5-1 shows the bit allocation of the hardware sequence flags.

Table 26.5-1 Bit Allocation of Hardware Sequence Flags

Bit No. 7 6 5 4 3 2 1 0
Hardware sequence flag DQ7 DQ6 DQ5 - - DQ2 -

« To know whether the automatic write or chip-erase command is being executed or has been terminated,
check the hardware sequence flags or the flash memory program/erase status bit in the flash memory
status register (FSR:RDY). After programming/erasing is terminated, flash memory returns to the read/
reset state.

* When creating a write/erase program, read data after checking the termination of automatic writing/
erasing with the DQ7, DQ6, DQ5, and DQ2 flags.
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@ Explanation of hardware sequence flag

Table 26.5-2 lists the functions of the hardware sequence flag.

Table 26.5-2 List of Hardware Sequence Flag Functions

State DQ7 DQ6 DQ5 DQ2
Programming — Programming completed DQ7 — Toggle — 00— 1-
Statetransition | (when write address has been specified) DATA: 7 DATA: 6 DATA: 5 DATA:2
during normal
operation . . . Toggle — Toggle —
Chip erasing — Erasing completed 0->1 Stop 0->1 Stop
Abnormal Programming DQ7 Toggle 1 1
operation Chip erasing 0 Toggle 1 *

*: When the DQ5 flag is 1 (execution time-out), the DQ2 flag toggles during continuous reading from the
programming/erasing sector but does not toggle during reading from other sectors.
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CHAPTER 26 256-KBIT FLASH MEMORY

Flag (DQ7)

The data polling flag (DQ?7) is a hardware sequence flag used to indicate that the
automatic algorithm is being executing or has been completed using the data polling

function.

B Data Polling Flag (DQ7)

Table 26.5-3 and Table 26.5-4 show the state transition of the data polling flag.

Table 26.5-3 State Transition of Data Polling Flag (During Normal Operation)

Operating state

Programming — Programming completed

Chip erasing — Erasing completed

DQ7

DQ7 — DATA: 7

0-1

Table 26.5-4 State Transition of Data Polling Flag (During Abnormal Operation)

Operating state

Programming

Chip erasing

DQ7

DQ7

0

@ At programming

When read access takes place during execution of the automatic write algorithm, the flash memory outputs
theinverted value of bit 7 in the last data written to DQ7.

If read access takes place on completion of the automatic write algorithm, the flash memory outputs bit 7 of
the value read from the read-accessed address to DQ?7.

@ At chip erasing

When read access is made to the sector currently being erased during execution of the chip erase algorithm,
bit 7 of flash memory outputs"0". Bit 7 of flash memory outputs 1" upon completion of chip erasing.

Note:

Once the automatic algorithm has been started, read access to the specified address is ignored.
Data reading is allowed after the data polling flag (DQ?7) is set to "1". Data reading after the end of
the automatic algorithm should be performed following read access made to confirm the completion

of data polling.
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26.5.2 Toggle Bit Flag (DQ6)

The toggle bit flag (DQ6) is a hardware sequence flag used to indicate that the
automatic algorithm is being executed or has been completed using the toggle bit

function.

B Toggle Bit Flag (DQ6)

Table 26.5-5 and Table 26.5-6 show the state transition of the toggle bit flag.

Table 26.5-5 State Transition of Toggle Bit Flag (During Normal Operation)

Operating state

Programming — Programming completed

Chip erasing — Erasing completed

DQ6

Toggle — DATA: 6

Toggle — Stop

Table 26.5-6 State Transition of Toggle Bit Flag (During Abnormal Operation)

Operating state Programming

Chip erasing

DQ6

Toggle

Toggle

@ At programming and chip erasing

«  When read access is made continuously during execution of the automatic write algorithm or chip-erase
algorithm, the flash memory toggles the output between "1" and "0" at each read access.

* When read access is made continuously after the automatic write algorithm or chip-erase algorithm is
terminated, the flash memory outputs bit 6 (DATA:6) of the value read from the read address at each

read access.
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26.5.3  Execution Time-out Flag (DQ5)

The execution time-out flag (DQ5) is a hardware sequence flag indicating that the
automatic algorithm has been executed beyond the specified time (required for
programming/erasing) internal to the flash memory.

B Execution Time-out Flag (DQ5)
Table 26.5-7 and Table 26.5-8 show the state transition of the execution time-out flag.

Table 26.5-7 State Transition of Execution Time-out Flag (During Normal Operation)

Operating state Programming — Programming completed Chip erasing — Erasing completed
DQ5 0— DATA: 5 0-1

Table 26.5-8 State Transition of Execution Time-out Flag (During Abnormal Operation)

Operating state Programming Chip erasing
DQ5 1 1

@ At programming and chip erasing

When read access is made with the write or chip-erase automatic algorithm invoked, the flag outputs "0"
when the algorithm execution time is within the specified time (required for programming/erasing) or "1"
when it exceeds that time.

The execution time-out flag (DQ5) can be used to check whether programming/erasing has succeeded or
failed regardless of whether the automatic algorithm has been running or terminated. When the execution
time-out flag (DQ5) outputs "1", it indicates that programming has failed if the automatic algorithm is still
running for the data polling or toggle bit function.

If an attempt is made to write "1" to a flash memory address holding "0", for example, the flash memory is
locked, preventing the automatic agorithm from being terminated and valid data from being output from
the data polling flag (DQ7). As the toggle bit flag (DQ6) does not stop toggling, the time limit is exceeded
and the execution time-out flag (DQ5) outputs "1". The state in which the execution time-out flag (DQ5)
outputs "1" means that the flash memory has not been used correctly; it does not mean that the flash
memory is defective. When this state occurs, execute the reset command.
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26.5.4 Toggle Bit 2 Flag (DQ2)

The toggle bit 2 flag (DQ?2) is a hardware sequence flag used to indicate that chip-
erasing is executed using the toggle bit function.

B Toggle Bit 2 Flag (DQ2)

Table 26.5-9 and Table 26.5-10 show the state transition of the toggle bit 2 flag.

Table 26.5-9 State Transition of Toggle Bit 2 Flag (During Normal Operation)

Operating state

Programming — Programming completed

Chip erasing — Erasing completed

DQ2

1— DATA: 2

Toggle — Stop

Table 26.5-10 State Transition of Toggle Bit 2 Flag (During Abnormal Operation)

Operating state

Programming

Chip erasing

DQ2

1

*

*: When the DQ5 flag is 1 (execution time-out), the DQ2 flag toggles during continuous reading from the programming/
erasing sector but does not toggle during reading from other sectors.

@ At chip erasing

«  When read access is made continuously during execution of the chip-erase algorithm, the flash memory
toggles the output between "1" and "0" at each read access.

*  When read access is made continuously after the chip-erase algorithm is terminated, the flash memory
outputs bit 2 (DATA:2) of the value read from the read address at each read access.
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26.6  Details of Programming/Erasing Flash Memory

This section describes the individual procedures for flash memory reading/resetting,
programming, and chip-erasing by entering their respective commands to invoke the
automatic algorithm.

B Details of Programming/Erasing Flash Memory
The automatic algorithm can be invoked by writing the read/reset, program, and chip-erase command
sequence to flash memory from the CPU. Writing command sequence to flash memory from the CPU must
aways be performed continuously. The termination of the automatic algorithm can be checked by the data
polling function. After the automatic algorithm terminates normally, the flash memory returns to the read/
reset state.
Theindividual operations are explained in the following order:
o Enter read/reset state.
» Program data.
» FEraseall data(chip-erase).
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26.6.1

Placing Flash Memory in the Read/Reset State

This section explains the procedure for entering the read/reset command to place flash
memory in the read/reset state.

B Placing Flash Memory in the Read/Reset State

476

To place flash memory in the read/reset state, send the read/reset command in the command sequence
table continuously from the CPU to flash memory.

The read/reset command is available in two different command sequences: one involves a single bus
operation and the other involves four bus operations, which are essentialy the same.

Since the read/reset state is the initial state of flash memory, the flash memory always enters this state
after the power is turned on and at the normal termination of a command. The read/reset state is also
described as the wait state for command input.

In the read/reset state, read access to flash memory enables data to be read. As is the case with masked
ROM, program access from the CPU can be made.

Read access to flash memory does not require the read/reset command. If a command is not terminated
normally, use the read/reset command to initialize the automatic algorithm.
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26.6.2 Programming Data into Flash Memory

This section explains the procedure for entering the write (program) command to
program data into flash memory.

B Programming Data into Flash Memory

To start the automatic algorithm for programming data into flash memory, send the program command
in the command sequence table continuously from the CPU to flash memory.

Upon completion of data programming to a target address in the fourth cycle, the automatic algorithm
starts automatic programming.

@ How to specify addresses

Programming (writing) can be performed even in any order of addresses or across a sector boundary.
Data written by a single program command is only one byte.

@ Notes on programming data

Bit data cannot be returned from "0" to "1" by programming. When bit data "1" is programmed to bit
data "0", the data polling agorithm (DQ7) or toggle operation (DQ6) is not terminated, the flash
memory element is determined to be defective, and the execution time-out flag (DQ5) detects an error to
indicate that the specified programming time has been exceeded.

When datais read in the read/reset state, the bit data remains "0". To return the bit data from "0" to "1",
erase flash memory.

All commands are ignored during automatic programming.

If a hardware reset occurs during programming, the data being programmed to the current address is not
guaranteed. Retry from the chip-erase command.

B Flash Memory Programming Procedure

Figure 26.6-1 gives an example of the procedure for programming data into flash memory. The
hardware segquence flags can be used to check the operating state of the automatic algorithm in flash
memory. The data polling flag (DQ7) is used for checking the completion of programming into flash
memory in this example.

Flag check data should be read from the address where data was last written.

Because the data polling flag (DQ7) and execution time-out flag (DQ5) are updated at the same time,
the data polling flag (DQ7) must be checked even when the execution time-out flag (DQ5) is"1".

Similarly, the toggle bit flag (DQ6) must be checked as it stops toggling at the same time as when the
execution time-out flag (DQ5) changesto "1".

477



CHAPTER 26 256-KBIT FLASH MEMORY

Figure 26.6-1 Sample Procedure for Programming into Flash Memory

FSR: WRE (bit1)

Writable flash memory.

Y

Programming command
sequence

(1) UAAA « AA

(2) U554 « 55

(3) UAAA « AD

(4) Write address « Write data

Read internal address.

Data polling
(DQ7)

Timing limit

(DQ5)

Read internal address.

Data

Data polling

Y

( Write error )

(DQ7)

Next address

Data l:

NO

Last address?

YES

FSR: WRE (bit1)

Write-disable flash memory.

End of writing
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26.6.3  Erasing All Data from Flash Memory (Chip Erase)

This section describes the procedure for issuing the chip erase command to erase all
data from flash memory.

B Erasing Data from Flash Memory (Chip Erase)

e To erase al data from flash memory, send the chip erase command in the command sequence table
continuously from the CPU to flash memory.

« The chip erase command is executed in six bus operations. Chip erasing is started upon completion of
the sixth programming cycle.

« Before chip erasing, the user need not perform programming into flash memory. During execution of the
automatic erase agorithm, flash memory automatically programs "0" before erasing al cells
automatically.

B Notes on Chip Erasing

If a hardware reset occurs during erasure, the data being erased from flash memory is not guaranteed.
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26.7  Features of Flash Security

The flash security controller function prevents the contents of flash memory from being
read through external pins.

B Features of Flash Security
Writing protection code "01" to aflash memory address (80004) restricts access to flash memory, barring

read/write access to flash memory from any external pin. Once flash memory has been protected, the
function cannot be unlocked until the chip erase command is executed.

Note that only addresses 5554, and 2AAA can be read as exceptions.

It is advisable to code the protection code at the end of flash programming. This is to avoid unnecessary
protection during programming.

Once flash memory has been protected, the chip erase operation is required before it can be reprogrammed.
For details, ask your local representative of Fujitsu.
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CHAPTER 27

EXAMPLE OF SERIAL
PROGRAMMING
CONNECTION

This chapter describes the example of a serial
programming connection.

27.1 Basic Configuration of Serial Programming Connection for Flash
Memory Products

27.2 Example of Serial Programming Connection

27.3 Example of Minimum Connection to Flash Microcontroller
Programmer
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27.1  Basic Configuration of Serial Programming Connection for
Flash Memory Products

The MB95F133MBS, NBS, JBS, MBW, NBW, JBW/MB95F134MBS, NBS, JBS, MBW, NBW,
JBW/MB95F136MBS, NBS, JBS, MBW, NBW, JBW supports flash ROM serial onboard
programming (Fujitsu standard).

This section describes the specifications.

B Basic Configuration of Serial Programming Connection for Flash Memory Products

The AF220/AF210/AF120/AF110 flash microcontroller programmer manufactured by Y okogawa Digital
Computer Co., Ltd. is used for Fujitsu standard serial onboard programming.

Figure 27.1-1 shows the basic configuration of serial programming connection for flash memory products.

Figure 27.1-1 Basic Configuration of Serial Programming Connection the Flash Memory Products

Host interface cable (AZ221) General-purpose
common cable (AZ210)
. Flash CLK-synchronous
RS232C microcontroller | serial Flash Memory
programmer < »Products
+ user system
memory card
_
—

Operable in stand alone mode

Note:

For the function and operation method of the AF220/AF210/AF120/AF110 flash microcontroller
programmer and the general-purpose common cable (AZ210) and connector, contact Yokogawa
Digital Computer Co., Ltd.
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Table 27.1-1 Pins Used for Fujitsu Standard Serial Onboard Programming

Pin Function Description
MOD, P13 Mode pin Setting MOD=High and P13=Low sets serial write mode.
The CPU'sinternal operating clock during serial write mode is the oscillator
X0, X1 Oscillation pins {\:E?gfﬂ;ty ; Il\&d:g g?/rt]\i,;?{er oscillator frequency must be input when performing
serial writing.
RST Reset pin -

Setting P10/UI0=L ow specifies that serial write mode uses clock synchronous
P10/UIO Seria datainput pin | communications. As thislow input is handled by the TTXD pin of the flash micro-
controller programmer, you do not need to provide a pull-down for the P10/UI10 pin.

P11/UOO | Seria data output pin -

Setting P12/UCK0=High sets serial write mode. Asthis high input is handled by the
P12/UCKOQ | Seria clock input pin | TCK pin of the flash microcontroller programmer, you do not need to provide a pull-

up for the P12/UCKO pin.
Vv Power supply voltage | Onthe 5V products, the write voltage (Vcc = 4.5V to 5.5V) is supplied from the user
cc supply pin system.
Vss GND pin Common to the GND of the flash microcontroller programmer.

Asthe UI0, UOO, and UCKO pins are also used by the user system, you need to provide a control circuit as
shown in Figure 27.1-2 if you want to disconnect from the user circuit during serial writing.

(The /ITICS signa of the flash microcontroller programmer can be used to disconnect from the user circuit
during serial writing. See the connection example in Figure 27.1-2 for details.)

Figure 27.1-2 Control Circuit

AF220/AF210/AF120/AF110 N
programming control pin ¢ » Flash Memory Products
programming

247KkQ control pin

AF220/AF210/AF120/AF110
/TICS pin

User circuit
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@ Oscillation Clock Frequency and Serial Clock Input Frequency

The permitted frequency for the input serial clock on the flash memory products is calculated from the
following formula. Accordingly, adjust the settings on the flash microcontroller programmer so that the
serial clock input frequency matches the oscillation clock frequency being used.

Permitted frequency for the input serial clock = 0.125 x Oscillation clock frequency

Example:
Oscillation clock Maximum serial clock Maximum serial clock frequency Maximum serial clock
frequenc frequency that can be that can be set on the AF220, frequency that can be set
q y input to the microcontroller AF210, AF120, and AF110 on the AF200
at AMHz 500kHz 500kHz 500kHz
at 8BMHz 1IMHz 850kHz 500kHz
at 1I0MHz 1.25MHz 1.25MHz 500kHz

Table 27.1-2 System Configuration of the Flash Microcontroller Program
(Yokogawa Digital Computer Co., Ltd.)

Type Function

AF220/AC4P | Model with built-in Ethernet interface /100V to 220V power adapter
Main |AF210/AC4P | Standard model /100V to 220V power adapter
unit | AF120/AC4P | Single-key model with built-in Ethernet interface 100V to 220V power adapter

AF110/AC4P | Single-key model /100V to 220V power adapter
AZ221 Writer-dedicated RS232C cable for PC/AT
AZ210 Standard target probe (a) Length: 1 m
FF201 Fujitsu control module for flash microcontroller
AZ290 Remote controller
/P2 2Mbytes PC Card (Option)  Flash memory capacity: up to 128 Kbytes
/P4 AMbytes PC Card (Option)  Flash memory capacity: up to 512 Kbytes

Contact address: Yokogawa Digital Computer Co., Ltd. Tel: +81-042-333-6222

Note:

Although the AF200 flash microcontroller programmer is an old model, this can be handled using the
FF201 control module. The connection examples shown in the next chapter can also be used as

example connections for serial writing.

484



CHAPTER 27 EXAMPLE OF SERIAL PROGRAMMING CONNECTION

27.2 Example of Serial Programming Connection

Inputting MOD="H" from TAUX3 on the AF220, AF210, AF120, or AF110 to the mode pin,
which is set to MOD="L" by the user system, sets the mode to serial write mode (serial
write mode: MOD="H", P12="H", P13="L").

B Example of Serial Programming Connection
Figure 27.2-1 shows an example connection for flash memory products serial writing.

The TTXD pin on the flash microcontroller programmer is connected to P10/UI0 and outputs low until data
transfer starts. Setting P10/UIO=Low in this way specifies that serial write mode uses clock synchronous
communications.

Note that a user power supply is required for seria writing.

Figure 27.2-1 Example of Serial Programming Connection for Flash Memory Products

AF220/AF210/AF120/AF110
programmer Connector
DX10-28S

P13 _|§
TAUX3 (19) 4 MOD 4.7kW
%E 4.7TkW

User system

flash memory products

? X0
[
_I:'_'_i X1
f -
TTXD 13) P10/UI0
TRXD (27) P11/UOO
©)
TCK (6) > P12/UCKO
ITICS (10) y ‘
User

circuit
N é 24.7kW
/ITRES % % RST
I/
User

® [
E circuit 4

2 4.7kW
TVce ) Vcee
User power
supply
(7.8,
GND 14.15, Vss
21,22
1,28)
Pin 14 Pin 1
Pins 3,4,9,11,12,16,17,18,
20,28,24,25,26 are Open. DX10-28S
Pin 28 Pin 15

DX10-28S: Right angle type Connector (manufactured by Hirose

Electric Co., Ltd.) pin alignment
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The circuit [1] shown in Figure 27.2-1 is required if you want to disconnect the UCKO and RST pins from
the user circuit during serial writing (The /TICS signal of the flash microcontroller programmer outputs low

during serial writing and this disconnects the user circuit).

If it is not necessary to disconnect from the user circuit, the connection to /TICS and circuit [1] are not

required. See the connection examplein Figure 27.3-1.

The UI0 and UOO pins are also used by the user system and the control circuit shown below like that used for
the UCKO pin is required if you want to disconnect from the user circuit during serial writing (The /TICS
signal of the flash microcontroller programmer can be used to disconnect from the user circuit during serial

writing. See the connection examplein Figure 27.2-1 for details)

Figure 27.2-2 Control Circuit

AF220/AF210/AF120/AF110

programming control pin

AF220/AF210/AF120/AF110
/TICS pin

N » Flash Memory Products
programming
247kQ control pin
User circuit

Only connect to the AF220, AF210, AF120, or AF110 while the user power supply is turned off.

Note:

The pull-up and pull-down resistances in the above example connection are examples only and may
be adjusted to suit your system. If variation in the input level to the MOD pin is possible due to noise
or other factors, it is also recommended that you use a capacitor or other method to minimize noise.
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27.3 Example of Minimum Connection to Flash Microcontroller
Programmer

The connection between MOD and the flash microcontroller programmer is not required
if the pins are set as shown in Figure 27.3-1 during serial writing (serial write mode:
MOD="H", P12="H", P13="L").

B Example of Minimum Connection to Flash Microcontroller Programmer
Figure 27.3-1 shows an example of the minimum possible connection to the flash memory products flash
microcontroller programmer.
The TTXD pin on the flash microcontroller programmer is connected to P10/U10 and outputs low until data
transfer starts. Setting P10/UIO=Low in this way specifies that serial write mode uses clock synchronous
communications.

Note that a user power supply isrequired for serial writing.

Figure 27.3-1 Example of Minimum Connection between Flash Memory Products and Flash
Microcontroller Programmer

AF220/AF210/AF120/AF110
flash microcontroller

programmer User system flash memory products

P13
%4.7%)
At serial % 4.7kQ
reprogramming "H"
prog 9 717 MOD
i X0
L
T x
Connector
DX10-28S
24.7kQ e
/TRES ®) ‘ RST
TTXD (13) P10/U10
TRXD 27) P11/UO0
TCK (6) P12/UCKO
TVce %) Vce
(7.8, I
14,15 User powersupply
GND 1,22 Vss
1,28)
Pin 14 Pin
Pins 3,4,9,11,12,16,17,18,
19, 20,23,24,25,26 are Open. DX10-285
Pin 28 Pin 15
DX10-28S: Right angle type Connector (manufactured by Hirose

Electric Co., Ltd.) pin alignment
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Asthe UI0, UOO, and UCKO pins are also used by the user system, you need to provide a control circuit as
shown below if you want to disconnect from the user circuit during serial writing (The /TICS signal of the
flash microcontroller programmer can be used to disconnect from the user circuit during serial writing. See
the connection example in Figure 27.3-1 for details).

AF220/AF210/AF120/AF110 N
programming control pin > g:i;?a':ﬂninr?r?gry Products
247kQ control pin
AF220/AF210/AF120/AF110
[TICS pin
User circuit

Only connect to the AF220, AF210, AF120, or AF110 while the user power supply is turned off.

Note:

The pull-up and pull-down resistances in the above example connection are examples only and may
be adjusted to suit your system. If variation in the input level to the MOD pin is possible due to noise
or other factors, it is also recommended that you use a capacitor or other method to minimize noise.
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APPENDIX

This appendix explains 1/O map, interrupt list, memory
map, pin status, instruction overview, mask option and
writing to Flash microcontroller using parallel writer.

APPENDIX A 1/O Map

APPENDIX B Table of Interrupt Causes

APPENDIX C Memory Map

APPENDIX D Pin Status of MB95130/MB series

APPENDIX E Instruction Overview

APPENDIX F Mask Option

APPENDIX G Writing to Flash Microcontroller Using Parallel Writer
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APPENDIX A 1/O Map

This section explains I/O map that is used on MB95130/MB series.

W 1/O Map
Table A-1 MB95130/MB Series (1/4)

Address abi?g\f;:)n Register name R/W :/rllt:f:al
0000y PDRO Port O data register R/wW | 00000000g
00014 DDRO Port O direction register R/W | 000000005
0002, PDR1 Port 1 data register R/W | 00000000
00034 DDR1 Port 1 direction register R/W | 000000005
0004 Prohibited
00054 WATR Oscillation stabilization wait time setting register R/W |11111111g
00061 PLLC PLL control register R/W | 00000000
0007y Sycc System clock control register R/W [1010x011g
0008y STBC Standby control register R/W | 000000005
0009 RSRR Reset source register RIW | XXXXXXXXg
000AH TBTC Time-base timer control register R/W | 00000000
000B WPCR Watch prescaler control register R/W | 000000005
000CH wWDTC Watchdog timer control register R/w | 000000005
000D

to Prohibited
0027,
00284 PDRF Port F data register R/W | 00000000g
0029 DDRF Port F direction register R/W | 00000000
002A 4 PDRG Port G data register R/W | 00000000g
002By DDRG Port G direction register R/W | 00000000
002CH PULO Port 0 pull-up register R/W |00000000g
002Dy PUL1 Port 1 pull-up register R/W | 00000000
002E

to Prohibited
0034,
0035y PULG Port G pull-up register R/W | 000000005
0036y TO1CR1 8/16-hit composite timer 01 control status register 1 ch.0 R/W | 000000005
0037y TOOCR1 8/16-hit composite timer 00 control status register 1 ch.0 R/W | 000000005
0038, N
0039, Prohibited
003A4 PCO1 8/16-bit PPG1 control register ch.0 R/W | 000000005
003By PCO0 8/16-bit PPGO control register ch.0 R/w | 000000005
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Table A-1 MB95130/MB Series (2 / 4)

APPENDIX A 1/0 Map

Address ab%?g\f:tei:)n Register name R/IW :,r;ﬁ:ael

003C,,

to Prohibited
0041,
0042y PCNTHO 16-hit PPG status control register upper ch.0 R/W | 000000005
0043y PCNTLO 16-bit PPG status control register lower ch.0 R/W | 00000000
0044y,

to Prohibited
0047,
0048, EIC00 External interrupt circuit control register ch.0/ch.1 R/W | 00000000g
0049y EIC10 External interrupt circuit control register ch.2/ch.3 R/w | 00000000
004AH EIC20 External interrupt circuit control register ch.4/ch.5 R/W | 00000000g
004By EIC30 External interrupt circuit control register ch.6/ch.7 R/W | 000000005
004C,,

to Prohibited
004F,
00504 SCR LIN-UART seria control register R/W | 00000000g
0051y SMR LIN-UART seria mode register R/w | 000000005
0052 SSR LIN-UART seria status register R/W | 00001000
0053y RDR/TDR LIN-UART reception/transmission data register R/W | 00000000g
0054y ESCR LIN-UART extended status control register R/W | 000001005
00554 ECCR LIN-UART extended communication control register R/W | 000000XXg
0056y SMC10 UART/SIO serial mode control register 1 ch.0 R/W | 00000000g
0057y SMC20 UART/SIO serial mode control register 2 ch.0 R/W |00100000g
0058y, SSRO UART/SIO serid status register ch.0 R/wW | 000000015
0059y TDRO UART/SIO seria output data register ch.0 R/w | 000000005
005A RDRO UART/SIO serial input data register ch.0 R | 00000000
005By,

to Prohibited
006B},
006C ADC1 A/D converter control register 1 R/W | 00000000
006Dy ADC2 A/D converter control register 2 R/W | 00000000
006E ADDH A/D data register upper R/W | 000000005
006F4 ADDL A/D dataregister lower R/W | 000000005
00704 WCSR Watch counter control register R/W | 000000005
00714 Prohibited
00724 FSR Flash memory status register R/W | 000x0000g
00734 SWREO Flash memory sector write control register 0 R/W | 000000005
0074 SWRE1 Flash memory sector write control register 1 R/W | 00000000g
00754 Prohibited
0076y WREN Wild register address compare enable register R/W | 00000000g
0077y WROR Wild register data test setting register R/W | 00000000g

491



APPENDIX A 1/0 Map

Table A-1 MB95130/MB Series (3/4)

Address ab%?g\f:tei:)n Register name R/IW :,r;ﬁ:ael
0078y -- Register bank pointer (RP), Mirror of direct bank register (DP) -- --
00794 ILRO Interrupt level setting register 0 R/W |11111111p
007A4 ILR1 Interrupt level setting register 1 R/W [11111111g
007By ILR2 Interrupt level setting register 2 R/W [11111111p
007CH ILR3 Interrupt level setting register 3 R/W [11111111g
007Dy ILR4 Interrupt level setting register 4 R/W [11111111g
007EH ILR5 Interrupt level setting register 5 R/W |111111115
007F Prohibited
OF80 WRARHO Wild register address setup register upper ch.0 R/W | 000000005
OF81 WRARLO Wild register address setup register lower ch.0 R/W | 000000005
0F82y WRDRO Wild register data setup register ch.0 R/W | 000000005
OF83 WRARH1 Wild register address setup register upper ch.1 R/W | 00000000
OF84y WRARL1 Wild register address setup register lower ch.1 R/W |00000000g
OF85y WRDR1 Wild register data setup register ch.1 R/W | 000000005
OF86y WRARH2 Wild register address setup register upper ch.2 R/W | 000000005
OF87y WRARL?2 Wild register address setup register lower ch.2 R/W | 00000000g
OF88, WRDR2 Wild register data setup register ch.2 R/W | 000000005
OF89,

to Prohibited
OF91,,
0F924 TO1CRO 8/16-bit composite timer 01 control status register 0 ch.0 R/W | 00000000g
OF93y TOOCRO 8/16-hit composite timer 00 control status register 0 ch.0 R/W | 00000000g
0F94 TO1DR 8/16-bit composite timer 01 data register ch.0 R/W | 00000000g
OF95,, TOODR 8/16-bit composite timer 00 data register ch.0 R/W | 00000000g
OF96y TMCRO 8/16-hit composite timer 00/01 timer mode control register ch.0 R/W | 000000005
0F97,,

to Prohibited
OF9B
OF9CH PPS01 8/16-bit PPGOL cycle setting buffer register ch.0 R/W |111111114
OF9Dy PPS00 8/16-bit PPGOO cycle setting buffer register ch.0 R/W |111111115
OF9EH PDSO1 8/16-bit PPGO1 duty setting buffer register ch.0 R/W [11111111g
OF9F PDS00 8/16-bit PPGOO duty setting buffer register ch.0 RW |11111111f
OFAO

to Prohibited
OFA3,
OFA44 PPGS 8/16-bit PPG startup register R/W | 00000000g
OFAS5SY REVC 8/16-hit PPG output reverse register R/W | 00000000
OFA6

to Prohibited
OFA9,
OFAAY PDCRHO 16-hit PPG down counter register upper ch.0 | R | 000000005
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Table A-1 MB95130/MB Series (4 / 4)

APPENDIX A 1/0 Map

Address | _ Redister Register name R/W Initial
abbreviation value

OFABy PDCRLO 16-bit PPG down counter register lower ch.0 R |00000000g
OFACH PCSRHO 16-bit PPG cycle setting buffer register upper ch.0 R/W [11111111g
OFADy PCSRLO 16-bit PPG cycle setting buffer register lower ch.0 R/W |11111111f
OFAEL PDUTHO 16-bit PPG duty setting buffer register upper ch.0 R/W |111111114
OFAF PDUTLO 16-bit PPG duty setting buffer register lower ch.0 R/W [11111111g
OFBOy

to Prohibited
OFBBy
OFBCy BGR1 LIN-UART baud rate generator register 1 R/W | 000000005
OFBDy BGRO LIN-UART baud rate generator register O R/W | 00000000g
OFBEH PSSR0 UART/SIO prescaler select register ch.0 R/W | 00000000g
OFBFy BRSRO UART/SIO baud rate setting register ch.0 R/wW | 000000005
OFCO

to Prohibited
OFC2
OFC3y AIDRL A/D input disable register lower | R/W | 000000005
OFC4

to Prohibited
OFE2
OFE3y, WCDR Watch counter data register [ R/W [00111111g
OFE4,

to Prohibited
OFE6y
OFE7 ILSR2 Input level selection register 2 |mwpwmm
OFESh, Prohibited
OFE9y,
OFEAY CSVCR Clock supervisor control register | RIW | 000111005
OFEBy

to Prohibited
OFEDy
OFEEy ILSR Input level selection register R/W | 00000000
OFEF WICR Interrupt pin control register R/W | 010000005
OFFO4

to Prohibited
OFFFy

493



APPENDIX B Table of Interrupt Causes

APPENDIX B Table of Interrupt Causes

This section describes the table of interrupt causes used in MB95130/MB series.

B Table of Interrupt Causes
Refer to "CHAPTER 5 CPU" for interrupt operation.

Table B-1 MB95130/MB Series

Interrupt Address Bit name of The same level
Interrupt causes request of vector table interrupt level priority
number Upper Lower setting register | (Concurrence)
(Reset vector) - FFFEL FFFFY - High
(Mode data) - FFFCH FFFDy - N
Eﬁggj :::Z:SEI 222 IRQ0 | FFFA, | FFFBy L00 [1:0]
z::;:: :::::EE: EE; IRO1 | FFF8, | FFFo, LOL[1:0]
z:Z::: :::::ES: Sr:eza IRQ2 FFF6, | FFF7, L02 [1:0]
Eﬁ:ﬂ: :::Z:EE: gE? IRQ3 | FFF4, | FFFs, L03[1:0]
UART/SIO ch.0 IRQ4 FFF2, FFF3, L04 [1:0]
8/16-bit composite timer ch.0 (lower) IRQ5 FFFOy FFF1, LO5[1:0]
8/16-bit composite timer ch.0 (upper) IRQ6 FFEEL FFEFY LO6[1:0]
LIN-UART (reception) IRQ7 FFECy FFEDy LO7 [1:Q]
LIN-UART (transmission) IRQ8 FFEAYL FFEBL L08[1:Q]
(Not used) IRQ9 FFE8, | FFE9, L09 [1:0]
(Not used) IRQI0 | FFE6, | FFE7y4 L10 [1:0]
(Not used) IRQ11 FFE4, FFE5y L11[1:0]
8/16-bit PPG ch.0 (lower) IRQ12 FFE2, FFE34 L12[1:0]
8/16-bit PPG ch.0 (upper) IRQ13 FFEOH FFE1, L13[1:0]
(Not used) IRQ14 FFDEL FFDFy4 L14[1:Q]
16-hit PPG ch.0 IRQ15 | FFDCy | FFDDy L15 [1:0]
(Not used) IRQ16 | FFDA, | FFDBy L16 [1:0]
(Not used) IRQl7 | FFD8, | FFD9, L17 [L:0]
10-bit A/D IRQ18 | FFD6y | FFD74 L18[1:0]
Time-base timer IRQ19 FFD4y FFD5y L19[1:0]
Watch prescal er/counter IRQ20 FFD2y FFD3y L20[1:0]
(Not used) IRQ21 | FFDOy | FFDI1y L21[1:0] v
(Not used) IRQ22 | FFCEy | FFCF L22[1:0]
Flash memory IRQ23 | FFCC, | FFCDy L23[1:0] Low
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APPENDIX C Memory Map

This section shows the memory map of MB95130/MB series.

B Memory Map

Figure C-1 Memory Map

0000y,

0080y,

0100y

0200,

OF80,

1000,

FFFFy

Flash
ROM

MB95FV100D-101
MB95FV100D-103

11O

RAM 3.75K bytes

Extended 1/0

Flash 60K bytes

: Flash memory
: Mask ROM

0000y,

0080y,

0100,

0200,

0480y,

OF80,

1000,

8000y,

FFFFy

MB95136MB

11O

RAM 1K byte

Access prohibited

Extended 1/0

Access prohibited

ROM 32K bytes

MB95F133MBS/F133NBS/F133JBS

MB95F134MBS/F134NBS/F134JBS

MB95F136MBS/F136NBS/F136JBS
MB95F133MBW/F133NBW/F133JBW
MB95F134MBW/F134NBW/F134JBW
MB95F136MBW/F136NBW/F136JBW

0000y,
1o}

0080y,

0100y

0200,

Address #1
Access prohibited

O0F80y
Extended I/0

1000,

Access prohibited

Address #2

Flash memory

FFFFy
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Flash memory

RAM

Address #1

Address #2

MB95F133MBS/F133NBS/F133JBS

MB95F133M BW/F133NBW/
F133JBW

8 Khytes

256 bytes

0180y

E000

MB95F134MBS/F134NBS/F134JBS

MB95F134M BW/F134NBW/
F1343BW

16 Kbytes

512 bytes

0280,

C000y

MB95F136MBS/F136NBS/F136JBS

MB95F136M BW/F136NBW/
F136JBW

32 Kbytes

1 Kbyte

0480,

8000y
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APPENDIX D Pin Status of MB95130/MB series

The state of the pin of the MB95130/MB series in each mode is shown in Table D-1.

B Pin Status in Each Mode

Table D-1 Pin Status in Each Mode (1/2)

Stop mode

Watch mode

. Normal While
Pin name . Sleep mode .
operation SPL=0 SPL=1 SPL=0 SPL=1 resetting

X0 Oscilltion | Osdillation ;> Hi-Z Hi-Z Hi-Z Oscillation

circuitinput  |circuit input circuit input
X1 Qsci I_Iation Qsci I_Iaf[ion " " " . Qsci I_Iation

circuit output |circuit input circuit output
MOD Mode input Mode input Mode input Mode input Mode input Mode input Mode input
RST Resetinput |Resetinput |Resetinput |Resetinput |Resetinput |Resetinput  |Resetinput
POO/INTOO/
ANOO/
PPG00
POL/INTOY
ANOY Hi-Z Hi-Z
PPGO1 (However, the (However, the
PO2/INTO2/ setting of the setting of the
ANO2/SCK pull-upis pull-up is

effective.) effective.)
PO3/INTO3/ |1/0 port/ 1/O port/ 1/O port/ Input 1/O port/ Input
ANO3/SOT | peripheral peripheral peripheral interception | peripheral interception  |Hi-Z
PO4/INT04/ |function 1/0/  |function 1/O/  |function I/O/ | (However, an |function|/O/ |(However, an |Input disabl g2
ANO4/SIN |Analoginput |Analoginput |Analoginput |external Analoginput |external
interrupt can interrupt can

POS/INTOS/ be input when be input when
ANOS/ the external the external
TO00 interrupt is interrupt is
PO6/INTO6/ enable.) enable. )
ANO6/
TOO1
PO7/INTO7/
ANO7
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Table D-1 Pin Status in Each Mode (2/2)

Stop mode

Watch mode

. Normal While
Pin name . Sleep mode )
operation SPL=0 SPL=1 SPL=0 SPL=1 resetting
P10/UIO
P11/UOO
Hi-Z Hi-Z
E%%UCKO/ (However, the (However, the |Hi-Z
1/O port/ 1/O port/ 1/O port/ setting of the |1/0 port/ setting of the  |Input enable™®
P13/TRGO/ |peripheral peripheral peripheral pull-upis peripheral pull-upis (However, it
ADTG function I/O  |function I/O  |function I/O |effective.) function 1/O  |effective.) doesn't
P14/PPGO _I nput ) _InpUt _ function. )
interception interception
P15
P16
PFO Hi-Z
Hi-Z Hi-Z Input enable™!
1/0 port 1/0 port 1/0 port Input 1/O port Input (However, it
PF1 interception interception | doesn't
function. )
PGO/C™3 Hi-Z
BG1 Hi-Z Hi-Z Input enable’*
1/0 port 1/0 port 1/0 port Input 1/O port Input (However, it
interception interception | doesn't
PG2 .
function. )

SPL.: Pin status specification bit of standby control register (STBC: SPL)
Hi-Z: High impedance

*1: "Input enabled" means that the input function is in the enabled state. After reset, setting for internal pullup or output pin
is recommended.

*2. "Input disable" means direct input gate operation from the pin is disable status.
*3: For the 5V product, the C pinis used.
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APPENDIX E Instruction Overview

This section explains the instructions used in F2MC-8FX.

B Instruction Overview of F2MC-8FX

In FAMC-8FX, there are 140 kinds of one byte machine instructions (as the map, 256 bytes), and the
instruction code is composed of the instruction and the operand following it.

Figure E-1 shows the correspondence of the instruction code and the instruction map.

Figure E-1 Instruction Code and Instruction Map

0 to 2 bytes are given
depending o)r& instructions.
1 byte r A
Instruction code | Machine | | Operand | | Operand

— Higher 4 bits [Instruction map
-
Q
=
o
N
=)
@

K%

e The instruction is classified into following four types; forwarding system, operation system, branch
system and others.

e There are various methods of addressing, and ten kinds of addressing can be selected by the selection
and the operand specification of the instruction.

» This provides with the bit operation instruction, and can operate the read modification write.
e Thereisaninstruction that directs special operation.
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B Explanation of Display Sign of Instruction

Table E-1 shows the explanation of the sign used by explaining the instruction code of this APPENDIX E.

Table E-1 Explanation of Sign in Instruction Table

Sign Signification

dir Direct address (8-bit length)

off | Offset (8-bit length)

ext Extended address (16-bit length)

#vct Vector table number (3-bit length)

#d8 Immediate data (8-bit length)

#d16 Immediate data (16-bit length)

dir:b Bit direct address (8-bit length: 3-hit length)

rel Branch relative address (8-bit length)

@ Register indirect (Example: @A, @IX, @EP)

A Accumulator (Whether 8- bit length or 16- bit length is decided by the instruction used.)

AH Upper 8-bit of accumulator (8-bit length)

AL Lower 8-bit of accumulator (8-bit length)

T Temporary accumulator (Whether 8- bit length or 16- bit length is decided by the instruction used.)

TH Upper 8-bit of temporary accumulator (8-bit length)

TL Lower 8-bit of temporary accumulator (8-bit length)

IX Index register (16-hit length)

EP Extra pointer (16-bit length)

PC Program counter (16-bit length)

SP Stack pointer (16-bit length)

PS Program status (16-bit length)

dr Either of accumulator or index register (16-bit length)

CCR Condition code register (8-bit length)

RP Register bank pointer (5-bit length)

DP Direct bank pointer (3-bit length)

Ri General-purpose register (8-bit length, i =0to 7)

This shows that x isimmediate data

X (Whether 8- hit length or 16- bit length is decided by the instruction used.)
) This shows that contents of x are objects of the access.
(Whether 8- hit length or 16- bit length is decided by the instruction used.)
() This shows that the address that contents of x show is an object of the access.

(Whether 8- hit length or 16- bit length is decided by the instruction used.)
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B Explanation of Item in Instruction Table

Table E-2 Explanation of Item in Instruction Table

Item Description

MNEMONIC It shows the assembly description of the instruction.

~ It shows the number of cycles of the instruction. Oneinstruction cycleis amachine
cycle.

Note:

The number of cycles of the instruction can be delayed by 1 cycle by the
immediately preceding instruction. Moreover, the number of cycles of the
instruction might be extended in the accessto the I/O area.

# It shows the number of bytes for the instruction.

Operation It shows the operations for the instruction.

TL, TH, AH They show the change (auto forwarding from A to T) in the content when each TL,,
TH, and AH instruction is executed. The sign in the column indicates the followings
respectively.

« -: No change

« dH: upper 8 hits of the data described in operation.

« AL and AH: the contents become those of the immediately preceding instruction's
AL and AH.

 00: Become 00

N,Z,V,C They show the instruction into which the corresponding flag is changed respectively.
The sign in the column shows the followings respectively.

« -: No change

« +: Change

* R: Become"0"

* S: Become"1"

OP CODE It shows the code of the instruction. When a pertinent instruction occupies two or
more codes, it follows the following description rules.
[Example] 48 to 4F: This shows 48, 49....4F.
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E.1 Addressing

F2MC-8FX has the following ten types of addressings:

Direct addressing

Extended addressing

Bit direct addressing

Index addressing

Pointer addressing

General-purpose register addressing
Immediate addressing

Vector addressing

Relative addressing

Inherent addressing

B Explanation of Addressing

@ Direct addressing

This is used when accessing the direct area of "00004" to "047Fy" with addressing indicated "dir" in
instruction table. In this addressing, when the operand address is "004" to "7Fy", it is accessed into
"0000y" to "007Fy". Moreover, when the operand address is "80y" to "FFy", the access can be mapped in
"0080y" to "047F" by setting of direct bank pointer DP. Figure E.1-1 shows an example.

Figure E.1-1 Example of Direct Addressing

MOV 92H, A

DP | 0018 | 01124 |45 | J<— A [45n]

@ Extended addressing

This is used when the area of the entire 64 K bytes is accessed by addressing shown "ext" in the instruction
table. In this addressing, the first operand specifies one high rank byte of the address and the second operand
specifies one subordinate position byte of the address.

Figure E.1-2 shows an example.

Figure E.1-2 Example of Extended Addressing

MOVW A, 1234H

12341 |56n | | a[5678m]

1235H | 78H J
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@ Bit direct addressing

This is used when accessing the direct area of "00004" to "047Fy" in bit unit with addressing indicated
"dir:b" in instruction table. In this addressing, when the operand address is "004" to "7Fy", it is accessed
into "0000y" to "007Fy". Moreover, when the operand address is "804" to "FFy", the access can be
mapped in "00804" to "047Fy" by setting of direct bank pointer DP. The position of the bit in the specified
addressiis specified by the values of the instruction code of three subordinate position bits.

Figure E.1-3 shows an example.

Figure E.1-3 Example of Bit Direct Addressing

ETB 34H:2
S 8 T 76543210

DP| XXXB 003 4H XXXXX1XXB

j

@ Index addressing

This is used when the area of the entire 64 K bytes is accessed by addressing shown "@IX+off" in the
instruction table. In this addressing, the content of the first operand is sign extended and added to I X (index
register) to the resulting address. Figure E.1-4 shows an example.

Figure E.1-4 Example of Index Addressing

MOVW A, @IX+ 5AH

3
|X+H27FFH 12H W A

28001 | 34| |

@ Pointer addressing

This is used when the area of the entire 64 K bytes is accessed by addressing shown "@EP" in the

instruction table. In this addressing, the content of EP (extra pointer) is assumed to be an address. Figure
E.1-5 shows an example.

Figure E.1-5 Example of Pointer Addressing

MOVW A, @EP

EP27A5H 12+ A

27A6H | 34H

@ General-purpose register addressing

This is used when accessing the register bank in general-purpose register area with the addressing shown
"Ri" in instruction table. In this addressing, fix one high rank byte of the address to "01" and create one
subordinate position byte from the contents of RP (register bank pointer) and three subordinate bits of the
operation code to access to this address. Figure E.1-6 shows an example.
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Figure E.1-6 Example of General-purpose Register Addressing
MOV A, R 6

rp (010708 ]! 01500 [ABn| 1> [AB]

@ Immediate addressing

This is used when immediate data is needed in addressing shown "#d8" in the instruction table. In this
addressing, the operand becomes immediate data as it is. The specification of byte/word depends on the
operation code. Figure E.1-7 shows an example.

Figure E.1-7 Example of Immediate Addressing
MOV A, #56H

@ \Vector addressing

This is used when branching to the subroutine address registered in the table with the addressing shown
"#vct" in the instruction table. In this addressing, information on "#vct" is contained in the operation code,
and the address of the table is created using the combinations shown in Table E.1-1.

Table E.1-1 Vector Table Address Corresponding to "#vct"

#vct Vector table address (jump destination high-ranking address: subordinate address)

0 FFCO : FFC1,
1 FFC2, : FFC34

2 FFC4,, : FFC5,
3 FFC6y, : FFCT7y
4 FFC8,, : FFC9y
5 FFCAy, : FFCBy,
6 FFCCy : FFCDy
7 FFCE, : FFCFy

Figure E.1-8 shows an example.

Figure E.1-8 Example of Vector Addressing
CALLV #5

L c i FE
omemen T Ee DC: } PC

FF CBH
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@ Relative addressing

This is used when branching to the area in 128 bytes before and behind PC (program counter) with the
addressing shown "rel" in the instruction table. In this addressing, add the content of the operand to PC with
the sign and store the result in PC. Figure E.1-9 shows an example.

Figure E.1-9 Example of Relative Addressing

BNE FEH

2 9ABCH + FFFEH
OldPC | 9ABCH 1 New PC| 9 AB AH

In this example, by jumping to the address where the operation code of BNE is stored, it results in an
infinite loop.

@ Inherent addressing

This is used when doing the operation decided by the operation code with the addressing that does not have
the operand in the instruction table. In this addressing, the operation depends on each instruction. Figure
E.1-10 shows an example.

Figure E.1-10 Example of Inherent Addressing

NOP
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E.2 Special Instruction

This section explains special instructions other than the addressings.

B Special Instruction

® JVMP @A

This instruction is to branch the content of A (accumulator) to PC (program counter) as an address. N
pieces of the jump destination is arranged on the table, and one of the contents is selected and transferred to
A. N branch processing can be done by executing this instruction.

Figure E.2-1 shows a summary of the instruction.

Figure E.2-1 JMP @A

(Before executing) (After executing)

alizom | al120a |

® MOVW A, PC

This instruction works as the opposite of "JIMP @A". That is, it stores the content of PC to A. When you
have executed this instruction in the main routine and set it to call a specific subroutine, you can make sure
that the content of A is the specified value in the subroutine. Also, you can identify that the branch is not
from the part that cannot be expected, and use it for the reckless driving judgment.

Figure E.2-2 shows a summary of the instruction.

Figure E.2-2 MOVW A, PC

(Before executing) (After executing)

aDooos] al1204n ]
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When this instruction is executed, the content of A reaches the same value as the address where the
following instruction is stored, rather than the address where operation code of this instruction is stored.
Therefore, in Figure E.2-2, the value "1234," stored in A corresponds to the address where the following
operation code of "MOVW A, PC" is stored.

® MULU A

This instruction performs an unsigned multiplication of AL (lower 8-hit of the accumulator) and TL (lower
8-bit of the temporary accumulator), and stores the 16-bit result in A. The contents of T (temporary
accumulator) do not change. The contents of AH (higher 8-bit of the accumulator) and TH (higher 8-hit of
the temporary accumulator) before execution of the instruction are not used for the operation. The
instruction does not change the flags, and therefore care must be taken when a branch may occur depending
on the result of a multiplication.
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Figure E.2-3 shows a summary of the instruction.

Figure E.2-3 MULU A

(Before executing) (After executing)

abore] L aloseel
r [1z5m] r [1z5m]

@® DIVUA

This instruction divides the 16-bit value in T by the unsigned 16-bit value in A, and stores the 16-hbit result
and the 16-bit remainder in A and T, respectively. When the value in A before execution of instruction is
"0", the Z flag becomes "1" to indicate zero-division is executed. The instruction does not change other
flags, and therefore care must be taken when a branch may occur depending on the result of adivision.

Figure E.2-4 shows a summary of the instruction.

Figure E.2-4 DIVU A

(Before executing) (After executing)

«Dzsw] -« [ooon]
r [s6701] r [o0A

@ XCHW A, PC

This instruction swaps the contents of A and PC, resulting in a branch to the address contained in A before
execution of the instruction. After the instruction is executed, A becomes the address that follows the
address where the operation code of "XCHW A, PC" is stored. Thisinstruction is effective especially when
it is used in the main routine to specify atable for use in a subroutine.

Figure E.2-5 shows a summary of the instruction.

Figure E.2-5 XCHW A, PC

(Before executing) (After executing)

a[5678] al[12354]
pc| 12344 | pc| 56784 ]

When this instruction is executed, the content of A reaches the same value as the address where the
following instruction is stored, rather than the address where operation code of this instruction is stored.
Therefore, in Figure E.2-5, the value "1235," stored in A corresponds to the address where the following

operation code of "XCHW A, PC" is stored. Thisiswhy "1235," is stored instead of "1234,".

Figure E.2-6 shows an assembler language example.
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Figure E.2-6 Example of Using "XCHW A, PC"

(Main routine) (Subroutine)

MOVW A, #PUTSUB PUTSUB  XCHW A, EP

XCHW A, PC PUSHW A

DB 'PUT OUT DATA', EOL PTS1 MOV A, @EP

MOVW A, 1234H INCW EP

’ MOV IO, A <—

CMP A, #EOL
BNE PTS1
POPW A
XCHW A, EP
JMP @A

Output table
data here

@ CALLV #vct

This instruction is used to branch to a subroutine address stored in the vector table. The instruction saves
the return address (contents of PC) in the location at the address contained in SP (stack pointer), and uses
vector addressing to cause a branch to the address stored in the vector table. Because CALLV #vctisal-
byte instruction, the use of this instruction for frequently used subroutines can reduce the entire program
size.

Figure E.2-7 shows a summary of the instruction.

Figure E.2-7 Example of Executing CALLV #3

(Before executing) (After executing)

pC [FEDCH|
sp[1232n |

12324 |56H
12334 | 79H

sP 2)

12324 | XXH
12334 | XXH

FFC6H | FEH
FFC74 |[DCH

FFC6H | FEH
FFC74 |[DCH
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After the CALLV #vct instruction is executed, the contents of PC saved on the stack area are the address of
the operation code of the next instruction, rather than the address of the operation code of CALLV #vct.
Accordingly, Figure E.2-7 shows that the value saved in the stack (1232 and 1233, is 5679y, which is

the address of the operation code of the instruction that follows"CALLV #vct" (return address).



Table E.2-1 Vector Table
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Vector use Vector table address

(call instruction) Upper L ower
CALLV #7 FFCE FFCFy
CALLV #6 FFCCh FFCDy,
CALLV #5 FFCAH FFCB,
CALLV #4 FFC8y FFCY,,
CALLV #3 FFC64 FFCT,,
CALLV #2 FFCAy FFC5y,
CALLV #1 FFC2y FFC3,,
CALLV #0 FFCOy FFCL,,
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E.3 Bit Manipulation Instructions (SETB, CLRB)

Some peripheral function registers include bits that are read differently than usual by a
bit manipulation instruction.

B Read-modify-write Operation
By using these bit manipulation instructions, you can set only the specified bit in a register or RAM
location to "1" (SETB) or clear to "0" (CLRB). However, as the CPU operates data in 8-bit units, the actual
operation (read-modify-write operation) involves a sequence of steps. 8-bit data is read, the specified bit is
changed, and the data is written back to the location at the original address.

Table E.3-1 shows bus operation for bit manipulation instructions.

Table E.3-1 Bus Operation for Bit Manipulation Instructions

CODE | MNEMONIC | ~ Cycle Address bus Data bus RD WR RMW
AOto A7 CLRB dir:b 4 1 N+2 Next instruction 1 0 1
2 dir address Data 1 0 1
A8to AF SETB dir:b 3 dir address Data 0 1 0
4 N+3 Instruction after next 1 0 0

B Read Destination on the Execution of Bit Manipulation Instructions
For some 1/O ports and the interrupt request flag bits, the read destination differs between a normal read
operation and a read-modify-write operation.

@ /O ports (during a bit manipulation)

From some 1/O ports, an 1/0O pin value is read during a normal read operation, while a port data register
value is read during a bit manipulation. This prevents the other port data register bits from being changed
accidentally, regardless of the 1/O directions and states of the pins.

@ Interrupt request flag bits (during a bit manipulation)

An interrupt request flag bit functions as a flag bit indicating whether an interrupt request exists during a
normal read operation, however, "1" is aways read from this bit during a bit manipulation. This prevents
the flag from being cleared accidentally by writing the value "0" to the interrupt request flag bit when
manipulating another bit.
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E.4 F2MC-8FX Instructions

Table E.4-1 to Table E.4-4 show the instructions used by the F2MC-8FX.

B Transfer Instructions

Table E.4-1 Transfer Instructions

No. MNEMONIC ~ | # Operation TL|TH|AH| N | Z | V | C | OPCODE
1 [Mov dir, A 3 | 2 |(dir) < (A) -1 -1 -1-1-1-7- 45
2 MOV @IX + off, A 3 | 2 [((IX) +off) « (A) -T-1-1T-1T-1-7- 46
3 MoV ext, A 4 | 3 |(ext) < (A) - -7 -T7-1T-1T-7- 61
4 [MOV @EP, A 2 | 1 |((EP)«<(A) - - T -T-1T-71T-7 - 47
5 |[MOV Ri, A 2 | 1 |(Ri)«(A) -1 -T-1T-1-71- 4810 4F]
6 MOV A, #d8 2 | 2 |(A) «d8 AL + |+ 04
7 MOV A, dir 3 | 2 [(A)«(dir) AL + |+ 05
8 |[MoVv A, @IX + off 3 | 2 |(A) « ((IX) - off) AL + |+ 06
9 [MOV A, ext 4 | 3 |(A) « (ext) AL + |+ 60|
10 [MOV A, @A 2 | 1 |(A)<((A) AL + |+ 92)
11 [MOV A, @EP 2 |1 [A)<(EP) ALl - [ - +[+1]-1- 07
12 [IMOV A, Ri 2 | 1 |(A)«(Ri) AL| - | - -[+]-1]- 08 to OF|
13 [MOV dir, #d8 4 | 3 |(dir) <d8 - -7 -T-1T-1T-7- 85|
14 MOV @IX + off, #d8 4 | 3 [((IX) + off) «d8 - - T -T-1T-1T-7 - 86|
15 [MOV @EP, #d8 3| 2 |((EP)) «d8 -1 -1T-1T-1-71- 87|
16 [MOV Ri, #d8 3 | 2 |(Ri)«d8 - -T-T-T1T-T-T7T- 88 to 8H|
17 [MOVW  [dir, A 4 | 2 |(dir) < (AH), (dir + 1) < (AL) - -7 -T7T-1T-71T-17 - D5
18 [MOVW |@IX + off, A 4 | 2 |((IX) +off) « (AH), ((IX) + off + 1) « (AL) -1 -1-1T-1T-1-7- D6|
19 [IMOVW  [ext, A 5 | 3 |(ext) « (AH), (ext+1) < (AL) - - - - - - - D4
20 [MOVW |@ER A 3 | 1 |((EP))« (AH), ((EP)+1) « (AL) - -7 -T7-1T-1T-7- D7|
21 [MOVW |EP A 1] 1 |(EP)«(A) -1 -1 -1-1-1-7- E3|
22 [MOVW  [A, #d16 3 | 3 |(A)«di6 AL[AH[dH | + | + | - | - E4
23 [IMOVW |A, dir 4 | 2 |(AH) < (dir), (AL) « (dir + 1) AL |AH|dH | + | + C5
24 IMOVW  |A, @IX + off 4 | 2 [(AH) « ((IX) +off) , (AL) < ((IX) + off + 1) AL [AH|[dH | - | + C6|
25 [MOVW |A, ext 5 | 3 |(AH) « (ext), (AL) « (ext +1) AL|[AH|[dH | + | + C4
26 [MOVW |A, @A 3 | 1 [(AH)«((A)),(AL) < ((A)+1) AL[AH|dH | + | + | - | - 93]
27 [MOVW  |A, @EP 3 | 1 |(AH)«((EP)), (AL) < ((EP)+1) AL[AH[dH | - | + | - | - C7
28 [MOVW |A, EP 1| 1 |[(A)«(EP) - TaH ] - |- - - F3
29 [MOVW  [EP, #d16 3 | 3 |(EP) «dl16 - -1 -1T-1T-1-71- E7|
30 [MOVW  |IX, A 1| 1 [(1X)«(A) -1 -T-1T-1-71- =)
31 [MOVW |A,IX 1] 1 [(A)« (X) -1 - |aH ]| - | - | - | - 2
32 [MOVW |SP A 1| 1 |(SP)«(A) - -1 -1T-1T-1-71- El
33 [MOVW |A, SP 1] 1 [(A)«(SP - - TaH] - - -1 - F1
34 [MOV @A, T 2 |1 [((A)«(M - - T -T-1T-71T-7 - 82|
35 [MOVW  |@A, T 3 | 1 |((A))«(TH),((A)+1)«(TL) - -7 -T7-1T-1T-7- 83|
36 [MOVW  |IX, #d16 3 | 3 |(IX)«di6 -1 -1T-T1T-T-7T-7- E6
37 [MOVW |A, PS 1] 1 [A)« (P - - Jan| -1 -1-7- 70|
38 [MOVW |PS A 1| 1 [P« (A) B T T O e 71
39 [MOVW  [SP, #d16 3 | 3 |(SP)«dl6 - -1-1T-1T-1-71- E5
40 |SWAP 1| 1 |[(AH) «— (AL) - - TALT -1 -1 -7 - 10
41 |SETB dir:b 4 | 2 |(dir) :be1 - - - - - B - A81t0 AF]
42 |CLRB dir:b 4 | 2 |(dir): b0 -l -l -l - -1 -] AOto A7
43 |XCH AT 1| 1 [(AL) «—(TL) AL - -1 -T1T-T1T-71- 42
44 [XCHW |A, T 11 |A)«( AL[AH[dH]| - [ - -1 - 43
45 [XCHW  |A,EP 1| 1 |[(A)«—>(EP - TaH ] - - - - =1
46 [XCHW  [A,IX 1] 1 |(A)«—>(X) -1 - |aH ]| - | - | - | - Fo|
47 [XCHW  |A, SP 1|1 |(A)e«—(SP - - [dH | - B B B F5)
48 IMOVW |A,PC 2 | 1 |(A)<(PO) - - Tam] -1 -1 -7 - FO|
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Note:

In automatic transfer to T during byte transfer to A, AL is transferred to TL.
If an instruction has plural operands, they are saved in the order indicated by MNEMONIC.

B Arithmetic Operation Instructions

Table E.4-2 Arithmetic Operation Instruction (1/2)

No. MNEMONIC ~ | # Operation TL{TH|{AH| N | Z | V| C | OPCODE
1 [ADDC A Ri 2 1 |A<@A+FR)+C [ B B R R 2810 2F
2 |ADDC A, #d8 2 | 2 [(A)«(A)+d8+C - - -+ + 24
3 |[ADDC A, dir 3 | 2 [(A)« (A)+(din+C NN O A O 25
4 |[ADDC A, @IX + off 3| 2 [A)«— (@A) +((X)+off)+C N R 26
5 |ADDC A, @EP 2 |1 [A)«@A)+((EP)+C B IR IR U I R s 27
6 |ADDCW A 1] 1|A<@+Mm+C P R I R R i B 3
7 [ADDC A 1] 1 |AD)« (AD)+(TL)+C S I R BT B I 2
8 |SUBC A, Ri 211 |A)«<A)-R)-C - - R 38 to 3F
9 [SUBC A, #d8 2 | 2 [(A)<(A)-d8-C - -1 -T+T+7+71+ 34
10 [SUBC A, dir 3| 2 [A)<@A)-(din-C [ I I IR I R 35
11 |SUBC A, @IX + off 3| 2 [(A)«(A)-((X)+off)-C B R R 36|
12 |SUBC A, @EP 2 | 1 [A)«<(A)-((EP)-C - -+ ++1+ 37|
13 [SUBCW A 11 |A<M-(A)-C N I T I I I 33
14 [SUBC A 1| 1 (A« (TD)-(AL)-C - -+ + [+~ 32
15 |INC Ri 31 Ry« R)+1 R C810CF
16 [INCW _ EP 1| 1 |EPe(EP)+1 -1 -1 -1 -1-71- 3
17 INCW X 1] 1 [((X)eX)+1 - -1 -1-T1- 2
18 [INCW A 1|1 |A)<@+1 - laa| + | + B co
19 |DEC Ri 3 [ 1|R)«(Ri)-1 N N R B T R D8 to DF
20 |[DECW  EP 1|1 |EPe<EP-1 - - -1 -71- D3
21 [DECW X T] 1 [1X)<X)-1 -1 -1- Do
22 DECW A 1] 1 |A«@A-1 -+ |+ - |- DO
23 [MULU A 8 | 1 [(A)< (AL)x(TL) - aH]| - - -1- o1
24 [DIVU A 17 | 1 |[(A)< M/ (A), MOD> (T) aC|aH |[aH ]| - | + | - | - 11]
25 [ANDW A 11 |[A<AAMD T -+ |+ [ R]| - 63
%6 [ORW A T I mc@mvm T | R~ 73
27 [XORW A 11 |A«AVD - |+ |+ [ R]| - 53
28 |CMP A 1|1 (TL) - (AL) N 2
29 [CMPW A 1 1 (M- (A) - - - + |+ [+ | + 13|
30 RORC A 1]1 P> CoA o BN 0302
31 [ROLCA 1 1 - CCA g - - - F |+ | - |+

32 |[CMP A, #d8 2 |2 (A)-ds R 14
33 |CMP A, dir 312 (A) - (dir) R ERER R 15|
34 |CMP A, @EP 2 |1 (A)- ((EP)) R 17
35 |CMP A, @IX + off 3|2 (A) - ((IX) + off) - - R 16
36 |[CMP A Ri 2 [ 1 A) - (R) B 1810 1F]
37 |DAA 1 1 |decimaladjustforaddition - - - + + + + 84
38 |DAS 1 1 |decimaladjustforsubtraction - - - + |+ |+ |+ 94
39 [XOR A 1| 1 |[(A)«(AL) v (TL) -+ +[R]- 52)
40 |[XOR A, #d8 2 | 2 [(A)« (AL) v d3 - -1-1T+T7T+[RTJ - 54|
41 [XOR A, dir 3| 2 |(A) < (AD) V (dn) T -1 -1+ 1+ R - 55
42 [XOR A, @EP 2 | 1 |(A)y < (AL) v ((EP)) - -+ [+ [ R - 57
43 |XOR A, @IX + off 3 | 2 [(A) « (AL) v ((IX) + off) - -] -1+ +|R] - 56
44 [XOR A Ri 2 | 1 [(A)«< (AL v (Ri) - -+ +[R]- 58 to 57|
45 |[AND A 1| 1 [A)<@ADATD - -1+ + R - 62
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APPENDIX E Instruction Overview

No. MNEMONIC ~ # Operation TL|{TH|AH| N | Z | V| C | OPCODE
46 [AND A, #d8 2 | 2 [(A)«< (AL) A d8 -1 -1 -T+[+TRT - 64
47 [AND A, dir 3 | 2 [(A) « (AL) A (dir) -l -1 -1+]+]|RJ - 65
48 [AND A, @EP 2 | 1 [(A)«< (AL)A((EP)) -l -] -+ ]+ R - 67
49 |AND A, @IX + off 3 | 2 [(A) < (AL) A ((IX) + off) - -+ [+ R - 66
50 [AND A, Ri 2 | 1 [(A)« (AL) A (Ri) - - -1+ [+ RT - 68 to 6F
51 |OR A 1| 1 |(A)« (AL v (TL) 1 -] -1+ + R - 72
52 |OR A, #d8 2 | 2 [(A)« (AL) v d8 -1 -1 -1T+]+]TRT- 74
53 |OR A, dir 3 | 2 [(A)« (AL) v (dir) -1 -1 -T+]T+1RT - 75
54 [OR A, @EP 2 | 1 [(Ay<(AL) Vv ((EP)) - -+ [+ R - 77
55 |OR A, @IX + off 3 | 2 [(A)« (AL) v ((IX) + off) -l -1 -1+ + R - 76
56 |OR A, Ri 2 | 1 [(A)« (AL) v (Ri) - - -1+ [+ RT - 7810 7F
57 [CMP dir, #d8 4 | 3 (dir) - d8 - - R 95
58 [CMP @EP, #d8 3|2 ((EP))-d8 - - R 97
59 [CMP @IX + off, #d8 4 |3 ((IX) + off) - d8 - - R 96
60 [CMP Ri, #d8 3|2 (Ri) - d8 - - R ERE 9810 OF
61 INCW  SP 1|1 ]|SP)e(P)+1 - -1 -1-1-7- C1
62 IDECW P 1|1 |SPe(Sh)-1 HEEEEEE R D1
B Branch Instructions
Table E.4-3 Branch Instructions
No. MNEMONIC ~ Operation TL| TH|AH | N z \% C OPCODE
1 (BZ/BEQ rel(at branch) 4 2 |ifZ = 1thenPC«PC + rel - - - - - - - FD
BZ/BEQ rel(at no branch) 2
2 [BNZ/BNE rel(at branch) 4 2 |ifZ = OthenPC«PC + rel - - - - - - - FC
BNZ/BNE rel (at no branch) 2
3 |BC/BLO rel(at branch) 4 2 [ifC = 1thenPC«PC + rel - - - - - - - F9|
BC/BLO rel (at no branch) 2
4 |BNC/BHS  rel(at branch) 4 2 |ifC = OthenPC«PC + rel - - - - - - - F8|
BNC/BHS rel(at no branch) 2
5 [BN rel(at branch) 4 2 |ifN = 1thenPC«PC + rel - - - - - - - FB
BN rel(at no branch) 2
6 [BP rel(at branch) 4 2 |ifN = OthenPC«PC + rel - - - - - - - FA
BP rel(at no branch) 2
7 |BLT rel (at branch) 4 2 |ifV¥N = 1thenPC«PC + rel - - - - - - - FF
BLT rel (at no branch) 2
8 |BGE rel(at branch) 4 2 |ifV¥N = OthenPC«PC + rel - - = = - - - FE
BGE rel(at no branch) 2
9 (BBC dir: b, rel 5 3 |if (dir : b) = OthenPC«PC + rel - - - - + - - BO to B7|
10 |BBS dir: b, rel 5 3 |if (dir : b) = 1thenPC«PC + rel - - - - + - - B8to BF
11 [IMP @A 3| 1 |(PO)« (A) -1 -1 -1 -1-1- EO|
12 [IMP ext 4 3 [(PC) « ext - - - - - - - 21
13 |CALLV #vct 7 1 |vectorcal - - - - - - - E8to EF
14 |CALL ext 6 3 |subroutinecall - - - - - - - 31
15 [XCHW A, PC 3| 1 [PO<(A),A) < ((PC)+1 - [ | - B B B F4
16 (RET 6 1 |returnfromsubroutine - - - - - - - 20
17 |RETI 8 1 |returnfrominterrupt - - - restore 30
B Other Instructions
Table E.4-4 Other Instructions
No. MNEMONIC ~ # Operation TL|TH|AH | N z \% C OPCODE
1 |PUSHW A 4 1 [((SP))«(A), (SP)«(SP) - 2 - - - - - - - 40
2 [POPW A 3 1 |(A)((SP), (SP)«(SP) +2 - - |dH | - - - - 50|
3 [PUSHW X 4 1 [((SP))«<(I1X), (SP)«(SP) - 2 - - - - - - - 41
4 |POPW X 3 [ 1 [(IX)—((SP), (SP)(SP) +2 -1 -1-1-71- 51
5 |NOP 1 1 |No operation - - - - - - - 00|
6 [CLRC 1 1 [(C)«0 - - - - - - R 81
7 |SETC 1 | 1 |©1 - - -1 -1T-1-71S¢s a1
8 [CLRI 1 1 (<0 - - - - - - - 80
9 |SETI 1| 1 |1 - T - - -1 -71- 90
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Instruction Map

E.5

Table E.5-1 shows the instruction map of F2MC-8FX.

B Instruction Map

Table E.5-1 Instruction Map of F2MC-8FX

[ L# Ly Ly PriLap | Liap 8P# ‘LY 8p# "L v LIV L'V V'L v L4 v v q
114 ATIVD oda ONI sqd 4148 dND AON 40 ANV A0X AOWN 2dns odav dND AOW

[ O# 9N 9 [Pro:aup 9:ap 8P# ‘98 8P# ‘9 9NV 9V 9y LA 9V 2 9V 9NV g
404 ATIVD odd ONI sad q14S dIND AON 40 ANV q0X AON o4dns odav dIND AON

[ S# 3 a [regiap | ¢iup 8P# Sy 8p# ‘Y 'Y (S Ay V'l (S aA'v (S (SR q
74 ATIVO odd ONI Sqd q14s dND AOW 40 ANV k(006 AOW 2dns odav dND AON

[ vH# 2! | priyap | poap 8P# P 8P# ‘v v 20 PV VP 20 PV 20 120 3
N4 ATIVD odd ONI sqd q14s dND AOW 40 ANV 40X AOW 2dns odav dND AOW

[ o 3 & prig:aup | ¢ap 8P# ‘€Y 8P# ‘€ v ey €'V Vel ey [ 'y ey g
N4 ATIVD odda ONI sqd q14s dND AOW 40 ANV 40X AOW 2dns odav dND AOW

[o1 [ o o Prgiap  |giap 8P# T 8p# T Wy (A [2:0\4 vV [ [2:0\4 [ (24 v
dg ATIVD odd ONI sad 4138 dND AON 40 ANV q0X AON 24ns Jaav dIND AON

[ I# & & [ | ap 8P# 1Y 8P ‘1Y NV v v vV NV v R0 v 6
o4 ATIVD odd ONI Sqd q414s dND AOW q0 ANV (006 AOW 2dns oaav dIND AON

[o1 0# 0d 0d [Pro:up [0:4p 8P# 04 8p# 0Y 0¥V 04V 0¥V V04 04V 0NV 04V 'Y g
ONd ATIVO odd ONI Sqd q14s dND AOW 40 ANV 40X AOW 2dns odav dND AOW

1V 9Ip#'dd | V'dd® 410 'V ripoup | Lonp 8P4 'dd® | 8P#'dd® | ddD 'Y d40 'V 449 'V V440 dg0 'V 449 ‘v di0 'V 49 'V .
MHOX MAON MAON MAON o4d T dND AOW 40 ANV JOxX AOW 2dns odav dND AOW

XI'V 91P# X1 VPHXI® | PHXI® 'V | PI9:ap [ 9:ap SP#P+XI® | SPHPHXI® | PHXI® Y | P+XI® 'V | P+XI® 'V | VPHXI® | PHXID'V | P+XI® 'V | PHXI® 'V | P+XI® 'V 9
MHDX MAON MAON MAON o4d e @] dND AON 0 ANV d0X AON 2dns odav dND AOW

s’y 9IP#'dS |V up py Prigiaup | ¢iaup 8p# 1Ip 8p# “1Ip py apy py Vv ap apy 'y py 1y ¢
MHDX MAOW MAON MAOIN odd 4D dND AON 40 ANV q0X AON o4dns oaav dIND AON

2d'V 91P# 'V v we ey [rpap | piap 8P4V 8P4V 8P4V 8P4V 8P4V 8P# 'V 8P4V b
MHOX MAON MAON MAON odd 0 sva yva 40 ANV (006 2dns odav dIND AON

da'v V'dd dd dd prigimp | ¢iap Vo 'V LVo A v v LY v v v v ¢
MAON MAON MOAd MONI 044 a0 MAON MAON MO MANY MIOX MHOX MOANS | MDAav MdND Jox: (O

XI'V VX1 XI XI Prgiap | giap Vo'V LVo v v v LYy A4 v A4 A z
MAON MAON MIEA MONI o4d T AON AON d0 ANV 40X HOX 2dns odav dND 104

s’V V'dS ds ds Prpap | pap V'Sd LA XI XI 91ippe 9lippe v v 1
MAON MAON MOad MONI odad 4D JLAS D MAOW AOW MdOd MHSNd TIVO AT NAIQ NN

2d'V Vo A \ [1°0p |02 1p Sd'V w'y v v 0
MAON dINf Modad MONI odd 1O L3S g 0] MAON AOIN MdOd MHSNd 113y 194 dVMS dON

d q a J q A 6 8 L 9 g i4 € 4 1 0
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APPENDIX F Mask Option

The mask option list of the MB95130/MB series is shown in Table F-1.

B Mask Option List

Table F-1 Mask Option List

stabilization wait time

timeof (214 - 2) IFcy

time of (214 - 2) IFcy

time of (214 - 2) IFcy

MB95F133MBS/ MB95F133MBW/
F133NBS/F133JBS |F133NBW/F133JBW
MB95F134MBS/ MB95F134MBW/
Part number MB95136MB F134NBS/F134JBS F134NBW/E134IBW MB95FV100D-103
No. MB95F136MBS/ MB95F136MBW/
F136NBS/F136JBS |F136NBW/F136JBW
Specifying Specify when . . . . . .
procedure ordering MASK Setting disabled | Setting disabled Setting disabled
Clock mode select
* Single-system clock Single-system clock | Dual-system clock Changing by the switch
1 mode selectable
mode mode on MCU board
e Dual-system clock
mode
Low voltage detection
reset*
> |° With low voltage Specify when Specified by Specified by Changing by the switch
detection reset ordering MASK part number part number on MCU board
« Without low voltage
detection reset
Clock supervisor*
e With clock . - - . .
3 SUDErVisor Specify when Specified by Specified by Changing by the switch
P ordering MASK part number part number on MCU board
« Without clock
supervisor
MCU board switch set
Reset outpu™ Specify wh Specified b Specified b aS\f/S!ltEng | i
. Wi ecify when ecified by ecified by » With supervisor:
4 W!th reset output ordering MASK part number part number Without reset output
+ Without reset output - Without supervisor:
With reset output
o Fixed to oscillation | Fixed to oscillation | Fixed to oscillation | Fixed to oscillation
g | Oscillation Sabilizationwait | tebilizationwait | stabilizationwait | stabilization wait time

of (214 - 2) IFcy

Fcn: Main clock
Refer to table below about clock mode select, low voltage detection reset, clock supervisor select and reset output.

* -
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Product Name

Clock mode select

Low-voltage
detection reset

Clock supervisor

Reset output

No No Yes
Single - system Yes No Yes
Yes Yes No

MB95136MB
No No Yes
Dual - system Yes No Yes
Yes Yes No
MB95F133MBS No No Yes
MB95F133NBS Yes No Yes
MB95F133JBS Yes Yes No
MB95F134MBS No No Yes
MB95F134NBS Single - system Yes No Yes
MB95F134JBS Yes Yes No
MB95F136MBS No No Yes
MB95F136NBS Yes No Yes
MB95F136JBS Yes Yes No
MB95F133MBW No No Yes
MB95F133NBW Yes No Yes
MB95F133JBW Yes Yes No
MB95F134MBW No No Yes
MB95F134NBW Dua - system Yes No Yes
MB95F134IBW Yes Yes No
MB95F136MBW No No Yes
MB95F136NBW Yes No Yes
MB95F136JBW Yes Yes No
No No Yes
Single - system Yes No Yes
Yes Yes No

MB95FV100D-103

No No Yes
Dual - system Yes No Yes
Yes Yes No
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APPENDIX G Writing to Flash Microcontroller Using Parallel Writer

Writer

This section describes writing to flash microcontroller using parallel writer.

B Writing to Flash Microcontroller Using Parallel Writer

Table G-1 Parall

el Writer and Adaptor

Conformable adaptor model

Parallel writer

Package
FPT-28P-M17 TEF110-95F136HSPF
AF9708 (Ver 02.43E higher)
AF9709/B (Ver 02.43E higher)
FPT-30P-M02 TEF110-95F136MB
Inquiry:

Flash Support Group, Inc. Tel: +81-53-428-8380

@ Sector configuration

The following table shows sector-specific addresses for data access by CPU and by the paralle

programmer.

Flash memory CPU address
- 80004 18000,
32 Kbytes
_FFFRy ¢ 1FFFFy

*.

Programmer addresses are corresponding to CPU addresses, used when the parallel programmer

programs data into Flash memory.

These programmer addresses are used for the parallel programmer to program or erase data in

Flash memory.

Programmer address*

e MB95F136MBS/F136NBS/F136MBW/F136NBW/F136JBS/F136JBW (32 Kbytes)
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@ Programming method
1) Set the type code of the parallel programmer to “17237".
2) Load program data to programmer addresses 18000y to 1FFFF.

3) Write data with the parallel programmer.

e MB95F134MBS/F134NBS/F134JBS/F134MBW/F134NBW/F134JBW (16 Kbytes)

Flash memory CPU address Programmer address*
- coooy, 0 o 1C0004
16 Kbytes
_FFFRy ] 1FFFFy

*.

Programmer addresses are corresponding to CPU addresses, used when the parallel programmer

programs data into Flash memory.
These programmer addresses are used for the parallel programmer to program or erase data in

Flash memory.

@ Programming method
1) Set the type code of the parallel programmer to “17237".
2) Load program data to programmer addresses 1C000y to 1FFFF,.

3) Write data with the parallel programmer.

e MB95F133MBS/F133NBS/F133JBS/F133MBW/F133NBW/F133JBW (8 Kbytes)

CPU address Programmer address*

Flash memory

8 Khytes

programs data into Flash memory.
These programmer addresses are used for the parallel programmer to program or erase data in

Flash memory.

@® Programming method

1) Set the type code of the parallel programmer to “17237".
2) Load program data to programmer addresses 1E000y to 1FFFF.

3) Write datawith the parallel programmer.
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