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17.2.18. TBUFALRN (Timer n Buffer A Low) (n =0 to 3) 17-20
]
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17.2.19. TBUFAHN (Timer n Buffer A High) (n=01to 3) 17-20
17.2.20. TBUFBLn (Timer n Buffer B Low) (n =0 to 3) 17-21
17.2.21. TBUFBHnN (Timer n Buffer B High) (n=0to 3) 17-21
17.2.22. TOACRnN (Timer n TIOA Output Control Register) (n =0 to 3) 17-22
17.2.23. TOBCRn (Timer n TIOB Output Control Register) (n =0 to 3) 17-23
17.2.24. TPCISn (Timer n Phase Counting Input Select Register) (n =0 to 3) 17-24
17.3. Operation 17-25
17.3.1. 16-bit Register Access 17-25
17.3.2. Counter Operation 17-25
17.3.3. Compare Match Operation 17-25
17.3.4. Compare Match Output 17-26
17.3.5. Automatic Clearing 17-27
17.3.6. PWM Event Clearing 17-27
17.3.7. TIC Input Event Clearing 17-27
17.3.8.  32-bit Counter Mode (Cascade Mode) 17-27
17.3.9. Compare Match Timing 17-28
17.3.10. Input Capture Mode 17-29
17.3.11. Buffer Mode 17-30
17.3.12. Phase Counting Mode 17-30
17.3.13. Noise Filter of Input Pins 17-35
17.3.14. Events and Interrupts 17-35
17.3.15. Basic Setting 17-36
18. Serial Peripheral Interface (SPI) 18-1
18.1. Overview 18-1
18.2. Register Descriptions 18-2
18.2.1. SPICR (SPI Control Register) 18-3
18.2.2.  SPICLK (SPI Clock Divider Register) 18-5
18.2.3. SPIFMT (SPI Data Format Register) 18-5
18.2.4. SPISR (SPI Status Register) 18-6
18.2.5. SPIESR (SPI Error Status Register) 18-7
18.2.6. SPIIER (SPI Interrupt Enable Register) 18-8
18.2.7. SPIDRL (SPI Data Register Low) 18-9
18.2.8. SPIDRH (SPI Data Register High) 18-9
18.3. Interrupt Generation 18-10
18.3.1. Transmission Interrupt (INT_TX) 18-10
18.3.2.  Reception Interrupt (INT_RX) 18-11
18.4. Timing and Connection 18-12
18.4.1. Master Mode 18-12
18.4.2.  Slave Mode 18-14
18.5. Operation 18-15
18.5.1. Master Mode 18-15
18.5.2. Slave Mode 18-18
19. I°C/SMBUS 19-1
19.1. Overview 19-1
19.2. Register Descriptions 19-2
19.2.1.  ICCR (I’C Bus Control Register) 19-3
19.2.2.  ICSR (I°C Bus Status Register) 19-4
19.2.3. ICRXDR (I°C Bus Receive Data Register) 19-6
19.2.4. ICTXDR (I>C Bus Transmit Data Register) 19-6
19.2.5. ICTSAR (I°C Transmit Address Register) 19-7
19.2.6. ICSAR (I°C Slave Address Register) 19-7
19.2.7. ICCLK (I°C Clock Divider Register) 19-8
19.2.8. ICCMD (I’C Command Register) 19-9
19.2.9. ICSSTR (I°C Bus SDA Setup Time Register) 19-10
19.2.10. ICSHTR (1°C Bus SDA Hold Time Register) 19-12
19.2.11. ICHDSRO (1°C Bus Hardware Status Register0) 19-13
19.2.12. ICHDSR1 (1°C Bus Hardware Status Register1) 19-14
19.2.13. ICTIMER (I°C Time Base Register) 19-14
19.2.14. SMBINT (SMBUS INT Status Register) 19-15
19.2.15. ICSAA (I°C Slave Alert Address Register) 19-16
19.2.16. ICSAIR (1°C Slave Address Identifier Register) 19-17
19.3. I1°C Bus Data Format 19-18
19.4. Slave Reception 19-19
19.5. Slave Transmission 19-21
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19.6. Master Reception 19-23
19.7.  Master Transmission 19-25
19.8. Slave Alert Address (SAA) and Reception Address Indicator 19-27
19.9. Noise Filter 19-27
20. UART 20-1
20.1. Overview 20-1
20.2. External Connection Pins 20-2
20.3. Register Descriptions 20-3
20.3.1. RBR (Receiver Buffer Register)/THR (Transmitter Holding Register) 20-4
20.3.2. IER (Interrupt Enable Register) 20-4
20.3.3. IR (Interrupt Identification Register) 20-5
20.3.4. FCR (FIFO Control Register) 20-6
20.3.5. LCR (Line Control Register) 20-7
20.3.6. LSR (Line Status Register) 20-8
20.3.7. DLB1/2 (Divisor Latch Bytel/2) 20-10
20.3.8. Baud Rate 20-11
20.4. Operation 20-11
21. Analog Interconnect 21-1
21.1. Overview 21-1
22. 12-bit SAR ADC 22-1
22.1. Overview 22-1
22.2. Register Descriptions 22-3
22.2.1. ADCn (ADCn Configuration Register) (n=0to 1) 22-7
22.2.2. ADENnN (ADCn Enable Register) (n =0 to 1) 22-8
22.2.3. ADTn (ADCn CPU Trigger Register) (n =0to 1) 22-9
22.2.4. ADLOOPN (ADCn CPU Loop Trigger Register) (n=0to 1) 22-10
22.2.5. ADEXEn (ADCn Group Execution Status Register) (n =0 to 1) 22-11
22.2.6. ADENTRYnN (ADCn Group Entry Status Register) (n =0to 1) 22-12
22.2.7. ADIENN (ADCn Group Interrupt Enable Register) (n =0 to 1) 22-13
22.2.8. ADSYNCn (ADCn Synchronous Control Register) (n =0to 1) 22-14
22.2.9. ADCHSELTESTLnN (ADCn Channel Select Test Low Register) (n =0 to 1) 22-14
22.2.10. ADCHSELTESTHN (ADCn Channel Select Test High Register) (n =0to 1) 22-15
22.2.11. ADNSMPmn (ADCn Channel m Sampling Time Register) (n =0 to 1) (m =0 to 11) 22-16
22.2.12. ADOmLnN (ADCn Channel m Data Offset Low Register) (n =0 to 1) (m =0 to 11) 22-17
22.2.13. ADOmHnN (ADCn Channel m Data Offset High Register) (n=0to 1) (m =0 to 11) 22-18
22.2.14. ADACCLRnN (ADCn Data Read Access Counter Clear Register) (n=0to 1) 22-19
22.2.15. ADSmLn (ADCn Group m Channel Sequence Low Register) (n=0to1)(m=0to 7) 22-20
22.2.16. ADSmHn (ADCn Group m Channel Sequence High Register) (n=0to 1) (m=0to 7) 22-21
22.2.17. ADSTSELmn (ADCn Group m Start Trigger Select Register) (n=0to 1) (m=0to 7) 22-22
22.2.18. ADEVTmLn (ADCn Group m Event Output Channel Low Register) (n=0to 1) (m =0 to 7)----------------- 22-23
22.2.19. ADEVTmHnN (ADCn Group m Event Output Channel High Register) (n=0to 1) (m=0to 7) --------------- 22-24
22.2.20. ADOmnN (ADCn Channel m Data Offset Register) (n=0to 1) (m =0 to 11) 22-25
22.2.21. ADmn (ADCn Channel m Data Register) (n =0 to 1) (m =0 to 11) 22-26
22.2.22. ADIFn (ADCn Interrupt Flag Register) (n=0to 1) 22-27
22.3. Operation 22-28
22.3.1. Basic Operation 22-28
22.3.2. Register Access 22-30
22.4. Analog Inputs and Channels 22-31
22.4.1. Sample 22-31
22.4.2. Offset 22-32
22.5. Group 22-32
22.5.1. Group Status 22-32
22.5.2.  Processes from Group Activation to Completion 22-32
22.5.3.  Processing of Execution Group Selection 22-33
22.5.4. Channel Sequence 22-33
22.5.5. Event Generation Channel 22-33
22.5.6. Activation Trigger 22-34
22.5.7. Enable/Disable Setting of Interrupt Signal 22-35
22.6. Output 22-36
22.6.1. Acquisition of Conversion Result 22-36
22.6.2. ADC Event 22-36
22.6.3. Interrupt Signal 22-36
22.7. Synchronous Operations between Units 22-37
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22.8. Usage Notes and Restrictions 22-38
23. Op Amp (OPAMP) 23-1
23.1  Overview 23-1
23.2  Register Descriptions 23-2
23.21  MIXOPAN (Mix OPAMP n Configuration Register) (n =0 to 1) 23-2
23.2.2  MIXPGAnN (Mix OPAMP n PGA Configuration Register) (n =0 to 1) 23-3
23.2.3 MIXEEVCRnN (Mix OPAMP n Enable Event Control Register) (n =0to 1) 23-4
23.24  MIXDEVCRnN (Mix OPAMP n Disable Event Control Register) (n=0to 1) 23-5
24. Comparator 24-1
24.1. Overview 24-1
24.1.1. Comparator Control 24-2
24.1.2. DAC Control 24-3
24.2. Register Descriptions 24-4
24.2.1. MIXCMPn (Mix Comparator n Configuration) (n =0 to 5) 24-7
24.2.2. MIXCMSn (Mix Comparator n Functional Select) (n =0 to 5) 24-8
24.2.3. MIXCMRn (Mix Comparator n Result) (n =0 to 5) 24-9
24.2.4.  MIXCMFn (Mix Comparator n Function) (n =0 to 5) 24-10
2425, MIXCMEMN (Mix Comparator n Event Mask) (n =0 to 5) 24-11
24.2.6. CMIO (Mix Comparator Interrupt0) 24-12
24.2.7. CMI1 (Mix Comparator Interruptl) 24-13
24.2.8. MIXDACnN (Mix DAC n Configuration) (n =0 to 5) 24-14
24.2.9. MIXDANL (Mix DAC n Data Low) (n =0 to 5) 24-15
24.2.10. MIXDAnNH (Mix DAC n Data High) (n =0 to 5) 24-15
24.2.11. MIXDARDnNL (Mix DAC n Read Data Low) (n =0 to 5) 24-16
24.2.12. MIXDARDNH (Mix DAC n Read Data High) (n =0 to 5) 24-16
24.2.13. DACACCLRnN (Mix DAC n Access Counter Clear Register) (n =0 to 5) 24-17
24.2.14. MIXDAFUNCnh (Mix DAC n Function) (n =0 to 5) 24-18
24.3. Operation 24-19
24.3.1. Activation and Stop 24-21
24.3.2. Setting and Updating of DAC 24-21
24.3.3. Comparator Operation Mode 24-22
24.3.4. Comparator Output Control 24-22
24.3.5. Interrupt and Event Generation 24-22
24.3.6. Outputto LUT 24-22
24.4. Usage Notes and Restrictions 24-22
25. Temperature Sensor (TEMP) 25-1
25.1. Overview 25-1
25.2. Register Descriptions 25-1
25.2.1. TEMP (Temperature Sensor Control) 25-1
26. PWM Output Controller (POC) 26-1
26.1. Overview 26-1
26.2. Register Descriptions 26-2
26.2.1. POCCRnN (POC Control Register n) (n =0 to 3) 26-3
26.2.2. POCSTS (POC Status Register) 26-5
26.2.3. POCBAS (POC BUS I/F Access Status Register) 26-5
26.2.4. POCOCRN (POC Output Control Register n) (n =0 to 3) 26-6
26.2.5. POCTRG (POC CPU Trigger Register) 26-7
26.2.6. POCDTCnh (POC Dead Time Control Register n) (n =0 to 3) 26-8
26.2.7. POCDTPnN (POC Dead Time Period Register n) (n =0 to 3) 26-9
26.3. Operation 26-9
26.3.1. Basic Operation 26-9
26.3.2.  Control Delay Addition 26-10
26.4. Usage Notes and Restrictions 26-11
26.4.1. Clock Settings 26-11
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1. Product Overview

e Clock Control

- Internal reference clock
- Built-in PLL
- Sleep mode/standby mode function

e Reset Control

- Pin reset
- Built-in power on reset circuit (POR)
- Watchdog timer reset

e Reference Voltage (VREF)
- 12V

e Low Voltage Detection (LVD)

- LVD interrupt generation

e 8-bit CPU

- Compatible with 8052 instruction

- 3-stage to 5-stage pipeline

- 60 MHz, 1 cycle per byte instruction execution
- 256-byte dedicated RAM

e GPIO

- Digital/analog function
- Pull-up/pull-down control
- Selectable interrupt sources

e Event Processing Unit (EPU)

- Multi-task 16-bit processor
(switching zero-time task)
- 1unit
- 6 threads
- 16 input/output events per thread
- 2-stage or 3-stage pipeline
- Program memory: 16 bits x 256 words

e Interrupt Controller (INTC)

- 32 interrupt sources
- Selectable priorities (2 levels)

MD6603-DSE Rev.1.1
Apr. 06, 2018

Direct SFR Access Controller (DSAC)

Automatic data transfer between SFRs
(SFR: Special Function Register)

16 channels

32 transfer request events

Selectable transfer addressing
8-bit/16-bit data transfer

Priority: DSAC > EPU > CPU

Built-in Flash Memory

32 KB

8 bits per cycle access

Protect functions

Data flash memory support function

Built-in RAM
1.75 KB

TinyDSP

2 units

16-bit fixed point calculation

Program memory: 48 steps

Sixteen 16-bit data registers

Eight 16-bit constant registers

One 36-bit accumulator

Instructions: Multiplication, division, multiply-
accumulate calculation, shift calculation, move, jump,
and minimum/maximum saturation

Built-in divider (each unit)

Sequence control synchronized with events

An event is generated with arbitrary instruction
3-pole, 2-zero (3P22) IIR filter calculation: 10 cycles

High-resolution PWM

4 channels (8 PWM outputs)

16-bit up/down counter control (each channel)
Minimum resolution: 1.04 ns

Duty setting range: 0% to 100%

Selectable dead time

Re-trigger operation by internal/external event

Watchdog Timer (WDT)

8-bit counter
Reset output or interrupt generation
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16-bit Timer (TMR)

4 channels

16-bit counter

An event is generated by compare match
Synchronized with the PWM

A counter is cleared by an external pin event

4 phase count modes
Buffer mode
Input capture/compare match output

Serial Peripheral Interface (SPI)

1 unit
Master mode/slave mode communication
Dedicated baud rate generator

I1°’C/ISMBUS

1 unit

Master mode/slave mode communication
Dedicated baud rate generator

GCA is supported

(GCA: General Call Address)

UART

1 unit
Dedicated baud rate generator

12-bit SAR ADC

2 units

12 analog inputs

Conversion speed: 4 MSPS (max.)
Sequence conversion

Conversion start trigger is selectable
Offset is set to the conversion result

Op amp (OPAMP)

2 units
Standalone mode/unity mode
(%1 or x4)

Comparator

6 units

Digital noise filter

Event generation

8-bit DAC for reference voltage generation
(each unit)

Temperature Sensor (TEMP)

1 unit

PWM Output Controller (POC)

PWM output is controlled by the selected event such
as comparator

An output is controlled by the CPU

Coupled operation with the PWM cycle

Comparator Lookup Table (CMPLUT)

2 units

Input signal: Comparator output (6 units)
6 inputs 1 output

POC event input

Pin output (LUTO0/1)

Serial Communication Interface with Debugger

UART mode

+ Half-duplex asynchronous communication
OCD mode

+ Debug function support

+ Flash memory program/erasing

Power Supply Voltage

DVCC and AVCC: 3.3V
Built-in regulator for core power supply

Package Dimension

QFN40
(6 mm x 6 mm, pitch 0.5 mm)
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2. Block Diagram

Power Management ~ Clock Generator Analog Infrastructure

l

On chip Debugger (SCID)
[)

Interrupt CPU vy
UL8051 IRAM @

Data(X) SFR (S)

Eventin
Event out

Code (1)

SFR BUS 8 hits
a

FR BUS 16 bits

Spol l ADCO || |[cmP(DAC) E;;ﬂ
(6 channel) -

SPR lTinyD

PWM TinyDspa| || APCE TMR
(4 channel) \—YW‘ 12 bits (4 channel)

L2 2R ¥

Interrupts

PR
Event Connection

Figure 2-1. Block Diagram

]
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Pin Configuration Definitions

3.

Pin Configuration

3.1
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3.2. Pin Definitions (QFN40)

- Pin . Input/ Pull-up/ - 5V . Logic | 3.3V
Classification No. Pin Name Output | Pull-down Description Interrupt Tolerant Schmitt Level | loyr
Digital 2
Power 7 ..
Supply o5 DvCC — — Digital 3.3V — — — — —
34
12 .
a1 DVSS — — Digital 0 V — — — — —
Analog
Power 8 AvVCC — — Analog 3.3V — — — — —
Supply
13 | AVSS — — Analog 0 V — — — — —
System Chip mode
1 MODE Input — (Fixed to 0) — — Yes LVTTL | —
Internal Power Supply|
26 | VCORE — — (Stable capacitor — — — — —
connection)
33 | NC — - - - - - — —
38 | RES Input Pull-up Reset input — — Yes LVTTL | —
Debug Input/ 1-wire OCD pin
27 | DBG Output Pull-up (Open drain) — Yes — LVTTL | 4 mA
Serial/ GPI1000/ CLKIN_A/ nout GPIO, CLKIN,
TMR 37 | CLKMON/ TICO/ OUF; ut| Pull-up | CLKMON, TICO, Yes Yes — | LVTTL | 4mA
TIOA3 P TIOA3
GP1001/ SPI_SCK/ Input/ GPIO, SPI_SCK,
30 | Tic1/ TI0B3 ouput| TUFUP | Ticq Ti0B3 Yes | Yes — |LVITL | 4mA
GPI1002/ SPI_SO/ Input/ GPIO, SPI_SO,
28 | TI0AL/ TXD_B ouput| "UFUP | 11041, TXD Yes Yes — | LVTTL | 4mA
GPI003/ SPI_SI/ Input/ GPIO, SPI_SI,
29 | 110B1/RXD_B/LUTO |Output| YU | TioB1, RXD, LUTO | Y Yes — | LVTTL | 4mA
GP1004/ SDA_A/ Input/ GPIO, I°C_SDA,
31 | cikmon/TIoA2 A |output| PUFUP | cikmoN, TIoA2 | YeS Yes — | LVTTL | 4mA
GPIO05/ SCL_A/ Input/ GPIO, I’C_SCL,
82 | TioB2 A/ LUTL ouput| PUFUP | T10B2, LOTI Yes Yes — | LVTTL | 4mA
PW_M/ Input/
Serial/ 36 | GPI010/ PWMOH Output| PUll-down | GPIO, PWMOH Yes Yes — | LVTTL |16 mA
TMR
35 | GPIO11/ PWMOL (')’L‘:;L/t Pull-down | GPIO, PWMOL Yes Yes — | LVTTL |16 mA
39 | GPIO12/ PWMIH (')’L‘:;L/t Pull-down | GPIO, PWM1H Yes Yes — | LVTTL |16 mA
40 | GPIO13/ PWMIL (')’L‘i;gt Pull-down | GPIO, PWM1L Yes Yes — | LVTTL |16 mA
GP1014/ PWM2H/ Input/ GPIO, PWM2H,
3 | TioA2_B/SDA B output| PUFAOWN 1 11545 12C SDA Yes Yes — |LVITL |16 mA
GP1015/ PWM2L/ Inout/ GPIO, PWM2L,
4 | SPI_SS_N/TIOB2 B/ OU‘i ut| Pull-down | SPI_SS N, TIOB2, Yes Yes — | LVTTL |16 mA
SCL B P 1C_SCL
GP1016/ PWM3H/ Input/ GPIO, PWM3H,
5 | TXD_A/ TIOAO output| PUIFAOWN 1 GART TXD, TIOAD | YE Yes — |LVITL |16 mA
GP1017/ PWM3L/ Input/ GPIO, PWM3L,
6 | rRxD_A/ TIOBO output| PUFAOWN 1 GART RXD, TIOBO | Y©S Yes — |LVITL |16 mA
Analog/ ANEX4/ GPI1020/ Input/ Analog pin 4, GPIO
T™MR 24 | CLKIN B ouput|  PUUP | KN Yes — — |LVTTL|4mA
ANEX5/ GP1021/ Input/ ] Analog pin 5, GPIO,
22 | CLKMON ouput|  PUIUP | Gl KMON Yes — — |LVTTL|4mA
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Classification E"Q Pin Name g:ﬁ;zt PElIJll-lciz\%n Description Interrupt To?e\rgnt Schmitt tgs:j ?iju\T/

Analog 10 | ANEXO clﬂﬁghlt _ Analog pin 0 _ _ _ S
11 | ANEX1 C')r:ﬁ;gt _ Analog pin 1 _ _ _ S
14 | ANEX2 c';:ﬁ;gt — Analog pin 2 — — — — | =
16 | ANEX3 Cl)r:][i;h/t — Analog pin 3 — — — — | =
21 | ANEX6 clﬂﬁghlt _ Analog pin 6 _ _ _ S
9 | ANEX7 C')r:ﬁ;gt _ Analog pin 7 _ _ _ S
23 | ANEX8 c';:ﬁ;gt — Analog pin 8 — — — — | =
15 | ANEX9 (I)rLF:;L/t — Analog pin 9 — — — - | =
18 | ANEX10 (')’LF;;L/t — Analog pin 10 — — — — | =
17 | ANEX11 (')':E;L/t — Analog pin 11 — — — — | =
19 | ANEX12 (')'LF:;L/t — Analog pin 12 — — — — | =
20 | ANEX13 (I)rLF:;L/t — Analog pin 13 — — — - | =
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4. System Controller (SYSC)

4.1. Overview

The system controller (SYSC) controls all operation states of the chip. Clocks, reset operations, internal regulators,
and the power consumption mode are integrally controlled.

Table 4-1. SYSC Functional Descriptions

Item Description
e Internal reference clock (IRC): 12 MHz (max.)
e CLKIN: 12 MHz (max.)
e CLKSRC: 12 MHz (max.), IRC or CLKIN
Clock Source e PLL: Multiply reference clock by 80

Maximum frequency: 960 MHz
Reference clock: CLKSRC
Clock Reference clock frequency divided by 1 or 2 is selectable.
e CLKFAST: 60 MHz (max.)
Clock source: CLKSRC or PLL clock divided by 16; with 1, 2, 4, and 8
Distribution clock divider.
Clock e CLKPWM: 120 MHz (max.)
Clock source: CLKSRC or PLL clock divided by 8,
1 to 32 (2™) clock divider for PLL clock.
Power-on reset (POR)
RES pin reset
Watchdog timer (WDT) reset
On chip debugger (OCD) reset
Internal regulator
Reference voltage (VREF)
Reference voltage for low voltage detection (LVD)
Sleep mode (returned by interrupt)
Power Mode Standby mode (with wakeup counter; returned by GPIO interrupt, CMP
Consumption level interrupt,or LVD)
Control Clock
Enable/Disable

Reset

Regulator

e Enable/Disable control of clock signal to each module

e IBIAS control for OPAMP (normal mode or low power consumption
mode)

Analog Module Control e VVREF output control for low voltage detection (enabled or disabled)

e VVREF output control for mesurement by ADC (enabled or disabled)

e GP1020/GP1021 extended pull-up resistor control

e Buffer state clear for 16-bit XBUS register

CPU BUS Buffer Control o Buffer state clear for 16-bit SFR BUS register

e Access counter clear for 16-bit SFR BUS register
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4.2. Clock System

Figure 4-1 shows the clock system of the LSI.

After a reset is released, the CLKIRC is used for the CLKSRC. The programmable CLKSRC can be changed to the
clock that is input to the CLKIN pin.

The LSI has 2 types of clock (CLKFAST and CLKPWM). The CLKFAST is used for the peripheral modules other
than the PWM. The CLKPWM is used for the high-resolution PWM. The maximum operation frequencies of the
CLKFAST and the CLKPWM are 60 MHz and 120 MHz, respectively.

The IRC is also used for the baud rate generation of the one-wire OCD. The CLKSRC is used for the count clock of
the standby mode wakeup counter.

CLKCFG1.CLKINE

STANDBY
CLKIN I Glitch-less SW
CLKCZGLCLKSRCPLLCFG REFDIV PLLCFG.PLLEN  PLLCFG.PLLOUT
l PWMCSCO
CLKCFGL1.IRCE CLKSRC Oi PLL 1\4 MCLKES, STANDBY
STANDBY PWMENBL
Il Bl %80 " pwmo
CLKPWM | clock f——— pwm1
IRC CLKIRC gating > Pwwz
12 MHz N
CLKCFGO.CLKPLL
CLKCFfO,DIVl[l:O] SLEEP, STANDBY
I
DIV | CLKFAST | clock chu
1/1-1/8 gating
MCLKEO-6
STAIIIDBY
clock . RAM
gating Peripherals
! [>—{X] CLKMON
LPCTRL1CSBYCR Lg
CLKCFG1.CLKMONJ[1:0]
L, SLEEP
Low Power
Wakeup STANDBY MCLKEO.ME_SCID
STANDBY, SLEEP
clock
. SCID
gating

Figure 4-1. Clock System

4.2.1. Clock Sources

e CLKIN

This clock is supplied from the CLKIN pin, and is used for a system clock. The maximum input frequency to the
CLKIN is 12 MHz. To supply the CLKIN from the CLKIN pin, set CLKCFG1.CLKINE = 1. To stop it, set
CLKCFGL1.CLKINE =0.

e CLKIRC
This clock is supplied from the IRC, and is used for the system clock and the baud rate generation clock of the OCD.
The maximum frequency of the CLKIRC is 12 MHz.

e CLKSRC

This clock is defined the CLKIN or the CLKIRC by the CLKCFG1.CLKSRC bit. After a reset is released, the
CLKIRC is set for the CLKSRC. The CLKSRC is used for an internal clock source, the reference of the PLL clock, or
the count clock of the standby mode wakeup counter. The selection of the CLKSRC can be dynamically changed by a
glitchless swhich.
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4.2.2. PLL Clock

The PLL clock generates the clock that is multiply reference clock source by 80. The reference clock source is the
CLKSRC or the CLKSRC divided by 2. The maximum frequency of the PLL clock is 960 MHz. Enabling/disabling the
PLL is determined by the PLLCFG.PLLEN bit. The divide rate of the reference clock is defined by the
PLLCFG.REFDIV bit. The reference clock must be changed during PLLCFG.PLLEN =0 (i.e., the PLL is disabled).

4.2.3. Distribution Clocks

e CLKFAST

This is used for the CPU and the peripheral modules other than the PWM. The clock source of the CLKFAST is
determined by the CLKCFGO.CLKPLL bit, which defines the CLKSRC or the PLL clock divided by 16. In addition,
the clock determined by the CLKCFGO.CLKPLL is divided by the selectable divide rate, and is supplied to the
CLKFAST. The divide rate is determined by CLKCFGO0.DIV1 bits, which defines 1, 2, 4, or 8. The maximum
frequency of the CLKFAST is 60 MHz. The settings of the CLKCFGO0.CLKPLL and CLKCFGO0.DIV1 bits can be
changed by a glitchless switch in operation.

e CLKPWM

This is used for the PWM. The CLKPWM is determined by the PWMCSCO0.PWMCCA bits, which defines the
CLKSRC or the PLL clock divided by 1, 2, 4, 8, 16, or 32. The maximum frequency of the CLKPWM is 120 MHz.
A PWM resolution is defined as the reciprocal of CLKPWM x 8; e.g., if CLKPWM = 120 MHz, the PWM resolution is
1.04 ns. To change the frequency of the CLKPWM while the clock is supplied to the PWM, the PWMENBL.PWMAE
bit must be disabled (i.e., P’WMENBL.PWMAE = 0).
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4.2.4. Module Clocks

Table 4-2. List of Module Clocks

Clock Type Initial State | Enable Control Sleep Mode Remarks
CPU Enabled No Disabled
BUS Enabled No Disabled
RAMO Disabled Yes Enabled/Disabled
RAM1 Disabled Yes Enabled/Disabled
DSAC Disabled Yes Enabled/Disabled
EPU Disabled Yes Enabled/Disabled
GPIO Disabled Yes Enabled/Disabled
UART Disabled Yes Enabled/Disabled
1°C Disabled Yes Enabled/Disabled
SPI Disabled Yes Enabled/Disabled
TMRO0/1 Disabled Yes Enabled/Disabled
TMR2/3 Disabled Yes Enabled/Disabled
SCID Enabled Yes Enabled/Disabled \'j\c;irt%'gtlﬁ/ :tr;?l?jlbeg (E)g/n(tjreoblggger connection.
TinyDSPO Disabled Yes Enabled/Disabled
TinyDSP1 Disabled Yes Enabled/Disabled
ADCO Disabled Yes Enabled/Disabled
ADC1 Disabled Yes Enabled/Disabled
SPR Disabled Yes Enabled/Disabled
CMPO Disabled Yes Enabled/Disabled
CMP1 Disabled Yes Enabled/Disabled
CMP2 Disabled Yes Enabled/Disabled
CMP3 Disabled Yes Enabled/Disabled
CMP4 Disabled Yes Enabled/Disabled
CMP5 Disabled Yes Enabled/Disabled
AMPO Disabled Yes Enabled/Disabled
AMP1 Disabled Yes Enabled/Disabled
CMPLUT Disabled Yes Enabled/Disabled
PWMO Disabled Yes Enabled/Disabled | Without standby control*
PWM1 Disabled Yes Enabled/Disabled | Without standby control*
PWM2 Disabled Yes Enabled/Disabled | Without standby control*
PWM3 Disabled Yes Enabled/Disabled | Without standby control*
POCO Disabled Yes Enabled/Disabled | Without standby control*
POC1 Disabled Yes Enabled/Disabled | Without standby control*
POC2 Disabled Yes Enabled/Disabled | Without standby control*
POC3 Disabled Yes Enabled/Disabled | Without standby control*
EVC Disabled Yes Enabled/Disabled

* The module clock is not automatically disabled at the transit to standby mode. The module clock must be set to
disable by the MCLKERN register before the transit to the standby mode. To return from the standby mode, the module
clock should be set to enable by the MCLKER register.
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4.2.5. Clock Setting Procedure
The following are the states in which the clocks of the LSI go into immediately after releasing the reset:

IRC: Enabled, CLKIN pin input: Disabled, CLKSRC: The IRC is selected
PLL: Disabled

PLL reference input: CLKSRC/1

CLKFAST: The CLKSRC divided by 8

CLKPWM: Disabled

The clock setting procedure is as follows:

(1) Toenable the CLKIN input, set CLKCFG1.CLKINE = 1.

(2) Setthe CLKSRC to the IRC or the CLKIN by the PLLCFG.REFDIV bit.

(3) Set the devided rate of the reference clock for the PLL by PLLCFG.REFDIV bit.

(4) Toenable the PLL, set PLLCFG.PLLEN = 1.

(5) Wait for the PLL Oscillation Stable Period. Then, to enable the PLL clock, set PLLCFG.PLLOUT =1.
(6) Set the clock source of the CLKFAST to the CLKSRC or the PLL by the CLKCFGO.CLKPLL bit.

(7) Set the devided rate of the CLKFAST by the CLKCFGO0.DIV1 bits.

(8) Set the clock type and the devided rate of the CLKPWM by the PWMCSCO register.

(9) Toenable the CLKPWM, set PWMENBL.PWMAE = 1.

(10) To supply the clock for peripheral functions, set the MCLKERN register.

When the CLKIN is not used, the settings of (1) and (2) are unnecessary. When the PLL is not used, the settings of
(3), (4), and (5) are unnecessary. When the PWM is not used, the settings of (8) and (9) are unnecessary.
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4.3. Low Power Consumption Modes

The LSI has 2 low power consumption modes: the sleep and standby modes.

4.3.1. Sleep Mode

The CPU clock stops during the sleep mode. To transit to the sleep mode, set LPCTRL.LPSE = 0, and then
LPCTRL.GOTOLPM = 1. After the CPU completes accessing the flash memory, the LSI stops the CPU clock, and
transits to the sleep mode. In the sleep mode, the clocks of peripheral functions operate according to the MCLKEN
register setting. The following sources cause returning from the sleep mode: an interrupt and a reset. The sleep mode
can be returned by all interrupts that is set INTENAnN =1 (i.e., enabled). Thus, the INTENAn register must be set before
transition to the sleep mode.

The LSI does not transit to the sleep mode after the OCD communication access. The clock continues its operation

and the processing.

Set interrupts:
INTENAO/INTENAL/
INTENA2/INTENAS.

Select the low power consumption mode:
LPCTRL.LPSEL =0.

Start a transition to the low power
consumption: LPCTRL.GOTOLPM = 1.

The clocks of the CPU are stopped. :
» [
Sleep mode
Does the LSI detect '
the interrupt that is set? |
I
}

The clocks of the CPU restart.

End

Figure 4-2. Sleep Mode Sequence
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4.3.2. Standby Mode

All clocks (IRC, CLKIN, and PLL) in the LSI stop during the standby mode. To transit to the standby mode, set
LPCTRL.LPSE =1, and then LPCTRL.GOTOLPM = 1. After the CPU completes accessing the flash memory, the LSI
stops all clocks in the LSI, and transits to the standby mode. The following sources cause returning from the standby
mode: GPIO interrupt, CMP level interrupt, and low voltage detection (LVD). Thus, the INTENAnN register must be set
before transition to the standby mode. The sources by the CMP level interrupt and the LVD are defined by the
CSBYCR register. When the sources to return the standby mode are detected, the IRC, CLKIN, and PLL are returned to
the setting state before standby mode operation. Then, the wakeup counter that is counted by the CLKSRC operates.
When the wakeup counter finishes counting, the clocks supply to the CPU and the peripheral functions again. The
wakeup counter is defined by the LPCTRL.WUPTM bits.

The LSI does not transit to the standby mode after the OCD communication access. The clock continues its operation

and the processing.

Set an interrupt event:
INTENAO (GPIO interrupt).
]

Set the GPIO interrupt:
PIEO/1/2.

]
Select the low power consumption mode:
LPCTRL.LPSEL = 1.
1

Set the wakeup counter:
LPCTRLWUPTM.

Start a transition to the low power
consumption: LPCTRL.GOTOLPM = 1.

All clock sources are stopped.

Does the LSI detect
the GPIO interrupt?

No

- m— - — -

Standby mode

All clock sources restart oscillations, and the
wakeup counter starts counting.

The wakeup counter

finishes counting. No

-——_—e— e === <

The clocks are supplied to the CPU and the
peripheral modules.

End

Figure 4-3. Standby Mode Sequence (Returned by GPIO Interrupt)
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4.3.3. Inserting NOP Instruction at Transition to Sleep and Standby Modes
Insert 16 NOP instructions immediately after setting LPCTRL.GOTOLPM = 1 as follows:

LPCTRL |= 0x01; // Go to STBY/SLEEP mode

__asm
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

__endasm;
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4.4. Reset Circuit

Figure 4-4 shows the reset system.

~1.37ms » Standby (Clock)

DvcC [XF—] Por PORST Digital R ocD WDT
Stretch " r» ¢ » SYSC (Regulator)
ocp

> Flash Memory Control
14
Reset WDT JD
Pull-up ese Overflow
RES CPU

Reset

> CPU

Peripheral
functions

¢+———— LVDIF

¢—— Standby (power)

L——» Analog Macros

Figure 4-4. Reset System.

The LSI has the following reset types:

e RES Pin
To reset all of the LSI setting, set the RES pin to a low state.

e POR

The power-on reset, POR, is generated according to the voltage level of the DVCC pin. When a DVCC pin voltage
decreases to the POR Detection Voltage, Vpore, Or less, the POR is generated. For release the POR, the DVCC pin
voltage should increase to the POR Detection Voltage, Vporn, OF more.

e OCD Reset
All the modules other than the OCD are reset by a command from the OCD.

® WWDT Reset
This reset is the generated at overflowing the watchdog timer, WDT. The period of the WDT reset is 64 cycles

defined by the system clock.

® CPU Reset
All the modules including the CPU other than the OCD and the WDT are reset by a command from the OCD.

The internal reset period is extended by a digital stretch for about 1.37 ms (IRC = 12 MHz) after releasing both of the
RES pin reset and POR. The DVCC pin voltage and the IRC frequency must be stability in this extended period.

When the reset of the RES pin is not used, Open the RES pin, or fix the RES pin to the level of the DVCC pin
voltage.

Table 4-3 shows the reset type and the reset area.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 4-9
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

Table 4-3. Reset Type and Reset Area

Reset Type oCD wDT® LVD Flag® SYSC The Others
RES Pin Reset Reset Reset Reset Reset
POR Reset Reset Reset Reset Reset
&CI:ID ngfsse;tting) Not reset Reset Reset Reset Reset
WDT Reset Not reset Not reset Not reset Reset Reset
CPU Reset Not reset Not reset Not reset Not reset Reset

D' The WTCNT register and the WTCSR.WOVF bit are reset. The other registers for WDT are reset by the WDT reset.
@ The LVDCTRL.LVDIF bit is reset. The other bits in the LVDCTRL register is reset same as the SYSC.

4.5. Low Voltage Detection (LVD)

The low voltage detection, LVD, generates an interrupt request to the CPU when a DVCC pin voltage drop is
detected. To use the LVD, set REFCTRL.VREF120AEN= 1 (i.e., the VREF voltage for the LVD is enabled), and then
set LVDCTRL.LVDE = 1. When the DVCC pin voltage decreases below the LVD voltage, the LVDCTRL.LVDIF bit
becomes 1. In addition, to generate the interrupt request to the CPU, set LVDCTRL.LVDIE = 1. To clear the
LVDCTRL.LVDIF bit, set the LVDCTRL.LVDIF = 1 while the DVCC pin voltage exceeds the LVD voltage. If the
LVDCTRL.LVDIF bit is set to 1 while the DVCC pin voltage is below the LVD voltage, the LVDCTRL.LVDIF bit is
not cleared.

The LSI can be returned from the standby mode by the LVD. To generate the interrupt request to the CPU at return
from the standby mode, set LVDCTRL.LVDIE = 1.

It is required to wait at least 2 cycles before reading the LVDCTRL.LVDIF bit immediately after the
LVDCTRL.LVDIF bit is cleared.

DVCC Pin Voltage Vec =33V

Voer /
VeorH
VeorL / /

g

igital stretch Diigital stretch

LVD Flag {)

DETPOR_N

DETLVD_N

Cleared by software

Figure 4-5. POR and LVD
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4.6. Analog Infrastructure Control

Reference regulators and extended pull-up resistors of the pins are controlled by the SYSC.

e IBIAS for OPAMP
This controls the operation mode of the IBIAS for the OPAMP. To operate the OPAMP with the low power
consumption mode, set REFCTRL.IBIAS_AMP_LPW = 1.

e VREF Output for Low Voltage Detection (LVD)

This controls the VREF output for the LVD. To use the LVD, set REFCTRL.VREF120AEN = 1 before the LVD is
enabled. When the LVD is not used, turn off the VREF output by setting REFCTRL.VREF120AEN = 0. This results in
the power consumption reduction.

e VREF Output for Measurement by ADC

This controls the VREF output for a measurement by the ADC. To measure the VREF voltage using the ADC, set
REFCTRL.VREF120BEN = 1 before the AD conversion. When the VREF output measurement by the ADC is not used,
turn off this VREF output by setting REFCTRL.VREF120BEN = 0. This results in the power consumption reduction.

e Extended Pull-up Resistor for GP1020

To connect extended pull-up resistor to the GP1020 (ANEX4), set RESCTRL.GPIO20E = 1. For reducing the pull-
up resistance of the GP1020, use the GP1020 extended pull-up resistor in combination with the 1/0 buffer pull-up
resistor.

e Extended Pull-up Resistor for GP1021

To connect extended pull-up resistor to the GP1021 (ANEX5), set RESCTRL.GPIO21E = 1. For reducing the pull-
up resistance of the GP1021, use the GPI0O21 extended pull-up resistor in combination with the 1/0 buffer pull-up
resistor.
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4.7. Register Descriptions

Table 4-4. List of Registers

Symbol Name Address Initial Value
CLKCFGO Clock ConfigurationO Register OxFF80 0x00
CLKCFG1 Clock Configurationl Register OxFF81 0x01
PLLCFG PLL Configuration Register OxFF82 0x00
MCLKEO Module Clock Enable0 Register OxFF84 0x80
MCLKE1 Module Clock Enablel Register OxFF85 0x00
MCLKE2 Module Clock Enable2 Register OxFF86 0x00
MCLKE3 Module Clock Enable3 Register OXFF87 0x00
MCLKE4 Module Clock Enable4 Register OxFF88 0x00
MCLKES Module Clock Enable5 Register OxFF89 0x00
MCLKE®6 Module Clock Enable6 Register OxFF8A 0x00
LVDCTRL LVD Control Register OxFF90 0x00
REFCTRL Reference Voltage Control Register OxFF91 0x00
RESCTRL Resistor Control Register OxFF92 0x00
PWMENBL PWM Clock Enable Control Register OxFF98 0x00
PWMCSCO PWM Clock Source Control0 Register OxFF99 0x08
LPCTRL Low Power Control Register OXFFAQ 0x00
CSBYCR CMP Standby Control Register OxFFAL 0x00
DEVER Device Version and Revision Register OxFFBO 0x30
REMAP Remap Control Register OXFFCO 0x00
TEMP* Temperature Sensor Control Register OxFFC1 0x00
BUSBUFCR BUS Buffer Control Register OxFFC2 0x80
LINECTRL DBG Line Control Register OxXFFEQ 0x00
TMR2INCR TMR2 Input Control Register OxFFE1 0x00

* For more details on the TEMP register, see Section 25.
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4.7.1. CLKCFGO (Clock Configuration0 Register)

Register CLKCFGO Clock ConfigurationO Register Address OxFF80
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
PLL clock

0: CLKSRC is the clock source of CLKFAST

1: PLL clock divided by 16 is the clock source of CLKFAST
5 CLKPLL R/W 0
Writing O to the bit is invalid when the PLLCFG.PLLEN bit is O,
or the PLLCFG.PLLOUT bit is 0. Switching the clocks requires
up to 6 cycles of the CLKSRC.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 RIW 0 Main clock divider

00: Divide-by-8 divider is selected
01: Divide-by-4 divider is selected
DIV1 10: Divide-by-2 divider is selected
2 RIW 0 11: Divide-by-1 divider is selected

Switching the clocks requires up to 6 cycles of the CLKFAST.
1 Reserved R 0 The read value is 0. The write value must always be 0.

0 Reserved R 0 The read value is 0. The write value must always be 0.
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4.7.2. CLKCFG1 (Clock Configurationl Register)

The following settings are prohibited: disabling both the CLKIN and IRC; switching to a clock that has been stopped.

In the standby mode, the CLKIN and IRC will be stopped regardless of the settings of the CLKINE and IRCE bits.
For switching between the CLKIN and IRC (i.e., from the IRC to the CLKIN, or vice versa) the CLKINE and IRCE bits
must be set to 1 beforehand.

Register CLKCFG1 Clock Configurationl Register Address OxFF81
Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 R/W 0 Clock monitor

00: CLKSRC is selected for CLKMON
CLKMON 01: CLKFAST is selected for CLKMON
3 RIW 0 10: CLKIRC is selected for CLKMON

11: CLKIN is selected for CLKMON
Clock source
0: CLKIRC is selected for CLKSRC
1: CLKIN pin input is selected for CLKSRC

2 CLKSRC RIW 0 Changing the value of the bit is valid only when the CLKINE and

IRCE bits are 1.
Switching the clocks requires up to 6 cycles of the clock
whichever is slower, either the IRC or CLKIN.
Clock input enable
1 CLKINE R/W 0 0: CLKIN input is disabled
1: CLKIN input is enabled
IRC enable
0: IRC is disabled
1: IRC is enabled

0 IRCE R/W 1
The bit is forcibly set to 1 when the OCD is connected.
Setting the bit to 0 is prohibited.

The bit is set to 0 when DTSTCR.IRCKILL = 1.
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4.7.3. PLLCFG (PLL Configuration Register)

Register ‘ PLLCFG PLL Configuration Register Address OxFF82
Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 Reserved R 0 The read value is 0. The write value must always be 0.

PLL clock output

0: PLL clock output is disabled

1: PLL clock output is enabled
Writing 0 to the bit is invalid when CLKCFGO.CLKPLL = 1.
PLL enable

0: PLL is disabled

2 PLLOUT R/IW 0

1 PLLEN RIW 0 1: PLL is enabled
Writing 0 to the bit is invalid when CLKCFGO0.CLKPLL = 1.
PLL reference clock divider

0 REFDIV R/W 0 0: CLKSRC/1

1. CLKSRC/2

4.7.4. MCLKEO (Module Clock Enable0 Register)

Register MCLKEO Module Clock Enable0 Register Address OxFF84

Bit Bit Name R/W | Initial Description Remarks

SCID clock enable
0: SCID clock is disabled
1: SCID clock is enabled

7 ME_SCID R/W 1

Once the debugger communication starts, a clock for the SCID
will be supplied regardless of the setting of the bit.

6 Reserved R 0 The read value is 0. The write value must always be 0.
TMR2/3 clock enable
5 ME_TIM23 | R/W 0 0: TMR2/3 clock is disabled

1: TMR2/3 clock is enabled
TMRO/1 clock enable
4 ME_TIMO1 | R/W 0 0: TMRO/1 clock is disabled
1: TMRO/1 clock is enabled
SPI clock enable
3 ME_SPI R/W 0 0: SPI clock is disabled
1: SPI clock is enabled
I°C clock enable
2 ME_I12C R/W 0 0: I°C clock is disabled
1: 1°C clock is enabled
UART clock enable
1 ME_UART | R/W 0 0: UART clock is disabled
1: UART clock is enabled
GPIO clock enable
0 ME_GPIO R/W 0 0: GPIO clock is disabled
1: GPIO clock is enabled
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4.7.5. MCLKEL1 (Module Clock Enablel Register)

Register MCLKE1 Module Clock Enablel Register Address OxFF85
Bit Bit Name R/W Initial Description Remarks
EVC clock enable
7 ME_EVC R/W 0 0: EVC clock is disabled
1: EVC clock is enabled
6 Reserved R 0 The read value is 0. The write value must always be 0.
TinyDSP1 clock enable
5 ME_DSP1 R/W 0 0: TinyDSP1 clock is disabled

1: TinyDSP1 clock is enabled
TinyDSP1 clock enable
4 ME_DSPO R/W 0 0: TinyDSP1 clock is disabled
1: TinyDSP1 clock is enabled
EPU clock enable
3 ME_EPU R/W 0 0: EPU clock is disabled
1: EPU clock is enabled
DSAC clock enable

2 ME_DSAC R/W 0 0: DSAC clock is disabled

1: DSAC clock is enabled
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.

4.7.6. MCLKE2 (Module Clock Enable2 Register)

Register MCLKE2 Module Clock Enable2 Register Address OxFF86
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
ADC1 clock enable
5 ME_ADC1 R/W 0 0: ADC1 clock is disabled

1: ADC1 clock is enabled
ADCO clock enable
4 ME_ADCO R/W 0 0: ADCO clock is disabled
1: ADCO clock is enabled

3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.
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4.7.7. MCLKES3 (Module Clock Enable3 Register)

Register MCLKE3 Module Clock Enable3 Register Address OxFF87

Bit Bit Name R/W Initial Description Remarks

SPR clock enable
7 ME_SPR R/W 0 0: SPR clock is disabled
1: SPR clock is enabled

6 Reserved R 0 The read value is 0. The write value must always be 0.

AMP1 clock enable

5 ME_AMP1 R/W 0 0: AMP1 clock is disabled
1: AMP1 clock is enabled

AMPO clock enable

4 ME_AMPO R/W 0 0: AMPO clock is disabled
1: AMPO clock is enabled

CMP3 clock enable

3 ME_CMP3 R/W 0 0: CMP3 clock is disabled
1: CMP3 clock is enabled

CMP2 clock enable

2 ME_CMP2 R/W 0 0: CMP2 clock is disabled
1: CMP2 clock is enabled

CMP1 clock enable

1 ME_CMP1 R/W 0 0: CMP1 clock is disabled
1: CMP1 clock is enabled

CMPO clock enable

0 ME_CMPO R/W 0 0: CMPQO clock is disabled

1: CMPO clock is enabled

4.7.8. MCLKE4 (Module Clock Enable4 Register)

Register MCLKE4 Module Clock Enable4 Register Address OxFF88
Bit Bit Name R/W Initial Description Remarks
LUT clock enable
7 ME_CMPLUT R/W 0 0: LUT clock is disabled
1: LUT clock is enabled
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
CMP5 clock enable
1 ME_CMP5 R/W 0 0: CMP5 clock is disabled
1: CMPS5 clock is enabled
CMP4 clock enable
0 ME_CMP4 R/W 0 0: CMP4 clock is disabled
1: CMP4 clock is enabled
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4.7.9. MCLKE5 (Module Clock Enable5 Register)

Register MCLKES5 Module Clock Enable5 Register Address OxFF89
Bit Bit Name R/W Initial Description Remarks
POC3 clock enable
7 ME_POC3 R/W 0 0: POC3 clock is disabled
1: POC3 clock is enabled
POC2 clock enable
6 ME_POC?2 R/W 0 0: POC2 clock is disabled
1: POC2 clock is enabled
POC1 clock enable
5 ME_POC1 R/W 0 0: POC1 clock is disabled
1: POC1 clock is enabled
POCO clock enable
4 ME_POCO R/W 0 0: POCO clock is disabled

1: POCO clock is enabled
PWM3 clock enable
3 ME_PWM3 R/W 0 0: PWM3 clock is disabled
1: PWM3 clock is enabled
PWM2 clock enable
2 ME_PWM2 R/W 0 0: PWM2 clock is disabled
1: PWM2 clock is enabled
PWML clock enable
1 ME_PWM1 R/W 0 0: PWML1 clock is disabled
1: PWML1 clock is enabled
PWMO clock enable
0 ME_PWMO R/W 0 0: PWMO clock is disabled
1: PWMO clock is enabled

4.7.10. MCLKES®6 (Module Clock Enable6 Register)

Register MCLKE6 Module Clock Enable6 Register Address OXFF8A
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
RAML1 (addresses 0x0400 to Ox05FF) clock enable
1 ME_RAM1 R/W 0 0: RAML1 clock is disabled
1: RAML1 clock is enabled
RAMO (addresses 0x0000 to 0x03FF) clock enable
0 ME_RAMO R/W 0 0: RAMO clock is disabled
1: RAMO clock is enabled
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4.7.11. PWMENBL (PWM Clock Enable Control Register)

Register PWMENBL PWM Clock Enable Control Register Address OxFF98
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
PWM clock source enable

0 PWMAE R/W 0 0: PWM clock source is disabled

1: PWM clock source is enabled

4.7.12. PWMCSCO (PWM Clock Source Control0 Register)

Register PWMCSCO PWM Clock Source Control0 Register Address OxFF99
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 R/W 1 Clock source
0000: PLLOUT/1
2 RIW 0 0001: PLLOUT/2
1 R/W 0 0010: PLLOUT/4
PWMCCA 0011: PLLOUT/8
0100: PLLOUT/16
0 R/W 0 0101: PLLOUT/32
1000: CLKSRC (default)
Other than above: Setting prohibited
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4.7.13. LVDCTRL (Low Voltage Detector Control Register)

Register LVDCTRL LVD Control Address OxFF90
Bit Bit Name R/W Initial Description Remarks
Low voltage detection (LVD) enable
7 LVDE R/W 0 0: LVD is disabled
1: LVD is enabled
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
Low voltage detection (LVD) interrupt request enable
4 LVDIE R/W 0 0: LVD interrupt request is disabled
1: LVD interrupt request is enabled
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
Low voltage detection (LVD) interrupt flag
Read 0: LVD interrupt is not detected
Read 1: LVD interrupt is detected
Write 0: No change
0 LVDIF RIC 0 Write 1: The bit is cleared
The bit is set by the LVD regardless of the setting of
the LVDIE bit.
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4.7.14. REFCTRL (Reference Control Register)

Register | REFCTRL Reference Control Register Address OxFF91
Bit Bit Name R/W Initial Description Remarks
IBIAS operation mode for OPAMP
7 IBIAS_ AMP_LPW R/W 0 0: Operation in normal mode
1: Operation in low power consumption mode
VREF output enable for LVD
0: VREF output is disabled
6 VREE120AEN RIW 0 1: VREF output is enabled
Before using the LDV, enable the VREF output for the
LVD.
VREF output enable for ADC
0: VREF output is disabled
5 VREF120BEN RIW 0 1: VREF output is enabled
When measuring the VREF voltage by the ADC, enable
the VREF output for the ADC.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.

4.7.15. RESCTRL (Resistor Control Register)

Register ‘ RESCTRL Resistor Control Register Address OxFF92
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
Connecting the extended pull-up resistor to GPIO21
ANEX5
1 GPIOZ1E RIW 0 ( 0: Exte)nded pull-up resistor is not connected
1: Extended pull-up resistor is connected
Connecting the extended pull-up resistor to GPIO20
ANEX4
0 GPI020E RIW 0 ( 0: Exte?nded pull-up resistor is not connected
1: Extended pull-up resistor is connected
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4.7.16. LPCTRL (Low Power Control Register)

Register LPCTRL Low Power Control Register Address OxFFAO
Bit Bit Name R/W Initial Description Remarks
Setting the count number of wakeup counter
7 R/W 0 00: 512 counts (42.7 ps)
01: 768 counts (64.0 ps)
WUPTM 10: 1024 counts (85.3 ps)
11: 4096 counts (341.3 ps)
6 R/W 0
The counter clock is the CLKSRC (12 MHz).
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.

Selection of low power consumption mode

1 LPSEL R/W 0 0: Sleep mode operation (only the CPU is stopped)
1: Standby mode operation (the chip is stopped)

Transition to low power consumption mode

0 GOTOLPM w 0 0: Operation in normal mode (no effect)

1: Operation in low power consumption mode
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4.7.17. CSBYCR (CMP Standby Control Register)

Register CSBYCR CMP Standby Control Register Address OxFFAl
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
Return from standby mode by low voltage detection
6 LVDE R/W 0 (LVD)

0: The bit is not returned

1: The bit is returned
Return from standby mode by CMP5 level interrupt
5 CMP5E R/W 0 0: The bit is not returned

1: The bit is returned
Return from standby mode by CMP4 level interrupt
4 CMP4E R/W 0 0: The bit is not returned

1: The bit is returned
Return from standby mode by CMP3 level interrupt
3 CMP3E R/W 0 0: The bit is not returned

1: The bit is returned
Return from standby mode by CMP2 level interrupt
2 CMP2E R/W 0 0: The bit is not returned

1: The bit is returned
Return from standby mode by CMP1 level interrupt
1 CMP1E R/W 0 0: The bit is not returned

1: The bit is returned
Return from standby mode by CMPO level interrupt
0 CMPOE R/W 0 0: The bit is not returned
1: The bit is returned

4.7.18. DEVER (Device Version and Revision Register)
Even if the protection level is 2, the DEVER register can be read by the OCD.

Register | DEVER DEVIss VEmEn an Redeen) OXFFBO
Register
Bit Bit Name R/W | Initial Description Remarks
7 R 0
6 R 0 i ;
VER Device version
5 R 1 These bits can read 3.
4 R 1
3 R X
2 R X Device revision
REV These bits can read values according to the device
1 R X revision.
0 R X

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 4-23
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

4.7.19. REMAP (Remap Control Register)

Register REMAP Remap Control Register Address OxFFCO
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
REMAP control
0: Operation in normal mode
0 REMAP R/W 0 1: Operation in REMAP mode
For more details on the REMAP mode, see Section 5.2.

4.7.20. BUSBUFCR (BUS Buffer Control Register)

Register BUSBUFCR BUS Buffer Control Register Address OxFFC2

Bit Bit Name R/W Initial Description Remarks
SFR buffer enable

7 SFRBUFE R/W 1 0: SFR buffer is disabled

1: SFR buffer is enabled

6 Reserved R 0 The read value is 0. The write value must always be 0.
Initialization of SFR buffer state

5 CLR_SCNT W 0 0: SFR buffer state remains unchanged

1: SFR buffer state is initialized
Initialization of the internal state of SFR BUS buffer
0: Internal state of SFR BUS buffer remains

4 CLR_SSTM W 0

unchanged
1: Internal state of SFR BUS buffer is initialized
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
Initialization of the internal state of XBUS buffer
0 CLR_XSTM w 0 0: Internal state of XBUS buffer remains unchanged

1: Internal state of XBUS buffer is initialized
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4.7.21. LINECTRL (DBG Line Control Register)

Register LINECTRL DBG Line Control Register Address OxFFEOQ
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/W 0 The read value is 0. The write value must always be 0.
6 Reserved R/W 0 The read value is 0. The write value must always be 0.
5 Reserved R/W 0 The read value is 0. The write value must always be 0.
4 Reserved R/W 0 The read value is 0. The write value must always be 0.
3 Reserved R/W 0 The read value is 0. The write value must always be 0.
2 Reserved R/W 0 The read value is 0. The write value must always be 0.
1 Reserved R/W 0 The read value is 0. The write value must always be 0.
DBG pin control
0: SCID controls DBG pin
0 LINECTRL RIW 0 1: UART controls DBG pin
Setting the bit to 1 allows the UART to control the
DBG pin.

4.7.22. TMR2INCR (TMR2 Input Control Register)

Register TMR2INCR TMR2 Input Control Register Address OxFFE1
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/W 0 The read value is 0. The write value must always be 0.
6 Reserved R/W 0 The read value is 0. The write value must always be 0.
5 Reserved R/W 0 The read value is 0. The write value must always be 0.
4 Reserved R/W 0 The read value is 0. The write value must always be 0.
3 Reserved R/W 0 The read value is 0. The write value must always be 0.
2 Reserved R/W 0 The read value is 0. The write value must always be 0.
1 Reserved R/W 0 The read value is 0. The write value must always be 0.
TMR2 input
0: TIOA2/TIOB2 pin input is selected
1: RXD pin put is selected
0 RXDSEL R/W 0
By setting the bit to 1, the RXD input for the UART,
defined by the PFS and SIS registers, are input to
TIOA and TIOB of TMR2.
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4.8. Usage Notes and Restrictions
When the LSI falls into the operation states listed below, the CPU does not return from the sleep mode.

(1) The condition in which the CPU receives a high-priority interrupt signal before or after writing an instruction
enabling the sleep mode to a register.

(2) The condition in which the CPU writes an instruction enabling the sleep mode to a register while a high-priority
interrupt is being processed.

Under the operation states listed below, the CPU returns from the sleep mode only when it receives a high-priority
interrupt. However, the CPU does not return from the sleep mode when it receives a low-priority interrupt.

(1) The condition in which the CPU receives a high-priority interrupt signal before or after writing an instruction
enabling the sleep mode to a register.

(2) The condition in which the CPU writes an instruction enabling the sleep mode to a register while a low-priority
interrupt is being processed.

In a normal operation state (i.e., no interrupt is being processed), when the CPU receives no interrupt signal before or
after writing a sleep-mode-enabling instruction to a register, it returns from the sleep mode by an interrupt signal
regardless of the signal’s priority level.

A high-priority interrupt is an interrupt whose bit corresponding to the INTLVLn register of the INTC is setto 1. A
low-priority interrupt is an interrupt whose bit corresponding to the INTLVLn register of the INTC is set to 0.

The following workarounds should be implemented when the sleep mode is used.

(1) Workaround before CPU entering into sleep mode
Before the CPU enters the sleep mode, disable interrupts whose generation timing is non-CPU-controllable, such as
those generated by external signals input to the comparators and GP10O. When using interrupts whose generation
timing is CPU-controllable, set them not to be generated during the execution of a sleep-mode-enabling instruction.
(2) Workaround for sources used when CPU returning from sleep mode
Use interrupts whose generation timing is CPU-controllable as sources for returning from the sleep mode. When
using interrupts whose timing is uncontrollable as recovery sources, enable interrupts by the EPU after the CPU
enters the sleep mode. The EPU cannot access the registers of the INTC; therefore, the interrupt functions of the
peripheral modules which issue interrupts should be enabled or disabled individually. It is recommended to define
an interrupt used for a recovery source from the sleep mode as a high-priority interrupt.
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5. 8051CPU

The LSI has an 8051 core (UL8051) with an instruction set architecture compatible with the Intel MCS-51 (8051
family). The UL8051 is compatible with the 8052 instruction set.

The UL8051 is extended from the original 8052. Most instructions have a pipeline structure that operates in one cycle
per instruction. The instruction code has 2 functions: to prefetch from the flash memory by 4 bytes, and to improve the
throughput of instruction execution. In addition, the LSI has the one-wire OCD which can minimize the pin counts used
for a debug.

5.1. Overview
Table 5-1 shows the UL8051 functional descriptions.

Table 5-1. UL8051 Functional Descriptions

Item Description
Instruction Set Compatible with MCS-51 (8052)
Execution Cycle 1 cycle per byte fetch (1T core)
Structure Pipeline
Instruction bus 8-bit width IBUS (XPROG BUS)
Data bus 8-bit width XBUS (XDATA BUS)
SFR BUS 8-bit width with bit-write strobe
Interrupt Source 32 sources (max.)
OCD (On Chip Debugger) Full debug function with 1-wire interface
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. _____________________________________________________________________________________________________________________________|
5.2. CPU Peripheral System Configurations
Figure 5-1 shows the CPU peripheral system configuration.

e IBUS (XPROG BUS)
For instructionfetch from the built-in flash memory.
Access method: Instruction fetch or MOVC instruction (read only)
Data width: 8 bits
Address space: 64 KB

e XBUS
For read from/write to the built-in RAM and peripheral function register.
Access method: MOV X instruction
Data width: 8 bits
Address space: 64 KB

e SFR BUS
For read from/write to the peripheral function SFR (Special Function Register).
Access method: MOV instruction of direct addressing mode
Data width: 8 bits
Address space: 128 bytes (0x80 to OxFF)

e IRAM BUS
For read from/write to the built-in RAM
Data width: 8 bits
Address space: 256 bytes (0x00 to OxFF)

In the REMAP mode, the data in the address area 0x0000 to OXO5FF of the RAMO and the RAM1 can be read by
reading the address area 0x0000 to OxO5FF in the flash memory (main block) by the instruction fetch or the MOVC
instruction.

SFR BUS (8 bits)

System CLK, RES >
Control " UL8051 1£
XPROG BUS
NTREQ (8 bits) Contrpl - Peripherals
ror Yy ash Memory in
Interrupt >
INTACK 256 bytes SFR Area
Controller |« 1R1W RAM
_INTRET
—N  IRAM RAM Peripherals
: in in
IRAM BUS (8 bits) XDATA Area XDATA Area
1 wire serial OCD_xx
OCD -
> < > XDATA BUS (8 bits) j[ jr
Interface >

Figure 5-1.  System Configuration
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5.3. Memory Map

Figure 5-2 shows the system address map.

e Internal Data Memory of 8052 Architecture
The internal data memory is divided into 3 blocks.

- Internal Data Memory 1
Address space: 0x00 to 0x7F (128 bytes)
General-purpose register: 8 registers x 4 banks (32 bytes in total)
Bit addressable area: 16 bytes
General-purpose IRAM_1 area: 80 bytes

- Internal Data Memory 2
Address space: 0x80 to OxFF (128 bytes)
General-purpose IRAM_2 area: 128 bytes
The internal data memory 2 is accessed by the indirect addressing instruction.

- Internal Data Memory 3
Address space: 0x80 to OxFF (128 bytes)
The internal data memory 3 is accessed by the direct addressing instruction in area where the CPU and the
peripheral function SFR are assigned. Address 0xX0 or 0xX8 (X = 8 to F) is bit addressable access. For example,
when the bit 3 of the address 0x80 is accessed, the bit address becomes 0x83.

e Program Memory Area

Address space: 0x0000 to OXFFFF (64 KB)

The flash memory is assigned to the lower bits of the address (0x0000 to Ox7FFF) in program area. The data placed
in the flash memory is read by the MOVC instruction.

e Data Memory Area
Address space: 0x0000 to OXFFFF (64 KB)
The XDATA BUS area connected to the built-in RAM and the peripheral register is assigned. The data memory area

is accessed by the MOV X instruction.

e Peripheral Function Registers
The peripheral function registers are assigned to the SFR and the data memory area.
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XPROG BUS XDATA BUS
0x00[__BANKO: RO to R7 0x0000 0x0000
ox08|_BANKI: RO to R7 RAMO, 1 KB®
ox10|_BANK2: RO to R7 gxgigg

. X
ox18 |__BANKS: RO to R7 RAML, 512 bytes®
0x20 Bit address area OxO05FF
0x30| General IRAM_1
(80 bytes)
Flash memory
Ox7F main block
0x80| General IRAM 2 =| SFR 32 KB (Reserved)
(128 bytes) % | (128 bytes)
=}
To access here, 3 To access here,
use indirect g | usedirect
addressing mode. < | addressing mode.
8 OX7FFF
§ 0x8000
= @
OXEF = RAMO, 1 KB gxgjgg
X
(IRAM I/F) (SFR BUS) RAML, 512 bytes®
(Reserved) Ox85FF
CPU Resource
(Reserved)
0x00 to Ox1F: Registers
0x20 to 0x2F: Bit access area 0xA000 . flash memory
0x81: SP information block
. OXA3FF 1KB
0x82: DPL 0xC000
0x83: DPH Peripherals
0xDO0: PSW (Bit accessible) 16 bits
0xEO: ACC (Bit accessible) 8 KB
0xFO0: B (Bit accessible) (Reserved) OxDFFF
Peripherals OxE000
8 bits
8 KB
OxFFFF OXFFFF

Figure 5-2.  System Address Map

@ The RAMO area (0x8000 to 0x83FF) is the shadow memory of 0x0000 to OX3FF.
@ The RAM1 area (0x8400 to 0x85FF) is the shadow memory of 0x0400 to OX5FF.
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5.4. Instruction Code Map

Table 5-2. Instruction Code Map

Lower| Lower
0000 0001 0010 0011 0100 0101 0110 0111 |1000(1001]1010|10111100]1101]1110(1111
Higher Higher
AJMP LJMP RR INC INC INC INC
0000 NOP addrll addrle A A direct @R1 Rn 0000
0001 JBC ACALL LCALL RRC DEC DEC DEC DEC 0001
bit, rel| addrll addrle A A direct @R1 Rn
ADD
JB AJMP RL ADD ADD ADD
0010 bit, rel| addrll RET A A, #data .A’ A, @Ri A, Rn 0010
direct
ADDC
0011 ) JNB ACALL RETT RLC ADDC A, ADDC ) ADDC 0011
bit rel | addrll A A, f#data . A, @Ri A, Rn
direct
0100 9€ anee | O L aieet ORL . ORL ORL 0100
rel addrll a ¥ A, #data direct A, @Ri A, Rn
rel addrll a 4 A, #data direct A, @Ri A, Rn
rel addrll ! " |a, #data ! A, @Ri A, Rn
A # direct
0111 JINZ ACALL ORL JMP MOV MOV MOV MOV 0111
rel addrll C, bit @A+DP |A, #data|d, #data| @Ri, #data Rn, #data
1000 SJIMP AJMP ANL MOVC DIV MOV MOV MOV 1000
rel addrll C, bit | A, QA+P AB dD, ds direct, G@GRi direct, Rn
SUB
1001 MOV ACALL MOV MOVC SUB A SUB SUB 1001
DPTR, # | addril | bit, Cc | A, @A+D|a, #datal| .. ' A, @Ri A, Rn
direct
1010 ORL AJMP MOV INC MUL (SBRK MOV MOV 1010
C, /bit| addril C, bit DPTR AB 0x0103) | @Ri, direct Rn, direct
1011 ANL ACALL CPL CPL ;JN#E ;JN;: @Ri ciﬁchata CJINE 1011
C, /bit| addrll bit C v Lo ! ! Rn, #data, rel
rel rel rel
XCH
1100 PUSH AJMP CLR CLR SWAP 2 XCH XCH 1100
direct | addrll bit ¢ A ! A, @Ri A, Rn
direct
1101 POP ACALL SETB SETB DA DJINZ XCHD DJINZ 1101
direct addrll bit C A d, rel A, @Ri Rn rel
1110 MOVX AJMP MOVX CLR MAOV MOV MOV 1110
A, @DP addrll A, @Ri A L A, QRi A, Rn
direct
MOV
111 MOVX ACALL MOVX CPL direct MOV MOV 1111
@DP, A addrll @Ri, A A A ! @Ri, A Rn, A

5.4.1. Notes on CPU Instruction

e Operation of Undefined Instruction Code (0xAb)
The instruction code (0xXA5) operates as “Software break: SBRK 0x0103”. The operation is similar to “LCALL
0x103”. Note that the return address (the address stored in the stack) is the address that the SBRK is placed.

e Division-by-zero in DIV AB Instruction
When B = 0(A/0), the quotient A is 255 and the remainder B is the initial value of A. Then, the OV flag is set.

e Stack Pointer (SP)

The initial value of the stack pointer (SP) is 0x07. Therefore, care must be taken not to interfere with the stack area
and the area used by the program. If the initial value of SP is 0x07, there is a possibility the following areas are used for
the stack area: area of RO to R7 (BANK1 to BANKR3), bit addressable area, and other IRAM areas.
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. _____________________________________________________________________________________________________________________________|
5.4.2. Execution Cycle Counts per Instruction

The CPU operates at 60 MHz, whereas the access frequency of the flash memory is 30 MHz (2 cycle access). The
compensation system for this speed difference is as follows. The CPU instruction fetch width is 8 bits, whereas the flash
memory data width stored the program is 32 bits. The flash memory is fetched the quadruple data at once. The
instructions fetched from the flash memory are stored in a small capacity instruction buffer. While the instruction to be
executed exists in the instruction buffer, the CPU can fetch the instruction in one cycle. When a branch is caused by a
branch instruction, 2 cycles may be required because the necessary instruction should be fetched again from the flash
memory.

In addition, 2 cycles are required for the access to the peripheral function registers connected to the XDATA BUS.
(i.e., the execution cycle of the MOV X instruction and added one execution cycle). When the RAM is accessed by the
MOV X instruction, the execution cycle is not added.

Conditional Jump: Taken/Not Taken Conditional Jump: Taken/Not Taken
OPCODE Mne_mo- Operand UL8051 | Original OPCODE Mne_mo- Operand UL8051 Original
nic Cycles Cycles nic Cycles Cycles
2aal0001 ACALL [addril 4 24 1000011m |dddddddd MOV direct, @Rm 2 24
00100100 |iiiiiiii ADD A, #imm 2 12 10001nnn  |dddddddd MOV direct, Rn 2 24
00100101  |dddddddd ADD A, direct 3 12 10010000 |iiiiiiii iiiiiiii MOV DPTR, #imm16 3 24
0010011m ADD A, @Rm 2 12 10010010 bbbbbbbb MOV bit, C 3 24
00101nnn ADD A Rn 1 12 10100010 bbbbbbbb MOV C, bit 3 12
00110100 |iiiiiiii ADDC |A, #imm 2 12 1010011m |dddddddd MOV @Rm, direct 3 24
00110101  |dddddddd ADDC |A, direct 3 12 10101nnn  |dddddddd MOV Rn, direct 3 24
0011011m ADDC A, @Rm 2 12 11100101 dddddddd MOV A, direct 3 12
00111nnn ADDC A Rn 1 12 1110011m MOV A, @Rm 2 12
23a00001 AIMP addr1l 3 24 11101nnn MOV A Rn 1 12
01010010  |dddddddd ANL direct, A 3 12 11110101  |dddddddd MOV direct, A 2 12
01010011 dddddddd iiiiiiii ANL direct, #imm 3 24 1111011m MOV @Rm, A 1 12
01010100 iiiiiii ANL A, #imm 2 12 11111nnn MOV Rn, A 1 12
01010101  |dddddddd ANL A, direct 3 12 10000011 MOVC A, @A+PC 4 24
0101011m ANL A, @Rm 2 12 10010011 MOVC A, @A+DPTR 4 24
01011nnn ANL A Rn 1 12 11100000 MOVX A, @DPTR 3 24
10000010 bbbbbbbb ANL C, bit 3 24 1110001m MOVX A, @Rm 3 24
10110000  |bbbbbbbb ANL C, /bit 3 24 11110000 MOVX @DPTR, A 1 24
10110100 |iiiiiiii rrerrree CINE A, #imm, rel 4/4 24124 1111001m MOVX @Rm, A 1 24
10110101 dddddddd rreererr CINE A, direct, rel 5/5 24/24 10100100 MUL AB 1 48
1011011m rrerererr CINE @Rm, #imm, rel 4/4 24124 00000000 NOP 1 12
10111nnn |iiiiiiii rrerrree CINE Rn, #imm, rel 4/4 24124 01000010  |dddddddd ORL direct, A 3 12
11000010  |bbbbbbbb CLR bit 3 12 01000011  |dddddddd iiiiiiii ~ [ORL direct, #imm 3 24
11000011 CLR C 1 12 01000100 iiiiiiii ORL A, #imm 2 12
11100100 CLR A 1 12 01000101  |dddddddd ORL A, direct 3 12
10110010  |bbbbbbbb CPL bit 3 12 0100011m ORL A, @Rm 2 12
10110011 CPL C 1 12 01001nnn ORL A Rn 1 12
11110100 CPL A 1 12 01110010  |bbbbbbbb ORL C, bit 3 24
11010100 DA A 1 12 10100000  |bbbbbbbb ORL C, /bit 3 24
00010100 DEC A 1 12 11010000  |dddddddd POP direct 2 24
00010101  |dddddddd DEC direct 3 12 11000000  |dddddddd PUSH direct 3 24
0001011m DEC @Rm 2 12 00100010 RET 5 24
00011nnn DEC Rn 1 12 00110010 RETI 5 24
10000100 DIV AB 10 48 00100011 RL A 1 12
11010101  |dddddddd rrerrree DINZ direct, rel 5/5 24124 00110011 RLC A 1 12
11011nnn  |rrrrrrer DINZ Rn, rel 3/3 24/24 00000011 RR A 1 12
00000100 INC A 1 12 00010011 RRC A 1 12
00000101  |dddddddd INC direct 3 12 10100101 SBRK 0x0103 4 Undefined
0000011m INC @Rm 2 12 11010010  |bbbbbbbb SETB bit 3 12
00001nnn INC Rn 1 12 11010011 SETB C 1 12
10100011 INC DPTR 1 24 10000000 rreeeerer SIMP rel 3 24
00100000 | bbbbbbbb rrrrrrer JB bit, rel 5/5 24124 10010100 |iiiiiiii SUBB A, #imm 2 12
00010000 | bbbbbbbb rrrrrrer JBC bit, rel 5/5 24124 10010101  |dddddddd SUBB A, direct 3 12
01000000  |rrrrrrrr JC rel 3/2 24/24 1001011m SUBB A, @Rm 2 12
01110011 JMP @A+DPTR 3 24 10011nnn SUBB A, Rn 1 12
00110000  |bbbbbbbb rrrrrrer INB bit, rel 5/5 24124 11000100 SWAP A 1 12
01010000  |rrrrrrrr INC rel 312 24/24 11000101  |dddddddd XCH A, direct 3 12
01110000 rrereerrr INZ rel 3/2 24/24 1100011m XCH A, @Rm 2 12
01100000 rrereerrr JZ rel 3/2 24/24 11001nnn XCH A, Rn 1 12
00010010 LCALL |addr16 4 24 1101011m XCHD A, @QRm 2 12
00000010 LIMP addr16 4 24 01100010  |dddddddd XRL direct, A 3 12
01110100 |iiiiiiii MOV A, #imm 2 12 01100011  |dddddddd iiiiiiii XRL direct, #imm 3 24
01110101  |dddddddd iiiiiiii MOV direct, #imm 3 24 01100100 |iiiiiiii XRL A, #imm 2 12
0111011m MOV @Rm, #imm 2 12 01100101  |dddddddd XRL A, direct 3 12
01111nnn  [iiiiiiii MOV Rn, #imm 2 12 0110011m XRL A, @Rm 2 12
10000101  |ddd(src) ddd(dst) MOV dir(dst), dir(src) 3 24 01101nnn XRL A, Rn 1 12
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5.5. Bus Configurations

Table 5-3 shows the bus functional description. Figure 5-3 shows the system bus configuration.

Table 5-3. Bus Functional Descriptions

Item Description

- XDATA BUS

8-bit width, 64-KB space

Access cycle: 2 cycles (CLKFAST)
System bus - SFR BUS
16-bit width, 256-byte space
8-bit/16-bit access mode
Access cycle: 1 cycle (CLKFAST)

- CPU
Bus Master - EPU (Event Processing Unit)
- DSAC (Direct SFR Access Controller)

- IBUS (XPROG BUS)
8-bit width, 64-KB space
- XBUS
8-bit width, 64-KB space
- SBUS
8-bit width, 128-byte space
- IRAM BUS
8-bit width, 256-byte space

CPU BUS

- MBUS

16-bit width, 512-byte space
- XBUS

8-bit width, 64-KB space
- SBUS

16-bit width, 256-byte space

EPU BUS

- SFR BUS

DSAC BUS 16-bit width, 256-byte space

- Flash memory arbiter

- Peripheral function arbiter
Avrbitration Circuit - XDATA BUS arbiter

- SFR BUS arbiter

- RAM arbiter

- XDATA BUS buffer

16-bit Access Buffer - SFR BUS buffer
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CPU ol EPU DSAC
| X S X M S
o] [oe] [
Decode Decode Decode m
Buffer
[] 0 % &
L J = . S k=
I < X[ Flash Memory Peripheral ! < x4 ) 16 bits € ) g =
ARBITER ARBITER S
Buffer 3
CACHE
v | XDATA BUS ARBITER (CPU < EPU) | I SFR BUS ARBITER (CPU < EPU < DSAC) |
J
Flash XDALA BUS 8 bits ) SERBUS_16 bits
Memo 4 M
ry 8 bits U
Y | RAMARBITER (X <M) |

1 KB RAM
(1 Kwords X 8 hits)

16 bits

512 bytes RAM

(256 words % 16 bits)

Figure 5-3. System Bus Configuration

5.6. Bus Operational Descriptions

5.6.1. System Bus

The XDATA and SFR BUSes are system buses. They are connected to the peripheral functions and the memories
(RAMO and RAM1). The XDATA and SFR BUSes operate independently.

e XDATA BUS
The XDATA BUS is connected to the peripheral function registers (low speed) and the memories (RAMO and
RAML1).

- Read/write access cycle: 2 cycles (CLKFAST)
- Data width: 8 bits
- Address space: 64 KB

e SFR BUS
The SFR BUS is connected to the peripheral function registers (high speed).

- Read/write access cycle: 1 cycle (CLKFAST)
- Data width: 16 bits

- Address space: 256 bytes

- Access mode: 8-bit/16-bit access

The 16-bit access mode operates to access the 16-bit register connected to the SFR BUS in one cycle using the 16-bit
data bus. The 8-bit access mode operates to access the 8-bit register connected to the SFR BUS using the lower 8 bits in
the 16-bit data bus. In addition, there are the peripheral functions that can access 16-bit registers by accessing twice in
the 8-bit access mode.
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5.6.2. Bus Master

e CPU

The CPU has the following bus interfaces: IBUS, XBUS, SBUS.

The flash memory and the XDATA BUS are accessed from the IBUS and the XBUS. The XDATA BUS is accessed
from the CPU via a buffer. This buffer guarantees the atomicity of the 16-bit register access (sequential addresses: 2n
and 2n + 1).

To access the 16-bit SFR from the CPU, access the same address twice. The SFR is accessed from the CPU via the
buffer. This buffer combines 2 accesses from the CPU at once, and executes the 16-bit access at a time. Then, this
buffer guarantees the atomicity of the 16-bit SFR access.

- IBUS: Used for the data reading by the instruction fetch or the MOV C instruction
Data bus width: 8 bits
Address space: 64 KB

- XBUS: Used for data access by the MOV X instruction
Data bus width: 8 bits
Address space: 64 KB

- SBUS: Used for the SFR access by the MOV instruction
Data bus width: 8 bits
Address space: 128 bytes (0x80 to 0xFF), 0x00 to 0x7F is an access prohibited area.

e DSAC (Direct SFR Access Controller)
The DSAC has the SFR BUS interface to access the SFR BUS.
Data bus width: 16 bits
Address space: 256 bytes

e EPU (Event Processing Unit)
The EPU has the following bus interfaces: MBUS, XBUS, SBUS.

- MBUS: For the instruction fetch and MOVM instruction accesses
Data bus width: 16 bits
Address space: 512 bytes
The MBUS is connected to RAML1, and is sharing with the XDATA BUS.

- XBUS: For the MOV X instruction data accesses, and accessible to the XDATA BUS
Data bus width: 8 bits
Address space: 64 KB

- SFR BUS: For the SFR access of the MOVS instruction
Data bus width: 16 bits
Address space: 256 bytes
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5.6.3. Arbitration Circuit

e Flash Memory Arbiter

This is the arbiter for the accesses to the flash memory of the IBUS and the XBUS in the CPU. When the IBUS
access conflicts with the XBUS access, the XBUS access is prioritized, then the IBUS access is waited. When there is
no subsequent XBUS access after the XBUS access completes, the waiting IBUS access is executed. When the other
bus accesses while one bus is accessing the flash memory, the subsequent access waits until the access to the flash
memory completes. After the first access completes, the subsequent access is arbitrated according to the priority order.

e Peripheral System Arbiter

This is the arbiter for the accesses to the XDATA BUS of the IBUS and the XBUS in the CPU. When the IBUS
access conflicts with the XBUS access, the XBUS access is prioritized, then the IBUS access is waited. When there is
no subsequent XBUS access after the XBUS access completes, the waiting IBUS access is executed. When the other
bus accesses while one bus is accessing the XDATA BUS, the subsequent access waits until the access to the XDATA
BUS completes. After the first access completes, the subsequent access is arbitrated according to the priority order.

e XDATA BUS Arbiter

This is the arbiter for the accesses to the XDATA BUS of the CPU and the EPU. When the CPU access conflicts with
the EPU access, the EPU access is prioritized, then the CPU access is waited. When there is no subsequent EPU access
after the EPU access completes, the waiting CPU access is executed. When the other bus accesses while one bus is
accessing the XDATA BUS, the subsequent access waits until the access to the XDATA BUS completes. After the first
access completes, the subsequent access is arbitrated according to the priority order.

e SFR BUS Arbiter

This is the arbiter for the SFR BUS accesses of the CPU, the DSAC, and the EPU. When the two or more accesses
conflict, the highest priority access is selected, and then the unselected accesses are waited. The priority order is DSAC
> EPU > CPU. After the selected access completes, the subsequent access is selected again according to the priority
order. When the other bus accesses while one bus is accessing the SFR BUS, the subsequent access waits until the
access to the SFR BUS completes. After the first access completes, the subsequent access is arbitrated according to the
priority order.

e RAM Arbiter

This is the arbiter for the access to the RAM1 of the XDATA BUS and the MBUS (EPU). When the XDATA BUS
access conflicts with the MBUS access, the MBUS access is prioritized, then the XDATA BUS access is waited. When
there is no subsequent MBUS access after the MBUS access completes, the waiting XDATA BUS access is executed.
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5.6.4. 16-bit Access Buffer

The 16-hit register exists on the XDATA and SFR BUSes. 16-bit data must be read from or written to the 16-bit
register. The read or write of data is completed by accessing with the 16-bit data. Since the CPU is accessed by 8-bit
units, 2 accesses are required for the 16-bit register. In the CPU, note that the interrupt and the OCD access may be
generated during the CPU access of 16-bit data. In addition, the access to register of the same module during an
interrupted access processing may cause the following operation: The write access before being interrupted is
invalidated. The unintended operation such as the first access during the interrupt processing is recognized as the
second access.

For solution of this problem, the 16-bit access buffer is integrated. In the first access to the 16-bit register, buffering
processing is performed. Then, the atomicity of 2 accesses is guaranteed. The buffer has 4 statuses (uninterrupted status,
low-level interrupt, high-level interrupt, and OCD access). To solve the failure of 16-bit access by interrupt processing,
use the proper buffer depending on the each status.

In the write access, the first write access is buffered, and is not transmitted to the XDATA BUS or the SFR BUS. At
the second write access, the first and second writes are atomically generated.

In the read access, the first and second reads are generated on the XDATA BUS or the SFR BUS at the first read
access to obtain the 16-bit data at once. Note that, only the first read value is obtained at the first access, and the second
read value is buffered. The second read value is obtained from the buffer at the second read.

(1) XDATA BUS Buffer

The XDATA BUS buffer is to guarantee the atomicity when the CPU accesses the 16-bit register on the XDATA
BUS. The peripheral function register is assigned to the address OXEOOO to OXFFFF. To enable the XDATA BUS buffer,
access the 16-bit register space that is the mirror area of the peripheral function register space (0xC000 to OXDFFF)..
Also, the peripheral function register space can be accessed from the 16-bit register space (for example, the 16-bit
register address of OxXFF80 is OXDF80). To access the 16-bit register, access 2 addresses, 2n and 2n + 1, in the
sequential order. The accesses to address 2n and 2n + 1 are regarded as the first access (lower byte) and the second
access (higher byte), respectively. To reset the control state of the 16-bit register access buffer, set
BUSBUFCR.CLR_XSTM = 1.

(2) SFR BUS Buffer

The SFR BUS buffer is to guarantee the atomicity when the CPU accesses the 16-bit register on the SFR BUS. To
enable the buffer processing at the access to the 16-bit register on the SFR BUS, set BUSBUFCR.SFRBUFE = 1. To
access the 16-bit register on the SFR BUS, 2 accesses are required. The SFR BUS access after processing the buffer
operates in the 16-bit access mode. This guarantees the atomicity. To stop the buffer processing, set
BUSBUFCR.SFRBUFE = 0. To clear the counter that counts the register access is the first or second, set
BUSBUFCR.CLR_SCNT = 1. To reset the control state of the 16-bit register access buffer, set
BUSBUFCR.CLR_SSTM =1.
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5.7. Usage Notes and Restrictions

5.7.1. Restrictions on XDATA BUS Buffer
While a program in a RAM on a bus is being executed, the functions of the XDATA BUS buffer cannot be used.

5.7.2. Conflict between 16-bit Register Write and Interrupt

Writing to the 16-bit registers must not conflict with any interrupt acceptance; therefore, before writing to the higher
bytes of the 16-bit registers (SFR BUS, XDATA BUS), set the INTMST.INTME bit to 0 to disable any interrupt
acceptance. Then, insert two NOP instructions and write to the higher bytes. After writing to the higher bytes, set the
INTMST.INTME bit to 1 to re-enable interrupt acceptance.

5.7.3. Access to RAM1 Area
Do not access the 512-byte RAML1 area (0x0400 to O0x05FF) from the CPU during the EPU operation.

5.7.4. Access to XDATA Space
Do not access the XDATA space addresses (0xC000 to OxDFF) from the CPU during the EPU operation.

5.7.5. MOVX Instructions to Peripheral Registers of XDATA Space

During the EPU operation, the MOV X instructions by the CPU must not be executed consecutively, as in the
examples below.

Example 1: Write the same data consecutively to the same address of the XDATA peripheral register from the CPU.
movx @dptr, a (Write)
movx @dptr, a (Write)

Example 2: Write to/read from the same address of the XDATA peripheral register consecutively by the CPU.
movx @dptr, a (Write)
movx a, @dptr (Read)

Inserting a different instruction other than MOV X (e.g., NOP) between the two MOVX instructions can avoid
malfunctions from such code sequences. When the program is written in C, implement the workaround as follows.
When writing two consecutive MOV X instructions by the CPU to a peripheral register of the XDATA space during the
EPU operation, as in Examples 1 and 2, insert a NOP instruction, “ asm__ ("nop") ;”, between the consecutive
accesses by the CPU.

5.7.6. EPU Operation While CPU Is Accessing UART Register

5.7.6.1. EPU Access Failure by XDATA BUS Conflict

If the EPU attempts to access the XDATA space while the CPU is accessing the UART register, the buses will have
conflicts thus the EPU access fails. To avoid such conflicts, implement the following workarounds.

e \Workaround

(1) Access the UART by the EPU (alternative access for the CPU; see Table 5-4)
This workaround is to permit the EPU to access the UART registers instead of the CPU. Handshaking with the CPU
can control one thread of the EPU, thus permitting an alternative access to the UART registers by the EPU.
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Flags for handshaking, data addresses to be accessed are then read/written by the CPU and EPU from/to the
following: SPR on the SFR BUS; the RAMO (0x0000 to 0x03FF).

(2) Access the UART by the CPU (see Table 5-4)
This workaround is to perform two consecutive accesses to the XDATA space by the EPU, thus avoiding access
fails due to bus conflicts. The first access succeeds or fails, but the second access succeeds. In this description, “fail”
means that no access by the EPU is issued to the XDATA space. If an access fails, no writing will be executed when
a write access was attempted, whereas undefined values will be read when a read access was attempted.
When writing the instructions which activate the hardware (e.g., ADC trigger, EPU activation, UART transmission
and reception, DSAC trigger, PWM re-trigger, etc.) to the peripheral function registers, write an ineffective value at
the first time or implement Workaround (1) above.

(2)-1 In the case where thread switching occurs while an EPU thread is being processed:

— Perform byte access to the XDATA space by the EPU
Read/write bytes by using the word access instruction W_SA mode (i.e., two consecutive accesses to the
same address). For the usage notes on the word access instruction, see Section 5.7.6.2 below.

- Perform word access to the XDATA space by the EPU
Accessing the 16-bit-width peripheral function registers (i.e. consecutive accessing to the lower and higher
bytes of the registers) is prohibited. When accessing the 16-bit-width peripheral function registers,
implement Workaround (1) above.

(2)-2 In the case where no thread switching occurs while an EPU thread is being processed:
When either of the following two conditions is met, perform two consecutive accesses to the XDATA space
regardless of the byte or word access instruction: the condition in which only one thread is processed at once;
or the condition in which no round-robin thread switching occurs while multiple threads are processed.

Table 5-4. List of Workarounds

Instructions to Be Used
Workaround - -
Byte Access Instruction by EPU Word Access Instruction by EPU

Access by EPU to UART . .
(1) (Alternative Access) Auvailable Auvailable
(2)-1 Access by CPU to UART Substitute the word access Prohibited

(Thread Switching Occurs) instruction (see Section 5.7.6.2)
2)-2 Access by CPU to UART Execute two consecutive byte Execute two consecutive word

(No Thread Switching Occurs) instructions instructions

5.7.6.2. Usage Notes on Two Consecutive Accesses with Word Access Instruction

When you perform two consecutive accesses to the same address by using the word access instruction, each access

will end up with two different results according to which of the accesses, read (LOADX) or write (STOREX), has been
attempted.

Read Access: LOADX.W_SA Rn, @AddrX

— The first and second accesses suceed
— The first access fails (a LOAD value is undefined); the second access succeeds

Write Access: STOREX.W SA QAddrX, Rn

- The first and second accesses suceed
— The first access fails (access is lost); the second access succeeds
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If both the first and second accesses succeeded, the first write access may cause malfunctions. Therefore, the
following workarounds must be implemented, for proper writing to the registers by the EPU.

— Writing to the setting register of the peripheral fuction:
Write the same values at the first and second accesses.

— Clearing the flags of the peripheral fuction registers:
Write O at the first time, then clear at the second time.

— Writing the instructions which activate the hardware (e.g., ADC trigger, EPU activation, UART transmission and
reception, DSAC trigger, PWM re-trigger, etc.) to the peripheral function registers:
Write an ineffective value, or implement Workaround (1) in Section 5.7.6.1.
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6. Register Mapping

6.1. Peripheral Address on XDATA BUS

For more details of register, see the corresponding section.

Table 6-1. Peripheral Address on XDATA BUS

Address (8 bits) Address (16 bits)

Module Start End Start End
EPU E000 EO7F C000 CO7F
— E080 EOFF €080 COFF
— E100 E17F C100 C17F
— E180 E1FF C180 C1FF
SCID E200 E27F C200 C27F
— E280 E2FF C280 C2FF
EVC E300 E37F C300 C37F
— E380 E3FF C380 C3FF
— E400 E47F C400 CATF
— E480 E4FF C480 CAFF
— E500 E57F C500 C57F
— E580 ESFF C580 C5FF
— E600 E67F C600 C67F
— E680 E6FF C680 C6FF
— E700 E77F C700 C77F
— E780 E7FF C780 C7FF
— E800 E87F C800 C87F
— E880 E8BFF €880 C8FF
— E900 E97F C900 CI7F
— E980 FOFF C980 DI9FF
— EA00 EATF CAO00 CATF
— EA80 EAFF CA80 CAFF
— EBOO EB7F CB00 CB7F
— EB80 EBFF CB80 CBFF
— ECO00 EC7F CCo00 CC7F
CMPLUT EC80 ECFF CC80 CCFF
— EDO0 ED7F CDO00 CD7F
CMP4 ED80 EDFF CD80 CDFF
CMP5 EEO0O EE7F CEOO CE7F
— EES80 EEFF CES80 CEFF
— EF00 EF7F CF00 CF7F
— EF80 EFFF CF80 CFFF
ADCO FO00 FO7F D000 DO7F
ADC1 F080 FOFF D080 DOFF
— F100 F17F D100 D17F
— F180 F1FF D180 D1FF
— F200 F27F D200 D27F
— F280 F2FF D280 D2FF
— F300 F37F D300 D37F
CMPO F380 F3FF D380 D3FF
CMP1 F400 FATF D400 DATF
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Address (8 bits) Address (16 hits)

Module Start End Start End
CMP2 F480 FAFF D480 DAFF
CMP3 F500 F57F D500 D57F
— F580 F5FF D580 D5FF
OPAMPO F600 F67F D600 D67F
OPAMP1 F680 F6FF D680 D6FF
— F700 F77F D700 D77F
TinyDSPO F780 F7FF D780 D7FF
TinyDSP1 F800 F87F D800 D87F
DSAC F880 F8FF D880 D8FF
PWMO/ 1 F900 FI7F D900 D97F
PWM2/ 3 F980 FOFF D980 DOFF
TIMER FAO00 FATF DA00 DATF
— FA80 FAFF DA80 DAFF
— FB0O FB7F DB00 DB7F
SPI FB80 FBFF DB80 DBFF
12C FC00 FC7F DCO00 DC7F
UART FC80 FCFF DC80 DCFF
TRIM FDOO FD7F DDO00 DD7F
POC FD80 FDFF DD80 DDFF
GPIO FEOO FE7F DEOQO DE7F
WDT FE80 FEFF DES80 DEFF
FLC FF00 FF7F DF00 DF7F
SYSC FF80 FFFF DF80 DFFF
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6.2.

Peripheral Address on SFR BUS

The CPU system and frequently accessed peripheral registers are assigned to the SFR area. The CPU can read
from/write to the SFR in 1 cycle. The PSW, ACC, and B registers are bit-addressable registers. Do not access the
unassigned addresses, which are the gray area as shown in Table 6-2 and Table 6-3.

Table 6-2. Peripheral Register on SFR BUS

80 sp DPL 87
88 ADIFO ADIF1 MIXDAS | MIXDAS 8F
9 | PDRO SPRO M'I)f/gAz SPR5 MIXDAL M'I)_(lﬂAO 97
98 | PDRL | ADOOLH | ADOLLMH INTMST CcMIL SPR6 SPR7 | oF

ADIOLM | ADI1L/M INTENAO | INTENAL | INTENA2 | INTENA3 | A7

AD20LH | AD21L/M INTLVLO | INTLVLL | INTLVL2 | INTLVL3 | AF

AD30L/H | AD3LLM INTCFGO | INTCFGL | INTCFG2 | INTCFG3 | BY

AD40L/H | ADAILM INTFLGO | INTFLGL | INTFLG2 | INTFLG3 | BF

EAEAEAEAE
c8 PIFO AD60L/H | ADGIL/H _F'félsj_(;H _F?SS_'T_(;H _F?GS_'BH _RD?S_IBH CF
Do | PSwW | AD70LH | AD71LMH _RDOS_Fl)_llH _RDlS_Fl)_llH _F?ZS_PLl/H _F?SS_PLl/H D7
D8 PIF1 ADSOL/H | AD8IL/H _RD4$_FI)_1/H _F?SS_FI’}/H _F?GS_PLl/H _F??S‘_F’Ll/H DF
E0 | AcC AD9OL/H | AD9IL/H BL_’D—:‘O BL_’D—F?O BL_’E/—HCO B‘_’D—l_?o E7
E8 PIF2 ADAOL/H | ADALLMH BL_’D—:1 ng—fl BE’D—:l Blj'j,—'_'l)l EF
Fo B ADBOL/H | ADBIL/H | CMIO BL_’E/—:Z BEJE/T-?Z BE’D—:Z Blj'j,—ﬁz F7
o - ki | s | ses | US| US| sUEcs [ Buros | o
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Table 6-3. Peripheral Register on SFR BUS Accessed from DSAC and EPU

o | ADODO | ADOOL TCMPAO | TCMPBO | TBUFAO | TBUFBO
UH UH LH UH L/H L/H
os | ADOL | ADOIL TCMPAL | TCMPB1 | TBUFAL | TBUFB1
UH UH LH UH L/H L/H
o | ADO20 | ADO21 TCMPA2 | TCMPB2 | TBUFA2 | TBUFB2
UH UH LH UH L/H L/H
15 | ADO3 | ADO3L TCMPA3 | TCMPB3 | TBUFA3 | TBUFB3
UH UH LH UH L/H L/H
o | ADO% | ADOaL DSPO DSPO DSP1 DSP1
UH UH MINOL/H | MAXOL/H | MINOL/H | MAXOL/M
b5 | ADOSO | ADOSI DSPO DSPO DSP1 DSP1
LH LH MINILUH | MAXILH | MINIUH | MAXI1LH
s | ADOBO | ADOGL DSPO DSPO DSP1 DSP1
LH L/H MIN2UH | MAX2UH | MIN2LH | MAX2L/H
;5 | ADOT0 | ADOTL
LH L/H
4 | ADOBO | ADOBL
L/H LH
45 | ADO% | ADOOL
LH LH
ADOAO | ADOA1
50 >0 >0 SPRO SPR1 SPR2 SPR3
ADOBO | ADOBI
58 oo oo SPR4 SPR5 SPR6 SPR7
5o | BUF_MIND | BUFMAX CMPEM'N CM;BMA CMP A0 | CMPBO | CMP.CO | CMP DO
OH o o X0 LA LA LA LA
o | BUFMINg | BUFMAX CMPMIN G CMP-MA | ovp a1 | cvp B1 | cMpc1 | cmp D1
OH O O X LA LA LA LA
2o | BUF_MIN2 BUF—ZMAX CMPEM'N CM;—ZMA CMP. A2 | CMP.B2 | cMP.C2 | cwmP D2
OH 2, 2, X LA LA LA LA
g | BUF_MINg | BUFMAXT CMPMIN CMPMA - ovp a3 | cvp_ B3 | cMP_c3 | cwp_D3
OH 2 2 X3 LA LA LA LA

07

OF

17

1F

27

2F

37

3F

47

4F

57

5F

67

6F

77

TF

The addresses on the SFR, x00 to 0x7F, (see Table 6-3) cannot be accessed from the CPU, but can be accessed from
the DSAC and the EPU. For detail of the DSAC and the EPU, see Section 12 and Section 10, respectively.
16-bit SFR registers of the following modules are composed of the lower and higher bytes:

- TinyDSP

- 12-bit ADC
- DAC

- PWM

The lower and higher bytes are assigned to the same address. The 16-bit SFR register is accessed to the lower and
higher bytes, in that order. It is required to access continuously to the lower and higher bytes.
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If one or more of following statuses occur at the continuously access of CPU to the 16-bit SFR register, the access to
the 16-bit SFR register may fail.

(1) When main and interrupt (low or high level) routines access to the same module, SFR, at once.
(2) When low and high level interrupt routines access to the same module, SFR, at once.
(3) When the OCD accesses to the 16-bit SFR during the CPU operation.

To avoid (1) and (2) listed in above, it is required to program as follows:

- Before the 16-bit SFR register is accessed, the INTC must be disabled (INTMST.INTME = 0).
- After the access to the 16-bit SFR register completes, the INTC must be enabled again (INTMST.INTME = 1).

The LSI cannot avoid (3) listed in above. Therefore, the CPU must be stopped in before and after when the 16-bit
SFR is accessed by the OCD. It is recommended to stop the CPU using the brake function.

6.3. SPRn (Scratch Pad Register n) (n=0to 7)

The scratch pad register (SPR) is for the temporary storage of preliminary data. The SPR has 8 registers (SPRO to
SPRY) that are assigned to the SFR area. The DSAC can access the SPR. Table 6-4 lists the detail of the scratch pad
registers.

Table 6-4. Scratch Pad Register

Register SPRO Scratch Pad Register0 Address 0x54 0x91
Register SPR1 Scratch Pad Registerl Address 0x55 0xF9
Register SPR2 Scratch Pad Register2 Address 0x56 OXFA
Register SPR3 Scratch Pad Register3 Address 0x57 OxFB
Register SPR4 Scratch Pad Register4 Address 0x5C Ox8F
Register SPR5 Scratch Pad Registerb Address 0x5D 0x94
Register SPR6 Scratch Pad Register6 Address OX5E O0x9E
Register SPR7 Scratch Pad Register7 Address Ox5F Ox9F

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 RIW 0 o

3 SPR Y 0 For the temporary storage of preliminary data.

2 R/W 0

1 R/W 0

0 R/W 0
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7. GPIO

The LSI has a general-purpose input/output (GP10) function. The function of each pin can be defined independently.
The signal direction also can be defined independently on the GP1O function setting. Each pin has the pull-up (PUP) or
pull-down (PDN) functions that can be set on/off by software. The signal pin settings (function and input/output
direction) and the pull-up and pull-down settings are completely independent.

7.1. GPIO Structure

Pin Description Signal Signal Level
DvCC
% 3.3V
Always on 4{ T PUP

— DVvCC

- Iways on
Schmitt 4

in DVCC (3.3V)

DvCC

33V
MODE in X in DVCC (3.3 V)

— Always on
Schmitt 4

Figure 7-1. GPIO/PIN Structure (Input Pin)

Pin Description Signal Signal Level
DVCC 3.3V
od DVCC_CORE (1.8 V)
DBG B pp DVCC_CORE (1.8V)
Griooo PP L] dee T
: ; M oen DVCC_CORE (1.8 V)
i —us] |
GPIO05 wos 4 5V tolerant + )
od —{Us] LGl Py | i DVCC_CORE (1.8V)
O
12C Spec.
oen .ﬁus = SMBUS
DVCC 3.3V
T
5V tolerant
i Hus] < ) od DVCC_CORE (1.8 V)
GPIO10 (5] hﬁ PDN
: pp % pp DVCC_CORE (1.8 V)
GPIO17 T
cmos oen DVCC_CORE (1.8V)

od —{Us ""116mA
S i DVCC_CORE (1.8 V)
oen

Figure 7-2. GPIO/PIN Structure (5 V Tolerant Input/Output Pin)
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Pin Description Signal Signal Level
DVCC 3.3V
od DVCC_CORE (1.8V)
pp L/s
‘ ouP pp DVCC_CORE (1.8V)
GP1021 e Lis o
- oen DVCC_CORE (1.8V)
GPI020 ! d

cmos i DVCC_CORE (1.8 V)

driver - e DVCC_CORE (1.8 V)

LIS

od .
aio DVCC (3.3V)

oen

aio

Figure 7-3. GPIO/PIN Structure (Input/Output Pin)

Pin Description Signal Signal Level

ANEX13

ANéXﬁ DVCC

ANEX3 3.3V DVCC (3.3V)
: aio aio

ANEXO0

Figure 7-4.  GPIO/PIN Structure (Analog Input Pin)

Note that there may be periods of weak driving at the level of about 2 V from the LSI at the falling edge of the input
signal as shown in Figure 7-5. This occurs when the signal of the driver that has poor driving capability (i.e., the output
impedance of the driver is high) is input to the 5 V tolerant structure pins (DBG, GPIO00 to GP1005, GPIO10 to
GPI017) set in the input direction of Figure 7-2. The LSI recognizes the period that the 5 V tolerant pin voltage is about
2 V as high level input. This phenomenon does not occur when VIH is less than DVCC + 0.3 V. When VIH is DVCC +
0.3 V or more, check the waveform of the corresponding input pin. If this phenomenon occurs, input the signal of the
driver that has high driving capability.

I T T T T T 1
DVCC:3.3V ||
VIH: 3.7V
I —
| \
\
GND Y axis: 0.5 V/div
X axis: 0.5 ps/div

Figure 7-5.  Waveform Example of 5 V Tolerant Pin
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7.2. Register Descriptions

When a bit is unassigned to the corresponding pin physically, the bit is preliminary (reserved) bit. The read value of

the reserved bit is 0. In addition, the write value to the reserved bit must always be 0.

Table 7-1.  List of Registers

Symbol Name Address Initial Value
PFSO Pin Function Select for GPIO0 OxFEOOQ 0x00
PFS1 Pin Function Select for GPIO1 OxFEO1 0x00
PFS2 Pin Function Select for GP102 OxFEO02 0x00
PDDO Pin Data Direction for GP100 OxFEO4 0x00
PDD1 Pin Data Direction for GP101 OxFEO05 0x00
PDD2 Pin Data Direction for GP101 OxFEO06 0x00
PPUO Pin Pull Up Control for GPI100 OxFEO8 Ox3F
PPU2 Pin Pull Up Control for GP102 OXFEOA 0x03
PPD1 Pin Pull Down Control for GP101 OXFEOD OxFF
PIEQ Pin Interrupt Enable for GP100 OxFE10 0x00
PIE1 Pin Interrupt Enable for GP101 OxFE11 0x00
PIE2 Pin Interrupt Enable for GP102 OxFE12 0x00
PISO Pin Interrupt Sense for GP1O0 OxFE14 0x00
PIS1 Pin Interrupt Sense for GP101 OxFE15 0x00
PIS2 Pin Interrupt Sense for GP102 OxXFE16 0x00
PILO Pin Interrupt Level for GP100 OxFE18 0x00
PIL1 Pin Interrupt Level for GP101 OxFE19 0x00
PIL2 Pin Interrupt Level for GP102 OXFE1A 0x00
PIBO Pin Interrupt Both Edge for GPIO0 OXFE1C 0x00
PIB1 Pin Interrupt Both Edge for GPIO1 OXFE1D 0x00
PIB2 Pin Interrupt Both Edge for GP102 OXFE1E 0x00
PEADCO ADC Event Select from GPIO0 OxFE20 0x00
PEADC1 ADC Event Select from GPI101 OxFE21 0x00
PEADC2 ADC Event Select from GPI102 OxFE22 0x00
PEPWMO PWM Event Select from GP100 OxFE24 0x00
PEPWM1 PWM Event Select from GP101 OxFE25 0x00
PEPWM2 PWM Event Select from GP102 OxFE26 0x00
PEMETHOD PWM and ADC Event Gathering Method OxFE28 0x00
PFSHO Pin Function Select High for GP100 OxFE29 0x00
PFSE1 Pin Function Extend Select for GPIO1 OXFE2A 0x00
PFSE2 Pin Function Extend Select for GP102 OXFE2D 0x00
PELUTO CMPLUT Event Select from GPIO0 OxFE30 0x00
PELUT1 CMPLUT Event Select from GPI101 OxFE31 0x00
PELUT2 CMPLUT Event Select from GP102 OxFE32 0x00
LEMETHOD CMPLUT Event Gathering Method OxFE38 0x00
SIS Serial Input Select OxFE70 0x00
12CIS I°C Input Select OXFE71 0x00
TMRIS TMR Input/Output Select OxFET72 0x00
CLKIS Clock Input Select OxFET73 0x00
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Table 7-2.  List of SFR Registers

Symbol Name Address Initial Value
PDRO Pin Data for GP100 0x90 0x00
PDR1 Pin Data for GP101 0x98 0x00
PDR2 Pin Data for GP102 0xBO0 0x00
PIFO Pin Interrupt Flag for GPIO0 0xC8 0x00
PIF1 Pin Interrupt Flag for GP101 0xD8 0x00
PIF2 Pin Interrupt Flag for GP102 OXE8 0x00
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7.2.1. PFSO (Pin Function Select for GP100)

The direction of a pin signal changes according to the function selected.

Register PFSO Pin Function Select for GPIO0 Address OxFEO0
Bit Bit Name R/W Initial Description Remarks
GPI1003 function selection
7 RIW 0 00: GP1003, SPI_SI, TIOB1 input, RXD_B
PF3 01: Reserved
6 R/W 0 10: CMPLUTO output

11: TIOB1 output
GPI1002 function selection

5 R/IW 0 00: GPIO02, TIOAL input
PF2 01: TXD_B
4 RIW 0 10: SP1_SO

11: TIOAL output
GPI10O01 function selection

3 R/IW 0 00: GP1001, TIOB3 input, TIC1
PF1 01: Reserved
5 RIW 0 10: SPI_SCK

11: TIOB3 output
GPI000 function selection

1 R/W 0 00: GP1000, CLKIN_A, TIOA3 input, TICO
PFO 01: Reserved
0 RIW 0 10: CLKMON

11: TIOA3 output

7.2.2. PFSHO (Pin Function Select High for GP100)

The direction of a pin signal changes according to the function selected.

Register PFSHO Pin Function Select High for GP100 Address OxFE29
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
GPI1005 function selection
3 R/W 0 00: GPI1005, TIOB2_A input
PF5 01: SCL_A (open drain)
2 R/W 0 10: CMPLUT1 output
11: TIOB2_A output
GP1004 function selection
1 RIW 0 00: GP1004, TIOA2_A input
PF4 01: SDA_A (open drain)
0 R/W 0 10: CLKMON
11: TIOA2_A output
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7.2.3. PFS1 (Pin Function Select for GPI101)

The direction of a pin signal changes according to the function selected.
Register PFS1 Pin Function Select for GP1O1 Address OxFEO1

Bit Bit Name R/W Initial Description Remarks

GPI1017 function selection
0: GP1017, RXD_A, TIOBO input
1: Other functions

7 PF7 R/W 0
When the bit is 1, the function and signal direction of
the pin change according to the PFSE1 register
setting.
GPI1016 function selection

0: GPIO16, TIOAO input

1: Other functions

6 PF6 R/W 0
When the bit is 1, the function and signal direction of
the pin change according to the PFSE1 register
setting.
GPI1015 function selection

0: GP1015, SPI_SS_N, TIOB2_B input

1: Other functions

5 PF5 R/W 0
When the bit is 1, the function and signal direction of
the pin change according to the PFSEL register
setting.
GP1014 function selection

0: GPIO14, TIOA2_B input

1: Other functions

4 PF4 R/W 0
When the bit is 1, the function and signal direction of
the pin change according to the PFSE1 register
setting.
GPI1013 function selection
3 PF3 R/W 0 0: GP1013
1: PWMI1L
GPI1012 function selection
2 PF2 R/W 0 0: GPIO12
1: PWM1H
GPI10O11 function selection
1 PF1 R/W 0 0: GPIO11
1: PWMOL
GPI1010 function selection
0 PFO R/W 0 0: GPIO10
1: PWMOH
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7.2.4. PFSE1 (Pin Function Extend Select for GP101)

The direction of a pin signal changes according to the function selected.

Register ‘ PFSE1 Pin Function Extend Select for GP101 Address OXFE2A
Bit Bit Name R/W Initial Description Remarks
GPI1017 function selection
7 R/IW 0 00: PWM3L
PF7 01: TIOBO output
6 RIW 0 10: Reserved
11: Reserved
GPI1016 function selection
5 R/W 0 00: PWM3H
PF6 01: TXD_A
4 R/W 0 10: Reserved

11: TIOAO output
GPI1015 function selection

3 R/W 0 00: PWM2L
PF5 01: TIOB2_B output
2 R/W 0 10: SCL_B
11: Reserved
GPI1014 function selection
1 R/W 0 00: PWM2H
PF4 01: Reserved
0 R/W 0 10: SDA B

11: TIOA2_B output

7.2.5. PFS2 (Pin Function Select for GP102)

The direction of a pin signal changes according to the function selected.

Register PFS2 Pin Function Select for GP102 Address OxFEOQ2
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
GP1021 function selection
0: GPI1021
1 PE1 RIW 0 1: Other functions
When the bit is 1, the function and signal direction of
the pin change according to the PFSE2 register setting.
GP1020 function selection
0 PFO R/W 0 0: GP1020, CLKIN_B
1: Analog input
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7.2.6. PFSE2 (Pin Function Extend Select for GP102)

The direction of a pin signal changes according to the function selected.

Register PFSE2 Pin Function Extend Select for GP102 Address OxFE2D
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

GP1021 function selection
3 RIW 0 00: Analog input
PF1 01: CLKMON
2 R/W 0 10: Reserved
11: Reserved
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.

7.2.7. PDDO (Pin Data Direction for GP10O0)

Register PDDO Pin Data Direction for GP100 Address OxFEO4
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/W 0 The read value is 0. The write value must always be 0.

6 Reserved R/W 0 The read value is 0. The write value must always be 0.

5 DD5 R/W 0

4 DD4 R/W 0 Selection of the direction of a pin signal

0: Input
3 DD3 R/W 0 1: Output
2 DD2 R/W 0 o )
Only when the pin is set to have the GPIO function,
1 DD1 RIW 0 each bit setting is valid.
0 DDO R/W 0
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7.2.8. PDD1 (Pin Data Direction for GPI101)

Register PDD1 Pin Data Direction for GP101 Address OxFEO05
Bit Bit Name R/W Initial Description Remarks
7 DD7 RIW 0

6 DD6 RIW 0

5 DD5 R/W 0 Selection of the direction of a pin signal

0: Input
3 DD3 RIW 0 L .
Only when the pin is set to have the GPIO function,

2 DD2 RIW 0 each bit setting is valid.

1 DD1 R/W 0

0 DDO R/W 0

7.2.9. PDD2 (Pin Data Direction for GP102)

Register PDD2 Pin Data Direction for GP102 Address OxFEO06
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
Selection of the direction of a pin signal
1 DD1 RIW 0 0: Input
1: Output
0 DDO R/W 0 Only when the pin is set to have the GPIO function,
each bit setting is valid.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 7-9
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

7.2.10. PDRO (Pin Data for GP100)

Register PDRO Pin Data for GP100 Address 0x90
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 PD5 R/W 0 States of pin signals

Read 0: The pin signal is at a low level
4 PD4 RIW 0 Read 1: The pin signal is at a high level
3 PD3 R/W 0 Write 0: The pin signal is set to low when the pin is set
as a GP10 output
2 PD2 RIW 0 Write 1: The pin signal is set to high when the pin is
1 PD1 R/W 0 set as a GPIO output

When the pin is set as a GPIO input or a digital function
other than the GPIO, the read value indicates the level of
an external pin, and writing to these bits has no effect.
When the pin is set as a GIP1O output, the write value is
an output level of the pin, and the read value indicates the
level of an external pin. For example, if an external
signal conflicts with the output level of the pin, the level
of the read value may not become that of the write value.
When the pin is set as an analog function, the read value
is always 0, and writing to these bits has no effect.
Further, the write value is stored into an internal register.
Thus, any changes to the function and the signal direction
of the pin may cause an internal register value to affect
an output pin level.

0 PDO RIW 0
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7.2.11. PDR1 (Pin Data for GP101)

Register PDR1 Pin Data for GP101 Address 0x98

Bit Bit Name R/W Initial Description Remarks

7 PD7 R/W 0 States of pin signals

Read 0: The pin signal is at a low level

6 PD6 RIW 0 Read 1: The pin signal is at a high level

5 PD5 R/W 0 Write 0: The pin signal is set to low when the pin is

set as a GPIO output

4 PD4 RIW 0 Write 1: The pin signal is set to high when the pin is

3 PD3 R/W 0 set as a GPIO output

2 PD2 R/W 0 When the pin is set as a GPIO input or a digital

1 PD1 R/W 0 function other than the C_;PIO, the_r_ead value indicates

the level of an external pin, and writing to these bits has
no effect.
When the pin is set as a GIPIO output, the write value
is an output level of the pin, and the read value
indicates the level of an external pin. For example, if an
external signal conflicts with the output level of the pin,
the level of the read value may not become that of the
write value.

0 PDO RIW 0 When the pin is set as an analog function, the read

value is always 0, and writing to these bits has no
effect.
Further, the write value is stored into an internal
register. Thus, any changes to the function and the
signal direction of the pin may cause an internal
register value to affect an output pin level.
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7.2.12. PDR2 (Pin Data for GP102)

Register PDR2 Pin Data for GP102 Address 0xB0O
Bit Bit Name R/W Initial Description Remarks

Reserved 0 The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

Reserved

||V |00

Reserved
PD1 R/W

The read value is 0. The write value must always be 0.

States of pin signals
Read 0: The pin signal is at a low level
Read 1: The pin signal is at a high level
Write 0: The pin signal is set to low when the pin is
set as a GPIO output
Write 1: The pin signal is set to high when the pin is
set as a GPIO output

P INIW| OO | N

0
0
0
0 The read value is 0. The write value must always be 0.
0
0

When the pin is set as a GPIO input or a digital
function other than the GPI1O, the read value indicates
the level of an external pin, and writing to these bits has
no effect.

When the pin is set as a GIPIO output, the write value
0 PDO R/W 0 is an output level of the pin, and the read value
indicates the level of an external pin. For example, if an
external signal conflicts with the output level of the pin,
the level of the read value may not become that of the
write value.

When the pin is set as an analog function, the read
value is always 0, and writing to these bits has no
effect.

Further, the write value is stored into an internal
register. Thus, any changes to the function and the
signal direction of the pin may cause an internal
register value to affect an output pin level.
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7.2.13. PPUO (Pin Pull Up Control for GP100)

Register PPUO Pin Pull Up Control for GP100 Address OxFEO08
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 PPUS R/IW 1

4 PPU4 R/IW 1

3 PPU3 R/W 1 Pin pull-up enable

0: Pull-up MOSFET is disabled

2 PPU2 RIW 1 1: Pull-up MOSFET is enabled

1 PPU1 R/W 1

0 PPUO R/W 1

7.2.14. PPU2 (Pin Pull Up Control for GP102)

Register PPU2 Pin Pull Up Control for GP102 Address OxFEOA
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 PPU1 R/W 1 Pin pull-up enable
0: Pull-up MOSFET is disabled
0 PPUO RIW 1 1: Pull-up MOSFET is enabled

7.2.15. PPD1 (Pin Pull Down Control for GP101)

Register PPD1 Pin Pull Down Control for GP101 Address OxFEOD
Bit Bit Name R/W Initial Description Remarks
7 PPD7 RIW 1

6 PPD6 RIW 1

5 PPD5 RIW 1

4 PPD4 R/W 1 Pin pull-down enable

0: Pull-down MOSFET is disabled

3 PPD3 RIW 1 1: Pull-down MOSFET is enabled

2 PPD2 RIW 1

1 PPD1 R/W 1

0 PPDO R/W 1
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7.2.16. PIEO (Pin Interrupt Enable for GP100)

Register PIEQ Pin Interrupt Enable for GP1O0 Address OxFE10
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 PIE5 R/W 0 Pin interrupt enable
0: Pin interrupt is disabled
4 PIE4 RIW 0 1: Pin interrupt is enabled
3 PIE3 R/IW 0 o ]
When the pin is set as an analog function, the PIEO to
2 PIE2 RIW 0 PIE5 bits are ignored.
1 PIE1 R/W 0 When the pin is set as a digital function, the PIEO to
PIES5 bits are enabled regardless the function and signal
0 PIEO RIW 0 direction of the pin.

7.2.17. PIE1 (Pin Interrupt Enable for GP101)

Register PIE1 Pin Interrupt Enable for GP101 Address OxFE11
Bit Bit Name R/W Initial Description Remarks
l PIE7 R/W 0 Pin interrupt enable
6 PIE6 R/W 0 0: Pin interrupt is disabled
1: Pin interrupt is enabled
5 PIE5 R/W 0
4 PIE4 RIW 0 When the pin is set as an analog function, the PIEO to
PIE7 bits are ignored.
3 PIE3 RIW 0 When the pin is set as a digital function, the PIEO to
2 PIE2 R/W 0 PIE7 bits are enabled regardless the function and
signal direction of the pin. This means that pin
1 PIEL RIW 0 interrupts can be generated by PWM toggle
0 PIEO RIW 0 operation.
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7.2.18. PIE2 (Pin Interrupt Enable for GP102)

Register PIE2 Pin Interrupt Enable for GP102 Address OxFE12
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 PIE1 R/W 0 Pin interrupt enable
0: Pin interrupt is disabled
1: Pin interrupt is enabled
When the pin is set as an analog function, the PIEO to
0 PIEO RIW 0 PIE1 bits are ignored.
When the pin is set as a digital function, the PIEO to
PIE1 bits are enabled regardless the function and signal
direction of the pin.

7.2.19. PIFO (Pin Interrupt Flag for GP100)

Register PIFO Pin Interrupt Flag for GP100 Address 0xC8
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 PIFS RIC 0 Pin interrupt flag setting

4 PIF4 R/C 0 Read 0: No !nterrupt request

Read 1: An interrupt event is generated

3 PIF3 RIC 0 Write 0: No change

2 PIF2 R/C 0 Write 1: The corresponding bit is cleared

1 PIF1 RIC 0 The PIFx bit is asserted regardless of the value of the

0 PIFO R/C 0 PIEX bit.
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7.2.20. PIF1 (Pin Interrupt Flag for GP101)

Register PIF1 Pin Interrupt Flag for GP101 Address 0xD8
Bit Bit Name R/W Initial Description Remarks
7 PIF7 R/C 0

6 PIF6 RIC 0 Pin interrupt flag setting

5 PIF5 R/C 0 Read 0: No interrupt request

Read 1: An interrupt event is generated

4 PIF4 RIC 0 Write 0: No change

3 PIF3 R/C 0 Write 1: The corresponding bit is cleared

2 PIF2 RIC 0 The PIFx bit is asserted regardless of the value of the

1 PIF1 RIC 0 PIEX bit.

0 PIFO R/C 0

7.2.21. PIF2 (Pin Interrupt Flag for GP102)

Register PIF2 Pin Interrupt Flag for GP102 Address OXE8
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 PIF1 R/C 0 Pin interrupt flag setting
Read 0: No interrupt request
Read 1: An interrupt event is generated
Write 0: No change
0 PIFO R/C 0 Write 1: The corresponding bit is cleared
The PIFx bit is asserted regardless of the value of the
PIEX bit.
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7.2.22. P1S0O (Pin Interrupt Sense for GP100)

Register PISO Pin Interrupt Sense for GP100 Address OxFE14
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 PIS5 R/IW 0
Selection of pin interrupt detection
4 PIS4 RIW 0 0: Level detection
3 PIS3 R/W 0 1: Edge detection
2 PIS2 RIW 0 For ensuring the proper operation of the wakeup
1 PIS1 R/W 0 function, an analog delay circuit with an appropriate
noise filter is implemented for the edge detection.
0 PISO R/W 0

7.2.23. PIS1 (Pin Interrupt Sense for GP101)

Register PIS1 Pin Interrupt Sense for GP101 Address OxFE15

Bit Bit Name R/W Initial Description Remarks

7 PIS7 RIW 0

6 PIS6 RIW 0 ) o _
Selection of pin interrupt detection

> PISS RIW 0 0: Level detection

4 PIS4 R/W 0 1: Edge detection

3 PIS3 RIW 0 For the proper operation of the wakeup function, an

2 PIS2 R/W 0 analog delay circuit with an appropriate noise filter is
implemented for the edge detection.

1 PIS1 R/W 0

0 PISO RIW 0
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7.2.24. P1S2 (Pin Interrupt Sense for GP102)

Register PIS2 Pin Interrupt Sense for GP102 Address OXFE16
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 PIS1 R/W 0 Selection of pin interrupt detection
0: Level detection
1: Edge detection
0 PISO RIW 0 For the proper operation of the wakeup function, an
analog delay circuit with an appropriate noise filter is
implemented for the edge detection.
7.2.25. PILO (Pin Interrupt Level for GP10O0)
Register PILO Pin Interrupt Level for GP100 Address OxFE18
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 PIL5 R/W 0
4 PIL4 R/W 0 Selection of pin interrupt levels
0: Low level, falling edge
3 PIL3 RIW 0 1: High level, rising edge
2 PIL2 R/W 0 ] o ]
While the edge detection is selected, the PIBx bit has a
1 PIL1 RIW 0 higher priority.
0 PILO R/W 0
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7.2.26. PIL1 (Pin Interrupt Level for GP101)

Register PIL1 Pin Interrupt Level for GP101 Address OxFE19
Bit Bit Name R/W Initial Description Remarks
7 PIL7 RIW 0

6 PIL6 RIW 0

5 PIL5 RIW 0 Selection of pin interrupt levels

0: Low level, falling edge
4 PIL4 RIW 0 1: High level, rising edge
3 PIL3 RIW 0 ) L .
While the edge detection is selected, the PIBx bit has a

2 PIL2 RIW 0 higher priority.

1 PIL1 R/W 0

0 PILO RIW 0

7.2.27. PIL2 (Pin Interrupt Level for GP102)

Register PIL2 Pin Interrupt Level for GP102 Address OxFE1A
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 PIL1 R/W 0 Selection of pin interrupt levels
0: Low level, falling edge
1: High level, rising edge
0 PILO RIW 0 _ o ]
While the edge detection is selected, the PIBx bit has a
higher priority.
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7.2.28. PIBO (Pin Interrupt Both Edge for GP100)

Register PIBO Pin Interrupt Both Edge for GPIO0 Address OXFE1C
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 PIB5 R/IW 0

4 PIB4 R/W 0 Selection of both edges for pin interrupt

0: Falling or rising edge set by the PILXx bit
3 PIB3 RIW 0 1: Both edges that ignore the setting of the PILX bit
2 PIB2 R/IW 0 . o .
Only while the edge detection is selected, the settings
1 PIB1 RIW 0 of these bits are valid.
0 PIBO R/W 0

7.2.29. PIB1 (Pin Interrupt Both Edge for GP101)

Register PIB1 Pin Interrupt Both Edge for GPIO1 Address OXFE1D
Bit Bit Name R/W Initial Description Remarks
7 PIB7 R/IW 0

6 PIB6 R/IW 0

5 PIB5 R/W 0 Selection of both edges for pin interrupt

0: Falling or rising edge set by the PILx bit
4 P1B4 RIW 0 1: Both edges that ignore the setting of the PILX bit
3 PIB3 RIW 0 ) o )
Only while the edge detection is selected, the settings

2 PIB2 RIW 0 of these bits are valid.

1 PIB1 R/W 0

0 PIBO R/W 0
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7.2.30. PIB2 (Pin Interrupt Both Edge for GP102)

Register PIB2 Pin Interrupt Both Edge for GP102 Address OXFE1E
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/IW 0 The read value is 0. The write value must always be 0.
6 Reserved R/IW 0 The read value is 0. The write value must always be 0.
5 Reserved R/IW 0 The read value is 0. The write value must always be 0.
4 Reserved R/IW 0 The read value is 0. The write value must always be 0.
3 Reserved R/IW 0 The read value is 0. The write value must always be 0.
2 Reserved R/IW 0 The read value is 0. The write value must always be 0.
1 PIB1 R/W 0 Selection of both edges for pin interrupt
0: Falling or rising edge set by the PILx bit
1: Both edges that ignore the setting of the PILx bit
0 PIBO RIW 0 ) o )
Only while the edge detection is selected, the settings
of these bits are valid.

7.2.31. PEADCO (ADC Event Select from GP100)

Register PEADCO ADC Event Select from GPIO0 Address OxFE20
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 EVTADC5S R/W 0 ADC event selection
0: An input signal is not used for ADC event
4 EVTADC4 R/W O Selection
3 EVTADC3 R/W 0 1: An input signal is used for ADC event selection
2 EVTADC2 RIW 0 A GPIO input signal is selected by the EVTADCO to
The LSI computes the selected input signal and then
generates an event signal. The generated event signal is
used as a trigger for all of ADC events. Computing
0 EVTADCO R/W 0 methods include the logical OR and the logical AND:;
the PEMETHOD.MPEADCO bit defines which method
to be employed.
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7.2.32. PEADC1 (ADC Event Select from GP101)

Register PEADC1 ADC Event Select from GP101 Address OxFE21
Bit Bit Name R/W Initial Description Remarks
7 EVTADC7 R/W 0 ADC event selection
0: An input signal is not used for ADC event
5 EVTADCS R/W 0 1: An input signal is used for ADC event selection
4 EVTADCA RIW 0 A GPIO input signal is selected by the EVTADCO to
The LSI computes the selected input signal and then
2 EVTADC2 R/W 0 generates an event signal. The generated event signal is
1 EVTADC1 R/W 0 used as a trigger for all of ADC events. Computing
methods include the logical OR and the logical AND;
0 EVTADCO R/W 0 the PEMETHOD.MPEADCI1 bit defines which method
to be employed.

7.2.33. PEADC2 (ADC Event Select from GP102)

Register PEADC?2 ADC Event Select from GP102 Address OxFE22
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 Reserved R 0 The read value is 0. The write value must always be 0.

2 Reserved R 0 The read value is 0. The write value must always be 0.

1 EVTADC1 R/W 0 ADC event selection

0: An input signal is not used for ADC event
selection
1: An input signal is used for ADC event selection

A GPIO input signal is selected by the EVTADCO to
EVTADCI bits.

0 EVTADCO RIW 0 The LSI computes the selected input signal and then
generates an event signal. The generated event signal is
used as a trigger for all of ADC events. Computing
methods include the logical OR and the logical AND;
the PEMETHOD.MPEADC?2 bit defines which method
to be employed.
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7.2.34. PEPWMO (PWM Event Select from GP100)

Register PEPWMO PWM Event Select from GPIO0 Address OxFE24
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/IW 0 The read value is 0. The write value must always be 0.
6 Reserved R/IW 0 The read value is 0. The write value must always be 0.
5 EVTPWMS5 R/W 0 PWM event selection
0: An input signal is not used for PWM event
3 EVTPWM3 R/W 0 1: An input signal is used for PWM event selection
2 EVTPWM2 RIW 0 A GPIO input signal is selected by the EVTPWMO to
1 EVIPWML | R/W 0 EVTPWMS bits. o
The LSI computes the selected input signal and then
generates an event signal. The LSI-generated event
signals are all used for PWM event signals. Computing
0 EVTPWMO RIW 0 methods include the logical OR and the logical AND:;
the PEMETHOD.MPEPWMO bit defines which
method to be employed.

7.2.35. PEPWM1 (PWM Event Select from GP101)

Register PEPWM1 PWM Event Select from GPIO1 Address OxFE25
Bit Bit Name R/W Initial Description Remarks
7 EVTPWM7 R/W 0 PWM event selection
0: An input signal is not used for PWM event
6 EVTPWM6 R/W O Selection
5 EVTPWM5 R/W 0 1: An input signal is used for PWM event selection
4 EVTPWM4 RIW 0 A GPIO input signal is selected by the EVTPWMO to
3 EVTPWM3 RIW 0 EVTPWMY bits. _ _
The LSI computes the selected input signal and then
2 EVTPWM2 R/IW 0 generates an event signal. The LSl-generated event
1 EVTPWM1 R/W 0 signals are all used for PWM event signals. Computing
methods include the logical OR and the logical AND;
0 EVTPWMO R/W 0 the PEMETHOD.MPEPWM1 bit defines which
method to be employed.
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7.2.36. EPWM2 (PWM Event Select from GP102)

Register PEPWM2 PWM Event Select from GP102 Address OxFE26
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 Reserved R 0 The read value is 0. The write value must always be 0.

2 Reserved R 0 The read value is 0. The write value must always be 0.

1 EVTPWM1 R/W 0 PWM event selection

0: An input signal is not used for PWM event
selection
1: An input signal is used for PWM event selection

A GPIO input signal is selected by the EVTPWMO to
EVTPWML bits.

0 EVTPWMO RIW 0 The LSI computes the selected input signal and then
generates an event signal. The LSI-generated event
signals are all used for PWM event signals. Computing
methods include the logical OR and the logical AND;
the PEMETHOD.MPEPWM2 bit defines which
method to be employed.

7.2.37. PELUTO (LUT Event Select from GP100)

Register PELUTO LUT Event Select from GPI10O0 Address OxFE30
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/W 0 The read value is 0. The write value must always be 0.
6 Reserved R/W 0 The read value is 0. The write value must always be 0.
5 EVTLUTS R/W 0 LUT event selection
0: An input signal is not used for LUT event
3 EVTLUT3 R/W 0 1: An input signal is used for LUT event selection
2 EVTLUT2 RIW 0 A GPIO input signal is selected by the EVTLUTO to
The LSI computes the selected input signal and then
generates an event signal. The LSI-generated event
signals are all used for LUT event signals. Computing
0 EVTLUTO RIW 0 methods include the logical OR and the logical AND:;
the LEMETHOD.MPELUTO bit defines which method
to be employed.
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7.2.38. PELUT1 (LUT Event Select from GPI1O1)

Register PELUT1 LUT Event Select from GP101 Address OxFE31
Bit Bit Name R/W Initial Description Remarks
7 EVTLUT? R/W 0 LUT event selection
0: An input signal is not used for LUT event
5 EVTLUTS R/W 0 1: An input signal is used for LUT event selection
4 EVTLUT4 RIW 0 A GPIO input signal is selected by the EVTLUTO to
The LSI computes the selected input signal and then
2 EVTLUT2 R/W 0 generates an event signal. The LSI-generated event
1 EVTLUTL R/W 0 signals are all used for LUT event signals. Computing
methods include the logical OR and the logical AND;
0 EVTLUTO R/W 0 the LEMETHOD.MPELUT1 bit defines which method
to be employed.

7.2.39. PELUT2 (LUT Event Select from GP102)

Register PELUT2 LUT Event Select from GP102 Address OxFE32
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 EVTLUT1 R/W 0 LUT event selection
0: An input signal is not used for LUT event
selection
1: An input signal is used for LUT event selection
A GPIO input signal is selected by the EVTLUTO to
EVTLUT1 bits.
0 EVTLUTO RIW 0 The LSI computes the selected input signal and then
generates an event signal. The LSI-generated event
signals are all used for LUT event signals. Computing
methods include the logical OR and the logical AND;
the LEMETHOD.MPELUT? bit defines which method
to be employed.
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7.2.40. PEMETHOD (PWM and ADC Event Gathering Method)

Register PEMETHOD PWM Event Gathering Method Address OxFE28
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 MPEPWM?2 R/W 0 Computing method for PWM event generation
0: Logical OR
4 MPEPWMO R/W 0 Each bit corresponds to the PEPWMO to PEPWM?2
registers.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 MPEADC?2 R/W 0 Computing method for ADC event generation
0: Logical OR
1 MPEADC1 R/W 0 1: Logical AND
0 MPEADCO R/W 0 Each bit corresponds to the PEADCO to PEADC2
registers.

7.2.41. LEMETHOD (CMPLUT Event Gathering Method)

Register LEMETHOD CMPLUT Event Gathering Method Address OxFE38
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 Reserved R 0 The read value is 0. The write value must always be 0.

2 MPELUT?2 R/W 0 Computing method for LUT event generation

1 MPELUT1 R/W 0 2 tgg:gg: XED

0 MPELUTO R/W 0 Eac_h bit corresponds to the PELUTO to PELUT2

registers.
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7.2.42. SIS (Serial Input Select)

Register SIS Serial Input Select Register Address OxFE70
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 Selection of RXD
00: RXD_A
RXDS 01: RXD_B
6 RIW 0 10: Reserved
11: Reserved
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.
7.2.43.12CIS (1°C Input Select)
Register 12CIS I°C Input Select Register Address OxFE71
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 R/W 0 Selection of SDA
00: SDA_A
SDAS 01: SDA_B
2 RIW 0 10: Reserved
11: Reserved
1 R/W 0 Selection of SCL
00: SCL_A
SCLS 01: SCL_B
0 RIW 0 10: Reserved
11: Reserved
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7.2.44. TMRIS (TMR Input/Output Select)

Register TMRIS TMR Input/Output Select Register Address OxFE72
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved 0 The read value is 0. The write value must always be 0.
5 Reserved 0 The read value is 0. The write value must always be 0.
4 Reserved 0 The read value is 0. The write value must always be 0.
3 R/W 0 Selection of TIOB2 1/0
00: TIOB2_A
TMR2S_B 01: TIOB2_B
2 RIW 0 10: Reserved
11: Reserved
1 R/W 0 Selection of TIOAZ2 1/0
00: TIOA2_A
TMR2S_A 01: TIOA2_B
0 RIW 0 10: Reserved
11: Reserved

7.2.45. CLKIS (Clock Input Select)

Register CLKIS CLKIN Input Select Register Address OxFE73
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 R/W 0 Selection of CLKIN
00: CLKIN_A
CLKS 01: CLKIN_B
0 RIW 0 10: Reserved
11: Reserved
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7.3. Usage Notes and Restrictions

7.3.1. Reading from PDRx Register after Writing to PDRx Register

When reading out the PDRXx register after writing to the PDRX register, two or more wait cycles must be inserted
between the read and write instructions. The following is the sample code of this operation.

mov PDR1, #0xaa ; Writing to PDRL
nop ; Wait cycle

nop ; Wait cycle

mov a, PDRI1 ; Reading from PDR1

7.3.2. Setting the Pin Functions: GP1014, GP1015, GPI1016, GP1017, and GP1021

To define the functions for the GPIO14, GPIO15, GP1016, and GPIO17 pins, follow the steps below to set the
PFSE1 and PFS1 registers.

(1) The PWM, communication interface (SPI or UART), and TMR functions are allocated to the above-mentioned
pins. To use thsese functions, set the PFSEL register. When the GPIO function is selected, the PFSE1 register
setting is not needed.

(2) The GPIO function or the function configured by the PFSEL register is selected by the PFS1 register.

To define the functions for the GP1021, follow the steps below to set the PFSE2 and PFS2 registers.

(1) Either an analog input or the CLKMON register function is allocated to the GP1021 pin. To use the function, set
the PFSE2 register. When the GPI1O function is selected, the PFSE2 register setting is not needed.
(2) The GPIO function or the function configured by the PFSE2 register is selected by the PFS2 register.
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8. Event Connection

Interrupt Controller
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Figure 8-1. LSI Internal Event Connection
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9. Event Controller (EVC)

9.1. Overview
The event controller (EVC) has the following functions.

- Sets the event connection between functional modules.
- Generates the interrupt to the CPU from the output event of EPU.
- Generates the GP100/1/2 edge event for the ADCO0/1.

Table 9-1 EVC Functional Descriptions

Item Description

Interrupt Generation - EPU output event 14 per thread

Selects the input event to functional modules.

) - EPU
Event Selection - ADC

- DSAC

Selects multiple events and integrates them into one signal (OR).
Event Integration - POC

XDATA
aus <——| XDATABUS Slave IIF

EPUO to EPUS Eventl14 A Interrupt Generation
2 »EPU Interrupt Signal
Bl \—
Events 2
ADCO, ADC1 5
PWM - NN |— Event Selection
owmp ' [[eveenc]
—>
ESLD v Events for
. ADCO, ADC1
< \ o ! . DSAC
_ - EPU
—_——>
\— >, POC Channel0 to
—— > Channel3 Events
Event Integration
Figure 9-1. EVC Block Diagram
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9.2.

9.2.1.

Operation

Interrupt Generation

The interrupts to the CPU are generated using the output event 14 of each EPU thread. When the event is detected,
the corresponding bit in the EVINTFO register is set. When the corresponding bit in the EVINTEO register is 1 (i.e.,
enabled) during EVINTFO = 1, the interrupt to the CPU is generated.

9.2.2. Event Selection

The event input to the EPU, ADC, and DSAC is selected by the EVSELn register. Table 9-2, Table 9-3, Table 9-4
show the input selection tables of the EPU, ADC, and DSAC, respectively. In these tables, an event type name with a
slash represents an event which has 2 event types. An event type name before the slash is the event type when
EVSELN.EPUMSEL = 0; an event type name after the slash is the event type when EVSELn.EPUMSEL = 1. Taking
Table 9-2 as an example, if EVSELO.EPUOSEL = 0, the event type is TinyDSPO_O; if EVSELO.EPUOSEL = 1, the

event type is TinyDSPO_1.

Table 9-2. EPU Event Input

Event EPU Thread0 EPU Threadl EPU Thread2
No. Event Type Setting Register Event Type Setting Register Event Type Setting Register
0 TinyDSP0_0/ TinyDSP0_0/ TinyDSPO_0/
TinyDSPO_1 TinyDSPO_1 TinyDSPO_1
. Tin))//DSPl_Ol EVSELO.EPUOSEL Tin))//DSPl_O/ EVSELO.EPU1SEL Tin})//DSPl_OI EVSELO.EPU2SEL
TinyDSP1_1 TinyDSP1_1 TinyDSP1_1
2 ADCO0_0/ADCO0_1 ADCO0_0/ADCO_1 ADCO0_0/ADCO_1
3 ADCO_2/ADCO0_3 ADCO0_2/ADCO0_3 ADCO0_2/ADCO0_3
4 ADCO0_4/ADCO0_5 ADCO_4/ADCO0_5 ADCO0_4/ADCO_5
5 ADCO0_6/ADCO_7 ADCO0_6/ADCO0_7 ADCO0_6/ADCO0_7
6 ADCL_0/ADCI 1 EVSEL1.EPUOSEL ADCL_0/ADCL 1 EVSEL1.EPU1SEL ADCL 0/ADCL 1 EVSEL1.EPU2SEL
7 ADC1_2/ADC1_3 ADC1_2/ADC1 3 ADC1_2/ADC1 3
8 ADC1_4/ADC1_5 ADC1_4/ADC1 5 ADC1_4/ADC1 5
9 ADC1_6/ADC1_7 ADC1_6/ADC1_7 ADC1 _6/ADC1_7
10 | PWMO_0/PWMO_1 PWMO_0/PWMO_1 PWMO_0/PWMO_1
11 PWM1_0/PWM1_1 PWM1_0/PWM1_1 PWM1_0/PWM1_1
12 T PWM2 O/PWMZ 1 EVSEL2 EPUOSEL o 2 0PWM2 1 EVSEL2 EPUISEL o 2 0PWM2 1 EVSEL2.EPU2SEL
13 | PWM3_0/PWM3_1 PWM3_0/PWM3_1 PWM3_0/PWM3_1
14 LUTO — LUTO/LUT1 EVSEL3.EPU1SEL LUTO/LUT1 EVSEL3.EPU2SEL
15 LUT1 — TMROA/TMROB EVSEL4.EPU1SEL TMR1A/TMR1B EVSEL4.EPU2SEL
Event EPU Thread3 EPU Thread4 EPU Thread5
No. Event Type Setting Register Event Type Setting Register Event Type Setting Register
0 TinyDSSP%_OI TinyDSSP%_O/ TinyD?SP%_O/
TinyDSP0O_1 TinyDSPO_1 TinyDSPO_1
- Tin))//DSPl__O ; EVSELO.EPU3SEL Tin;/Dspl__o 7 EVSELO.EPU4SEL Tin)BllDSPl__O 7 EVSELO0.EPUSSEL
TinyDSP1 1 TinyDSP1 1 TinyDSP1 1
2 ADCO0_0/ADCO_1 ADCO0_0/ADCO_1 ADCO0_0/ADCO_1
3 ADCO0_2/ADCO0_3 ADCO0_2/ADCO_3 ADCO0_2/ADCO_3
4 ADCO0_4/ADCO_5 ADCO0_4/ADCO_5 ADCO_4/ADCO_5
5 ADCO0_6/ADCO_7 ADCO0_6/ADCO0_7 ADCO0_6/ADCO0_7
6 ADC1 0/ADCI 1 EVSEL1.EPU3SEL ADC1 0/ADCI 1 EVSEL1.EPU4SEL ADC1 0/ADCI 1 EVSEL1.EPUSSEL
7 ADC1_2/ADC1_3 ADC1_2/ADC1 3 ADC1_2/ADC1 3
8 ADC1_4/ADC1 5 ADC1 _4/ADC1 5 ADC1 _4/ADC1 5
9 ADC1_6/ADC1_7 ADC1_6/ADC1_7 ADC1_6/ADC1_7
10 | PWMO_0/PWMO_1 PWMO_0/PWMO_1 PWMO_0/PWMO_1
11 PWM1_0/PWM1_1 PWM1_0/PWM1_1 PWM1_0/PWM1_1
B PWM2_0/PWM2 1 EVSEL2.EPU3SEL PWM2_0/PWM2 1 EVSEL2.EPU4SEL PWM2_0/PWM2 1 EVSEL2.EPUSSEL
13 | PWM3 0/PWM3 1 PWM3_0/PWM3_1 PWM3_0/PWM3_1
14 SPI_TX | SPI_RX — e — UART/SCID EVSEL3.EPUSSEL
15 TMR2A/TMR2B EVSEL4.EPU3SEL TMR3A/TMR3B EVSEL4.EPU4SEL FLASH —
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Table 9-3. ADC Event Input

Event No ADC Unit0 ADC Unitl
) Event Type Setting Register Event Type Setting Register

1 GPIOO rise — GPIOO rise —

2 GPI0OO0 fall — GPI0O0 fall —

3 GP100 hoth — GP100 both —

4 GPIO1 rise — GPIO1 rise —

5 GPIO1 fall — GPI0O1 fall —

6 GPI01 hoth — GPI01 both —

7 GPIO2 rise — GPIO2 rise —

8 GPI02 fall — GP102 fall —

9 GP102 hoth — GP102 both —

10 CMPO — CMPO —

11 CMP1 — CMP1 —

12 CMP2 — CMP2 —

13 CMP3 — CMP3 —

14 CMP4 — CMP4 —

15 CMP5 — CMP5 —

16 — — — —

17 — — — —

18 TMRO_CMA — TMRO_CMA —

19 TMRO_CMB — TMRO_CMB —

20 TMR1_CMA — TMR1_CMA —

21 TMR1_CMB — TMR1_CMB —

22 TMR2_CMA — TMR2_CMA —

23 TMR2_CMB — TMR2_CMB —

24 TMR3_CMA — TMR3_CMA —

25 TMR3_CMB — TMR3_CMB —

26 PWMO0_0 — PWMO0_0 —

27 PWMO_1 — PWMO_1 —

28 PWM1 0 — PWM1_0 —

29 PWM1_1 — PWML_1 —

30 PWM2_0 — PWM2_0 —

31 PWM2_1 — PWM2_1 —

32 PWM3_0 — PWM3_0 —

33 PWM3_1 — PWM3_1 —

34 EPUOQ_2/EPU1_2 EPUO_2/EPU1_2

35 EPUO_3/EPUL 3 EVSEL5.ADOOSEL EPUO_3/EPUL 3 EVSEL7.AD10SEL
36 EPUO_4/EPU1 4 EPUO_4/EPU1 4

37 EPUO 5/EPUL 5 EVSEL5.ADO1SEL EPUQ_5/EPUL 5 EVSEL7.AD11SEL
38 EPUO_6/EPU1_6 EPUO_6/EPU1_6

39 EPUO 7/EPUL 7 EVSEL5.AD02SEL EPUO 7/EPUL 7 EVSEL7.AD12SEL
40 EPUO_8/EPU1_8 EPUO_8/EPU1_8

a1 EPUO_O/EPUL 9 EVSEL5.AD0O3SEL EPUO_O/EPUL 9 EVSEL7.AD13SEL
42 EPU2_2/EPU3 2 EPU2_2/EPU3 2

13 EPUZ 3/EPU3 3 EVSEL5.AD04SEL EPUZ 3/EPU3 3 EVSEL7.AD14SEL
44 EPU2_4/EPU3_4 EPU2_4/EPU3 4

5 EPU2 5/EPU3 5 EVSEL5.ADO5SEL EPU2 5/EPU3 5 EVSEL7.AD15SEL
46 EPU2_6/EPU3 6 EPU2_6/EPU3 6

17 EPU2 7/EPU3 7 EVSEL5.ADO6SEL EPU2 7/EPU3 7 EVSEL7.AD16SEL
48 EPU2_8/EPU3 8 EPU2_8/EPU3 8

9 EPU2 9/EPU3 9 EVSEL5.ADO7SEL EPU2 9/EPU3 9 EVSEL7.AD17SEL
50 EPU4_2/EPU5 2 EPU4_2/EPU5 2

51 EPU4_3/EPUS 3 EVSEL6.ADOSSEL EPU4_3/EPUS 3 EVSEL8.AD18SEL
52 EPU4_4/EPU5 4 EPU4_4/EPU5 4

53 EPU4 5/EPUS 5 EVSEL6.AD09SEL EPU4 5/EPUS 5 EVSEL8.AD19SEL
54 EPU4_6/EPU5_6 EPU4_6/EPU5_6

55 EPU4_7/EPUS 7 EVSEL6.ADOASEL EPU4_7/EPUS 7 EVSEL8.AD1ASEL
56 EPU4_8/EPU5_8 EPU4_8/EPU5_8

57 EPU4 O/EPUS, 9 EVSEL6.ADOBSEL EPU4_O/EPUS, 9 EVSEL8.AD1BSEL
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. _____________________________________________________________________________________________________________________________|
Table 9-4. DSAC Event Input

DSAC Channel0 to Channel7 DSAC Channel8 to Channel15
Event No.
Event Type Setting Register Event Type Setting Register

0 CMPO/CMP1 CMPO/CMP1
1 CMP2/CMP3 EVSEL9.DSACOSEL CMP2/CMP3 EVSEL9.DSAC1SEL
2 CMP4/CMP5 CMP4/CMP5
3 ADCO 0 — ADCO 0 —
4 ADCO 1 — ADCO 1 —
5 ADCO_2 — ADCO_2 —
6 ADCO_3 — ADCO_3 —
7 ADCO 4 — ADCO 4 —
8 ADCO 5 — ADCO 5 —
9 ADCO_6 — ADCO_6 —
10 ADCO_7 — ADCO_7 —
11 ADC1 0 — ADC1_0 —
12 ADC1_1 — ADC1_1 —
13 ADC1 2 — ADC1 2 —
14 ADC1_3 — ADC1_3 —
15 ADC1 4 — ADC1_4 —
16 ADC1 5 — ADC1 5 —
17 ADC1 6 — ADC1 6 —
18 ADC1 7 — ADC1 7 —
19 PWMO_0/PWMO_1 PWMO_0/PWMO_1
20 PWMZ1 0/PWM1_1 PWM1 0/PWML_1

EVSEL10.DSACOSEL EVSEL10.DSAC1SEL
21 PWM2_0/PWM2_1 PWM2_0/PWM2_1
22 PWM3_0/PWM3_1 PWM3_0/PWM3_1
23 TinyDSP0_0 — TinyDSP0O_0 —
24 TinyDSP0_1 — TinyDSPO_1 —
25 TinyDSP1_0 — TinyDSP1_0 —
26 TinyDSP1_1 — TinyDSP1_1 —
27 TMR0 CMA/CMB TMRO CMA/CMB
28 TMR1 CMA/CMB TMR1 CMA/CMB

EVSEL11.DSACOSEL EVSEL11.DSACI1SEL
29 TMR2 CMA/CMB TMR2 CMA/CMB
30 TMR3 CMA/CMB TMR3 CMA/CMB
31 (CPUL) — (CPU) —
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9.2.3. Event Integration

In this block, the events of EPU are selected and are integrated by an OR circuit. The integrated signal is output to
each channel of the POC. There are 4 integrated groups, A, B, C, and D. An event for the Channel0, Channell,
Channel2, or Channel3 of the POC is generated in the Group A, Group B, Group C, or Group D, respectively.

When the MGENX bit of the EVMGXCO/1 register (where, x is A, B, C, or D) is 1, the corresponding event is output
to the POC. When the MGENX bit is 0, the corresponding bit is not output to the POC.

Table 9-5.  POC Event Input

Event POC Channel0 POC Channell POC Channel2 POC Channel3
ven
No. Event . . Event : . Event . ; Event . .
Type Setting Register Type Setting Register Type Setting Register Type Setting Register
0 CMPO o CMPO o CMPO o CMPO o
(level) (level) (level) (level)
1 CMP1 o CMP1 o CMP1 o CMP1 o
(level) (level) (level) (level)
2 CMP2 o CMP2 . CMP2 o CMP2 o
(level) (level) (level) (level)
3 CMP3 o CMP3 o CMP3 o CMP3 o
(level) (level) (level) (level)
4 CMP4 L CMP4 o CMP4 o CMP4 o
(level) (level) (level) (level)
5 CMP5 o CMP5 o CMP5 o CMP5 o
(level) (level) (level) (level)
6 LUTO L LUTO o LUTO o LUTO o
(level) (level) (level) (level)
7 LUT1 o LUT1 . LUT1 o LUT1 o
(level) (level) (level) (level)
EPUO_10 | EVMGACO0.MGENO | EPU0_10 | EVMGBC0.MGENO | EPUO_10 | EVMGCC0.MGENO | EPUO_10 | EVMGDC0.MGENO
EPUO_11 | EVMGACO0.MGENL1 | EPUO_11 | EVMGBC0.MGEN1 | EPUO_11 | EVMGCCO0.MGEN1 | EPUO_11 | EVMGDCO0.MGEN1
EPU1_10 | EVMGAC0.MGEN2 | EPU1_10 | EVMGBCO0.MGEN2 | EPU1_10 | EVMGCCO0.MGEN2 |EPU1_10| EVMGDC0.MGEN2
EPU1_11 | EVMGACO0.MGENS3 | EPU1_11 | EVMGBC0.MGEN3 | EPU1_11 | EVMGCCO0.MGEN3 | EPU1_11 | EVMGDCO0.MGEN3
EPU2_10 | EVMGAC0.MGEN4 | EPU2_10 | EVMGBCO0.MGEN4 | EPU2_10 | EVMGCCO0.MGEN4 | EPU2_10| EVMGDC0.MGEN4
EPU2_11 | EVMGACO0.MGENS5 | EPU2_11 | EVMGBC0.MGENS5 | EPU2_11 | EVMGCCO0.MGENS5 | EPU2_11 | EVMGDCO0.MGEN5
EPU
EPU3_10 | EVMGACO0.MGENS6 | EPU3_10 | EVMGBCO0.MGENS6 | EPU3_10 | EVMGCCO0.MGEN6 | EPU3_10| EVMGDC0.MGEN6
EPU3_11 | EVMGACO0.MGEN?7 | EPU3_11 | EVMGBCO0.MGEN7 | EPU3_11 | EVMGCCO0.MGEN7 | EPU3_11 | EVMGDCO0.MGEN7
EPU4_10 | EVMGAC1.MGENS | EPU4_10 | EVMGBC1.MGEN8 | EPU4_10 | EVMGCC1.MGEN8 | EPU4_10 | EVMGDC1.MGENS8
EPU4_11 | EVMGAC1.MGENS9 | EPU4_11 | EVMGBC1.MGEN9 | EPU4_11 | EVMGCC1.MGEN9 | EPU4_11 | EVMGDC1.MGEN9
EPU5_10 | EVMGAC1.MGENA | EPU5_10 | EVMGBC1.MGENA | EPU5_10 | EVMGCC1.MGENA | EPU5_10 | EVMGDC1.MGENA
EPU5_11 | EVMGAC1.MGENB | EPU5_11 | EVMGBC1.MGENB | EPU5_11 | EVMGCC1.MGENB | EPU5_11 | EVMGDC1.MGENB

9.2.4. GPIO Event Edge Detection

The GPIO event edge for the ADC is detected. When the GPIO event is selected in the ADC, it is required to enable
the clock of the EVC module.
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9.3. Register Descriptions

Table 9-6. List of Registers

Symbol Name Address Initial Value
EVINTEO EVC Interrupt Enable0 0xE300 0x00
EVINTFO EVC Interrupt Flag0 O0xE308 0x00
EVMGACO EVC Event Merge A Configuration0 0xE310 0x00
EVMGAC1 EVC Event Merge A Configurationl OxE311 0x00
EVMGBCO EVC Event Merge B Configuration0 0xE312 0x00
EVMGBC1 EVC Event Merge B Configurationl 0xE313 0x00
EVMGCCO EVC Event Merge C Configuration0 OxE314 0x00
EVMGCC1 EVC Event Merge C Configurationl OxE315 0x00
EVMGDCO EVC Event Merge D Configuration0 OxE316 0x00
EVMGDC1 EVC Event Merge D Configurationl OxE317 0x00
EVSELO EVC Select0 0xE330 0x00
EVSEL1 EVC Selectl OxE331 0x00
EVSEL2 EVC Select2 0xE332 0x00
EVSEL3 EVC Select3 0xE333 0x00
EVSEL4 EVC Selectd 0xE334 0x00
EVSELS5 EVC Selects 0xE335 0x00
EVSELG6 EVC Select6 0xE336 0x00
EVSEL7 EVC Select7 0xE337 0x00
EVSELS EVC Select8 0xE338 0x00
EVSEL9 EVC Select9 0xE339 0x00
EVSEL10 EVC Select10 OXE33A 0x00
EVSEL11 EVC Selectll OxE33B 0x00
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9.3.1. EVINTEO (EVC Interrupt Enable0)

Register EVINTEO EVC Interrupt Enable0 Address OxE300
Bit Bit Name R/W | Initial Description Remarks

7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

EPU Thread5 event interrupt enable
0: EPU Thread5 event interrupt is disabled
1: EPU Thread5 event interrupt is enabled

5 EPUSIE R/IW 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPUSIF = 1.
EPU Thread4 event interrupt enable

0: EPU Thread4 event interrupt is disabled

1: EPU Thread4 event interrupt is enabled

4 EPU4IE R/W 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPU4IF = 1.
EPU Thread3 event interrupt enable

0: EPU Thread3 event interrupt is disabled

1: EPU Thread3 event interrupt is enabled

3 EPUSIE RIW 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPUS3IF = 1.
EPU Thread2 event interrupt enable

0: EPU Thread?2 event interrupt is disabled

1: EPU Thread2 event interrupt is enabled

2 EPU2IE R/W 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPU2IF = 1.
EPU Thread1l event interrupt enable

0: EPU Threadl event interrupt is disabled

1: EPU Threadl event interrupt is enabled

1 EPU1IE R/W 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPU1IF =1.
EPU ThreadO event interrupt enable

0: EPU Thread0 event interrupt is disabled

1: EPU ThreadO event interrupt is enabled

0 EPUOIE R/W 0

If the bit is set to 1, an interrupt is notified to the CPU when
EPUOIF = 1.
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9.3.2. EVINTFO (EVC Interrupt Flag0)

Register EVINTFO EVC Interrupt Flago Address 0xE308
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

EPU Thread5 event interrupt flag
Read 0: No interrupt source generated
Read 1: An interrupt source generated
Write 0: No change
Write 1: The bit is cleared

The bit is set when the EPU Thread5 Eventl4 is

5 EPUSIF R/C 0 detected.
When EPUSIF = 1 and EPUSIE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to O occurred
simultaneously with an EPU5 event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
EPU Thread4 event interrupt flag

Read 0: No interrupt source generated

Read 1: An interrupt source generated

Write 0: No change

Write 1: The bit is cleared

The bit is set when the EPU Thread4 Eventl4 is

4 EPU4IF R/IC 0 detected.
When EPU4IF = 1 and EPU4IE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to O occurred
simultaneously with an EPU4 event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
EPU Thread3 event interrupt flag

Read 0: No interrupt source generated

Read 1: An interrupt source generated

Write 0: No change

Write 1: The bit is cleared

The bit is set when the EPU Thread3 Eventl4 is

3 EPU3IF R/C 0 detected.
When EPU3IF = 1 and EPU3IE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to O occurred
simultaneously with an EPU3 event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
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Register EVINTFO EVC Interrupt Flag0 Address 0XE308

Bit Bit Name R/W Initial Description Remarks

EPU Thread2 event interrupt flag
Read 0: No interrupt source generated
Read 1: An interrupt source generated
Write 0: No change
Write 1: The bit is cleared

The bit is set when the EPU Thread2 Eventl4 is

2 EPU2IF R/C 0 detected.
When EPU2IF = 1 and EPU2IE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to O occurred
simultaneously with an EPU2 event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
EPU Threadl event interrupt flag

Read 0: No interrupt source generated

Read 1: An interrupt source generated

Write 0: No change

Write 1: The bit is cleared

The bit is set when the EPU Threadl Eventl4 is

1 EPULIF R/C 0 detected.
When EPU1IF = 1 and EPULIE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to 0 occurred
simultaneously with an EPU1l event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
EPU ThreadO event interrupt flag

Read 0: No interrupt source generated

Read 1: An interrupt source generated

Write 0: No change

Write 1: The bit is cleared

The bit is set when the EPU Thread0 Eventl4 is

0 EPUOIF R/C 0 detected.
When EPUOIF = 1 and EPUOIE = 1, an interrupt is
notified to the CPU.

When 1 is written to the bit, the bit is cleared to 0. In
the case where clearing the bit to O occurred
simultaneously with an EPUO event setting, the
clearing operation has higher priority; therefore, the
setting operation is ignored.
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9.3.3. EVMGACO (EVC Event Merge A Configuration0)

Register EVMGACO EVC Event Merge A Configuration0 Address 0xE310

Bit Bit Name R/W Initial Description Remarks
Integration of EPU Thread3 Event11 into POCO event

0: Event is not integrated (OR)
1: Event is integrated (OR)

7 MGEN?7 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread3 Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

6 MGENG6 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread2 Event11 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

5 MGENS5 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread2 Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

4 MGEN4 R/IW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Threadl Event11 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

3 MGEN3 R/W 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Threadl Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGEN2 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU ThreadO Event11 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN1 R/W 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread0 Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENO RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
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9.3.4. EVMGACI1 (EVC Event Merge A Configurationl)

Register EVMGAC1 EVC Event Merge A Configurationl Address OxE311
Bit Bit Name R/W Initial Description Remarks

Reserved 0 The read value is 0. The write value must always be 0.

Reserved

7

6 The read value is 0. The write value must always be 0..
5 Reserved

4

|0 (0|0

0
0 The read value is 0. The write value must always be 0.
0

Reserved The read value is 0. The write value must always be 0.

Integration of EPU Thread5 Event11 into POCO event

0: Event is not integrated (OR)
1: Event is integrated (OR)

3 MGENB RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread5 Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGENA R/W 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread4 Event11 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN9 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
Integration of EPU Thread4 Event10 into POCO event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENS R/W 0

If the bit is set to 1, the event is added to the EPU event
of POCO.
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9.3.5. EVMGBCO0 (EVC Event Merge B Configuration0)

Register | EVMGBCO EVC Event Merge B Configuration0 | Address 0XE312
Bit Bit Name R/W Initial Description Remarks

Integration of EPU Thread3 Event11 into POCL1 event
0: Event is not integrated (OR)
1: Event is integrated (OR)

7 MGEN7 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POCL.
Integration of EPU Thread3 Event10 into POCL1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

6 MGENG RIW 0

If the bit is set to 1, the event is added to the EPU event of
POCL.
Integration of EPU Thread2 Event11 into POC1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

5 MGENS R/W 0

If the bit is set to 1, the event is added to the EPU event of
POC1.
Integration of EPU Thread2 Event10 into POCL1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

4 MGEN4 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POCL.
Integration of EPU Threadl Event11 into POCL1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

3 MGEN3 R/W 0

If the bit is set to 1, the event is added to the EPU event of
POCL.
Integration of EPU Threadl Event10 into POC1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGEN2 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POC1.
Integration of EPU ThreadO Event11 into POC1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN1 R/W 0

If the bit is set to 1, the event is added to the EPU event of
POC1.
Integration of EPU Thread0 Event10 into POC1 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENO RIW 0

If the bit is set to 1, the event is added to the EPU event of
POC1.
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9.3.6. EVMGBCL1 (EVC Event Merge B Configurationl)

Register EVMGBC1 EVC Event Merge B Configurationl Address 0xE313
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
Integration of EPU Thread5 Event11 into POCL1 event
0: Event is not integrated (OR)
3 MGENB RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POCL.
Integration of EPU Thread5 Event10 into POC1 event
0: Event is not integrated (OR)
2 MGENA RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POCL.
Integration of EPU Thread4 Event11 into POCL1 event
0: Event is not integrated (OR)
1 MGENO9 RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POCL.
Integration of EPU Thread4 Event10 into POC1 event
0: Event is not integrated (OR)
0 MGENS RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POCL.
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9.3.7. EVMGCCO0 (EVC Event Merge C Configuration0)

Register | EVMGCCO EVC Event Merge C Configuration0 | Address OXE314
Bit Bit Name R/W Initial Description Remarks

Integration of EPU Thread3 Event11 into POC2 event
0: Event is not integrated (OR)
1: Event is integrated (OR)

7 MGEN7 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Thread3 Event10 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

6 MGENG RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Thread2 Event11 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

5 MGENS R/W 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Thread2 Event10 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

4 MGEN4 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Threadl Event11 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

3 MGEN3 R/W 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Threadl Event10 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGEN2 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU ThreadO Event11 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN1 R/W 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
Integration of EPU Thread0 Event10 into POC2 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENO RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC2.
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9.3.8. EVMGCC1 (EVC Event Merge C Configurationl)

Register EVMGCC1 EVC Event Merge C Configurationl Address 0xE315
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
Integration of EPU Thread5 Event11 into POC2 event
0: Event is not integrated (OR)
3 MGENB RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POC2.
Integration of EPU Thread5 Event10 into POC2 event
0: Event is not integrated (OR)
2 MGENA RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POC2.
Integration of EPU Thread4 Event11 into POC2 event
0: Event is not integrated (OR)
1 MGENO9 RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POC2.
Integration of EPU Thread4 Event10 into POC2 event
0: Event is not integrated (OR)
0 MGENS RIW 0 1: Event is integrated (OR)
If the bit is set to 1, the event is added to the EPU
event of POC2.
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9.3.9. EVMGDCO0 (EVC Event Merge D Configuration0)

Register | EVMGDCO EVC Event Merge D Configuration0 ‘ Address OxE316
Bit Bit Name R/W Initial Description Remarks

Integration of EPU Thread3 Event11 into POC3 event
0: Event is not integrated (OR)
1: Event is integrated (OR)

7 MGEN7 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POCs3.
Integration of EPU Thread3 Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

6 MGENG RIW 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU Thread2 Event11 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

5 MGENS R/W 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU Thread2 Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

4 MGEN4 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU Threadl Event11 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

3 MGEN3 R/W 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU Threadl Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGEN2 RIW 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU ThreadO Event11 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN1 R/W 0

If the bit is set to 1, the event is added to the EPU event of
POC3.
Integration of EPU Thread0 Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENO RIW 0

If the bit is set to 1, the event is added to the EPU event of
POCS3.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 9-16
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

9.3.10. EVMGDC1 (EVC Event Merge D Configurationl)

Register EVMGDC1 EVC Event Merge D Configurationl Address OxE317
Bit Bit Name R/W Initial Description Remarks

Reserved 0 The read value is 0. The write value must always be 0.

Reserved

7

6 The read value is 0. The write value must always be 0.
5 Reserved

4

|0 (0|0

0
0 The read value is 0. The write value must always be 0.
0

Reserved The read value is 0. The write value must always be 0.

Integration of EPU Thread5 Event11 into POC3 event

0: Event is not integrated (OR)
1: Event is integrated (OR)

3 MGENB RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC3.
Integration of EPU Thread5 Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

2 MGENA R/W 0

If the bit is set to 1, the event is added to the EPU event
of POC3.
Integration of EPU Thread4 Event11 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

1 MGEN9 RIW 0

If the bit is set to 1, the event is added to the EPU event
of POC3.
Integration of EPU Thread4 Event10 into POC3 event

0: Event is not integrated (OR)

1: Event is integrated (OR)

0 MGENS R/W 0

If the bit is set to 1, the event is added to the EPU event
of POC3.
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9.3.11. EVSELO (EVC Select0)

Register EVSELO EVC Select0 Address 0xE330
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
TinyDSP event selection to EPU Thread5
5 EPUSSEL R/W 0 0: TinyDSPO0/1, Event0

1: TinyDSPO0/1, Eventl
TinyDSP event selection to EPU Thread4
4 EPU4SEL R/W 0 0: TinyDSPO0/1, Event0

1: TinyDSPO0/1, Eventl
TinyDSP event selection to EPU Thread3
3 EPU3SEL R/W 0 0: TinyDSPO0/1, Event0

1: TinyDSPO0/1, Eventl
TinyDSP event selection to EPU Thread2
2 EPU2SEL R/W 0 0: TinyDSPO0/1, Event0

1: TinyDSPO0/1, Eventl
TinyDSP event selection to EPU Threadl
1 EPU1SEL R/W 0 0: TinyDSPO0/1, Event0

1: TinyDSPO0/1, Eventl
TinyDSP event selection to EPU Thread0
0 EPUOSEL R/W 0 0: TinyDSPO/1, Event0
1: TinyDSPO0/1, Eventl
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9.3.12. EVSEL1 (EVC Selectl)

Register EVSEL1 EVC Selectl Address 0xE331
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
ADCO0/1 event selection to EPU Thread5
5 EPUSSEL R/W 0 0: Even numbers of ADCO/1 group

1: Odd numbers of ADCO/1 group
ADCO0/1 event selection to EPU Thread4
4 EPU4SEL R/W 0 0: Even numbers of ADCO/1 group

1: Odd numbers of ADCO0/1 group
ADCO/1 event selection to EPU Thread3
3 EPU3SEL R/W 0 0: Even numbers of ADCO0/1 group

1: Odd numbers of ADCO0/1 group
ADCO0/1 event selection to EPU Thread?2
2 EPU2SEL R/W 0 0: Even numbers of ADCO0/1 group

1: Odd numbers of ADCO/1 group
ADCO0/1 event selection to EPU Threadl
1 EPUI1SEL R/W 0 0: Even numbers of ADCO0/1 group

1: Odd numbers of ADCO/1 group
ADCO/1 event selection to EPU Thread0
0 EPUOSEL R/W 0 0: Even numbers of ADCO/1 group
1: Odd numbers of ADCO/1 group
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9.3.13. EVSEL2 (EVC Select2)

Register EVSEL2 EVC Select2 Address 0xE332
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
PWM event selection to EPU Thread5
5 EPUSSEL RIW 0 0: PWMO0/1/2/3, Event0

1: PWMO0/1/2/3, Eventl
PWM event selection to EPU Thread4
4 EPU4SEL R/W 0 0: PWMO0/1/2/3, Event0

1: PWMO0/1/2/3, Eventl
PWM event selection to EPU Thread3
3 EPU3SEL R/W 0 0: PWMO0/1/2/3, Event0

1: PWMO0/1/2/3, Eventl
PWM event selection to EPU Thread2
2 EPU2SEL R/W 0 0: PWMO0/1/2/3, Event0

1: PWMO0/1/2/3, Eventl
PWM event selection to EPU Threadl
1 EPU1SEL R/W 0 0: PWMO0/1/2/3, Event0

1: PWMO0/1/2/3, Eventl
PWM event selection to EPU Thread0
0 EPUOSEL R/W 0 0: PWMO0/1/2/3, Event0
1: PWMO0/1/2/3, Eventl
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9.3.14. EVSEL3 (EVC Select3)

Register EVSEL3 EVC Select3 Address 0xE333
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
Serial module event selection to EPU Thread5
5 EPUSSEL R/W 0 0: UART
1: SCID
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
LUT event selection to EPU Thread2
2 EPU2SEL R/W 0 0: LUTO
1: LUT1
LUT event selection to EPU Threadl
1 EPU1SEL R/W 0 0: LUTO
1: LUT1
0 Reserved R 0 The read value is 0. The write value must always be 0.
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9.3.15. EVSELA4 (EVC Select4)

Register EVSEL4 EVC Select4 Address 0xE334
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
TMR3 event selection to EPU Thread4
4 EPU4SEL R/W 0 0: CMA of TMR3

1: CMB of TMR3
TMR2 event selection to EPU Thread3
3 EPU3SEL R/W 0 0: CMA of TMR2

1: CMB of TMR2
TMR1 event selection to EPU Thread2
2 EPU2SEL R/W 0 0: CMA of TMR1

1: CMB of TMR1
TMRO event selection to EPU Threadl

1 EPU1SEL R/IW 0 0: CMA of TMRO
1: CMB of TMRO
0 Reserved R 0 The read value is 0. The write value must always be 0.
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9.3.16. EVSELS5 (EVC Selectb)

Register EVSEL5 EVC Select5 Address 0xE335
Bit Bit Name R/W Initial Description Remarks
EPU Event8/9 thread selection to ADCO
7 ADO7SEL R/W 0 0: EPU Thread2, Event8/9

1: EPU Thread3, Event8/9
EPU Event6/7 thread selection to ADCO
6 ADO6SEL R/W 0 0: EPU Thread2, Event6/7

1: EPU Thread3, Event6/7
EPU Event4/5 thread selection to ADCO
5 ADO5SEL R/W 0 0: EPU Thread2, Event4/5

1: EPU Thread3, Event4/5
EPU Event2/3 thread selection to ADCO
4 ADO4SEL R/W 0 0: EPU Thread2, Event2/3

1: EPU Thread3, Event2/3
EPU Event8/9 thread selection to ADCO
3 ADO3SEL R/W 0 0: EPU Thread0, Event8/9

1: EPU Threadl, Event8/9
EPU Event6/7 thread selection to ADCO
2 ADO02SEL R/W 0 0: EPU Thread0, Event6/7

1: EPU Thread1, Event6/7
EPU Event4/5 thread selection to ADCO
1 ADO1SEL R/W 0 0: EPU Thread0, Event4/5

1: EPU Thread1, Event4/5
EPU Event2/3 thread selection to ADCO
0 ADOOSEL R/W 0 0: EPU Thread0, Event2/3
1: EPU Thread1, Event2/3
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9.3.17. EVSELG6 (EVC Select6)

Register EVSEL6 EVC Select6 Address 0xE336
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

EPU Event8/9 thread selection to ADCO
3 ADOBSEL R/W 0 0: EPU Thread4, Event8/9

1: EPU Thread5, Event8/9
EPU Event6/7 thread selection to ADCO
2 ADOASEL R/W 0 0: EPU Thread4, Event6/7

1: EPU Thread5, Event6/7
EPU Event4/5 thread selection to ADCO
1 ADOQ9SEL R/W 0 0: EPU Thread4, Event4/5

1: EPU Thread5, Event4/5
EPU Event2/3 thread selection to ADCO
0 ADOSSEL R/W 0 0: EPU Thread4, Event2/3
1: EPU Thread5, Event2/3
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9.3.18. EVSELY7 (EVC Select7)

Register EVSEL7 EVC Select7 Address 0xE337
Bit Bit Name R/W Initial Description Remarks
EPU Event8/9 thread selection to ADC1
7 AD17SEL R/W 0 0: EPU Thread2, Event8/9

1: EPU Thread3, Event8/9
EPU Event6/7 thread selection to ADC1
6 ADI16SEL R/W 0 0: EPU Thread2, Event6/7

1: EPU Thread3, Event6/7
EPU Event4/5 thread selection to ADC1
5 ADI15SEL R/W 0 0: EPU Thread2, Event4/5

1: EPU Thread3, Event4/5
EPU Event2/3 thread selection to ADC1
4 ADI14SEL R/W 0 0: EPU Thread2, Event2/3

1: EPU Thread3, Event2/3
EPU Event8/9 thread selection to ADC1
3 ADI13SEL R/W 0 0: EPU Thread0, Event8/9

1: EPU Threadl, Event8/9
EPU Event6/7 thread selection to ADC1
2 ADI12SEL R/W 0 0: EPU Thread0, Event6/7

1: EPU Thread1, Event6/7
EPU Event4/5 thread selection to ADC1
1 AD11SEL R/W 0 0: EPU Thread0, Event4/5

1: EPU Thread1, Event4/5
EPU Event2/3 thread selection to ADC1
0 AD10SEL R/W 0 0: EPU Thread0, Event2/3
1: EPU Thread1, Event2/3
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9.3.19. EVSELS8 (EVC Select8)

Register EVSELS EVC Select8 Address 0OxE338
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

EPU Event8/9 thread selection to ADC1
3 A10BSEL R/W 0 0: EPU Thread4, Event8/9

1: EPU Thread5, Event8/9
EPU Event6/7 thread selection to ADC1
2 ADI1ASEL R/W 0 0: EPU Thread4, Event6/7

1: EPU Thread5, Event6/7
EPU Event4/5 thread selection to ADC1
1 ADI19SEL R/W 0 0: EPU Thread4, Event4/5

1: EPU Thread5, Event4/5
EPU Event2/3 thread selection to ADC1
0 ADI18SEL R/W 0 0: EPU Thread4, Event2/3
1: EPU Thread5, Event2/3
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9.3.20. EVSELY9 (EVC Select9)

Register EVSEL9 EVC Select9 Address 0xE339
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
CMP event selection to DSAC Channel8 to Channel15
1 DSACI1SEL R/W 0 0: CMP Thread0/2/4
1: CMP Thread1/3/5
CMP event selection to DSAC Channel0 to Channel7
0 DSACOSEL R/W 0 0: CMP Thread0/2/4
1: CMP Thread1/3/5

9.3.21. EVSEL10 (EVC Select10)

Register EVSEL10 EVC Select10 Address OxE33A
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
PWM event selection to DSAC Channel8 to
Channel15
1 | DSACISEL | RW 0 0: PWMO/L/2/3, Evento
1: PWMO0/1/2/3, Eventl
PWM event selection to DSAC Channel0 to Channel7
0 DSACOSEL R/W 0 0: PWMO0/1/2/3, Event0
1: PWMO0/1/2/3, Eventl
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9.3.22. EVSEL11 (EVC Select11)

Register EVSEL11 EVC Selectll Address OxE33B
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
TMR event selection to DSAC Channel8 to Channel15
1 DSACI1SEL R/W 0 0: TMRO0/1/2/3, CMA event
1: TMRO0/1/2/3, CMB event
TMR event selection to DSAC Channel0 to Channel7
0 DSACOSEL R/W 0 0: TMRO0/1/2/3, CMA event
1: TMRO0/1/2/3, CMB event
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10. Event Processing Unit (EPU)

10.1. Overview

The event processing unit (EPU) is an operation unit that performs the data transfer, data processing, and event
processing instead of the CPU. The EPU can process up to 6 threads (channels) in parallel in one operation unit. Since
the thread is activated in one cycle at least from the event input, the EPU is suitable for the processing required the high
speed response. Each thread has a context such as a program counter, a register, and a thread activation timer.

Since the high speed context switching is simple, the switching between threads is performed in zero cycle. The EPU
can process at high speed in one throughput cycle with switching threads. The thread generates an activation request by
an external event. The activation request of each thread is selected according to the priority, and processes the selected
thread processing by the operation unit. User can program each thread processing. The program is allocated in the
shared memory with all threads. The EPU operates for the bus masters of the MBUS that the program memory is
connected, SBUS, and XBUS. The EPU transfers the data between these buses. Also, the EPU generates its own event.
Using this function, the events that skipped an input event and the computed multiple input events can be generated.
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Table 10-1. EPU Functional Descriptions

Item Description

Number of Threads 6 threads

Program counter: 9 bits
General-purpose register: 16 bits x 2 (R0 or R1)

(Résg#$ﬁread) Dedicated tim_er counter: 12 bits x 1
Prescaler: 8 bits x 1
Flag register: T (true), C (carry)
16 inputs per thread
Event Dedicated timer in the thread
16 outputs per thread
Program Memory 16 bits x 256 words (connected to the MBUS)
16-bit fixed-length code, instruction set based on RISC architecture
Arithmetic operation: ADD, SUB, MUL, signed/unsigned comparison
Logic operation: AND, OR, NOT, XOR
Instruction

Load/Store: Register—register, SBUS—register, XBUS-register, MBUS-register

Branch: Conditional/unconditional absolute address branch
Event: Input/wait/output/dedicated timer event wait

Execution Unit 2-stage or 3-stage pipeline

Common program/data memory for all threads

Address space: 256 words

MBUS Data width: 16 bits per word

Dedicated bus

Access mode: Byte access mode

Address space: 256 words

Data width: 16 bits per word

SBUS Access mode: Word/byte access mode

Access cycle: One cycle (min.), cycle extension with the wait control
Priority: DSAC > EPU > CPU

Address space: 64 Kwords

Data width: 8 bits per word

Access cycle: One cycle (min.), cycle extension with the wait control
Priority: EPU > CPU

XBUS
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10.2. Block Diagram

g
~
EPU | XDATA BUS slave I/F |
EVTINO[15:0] > Thread0 Threadl Thread5
EVTIN1[15:0] RO > RO RO
EVT|N5[150] R1 R1 R1
EVTOUTO[].SO] Prescaler  TIME Prescaler Prescaler
EVTOUTI(18:0] «— gﬂf e qu |T'MPEC gﬂf e
EVTOUT5[15:0] |—
& { &
| Context switch |
Single processor (Data path and control)
| epumsi (master) | | epumxi (master) | | epummi (master) |
S 7 S
S taenits X I8hits M
o 8 bits EPU > CPU
7 ARB_S 16 bit
18]
S g _ SFR BUS $ 16 bits
a 8 bits EPU > CPU
O Tl »| ARB_X
X J gbits XDATA BUS
Q. <« L
= t vy M>X
CPU XRAM CPU XRAM + EPU program + EPU data memory ARB_M

XRAM (RAMO)
8-bit width, 1 KB, single port RAM

XRAM (RAM1)
16-bit width, 512 bytes, single port RAM

16 bits

Figure 10-1. EPU Block Diagram

10.3. Common Resource

(1) Program Memory
This is a 256-word (max.) memory that allocates programs and data. The data width is 16 bits per word. The
program memory is accessed by the EPU instruction fetch and the LOADM or STOREM instrcution.

(2) EPU Core
This is an EPU instrcution execution core that has 2-stage or 3-stage pipeline structure. The instruction is executed
in one instruction (max.) per cycle.

(3) MBUS
This is a memory interface that allocates the program and data of the EPU. The bus width is 16 bits. The MBUS
has 8 bits per word addressing. The program fetch is performed in 16-bit unit. The program must be allocated in 2-
byte alignment. The LOADM or STOREM instruction can access the data in 16-bit or 8-bit unit. The memory is
shared with the CPU XRAM. The access priority is MBUS > XBUS.

(4) SBUS
This is a high speed bus that can be accessed in one cycle (min.). The bus width is 16 bits. The SBUS is accessed
by the CPU and the EPU. The priority is DSAC > EPU > CPU. The CPU can access with only 8-bit. The EPU can
access with 8-bit or 16-bit, which can be specified. The SBUS has 16 bits per word addressing.

(5) XBUS
This is a bus that can be accessed in one cycle (min.). The bus width is 8 bits. The XBUS is accessed by the CPU
and the EPU. The priority is EPU > CPU. The XBUS has 8 bits per word addressing.
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10.4. Resource of Each Thread

e General-purpose Registers (R0 and R1)

These are 16-bit width general-purpose registers, and are used for storing the operands of arithmetic logic operation
and the operation results. In the XBUS access instruction, these registers are used for the base address registers of the
XBUS access address. These registers can be accessed as the XBUS registers from the CPU. Therefore, the initial value
before the each EPU thread execution can be set from the CPU.

e Program Counter (PC)
This indicates the present program address, and is incremented by 2 per one instruction execution. The PC can be
accessed as the XBUS register from the CPU. The PC initial value of each thread must be set from the CPU.

e Dedicated Timer Counter (TIME)

This is 12-bit timer counter. When the TIMWAIT instruction is executed, the executed thread cancels the instruction
execution request; furthermore, the subsequent instruction execution is suspended. The value specified by the
TIMWAIT instruction is loaded to the TIME. The TIME counts down until the value becomes zero. When TIME = 0,
this thread outputs the execution request of the subsequent instruction. The TIME counts down according to the count
signal obtained by dividing the system clock by the prescaler. The TIME can be accessed as the XBUS register from the
CPU.

e T Flag

This is updated by a comparison instruction, and is used for a condition of a subsequent branch instruction. If the
result of the comparison instruction is true, T = 1. If the result of the comparison instruction is false, T = 0. The T flag
can be accessed as the XBUS register from the CPU.

e CFlag
This is a carry of the arithmetic logic operation result, and can be accessed from the CPU as the XBUS register.

e Prescaler

This generates the TIME count signal, and has an 8-bit counter configuration. The prescaler operates from issuing the
TIMWAIT instruction until the TIME register count is completed by the TIMWAIT instruction. To clear the prescaler,
set EPCTRLN.RESET = 0.
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10.5. Instruction

10.5.1. Instruction Format

Operations when an undefined instruction code is executed are not guaranteed. The execution of any undefined
instruction code is prohibited.

Table 10-2. Instructions

Instruction Description OPCODE (16 bits)
ALU Rn, Rm ALU Operation, Rn € Rn op Rm (16 bits) oJjofojJO|O|JO|[N[M|O AM
MUL Rn Rn < Unsigned RO[7:0] * Unsigned R1[7:0] 0l0[O0])JO|O|O|N 0 1111
CMP Rn, Rm Compare Operation, T € Rn cmp Rm (16 bits) 0OJofO0O]JO|O|O|IN[M|1 CM
EVIWAIT #EVT Wait for Event #EVT (each thread owns 16x event-pending-flags) ojfofojofof1jojo EVT
EVTIN #EVT T<Event#EVT (no wait; only get specified event-pending-flags) ojfofojofof1joj]1 EVT
EVTOUT #EVT Output Event #EVT ojfofojofof1j1jo EVT
EVTCLR #EVT Clear Event Flag #EVT ojofjfofofof1fr]1 EVT
JT @AddrM If (T==1) PC € {AddrM[8:1], 1°b0}, else PC € PC+2 olofo]of1]o0]o0 AddrM[8:1] 0
JF  @AddrM If (T==0) PC € {AddrM[8:1], 1°b0}, else PC € PC+2 olofo|of1]o]1 AddrM[8:1] 0
JMP @AddrM PC € {AddrM[8:1], 1°b0} oflofo|of1]1 AddrM[8:1] 0
LOADS Rn, @AddrS Load Rn from S@AddrS ojofo|1 RM |N|O AddrS[7:0] (8 bits)
STORES @AddrS, Rm Store Rn to S@Addrss o[fofo|1|fw™M |M|1 AddrS[7:0] (8 bits)
LOADM Rn, @AddrM Load Rn from M@AddrM ojfof1]o0 RM | N AddrM[8:0] (9 bits)
STOREM @AddrM, Rm Store Rm to M@AddrM ojof1|1( wWw™M |M AddrM[8:0] (9 bits)
TIMWAIT #TIME Wait for #TIME x prescaler cycles oj1fofo TIME[11:0] (12 bits)
LOADX Rn, @ (Rm+ZE (Offset)) Load Rn from X@(Rm+ZE(Offset)) 1[0(N|M| RM Offset (10 bits)
STOREX @ (Rn+ZE (Offset)), Rm Store Rm to X@(Rn+ZE(Offset)) 111(N|M| WM Offset (10 bits)
Read Mode Read Operation RM Remarks Write Mode Write Operation wM Remarks
B_SE 8 bits, sign extended ofo| X,m B_LO 8 hits, lower side of operand 0] 0 X,M
B_ZE 8 bits, zero extended o1 xMm B_HI 8 bits, higher side of operand 0l 1| X,M
W 16 bits, twice with address increment 110 X
1st read data is stored to Rn[7:0], 2nd read data is stored to W 16 bits, twice with address increment 1] ol x
Rn[15:8] 1stwrite data is Rm[7:0], 2nd write data is Rm[15:8]

W_SA 16 bits, twicern same address . 111 X W sa 16 bits, twice on same address 1l 1] x
ésr:[rle;i]data is stored to Rn[7:0], 2nd read data is stored to 1st write data is Rm([7:0], 2nd write data is Rm[15:8]

B_LO 8-bit read mode (Byte access mode on DSAC), store to (O O ] B_Lo g—rt])[i;g]rite mode (Byte access mode on DSAC), write ofofs
Rn[7:0]

B_HI 8-bit read mode (Byte access mode on DSAC), store to of1|s AT SR:[I;;VQ]E mode (Byte access mode on DSAC), wite oftfs
Rn[15:8]

" 16-bit read mode (Word access mode on DSAC) ol sm W 16-bit write mode (Word access mode on DSAC) 1{0] S™m

ALU Mode Description AM Code Compare Mode Description CM Code
MOV Rn € Rm o|lo]o]|o]||EC T € (Rn==Rm) olofofo
ADD {C,Rn} € Rn + Rm (16 bits) ofofof1 GTS T € (Rn > Rm), Signed ofof1fo0
ADDC {C,Rn} € Rn + Rm + {{15{0}}, C} (16 bits) olof1]offzrs T € (Rn < Rm), Signed ol 1| of o
SUB {C, Rn} € Rn - Rm (16 bits) ofof1f12 GTU T € (Rn > Rm), Unsigned of1f1]0
SUBC {C,Rn} € Rn - Rm - {{15{0}}, C} (16 bits) of1|0]|o0]|| LTU T € (Rn < Rm), Unsigned 11 0]0f0
INC Rn < Rm + 1 (16 bits) o| 1| o] 1f[ 2ERO T< (Rn==0) 11 0]0]1
DEC Rn € Rm - 1 (16 bits) of1]1]|0]| CLRT T€0 110]1fo0
AND Rn € Rn & Rm (16 bits) of 1| 1] 1| SETT T¢1 110]1f1
OR RN < Rn | Rm (16 bits) 1] ofo]off cETC T¢C 1l 1]0]0
XOR Rn € Rn~ Rm (16 bits) 1] o0fo] 1ff puTc C&T 1 1]0]1
NOT Rn < ~Rm (16 bits) 1] o0f1]off crre C<0 1l 1]1]0
SFTL Rn € (Rm << 1) 1] 0] 1] 1]|] SETC c<1 f1f1]1
SFTR Rn <(Rm>>1) 111]0]0
SFTLC C € Rm[15], Rn € (Rm << 1), Rn[0] € C 1]11]0]1
SFTRC C € Rm[0], Rn € (Rm >> 1), Rn[15] € C 1]11]1]0
MUL Rn Rn € Unsigned RO[7:0] * Unsigned R1[7:0] 111|121
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|
10.5.2. Instruction Set

In this section, the program counter and the dedicated timer counter are represented as the PC and the TIME,
respectively. The RO and R1 are general-purpose registers. For the details of each thread resource, see Section 10.4.

10.5.2.1. Instruction of Arithmetic Logic Unit (ALU)

e MOV
This is a data transfer instruction between registers. Rm is written to Rn. The C and T flags are not updated. After the
instruction is executed, the PC is incremented by 2.

e ADD
The result of Rn + Rm is stored to Rn. The carry of the calculation result is indicted in the C flag. The T flag is not
updated. After the instruction is executed, the PC is incremented by 2.

e ADDC
The result of Rn 4+ Rm + C is stored to Rn. The carry of the calculation result is indicted in the C flag. The T flag is
not updated. After the instruction is executed, the PC is incremented by 2.

e SUB
The result of Rn — Rm is stored to Rn. The borrow of the calculation result is indicted in the C flag. The T flag is
not updated. After the instruction is executed, the PC is incremented by 2.

e SUBC
The result of Rn — Rm — C is stored to Rn. The borrow of the calculation result is indicted in the C flag. The T flag
is not updated. After the instruction is executed, the PC is incremented by 2.

e INC
The result that Rm is incremented by 1 is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2.

e DEC
The result that Rm is decremented by 1 is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2.

e AND
The result of logical AND of Rn and Rm is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2.

e OR
The result of logical OR of Rn and Rm is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2.

e XOR
The result of exclusive logical OR of Rn and Rm is stored to Rn. The C and T flags are not updated. After the
instruction is executed, the PC is incremented by 2.

e NOT
The bit inversion of Rm is stored to Rn. The C and T flags are not updated. After the instruction is executed, the PC
is incremented by 2.
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e SFTL
The result that Rm is shifted left by 1 bit is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2. The value to be stored to the LSB (least significant bit) is 0.

e SFTR
The result that Rm is shifted right by 1 bit is stored to Rn. The C and T flags are not updated. After the instruction is
executed, the PC is incremented by 2. The value to be stored to the MSB (most significant bit) is 0.

e SFTLC

The result that Rm is shifted left by 1 bit is stored to Rn. At this time, the present C flag is stored to the LSB of Rn.
Also, the MSB of Rm pushed out by left shifting is stored to the C flag. After the instruction is executed, the PC is
incremented by 2.

e SFTRC

The result Rm is shifted right by 1 bit is stored to Rn. At this time, the present C flag is stored to the MSB of Rn.
Also, the LSB of Rm pushed out by right shifting is stored to the C flag. After the instruction is executed, the PC is
incremented by 2.

e MUL
The product of the lower 8 bits of RO and R1 is stored to Rn. The RO and R1 are regarded as unsigned values. The C
and T flags are not updated. After the instruction is executed, the PC is incremented by 2.

10.5.2.2. Comparison Instruction and Flag Operation Instruction

e EQ
Rn =Rm: The T flag is set to 1. The PC is incremented by 2.
Not Rn=Rm: The T flag is set to 0. The PC is incremented by 2.

e GTS
This regards Rn and Rm as the signed values.
Rn > Rm: The T flag is set to 1. The PC is incremented by 2.
Rn <Rm: The T flag is set to 0. The PC is incremented by 2.

e LTS
This regards Rn and Rm as the signed values.
Rn < Rm: The T flag is set to 1. The PC is incremented by 2.
Rn>Rm: The T flag is set to 0. The PC is incremented by 2.

e GTU
This regards Rn and Rm as the unsigned values.
Rn > Rm: The T flag is set to 1. The PC is incremented by 2.
Rn <Rm: The T flag is set to 0. The PC is incremented by 2.

e LTU
This regards Rn and Rm as the unsigned values.
Rn <Rm: The T flag is set to 1. The PC is incremented by 2.
Rn>Rm: The T flag is set to 0. The PC is incremented by 2.

e ZERO
Rn=0:The T flag is set to 1. The PC is incremented by 2.
Other than Rn = 0: The T flag is set to 0. The PC is incremented by 2.
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e CLRT
The T flag is set to 0. After the instruction is executed, the PC is incremented by 2.

e SETT
The T flag is set to 1. After the instruction is executed, the PC is incremented by 2.

e GETC
The C flag is transferred to the T flag. After the instruction is executed, the PC is incremented by 2. The C flag is not
changed.

e PUTC
The T flag is transferred to the C flag. After the instruction is executed, the PC is incremented by 2.The T flag is not
changed.

e CLRC
The C flag is set to 0. After the instruction is executed, the PC is incremented by 2.

e SETC
The C flag is set to 1. After the instruction is executed, the PC is incremented by 2.

10.5.2.3. Branch Instruction

e JMP
This is an unconditional branch instruction. The specified address is set to the PC.

e JT
The T flag is 1: The specified address is set to the PC. The instruction is taken.
The T flag is 0: The PC is incremented by 2. The instruction is not taken.

e JF
The T flag is 0: The specified address is set to the PC. The instruction is taken.
The T flag is 1: The PC is incremented by 2. The instruction is not taken.

10.5.2.4. Data Transfer Instruction

e LOADS Rn, @AddrS
The SBUS address, AddrS, data is stored to Rn. The C and T flags are not updated. After the instruction is executed,
the PC is incremented by 2. The instruction has 3 access modes (B_LO, B_HI, and W).

e STORES @AddrS, Rm
Rm is written to the SBUS address, AddrS. The C and T flags are not updated. After the instruction is executed, the
PC is incremented by 2. The instruction has 3 access modes (B_LO, B_HlI, and W).

e LOADM Rn, @AddrM
The MBUS address, AddrM, data is stored to Rn. The C and T flags are not updated. After the instruction is executed,
the PC is incremented by 2. The instruction has 3 access modes (B_SE, B_ZE, and W).

e STOREM @AddrM, Rm
Rm is written to the MBUS address, AddrM. The C and T flags are not updated. After the instruction is executed, the
PC is incremented by 2. The instruction has 3 access modes (B_LO, B_HI, and W).

e LOADX Rn, @ (Rm+ZE (offset))
The XBUS address, Rm + offset (register relative), data is stored to Rn. The offset is unsigned 10-bit width. The C
and T flags are not updated. After the instruction is executed, the PC is incremented by 2. The XBUS address has 16
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bits. The 17th bit of the address calculation result is ignored. The instruction has 4 access modes (B_SE, B_ZE, W, and
W_SA). In the word access mode of W or W_SA, the XBUS access occurs twice.

e STOREX @ (Rn+ZE (offset)), Rm

Rm is stored to the XBUS address, Rn + offset (register relative). The offset is unsigned 10-bit width. The Cand T
flags are not updated. After the instruction is executed, the PC is incremented by 2. The XBUS address has 16 bits. The
17th bit of the address calculation result is ignored. The instruction has 4 access modes (B_LO, B_HI, W, and W_SA).
In the word access mode of W or W_SA, the XBUS access occurs twice.

10.5.2.5. Event Instruction

e EVTIN

This stores 1 or 0 to the T flag when the specified event exists or does not exist, respectively. When the bit in the
EPEISLn or EPEISHN register corresponding to the event status of the specified event number is 1, T = 1, and when it
is 0, T = 0. The corresponding bit of the EPEISLn or EPEISHn register is not changed by the EVTIN instruction. The C
flag is not updated. After the instruction is executed, the PC is incremented by 2.

e EVTOUT
This outputs the event corresponding to the specified event number. The C and T flags are not updated. After the
instruction is executed, the PC is incremented by 2.

e EVTCLR

The corresponding bit of the event status in the EPEISLn or EPEISHn register is cleared. When the clearing
operation conflicts with the setting operation, the clearing operation is ignored. The C and T flags are not updated. After
the instruction is executed, the PC is incremented by 2.

e EVTWAIT

The specified event is waited. The thread execution is stopped (i.e., thread execution right is abandoned) until the
corresponding bit of the event status in the EPEISLn or EPEISHn register becomes 1. When the specified event is input,
and the corresponding bit in the EPEISLn or EPEISHnN register becomes 1, the thread execution right is required, and
the thread execution is restarted (i.e., thread execution right is acquired). When the EVTWAIT instruction is issued
while the specified event exists (when the corresponding bit in the EPEISLn or EPEISHn register is 1), the execution of
thread subsequent instruction is continued because the thread execution is not stopped. When the thread execution is
restarted, the corresponding bit in the EPEISLn or EPEISHN register is cleared. The C and T flags are not updated.
After the instruction is executed, the PC is incremented by 2. While the event is being waited, the thread execution is
stopped.

e TIMWAIT

For the specified period, the thread execution is stopped (i.e., the thread execution right is abandoned). The C and T
flags are not updated. When the instruction is executed, the value specified by this instruction is loaded to the TIME of
each thread. The TIME counts down according to the count signal divided by the prescaler. When the TIME becomes 0,
the suspended thread requires the thread execution right, and the thread execution is restarted. Even if O is specified for
the TIME, the thread execution is stopped once, and the thread execution right is required at the timing of the next count
signal. After the instruction is executed, the PC is incremented by 2.
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10.6. Operation

10.6.1. Program Allocation

The EPU program can be allocated in 512-bytes area (RAM1) of 1.5-KB XRAM on the XBUS. This area is shared
with the CPU. The addresses when accessing RAM1 from the CPU are 0x0400 to 0xO5FF. The EPU program has 16-bit
fixed-length. In the CPU address, the lower 8 bits and the higher 8 bits of the instruction codes are assigned to 2n (even
address) and 2n + 1 (odd address), respectively.

10.6.2. Thread Resource Setting

Each thread has the resources such as general-purpose registers (RO and R1), program counter (PC), dedicated timer
counter (TIME), prescaler, T flag, and C flag. These resources can be accessed from the CPU as the registers on the
XBUS. The initial value can be set to these resources before the thread activation. The program execution start address
must be set to the PC.

10.6.3. Thread Activation and Stop

To activate the thread, set EPCTRLN.EN = 1. When the thread acquires the execution right, the instruction execution
is started. To stop the thread at completing the instruction that is being executed, set EPCTRLn.EN = 0. If the TIME
counts, the count is suspended. The prescaler just stops and not be reset. The event input can be accepted even while the
thread is stopped. When the event input is detected, the EPEISLn and EPEISHn registers are changed. If the thread is
stopped with the state waiting for the execution right, the thread execution right request is canceled. When EN = 0, the
instructions already fetched or being executed are executed as they are. The stop states by the TIMWAIT and
EVTWAIT instructions are held.

To reset the thread internal state (the EPSTSn.THSTS bit) and the prescaler to the initial state, set
EPCTRLN.RESET = 1. The register values of other threads without EPCTRLN.RESET = 1 are not reset and are held.
The thread state is initialized while the thread is disabled (i.e., EPFCTRLN.EN = 0). Also, using this reset function, the
TIMWAIT or EVTWAIT instruction forcibly cancels the thread execution wait state while the thread is enabled (i.e.,
EPCTRLN.EN =1).

10.6.4. Thread Selection (Context Switch)

The thread to be executed is selected according to the thread priority from each thread execution request. For high
speed switching of the threads to be executed, the contexts are switched with zero latency by the context switch. The
normal thread priority is as follows: the highest priority when the thread number is low; the lowest priority when the
thread number is high. The thread with the highest priority is selected from each thread outputs the execution request.

The priority can also be controlled by grouping. The EPCTRLN.PRI bits determine whether each thread belongs to
one of 3 groups (A, B, or C) or not belong to any group. If EPCTRLN.PRI = 0b00, thread n does not belong to any
priority control group, and the thread is selected with the normal thread priority. When the group A
(EPCTRLN.PRI = 0b01), B (EPCTRLN.PRI = 0b10), and C (EPCTRLN.PRI = 0b11) are set, the priority is controlled
according to a round-robin algorithm in the same group. In the initial state, ThreadO is the highest priority, followed by,

Threadl, Thread2, ---, Thread5. For example, when the Thread3 is selected, Thread4 is the highest priority in the next

cycle, followed by Thread5, ThreadO, Threadl, ---, Thread3. The thread selected in the previous time is the lowest
priority. The priorities between groups are determined by the normal priority from the threads selected by the individual
group. Assigning the threads with the same frequency and the timing of operations to the same group makes it easier for
the threads to operate in parallel. If the multiple threads that always operate exist, these threads must be assigned to the
same group.

The thread that executed the TIMWAIT or EVTWAIT instruction temporarily cancels the thread execution request.
Then, the execution right is transferred to other threads that the context switch outputs the execution request. The EPU
stops the instruction execution during no execution request from all threads. The thread suspended by the TIMWAIT
instruction outputs the thread execution request when the TIME counts down to O, and tries to restart the thread
execution. The thread suspended by the EVTWAIT instruction outputs the thread execution request by the event input
specified by the EVTWAIT instruction, and tries to restart the thread execution.
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. _____________________________________________________________________________________________________________________________|
10.6.5. Event Input

Each thread has a function that detects 16 event inputs. The event acceptance is defined by the EPEICLn and
EPEICHDN registers. While the event is input when the thread is enabled (EPCTRL.EN = 1) and the corresponding bit of
the EPEICLn or EPEICHDN register is 1, the event input is accepted, and then the corresponding bits of the EPEISLn and
EPEISHn registers set to 1. When the event input specified by the EVTWAIT instruction is accepted (i.e., the thread
execution right is acquired), the corresponding bit of the EPEISLn or EPEISHN register is cleared. When the setting
operation conflicts with the clearing operation, the setting operation has the highest priority. When the event input is set
the level signal, this event is regarded as “continuous event.” While the event is input, the corresponding bit of the
EPEISLn or EPEISHN register holds the state of 1. Even if the event is lost, the corresponding bit of the EPEISLn or
EPEISHN register is not cleared. The state of 1 is held unless the event is accepted by the EVTWAIT instruction. For
the selection of event input, see Section 9.
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10.6.6. Event Output
Each thread outputs the 16 events by the EVTOUT instruction.

Table 10-3. Event Output

Event No. Thread0 Threadl Thread2
0 PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO0, PWM1, PWM2, PWM3 re-trigger
1 PWMO0, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger
2 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
3 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
4 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
5 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
6 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
7 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
8 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
9 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
10 POCO, POC1, POC2, POC3 POCO, POC1, POC2, POC3 POCO, POC1, POC2, POC3
11 POCO, POC1, POC2, POC3 POCO, POC1, POC2, POC3 POCO0, POC1, POC2, POC3
12 AMPONO, AMPON1 AMPONO, AMPON1 AMPONO, AMPON1
13 AMPOFF0, AMPOFF1 AMPOFF0, AMPOFF1 AMPOFF0, AMPOFF1
14 CPU INT CPU INT CPU INT
15 Reserve Reserve Reserve
Event No. Thread3 Thread4 Thread5
0 PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO0, PWM1, PWM2, PWM3 re-trigger
1 PWMO0, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger | PWMO, PWM1, PWM2, PWM3 re-trigger
2 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
3 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
4 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
5 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
6 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
7 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
8 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
9 ADCO0, ADC1 ADCO0, ADC1 ADCO0, ADC1
10 POCO, POC1, POC2, POC3 POCO0, POC1, POC2, POC3 POCO0, POC1, POC2, POC3
11 POCO, POC1, POC2, POC3 POCO, POC1, POC2, POC3 POCO, POC1, POC2, POC3
12 AMPONO, AMPON1 AMPONO, AMPON1 AMPONO, AMPON1
13 AMPOFF0, AMPOFF1 AMPOFF0, AMPOFF1 AMPOFF0, AMPOFF1
14 CPU INT CPU INT CPU INT
15 Reserve Reserve Reserve
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10.6.7. Bus Access

The EPU is the bus master of the MBUS. The MBUS is used for the instruction fetch and the data accesses of the
LOADM or STOREM instruction. In the LOADM or STOREM instruction, the EPU accesses by the absolute address.

The EPU also operates as the bus master of the XBUS and the SBUS. The access to the XBUS is performed by an
indirect addressing with the address that the offset specified to the Rn register. The SBUS is accessed by the LOADS or
STORES instruction. The access to the SBUS is performed by a direct addressing that specifies the absolute address
during the instruction. The XBUS is accessed by the LOADX or STOREX instruction.

10.6.8. MBUS Access

The MBUS is for the data accesses of the instruction fetch and the LOADM or STOREM instruction. The bus width
is 16 bits (2 bytes). The EPU can access up to 2 byte-data at the same time. The instruction fetch is performed in 2-byte
unit of a word alignment. The instruction allocation address must be the word alignment. The data access by the
LOADM or STOREM instruction can be performed in 1-byte or 2-byte (word) unit. In the word access mode, only
word alignment address can be used. In the data access mode, the read mode (RM) or the write mode (WM) during the
LOADM or STOREM instruction is specified. In the LOADM or STOREM instruction, the data access and the
instruction fetch of the subsequent instruction occur simultaneously; as a result, the resource competition hazard of the
MBUS occurs. At this time, the data access is processed first. After that, the instruction fetch access of the subsequent
instruction occurs. While the data is being accessed, the instruction execution is waited.

10.6.9. XBUS Access

The XBUS is for the data access of the LOADX or STOREX instruction. The bus width is 8 bits (1 byte). The XBUS
can access the peripheral function register and the XRAM shared with the CPU. The access mode is specified from the
read mode (RM) or the write mode (WM) of the LOADX or STOREX instruction. The EPU can access in 1-byte or 2-
byte unit. The XBUS access occurs twice in 2-byte access. The address of the LOADX or STOREX instruction is the
address that the offset specified to the Rn register is added.

10.6.10. SBUS Access

The SBUS is for the data access of the LOADS or STORES instruction. The bus width is 16 bits (2 bytes). The EPU
can access the SFR of the peripheral function, and cannot access the SFR related to the CPU and the INTC. The access
mode is specified from the read mode (RM) or the write mode (WM) of the LOADS or STORES instruction. The EPU
can access in 1-byte or 2-byte unit. In the SBUS, up to 2-byte data is assigned to one address.

10.6.11. XBUS Slave Register Access

The EPU register access is performed via the XBUS. The XBUS has 8-bit data width. On the other hand, since RO
and R1 are 16-bit width, the program counter (PC) is 9-bit width, and the dedicated timer counter (TIME) is 12-bit
width, the value cannot be set in one write operation from the XBUS; therefore the value must be set in 2 write
operations (lower 8 bits and higher 8 bits). Be sure to access these registers lower bits, higher bits, in the sequential
order.

The XBUS register access to the above registers is as follows: the write data to the lower bits are once stored in the
buffer. The stored values are reflected concurrently with writing to the higher bits. This guarantees the atomicity when
accessing 16-bit register.

Likewise, the higher bit is held in the buffer when reading the lower bit. Regarding the read data of the higher bit, the
value held in the buffer is read. The buffer is mounted independently for the CPU access and the EPU access. As a
result, the atomicity is guaranteed even if the accesses of the EPU and the CPU occur alternately.
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10.6.12. Pipeline Operation of Each Instruction

In the EPU, the memory read instructions (i.e., instructions with the write back stage such as LOADS, LOADM, and
LOADX) operate with a 3-stage pipeline. Other instructions operate with a 2-stage pipeline. For the pipeline operation
of each instruction, see Figure 10-2.

1 1 : Instruction Fetch from M
P I pel I ne . Decode and Execution
oALU [R] : Decode and Read S/X/M
m, Rn : Write Back
:;:tRinsi. . Decode and Write S/X/M
®STORES @SAddr, Rm ®STOREX @(Rn+ZE(Offset)), Rm
MOVS @Saddr, Rm D:ZX f[‘]::fZE(Offset“' Rm
@)
®LOADS Rm, @SAddr
MOVS Rm, eSAddr (FWMQ) ® OADX Rm, @(Rn+ZE(Offset))
MOVX Rm, @ (Rn+ZE(0ffset)) [F[R[g]
next inst. (Forwarding)
O®STOREM @MAddr, Rm
MOVM @Maddr, Rn @
next inst. HER
ce Sl ®JMP
®.OADM Rm, @MAddr JHE Gradds
MOVM Rm, @Maddr [FIrR]B] Always stall
e ®JT/IF ®EVTWAIT

Stall®

.CMP JX @Maddr

next inst.
CMP Rm, Rn
next inst.

EVTWAIT #EVT .
Exist
Not taken next inst

JX eMaddr Taken EVIWAIT #EVT -*-i__, Not exist
Fixd

next inst. next inst

EVIIN #EVT

Stall with branch executi Stall @
o EVTI N (Nao s‘:;lll wi’t:nnco E;fncshlzgeculicn) :
next inst .TIMWAIT
TIMWAIT #TIM __ __, Timer wait
next inst Fi*}
®EVTOUT, EVTCLR e
EVTOUT #EVT [F]E
next inst

Figure 10-2. Pipeline Operation of Each Instruction

@ The data access and the instruction fetch of the subsequent instruction occur simultaneously to the RAM1 (memory
where the program is allocated). As a result, the resource conflict hazard of the MBUS access occurs. For this reason,
the subsequent instruction is stalled.

@ Since the data conflicts with the instruction fetch when accessing to the RAM1, the subsequent instruction is stalled.

®) The subsequent instruction is stalled. Note that the instruction is fetched if the activation request of the other thread
exists. Even if 0 is specified for the TIME, the thread execution is stopped once. The next count signal requires the
thread execution right.

® The subsequent instruction is stalled. Note that the instruction is fetched if the activation request of the other thread
exists.
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10.6.13. Execution Time of Each Instruction

The EPU operates in 1 cycle per instruction except for the following instructions.

e Branch Instruction

- Unconditional branch instruction: 2 cycles
- Conditional branch instruction is taken: 2 cycles (1 cycle when the conditional branch instruction is not taken)

e L OADM or STOREM Instruction
2 cycles (to the RAML, the instruction fetch and the data access confilict)

e L OADX or STOREX Instruction
1 cycle, 2 cycles when accessing to the RAM1

e LOADS or STORES Instruction and LOADX or STOREX Instruction
When the wait cycle exists in the bus cycle of the data access of these instructions, the cycles of the wait cycle are
added to the original instruction execution cycle.

- For the SBUS of the LOADS or STORES instruction, the DSAC has the highest priority. The wait cycles are
added according to the DSAC transfer count: 2 cycles (max.) for 1 count, 4 cycles (max.) for 2 counts, 8 cycles
(max.) for 4 counts, and 16 cycles (max.) for 8 counts.

- Since the XBUS of the LOADX or STOREX instruction is accessed with 2-cycle, 1-cycle wait is added.

e EVTWAIT Instruction

- The corresponding event already exists: 1 cycle
- No corresponding event exists: 2 cycles after the corresponding event is detected

e Subsequent Instruction of TIMWAIT Instruction
2 cycles
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10.7. Register Descriptions

Table 10-4. List of Registers

Symbol* Name* Address* Initial Value
EPMCR EPU Master Control Register 0xE000 0x00
EPCTRLNn | EPU Control Register for Thread n 0xE000 + 0x10 X (n + 1) 0x00
EPSTSn EPU Status Register for Thread n 0xE001 + 0x10 X (n + 1) 0x00
EPROLN EPU RO Register Lower Side for Thread n 0xE002 + 0x10 X (n + 1) 0x00
EPROHnN EPU RO Register Higher Side for Thread n 0xE003 + 0x10 X (n + 1) 0x00
EPR1Ln EPU R1 Register Lower Side for Thread n 0xE004 + 0x10 X (n + 1) 0x00
EPR1Hn EPU R1 Register Higher Side for Thread n 0xE005 + 0x10 X (n + 1) 0x00
EPPCLn EPU Program Counter Register Lower Side for Thread n 0xE006 + 0x10 X (n + 1) 0x00
EPPCHn EPU Program Counter Register Higher Side for Thread n 0xE007 + 0x10 X (n + 1) 0x00
EPTIMELN | EPU Timer Counter Register Lower Side for Thread n 0xE008 + 0x10 X (n + 1) 0x00
EPTIMEHN | EPU Timer Counter Register Higher Side for Thread n 0xE009 + 0x10 X (n + 1) 0x00
EPEICLNn EPU Event Input Control Register Lower Side for Thread n | 0xE00A + 0x10 X (n + 1) 0x00
EPEICHN EPU Event Input Control Register Higher Side for Thread n | 0xE00B + 0x10 X (n + 1) 0x00
EPEISLn EPU Event Input Status Register Lower Side for Thread n 0xE00C + 0x10 X (n + 1) 0x00
EPEISHnN EPU Event Input Status Register Higher Side for Thread n 0xE00D + 0x10 X (n + 1) 0x00
EPPSPn EPU Prescaler Period Register for Thread n 0xEOOE + 0x10 X (n + 1) 0x00
EPEISCn EPU Event Input Status Control Register for Thread n 0xEOOF + 0x10 X (n + 1) 0x00

* The arbitrary letter “n” represents a thread number.
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10.7.1. EPMCR (EPU Master Control Register)

Register EPMCR EPU Master Control Register Address 0xEOQ00
Bit Bit Name R/W Initial Description Remarks
Resetting the priority control mechanism
Write 0: No change
7 PRIRST W 0 Write 1: Reset
The read value is always 0. The bit resets the state of the
priority control mechanism.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.
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10.7.2. EPCTRLnN (EPU Control Register for Thread n) (n =0 to 5)

Register EPCTRLnN EPU Control Register for Thread n Address Sei(')l'_ ible
Bit Bit Name R/W Initial Description Remarks

Enabling the thread n
0: Thread n is disabled (stop)
1: Thread n is enabled (execution)

7 EN R/W 0 The bit enables or disables the thread n. When the bit is
enabled, the corresponding thread sends an instruction
execution request to the EPU core. When the bit is
disabled, the corresponding thread cancels the instruction
execution request.

Resetting the status of the thread n

6 RESET W 0 Writing 1 to the bit clears the status of thread n (the
EPSTSn.THSTS bit) and the prescaler, and initializes the
status of the thread n.

5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 R/W 0 Selecting the group for priority control
00: Ungrouped (fixed priority control)

PRI 01: Group A

0 RIW 0 10: Group B

11: Group C
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10.7.3. EPSTSn (EPU Status Register for Thread n) (n =0 to 5)

Register EPSTSn EPU Status Register for Thread n Address Seel(')l'_ ible
Bit Bit Name R/W Initial Description Remarks
7 R 0 Thread status
00: Thread n is stopped
THSTS 01: Thread n is active
6 R 0 10: Waiting for a specified event
11: Waiting for the timer count to be finished
Setting the C flag
5 SETC w 0
Writing 1 to the bit sets the C bit to 1. The read value is 0.
Setting the T flag
4 SETT w 0
Writing 1 to the bit sets the T bit to 1. The read value is 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
C flag
Read: A value of the C flag
Write 0: No change
1 c R/C 0 Write 1: The bit is cleared
The priority is defined as follows: clearing the bit by
writing 1 to the bit > setting the bit by the STEC bit >
updating the bit by the EPU.
T flag
Read: A value of T flag
Write 0: No change
0 T R/C 0 Write 1: The bit is cleared

The priority is defined as follows: clearing the bit by
writing 1 to the bit > setting the bit by the SETT bit >
updating the bit by the EPU.
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10.7.4. EPROLn (EPU RO Register Lower Side for Thread n) (n =0to 5)

Register EPROLN EPU RO Register Lower Side for Thread n Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 RIW 0 The lower bits of the RO register
Write: The bits must be sequentially written by the
6 RIW 0 CPU in low-to-high order. The write data to the
5 R/W 0 lower bits is once stored in the buffer; then, the
stored values are written to the register
4 RIW 0 concurrently with writing to the higher bits.
Read: The bits must be sequentially read by the CPU
3 RO RIW 0 in low-to-high order. When the lower bits are
2 R/W 0 read, the values of the higher bits are stored in
the buffer; then, the stored values are read at a
1 R/W 0 - . . .
time of reading the higher bits.
0 R/W 0 In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.
10.7.5. EPROHnN (EPU RO Register Higher Side for Thread n) (n =0 to 5)
Register EPROHnN EPU RO Register Higher Side for Thread n Address Sei(')l'jble
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 RIW 0 The higher bits of the RO register
5 R/W 0 Write: The bits must be sequentially written by the
CPU in low-to-high order.
4 RO RIW 0 Read: The bits must be sequentially read by the CPU
3 RIW 0 in low-to-high order.
2 R/W 0 In the case where a write-by-CPU conflicts with an
1 RIW 0 update-by-EPU, the write-by-CPU takes precedence.
0 R/W 0
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10.7.6. EPR1Ln (EPU R1 Register Lower Side for Thread n) (n =0to 5)

Register EPR1LN EPU R1 Register Lower Side for Thread n Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 The lower bits of the R1 register
Write: The bits must be sequentially written by the
6 RIW 0 CPU in low-to-high order. The write data to the
5 RIW 0 lower bits is once stored in the buffer; then, the
stored values are written to the register
4 RIW 0 concurrently with writing to the higher bits.
Read: The bits must be sequentially read by the CPU
3 R1 RIW 0 in low-to-high order. When the lower bits are
2 R/IW 0 read, the values of the higher bits are stored in
1 RIW 0 the buffer; then, the stored values are read at a
time of reading the higher bits.
0 RIW 0 In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.
10.7.7. EPR1Hn (EPU R1 Register Higher Side for Thread n) (n =0 to 5)
Register EPR1HnN EPU R1 Register Higher Side for Thread n Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0 The higher bits of the R1 register
5 RIW 0 Write: The bits must be sequentially written by the
CPU in low-to-high order.
4 R1 R/IW 0 Read: The bits must be sequentially read by the CPU
3 R/W 0 in low-to-high order.
2 RIW 0 In the case where a write-by-CPU conflicts with an
1 RIW 0 update-by-EPU, the write-by-CPU takes precedence.
0 RIW 0
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10.7.8. EPPCLn (EPU Program Counter Register Lower Side for Thread n) (n =0 to 5)

Register EPPCLn EPU Program Counter Register Lower Side for Thread n | Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 The lower bits of the program counter
Write: The bits must be sequentially written by the
6 RIW 0 CPU in low-to-high order. The write data to the
5 R/W 0 lower bits is once stored in the buffer; then, the
stored values are written to the register
4 RIW 0 concurrently with writing to the higher bits.
Read: The bits must be sequentially read by the CPU
3 PC RIW 0 in low-to-high order. When the lower bits are
2 R/IW 0 read, the values of the higher bits are stored in
1 RIW 0 the buffer; then, the stored values are read at a
time of reading the higher bits.
0 R 0 In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.

10.7.9. EPPCHnN (EPU Program Counter Register Higher Side for Thread n) (n =0to 5)

Register EPPCHn EPU Program Counter Register Higher Side for Thread n | Address SeelOT_ible
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
The higher bits of the program counter
Write: The bits must be sequentially written by the
CPU in low-to-high order.
0 PC RIW 0 Read: '_I'he bits mt_Jst be sequentially read by the CPU
in low-to-high order.
In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 10-22
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

10.7.10. EPTIMELN (EPU Timer Counter Register Lower Side for Thread n) (n=0to 5)

Register EPTIMELn | EPU Timer Counter Register Lower Side for Thread n Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 The lower bits of the dedicated timer counter
Write: The bits must be sequentially written by the
6 RIW 0 CPU in low-to-high order. The write data to the
5 R/W 0 lower bits is once stored in the buffer; then, the
stored values are written to the register
4 RIW 0 concurrently with writing to the higher bits.
Read: The bits must be sequentially read by the CPU
3 TIME RIW 0 in low-to-high order. When the lower bits are
2 R/IW 0 read, the values of the higher bits are stored in
1 RIW 0 the buffer; then, the stored values are read at a
time of reading the higher bits.
0 RIW 0 In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.

10.7.11. EPTIMEHnN (EPU Timer Counter Register Higher Side for Thread n) (n =0 to 5)

Register EPTIMEHN | EPU Timer Counter Register Higher Side for Thread n Address Seel(;l'_ible
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved 0 The read value is 0. The write value must always be 0.

5 Reserved 0 The read value is 0. The write value must always be 0.

4 Reserved 0 The read value is 0. The write value must always be 0.

3 R/W 0 The higher bits of the dedicated timer counter

Write: The bits must be sequentially written by the
2 RIW 0 CPU in low-to-high order.
1 TIME R/W 0 Read: The bits mL_Jst be sequentially read by the CPU
in low-to-high order.
0 R/W 0 In the case where a write-by-CPU conflicts with an
update-by-EPU, the write-by-CPU takes precedence.
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10.7.12. EPEICLn (EPU Event Input Control Register Lower Side for Thread n) (n =0to 5)

Register EPEICLN EPU Event Input Control Register Lower Side for Thread Address SeeiOT_ibIe
Bit Bit Name R/W Initial Description Remarks
7 EVE[7] RIW 0 Enabling the acceptance of events
6 EVE[6] R/W 0 0: Acceptance of events is disabled
1: Acceptance of events is enabled
5 EVE[5] R/IW 0
4 EVE[4] R/W 0 Setting the bit to 1 allows the corresponding event to be
accepted. When an event applicable to the bit is input,
3 EVE[3] RIW 0 the corresponding bit of the EPEISLn register is set.
2 EVE[2] R/W 0 Setting the bit to 0 prohibits the corresponding event
from being accepted. Even when an event applicable to
1 EVE[1] R/W 0 the bit is input, the event is ignored, thus ineffective to
0 EVE[0] RIW 0 the corresponding bit of the EPEISLn register.

10.7.13. EPEICHN (EPU Event Input Control Register Higher Side for Thread n) (n =0 to 5)

Register EPEICHN EPU Event Input Control Register Higher Side for Address See Table
Thread n 10-4
Bit Bit Name R/W Initial Description Remarks
EVE[15] RIW 0

Enabling the acceptance of events
0: Acceptance of events is disabled
1: Acceptance of events is enabled

EVE[14] | RW
EVE[13] | RW
EVE[12] | RW
EVE[11] | RW
EVE[10] | RW
EVE[9] | RW
EVE[8] | RW

Setting the bit to 1 allows the corresponding event to be
accepted. When an event applicable to the bit is input,
the corresponding bit of the EPEISHN register is set.
Setting the bit to O prohibits the corresponding event
from being accepted. Even when an event applicable to
the bit is input, the event is ignored, thus ineffective to
the corresponding bit of the EPEISHn register.

OflFRP,r N W | Ml | N

oOo|lo|lo|lOo|O|O | O
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10.7.14. EPEISLn (EPU Event Input Status Register Lower Side for Thread n) (n =0 to 5)

Register EPEISLn EPU Event Input Status Register Lower Side for Thread n | Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks
7 EVS[7] R/C 0 Event input status
Read 0: The corresponding event does not exist
6 EVS[6] RIC 0 Read 1: The corresponding event exists
5 EVS[5] R/C 0 Write 0: No Change
Write 1: The bit is cleared

4 EVS[4] R/C 0

3 EVS[3] R/C 0 Wh_en an event applicable_ to the bit of the EPI_EICL_n
register, which is set to 1, is input, the corresponding bit

2 EVS[2] R/C 0 of this register is set. When the EVTCLR or EVTWAIT
instruction, whose event number agrees with that of the

! EVS[L] RIC 0 input event, is executed, the corresponding bit of this
register is cleared.

Writing 1 clears the bit. And the EPEISCn register
defines the bit.

0 EVS[0] R/C 0 A set o_peratipn b_y event input has the_lowest pri_ority, if
it conflicts with either of a clear operation by writing 1 to
the bit, or a set operation by the EPEISCn register.
Writing by the CPU takes precedence over processing by
the EVTCLR or EVTWAIT instruction.

10.7.15. EPEISHnN (EPU Event Input Status Register Higher Side for Thread n) (n =0 to 5)

Register EPEISHN EPU Event Input Status Register Higher Side for Thread n | Address Seel(')l'_ible
Bit Bit Name R/W Initial Description Remarks

EVS[15] R/C 0 Event input status
Read 0: The corresponding event does not exist
EVS[14] R/C

Read 1: The corresponding event exists
EVS[13] R/C

Write 0: No change

Write 1: The bit is cleared
EVS[12] R/C
EVS[11] R/C

EVS[10] | R/C
EVS[9] | RC

register, which is set to 1, is input, the corresponding bit
of this register is set. When the EVTCLR or EVTWAIT
instruction, whose event number agrees with that of the
input event, is executed, the corresponding bit of this
register is cleared.
Writing 1 clears the bit. And the EPEISCn register
defines the bit.
0 EVS[8] R/C 0 A set o_perati_on b_y event input has the_lowest priprity, if
it conflicts with either of a clear operation by writing 1 to
the bit, or a set operation by the EPEISCn register.
Writing by the CPU takes precedence over processing by
the EVTCLR or EVTWAIT instruction.

R IN|W| ™01 O |

0
0
0
0 When an event applicable to the bit of the EPEICHN
0
0
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10.7.16. EPPSPn (EPU Prescaler Period Register for Thread n) (n =0 to 5)

Register EPPSPn EPU Prescaler Period Register for Thread n Address Sei(')l'_ Zble
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 The period of the prescaler counter
6 R/W 0 . ) .

The bit defines the period of the prescaler counter.
5 R/W 0 The prescaler counter repeats a countdown, from the
4 R/W 0 value defined by the EPPSPn register to 0, during the
3 R/W 0 period from an issuance the TIMWAIT instruction to a

completion of the countdown by the TIMWAIT
2 PSP RIW 0 instruction.
1 R/W 0

The period of the dedicated timer counter can be

calculated by the following equation:
° R ° TIME C ter Period = PSP+ 1

ounter reriod = EPU Clock Frequency
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10.7.17. EPEISCn (EPU Event Input Status Control Register for Thread n) (n =0 to 5)

Register EPEISCn EPU Event Input Status Control Register for Thread n Address Sei(')l'_ ible
Bit Bit Name | R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 w 0 o )

SEL See the description of the SET bits, below.
4 w 0
3 SET[3] W 0 Writing 1 to the bit can set the corresponding bit of the
EPEISLNn/EPEISHn register. The controllable status bits
2 SET[2] w 0 depend on which value to be written to the SEL bits.
1 SET[1] w 0

When SEL = 0b00
SET[3]: EPEISLN.EVS[3]
SET[2]: EPEISLN.EVS[2]
SET[1]: EPEISLN.EVS[1]
SET[0]: EPEISLN.EVS[0]
When SEL = 0b01
SET[3]: EPEISLN.EVS[7]
SET[2]: EPEISLN.EVS[6]
SET[1]: EPEISLN.EVS[5]
SET[0]: EPEISLN.EVS[4]
0 SETI[O] W 0 When SEL = 0b10
SET[3]: EPEISHN.EVS[3]
SET[2]: EPEISHN.EVS[2]
SET[1]: EPEISHN.EVS[1]
SET[0]: EPEISHN.EVS[0]
When SEL = 0b11
SET[3]: EPEISHN.EVS[7]
SET[2]: EPEISHN.EVS[6]
SET[1]: EPEISHN.EVS[5]
SET[0]: EPEISHN.EVS[4]

10.8. Usage Notes and Restrictions

For the usage notes and restrictions on the conflicts between the EPU and CPU buses, see Section 5.7.
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11. Interrupt Controller (INTC)

11.1. Overview

The interrupt controller (INTC) processes the interrupt requests from the peripheral functions, and requests the
interrupt from the CPU.

Table 11-1 and Figure 11-1 show the INTC overview and the INTC block diagram, respectively. For the GPIO
interrupt, see Section 7.

Table 11-1. INTC Functional Descriptions

Item Description

Number of Source 32 sources

Low level detection or falling edge detection (selectable per interrupt source)
Low level detection must be selected in the LSI.

Interrupt Detection Type

Interrupt Enable Selectable per interrupt source
Interrupt Priority High or low (selectable per interrupt source from 2 levels)
Vector Address Fixed vector address is assigned per interrupt vector

— Interrupt Controller
_ Interrupt Detection
' INTENAn| [ INTLVLn |
INTCFGn
v v
>
int00_n Priority Interrupt Request
: u—? Detection Level
. Low Level or [1INTFLGn Judgment Vector Address
int31_n .
Falling Edge
Gl
INTFLGn Clear Interrupt Acknowledge
Remarks

INTME: Interrupt Master Enable Signal

INTENAnN: Interrupt Enable n Register

INTLVLn: Interrupt Level n Register

INTCFGn: Interrupt Configuration n Register

INTFLGnR: Interrupt Flag n Register

Figure 11-1. INTC Block Diagram
. _____________________________________________________________________________________________________________________________|
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11.2. Interrupt Vector

The INTC processes 32 interrupt sources. Table 11-2 lists the vector addresses and interrupt sources corresponding to
the interrupt vectors. The interrupt handler (interrupt service routine) in small device C compiler (SDCC) is defined as
follows.

void some_ isr(void) _ interrupt (5) _ using (3)

{
}

“__interrupt (5)” means the interrupt service routine (ISR) corresponding to the interrupt vector number 5.
“_using (3)” means that the register bank is specified to 3. The SDCC automatically generates a vector table.

Table 11-2.  Interrupt Vectors

V'géfg:u&l Xjedcrtgsrs Interrupt Sources™”) Default Priority | Remarks
0 0x0003 | GPIOO High
1 0x000B | GPIO1 A
2 0x0013 | GPI102
3 0x001B | Reserved
4 0x0023 LVD Interrupt
5 0x002B | WDT Interrupt
6 0x0033 | ComparatorQ Interrupt
7 0x003B | Comparatorl Interrupt
8 0x0043 | Comparator2 Interrupt/Comparator4 Interrupt
9 0x004B | Comparator3 Interrupt/Comparator5 Interrupt
10 0x0053 | ADCO Interrupt
11 0x005B | ADC1 Interrupt
12 0x0063 | Reserved
13 0x006B | PWMO InterruptO
14 0x0073 | PWMO Interruptl
15 0x007B | PWML InterruptO
16 0x0083 | PWML1 Interruptl
17 0x008B | PWMZ2 InterruptO
18 0x0093 | PWM2 Interruptl
19 0x009B | PWM3 InterruptO
20 0x00A3 | PWM3 Interruptl
21 O0X00AB | TimerO Interrupt
22 0x00B3 | Timerl Interrupt
23 0x00BB | TinyDSPO Interrupt
24 0x00C3 | TinyDSP1 Interrupt
25 0x00CB | SPI Rx Interrupt
26 0x00D3 | SPI Tx/Timer2 Interrupt
27 0x00DB | Tx or Rx Interrupt of I°C
28 0x00E3 | SCID
29 OX00EB | Tx or Rx Interrupt of UART
30 0x00F3 | EVC
31 Ox00FB | Flash Memory/Timer3 Low

@ The interrupt source that the 2 modules are connected with “/” operates as an interrupt request of corresponding
vector number is generated when an interrupt signal is output from either of the 2 modules.
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11.3. Register Descriptions

Table 11-3 lists the INTC registers. The INTC registers are assigned to the SFR area. Only the CPU can access the
INTC registers. The DSAC and the EPU cannot access the INTC registers.

Table 11-3.  List of Registers

Symbol Name Address Initial Value
INTMST Interrupt Master Control Register 0x9C 0x00
INTENAO Interrupt Enable0 Register O0xA4 0x00
INTENAL Interrupt Enablel Register 0xA5 0x00
INTENA2 Interrupt Enable2 Register 0xA6 0x00
INTENA3 Interrupt Enable3 Register OxA7 0x00
INTLVLO Interrupt LevelO Register 0xAC 0x00
INTLVL1 Interrupt Levell Register 0xAD 0x00
INTLVL2 Interrupt Level2 Register OxXAE 0x00
INTLVL3 Interrupt Level3 Register OxAF 0x00
INTCFGO Interrupt ConfigurationO Register 0xB4 0x00
INTCFG1 Interrupt Configurationl Register 0xB5 0x00
INTCFG2 Interrupt Configuration2 Register 0xB6 0x00
INTCFG3 Interrupt Configuration3 Register 0xB7 0x00
INTFLGO Interrupt Flag0 Register 0xBC 0x00
INTFLG1 Interrupt Flagl Register 0xBD 0x00
INTFLG2 Interrupt Flag2 Register OxBE 0x00
INTFLG3 Interrupt Flag3 Register OxBF 0x00
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11.3.1. INTMST (Interrupt Master Control Register)

Register INTMST Interrupt Master Control Register Address 0x9C
Bit Bit Name R/W Initial Description Remarks
High-priority interrupt flag
7 HIP R 0 0: A high-priority interrupt is not being executed

1: A high-priority interrupt is being executed
Low-priority interrupt flag
0: A low-priority interrupt is not being executed

6 LIP R 0 1: A low-priority interrupt is being executed, or
being suspended due to a high-priority interrupt
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.

Interrupt Master Enable
0 INTME R/W 0 0: All interrupt requests are disabled
1: Interrupt requests are enabled

11.3.2. INTENAnN (Interrupt Enable n Register) (n =0 to 3)

Register INTENAO Interrupt Enable0 Register Address 0xA4
Register INTENAL Interrupt Enablel Register Address 0xAb5
Register INTENA2 Interrupt Enable2 Register Address 0xA6
Register INTENA3 Interrupt Enable3 Register Address OxA7
Bit Bit Name R/W Initial Description Remarks
7 INTE7 R/W 0
6 INTEG R/W 0
Interrupt enable
> INTES RIW 0 0: The corresponding interrupt request is not
4 INTE4 R/W 0 accepted o _
1: The corresponding interrupt request is accepted
3 INTE3 R/W 0
2 INTE2 R/W 0 The INTENAN.INTEXx bit corresponds to an interrupt
vector number (8 X n + x).
1 INTE1 R/W 0
0 INTEO R/W 0
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11.3.3. INTLVLnN (Interrupt Level n Register) (n =0 to 3)

Register INTLVLO Interrupt LevelO Register Address 0xAC
Register INTLVL1 Interrupt Levell Register Address O0xAD
Register INTLVL2 Interrupt Level2 Register Address OxAE
Register INTLVL3 Interrupt Level3 Register Address OxAF
Bit Bit Name R/W Initial Description Remarks
7 INTL7 R/W 0

6 INTL6 R/W 0

5 INTL5 RIW 0 Interrupt priority

0: Priority is set to low
4 INTL4 RIW 0 1: Priority is set to high
3 INTL3 R/W 0 . .
The INTLVLN.INTLX bit corresponds to an interrupt

2 INTL2 RIW 0 vector number (8 X n + x).

1 INTL1 R/W 0

0 INTLO R/W 0

11.3.4. INTCFGn (Interrupt Configuration n Register) (n =0 to 3)

Register INTCFGO Interrupt ConfigurationO Register Address 0xB4
Register INTCFG1 Interrupt Configurationl Register Address 0xB5
Register INTCFG2 Interrupt Configuration2 Register Address 0xB6
Register INTCFG3 Interrupt Configuration3 Register Address 0xB7
Bit Bit Name R/W Initial Description Remarks
7 INTS7 R/W 0
6 INTS6 R/W 0 )
Interrupt detection type
> INTSS RIW 0 0: Low level detection is selected
4 INTS4 R/W 0 1: Falling edge detection is selected
3 INTS3 RIW 0 The value must always be set to 0.
2 INTS2 R/W 0 The INTCFGN.INTSX bit corresponds to an interrupt
vector number (8 X n + x).
1 INTS1 R/W 0
0 INTSO R/W 0
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11.3.5. INTFLGn (Interrupt Flag n Register) (n =0 to 3)

Although the interrupt detection type can be selected from the low level detection or the falling edge detection by the
INTCFGN.INTSx bit, the low level detection must be set in the LSI. While the low level detection is selected
(INTCFGN.INTSx = 0), the INTCFGn.INTSx bit indicates an interrupt request. To clear the INTFLGN.INTFx bit, it is
necessary to clear the interrupt flag of the interrupt request generation source. If the falling edge detection is selected
(INTCFGN.INTSx = 1), the INTFLGNn.INTFx bit and interrupt request are cleared when 1 is written to the
INTFLGN.INTFX bit.

Register INTFLGO Interrupt Flag0 Register Address 0xBC
Register INTFLG1 Interrupt Flagl Register Address 0xBD
Register INTFLG2 Interrupt Flag2 Register Address OxBE
Register INTFLG3 Interrupt Flag3 Register Address OxBF
Bit Bit Name R/W Initial Description Remarks
7 INTF7 R/IC 0
6 INTF6 R/C 0 Interrupt flag
5 INTES R/C 0 Read 0: No interrupt is detected
Read 1: An interrupt is detected
4 INTF4 RIC 0 Write 0: No change
3 INTF3 R/C 0 Write 1: The corresponding bit is cleared
2 INTF2 RIC 0 The INTFLGN.INTFx bit corresponds to an interrupt
1 INTF1 R/C 0 vector number (8 X n + x).
0 INTFO R/C 0
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11.4. Operational Descriptions

11.4.1. Initial Setting
The INTC initial setting procedure is as follows (see Figure 11-2):

(1) Set the priority (high or low) per interrupt source by the INTLVLN.INTLX bit. For the interrupt priority, see
Section 11.4.3.

(2) Set the interrupt detection type (low level detection or falling edge detection) per interrupt source by the
INTCFGN.INTSx bit. Always set the low level detection in the LSI.

(3) Set enable or disable of the interrupt per interrupt source by the INTENAN.INTEX bit.

(4) Setenable or disable of the interrupt master by the INTMST.INTME bit.

( Start )

Set INTLVLN.INTLx

Set INTCFGN.INTSx

Set INTENAN.INTEX

Set INTMST.INTME

End

Figure 11-2. Procedure of INTC Initial Setting

11.4.2. Interrupt Flag

The INTFLGn register indicates that an interrupt request from the peripheral function is generated regardless of the
INTENAN.INTEX bit setting.

Although the interrupt detection type can be selected from the low level detection or the falling edge detection by the
INTCFGN.INTSx bit, the low level detection must be set in the LSI. While the low level detection is selected, the
INTCFGN.INTSx bit indicates an interrupt request. To clear the INTFLGN.INTFx bit, it is necessary to clear the
interrupt flag of interrupt request generation source. If the falling edge detection is selected, the INTFLGN.INTFx bit
and the interrupt request are cleared when 1 is written to the INTFLGN.INTFx bit.
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11.4.3. Interrupt Priority

The interrupt priority can be set high or low per interrupt. The interrupt is processed according to the priority as
follows (see Figure 11-3):

e While the CPU processes a high priority interrupt, the CPU does not accept any interrupts including other high
priority interrupts.

e When a high priority interrupt request is detected during a low priority interrupt processing by CPU, the CPU
suspends the low priority interrupt processing, and accepts the high priority interrupt. Then, the CPU processes the
high priority interrupt.

e After the high priority interrupt processing completes, the processing of the suspended low priority interrupt is
restarted.

e While any interrupt is not accepted by the CPU, both low priority and high priority interrupts are accepted.

e When the interrupt requests of low priority and high priority occur simultaneously, the interrupt request of high
priority is accepted.

e When the interrupt requests of the same priority occur simultaneously, the interrupt request of a smaller interrupt
vector number is accepted.

To complete the ISR, clear the interrupt flag of interrupt source in the ISR. When another interrupt request is detected
at the RET] instruction execution, the CPU returns an acknowledge indicating interrupt acceptance to the INTC, and
accepts the subsequent interrupt request.

INTACK INTACK
Low Level High Level
Interrupt Interrupt(1)
RETI
INTACK

High Level
Interrupt(2)

Figure 11-3. State Transition of Interrupt Priority Processing

RETI

The INTMST.HIP and INTMST.LIP bits indicate one of the following states.

e Processing the high priority and low priority interrupts
e Waiting for the acceptance of interrupt request
e Suspending

When the INTMST.HIP bit is 1, it indicates that the high priority interrupt is being processed. When the
INTMST.LIP bit is 1, it indicates that the low priority interrupt is being processed or the low priority interrupt
processing is suspended by the high priority interrupt processing.

Figure 11-4 shows the acceptance procedure of interrupt request in the INTC.
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Detect interrupt

No
INTMST.INTME == 1

No
INTENAN.INTEx==1

No
INTMST.HIP==0

No
INTLVLN.INTLX ==1

No
INTMST.HIP=1 |

l Yes
| INTMST.LIP=1 |
| A 4
B ( Ignore interrupt )
( Accept interrupt )

Figure 11-4. Acceptance Procedure of Interrupt Request

11.4.4. External Pin (GPIO) Interrupt

All GPIO pins are the interrupt inputs. The GPIO interrupt is defined by the registers in the GP10. The interrupt of
each pin is integrated in the unit of GPIOx (x = 0 to 2), the interrupt request is notified to the INTC. Figure 11-5 and
Figure 11-6 show the logic diagram of GPIO interrupt generation and the generation timing of GPI1O edge interrupt,
respectively. For the detail of GPIO interrupt, see Section 7.

CLKGPIO (1 cycle or less)

- Detection Level
' Noise Edge PIEX PIFn Interrupt by GPIOX
I GPIOXN Canceller Detector .
PIEX.PIEn
Clear PIFx.PIFn Detection Edge IntOx_n
>
CLKFAST PISx.PISn
(Max. 60 MHz)
Figure 11-5. Logic Diagram of GPIO Interrupt Generation
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GPI1Oxn

CLKFAST

Output Noise Canceller

Output Edge Detector

Flag Holding Edge

Level Sensitivity

Edge Sensitivity

Interrupt by GPIOx

IntOX_n

Figure 11-6. Generation Timing of GP1O Edge Interrupt
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12. Direct SFR Access Controller (DSAC)

12.1. Overview

The direct SFR access controller (DSAC) can transfer the data directly between the SFRs without the CPU. The data
transfer time can be greatly reduced by applying this function to the SFR of a peripheral function.

The DSAC cannot access the SFR related to the CPU or the INTC. When the DSAC reads these SFRs, the data
becomes unstable. Writing from the DSAC to these SFRs is invalid. Figure 12-1 and Table 12-1 show the DSAC block
diagram and the DSAC functional descriptions, respectively.

4 XDATA BUS N SFR BUS (CPU) (8 bits)

| XDATA BUS I/F (dsa_xbif)

Event triggers for [y Y Y [y [y 3 Y [y [y 1 Y 7y 7y 1 'Y
Channel8-
Channel15
Event triggers for
Channel0 to

Channel? 5 lcnTaB o 2 2 = g 2 1 2
§ DST @ o 5] S (5] 5] S S5
T I
~l HERE
A4 A4
Chanmel A 4 A y A 4 y A
Avrbiter (1501 > Controller
DMA CORE
‘ ’ (dsa_core)
UJ
[ ]
SFR BUS (for peripheral) (16 bits)

Figure 12-1. DSAC Block Diagram
|
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Table 12-1. DSAC Functional Descriptions

Item Description

Number of Channels 16 channels

32 events (max.)
Selects one trigger event for each cannel by the corresponding register

Number of Transfer Request Events

Data Size Transmits the selectable data (1 byte or 1 word) at once
. Selectable number of data tansmissions per event (1 time, 2 times, 4 times, 8
Number of Data Transmissions times)
Fixed, +1, +8
Address Mode Independently selectable increment modes for the source and destination
addresses
Channel Priority Channel0 > Channell > ... > Channel14 > Channel15
SFR BUS Access Priority DSAC > EPU > CPU
Transfer Mode Cycle steal
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12.2. Events

The DSAC is activated by the trigger event as shown in Table 12-2. The trigger event to activate the DSAC is
defined by the DSACNTARN register and the event select register in the event controller (EVC). For the event selection,

see the EVSELRn register in Section 9.

Table 12-2. DSAC Events of Channel0 to Channel15

Event No. Event Source Trigger Event
0 Comparator0/1 Event generation
1 Comparator2/3 Event generation
2 Comparator4/5 Event generation
3 ADC Unit0 Group0 Event output from Group0 of ADCO
4 ADC Unit0 Groupl Event output from Groupl of ADCO
5 ADC Unit0 Group2 Event output from Group2 of ADCO
6 ADC Unit0 Group3 Event output from Group3 of ADCO
7 ADC Unit0 Group4 Event output from Group4 of ADCO
8 ADC Unit0 Group5 Event output from Group5 of ADCO
9 ADC Unit0 Group6 Event output from Group6 of ADCO
10 ADC Unit0 Group? Event output from Group7 of ADCO
11 ADC Unitl Group0 Event output from GroupO of ADC1
12 ADC Unitl Groupl Event output from Groupl of ADC1
13 ADC Unitl Group?2 Event output from Group2 of ADC1
14 ADC Unitl Group3 Event output from Group3 of ADC1
15 ADC Unitl Group4 Event output from Group4 of ADC1
16 ADC Unitl Group5 Event output from Group5 of ADC1
17 ADC Unitl Group6 Event output from Group6 of ADC1
18 ADC Unitl Group? Event output from Group7 of ADC1
19 PWMO Event0/1 Event generation
20 PWM1 Event0/1 Event generation
21 PWM2 Event0/1 Event generation
22 PWM3 Event0/1 Event generation
23 TinyDSPO Event0 Event generation
24 TinyDSPO Eventl Event generation
25 TinyDSP1 Event0 Event generation
26 TinyDSP1 Eventl Event generation
27 TMRO Event A/B Event generation
28 TMRL1 Event A/B Event generation
29 TMR2 Event A/B Event generation
30 TMR3 Event A/B Event generation
31 CPU Trigger Activation by CPU trigger
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12.3. Register Descriptions

Table 12-3. List of XDATA BUS Registers

Symbol Name Address Initial Value
DSACNTAO DSA Control A Channel0 0xF880 0x00
DSACNTBO DSA Control B Channel0 0xF881 0x00
DSASRCO DSA Source Address Channel0 0xF882 0x80
DSADSTO DSA Destination Address Channel0 0xF883 0x80
DSACNTAL DSA Control A Channell 0xF884 0x00
DSACNTB1 DSA Control B Channell 0xF885 0x00
DSASRC1 DSA Source Address Channell OxF886 0x80
DSADST1 DSA Destination Address Channell OxF887 0x80
DSACNTAZ2 DSA Control A Channel2 0xF888 0x00
DSACNTB?2 DSA Control B Channel2 0xF889 0x00
DSASRC2 DSA Source Address Channel2 OxF88A 0x80
DSADST?2 DSA Destination Address Channel2 0xF838B 0x80
DSACNTAS3 DSA Control A Channel3 0xF88C 0x00
DSACNTB3 DSA Control B Channel3 0xF88D 0x00
DSASRC3 DSA Source Address Channel3 OxF88E 0x80
DSADST3 DSA Destination Address Channel3 OxF88F 0x80
DSACNTA4 DSA Control A Channel4 0xF890 0x00
DSACNTB4 DSA Control B Channel4 0xF891 0x00
DSASRC4 DSA Source Address Channel4 0xF892 0x80
DSADST4 DSA Destination Address Channel4 0xF893 0x80
DSACNTAS DSA Control A Channel5 0xF894 0x00
DSACNTB5 DSA Control B Channel5 0xF895 0x00
DSASRC5 DSA Source Address Channel5 0xF896 0x80
DSADST5 DSA Destination Address Channel5 OxF897 0x80
DSACNTAG DSA Control A Channel6 0xF898 0x00
DSACNTB6 DSA Control B Channel6 0xF899 0x00
DSASRC6 DSA Source Address Channel6 OxF89A 0x80
DSADST6 DSA Destination Address Channel6 0xF89B 0x80
DSACNTA7 DSA Control A Channel7 0xF89C 0x00
DSACNTBY? DSA Control B Channel7 0xF89D 0x00
DSASRCY7 DSA Source Address Channel7 OxF89E 0x80
DSADST? DSA Destination Address Channel7 OxF89F 0x80
DSACNTAS8 DSA Control A Channel8 OxF8AQ 0x00
DSACNTBS DSA Control B Channel8 OxF8A1 0x00
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Symbol Name Address Initial Value
DSASRCS8 DSA Source Address Channel8 OxF8A2 0x80
DSADSTS8 DSA Destination Address Channel8 OxF8A3 0x80
DSACNTA9 DSA Control A Channel9 OxF8A4 0x00
DSACNTB9 DSA Control B Channel9 OxF8A5 0x00
DSASRC9 DSA Source Address Channel9 OxF8A6 0x80
DSADST9 DSA Destination Address Channel9 OxF8A7 0x80
DSACNTAIL0 DSA Control A Channel10 OxF8A8 0x00
DSACNTB10 DSA Control B Channel10 OxF8A9 0x00
DSASRC10 DSA Source Address Channel10 OxF8AA 0x80
DSADST10 DSA Destination Address Channel10 OxF8AB 0x80
DSACNTAl1 DSA Control A Channel1l OxF8AC 0x00
DSACNTB11 DSA Control B Channel1l OxF8AD 0x00
DSASRC11 DSA Source Address Channelll OxF8AE 0x80
DSADST11 DSA Destination Address Channel11 OxF8AF 0x80
DSACNTAI2 DSA Control A Channel12 0xF888 0x00
DSACNTB12 DSA Control B Channel12 0xF889 0x00
DSASRC12 DSA Source Address Channel12 OxF88A 0x80
DSADST12 DSA Destination Address Channel12 0xF88B 0x80
DSACNTA13 DSA Control A Channel13 0xF88C 0x00
DSACNTB13 DSA Control B Channel13 0xF88D 0x00
DSASRC13 DSA Source Address Channel13 OxF88E 0x80
DSADST13 DSA Destination Address Channel13 OxF88F 0x80
SACNTA14 DSA Control A Channel14 0xF890 0x00
DSACNTB14 DSA Control B Channel14 0xF891 0x00
DSASRC14 DSA Source Address Channel14 0xF892 0x80
DSADST14 DSA Destination Address Channel14 0xF893 0x80
DSACNTAI15 DSA Control A Channel15 0xF894 0x00
DSACNTB15 DSA Control B Channel15 0xF895 0x00
DSASRC15 DSA Source Address Channel 5 0xF896 0x80
DSADST15 DSA Destination Address Channel15 OxF897 0x80
DSATRGO DSA Activation Trigger 0 for ChannelO to Channel7 OxF8F0 0x00
DSATRG1 DSA Activation Trigger 1 for Channel8 to Channel15 OxF8F1 0x00
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12.3.1. DSACNTAN (DSA Control A Channel n) (n =0 to 15)

Register DSACNTAO DSA Control A Channel0 Address 0xF880
Register DSACNTA1 DSA Control A Channell Address 0xF884
Register DSACNTA2 DSA Control A Channel2 Address 0xF888
Register DSACNTAS3 DSA Control A Channel3 Address 0xF88C
Register DSACNTA4 DSA Control A Channel4 Address 0xF890
Register DSACNTAS DSA Control A Channel5 Address 0xF894
Register DSACNTAG DSA Control A Channel6 Address 0xF898
Register DSACNTA7 DSA Control A Channel7 Address 0xF89C
Register DSACNTAS DSA Control A Channel8 Address OxF8AO0
Register DSACNTA9 DSA Control A Channel9 Address OxF8A4
Register DSACNTAL0 DSA Control A Channel10 Address OxF8A8
Register DSACNTAL11 DSA Control A Channel1l Address OXF8AC
Register DSACNTA12 DSA Control A Channel12 Address 0xF8B0
Register DSACNTAL3 DSA Control A Channel13 Address 0xF8B4
Register DSACNTA14 DSA Control A Channel14 Address 0xF8B8
Register DSACNTAL5 DSA Control A Channell15 Address 0xF8BC
Bit Bit Name R/W Initial Description Remarks
DSA channel enable
7 DSACHE R/W 0 0: DSA channel is disabled
1: DSA channel is enabled
6 R/W 0 Setting of the number of DSA data transfers
00: 1 time
01: 2 times
10: 4 times
DSATB 11: 8 times
5 R/W 0 )
These bits set the number of Channel n data transfers
per event.
DSACNTBNn.DSAWDACS bit determines the
transfer data size.
4 R/W 0
DSA channel trigger
3 RIW 0 00000: EventO is selected
2 DSAEV R/W 0 00001: Event1 is selected
1 RIW 0 : _
11111: Event31 is selected
0 R/W 0
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12.3.2. DSACNTBnN (DSA Control B Channel n) (n =0 to 15)

Register DSACNTBO DSA Control B Channel0 Address OxF881
Register DSACNTB1 DSA Control B Channell Address 0xF885
Register DSACNTB2 DSA Control B Channel2 Address 0xF889
Register DSACNTBS3 DSA Control B Channel3 Address 0xF88D
Register DSACNTB4 DSA Control B Channel4 Address 0xF891
Register DSACNTB5 DSA Control B Channel5 Address 0xF895
Register DSACNTB6 DSA Control B Channel6 Address 0xF899
Register DSACNTB7 DSA Control B Channel7 Address 0xF89D
Register DSACNTBS DSA Control B Channel8 Address OxF8A1
Register DSACNTB9 DSA Control B Channel9 Address OXF8A5
Register DSACNTB10 DSA Control B Channel10 Address O0xF8A9
Register DSACNTB11 DSA Control B Channel1l Address OxF8AD
Register DSACNTB12 DSA Control B Channel12 Address 0xF8B1
Register DSACNTB13 DSA Control B Channel13 Address 0xF8B5
Register DSACNTB14 DSA Control B Channel14 Address 0xF8B9
Register DSACNTB15 DSA Control B Channel15 Address 0xF8BD
Bit Bit Name R/W | Initial Description Remarks
Transfer data size setting
7 DSAWDACS | R/W 0 0: 1 byte (8 bits)
1: 1 word (16 bits)
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
Destination address increment mode setting
(Only when DSADSTC = 1, the DSTINCMD bit
affects the operation.)
3 DSTINCMD R/W 0 0: Destination address is incremented by 1 per
transfer
1: Destination address is incremented by 8 per
transfer
Source address increment mode setting
(Only when DSASRCC = 1, the SRCINCMD bit
affects the operation.)
2 SRCINCMD RIW 0 0: Source address is incremented by 1 per transfer
1: Destination address is incremented by 8 per
transfer
Destination address setting
0: Fixed address
! DSADSTC RIW 0 1: Incrementation according to the DSTINCMD bit
setting
Source address setting
0: Fixed address
0 DSASRCC RIW 0 1: Incrementation according to the DSTINCMD bit
setting
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12.3.3. DSASRCn (DSA Source Address Channel n) (n =0 to 15)

Register DSASRCO DSA Source Address Channel0 Address 0xF882
Register DSASRC1 DSA Source Address Channell Address 0xF886
Register DSASRC2 DSA Source Address Channel2 Address OxF88A
Register DSASRC3 DSA Source Address Channel3 Address OXF88E
Register DSASRC4 DSA Source Address Channel4 Address 0xF892
Register DSASRC5 DSA Source Address Channel5 Address 0xF896
Register DSASRC6 DSA Source Address Channel6 Address O0xF89A
Register DSASRC7 DSA Source Address Channel7 Address 0xF89D
Register DSASRCS8 DSA Source Address Channel8 Address OxF8A2
Register DSASRC9 DSA Source Address Channel9 Address OxF8A6
Register DSASRC10 DSA Source Address Channel10 Address OXF8AA
Register DSASRC11 DSA Source Address Channel11 Address OxF8AE
Register DSASRC12 DSA Source Address Channel12 Address 0xF8B2
Register DSASRC13 DSA Source Address Channel13 Address 0xF8B6
Register DSASRC14 DSA Source Address Channel14 Address OxF8BA
Register DSASRC15 DSA Source Address Channel15 Address OxF8BE
Bit Bit Name R/W Initial Description Remarks
7 R/W 1

6 R/W 0

5 R/W 0

4 R/W 0

3 DSASA Y 0 SFR source address

2 RIW 0

1 R/W 0

0 R/W 0
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12.3.4. DSADSTn (DSA Destination Address Channel n) (n = 0 to 15)

Register DSADSTO DSA Destination Address Channel0 Address 0xF883
Register DSADST1 DSA Destination Address Channell Address 0xF887
Register DSADST?2 DSA Destination Address Channel2 Address OxF88B
Register DSADST3 DSA Destination Address Channel3 Address OxF88F
Register DSADST4 DSA Destination Address Channel4 Address 0xF893
Register DSADST5 DSA Destination Address Channel5 Address 0xF897
Register DSADST6 DSA Destination Address Channel6 Address 0xF89B
Register DSADST7 DSA Destination Address Channel7 Address OxF89F
Register DSADSTS DSA Destination Address Channel8 Address OxF8A3
Register DSADST9 DSA Destination Address Channel9 Address OxF8A7
Register DSADST10 DSA Destination Address Channel10 Address O0xF8AB
Register DSADST11 DSA Destination Address Channel11 Address OxF8AF
Register DSADST12 DSA Destination Address Channel12 Address 0xF8B3
Register DSADST13 DSA Destination Address Channel13 Address 0xF8B7
Register DSADST14 DSA Destination Address Channel14 Address 0xF8BB
Register DSADST15 DSA Destination Address Channel15 Address OxF8BF
Bit Bit Name R/W Initial Description Remarks
7 R/W 1

6 R/W 0

5 R/W 0

4 R/W 0

3 DSADA Y 0 SFR destination address

2 R/W 0

1 R/W 0

0 R/W 0
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12.3.5. DSATRGm (DSA Trigger m Channel0 to Channel7) (m =0to 1)
Register DSATRGO

DSA Trigger m for Channel0 to Channel7
Initial

Address 0xF8FO0

Bit Bit Name R/W Description
Channel? transfer trigger

Read 0: Channel7 is in the idle state

Read 1: Channel7 is in the transfer state, or is
7 TRGCHY7 R/W 0 waiting for other channel transfers to be

completed

Write 0: No change

Write 1: Channel7 activation
Channel6 transfer trigger

Read 0: Channel6 is in the idle state

Read 1: Channel®6 is in the transfer state, or is
6 TRGCH6 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel6 activation

Channel5 transfer trigger

Read 0: Channel5 is in the idle state

Read 1: Channel5 is in the transfer state, or is
5 TRGCH5 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel5 activation

Channel4 transfer trigger

Read 0: Channel4 is in the idle state

Read 1: Channel4 is in the transfer state, or is

4 TRGCH4 R/W 0 waiting for other channel transfers to be
completed

Write 0: No change

Write 1: Channel4 activation

Channel3 transfer trigger

Read 0: Channel3 is in the idle state

Read 1: Channel3 is in the transfer state, or is

3 TRGCH3 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel3 activation

Channel2 transfer trigger

Read 0: Channel2 is in the idle state

Read 1: Channel2 is in the transfer state, or is
2 TRGCH2 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel2 activation

Channell transfer trigger

Read 0: Channell is in the idle state

Read 1: Channell is in the transfer state, or is
1 TRGCH1 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channell activation

Remarks

|
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Register

DSATRGO DSA Trigger m for Channel0 to Channel7
Initial

Address OxF8FO0

Bit Bit Name R/W Description
Channel0 transfer trigger

Read 0: Channel0 is in the idle state

Read 1: Channel0 is in the transfer state, or is
0 TRGCHO R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: ChannelO activation

Remarks

12.3.6. DSATRGm (DSA Trigger m Channel8 to Channel15) (m=0to 1)
Register DSATRG1

DSA Trigger m for Channel8 to Channel15
Initial

Address 0xF8F1

Bit Bit Name R/W Description
Channel15 transfer trigger
Read 0: Channel15 is in the idle state
Read 1: Channell5 is in the transfer state, or is
7 TRGCH15 R/W 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channel15 activation
Channel14 transfer trigger
Read 0: Channel14 is in the idle state
Read 1: Channel14 is in the transfer state, or is
6 TRGCH14 R/W 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channell14 activation
Channel13 transfer trigger
Read 0: Channell13 is in the idle state
Read 1: Channell3 is in the transfer state, or is
5 TRGCH13 R/W 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channel13 activation
Channel12 transfer trigger
Read 0: Channel12 is in the idle state
Read 1: Channel12 is in the transfer state, or is
4 TRGCH12 R/W 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channel12 activation
Channel11 transfer trigger
Read 0: Channelll is in the idle state
Read 1: Channelll is in the transfer state, or is
3 TRGCH11 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel11 activation

Remarks

|
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Register

DSATRG1 DSA Trigger m for Channel8 to Channel15
Initial

Address OxF8F1

Bit Bit Name R/W Description
Channel10 transfer trigger
Read 0: Channel10 is in the idle state
Read 1: Channell0 is in the transfer state, or is
2 TRGCH10 R/IW 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channel10 activation
Channel9 transfer trigger
Read 0: Channel9 is in the idle state
Read 1: Channel9 is in the transfer state, or is
1 TRGCH9 R/W 0 waiting for other channel transfers to be
completed
Write 0: No change
Write 1: Channel9 activation
Channel8 transfer trigger
Read 0: Channel8is in the idle state

Read 1: Channel8 is in the transfer state, or is
0 TRGCHS8 R/W 0

waiting for other channel transfers to be
completed
Write 0: No change

Write 1: Channel8 activation

Remarks

|
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12.4. Operation

The DSAC is activated (started to transfer) by the trigger event as shown in Table 12-2. The trigger event to activate
the DSAC is set by the DSACNTAN.DSAEYV bit. The DSAC has 16 channels. The activation source of each channel is
selected an event from 32 trigger events. The channel transfer operation is started when the trigger event defined by the
DSACNTAN.DSAEV bit is detected. DSAC is also activated by writing 1 to the DSATRGmM.TRGCHn bit. DSAC
activation by this bit is separately from the setting of DSACNTAN.DSAEYV bit.

The smaller the channel number, the higher the priority of the DSAC (i.e., Channel0 > Channell > ... Channel15).
When multiple channels are transferred at the same time, the transfer starts from the channel with the smallest number,
and the channel with the large number waits until this transfer operation is completed. Even if a transfer trigger event is
generated again on the same channel during transferring data in one channel, this event is ignored. The details are
shown in Figure 12-2.

1 cycle = 60 MHz ChannelO transmission event is ignored. Events occur at the same time.
— / Channel0 starts transmission because Channel0 has
higher priority than Channell.
ChannelO Transmission /) - 1
Event KWaltlrg_for ChannelO transmission /
Channell Transmission completion
Event
Channel0 Operation ( Idle X Transfer X Idle X Transfer X Idle )
Channel1 Operation < Idle X Wait X Transfer X Wait Transfer X Idle >
Channel0 completes transmission, Channel0 completes transmission,
and Channel1 starts transmission. and Channell starts transmission.

1 cycle = 60 MHz

—

Waiting for Channell transmission completion

Channel0 Transmission \
Event KChanneIl transmission event is ignored. Event accepts at transmission completion.

Channell Transmission

Event /,Channell completes transmission, and ChannelO starts transmission.
Channel0 Operation < Idle X Wait X/ Transfer X Transfer X Idle >
Channel1 Operation ("jqle Transfer X Idle X Wait X Transfer X idle )

Channel0 completes transmission, and Channell starts transmission.
Figure 12-2. Event Trigger Priority

The source, destination, the number of data transfers, and address increment at transfer are determined by the
following registers, respectively.

- DSASRCn: Source SFR address

- DSADSTN: Destination SFR address

- DSACNTAnN: Number of data transfers per event (1 time, 2 times, 4 times, 8 times) determined by the DSATB bit
- DSACNTBN: Address increment at transfer (source/destination address is fixed, increment by 1, increment by 8)

The address is incremented according to the setting at each transfer, but the values of the DSASRCn and DSADSTn
registers do not change. When the next event is accepted after the transfer, the transfer of the address defined by the
DSASRCn and DSADSTNn registers is started again.

The DSAC BUS access is processed with higher priority than other bus masters (CPU and EPU). When the accesses
from the DSAC and other bus master are generated at the same time, the DSAC access is processed first. While the
DSAC access is not generated, the access to the bus master that was waiting is processed. The details are shown in
Figure 12-3.
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1 cycle = 60, MHz (DSAC read X DSAC write )(_CPU RIW
— 1time 2 times 4 times
Event l } }
DSACNTBN.DSADSTC = 0, DSACNTBN.DSASRCC = 0, DSTINCMD = x, SRCINCMD = x
|

SFR BUS ( X src ( dst src ) dst src ) dst ) src ) dst )K )
\
DSACNTBn.DSADSTC = 1, DSACNTBn.DSASRCC = 1, DSTINCMD =0, SRCINCMD =0
SFR BUS ( X src X dst Fsrc+lest+l’(src+2det+2Xsrc+3det+3* )
DSACNTBn.DSADSTC =0, DSACNTBnADSA‘SRCC =1,DSTINCMD =0, SRCINCMD =0
SFRBUS ( X sre X dst *srmlx dst_ Y sc+2 X dst X Src+3 Y dst )
\
DSACNTBn.DSADSTC = 1, DSACNTBn.DSASRCC =0, STINCMD =0, SRCINCMD =0
SFRBUS ( X sre Y ast sic X dst+1 ) src Xdst+2 X src Y dst+3 )
DSACNTBn.DSADSTC = 1, DSACNTBn.DSASRCC =1, DSTINCMD =1, SRCINCMD =1
SFR BUS ( X src X dst  Jfsrc+ OXOSdet + 0x08)Ysrc + 0x10)dst + 0x10Xsrc + 0x18det +0x18, >
4 times transmission J
Accepte!
Event Ignored
SFRBUS ( X sc X dst N src+1 X dst N src+2 X dst Xsrc+3Xidst isrc X dst X src+1)
Last write transmission Next transmission start
4 times transmissior)
Event
SFRBUS (cpu X sc X dst sic X dst+1 ) src X dst+2 X src X dst+3 X _cPu X cpu X cpu

DSAC access has higher priority than CPU access. During DSAC access, CPU access waits.

Figure 12-3. Example of Transfer Operation

Figure 12-4 shows the SFR BUS configuration. 8-bit width or 16-bit width register is connected to the SFR BUS.

The SFR BUS of the CPU has 8 bits. The CPU is accessed one time with 8-bit width register. The 16-bit width registers
of the modules such as PWM, TinyDSP, ADC, and DAC are accessed from the lower byte to the higher byte of the
same address.

As for the method of accessing DSAC, there are also the following access methods using the BUS extended to 16 bits,

in addition to the method of accessing two times with 8 bits.

Method 1:

DSAC transfer size: 8 bits (DSACNTBn.DSAWDACS = 0)

SFR register width of source and destination: 8 bits

The DSAC uses only the lower 8 bits of the SFR BUS.

Method 2:

DSAC transfer size: 8 bits (DSACNTBn.DSAWDACS = 0)

SFR register width of source and destination: 16 bits

The DSAC uses the lower 8 bits of the SFR BUS. The access method is the sames as the CPU (see Table 12-4). The
16-bit SFR register assigned to the same address is accessed in the order of lower byte to highr byte.

Method 3: This setting is not recommended.

DSAC transfer size: 16 bits (DSACNTBn.DSAWDACS = 1)

SFR register width of source and destination: 8 bits

The operation is almost the same as the method 1. When the DSAC reads the 8-bit SFR register with 16-bit transfer
size, the lower 8 bits of the data read by the DSAC is the value of the read register, but the higher 8 bits become 0x00.
When the DSAC writes the 8-bit SFR register with 16-bit transfer size, the lower 8 bits of the 16-bit write data output
by the DSAC are actually written to the 8-bit SFR register, but the higher 8 bits are ignored.

Method 4:

DSAC transfer size: 16 bits (DSACNTBn.DSAWDACS = 1)

SFR register width of source and destination: 16 bits

The DSAC uses both higher and lower 8 bits of the SFR BUS to transfer 16-bit data.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 12-14
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

DSAC 8 bits CPU
" CPU reads/writes via only LSB of SFR BUS.
- =t
g ©
<: 0|
MSB of SFR BUS: 8 bits
— — TS esiwid
LSB-of SER BUS: 8 bits
5| |2& s |58 5 ®
Lbyte IF LoyelF | | 1word v
8-bit register 16-bit register
Peripheral (8-bit register) Peripheral (16-bit register)
Figure 12-4. SFR BUS Configuration
Table 12-4.  Access to 16-bit Register of SFR BUS
1-byte Transmission (DSAWDACS = 0) 1-word Transmission (DSAWDACS = 1)
DSAC
A A
2nd access DSAC
A
MSB_BUFFER 1st access
Read A
1st access
MSB LSB -
O — 1-word register
~
1-word register
DSAC
l 1st access DSAC
LSB_BUFFER
Write 2nd access l 2nd access
MSB LSB v
_ — 1-word register
v
1-word register

. _____________________________________________________________________________________________________________________________|
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12.5. Initial Setting Sequence
Figure 12-5 shows the initial setting sequence.

(1) Set the source start address.

(2) Set the destination start address.

(3) Set the transfer mode (1 word or 1 byte), the source address (fix or increment), and the destination address (fix or
increment).

(4) Selet the increment units (1 or 8) of the source address and the destination address.

(5) Select the tranfer trigger event and the number of transfers.

(6) Enable the DSAC, and wait the trigger start.

Start

Set DSASRC )
Set DSADST @)

Set DSACNTB.DSAWDACS 3)
Set DSACNTB.DSADSTC
Set DSACNTB.DSASRCC

Set DSACNTB.DSTINCMD (4
Set DSACNTB.SRCINCMD

Set DSACNTA.DSATB[1:0] | (5)
Set DSACNTA.DSAEV[4:0]

[ sacNTADSACHE=1] ()

End

Figure 12-5. Initial Setting Sequence

12.6. Usage Notes and Restrictions

12.6.1. Invalidating the Channels

The following are the operational descriptions to disable Channel n.

Writing 0 to the DSACNTAN.DSACHE bit renders Channel n disabled. When 0 is written to the
DSACNTAN.DSACHE bit during a transfer process, Channel n will be disabled after the transfer process completes. If
0 is written to the DSACNTAN.DSACHE bit even an unprocessed transfer request exists in Channel n, Channel n will
be disabled after the corresponding transfer process completes. A transfer request received after writing O to the
DSACNTAN.DSACHE bit will be ignored.

12.6.2. Restrictions when DSAC transfer data size is 8 bits
In case the following three conditions were met simultaneously, the DSAC will not transfer the data properly.

e Tranfer data size is 8 bits.
e Source and destination addresses are allocated to the same module.
e Source or destination register width is 16 bits.
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13. Flash Memory Controller (FLC)

13.1. Overview

The flash memory controller (FLC) controls as follows: program fetch by the CPU, programming/erasing for the
flash memory, and access security for the LSI.

Table 13-1. FLC Functional Descriptions

Item Description
Maximum
Programming | 20,000 cycles
Cycles
e Capacity: 32 KB (8 Kwords x 32 bits)
Main Block o Number of page§: 32 pages
(Programming) o Number of rows: 8 rows per page
Flash o Number of columns: 32 columns per row = 128 bytes per row
Memory (1 column = 1 word = 32 bits)
e Capacity: 1 KB (256 words x 32 bits)
Information o Number of page§: 1 page
Block e Number of rows: 8 rows per page
e Number of columns: 32 columns per row = 128 bytes per row
(1 column =1 word = 32 bits)
e Fetch data width: 32 bits
e Instruction buffer: 32 bits x 2 lines
e Data buffer: 32 bits x 1 line
e Access mode: High-speed clock mode (2 cycles), low-speed clock mode (1 cycle)
Program Fetch e Prefetch: For instruction buffer only

Generated by the fetch of the addresses, 4n 4+ 2 and 4n + 3 (high-speed clock
mode).
Generated by the fetch of the address, 4n + 3 (low-speed clock mode).

Programming: Row programming for main block or information block

Erasing: Mass erase/page erase (erasing 1 page) for main block pages

Reading: Row read for main block or information block

Protection release: Decreasing of protection level

Re-protection: Resetting of protection level

Runtime flash memory operation: Programming, erasing, and reading for flash memory
during program execution on flash memory by the CPU

Flash Memory Operation
Mode

Protection level: Level 1 or level 2

Protection code width: 32 bits

Placed protection code in information block

Programmable protection level by protection release and re-protection

Protection level 2: Blocks flash memory accessing from programs on RAM; allows a
part of register accesses from the OCD

Flash Memory
Security Management
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o~ Protection Level
Control
—
N
. Programming/Erasing
" Protection Level Control
>
a1 Belease Protection| [~ FMTIME FMPCR |
S o b FMPAGE
= = FMROW L
3 g FMCOL AR
o FMCTRL
Request Stop IFC EMEXE
Acknowledge Stop IFC || _FMROW
» || FMRPDO to 3 Flash Memory
FMOSTS K—- 32KB
Finish Memory
P Programming/Erasing
v A4
Instruction Fetch
Y
N Control
FMRMOD < >
(2]
>
m j
<
=] .
§ Instruction Bu_ffer Control
g 4 bytes X 2 lines Selection
Data Buffer
~ 4 bytes x 1 line )
» Low Power Control Signal

Figure 13-1. FLC Block Diagram
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13.2. Register Descriptions
Table 13-2 lists the registers of FLC.

Table 13-2. List of Registers

Symbol Name Address Initial Value
FMTIME Flash Memory Control Time Register OxFF00 Ox0F
FMPAGE Flash Memory Page Address Register OxFFO1 0x00
FMROW Flash Memory Row Address Register OxFF02 0x00
FMCOL Flash Memory Column Address Register OxFF03 0x00
FMCTRL Flash Memory Control Register OxFF04 0x00
FMEXE Flash Memory Program Execution Register OxFFO05 0x00
FMRPDO Flash Memory Row Program Data0 Register OxFF10 0x00
FMRPD1 Flash Memory Row Program Datal Register OxFF11 0x00
FMRPD2 Flash Memory Row Program Data2 Register OxFF12 0x00
FMRPD3 Flash Memory Row Program Data3 Register OxFF13 0x00
FMRMOD Flash Memory Read Mode Register OxFF20 0x01
FMPCR Flash Memory Program Control Register OxFF23 0x00

13.2.1. FMTIME (Flash Memory Control Time Register)

Register FMTIME Flash Memory Control Time Register Address OxFFO00
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

Flash memory control time
6 R/W 0
5 R/W 0 A setting value of the counter for generating an internal

timing signal of 1 ps.
4 TIME R/W 0

CLKFAST

8 RIW ! FMTIME = - —
2 R/W 1
1 R/W 1 Change the settings only when the FMEXE.FMEXE

bit is 0.
0 R/W 1
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13.2.2. FMPAGE (Flash Memory Page Address Register)

Register FMPAGE Flash Memory Page Address Register Address OxFFO1
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved 0 The read value is 0. The write value must always be 0.

5 Reserved 0 The read value is 0. The write value must always be 0.

4 R/IW 0 Flash memory page address

3 RIW 0 The bit specifies a page address in the following

2 PAGE R/IW 0 operation modes: row program, row read, and page

! RIW 0 ?Frr?seﬁit is writable only when the FMEXE.FMEXE bit

0 R/W 0 is 0.

13.2.3. FMROW (Flash Memory Row Address Register)

When the protection level is 1, in the row read mode or row program mode for the information block, set
FMROW.ROW]I2] = 1. Setting the FMROW.ROWT[2] bit to 0 allows the LSI to execute control sequence of the flash
memory, but has no effect on the flash memory.

When the protection level is 2, set the FMROW.ROW bits to the ROW5, ROW6, or ROW7. Setting the
FMROW.ROW bits to other rows allows the LSI to execute the control sequence of the flash memory, but has no effect
on the flash memory.

Register FMROW Flash Memory Row Address Register Address OxFF02
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 R/W 0 Flash memory row address
1 ROW RIW 0 The b_|t spemflo.as a row address in the following
operation modes: row program and row read.
The bit is writable only when the FMEXE.FMEXE bit
0 R/W 0 is0.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 13-4
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

13.2.4. FMCOL (Flash Memory Column Address Register)

Register FMCOL Flash Memory Column Address Register Address OxFFO03
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 RIW 0 Flash memory column address

3 R/W 0

5 coL RIW 0 The bit specifies a column address in the foII_owmg mod_es:

row program and row read. At the completion of reading
1 R/W 0 or writing one column, the bit is automatically incremented
0 RIW 0 by 1 (except when COL = 31).

13.2.5. FMCTRL (Flash Memory Control Register)

Register FMCTRL Flash Memory Control Register Address OxFF04

Bit Bit Name R/W Initial Description Remarks

Flash memory interrupt flag
Read 0: Erasing/programming is not completed
7 FMIF R/IC 0 Read 1: Erasing/programming is completed
Write 0: No change
Write 1: The bit is cleared
Flash memory interrupt enable
0: Output of interrupt request is disabled
1: Output of interrupt request is enabled

6 FMIE R/W 0

When FMIE = 1 and FMIF = 1, an interrupt request is
output to the CPU.
Runtime flash memory operation mode enable
5 RFOMD R/W 0 0: Runtime flash memory operation is disabled
1: Runtime flash memory operation is enabled
Bit width setting for writing to flash memory
4 BWSEL R/W 0 0: 32 bits
1: 16 bits
3 R/W 0 Flash memory operation mode
0000: Normal mode; instruction fetch by CPU is
2 RIW 0 allowed
1 R/W 0 0100: Row read for the main block
0101: Row program for the main block
0110: Page erase for the main block
0111: Mass erase for the main block
1000: Row read for the information block
FMCMD 1001: Row program for the information block
1110: Re-protection
0 R/W 0 1111: Protection release
Other than above: Setting prohibited

The bit is writable only when the FMEXE.FMEXE bit is 0.
Note that setting values differ according to the protection
levels. For more details, see

Table 13-3.
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Table 13-3. Setting Values for Flash Memory Operation Modes

Mode Setting Value Level 1 Level 2

Normal Mode (Instruction/Data Fetch) 0b0000 Y Y@
Row Read for Main Block 0b0100 Y —
Row Program for Main Block 0b0101 Y —
Page Erase for Main Block 0b0110 Y —
Mass Erase for Main Block 0b0111 Y —
Row Read for Information Block 0b1000 y® —
Row Program for Information Block 0b1001 y® —
Re-protection 0b1110 Y —
Protection Release Ob1111 Y Y

W Available to the user-releasable area (ROW4 to ROW?7)
@ Available only to the CPU operation and the OCD

13.2.6. FMEXE (Flash Memory Program Execution Register)

Register FMEXE Flash Memory Program Execution Register Address OxFFO05
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
Execution of flash memory operation
Read 0: Flash memory control is being stopped
Read 1: Flash memory control is being executed
o | AMexe | mw | o | |urieD:fehmenoy contot el
Writing 1 to the bit is prohibited when the
FMCTRL.FMCMD bit is 0b0000.
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13.2.7. FMRPDn (Flash Memory Row Program Data n Register) (n =0 to 3)

Register FMRPDO Flash Memory Row Program Data0 Register Address OxFF10
Register FMRPD1 Flash Memory Row Program Datal Register Address OxFF11
Register FMRPD2 Flash Memory Row Program Data2 Register Address OxFF12
Register FMRPD3 Flash Memory Row Program Data3 Register Address OxFF13
Bit Bit Name R/W Initial Description Remarks
7 RIW 0 Flash memory data
6 R/W 0 FMRPDO: Address 4n
FMRPD1: Address 4n + 1
5 RIW 0 FMRPD2: Address 4n + 2
4 RIW 0 FMRPD3: Address 4n + 3
RPD
3 RIW 0 n = 256 x FMPAGE + 32 x FMROW + FMCOL
2 R/W 0
The bit specifies the data to be programmed in the row
1 RIW 0 program mode. The read data is stored in the row read
0 RIW 0 mode.

13.2.8. FMRMOD (Flash Memory Read Mode Register)

Register FMRMOD Flash Memory Read Mode Register Address O0xFF20
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
Fast clock read mode
0: Low-speed clock mode (1 cycle)
1: High-speed clock mode (2 cycles)
The write value is reflected when the flash memory
0 FAST RIW 1 access is put into an idle state. After changing the bit,
make sure that the setting value is readable.
When setting the bit to the low-speed clock mode,
specify an appropriate frequency for this mode
beforehand.
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13.2.9. FMPCR (Flash Memory Program Control Register)

Register FMPCR | Flash Memory Program Control Register Address OxFF23

Bit | Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.

Program wait status
Read 0: Not waiting for the next program data
Read 1: Waiting for the next program data
Write 0: No change
4 PWAITS R/C 0 Write 1: The bit is cleared
Writing 1 to the bit is enabled when the bit is waiting for the column
data to be ready, or when the column writing is completed. The bit is
automatically cleared by setting the FMRPD3 register during the
column data wait, or by writing 0 to the FMEXE.FMEXE bit.

3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.

Program wait interrupt enable
0: Output of interrupt request is disabled
0 | PWAITIE| R/W 0 1: Output of interrupt request is enabled

The bit controls the interrupt requests of the PWAITS bit.
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13.3. Flash Memory

Figure 13-2 shows the map of the flash memory. The flash memory has 32-KB main block and 1-KB information
block. The main block has 32 pages. This configuration is 8 rows per page, 32 columns per row, and 4 bytes per column.
The information block has 1 page. This configuration is 8 rows per page, 32 columns per row, and 4 bytes per column.

The CPU programs are stored in the main block. The protection code is stored in the information block. In addition,
user data can be placed in the ROWS5 to the ROW?7 in the information block.

The protection level 1 allows the programming and erasing for the main block.

The protection level 2 allows the programming and erasing for the main block from the operating programs on the
flash memory only, and does not allow the erasing for the information block. In addition, it allows the programming for
the ROWS5 to the ROW?7, and does not allow the programming for the ROWO0 to the ROW4. Write the protection code
of the protection level 2 to the address 0xA200 (the COLUMNO of the ROW4 in the information block).

XDATA BUS . . XDATA BUS
address Main Block (Program) Information Block address
ox00 v -~ R 0xA000

ROW1
PAGEQ —— PAGEO ROW2
~~~~~~ ROW3
PAGEL 128 bytes
. 4bytes/col
: . <_»ytes ‘column
32 pages . \\ 1 ROW4 30|31
O0xA3FF
PAGE30
4 bytes/column
-------- == Level 2 protection code
0[1] ROWO _ [30]3L P
ROW1 .
PAGE31 ROW?2 Block Operation Programming | Erasing Reading
ROW3 Sources
v ROW4
OX7FFF P CPU/OCD
< > ROW6 CPU/OCD Level 1 Level 1
ROW7
128 bytes CPU Level 1/ Level 1/
Level 2 Level 2
OCD Level 1 Level 1
CPU Level 1/ Level 1/ Level 1/
Level 2 Level 2 Level 2
OCD Level 1 Level 1 Level 1
Figure 13-2. Flash Memory Map
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13.4. Operation

13.4.1. Instruction Fetch

The instruction fetch controller (IFC) controls instruction fetches to the CPU from the flash memory. The IFC has the
instruction buffer (IBUF) that is 4 bytes x 2 lines. The instruction fetch operation of the CPU is as follows:

e When the IBUF has the instruction code of the adress requested by the CPU:
The instruction code stored in the IBUF is fetched without wait cycles.

e When the IBUF does not have the instruction code of the adress requested by the CPU:
The IFC fetches 1 column (4 bytes) of the flash memory. Then, the IFC returns necessary 1 byte to the CPU, and
stores the fetched 1-column (4-byte) instruction code in the IBUF. The CPU waits until the flash memory accessing
finishes.

In addition, the IFC has the data buffer (DBUF) that is 1 byte x 1 line. When the CPU reads the constant data from
the flash memory by the MOV X or MOVC instruction, the reading operation is as follows:

e When the DBUF has the data of the adress requested by the CPU:
The data stored in the DBUF is read without wait cycles.

e When the DBUF does not have the data of the adress requested by the CPU:
The IFC fetches 1 column (4 bytes) of the flash memory. Then, the IFC returns necessary 1 byte to the CPU, and
stores the fetched 1-column (4-byte) data in the DBUF. The CPU waits until the flash memory accessing finishes.

The IFC has programmable access modes to the flash memory, which are the high-speed and low-speed clock modes.
The access mode to the flash memory is defined by the FMRMOD register. In the high-speed clock mode, the access
cycle to the flash memory is 2 cycles. In the low-speed clock mode, the access cycle to the flash memory is 1 cycle.
When an operation frequency of the CPU is more than 30 MHz, it is required to set to the high-speed clock mode.
When the operation frequency of the CPU is 30 MHz or less, the low-speed clock mode can be used. The low-speed
clock mode achieves an efficient operation because the wait cycles of the CPU are reduced.

The IBUF has a prefetch function to reduce the wait cycles at accessing the flash memory. In the high-speed clock
mode, the prefetching starts after the CPU fetches the instruction of the address 4n + 2 or 4n+ 3 (n>0). In the low-
speed clock mode, the prefetching starts after the CPU fetches the instruction of the address 4n + 3 (n > 0). When the
CPU fetches the prefetched code, the CPU executes the instruction without wait cycles. When the prefetched instruction
is not executed by the instruction such as the JMP, the CPU waits while an instruction is fetched again from the flash
memory.
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13.4.2. Flash Memory Operation Mode

13.4.2.1. Mass Erase

The mass erase mode is the mode for erasing the all pages of the main block. To use the mass erase mode, set
FMCTRL.FMCMD = 0b0111. In addition, to start the mass erase, set FMEXE.FMEXE = 1. During the mass erase
execution, the FMEXE.FMEXE bit is kept to 1 that indicates the erasure is being executed. When the erasure completes,
the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF bit is set to 1. In addition, for outputting an interrupt
request to the CPU, set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be cleared in the interrupt routine.

Figure 13-3 shows the mass erase operation sequence. In addition, a part of the operation sequence is described
below.

(1) Set FMCTRL.FMCMD = 0b0111 (mass erase mode in the main block).

(2) Wait for the erasure to complete. When the erasure completes, the FMCTRL.FMIF bit is set to 1. In addition, the
FMEXE.FMEXE bit is automatically cleared. When FMCTRL.FMIE =1 and FMCTRL.FMIF = 1, an interrupt
request is output to the CPU.

(3) Toclear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

Set FMCTRL.FMCMD 1)

FMEXE.FMEXE =1

\ 4

No

FMCTRLFMIF == )

Clear FMCTRL.FMIF ®)

End

Figure 13-3. Mass Erase Operation Sequence
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13.4.2.2. Page Erase

The page erase mode is the mode for erasing the specified one page of the main block. To use the page erase mode,
set FMCTRL.FMCMD = 0b0110, and set the erased page to the FMPAGE register. Then, to start the page erase, set
FMEXE.FMEXE = 1. During the page erase execution, the FMEXE.FMEXE bit is kept to 1 that indicates the erasure is
being executed. When the erasure completes, the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF bit is set to 1.
In addition, for outputting an interrupt request to the CPU, set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be
cleared in the interrupt routine.

Figure 13-4 shows the page erase operation sequence. In addition, a part of the operation sequence is described below.

(1) Set FMCTRL.FMCMD = 0b0110 (page erase mode in the main block).

(2) Wait for the erasure to complete. When the erasure completes, the FMCTRL.FMIF bit is set to 1. In addition, the
FMEXE.FMEXE bit is automatically cleared. When FMCTRL.FMIE =1 and FMCTRL.FMIF =1, an interrupt
request is output to the CPU.

(3) Toclear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

Set FMCTRL.FMCMD (1)

>
>

Set FMPAGE

FMEXE.FMEXE =1

No

FMCTRL.FMIF ==1 2

Clear FMCTRL.FMIF 3)

No
The last page?

Yes

Figure 13-4. Page Erase Operation Sequence
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. _____________________________________________________________________________________________________________________________|
13.4.2.3. Row Program

The row program mode has following 2 modes to program (i.e., to write) data to the specified address of the
information block or the main block:

e Main block program mode: FMCTRL.FMCMD = 0b0101
e Information block program mode: FMCTRL.FMCMD = 0b1001

The programmed page, the programmed row, and programming start column are defined by the FMPAGE, FMROW,
and FMCOL registers, respectively. To start the row program, set FMEXE.FMEXE = 1. Set the data to program to the
FMRPDO to FMRPD3 registers. When the FMRPD3 register is set (i.e., this setting is the programming trigger), the
programming is performed to the specified current column. When the programming of the column completes, the
FMCOL register is automatically incremented.

When the programming of the COLUMN31 completes, the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF
bit is set to 1. In this time, the FMCOL register is not updated. In addition, for outputting an interrupt request to the
CPU, set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be cleared in the interrupt routine.

To finish the row program midway, write the data to the FMRPD3 register and wait 46 ps, then clear the
FMEXE.FMEXE bit. When the FMEXE.FMEXE bit becomes 0, the row program is finished, and the FMCTRL.FMIF
bit is set to 1.

The flash memory on the LSI can be programmed by the half of one column (higher 2-byte unit or lower 2-byte unit).
The programming in 2-byte unit reduces the programming period. For using the programming in 2-byte unit, set
FMCTRL.BWSEL = 1. To program to higher 2 bytes in a column, set the writing values to the FMRPDO and FMRPD1
registers, and set OxFF to the FMRPD2 and FMRPD3 registers. On the other hand, to program to lower 2 bytes in a
column, set OXFF to the FMRPDO and FMRPDL registers, and set the writing values to the FMRPD2 and FMRPD3
registers.

When the column of one row is continuously programmed when FMCTRL.BWSEL = 1, note that the
FMEXE.FMEXE bit is not automatically cleared at the completion of the COLUMN3L1 programming. Thus, to finish
the programming, write the data to the FMRPD3 register and wait 23 ps, then clear the FMEXE.FMEXE bit.

In the row program mode, complete the programming (i.e., clear the FMEXE.FMEXE bit) within 8 ms after the
programming is started.

Figure 13-5 shows the row program operation sequence. In addition, a part of the operation sequence is described
below.

(1) Setthe FMCTRL.FMCMD bits to 0b0101 (main block program mode) or 0b1001 (information block program
mode).

(2) Set the bit width for writing to the flash memory, which is defined by the FMCTRL.BWSEL bit.

(3) Set the writing data to the flash memory. To start the programing operation, set the FMRPD3 register. When the
FMEXE.FMEXE bit is set to 1 after writing the data to the FMRPD3 register, note that the programming operation
is started after 17 ps.

(4) The period for writing completion is 46 pus. Wait 46 ps after the FMRPD3 register setting, and then, set the next
data to the FMRPD3 register. The FMRPDO to FMRPD2 registers can be set again while waiting. Since the
accessing interval using the OCD is very long, need less attention for waiting period.

(5) When the writing to the last column (COLUMN31) completes, the FMEXE.FMEXE bit is automatically cleared.

(6) The FMCTRL.FMIF bit is automatically set to 1. When FMCTRL.FMIE =1 and FMCTRL.FMIF = 1, an interrupt
request is output to the CPU.

(7) To clear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.
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| SetFMCTRLFMCMD | (1)
|
| SetFMCTRLBWSEL | ()
7
i
| Set FMPAGE |
|
"
| Set FMROW |

| setinalFmcoL |

|  FMEXEFMEXE=1 |

»
>

| setFMRPDOW FMRPD3 | (3)

| Wait for 46 ps | (4)

o
The last column?
Yes

| Wait until FMEXE.FMEXE=0 | (5)

>

Clear FMCTRLFMIF | (7)

The last page?

Figure 13-5. Row Program Operation Sequence

The FMPCR.PWAITS bit is cleared when the column programming starts, and is set to 1 when the column
programming completes. To start the next column programming, be sure to check that FMPCR.PWAITS = 1, and then,
set the FMRPD3 register. In addition, to set the next operation after the FMRPD3 register setting, be sure to check that
FMPCR.PWAITS = 0. Since the FMPCR.PWAITS bit is not automatically cleared after the programming to the
COLUMN31 completes, be sure to clear the FMPCR.PWAITS bit.

Figure 13-6 shows the row program operation sequence using the FMPCR.PWAITS bit. In addition, a part of the
operation sequence is described below.

(1) Setthe FMCTRL.FMCMD bits to 0b0101 (main block program mode) or 0b1001 (information block program
mode).

(2) Set the bit width for writing to the flash memory, which is defined by the FMCTRL.BWSEL bit.

(3) Set the writing data to the flash memory. To start the programing operation, set the FMRPD3 register. When the
FMEXE.FMEXE bit is set to 1 after writing the data to the FMRPD3 register, note that the programming operation
is started after 17 ps.

(4) Check that FMPCR.PWAITS = 0.

(5) Wait for the completion of the writing to the column (FMPCR.PWAITS = 1). After checking the completion, set
the next data to the FMRPDO to FMRPD3 registers.

(6) When the writing to the last column (COLUMN31) completes, the FMEXE.FMEXE bit is automatically cleared.
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(7) The FMCTRL.FMIF bit is automatically set to 1. When FMCTRL.FMIE =1 and FMCTRL.FMIF = 1, an interrupt

request is output to the CPU.

(8) Toclear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.
(9) Toclear the FMPCR.PWAITS bit, set FMPCR.PWAITS = 1.

Set FMCTRL.FMCMD

| @

Set FMCTRL.BWSEL

| @

»
»

Set FMPAGE

>

]

Set FMROW

Set initial FMCOL

FMEXE.FMEXE =1

»
»

Set FMRPDO to FMRPD3

| @

*

®)

| Wait until FMEXE.FMEXE =0 | (6)

No

»
»

FMCTRL.FMIF ==1

U]

Clear FMCTRL.FMIF

| ®

Clear FMPCR.PWAITS

| @

Figure 13-6. Row Program Operation Sequence Using FMPCR.PWAITS Bit
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13.4.2.4. Row Read

The row read mode has following 2 modes to read data from the specified address of the information block or the
main block:

e Main block read mode: FMCTRL.FMCMD = 0b0100
e [nformation block read mode: FMCTRL.FMCMD = 0b1000

The read page, the read row, and reading start column are defined by the FMPAGE, FMROW, and FMCOL registers,
respectively. To start the row read, set FMEXE.FMEXE = 1. The read data is stored in the FMRPDO to FMRPD3
registers. 6 cycles of the CLKFAST are required from setting the FMEXE.FMEXE bit to 1 to storing the read data to
the FMRPDO to FMRPD3 registers; wait with the instruction such as NOP.

When the reading of the FMRPD3 register completes, the FMCOL register is automatically incremented. 3 cycles of
the CLKFAST are required from completing the FMRPD3 register read to storing the next read data to the FMRPDO to
FMRPD3 registers; wait with the instruction such as NOP.

When the reading from the COLUMN31 completes, the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF bit
is set to 1. In this time, the FMCOL register is not updated. In addition, for outputting an interrupt request to the CPU,
set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be cleared in the interrupt routine.

To finish the row read midway, clear the FMEXE.FMEXE bit. When the FMEXE.FMEXE bit becomes 0, the
reading of the row data is finished, and the FMCTRL.FMIF bit is set to 1.

Figure 13-7 shows the row read operation sequence. In addition, a part of the operation sequence is described below.

(1) Setthe FMCTRL.FMCMD bits to 0b0100 (main block read mode) or 0b1000 (information block read mode).

(2) To start the reading operation, set FMEXE.FMEXE = 1.

(3) When the reading of the FMRPD3 register is completed, the reading operation of the next column starts.

(4) When the reading from the last column (COLUMNS31) completes, the FMEXE.FMEXE bit is automatically
cleared.

(5) The FMCTRL.FMIF bit is automatically set to 1. When FMCTRL.FMIE = 1 and FMCTRL.FMIF =1, an interrupt
request is output to the CPU.

(6) To clear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.
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| setPMCTRLFMCMD | (1)

|
>l

| Set FMPAGE |

N
|

| Set FMROW |

| Set initial FMCOL |

| FMEXEFMEXE=1 | (@)

>
>

| Read FMRPDOto FMRPD3 | (3)

[0}
The last column ?
Yes

| waituntil FMEXE.FMEXE=0 | (4)

]
No
Yes

| clearrmMcTRLEMIF | (6)

The last page?

Figure 13-7. Row Read Operation Sequence
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13.4.2.5. Protection Release

The protection release mode is the mode for decreasing the current protection level. The protection code that is set to
enable the flash memory protection is necessary to down the protection level.

To use the protection release mode, set FMCTRL.FMCMD = 0b1111, and set the protection code to the FMRPDO to
FMRPD3 registers. Then, to execute the protection release, set the FMEXE.FMEXE = 1. When the protection release
completes, the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF bit is set to 1. In addition, for outputting an
interrupt request to the CPU, set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be cleared in the interrupt routine.

When the protection code written to the FMRPDO to FMRPD3 registers matches the protection code written in the
flash memory, the protection level is decreased from level 2 to level 1. Thus, resources in the LSI can be accessed using
the OCD because the protection level is temporarily level 1.

Figure 13-8 shows the protection release operation sequence. In addition, a part of the operation sequence is
described below.

(1) Set FMCTRL.FMCMD = 0b1111 (protection release).

(2) Set the protection code of level 2 to the FMRPDO to FMRPD3 registers.

(3) To start the protection release, set FMEXE.FMEXE =1.

(4) Wait for the protection release to complete. When the protection release completes, the FMCTRL.FMIF bit is set
to 1. When FMCTRL.FMIE =1 and FMCTRL.FMIF =1, an interrupt request is output to the CPU.

(5) Toclear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

Set FMCTRL.FMCMD 1)

Set FMRPDO to FMRPD3 2)

FMEXE.FMEXE =1 3

No

FMCTRLFMIF == 1 ()

Clear FMCTRL.FMIF ()

End

Figure 13-8. Protection Release Operation Sequence
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13.4.2.6. Re-protection

The re-protection function is the mode for resetting the level that is decreased by the protection release mode. The
protection level after re-protection is determined with or without the protection code of level 2 that is written in the
flash memory.

To use the re-protection mode, set FMCTRL.FMCMD = 0b1110 and FMEXE.FMEXE = 1. When the re-protection
completes, the FMEXE.FMEXE bit is cleared, and the FMCTRL.FMIF bit is set to 1. In addition, for outputting an
interrupt request to the CPU, set FMCTRL.FMIE = 1. The FMCTRL.FMIF bit should be cleared in the interrupt routine.

Figure 13-9 shows the re-protection operation sequence. In addition, a part of the operation sequence is described
below.

(1) Set FMCTRL.FMCMD = 0b1110 (re-protection).

(2) To start the re-protection, set FMEXE.FMEXE =1.

(3) Wait for the re-protection to complete. When the re-protection completes, the FMCTRL.FMIF bit is set to 1. When
FMCTRL.FMIE =1 and FMCTRL.FMIF =1, an interrupt request is output to the CPU.

(4) To clear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

( Start )

Set FMCTRL.FMCMD 1)

FMEXE.FMEXE = 1 0)

v

No

FMCTRL.FMIF == 1 ©)

Clear FMCTRL.FMIF (4)

End

Figure 13-9. Re-protection Operation Sequence
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13.5. Protection Level Control

It is required to control the accesses to the flash memory such as programming, erasing, and reading by the protection
level control to protect programs from malicious attacks. In addition, this control limits to access resources in the LSI
from the OCD.

e Protection Level 1
The following instructions are blocked:

- Mass erase of the information and main blocks in the flash memory
- Erasing of the information block
- Programming/Reading of ROWO0 to ROW3 in the information block

e Protection Level 2

- Blocks the flash memory accessing from programs on RAM.

- Allows to program to/read from only ROW5 to ROW?7 of the information block in the CPU operation (user
controls).

- Allows the execution of only the protection release mode from the OCD. In addition, accesses such as an OCD
instruction and a data fetch are allowed for only following registers: DEVER, FMCTRL, and FMEXE.

Table 13-4 shows the relationship between protection levels and flash memory controls.

Table 13-4. Relationship between Protection Levels and Flash Memory Controls

Information Block Main Block . .
Protection Level Protection Re- Instruction/
Programming | Reading gzzz Erasing [Programming| Reading | Rel€ase | protection | Data Fetch
Program on
RAM ® Yes Yes
Level 1 | cpu Operation | ROWA4to [(ROWAto| Yes Yes Yes Yes Yes Yes Yes
ROW7 ROW7
OCD
erole?n No No No No No No No No No
Yes Yes
Level 2| CPU Operation | ROW5to |ROW5to| Yes Yes Yes Yes Yes Yes Yes
ROW7 ROW7
oCcD No No No No No No Yes No @

“Including the operand reading by a MOVC instruction.
@ Allows reading from/writing to the FMCTRL and FMEXE registers. Accessing other than these registers is not

allowed.
_________________________________________________________________________________________________________________________________|
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13.6. Runtime Flash Memory Operation

The LSI achieves programming, erasing, and reading of the flash memory during program execution on flash
memory (runtime flash memory operation). This operation is used to write system log to the flash memory. While the
flash memory is accessed by the runtime flash memory operation, the CPU is waited. When the runtime flash memory
operation finishes, the CPU is released from the waiting, and restarts the program execution. The entries stored in the
instruction buffer and the data buffer become invalid at the runtime flash memory operation start.

To enable the runtime flash memory operation, set FMCTRL.RFOMD = 1. The reading/writing in the runtime flash
memory operation is executed the specified one column only. Note that the FMCOL register is not automatically
incremented when this reading/writing operation completes.

Figure 13-10 shows the runtime flash memory operation sequence for one column writing. In addition, a part of the
operation sequence is described below.

(1) Setthe FMCTRL.FMCMD bits to 0b0101 (main block program mode) or 0b1001 (information block program
mode).

(2) Set the bit width for writing to the flash memory, which is defined by the FMCTRL.BWSEL bit.

(3) Set FMCTRL.RFOMD = 1.

(4) Set writing data to flash memory to the FMRPDO to FMRPD3 registers. Then, set FMEXE.FMEXE = 1.

(5) When the writing completes, the FMEXE.FMEXE bit is automatically cleared.

(6) The FMCTRL.FMIF bit is automatically set to 1. When FMCTRL.FMIE = 1 and FMCTRL.FMIF = 1, an interrupt
request is output to the CPU.

(7) Toclear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

| setFMCTRLFMCMD | (1)
[ set FMCTIIQL.BWSEL | @
[ st FMCTILL.RFOMD | @
| Set Fl\/llPAGE |
| Set FI\LROW |
| Set Fl\|/ICOL |

| setFMRPDOtFMRPD3 | (4)

| FMEXEFMEXE=1 |

| Wait until FMEXE.FMEXE =0 | (5)

>
>

No

FMCTRL.FMIF == 1 ()

| Clear FMCTRL.FMIF | @)

End

Figure 13-10. Runtime Flash Memory Operation Sequence (One Column Writing)
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Figure 13-11 shows the runtime flash memory operation sequence for one column reading. In addition, a part of the
operation sequence is described below.

(1)
(2)
(3)
(4)
(5)
(6)

()

Set the FMCTRL.FMCMD bits to 0b0100 (main block read mode) or 0b1000 (information block read mode).

Set FMCTRL.RFOMD = 1.

To start the reading operation, set FMEXE.FMEXE = 1.

Read from the FMRPDO to FMRPD3 registers.

When the reading completes, the FMEXE.FMEXE bit is automatically cleared.

The FMCTRL.FMIF bit is automatically set to 1. When FMCTRL.FMIE = 1 and FMCTRL.FMIF = 1, an interrupt
request is output to the CPU.

To clear the FMCTRL.FMIF bit, set FMCTRL.FMIF = 1.

| setPMCTRLFMCMD | (@)
| set FMCTR|L.RFOMD | @
| Set FI\/|IPAGE |
| Set FI\LROW |
| Set FI\|/ICOL |
| FMEXE.F!\/IEXE =1 | @

| Read FMRPDO to FMRPD3 |(4)

| Wait until FMEXEFMEXE =0 | (5)

;l

Clear FMCTRL.FMIF | )

End

Figure 13-11. Runtime Flash Memory Operation Sequence (One Column Reading)
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13.7. Usage Notes and Restrictions

13.7.1. Transition to Low Power Consumption Mode

For making a transition to the low power consumption mode, a NOP instruction must be inserted immediately after
the write to the LPCTRL register. For more details, see Section 4.

13.7.2. Row Program Time
Set the program time of one row (i.e., a time during which the FMEXE.FMEXE bit is held at 1) to below 4 ms.

13.7.3. Usage Notes on Erasing or Programming (Writing) Immediately after Re-protection

Erasing or programming (writing) immediately after re-protection of the flash memory normally starts after a wait
period. The duration of this wait period depends on the value* of the FMTIME register. For details on the FMTIME
register setting, see Section 13.2.1. Even after a wait period, erasing and programming (writing) to the flash memory
can be successfully executed. If not re-executing the re-protection, no wait period occurs before subsequent erasing or
programming (writing) is performed.

The LSI can perform erasing and programming (writing) to the flash memory without protection release when
operated according to programs in the flash memory itself (see Table 13-4). Consequently, for the operations executed
by the programs in the flash memory, the LSI does not require any protection release or re-protection on the flash
memory.

* If CLKFAST =60 MHz and FMTIME = 59, the wait period is 32 ms.
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14. TinyDSP

14.1. Overview

The TinyDSP is a dedicated processing unit for calculating a digital filter. The CPU and the TinyDSP can process
each operation at the same time because the TinyDSP is separately from the CPU. The LSI has 2 TinyDSPs and these
can be operated simultaneously.

The TinyDSP is calculated based on 16-bit fixed-point method. The program sequence can be composed of the
simple instructions such as multiplication, division, multiply-accumulate calculation, shift calculation, move, jump, and
minimum/maximum saturation. Each TinyDSP has sixteen 16-bit data registers (for storing coefficients, temporary data,
and input/output data), eight 16-bit constant registers (for storing constants), and one 36-bit accumulator. Also, the
TinyDSP supports the hardware division to improve the system performance.

The calculation sequence start is controlled by writing to the data registers from any of the units such as CPU, EPU,
or DSAC. This calculation scheme can be configured by user.

For example, the user can configure the entire scheme to execute all operations without the CPU. The DSAC can
transfer the data to the TinyDSP by the trigger that is the event generated in the LSI (such as AD conversion
completion). Thus, the TinyDSP trigger can be transmitted from the internal hardware. When the calculation sequence
is completed, the TinyDSP can generate the event that becomes an activation trigger for to the DSAC. The DSAC that
receives the event can transfer the calculation result of the TinyDSP to the high-resolution PWM as a PWM duty cycle.
As described above, the operations, such as from the trigger sending to the TinyDSP to the transferring of a calculation
result, can be completely independent from the CPU.

Table 14-1. TinyDSP Functional Descriptions

Item Description
Number of Units 2 units
Operation 16-bit fixed-point
Program Memory 48 steps (independent per unit)
Sixteen 16-bit data registers
Data Memory Eight 16-bit constant registers

One 36-bit accumulator
Multiplication, division, multiply-accumulate calculation, shift calculation, move,

Instruction jump, and minimum/maximum saturation
Hardware Divider Integrated

Sequence Control Controlled by internal events

Event Output Output at any time (with some exceptions)
Performance 3P2Z IIR: 10 cycles
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14.2. Block Diagram

O -
Program/Data Memory ‘
Control Unit ‘
pm— MIN/MAX Register l
_w _m N Execution Unit
MAX0 J
(%)
D = Rei
2 n Constant e':gillzter 16 bits 16 bits 16 bits|
(e ) )
ke m Value
o Register
Xl
5 : IR
o = = P 16 bits . Sign 4 bits + 32 bits Sign 4 bits + 32 bits
o . = 7 36 bits
L .
o - >>01015 ALU
Saturation calc. 36 bits + 36 bits
Rounding Saturation calc.
[_RL_|
RO | [“[16bits —
ACC ]
~_ 36 bits
TinyDSPO
~ TinyDSP1

Figure 14-1. TinyDSP Block Diagram
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14.3. Resources

e Register File (Data Registers: RO to R15)

Each unit has one register file including sixteen 16-bit data registers, RO to R15. The data registers are used for
storing coefficients, or for internal memory (delay element of digital filter). RO to R7 are accessible via the SFR BUS,
whereas R8 to R15 are accessible via the XDATA BUS. Since the DSAC can access only RO to R7, it is recommended
to assign the input values from the ADC and the output values for the PWM duty cycle to RO to R7 in order to validate
the DSAC transfer. The register files are connected to input ports of the instructions such as MUL, DIV, or MMX.

Also the register files receive the data from the ACC via a shift instruction.

e ACC (Accumulator)

Each unit has one 36-bit accumulator register (ACC) for storing internal calculation results. The ACC receives the
calculation results from the ALU, MUL, and DIV. The ACC is accessed from the XDATA BUS. When the overflowed
calculation result is output to the ACC, the overflowed calculation result is saturated with the positive maximum value
or the negative minimum value.

e MUL (Multiplier)
Each unit has one multiplier that multiplies 32 bits (16 bits x 16 bits). The MUL receives the data from RO to R15,
and outputs the results to the ALU or the ACC.

e ALU (Arithmetic and Logical Unit)
Each unit has one arithmetic logic unit that adds 36 bits (36 bits + 36 bits).

e SFT (Shifter)

Each unit has one shifter with only the right shift function. The SFT receives the 36-bit data from the ACC. The SFT
cuts 16 bits out of the received data, and outputs the cut 16 bits to RO to R15. In right shifting, an overflow may occur.
When the overflow occurs, saturation processing is performed. Also, the result truncated on right shift (LSB) is rounded
to the nearest value.

e DIV (Divider)

Each unit has one divider. The processing of this divider are as follows: The reciprocal of the divisor is calculated by
the Newton-Raphson method, and is indicated with a 16-bit fixed-point number. Then, multiply the reciprocal of this
divisor by the dividend and store the 32-bit result in the ACC.

Since DIV operation is processed using the resources such as MUL, ALU, and ACC, there is no DIV dedicated
internal hardware.

e MMX

Each unit has one MMX unit that performs a saturation processing. When the MMX receives the data from RO to
R15, the MMS saturates with the predefined minimum value (MINO to MIN2) and maximum value (MAX0 to MAX2),
and then stores the result in the same register. The TinyDSP has the registers that hold the maximum value and
minimum value.

e Program/Data Memory

Each unit has one memory for storing 48 words of instructions of 16-bit length. The instructions (16 bits) for
configuring the TinyDSP processing sequence and the constants for the LDR function are stored in this memory.
Hereafter, this memory is called “Program/Data Memory”.

e CVR (Constant Value Register, CO to C7)

Each unit has eight 16-bit constant registers, CO to C7, for storing constants. When the CVR function is enabled, the
TinyDSP can use the constant registers, as an argument for with the instructions of MUL, MAC, and DIV. For details,
see Section 14.9.1.

e LDR (Load Data Register)

When the LDR function is enabled, the R15 register can be used as a window to read the constant data stored in the
Program/Data Memory. Addresses of the Program/Data Memory accessible by the LDR function are 32 to 47. For
details, see Section 14.9.2.
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14.4. TinyDSP Instruction

Table 14-3 shows the TinyDSP instructions.
Prepare the sequence using these instructions in advance, and store them in the Program/Data Memory. The
instructions other than MM X, MVS, and RSF have the trigger wait and event output functions.

14.4.1. TinyDSP Instruction Format

The TinyDSP instruction is configured as follows:

e TRIG_WAIT Bit

The trigger wait field is used to wait for a trigger before executing the instruction. When TRIG_WAIT = 1, the
instruction is executed after receiving the trigger. When TRIG_WAIT = 0, the instruction is executed without waiting
for the trigger.

e TRIG_WHAT Bits

The TinyDSP registers, RO to R7, are selected in the trigger selection field (see Table 14-2). Writing to the selected
register becomes the TinyDSP activation trigger.

Table 14-2. TRIG_WHAT Bits

Register Bit 14 Bit 13 Bit 12
RO 0 0 0
R1 0 0
R2 0 1
R3 0 1

R4 1 0

1 0
1 1
1 1

R5
R6
R7

Rrlo|lr|o|lrRr|oOo]|r

e EVENT Bit
The event field is used for the event output control. An event is output when EVENT = 1, whereas no event is output
when EVENT = 0.

e OPCODE Bits
The OPCODE field specifies the instruction TinyDSP executes. For details, see Section 14.4.2.

e FIELD A/B Bits
The FIELD A/B field specifies the instruction Rn, Rm, # n. Rn and Rm are selected from the data registers, RO to
R15, respectively. #n is the size of the shift bit.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 14-4
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

. _____________________________________________________________________________________________________________________________|
Table 14-3.  TinyDSP Instructions

Instruction Format
MSB (Bits 15 to 8) LSB (Bits 7 to 0) Instruction Operation Execute
TRIG TRIG FIELD FIELD Frequency
WAIT | WHAT EVENT| OPCODE A B
If (Rm > MAXn) Rm € MAXn;
Else if (Rm < MINK)
0 001 0 Rm #n #k | 0x0 MMX Rm < MINK: 1
#n>2->#n=0
FIELD B[3]=0
0j0]0 MAX/ MAXn € Rm
0 010 0 Rm N | #0 0x0 MVS | FIELD BJ[3]=1 1
MINn €< Rm
#n > 2: No-operation (NOP)
T |WHAT| E ch?et Don’tcare | OxONOP | No-operation (NOP) 1
0 | NextPC 0x1 JMP | Jump 1
T |WHAT| E 0101 R15 €< Memory[LoadAddr]
1 | LoadAddr 0x1 LDD LDA = LoadAddr + 1 1
T WHAT| E 0|11(0 Rm Rn 0x2 MUL | ACC € RnxRm 1
T WHAT| E 0111 Rm Rn 0x3 MAC | ACC € ACC +RnxRm 1
T WHAT| E 1100 Rm Rn 0x4 DIV | ACC € Rn/Rm 8
T WHAT| E 1]10(1 Rm #n 0x5 LSF ACC € Rm<<#n 1
THN[4]|WHAT| E 1({1|10| Rm #n[3:0] 0x6 RSF | Rm € ACC >> #n 1
Chain movement (delay element)
T |WHAT| E [1|1|1] Rm Rn ox7 Mvc | RM € RM-1 & R+1L R
Initial Rm is discarded.
Rn is kept at the same value.

14.4.2. Instruction Set

e 0x0
- MMX

When the MMX instruction is executed, Rm is saturated with both the maximum value and minimum value. When
Rm is the maximum value or more, the maximum value is stored in Rm. When Rm is the minimum value or less, the
minimum value is stored in Rm. There are 3 maximum values and 3 minimum values. Each of the maximum and
minimum values, which are used in the MMX instruction, can be specified by the corresponding bits in the instruction
code FIELD B: bits 3 to 2 for the maximum values, and bits 1 to 0 for the minimum values. Hereafter, the values of bits
3to 2 and bits 1 to 0 are defined as #n and #Kk, respectively. When #n or #k is set to a value more than 2, the each value
is treated as zero. The MMX instruction has no trigger wait and event output functions. To use the MMX instruction, set
TRIG_WAIT and EVENT field to 0, and set TRIG_WHAT to 1.

- MVS

When the MVS instruction is executed, the DSPnMAX register or the DSPnMIN register is updated to the value of
Rm. Bits 3 to 0 of the instruction code determine which register to update. To update the DSPNMAX register, set bit
3 =0. To update the DSPnMIN register, set bit 3 = 1. Bits 2 to 0 specify the value of #n. When #n is set to a value more
than 2, the instruction code is considered as the NOP instruction. To use the MVS instruction, set TRIG_WAIT and
EVENT field to 0, and set TRIG_WHAT to 2.
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- NOP

When the NOP instruction is executed, the program counter (PC) is started, and do not affect the others.. When the
instruction code is neither the MMX instruction nor MVS instruction, whose settings are as follows, the instruction code
is considered as the NOP instruction.

MMX instruction setting: TRIG_WAIT and EVENT field =0, TRIG_ WHAT =1

MVS instruction setting: TRIG_WAIT and EVENT field =0, TRIG_WHAT =2

e Ox1
- JMP

When the JMP instruction is executed, the program counter (PC) is changed to the specific position. Although the
jump address is 7-bit length, its MSB is ignored. When the instruction bit 7 is 0 or the LDR function is disabled, the
instruction code is considered as the JMP instruction.

- LDD

When the LDD instruction is executed, the TinyDSP reads the data from the Program/Data Memory, and stores it in
R15. Although the source address of the LDD is 7-bit length, its MSB is ignored. When the LDR function is enabled
and the instruction bit 7 is 1, the instruction code is considered as the LDD instruction. For the details of the LDD
instruction, see Section 14.9.2.

e 0x2 MUL
When the MUL instruction is executed, the 32-bit result of multiplying Rn (16 bits) by Rm (16 bits) is sign-extended
to 36 bits, and then the sign-extended result is stored in the ACC.

e 0x3 MAC

When the MAC instruction is executed, the 32-bit result obtained by multiplying Rn (16 bits) by Rm (16 bits) is sign-
extended to 36 bits, and the sign-extended result is added to the ACC value of 36 bits, and then the added result is
stored in the ACC. When overflowing to the positive direction in the adding process, the saturated value of
0x7_FFFF_FFFF is stored in the ACC. When overflowing to the negative direction in the adding process, the saturated
value of 0x8_0000_0000 is stored in the ACC.

e 0x4 DIV

When the DIV instruction is executed, the reciprocal of the 16-bit divisor Rm (i.e., 1/Rm) is approximately calculated
firstly, and then the result is internally transformed to 16-bit fixed-point number. Next, multiply the transformed value
by the dividend Rn (16 bits), and then the multiplying result is sign-extended to 36 bits. Finally, the sign-extended result
is stored in the ACC. The DIV instruction has 2 calculation modes (normal mode and high accuracy mode). The
calculation mode of the DIV instruction is determined by the DSPnCTRL2.HPDIV bit. For improvement of the
accuracy of calculation result when the value of the divisor, Rm, is high, use the high accuracy mode. Both modes are
executed in 8 cycles.

The decimal point exists only on user’s assumption. When the decimal point of the divisor, Rm, is located between
bit 1 and bit 0 (Q 1), the decimal point of 1/Rm is located between bit 14 and bit 13 (Q 14). When the decimal point of
Rn is between bit 1 and bit 0 (Q1), the decimal point of the finally stored value in ACC is located between bit 15 and bit
14 (Q1 x Q14 = Q15). The value that is any16-bit field in the ACC selected by user can be stored in the register file (see
Section 14.3) by the RSF instruction. Only the DIV instruction needs the multiple cycles for the execution.

e 0x5 LSF
When the LSF instruction is executed, Rm is shifted left by n bits, and then the shifted value is stored in the ACC.
When shifting left, the sign is extended using the sign of Rm. Lower bits are filled up with zeros.

e 0x6 RSF

When the RSF instruction is executed, the ACC is shifted right by n bits, and then the shifted value is stored in Rm.
The 16-bit data that is cut according to the amount shifting right from the 36-bit ACC is output to Rm. If an overflow
occurs in right shifting, the saturated value is stored in Rm. Also, the result truncated on right shift (LSB) is rounded to
the nearest value.

The RSF instruction has 2 modes, one can use the trigger function, and the other cannot. In the mode where the
trigger function can be used, the right shift range is 0 to 15. In the mode where the trigger function cannot be used, the
right shift range is 0 to 31. The DSPnCTRL2.EXRSF bit determines which mode to be used.
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e 0x7 MVC

When the MV C instruction is executed, the data in the register file is moved in a chain (chain movement), and then
the delay element of the digital filter is implemented. The targets of the chain movement are consecutive number data
registers. When m > n in the instruction field, Rm receives the value from Rm—1, Rm—1 receives the value from Rm-2,
and finally Rn+1 receives the value from Rn. The value of Rm before executing the MV C instruction is discarded. The
value of Rn does not change even after executing the MVC instruction. When m < n, the MVC instruction operates in
the same way as the NOP instruction.

14.5. Operations

The setting procedure and the operation of the TinyDSP are as follows:
(1) The following settings are required for the TinyDSP in advance.

- Set the program sequence in the Program/Data Memory.
- Set the initial value of RO to R15 and CO to C7 (such as coefficient or delay element of digital filter).

(2) Toenable the TinyDSP,set the DSPnCTRL.DSPE bit.

The program sequence starts from PC = 0x00 usually, although the initial value of instruction sequence program
counter (PC) can be set in advance.

(3) The TinyDSP instruction sequence is started. When the TRIG_WAIT flag of the TinyDSP instruction is set, the
TinyDSP instruction is not executed until a trigger occurs. The trigger occurs when the data register is updated
(data writing). The data register is selected from RO to R7. RO to R7 are defined by the TRIG_WHAT filed (see
Table 14-2). When the trigger is detected, the TinyDSP executes the instruction that is set to the trigger, and
then goes on to the next PC address processing.

(4) For the trigger to restart the TinyDSP instruction, see the description of the DSPNTRG register in Section
14.11.11. For example, the operations when TRIG_WAIT = 1 and TRIG_WHAT = 3 in the TinyDSP
instruction field (see Table 14-3) are described as follows. This means that the TinyDSP, which is set a trigger,
is waiting for R3 update by any of the CPU, EPU, or DSAC.

(5) When the DSPNTRG.SET_R3 bit is 0, the instruction is suspended before execution. When the new value is
written to R3 by any of the CPU, EPU, or DSAC, the DSPnTRG.SET_R3 bit is automatically set, and the
TinyDSP instruction execution is restarted. At this time, the DSPnTRG.SET_R3 bit is automatically cleared.
When the CPU or the DSAC updates R3 to set DSPnTRG.SET_R3 = 1 before the TinyDSP instruction is
executed, the TinyDSP instruction restarts execution immediately without suspending, and then the
DSPnTRG.SET_R3 bit is cleared. Although the DSPnTRG register does not need to be accessed from the CPU
during the TinyDSP operation, the DSPnTRG register can be accessed from the CPU for initializing again.

(6) When the PC reaches its final address (0x2F) during the TinyDSP instruction sequence, the PC is returned to
0x00, and then the TinyDSP continues the instruction sequence.

(7) When the instruction EVENT = 1 is completed, the TinyDSP interrupt flag (i.e., DSPNCTRL.DSPIF bit) is set
to 1. Also, internal event pulses are generated for other modules. While the DSPNCTRL.DSPIE bit is set, the
interrupt signal is asserted.

(8) When the saturation processing occurs during the TinyDSP instruction execution, the DSPNCTRL.DSP_SA bit
(for the ALU) or the DSPNCTRL.DSP_SS bit (for the shifter) is set to 1. Only the occurrence of saturation
processing is notified to the CPU. Each flag can be cleared by the CPU.

(9) While the DSPnDBG.DSP_DBG bit is 1, the TinyDSP operates with a debug mode. In the debug mode, the
TinyDSP executes the program sequence with the step operation. The step operation is executed only when 1 is
written to the DSPnDBG.DSP_STP bit during DSPnDBG.DSP_DBG = 1. When the DSPnDBG.DSP_DBG and
DSPnDBG.DSP_STP bits are set at the same time, the step operation is not executed. Even if the TRIG_WAIT
flag of the TinyDSP instruction is set, this instruction for the step operation is forced to execute. When the PC
specifies the final address, the PC is returned to 0x00, and the step operation is repeated from the first address.

(10) Regarding the register or storage resource that can be accessed from the TinyDSP and the any of the CPU, EPU,
or DSAC, when the TinyDSP and any of the CPU, EPU, or DSAC access the same resource simultaneously, the
access by the CPU, EPU, or DSAC has the highest priority.
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Case 1 Time
INSTR A INSTR B INSTRC INSTRC
Suspended
TRIG_WAIT =0 TRIG_WAIT =0 TRIG_WAIT =1 TRIG_WAIT =1
TRIG_WHAT =x| [TRIG_WHAT =x| |TRIG_WHAT =3 | JTRIG_ZWHAT =3

DSPNnTRG.SET_R3 Bit

R3 X
?

Updated (written) by CPU or DSAC

Auto-set | Auto-clear

Case 2 Time
—_—
INSTR A INSTR B INSTR C INSTR D
TRIG_WAIT=0 | | TRIG_WAIT =0 TRIG_WAIT=1 TRIG_WAIT=0
TRIG_WHAT =x| [TRIG_ WHAT =x | JTRIG_WHAT =3} |TRIG_WHAT =x

DSPnTRG.SET_R3 Bit Auto-clear

Auto-set |

R3 X

Updated (written) by CPU or DSAC

Figure 14-2. Trigger Operation of Instruction Sequence

14.6. 16-bit Register Access

All data registers (R8 to R15) in the register file and all constant registers (CO to C7, MAXO0 to MAX2, MINO to
MINZ2) are 16-bit width. These 16-bit width registers are composed of the lower byte (LSByte) register and higher byte
(MSByte) register.

Data registers (R8 to R15) and all constant registers respectively have 3 addresses in the following addresses on the
XDATA BUS area.

- TinyDSPO: OxF788 to OxF78F, 0xF798 to OxF79F, OxF7A8 to OXF7AD
- TinyDSP1: 0xF808 to OxF80F, 0xF818 to OxF81F, 0xF828 to 0xF82D

LSByte and MSByte are assigned to one of the 3 addresses. The other 2 addresses are contiguous; LSByte and
MSByte are assigned to the smaller and higher addresses, respectively.

Each data register (RO to R7) and constant register (MAX0 to MAX2 and MINO to MIN2) has one address, which
LSByte and MSByte are assigned, on the SFR area

The 16-bit register must be written in the order of LSByte and MSByte, sequentially. When LSByte is written first,
the value of the written LSByte is stored in the temporary register for LSByte. When MSByte is written next, the value
of the temporary register for LSByte and the value of MSByte are written to the 16-bit register simultaneously. The data
must be read from the 16-bit register in the order of LSByte and MSByte, sequentially. When LSByte is read first, only
the LSByte value out of the value of the 16-bit register is read, and the MSByte value is stored in a dedicated temporary
register. At the next read, the MSByte value is read from the dedicated temporary register.

The DSPNMAXXL/H and DSPnMINXL/H registers have the addresses in both the XDATA BUS and SFR BUS areas.
When the SFR BUS access conflicts with the XDATA BUS access, the writing of XDATA BUS has the highest priority.
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Writing to Data Register, Rn Reading from Data Register, Rn
Rn_L Rn_H Rn_L Rn_H
A A
2nd access 2nd access 1st access l 1st access
Temp. for Rn_L Temp. for Rn_H
A
1st access 2nd access
v v
8 bits 8 bits

Figure 14-3. Data Register Access

The access states of LSByte and MSByte of the 16-bit register is managed by the access counter of the units such as
CPU, DSAC, or EPU as follows, respectively.

e CPU

When the CPU reads the data from the 16-bit register, the CPU access counter is incremented. The access counter of
the XDATA BUS is separated with its of the SFR BUS. When the DSPnRST.CPUACCLA bit is set to 1, both the SFR
BUS CPU access counter and the XDATA BUS CPU access counter are cleared, and the CPU is ready to read LSByte.

e DSAC

When the DSAC reads the data from one of registers RO to R7, MINO to MIN2, or MAX0 to MAX2, the DSAC
access counter is incremented. When the DSPnRST.DSACACCLA bit is set to 1, the DSAC access counter is cleared,
and the DSAC is ready to read LSByte. The 16-bit data can be directly read from and write to registers assigned to the
SFR area by the DSAC. For the direct access to 16-bit data, see Section 11.

e EPU

When the EPU reads data from the 16-bit register via the XDATA BUS, the EPU access counter is incremented.
When the DSPnRST.EPUCACCLA bit is set to 1, the EPU access counter is cleared, and the EPU is ready to read
LSByte. When the EPU accesses the 16-bit register of the TinyDSP via the SFR BUS, the access length must be 16 bits
because the EPU does not have a buffer in the SFR area.
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14.7. Event Output
2 events (Event0 and Eventl) are output from each TinyDSP to the DSAC.

e TinyDSPO Event0
e TinyDSPO Eventl
e TinyDSP1 Event0
e TinyDSP1 Eventl

The event outputs are controlled by the event field of each instruction code. The EventO and Eventl are selected as
follows. When the TinyDSP outputs the EventO or Eventl, the DSPNCTRL.DSPIF bit that is interrupt flag is set.

e Event0: EVENT =1, TRIG_WHAT =7
e Eventl: EVENT =1, TRIG_WHAT =7

Where, the event is output according to the TinyDSP instruction as follows:

e When TRIG_WAIT =1, EVENT =1, and TRIG_WHAT !=7, the TinyDSP instruction waits for the writing to the
register specified by the TRIG_WAIT. When the register is written (i.e., it is the trigger), the TinyDSP executes the
instruction. Then,the EventO is output after the instruction processing is completed.

e When EVENT =1, TRIG_WAIT =1, and TRIG_WHAT =7, the TinyDSP waits for writing to R7. When the
register is written (i.e., it is the trigger), the TinyDSP executes the instruction. Then,the Eventl is output after the
instruction processing is completed.

14.8. Program/Data Memory

48 instructions can be stored in the Program/Data Memory that stores instructions and data (see Table 14-4 and Table
14-5). The Program/Data Memory has its own address space (0x00 to 0x2F) that 16 bits (one instruction, one data) are
assigned to one address. To write data to the Program/Data Memory, write the address to be written to the
DSPn_PRG_ADR register, first. Then, write the LSByte and MSByte of the data to be written to the
DSPn_PRG_DATL and DSPn_PRG_DATH registers, respectively. There is no buffer function. Written data is
reflected to the Program/Data Memory when the LSByte and MSByte are written, respectively. To read data from the
Program/Data Memory, write the address to be read to the DSPn_PRG_ADR register. As a result, the LSByte and
MSByte of the data to be read can be read from the DSPn_PRG_DATL and DSPn_PRG_DATH registers, respectively.
As well as the writing, there is no buffer function.

Table 14-4. Program/Data Memory for Holding Instructions

MSB (Bit 15) LSB (Bit0)
Address (PC) Program/Data Memory for holding the instruction (16-bit width)
(DSPn_PRG_ADR) (The DSPn_PRG_ADR register is assigned to the CPU data area)
0x00 to Ox2F DSPn_PRG_DATH DSPn_PRG_DATL

Table 14-5. Program/Data Memory for Holding Data

MSB (Bit 15) LSB (Bit 0)
Address (LDA) Constant data for LDR (16-bit width)
(DSPn_PRG_ADR) (The DSPn_PRG_ADR register is assigned to the CPU data area)
0x20 to 0x2F DSPn_PRG_DATH DSPn_PRG_DATL
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14.9. Coefficient Hold Functions
The coefficient information of the TinyDSP is held in RO to R15, CO to C7, and the Program/Data Memory.

14.9.1. CVR Function

The CVR function is for holding coefficients in CO to C7.

The FIELD B in the instruction code means RO to R7 in the normal mode, but means C0 to C7 in the CVR mode.
Enabling the CVR mode is defined by the DSPNCNSTEN register. The value of 0 to 15 can be specified to the FIELD
B. The DSPNnCTRL2.CNSTSEL bit determines whether 0 to 7 or 8 to 15 are assigned to CO to C7. When the
instructions of MUL, MAC, and DIV are executed, the CVR function operates.

When DSPNCTRL2.CNSTSEL = 0, 0 to 7 of the FIELD B are assigned to RO to R7, and 8 to 15 of the FIELD B are
assigned to R8 to R15 or CO to C7. Using registers, R8 to R15 or CO to C7, are defined by the DSPNCNSTEN register.
For example, the DSPNCNSTEN register is 0x01, only 8 of the FIELD B are assigned to CO.

When DSPNCTRL2.CNSTSEL =1, 8 to 15 of the FIELD B are assigned to R8 to R15, and 0 to 7 of the FIELD B are
assigned to RO to R7 or CO to C7. Using the registers, RO to R7 or CO to C7, are defined by the DSPNCNSTEN register.
For example, the DSPNCNSTEN register is 0x01, only 0 of the FIELD B are assigned to CO.

14.9.2. LDR Function

The LDR function is for holding coefficients in the Program/Data Memory.

In the LDR mode (DSPNCTRL2.LDEN = 1), the instructions of MUL, MAC, and DIV can reference constant data in
the Program/Data Memory. To use the LDR mode, it is recommended to initialize the LDR function using the LDD
instruction.

When the LDD instruction is executed, the value of the Program/Data Memory address indicated in the LoadAddr
field is transferred to R15. As a result, the value of LoadAddr + 1 is set to the DSPnLDA register. The 16 registers (32
to 47) of the Program/Data Memory address can be used in the data area of the LDR function.

When FIELD B in the instruction codes of the MUL, MAC, and DIV is 15 (0b1111), each instruction uses a value of
the Program/Data Memory stored in R15. After each instruction is executed, the program/data memory, which is stored
in the address indicated by the DSPnLDA register, is transferred to R15, and the DSPnLDA register is incremented by 1.
The LDR function has the higher priority than the CVR function.

Figure 14-4 and Figure 14-5 show the block diagrams of LDD instruction and LDR function, respectively.

14.9.3. Priority of CVR and LDR Funcitons

The LDR has the higher priority than the CVR. When the LDR function is enabled, and C7 is assigned to FIELD
B = 15, the value stored in R15 is used because the LDR function has the highest priority.
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Executing LDD

LDD 0x20

Program/Data
Memory

IAddress] Data

0x00 | Prog00
0x01 | Prog01
0x02 | Prog02

Ox1E | ProglE
Ox1F | ProglF

0x21 | Data2l

Ox2E | Data2E
Ox2F | Data2F

Executing Instruction

DSPnLDA| 0x20

LDA points to loading data

Shared
Memory

Address| Data
0x00 | Prog00
0x01 | Prog01
0x02 | Progo

/

OxiE | pfogiE
Ox1F }/ProglF
0x20'| Data20
0x21 | Data21

0x2E | Data2E
O0x2F | Data2F
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0x20 | Data20 =

Increment by 1

Reg

ister File

RO

Data RO

R1

Data R1

R15
(LDR)

Data R15

Figure 14-4.

Increment by 1

Register File
RO Data RO
R1 DataR1
Processed
R15 ]
(LDR) Data R15
Figure 14-5.

After Executing LDD

LDA points to next loading coefficignt

Program/Data
Memory

Address{ Data
0x00 | Data00
0x01 | Data01
0x02 | Data0f

0x1E | Dgta1E
Ox1F | Pata1F

Register File

RO

Data RO

R1

Data R1

R15
(LDR)

Data20

0x20 |/ Data20 =
0x21¢ Data2l

O0x2E | Data2E
Ox2F | Data2F

Block Diagram of LDD Instruction

After Executing Instruction

LDA points to next loading coefficiep

Shared
Memory

Address| Data
0x00 | Prog00
0x01 | Prog01
0x02 | Prog02

/

Ox1E | Prdgie
0x1F | progiF
0x20 |/ Data20
0x21 | Data21

Ox2E | Data2E
Ox2F | Data2F

Block Diagram of LDR Function
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. _____________________________________________________________________________________________________________________________|
14.10. Application Examples

Figure 14-6 and Figure 14-7 show the digital filter application examples. Although the filters of 2 applications are the
same, Figure 14-6 is the application example without using the LDR function, and Figure 14-7 is the application
example using the LDR function.

Continuous Time . L

Compensation .‘“ :\. ] Instruction
 G+o)s+d) - [:>' -
C=K Graxs by T Acc = C * Rin; 0x2 MUL: R[11] X R[1] & ACC
- Acc += a3 * 73; 0x3 MAC: R[7] X R[4] + ACC - ACC
B‘:;f;%;ig’; G(:):Cllii:*'btfl z? Acc +=a2 * Z2; 0x3 MAC: R[6] X R[3] + ACC - ACC
Acc +=al * 71, 0x3 MAC: R[5] X R[2] + ACC = ACC

Rin = Shift (Acc); 0x6 RSF : ACC >> 13 - R[1]

Acc +=b3 * Z3; 0x3 MAC: R[10] X R[4] + ACC - ACC
Acc += b2 * 72, 0x3 MAC: R[9] X R[3] + ACC > ACC
Acc += bl * Z1; 0x3 MAC: R[8] X R[2] + ACC > ACC
73=22;
‘ E{ié} = (@9 <:| Z22=71; 0x7 MVC: Chain R[4:1]
! Z1=Rin;

16 X 1632 (Q13)

@] [ [ ]

Adder éhifter/
>>13

Rout = Shift (Acc) ; | 0x6 RSF:ACC >> 6 > R[0]

(Q8)

10 steps executed in total

32+32>32 Q12
+32> Y | (Q21>Q8) B in
(Q21) Ex out Instructions Unused: ~ 4: R[n]/R[m] > ACC
>>6 (Q15) 5: R[m] <<n > ACC
(Q21>Q15)

Figure 14-6. Application Example (LDR Function Disabled)
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IIR Example When LDR Enabled

IR Instruction LDR
0x1 LDD: LDD 0x20 C>RI15
0x2 MUL: R[15] X R[1] > ACC b3 > R15
Acc += a3 * Z3; 0x3 MAC: R[15] X R[4] +ACC > ACC ~ P22 RI5
Shared Memory
) Acc += a2 * 22, 0x3 MAC : R[15] X R[3] +ACC > ACC bl > RI15
0x20 C
—oel] b3 Acc +=al * Z1; 0x3 MAC: R[15] X R[2] + ACC >ACC  a3>RI15
—1 0x22 b2
| [oxe3]| b1 Rin = Shift (Acc); 0x6 RSF: ACC >> 13 =>R[1]
| Toxea| a3 (Q13)
| Toes] Acc += b3 * Z3; 0x3 MAC: R[15] X R[4] +ACC > ACC a2 R15
— 0x26 al 1 9 R15
Acc += b2 * 72; 0x3 MAC: R[15] X R[3] +ACC >ACC @
Acc += bl * Z1; 0x3 MAC: R[15] X R[2] + ACC > ACC
73 = 72,
l Z2=171; 0x7 MVC: Chain R[4:1]
A
MUL J16x16>32 -
Rout = Shift (Acc) ; |  0x6 RSF: ACC >> 6 > R[0]

(Q21)
] R[4] 3
Adder éﬁer (Q8)
13

32432232 (Q2108) (Q12)
Acc 1 [R] Rin _Je— Ex_in

(Q21) Ex_out
(Q21-Q15) (Q15)

Figure 14-7. Application Example (LDR Function Enabled)
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14.11. Register Descriptions

Table 14-6. List of XDATA BUS Registers

Symbol Name Address 1 Address 2 Initial Value
DSPOCTRL TinyDSPO Control Register 0xF780 — 0x00
DSPOEXEC TinyDSPO Execution Register O0xF781 — 0x00
DSPOTRG TinyDSPO Execution Trigger Status 0xF782 — 0x00
DSPORST TinyDSPO Access Counter Clear Register 0xF783 — 0x00
DSPODBG TinyDSPO Debug Register OxF784 — 0x00
DSPOCTRL2 TinyDSPO Control2 Register OxF785 — 0x00
DSPOCNSTEN TinyDSP0O CVR Enable Register OxF786 — 0x00
DSPO_R8_L TinyDSPO R8 LSB Side OxF788 OxF7CO 0x00
DSPO_R8 H TinyDSPO R8 MSB Side OXF788 OXF7C1 0x00
DSPO_R9 L TinyDSPO R9 LSB Side OXF789 OXF7C2 0x00
DSPO_R9 H TinyDSPO R9 MSB Side OxF789 OxF7C3 0x00
DSPO_R10_L TinyDSPO R10 LSB Side OXF78A OxF7C4 0x00
DSPO_R10_H TinyDSPO R10 MSB Side OxF78A OxF7C5 0x00
DSPO_R11 L TinyDSPO R11 LSB Side OxF78B OxF7C6 0x00
DSPO_R11 H TinyDSP0O R11 MSB Side OxF78B OxF7C7 0x00
DSPO_R12_L TinyDSPO R12 LSB Side OxF78C OxF7C8 0x00
DSPO_R12 H TinyDSP0O R12 MSB Side OxF78C OxF7C9 0x00
DSPO_R13_L TinyDSPO R13 LSB Side OxF78D OxF7CA 0x00
DSP0_R13 H TinyDSP0O R13 MSB Side OXF78D OxF7CB 0x00
DSPO_R14 L TinyDSPO R14 LSB Side OXF78E OXF7CC 0x00
DSPO_R14 H TinyDSPO R14 MSB Side OxF78E OxF7CD 0x00
DSPO_R15 L TinyDSPO R15 LSB Side OxF78F OxF7CE 0x00
DSPO_R15 H TinyDSPO R15 MSB Side OxF78F OxF7CF 0x00
DSPO_ACC_0 TinyDSP0 ACC[7:0] OxF790 — 0x00
DSPO_ACC_1 TinyDSP0O ACC[15:8] OxF791 — 0x00
DSPO_ACC_2 TinyDSP0O ACC[23:15] 0xF792 — 0x00
DSPO_ACC_3 TinyDSP0O ACC[31:24] 0xF793 — 0x00
DSPO_ACC 4 TinyDSP0O ACC[36:32] 0xF794 — 0x00
DSPO_CO_L TinyDSPO CO LSB Side O0xF798 OxF7DO0 0x00
DSPO_CO_H TinyDSP0O CO MSB Side O0xF798 OxF7D1 0x00
DSPO_C1 L TinyDSPO C1 LSB Side OXF799 OXF7D2 0x00
DSPO_C1_H TinyDSPO C1 MSB Side OXF799 OXF7D3 0x00
DSPO_C2 L TinyDSPO C2 LSB Side OXF79A OXF7D4 0x00
DSPO_C2_H TinyDSP0O C2 MSB Side OXF79A OxF7D5 0x00

MD6603-DSE Rev.1.1
Apr. 06, 2018

SANKEN ELECTRIC CO., LTD.
http://www.sanken-ele.co.jp/en/

© SANKEN ELECTRIC CO., LTD. 2018

14-15


http://www.sanken-ele.co.jp/en/

MD6603

Symbol Name Address 1 Address 2 Initial Value
DSPO_C3 L TinyDSPO C3 LSB Side 0xF79B OxF7D6 0x00
DSPO_C3_H TinyDSP0O C3 MSB Side OxF79B OxF7D7 0x00
DSPO_C4 L TinyDSPO C4 LSB Side OxF79C OxF7D8 0x00
DSPO_C4 H TinyDSP0O C4 MSB Side OxF79C O0xF7D9 0x00
DSPO_C5 L TinyDSPO C5 LSB Side OxF79D OxF7DA 0x00
DSPO_C5 H TinyDSPO C5 MSB Side OxF79D OxF7DB 0x00
DSPO_C6 L TinyDSPO C6 LSB Side OxF79E OxF7DC 0x00
DSPO_C6 _H TinyDSP0O C6 MSB Side OxF79E OxF7DD 0x00
DSPO_C7_L TinyDSPO C7 LSB Side OxF79F OxF7DE 0x00
DSPO_C7_H TinyDSPO C7 MSB Side OxF79F OxF7DF 0x00
DSPO_PRG_DATL TinyDSPO Program Memory LSB Side OxF7A0 — 0x00
DSPO_PRG_DATH TinyDSPO Program Memory MSB Side OxF7A1 — 0x00
DSPO_PRG_ADR TinyDSPO Program Memory Address OXF7A2 — 0x00
DSPOLDA TinyDSPO LDR Load Address Register OXF7A3 — 0x20
DSPOMAXOL TinyDSPO MAX LSB Side OxF7A8 OXF7EOQ 0x00
DSPOMAXOH TinyDSPO MAX MSB Side OxF7A8 OxF7E1 0x00
DSPOMINOL TinyDSPO MIN LSB Side OxF7A9 OXF7E2 0x00
DSPOMINOH TinyDSPO MIN MSB Side OxF7A9 OXF7E3 0x00
DSPOMAX1L TinyDSPO MAX LSB Side OXF7AA OXF7E4 0x00
DSPOMAX1H TinyDSPO MAX MSB Side OXF7AA OXF7E5 0x00
DSPOMIN1L TinyDSPO MIN LSB Side OxF7AB OXF7EG6 0x00
DSPOMIN1H TinyDSPO MIN MSB Side OxF7AB OXF7E7 0x00
DSPOMAX2L TinyDSPO MAX LSB Side OxF7AC OxF7E8 0x00
DSPOMAX2H TinyDSPO MAX MSB Side OxF7AC OxF7E9 0x00
DSPOMINZ2L TinyDSPO MIN LSB Side OxF7AD OXF7EA 0x00
DSPOMIN2H TinyDSPO MIN MSB Side OxF7AD OxF7EB 0x00
DSP1CTRL TinyDSP1 Control Register 0xF800 — 0x00
DSP1EXEC TinyDSP1 Execution Register 0xF801 — 0x00
DSP1TRG TinyDSP1 Execution Trigger Status 0xF802 — 0x00
DSP1RST TinyDSP1 Access Counter Clear Register 0xF803 — 0x00
DSP1DBG TinyDSP1 Debug Register 0xF804 — 0x00
DSP1CTRL2 TinyDSP1 Control2 Register 0xF805 — 0x00
DSP1CNSTEN TinyDSP1 CVR Enable Register 0xF806 — 0x00
DSP1 R8 L TinyDSP1 R8 LSB Side 0xF808 0xF840 0x00
DSP1 R8 H TinyDSP1 R8 MSB Side 0xF808 OxF841 0x00
DSP1 R9 L TinyDSP1 R9 LSB Side 0xF809 0xF842 0x00
DSP1 R9 H TinyDSP1 R9 MSB Side 0xF809 0xF843 0x00
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Symbol Name Address 1 Address 2 Initial Value
DSP1_R10 L TinyDSP1 R10 LSB Side OxF80A OxF844 0x00
DSP1_R10_H TinyDSP1 R10 MSB Side OxF80A 0xF845 0x00
DSP1 R11 L TinyDSP1 R11 LSB Side 0xF80B OxF846 0x00
DSP1 R11 H TinyDSP1 R11 MSB Side 0xF80B OxF847 0x00
DSP1 R12_L TinyDSP1 R12 LSB Side 0xF80C 0xF848 0x00
DSP1 R12_H TinyDSP1 R12 MSB Side 0xF80C 0xF849 0x00
DSP1_R13_L TinyDSP1 R13 LSB Side 0xF80D OxF84A 0x00
DSP1_R13_H TinyDSP1 R13 MSB Side 0xF80D 0xF84B 0x00
DSP1 R14_L TinyDSP1 R14 LSB Side 0xF80E 0xF84C 0x00
DSP1 R14 H TinyDSP1 R14 MSB Side OxF80E 0xF84D 0x00
DSP1 _R15_L TinyDSP1 R15 LSB Side OxF80F OxF84E 0x00
DSP1_R15_H TinyDSP1 R15 MSB Side OxF80F OxF84F 0x00
DSP1_ACC_0 TinyDSP1 ACCJ[7:0] 0xF810 — 0x00
DSP1_ACC_1 TinyDSP1 ACC[15:8] 0xF811 — 0x00
DSP1_ACC_2 TinyDSP1 ACC[23:15] 0xF812 — 0x00
DSP1_ACC_3 TinyDSP1 ACC[31:24] 0xF813 — 0x00
DSP1_ACC_4 TinyDSP1 ACC[36:32] 0xF814 — 0x00
DSP1_CO_L TinyDSP1 CO LSB Side 0xF818 0xF850 0x00
DSP1_CO_H TinyDSP1 CO MSB Side 0xF818 0xF851 0x00
DSP1_C1_L TinyDSP1 C1 LSB Side 0xF819 0xF852 0x00
DSP1 C1_H TinyDSP1 C1 MSB Side 0xF819 0xF853 0x00
DSP1_C2_L TinyDSP1 C2 LSB Side OxF81A 0xF854 0x00
DSP1_C2_H TinyDSP1 C2 MSB Side OxF81A 0xF855 0x00
DSP1_C3_L TinyDSP1 C3 LSB Side 0xF81B 0xF856 0x00
DSP1_C3_H TinyDSP1 C3 MSB Side 0xF81B OxF857 0x00
DSP1_C4_L TinyDSP1 C4 LSB Side 0xF81C 0xF858 0x00
DSP1_C4_H TinyDSP1 C4 MSB Side 0xF81C 0xF859 0x00
DSP1_C5_L TinyDSP1 C5 LSB Side 0xF81D OxF85A 0x00
DSP1_C5_H TinyDSP1 C5 MSB Side 0xF81D 0xF85B 0x00
DSP1_C6_L TinyDSP1 C6 LSB Side OxF81E 0xF85C 0x00
DSP1_C6_H TinyDSP1 C6 MSB Side OxF81E 0xF85D 0x00
DSP1 C7_L TinyDSP1 C7 LSB Side OXF81F OXF85E 0x00
DSP1 C7_H TinyDSP1 C7 MSB Side OxF81F OxF85F 0x00
DSP1_PRG_DATL TinyDSP1 Program Memory LSB Side 0xF820 — 0x00
DSP1_PRG_DATH | TinyDSP1 Program Memory MSB Side 0xF821 — 0x00
DSP1_PRG_ADR TinyDSP1 Program Memory Address 0xF822 — 0x00
DSP1LDA TinyDSP1 LDR Load Address Register 0xF823 — 0x20
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Symbol Name Address 1 Address 2 Initial Value
DSP1IMAXOL TinyDSP1 MAXO LSB Side 0xF828 0xF860 0x00
DSP1MAXOH TinyDSP1 MAX0 MSB Side 0xF828 0xF861 0x00
DSP1MINOL TinyDSP1 MINO LSB Side 0xF829 0xF862 0x00
DSP1MINOH TinyDSP1 MINO MSB Side 0xF829 0xF863 0x00
DSP1IMAX1L TinyDSP1 MAX1 LSB Side OxF82A 0xF864 0x00
DSP1MAX1H TinyDSP1 MAX1 MSB Side OxF82A 0xF865 0x00
DSP1MIN1L TinyDSP1 MIN1 LSB Side 0xF82B 0xF866 0x00
DSP1MIN1H TinyDSP1 MIN1 MSB Side 0xF82B 0xF867 0x00
DSP1IMAX2L TinyDSP1 MAX2 LSB Side 0xF82C 0xF868 0x00
DSP1IMAX2H TinyDSP1 MAX2 MSB Side 0xF82C 0xF869 0x00
DSP1MIN2L TinyDSP1 MIN2 LSB Side 0xF82D OxF86A 0x00
DSP1MIN2H TinyDSP1 MIN2 MSB Side 0xF82D 0xF86B 0x00
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. _____________________________________________________________________________________________________________________________|
Table 14-7. List of SFR BUS Registers

Symbol Name Address Initial Value
DSPO_RO_L TinyDSPO RO LSB Side 0xC4 0x00
DSPO_RO_H TinyDSP0O RO MSB Side 0xC4 0x00
DSPO_R1 L TinyDSPO R1 LSB Side 0xC5 0x00
DSPO_R1 H TinyDSP0O R1 MSB Side 0xC5 0x00
DSPO_R2 L TinyDSPO R2 LSB Side 0xC6 0x00
DSPO_R2 H TinyDSP0O R2 MSB Side 0xC6 0x00
DSPO_R3 L TinyDSPO R3 LSB Side 0xC7 0x00
DSPO_R3 H TinyDSP0O R3 MSB Side 0xC7 0x00
DSPO_R4 L TinyDSPO R4 LSB Side 0xCC 0x00
DSPO_R4 H TinyDSP0O R4 MSB Side 0xCC 0x00
DSPO_RS5 L TinyDSPO R5 LSB Side 0xCD 0x00
DSPO_R5 H TinyDSPO R5 MSB Side 0xCD 0x00
DSPO_R6_L TinyDSPO R6 LSB Side OxCE 0x00
DSPO_R6_H TinyDSP0O R6 MSB Side OxCE 0x00
DSPO_R7_L TinyDSPO R7 LSB Side OxXCF 0x00
DSPO_R7_H TinyDSP0O R7 MSB Side OxXCF 0x00
DSPOMINOL TinyDSPO MINO LSB Side 0x24 0x00
DSPOMINOH TinyDSPO MINO MSB Side 0x24 0x00
DSPOMAXOL TinyDSPO MAXO0 LSB Side 0x25 0x00
DSPOMAXO0H TinyDSPO MAX0 MSB Side 0x25 0x00
DSPOMIN1L TinyDSPO MIN1 LSB Side 0x2C 0x00
DSPOMIN1H TinyDSPO MIN1 MSB Side 0x2C 0x00
DSPOMAX1L TinyDSPO MAX1 LSB Side 0x2D 0x00
DSPOMAX1H TinyDSPO MAX1 MSB Side 0x2D 0x00
DSPOMINZ2L TinyDSPO MIN2 LSB Side 0x34 0x00
DSPOMIN2H TinyDSPO MIN2 MSB Side 0x34 0x00
DSPOMAX2L TinyDSPO MAX2 LSB Side 0x35 0x00
DSPOMAX2H TinyDSPO MAX2 MSB Side 0x35 0x00
DSP1_RO_L TinyDSP1 RO LSB Side 0xD4 0x00
DSP1_RO_H TinyDSP1 RO MSB Side 0xD4 0x00
DSP1 R1 L TinyDSP1 R1 LSB Side 0xD5 0x00
DSP1 R1 H TinyDSP1 R1 MSB Side 0xD5 0x00
DSP1 R2 L TinyDSP1 R2 LSB Side 0xD6 0x00
DSP1 R2 H TinyDSP1 R2 MSB Side 0xD6 0x00
DSP1 R3 L TinyDSP1 R3 LSB Side 0xD7 0x00
DSP1 R3 H TinyDSP1 R3 MSB Side 0xD7 0x00
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Symbol Name Address Initial Value
DSP1 R4 L TinyDSP1 R4 LSB Side 0xDC 0x00
DSP1_R4 H TinyDSP1 R4 MSB Side 0xDC 0x00
DSP1 R5 L TinyDSP1 R5 LSB Side 0xDD 0x00
DSP1 R5 H TinyDSP1 R5 MSB Side 0xDD 0x00
DSP1 R6 L TinyDSP1 R6 LSB Side OxDE 0x00
DSP1 R6 H TinyDSP1 R6 MSB Side OxDE 0x00
DSP1 R7 L TinyDSP1 R7 LSB Side OxDF 0x00
DSP1 R7_H TinyDSP1 R7 MSB Side OxDF 0x00
DSP1MINOL TinyDSP1 MIN LSB Side 0x26 0x00
DSP1MINOH TinyDSP1 MIN MSB Side 0x26 0x00
DSP1MAXOL TinyDSP1 MAX LSB Side 0x27 0x00
DSP1MAXO0H TinyDSP1 MAX MSB Side 0x27 0x00
DSP1MIN1L TinyDSP1 MIN LSB Side O0x2E 0x00
DSP1MIN1H TinyDSP1 MIN MSB Side O0x2E 0x00
DSP1IMAX1L TinyDSP1 MAX LSB Side Ox2F 0x00
DSP1MAX1H TinyDSP1 MAX MSB Side Ox2F 0x00
DSP1MIN2L TinyDSP1 MIN LSB Side 0x36 0x00
DSP1MIN2H TinyDSP1 MIN MSB Side 0x36 0x00
DSP1IMAX2L TinyDSP1 MAX LSB Side 0x37 0x00
DSP1MAX2H TinyDSP1 MAX MSB Side 0x37 0x00
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14.11.1. DSPnCTRL (TinyDSP n Control Register) (n =0 to 1)

Register DSPOCTRL TinyDSPO Control Register Address OxF780
Register DSP1CTRL TinyDSP1 Control Register Address 0xF800
Bit Bit Name R/W Initial Description Remarks

TinyDSP enable
0: TinyDSP is disabled
1: TinyDSP is enabled

Even while the TinyDSP is being disabled, all the

7 DSPE R/W 0 : . . .
registers are still accessible. However, a start trigger of
TinyDSP sequence and such will be ignored. When the
TinyDSP is enabled, it enters into a trigger wait state,
i.e., waiting for a start trigger such as for writing to the
Rn.
TinyDSP interrupt enable
6 DSPIE R/W 0 0: TinyDSP interrupt is disabled
1: TinyDSP interrupt is enabled
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.

Saturation detection on SFT
Read 0: Saturation on SFT is not detected
2 DSP_SS R/C 0 Read 1: Saturation on SFT is detected
Write 0: No change
Write 1: The bit is cleared
Saturation detection on ALU
Read 0: Saturation on ALU is not detected
1 DSP_SA R/C 0 Read 1: Saturation on ALU is detected
Write 0: No change
Write 1: The bit is cleared
TinyDSP interrupt flag (event output)
Read 0: No TinyDSP interrupt request is generated
Read 1: A TinyDSP interrupt event is generated
Write 0: No change
Write 1: The bit is cleared

0 DSPIF R/C 0

If the event conditions are satisfied, an event output
pulse occurs even when DSPIE = 0.

The interrupt flag will be asserted, regardless of the
TinyDSP interrupt signal being enabled or disabled.
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14.11.2. DSPnEXEC (TinyDSP n Execution Register) (n=0to 1)

Register DSPOEXEC TinyDSPO Execution Register Address OxF781
Register DSP1EXEC TinyDSP1 Execution Register Address 0xF801
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 R/W 0

4 R/W 0 TinyDSP program counter

3 R/W 0 - o

DSP_PC The program counter (PC) specifies the position of the

2 RIW 0 instructions to be executed next. The CPU can forcibly

1 R/W 0 change the PC at any time.

0 R/W 0

14.11.3. DSPnDBG (TinyDSP n Debug Register) (n = 0 to 1)

Register DSPODBG TinyDSPO Debug Register Address OxF784
Register DSP1DBG TinyDSP1 Debug Register Address 0xF804

Bit Bit Name R/W Initial Description Remarks

Debug mode
0: Normal mode
1: Debug mode

7 DSP_DBG R/W 0
The program sequences of the TinyDSP steps in the debug
mode. The step execution will be performed only when 1
is written to the DSP_STP bit.
Step execution

Write 0: No effect

Write 1: Step execution

The read value is always 0.

The step execution will be performed only when 1 is
written to the DSP_STP bit with the condition:
DSP_DBG = 1. Even if an instruction is waiting for a
trigger, the step execution will forcibly be performed. If
the DSP_DBG and DSP_STP bits are set at the same time,
the step execution will not be performed.

When the program counter (PC) specifies address 0x2F
during the step execution, the value of the PC will be reset
to 0x00 after the instruction has been executed.

The read value is 0. The write value must always be 0.

6 DSP_STP RIW 0

Reserved

Reserved The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

ol |IN|w|~|O
|00 0|0 |
o|lo|lo|o|o|o

Reserved The read value is 0. The write value must always be 0.
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14.11.4. DSPn_Rx_L (TinyDSP n Rx LSB Side) (n=0to1,x=0to07)

Register DSPO_RO_L TinyDSPO RO LSB Side Address 0xC4
Register DSPO_R1 L TinyDSPO R1 LSB Side Address 0xC5
Register DSPO_R2 L TinyDSPO R2 LSB Side Address 0xC6
Register DSPO_R3 L TinyDSPO R3 LSB Side Address 0xC7
Register DSPO_R4 L TinyDSPO R4 LSB Side Address 0xCC
Register DSPO R5 L TinyDSPO R5 LSB Side Address 0xCD
Register DSPO R6 L TinyDSPO R6 LSB Side Address OxCE
Register DSPO R7 L TinyDSPO R7 LSB Side Address OXCF
Register DSP1 RO L TinyDSP1 RO LSB Side Address 0xD4
Register DSP1 R1 L TinyDSP1 R1 LSB Side Address 0xD5
Register DSP1 R2 L TinyDSP1 R2 LSB Side Address 0xD6
Register DSP1 R3 L TinyDSP1 R3 LSB Side Address 0xD7
Register DSP1 R4 L TinyDSP1 R4 LSB Side Address 0xDC
Register DSP1 R5 L TinyDSP1 R5 LSB Side Address 0xDD
Register DSP1 R6 L TinyDSP1 R6 LSB Side Address 0xDE
Register DSP1 R7 L TinyDSP1 R7 LSB Side Address OxDF

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 RIW 0 LSB side of the TinyDSP data register

DSP_REG

3 - RIW 0 For access procedures to the bit, see Section 14.6.

2 RIW 0

1 R/W 0

0 R/W 0
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14.11.5. DSPn_Rx_H (TinyDSP n Rx MSB Side) (h=0to1,x=0to 7)

Reqgister DSPO_RO_H TinyDSP0O RO MSB Side Address 0xC4
Register DSPO_R1 H TinyDSP0O R1 MSB Side Address 0xC5
Register DSPO_R2 H TinyDSP0O R2 MSB Side Address 0xC6
Reqgister DSP0O_R3_H TinyDSP0O R3 MSB Side Address 0xC7
Register DSPO_R4 H TinyDSP0O R4 MSB Side Address 0xCC
Register DSPO R5 H TinyDSP0O R5 MSB Side Address 0xCD
Register DSPO_R6 H TinyDSP0O R6 MSB Side Address OxCE
Register DSPO R7 H TinyDSP0O R7 MSB Side Address OXCF
Register DSP1 RO H TinyDSP1 RO MSB Side Address 0xD4
Register DSP1 R1 H TinyDSP1 R1 MSB Side Address 0xD5
Register DSP1 R2 H TinyDSP1 R2 MSB Side Address 0xD6
Register DSP1 R3 H TinyDSP1 R3 MSB Side Address 0xD7
Register DSP1 R4 H TinyDSP1 R4 MSB Side Address 0xDC
Register DSP1 R5 H TinyDSP1 R5 MSB Side Address 0xDD
Register DSP1 R6 H TinyDSP1 R6 MSB Side Address 0xDE
Register DSP1 R7 H TinyDSP1 R7 MSB Side Address OxDF

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 RIW 0 MSB side of the TinyDSP data register

DSP_REG

3 - RIW 0 For access procedures to the bit, see Section 14.6.

2 RIW 0

1 R/W 0

0 R/W 0
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14.11.6. DSPn_Rx_L (TinyDSP n Rx LSB Side) (n=0to 1, x =8 to 15)

Register DSPO_R8_L TinyDSPO R8 LSB Side Address OxF788 0xF7CO
Register DSPO_R9 L TinyDSPO R9 LSB Side Address OxF789 OxF7C2
Register DSPO_R10_L | TinyDSPO R10 LSB Side Address OxF78A OxF7C4
Register DSPO_R11_L | TinyDSPO R11 LSB Side Address OxF78B OxF7C6
Register DSPO_R12 L TinyDSPO R12 LSB Side Address OxF78C OxF7C8
Register DSPO_R13_L TinyDSPO R13 LSB Side Address OxF78D OxF7CA
Register DSPO_R14 L TinyDSPO R14 LSB Side Address OxF78E OxF7CC
Register DSPO_R15_L TinyDSPO R15 LSB Side Address OxF78F OxF7CE
Register DSP1 R8 L TinyDSP1 R8 LSB Side Address 0xF808 0xF840
Register DSP1 R9 L TinyDSP1 R9 LSB Side Address 0xF809 0xF842
Register DSP1 _R10_L TinyDSP1 R10 LSB Side Address O0xF80A 0xF844
Register DSP1 R11 L TinyDSP1 R11 LSB Side Address 0xF80B 0xF846
Register DSP1 R12 L TinyDSP1 R12 LSB Side Address 0xF80C 0xF848
Register DSP1 R13_L TinyDSP1 R13 LSB Side Address 0xF80D OxF84A
Register DSP1 R14 L TinyDSP1 R14 LSB Side Address OxF80E 0xF84C
Register DSP1 R15 L TinyDSP1 R15 LSB Side Address OxF80F OxF84E
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 RIW 0 LSB side of the TinyDSP data register

DSP_REG
3 - RIW 0 For access procedures to the bit, see Section 14.6.
2 RIW 0
1 R/W 0
0 R/W 0
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14.11.7. DSPn_Rx_H (TinyDSP n Rx MSB Side) (n=0to 1, x =8 to 15)

Register DSPO_R8 H TinyDSPO R8 MSB Side Address OxF788 OxF7C1
Register DSPO_R9 _H TinyDSP0O R9 MSB Side Address OxF789 0xF7C3
Register DSPO_R10_H | TinyDSPO R10 MSB Side Address OxF78A OxF7C5
Register DSPO R11 H | TinyDSPO R11 MSB Side Address OxF78B OxF7C7
Register DSP0 R12 H | TinyDSPO R12 MSB Side Address OxF78C OxF7C9
Register DSP0O_R13_H | TinyDSP0O R13 MSB Side Address OxF78D OxF7CB
Register DSP0O_R14 H | TinyDSPO R14 MSB Side Address OxF78E OxF7CD
Register DSP0_R15 H | TinyDSP0O R15 MSB Side Address OxF78F OxF7CF
Register DSP1 _R8 H TinyDSP1 R8 MSB Side Address 0xF808 0xF841
Register DSP1 _R9 H TinyDSP1 R9 MSB Side Address 0xF809 0xF843
Register DSP1_R10 H | TinyDSP1 R10 MSB Side Address O0xF80A 0xF845
Register DSP1_R11 H | TinyDSP1 R11 MSB Side Address 0xF80B O0xF847
Register DSP1_R12 H | TinyDSP1 R12 MSB Side Address 0xF80C 0xF849
Register DSP1_R13 H | TinyDSP1 R13 MSB Side Address 0xF80D 0xF84B
Register DSP1_R14 H | TinyDSP1 R14 MSB Side Address OxF80E 0xF84D
Register DSP1_R15 H | TinyDSP1 R15 MSB Side Address OxF80F OxF84F
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 RIW 0 MSB side of the TinyDSP data register

DSP_REG
3 - RIW 0 For access procedures to the bit, see Section 14.6.
2 RIW 0
1 R/W 0
0 R/W 0

MD6603-DSE Rev.1.1

Apr. 06, 2018

SANKEN ELECTRIC CO., LTD.
http://www.sanken-ele.co.jp/en/

© SANKEN ELECTRIC CO., LTD. 2018

14-26



http://www.sanken-ele.co.jp/en/

MD6603

14.11.8. DSPn_ACC x (TinyDSPnACC) (n=0to1,x=0to4)

Register DSP0O_ACC_0 TinyDSPO ACCJ7:0] Address 0xF790

Register DSPO_ACC 1 TinyDSP0O ACC[15:8] Address 0xF791

Register DSPO_ACC 2 TinyDSP0O ACC[23:15] Address O0xF792

Register DSP0O_ACC_3 TinyDSP0O ACC[31:24] Address 0xF793

Register DSP0O_ACC 4 TinyDSP0O ACC[36:32] Address OxF794

Register DSP1_ACC 0 TinyDSP1 ACC[7:0] Address 0xF810

Register DSP1_ACC_1 TinyDSP1 ACC[15:8] Address OxF811

Register DSP1_ACC 2 TinyDSP1 ACC[23:15] Address OxF812

Register DSP1_ACC_3 TinyDSP1 ACC[31:24] Address OxF813

Register DSP1_ACC 4 TinyDSP1 ACC[36:32] Address OxF814
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 RIW 0 TinyDSP accumulator (ACC)

4 R/W 0

DSP_ACC The register configures the accumulator (ACC) of

3 RIW 0 each TinyDSP. Each byte lane of the ACC is assigned

2 R/W 0 to an independent address.

1 R/W 0

0 R/W 0

14.11.9. DSPn_PRG_DATL/H (TinyDSP n Program Memory LSB/MSB Side) (n=0to 1)

Register DSPO_PRG_DATL TinyDSPO Program Memory LSB Side Address OxF7A0
Register DSPO_PRG_DATH TinyDSPO Program Memory MSB Side Address OxF7A1
Register DSP1_PRG_DATL TinyDSP1 Program Memory LSB Side Address 0xF820
Register DSP1_PRG_DATH TinyDSP1 Program Memory MSB Side Address 0xF821
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 RIW 0 TinyDSP Program/Data Memory window
5 R/IW 0
Reading from/writing to the bit is based on how the
4 DSP PRG D RIW 0 DSPn_PRG_ADR register is set.
3 - - R/W 0 For instance, when DSPn_PRG_ADR = 0x10,
bits[7:0] of the LSB side of the data, which resides
2 RIW 0 in address 0x10 of the Program/Data Memory, are
1 R/W 0 read from the DSPn_PRG_DATL register.
0 R/IW 0
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14.11.10. DSPn_PRG_ADR (TinyDSP n Program/Data Memory Address) (n = 0to 1)

Register DSPO_PRG_ADR TinyDSPO Program/Data Memory Address Address OxF7A2
Register DSP1_PRG_ADR TinyDSP1 Program/Data Memory Address Address 0xF822
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 g:% read value is 0. The write value must always

6 Reserved R 0 g:% read value is 0. The write value must always

5 R/W 0

4 RIW 0 TinyDSP Program/Data Memory address

3 R/W 0 )

DSP_PRG_A The DSPn_PRG_DATL/H registers access the

2 RIW 0 Program/Data Memory with using the value of

1 R/W 0 the bits.

0 R/W 0

14.11.11. DSPnTRG (TinyDSP n Execution Trigger Status) (n =0to 1)

A TinyDSP instruction with the TRIG_WAIT flag will be paused before its execution. During the pause, the SET_RO
to SET_R?7 bits are monitored according to the TRIG_WHAT bit. When the corresponding bit of the DSPnTRG register
is set (i.e., when an update to the data registers, RO to R7, is detected), the TinyDSP instruction will be executed and
move on to the next sequence. Then, the corresponding bit, SET_RX, is automatically cleared.

Basically, the DSPnTRG register indicates only a trigger status; therefore, the CPU does not have to access this
register. However, the CPU is able to access the register to write to/read from for debugging and re-initializing.

Register DSPOTRG TinyDSPO Execution Trigger Status Address 0xF782
Register DSP1TRG TinyDSP1 Execution Trigger Status Address 0xF802
Bit Bit Name R/W Initial Description Remarks
7 SET_R7 R/W 0
6 SET_R6 RIW 0 TinyDSP execution trigger status
5 SET_R5 R/W 0
Each bit indicates whether its corresponding data
4 SET_R4 RIW 0 register (RO to R7) is written or not.
3 SET _R3 R/W 0 If the CPU, DSA, or EPU writes a value to RO to R7
when DSPNCTRL.DSPE = 1, the corresponding bit is
2 SET_R2 RIW 0 automatically set.
1 SET R1 RIW 0 For more details, see Section 14.5.
0 SET_RO R/W 0
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14.11.12. DSPnRST (TinyDSP n Access Counter Clear Register) (n=0to 1)

Register DSPORST TinyDSPO Access Counter Clear Register Address OxF783
Register DSP1RST TinyDSP1 Access Counter Clear Register Address 0xF803
Bit Bit Name R/W | Initial Description Remarks

Clearing CPU access counters of SFR BUS and XDATA BUS
Write 0: No change

7 CPUACCLA R/C 0 Write 1: CPU access counters of SFR BUS and XDATA BUS

are cleared

The read value is always 0.

Clearing SFR BUS DSAC access counter
Write 0: No change

6 | DSACACCLA | R/C 0 Write 1: SFR BUS DSAC access counter is cleared

The read value is always 0.
Clearing SFR BUS EPU access counter
Write 0: No change
5 | EPUCACCLA | R/C 0 Write 1: SFR BUS EPU access counter is cleared

The read value is always 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.
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14.11.13. DSPNnCTRL2 (TinyDSP n Control2 Register) (n =0to 1)

Register DSPOCTRL2 | TinyDSPO Control2 Register Address OxF785
Register DSP1CTRL2 | TinyDSP1 Control2 Register Address 0xF805
Bit Bit Name R/W | Initial Description Remarks
DIV mode setting
7 HPDIV R/W 0 0: Normal mode

1: High accuracy mode

RSF instruction extension
0: Trigger function is enabled; the allowable range for shifting

6 EXRSF R/W 0 right is from 0 to 15
1: Trigger function is disabled; the allowable range for shifting

right is from 0 to 31

5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.

Enabling LDR function and LDD instruction
1 LDEN R/W 0 0: LDR function and LDD instruction are disabled
1: LDR function and LDD instruction are enabled
Setting CVR range
0: CO to C7 are assigned to FIELD B =8 to 15
1: COto C7 are assighed to FIELD B =0to 7

0 CNSTSEL R/W 0

Enabling the CVR mode is defined by the DSPNnCNSTEN
register. For more details, see Section 14.9.1.
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14.11.14. DSPNCNSTEN (TinyDSP n CVR Enable Register) (n=0to 1)

Register DSPOCNSTEN TinyDSPO CVR Enable Register Address OxF786

Register DSP1CNSTEN TinyDSP1 CVR Enable Register Address 0xF806

Bit Bit Name R/W Initial Description Remarks
Enabling C7 of CVR function

7 CNSTEN?Y R/W 0 0: C7 of CVR function is disabled

1: C7 of CVR function is enabled

Enabling C6 of CVR function

6 CNSTENSG6 R/W 0 0: C6 of CVR function is disabled
1: C6 of CVR function is enabled

Enabling C5 of CVR function

5 CNSTENS5 R/W 0 0: C5 of CVR function is disabled
1: C5 of CVR function is enabled

Enabling C4 of CVR function

4 CNSTEN4 R/W 0 0: C4 of CVR function is disabled
1: C4 of CVR function is enabled

Enabling C3 of CVR function

3 CNSTEN3 R/W 0 0: C3 of CVR function is disabled
1: C3 of CVR function is enabled

Enabling C2 of CVR function

2 CNSTEN2 R/W 0 0: C2 of CVR function is disabled
1: C2 of CVR function is enabled

Enabling C1 of CVR function

1 CNSTEN1 R/W 0 0: C1 of CVR function is disabled
1: C1 of CVR function is enabled

Enabling CO of CVR function

0 CNSTENO R/W 0 0: CO of CVR function is disabled

1: CO of CVR function is enabled
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14.11.15. DSPn_Cx_L (TinyDSP n Cx LSB Side) (n=0to1,x=0to07)

Register DSPO_CO L TinyDSPO CO LSB Side Address O0xF798 0xF7D0
Register DSPO_C1 L TinyDSPO C1 LSB Side Address 0xF799 OxF7D2
Register DSPO_C2 L TinyDSPO C2 LSB Side Address OxF79A OxF7D4
Register | DSPO_C3_L TinyDSPO C3 LSB Side Address 0xF79B O0xF7D6
Register DSP0_C4 L TinyDSPO C4 LSB Side Address OxF79C OxF7D8
Register DSPO_C5 L TinyDSPO C5 LSB Side Address OxF79D OXF7DA
Register DSPO_C6_L TinyDSPO C6 LSB Side Address OxF79E OxF7DC
Register DSPO_C7_L TinyDSPO C7 LSB Side Address OxF79F OxF7DE
Register DSP1 _CO_L TinyDSP1 CO LSB Side Address 0xF818 0xF850
Register DSP1 C1 L TinyDSP1 C1 LSB Side Address 0xF819 0xF852
Register DSP1 C2 L TinyDSP1 C2 LSB Side Address OxF81A 0xF854
Register DSP1 C3 L TinyDSP1 C3 LSB Side Address 0xF81B 0xF856
Register DSP1 C4 L TinyDSP1 C4 LSB Side Address 0xF81C 0xF858
Register DSP1 C5 L TinyDSP1 C5 LSB Side Address 0xF81D O0xF85A
Register DSP1 C6_L TinyDSP1 C6 LSB Side Address OxF81E 0xF85C
Register DSP1 C7_L TinyDSP1 C7 LSB Side Address OxF81F OxF85E
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 RIW 0 LSB side of the TinyDSP constant register

DSP_REG
3 - RIW 0 For access procedures to the bit, see Section 14.6.
2 RIW 0
1 R/W 0
0 R/W 0
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14.11.16. DSPn_Cx_H (TinyDSP n C x MSB Side) (n=0to1,x=0to 7)

Register | DSP0_C0_H TinyDSPO CO MSB Side Address 0xF798 0xD7D1
Register DSPO_C1 H TinyDSPO C1 MSB Side Address 0xF799 0xD7D3
Register DSPO_C2 H TinyDSPO C2 MSB Side Address OxF79A 0xD7D5
Register | DSP0_C3_H TinyDSPO C3 MSB Side Address 0xF79B 0xD7D7
Register DSPO_C4_H TinyDSP0O C4 MSB Side Address OxF79C 0xD7D9
Register DSPO_C5_H TinyDSPO C5 MSB Side Address OxF79D 0xD7DB
Register DSPO_C6_H TinyDSP0O C6 MSB Side Address OxF79E 0xD7DD
Register DSPO_C7_H TinyDSP0O C7 MSB Side Address OxF79F 0xD7DF
Register DSP1_CO_H TinyDSP1 CO MSB Side Address 0xF818 0xD851
Register DSP1 C1 H TinyDSP1 C1 MSB Side Address 0xF819 0xD853
Register DSP1_C2_H TinyDSP1 C2 MSB Side Address OxF81A 0xD855
Register DSP1_C3 H TinyDSP1 C3 MSB Side Address 0xF81B 0xD857
Register DSP1 _C4 H TinyDSP1 C4 MSB Side Address 0xF81C 0xD859
Register DSP1_C5 H TinyDSP1 C5 MSB Side Address 0xF81D 0xD85B
Register DSP1_C6_H TinyDSP1 C6 MSB Side Address OxF81E 0xD85D
Register DSP1_C7_H TinyDSP1 C7 MSB Side Address OxF81F 0xD85F
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 RIW 0 MSB side of the TinyDSP constant register

DSP_REG
3 - RIW 0 For access procedures to the bit, see Section 14.6.
2 RIW 0
1 R/W 0
0 R/W 0
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14.11.17. DSPnLDA (TinyDSP n LDR Load Address) (n=0to 1)

Register DSPOLDA TinyDSPO LDR Load Address Address OXF7A3
Register DSP1LDA TinyDSP1 LDR Load Address Address 0xF823
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 LDADR5 R 1 The read value is 1. The write value must always be 1.

4 LDADR4 R 0 The read value is 0. The write value must always be 0.

3 R/IW 0

2 LDADR RIW 0 Bits 0 to 3 of the pointer which stores the address of

1 R/W 0 data to be loaded next in the LDR function.

0 R/W 0

14.11.18. DSPNMAXXL (TinyDSP n MAX x LSB Side) (n=0t0 1, x = 0 to 2)

Register DSPOMAXOL | TinyDSPO MAXO0 LSB Side Address OxF7A8 OxF7EO 0x25
Register DSPOMAXI1L | TinyDSPO MAX1 LSB Side Address OXF7AA OXF7E4 0x2D
Register DSPOMAX2L | TinyDSPO MAX2 LSB Side Address OxXF7AC OXF7ES8 0x35
Register DSP1IMAXOL | TinyDSP1 MAXO LSB Side Address 0xF828 0xF860 0x27
Register DSPIMAXIL | TinyDSP1 MAX1 LSB Side Address OxF82A 0xF864 Ox2F
Register DSP1IMAX2L | TinyDSP1 MAX2 LSB Side Address 0xF82C 0xF868 0x37
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0 LSB side of the maximum value of the MMX instruction

3 A RIW 0 For access procedures to the bit, see Section 14.6.

2 R/W 0

1 R/W 0

0 R/W 0
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14.11.19. DSPNMAXxH (TinyDSP n MAX x MSB Side) (n=0t0 1, x = 0 to 2)

Register DSPOMAXOH | TinyDSPO MAX0 MSB Side Address OxF7A8 OxF7E1 0x25
Register DSPOMAX1H | TinyDSPO MAX1 MSB Side Address OXF7AA OXF7ES5 0x2D
Register DSPOMAX2H | TinyDSPO MAX2 MSB Side Address OxF7AC OxF7E9 0x35
Register DSPIMAXOH | TinyDSP1 MAX0 MSB Side Address 0xF828 0xF861 0x27
Register DSP1IMAX1H | TinyDSP1 MAX1 MSB Side Address OxF82A 0xF865 O0x2F
Register DSP1IMAX2H | TinyDSP1 MAX2 MSB Side Address 0xF82C 0xF869 0x37
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0 MSB side of the maximum value of the MMX instruction

3 WA RIW 0 For access procedures to the bit, see Section 14.6.

2 R/W 0

1 R/W 0

0 R/W 0

14.11.20. DSPNMINXL (TinyDSP n MIN x LSB Side) (n=0to 1, x =0 t0 2)

Register DSPOMINOL TinyDSPO MINO LSB Side Address OxF7A9 OxF7E2 0x24
Register DSPOMIN1L TinyDSPO MIN1 LSB Side Address OxF7AB OxF7E6 0x2C
Register DSPOMIN2L TinyDSPO MIN2 LSB Side Address OxF7AD OXF7EA 0x34
Register DSP1MINOL TinyDSP1 MINO LSB Side Address 0xF829 0xF862 0x26
Register DSP1MIN1L TinyDSP1 MIN1 LSB Side Address 0xF82B 0xF866 0x2E
Register | DSP1IMIN2L TinyDSP1 MIN2 LSB Side Address 0xF82D OxF86A 0x36
Bit Bit Name R/W Initial Description Remarks
7 RIW 0

6 RIW 0

5 RIW 0

4 R/W 0 LSB side of the minimum value of the MMX instruction

3 VN RIW 0 For access procedures to the bit, see Section 14.6.

2 RIW 0

1 RIW 0

0 RIW 0
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14.11.21. DSPNMINxH (TinyDSP n MIN x MSB Side) (n=0to 1, x = 0 to 2)

Register DSPOMINOH TinyDSPO MINO MSB Side Address OxF7A9 OxXF7E3 0x24
Register DSPOMIN1H TinyDSPO MIN1 MSB Side Address OxF7A9 OXF7E7 0x2C
Register DSPOMIN2H TinyDSP0O MIN2 MSB Side Address OxF7AB OXF7EB 0x34
Register DSP1IMINOH TinyDSP1 MINO MSB Side Address 0xF82B 0xF863 0x26
Register DSP1MIN1H TinyDSP1 MIN1 MSB Side Address 0xF82D O0xF867 0x2E
Register DSP1MIN2H TinyDSP1 MIN2 MSB Side Address 0xF82D 0xF86B 0x36
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0 MSB side of the minimum value of MMX instruction

3 M RIW 0 For access procedures to the bit, see Section 14.6.

2 R/W 0

1 R/W 0

0 R/W 0

14.12. Usage Notes and Restrictions

14.12.1. DSP_SS Bit Asserted by DIV Instruction

In a DIV instruction, the SFT is used for calculating the reciprocals of Rm. Therefore, when a divisor Rm is 1, the
DSPnCTRL.DSP_SS bit is asserted.

14.12.2. Restrictions on Rewriting an Argument during DIV Instruction Execution

Do not rewrite the argument of a DIV instruction which is being executed. If such rewriting has occurred, the
TinyDSPs cannot compute solutions as expected. When directly using a value written by the CPU or DSAC for the
argument of a DIV instruction, execute an MV C instruction before the DIV instruction.

14.12.3. Setting the MMX Instruction

When using an MMX instruction, define the values of the DSPnMAX registers to be higher than the values of the
DSPnMIN registers. If the DSPnMIN registers are higher than the DSPNMAX registers, Rn will not be compared with
the DSPnMAX and DSPnMIN registers properly in using the MMX instruction.
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15. High-resolution PWM

15.1. Overview

Table 15-1 shows the high-resolution PWM functional descriptions. The PWM module generates 8 (4 pairs) high-
resolution pulse width modulation (PWM) signals. Each pair can generate PWM signals without high level overlapping.
The PWM module receives internal event signals from other modules, and uses them for re-triggering the output signals

or counter operation. In addition, the PWM module generates interrupts and LSI internal events according to the

internal compare match state.

Table 15-1. High-resolution PWM Functional Descriptions

Item

Description

Number of Channels

4 channels

PWM Output

8 outputs (2 output per channel)

Minimum Resolution 1.04 ns
Minimum Cycle Resolution 8.32 ns
Minimum Cycle 16.64 ns

Duty Setting Range

0% to 100%

Waveform Generation Counter

Number of bits: 16 bits
Counting direction: Up, and up-down
Synchronization starts between the counters of different channels.

Compare Match Register

4 general-purpose registers (A, B, C, and D)
2 cycle setting registers (MIN and MAX)

Mode

2 modes
Compare match or dead-time insertion

Number of Event Outputs

2 general-purpose events (for each channel)
1 TMR-dedicated event (for each channel)

Interrupt

2 interrupts (for each channel)

Event/Interrupt Output Source

Pin change event generated by compare match, or re-trigger generation
More than one source can be set for one event.

Re-trigger Operation

Source events of re-trigger:
29 edge events (such as CMP, CPU, and EPU)
11 level events (CMP, CMPLUT, and GPI10)
5 operations (A, B, C, D, and re-trigger masking operation)
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15.2. Block Diagram
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Figure 15-1. High-resolution PWM Block Diagram
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|
15.3. Resources

As shown in Figure 15-1, the PWM module has 4 counter blocks. Each block has the following resources.

e 16-bit up/up-down Counter (CNT)

The maximum frequency of each counter is 960 MHz. More than one counter between the counter blocks can be
synchronized with each other. Counter operation has 2 modes (up mode and up-down mode). In the up mode, the
counter always counts up. When the counter value reaches the value of the CMP_MAX register, the counter value is
reloaded from the CMP_MIN register. In the up-down mode, the counter counts up until it reaches the value of the
CMP_MAX register. When the counter value reaches the CMP_MAX value, the counter is counted down until it
reaches the value of the CMP_MIN register. When the counter value reaches the CMP_MIN value, the counter is
counted up again.

Since the values of the CMP_MIN and CMP_MAX registers exist, a user can regard a counter value not only as an
unsigned value but also as a signed value.

The lower 3 bits of the CMP_MIN register must be set to 0b000, and the lower 3 bits of the CMP_MAX register
must be set to Ob111. Moreover, the difference between the CMP-MIN and CMP_MAX values of all the channels must
be 8 or more (i.e., CMP_MAX — CMP_MIN > 8). Therefore, the performances of the PWM module are as follows:

- Minimum PWM cycle: 16.64 ns
- Minimum resolution of PWM cycle: 8.32 ns
- Minimum resolution of PWM duty cycle (edge difference of PWMnL and PWMnH output signals): 1.04 ns

e Compare Match Registers A and B (CMP_A and CMP_B)

The CMP_A and CMP_B registers control the operation of the PWMnH/PWMnL signals. When the CNT matches
the value of each compare match register, the output signal of the PWMnH or PWMnL is set/reset in accordance with
the setting. The CMP_A and CMP_B registers can be rewritten at any time as needed; however, using the buffer mode
is recommended to update the registers.

e Compare Match Registers C and D (CMP_C and CMP_D)

- In PWM mode 0: The CMP_C and CMP_D registers control the operation of the PWMnH/PWMnL signals.
In PWM mode 1: The CMP_C and CMP_D registers are compared with the dead time counters (DCNTC and
DCNTD). These dead time counters are used to insert dead time automatically.

Compare Match Registers MAX and MIN (CMP_MAX and CMP_MIN)
The CMP_MAX and CMP_MIN registers define the period of the counters and the range of the counter values.
In the up mode, when the counter value matches the value of the CMP_MAX register, the counter value is reloaded
from the CMP_MIN register. In the up-down mode, when the counter value reaches the value of the CMP_MAX
register, the up mode changes to the down-count mode. When the counter value reaches the value of the CMP_MIN
register, the down-count mode changes to the up mode again. Although the CMP_MAX and CMP_MIN registers can
be rewritten at any time as needed, it is recommended to use the buffer mode to update the registers.

The lower 3 bits of the CMP_MAX register is fixed to 0b111, and the lower 3 bits of the CMP_MIN register is fixed
to 0b000. The PWM cycle is the multiple numbers of 8.

e Buffer Registers A, B, C, D, MAX, and MIN (BUF_A, BUF_B, BUF_C, BUF_D, BUF_MAX, and BUF_MIN)
These registers are for the buffer mode. The value of the each buffer register is transferred to the compare match
register at a specific timing (for details of the operation, see Section 15.4).
The lower 3 bits of the BUF_MAX register must be fixed to 0b111, and the lower 3 bits of the BUF_MIN register
must be fixed to 0b000. The PWM cycle is the multiple numbers of 8.

e 16-bit dead-time Counters (DCNTC and DCNTD)
The DCNTC and DCNTD counters are prepared to generate the automatic dead-time period when the output of
PWMnH or PWMnL changes. The dead-time period is determined by the values of the CMP_C and CMP_D registers.
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15.4. Operation
Table 15-2 shows the operation mode of the high-resolution PWM, and Table 15-3 shows the method to determine

the next compare match register, CMP_xx, in the buffer mode. In addition, the overview of the operation mode of the
high-resolution PWM is as follows:

e The PWM mode has 2 operation modes: PWM mode 0 and PWM mode 1
e Either the direct mode or the buffer mode can be selected by the compare match registers.
e The outline operation of the 2 PWM modes is as follows:

- PWM mode 0: The PWM signals are generated without using any dead-time counters.
- PWM mode 1: The PWM signals with dead time that is automatically inserted by the dead-time counter
(DCNTC/DCNTD) are generated.

In the buffer mode, the constant period (3 CPU clock cycles + 40 PWM clock cycles or more) from the setting of the
buffer register to the updating of the compare match register must be needed.

Table 15-2. Operation Mode of High-resolution PWM

d Condition to Change Output Level by Setting
Update Next
Mode Timing of CMP xx Operation of DCNTC | Operation of DCNTD Value
CMP_xx - PWMnH PWMnL
VHO VLO
(CNT==CMP_C) (CNT==CMP_A)
Up Mode Stop Stop or or
Direct When CPU |by CPU’s (CNT==CMP_B) (CNT==CMP_D)
Mode writes writing VHO VLO
value == ==
Up-down (CNT(UP) ==CMP_C) |(CNT (UP) ==CMP_A)
Mode Stop Stop or or
VH1 VL1
PWM (CNT(DN) ==CMP_C) |(CNT (DN) ==CMP_A)
Mode 0 VHO VLO
When CNT (CNT==CMP_C) (CNT==CMP_A)
reaches
Up Mode CMP MAX Stop Stop or or
o - VH1 VL1
Buffer See Table (CNT==CMP_B) (CNT==CMP_D)
Mode Wh 15-3 VHO VLO
en (CNT(UP) ==CMP_C)  |(CNT(UP) ==CMP_A)
Up-down |changing
Mode |counting Stop Stop or or ©
S VH1 VL1 (CNT
direction (CNT(DN) ==CMP_C) |(DN) ==CMP_A)
When starting: When starting: VHO VLO
Up Mode (CNT==CMP_A) (CNT==CMP_B) (DCNTC==CMP_C)  |(CNT==CMP_A) or
P When stopping/clearing: |When stopping/clearing:|or VL1
Direct When CPU ledeaCt;%’ (DCNTC==CMP_C)  [(DCNTD==CMP_D) |VH1 (CNT==CMP_B) |(DCNTD==CMP_D)
irec - y s
writes . . . VHO VLO
Mode writing When starting: (CNT When starting: __ __
Up-down value (UP) ==CMP_A) (CNT(DN) ==CMP_A) gr)CNTC“CMP—C) ‘(J(r:NT(UP ==CMP_A)
Mode When stopping/clearing: [When stopping/clearing: VH1 VL1
PWM (DCNTC==CMP_C) ~ |(DCNTD==CMP_D) | c\T(DN) ==CMP_A) |(DCNTD==CMP_D)
Mode 1 When CNT When starting: When starting: VHO VLO
Up Mode |reaches (CNT==CMP_A) (CNT==CMP_B) (DCNTC==CMP_C)  |(CNT==CMP_A) or
P CMP_MAX When stopping/clearing: | When stopping/clearing:|or VL1
@ (DCNTC==CMP_C)  [(DCNTD==CMP_D) |VH1 (CNT==CMP_B) |(DCNTD==CMP_D)
Buffer See Table ym VL0
Mode When 15-3 When starting: When starting: _ -
Up-down |changing (CNT(UP) ==CMP_A) |(CNT(DN) ==CMP_A) E?CNTC“CMP—C) g(r:NT(UP) ==CMP_A)
Mode |counting When stopping/clearing: | When stopping/clearing: VHI1 VL1
direction® (DCNTC==CMP_C)  |(DCNTD==CMP_D) (CNT(DN) ==CMP_A) |(DENTD==CMP D)

@ At this timing, the CNT reloads the CMP_MIN register.
@ Both or either of CNT==CMP_MAX or CNT==CMP_MIN can be selected.
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Table 15-3. Determination of Next Compare Match Register in Buffer Mode in Each PWM Mode

Next
PWM Mode CMP_MAX/ Next CMP_A Next CMP_B Next CMP_C Next CMP_D
CMP_MIN
BUF_MAX/
BUF_ MIN
BUF_MAX/
BUF_ MIN

BUF_A BUF_B BUF_C BUF_D

BUF_A BUF_B BUF_C BUF_D

15.4.1. Direct Mode and Buffer Mode

15.4.1.1. Direct Mode

The values of all the compare match registers must be updated directly by the CPU, EPU, or DSAC. When the
compare match register is rewritten by the CPU, etc., the value is immediately compared with the CNT, DCNTC, or
DCNTD. Therefore, attention must be paid since unintended operation may occur depending on the timing of rewriting.
In the direct mode, the setting of the buffer register does not affect PWM?’s operation.

15.4.1.2. Buffer Mode

In the up mode, when the CNT matches the value of the CMP_MAX register and reloads the value of the CMP_MIN
register, each value of all buffer registers is transferred to the corresponding compare match register.

In the up-down mode, when the CNT matches the value of the CMP_MAX register and starts counting down, or the
CNT matches the value of the CMP_MIN register and starts counting up, each value of all buffer registers is transferred
to the corresponding compare match register. The value of the buffer register is transferred to compare match register at
2 timings, and a user can select both or either of them.

It is normally recommended to use the buffer mode. The compare match register can be rewritten directly in the
buffer mode. The value is immediately compared with the CNT, just as in direct mode.
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15.4.2. PWM Mode 0

Set all the change timings of the PWM output waveform.
In the PWM mode 0, the dead-time counter is not used. In addition, the PWM mode 0 can be operated in both the
direct mode and buffer mode.

15.4.2.1. PWM Mode 0 (Up Mode)

The CNT is counted up from the CNT’s initial value to the CMP_MAX register value. When the CNT matches the
CMP_MAX register value, the CNT loads the CMP_MIN register value and counts up from the CMP_MIN register
value to the CMP_MAX register value.

The operations when the CNT matches the compare match register are as follows. Select each level (VHO, VH1, VLO,
or VL1) from no change, low state, high state, or toggle operation.

e When the CNT matches the CMP_A register value, the PWMnL output is changed to the level determened by the
PWMnNLCR1.VLO bits.

e When the CNT matches the CMP_C register value, the PWMnH output is changed to the level determened by the
PWMnHCR1.VHO bits.

e When the CNT matches the CMP_B register value, the PWMnH output is changed to the level determened by the
PWMnHCR1.VH1 bits.

e When the CNT matches the CMP_D register value, the PWMnL output is changed to the level determened by the
PWMnLCRL1.VL1 bits.

CNT

s
ch . i P oA CMP_C
i i AT CMPLA
_____________ : P L CMPIMIN
' E ! A H E
DeadiTime I i E I

PWMnH —”IVHO VHL i ! VHO VH1
PWMnL VL0  Dead Time VL1 VLO VL1

e Duty In the buffer mode,

the compare register value
is updated at this timing.

Figure 15-2. PWM Mode 0 (Up Mode)
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15.4.2.2. PWM Mode 0 (Up-down Mode)

The CNT is counted up from the CNT’s initial value to the CMP_MAX register value. When the CNT matches the
CMP_MAX register value, the CNT is counted down to the CMP_MIN register value. When the CNT matches the
CMP_MIN register value, the CNT is counted up to the CMP_MAX register value. When the PWMCNTS.PWMCSn
bit is cleared to stop counting, the CNT when the counting is restarted counts up regardless of the direction of counting
before the counter is stopped.

The operations when the CNT matches the value of the compare match register are shown below. Each level (VHO,
VH1, VLO, or VL1) is selected from no change, low state, high state, or toggle operation.

e When the CNT matches the CMP_A register value during counting up, the PWMnL output is changed to the level
specified by the PWMnLCR1.VLO bits.

e When the CNT matches the CMP_C register value during counting up, the PWMnH output is changed to the level
specified by the PWMnHCR1.VHO bits.

e When the CNT matches the CMP_C register value during counting down, the PWMnH output is changed to the level
specified by the PWMnHCR1.VH1 bits.

e When the CNT matches the CMP_A register value during counting down, the PWMnL output is changed to the level
specified by the PWMnLCR1.VL1 bits.

When using the up-down mode in the buffer mode, the value of the buffer register is transferred to the compare
match register at 2 timings. Both or either of those timings can be selected.

CMP_MAX

VHO VH1

PWMnH

1
1
i
i
CMP_MIN !
i
i

VHO VH1

PWMnL VLO VL1 VLO

In the buffer mode, it can be
selected as a timing to update
the compare register value.

In the buffer mode, it can be
selected as a timing to update
the compare register value.

Figure 15-3. PWM Mode 0 (Up-down Mode)

15.4.3. PWM Mode 1 (Automatic Dead Time)

Dead time is set automatically by the dead-time counter (DCNTC and DCNTD). The dead-time value must be
defined by both the CMP_C and CMP_D registers. The setting method of the CMP_C and CMP_D registers is different
from that of the PWM mode 0.
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15.4.3.1. PWM Mode 1 (Up Mode)

The CNT is counted up from the CNT’s initial value to the CMP_MAX register value. When the CNT matches the
CMP_MAX register value, the CNT loads the CMP_MIN register value and counts up from the CMP_MIN register
value to the CMP_MAX register value.

The operations of the PWM mode 1 in the up mode are shown below.

e When the CNT matches the CMP_A register value, the PWMnL output is changed to the level determened by the
PWMnLCR1.VLO bits, and the DCNTC counts up from zero.

e When the DCNTC matches the CMP_C register value, the PWMnH output is changed to the level determened by the
PWMnHCR1.VHO bits. Then, the DCNTC is cleared, and counting is stopped.

e When the CNT matches the CMP_B register value, the PWMnH output is changed to the level determened by the
PWMnHCR1.VHL1 bits, and the DCNTD counts up from zero.

e When the DCNTD matches the CMP_D register value, the PWMnL output is changed to the level determened by the
PWMnLCR1.VL1 bits. Then, the DCNTD is cleared, and counting is stopped.

In the direct mode, the period from the setting of the compare match register to the compare mach generation must be
needed for a constant period (3 CPU clock cycles + 40 PWM counting cycles or more). In the buffer mode, each
compare match register is changed when the CNT loads the CMP_MIN register value.

When the CNT matches the CMP_A/B register value during counting-up of the DCNTC/D, the DCNTC/D counts up
again from zero. As a result, dead time becomes longer than the setting value. When CMP_C =0 or CMP_D =0, dead
time is one PWM counter cycle.

CMP_MAX =ccecegremeee CMP_MAX ooy

CNT

CMP_MIN

CMP_MIN

T S L O

g gy SR G
g g |

CMP_C —o—do—o—j-—- i
DCNTC /I :
0. ! CMPD --i--o— O i+ CMPD TTTTTTTZTTTT
DCNTD E ' /[ E
b 0! E 0 ! !
Dead!Time | VHO : Dedd Time [VHO i
PWMnH —> VH1 ! N VHL |
: ! . : : . T
: VL1

Duty Duty

<
<

Y

D e
\ 4

In the buffer mode, the compare
match register value is updated
at this timing.

1

1

—_—_— 1
. )

PWMnL vio  Dead Time > VL1 VLO Dead Time  -—

:

1

1

1

1

1

1

)

1

1

1

1

1

1

1

Figure 15-4. PWM Mode 1 (Up Mode)
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15.4.3.2. PWM Mode 1 (Up-down Mode)

The CNT is counted up from the CNT’s initial value to the CMP_MAX register value. When the CNT matches the
CMP_MAX register value, the CNT is counted down to the CMP_MIN register value. When the CNT matches the
CMP_MIN register value, the CNT is counted up to the CMP_MAX register value. When the PWMCNTS.PWMCSn
bit is cleared to to stop counting, the CNT when the counting is restarted counts up regardless of the direction of
counting before the counter is stopped.

The operations of the PWM mode 1 in the up-down mode are shown below. Each level (VHO, VH1, VLO, or VL1) is
selected from no change, low state, high state, or toggle operation.

e When the CNT (upward counting) matches the CMP_A register value, the PWMnL output is changed to the level
determened by PWMnLCR1.VLO bits, and the DCNTC counts up from zero.

e When the DCNTC matches the CMP_C register value, the PWMnH output is changed to the level determened by
PWMnHCR1.VHO bits. Then, the DCNTC is cleared, and counting is stopped.

e When the CNT (downward counting) matches the CMP_A, the PWMnH output is changed to the level determened
by PWMnHCR1.VH1 bits, and the DCNTD counts up from zero.

e When the DCNTD matches the CMP_D register value, the PWMnL output is changed to the level determened by
PWMnLCR1.VL1 bits. Then, the DCNTD is cleared, and counting is stopped.

In the direct mode, the period from the setting of the compare match register to the compare mach generation must be
needed for a constant period (3 CPU clock cycles + 40 PWM counting cycles or more). In the buffer mode, the value of
the buffer register is transferred to the compare match register at 2 timings. A user can select both or either of them.

When the CNT matches the CMP_A register value during counting-up of the DCNTC/D, the DCNTC/D counts up
again from zero. As a result, dead time becomes longer than the set value. When CMP_C = 0 or CMP_D = 0, dead-time
is one PWM counter cycle.

CMP_MAX === mmmmmm CMP_MAX =mmemmogmmmem
CNT
i
i
1
E
------------ CMP_MIN :
]
i
'
CMP_C 1 )
...... :-_- -——— :
1 1
DCNTC ! [ ;
o = 1
P | i
P | i
DCNTD b i i
Lo : i v
i i : i ' i
L 1VHO ‘ i ' i
! i i i :
PWMnH i_> Dead Time VHil i VHO VH1 E
B P B P
1 ) :'__ :
PWMnL VLd Dead Time ; VL1 VLO E I VL1
¢ o : !
[ L] : '
| Duty i bulffer ———y—— In the buffer mode, it can be
selected as a timiné to update the selected as a timing {0 update the
compare match register value. compare match register value.
Figure 15-5. PWM Mode 1 (Up-down Mode)
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15.5. Conflict or Output Control Condition

Table 15-4 shows the priority when the output control operation and more than one case of compare match is
generated simultaneously. When such conflict occurs in each automatic dead-time mode, the DCNTC and DCNTD start
according to the defined condition.

Table 15-4. Priority of Output Control Condition

Mode Priority of PWMnH Qutput Control Priority of PWMnL Output Control

High VTH event High VTL event

PWM Mode 0 VH1 event VL1 event

(Up Mode) VHO event VLO event
Low Compare mach event of CMP_MAX Low Compare mach event of CMP_MAX

High VTH event High VTL event

PWM Mode 0 VH1 event VL1 event

(Up-down T VHO event T VLO event
Mode) Compare mach event of CMP_MAX Compare mach event of CMP_MAX
Low Compare mach event of CMP_MIN Low Compare mach event of CMP_MIN

High VTH event High VTL event

PWM Mode 1 VH1 event VL1 event

(Up Mode) T VHO event T VLO event
Low Compare mach event of CMP_MAX Low Compare mach event of CMP_MAX

High VTH event High VTL event

PWM Mode 1 VH1 event VL1 event

(Up-down T VHO event T VLO event
Mode) Compare mach event of CMP_MAX Compare mach event of CMP_MAX
Low Compare mach event of CMP_MIN Low Compare mach event of CMP_MIN

When the update of the compare match register or the CNT from the BUS conflicts with a compare match, the PWM
operates as follows:

e When the compare match register is updated to another value by compare match generation, the PWM executes the
operation by the compare match with the value before the update.

e When the compare match is generated with a post-update value by updating the compare match register, the PWM
does not execute the operation by the compare match with the value after the update.

e When the CNT is rewritten to another value forcibly by compare match generation, the PWM executes the operation
by the compare match with the value before the rewriting.

e When the CNT is rewritten to another value forcibly and the rewritten value matches the compare match register, the
PWM does not execute the operation by the compare match with the value after the rewriting.
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15.6. Operation Timing

15.6.1. Compare Match Timing
Figure 15-6 shows the timing of compare match. The condition of the example shown in Figure 15-6 is as follows:

e Module system clock: 960 MHz
e Count-up/count-down timing: 960 MHz

The CNT is updated at the count-up/count-down timing of 960 MHz. After the compare match register, CMP_xXx,
matches the CNT, a compare match is generated at the timing of updating the CNT next time.

Module System Clock |

(960 MHz)
CNT >< N-2 >< N-1 X N >< N+1 X N+2 >< N+3 X
CMP_xx N
PWMxx ><

Compare Match Timing

Figure 15-6. Compare Match Timing
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15.6.2. CNT Clear Timing in Up Mode

Figure 15-7 shows the CNT clear timing in the up mode. The condition of the example shown in Figure 15-7 is as
follows:

e Module system clock: 960 MHz
e Count-up timing: 960 MHz

After the value of the CMP_MAX register matches the CNT, the CNT reloads the value of the CMP_MIN register at
the timing of updating the CNT next time.

Module System Clock |

(960 MHz)
CNT XMAX—z ><MAX—1>< MAX >< MIN >< MIN+1>< MIN+2><
CMP_MAX MAX
CMP_MIN MIN

Figure 15-7. Counter Clear Timing (CNT’s Reloading of CMP_MIN) in Up Mode
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15.6.3. Up-down counter’s Change from Count up to Count down in Up-down Mode

Figure 15-8 shows the timing to change from count up to count down. The condition of the example shown in Figure
15-8 is as follows:

e Module system clock: 960 MHz
e Count-up/count-down timing: 960 MHz

The CNT’s first value in the count-down operation is the same as the CNT’s last value in the count-up operation.
This means that the value of the CMP_MAX register is kept for the 2 cycles between the CNT’s count up and count
down.

Module System Clock
(960 MHz) |

Count up/down

><MAX—2 >< MAX—lX MAX >< MAX ><MAX—1 >< MAX—2><

Count up Count down

CNT

CMP_MAX MAX

Figure 15-8. Counter Change Timing from Count Up to Count Down in Up-down Mode
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15.6.4. Up-down counter’s Change from Count down to Count up in the Up -down Mode

Figure 15-9 shows the timing to change from count-down to count-up. The condition of the example shown in Figure
15-9 is as follows:

e Module system clock: 960 MHz
e Count-up/count-down timing: 960 MHz

When the CNT is switched from count down to count up, its first value is the same as the last value in the count-
down operation. This means that the value of the CMP_MIN register is kept for 2 cycles between the CNT’s count
down and count up.

Module System Clock
(960 MHz) |

CNT X MIN+Z 0 MINGL X MING X MING X MINGL Y MIN+2 ><

Count down Count up

CMP_MIN MIN

Figure 15-9. Counter Change Timing from Count Down to Count Up in Up-down Mode

The judgment of a compare match is executed every time even immediately after reloading of the CNT.

The minimum pulse width is the counter updating cycle (1.096 ns at 960 MHz). However, when the pulse width is
very small, the pulse might be lost due to the rising/falling time of the pin.

There is an internal delay from the generation of a compare match event to the generation of the toggle operation of
PWMnH and PWMnL.
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15.7. Re-trigger Operation

The re-trigger operation mode can be set on each counter block. Each output signal or counter value can be set again
by the specified event. The re-trigger operation has 5 modes (A, B, C, D, and re-trigger masking operation), and both
the PWMnH and PWMnL output levels can be controlled in these 5 operation modes.

15.7.1. Re-trigger Events

The re-trigger operation can be specified by the edge event and level event. Table 15-5 shows the overview of the
edge event, and Table 15-6 shows that of the level event. To set a re-trigger event of the PWM, write the number
corresponding to the event to the PWMNRTRS.PWMRTS bit.

A setting example is as follows:

- When using event0 output from EPU’s channelO as re-trigger event: PWMnRTRS.PWMRTS = 0b010100
- When using the output from LUTO as re-trigger event: PWMnRTRS.PWMRTS = 00100110

The edge event of re-trigger is generated when the PWM receives an event pulse from a module or detects the edge
of a specific signal. When the re-trigger is set as an edge event, the PWM manages only presence or absence of an event
generation. To use the edge event of re-trigger, set the PWMnRTRG.RTRGPLS bits to 0b00O0.

For the level event of re-trigger, the PWM manages the signal level. The timing of event generation can be selected
from one of following signals: rising edge, falling edge, both edges, high level, or low level. For the setting of the
generation timing of level events, see the description on the PWMnRTRG register (Section 15.12.15). When the
generation timing of the level event is set to low level or high level, the re-trigger operation mode C cannot be selected.

The PWM performs different processes in re-trigger masking operation between the edge event and level event. For
details, see Section 15.7.8.
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Table 15-5. Edge Events for Re-trigger

No. Source Remarks
0 CPU access

1 Reserved

2 Trigger pulse from Timer0_CMA

3 Trigger pulse from Timerl_CMA

4 Trigger pulse from CMPO

5 Trigger pulse from CMP1

6 Trigger pulse from CMP2

7 Trigger pulse from CMP3

8 Positive edge signal event form GPIO0

9 Positive edge signal event form GPIO1
10 Positive edge signal event form GP102
11 Reserved

12 Negative edge signal event form GPI1O0
13 Negative edge signal event form GPIO1
14 Negative edge signal event form GP102
15 Reserved

16 Trigger pulse from Timer2_CMA

17 Trigger pulse from Timer3_CMA

18 Trigger pulse from CMP4

19 Trigger pulse from CMP5

20 Channel0 event0 of EPU

21 Channel0 eventl of EPU

22 Channell event0 of EPU

23 Channell eventl of EPU

24 Channel2 event0 of EPU

25 Channel2 eventl of EPU

26 Channel3 event0 of EPU

27 Channel3 eventl of EPU

28 Channel4 event0 of EPU

29 Channel4 eventl of EPU

30 Channel5 event0 of EPU

31 Channel5 eventl of EPU
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Table 15-6. Level Events for Re-trigger

No. Source Remarks
32 CMPO output
33 CMP1 output
34 CMP2 output
35 CMP3 output
36 CMP4 output
37 CMP5 output
38 LUTO output
39 LUT1 output
40 GPIOO event level
41 GPIO1 event level
42 GPIO2 event level
43 to 63 | Reserved
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15.7.2. Operation in Re-trigger Mode A

In re-trigger mode A, when the specified event is detected, each PWM output signal is changed to the specified level
(for details of the changing method, see Section 15.7.7). This state is kept until the counter (CNT) is stopped. During
this period, the PWM stops outputting events and changing of the PWM output by comparing the CNT with the
compare match register. This period is called a non-comparison period.

, Stop

CNT Event ﬁ
' ;
Planned !
______ A 1
PWMnH | Specified value
PWMnL | Specified value !

Non-comparison period

AT
NNV LN

Planned

PWMnL ' Specified value

A
v

PWMnH i Specified value i

Non-comparison period

Figure 15-10. Re-trigger Mode A
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15.7.3. Operation in Re-trigger Mode B

In re-trigger mode B, when the specified event is detected, each PWM output signal is changed to the specified level
(for details of the changing method, see Section 15.7.7). This state is kept until the counter (CNT) loads the value of
CMP_MIN register. The period from detection of an event to loading of the CMP_MIN value register is a non-
comparison period.

When the CNT value becomes equal to the CMP_MIN value, the PWM starts the normal comparison operation again.

CNT Event

l Planned CMP_MIN

PWMnH Specified value:
e | [ [ [specifiedalle |

Non-comparison period

CNT
Event ‘

planned

PyMnH Specifiedivalue! I—I—
PWMnL [ [ specifed i’a'U? I

—

1
Non-comparison period

1

1

Figure 15-11. Re-trigger Mode B
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15.7.4. Operation in Re-trigger Mode C

In re-trigger mode C, when the specified event is detected, each PWM output signal is changed to the specified level.
Then, the counter (CNT) operates as follows:

e In the up mode: The CNT loads the value of the CMP_MIN register, and counts up from the loaded value.

e During count-up in the up-down mode: The CNT loads the value of the CMP_MAX register, and counts down from
the loaded value.

e During count-down in the up-down mode: The CNT loads the value of the CMP_MIN register, and counts up from
the loaded value.

CNT +Event

PWMnH Specified value
PWMSpecified valug

-

*Event Event

A WA
/NN Y

:
1
i
The value is specified in PWMNRTL.VTH_MAX
e
:
1
:
1
:
1
:

PWMnH L |
™

The% value is specified in PWMnRTL.VTH
1
Thé value is specified in PWMnRTL.VTL

LT

The value is specified in PWMnRTL.VTL_MAX

PWMnL

Figure 15-12. Re-trigger Mode C

15.7.5. Buffer Updating when Operation of Re-trigger Mode C Starts

In re-trigger mode C, the compare match register can be updated with the buffer register value using a re-trigger
operation starting event as the trigger. The setting method is different depending on the counting direction of the PWM
counter. For details, see bits 6 and 7 of the PWMnRTRS register.
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15.7.6. Operation in Re-trigger Mode D

In re-trigger mode D, when the specified event is detected, the PWM enters a non-comparison period from the timing
that the counter (CNT) loads the value of the CMP_MIN register after the event detection to the timing that the CNT
loads the CMP_MIN value next time.

When the specified event is detected again in the non-comparison period, this period is extended to the next PWM
cycle.

Event

CNT

CMP_MIN CMP_MIN ‘

-
—

PWMnH
PWMnL

< Bl
>

Non-comparison period

Event

VA S ANIAN

-
—

PWMnH
PWMnL

< »l
< >

Non-comparison period

Figure 15-13. Re-trigger Mode D
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15.7.7. Re-trigger Masking Operation

By setting to the re-trigger mask, re-trigger events can be masked (ignored). The start timing of the masking period
can be selected from each edge of the PWM output signal (rising edge or falling edge of the PWMnH/PWMnL).

The division of the counter to measure a masking period can be selected from Count Clock Frequency/8,
Count Clock Frequency/16, or Count Clock Frequency/32.

Event Event
CNT ‘ Ignored ‘
b Planned ( )
PWMnH 1| Specifidd value !
PWMnL | ! |[Specified'value |!
H"i Event mask period b Event mask period

Figure 15-14. Re-trigger Masking Operation

15.7.8. Interpretation of Edge and Level Events at Masking Release

The PWM operation in the re-trigger masking is different according to the re-trigger event setting: edge event or level
event.

When the edge event is selected, the PWM receives the event as a pulse. Thus, the edge events are ignored in the
masking period.

When a level event is selected, the PWM manages the level of the event signal. When using event masking for level
events, the level of the event signal is fixed to the negating side during the event operation. For example, if the falling
edge of the level signal is set as the level event of re-trigger, and the level signal is low when the masking period ends:
The level signal is fixed to high by the masking process during the masking period. When this period ends, the level
signal becomes low. Then, the falling edge is generated. As a result, an event of re-trigger operation is generated, and
the PWM performs the re-trigger operation.

Figure 15-15 shows the overview of the re-trigger detection circuit.

JL
Edge event [0] — (PWMNRTRS[5] == 1 && PWMnRTRG[4:2] == 4)
: Both edge signals
Edge event [31]
(PWMnRTRS[5] == 1 && (PWMnRTRG[4:2] == 1 | PWMnRTRG [4:2] == 3) ) |
Level event inversion signal ~ il
Level event [32] —
: Mask s |

Level event [42] ask signal _
e —
(PWMnRTRS[5] == 1 && (PWMnRTRG[4:2] == 2 || PWMnRTRG[4:2] == 3

Level detection signal

Figure 15-15. Re-trigger Detection Circuit
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15.7.9. Method to Change Output Waveform by Re-trigger Operation

When the PWM executes the re-trigger operation, the output waveform is changed as shown in Table 15-7. The
content of Table 15-7 is applied to both the up and up-down modes.

The output levels of the PWMnH and PWMnL are determined by the PWMnRTL.VTH and PWMnRTL.VTL bits,
respectively.

Table 15-7. Output Waveform by Re-trigger Operation

Mode Output Level of PWMnH Output Level of PWMnL
PWM Mode 0 Changes to the specified value by the | Changes to the specified value by the
PWMnRTL.VTH bits immediately. PWMnRTL.VTL bits immediately.

Changes to the specified value by the
PWMnNRTL.VTL bits at the timing when the
compare mach of the DCNTD and DCNTD is
generated, and clears the DCNTD
simultaneously.

Changes to the specified value by the
PWMnRTL.VTH bits immediately, and the
DCNTD counts up to the value of the
CMP_D register simultaneously.

PWM Mode 1

15.8. Event Output
Each counter block has the following 3 types of event output.

e PWMn Event0
e PWMn Eventl
e PWMn TIMERSYNC (This event resets the counter value of the timer: see Section 17.)

The generation source of each event can be selected from the following PWM internal events. More than one PWM
internal event can be selected per event. When more than one PWM internal event is selected, the PWM event is output
when one or more PWM internal event is generated.

EVT_MIN: Compare match event of CNT and CMP_MIN register value
EVT_MAX: Compare match event of CNT and CMP_MAX register value
EVT_VHL1: Event to transit the PWMnH pin to pin state VHL1.

EVT_VHO: Event to transit the PWMnH pin to pin state VHO.

EVT_VLL1: Event to transit the PWMnL pin to pin state VL1.

EVT_VLO: Event to transit the PWMnL pin to pin state VLO.

EVT_T: Detection of the re-trigger operation starting event

In the up mode, the event of the EVT_MIN is not generated.

The event of the EVT_VHO0/1 or the EVT_VLO/1 is generated only when the pin state transits to the VHO/1 or the
VLO/1. For example, when the VLO is set to low level and the PWMnL becomes low level by accessing the
PWMNLCRO register, the event of the EVT_VLO is not generated. This is because the pin level matches the level
specified by the VLO by chance, so that the PWMnL pin does not transfer to the control state of the VLO. The events of
the EVT_VHL1, EVT_VHO, EVT_VL1, and EVT_VLO are generated only when compare match is generated between
the counter and the compare match register.
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15.9. Interrupt Output
Each counter block has the following 2 types of interrupt output.

e PWMn INTO
e PWMn INT1

The generation source of each interrupt can be selected from the following PWM internal events. More than one
PWM internal event can be selected per interrupt. When more than one PWM internal event is selected, the interrupt is
generated when one or more PWM internal event is generated.

INT_MIN: Compare match event of CNT and CMP_MIN register value
INT_MAX: Compare match event of CNT and CMP_MAX register value
INT_VHL1: Event to transit the PWMnH pin to pin state VH1

INT_VHO: Event to transit the PWMnH pin to pin state VHO

INT_VL1: Event to transit the PWMnL pin to pin state VL1

INT_VLO: Event to transit the PWMnL pin to pin state VLO

INT_T: Detection of the re-trigger operation starting event

In the count-up mode, the event of the INT_MIN is not generated.

The event of the INT_VHO/1 or the INT_VLO/1 is generated only when the pin state transits to the VHO/1 or the
VLO/1. For example, when the VLO is set to low level and the PWMnL becomes low level by accessing the
PWMNLCRO register, the event of the INT_VLO is not generated. This is because the pin level matches the level
specified by the VLO by chance, so that the PWMnL pin does not transfer to the control state of the VLO. The events of
the INT_VHL1, INT_VHO, INT_VL1, and INT_VLO are generated only when compare match is generated between the
counter and the compare match register.

15.10. Event and Interrupt Output in Re-trigger Operation

When the re-trigger A, B, or D is generated, a period in which compare match is not performed until the re-trigger
operation is released occurs. Even in the default setting, any events or interrupts by compare match are not output.

For example, if the PWM is set so that the PWMn EventO is output if the PWMnH becomes the VHO in the up mode
of PWM mode 0 (PWMnEVOO0.EVT_VHO0 = 1) when the CNT matches the value of the CMP_C register, the PWMnH
changes to the VHO, and the PWMn EventO is generated. When the PWM starts re-triggering before the CNT matches
the CMP_C value, the PWMn EventO0 is not generated. This is because the PWMnH pin does not transit to the control
state even when the CNT matches the CMP_C value.

To output the event/interrupt generating at the compare mach timing of the CNT and the compare match register
value during the re-trigger operation, set PWMNRTRG.RTMSKD = 1. By this setting, even during the re-trigger
operation as shown in the example above, the PWMn EventO is output when the CNT matches the CMP_C value.

15.11. Register Access

The PWM module has 16-bit registers such as the buffer register, compare match register, and counter (CNT). Write
the register on the LSB side first when these registers are written from the CPU or the DSAC.

In a write access, the write data is stored in the temporary register on the LSB side by the first access. Then, the data
is written to the MSB side by the second access. The data in the temporary register is transferred to the LSB side of the
register simultaneously with the second access.

In a read access, the data on the LSB side is obtained by the first access. The data on the MSB side is stored in the
temporary register simultaneously. After that, the data on the MSB side is obtained from the temporary register at the
second time accessed.

For PWM’s 16-bit width register allocated in the SFR area, the LSB side and MSB side registers of 16-bit are
assigned to the same address.

For PWM’s 16-bit width register allocated in the XDATA BUS area, the LSB side and MSB side registers of 16-bit
are assigned to an independent address, respectively. These addresses are allocated by the little endian method (the LSB
side is assigned to the lower address and the MSB side is to the higher address).

For the buffer register mapped in the SFR area, the DSAC can read/write 16-bit data at one time by the one-word
access mode.
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xxXx_L ‘ ‘ xxXx_H
"Lower 8 bits | 1 Higher 8 bits

‘ Temp for xxx_L

T

8 bits 16 bits

Figure 15-16. 16-bit Register Writing Method

The PWMnACSTS.XREGACS bit is the writing access flag for each block of the register connected with the
XDATA BUS. This bit is asserted when writing to either register shown below:

- 8-bit register connected with XDATA BUS (other than PWMCNTS, PWMnEVOO0/1/T, PWMnNINTSO0/1, or
PWMnACCLR), or
- The data on the MSB side of the 16-bit width register connected with XDATA BUS.

PWMnACSTS.XREGACS = 1 indicates that writing to the above 8-bit registers connected with XDATA BUS is
ongoing. New writing is not received while this writing is ongoing. When the writing operation finishes, the
PWMnACSTS.XREGACS bhit is negated so that the next writing can be received. Writing is received only when
PWMnACSTS.XREGACS = 0.

The PWMNnACSTS.SFRACS bit is the writing access flag of the SFR. PWMnACSTS.SFRACS = 1 indicates that the
writing operation of the SFR is ongoing. When data is written in the MSB side of the BUF_A, B, C, or D register, the
PWMnACSTS.SFRACS bit is set to 1. The BUF_A, B, C, or D register can be written continuously only once during
PWMnACSTS.SFRACS = 1. For example, data can be written in order such as BUF_An L -> BUF_An H ->
BUF Bn L ->BUF Bn H->BUF Cn L->BUF Cn H->BUF Dn_L->BUF_Dn_H. Before writing to the BUF_A,
B, C, or D register again, make sure that PWMnACSTS.SFRACS = 0.

The PWMNnACSTS.CNTSACS bit is a flag to manage accessing to the PWMCNTS register. This bit is asserted when
the PWMCNTS register is written Before writing to the PWMCNTS register again, make sure that
PWMnACSTS.CNTSACS = 0.

When writing to the register whose access is managed by the PWMnACSTS register, 6 CPU clock cycles + 24 PWM
count cycles are necessary.

Only writing is valid when accessing from the SFR BUS to the register assigned to x60 to 0x7F of the SFR BUS.
When the data of the corresponding register is read from the SFR_BUS, all the read data becomes 0.
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15.12. Register Descriptions

Table 15-8. XDATA BUS Common Registers

Symbol Address Initial Value
PWMCNTS 0xF903 0x00
Table 15-9. List of XDATA BUS Registers (Each Channel)
Symbol Address Address Address Address Initial Value
(Channel n) (Channel0) (Channell) (Channel2) (Channel3)

PWMnEVOO0 0xF905 0xF945 0xF985 OxF9C5 0x00
PWMnEVO1 0xF906 O0xF946 0xF986 0xF9C6 0x00
PWMnEVOT 0xF907 OxF947 0xF987 OxF9C7 0x00
PWMnNINTSO 0xF908 0xF948 0xF988 OxFIC8 0x00
PWMnINTS1 0xF909 0xF949 0xF989 0xF9C9 0x00
PWMnNINTF 0xF90A OxF94A O0xF98A OxF9CA 0x00
PWMnACCLR 0xF90B 0xF94B 0xF98B OxFoCB 0x00
PWMnACSTS 0xF90C 0xF94C 0xF98C 0xF9CC 0x00
CNTn_L 0xF910 0xF950 0xF990 0xF9DO0 0x00
CNTn_H 0xF911 0xF951 0xF991 0xF9D1 0x00
CMP_An_L 0xF912 0xF952 0xF992 0xF9D2 0x00
CMP_An_H 0xF913 0xF953 0xF993 0xF9D3 0x00
CMP_Bn_L OxF914 0xF954 0xF994 0xF9D4 0x00
CMP_Bn_H 0xF915 0xF955 0xF995 0xF9D5 0x00
CMP_Cn_L 0xF916 0xF956 0xF996 0xF9D6 0x00
CMP_Cn_H 0xF917 OxF957 O0xF997 O0xF9D7 0x00
CMP_Dn_L 0xF918 0xF958 0xF998 0xF9D8 0x00
CMP_Dn_H 0xF919 0xF959 0xF999 0xF9D9 0x00
CMP_MINRN_L OxF91A OxF95A O0xF99A OxFODA 0x00
CMP_MINn_H 0xF91B 0xF95B 0xF99B 0xF9DB 0x00
CMP_MAXn_L 0xF91C 0xF95C 0xF99C 0xF9DC 0x00
CMP_MAXn_H 0xF91D 0xF95D 0xF99D 0xF9DD 0x00
PWMNCNTMD 0xF920 0xF960 0xF9A0 OxF9EOQ 0x00
PWMnHCRO 0xF921 0xF961 OxF9A1 OxF9E1 0x00
PWMnLCRO 0xF922 0xF962 0xF9A2 OxF9E2 0x00
PWMnHCR1 0xF923 0xF963 O0xF9A3 OxF9E3 0x00
PWMnLCR1 0xF924 0xF964 O0xF9A4 OxF9E4 0x00
PWMnMODE 0xF925 0xF965 0xF9A5 OxF9E5 0x00
PWMnRTRG 0xF926 0xF966 O0xF9A6 OxF9E6 0x00
PWMnNRTRS 0xF927 OxF967 O0xF9A7 OxF9E7 0x00
PWMnNRTGC 0xF928 0xF968 OxF9A8 OxF9E8 0x00
PWMnRTL 0xF929 0xF969 0xF9A9 OxF9E9 0x00
PWMnRTMC O0xF92A OxF96A OXFOAA OXF9EA 0x00
PWMnRTMP 0xF92B 0xF96B O0xF9AB O0xF9EB 0x00
BUF_MINNn_L 0xF92C 0xF96C OxF9AC OxF9EC 0x00
BUF_MINn_H 0xF92D 0xF96D O0xF9AD OxF9ED 0x00
BUF_MAXn_L OxF92E OxF96E OXFOAE OXFOEE 0x00
BUF_MAXn_H OxF92F OxF96F OxF9AF OxF9EF 0x00
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Table 15-10. List of SFR Register (Each Channel)

Symbol Address Address Address Address Initial Value
(Channel n) (Channel0) (Channell) (Channel2) (Channel3)
BUF_An_L OxE4 OxEC OxF4 OxFC 0x00
BUF_An_H OxE4 OxEC OxF4 OxFC 0x00
BUF Bn_L OxE5 OxED OxF5 OxFD 0x00
BUF _Bn_H OxE5 OxED OxF5 OxFD 0x00
BUF Cn_L OxE6 OxEE OxF6 OxFE 0x00
BUF _Cn_H OxE6 OxEE OxF6 OxFE 0x00
BUF_Dn_L OxXE7 OXEF OxF7 OxFF 0x00
BUF_Dn_H OxE7 OXEF OxF7 OxFF 0x00
CMP_An_L 0x64 0x6C 0x74 0x7C 0x00
CMP_An_H 0x64 0x6C 0x74 0x7C 0x00
CMP_Bn_L 0x65 0x6D 0x75 0x7D 0x00
CMP_Bn_H 0x65 0x6D 0x75 0x7D 0x00
CMP_Cn L 0x66 OX6E 0X76 OX7E 0x00
CMP_Cn H 0x66 OX6E 0X76 OX7E 0x00
CMP_Dn_L 0x67 Ox6F 0x77 OX7F 0x00
CMP_Dn_H 0x67 Ox6F 0x77 OX7F 0x00
BUF_MINn_L 0x60 0x68 0x70 0x78 0x00
BUF_MINNn_H 0x60 0x68 0x70 0x78 0x00
BUF_MAXn_L 0x61 0x69 0x71 0x79 0x00
BUF_MAXn_H 0x61 0x69 0x71 0x79 0x00
CMP_MINN_L 0x62 Ox6A 0x72 OX7A 0x00
CMP_MINn_H 0x62 Ox6A 0x72 OX7A 0x00
CMP_MAXn_L 0x63 0x6B 0x73 0x7B 0x00
CMP_MAXn_H 0x63 0x6B 0x73 0x7B 0x00
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15.12.1. PWMCNTS (PWM Counter Start)

The counter of each PWM channel can start simultaneously (in synchronization). When writing 1 to the PWMCSn bit,
all the counters start counting.

Register PWMCNTS PWM Counter Start Address 0xF903
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R/IW 0 The read value is 0. The write value must always be 0.
4 Reserved R/IW 0 The read value is 0. The write value must always be 0.
PWMS3 counter start/stop
3 PWMCS3 RIW 0 0: PWM3 counter stop
1: PWM3 counter start
PWM2 counter start/stop
2 PWMCS2 R/W 0 0: PWM2 counter stop
1: PWM2 counter start
PWML counter start/stop
1 PWMCS1 R/W 0 0: PWM1 counter stop
1: PWML1 counter start
PWMO counter start/stop
0 PWMCSO0 R/W 0 0: PWMO counter stop
1: PWMO counter start
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15.12.2. PWMnEVOO0/1/T (PWM Event0/1 Output/ to Timer for Block n) (n =0 to 3)

Register PWMOEVOO0 PWM Event0 Output for BlockO Address 0xF905
Register PWM1EVOO0 PWM Event0 Output for Block1 Address 0xF945
Register PWM2EVOO0 PWM Event0 Output for Block?2 Address 0xF985
Register PWM3EVO0 PWM Event0 Output for Block3 Address 0xF9C5
Register PWMOEVO1 PWM Eventl Output for BlockO Address 0xF906
Register PWM1EVO1 PWM Eventl Output for Blockl Address 0xF946
Register PWM2EVO1 PWM Eventl Output for Block2 Address 0xF986
Register PWM3EVO1 PWM Eventl Output for Block3 Address 0xF9C6
Register PWMOEVOT PWM Event to Timer for Block0 Address 0xF907
Register PWM1EVOT PWM Event to Timer for Blockl Address 0xF947
Register PWM2EVOT PWM Event to Timer for Block2 Address 0xF987
Register PWM3EVOT PWM Event to Timer for Block3 Address OxF9C7

Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 EVT_T R/IW 0

5 EVT_VH1 RIW 0 Event output source

4 EVT_VHO R/W 0 To select_ a PWM internal event, set the bit

s | evivi | mw | o | s te et o L when re tan on

2 EVT_VLO RIW 0 output when one or more PWM internal event is

1 EVI_MAX RIW 0 gl'ir;e;’a\l}\?lt\j/.l event signal is one pulse.

0 EVT_MIN RIW 0
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15.12.3.  PWMnNINTSO0/1 (PWM Interrupt0/1 Select for Block n) (n =0 to 3)

Register PWMOINTSO PWM InterruptO Select for Block0 Address 0xF908
Register PWML1INTSO PWM InterruptO Select for Blockl Address 0xF948
Register PWM2INTSO0 PWM InterruptO Select for Block2 Address 0xF988
Register PWMS3INTSO PWM InterruptO Select for Block3 Address 0xF9C8
Register PWMOINTS1 PWM Interruptl Select for Block0 Address 0xF909
Register PWM1INTS1 PWM Interruptl Select for Blockl Address 0xF949
Register PWM2INTS1 PWM Interruptl Select for Block2 Address 0xF989
Register PWM3INTS1 PWM Interruptl Select for Block3 Address 0xF9C9

Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 INT_T RIW 0

° INT_Vhi RIW 0 Interrupt source

4 INT_VHO RIW 0

s | Wi | Rw | o |70 s P e ewr st pe b

2 INT_VLO R/W 0 PWM internal event is selected, the interrupt flag is set

1 INT_MAX RIW 0 when one or more PWM internal event is generated.

0 INT_MIN R/IW 0
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15.12.4. PWMnNINTF (PWM Interrupt Flag for Block n) (n =0 to 3)

Register PWMOINTF PWM Interrupt Flag for Block0 Address OxF90A
Register PWMI1INTF PWM Interrupt Flag for Blockl Address OxF94A
Register PWM2INTF PWM Interrupt Flag for Block2 Address O0xF98A
Register PWM3INTF PWM Interrupt Flag for Block3 Address OXF9CA
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
PWM interruptl enable
0: PWM interruptl is disabled
5 PWMIEL RIW 0 1: PWM interruptl is enabled
When PWMIEL = 1 and PEMIF1 = 1, an interrupt
request is generated.
PWM interruptO enable
0: PWM interruptO is disabled
4 PWMIEO RIW 0 1: PWM interruptO is enabled
When PWMIEO = 1 and PEMIFO = 1, an interrupt
request is generated.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
PWM interrupt flagl
Read 0: No change
1 PWMIEL R/C 0 Read 1: Inte_rrupt_event defined by the PWMnNINTS1
register is detected
Write 0: No change
Write 1: The bit is cleared
PWM interrupt flago
Read 0: No change
0 PWMIED R/C 0 Read 1: Inte_rrupt_event defined by the PWMnINTSO
register is detected
Write 0: No change
Write 1: The bit is cleared
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15.12.5. PWMnACCLR (PWM Access Counter Clear Register for Block n) (n =0 to 3)

Register PWMOACCLR PWM Access Counter Clear Register for BlockO Address 0xF90B
Register PWM1ACCLR PWM Access Counter Clear Register for Blockl Address 0xF94B
Register PWM2ACCLR PWM Access Counter Clear Register for Block2 Address 0xF98B
Register PWM3ACCLR PWM Access Counter Clear Register for Block3 Address 0xFoCB
Bit Bit Name R/W Initial Description Remarks

CPU’s SFR access counter clearing
Write 0: No change
7 CLRCPUACC w 0 Write 1: CPU access counter register is cleared

The read value is always 0.
DSAC’s SFR access counter clearing
Write 0: No change
6 CLRDSAACC W 0 Write 1: DSAC access counter register is cleared

The read value is always 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
0 Reserved R 0 The read value is 0. The write value must always be 0.
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15.12.6. PWMnNACSTS (PWM Access Status Register for Block n) (n =0 to 3)

Register PWMOACSTS PWM Access Status Register for Block0 Address 0xF90C
Register PWM1ACSTS PWM Access Status Register for Blockl Address 0xF94C
Register PWM2ACSTS PWM Access Status Register for Block2 Address 0xF98C
Register PWM3ACSTS PWM Access Status Register for Block3 Address OxFoCC
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
Access status to the PWMCNTS register
0: No access to the PWMCNTS register
2 CNTSACS R 0 1: Writing to the PWMCNTS register
Before writing to the PWMCNTS register, make sure
that CNTSACS = 0.
Access status to the SFR BUS
0: No access to the SFR BUS register
1: Writing to the SFR BUS register
1 SFRACS R 0
When the same SFR BUS register is written
continuously make sure that SFRACS = 0 before the
next writing.
Access status to the XDATA BUS register
0: No access to the XDATA BUS register
0 XREGACS R 0 1: Writing to the XDATA BUS register
Before writing to the XDATA BUS register, make sure
that XREGACS = 0.
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15.12.7. CNTn_L/H (Counter n LSB/MSB Side) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register CNTO L Counter0 LSB Side Address 0xF910
Register CNT1 L Counterl LSB Side Address 0xF950
Register CNT2_L Counter2 LSB Side Address 0xF990
Register CNT3 L Counter3 LSB Side Address 0xF9D0

Bit Bit Name R/W Initial Description Remarks
7 RIW 0

6 R/W 0

5 R/W 0

4 RIW 0 _

3 CNT Y 0 LSB side counter

2 R/W 0

1 R/W 0

0 RIW 0

Register CNTO_H Counter0 MSB Side Address 0xF911
Register CNT1 H Counterl MSB Side Address 0xF951
Register CNT2_H Counter2 MSB Side Address 0xF991
Register CNT3_H Counter3 MSB Side Address 0xF9D1

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 RIW 0 _

3 CNT Y 0 MSB side counter

2 R/W 0

1 RIW 0

0 RIW 0
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15.12.8. CMP_xxxn_L/H (CMP_xxx for Block n LSB/MSB Side) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_MINO_L CMP_MIN for BlockO LSB Side Address OxF91A
Register CMP_MIN1 L CMP_MIN for Blockl LSB Side Address OxF95A
Register CMP_MIN2_L CMP_MIN for Block2 LSB Side Address OxF99A
Register CMP_MIN3_L CMP_MIN for Block3 LSB Side Address OXF9DA
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 RIW 0
5 RIW 0 CMP_MIN[7:3]
4 R/W 0
CMP_MIN
3 RIW 0
2 O | cmp MmN
1 R 0
0 R 0 The read value is 0. The write value must always be 0.
Register CMP_MINO_L CMP_MIN for BlockO LSB Side Address 0x62
Register CMP_MIN1 L CMP_MIN for Blockl LSB Side Address Ox6A
Register CMP_MIN2_L CMP_MIN for Block2 LSB Side Address 0x72
Register CMP_MIN3_L CMP_MIN for Block3 LSB Side Address OX7A
Bit Bit Name R/W Initial Description Remarks
7 "\ 0
6 w 0 | cMP_MIN[7:3]
5 w 0
4 W 0 The read value is always 0.
CMP_MIN
3 - w 0
2 w 0 | cMP_MIN[2:0]
1 w 0
0 Y 0 The read value is 0. The write value must always be 0.
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_MINO_H CMP_MIN for BlockO MSB Side Address 0xF91B
Register CMP_MIN1 H CMP_MIN for Blockl MSB Side Address 0xF95B
Register CMP_MIN2_H CMP_MIN for Block2 MSB Side Address 0xF99B
Register CMP_MIN3 H CMP_MIN for Block3 MSB Side Address 0xF9DB
Bit Bit Name R/W Initial Description Remarks
7 RIW 0
6 R/IW 0
5 R/IW 0
4 R/W 0
CMP_MIN MSB side of CMP_MIN
3 R/W 0
2 R/W 0
1 R/W 0
0 RIW 0
Register CMP_MINO_H CMP_MIN for BlockO MSB Side Address 0x62
Register CMP_MIN1_H CMP_MIN for Blockl MSB Side Address Ox6A
Register CMP_MIN2_H CMP_MIN for Block2 MSB Side Address 0x72
Register CMP_MIN3_H CMP_MIN for Block3 MSB Side Address Ox7A
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0
5 w 0
4 W 0 MSB side of CMP_MIN
CMP_MIN
3 - w 0 The read value is always 0.
2 w 0
1 W 0
0 w 0
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_MAXO0_L CMP_MAX for BlockO LSB Side Address 0xF91C
Register CMP_MAX1 L CMP_MAX for Blockl LSB Side Address 0xF95C
Register CMP_MAX2 L CMP_MAX for Block2 LSB Side Address 0xF99C
Register CMP_MAX3 L CMP_MAX for Block3 LSB Side Address 0xFIDC
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/IW 0
5 R/IW 0 CMP_MAX][7:3]
4 R/W 0
CMP_MAX
3 R/W 0
2 R ! CMP_MAX][2:0]
1 1
0 R 1 The read value is 7. The write value must always be 7.
Reqgister CMP_MAXO0_L CMP_MAX for BlockO LSB Side Address 0x63
Register CMP_MAX1 L CMP_MAX for Blockl LSB Side Address 0x6B
Register CMP_MAX2_L CMP_MAX for Block2 LSB Side Address 0x73
Register CMP_MAX3 L CMP_MAX for Block3 LSB Side Address 0x7B
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0 | cMP_MAX[7:3]
5 w 0
4 W 0 The read value is always 0.
CMP_MAX
3 - w 0
2 w 1 | cMP_MAX[2:0]
1 "\ 1
0 W 1 The read value is 0. The write value must always be 7.
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_MAXO0_H CMP_MAX for BlockO MSB Side Address 0xF91D
Register CMP_MAX1 H CMP_MAX for Blockl MSB Side Address 0xF95D
Register CMP_MAX2 H CMP_MAX for Block2 MSB Side Address 0xF99D
Register CMP_MAX3 H CMP_MAX for Block3 MSB Side Address 0xF9DD
Bit Bit Name R/W Initial Description Remarks
7 RIW 0
6 R/IW 0
5 R/IW 0
4 R/W 0
CMP_MAX MSB side of CMP_MAX
3 R/W 0
2 R/W 1
1 R/W 1
0 R/W 1
Register CMP_MAX0 H CMP_MAX for BlockO MSB Side Address 0x63
Register CMP_MAX1_H CMP_MAX for Blockl MSB Side Address 0x6B
Register CMP_MAX2_H CMP_MAX for Block2 MSB Side Address 0x73
Register CMP_MAX3_H CMP_MAX for Block3 MSB Side Address 0x7B
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0
5 w 0
4 W 0 MSB side of CMP_MAX
CMP_MAX
3 - w 0 The read value is always 0.
2 w 0
1 W 0
0 w 0
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_AO0 L CMP_A for Block0 LSB Side Address 0xF912
Register CMP_Al1 L CMP_A for Blockl LSB Side Address 0xF952
Register CMP_A2 L CMP_A for Block2 LSB Side Address 0xF992
Register CMP_A3 L CMP_A for Block3 LSB Side Address 0xF9D2
Register CMP_BO L CMP_B for Block0 LSB Side Address 0xF914
Register CMP_B1 L CMP_B for Blockl LSB Side Address 0xF954
Register CMP_B2 L CMP_B for Block2 LSB Side Address 0xF994
Register CMP_B3 L CMP_B for Block3 LSB Side Address 0xF9D4
Register CMP_CO L CMP_C for Block0 LSB Side Address 0xF916
Register CMP_C1 L CMP_C for Blockl LSB Side Address 0xF956
Register CMP_C2 L CMP_C for Block2 LSB Side Address 0xF996
Register CMP_C3 L CMP_C for Block3 LSB Side Address 0xF9D6
Register CMP_DO_L CMP_D for Block0 LSB Side Address 0xF918
Register CMP_D1 L CMP_D for Blockl LSB Side Address 0xF958
Register CMP_D2_L CMP_D for Block2 LSB Side Address 0xF998
Register CMP_D3 L CMP_D for Block3 LSB Side Address 0xF9D8

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 RIW 0 _

3 CMP_xxx R 0 LSB side of the compare match register

2 R/W 0

1 R/W 0

0 R/W 0
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Register CMP_AO0 L CMP_A for BlockO LSB Side Address 0x64
Register CMP_A1 L CMP_A for Blockl LSB Side Address 0x6C
Register CMP_A2 L CMP_A for Block2 LSB Side Address 0x74
Register CMP_A3 L CMP_A for Block3 LSB Side Address 0x7C
Register CMP_BO L CMP_B for Block0 LSB Side Address 0x65
Register CMP_B1 L CMP_B for Blockl LSB Side Address 0x6D
Register CMP_B2 L CMP_B for Block2 LSB Side Address 0x75
Register CMP B3 L CMP_B for Block3 LSB Side Address 0x7D
Register CMP_CO_L CMP_C for Block0 LSB Side Address 0x66
Register CMP_C1 L CMP_C for Blockl LSB Side Address OX6E
Register CMP_C2 L CMP_C for Block2 LSB Side Address 0x76
Register CMP_C3 L CMP_C for Block3 LSB Side Address OX7E
Register CMP_DO_L CMP_D for Block0 LSB Side Address 0x67
Register CMP_D1 L CMP_D for Blockl LSB Side Address Ox6F
Register CMP_D2 L CMP_D for Block2 LSB Side Address 0x77
Register CMP_D3 L CMP_D for Block3 LSB Side Address OX7F

Bit Bit Name R/W Initial Description Remarks
7 W 0

6 w 0

5 w 0

4 W 0 LSB side of the compare match register

CMP_xxx

3 - w 0 The read value is always 0.

2 w 0

1 w 0

0 w 0
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register CMP_AO0_H CMP_A for BlockO MSB Side Address 0xF913
Register CMP_A1 H CMP_A for Blockl MSB Side Address 0xF953
Register CMP_A2 H CMP_A for Block2 MSB Side Address 0xF993
Register CMP_A3 H CMP_A for Block3 MSB Side Address 0xF9D3
Register CMP_B0O_H CMP_B for BlockO MSB Side Address 0xF915
Register CMP_B1 H CMP_B for Block1l MSB Side Address 0xF955
Register CMP_B2 H CMP_B for Block2 MSB Side Address 0xF995
Register CMP_B3 H CMP_B for Block3 MSB Side Address 0xF9D5
Register CMP_CO H CMP_C for BlockO MSB Side Address 0xF917
Register CMP_C1 H CMP_C for Blockl MSB Side Address 0xF957
Register CMP_C2 H CMP_C for Block2 MSB Side Address 0xF997
Register CMP_C3 H CMP_C for Block3 MSB Side Address 0xF9D7
Register CMP_DO H CMP_D for BlockO MSB Side Address 0xF919
Register CMP_D1 H CMP_D for Blockl MSB Side Address 0xF959
Register CMP_D2 H CMP_D for Block2 MSB Side Address 0xF999
Register CMP_D3 H CMP_D for Block3 MSB Side Address 0xF9D9

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0

3 CMP_xxx R 0 MSB side of the compare match register

2 R/W 0

1 R/W 0

0 R/W 0
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Register CMP_AO0 H CMP_A for BlockO MSB Side Address 0x64
Register CMP_A1 H CMP_A for Blockl MSB Side Address 0x6C
Register CMP_A2 H CMP_A for Block2 MSB Side Address 0x74
Register CMP_A3 H CMP_A for Block3 MSB Side Address 0x7C
Register CMP_BO_H CMP_B for BlockO MSB Side Address 0x65
Register CMP_B1 H CMP_B for Blockl MSB Side Address 0x6D
Register CMP_B2 H CMP_B for Block2 MSB Side Address 0x75
Register CMP_B3 H CMP_B for Block3 MSB Side Address 0x7D
Register CMP_CO_H CMP_C for BlockO MSB Side Address 0x66
Register CMP_C1 H CMP_C for Blockl MSB Side Address OX6E
Register CMP_C2 H CMP_C for Block2 MSB Side Address 0x76
Register CMP_C3 H CMP_C for Block3 MSB Side Address OX7E
Register CMP_DO_H CMP_D for BlockO MSB Side Address 0x67
Register CMP_D1 H CMP_D for Blockl MSB Side Address Ox6F
Register CMP_D2 H CMP_D for Block2 MSB Side Address 0x77
Register CMP_D3 H CMP_D for Block3 MSB Side Address OX7F

Bit Bit Name R/W Initial Description Remarks
7 W 0

6 w 0

5 w 0

4 W 0 MSB side of the compare match register

CMP_xxx

3 - w 0 The read value is always 0.

2 w 0

1 w 0

0 w 0
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15.12.9. PWMnNCNTMD (PWM Counter Mode for Block n) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOCNTMD PWM Counter Mode for BlockO Address 0xF920
Register PWM1CNTMD PWM Counter Mode for Block1 Address 0xF960
Register PWM2CNTMD PWM Counter Mode for Block2 Address 0xF9A0
Register PWM3CNTMD PWM Counter Mode for Block3 Address OXF9EO
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

3 Reserved R 0 The read value is 0. The write value must always be 0.

2 Reserved R 0 The read value is 0. The write value must always be 0.

1 Reserved R 0 The read value is 0. The write value must always be 0.

Counter block mode 0/1
0 PWMCM RIW 0 0: Counter is set to up mode
1: Counter is set to up-down mode
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15.12.10. PWMnHCRO0 (PWMnH Output Control0) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOHCRO PWMOH Output Control0 Address 0xF921
Register PWM1HCRO PWM1H Output Control0 Address 0xF961
Register PWM2HCRO PWM2H Output Control0 Address 0xF9A1
Register PWM3HCRO PWM3H Output Control0 Address OXF9E1
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 Controls output by matching between PWMnH and

CMP_MAX value

00: No change
6 PWM_MAX R/W 0 01: Output is set to low level
10: Output is set to high level
11: Output is toggled
5 R/W 0 Controls output by matching between PWMnH and
CMP_MIN value

00: No change

01: Output is set to low level
4 PWM_MIN R/W 0 10: Output is set to high level
11: Output is toggled

Effective in the up-down mode.
3 Reserved R 0 The read value is 0. The write value must always be 0.

Py
o

2 Reserved The read value is 0. The write value must always be 0.

1 W 0 Initializes the output level of PWMnNH
00: No change

01: Output is set to low level

10: Output is set to high level

11: Setting prohibited

PWM_SET

Changing of the output level by writing to the bit has
higher priority than other sources such as compare
match or re-triggering.

The read value is always 0.
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15.12.11. PWMnNLCRO (PWMnL Output Control0) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOLCRO PWMOL Output Control0 Address 0xF922

Register PWM1LCRO PWM1L Output Control0 Address 0xF962

Register PWM2LCRO PWMZ2L Output Control0 Address 0xF9A2

Register PWM3LCRO PWMS3L Output Control0 Address OXF9E2
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 Controls output by matching between PWMnL and

CMP_MAX value

00: No change
6 PWM_MAX R/W 0 01: Output is set to low level
10: Output is set to high level
11: Output is toggled
5 R/W 0 Controls output by matching between PWMnH and
CMP_MIN value

00: No change

01: Output is set to low level
4 PWM_MIN R/W 0 10: Output is set to high level
11: Output is toggled

Effective in the up-down mode.
3 Reserved R 0 The read value is 0. The write value must always be 0.

Py
o

2 Reserved The read value is 0. The write value must always be 0.

1 W 0 Initializes the output level of PWMnL
00: No change

01: Output is set to low level

10: Output is set to high level

11: Setting prohibited

PWM_SET

Changing of the output level by writing to the bit has
higher priority than other sources such as compare
match or re-triggering.

The read value is always 0.
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15.12.12. PWMnHCR1 (PWMnH Output Controll) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOHCR1 PWMOH Output Controll Address 0xF923
Register PWM1HCR1 PWM1H Output Controll Address 0xF963
Register PWM2HCR1 PWM2H Output Controll Address 0xF9A3
Register PWM3HCR1 PWM3H Output Controll Address OXF9E3
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 R/W 0 Controls the output level of VH1
00: No change
VH1 01: Output is set to low level
2 RIW 0 10: Output is set to high level
11: Output is toggled
1 R/W 0 Controls the output level of VHO
00: No change
VHO 01: Output is set to low level
0 RIW 0 10: Output is set to high level
11: Output is toggled
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15.12.13. PWMnNLCR1 (PWMnL Output Controll) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOLCR1 PWMOL Output Controll Address 0xF924
Register PWM1LCR1 PWM1L Output Controll Address 0xF964
Register PWM2LCR1 PWMZ2L Output Controll Address 0xF9A4
Register PWM3LCR1 PWMS3L Output Controll Address OxF9E4
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 R/W 0 Controls the output level of VH1
00: No change
VL1 01: Output is set to low level
2 RIW 0 10: Output is set to high level
11: Output is toggled
1 R/W 0 Controls the output level of VHO
00: No change
VLO 01: Output is set to low level
0 RIW 0 10: Output is set to high level
11: Output is toggled
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15.12.14. PWMnMODE (PWM n Operation Mode) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMOMODE PWMO Operation Mode Address 0xF925
Register PWM1MODE PWM1 Operation Mode Address 0xF965
Register PWM2MODE PWMZ2 Operation Mode Address 0xF9A5
Register PWM3MODE PWM3 Operation Mode Address OXF9E5
Bit Bit Name R/W Initial Description Remarks
7 Reserved R/IW 0 The read value is 0. The write value must always be 0.
Buffer mode
6 BUFM R/IW 0 0: Direct mode is set
1: Buffer mode is set
5 R/W 0 Data transfer timing from buffer register to compare

match register in the up-down mode
00: Reserved
01: Transferred at CMP_MAX
10: Transferred at CMP_MIN
11: Transferred at both CMP_MAX and CMP_MIN

UDBM

4 RIW 0 The bit is effective only in the up-down mode of the
buffer mode.
In the up mode, when the CNT matches the
CMP_MAX register value and the CNT is cleared, data
is transferred from the buffer register to the compare
match register.

3 Reserved R 0 The read value is 0. The write value must always be 0.

2 Reserved R 0 The read value is 0. The write value must always be 0.

1 R/W 0 PWM mode setting

00: PWM mode 0 is set
0 PWMMD R/W 0 01: PWM mode 1 is set

Other than above: Setting prohibited
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15.12.15. PWMnNRTRG (PWM Re-trigger Mode for Block n) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMORTRG PWM Re-trigger Mode for Block0 Address 0xF926
Register PWMI1RTRG PWM Re-trigger Mode for Blockl Address 0xF966
Register PWM2RTRG PWM Re-trigger Mode for Block?2 Address 0xF9A6
Register PWM3RTRG PWM Re-trigger Mode for Block3 Address OXF9E6

Bit Bit Name R/W Initial Description Remarks

Re-trigger enable

7 PWMRTE R/W 0 0: Re-trigger is disabled
1: Re-trigger is enabled

Re-trigger event mask disable
0: Re-trigger event mask is enabled
1: Re-trigger event mask is disabled

When RTMSKD = 0, the PWM events are not
generated by compare match in the non-comparison
period.

When RTMSKD = 1, the PWM events are generated
by compare match even in the non-comparison period.
Control signals do not vary by compare match.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 R/W 0 Re-trigger detection timing setting

000: Re-trigger event is detected by the rising edge

3 RIW 0 of the specified signal

001: Re-trigger event is detected by the falling edge
of the specified signal

010: Re-trigger event is detected by the high level of
the specified signal

RTRGPLS 011: Re-trigger event is detected by the low level of

the specified signal

2 RIW 0 100: Re-trigger event is detected by both the rising
and falling edges of the specified signal

Other: Setting prohibited

6 RTMSKD R/IW 0

The bit can be set only when selecting No. 32 to No. 63
for the re-trigger event.

1 R/W 0 Re-trigger mode setting

00: Re-trigger mode A is set

PWMRTM 01: Re-trigger mode B is set

0 RIW 0 10: Re-trigger mode C is set

11: Re-trigger mode D is set
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15.12.16. PWMnNRTRS (PWM Re-trigger Select for Block n) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMORTRS PWM Re-trigger Select for BlockO Address 0xF927
Register PWM1RTRS PWM Re-trigger Select for Blockl Address 0xF967
Register PWM2RTRS PWM Re-trigger Select for Block?2 Address OxF9A7
Register PWM3RTRS PWM Re-trigger Select for Block3 Address OXF9E7
Bit Bit Name R/W Initial Description Remarks

Re-trigger C buffer update setting bit 1
(The bit has different meanings depending on the setting
of PWM count mode.)

- Up mode
0: Compare match register is not updated by re-trigger
C events
1: Compare match register is updated to the buffer
7 RTCBM[1] R/W 0 register when receiving the input of a re-trigger C
event

- Up-down mode

0: Buffer register is not updated by re-trigger C events
during counting down
1: Compare match register is updated to the value of
the buffer register when receiving the input of a re-
trigger C event during counting down
Re-trigger C buffer update setting bit 0
(The bit has different meanings depending on the setting
of PWM count mode.)

- Up mode
The bit is not related to operation.
6 RTCBM[0] | RW 0 | . Up-down mode
0: Buffer register is not updated by re-trigger C events
during counting up
1: Compare match register is updated to the value of
the buffer register when receiving the input of a re-
trigger C event during counting up
5 R/W 0 Re-trigger event selection
000000: Event No. 0
4 R/IW 0
3 R/W 0 011111: Event No. 31
PWMRTS 100000: Event No. 32
2 R/IW 0
1 R/W 0 111111: Event No. 63
0 RIW 0 For details, see Table 15-5.
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15.12.17. PWMnRTGC (PWM Re-trigger by CPU for Block n) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMORTGC PWM Re-trigger by CPU for Block0 Address 0xF928
Register PWM1RTGC PWM Re-trigger by CPU for Block1 Address 0xF968
Register PWM2RTGC PWM Re-trigger by CPU for Block2 Address 0xF9A8
Register PWM3RTGC PWM Re-trigger by CPU for Block3 Address OXF9E8
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
1 Reserved R 0 The read value is 0. The write value must always be 0.
CPU re-trigger setting
Write 0: No change
Write 1: When the CPU is set for the re-trigger event
0 PWMRTGC R/W 0 that is defined by the PWMNnRTRS
register, a re-trigger event is generated.
The read value is always 0.
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15.12.18. PWMnNRTL (PWM n Re-trigger Output Control) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMORTL PWMO Re-trigger Output Control Address 0xF929
Register PWMI1RTL PWM1 Re-trigger Output Control Address 0xF969
Register PWM2RTL PWM2 Re-trigger Output Control Address 0xF9A9
Register PWM3RTL PWM3 Re-trigger Output Control Address OXF9E9
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 PWMnH pin setting in re-trigger mode C
(CMP_MAX)

00: No change

01: Output is set to low level
10: Output is set to high level

6 VTH_MAX R/W 0 11: Setting prohibited

The PWMnH output is controlled when the counter
loads the CMP_MAX register value in re-trigger
mode C.
5 R/W 0 PWMnL pin setting in re-trigger mode C
(CMP_MAX)

00: No change

01: Output is set to low level

10: Output is set to high level

4 VTL_MAX R/W 0 11: Setting prohibited

The PWMnNL output is controlled when the counter
loads the CMP_MAX register value in re-trigger
mode C.

3 R/W 0 PWMnH pin setting in the re-trigger mode

00: No change

01: Output is set to low level

10: Output is set to high level

11: Setting prohibited

VTH
2 R/W 0 . i
Re-trigger mode A and re-trigger mode B: The

PWMnH output is controlled.

Re-trigger mode C: The PWMnH output is controlled
when the counter loads the CMP_MIN register value.
1 RIW 0 PWMNL pin setting in the re-trigger mode

00: No change

01: Output is set to low level

10: Output is set to high level

11: Setting prohibited

VTL
0 R/W 0 . .
Re-trigger mode A/B: The PWMnL output is

controlled.
Re-trigger mode C: The PWMnL output is controlled
when the counter loads CMP_MIN register value.
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15.12.19. PWMnNRTMC (PWM n Re-trigger Mask Control) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register.

Register PWMORTMC PWMO Re-trigger Mask Control Address O0xF92A
Register PWM1RTMC PWM1 Re-trigger Mask Control Address OxF96A
Register PWM2RTMC PWM2 Re-trigger Mask Control Address OxF9AA
Register PWM3RTMC PWM3 Re-trigger Mask Control Address OXFOEA
Bit Bit Name R/W Initial Description Remarks
Re-trigger mask enable
7 RTME R/W 0 0: Re-trigger mask is disabled
1: Re-trigger mask is enabled
6 Reserved 0 The read value is 0. The write value must always be 0.
5 Reserved 0 The read value is 0. The write value must always be 0.
4 Reserved 0 The read value is 0. The write value must always be 0.
3 R/W 0 Clock source for the re-trigger period
00: Count Clock Frequency/8 is set
RTMC 01: Count Clock Frequency/16 is set
2 RIW 0 10: Count Clock Frequency/32 is set
11: Setting prohibited
1 RIW 0 Start point of re-trigger mask
00: Start masking from rising edge of PWMnH
RTMS 01: Start masking from falling edge of PWMnH
0 RIW 0 10: Start masking from rising edge of PWMnL
11: Start masking from falling edge of PWMnL

15.12.20. PWMNRTMP (PWM n Re-trigger Mask Period) (n =0 to 3)
When PWMNACSTS.XREGACS = 1, do not write to this register.

Register PWMORTMP PWMO Re-trigger Mask Period Address 0xF92B

Register PWM1RTMP PWM1 Re-trigger Mask Period Address 0xF96B

Register PWM2RTMP PWM2 Re-trigger Mask Period Address OxF9AB

Register PWM3RTMP PWM3 Re-trigger Mask Period Address OxFOEB

Bit Bit Name R/W | Initial Description Remarks

7 R/W 0

6 R/W 0 _ _ _

5 RIW 0 Re-trigger masking period

4 RTMP R/W 0 Period = Clock source cycle x (RTMP + 1)

3 R/W 0

5 RIW 0 The clock source cycle is defined by the
PWMnRTMC.RTMC bits.

1 R/W 0

0 R/W 0
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15.12.21. BUF_MIN/MAXn (BUF_MIN/MAX for Block n LSB/MSB Side) (n =0 to 3)
When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register BUF_MINO_L BUF_MIN for BlockO LSB Side Address 0xF92C

Register BUF_MIN1 L BUF_MIN for Block1 LSB Side Address 0xF96C

Register BUF_MIN2_L BUF_MIN for Block2 LSB Side Address O0xF9AC

Register BUF_MIN3 L BUF_MIN for Block3 LSB Side Address OXF9EC
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 RIW 0 BUF_MIN[7:3]

4 R/W 0

BUF_MIN

3 R/W 0

2 0 BUF_MIN[2:0]

1 0

0 0 The read value is 0. The write value must always be 0.

Register BUF_MINO_L BUF_MIN for BlockO LSB Side Address 0x60
Reqgister BUF_MIN1_L BUF_MIN for Block1 LSB Side Address 0x68
Register BUF_MIN2_L BUF_MIN for Block2 LSB Side Address 0x70
Register BUF_MIN3 L BUF_MIN for Block3 LSB Side Address 0x78
Bit Bit Name R/W Initial Description Remarks
7 "\ 0

6 w 0 | BUF_ MIN[7:3]

5 w 0

4 W 0 The read value is always 0.

BUF_MIN

3 - w 0

2 w 0 | BUF_MIN[2:0]

1 w 0

0 Y 0 The read value is 0. The write value must always be 0.
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register BUF_MINO_H BUF_MIN for BlockO MSB Side Address 0xF92D
Register BUF_MIN1_H BUF_MIN for Blockl MSB Side Address 0xF96D
Register BUF_MIN2_H BUF_MIN for Block2 MSB Side Address OxF9AD
Register BUF_MIN3 H BUF_MIN for Block3 MSB Side Address OXF9ED
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 R/W 0
BUF_MIN MSB side of BUF_MIN
3 R/W 0
2 R/W 0
1 R/W 0
0 R/W 0
Register BUF_MINO_H BUF_MIN for BlockO MSB Side Address 0x60
Register BUF_MIN1_H BUF_MIN for Blockl MSB Side Address 0x68
Register BUF_MIN2_H BUF_MIN for Block2 MSB Side Address 0x70
Register BUF_MIN3_H BUF_MIN for Block3 MSB Side Address 0x78
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0
5 w 0
4 W 0 MSB side of BUF_MIN
BUF_MIN
3 - w 0 The read value is always 0.
2 w 0
1 W 0
0 w 0
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When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register BUF _MAXO0 L BUF_MAX for BlockO LSB Side Address OxF92E
Register BUF MAX1 L BUF_MAX for Blockl LSB Side Address OxF96E
Register BUF_MAX2_L BUF_MAX for Block2 LSB Side Address OXFO9AE
Register BUF _MAX3 L BUF_MAX for Block3 LSB Side Address OXFOEE
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0 BUF_MAX][7:3]
4 R/W 0
BUF_MAX
3 R/W 0
2 ! BUF_MAX[2:0]
1 1
0 1 The read value is 7. The write value must always be 7.
Register BUF_MAXO0_L BUF_MAX for BlockO LSB Side Address 0x61
Register BUF_MAX1 L BUF_MAX for Blockl LSB Side Address 0x69
Register BUF_MAX2 L BUF_MAX for Block2 LSB Side Address 0x71
Register BUF_MAX3 L BUF_MAX for Block3 LSB Side Address 0x79
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0 | BUF_MAX[7:3]
5 w 0
4 W 0 The read value is always 0.
BUF_MAX
3 - w 0
2 w 1 | BUF_MAX[2:0]
1 "\ 1
0 W 1 The read value is 0. The write value must always be 7.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 15-56
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

When PWMnACSTS.XREGACS = 1, do not write to this register from the XDATA BUS.

Register BUF_MAXO0_H BUF_MAX for BlockO MSB Side Address OxF92F
Register BUF _MAX1 H BUF_MAX for Blockl MSB Side Address OxF96F
Register BUF_MAX2_H BUF_MAX for Block2 MSB Side Address OxXF9AF
Register BUF _MAX3 H BUF_MAX for Block3 MSB Side Address OXF9EF
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0
4 R/W 0
BUF_MAX MSB side of BUF_MAX
3 R/W 0
2 R/W 0
1 R/W 0
0 R/W 0
Register BUF_MAX0 H BUF_MAX for BlockO MSB Side Address 0x61
Register BUF_MAX1_H BUF_MAX for Blockl MSB Side Address 0x69
Register BUF_MAX2_H BUF_MAX for Block2 MSB Side Address 0x71
Register BUF_MAX3_H BUF_MAX for Block3 MSB Side Address 0x79
Bit Bit Name R/W Initial Description Remarks
7 w 0
6 w 0
5 w 0
4 W 0 MAB side of BUF_MAX
BUF_MAX
3 - w 0 The read value is always 0.
2 w 0
1 W 0
0 w 0
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15.12.22. BUF_A/B/C/Dn_L/H (BUF_A/B/C/D for Block n LSB/MSB Side) (n = 0 to 3)

The BUF_xn_L/H register is mapped to the same address. To access these addresses, access to the BUF xn_ L
register first, and then access the BUF _xn_H register. Before data is written in the same register connected with SFR
BUS again, make sure that PWMnACSTS.SFRACS = 0. When writing data to the BUF_xn_H register or the
CMP_xn_H register, the PWMnACSTS.SFRACS bit is set to 1.

Register BUF_A0 L BUF_A for BlockO LSB Side Address OxE4
Register BUF Al L BUF_A for Blockl LSB Side Address OxEC
Register BUF_A2 L BUF_A for Block2 LSB Side Address OxF4
Register BUF_A3 L BUF_A for Block3 LSB Side Address OxFC
Register BUF_BO_L BUF_B for Block0 LSB Side Address OXE5
Register BUF Bl L BUF_B for Blockl LSB Side Address OXED
Reqgister BUF B2 L BUF_B for Block2 LSB Side Address OxF5
Register BUF B3 L BUF_B for Block3 LSB Side Address OxFD
Reqgister BUF_CO_L BUF_C for Block0O LSB Side Address OxE6
Register BUF C1 L BUF_C for Blockl LSB Side Address OXEE
Register BUF C2 L BUF_C for Block2 LSB Side Address OXF6
Register BUF C3 L BUF_C for Block3 LSB Side Address OXFE
Register BUF DO L BUF_D for Block0 LSB Side Address OXE7
Register BUF D1 L BUF_D for Blockl LSB Side Address OXEF
Register BUF D2 L BUF_D for Block2 LSB Side Address OxF7
Register BUF D3 L BUF_D for Block3 LSB Side Address OXFF

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0

BUF_xxx LSB side of buffer register

3 R/W 0

2 R/W 0

1 R/W 0

0 R/W 0
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Register BUF_A0 H BUF_A for BlockO MSB Side Address OxE4
Register BUF A1 H BUF_A for Blockl MSB Side Address OxEC
Register BUF_A2 H BUF_A for Block2 MSB Side Address OxF4
Register BUF_A3 H BUF_A for Block3 MSB Side Address OxFC
Register BUF_B0O_H BUF_B for BlockO MSB Side Address OXE5
Register BUF B1 H BUF_B for Blockl MSB Side Address OXED
Register BUF B2 H BUF_B for Block2 MSB Side Address OxF5
Register BUF B3 H BUF_B for Block3 MSB Side Address OxFD
Register BUF_CO_H BUF_C for BlockO MSB Side Address OXE6
Register BUF C1 H BUF_C for Blockl MSB Side Address OxEE
Register BUF _C2 H BUF_C for Block2 MSB Side Address OXxF6
Register BUF C3 H BUF_C for Block3 MSB Side Address OXFE
Register BUF DO _H BUF_D for BlockO MSB Side Address OXE7
Register BUF D1 H BUF_D for Blockl MSB Side Address OXEF
Register BUF D2 H BUF_D for Block2 MSB Side Address OxF7
Register BUF D3 H BUF_D for Block3 MSB Side Address OXFF

Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0 ) .

3 BUF_xxx Yy 0 MSB side of buffer register

2 R/W 0

1 R/W 0

0 R/W 0
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15.13. Example of PWM Setting

Clock source selection
See Section 4

Operation mode setting
PWMnMODE: PWM mode or buffer mode
PWMnCNTMD: Counter operation mode

I

PWM cycle setting

CMP_MAXn_L/H, CMP_MINn_L/H: Initial value of cycle

BUF MAXn L/H, BUF MINn_L/H: Initial value of cycle (additional setting for buffer mode)
I

PWM duty or dead time setting
CMP_An_L/H, CMP_Bn_L/H, CMP_Cn_L/H, CMP_Dn_L/H : Initial value of duty or dead time
BUF_An, BUF _Bn_L/H, BUF _Cn_L/H, BUF _Dn_L/H: Initial value of duty or dead time

| (additional setting for buffer mode)

Counter initial value setting
CNTn_L/H: Counter initial value
I

PWM output level setting
PWMnNHCRO, PWMnNLCRO: Initial value of the PWMnL/H output, counter, and
output level is changed when matching the CMP_MIN/MAX
register’s value.
PWMnHCR1, PWMnLCR1: This output level is changed when the counter matches
CMP_A/B/C/D.
I

Re-trigger setting

PWMnRTRS: Event selection for re-trigger

PWMnRTL: Pin level setting when re-trigger is detected
PWMnRTMC, PWMnRTMP: Re-trigger masking setting
PWMNRTRG: Re-trigger mode setting

Event output setting

PWMnEVOO0: PWM output eventO
PWMnEVO1: PWM output eventl
PWMnEVOT: Timer counter clearing event

Interrupt setting
PWMNINTSO0, PWMNINTS1: Interrupt source selection
PWMNINTF: Interrupt enable

PWM counting start
PWMCNTS: PWM counting start

End

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 15-60
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

. _____________________________________________________________________________________________________________________________|
15.14. Usage Notes and Restrictions

15.14.1. Restrictions on Automatic Dead Time Mode

e Description

When the PWM operates in the automatic dead time mode (PWMnMODE.PWMMD = 0b01) and one of the
following conditions is satisfied, the dead time counter does not operate correctly. Therefore, the compare match
between the dead time counter and the compare match register is not detected correctly, and the PWM output signal,
event, and interrupt are not generated correctly by compare match.

e Conditions

- Condition A: When another event which starts counting of dead time again is generated in one to 8 count cycles
before the timing at which dead time counting ends (see Figure 15-17 (a)) while the dead time counter is operating.

- Condition B: When, the same dead time counter starts counting twice or more within 8 count cycles (see Figure 15-
17 (b)) while the PWM counter is operating in the up mode (i.e., P’WMnCNTMD.PWMCM = 0).

8 count cycles CMP_A cmp_C CMP A’  CMP C

DCNTC

8 count cycles

DCNTC Dead time counting start prohibited period

CMP_A’

(a) Condition A (b) Condition B
CMP_A: Starting source of dead time counting
CMP_C: End of dead time counting started by CMP_A
CMP_A’: Starting source of new dead time counting
CMP_C’: End of dead time counting started by CMP_A’

Figure 15-17. Prohibited Waveform of Dead Time Counter (DCNTC)

e Workaround
- Workaround against condition A:
Apply one of the following 2 methods.

e Not start counting while the dead time counter is operating.
e When counting of dead time should be started again while the dead time counter operates, generate an event to
start dead time counting earlier than over 8 count cycles before the end of dead time counting.

- Workaround against condition B:

Ensure 8 or more count cycles of the dead time counter between the first start and second start of dead time counting.
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15.14.2. Restrictions on Re-trigger Mode

15.14.2.1. Restrictions on Re-trigger Mode A/B/D in the Non-comparison Period

e Each pin level of the PWMnL/H is not changed by each compare match.

e When PWMNRTRG.RTMSKD = 0, events are not generated by the compare match. When events are used in a non-
comparison period, write 1 to the PWMnRTRG.RTMSKD bit.

e When PWMnRTRG.RTMSKD = 0, the interrupt flag generated by compare match (PWMnINTF.PWMIF0/1) is not
set.

e Even in the non-comparison period, each dead time counter is started by the normal method.

e In the non-comparison period, each compare match register of the buffer mode is updated correctly.

15.14.2.2. Restrictions on Re-trigger Mode B in the Non-comparison Period

e The end timing of the non-comparison period is delayed by up to 8 count cycles from the timing of the compare
match between the CMP_MIN register value and CNT.

e When PWMNRTRG.RTMSKD = 0, the compare match event between the values of the CNT and the CMP_MIN
register is not detected in the non-comparison period.

15.14.2.3. Restrictions on Re-trigger Mode D in the Non-comparison Period

e The start timing of the non-comparison period is delayed by up to 8 count cycles from the timing of compare match
between the values of the CNT and the CMP_MIN register.

e The end timing of the non-comparison period is delayed by up to 8 count cycles from the timing of compare match
between the values of the CNT and the CMP_MIN register.

e When the compare match event between the values of the CNT and the CMP_MIN register is detected at the start
timing of the non-comparison period, this compare match event is not detected at the end timing of the non-
comparison period.

Figure 15-18 shows the non-comparison periods of re-trigger modes B and D.

Event
Event
CNT CNT
]
v , CMP_MIN "CMP_MIN T CMP_MIN
] ] | ]
' y 58 cycles max. 8 cycles max. :'<—>: :'<—>: 8 cycles max.
—P " P
H H '
Non-comparison Non-comparison
(@) Re-trigger Mode B (b) Re-trigger Mode D

Figure 15-18. Non-comparison Period
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15.14.2.4. Restrictions on Re-trigger Masking Operation

The Re-trigger mask starts before 4 to 20 count cycles from the toggle timing of the PWM output pin defined by the
PWMXxRTMC.RTMS bits.

) M
PWMnH / [
= n
. tart maskin : Release maskin
Re-trigger Mask S asking : 9
2 ik Re-trigger masking period is defined by
4 to 20 count cycles

<
<

PWMXRTMC/PWMXRTMP

>

PWMXRTMC.RTMS = 0b00 (During PWMH rising)

Figure 15-19. Re-trigger Masking Timing

The control logic to judge start of the re-trigger masking monitors the internal state of the PWM module; however, it
does not directly monitor the toggling of the PWM output pin.

Internal state of the PWM is reflected to the PWM output pin after 4 count cycles or more.
The delay between the internal state controlling the toggling of the PWM output and the re-trigger masking is about

20 cycles (max.). This value varies depending on the semi-conductor process, power supply voltage, and ambient
temperature. When setting re-trigger masking, these sources must be taken into account.
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16. Watchdog Timer (WDT)

16.1. Overview
Table 16-1 shows the watchdog timer (WDT) module functional descriptions.

Table 16-1. WDT Functional Descriptions

Item Description
Count Clock CIo_cI_< (_)btalngd by dividing CLKFAST
8 division ratios
8-bit counter x 1 channel
Counter . . .
Counter rewrite operation protection
Operation Mode Watchdog timer mode and interval timer mode
Watchdog Timer Mode Outputs the reset to internal module when the counter timer is overflowed
Interval Timer Mode Generates the interval timer interrupt when the counter timer is overflowed

Reset —1T—»
CLKFAST —f——»
.. > » Reset
Divider Reset Control - (to CPU)
VYVVYVYVVYY
Clock Selector h i Interrupt » WDT Interrupt
Control
4 Overflow r
WTCNT < ; WTCSR
7'y 7'y
WTGRD
7'y
v v v
A
A
XDATA BUS

Figure 16-1. WDT Block Diagram
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16.2. Register Descriptions

16.2.1. List of Registers

Table 16-2. List of Registers

Symbol Name Address Initial Value
WTCNT Watchdog Timer Counter OxFES80 0x00
WTCSR Watchdog Timer Control/Status OxFE81 0x00
WTGRD Watchdog Timer Register Access Guard OXFES82 0x00

16.2.2. WTCNT (Watchdog Timer Counter)

When WTCSR.TME = 1, the WTCNT register starts a count by the internal clock determined by the WTCSR.CKS
bit. When TME = 0, the WTCNT register holds the count value and stops the count.

While the OCD stops the CPU instruction execution, the watchdog timer stops the count.

Register WTCNT Watchdog Timer Counter Address OxFE80
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0 )
Watchdog time counter
5 R/W 0
4 R/W 0 When an overflow occurs, the watchdog timer operates as
WTCNT follows:
3 R/W 0 . .
e Generates a reset in watchdog timer mode
2 R/W 0 e Generates an iterrupt in the interval timer mode
1 R/W 0
0 RIW 0
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16.2.3. WTCSR (Watchdog Timer Control/Status)

Before setting the CKS bit, set the TME bit to 0, and stop the WTCNT register count.
When the WTCNT register count overflows, the WOVF and IOVF bits are not initialized by the watchdog timer reset.
Therefore, the WOVF and IOVF bits must be cleared after the watchdog timer reset is released.

Register WTCSR Watchdog Timer Control/Status Address OxFE81

Bit Bit Name R/W | Initial Description Remarks

Timer enable
0: The up-count is stopped; the value of the WTCNT
register is held
1: The timer is enabled
Timer mode setting
6 ™ R/IW 0 0: Interval timer mode
1: Watchdog timer mode

5 Reserved R 0 The read value is 0. The write value must always be 0.

Watchdog timer overflow
Read 0: No overflow
Read 1: The WTCNT register count has overflowed in
watchdog timer mode
Write 0: No change
Write 1: The bit is cleared
Interval timer overflow
Read 0: No overflow
Read 1: The WTCNT register count has overflowed in
watchdog timer mode
Write 0: No change
Write 1: The bit is cleared
2 R/W 0 WTCNT clock selection
Division ratio Counter period
1 RIW 0 (CLKFAST = 60 MHz)

113
000 : 2 137 s
001 : 273 s
115

010 : > 546 us

CKS 011 : 1 1.09 ms

0 RIW 0 K '

100 : 17

T2

118

101 : - 4.37 ms
119

110 : 5 8.74 ms
120

111 : > 17.5ms

7 TME R/IW 0

4 WOVF R/C 0

3 IOVF R/C 0

2
114

2.18 ms
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16.2.4. WTGRD (Watchdog Timer Register Access Guard)

Register WTGRD Watchdog Timer Register Access Guard Address OxFE82
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 RIW 0 Set a key code to this register for writing to the
5 R/W 0 WTCNT/WTCSR register.
. Y 0 After writing to the WTCNT/WTCSR register, the
WTGRD WTGRD register is cleared to 0x00.
3 R/IW 0
Key code:
2 RIW 0 WTCNT: OX5A
1 R/W 0 WTCSR: 0xA5
0 RIW 0
16.3. Reset Configuration

RES Reset

POR Reset —» WDT Reset

OCD Reset

TME —
WOVF ——{ Pulse Generation ™
ﬁWidth =64 clocks)

Figure 16-2. Reset Configuration

16.4. Interrupt Configuration

TME ——
™ —})—p WDT_INT_N
IOVF —

Figure 16-3. Interrupt Configuration
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16.5. Prescaler

WTCNT

[
»

ot up

/A

div_sel20

div_sel19

div_sel13

div_sell4

\ 4

Divider

(Counter)

CKS

Prescaler Configuration

Figure 16-4.

CLKFAST

16-5

cnt_up

CPU Execution

TME

> __
To}
=1
><]._
a
A 2 ~
| | = —
<] F o)
- 5 0
© S O
> % _Dlu
o o O
><]__ <] . w
[Te) -
[Te] ! L
— m >
><__ o &
=} X
R= 2
1 L <
B wn

div_cnt
WTCNT
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16.6. Operation

16.6.1. Writing to WTCNT and WTCSR Registers
The following cares should be taken when writing to the WTCNT and WTCSR registers.

e When the value of the WTGRD register is other than 0x5A and 0xA5, the writing to the WTCNT and WTCSR
registers cannot be performed.

e After OX5A is written to the WTGRD register, write to the WTCNT register. Figure 16-6 shows the operation that is
0x00 is written to the WTCNT register.

e After OxA5 is written to the WTGRD register, write to the WTCSR register. Figure 16-6 shows the operation that is 1
is written to the WTCSR.TM and WTCSR.TME bits.

o
00 === =" -m-m-m----—-———-———— e
! 1 f
1
1
WTCNT = 0x00 WTCNT = 0x00 | WTCNT = 0x00
1 WTCSR.TME =1
1
1
1
:
\)
WTGRD 0x00 X OX5A X 0XA5 X OX5A
|
1
WTCSR.TM ! |’\
WTCSR.TM =1

Figure 16-6. Writing to WTCNT and WTCSR Registers
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. _____________________________________________________________________________________________________________________________|
16.6.2. Watchdog Timer Mode

To start the timer up-count operation, set WTCSR.TME = 1. During the normal operation, the value of the WTCNT
register must be periodically set again so as not to overflow the WTCNT register count. When the WTCNT register
count overflows, the watchdog timer reset is generated. At this point, the WTCNT register continues the count
operation. The reset period is 64 clocks (1.07 ps in CLKFAST = 60 MHz). After the reset, write 1 to the
WTCSR.WOVF bit to clear the flag. While the WTCSR.WOVF bit is not cleared, the next watchdog timer reset is not
generated. To stop the count, set WTCSR.TME = 0; and then the value is held. To restart the count from the held value,
set WTCSR.TME = 1. When the value is written to the WTCNT register during the count, the up-count operation starts
from the written value.

ff----mmmmmm e lmmmmmmmmmmmmoes dmmmmmmmmmmmmes
' |
1 1

: |4—WTCNT = 0xA0

'\WTCSRTME=1 /"
| |
1 1
| |
1 1
1 1
1 1

00 Sl Wittt ) it ' & i T “““““ Ammmmmoomoooe-
WTCSR.TME =1 Overflow E T WTCNT= 0x00 E
WTCNT = 0x00 ! ' | WTCcsSRTME=0
| WICSRWOVF=1 |
. | |
FLC_RST N '
' ’ 1
1 64 clocks |

Figure 16-7. Operation in Watchdog Timer Mode
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16.6.3. Interval Timer Mode

In the interval timer mode, an interrupt request for the interval interrupt is generated. The initial interval period is the
WTCNT register up-count time from 0x00 to overflow. The initial interval period is determined by the WTCSR.CKS
bit. To generate the interrupt in a shorter period than the initial interval period, set the value to the WTCNT register
again in the interrupt routine. The writing to the WTCNT register is completed in a much shorter time than the count
operation. To start the up-count operation of watchdog timer, set WTCSR.TME = 1. When the WTCNT register count
is overflowed, the interrupt is generated. Write 1 to the WTCSR.IOVF bit in the interrupt routine to clear the interrupt
flag.

ff Overflow Overflow Overflow Overflow

T WTCNT:IOXIBO || WTCI\‘ITI:OXSO | §|IWTCNT:O>(80
WTCSRTME = 1 :

P WTCSR.IOVF =1

E | WTCSR.IOVF =1 | | WT;:SIR.IOVF =1 | i .l WTCSR.IOVF = 1

i
.

' ! ! IJ
'

Ly R B 4 B 4

Figure 16-8. Operation in Interval Timer Mode
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( Start )

WTGRD = 0x5A

Set WTCNT register

WTGRD = 0xA5

Set WTCSR register

Set WTCSR.TM and WTCSR.CKS

WTCSR.TME =1

[
»

Does the timer
No overflow?

A 4
Clear WTCSR.WOVF Clear WTCSR.IOVF

A

End

Figure 16-9. Flow Chart of Watchdog Timer Operation
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17. 16-bit Timer (TMR)

17.1. Overview

The LSI has four 16-bit timer modules (TMRO, TMR1, TMR2, and TMR3). Table 17-1 shows the timer (TMR)
functional descriptions, and Figure 17-1 shows the TMR block diagram.

Table 17-1. TMR Functional Descriptions

Item

Description

Number of Channels

4 channels
Channel0 and Channell: Operated by the 32-bit timer (cascade mode)
Channel2 and Channel3: Operated by the 32-bit timer (cascade mode)

Input/Output

TIOAN (n=0to 3):

CMPA input capture/phase A input for phase counting mode/compare match output A
TIOBn (n=0to 3):

CMPB input capture/phase B input for phase counting mode/compare match output B
TICn (n= 2/3):

Phase Z input for phase counting mode

Operation Mode

Normal mode (cascade mode, input capture, and compare match output)
Phase counting mode (cascade mode and input capture)

Normal Mode

Counter clock:
CLKFAST is divided by 1, 4, 16, 64, 256, 1024, 4096, and 16384
Capture events:
CMPA: TIOAnN input (rising edge, falling edge, and both edges)
Compare match A/B between TMRO and TMR1
Events of Comparator0O to Comparator5
CMPB: TIOBn input (rising edge, falling edge, both edges),
Compare match A/B between TMRO and TMR1
Events of ComparatorO to Comparator5
Counter clearing events:
Compare match A/B
TIOAN/TIOBN capturing
Event clearing from PWM

Phase Counting Mode

Counter clock: TIOANn/TIOBnN input or comparator output phase
Capture events:
CMPA/B: Compare match A/B between TMRO and TMR1
Outputs of Comparator0O to Comparator5
Counter clearing events:
TIOAN/TIOBN/TICn input event
Event clearing from PWM

Data Transfer by DSAC

The TCMPAxn, TCMPBxn, TBUFAXn, and TBUFBxn registers are mapped to both the
XDATA BUS and SFR BUS areas.
The CPU can read from or write to the TCMPAXn/Bxn register by the MOV X instruction.

Interrupt

Compare match or input capture A/B

Counter overflow

Counter underflow (only in the phase counting mode)
TIOAN/TIOBN/TICn input event

MD6603-DSE Rev.1.1
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SFR BUS XDATA BUS
| Prescaler |[ srmBuswe | [ xoataBusiF |
v v v Peripheral events
TICO Comparator 0 to Comparator 5
X > F - TCNT clear (from PWM)
| Input Event Searching Event <
TXESn ]
g TMSRn
TI0AD P TIOAO
X > N - Counter TMECR Output M
N/F |-o Phase Counting Clock f—{ Control TICSn Control
CMP4 Out > 7 [ | TOACRn TI080
TCMPA
TIOBO TOBCRn
Xt = ] NF > 4 TBUFA
CMP5 Out »> Interrupt > Interrupt0
] [ |
> > EventOA
| TPCISN | TMODn |5 > > Event0B
TMCRn | 1 TBUR Overflow
% /Underflow
Tic1 TMRO TMECRn | 3
Overflow/Underflow
TIOAL (Cascade Mode) [« TIOAL
TIOB1
TIOB1
> Interruptl
> EventlA
TMR1 > EventlB
TIC2
< TIOA2
TIOA2
TIOB2
TI0B2 CMPO Out ——
> Interrupt2
> Event2A
TIC3 CMP1 Out — TMR2 j » Event2B
TIOA3 € TIOA3
TIOB3

1083 CMP2 Out —» —— X

[ Interrupt3
> Event3A
CMP3 Out —¥ T\R3 > Event3B

N/F: Noise Filter

Figure 17-1. TMR Block Diagram
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17.2. Register Descriptions

Table 17-2. List of XDATA BUS Registers

Symbol Name Address Initial Value
TMODO Timer0 Control Mode Register O0xFAQ00 0x00
TMOD1 Timerl Control Mode Register OxFAO01 0x00
TMSRO TimerO Status Register OxFA02 0x00
TMSR1 Timerl Status Register OxFAO03 0x00
TMCRO Timer0 Control Register OxFA04 0x00
TMCR1 Timer0 Control Register O0xFA05 0x00
TMECRO Timer0Q Event Clear Register OxFA06 0x00
TMECR1 Timerl Event Clear Register OxFAQ7 0x00
TEMODO Timer0 Extend Mode Register OxFAO08 0x00
TEMOD1 Timerl Extend Mode Register OxFAQ09 0x00
TICSO TimerQ Input Capture Select Register OXFAOA 0x00
TICS1 Timerl Input Capture Select Register 0xFAOB 0x00
TXESO TimerQ External Event Select Register O0xFAQC 0x00
TXES1 Timerl External Event Select Register OxFAOD 0x00
TCMPALO Timer0 Compare Match A Low OxFA10 0x00
TCMPAHO Timer0 Compare Match A High OxFAll 0x00
TCMPAL1 Timerl Compare Match A Low OxFA12 0x00
TCMPAH1 Timerl Compare Match A High OxFA13 0x00
TCMPBLO Timer0 Compare Match B Low OxFA14 0x00
TCMPBHO Timer0 Compare Match B High OxFA15 0x00
TCMPBL1 Timerl Compare Match B Low OxFA16 0x00
TCMPBH1 Timerl Compare Match B High OxFA17 0x00
TCNTLO Timer0 Counter Low OxFA18 0x00
TCNTHO Timer0 Counter High OxFA19 0x00
TCNTL1 Timerl Counter Low OxFALA 0x00
TCNTH1 Timerl Counter High OxFA1B 0x00
TBUFALO TimerO Buffer A Low O0xFA20 0x00
TBUFAHO Timer0 Buffer A High OxFA22 0x00
TBUFAL1 Timerl Buffer A Low OxFA21 0x00
TBUFAH1 Timerl Buffer A High 0xFA23 0x00
TBUFBLO Timer0 Buffer B Low OxFA24 0x00
TBUFBHO0 Timer0 Buffer B High OxFA26 0x00
TBUFBL1 Timerl Buffer B Low OxFA25 0x00
TBUFBH1 Timerl Buffer B High OxFA27 0x00
TOACRO Timer0 TIOA Output Control Register 0xFA30 0x00
TOACR1 Timerl TIOA Output Control Register O0xFA31 0x00
TOBCRO Timer0 TIOB Output Control Register 0xFA32 0x00
TOBCR1 Timerl TIOB Output Control Register 0xFA33 0x00
TPCISO Timer0 Phase Counting Input Select Register 0xFA34 0x00
TPCIS1 Timerl Phase Counting Input Select Register 0xFA35 0x00
TMOD2 Timer2 Control Mode Register 0xFA40 0x00

|
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Symbol Name Address Initial Value
TMOD3 Timer3 Control Mode Register OxFA41 0x00
TMSR2 Timer2 Status Register O0xFA42 0x00
TMSR3 Timer3 Status Register OxFA43 0x00
TMCR2 Timer2 Control Register OxFA44 0x00
TMCR3 Timer3 Control register OxFA45 0x00
TMECR2 Timer2 Event Clear Register OxFA46 0x00
TMECRS3 Timer3 Event Clear Register OxFA47 0x00
TEMOD2 Timer2 Extend Mode Register OxFA48 0x00
TEMOD3 Timer3 Extend Mode Register OxFA49 0x00
TICS2 Timer2 Input Capture Select Register OXFA4A 0x00
TICS3 Timer3 Input Capture Select Register OxFA4B 0x00
TXES2 Timer2 External Event Select Register OxFA4C 0x00
TXES3 Timer3 External Event Select Register OxXFA4D 0x00
TCMPAL2 Timer2 Compare Match A Low O0xFA50 0x00
TCMPAH2 Timer2 Compare Match A High OxFA51 0x00
TCMPAL3 Timer3 Compare Match A Low OxFA52 0x00
TCMPAH3 Timer3 Compare Match A High OxFA53 0x00
TCMPBL2 Timer2 Compare Match B Low OxFA54 0x00
TCMPBH2 Timer2 Compare Match B High OxFA55 0x00
TCMPBL3 Timer3 Compare Match B Low OxFA56 0x00
TCMPBH3 Timer3 Compare Match B High OxFA57 0x00
TCNTL2 Timer2 Counter Low OxFA58 0x00
TCNTH2 Timer2 Counter High OxFA59 0x00
TCNTL3 Timer3 Counter Low OXFA5A 0x00
TCNTH3 Timer3 Counter High OxFAS5B 0x00
TBUFAL2 Timer2 Buffer A Low O0xFA60 0x00
TBUFAH2 Timer2 Buffer A High OxFA62 0x00
TBUFAL3 Timer3 Buffer A Low OxFA61 0x00
TBUFAH3 Timer3 Buffer A High OxFA63 0x00
TBUFBL2 Timer2 Buffer B Low OxFA64 0x00
TBUFBH2 Timer2 Buffer B High OxFA66 0x00
TBUFBL3 Timer3 Buffer B Low OxFAG5 0x00
TBUFBH3 Timer3 Buffer B High OxFAG7 0x00
TOACR2 Timer2 TIOA Output Control Register OxFAT70 0x00
TOACR3 Timer3 TIOA Output Control Register OxFAT71 0x00
TOBCR2 Timer2 TIOB Output Control Register OxFAT2 0x00
TOBCR3 Timer3 TIOB Output Control Register OxFA73 0x00
TPCIS2 Timer2 Phase Counting Input Select Register OxFA74 0x00
TPCIS3 Timer3 Phase Counting Input Select Register OxFAT5 0x00
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Table 17-3. List of SFR BUS Registers

Symbol Name Address Initial Value
TCMPALO Timer0 Compare Match A Low 0x04 0x00
TCMPAL1 Timerl Compare Match A Low 0x0C 0x00
TCMPAHO Timer0 Compare Match A High 0x04 0x00
TCMPAH1 Timerl Compare Match A High 0xoC 0x00
TCMPBLO Timer0 Compare Match B Low 0x05 0x00
TCMPBL1 Timerl Compare Match B Low 0x0D 0x00
TCMPBHO Timer0 Compare Match B High 0x05 0x00
TCMPBH1 Timerl Compare Match B High 0x0D 0x00
TBUFALO Timer0 Buffer A Low 0x06 0x00
TBUFAL1 Timerl Buffer A Low Ox0E 0x00
TBUFAHO Timer0 Buffer A Low 0x06 0x00
TBUFAH1 Timerl Buffer A Low Ox0E 0x00
TBUFBLO Timer0 Buffer B Low 0x07 0x00
TBUFBL1 Timerl Buffer B Low Ox0F 0x00
TBUFBHO Timer0 Buffer B High 0x07 0x00
TBUFBH1 Timerl Buffer B High Ox0F 0x00
TCMPAL2 Timer2 Compare Match A Low 0x14 0x00
TCMPAL3 Timer3 Compare Match A Low 0x1C 0x00
TCMPAH2 Timer2 Compare Match A High 0x14 0x00
TCMPAH3 Timer3 Compare Match A High 0x1C 0x00
TCMPBL2 Timer2 Compare Match B Low 0x15 0x00
TCMPBL3 Timer3 Compare Match B Low 0x1D 0x00
TCMPBH2 Timer2 Compare Match B High 0x15 0x00
TCMPBH3 Timer3 Compare Match B High 0x1D 0x00
TBUFAL?2 Timer2 Buffer A Low 0x16 0x00
TBUFAL3 Timer3 Buffer A Low Ox1E 0x00
TBUFAH2 Timer2 Buffer A High 0x16 0x00
TBUFAH3 Timer3 Buffer A High Ox1E 0x00
TBUFBL2 Timer2 Buffer A Low 0x17 0x00
TBUFBL3 Timer3 Buffer A Low Ox1F 0x00
TBUFBH2 Timer2 Buffer A High 0x17 0x00
TBUFBH3 Timer3 Buffer A High Ox1F 0x00
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17.2.1. TMODO/2 (Timer0/2 Control Mode Register)

When TMOD1.CASMD =1, TMRO and TMR1 operate as a timer of 32 bits x 1 channel. TMR1 corresponds to the
higher 16 bits and TMRO corresponds to the lower 16 bits. Timer operation in this mode is controlled by the register of
TMRO.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate as a timer of 32 bits x 1 channel. TMR3 corresponds to the
higher 16 bits and TMR2 corresponds to the lower 16 bits. Timer operation in this mode is controlled by the register of
TMR2.

Register TMODO Timer0 Control Mode Register Address 0xFA00

Register TMOD2 Timer2 Control Mode Register Address OxFA40

Bit Bit Name R/W Initial Description Remarks
Timer enable

7 TMREN R/W 0 0: Timer is disabled

1: Timer is enabled
Timer interrupt master enable
6 TMRIE R/W 0 0: Timer interrupt master is disabled
1: Timer interrupt master is enabled
Compare match/input capture A enable
5 CMPAEN R/W 0 0: Compare match/input capture A is disabled
1: Compare match/input capture A is enabled
Compare match/input capture B enable

4 CMPBEN R/W 0 0: Compare match/input capture B is disabled
1: Compare match/input capture B is enabled
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 R/W 0 Prescaler setting
000: 1/1
1 RIW 0 001: 1/4
010: 1/16
PRSCL 011: 1/64
100: 1/256
0 RIW 0 101: 1/1024
110: 1/4096

111: 1/16384
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17.2.2. TMOD1/3 (Timer1/3 Control Mode Register)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TMODO register. The
TMOD1 register’s setting does not affect the operation.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TMOD2 register. The
TMOD3 register’s setting does not affect the operation.

Register TMOD1 Timerl Control Mode Register Address OxFA01

Register TMOD3 Timer3 Control Mode Register Address OxFA41

Bit Bit Name R/W Initial Description Remarks
Timer enable

7 TMREN R/IW 0 0: Timer is disabled

1: Timer is enabled

Timer interrupt master enable

6 TMRIE R/W 0 0: Timer interrupt master is disabled
1: Timer interrupt master is enabled

Compare match A enable

5 CMPAEN R/W 0 0: Compare match A is disabled
1: Compare match A is enabled

Compare match B enable

4 CMPBEN R/W 0 0: Compare match B is disabled
1: Compare match B is enabled

Cascade mode enable

3 CASMD R/W 0 0: Cascade mode is disabled

1: Cascade mode is enabled

2 R/W 0 Prescaler setting

000: 1/1

1 RIW 0 001: 1/4

010: 1/16

PRSCL 011: 1/64

100: 1/256

0 RIW 0 101: 1/1024

110: 1/4096

111: 1/16384
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17.2.3. TMSRn (Timer n Status Register) (n =0 to 3)

When TMOD1.CASMD = 1, the internal status is indicated in both the TMSRO and TMSR1 registers.
When TMOD3.CASMD = 1, the internal status is indicated in both the TMSR2 and TMSR3 registers.

Register TMSRO Timer0 Status Register Address OxFA02
Register TMSR1 Timerl Status Register Address OxFA03
Register TMSR2 Timer2 Status Register Address OxFA42
Register TMSR3 Timer3 Status Register Address OxFA43
Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.

TIC input interrupt flag
Read 0: TIC input event does not occur
4 TICLRF R/C 0 Read 1: TIC input event occurs
Write 0: No change
Write 1: The bit is cleared
Underflow flag
Read 0: Underflow does not occur
3 UDF R/IC 0 Read 1: Underflow occurs
Write 0: No change
Write 1: The bit is cleared
Overflow flag
Read 0: Overflow does not occur
2 OVF R/IC 0 Read 1: Overflow occurs
Write 0: No change
Write 1: The bit is cleared
Compare match/input capture B flag
Read 0: Compare match B/input capture B does not occur
1 CMBF R/C 0 Read 1: Compare match B/input capture B occurs
Write 0: No change
Write 1: The bit is cleared
Compare match/input capture A flag
Read 0: Compare match A/input capture A does not occur
0 CMAF R/IC 0 Read 1: Compare match A/input capture A occurs
Write 0: No change
Write 1: The bit is cleared
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17.2.4. TMCRn (Timer n Control Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TMCRO register. The
TMCR1 register’s setting does not affect the operation.

When TMOD3.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TMCR2 register. The
TMCRS3 register’s setting does not affect the operation.

Register TMCRO Timer0 Control Register Address OxFA04
Register TMCR1 Timerl Control Register Address OxFA05
Register TMCR2 Timer2 Control Register Address OxFA44
Register TMCR3 Timer3 Control Register Address OxFA45

Bit Bit Name | R/W | Initial Description Remarks

Underflow interrupt enable
0: Underflow interrupt is disabled
7 UDFIEN R/IW 0 1: Underflow interrupt is enabled

The bit is enabled in the phase counting mode.
Overflow interrupt enable
6 OVFIEN R/W 0 0: Overflow interrupt is disabled
1: Overflow interrupt is enabled
Compare match/input capture A interrupt enable
5 CMAIEN R/W 0 0: Compare match/input capture A interrupt is disabled
1: Compare match/input capture A interrupt is enabled
Compare match/input capture B interrupt enable
4 CMBIEN R/W 0 0: Compare match/input capture B interrupt is disabled
1: Compare match/input capture B interrupt is enabled
Compare match/input capture A event generation enable
3 EOAEN R/IW 0 0: Compare match/input capture A event generation is disabled
1: Compare match/input capture A event generation is enabled
Compare match/input capture B event generation enable
2 EOBEN R/IW 0 0: Compare match/input capture B event generation is disabled
1: Compare match/input capture B event generation is enabled
Timer automatic clearing enable
1 ACLEN R/IW 0 0: Timer automatic clearing is disabled
1: Timer automatic clearing is enabled
Selects timer clearing
0: Compare match/input capture A
1: Compare match/input capture B

0 ACLSEL R/W 0

When the ACLEN bit is set to 1, the counter is cleared at the timing
set by the ACLSEL bit.
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17.25. TMECRN (Timer n Event Clear Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TMECRO register. The
TMECRL register’s setting does not affect the operation.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TMECR2 register. The
TMECRS register’s setting does not affect the operation.

Register TMECRO Timer0 Event Clear Register Address 0xFA06
Register TMECR1 Timerl Event Clear Register Address OxFAO07
Register TMECR2 Timer2 Event Clear Register Address OxFA46
Register TMECR3 Timer3 Event Clear Register Address OxFA47
Bit Bit Name R/W Initial Description Remarks
TIC event counter clearing enable
7 TICCLRS R/W 0 0: Counter clearing is disabled
1: Counter clearing is enabled
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
PWM3 event counter clearing enable
3 P3CLRS R/W 0 0: Counter clearing is disabled
1: Counter clearing is enabled
PWM2 event counter clearing enable
2 P2CLRS R/W 0 0: Counter clearing is disabled
1: Counter clearing is enabled
PWM1 event counter clearing enable
1 P1CLRS R/W 0 0: Counter clearing is disabled
1: Counter clearing is enabled
PWMO event counter clearing enable
0 POCLRS R/W 0 0: Counter clearing is disabled
1: Counter clearing is enabled
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17.2.6. TEMODn (Timer n Extend Mode Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMRL1 operate according to the setting value of the TEMODO register. The
TEMODLI register’s setting does not affect the operation.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TEMOD?2 register. The
TEMODS3 register’s setting does not affect in the operation.

Register TEMODO Timer0 Extend Mode Register Address OxFA08
Register TEMOD1 Timerl Extend Mode Register Address O0xFA09
Register TEMOD2 Timer2 Extend Mode Register Address OxFA48
Register TEMOD3 Timer3 Extend Mode Register Address OxFA49
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.

Buffer mode enable
5 BUFMD R/W 0 0: Buffer mode is disabled

1: Buffer mode is enabled
Input filter enable
0: Input filter is disabled
4 FILEN R/W 0 (synchronization of 2-stage flip-flop (F/F))
1: Input filter is enabled
(importing by matching of 3 sampling data)
TIC input interrupt enable

3 TICIE R/W 0 0: TIC input interrupt is disabled
1: TIC input interrupt is enabled
2 RIW 0 Timer extension mode setting
000: Normal mode
1 RIW 0 001: Phase counting mode 1
EMOD 010: Phase counting mode 2
0 RIW 0 011: Phase counting mode 3

100: Phase counting mode 4
Other than above: Setting prohibited
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17.2.7. TICSO (Timer0 Input Capture Select Register)

Register TICSO Timer0 Input Capture Select Register Address OxFAQA
Bit Bit Name R/W Initial Description Remarks
7 RIW 0 TCMPB input capture setting
0000: Compare match register
6 RIW 0 0001: Reserved
5 R/W 0 0010: Reserved

0011: Compare match A of TMR1*
0100: Compare match B of TMR1*
0101: TIOB input event

0110: Reserved

CMPBCS 0111: Reserved

1000: Comparator0 event

4 R/W 0 1001: Comparatorl event

1010: Comparator2 event

1011: Comparator3 event

1100: Comparator4 event

1101: Comparator5 event

1110: Reserved

1111: Reserved

3 R/W 0 TCMPA input capture setting
0000: Compare match register

2 RIW 0 0001: Reserved

1 R/W 0 0010: Reserved

0011: Compare match A of TMR1*
0100: Compare match B of TMR1*
0101: TIOA input event

0110: Reserved

CMPACS 0111: Reserved

1000: Comparator0 event

0 R/W 0 1001: Comparatorl event

1010: Comparator2 event

1011: Comparator3 event

1100: Comparator4 event

1101: Comparator5 event

1110: Reserved

1111: Reserved

* Do not select in the cascade mode (TMODN.CASMD =1).
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17.2.8. TICS1 (Timerl Input Capture Select Register)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TICSO register. The
TICS1 register’s setting does not affect the operation.

Register TICS1 Timerl Input Capture Select Register Address OxFAOB
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 TCMPB input capture setting

0000: Compare match register
6 RIW 0 0001: Compare match A of TMRO
5 R/W 0 0010: Compare match B of TMRO

0011: Reserved

0100: Reserved

0101: TIOB input event
0110: Reserved
CMPBCS 0111: Reserved

1000: Comparator0 event
4 R/W 0 1001: Comparatorl event
1010: Comparator2 event
1011: Comparator3 event
1100: Comparator4 event
1101: Comparator5 event
1110: Reserved

1111: Reserved

3 R/W 0 TCMPA input capture setting

0000: Compare match register
2 RIW 0 0001: Compare match A of TMRO
1 R/IW 0 0010: Compare match B of TMRO

0011: Reserved

0100: Reserved

0101: TIOA input event
0110: Reserved
CMPACS 0111: Reserved

1000: ComparatorQ event
0 R/W 0 1001: Comparatorl event
1010: Comparator2 event
1011: Comparator3 event
1100: Comparator4 event
1101: Comparator5 event
1110: Reserved

1111: Reserved
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17.2.9. TICSn (Timer n Input Capture Select Register) (n =2 to 3)

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TICS2 register. The
TICS3 register’s setting does not affect the operation.

Register TICS2 Timer2 Input Capture Select Register Address OxFA4A
Register TICS3 Timer3 Input Capture Select Register Address OxFA4B
Bit Bit Name R/W Initial Description Remarks
7 R/W 0 TCMPB input capture setting

0000: Compare match register
6 RIW 0 0001: TMRO compare match A
5 R/W 0 0010: TMRO compare match B

0011: TMR1 compare match A
0100: TMR1 compare match B
0101: TIOB input event

0110: Reserved

CMPBCS 0111: Reserved

1000: ComparatorQ event

4 R/W 0 1001: Comparatorl event
1010: Comparator2 event
1011: Comparator3 event
1100: Comparator4 event
1101: Comparator5 event
1110: Reserved

1111: Reserved

3 R/W 0 TCMPA input capture setting
0000: Compare match register

2 RIW 0 0001: TMRO compare match A

1 R/IW 0 0010: TMRO compare match B

0011: TMR1 compare match A
0100: TMR1 compare match B
0101: TIOA input event

0110: Reserved

CMPACS 0111: Reserved

1000: ComparatorQ event

0 R/W 0 1001: Comparatorl event
1010: Comparator2 event
1011: Comparator3 event
1100: Comparator4 event
1101: Comparator5 event
1110: Reserved

1111: Reserved
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17.2.10. TXESn (Timer n External Event Select Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TXESO register. The
setting of the TXESL register does not affect the operation.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TXES2 register. The
TXES3 register’s setting does not affect the operation.

Register TXESO Timer0 External Event Select Register Address OxFAOC
Register TXES1 Timerl External Event Select Register Address OxFAOD
Register TXES2 Timer2 External Event Select Register Address OxFA4C
Register TXES3 Timer3 External Event Select Register Address OxFA4D
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 R/W 0 TIC input event setting
00: No event is selected

TICEVS 01: Falling edge

4 R/W 0

10: Rising edge
11: Both edge

3 R/W 0 TIOB input event setting
00: No event is selected
TIBEVS 01: Falling edge
2 RIW 0 10: Rising edge
11: Both edge
1 R/W 0 TIOA input event setting
00: No event is selected
TIAEVS 01: Falling edge
0 R/W 0

10: Rising edge
11: Both edge
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17.2.11. TPSNFn (Timer n Prescaler for Noise Filter Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TPSNFO register. The
setting of the TPSNF1 register does not affect in the operation.

When TMOD3.CASMD = 1, TMR2 and TMR3 operate according to the setting value of the TPSNF2 register. The
TPSNF3 register’s setting does not affect in the operation.

Register TPSNFO Timer0 Prescaler for Noise Filter Register Address OXFAOE
Register TPSNF1 Timerl Prescaler for Noise Filter Register Address OXFAOF
Register TPSNF2 Timer2 Prescaler for Noise Filter Register Address OXFA4E
Register TPSNF3 Timer3 Prescaler for Noise Filter Register Address OXFA4F
Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 R/W 0 Prescaler setting of noise filter
1 R/W 0 000: 1/1
001: 1/16
010: 1/128
011: 1/1024
100; 1/8192
101: 1/65536
NFPSCLC 110: 1/262144
0 R/W 0 111: 1/1048576
The sampling frequency of the input noise filter is the
product of the CLKFAST frequency multiplied by the above
setting value. For example, if CLKFAST = 60 MHz and
NFPSCLC = 0bl11, the sampling cycle is approximately
17.5 ms.
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17.2.12. TCMPALRN (Timer n Compare Match A Low) (n =0 to 3)

Register TCMPALO Timer0 Compare Match A Low Address OxFA10 0x04
Register TCMPAL1 Timerl Compare Match A Low Address OxFA12 0x0C
Register TCMPAL2 Timer2 Compare Match A Low Address OxFA50 0x14
Register TCMPAL3 Timer3 Compare Match A Low Address OxFA52 0x1C
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 R/IW 0
5 R/IW 0 )

Lower 8 bits of compare match A
4 RIW 0
3 CMPAL R/W 0 The CPU can read from/write to these bits using the

MOV X instruction only.
2 RIW 0
1 RIW 0
0 RIW 0

17.2.13. TCMPAHN (Timer n Compare Match A High) (n =0 to 3)

Register TCMPAHO Timer0 Compare Match A High Address OxFA1l 0x04
Register TCMPAH1 Timerl Compare Match A High Address OxFA13 ox0C
Register TCMPAH2 Timer2 Compare Match A High Address OxFA51 0x14
Register TCMPAH3 Timer3 Compare Match A High Address OxFA53 0x1C
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0 ) )

Higher 8 bits of compare match A
4 R/W 0
3 CMPAH R/W 0 The CPU can read from/write to these bits using the

MOV X instruction only.
2 R/W 0
1 R/W 0
0 R/W 0
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17.2.14. TCMPBLn (Timer n Compare Match B Low) (n =0 to 3)

Register TCMPBLO Timer0 Compare Match B Low Address OxFA14 0x05
Register TCMPBL1 Timerl Compare Match B Low Address OxFA16 0x0D
Register TCMPBL2 Timer2 Compare Match B Low Address OxFA54 0x15
Register TCMPBL3 Timer3 Compare Match B Low Address OxFA56 0x1D
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 R/IW 0
5 R/IW 0 )

Lower 8 bits of compare match B
4 RIW 0
3 CMPBL R/W 0 The CPU can read from/write to these bits using the

MOV X instruction only.
2 RIW 0
1 RIW 0
0 RIW 0

17.2.15. TCMPBHnN (Timer n Compare Match B High) (n =0 to 3)

Register TCMPBHO Timer0 Compare Match B High Address OxFA15 0x05
Register TCMPBH1 Timerl Compare Match B High Address OxFA17 0x0D
Register TCMPBH2 Timer2 Compare Match B High Address OxFA55 0x15
Register TCMPBHS3 Timer3 Compare Match B High Address OxFA57 0x1D
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0 ) )

Higher 8 bits of compare match B
4 R/W 0
3 CMPBH R/W 0 The CPU can read from/write to these bits using the

MOV X instruction only.
2 R/W 0
1 R/W 0
0 R/W 0
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17.2.16. TCNTLn (Timer n Counter Low) (n =0 to 3)

Register TCNTLO Timer0 Counter Low Address OxFA18
Register TCNTL1 Timerl Counter Low Address OxFAL1A
Register TCNTL2 Timer2 Counter Low Address OxFA58
Register TCNTL3 Timer3 Counter Low Address OxFALA
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0

6 R/IW 0

5 R/IW 0

4 RIW 0 _

3 TCNTL RIW 0 Lower 8 bits of the counter value

2 RIW 0

1 RIW 0

0 RIW 0

17.2.17. TCNTHn (Timer n Counter High) (n =0 to 3)

Register TCNTHO Timer0 Counter High Address O0xFA19
Register TCNTH1 Timerl Counter High Address OxFA1B
Register TCNTH2 Timer2 Counter High Address OxFA59
Register TCNTH3 Timer3 Counter High Address OxFA5B
Bit Bit Name R/W Initial Description Remarks
7 R/W 0

6 R/W 0

5 R/W 0

4 R/W 0

3 TCNTH S 0 Higher 8 bits of the counter value

2 R/W 0

1 R/IW 0

0 R/IW 0
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17.2.18. TBUFALRN (Timer n Buffer A Low) (n =0 to 3)

Register TBUFALO Timer0 Buffer A Low Address O0xFA20 0x06
Register TBUFAL1 Timerl Buffer A Low Address OxFA21 Ox0E
Register TBUFAL2 Timer2 Buffer A Low Address O0xFA60 0x16
Register TBUFAL3 Timer3 Buffer A Low Address OxFA61 Ox1E
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 R/IW 0
5 R/IW 0 )
Lower 8 bits of buffer A
4 R/W 0
3 BUFAL R/W 0 The CPU can read from/write to these bits using the
MOV X instruction only.
2 R/W 0
1 R/W 0
0 RIW 0

17.2.19. TBUFAHN (Timer n Buffer A High) (n =0 to 3)

Register TBUFAHO0 Timer0 Buffer A High Address O0xFA22 0x06
Register TBUFAH1 Timerl Buffer A High Address O0xFA23 Ox0E
Register TBUFAH2 Timer2 Buffer A High Address OxFAG62 0x16
Register TBUFAH3 Timer3 Buffer A High Address OxFA63 Ox1E
Bit Bit Name R/W Initial Description Remarks
7 RIW 0
6 RIW 0
5 RIW 0 ) )
Higher 8 bits of buffer A
4 R/W 0
3 BUFAH R/W 0 The CPU can read from/write to these bits using the
MOV X instruction only.
2 R/W 0
1 R/W 0
0 R/W 0
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17.2.20. TBUFBLnN (Timer n Buffer B Low) (n =0 to 3)

Register TBUFBLO Timer0 Buffer B Low Address OxFA24 0x07
Register TBUFBL1 Timerl Buffer B Low Address OxFA25 Ox0F
Register TBUFBL2 Timer2 Buffer B Low Address OxFA64 0x17
Register TBUFBL3 Timer3 Buffer B Low Address OxFA65 Ox1F
Bit Bit Name R/W Initial Description Remarks
7 R/IW 0
6 R/IW 0
5 R/IW 0 )
Lower 8 bits of buffer B
4 RIW 0
3 BUFBL R/W 0 The CPU can read from/write to these bits using the
MOV X instruction only.
2 RIW 0
1 RIW 0
0 RIW 0

17.2.21. TBUFBHnN (Timer n Buffer B High) (n =0 to 3)

Register TBUFBHO Timer0 Buffer B High Address O0xFA26 0x07
Register TBUFBH1 Timerl Buffer B High Address OxFA27 OxOF
Register TBUFBH2 Timer2 Buffer B High Address OxFAG6 0x17
Register TBUFBH3 Timer3 Buffer B High Address OxFA67 Ox1F
Bit Bit Name R/W Initial Description Remarks
7 R/W 0
6 R/W 0
5 R/W 0 ) )
Higher 8 bits of buffer B
4 R/W 0
3 BUFBH R/W 0 The CPU can read from/write to these bits using the
MOV X instruction only.
2 R/W 0
1 R/W 0
0 R/W 0
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17.2.22. TOACRN (Timer n TIOA Output Control Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMR1 operate according to the setting value of the TOACRO register. The
setting value of the TOACRL register does not affect. In addition, TMR2 and TMR3 operate according to the setting
value of the TOACR?2 register. The setting value of the TOACRS register does not affect.

Register TOACRO Timer0 TIOA Output Control Register Address OxFA30
Register TOACR1 Timerl TIOA Output Control Register Address OxFA31
Register TOACR2 Timer2 TIOA Output Control Register Address OxFAT70
Register TOACR3 Timer3 TIOA Output Control Register Address OxFA71
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 R/W 0 TIOA output level setting when TCNT is cleared or
overflows
00: No change
4 TOCLR R/W 0 01: The output level is set to low
10: The output level is set to high
11: Toggle
3 R/W 0 TIOA output level setting at TCMPA matching
00: No change
TOCMPA 01: The output level is set to low
2 RIW 0 10: The output level is set to high
11: Toggle
1 W 0 TIOA initial output level setting
00: No change
01: The output level is set to low
10: The output level is set to high
TOINI* 11: Setting prohibited
0 w 0
The read value is always 0.
The setting of the bit has the highest priority over the pin
settings of any other events.

*When TMRO and TMRL are in the cascade mode, the initial output levels of TIOAO and TIOAL are determined by the
setting of the TOACRO.TOINI bit. In addition, when TMR2 and TMR3 are in the cascade mode, the initial output
levels of TIOA2 and TIOAS are determined by the setting of the TOACR2.TOINI bit.
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17.2.23. TOBCRn (Timer n TIOB Output Control Register) (n =0 to 3)

When TMOD1.CASMD =1, TMRO and TMR1 operate according to the setting value of the TOBCRO register. The
setting value of the TOBCRL1 register does not affect. In addition, TMR2 and TMR3 operate according to the setting
value of the TOBCRR2 register. The setting value of the TOBCR3 register does not affect.

Register TOBCRO Timer0 TIOB Output Control Register Address 0xFA32
Register TOBCR1 Timerl TIOB Output Control Register Address O0xFA33
Register TOBCR2 Timer2 TIOB Output Control Register Address OxFAT2
Register TOBCR3 Timer3 TIOB Output Control Register Address OxFAT73
Bit Bit Name R/W Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 RIW 0 TIOB output level setting when TCNT is cleared or
overflows
00: No change
4 TOCLR R/W 0 01: The output level is set to low
10: The output level is set to high
11: Toggle
3 R/W 0 TIOB output level setting at TCMPB matching
00: No change
TOCMPB 01: The output level is set to low
2 RIW 0 10: The output level is set to high
11: Toggle
1 W 0 TIOB initial output level setting
00: No change
01: The output level is set to low
10: The output level is set to high
TOINI* 11: Setting prohibited
0 w 0 .
The read value is always 0.
The writing by change of the TIOB output level has a
higher priority than any other compare match that the
output level is changed.

*When TMRO and TMRL are in the cascade mode, the initial output levels of TIOBO and TIOBL1 are determined by the
setting of the TOBCRO.TOINI bit. In addition, when TMR2 and TMR3 are in the cascade mode, the initial output
levels of TIOB2 and TIOB3 are determined by the setting of the TOBCR2.TOINI bit.
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17.2.24. TPCISn (Timer n Phase Counting Input Select Register) (n =0 to 3)

When TMOD1.CASMD = 1, TMRO and TMRL1 operate according to the setting value of the TPCISO register. The
setting value of the TPCIS1 register is ignored. In addition, TMR2 and TMR3 operate according to the setting value of
the TPCIS2 register. The setting value of the TPCIS3 register is ignored.

Register TPCISO Timer0 Phase Counting Input Select Register Address OxFA34
Register TPCIS1 Timerl Phase Counting Input Select Register Address OxFA35
Register TPCIS2 Timer2 Phase Counting Input Select Register Address OxFA74
Register TPCIS3 Timer3 Phase Counting Input Select Register Address OXFAT75
Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 Reserved R 0 The read value is 0. The write value must always be 0.
TIOB input selection
0: TIOB input pin
1 TIBSEL RIW 0 1: Comparator output
The bit is referred to when the phase counting mode is used
(see Table 17-4).
TIOA input selection
0: TIOA input pin
0 TIASEL RIW 0 1: Comparator output
The bit is referred to when the phase counting mode is used
(see Table 17-4).

Table 17-4. Correspondence between Channel and Comparator Output in Phase Counting Mode

TMR Channel TOIA Input (TIASEL = 1) TIOB Input (TIBSEL = 1)
TMRO Comparator4 output Comparator5 output
TMR1 — —

TMR2 Comparator0 output Comparatorl output
TMR3 Comparator2 output Comparator3 output
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17.3. Operation

17.3.1. 16-bit Register Access

When reading from or writing to the TCNTxn, TCMPxxn, or TBUFxxn register, read from or write to the lower 8-bit
register and the corresponding higher 8-bit register continuously.

e TCNTxn Register

- Writing:
The data written to the TCNTLn register (lower 8 bits) is temporarily buffered. The buffered lower 8 bits is
simultaneously written to the counter with writing to the TCNTHn register (higher 8 bits).

- Reading:
When reading the TCNTLn register (lower 8 bits), the value of the TCNTHn register (higher 8 bits) is buffered.
When reading the TCNTHDn register, the buffered data is read.

e TCMPxxn and TBUFxxn Registers

The TCMPxxn and TBUFxxn registers are mapped to both the XDATA BUS and the SFR BUS areas. The
TCMPxxn and TBUFxxn registers are 16-bit width. In the XDATA area, the lower 8-bit and higher 8-bit registers are
mapped to continuous addresses. The mapping order is little endian. In the SFR BUS area, the lower 8-bit and higher 8-
bit registers are mapped to the same address. These registers can be accessed from the DSAC or the EPU by the 16-bit
access method only. The CPU can be read from or written to using the MOVX instruction only. When the CPU
accesses to the TCMPxxn and TBUFxxn registers by the 8-bit access method, the following ways are used:

- Writing:
The data written to the TCMPxLn or the TBUFXLn register (lower 8 bits) is temporarily buffered. The buffered lower
8-bit data is simultaneously written to the TCMPxLn or TBUFXLn register with writing to the TCMPxHn or the
TBUFxHN register (higher 8 bits).

- Reading:
When reading the TCMPxLn or TBUFxLn register (lower 8 bits), the value of the TCMPxHn or TBUFxHn register
(higher 8 bits) is buffered. When reading from the TCMPxLn or the TBUFxHn register (higher 8 bits), the buffered
data is read.

17.3.2. Counter Operation

When the TMODNn.TMREN bit is set to 1, the 16-bit counter (TCNT) starts counting from the values set in the
TCNTLn and TCNTHn registers. The initial value of the TCNT is 0x0000.

When the write access to the TCNT and the overflow of the TCNT simultaneously occur, the write access takes
priority. The priority of the counter operation is as follows:

Writing to the TCNT by a program > clearing of the TCNT > counting up/down

17.3.3. Compare Match Operation

The compare match generates an event when the value of the 16-bit counter (TCNT) matches the setting value of the
TCMPA or the TCMPB. The value of TCMPA is set to the TCMPALnN and TCMPAHN registers. The value of TCMPB
is set to the TCMPBLn and TCMPBHn registers.

When the TMODn.CMPAEN bit is set to 1, the operation of compare match A is enabled. When the
TMODN.CMPBEN bit is set to 1, the operation of compare match B is enabled.

When compare match A is detected, the TMSRN.CMAF bit is set to 1. When compare match B is detected, the
TMSRN.CMBF bit is set to 1. An event and an interrupt can be generated at the timing that compare match is detected
(For details, see Section 17.3.14). When the writing to the compare match registers and the compare match
simultaneously occur, the compare match takes priority..
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. _____________________________________________________________________________________________________________________________|
17.3.4. Compare Match Output

Each channel of the TMR has 2 types of compare match output (TIOAn and TIOBn).

When the TCMPA register (the TCMPALN and TCMPAHN registers) is operated as a register for compare match, the
output level of the TIOAN pin can be changed by the following events: The compare match of the TCMPA register, and
the overflow or clearing of the 16-bit counter (TCNT). The initial value of the TIOAnN pin output is defined by the
TOACRN.TOINI bits. The output level of the TIOAn pin after the compare match is defined by the
TOACRN.TOCMPA bits. The output level of the TIOAnN pin after the overflow or clearing of TCNT is defined by the
TOACRN.TOCLR bits.

When the TCMPB register (the TCMPBLn and TCMPBHn registers) is operated as a register for compare match, the
output level of the TIOBN pin can be changed by the following events: The compare match of the TCMPB register, and
the overflow or clearing of the TCNT. The initial value of the TIOBn pin output is defined by the TOBCRn.TOINI bits.
The output level of the TIOBN pin after the compare match is defined by the TOBCRn.TOCMPB bits. The output level
of the TIOBnN pin after the overflow or clearing of TCNT is defined by the TOBCRn.TOCLR bits.

When a clearing event and a writing 0x0000 to the TCNT simultaneously occur, the TCNT is changed to 0x0000 by
writing, and the levels of the TIOAn and TIOBn pins are also changed.

The priority of the output level setting is as follows:

e TIOAN: TOACRN.TOINI bits > overflow or clearing of TCNT > compare match A
e TIOBn: TOBCRN.TOINI bits > overflow or clearing of TCNT > compare match B

TCNT Value

A

OXFFRF b o oo e e

TCMPB

TCMPA

TIOAn |
TIOBN \_’ \_’

a) TMCRn.ACLEN = 0b0, TOACRn.TOCMPA = 0b01, TOACRn.TOCLR = 0b10,
TOBCRN.TOCMPB = 0b01, TOBCRn.TOCLR = 0b10

TCNT Value

A

R )

L

TCMPB

TCMPA

TIoAn | ] ] B
TIOBn —,—\_

b) TMCRn.ACLEN = 0b1, TMCRn.ACLSEL = 0bl, TOACRn.TOCMPA = 0b01,
TOACRN.TOCLR = 0b10, TOBCRn.TOCMPB = 0b11, TOBCRn.TOCLR = 0b11

Figure 17-2. Compare Match Output Operation
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17.3.5. Automatic Clearing

The 16-bit counter (TCNT) is cleared by generating compare match. When TMCRn.ACLEN bit is set to 1, the
clearing operation of the TCNT by compare match can be enabled. To automatically clear the TCNT by the compare
match A or B, set the TMCRn.ACLSEL bit to 0 or 1, respectively. When automatic clearing is disabled, the TCNT
counts up to OXFFFF, and then it is changed to 0x0000. In addition, the TMSRn.OVF bit that indicates overflowing of
the TCNT is setto 1.

17.3.6. PWM Event Clearing

To clear the 16-bit counter (TCNT) by the TMR clearing event of PWMO0, PWM1, PWM2, and PWM3, set
TMECRN.PXCLRS =1 (x = 0 to 3: channel numbers of the PWM).

17.3.7. TIC Input Event Clearing

To clear The 16-bit counter (TCNT) by the TICn input event, set TMECRN. TICCLRS = 1. The TICn input event is
defined by the TXESn.TICEVS bits. Clearing operation by the TICn input event is synchronized with the CLKFAST.
This is not synchronized with the timing of counting up of the prescaler and the timing of counting up or down in the
phase counting mode.

17.3.8. 32-bit Counter Mode (Cascade Mode)

In the cascade mode, the 2 counters connected in series operate as a 32-bit counter. The cascade mode can be used in
the normal mode and the phase counting mode. When the TMOD1.CASMD bit is set to 1, the 16-bit counter (TCNT) of
the TMRO becomes the lower 16-bit counter, and the TCNT of the TMR1 becomes the higher 16-bit counter. When the
TMOD3.CASMD bit is set to 1, the TCNT of the TMR2 becomes the lower 16-bit counter, and the TCNT of TMR3
becomes the higher 16-bit counter.

In the cascade mode, the timer operates according to the register settings of small number channels. The register
settings of large number channels are ignored. For the cascade mode of the TMRO and TMR1, the setting of the TMRO
is effective. For the cascade mode of the TMR2 and TMRS3, the setting of the TMR2 is effective.

The TMSRn register that indicates the TMR status is reflected in the cascaded 2 channels. The flag must be cleared
for each channel.

For the input pin, the pin of the smaller number channel out of the cascaded pair channels is used. The output pins of
both the channels are set by the smaller number channel of the cascaded pair channels. The same signal is output from
the output pins of both the channels.

An interrupt and an event are set by the smaller number channel of the cascaded pair channels, and output from both
the channels.
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17.3.9. Compare Match Timing

Figure 17-3 shows the timing of a compare match.

CLKTIM

(=CLKFAST)

TMREN ]

Count Enable [ [ [ [ [ ] [ ]

(Counting signal for prescaler or phase counting mode)

TCNT [ 0x0000 [ 0x0001 [ 0x0002 [ 0x0003 [ 0x0000 [ 0x0001 |

TCMPA [ 0x0001 |

TCMPB [ 0x0003 |

MATCHA 1 ]

MATCHB ]

CMAF |

CMBF f

Event A |—| / T

Event B [ ] / /

| / [—
cweal] ool

TMODNn.TMRIE =1, TMCRn.EOAEN =1, TMCRn.EOBEN =1

Figure 17-3. Compare Match Timing

When the TMODN. TMREN bit is set to 1, the 16-bit counter (TCNT) is counted up from a preset value. The initial
value of the TCNT is 0x0000. The TMODN.PRSCL bits determine the count-up timing of the TCNT or the count-down
timing of the TCNT in the phase counting mode.

Figure 17-3 shows an operation when dividing CLKFAST by 4 is selected. This operation is described as follows:

e When the TCNT matches the value of the TCMPA register (the TCMPALnN and TCMPAHN registers), the
TMSRN.CMAF bit is set at the next update timing of the TCNT.

e When TCNT matches the value of the TCMPB register (the TCMPBLn and TCMPBHN registers), the
TMSRn.CMBEF bit is set at the next update timing of the TCNT.

e The compare match interrupt (INT_N) occurs at the same time as the TMSRn.CMAF bit or the TMSRn.CMBF bit is
set.

e When the TCNT matches the TCMPB register during TMCRn.ACLEN =1 and TMCRn.ACLSEL =1, the
TCNTLn/Hn register is cleared at the next update timing of the TNCT.

e When the TMCRN.EOAEN is set to 1, the Event A is output at the timing that the TMSRn.CMAF bit is set.

e When the TMCRN.EOBEN is set to 1, the Event B is output at the timing that the TMSRn.CMBF bit is set.
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17.3.10. Input Capture Mode

In the input capture mode, the 16-bit counter (TCNT) value is imported to the TCMPA register (the TCMPALn and
TCMPAHRN registers) or TCMPB (the TCMPBLn and TCMPBHDN registers) register by the selected event.

The operation mode of the TCMPA register is determined by the TICSn.CMPACS bits. When the TICSn.CMPACS
bits are set to other than 0b000, the TCMPA register operates in the input capture mode. When the event selected by the
TICSn.CMPACS bits is received, the TCNT value is imported to the TCMPA register. When TICSN.CMPACS = 0b011,
the TCMPA register performs an input capture operation by the TIOAn input event. The TIOAn input event is defined
by the TXESn.TIAEVS bits.

The operation mode of the TCMPB register is determined by the TICSn.CMPBCS bits. When the TICSn.CMPBCS
bits are set to other than 0b000, the TCMPB register operates in the input capture mode. When the event selected by the
TICSn.CMPBCS bits is received, the TCNT value is imported to the TCMPB register. When TICSn.CMPBCS = 0b011,
the TCMPB register performs an input capture operation by the TIOBn input event. The TIOBn input event is defined
by the TXESn. TIBEVS bits.

An interrupt or an event can be output at the input capture operation of the TCMPA/B register. Enabling or disabling
of interrupts or events is determined by the TMCRn register.

To clear the TCNT at the input capture operation, set the TMCRN.ACLEN bit = 1. The event to clear TCNT is
defined by the TMCRn.ACLSEL bit.

In the input capture function, the value is imported synchronized with the CLKFAST, and is without depending on
the prescaler or the phase counting enable. In the same way, data transfers from the TCMPA/B register to the TBUFA/B
register (the TBUFALN and TBUFAH registers, or the TBUFBLn and TBUFBHN registers) in the buffer mode is
performed in synchronization with the CLKFAST.

CLKTIM

(=CLKFAST)

TMREN ]
Count Enable [ 1 [ [ [ [ [

(counting signal for pre-scaler or phase counting mode)

TCNT [ 0x0000 [ 0x0001 [ . 0x0002 [ ox0003 [ 0x0000 | 0x0001 [ 0x0002 |

Input capture A

Input capture B

e
;/
L

TCMPA [ [ 0x0002 |

TCMPB [ 0x0003 |

CMAF |

CMBF f

Event A |_| /

Event B ’—| / /

INT_N / / [
crme o] cwor o]

TMODN.TMRIE =1, TMCRn.EOAEN =1, TMCRn.EOBEN =1

Figure 17-4. Input Capture Timing
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17.3.11. Buffer Mode

The TBUFALn/Hn and TBUFBLn/Hn registers operate as a buffer for the TCMPALn/Hn and TCMPBLNn/Hn
registers, respectively. To operate the buffer mode, set TEMODN.BUFMD = 1. The operation in the buffer mode is as
follows:

e When TCMPALN/Hn is the compare match register:
When TCNTLn/Hn is cleared or overflows, the value of the TBUFAL/Hn register is transferred to the TCMPALRN/HN
register.

e When TCMPALN/Hn is the input capture register:
When an input capture event of TCMPALN/Hn is generated, the value of the TCMPAL/Hn register is transferred to
the TBUFALN/Hn register.

e When TCMPBLn/Hn is the compare match register:
When TCNTLn/Hn is cleared or overflows, the value of the TBUFBL/Hn register is transferred to the TCMPBLn/Hn
register.

e When TCMPBLN/Hn is the input capture register:
When an input capture event of TCMPBLn/Hn is generated, the value of the TCMPBLN/Hn register is transferred to
the TBUFBLnN/Hn register.

17.3.12. Phase Counting Mode

The phase counting mode is a mode to count up/down the 16 bit counter (TCNT) according to the input states of the
TIOAnN and TIOBn pins. This mode can be selected from the following 4 modes.

- Phase counting mode 1: TEMODn.EMOD = 0b001
- Phase counting mode 2: TEMODn.EMOD = 0b010
- Phase counting mode 3: TEMODn.EMOD = 0b011
- Phase counting mode 4: TEMODn.EMOD = 0b100

The output signal from the comparator can be used in place of the signal of the TIOAn and TIOBn input pins. To use
the output of the comparator in place of the signal of the TIOAnN input pin, set TPCISN.TIASEL = 1. To use the output
of the comparator in place of the signal of the TIOBn input pin, set TPCISn.TIBSEL = 1. For the comparator output
corresponding to the TMR channels, see Table 17-4.

Figure 17-5 to Figure 17-8 show the operations in phase counting mode 1 to 4, respectively. Table 17-5 to Table 17-8
shows the conditions for counting-up/down in these modes, respectively.
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e Phase Counting Mode 1

TIOAN

TIOBn

TCNT Value

Figure 17-5. Operation in Phase Counting Mode 1

Table 17-5.  Condition for Counting-up/down in Phase Counting Mode 1

TIOAN TIOBnN Counter Operation

High level Rising edge

Low level Falling edge "

Rising edge Low level

Falling edge High level

High level Falling edge

Low level Rising edge 1

Rising edge High level

Falling edge Low level
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e Phase Counting Mode 2

TOAN Ty T Ty T

TIOBn I

TCNT Value

A

Figure 17-6. Operation of Phase Counting Mode 2

Table 17-6.  Condition for Counting-up/down in Phase Counting Mode 2

TIOAN TIOBnN Counter Operation
High level Rising edge
Low level Falling edge No operation
Rising edge Low level
Falling edge High level +1
High level Falling edge
Low level Rising edge No operation
Rising edge High level
Falling edge Low level -1
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e Phase Counting Mode 3

TIOAN N e A e A
TIOBN y Y v

TCNT Value

A

_ |
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Figure 17-7. Operation in Phase Counting Mode 3

Table 17-7. Condition for Counting-up/down in Phase Counting Mode 3

TIOAN TIOBnN Counter Operation
High level Rising edge
Low level Falling edge No operation
Rising edge Low level
Falling edge High level +1
High level Falling edge -1
Low level Rising edge
Rising edge High level No operation
Falling edge Low level
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e Phase Counting Mode 4

TIOAN

TioBn __ {4 F} f VS I A

TCNT Value

v
—

Figure 17-8. Operation in Phase Counting Mode 4

Table 17-8. Condition for Counting-up/down in Phase Counting Mode 4

TIOAN TIOBnN Counter Operation
High level Rising edge L
+

Low level Falling edge
Rising edge Low level .

- - No operation
Falling edge High level
High level Falling edge L
Low level Rising edge
Rising edge High level ]

- No operation
Falling edge Low level
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17.3.13. Noise Filter of Input Pins

Each input pin has a noise filter. To enable the noise filter, set TEMODN.FILEN = 1. The noise filter samples the
input signal, and holds recent 3 values. The sampling frequency is determined by the TPSNFn register (see Section
17.2.11). When 3 samples are the same value, the input level is imported to the internal TMR logic. When the noise
filter is disabled (TEMODN.FILEN = 0), the input signal is synchronized with the CLKFAST by 2 flip-flop circuits.

17.3.14. Events and Interrupts

The TMRn outputs one interrupt to the CPU and 2 events to the peripheral modules for each channel. When the
TMODN.TMRIE bit is set to 1, an interrupt request is output to the CPU at the selected interrupt source generation.
There are 5 types of interrupt sources as follows:

- When the TMCRn.CMAIEN bit is set to 1, an interrupt output is allowed at the compare match of the TCMPA or the
input capture generation.

- When the TMCRn.CMBIEN bit is set to 1, an interrupt output is allowed at the compare match of the TCMPB or the
input capture generation.

- When the TMCRN.OVFIEN bit is set to 1, an interrupt output is allowed at overflow of the TCNT.

- When the TMCRNn.UDFIEN bit is set to 1, an interrupt output is allowed at underflow of the TCNT. This occurs only
in the phase counting mode.

- When the TEMODN.TICIE bit is set to 1, an interrupt output is allowed at the TIC input event detection.

The TMSRn register is a status register indicating generation of each interrupt source. To clear this status, write 1 to
the bit to be cleared.

Table 17-9 shows the conditions to use event outputs or interrupt outputs. The Event A and Event B are independent
of each other; so, if the generation condition of the 2 events is simultaneously satisfied, these events are simultaneously
output.

Table 17-9.  Condition to Output Event or Interrupt

Condition Event A Event B Interrupt
TCMPA Compare Match Usable — Usable
TCMPAB Compare Match — Usable Usable
TCMPA Input Capture Usable — Usable
TCMPAB Input Capture — Usable Usable
TCNT Overflow — — Usable
TCNT Underflow — — Usable
TCNT Clearing by Inputting TICn — — Usable
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17.3.15. Basic Setting

| Using Channel n only |
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Figure 17-9. Flowchart
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18. Serial Peripheral Interface (SPI)

18.1. Overview

The serial peripheral interface (SPI) operates in clock-synchronous and full-duplex serial communications. An
external processor and a peripheral system can communicate via the SPI.

Table 18-1.  SPI Functional Descriptions

Item Description

e Serial communications: Master mode or slave mode

e Signal of SPI serial communications: MOSI (master out slave in), MISO (master in slave
out), SCK (SPI clock)

e Select (SS_N) signal:
When the LSI is a slave device, the SS_N signal can be processed by a hardware.
When the LSI is a master device, the SS_N signal is generated by the CPU.

e Clocks for the SPI data transmission/reception is enabled for SPI clock edges (both rising
edge and falling edge).

e Selectable clock pin level in SPI idle state.

e TXFIFO and RXFIFO have 2 stages, respectively.

e Transmission data buffer: 16 bits x 2 lines

e Reception data buffer: 16 bits x 2 lines

TX and RX Functions

e Order of data transfer bit: MSB first or LSB first

Data Format e Transfer data length: 6 bits to 16 bits

SPI Clock e SPI clock frequency range: f/4 to /1024

Error Detection e FIFO overrun error

e Independent interrupt for transmission or reception
e SPI reception interrupts:

Reception data exists on buffer.

FIFO errors (buffer underflow and buffer overflow)
e SPI transmission interrupts:

Transmission buffer is not full.

Transmission completion

FIFO errors (buffer underflow and buffer overflow)

Interrupt Source

e When the SPI is set to a master device, and is disabled to transmit, transmission data is not
output (high-Z).

e When the SPI is set to a slave device, the SS_N pin is used for selecting SPI. Transmission
data is output only during the SPI selection. In the other status, the SS_N pin is high-Z.

Others
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SPI_TRANSFER
SPI_PRESCALER MASTER

PSOUT
IZ Counter TXFIFO

[ ]

Sl

shift_reg
7y

SCK_OUT
JrrruLL |TFEMPTY {mstr} ST™
RXFIFO FIFO_write SLAVE SO
I:I < MASTER/SUAVE
b |
— o
1 A e
S g
{mstr} £ EI
|RFFULL |RFEMPTY g @«
[E]
g « <H
9| Counter SCK_IN
< SS N
SPI_ REG_WR
- = SPI_INT
L oseicr | |
SPICR B> SPISR | INT_TX

SPI_INT is shown in Section
I; SPICLK :_ﬁ; SPIESR I 18.3. Interrupt Generation

—
> SPIFMT E SPIIER INT_RX
> SPIDRUH

Sl: Serial Input SO: Serial Output
SCK: Serial Clock SS_N: Slave Select

Figure 18-1. SPI Block Diagram

18.2. Register Descriptions

Table 18-2. List of Registers

Symbol Name Address Initial Value
SPICR SPI Control Register 0xFB80 0x00
SPICLK SPI Clock Divider Register 0xFB81 0x00
SPIFMT SPI Data Format Register 0xFB82 0x00
SPISR SPI Status Register 0xFB84 0x05
SPIESR SPI Error Status Register 0xFB85 0x00
SPIIER SPI Interrupt Enable Register 0xFB86 0x00
SPIDRL SPI Data Register Low 0xFB88 0x00
SPIDRH SPI Data Register High 0xFB89 0x00
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18.2.1. SPICR (SPI Control Register)

Register SPICR SPI Control Register Address 0xFB80

Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.

SPI communication enable

0: SPI communication is disabled
5 SPE RIW 0 1: SPI communication is enabled
Data is transferred only when the bit is set to 1 and the SPI core
is enabled.
Selection of master mode or salve mode

0: Slave mode

1: Master mode

4 MSTR R/W 0

When the bit is set to 1, the SPI is a master device. When the
bit is cleared, the SPI is a slave device.

Clock polarity

3 CPOL R/W 0 The bit and the CPHA bit determine the transfer mode.
For details, see Table 18-3.

Clock phase

2 CPHA R/W 0 The bit and the CPOL bit determine the transfer mode.
For details, see Table 18-3.

TX operation enable setting

1 TXEN R/W 0 0: TX operation is enabled.

1: TX operation is disabled.

RX operation enable setting

0 RXEN R/W 0 0: RX operation is enabled.

1: RX operation is disabled.

18.2.1.1. The TXEN and RXEN Bits

In the master and slave modes, the TXEN and RXEN bits operate differently as follows:

e Transmission

- When SPI is Master Mode
When TXEN =1 or RXEN =1, the SPI operates. However, in RXEN =1, it is required to write a dummy transmission
data in the TXFIFO to operate the SPI.

- When SPI is Slave Mode
When a transmission starts at TXEN = 1 and TXFIFO = empty, the underflow flag of the TXFIFO is set to 1. If only
RXEN bit is set to 1, the underflow flag of the TXFIFO is not set to 1 because the data is not transmitted from the
TXFIFO.

e Reception
When the RXEN bit is set to 1 in both master and slave modes, a reception data is stored in the RXFIFO. When all
transmission/reception to the RXFIFO are completed in RXEN = 1, the RXFIFO overflow flag is set to 1.
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.|
18.2.1.2. The CPOL and CPHA Bits

The clock polarity and clock phase are defined by the CPOL and CPHA bits, respectively.
Selectable 4 SPI modes have different combination of a data setup and a data sampling timings. Table 18-3 shows the
settings of CPOL and CPHA bits for the SPI mode. Figure 18-2 shows the timing of each SPI mode.

Table 18-3.  Settings of CPOL and CPHA Bits

CPOL Bit CPHA Bit Rising Edge Falling Edge I\/?golle
0 0 Sampling at SCK rising edge Sgg;pllng setup at SCK falling 0
0 1 Sampling setup at SCK rising edge Sampling at SCK falling edge 1
1 0 Sampling at SCK falling edge Sampling setup at SCK rising edge 2
1 1 Sampling setup at SCK falling edge | Sampling at SCK rising edge 3
, ,Sampling
SCK EEpEnipEpEnEpEnEnEpEnEn SN
(SP1 Mode 0) o
SCK EREpEpEpipipipipEpEpEnEnN N

(SPIMode2) | |

syso K BIX DX D3 X DaxXD5 X6 X XXX X__X__X_

SCK S I I I O O

(SPIMode 1) 1+

SCK N Y I I O O I O

(SPIMode 3) 1

suso  XBLXBZXBEXBEXBEXBEX X X X XXX

Figure 18-2. Timing of Each SPI Mode.
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18.2.2. SPICLK (SPI Clock Divider Register)

Register SPICLK SPI Clock Divider Register Address OxFB81

Bit Bit Name R/W Initial Description Remarks
R/W 0
RIW
RIW
RIW
RIW
RIW
R/W
R/W

SPI clock rate (only available in master mode)
SCK = CLK/4 (CLKDIV + 1)

CLKDIV

O, N W|Pdlo|lO |

oOo|jlojlo|lo|lo|O| O

18.2.3. SPIFMT (SPI Data Format Register)

Register SPIFMT SPI Data Format Register Address 0xFB82
Bit Bit Name R/W | Initial Description Remarks
Order of data transfer bit
7 LSB R/W 0 0: MSB first
1: LSB first
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.
4 Reserved R 0 The read value is 0. The write value must always be 0.
3 Reserved R 0 The read value is 0. The write value must always be 0.
2 RIW 0 Transfer word length setting
000: 6 bits
1 RIW 0 001: 7 bits
010: 8 bits
WORD 011: 9 bits
100: 12 bits
0 RIW |0 101: 14 bits
110: 16 bits
111: Reserved
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18.2.4. SPISR (SPI Status Register)

Register SPISR SPI Status Register Address 0xFB84

Bit Bit Name R/W | Initial Description Remarks

Transfer completion flag
Read 0: Transfer is not completed
Read 1: Transfer is completed
Write 0: No change
Write 1: The bit is cleared

7 TEND R/C 0

If TXFIFO = empty, the transfer completion flag is set when
the transfer block is completed. When SPISR.TEND = 1 and
SPIIER.TXENDIE = 1, an interrupt is generated. To clear the
bit, write 1 to the bit.

6 Reserved R 0 The read value is 0. The write value must always be 0.

5 Reserved R 0 The read value is 0. The write value must always be 0.

4 Reserved R 0 The read value is 0. The write value must always be 0.

TXFIFO full status
3 TFFULL R 0 0: TXFIFO is not full
1: TXFIFO is full
TXFIFO empty status
2 TFEMPTY R 1 0: TXFIFO is not empty
1: TXFIFO is empty
RXFIFO full status
1 RFFULL R 0 0: RXFIFO is not full
1: RXFIFO is full
RXFIFO empty status
0 RFEMPTY R 1 0: RXFIFO is not empty
1: RXFIFO is empty
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18.2.5. SPIESR (SPI Error Status Register)

Register SPIESR SPI Error Status Register Address 0xFB85
Bit Bit Name R/W Initial Description Remarks

Reserved 0 The read value is 0. The write value must always be 0.

Reserved The read value is 0. The write value must always be 0.

|0 |W| O

7
6 0
5 Reserved 0 The read value is 0. The write value must always be 0.
4 0

Reserved The read value is 0. The write value must always be 0.

TXFIFO overflow flag
Read 0: Overflow is not detected
Read 1: Overflow is detected
Write 0: No change

3 TOVF R/C 0 Write 1: The bit is cleared

When the SPIDR register is written during TXFIFO = full, the
TXFIFO overflow flag is set. To clear the TXFIFO overflow
flag, write 1 to the bit.
TXFIFO underflow flag

Read 0: Underflow is not detected

Read 1: Underflow is detected

Write 0: No change
2 TUDF R/IC 0 Write 1: The bit is cleared

When data is transferred during TXFIFO = empty, the
TXFIFO underflow flag is set. To clear the TXFIFO
underflow flag, write 1 to the bit.
RXFIFO overflow flag

Read 0: Overflow is not detected

Read 1: Overflow is detected

Write 0: No change
1 ROVF R/IC 0 Write 1: The bit is cleared

When data is received during RXFIFO = full, the RXFIFO
overflow flag is set. To clear the RXFIFO overflow flag, write
1 to the bit.
RXFIFO underflow flag

Read 0: Underflow is not detected

Read 1: Underflow is detected

Write 0: No change
0 RUDF R/C 0 Write 1: The bit is cleared

When the SPIDR register is read during RXFIFO = empty, the
RXFIFO underflow flag is set. To clear the RXFIFO
underflow flag, write 1 to the bit.

MD6603-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 18-7
Apr. 06, 2018 http://www.sanken-ele.co.jp/en/
© SANKEN ELECTRIC CO., LTD. 2018



http://www.sanken-ele.co.jp/en/

MD6603

18.2.6. SPIIER (SPI Interrupt Enable Register)

Register SPIIER SPI Interrupt Enable Register Address 0xFB86

Bit Bit Name R/W | Initial Description Remarks
7 Reserved R 0 The read value is 0. The write value must always be 0.
6 Reserved R 0 The read value is 0. The write value must always be 0.
5 Reserved R 0 The read value is 0. The write value must always be 0.

TXEND interrupt enable

0: TXEND interrupt is disabled
4 TXENDIE RIW 0 1: TXEND interrupt is enabled
When the bit is set to 1 and the SPISR.TEND bit is 1, the
transmission interrupt is generated.
TX ERROR interrupt enable

0: TXERR interrupt is disabled

1: TXERR interrupt is enabled

3 TXERRIE R/IW 0
When the bit is set to 1 and the SPIESR.TOVF or
SPIESR.TUDF bit is set, the transmission interrupt is generated.
RX ERROR interrupt enable
0: RXERR interrupt is disabled
5 RXERRIE RIW 0 1: RXERR interrupt is enabled

When the bit is set to 1 and the SPIESR.ROVF or
SPIESR.RUDF bit is set, the reception interrupt is generated.
TXFIFO interrupt enable

0: TXFIFO interrupt is disabled

1: TXFIFO interrupt is enabled

1 TXFIFOIE R/W 0

When the bit is set to 1 and the SPISR.TFFULL bit is set, the
transmission interrupt is generated.
RXFIFO interrupt enable

0: RXFIFO interrupt is disabled

1: RXFIFO interrupt is enabled

0 RXFIFOIE R/W 0

When the bit is set to 1 and the SPISR.RFEMPTY bit is set, the
reception interrupt is generated.
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18.2.7. SPIDRL (SPI Data Register Low)

Register SPIDRL SPI Data Register Low Address 0xFB88

Bit Bit Name R/W Initial Description Remarks
R/W 0
RIW
RIW
RIW
RIW
RIW
R/W
R/W

SPIDRL The lower byte of the TX/RX data of the SPI

O, N W|Plo|lO |

e NeolNeolNolNolNolNe)

18.2.8. SPIDRH (SPI Data Register High)

When a data length is < 8 bits, the SPI uses the SPIDRL register only, and does not use the SPIDRH register. When a
data length is > 9 bits, it is required to read or write in the order of the SPIDRL register to the SPIDRH register.
In a data length > 9 bits, the FIFO status changes as follows:

) \-I/—V)EErIIITN?iting to the SPIDRH register, the SPISR.TFEMPTY and SPISR.TFFULL bits are updated.
e RXFIFO
When reading the SPIDRH register, the SPISR.RFFULL and SPISR.RFEMPTY bits are updated.
Register SPIDRH SPI Data Register High Address 0xFB89
Bit Bit Name R/W Initial Description Remarks
7 RIW 0
6 R/W 0
5 R/W 0
4 R/W 0
3 SPIDRH Y 0 The higher byte of the TX/RX data of the SPI
2 R/W 0
1 R/W 0
0 R/W 0
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18.3. Interrupt Generation

18.3.1. Transmission Interrupt (INT_TX)

Figure 18-3 shows the transmission interrupt (INT_TX) generation logic.

e SPISR.TFFULL Bit:
When TXFIFO = full, the SPISR.TFFULL bit is set to 1. The SPISR.TFFULL bit is cleared at a transmission start.

e SPIESR.TUDF Bit:
When a transmission starts during TXFIFO = empty, the SPIESR. TUDF bit set to 1. To clear the TXFIFO underflow
flag, write 1 to the SPIESR.TUDF bhit.

e SPIESR.TOVF Bit:
When a writing generates during TXFIFO = full, the SPIESR. TOVF bit set to 1. To clear the TXFIFO overflow flag,
write 1 to the SPIESR.TOVF bit.

e SPISR.TEND Bit:
When a transmission is completed during TXFIFO = empty, the SPISR.TEND bit set to 1. To clear the SPISR.TEND
bit, write 1 to the SPISR.TEND bhit.

SPISR.TFFULL
SPIER.TXFIFOIE

SPISR.TEND
SPIIER.TXENDIE

SPIESR.TUDF

SPIESR.TOVF
SPHESR.TXERRIE

=N

j_

Figure 18-3. INT_TX Generation Logic
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18.3.2. Reception Interrupt (INT_RX)
Figure 18-4 shows the reception interrupt (INT_RX) generation logic.

e SPISR.RFEMPTY Bit:
The SPISR.RFEMPTY bhit is cleared while a reception data is stored in the RXFIFO. When all data stored in

RXFIFO is read, the RXFIFO becomes empty, and the SPISR.RFEMPTY bit is set to 1.

e SPIESR.RUDF Bit:
When the SPIDRL register is more read when RXFIFO = empty, the RXFIFO underflow is generated, and the

SPIESR.RUDF bit is set to 1. To clear the RXFIFO underflow flag, write 1 to the SPIESR.RUDF bit.

e SPIESR.ROVF Bit:
When data is more received and stored in the RXFIFO when RXFIFO = full, the RXFIFO overflow is generated, and

the SPIESR.ROVF bit is set to 1. To clear the RXFIFO overflow flag, write 1 to the SPIESR.ROVF bit.
SPISR.RFEMPTY ——Q )
SPIIER.RXFIFOIE

SPIESR.RUDF 4’@‘ INT_RX
SPIESR.ROVF !

SPIIESR.RXERRIE

Figure 18-4. INT_RX Generation Logic
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18.4. Timing and Connection

18.4.1. Master Mode

Figure 18-5 and Figure 18-6 shows the timing when the SPI mode is 0 and 1, respectively. Conditions for Figure 18-5
and Figure 18-6 are as follows:

- Transfer word length = 8 bits (SPIFMT.WORD = 0b010), and
- SPI clock rate = 1/2 (SPICLK.CLKDIV = 0x00).

Figure 18-7 and Figure 18-8 shows the connection between the master and slave devices. The master device is
MD6603.

CLKSPI

Data Register
Write

SCK

SO

Sl

TEND

RXFIFO >< DO to D7

Figure 18-5. Timing in Master Mode (SPI Mode: 0)

ckser [ LTI _l_\_l_\_l_\_l_\_l_\_l_u_\_l_l_l_l_
SCK v l l E
\ D6
! \ |
ﬁ D6 :
|
I
| I

>

|
S0 X D7
o X

Sl

TEND

.

RXFIFO

>§<DO to D7
\ =

Figure 18-6. Timing in Master Mode (SPI Mode: 1)
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Master Slave

SO »| MOSI

S| |« MISO

GPIO00/SS_N SS_N

777
Master Slave

MD6603  SCK > SCK

SO > MOSI

S| [« MISO

GPIO » SS N

Figure 18-7. Connection between Single Master and Single Slave (Master Device: MD6603)

Master Slave
MD6603 ~ SCK [ #* SCK
SO L »| MOSI
Sl [—e MISO
GPIO » SS N
GPIO [—
» SCK
» MOSI
MISO
» SS N

Figure 18-8. Connection between Single Master and Multi-slave (Master Device: MD6603)

If a slave device has the SS_N pin, the SS_N pin should be controlled by software via the GPIO pin. In multi-slave
control, each SS_N pin of the slave device should be connected to the GPIO pin.

The SO and Sl pins of the MD6603 should be connected to the MOSI and MISO pins of the slave device,
respectively.
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18.4.2. Slave Mode

Figure 18-9 shows the timing when the SPI mode is 1. The condition in Figure 18-9 is transfer word length = 8 bits
(i.e., SPIFMT.WORD = 0b010).

Figure 18-10 shows the connection between the master and slave devices. The slave device is MD6603.

CLKSPI

SCK

Sl

SO

RFFULL

RXFIFO

Figure 18-9. Timing in Slave Mode (SPI Mode: 1)

Master Slave
SCK » SCK MD6603
MOSI »| Si
MISO |« SO
SS N » GPIO00/SS_N

Figure 18-10. Connection in Slave Mode (Slave Device: MD6603)

The SS_N pin of the master device is connected to the SS_N pin of theMD6603.

The Sl and SO pins of MD6603 should be connected to the MOSI and MISO pins of the master device, respectively.
The SCK pin of MD6603 is an input pin.
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18.5. Operation

18.5.1. Master Mode

e Transmission Start

When the transmission data') is written to the SPIDRL/H register while the TXFIFO bit is empty (i.e.,
SPISR.TFEMPTY = 1), the transmission data is transferred to the shift register via the TXFIFO, and then the transfer as
shown in Figure 18-11 starts.

If data is written to the SPIDRL/H register consecutively in order to transmit multiple data, the values of 2 data are
stored in the TXFIFO, and the TXFIFO status becomes full (i.e., SPISR.TFFULL = 1).

e Reception Start

When a dummy data is written to the SPIDRL/H register while the RXFIFO bit is empty (i.e.,
SPISR.RFEMPTY = 1), the SCK is generated to start reception. As shown in Figure 18-12, a reception data is sampled
by the SCK, and is latched to the shift register.

e Transmission Completion
The SPI transfer completes at the SCK edge corresponding to the settings of the SPICR.CPHA and SPICR.CPOL bits,
and then the SPISR.TEND is set to 1. The final sampling timing depends on a data bit length.

e Reception Completion

When the reception data is stored in the RXFIFO, the RXFIFO status becomes non-empty (i.e.,
SPISR.REMPTY = 0). To read the data in the RXFIFO, read the SPIDRL/H® register. The RXFIFO status indicates
full or empty.

@ Data length < 8 bit: To update the TXFIFO status, write to the SPIDRL register.
Data length > 9 bit: To update the TXFIFO status, write to the SPIDRH register.

@ Data length < 8 bit: To update the RXFIFO status, read the SPIDRL register.
Data length > 9 bit: To update the RXFIFO status, read the SPIDRH register.
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Set SPI configuration
by the SPICR register.

Set data format
by the SPIFMT register.

Set transfer clock
by the SPICLK register.

(©)]

Set GPIO pin to low level
for assertion of SS_N = 0.

SPISR.TFFULL == 0x0

Set transmission data
by the SPIDRL/H register.

. es
Continue?
No

Y
No I
Yes
©)

Set GPIO pin to high level
for negate of SS_N = 1.

End

Figure 18-11. Master Mode (Transmission)

@) When the SS_N pin can be asserted or negated, the GPI1O pin can be used for any pins.
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Set SPI configuration
by the SPICR register.

Set data format
by the SPIFMT register.

Set transfer clock
by the SPICLK register.

Set GPIO pin to low level
for assertion of SS N =0

4)

®)

(Write dummy data.)

SPISR.RFEMPTY == 0x0

Read reception data
by the SPIDRL/H register.

Yes

Continue?

No

@
Set GPIO pin to high level
for negate of SS_N = 1.

End

Figure 18-12. Master Mode (Reception)

“ When the SS_N pin can be asserted or negated, the GPI1O pin can be used for any pins.
®) The SCK should be generated by a dummy data transmission in the master mode.
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18.5.2. Slave Mode

e Transmission Start

The SPI operates with the slave mode while the SS_N pin is low level. Data is transferred at the sampling timing of
the SCK input. When the data® is written to the SPIDRL/H register during TXFIFO = empty, the transmission data is
transferred to the shift register via the TXFIFO. If the values of 2 data exist in the TXFIFO when the data is written to
the SPIDRL/H register consecutively, the TXFIFO status becomes full (i.e., SPISR.TFFULL = 1).

e Transmission Completion

When the final SCK edge is received, the SP1 completes a serial transmission. In addition, the SPISR.TEND bit is set
to 1.

e Reception Completion

When the reception data is written to the RXFIFO, the RXFIFO status indicates non-empty (i.e.,
SPISR.REMPTY = 0). To read the data in the RXFIFO, read the SPIDRL/H® register.

Set SPI configuration
by the SPICR register.

Set data format
by the SPIFMT register.

SPISR.TFFULL == 0x0

Set transmission data

by the SPIDRL/H register.

Yes
No

End

Figure 18-13. Slave Mode (Transmission)

@ Data length < 8 bit: To update the TXFIFO status, write to the SPIDRL register.
Data length > 9 bit: To update the TXFIFO status, write to the SPIDRH register.

@ Data length < 8 bit: To update the RXFIFO status, read the SPIDRL register.
Data length > 9 bit: To update the RXFIFO status, read the SPIDRH register.
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Set SPI configuration
by the SPICR register.

Set data format
by the SPIFMT register.

SPISR.RFEMPTY == 0x0

Read reception data
by the SPIDRL/H register.

Yes
No

End

Figure 18-14. Slave Mode (Reception)
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19. 1°C/SMBUS

19.1. Overview

The LSI has the 1°C communication module supporting both the master and slave modes.

Table 19-1.  1°C Functional Descriptions

Item Description

- 1°C bus method and SMBUS method

Communication Method - Master or slave mode can be selected

CLKFAST/8
CLKFAST/32
Clock CLKFAST/128
CLKFAST/512
Supported Function GCA (General Call Address)
Interrupt Single source
<«——|RX Shift Register | sda_in
o P »| TX Shift Register » sda_out
Registers
] < scl_in
% > SCL Unit
m » scl_out
<
: t
<
m)
X
\ 4
Control Unit
Interrupt
int_i2c< <
Control
Figure 19-1. 1°C Block Diagram
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19.2. Register Descriptions

Table 19-2. List of Registers

Symbol Name Address Initial Value
ICCR I°C Bus Control Register 0xFCO00 0x00
ICSR I°C Bus Status Register OxFCO1 0x00
ICRXDR I°C Bus Receive Data Register 0xFC02 0x00
ICTXDR I°C Bus Transmit Data Register 0xFC03 0x00
ICTSAR I°C Transmit Address Register 0xFCo04 0x00
ICSAR I°C Slave Address Register 0xFC05 0x00
ICCLK I°C Clock Divide Register 0xFC06 0x03
ICCMD IC Command Register 0xFCO07 0x00
ICSSTR I°C Bus SDA Setup Time Register 0xFC08 0x01
ICSHTR I°C Bus SDA Hold Time Register 0xFC09 0x00
ICHDSRO I°C Bus Hardware Status Register0 OxFCOA 0xCO0
ICHDSR1 I°C Bus Hardware Status Registerl O0xFCOB 0x00
ICTIMER I°C Time Base Register 0xFC10 OxFF
SMBINT SMBUS INT Status Register 0xFC11 0x00
ICSAA I°C Slave Alert Address Register OxFC18 0x00
ICSAIR I°C Slave Address Identifier Register 0xFC19 0x00
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