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Documentation Instructions 

This manual is the technical reference manual for the BAT32G137 microcontroller product. The technical 

reference manual is the application instruction material on how to use this series of products, including the 

structure, function description, working mode and register configuration of each functional module. 

The technical reference manual is a description of all functional modules of this series of products. If you want 

to know the feature description of the product (that is, the functional configuration), you can refer to the respective 

data sheet. 

The data sheet information is as followsЕ 

BAT32G137xxЕBAT32G137_datasheet_vx.x. pdf 

 

Usually in the early stage of chip selection, you shall first check the data sheet to evaluate whether the product 

can meet the functional requirements of the design; after basically selecting the required product, you need to check 

the technical reference manual to determine whether the working mode of each functional module does meet the 

requirementЖWhen determining the selection and entering the programming design stage, you need to read the 

technical reference manual in detail to understand the specific implementation and register configuration of each 

function. Refer to the data sheet for information on voltages, currents, drive capabilities, and pin assignments when 

designing hardwareɼ 

 

For a detailed description of the Cortex-M0+ core, SysTick timer and NVIC, please refer to the respective ARM 

documents. 
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Chapter 1 CPU 
 

1.1 verview 

This Chapter provides a brief introduction to the features and debugging features of the ARM Cortex-M0+ 

kernel on which this product is built. Please refer to the ARM documentation for details. 

 

1.2 Cortex-M0+ core features 

 ̧ ARM Cortex-M0+ processors are 32-bit RISC cores with a 2-stage pipeline that supports privileged and 

user modes 

 ̧ Memory Protection Units (MPUs) support 8 separate Zone (region) protection 

 ̧ single cycle hardware multiplier 

 ̧ Nested Vector Interrupt Controller (NVIC) 

Â 1 Unshielded Interrupt (NMI) 

Â Supports 32 Masking Interrupt Requests (IRQs) 

Â 4 interrupt priority 

 ̧ The system timer SysTick is a 24-bit countdown timer that can be selected for fCLK or fIL count clocks 

 ̧ vector table offset register (VTOR) 

Â The software can write VTOR to relocate the start address of the vector table to a different location 

Â The default value for this register is 0x0000_0000, with low 8-bit write ignore, read to zero, that is, 

offset 256 bytes aligned 

 

1.3 Debug features 

 ̧ 2-wire SWD debug interface 

 ̧ Support for pausing, resuming, and single-step execution procedures 

 ̧ Access processor's kernel register and special function register 

 ̧ 4 Hardware Breakpoints (BPUs) 

 ̧ Unlimited software breakpoints (BKPT instruction) 

 ̧ 2 data observation points (DWT) 

 ̧ Access memory during kernel execution 

 ̧ Micro Trace Cache (MTB) provides a simple instruction execution trace scheme 

- MTB shared with user SRAM (0x2000_0000-0x2000_2 FFF zone) 

- The base address of the MTB control register is 0x4001_9000 
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Figure 1-1 Debug Block Diagram for Cortex-M0+  

 
 

Note: SWD does not work in Deep Sleep mode, please debug in active and sleep mode. 
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1.4 SWD interface pin 

2 GPIO of the product can be used as SWD interface pins that are present in all packages. 

 
Table 1-1 SWD Debug Port Pin 

 
When you do not use the SWD feature, you can disable the SWD by setting the debug stop control register 
(DBGSTOPCR). 

 

Bit no. 31 30 29 28 27 26 25 24 

DBGSTOPCR - - - - - - - SWDIS 

Default 0 0 0 0 0 0 0 0 

         

Bit no. 23 22 21 20 19 18 17 16 

DBGSTOPCR - - - - - - - - 

Default 0 0 0 0 0 0 0 0 

         

Bit no. 15 14 13 12 11 10 9 8 

DBGSTOPCR - - - - - - - - 

Default 0 0 0 0 0 0 0 0 

         

Bit no. 7 6 5 4 3 2 1 0 

DBGSTOPCR - - - - - - FRZEN1 FRZEN0 

Default 0 0 0 0 0 0 0 0 

 

SWDIS SWD Debug Interface Disable 

0 
SWD debug interface enable. P40 cannot be used as a GPIO in the state where the debugger is connected 
(because the ENO and DOUT for that IOBUF are now controlled by the debugger) 

1 The SWD debug interface is disabled. P40 can be used as GPIO 

 

FRZEN0 
In the state where the debugger is connected and the CPU is in the debug state (HALED=1), the timer is the 
peripheral module action/stop note 1 

0 peripheral action 

1 peripheral stop 

 

FRZEN1 
In the state where the debugger is connected and the CPU is in the debug state (HALED=1), the 
communication system peripheral module action/stop note 2 

0 peripheral action 

1 peripheral stop 

Note 1: The timer system peripheral module of the product includes: Universal timer unit Timer4, timer A, timer B, 

timer C, and timer M 

Note 2: The communication system peripheral module of this product includes: Communication Serial 

Communication Unit, Serial IICA 

  

SWD port name Debug Function pin assignment 

SWCLK serial clock P137 

SWDIO Serial Data Input/Output P40 
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1.5 ARM reference document 

The built-in debugging features in the Cortex®-M0+ kernel are part of the ARM® CoreSight design suite. For 

documentation, refer to: 

 ̧ Cortex®-M0+ Technical Reference Manual (TRM) 

 ̧ ARM® Debug Interface V5  

 ̧ ARM® CoreSight Design Kit Version r1p1 Technical Reference Manual 

 ̧ ARM® CoreSightÊ MTB-M0+ Technical Reference Manual 
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Chapter 2 Pin function 

2.1 port function 

Refer to datasheet  for each product family. 

 

2.2 port multiplex 

Refer to datasheet  for each product family. 

 

  



BAT32G137 user manual | Chapter 2 Pin function 
  

 www.changitech.com  8 / 1033 Rev.2.05 

2.3 Register for controlling port function 

Control the port through the following registers. 

Å Port Mode Registers (PMxx) 

Å Port Registers (Pxx) 

Å Pull-up resistor selection registers (PUxx) 

Å Port Input Mode Registers (PIMx) 

Å Port Output Mode Registers (POMx) 

Å Port Mode Control Registers (PMCxx) 

Å Peripheral I/O Redirection Registers (PIORx) 

Å Global Digital Input Disable Register (GDIDIS) 

Note: The assigned registers and bits differ depending on the product. Refer to for registers and bits allocated by each 

productTable 2-1. You must set an initial value for unassigned bits. 

 

Table 2-1 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and bits (1/2) 

 

Port 

bit name 
64 

pin 

48 

pin 

40 

pin 

32 

pin PMxx 
register 

Pxx 

register 

PUxx 

register 

PIMxx 

register 

POMxx 

register 

PMCxx 

register 

Port 0 

0 PM00 P00 PU00 ð POM00 PMC00
 Note 1

 ɔ ɔ ɔ ɔ 

1 PM01 P01 PU01 PIM01 ð PMC01
 Note 1

 ɔ ɔ ɔ ɔ 

2 PM02 P02 PU02 ð POM02 PMC02 ɔ ð ð ð 

3 PM03 P03 PU03 PIM03 POM03 PMC03 ɔ ð ð ð 

4 PM04 P04 PU04 PIM04 POM04 PMC04 ɔ ð ð ð 

5 PM05 P05 PU05 ð ð ð ɔ ð ð ð 

6 PM06 P06 PU06 ð ð ð ɔ ð ð ð 

Port 1 

0 PM10 P10 PU10 PIM10 POM10 PMC10 ɔ ɔ ɔ ɔ 

1 PM11 P11 PU11 ð POM11 PMC11 ɔ ɔ ɔ ɔ 

2 PM12 P12 PU12 ð ð PMC12 Note 2 ɔ ɔ ɔ ɔ 

3 PM13 P13 PU13 ð POM13 PMC13
 Note 2

 ɔ ɔ ɔ ɔ 

4 PM14 P14 PU14 PIM14 POM14 PMC14
 Note 2

 ɔ ɔ ɔ ɔ 

5 PM15 P15 PU15 PIM15 POM15 ð ɔ ɔ ɔ ɔ 

6 PM16 P16 PU16 PIM16 ð ð ɔ ɔ ɔ ɔ 

7 PM17 P17 PU17 PIM17 POM17 ð ɔ ɔ ɔ ɔ 

Port 2 

0 PM20 P20 ð ð ð PMC20 ɔ ɔ ɔ ɔ 

1 PM21 P21 ð ð ð PMC21 ɔ ɔ ɔ ɔ 

2 PM22 P22 ð ð ð PMC22 ɔ ɔ ɔ ɔ 

3 PM23 P23 ð ð ð PMC23 ɔ ɔ ɔ ɔ 

4 PM24 P24 ð ð ð PMC24 ɔ ɔ ɔ ð 

5 PM25 P25 ð ð ð PMC25 ɔ ɔ ɔ ð 

6 PM26 P26 ð ð ð PMC26 ɔ ɔ ð ð 

7 PM27 P27 ð ð ð PMC27 ɔ ɔ ð ð 
 

NOTE: 1. Products with 32-48 pins only. 

2. Products with 32-64 pins only. 
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Table 2-2: PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and bits (2/2) 

Port 
bit name 

64 

pin 

48 

pin 
40 

pin 
32 

pin PMxx 

register 
Pxx 

register 
PUxx 

register 
PIMxx 

register 
POMxx 

register 
PMCxx 

register 

Port 3 
0 PM30 P30 PU30 PIM30 POM30 ð ɔ ɔ ɔ ɔ 

1 PM31 P31 PU31 PIM30 Note 1 POM31 Note 

1 
ð ɔ ɔ ɔ ɔ 

Port 4 

0 PM40 P40 PU40 ð ð ð ɔ ɔ ɔ ɔ 

1 PM41 P41 PU41 ð ð ð ɔ ɔ ð ð 

2 PM42 P42 PU42 ð ð ð ɔ ð ð ð 

3 PM43 P43 PU43 ð ð ð ɔ ð ð ð 

Port 5 

0 PM50 P50 PU50 PIM50 POM50 ð ɔ ɔ ɔ ɔ 

1 PM51 P51 PU51 ð POM51 ð ɔ ɔ ɔ ɔ 

2 PM52 P52 PU52 ð ð ð ɔ ð ð ð 

3 PM53 P53 PU53 ð ð ð ɔ ð ð ð 

4 PM54 P54 PU54 ð ð ð ɔ ð ð ð 

5 PM55 P55 PU55 PIM55 POM55 ð ɔ ð ð ð 

Port 6 

0 PM60 P60 ð ð ð ð ɔ ɔ ɔ ð 

1 PM61 P61 ð ð ð ð ɔ ɔ ɔ ð 

2 PM62 P62 ð ð ð ð ɔ ɔ ð ð 

3 PM63 P63 ð ð ð ð ɔ ɔ ð ð 

Port 7 

0 PM70 P70 PU70 ð ð ð ɔ ɔ ɔ ɔ 

1 PM71 P71 PU71 ð POM71 ð ɔ ɔ ð ð 

2 PM72 P72 PU72 ð ð ð ɔ ɔ ɔ ɔ 

3 PM73 P73 PU73 ð ð ð ɔ ɔ ɔ ɔ 

4 PM74 P74 PU74 PIM74 Note 1 POM74 ð ɔ ɔ ɔ ɔ 

5 PM75 P75 PU75 ð ð ð ɔ ɔ ɔ ð 

6 PM76 P76 PU76 ð ð ð ɔ ð ð ð 

7 PM77 P77 PU77 ð ð ð ɔ ð ð ð 

Port 12 

0 PM120 P120 PU120 ð ð PMC120 ɔ ɔ ɔ ɔ 

1 ð P121 ð ð ð ð ɔ ɔ ɔ ɔ 

2 ð P122 ð ð ð ð ɔ ɔ ɔ ɔ 

3 ð P123 ð ð ð ð ɔ ɔ ɔ ð 

4 ð P124 ð ð ð ð ɔ ɔ ɔ ð 

Port 13 

0 ð P130 ð ð ð ð ɔ ɔ ð ð 

6 PM136 P136 PU136 ð ð ð ɔ ɔ ɔ ɔ 

7 PM137 P137 PU137 ð ð ð ɔ ɔ ɔ ɔ 

Port 14 

0 PM140 P140 PU140 ð ð ð ɔ ɔ ɔ ð 

1 PM141 P141 PU141 ð ð ð ɔ ð ð ð 

6 PM146 P146 PU146 ð ð PMC146 ɔ ɔ ð ð 

7 PM147 P147 PU147 ð ð PMC147 ɔ ɔ ɔ ɔ 

Note: 1. Products with 32 pins only. 
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2.3.1 Port Mode Register (PMxx) 

This is a register that sets the port input/output in bits. After the reset signal is generated, the values of these 

registers become "FFH". When using a port pin as a pin for a multiplexing function, it must be configured according 

to reference to "2.5 Register settings when using multiplexing functionò. 

Register address = base address + offset address; The PM register has a base address of 0x40040000 and 

the offset address is shown in the figure below. 

Figure 2-1 Port mode register format 
 

symbol 7 6 5 4 3 2 1 0 offset 
After 
Reset 

R/W 

PM0 1 PM06 PM05 PM04 PM03 PM02 PM01 PM00 0x320 FFH R/W 

 

PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM1 0 0x321 FFH R/W 

 

PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 0 x322 FFH R/W 

 

PM3 1 1 1 1 1 1 PM31 PM3 0 0x323 FFH R/W 

 

PM4 1 1 1 1 PM43 PM42 PM 41 PM4 0 0x324 FFH R/W 

 

PM5 1 1 PM55 PM54 PM53 PM52 PM 51 PM50 0x325 FFH R/W 

 

PM6 1 1 1 1 PM63 PM62 PM61 PM60 0x326 FFH R/W 

 

PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM 71 PM70 0x327 FFH R/W 

 

PM12 1 1 1 1 1 1 1 PM120 0x32C FFH R/W 

 

PM13 PM137 PM136 1 1 1 1 1 PM130 0x32D FEH R/W 

 

PM14 PM147 PM146 1 1 1 1 PM141 PM140 0x32E FFH R/W 

 

 

PMmn Selection of Input/Output Modes of Pmn Pins (m=0~7,12~14, n=0~7) 

0 Output mode (used as output port (output buffer ON)) 

1 Input mode (used as input port (output buffer OFF)) 

Note: You must set an initial value for unassigned bits. 
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2.3.2 Port Register (Pxx) 

This is a register that sets the value of the port output latch in bits. The pin level is read in the input mode and 

the output latch value of the port is read in the output mode. After the reset signal is generated, the values of these 

registers change to '00H'. 

Register address = base address + offset address; The base address of the port register is 0x40040000 and 

the offset address is shown below. 

Figure 2-2 Port register format 

symbol 7 6 5 4 3 2 1 0 Address After Reset R/W 

P0 0 P06 P05 P04 P03 P02 P01 P00 0x300 00H (Output Latch) R/W 
            

P1 P17 P16 P15 P14 P13 P12 P11 P10 0x301 00H (Output Latch) R/W 
            

P2 P27 P26 P25 P24 P23 P22 P21 P20 0x302 00H (Output Latch) R/W 
            

P3 0 0 0 0 0 0 P31 P30 0x303 00H (Output Latch) R/W 
            

P4 0 0 0 0 P43 P42 P41 P40 0x304 00H (Output Latch) R/W 
            

P5 0 0 P55 P54 P53 P52 P51 P50 0x305 00H (Output Latch) R/W 
            

P6 0 0 0 0 P63 P62 P61 P60 0x306 00H (Output Latch) R/W 
            

P7 P77 P76 P75 P74 P73 P72 P71 P70 0x307 00H (Output Latch) R/W 
            

P12 0 0 0 P124 P123 P122 P121 P120 0x30C indefinite value R/W Note 

1 
            

P13 P137 P136 0 0 0 0 0 P130 0x30D 00H (Output Latch) R/W 
            

P14 P147 P146 0 0 0 0 P141 P140 0x30E 00H (Output Latch) R/W 

 

 

Pmn 
m=0~7,12~14, n=0~7 

Control of output data (output mode) Reading of input data (input mode) 

0 Output "0". Input low level. 

1 Output "1". Input high level. 
 

Note: 1. P121~P124 is a read only bit. 

2. You must set an initial value for unassigned bits. 
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2.3.3 Pull-up resistance selection register (PUxx) 

Selection register for internal pull-up resistance. Internal pull-up resistors can only be used in bit units if the 

POMmn bit is '0' and set to the input mode (PMmn=1). For the bit set to the output mode, the internal pull-up resistor 

is not connected regardless of the setting of the pull-up resistor selection register. The same is true when the output 

pin used as the multiplexing function or set as the analog function. 

After the reset signal is generated, the values of these registers become '00H' (only PU4 is '01H' and PU13 is 

'80H'). 

register address = base address + offset address; The PU register has a base address of 0x40040000 and the 

offset address is shown in the figure below. 

 
Figure 2-3: Format of pull-up resistor selection register 

symbol 7 6 5 4 3 2 1 0 offset 
After 
Reset 

R/W 

PU0 0 PU06 PU05 PU04 PU03 PU02 PU01 PU00 0x030 00H R/W 

 

PU1 PU17 PU1 6 PU15 PU14 PU13 PU12 PU11 PU1 0 0x031 00H R/W 

 

PU3 0 0 0 0 0 0 PU31 PU30 0x033 00H R/W 

 

PU4 0 0 0 0 PU43 PU42 PU41 PU4 0 0x034 01H R/W 

 

PU5 0 0 PU55 PU54 PU53 PU52 PU51 PU50 0x035 00H R/W 

 

PU7 PU77 PU7-6 PU7-5 PU7-4 PU7-3 PU7-2 PU7-1 PU70 0x037 00H R/W 

 

PU12 0 0 0 0 0 0 0 PU120 0x03C 00H R/W 

 

PU13 PU137 PU136 0 0 0 0 0 0 0x03D 80H R/W 

 

PU14 PU147 PU146 0 0 0 0 PU141 PU140 0x03E 00H R/W 

 

 

PUMN Selection of internal pull-up resistance of Pmn pin (m=0,1,3~5,7,12~14,n=0~7) 

0 The internal pull-up resistor is not connected. 

1 Connect the internal pull-up resistor. 

Note: You must set an initial value for unassigned bits. 
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2.3.4 Port input mode register (PIMxx) 

This is a register that sets the input buffer in bits. The TTL input buffer can be selected in serial communication 

with external devices of different potentials. After the reset signal is generated, the values of these registers change 

to '00H'. 

register address = base address + offset address; The PIM register has a base address of 0x40040000 and 

the offset address is shown in the figure below. 

 

Figure 2-4: Format of port input mode register 

symbol 7 6 5 4 3 2 1 0 offset After Reset R/W 

PIM0 0 0 0 PIM04 PIM03 0 PIM01 0 0x040 00H R/W 

 

PIM1 PIM17 PIM16 PIM15 PIM14 0 0 0 PIM1 0 0x041 00H R/W 

 

PIM3 0 0 0 0 0 0 
PIM31 

Note 1 
PIM3 0 0x043 00H R/W 

 

PIM5 0 0 PIM55 0 0 0 0 PIM5 0 0x045 00H R/W 

 

PIM7 0 0 0 
PIM74 

Note 1 
0 0 0 0 0x047 00H R/W 

 

 

PIMmn Selection of input buffer for Pmn pin (m=0,1,3,5,7, n=0~7) 

0 Schmidt input buffer 

1 TTL input buffer 

Note: 1. Products with 32 pins only. 

2. You must set an initial value for unassigned bits. 
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2.3.5 Port output mode register (POMxx) 

This is a register that sets the output mode in bits. When serial communication is performed with external 

devices of different potentials and simple I2C communication is performed with external devices of same potential, 

N channel drain open output mode is selected for SDAxx pin. 

After the reset signal is generated, the values of these registers change to '00H'. 

Register address = base address + offset address; The POM register has a base address of 0x40040000 and 

the offset address is shown in the figure below. 

 

Note: The internal pull-up resistor is not connected to the bit where the N-channel drain open-circuit output mode 

(POMmn=1) is set. 

 

Figure2-5 Port output mode register format 

symbol 7 6 5 4 3 2 1 0 offset After Reset R/W 

POM0 0 0 0 POM04 POM03 POM02 0 POM00 0 x050 00H R/W 

 

POM1 POM17 0 POM15 POM14 POM13 0 POM11 POM1 0 0 x051 00H R/W 

 

POM3 0 0 0 0 0 0 
POM31 
Note 1 

POM3 0 0 x053 00H R/W 

 

POM5 0 0 POM55 0 0 0 POM51 POM5 0 0 x055 00H R/W 

 

POM7 0 0 0 POM74 0 0 POM71 0 0 x057 00H R/W 

 

 

POMmn Selection of Output Mode of Pmn Pin (m=0,1,3,5,7, n=0~7) 

0 Normal output mode 

1 N-channel drain open-circuit output mode 

Note: 1. Products with 32 pins only. 

2. You must set an initial value for unassigned bits. 
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2.3.6 Port mode control register (PMCxx) 

A digital input/output or analog input that is set in bits by the PMC register. 

After the reset signal is generated, the values of these registers become "FFH". 

register address = base address + offset address; The PMC register has a base address of 0x40040000 and 

the offset address is shown in the figure below. 

 

Figure2-6 Port mode control register format 

symbol 7 6 5 4 3 2 1 0 offset 
After 
Reset 

R/W 

PMC0 1 1 1 PMC04 PMC03 PMC02 
PMC01 
Note 1 

PMC00 
Note 1 

0 x06 0 FFH R/W 

 

PMC1 1 1 1 1 1 1 PMC11 
PMC1 

0 
0 x06 1 FFH R/W 

 

PMC2 PMC27 PMC26 PMC25 PMC24 PMC23 PMC22 PMC21 PMC20 0 x062 FFH R/W 

 

PMC12 1 1 1 1 1 1 1 PMC120 0x06C FFH R/W 

 

PMC14 PMC147 PMC146 1 1 1 1 1 1 0x06E FFH R/W 

 

 

PMCmn Digital input/output of Pmn pin or selection of analog input (m=0,1,2,12,14, n=0~7) 

0 Digital Input/Output (multiplexing function other than analog input) 

1 analog input 

NOTE: 1. Products with 32-48 pins only. 

2. You must set an initial value for unassigned bits. 
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2.3.7 Peripheral I/O Redirection Register 0 (PIOR0) 

This is register 0 that sets the ability to allow or prohibit peripheral I/O redirection. The peripheral I/O 

redirection function switches ports to which multiplexing is assigned. 

After the reset signal is generated, the value of this register changes to "00H". 

Figure 2-7: Format of Peripheral I/O Redirection Register 0 (PIOR0) 

Address: 0x40040877 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

PIOR0 

 
 

PIOR0 Features 

64 pin 48-pin 40 pin 32 Pin 

Set Values Set Values Set Values Set Values 

0 1 0 1 0 1 0 1 

bit7 
(PIOR07) 

INTP8 P74/P42 P00 P74 P00  

INTP10 P76/P05 P01 
must be set to 0 (initial value) 

INTP11 P77/P06 P20 

bit6 
(PIOR06) 

RxD2 

must be set to 0 (initial 
value) 

P14 P14 P14 P14 P14 P14 

TxD2 P13 P10 P13 P10 P13 P10 

SCL20 P15 - P15 - P15 - 

SDA20 P14 - P14 - P14 - 

STI20 P14 - P14 - P14 - 

SDO20 P13 - P13 - P13 - 

SLK20 P15 - P15 - P15 - 

bit5 
(PIOR05) 

RxD1 P01 P73 P01 P73 P01 P73 

TxD1 P00 P72 P00 P72 P00 P72 

bit4 
(PIOR04) 

CLKBUZ1 P141 P55 
must be set to 0 (initial value) 

INTP5 P16 P12 

bit3 
(PIOR03) 

CLKBUZ0 P140 P31 P140 P31 P140 P31   

bit2 
(PIOR02) 

SCLA0 P60 P14 P60 P14 P60 P14 P31 P14 

SDAA0 P61 P15 P61 P15 P61 P15 P74 P15 

bit1 
(PIOR01) 

INTP10 P76 P05 P01 P01 P01 P01 P01 P01 

INTP11 P77 P06 P20 P20 P20 P20 P20 P20 

RXD2 P14 P76 

must be set to 0 (initial value) 

TXD2 P13 P77 

SCL20 P15 - 

SDA20 P14 - 

STI20 P14 - 

SDO20 P13 - 

SLK20 P15 - 

TXD0 P51 P17 P51 P17 P51 P17 P51 P17 

RXD0 P50 P16 P50 P16 P50 P16 P50 P16 

SCL00 P30 - P30 - P30 - P30 - 

SDA00 P50 - P50 - P50 - P50 - 

SDO00 P51 P17 P51 - P51 - P51 - 

STI00 P50 P16 P50 - P50 - P50 - 

SCLK00 P30 P55 P30 - P30 - P30 - 

bit0 
(PIOR00) 

INTP1 P50 P52 
must be set to 0 (initial value) 

INTP2 P51 P53 

PIOR07 PIOR06  PIOR05 PIOR04 PIOR03 PIOR02 PIOR01 PIOR00 
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INTP3 P30 P54 

INTP4 P31 P55 

INTP8 P74 P42 

INTP9 P75 P43 
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2.3.8 Peripheral I/O Redirection Register 1 (PIOR1) 

This is setting to allow or disable peripheral I/O redirection feature register 1. The peripheral I/O redirection 

function switches ports to which multiplexing is assigned. 

After the reset signal is generated, the value of this register changes to "00H". 

 

Figure 2-8: Format of Peripheral I/O Redirection Register 1 (PIOR1) 

Address: 0x40040879H  After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

PIOR1 

 
 

PIOR13 PIOR12 Selection of Timer ATAO Pin 

0 0 Multiplexed with P30 (32-64 pin products). 

0 1 Multiplexed with P50. 

1 0 Multiplexed with P00. 

1 1 Setting is prohibited. 

 
PIOR11 PIOR10 Selection of Timer ATAIO Pin 

0 0 Multiplexed with P01. 

0 1 Multiplexed with P31 (32-64 pin products). 

1 0 
Multiplexed with P41 (limited to 48, 64-pin products). 

Other pin products are prohibited from setting. 

1 1 
Multiplexed with P06 (limited to 64-pin products). 

Other pin products are prohibited from setting. 
 

 

 

  

0 0 0 0 PIOR13 PIOR12 PIOR11 PIOR10 
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2.3.9 Peripheral I/O Redirection Register 2 (PIOR2) 

This is setting to enable or disable peripheral I/O redirection feature register 2. The peripheral I/O redirection 

function switches ports to which multiplexing is assigned. After the reset signal is generated, the value of this 

register changes to "00H". 

 

Figure 2-9: Format of Peripheral I/O Redirection Register 2 (PIOR2) 

Address: 0x40040875 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

PIOR2 

 
 

PIOR2 Features 

64 pin 48th 40-pin 32 pin 24 pin 

Set Values Set Values Set Values Set Values Set Values 

0 1 0 1 0 1 0 1 0 1 

bit7 
(PIOR27) 

TMIOC0 x x x x x x x x P16 P13 

Bit6 
(PIOR26) 

TMIOD0 P15 P17 P15 P17 P15 P17 P15 P17 x x 

bit5 
(PIOR25) 

TMIOD1 P11 P51 P11 P51 P11 P51 P11 P51 P11 P51 

bit4 
(PIOR24) 

TMIOC1 P13 P50 P13 P50 P13 P50 P13 P50 P13 P50 

bit3 
(PIOR23) 

TMIOB1 P10 P30 P10 P30 P10 P30 P10 P30 x x 

bit2 
(PIOR22) 

TMIA1 P12 P16 P12 P16 P12 P16 P12 P16 x x 

bit1 
(PIOR21) 

VCOUT1 P31 P70 P31 P70 P31 P70 P31 P70 P147 P72 

bit0 
(PIOR20) 

VCOUT0 P120 P71 P120 P71 P120 P70 P120 P73 P12 P73 

 
Note: x indicates that the bit must be set to the initial value of 0. 

 

  

PIOR27 PIOR26  PIOR25 PIOR24 PIOR 23 PIOR22 PIOR21 PIOR20 
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2.3.10 Peripheral I/O Redirection Register 3 (PIOR3) 

This is setting to enable or disable peripheral I/O redirection feature register 3. The peripheral I/O redirection 

function switches ports to which multiplexing is assigned. After the reset signal is generated, the value of this 

register changes to "00H". 

 

Figure 2-10: Format of Peripheral I/O Redirection Register 3 (PIOR3) 

Address: 0x4004087C After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

PIOR3 

 
 

PIOR3 Features 

64-pin 48-pin 40-pin 32 

Set Values Set Values Set Values Set Values 

0 1 0 1 0 1 0 1 

bit5 (PIOR35) 

TXD0 
PIOR34 
Control 

P12 
PIOR34 
Control 

P12 
PIOR34 
Control 

P12 
PIOR34 
Control 

P12 

RXD0 
PIOR34 
Control 

P11 
PIOR34 
Control 

P11 
PIOR34 
Control 

P11 
PIOR34 
Control 

P11 

bit4 (PIOR34) 

TXD0 
PIOR01 
Control 

P40 
PIOR01 
Control 

P40 
PIOR01 
Control 

P40 
PIOR01 
Control 

P40 

RXD0 
PIOR01 
Control 

P137 
PIOR01 
Control 

P137 
PIOR01 
Control 

P137 
PIOR01 
Control 

P137 

bit3 (PIOR33) 
CRXD0 P03 P50 P01 P50 P01 P50 P01 P50 

CTXD0 P02 P51 P00 P51 P00 P51 P00 P51 

bit2 (PIOR32) VCOUT1 Output L 
PIOR21 
Control 

Output L 
PIOR21 
Control 

Output L 
PIOR21 
Control 

Output L 
PIOR21 
Control 

bit1 (PIOR31) VCOUT0 Output L 
PIOR20 
Control 

Output L 
PIOR20 
Control 

Output L 
PIOR20 
Control 

Output L 
PIOR20 
Control 

 
 

PIOR37 PIOR36 TMIA0 TMIOB0 TMIOC0 TMIOD0 TMIA1 TMIOB1 TMIOC1 TMIOD1 

0 0 P17 P14 P16 P15 P12 P1 0 P1 3 P1 1 

0 1 P17 P12 P16 P15 P1 1 P1 0 P14 P1 3 

1 0 P17 P15 P16 P14 P1 3 P12 P1 1 P1 0 

1 1 Disable setting 

Note: x indicates that the bit must be set to the initial value of 0. 

 

 

  

PIOR37 PIOR36 PIOR35 PIOR34 PIOR33 PIOR32 PIOR31 0 
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2.4 Handling of unused pins 

The handling of each unused pin is as following Table2-3. 
Table2-3 Handling of each unused pin 

 

name of 
the pin 

Input/Output Recommended connection method when not in use 

P00~P06 

Input/Output 

Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. P10~P17 

P20~P27 

Input: The VDD or VSS are connected by 

resistance alone. 

Output: Open Circuit. 

P30, P31 
Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. 

P40 

Input: The EVDD is connected by resistance 
alone or set as an open circuit. 

Output: Open Circuit. 

P41~P43 Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. P50~P55 

P60~P63 

Input: The EVDD or EVSS are connected by resistance alone. 

Output: Either place the port output latch "0" and open, or place the port output latch 
"1" separately 

The EVDD or the EVSS are connected by a resistor. 

P70~P77 Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. P120 

P121~P124 Input The VDD or VSS are connected by resistance alone. 

P130 output Open Circuit. 

P136 

Input/Output 

Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. 

P137 

Input: The VDD is connected by resistance alone 
or set as an open circuit. 

Output: Open Circuit. 

P140~P147 
Input: The EVDD or EVSS are connected by resistance alone. 

Output: Open Circuit. 

RESETB Input The VDD is connected directly or through resistance. 

 
Note: For products without EVDD, EVSS pins, EVDD must be replaced with VDD and EVSS with VSS. 
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Pmn 

 

PMmn 

 

POMmn 

multiplexing 

(SCI) 

multiplexing 

(Outside SCI) 

WRPORT 

EVDD/VDD 

P-ch 

WRPM 

N-
ch 

WRPOM EVSS/VSS 

Not
e 1 

input 
channel 

Not
e 2 

Not
e 3 

2.5 Register Settings When Using Multiplexing 

2.5.1 The Basic principal of Using Multiplexing Function 

First, you must set the pins that can be multiplexed with the analog function to either been used as the analog 

function or as the digital input/output through port mode control register (PMCxx). 

The basic structure of the output circuit used as the digital input/output is as shown in Figure2-11. The output of 

the SCI function multiplexed with the output latch of the port is input to the AND gate, the output of the AND gate is 

input to the OR gate, and the other input of the OR gate is connected with the output of the multiplexed non-SCI 

function (timer, RTC, clock/buzzer, IICA etc.). When such a pin is used as a port function or a multiplexing function, 

the unused multiplexing function cannot affect the output of the function to be used. The basic idea of the setting is 

as shown in Table2-4. 

 
Figure2-11 Port output basic structure 

 
 
 
 
 
 
 

GPIO/multiplexing 
capability 

 
 
 
 
 
 
  
 
 

 
 
 
 
 

Note: 1. When there is no POM register, this signal is Low level (0). 

2. When the multiplexing function is absent, the signal is High level (1). 

3. The signal is Low level (0) when the multiplexing function is not available. 

 
Table2-4 Basic Principal for Establishment 

 

 

Pin Output Used 
Output settings for unused multiplexing 

port function SCI output function Output capabilities other 
than SCI 

Port Output ð High level output (1) Low level output (0) 

SCI output function High(1) ð Low level output (0) 

Output capabilities other than SCI Low(0) High level output (1) Low level output (0) note 

Note: Since one pin may be reused as output functions other than SCI, it is necessary to set the output of unused 

multiplexing functions to a Low level (0). For specific set-up methods, refer to "2.5.2   Examples of Register 

Settings for Port and Multiplexing Functions Used". 
 

B
U

S
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2.5.2 Examples of Register Settings for Port and Multiplexing Functions Used 

Examples of register settings (64 pin products) using port functions and multiplexing functions are shown in 

Tables 2-5 through 2-10. 

 
Table 2-5: Example of Register Setting When Using the P00~P06 Pin Function 

Pin Name 
Functions Used 

 
PIORx 

 
POMxx 

 
PMCxx 

 
PMxx 

 
Pxx 

Output of multiplexing functions 

Feature 
Name Input/Output 

Output Function of 
SCI/CAN Beyond SCI/CAN 

P00 

P00 

Input ð × 0 1 × × ð 

output 
× 

0 0 0 0/1 
ð (TAO)=0 N-channel 

drain open 

circuit output 
1 0 0 0/1 

TI00 Input ð ð 0 1 × ð ð 

TBCLK0 Input ð × 0 1 × × ð 

(TAO) output PIOR13, PIOR12=10B 0 0 0 0 ð ð 

(INTP8) Input PIOR07=1 ð 0 1 × ð ð 

P01 

P01 
Input ð ð 0 1 × ð ð  
output × ð 0 0 0/1 ð TEO=0, TO00=0 

TO00 output ð ð 0 0 0 ð TEO=0 

TBCLK1 Input ð ð 0 1 × ð ð 

TIAO 
Input PIOR13, PIOR12=00B ð 0 1 × ð ð 

output ð ð 0 0 0 ð TO00=0 

(INTP10) Input PIOR07=1 ð 0 1 × ð ð 

P02 

P02 

Input ð × 0 1 × × ð 

output 
× 

0 0 0 0/1 
TxD1/SDO10=1 

CTxD0=1 
ð N-channel 

drain open 

circuit output 
1 0 0 0/1 

ANI11 analog input ð × 1 1 × × ð 

TxD1 output ð 0/1 0 0 1 CTxD0=1 ð 

SDO10 output ð 0/1 0 0 1 CTxD0=1 ð 

VCIN10 analog input ð × 1 1 × × ð 

CTxD0 output ð 0/1 0 0 1 TxD1/SDO10=1 ð 

P03 

P03 

Input ð × 0 1 × × ð 

output 
× 

0 0 0 0/1 
SDA10=1 ð N-channel 

drain open 

circuit output 
1 0 0 0/1 

ANI10 analog input ð × 1 1 × × ð 

STI10 Input ð × 0 1 × × ð 

RxD1 Input ð × 0 1 × × ð 

SDA10 Input/Output ð 1 0 0 1 ð ð 

VCIN11 analog input ð × 1 1 × × ð 

CRxD0 Input ð × 0 1 × × ð 

P04 

P04 

Input ð × 0 1 × ð ð 

output 
× 

0 0 0 0/1 
SCLK10/SCL10 

=1 ð N-channel 

drain open 

circuit output 
1 0 0 0/1 

ANI1 3 analog input ð × 1 1 × × ð 

SLK10 
Input 

ð 
× 0 1 × ð ð 

output 0/1 0 0 1 ð ð 
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SCL10 output ð 0/1 0 0 1 ð ð 

P05 
P05 

Input ð ð ð 1 × ð ð 

output ð ð ð 0 0/1 ð ð 

(INTP10) Input PIOR01=1 ð ð 1 × ð ð 

P06 

P06 
Input ð ð ð 1 × ð ð 

output × ð ð 0 0/1 ð (TAIO)=0 

(TAIO) 
Input 

PIOR13, PIOR12=11B 
ð ð 1 × ð ð 

output ð ð 0 0 ð ð 

(INTP11) Input PIOR01=1 ð ð 1 × ð ð 

 

Table 2-6: Example of Register Setting When Using P10~P17 Pin Functions (1/3) 

name 

of the 

feet 

Functions Used 
 

PIORx 
 
POMxx 

 
PMCxx 

 
PMxx 

 
Pxx 

Output of multiplexing functions 

Feature 
Name 

Input/Outpu
t 

SCI's 

output function Outside SCI 

P10 

P10 

Input ð ¦ 0 1 ¦ ð  
output 

ð 

0 0 0 0/1 

SCLK11/SCL11 

=1 TMIOB1=0 
N-channel 
drain 

open 

circuit 

output 

1 0 0 0/1 

ANI9 analog 
input ð ¦ 1 1 ¦ ¦ ð 

SLK11 
Input ð ¦ 0 1 ¦ ð ð 

output ð 0/1 0 0 1 ð TMIOB1=0 

SCL11 output ð 0/1 0 0 1 ð TMIOB1=0 

TMIOB1 
Input ð ¦ 0 1 ¦ ð ð 

output ð 0 0 0 0 SCLK11/SCL11 

=1 ð 

TMIOD1 
Input PIOR37=1, PIOR36=0 

 

¦ 0 1 ¦ ð ð 

output 0 0 0 0 SCLK11/SCL11 

=1 ð 

P11 

P11 

Input ð ¦ 0 1 ¦ ð  
output 

ð 

0 0 0 0/1 

SDA11=1 TMIOD1=0 
N-channel 
drain 

open 

circuit 

output 

1 0 0 0/1 

ANI8 analog 
input ð ¦ 1 1 ¦ ¦ ð 

SI11 Input ð ¦ 0 1 ¦ ð ð 

SDA11 Input/Outpu
t ð 1 0 0 1 ð TMIOD1=0 

RxD0 Input PIOR35=1 ¦ 0 1 1 ð TMIOD1=0 

TMIOD1 
Input ð ¦ 0 1 ¦ ð ð 

output ð 0 0 0 0 SDA11=1 ð 

TMIA1 
Input 

PIOR37=0, PIOR36=1 
¦ 0 1 ¦ ð ð 

output 0 0 0 0 SDA11=1 ð 

TMIOC1 
Input 

PIOR37=1, PIOR36=0 
¦ 0 1 ¦ ð ð 

output 0 0 0 0 SDA11=1 ð 

P12 

P12 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 SDO11=0 TMIOA1=0 

SDO11 output ð ð ð 0 1 ð TMIOA1=0 

TxD0 output PIOR35=1 0/1 ð 0 1 ð TMIOA1=0 

TMIA1 
Input 

ð 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 SDO11=0 ð 
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TMIOB0 
Input 

PIOR37=0, PIOR36=1 
ð ð 1 ¦ ð ð 

output ð ð 0 0 SDO11=0 ð 

TMIOB1 
Input 

PIOR37=1, PIOR36=0 
ð ð 1 ¦ ð ð 

output ð ð 0 0 SDO11=0 ð 

(INTP5) Input PIOR04=1 ð ð 1 ¦ ð ð 

 
 

Table 2-6: Example of Register Setting When Using the P10~P17 Pin Function (2/3) 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI's 

output function Outside SCI 

P13 

P13 

Input ð ¦ ð 1 ¦ ð ð 

output 
¦ 

0 ð 0 0/1 
TxD2/SDO20=1 TMIOC1=0 N-channel 

drain open 
circuit output 

1 ð 0 0/1 

TxD2 output PIOR01=0 0/1 ð 0 1 ð TMIOC1=0 

SDO20 output PIOR01=0 0/1 ð 0 1 ð TMIOC1=0 

TMIOC1 
Input ð ¦ ð 1 ¦ ð ð 

output ð 0 ð 0 0 TxD2/SDO20=1 ð 

TMIOD1 
Input 

PIOR37=0, PIOR36=1 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 TxD2/SDO20=1 ð 

TMIA1 
Input 

PIOR37=1, PIOR36=0 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 TxD2/SDO20=1 ð 

P14 

P14 

Input ð ¦ ð 1 ¦ ð ð 

output 
¦ 

0 ð 0 0/1 
SDA20=1 TMIOB 0=0, 

(SCLA0)=0 N-channel 
drain open 

circuit output 
1 ð 0 0/1 

RxD2 Input PIOR01=0 ¦ ð 1 ¦ ð ð 

STI20 Input PIOR01=0 ¦ ð 1 ¦ ð ð 

SDA20 Input/Output PIOR01=0 1 ð 0 1 ð TMIOB 0=0, 
(SCLA0)=0 

TMIOB0 
Input ð ¦ ð 1 ¦ ð ð 

output ð 1 ð 0 0 SDA20=1 (SCLA0)=0 

TMIOC1 
Input 

PIOR37=0, PIOR36=1 
¦ ð 1 ¦ ð ð 

output 1 ð 0 0 SDA20=1 (SCLA0)=0 

TMIOB0 
Input 

PIOR37=1, PIOR36=0 
¦ ð 1 ¦ ð ð 

output 1 ð 0 0 SDA20=1 (SCLA0)=0 

(SCLA0) Input/Output PIOR02=1 1 ð 0 0 SDA20=1 TMIOB0=0 
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Table 2-6: Example of Register Setting When Using the P10~P17 Pin Function (3/3) 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI's 

output function Outside SCI 

P15 

P15 

Input ð ¦ ð 1 ¦ ð ð 

output 

¦ 

0 ð 0 0/1 
SCLK20/SCL20 

=1 
TMIOD 0=0, 
(SDAA0)=0, 
CLKBUZ1=0 

N-channel 
drain 

open-circuit 
output 

1 ð 0 0/1 

SLK20 
Input 

PIOR01=0 
¦ ð 1 ¦ ð ð 

output 0/1 ð 0 1 ð TMIOD 0=0, 
(SDAA0)=0, 
CLKBUZ1=0 SCL20 output PIOR01=0 0/1 ð 0 1 ð 

TMIOD0 
Input ð ¦ ð 1 ¦ ð ð 

output ð 0 ð 0 0 SCLK20/SCL20 
=1 

(SDAA0)=0, 
CLKBUZ1=0 

TMIOB0 
Input 

PIOR37=1, PIOR36=0 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 SCLK20/SCL20 
=1 

(SDAA0)=0, 
CLKBUZ1=0 

(SDAA0) Input/Output PIOR02=1 1 ð 0 0 SCLK20/SCL20 
=1 

TMIOD 0=0, 
CLKBUZ1=0 

P16 

P16 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 ð TO01=0, TMIOC0=0, 
(TMIOA1)=0 

TI01 Input ð ð ð 1 ¦ ð ð 

TO01 output ð ð ð 0 0 ð TMIOC0=0, 
(TMIOA1)=0 

INTP5 Input PIOR04=0 ð ð 1 ¦ ð ð 

TMIOC0 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0 ð TO01=0, (TMIOA1)=0 

(SDI00) Input PIOR01=1 ð ð 1 ¦ ð ð 

(RxD0) Input PIOR01=1, PIOR06=0 ð ð 1 ¦ ð ð 

(TMIOA1) 
Input 

PIOR22=1 
¦ ð 1 ¦ ð ð 

output ð ð 0 0 ð TO01=0, TMIOC0=0 

P17 

P17 

Input ð ¦ ð 1 ¦ ð ð 

output 

¦ 

0 ð 0 0/1 
(TxD0)/(SDO00) 

=1 
TO02=0, TMIOA0=0, 

(TMIOD0)=0 
N-channel 

drain 
open-circuit 

output 
1 ð 0 0/1 

TI02 Input ð ¦ ð 1 ¦ ð ð 

TO02 output ¦ 0 ð 0 0 (TxD0)/(SDO00) 
=1 

TMIOA0=0, 
(TMIOD0)=0 

TMIA0 
Input ð ¦ ð 1 ¦ ð ð 

output ¦ 0 ð 0 0 (TxD0)/(SDO00) 
=1 TO02=0, (TMIOD0)=0 

TMCLK Input ð ¦ ð 1 ¦ ð ð 

(SDO00) output PIOR01=1 0/1 ð 0 1 ð TO02=0, TMIOA0=0, 
(TMIOD0)=0 

(TxD0) output PIOR01=1, PIOR06=0 0/1 ð 0 1 ð TO02=0, TMIOA0=0, 
(TMIOD0)=0 

(TMIOD0) 
Input PIOR26=1 ¦ ð 1 ¦ ð ð 

output  0 ð 0 0 (TxD0)/(SDO00) 
=1 TO02=0, TMIOA0=0 
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Table 2-7: Example of Register Setting When Using the P20~P27 Pin Function 

name of the 
feet 

Functions Used 
PIORx PMCxx PMxx Pxx 

Feature Name Input/Output 

P20 

P20 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI0 analog input ð 1 1 ¦ 

AVREFP reference voltage 
input ð 1 1 ¦ 

VCIN12 analog input ð 1 1 ¦ 

(INTP11) Input PIOR07=1 0 1 1 

P21 

P21 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI1 analog input ð 1 1 ¦ 

AVREFM reference voltage 
input ð 1 1 ¦ 

VCIN13 analog input ð 1 1 ¦ 

P22 

P22 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI2 analog input ð 1 1 ¦ 

ANO0 analog output ð 1 1 ¦ 

VCIN0 analog input ð 1 1 ¦ 

PGA0IN analog input ð 1 1 ¦ 

P23 

P23 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI3 analog input ð 1 1 ¦ 

ANO1 analog output ð 1 1 ¦ 

PGA0GND analog input ð 1 1 ¦ 

P24 

P24 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI4 analog input ð 1 1 ¦ 

PGA1IN analog input ð 1 1 ¦ 

P25 

P25 
Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI5 analog input ð 1 1 ¦ 

PGA1GND analog input ð 1 1 ¦ 

P26 
P26 

Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI6 analog input ð 1 1 ¦ 

P27 
P27 

Input ð 0 1 ¦ 

output ð 0 0 0/1 

ANI7 analog input ð 1 1 ¦ 
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Table 2-8: Example of Register Setting When Using the P30~P43 Pin Function 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI's 

output function Outside SCI 

P30 

P30 

Input ð ¦ ð 1 ¦ ð ð 

output 
¦ 

0 ð 0 0/1 
SLK00/SCL00=1 RTC1HZ=0, TAO=0, 

(TMIOB1)=0 N-channel 
drain open 

circuit output 
1 ð 0 0/1 

INTP3 Input PIOR00=0, PIOR05=0 ¦ ð 1 ¦ ð ð 

RTC1HZ output ¦ 0 ð 0 0 SLK00/SCL00=1 TAO=0, 
(TMIOB1)=0 

SCLK00 
Input 

PIOR01=0 
¦ ð 1 ¦ ð ð 

output 0/1 ð 0 1 ð RTC1HZ=0, TAO=0, 
(TMIOB1)=0 

SCL00 output PIOR01=0 0/1 ð 0 0 ð RTC1HZ=0, TAO=0, 
(TMIOB1)=0 

TAO output PIOR13, PIOR12=00B 0 ð 0 0 SCLK00/SCL00 
=1 

RTC1HZ=0, 
(TMIOB1)=0 

(TMIOB1) 
Input 

PIOR23=1 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 SLK00/SCL00=1 RTC1HZ=0, TAO=0 

P31 

P31 
Input ð ð ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 ð TO03=0, VCOUT1=0, 
(CLKBUZ0)=0, (TAIO)=0 

TI03 Input ð ð ð 1 ¦ ð ð 

TO03 output ¦ ð ð 0 0 ð VCOUT1=0, 
(CLKBUZ0)=0, (TEIO)=0 

INTP4 Input PIOR00=0 note 13, PIOR05=0 note 

14 ð ð 1 ¦ ð ð 

(TAIO) 
Input 

PIOR11, PIOR10=01B 
ð ð 1 ¦ ð ð 

output ð ð 0 0 ð TO03=0, VCOUT1=0, 
(CLKBUZ0)=0 

(CLKBUZ0) output PIOR03=1 ð ð 0 0 ð TO03=0,(TEIO)=0,VCO
UT1=0 

VCOUT1 output PIOR21=0 ð ð 0 0 ð TO03=0, (TAIO)=0, 
(CLKBUZ0)=0 

P40 

P40 
Input ð ¦ ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 ð ð 

SWDIO 
Input ð ¦ ð 1 ¦ ð ð 

output ¦ ð ð 0 ¦ ð ð 

P41 

P41 
Input ð ð ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 ð (TAIO)=0 

(TAIO) 
Input 

PIOR11, PIOR10=10B 
ð ð 1 ¦ ð ð 

output ð ð 0 0 ð ð 

P42 
P42 

Input ð ð ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 ð ð 

(INTP8) Input PIOR00=1, PIOR07=0 ð ð 1 ¦ ð ð 

P43 
P43 

Input ð ð ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 ð ð 

(INTP9) Input PIOR00=1 ð ð 1 ¦ ð ð 
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Table 2-9: Example of Register Setting When Using the P50~P55 Pin Function 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output Output Function of 

SCI/CAN Beyond SCI/CAN 

P50 

P50 

Input ð ¦ ð 1 ¦ ð ð 

output 
¦ 

0 ð 0 0/1 
SDA00=1 TBIO0=0, (TAO)=0, 

(TMIOC1)=0 N-channel drain 
open circuit output 1 ð 0 0/1 

INTP1 Input PIOR00=0 ¦ ð 1 ¦ ð ð 

STI00 Input PIOR01=0 ¦ ð 1 ¦ ð ð 

RxD0 Input PIOR01=0 ¦ ð 1 ¦ ð ð 

SDA00 Input/Output PIOR01=0 1 ð 0 1 ð TBIO0=0, 
(TAO)=0, (TMIOC1)=0 

(CRxD0) Input PIOR33=1 ¦ ð 1 ¦ ð ð 

TBIO0 
Input ð ¦ ð 1 ¦ ð ð 

output ð 0 ð 0 0 SDA00=1 (TAO)=0, 
(TMIOC1)=0 

(TAO) output PIOR13, PIOR12=01B 0 ð 0 0 SDA00=1 TBIO0=0, 
(TMIOC1)=0 

(TMIOC1) 
Input 

PIOR24=1 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 SDA00=1 TBIO0=0, (TAO)=0 

P51 

P51 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
TxD0/SDO00=1 

TBIO1=0, 
(TMIOD1)=0 N-channel drain 

open circuit output 1 ð 0 0/1 

INTP2 Input PIOR01=0 ¦ ð 1 ¦ ð ð 

SDO00 output PIOR01=0 0/1 ð 0 1 ð TBIO1=0, 
(TMIOD1)=0 

TxD0 output PIOR01=0 0/1 ð 0 1 ð TBIO1=0, 
(TMIOD1)=0 

(CTxD0) output PIOR33=1 0/1 ð 0 1 
TxD0/SDO00=1 

 
TBIO1=0, 

(TMIOD1)=0 

TBIO1 
Input 

ð 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 TxD0/SDO00=1 (TMIOD1)=0 

(TMIOD1) 
Input 

PIOR25=1 
¦ ð 1 ¦ ð ð 

output 0 ð 0 0 TxD0/SDO00=1 TBIO1=0 

P52 
P52 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
ð ð 

N-channel drain 
open circuit output 1 ð 0 0/1 

(INTP1) Input PIOR00=1 ¦ ð 1 ¦ ð ð 

P53 
P53 

Input ð ¦ ð 1 ¦ ð ð 

output 
¦ 

0 ð 0 0/1 
ð ð 

N-channel drain 
open circuit output 1 ð 0 0/1 

(INTP2) Input PIOR00=1 ¦ ð 1 ¦ ð ð 

P54 
P54 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
ð ð 

N-channel drain 
open circuit output 1 ð 0 0/1 

(INTP3) Input PIOR00=1 ¦ ð 1 ¦ ð ð 

P55 

P55 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
(SCLK00)=1 (CLKBUZ1)=0 N-channel drain 

open circuit output 1 ð 0 0/1 

(INTP4) Input PIOR00=1 ¦ ð 1 ¦ ð ð 

(CLKBUZ1) output PIOR04=1 0 ð 0 0 (SCLK00)=1 ð 

(SCLK00) 
Input 

PIOR01=1 
¦ ð 1 ¦ ð ð 

output 0/1 ð 0 1 ð (CLKBUZ1)=0 
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Table 2-10: Example of Register Setting When Using the P60~P63 Pin Function 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI's 

output function Outside SCI 

P60 
P60 

Input ð ð ð 1 ¦ ð ð 
N-channel 
drain open 

circuit output 
(6V 

Withstand 
Voltage) 

¦ ð ð 0 0/1 ð SCLA0=0 

SCLA0 Input/Output PIOR02=0 ð ð 0 0 ð ð 

P61 
P61 

Input ð ð ð 1 ¦ ð ð 
N-channel 
drain open 

circuit output 
(6V 

Withstand 
Voltage) 

¦ ð ð 0 0/1 ð SDAA0=0 

SDAA0 Input/Output PIOR02=0 ð ð 0 0 ð ð 

P62 
P62 

Input ð ð ð 1 ¦ ð ð 
N-channel 
drain open 

circuit output 
(6V 

Withstand 
Voltage) 

¦ ð ð 0 0/1 ð ð 

SS00 Input ð ð ð 1 ¦ ð ð 

P63 P63 

Input ð ð ð 1 ¦ ð ð 
N-channel 
drain open 

circuit output 
(6V 

Withstand 
Voltage) 

¦ ð ð 0 0/1 ð ð 
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Table 2-11: Example of Register Setting When Using the P70~P77 Pin Function 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI's 

output function Outside SCI 

P70 

P70 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 SCLK21/SCL21=1 (VCOUT1)=0 

KR0 Input ð ð ð 1 ¦ ð ð 

SLK21 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 1 ð (VCOUT1)=0 

SCL21 output ð ð ð 0 1 ð (VCOUT1)=0 

(VCOUT1) output PIOR21=1 ð ð 0 0 SCLK21/SCL21=1 ð 

P71 

P71 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
SDA21=1 (VCOUT0)=0 N-channel 

drain open 
circuit output 

1 ð 0 0/1 

KR1 Input ð ¦ ð 1 ¦ ð ð 

STI21 Input ð ¦ ð 1 ¦ ð ð 

SDA21 Input/Outp
ut ð 0/1 ð 0 1 ð (VCOUT0)=0 

(VCOUT0) output PIOR20=1 ð ð 0 0 SDA21=1 ð 

P72 

P72 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 SDO21=1 ð 

KR2 Input ð ð ð 1 ¦ ð ð 

SDO21 output ð ð ð 0 1 ð ð 

P73 

P73 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 SDO01=1 ð 

KR3 Input ð ð ð 1 ¦ ð ð 

SDO01 output ð ð ð 0 1 ð ð 

P74 

P74 

Input ð ¦ ð 1 ¦ ð ð 

output 
ð 

0 ð 0 0/1 
SDA01=1 ð N-channel 

drain open 
circuit output 

1 ð 0 0/1 

KR4 Input ð ð ð 1 ¦ ð ð 

INTP8 Input PIOR00=0, PIOR07=0 ð ð 1 ¦ ð ð 

STI01 Input ð ð ð 1 ¦ ð ð 

SDA01 Input/Output ð 0/1 ð 0 1 ð ð 

P75 

P75 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 SLK01/SCL01=1 ð 

KR5 Input ð ð ð 1 ¦ ð ð 

INTP9 Input PIOR00=0 ð ð 1 ¦ ð ð 

SLK01 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 1 ð ð 

SCL01 output ð ð ð 0 1 ð ð 

P76 

P76 
Input ð ð ð 1 ¦ ð ð 

output ð ð ð 0 0/1 ð ð 

KR6 Input ð ð ð 1 ¦ ð ð 

INTP10 Input PIOR01=0, PIOR07=0 ð ð 1 ¦ ð ð 

(RxD2) Input PIOR01=1 ð ð 1 ¦ ð ð 

P77 P77 
Input ð ð ð 1 ¦ ð ð 

output ¦ ð ð 0 0/1 (TxD2)=1 ð 
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KR7 Input ð ð ð 1 ¦ ð ð 

INTP11 Input PIOR01=0, PIOR07=0 ð ð 1 ¦ ð ð 

(TxD2) output PIOR01=1 ð ð 0 1 ð ð 

 

Figure 2-12: Example of Register Setting When Using the P120 Pin Feature 

name 

of the 

feet 

Functions Used 
 

PIORx 
 
POMxx 

 
PMCxx 

 
PMxx 

 
Pxx 

Output of multiplexing functions 

Feature 
Name 

Input/Outpu
t 

SCI output function Outside SCI 

P120 
P120 

Input ð ð 0 1 ¦ ð ð 
output ð ð 0 0 0/1 ð ð 

ANI14 analog input ð ð 1 1 ¦ ð ð 

VCOUT0 output PIOR20=0 ð 0 0 0 ð ð 

 

Figure 2-13: Example of Register Setting When Using the P121~P124 Pin Function 

 
name of the feet 

Functions Used CMC 
 

Pxx Feature 
Name Input/Output (EXCLK, OSCSEL, EXCLKS, OSCELS) 

P121 
P121 Input 00xx/10xx/11xx ¦ 
X1 ð 01xx ð 

P122 
P122 Input 00xx/10xx/11xx ¦ 
X2 ð 01xx ð 
EXCLK Input 11xx ð 

P123 
P123 Input xx00/xx10/xx11 ¦ 
XT1 ð xx01 ð 

P124 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P124 Input xx00/xx10/xx11 ¦ 
XT2 ð xx01 ð 
EXCLKS Input xx11 ð 

 

Figure 2-14: Example of Register Setting When Using the P130~P147 Pin Function 

name of 
the feet 

Functions Used 
PIORx POMxx PMCxx PMxx Pxx 

Output of multiplexing functions 
Feature 
Name Input/Output SCI output function Outside SCI 

P130 P130 output ð ð ð ð 0/1 ð ð 

P136 
P136 

Input ð ð ð 1 × ð ð 
output ð ð ð 0 0/1 ð ð 

INTP0 Input ð ð ð 1 × ð ð 

P137 
P137 

Input ð ð ð 1 × ð ð 
output ð ð ð 0 0/1 ð ð 

SWCLK Input ð ð ð 1 × ð ð 

P140 
P140 

Input ð ð ð 1 × ð ð 
output ð ð ð 0 0/1 ð CLKBUZ0=0 

CLKBUZ0 output PIOR03=0 ð ð 0 0 ð ð 
INTP6 Input ð ð ð 1 × ð ð 

P141 
P141 

Input ð ð ð 1 × ð ð 
output ð ð ð 0 0/1 ð CLKBUZ1=0 

CLKBUZ1 output PIOR04=0 ð ð 0 0 ð ð 
INTP7 Input ð ð ð 1 × ð ð 

P146 
P146 

Input ð ð 0 1 × ð ð 
output ð ð 0 0 0/1 ð ð 

ANI15 analog input ð ð 1 1 × ð ð 

P147 
P147 

Input ð ð 0 1 × ð ð 
output ð ð 0 0 0/1 ð ð 

ANI12 analog input ð ð 1 1 × ð ð 
VREF0 analog input ð ð 1 1 × ð ð 
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Chapter 3 system structure 

3.1 Overview 

This product system consists of the following components: 

 ̧ 2 AHB buses Master: 

- Cortex-M0+  

- Enhanced DMA 

 

 ̧ 4 AHB buses Slaves: 

- FLASH Storage 

- SRAM Memory 0 

- SRAM Memory 1 

- AHB to APB Bridge, contains all APB interface peripherals 

 

Figure3-1 System Architecture Diagram 

Cortex-M0+

DMA

bus 
matrix

flash

memory

sram

memory 0

sram

memory 1

AHB to APB 

bus bridge 
AHB bus Peripheral

hardware
APB busDMA

system bus

 
 

¶ System bus: This bus connects the system bus (peripheral bus) of the Cortex-M0+ kernel to the bus 

matrix, which coordinates access between the kernel and DMA. 

¶ DMA bus: The bus connects the AHB master interface of the DMA to a bus matrix that coordinates CPU 

and DMA access to SRAM, flash and peripherals. 

¶ Bus matrix: The bus matrix coordinates the access arbitration between the kernel system bus and the 

DMA master bus, and the arbitration adopts a fixed priority, and the DMA priority is high.  

¶ AHB to APB Bridge:AHB to APB Bridge provides a synchronous connection between the AHB and APB 

buses. Refer to for address mapping of the different peripherals connected to each bridgeTable3-1. 
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3.2 system address partitioning 

 
Figure3-2 Map of Address Area 

FFFF_FFFFH

E00F_FFFFH

E000_0000H

4005_FFFFH

4000_0000H

2000_2FFFH

2000_0000H

0050_05FFH

0050_0000H

0001_FFFFH

0000_0000H

reserve

data flash 1.5KB

reserve

main flash region (max 128KB)

reserve

resource region for peripherals

SRAM Ѓmax 12KBЄ

reserve

reserve

Cortex-M0+ specific resource region for peripherals
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peripheral address assignment 
Table3-1 Register group start address for peripheral 

Start Address peripheral Remark 

0x4000_000 - 0x4000_4FFF Reserve  

0x4000_5000 - 0x4000_5FFF DMA  

0x4000_6000 - 0x4000_6FFF interrupt control  

0x4000_7000 - 0x4001_8FFF Reserve  

0x4001_9000 - 0x4001_9FFF MTB Control See Chapter 1 Debug Support for more 

0x4001_A000 - 0x4001_FFFF Reserve  

0x4002_0000 - 0x4002_03FF FLASH control  

0x4002_0400 - 0x4002_0FFF clock control  

0x4002_1000 - 0x4002_1001 watchdog timer  

0x4002_1002 - 0x4002_1800 Reserve  

0x4002_1800 - 0x4002_1BFF high speed CRC See Chapter 31 for Safety Functions 

0x4002_1C00 - 0x4002_1FFF clock control  

0x4002_2000 - 0x4003_FFFF Reserve  

0x4004_000 - 0x4004_0FFF GPIO  

0x4004_1100 - 0x4004_19FF serial communication unit  

0x4004_1A00 - 0x4004_1CFF serial interface IICA  

0x4004_1D00 - 0x4004_1FFF timer array  

0x4004_2000 - 0x4004_21FF Reserve  

0x4004_2200 - 0x4004_25FF Timer A  

0x4004_2600 - 0x4004_29FF Timer B  

0x4004_2A00 - 0x4004_2BFF Timer M  

0x4004_2C00 - 0x4004_2FFF timer C  

0x4004_3000 - 0x4004_31FF Reserve  

0x4004_3200 - 0x4004_32FF universal CRC See Chapter 31 for Safety Functions 

0x4004_3300 - 0x4004_33FF Reserve  

0x4004_3400 - 0x4004_37FF linkage controller  

0x4004_3800 - 0x4004_3BFF comparator  

0x4004_3C00 - 0x4004_3FFF Timer M  

0x4004_4000 - 0x4004_46FF IrDA  

0x4004_4700 - 0x4004_4AFF DA converter  

0x4004_4B00 - 0x4004_4EFF key break  

0x4004_4F00 - 0x4004_4FFF real-time clock  

0x4004_5000 - 0x4004_53FF AD converter  

0x4004_5400 - 0x4004_5AFF CAN controller  

0x4004_5B00 - 0x4004_5BFF interrupt control  

0x4008_000 - 0x4008_01FF hardware divider  

0x4008_0200 - 0xDFFF_FFFF Reserve  
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Chapter 4 clock generator 
The presence of resonator connection pin/external clock input pin for the main system clock and the resonator 

connection pin/external clock input pin for the secondary system clock are different among products. 

 24. 32 pin products 36,40, 48,52,64 pin products 

X1, X2 pins ɔ ɔ 

EXCLK Pin ɔ ɔ 

XT1, XT2 Pin ð ɔ 

EXCLKS Pin ð ɔ 

 

4.1 Function of clock generation circuit 

The clock generation circuit is a circuit that generates a clock to the CPU and peripheral hardware. There are 

three types of system clock and clock oscillation circuits. 

(1) main system clock 

ː X1 oscillating circuit 

The X1 pin and X2 pin can oscillate a clock with fX=1 to 20MHz by connecting the X1 pin and the X2 

pin to the resonator. 

ˑ high speed internal oscillator (high-speed OCO) 

Can oscillate from fHOCO=64MHz, 48MHz, 32MHz, 24MHz, 16MHz, 12MHz, 8MHz, 6MHz, 4MHz, 

3MHz, 2MHz and 1MHz (TYP.) via option bytes (000C2H). When 64MHz is selected as fHOCO, the 

frequency division of fIH is 32MHz. When 48 MHz or a lower frequency is selected as the fHOCO, the 

fIH is not divided and is the same frequency as the fHOCO. After the reset is removed, the CPU must 

start running with this high speed internal oscillator clock. The oscillation can be stopped by Inputing a 

deep sleep mode or by setting a HIOSTOP bit (bit0 of a CSC register). The frequency at which option 

byte settings can be changed through a HOCODIV (Frequency Selection Register) of a high speed 

internal oscillator. For frequency settings, refer to "Figure4-10 Format of Frequency Selective 

Register (HOCODIV) for High-speed Internal Oscillator". The oscillation frequencies that can be set by 

the high speed internal oscillator are shown below (types that can be selected by option bytes and the 

high speed internal oscillator frequency selection register (HOCODIV)). 

 

supply voltage 
Oscillation Frequency (MHz) 

1 2 3 4 6 8 12 16 24 32 48 64 

2.7VƍVDDƍ5.5V ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ 
2.4VƍVDDƍ5.5V ɔ ɔ ɔ ɔ ɔ ɔ ɔ ɔ ð ð ð ð 

1.8VƍVDDƍ5.5V ɔ ɔ ɔ ɔ ɔ ɔ ð ð ð ð ð ð 

 

In addition, the external main system clock (fEX=1~20MHz) can be provided by the EXCLK/X2/P122 pin, and the 

input of the external main system clock can be set invalid by entering deep sleep mode or setting MSTOP bit. 

A high-speed system clock (X1 clock or an external main system clock) and a high speed internal oscillator clock 

can be switched by setting a MCM0 bit (bit4 of a system clock control register (CKC)). 
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(2) sub-system clock 

·  XT1 oscillating circuit 

The XT1 pin and XT2 pin are connected to a 32.768kHz resonator to oscillate the clock with 

fXT=32.768kHz and to stop the oscillation by setting a XTSTOP bit (bit6 of the clock operation status 

control register (CSC)). 

 

In addition, the external sub-system clock (fEXS=32.768kHz) can be provided by the EXCLKS/XT2/P124 

pin, and the input of the external sub-system clock can be set invalid by setting the XTSTOP bit. 

 
 (3) Low speed internal oscillator clock (low speed OCO) 

It can make the clock oscillate at fIL=15 kHz (TYP.). 

A low speed internal oscillator clock cannot be used as a CPU clock. 

The SysTick timer use a low-speed internal oscillator clock as an external reference clock. 

Only the following peripheral hardware can run through a low-speed internal oscillator clock: 

 ̧ watchdog timer 

 ̧ real-time clock 

 ̧ 15-bit interval timer 

 ̧ Timer A 

 

The low-speed internal oscillator oscillates when the bit4 (WDTON) of the option byte (000C0H) or bit4 

(WUTMMCK0) of the sub-system clock providing mode control register (OSMC). 

However, the low-speed internal oscillator stops oscillating if either deep sleep mode or sleep mode is entered 

when the WDTON bit is 1 and WUTMMCK0 bit is 0 and the bit0 (WDSTBYON) of the option byte is 0. 

Note: The low-speed internal oscillator clock (fIL) can be selected as the count clock of the real-time clock only when a fixed 

period interrupt function is used. 

Notes: fX : X1 clock oscillation frequency 

fHOCO : Clock frequency of high speed internal 

oscillator (up to 64MHz) 

fIH : Clock frequency (maximum 48 MHz) Note for 

high-speed internal oscillator 

fEX : External master clock frequency 

fXT :XT1 clock oscillation frequency 

fEXS : external sub-system clock frequency 

fIL : Clock frequency of low speed internal oscillator 

 

Note: Controlled by hardware, when fHOCO is set to 64MHz, the clock frequency is the same as fHOCO 

divided by 2; when it is set to 48MHz or lower, the clock frequency is the same as fHOCO. To supply 

64MHz to Timer M, fCLK must be set to fIH. 
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4.2 Structure of clock generating circuit 

The clock generating circuit is composed of the following hardware. 

 
Table4-1 Structure of clock generating circuit 

 

Project structure 

control register 

Clock Run Mode Control Register (CMC) 

System Clock Control Register (CKC) 

Clock Operation Status Control Register (CSC) 

Oscillation Stabilization Time Counter Status Register (OSTC) 

Oscillation Stabilization Time Selection Register (OSTS) 

Peripheral enable registers 0, 1 (PER0, PER1) 

Subsystem clock supply mode control register (OSMC) 

High-speed internal oscillator frequency selection register 

(HOCODIV) 

High-speed internal oscillator trim register (HIOTRM) 

oscillating circuit 

X1 oscillating circuit 

XT1 oscillating circuit 

high speed internal oscillator 

low-speed internal oscillator 
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Figure4-1 Block diagram of clock generating circuit 
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Remark fX  

fHOCO 
: X1 clock oscillation frequency 

: Clock frequency of high speed internal oscillator (maximum 64MHz) 

 fIH : Clock frequency (maximum 48 MHz) of high-speed internal oscillator 

 fEX : External master clock frequency 

 fMX : high speed system clock frequency 

 fMAIN : main system clock frequency 

 fXT :XT1 clock oscillation frequency 

 fEXS : external sub-system clock frequency 

 fSUB : sub-system clock frequency 

 fCLK : Clock frequency of the CPU/peripheral hardware 

 fIL : Clock frequency of low speed internal oscillator 

 

Note: Controlled by hardware, when fHOCO is set to 64MHz, the clock frequency is the same as fHOCO divided 

by 2; when it is set to 48MHz or lower, the clock frequency is the same as fHOCO. To supply 64MHz to 

Timer M, fCLK must be set to fIH. 

 

4.3 Register for controlling clock generation circuit 

The clock generation circuit is controlled by the following registers. 

Å Clock Operation Mode Control Register (CMC) 

Å System Clock Control Register (CKC) 

Å Clock Operation Status Control Register (CSC) 

Å Oscillation stabilization time counter status register (OSTC) 

Å Oscillation stabilization time selection register (OSTS) 

Å Peripheral enable registers 0, 1 (PER0, PER1) 

Å Subsystem clock supply mode control register (OSMC) 

Å High-speed internal oscillator frequency selection register (HOCODIV) 

Å High-speed internal oscillator trim register (HIOTRM) 

 

Note: The assigned registers and bits differ depending on the product. You must set an initial value for unassigned bits. 
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4.3.1 Clock Run Mode Control Register (CMC) 

This is a register that sets the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, 

XT2/EXCLKS/P124 pin and selects the gain of the oscillating circuit. 

The CMC register can only be written 1 time by the 8-bit memory operation instruction after reset. The register 

can be read by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "00H". 
 

Figure4-2 Format of Clock Run Mode Control Register (CMC) 

Address: 40020400H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

CMC 

 
 

EXCLK OSCSEL 
high speed system clock pin 

operation mode X1/P121 Pin X2/EXCLK/P122 Pin 

0 0 input port mode input port 

0 1 X1 oscillation mode Connect a crystal or ceramic resonator. 

1 0 port mode input port 

1 1 external clock input mode input port external clock input 
 

EXCLKS OSCELS 
Secondary system clock pin 

operation mode XT1/P123 Pin 
XT2/EXCLKS/P124 

pin 
0 0 input port mode input port 

0 1 XT1 oscillation mode Connect a crystal resonator. 

1 0 input port mode input port 

1 1 external clock input mode input port external clock input 
 

AMPHS1 AMPHS0 Selection of Oscillation Modes for XT1 Oscillation Circuit 

0 0 Low power oscillation (default) 

0 1 normal oscillation 

1 0 ultra-low power oscillation 

1 1 Disable setting. 

 

AMPH Control of X1 Clock Oscillation Frequency 

0 1MHzƍfXƍ10MHz 

1 10MHz<fXƍ20MHz 

Note: The EXCLKS bit, OSCSELS bit, AMPHS1 bit, and AMPHS0 bit are initialized only when the power is reset, and 

remain unchanged when the other reset is reset. 
 

Note 1. After the reset is removed, the CMC register can only be written 1 time through the 8-bit memory instruction. 

When using CMC registers with an initial value (00H), to prevent malfunctions when programs are out of control (if 

values other than "00H" cannot be recovered) 

2. The CMC register must be set after the reset is removed and before X1 or XT1 oscillations are started by setting 

clock run status control registers. 

3. The AMPH position "1" must be set when the X1 clock oscillates above 10 MHz. 

4. AMPH bits, AMPHS1 bits, and AMPHS0 bits must be set after the reset is removed and under fIH as fCLK (switch 

fCLK to fMX or prefSUB). 

EXCLK OSCSEL EXCLKS Note OSCSELS Note 0 AMPHS1 Note AMPHS0 Note AMPH 
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5. The stability time of fXT must be counted by software. 

6. The upper limit of the system clock is 48MHz, but the upper limit of the X1 oscillator circuit is 20MHz. 

Note: fX:X1 clock oscillation frequency 

 

4.3.2 System Clock Control Register (CKC) 

This is a register that selects the CPU/peripheral hardware clock and the main system clock. The CKC 

register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "00H". 

Figure4-3 Format of the System Clock Control Register (CKC) 
 

Address: 40020404H After reset: 00H R/W Note 1 

symbol 7 6 5 4 3 2 1 0 

CKC 

 
 

CLS CPU/Peripheral Hardware Clock (fCLK) Status 

0 Main System Clock (fMAIN) 

1 Secondary System Clock (fSUB) 

 
CSS Note 2 CPU/Peripheral Hardware Clock (fCLK) Selection 

0 Main System Clock (fMAIN) 

1 Secondary System Clock (fSUB) 

 
MCS Status of the main system clock (fMAIN) 

0 high speed internal oscillator clock (fIH) 

1 High speed system clock (fMX) 

 
MCM0 Note 2 Main System Clock (fMAIN) Operation Control 

0 A high speed internal oscillator clock (fIH) is selected as the main system clock (fMAIN). 

1 Select the high speed system clock (fMX) as the primary system clock (fMAIN). 

Note: 1.bit7 and bit5 are read-only bits. 

2. Disable changing the value of the MCM0 bit in the state with CSS position "1". 

Note: fHOCO : Clock frequency of high speed internal 

oscillator (maximum 64MHz) 

fIH : Clock frequency (maximum 48 MHz) of high-

speed internal oscillator 

fMX : high speed system clock frequency 

fMAIN : main system clock frequency 

fSUB : sub-system clock frequency 

 

Note: Hardware controls the clock frequency to be the same as the 2th of fHOCO when fHOCO is set to 64 MHz. Set to 

48MHz or lower, to have the same clock frequency as fHOCO. fCLK must be set to fIH to supply timer M with 64 MHz. 

 

 

CLS CSS MCS MCM0 0 0 0 0 
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Note: 1. bit0~3 must be set to 0. 

2. Provides CSS bit setting clocks for the CPU and peripheral hardware. If you change the CPU clock, change the 

peripheral hardware clock at the same time (except for real-time clocks, 15-bit interval timers, clock output/buzzer 

output, and watchdog timer). Therefore, if you want to change the clock on the CPU/peripheral hardware, you must 

stop the peripheral functions. 

3. If the secondary system clock is used as the peripheral hardware clock, the A/D converter and IICA cannot be 

guaranteed. For operation characteristics of the peripheral hardware, refer to the electrical characteristics of the 

sections and datasheet  for each peripheral hardware. 

4. To select fHOCO as the counter source for timer M, you must set fCLK to fIH before setting bit4(TMMEN) of peripheral 

enable register 1 (PER1. If you want to change fCLK to a clock other than fIH, you must change it after clearing the 

bit4(TMMEN) of Peripheral enable register 1 (PER). 
 

4.3.3 Clock Operational Status Control Register (CSC) 

This is a register that controls the operation of a high speed system clock, a high speed internal 

oscillator clock, and a sub-system clock (except for a low-speed internal oscillator clock). The CSC register 

is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "C0H". 

Figure4-4 Format of Clock Operational Status Control Register (CSC) 
 

Address: 40020401H After Reset: C0H R/W 

symbol 

CSC 

 

 

MSTOP 

Operation Control of High Speed System Clock 

X1 oscillation mode external clock input 
mode input port mode 

0 
Operation of X1 oscillator 
circuit 

External clock valid for 
EXCLK pin 

input port 
1 The X1 oscillation circuit stops The external clock for the 

EXCLK pin is invalid 

 

 

XTSTOP 

Running Control of Sub-system Clock 

XT1 oscillation mode external clock input 
mode 

input port mode 

0 
XT1 Oscillation Circuit 
Operation 

External clock valid for 
EXCLKS pin 

input port 

1 XT1 oscillation circuit stop The external clock for the 
EXCLKS pin is invalid 

 
HIOSTOP Operation control of high speed internal oscillator clock 

0 high speed internal oscillator operation 

1 high speed internal oscillator stop 

Note: 

1. After the reset is removed, the CSC register must be set after setting the Clock Run Mode Control Register 

(CMC). 

2. After the reset is removed and before the MSTOP position "0", an oscillatory stabilization time selection register 

(OSTS) must be set. However, when using the OSTS register at the initial value, you do not need to set the 

OSTS register. 

 7  6 5 4 3 2 1 0  

MSTOP XTSTOP 0 0 0 0 0 HIOSTOP 
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3. When X1 oscillation is started by setting the MSTOP bit, the oscillation stability time of the X1 clock must be 

confirmed by OSTC. 

4. When you want to start XT1 oscillation by setting the XSTOP bit, you must wait for the oscillation stabilization time 

required by the secondary system clock through software. 

5. The clock selected as the CPU/peripheral hardware clock (fCLK) cannot be stopped through the CSC register. 

6. Refer to Table 4-2 for register flag settings for stopping clock oscillation (invalid external clock input) and 

conditions before stopping. 

 

Table4-2 Clock stopping method 

clock Condition before clock stops (invalid external clock input) Set the flag for the CSC 
register 

X1 clock The CPU/peripheral hardware clock runs at a clock other than 
the high speed system clock. 

(CLS=0 and MCS=0, or CLS=1) 
MSTOP=1 

external main system clock 

XT1 clock The CPU/peripheral hardware clock runs at a clock other than 
the secondary system clock. 

(CLS=0) 
XTSTOP=1 

external sub-system clock 

high speed internal oscillator 
clock 

The CPU/peripheral hardware clock operates at a clock other 
than the high speed internal oscillator clock. 

(CLS=0 and MCS=1, or CLS=1) 
HIOSTOP=1 
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4.3.4 State register of the oscillation stabilization time counter (OSTC). 

This is a register that represents the count state of the oscillating steady-time counter of the X1 clock. The 

oscillation stability time of the X1 clock can be confirmed under the following circumstances: 

When the CPU clock is a high speed internal oscillator clock or a sub-system clock and the oscillation of the X1 

clock is started 

When the CPU clock is a high speed internal oscillator clock and the sleep mode is released after transferring 

to deep sleep mode in the X1 clock oscillation state 

The OSTC register can be read by an 8-bit memory operation instruction. 

By generating a reset signal, entering deep sleep mode or MSTOP bit (bit7 of clock running status control 

register (CSC) is 1. 

Note: The oscillation steady-time counter starts counting when: 

· When the  X1 clock starts to oscillate (EXCLK, OSCSEL=0, 1ŸMSTOP=0) 

· when deep sleep mode is removed 
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Figure4-5 The Format of State Register (OSTC) for Oscillatory Stable Time Counters 

Address: 40020402H After reset: 00H R 

symbol 7 6 5 4 3 2 1 0 

OSTC 

 
 

MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18 
oscillatory steady-time 
state 

 fX=10MHz fX=20MHz 

0 0 0 0 0 0 0 0 
Less than 

28/fX 
less than 
25.6ɛs 

less than 
12.8ɛs 

1 0 0 0 0 0 0 0 At least 28/fX At least 
25.6ɛs At least 12.8ɛs 

1 1 0 0 0 0 0 0 At least 29/fX At least 
51.2ɛs At least 25.6ɛs 

1 1 1 0 0 0 0 0 At least 
210/fX 

At least 
102ɛs At least 51.2ɛs 

1 1 1 1 0 0 0 0 At least 

211/fX 
At least 
204ɛs At least 102ɛs 

1 1 1 1 1 0 0 0 At least 

213/fX 
At least 
819ɛs At least 409ɛs 

1 1 1 1 1 1 0 0 At least 
215/fX 

At least 
3.27ms At least 1.63ms 

1 1 1 1 1 1 1 0 At least 
217/fX 

At least 
13.1ms At least 6.55ms 

1 1 1 1 1 1 1 1 At least 

218/fX 
At least 
26.2ms At least 13.1ms 

Note 1. After the time mentioned above, you change from MOST8 to "1" and remain in "1". 

2. The oscillation stable time counter counts only within the oscillation stable time set by the OSTS. In the following 

cases, the setting value of the oscillation stability time of the OSTS register must be greater than the count 

value confirmed by the OSTC register. 

When the CPU clock is a high speed internal oscillator clock or a sub-system clock and the X1 clock is to start 

oscillating 

When the CPU clock is a high-speed internal oscillator clock and is transferred to deep sleep mode and then 

released from deep sleep mode in the X1 clock oscillation state 

The oscillation stabilization time of the 3.X1 clock does not include the time before the clock begins to oscillate 

(Figure a below). 

 
deep sleep mode cancelation 

 

X1 Pin   

voltage waveform 

Ah 

 

 
Note: fX:X1 clock oscillation frequency. 

  

MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18 
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4.3.5 Oscillating Stable Time Select Register (OSTS) 

This is a register that selects the oscillation steady time of the X1 clock. 

If the X1 clock is oscillated, the time set by the OSTS register is automatically waited after the X1 oscillation 

circuit (MSTOP=0). 

If the CPU clock is switched from a high-speed internal oscillator clock or a sub-system clock to an X1 clock, or 

if the CPU clock is a high speed internal oscillator clock and is switched to a deep sleep mode. 

The OSTC register can be used to confirm the time set by the OSTS register. 

The OSTS register is set by an 8-bit memory operation instruction. After the reset signal is generated, the 

value of this register changes to "07H". 

Figure4-6 Format of Oscillatory Stable Time Select Register (OSTS) 

 

Address: 40020403H After reset: 07H R/W 

symbol 7 6 5 4 3 2 1 0 

OSTS 

 
 

 

OSTS2 
 

OSTS1 
 

OSTS0 
Selection of Oscillation Stability Time 

 fX=10MHz fX=20MHz 

0 0 0 28/fX 25.6ɛs 12.8ɛs 

0 0 1 29/fX 51.2ɛs 25.6ɛs 

0 1 0 210/fX 102ɛs 51.2ɛs 

0 1 1 211/fX 204ɛs 102ɛs 

1 0 0 213/fX 819ɛs 409ɛs 

1 0 1 215/fX 3.27ms 1.63ms 

1 1 0 217/fX 13.1ms 6.55ms 

1 1 1 218/fX 26.2ms 13.1ms 

Note:1. To change the setting of the OSTS register, you must make the change before the MSTOP position of the Clock 

Run Status Control Register (CSC). 

2. The oscillation stable time counter is counted only in that oscillation stable time set in the OSTS register. 

In the following cases, the setting value of the oscillation stability time of the OSTS register must be greater than 

the count value confirmed by the OSTC register after the start of the oscillation. 

When the CPU clock is a high speed internal oscillator clock or a sub-system clock and the X1 clock is to start 

oscillating 

When the CPU clock is a high-speed internal oscillator clock and is transferred to deep sleep mode and then 

released from deep sleep mode in the X1 clock oscillation state 

3. The oscillation stable time of the X1 clock does not include the time before the clock starts to oscillate (Figure 

a below). 

deep sleep mode cancelation 
 

X1 Pin   

voltage waveform 

Ah 

 
 

Note: fX:X1 clock oscillation frequency 
  

0 0 0 0 0 OSTS2 OSTS1 OSTS0 
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4.3.6 Peripheral Enable Registers 0, 1 (PER0, PER1) 

This is a register that sets a clock that is enabled or disabled for each peripheral hardware. Reduce power 

consumption and noise by stopping clock supply to unused hardware. 

When the following peripheral functions controlled by these registers are used, the corresponding position '1' 

must be made before the initial setting of the peripheral functions. 

Å Real-time clock, 15-bit interval timer 

Å IrDA 

Å A/D converter 

Å serial interface IICA0 

Å Universal serial communication unit 1 

Å Universal serial communication unit 0 

Å afcan 

Å Timer4 0 

Å D/A converter 

Å Timer B 

Å comparator 

Å Timer M 

Å Enhanced DMA 

Å PWMOP 

Å timer C 

Å Timer A 

 

The PER0 register and PER1 register are set by an 8-bit memory operation instruction. 

After the reset signal is generated, the values of these registers change to '00H'. 

 

Figure4-7 Format of Peripheral Enable Register 0 (PER0) (1/3) 
 

Location: 40020420H After reset: 00H R/W 

symbol 

PER0 

 

 
RTCEN Control of an input clock of a real-time clock (RTC) and a 15-bit interval timer 

0 
Stop provide an input clock. 

· Cannot write real time clock(RTC) and the SFR used by the and 15-bit interval timers. 

· The real-time clock (RTC) and 15-bit interval timer are reset. 

1 
Provides an input clock. 

· Read and write to the SFR used by the real-time clock (RTC) and 15-bit interval timer. 

NOTE: The RTCEN bit is initialized only when power-on reset, and remains unchanged when other reset. 

 

  

 7  6  5  4  3 2

 
2   1  0  

RTCEN 
Note 

IRDEN ADCEN ICAHN SCI1EN SCI0EN CAN0 TM40EN 
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Figure4-7 Format of Peripheral Enable Register 0 (PER0) (2/3) 

Location: 40020420H After reset: 00H R/W 

symbol 

PER0 

 
IRDEN Provides control of input clock for serial interface IICA1 

0 
Stop provide an input clock. 

· Cannot write the SFR used by IRDA . 

· IRDA is in a reset state. 

1 
Provides an input clock. 

· Can read and write SFRs used by IRDA . 

 
 

ADCEN Control of an input clock of an A/D converter is provided 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the A/D converter . 

· The  A/D converter is in a reset state. 

1 
Provides an input clock. 

· Read and write SFRs used by A/D converters . 

 
IICA0EN Provides control of input clock for serial interface IICA0 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the serial interface IICA0 . 
· Serial interface IICA0  is in a reset state. 

1 
Provides an input clock. 

· SFRs that can read and write to the serial interface IICA0 . 

 

SCI1EN 
Control of an input clock of a universal serial communication unit 
1 is provided 

0 
Stop provide an input clock. 

· Cannot write the SFR used by Universal Serial Communication Unit 1. 
· The universal serial communication unit 1 is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by the Universal Serial Communication Unit 1. 

 

SCI0EN 
Control of an input clock of a universal serial communication unit 
0 is provided 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the Universal Serial Communication Unit 0. 
· Universal serial communication unit 0 is in reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by the Universal Serial Communication Unit 0. 
 

 
  

 7  6  5  4  3 2

 
2   1  0  

RTCEN IRDEN ADCEN ICAHN SCI1EN SCI0EN CAN0 TM40E
N 
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Figure4-7 Format of Peripheral Enable Register 0 (PER0) (3/3) 

Location: 40020420H After reset: 00H R/W 

symbol 

PER0 

 
 

CAN0 Control of input clock of CAN module 

0 
Stop provide an input clock. 

· Cannot write the SFR used by CAN0. 

·CAN0 is in a reset state. 

1 
Provides an input clock. 

· Read and write SFRs used by CAN0. 
 

 

TM40EN Provides control of the input clock of the Timer4 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the universal timer unit 0. 

· The universal timer unit 0 is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by the universal timer unit 0. 
 

 

Figure4-8 Format (1/2) of the Peripheral Admission Register 1 (PER1) 

Address: 4002081AH After reset: 00H R/W 

symbol 

PER1 

 
 

DACEN Provides control of the input clock of a D/A converter 

0 
Stop provide an input clock. 

· You cannot write the SFR used by the D/A converter . 

· The  D/A converter is in a reset state. 

1 
Provides an input clock. 

· Read and write SFRs used by D/A converters . 

 
TMBEN Control of input clock of timer B is provided 

0 
Stop provide an input clock. 

· SFR used by timer B cannot be written . 

· Timer B is in the reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by timer B . 

 

PGACMPEN Control of an input clock of an amplifier and a comparator is provided 

0 
Stop provide an input clock. 

· SFRs used by amplifiers and comparators cannot be written. 
· The amplifier comparator is in a reset state. 

1 
Provides an input clock. 

· SFRs that can read and write to the amplifiers and comparators . 

 

 
 

 
 

 7  6  5  4  3 2

 
2   1  0  

DACEN TMBEN PGACMPEN TMMEN Note 1 DMAEN PWMPEN TMCEN Note 2 TMAEN 

 

 7  6  5  4  3 2

 
2   1  0  

RTCEN IRDEN ADCEN ICAHN SCI1EN SCI0EN CAN0 TM40EN 
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TMMEN Note Control of an input clock of a timer M is provided 

0 
Stop provide an input clock. 

· SFR  used by timer M cannot be written. 
· The timer M is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by the timer M . 
 

 

Note 1: When user option byte (000C2H) has FRQSEL4 bit '1', fCLK must be set to fIH before setting the bit4 (TMMEN) of 

Peripheral Enable Register 1 (PER1). 

If you want to change fCLK to a clock other than fIH, you must change it after clearing the bit4(TMMEN) of 

Peripheral enable register 1 (PER). 

Note 2: If you select fHOCO as the count source for TMC, you must set fCLK to fIH before setting bit1 (TMCEN) of Peripheral 

Enable Register 1 (PER1. 

If you want to change fCLK to a clock other than fIH, you must change it after clearing bit1 (PER1) (TMCEN). 
 

 

Figure4-8 Format of Peripheral Enable Register 1 (PER1) (2/2) 

Address: 4002081AH After reset: 00H R/W 

symbol 

PER1 

 
 

DMAEN Providing control of an input clock of a DMA 

0 
Stop provide an input clock. 

· DMA cannot run. 

1 
Provides an input clock. 

· DMA can run. 

 
PWMPEN Control of input clock of PWM cut-off circuit 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the PWM cutoff circuit . 

· The PWM cut-off circuit is in the reset state. 

1 
Provides an input clock. 

· Can read and write SFR used by PWM cut -off circuit. 

 
TMCEN Control of an input clock of a timer C is provided 

0 
Stop provide an input clock. 

· SFR used by timer C cannot be written . 

· Timer C is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by timer C . 

 
  

 7  6  5  4  3 2

 
2   1  0  

DACEN TMBEN PGACMPEN TMMEN Note 1 DMAEN PWMPEN TMCEN Note 2 TMAEN 
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TMAEN Control of an input clock of timer A is provided 

0 
Stop provide an input clock. 

· SFR used by timer A cannot be written . 

· Timer A is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by timer A . 
 

Note 1: When user option byte (000C2H) has FRQSEL4 bit '1', fCLK must be set to fIH before setting the bit4 (TMMEN) of 

Peripheral Enable Register 1 (PER1). 

If you want to change fCLK to a clock other than fIH, you must change it after clearing the bit4(TMMEN) of 

Peripheral enable register 1 (PER). 

Note 2: If you select fHOCO as the count source for TMC, you must set fCLK to fIH before setting bit1 (TMCEN) of Peripheral 

Enable Register 1 (PER1. 

If you want to change fCLK to a clock other than fIH, you must change it after clearing bit1 (PER1) (TMCEN). 
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4.3.7 Secondary system clock provides mode control register (OSMC) 

The OSMC register is a register that reduces power consumption by stopping an unwanted clock function. 

If that RTCLPC position" 1", the clock is stop supplied to peripheral functions other than the real-time clock and 

the 15-bit interval timer in deep sleep mode or sleep mode of the CPU running with a secondary system clock. 

In addition, the real-time clock and the runtime clock of the 15-bit interval timer can be selected through the 

OSMC register. 

The OSMC register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "00H". 

 
Figure4-9 The secondary system clock provides the format of the mode control register (OSMC) 

 

Address: 40020423H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

OSMC 

 
 

RTCLPC 
Settings in Deep Sleep Mode and Sleep Mode in which the CPU is running at a sub-system 
clock 

0 
Allow sub-system clock to be provided for peripheral functions 

(Refer to Table 27-1~Table 27-3 for allowable peripherals. 

1 
Stop providing that sub-system clock to peripheral function other than the real time clock and 
15 bit interval timer. 

 
UTMCK0 Selection of a real-time clock, a 15-bit interval timer and an operation clock of timer A 

0 
· The secondary system clock is the real-time clock and the runtime clock of the 15-bit 
interval timer. 
· A low-speed internal oscillator cannot be selected as the count source for timer A. 

1 

· The low-speed internal oscillator clock is the real-time clock and the runtime clock of the 15-
bit interval timer. 

· A low-speed internal oscillator or sub-system clock can be selected as the count source of 
timer A. 

 
  

RTCLPC 0 0 UTMCK0 0 0 0 0 

 



BAT32G137 user manual | Chapter 4 clock generator 
  

 www.changitech.com  54 / 1033 Rev.2.05 

4.3.8 Frequency selection register (HOCODIV) for high speed internal oscillator. 

This is a register that changes the high-speed internal oscillator frequency set by the option byte (000C2H). 

However, the frequency that can be selected varies depending on the values of the FRQSEL4 bit and FRQSEL3 bit 

of the option byte (000C2H). 

The HOCODIV register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register becomes the set value of the FRQSEL2~FRQSEL0 

bit of the option byte (000C2H). 

 
Figure4-10 Format of Frequency Selective Register (HOCODIV) for High-speed Internal Oscillator 

 

Address: 40021C20H After reset: Setting value for the FRQSEL2~FRQSEL0 bit of the option byte (000C2H) R/W 

symbol 7 6 5 4 3 2 1 0 

HOCODIV 

 
 

HOCODIV2 HOCODIV1 HOCODIV0 

Selection of Clock Frequency of High Speed Internal Oscillator 

FRQSEL4=0 FRQSEL4=1 

FRQSEL3=0 FRQSEL3=1 FRQSEL3=0 FRQSEL3=1 

0 0 0 fIH=24MHz fIH=32MHz fIH=48MHzfHOCO

=48MHz 

fIH=32 

MHzHOCO=64 

MHz 

0 0 1 fIH=12MHz fIH=16MHz fIH=24MHzHOCO=

48MHz 

fIH=16 

MHzHOCO=64 

MHz 

0 1 0 fIH=6MHz fIH=8MHz 
fIH=12 

MHzHOCO=48 

MHz 

fIH=8 

MHzHOCO=64 

MHz 

0 1 1 fIH=3MHz fIH=4MHz 
fIH=3 

MHzHOCO=48 

MHz 

fIH=4 

MHzHOCO=64 

MHz 

1 0 0 Disable 
setting. fIH=2MHz Disable setting. 

fIH=2 

MHzHOCO=64 

MHz 

1 0 1 Disable 
setting. fIH=1MHz Disable 

setting. 

fIH=1 

MHzHOCO=64 

MHz 

above Disable setting. 

 

Note 1. The HOCODIV register must be set in a state where the high speed internal oscillator clock (fIH) is selected as the 

CPU/peripheral hardware clock (fCLK). 

2. After changing the frequency through the HOCODIV register, the frequency switch is performed after the 

following transition time: 

· Run up to 3 clocks at the frequency before the change. 

· Wait for up to 3 CPU/peripheral hardware clocks at changed frequencies. 

  

0 0 0 0 0 HOCODIV2 HOCODIV1 HOCODIV0 
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4.3.9 High speed internal oscillator fine-tuned register (HIOTRM) 

This is a register that corrects the accuracy of the high speed internal oscillator. Self-measurement of the 

frequency of the high speed internal oscillator and accuracy correction can be performed using a timer or the 

like with a high precision external clock input. The HIOTRM register is set by an 8-bit memory operation 

instruction. 

 

Note:  If the temperature and the voltage of the VDD pin change after the correction accuracy, the frequency changes. 

In the case where the temperature and the voltage of the VDD pin are varied, it is necessary to perform the 

correction before or periodically before the required frequency accuracy. 

 
Figure4-11 The Scheme of Fine-Tuning Register (HIOTRM) for High Speed Internal Oscillator 

 

Address: 40021C00H After reset: Note R/W 

symbol 7 6 5 4 3 2 1 0 

HIOTRM 

 
 

 

HIOTRM5 
 

HIOTRM4 
 

HIOTRM3 
 

HIOTRM2 
 

HIOTRM1 
 

HIOTRM0 high speed internal 
oscillator 

0 0 0 0 0 0 minimum speed 

0 0 0 0 0 1 
  
  

0 0 0 0 1 0   

0 0 0 0 1 1   

0 0 0 1 0 0   

· The  

· The  

· The  

  

1 1 1 1 1 0   

1 1 1 1 1 1 maximum speed 

 

Note: The reset value is the adjustment value at shipment. 

 
Note: 1. Every 1 bit of the HIOTRM register can correct the clock accuracy of the high-speed internal oscillator by about 
0.05%. 

  

0 0 HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRM0 

 



BAT32G137 user manual | Chapter 4 clock generator 
  

 www.changitech.com  56 / 1033 Rev.2.05 

4.4 System clock oscillating circuit 

4.4.1 X1 oscillating circuit 

The X1 oscillation circuit oscillates by a crystal resonator or a ceramic resonator (1 to 20MHz) connecting 

the X1 pin. An external clock can also be input, at which time a clock signal must be input to the EXCLK pin. 

When using the X1 oscillator circuit, the bit7 and bit6 (EXCLK, OSCSEL) of the clock mode control register 

must be set: 

·  Crystal or ceramic oscillation: EXCLK, OSCSEL=0, 1,1 

·  external clock input :EXCLK, OSCSEL=1,1 

When the X1 oscillator circuit is not used, it must be set to the input port mode (EXCLK, OSCSEL=0, 0). 

Also, refer to the "Table 2-4 when not used as an input port. Treatment of each unused pin." 

Examples of the external circuit of the X1 oscillating circuit are as followsFigure4-12in the 

 
Figure4-12Example of an external circuit of an X1 oscillating circuit 

Vss

X1

X2

Crystal oscilator or 

ceramic oscillator

(a) Crystal or Ceramic oscilator (b) external clock

EXCLKexternal clock

 
 

The notes are shown on the following page. 
 

4.4.2 XT1 oscillating circuit 

The XT1 oscillation circuit oscillates by a crystal resonator (32.768kHz (TYP.)) connecting the XT1 pin 

and XT2 pin. When the XT1 oscillating circuit is used, the bit4 (OSCSELS) of the clock operation mode 

control register (CMC) must be set "1" to input the external clock, and the EXCLKS pin must be input. 

When using the XT1 oscillator circuit, the bit5 and bit4 (EXCLKS, OSCSELS) of the clock mode control 

register must be set: 

Å crystal oscillation :EXCLKS, OSCILS=0,1 

Å external clock input :EXCLKS, OSCILS=1,1 

When the XT1 oscillator circuit is not used, it must be set to the input port mode (EXCLKS, OSCSELS=0, 

0). Also, when not used as an input port, refer to Table 2-4 for Handling Without Pins." Examples of the 

external circuit of the XT1 oscillating circuit are as followsFigure4-13in the 
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Figure4-13      Example of External Circuit of XT1 Oscillation Circuit 

Vss

XT1

XT2

(a) cyrstal oscilation (b) external clock

EXCLKSexternal clock

32.768

KHz

 
 

Note: To avoid the effect of wiring capacitance or the like when using the X1 oscillator circuit and the XT1 oscillator 

circuitFigure4-12andFigure4-13The dotted section in routes: 

· Cabling must be minimized. 

· Cannot cross with other signal lines and cannot approach wiring through which a variable high current flows. 

· The capacitor and VSS contacts of the oscillating circuit must always be kept at the same potential, and the 

grounding pattern through which a large current flows must not be grounded. 

· The signal cannot be removed from the oscillator circuit. 
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incorrect resonator connection examples such asFigure4-14in the 

 
Figure4-14 Examples of incorrect resonator connections (1/2) 

 
 

(a) The wiring of the connection circuit is too long (b) Signal line crossing 
 

  
 

 
(c) Cross-wiring of signal lines for X1 and X2 (d) The X1 and X2 are powered or mapped under 
the wiring 

 

  

 

NOTE: In a multi-layered or dual-faceplate, you cannot configure power or map shapes below the X1 pin, X2 pin, and 

resonator cabling areas (dashed lines in the figure). The wiring may not produce a capacitive component and 

affect the oscillation characteristics. 

 

Note: Using the secondary system clock, replace X1 and X2 with XT1 and XT2 respectively. 
  

VSS X1 X2 

PORT 

VSS X1 X2 

NG 

NG 

NG 

VSS X1 X2 
VSS X1 X2 

ᴂ 
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Figure4-14 Examples of incorrect resonator connections (2/2) 
 

(e) varying high current source close to singal lines
(f) Current flows along grounding of oscilation circuit 

(Point A, B, C has difference in electric potential)

h
ig

h
 c

u
rr

e
n

t 

high current 

(g) extracted signal

 
 
 

Note: When X2 and XT1 are in parallel, the crosstalk noise of X2 will be superimposed to XT1 and cause misoperation. 

 
Note: Using the secondary system clock, replace X1 and X2 with XT1 and XT2 respectively. 
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4.4.3 high speed internal oscillator 

The BAT32G137 has a built-in high speed internal oscillator. Frequency can be selected from 64MHz, 48MHz, 

32MHz, 24MHz, 16MHz, 12MHz, 8MHz, 6MHz, 4MHz, 3MHz, 2MHz, 1MHz and via option bytes (000C2H). The 

CPU clock is 2-division clock when 64MHz is selected. The oscillation can be controlled by the bit0 (HIOSTOP) of 

the clock running state control register (CSC). 

After the reset is removed, the high speed internal oscillator automatically starts to oscillate. 

 

4.4.4 low-speed internal oscillator 

The BAT32G137 has a built-in low-speed internal oscillator. 

The low-speed internal oscillator clock is used as the watchdog timer, real-time clock, 15-bit interval timer clock 

and timer A clock, and an external reference clock of SysTick timer. 

The low-speed internal oscillator oscillates when the bit4 (WDTON) of the option byte (000C0H) or bit4 

(WUTMMCK0) of the sub-system clock providing mode control register (OSMC). 

The low-speed internal oscillator continues to oscillate when the watchdog timer stops running and the 

WUTMMCK0 bit is not "0". However, if the watchdog timer runs and the WUTMMCK0 bit is 0, the low-speed internal 

oscillator stops oscillating when the WDSTBYON bit is 0. When the watchdog timer runs, the low-speed internal 

oscillator clock does not stop running even if the program is out of control. 
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4.5 Operation of clock generation circuit 

The clock generation circuit generates various clocks as shown below and controls the operation mode of the 

CPU such as the standby mode (referenceFigure4-1). 

¹ main system clock  fMAIN 

·  high speed system 

clock fMX 

X1 clock  fX 

external main system 

clock fEX 

·  high speed internal oscillator clock fIH 

¹ sub-system clock  fSUB 

Å XT1 clock  fXT 

·  external sub-system clock fEXS 

¹ low-speed internal oscillator clock fIL 

¹ CPU/peripheral hardware clock fCLK 

 

The CPU starts to run through the output of the high speed internal oscillator after the BAT32G137 is 

reset-free. The operation of the clock generating circuit when the power is turned on is as shown in Figure4-

15. 
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Figure4-15 Operation of clock generating circuit when power is turned on 

 

high speed system 

clock

high speed internal 

oscillation clock

secondary system 

clock

switching via 

software 

at least 
10us

low limit of working voltage range

VPOR

Ƙ

voltage of power source (VDD)

power on reset signal

RESETB pin

CPU clock

high speed internal 

oscilator clock (fIH)

high speed system clock 

(fMX) (Scenario of 

selecting X1 oscilation) 

secondary system clock 

(fsub) (Scenario of 

selecting XT1 oscilation) 

Configure XT1 to start 

oscilating via software

Configure X1 to start 

oscilating via software

X1 clock oscilation 

stablization time. 
Note 1

ƙ

ƚ
reset 

process Ɯ

ƛ

0V

 
 

ː An internal reset signal is generated by the power-on reset (POR) circuit after the power is turned on. 

However, before reaching the operation voltage range shown by the AC characteristic of the data 

manual, the reset state is maintained by a voltage detection circuit or an external reset (the above 

figure is an example when an external reset is used). 

ˑ If that reset is release, the high speed internal oscillator will automatically start to oscillate. 

˒ After the reset is removed, a voltage stable waiting and reset process are performed, and then the 

CPU starts running with a high speed internal oscillator clock. 

˓ You must set the X1 or XT1 clock start oscillation by software (reference "4.6.2 An example of X1 

oscillation circuit"and"4.6.3 Setting example of XT1 oscillation circuit"). 

˔ If you want to switch the CPU clock to an X1 or XT1 clock, you must switch by software settings after 

waiting for the clock to oscillate.4.6.2 An example of X1 oscillation circuit"and"4.6.3 Setting example 

of XT1 oscillation circuit"). 

 

NOTE:1. When the reset is removed, the X1 clock's oscillation stability time must be confirmed through OSTC of the 

oscillation stability time counter. 

 

Note: If you use an external clock input by the EXCLK pin, you do not need an oscillatory steady-state wait time. 

  



BAT32G137 user manual | Chapter 4 clock generator 
  

 www.changitech.com  63 / 1033 Rev.2.05 

4.6 clock control 

4.6.1 Example of high speed internal oscillator set-up 

The CPU/peripheral hardware clock (fCLK) must run at high internal oscillator clock. High speed internal oscillator 

frequencies can be selected from 64MHz, 48MHz, 32MHz, 24MHz, 16MHz, 12MHz, 8MHz, 6MHz, 4MHz, 3MHz, 

2MHz and 1MHz by FRQSEL0~FRQSEL4 bits of option bytes (000C2H). In addition, the frequency can be changed 

by a frequency selection register (HOCODIV) of a high speed internal oscillator. 

 

[Settings for option bytes] 
Address: 000C2H 

Options 7 6 5 4 3 2 1 0 

bytes 

(000C2H) 

 
 

 

FRQSEL4 
 

FRQSEL3 
 

FRQSEL2 
 

FRQSEL1 
 

FRQSEL0 

Frequency of high speed 
internal oscillator 

fHOCO fIH 

1 1 0 0 0 64MHz 32MHz 

1 0 0 0 0 48MHz 48MHz 

0 1 0 0 0 32MHz 32MHz 

0 0 0 0 0 24MHz 24MHz 

0 1 0 0 1 32MHz 16MHz 

0 0 0 0 1 24MHz 12MHz 

0 1 0 1 0 32MHz 8MHz 

0 0 0 1 0 24MHz 6MHz 

0 1 0 1 1 32MHz 4MHz 

0 0 0 1 1 24MHz 3MHz 

0 1 1 0 0 32MHz 2MHz 

0 1 1 0 1 32MHz 1MHz 

above Disable setting. 
 

  

1 1 1 
FRQSEL4 

0/1 

FRQSEL3 

0/1 

FRQSEL2 

0/1 

FRQSEL1 

0/1 

FRQSEL0 

0/1 
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[Setting of HOCODIV for high speed internal oscillator] 

 
Address: 0x40021C20  

symbol 7 6 5 4 3 2 1 0 

HOCODIV 

 
 

 

HOCODIV2 

 

HOCODIV1 

 

HOCODIV0 

Selection of Clock Frequency of High Speed 
Internal Oscillator 

FRQSEL4=0 FRQSEL4=1 

FRQSEL3=0 FRQSEL3=1 FRQSEL3=0 FRQSEL3=1 

0 0 0 fIH=24MHz fIH=32MHz fIH=48MHzfHOCO

=48MHz 

fIH=32 

MHzHOCO=64 

MHz 

0 0 1 fIH=12MHz fIH=16MHz fIH=24MHzHOCO=

48MHz 
fIH=16MHzHOCO

=64MHz 

0 1 0 fIH=6MHz fIH=8MHz fIH=12MHzHOCO

=48MHz 

fIH=8 

MHzHOCO=64 

MHz 

0 1 1 fIH=3MHz fIH=4MHz fIH=6MHzfHOCO=

48MHz 
fIH=4MHzfHOCO

=64MHz 

1 0 0 
Disable 
setting. fIH=2MHz fIH=3MHzfHOCO=

48MH 

fIH=2 

MHzHOCO=64 

MHz 

1 0 1 
Disable 
setting. fIH=1MHz 

Disable 

setting. 

fIH=1 

MHzfHOCO=64 

MHz 

above Disable setting. 

 
  

0 0 0 0 0 HOCODIV2 HOCODIV1 HOCODIV0 CLS CSS MCS MCM0 0 0 0 0 
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4.6.2 An example of X1 oscillation circuit 

The CPU/peripheral hardware clock (fCLK) must run at high internal oscillator clock. Thereafter, if the X1 

oscillating clock is changed, setting of the oscillating circuit and controlling the oscillation start are performed 

by the OSTS, the clock operation mode control register (CMC) and the clock operation state control register 

(CSC), and the oscillation stabilization is waited by the state register (OSTC) of the oscillation stabilization time 

counter. The X1 oscillation clock is set to fCLK through the system clock control register (CKC) after waiting for 

oscillation stabilization. 

[Register Settings] Registers must be set in the order (1) to (5). 

ː The OSCSEL position of the CMC register is "1", and the AMPH position is "1" when fX is 10 MHz. 

 7 6 5 4 3 2 1 0 

CMC EXCLK0 OSCSEL1 EXCLKS0 OSCILS0 0 AMPHS10 AMPHS00 AMPH0/1 

 

ˑ The oscillation stability time of the X1 oscillation circuit when the deep sleep mode is released is 

selected by the OSTS register. 

Example) To wait at least 102 ïs through a 10 MHz resonator, you must set 

the following values. 

 7 6 5 4 3 2 1 0 

OSTS 0 0 0 0 0 OSTS20 OSTS11 OSTS00 

 

˒ The MSTOP bit of the CSC register is cleared "0" so that the X1 oscillation circuit starts oscillation. 

 7 6 5 4 3 2 1 0 

CSC MSTOP0 XTSTOP1 0 0 0 0 0 HIOSTOP0 

 

˓ The OSTC register is used to wait for the oscillation stabilization of the X1 oscillation circuit. 

Example) To wait at least 102 ïs through a 10 MHz resonator, you must wait until you become the 

following values. 

 7 6 5 4 3 2 1 0 

OSTC MOST81 MOST91 MOST101 MOST110 MOST130 MOST150 MOST170 MOST180 

 

˔ The X1 oscillation clock is set to the CPU/peripheral hardware clock via the MCM0 bit of the CKC 

register. 

 7 6 5 4 3 2 1 0 

CKC CLS0 CSS0 MCS0 MCM01 0 0 0 0 
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4.6.3 Setting example of XT1 oscillation circuit 

The CPU/peripheral hardware clock (fCLK) must run at high internal oscillator clock. After that, the setting 

of the oscillation circuit and the control of the oscillation start are performed by the sub-system clock supply 

mode control register OSMC, CMC and CSC. 

 

Register Settings must be set in the order (1) to (5). 

ː In a deep sleep mode or a sleep mode in which the CPU runs at a sub-system clock, the RTCLPC 

position"1". 

 7 6 5 4 3 2 1 0 

OSMC RTCLPC0/1 0 0 WUTMCK00 0 0 0 0 

 

ˑ The OSCSELS position of the CMC register is "1" so that the XT1 oscillation circuit operates. 

 7 6 5 4 3 2 1 0 

CMC EXCLK0 OSCSEL0 EXCLKS0 OSCILS1 0 AMPHS10/1 AMPHS00/1 AMPH0 

 

AMPHS0 and AMPHS1 bits: An oscillation mode of the XT1 oscillation circuit is set. 

 

˒ The XTSTOP bit of the CSC register is cleared "0" so that the XT1 oscillation circuit starts to 
oscillate. 

 7 6 5 4 3 2 1 0 

CSC MSTOP1 XTSTOP0 0 0 0 0 0 HIOSTOP0 

 

˓ It is necessary to wait for that oscillation steady time required by the secondary system clock 
through software, timer function, etc. 

 

˔ The XT1 oscillation clock is set to the CPU/peripheral hardware clock by the CSS bit of the CKC 
register. 

 7 6 5 4 3 2 1 0 

CKC CLS0 CSS0 MCS0 MCM01 0 0 0 0 
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4.6.4 CPU Clock State Transition Diagram 

The CPU clock state transition diagram of this product is as shown in Figure4-16. 

 
Figure4-16   CPU Clock State Transition Diagram 

 
Power on

release reset

CPU high speed 

internal oscilatorŸ  

in Operation
CPU high speed 

internal oscillator: 

Ÿ deep sleep 

mode

CPU high speed 

internal oscillator:

Ÿ sleep mode

CPU: XT1 

oscillation / 

EXCLKS inputŸ in 

Operation 

CPU: XT1 

oscillation / 

EXCLKS input Ÿ  

sleep mode
CPU: XT1 

oscillation / 

EXCLKS input Ÿ 

in Operation 

CPU: XT1 

oscillation / 

EXCLKS input Ÿ 

sleep mode

CPU: X1 

oscillation / EXCLK 

input Ÿ  deep 

sleep mode

(A)

(B)

(H)

(C)

(D)

(G)

(F)

(I)

X1 oscilation / EXCLK input: stop (input port mode)

XT1 oscilation / EXCLKS input: stop (input port mode)

(E)

( release reset via external reset or LVD circuit)
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Examples of CPU clock transfer and SFR register setting areTable4-3in the 

Table4-3Examples of CPU clock transfer and SFR register set-up (1/5) 

(1). After the reset (A) is released, the CPU is transferred to the high speed internal oscillator clock 
operation (B). 

 
state transition Settings for the SFR register 

(A) Ÿ (B) The SFR register (initial state after unreset) does not need to be set. 

 

(2). After the reset (A) is released, the CPU moves to the high speed system clock operation (C). 

(The CPU operates with a high speed internal oscillator clock immediately after the reset is released 

(B) 

 

 
(Order in which SFR registers are set) 

 

Settings flag for SFR 
register 

 
state transition 

CMC Register Note 1 
 

OSTS 

register 

CSC 

register 
 

OSTC 

register 

CKC 

register 

EXCLK OSCSEL AMPH MSTOP MCM0 

(A) Ÿ (B) Ÿ (C) 

(X1 clock: 1MHzƍfXƍ10MHz) 0 1 0 Note 2 0 
Confirmation 

Required 1 

(A) Ÿ (B) Ÿ (C) 

(X1 clock: 10MHz<fXƍ20MHz) 0 1 1 Note 2 0 
Confirmation 

Required 1 

(A)Ÿ( B)Ÿ(C) 

(external main clock) 
1 1 ¦ Note 2 0 

No confirmation 

required 1 

 

NOTE:1. After the reset is removed, the clock run mode control register (CMC) can only be written 1 time via the 8-bit 

memory operation instruction. 

2. The oscillation stability time of the oscillation stability time selection register (OSTS) must be set as follows: 

· The expected oscillation stability time of the state register (OSTC) of the oscillation stability time counterƍthe 

oscillation stability time set by the OSTS register 

Attention The clock must be set after the supply voltage has reached the set clock operational voltage (reference to the 

data manual). 

 
 

(3). After the reset (A) is released, the CPU transfers to the sub-system clock operation (D). 

(The CPU operates with a high speed internal oscillator clock immediately after the reset is released 

(B) 

(Order in which SFR registers are set) 
 

Settings flag for SFR 
register 

 
state transition 

CMC register note 
CSC 

register 

 

oscillatory 

waiting 

CKC 

register 

EXCLKS OSCELS AMPHS1 AMPHS0 XTSTOP CSS 

(A) Ÿ (B) Ÿ (D) 

(XT1 clock) 
0 1 0/1 0/1 0 Required 1 

(A) Ÿ (B) Ÿ (D) 

(external sub-clock) 
1 1 ¦ ¦ 0 Required 1 

Note: After the reset is removed, the clock run mode control register (CMC) can only be written once through the 8-bit 
memory operation instruction. 
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Remarks: 1.¦: Ignore 

2. Table 4-3 (A)-I corresponding to (A)-(I) FIG. 

 

Table4-3 Examples of CPU clock transfer and SFR register set-up (2/5) 

(4). The CPU is transferred from a high speed internal oscillator clock operation (B) to a high speed 

system clock operation (C). 

 
(Order in which SFR registers are set) 

 

Settings flag for SFR 
register 

 
state transition 

CMC Register Note 1 
 

OSTS 

register 

CSC 

register 
 

OSTC 

register 

CKC 

register 

EXCLK OSCSEL AMPH MSTOP MCM0 
(B) Ÿ (C) 

(X1 clock: 1MHzƍfXƍ10MHz) 0 1 0 Note 2 0 
Confirmat
ion 
Required 

1 

(B) Ÿ (C) 

(X1 clock: 10MHz<fXƍ20MHz) 0 1 1 Note 2 0 
Confirmat
ion 
Required 

1 

(B) Ÿ (C) 

(external main clock) 1 1 ¦ Note 2 0 
No 

confir

matio

n 

requi

red 

1 

 

 

Not required if set.  Not required in high speed system clock 
operation. 

 

Note:1. Only the Clock Run Mode Control Register (CMC) can be set 1 time after the reset is removed. Not required if set. 

2. The oscillation stability time of the oscillation stability time selection register (OSTS) must be set as follows: 

· The expected oscillation stability time of the state register (OSTC) of the oscillation stability time counterƍthe 

oscillation stability time set by the OSTS register 

Note: The clock must be set after the supply voltage has reached the set clock operational voltage (reference to the data 

manual). 

 

(5). The CPU is transferred from a high speed internal oscillator clock operation (B) to a sub-system 

clock operation (D). 

(Order in which SFR registers are set) 
 

Settings flag for SFR register 

 

state transition 
CMC register note 

CSC 

register 
 

oscillatory 

waiting 

CKC 

register 

EXCLKS OSCELS AMPHS1,0 XTSTOP CSS 
(B )(D) 

(XT1 clock) 0 1 

00: low power 
oscillation 

01: normal 
oscillation 

10: ultra-low power 
oscillation 

0 Required 1 

(B )(D) 

(external sub-clock) 1 1 ¦ 0 Required 1 

 

 
 

Not required if set.  Not required in sub-system 
clock operation. 

 

Note: After the reset is removed, the clock run mode control register (CMC) can only be written once through the 8-bit 

memory operation instruction. Not required if set. 
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Remarks: 1.¦: Ignore 

2. Table 4-3 (A)-I corresponding to (A)-(I) FIG. 

 

Table4-3 Examples of CPU clock transfer and SFR register set-up (3/5) 

(6). The CPU is transferred from a high-speed system clock operation (C) to a high speed internal 

oscillator clock operation (B). 

(Order in which SFR registers are set) 
 

Settings flag for SFR register 

state transition 
CSC register  

stable oscillation 
precision waiting 

CKC register 

HIOSTOP MCM0 

(C)  (B) 0 Note 0 
 

 

It is not require in high speed internal oscillator clock operation. 

Note: 45s~65 s at FRQSEL4=0. 

at FRQSEL4=1:45 s~135 s 

 

Note: The oscillation accuracy of the high speed internal oscillator clock is stably waiting to change due to temperature 

conditions and deep sleep mode. 

 
Table4-3 Examples of CPU clock transfer and SFR register set-up (4/4) 

(7). The CPU is transfer from a high speed system clock run (C) to a sub system clock run (D). 

(Order in which SFR registers are set) 
 

Settings flag for SFR register 

state transition 
CSC register 

stable oscillation 
precision waiting 

CKC register 

XTSTOP CSS 
(C) Ÿ (D) 0 Required 1 

 

 

Not required in sub-system clock operation. 

 

(8). The CPU is transferred from the sub-system clock operation (D) to the high speed internal oscillator 

clock operation (B). 

 

(Order in which SFR registers are set) 
 

Settings flag for SFR register 

state transition 
CSC register  

stable oscillation 
precision waiting 

CKC register 

HIOSTOP CSS 

(D )(B) 0 Note 0 
 

 

It is not require in high speed internal oscillator clock operation. 

 

Note: At FRQSEL4=0:45 s~ 65s 

at FRQSEL4=1:45 s~135 s 

 
Note: 1. Table 4-3 (A)~(I) corresponds to (A)~(I). 

2. The oscillation accuracy of the high speed internal oscillator clock is stably waiting to change due to 
temperature conditions and deep sleep mode. 

Table 4-3 Examples of CPU clock transfer and SFR register set-up (4/5) 

 (9)  The CPU is moved from the sub-system clock run (D) to the high speed system clock run (C). 
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(Order in which SFR registers are set) 
 

Settings flag for SFR register 

state transition 
OSTS 

register 

CSC register  

OSTC register 
CKC register 

MSTOP CSS 
(D) Ÿ (C) 

(X1 clock: 1MHzƍfXƍ10MHz) Note 0 
Confirmation 
Required 0 

(D) Ÿ (C) 

(X1 clock: 10MHz<fXƍ20MHz) Note 0 
Confirmation 
Required 0 

(D) Ÿ (C) 

(external main clock) Note 0 
No 
confirmation 
required 

0 

 

 
 

Not required in high speed system clock operation. 

 

Note: The oscillation stability time of the oscillation stability time selection register (OSTS) must be set as follows: 

· The expected oscillation stability time of the state register (OSTC) of the oscillation stability time counterƍthe 

oscillation stability time set by the OSTS register 

Note: The clock must be set after the supply voltage has reached the set clock operational voltage (reference to the data 

manual). 

(10)· The CPU is transferred to a sleep mode (E) in high-speed internal oscillator clock operation. 

·  The CPU is transferred to a sleep mode (F) in a high speed system clock operation (C). 

·  The CPU is transferred to a sleep mode (G) in a sub-system clock operation (D). 

 
state transition Setting Content 

(B) Ÿ (E) 

(C) Ÿ (F) 

(D) Ÿ (G) 
Execute WFI instructions. 

 
Note:  Table 4-3 (A) to (I) corresponds to (A) to (I). 

 

  



BAT32G137 user manual | Chapter 4 clock generator 
  

 www.changitech.com  72 / 1033 Rev.2.05 

Table 4-3 Examples of CPU clock transfer and SFR register set-up (5/5) 

 (11)· The CPU is transferred to a deep sleep mode (H) in high speed internal oscillator clock operation. 

·  The CPU is transferred to a deep sleep mode (I) in a high speed system clock operation. 

(Set-up Order) 
 

state transition Setting Content 

(B )(H) Stop 

Peripheral functions that 

cannot be run in deep 

sleep mode. 

ð 
The SCR register bit2 
(SLEEPDEEP) is set to 1 and 
executes the WFI instruction. (C )(I) 

X1 oscillation Sets the OSTS 
register. 

external clock ð 
 

Note: Table 4-3 (A) to (I) corresponds to (A) to (I) of FIG. 
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4.6.5 Conditions before CPU clock transfer and post-transfer processing 

The conditions before and after the CPU clock transfer are as follows. 
Table4-4 Transfer of CPU clock (1/3) 

CPU Clock 
 

Conditions before transfer 
 

Post-transfer processing Before 
Transfer 

After 
Transfer 

high speed 

internal 

oscillator clock 

X1 clock 
The X1 oscillation is stable. 

Å OSCSEL=1, EXCLK=0, MSTOP=0 
· After an oscillatory stabilization time 

If the oscillation of the high speed 
internal oscillator is stopped 

(HIOSTOP=1), the operation current 
can be reduced. 

external main 
system clock 

Set the external clock entered by the EXCLK 
pin to be valid. 

Å OSCSEL=1, EXCLK=1, MSTOP=0 

XT1 clock 
The XT1 oscillation is stable. 

Å OSCILS=1, EXCLKS=0, XTSTOP=0 
· After an oscillatory stabilization time 

external sub-
system clock 

Set the external clock entered by the 
EXCLKS pin to be valid. 

Å OSCILS=1, EXCLKS=1, XTSTOP=0 

X1 clock 

high speed 

internal 

oscillator clock 

High speed internal oscillator oscillation is 
allow. 

Å HIOSTOP=0 

· After an oscillatory stabilization time 

The X1 oscillation (MSTOP=1). 

external main 
system clock Can't move. ð 

XT1 clock 
The XT1 oscillation is stable. 

Å OSCILS=1, EXCLKS=0, XTSTOP=0 
· After an oscillatory stabilization time 

It can stop the X1 oscillation 
(MSTOP=1). 

external sub-
system clock 

Set the external clock entered by the 
EXCLKS pin to be valid. 

Å OSCILS=1, EXCLKS=1, XTSTOP=0 

It can stop the X1 oscillation 
(MSTOP=1). 

external main 
system clock 

high speed 

internal 

oscillator clock 

High speed internal oscillator oscillation is 
allow. 

Å HIOSTOP=0 

· After an oscillatory stabilization time 

Can invalidate external master clock 
inputs 

(MSTOP=1). 

X1 clock Can't move. ð 

XT1 clock 
The XT1 oscillation is stable. 

Å OSCILS=1, EXCLKS=0, XTSTOP=0 
· After an oscillatory stabilization time 

Can invalidate external master clock 
inputs 

(MSTOP=1). 

external sub-
system clock 

Set the external clock entered by the 
EXCLKS pin to be valid. 

Å OSCILS=1, EXCLKS=1, XTSTOP=0 

Can invalidate external master clock 
inputs 

(MSTOP=1). 
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Table4-4 Transfer of CPU clock (2/2) 
 

 

CPU Clock 
 

Conditions before transfer 
 

Post-transfer processing Before 
Transfer 

After 
Transfer 

XT1 clock 

high speed 
internal 
oscillator 

A high speed internal oscillator is oscillating 
and a high speed internal is selected 

The oscillation of XT1 can be stopped 
(XTSTOP=1). 

clock 
The oscillator clock acts as the main system 

clock. 
Å HIOSTOP=0, MCS=0 

X1 clock 

The X1 oscillation is stable and the high 
speed system clock is selected as the main 
system 
Clock. 

Å OSCSEL=1, EXCLK=0, MSTOP=0 

· After an oscillatory stabilization time 

Å MCS=1 

external main 
system clock 

The external clock input by the EXCLK pin 

is set to be valid and the high speed system 

clock is selected as the main system clock. 

Å OSCSEL=1, EXCLK=1, MSTOP=0 

Å MCS=1 
external sub-
system clock Can't move. ð 

external sub-
system clock 

high speed 
internal 
oscillator 

A high speed internal oscillator is oscillating 
and a high speed internal is selected 

Can set external secondary system 
clock input invalid 

clock 
The oscillator clock acts as the main system 

clock. 

(XTSTOP=1). 

Å HIOSTOP=0, MCS=0 

X1 clock 

The X1 oscillation is stable and the high 
speed system clock is selected as the main 
system 
Clock. 

Å OSCSEL=1, EXCLK=0, MSTOP=0 

· After an oscillatory stabilization time 

Å MCS=1 

external main 
system clock 

The external clock input by the EXCLK pin 

is set to be valid and the high speed system 

clock is selected as the main system clock. 

Å OSCSEL=1, EXCLK=1, MSTOP=0 

Å MCS=1 
XT1 clock Can't move. ð 
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4.6.6 Time required to switch CPU clock and main system clock 

It can switch CPU clock (main system clockźsub system clock) and main system clock (high speed internal 

oscillator clockźhigh speed system clock) by setting bit6 and bit4 (CSS, MCM0) of system clock control register. 

The actual switchover does not occur immediately after the CKC register is overridden, but several clocks 

continue to run with the clock before the switchover after the CKC register is changed (seeTable4-5~Table4-7). 

The CPU can be judged by the bit7 (CLS) of the CKC register whether the CPU is run with the main system 

clock or the sub system clock. The bit5 (MCS) of the CKC register can be used to determine whether the main 

system clock operates with a high speed system clock or a high speed internal oscillator clock. 

If you switch the CPU clock, switch the peripheral hardware clock at the same time. 

Table4-5 Maximum time required to switch master system clock 
 

Clock A Switch direction Clock B Remark 

fIH  

 fMX Refer to Table 4-6. 

fMAIN  

 fSUB Refer to Table 4-7. 

 
 

Table4-6 Maximum number of clocks required for fIH fMX 
 

Set value before switching Set value after switch 

 
MCM0 

MCM0 

0 

(fMAIN=fIH) 

1 

(fMAIN=fMX) 

0 

(fMAIN=fIH) 
fMXƎfIH  2 Clock 

fMX<fIH  2 fIH/fMX clocks 

1 

(fMAIN=fMX) 
fMXƎfIH 2 fMX/fIH clocks  

fMX<fIH 2 Clock  

 
Table4-7Maximum number of clocks required for fMAIN fSUB 

 

Set value before switching Set value after switch 

 
CSS 

CSS 

0 

(fCLK=fMAIN) 

1 

(fCLK=fSUB) 

0 

(fCLK=fMAIN) 
 1+2 fMAIN/fSUB clocks 

1 

(fCLK=fSUB) 

3 clocks  

 
Remarks: 1.Table4-6andTable4-7The number of clocks in is the number of CPU clocks before the switch. 

2.Table4-6andTable4-7The number of clocks in is the number of clocks rounded to the decimal portion. 

Example of a master system clock switching from a high speed system clock to a high speed internal oscillator clock 

(fIH=8MHz, fMX=10 MHz) 

2fMX/fIH=2 (10/8)=2.5Ŭ3 clocks 
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4.6.7 Conditions before clock oscillation stops 

The register flag settings for stopping clock oscillations (invalid external clock input) and the conditions before 

stopping are as follows. 

Table4-8 Condition and flag setting before clock oscillation stops 
 

clock Condition before clock stops (invalid external clock 
input) 

Flag setting for SFR 
register 

high speed internal 
oscillator clock 

MCS=1 or CLS=1 

(CPU operates at a clock other than the high speed internal oscillator 
clock) 

HIOSTOP=1 

X1 clock 
MCS=0 or CLS=1 

(CPU runs at a clock other than the high speed system clock) MSTOP=1 external main system 
clock 
XT1 clock 

CLS=0 

(CPU runs at a clock other than the secondary system clock) 
XTSTOP=1 external sub-system 

clock 
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Chapter 5 hardware divider 
The hardware divider is dedicated hardware that supports high-performance computing. The hardware divider 

is a 32-bit signed integer divider that outputs a 32-bit signed quotient and remainder result. 

5.1 characteristics 

 ̧ 32-bit signed (2 complement) integer division calculation 

 ̧ 32 bit signed divisor, 32 bit signed divisor 

 ̧ 32-bit signed quotient and 32-bit signed remainder output 

 ̧ Write Division Register Automatic Trigger Division 

Calculation 

 ̧ Except 0 warning flag 

 ̧ Indicates the BUSY flag in the operation 

 ̧ Interrupt request with calculation end 

 ̧ 4 or 8 CPU clock cycles per calculation 

Â Spend 4 CPU clock cycles at double speed 

Â Spend 8 CPU clock cycles in non-speed state 

5.2 Feature Description 

When using hardware dividers, you need to set the Division Register (DIVIDEND) and then the Division 

Register (DIVISOR), because writing to the division register automatically trigger division calculations. You can 

know when the calculation is done by querying the BUSY bit of the STATUS or by using the interrupt at the end of 

the calculation. The results can be read out through the QUOTIENT and the remainder (REMAINDER) registers. 

Note: Do not write divisor or divisor registers, nor read quotient or remainder registers during calculation, 

otherwise the results are unpredictable. 

5.3 Register for hardware divider 

The register for the hardware divider is as follows: 

Register Base Address: DIV_BASE = 4008_0000H; 

register name register description R/W Reset Value register address 

DIVIDEND division register R/W 0000_000H DIV_BASE+00H 

DIVISOR divisor register R/W 0000_000H DIV_BASE+04H 

QUOTIENT quotient register R 0000_000H DIV_BASE+08H 

REMAINDER remainder register R 0000_000H DIV_BASE+0CH 

STATUS state register R 0000_000H DIV_BASE+10H 

R: read only, W: write only, R/W: booth read and write 
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5.3.1 division register (DIVIDEND) 

The divisor register is a register that holds the divisor and its value participates in the division operation as a 
32-bit signed integer. 
 

31 30 29 28 27 26 25 24 

DIVIDEN [31:24] 

23 22 21 20 19 18 17 16 

DIVIDEN [23:16] 

15 14 13 12 11 10 9 8 

DIVIDEN [15:8] 

7 6 5 4 3 2 1 0 

DIVIDEN [7:0] 

 

5.3.2 Divisor register (DIVISOR) 

The divisor register is a register for storing divisors, whose value is a 32-bit signed integer participating in 

the division operation. A write to this register automatically triggers a division calculation. 

 
31 30 29 28 27 26 25 24 

DIVISOR [31:24] 

23 22 21 20 19 18 17 16 

DIVISOR [23:16] 

15 14 13 12 11 10 9 8 

DIVISOR [15:8] 

7 6 5 4 3 2 1 0 

DIVISOR [7:0] 

 

5.3.3 quotient register (QUOTIENT) 

The register stores the quotient of the division calculation result after the division calculation is 

completed, and the value is taken as a 32-bit signed integer. 

 
31 30 29 28 27 26 25 24 

QUOTIENT [31:24] 

23 22 21 20 19 18 17 16 

QUOTIENT [23:16] 

15 14 13 12 11 10 9 8 

QUOTIENT [15:8] 

7 6 5 4 3 2 1 0 

QUOTIENT [7:0] 

 

5.3.4 Remainder register (REMAINDER) 

The register stores the remainder of the division result after division calculation, and the value is taken as 

a 32-bit signed integer. 

 
31 30 29 28 27 26 25 24 

REMAINDER [31:24] 

23 22 21 20 19 18 17 16 

REMAINDER [23:16] 

15 14 13 12 11 10 9 8 

REMAINDER [15:8] 

7 6 5 4 3 2 1 0 

REMAINDER [7:0] 
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5.3.5 status register (STATUS) 

The status of the hardware divider can be queried through the status register, including the zero-division flag 
and the BUSY flag. 
 

31 30 29 28 27 26 25 24 

Reserve 

23 22 21 20 19 18 17 16 

Reserve 

15 14 13 12 11 10 9 8 

Reserve DIVBYZE
RO 

BUSY 

7 6 5 4 3 2 1 0 

Reserve 

 
 

 
 
 
 

 
 

 
 

 

 
 
 
 
 
 
 
 

DIVBYZERO Used to indicate the case of a division, updated each time the division register is written. 

0 The divisor is not 0. 

1 Divisor is 0 

BUSY Used to indicate the status of the division operation. 

0 Division operation complete 

1 Divisor in progress 
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Chapter 6 Universal Timer Unit Timer4 

The product is carried with a universal timer unit and contains four channels. The number of channels of the 

universal timer unit varies depending on the product. See table below: 

Table 6-1 The products have timer channels 

unit channel 24 pins 32,36,40,48,52,64 pins 

Unit 0 

Channel 0 ɔ ɔ 

Channel 1 - ɔ 

Channel 2 - ɔ 

Channel 3 ɔ ɔ 

 

Description: 

1. In this chapter, the label "m" is the unit number. When carrying multiple Timer4 units, it is distinguished. 

This product only carries a general timer Timer4, and fixes m=0. 

2. In this chapter, the label "n" below represents the channel number (n=0~3), and whether the channel 0~3 

has/output pins different by product. Refer to "Table 6-2 Products with Timer Input / Output Pins"for 

details. 

3. The following sections in this chapter are intended for the 64 pin products. 
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Channel 0 

Channel 1 

Channel 2 

Channel 3 

The universal timer unit has four 16-bit timers. 

Each 16-bit timer is called a "channel" and can be used as a separate timer or a combination of multiple 

channels for advanced timer functions. 

 

universal timer unit 
 

16-bit timer 

 
 
 
 
 
 
 
 
 

 
 

 

For details on each feature, refer to the table below. 

 
Stand-alone channel operation multi-channel linkage function 

· Interval timer (ŸRef. 6.8.1) · 
The 

Single trigger pulse output (Ŭ Ref. 6.9.1) 
· Square wave output (ŸRef. 6.8.1) · 

The 
PWM output (ŸRef. 6.9.2) 

· External event counter (ŬRef. 6.8.2) · 
The 

Multiple PWM Output (ŸRef. 6.9.3) 
· Frequency divider note (Ÿreference 6.8.3) 
· Measurement of the input pulse interval (ŸRef. 

6.8.4) · Measurement of the high and low level width of the 

input signal (ŸReference 6.8.5) · Delay counter (ŬRef. 6.8.6) 

Note: Only channel 0 of universal timer unit 0 is. 
 
The 16-bit timers of channel 1 and channel 3 of cell 0 can be used as two 8-bit timers (high and low). The 

functions of channel 1 and channel 3 can be used as 8-bit timers are: 
·  Interval timers (high 8-bit and low 8-bit timers)/square wave output (low 8-bit timers only) 

·  External event counters (low 8-bit timers only) 

·  Delay Counter (Low 8-bit timers only) 

 
The LIN-bus communication can be realized through the coordination of the channel 3 of the unit 0 and 
the UART0 of the universal serial communication unit. 
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6.1 Function of universal timer unit 

The universal timer unit has the following functions: 
 

6.1.1 Stand-alone channel operation 

Independent channel operation function is independent of the other channel operation mode to use any 

channel function. 

(1) interval timer 

Can be used as a reference timer to generate an interrupt (INTTMmn) at a fixed interval. 
 

Comparision 

operation Action clock
channel N

interrupt 

singnal

(INTTmn)
 

 
(2) square wave output 

When a INTTMmn interrupt is generated, an alternating operation is performed and a 50% duty cycle square 
wave is output from an output pin (TOmn) of the timer. 

Comparision 

operation Action clock
channel N

timer output

(TOmn)

 

(3) External event counters 

An effective edge of the input signal of the timer input pin (TImn) is counted, and if a prescribed number 

of times is reached, an event counter generating an interrupt can be used. 

Comparision 

operation 
channel N

interrupt 

singnal

(INTTmn)

timer input

(TImn)

 
 

(4) Divider Function (Cell 0-only channel 0) 

An input clock of a timer input pin (TI00) is frequency-divided and then output from an output pin (TO00). 

Comparision 

operation 
channel N

timer output 

(TOmn)

timer input

(TImn)

 
 

(5) Measurement of input pulse interval 

An effective edge of the input pulse signal of the input pin (TImn) starts counting at a timer and captures 

the count value at the effective edge of the next pulse, thereby measuring the interval of the input pulse. 

capture operation 

edge detection

channel N

timer input 

(TImn)

00H xxH

capturestart
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 (6) Measurement of High and Low Level Width of Input Signal 

The input signal of the TImn is counted at one edge of the input pin at the timer and the count value is 

captured at the other edge, thereby measuring the high and low level width of the input signal. 

capture operation 

edge detection 

channel N

timer input 

(TImn)

00H xxH

capturestart

 

(7) delay counter 

An effective edge of the input signal of the timer input pin (TImn) starts counting and an interrupt is 

generated after an arbitrary delay period. 

Comparision 

operation 

edge detection 

channel N

timer input 

(TImn)
interrupt 

singnal 

(INTTmn)

start

 

Remarks: 1.m: Cell number (m=0)n: Channel number (n=0~3) 

2. Whether the timer input/output pins of channels 0 to 3 are different or not depends on the product. Refer to "Table 

6-2, Product Has Timer Input/Output Pins" for details. 
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6.1.2 multi-channel coordinated operation function 

The multi-channel coordinated operation function is a function which combines the main control channel (the 

reference timer of the main control period) and the subordinate channel (the timer which follows the main control 

channel). 

The multi-channel coordinated operation function can be used in the following modes. 

 (1) single trigger pulse output 

The two channels are used in pairs, and a single trigger pulse with arbitrary output timing and pulse 
width is generated. 

Comparision 

operation 

edge detection 

channel n 

(master control)

timer input 

(TImn)

Comparision 

operation Channel P 

(Slave)
start

(master control)

set

(master control)

reset

(Slave)

pulse 

width

output timing 

sequence

timer output 

(TOmp)

interrupt 

singnal 

(INTTmn)

 
 

(2) PWM (Pulse Width Modulation) output 

The two channels are used in pairs to generate pulses with arbitrary period and duty cycle. 

Comparision 

operation 
channel N 

(master control)

Action clock

Comparision 

operation 
channel P 

(slave)

timer output 

(TOmp)
duty cycle

period

interrupt 

singnal 

(INTTmn)

 
 

(3) Multiple PWM (Pulse Width Modulation) output 

The PWM signal can be generated at most 3 arbitrary duty cycles by extending the PWM function and 
using 1 master channel and multiple slave channels. 

Comparision 

operation 

channel N 

(master control)

operation Clock

Comparision 

operation 
channel P 

(slave)

timer output 

(TOmp) duty cycle

period

interrupt 

singnal 

(INTTmn)

Comparision 

operation 
channel q 

(slave)

timer output 

(TOmq)

ŀ
ŀ

duty cycle

period  
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Note:  For details on the Multi-Channel Coordinated Operation Functional Rules, refer to "6.4.1 Basic Rules for Multi-
Channel Coordinated Operation Functions.  

Note: m: Cell number (m=0,1)n: Channel number (n=0~3)p,q: Slave channel number (n<p<qÒ 3) 

6.1.3 8-bit timer operation function (only for channel 1 and channel 3 of unit 0). 

The 8-bit timer run function is the function of using the 16-bit timer channel as the 2 8-bit timer channels. Only 

channel 1 and channel 3 of unit 0 can be used. 

Note: There are several rules when you use an 8-bit timer to run functions. 

Refer to the "Basic Rules for 6.4.2 8-bit Timer Operation Functions (Channel 1 and Channel 3 only)" for details. 

 

6.1.4 LIN-bus support (Cell 0-only channel 3) 

A universal timer unit is used to check whether a received signal in the LIN-bus communication is suitable for 

the LIN-bus communication table. 

(1) Detection of wake-up signal 

A low level width is measured by counting at the beginning of the falling edge of the input signal of the UART0 

serial data input pin (RxD0) and capturing the counting at the rising edge. If that low level width is great than or 

equal to a fixed value, it is consider a wake-up signal. 

 (2) Detection of interval segments 

After detecting the wake-up signal, the low level width is measured by counting the falling edge of the input 

signal of the UART0 serial data input pin (RxD0). If that low level width is great than or equal to a fixed value, it is 

consider as an interval segment. 

 (3) Measurement of the Pulse Width of Synchronous Section 

After detecting the interval segment, the low level width and the high level width of the input signal of the 

UART0 serial data input pin (RxD0) are measured. The baud rate is calculated based on the bit intervals of the 

synchronization segments measured in this manner. 

 

Note: Refer to "6.3.13 Input Switch Control Register (ISC)" and "6.8.5 Operation as Input Signal Level Width 

Measurement". 
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6.2 Structure of universal timer unit 

The universal timer unit consists of the following hardware. 

Table 6-1 Structure of universal timer unit 
 

Project structure 

counter timer count register mn (TCRmn). 

register timer data register mn (TDRmn) 

Timer input TI00~TI03 note 1, RxD0 pin (for LIN-bus) 

output of timer TO00~TO03 injection 1, output control circuit 

control register 

<Register for Cell Set-up> 

· Peripheral Enable Register 0 (PER0) 
· Timer clock select register m (TPSm). 
· The timer channel allows the status register m (TEm) 
· Timer Channel Start Register m (TSm) TSm. 
· Timer channel stop register m (TTm) TTm. 
· Timer input selection register 0 (TIS0) 
· Timer output allows register m (TOEm) to register 
· Timer output register m (TOm) 
· Timer output level register m (TOLm) 
· Timer output mode register m(TOMm) 
<register per channel> 

· Timer mode register mn(TMRmn) 
· Timer state register mn(TSRmn) 
· Input Switch Control Register (ISC) 
· Noise filter allows registers 1,2 (NFEN1, NFEN2) 

· Port mode control register (PMCxx) Note 2 

· Port mode register (PMxx) Note 2 

· Port register (Pxx) Note 2 

Note: 1. Whether the timer input / output pin of channel 0~3 is different by product. Refer to "Table 6-2, Product Has 

Timer Input/Output Pins" for details. 

2. The set port mode control registers (PMCxx), port mode registers (PMxx), and port registers (Pxx) differ by 

product. Please refer to the "2.5  Register Settings When Using Multiplexing  ". 

 
Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Whether the timer input/output pins of each channel of the universal timer unit are different depends on the 
product. 

Table 6-2 The products have timer input/output pins. 
 

Channel of timer array unit 
Whether the Input/Output Pins of Each Product Have 

32,36,40,48,52,64 pins 

Unit 0 

Channel 0 TI00/TO00 

Channel 1 TI01/TO01 

Channel 2 TI02/TO02 

Channel 3 TI03/TO03 

 

Note:1. When the input of the timer and the output of the timer are multiplexed by the same pin, they can only be used as 

the input of the timer or the output of the timer. 

           2. -: No built-in channels. 
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The block diagram of the universal timer unit is shown in Figure 6-1. 

Figure6-1   Overall block diagram of universal timer unit 0 

TIS07   TIS06   TIS05   TIS04   TOS03  TIS02   TIS01  TIS00

Timer input selection register0 (TIOS0)

TI00
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Note: fSUB : sub-system clock frequency 

fIL : low-speed internal oscillator clock frequency 
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6.2.1 Universal timer unit register list 

Register Base Address: 0x40041C00 

offset address register name Read and Write 
Properties 

bit width Reset Value 

0x180 TCR00 R 16 FFFFFH 

0x182 TCR01 R 16 FFFFFH 

0x184 TCR02 R 16 FFFFFH 

0x186 TCR03 R 16 FFFFFH 

0x190 TMR.00 R/W 16 0000H 

0x192 TMR.01 R/W 16 0000H 

0x194 TMR.02 R/W 16 0000H 

0x196 TMR.03 R/W 16 0000H 

0x1A0 TSR00 R 16 0000H 

0x1A0 TSR00L R 8 00H 

0x1A2 TSR01 R 16 0000H 

0x1A2 TSR01L R 8 00H 

0x1A4 TSR02 R 16 0000H 

0x1A4 TSR02L R 8 00H 

0x1A6 TSR03 R 16 0000H 

0x1A6 TSR03L R 8 00H 

0x1B0 TE0 R 16 0000H 

0x1B0 TE0L R 8 00H 

0x1B2 TS0 R/W 16 0000H 

0x1B2 TS0L R/W 8 00H 

0x1B4 TT0 R/W 16 0000H 

0x1B4 TT0L R/W 8 00H 

0x1B6 TPS0 R/W 16 0000H 

0x1B8 TO0 R/W 16 0000H 

0x1B8 TO0L R/W 8 00H 

0x1BA TOE0 R/W 16 0000H 

0x1BA TOE0L R/W 8 00H 

0x1BC TOL0 R/W 16 0000H 

0x1BC TOL0L R/W 8 00H 

0x1BE TOM0 R/W 16 0000H 

0x1BE TOM0L R/W 8 00H 

0x318 TDR.00 R/W 16 0000H 

0x31A TDR.01 R/W 16 0000H 

0x31A TDR.01L R/W 8 00H 

0x31B TDR.01H R/W 8 00H 

0x364 TDR.02 R/W 16 0000H 

0x366 TDR.03 R/W 16 0000H 

0x366 TDR.03L R/W 8 00H 

0x367 TDR.03H R/W 8 00H 
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6.2.2 Timer count register mn (TCRmn). 

The TCRmn register is a 16-bit read-only register that counts the count clock. Count is increased or 

decreased in synchronization with the rising edge of the count clock. 

The operation mode is selected by the MDmn3~MDmn0 bit of the timer mode register mn (TMRmn) to switch 

the increment and decrement count (reference 6.3.3 timer mode register mn (TMRmn)). 

 
Figure6-2 Table for timer count register mn (TCRmn) 
 

 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TCRmn                 
 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 

 

The count value can be read by reading the timer count register mn (TCRmn).  

The count value becomes "FFFFH" in the following cases. 

·  When a reset signal is generated 

·  When clearing the TM4 mEN bit of the Peripheral Enable Register 0 (PER0) 

·  The count of the slave channels in the PWM output mode ends 

·  The count of the dependent channels ends in a delayed count mode 

·  The count of the main/slave channels in the single-trigger pulse output mode ends 

·  Count end of slave channels in multiple PWM output mode  

 

The count value becomes "0000H" in the following cases. 

·  When you enter the start trigger in capture mode 

·  At the end of the capture in capture mode 

 

Note:  Even if the TCRmn register is read, the count value is not captured to the timer data register mn(TDRmn). 
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As shown below, the read value of the TCRmn register varies depending on the mode and state of 

operation. 

Table 6-3: Read value of timer count register mn (TCRmn) in each running mode 
 

operation mode Count Method 

Read value note for timer counter register mn (TCRmn) 

The value when 

the Run Mode 

is changed 

after the reset 

is removed 

Count Paused 

(TTmn=1) 

Count Paused 

(TTmn=1) 

Changes the value 

when the run 

mode is changed 

The value after 

a single count 

when waiting 

for the start of 

the trigger 

interval timer mode decremental 
count FFFFFH Value at Stop indefinite 

value ð 

capture mode incremental 
count 0000H Value at Stop indefinite 

value ð 

Event Counter Mode decremental 
count FFFFFH Value at Stop indefinite 

value ð 

single count mode decremental 
count FFFFFH Value at Stop indefinite 

value FFFFFH 

Capture & Single 

Count Mode 
incremental 
count 0000H Value at Stop indefinite 

value 

Snap value for 

TDRmn 

register +1 

Note:  Represents the read value of the TCRmn register when channel n is in the timer idle state (TEmn=0) and the 

count allow state (TSmn=1). Keep this value in the TCRmn register until the count starts. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.2.3 timer data register mn (TDRmn) 

This is a 16-bit register that can be used for switching between capture and comparison functions. The 

operation mode is selected by the MDmn3~MDmn0 bit of the timer mode register mn(TMRmn) to switch the 

capture function and comparison function. 

Can rewrite TDRmn register at any time. 

This register can be read and written in units of 16 bits. 

In 8-bit timer mode (SPLIT bits of timer mode registers m1, m3 (TMRm1, TMRm3), TDRm1 registers and 

TDRm3 registers can be read and written in units of 8 bits, where TDRm1H and TDRm3H are used as high 8 

bits and TDRm1L and TDRm3L are used as low 8 bits. 

After the reset signal is generated, the value of the TDRmn register changes to "0000H". 

 
Figure6-3 Table of timer data register mn(TDRmn) (n=0,2,4,5,6,7) 
 

 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TDRmn                 
 

 

Figure6-4 Table of timer data register mn(TDRmn) (n=1,3) 

 

(TDR01H supports 8 bit operations) (TDR01L supports 8 bit operations) 

 

 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TDRmn                 

 

(i) The case where the timer data register mn (TDRmn) is used as a comparison register 

The count is decremented from the set value of the TDRmn register, and an interrupt signal 

(INTTMmn) is generated when the count value becomes '0000H'. Holds the value of the TDRmn 

register until it is overwritten. 

 

Note:  Even if you enter a capture trigger, the TDRmn register set to the comparison function does not capture the run. 

 

(ii) the use of the timer data register mn(TDRmn) as a capture register  

The counter value of timer count register mn (TCRmn) is captured to the TDRmn register by input 

capture trigger. 

You can select the valid edge of the TImn pin as the capture trigger. A selection of capture triggers 

is set by a timer mode register mn (TMRmn). 

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3 Register for controlling universal timer unit 

The registers that control the universal timer units are as follows: 

·  Peripheral Enable Register 0 (PER0). 

·  Timer clock selection register m (TPSm) 

·  timer mode register mn (TMRmn) 

·  timer status register mn (TSRmn) 

·  Timer channel allows state register m (TEm). 

·  Timer Channel Start Register m (TSm) 

·  Timer channel stop register m (TTm). 

·  Timer Input-Output Selection Register (TIOS0, TIOS1) 

·  timer output allow register m (TOEm) 

·  Timer output register m (TOm) 

·  Timer output level register m (TOLm) 

·  Timer output mode register m (TOMm) 

·  Input switch control register (ISC) 

·  Noise Filter Allow Register 1 (NFEN1) 

·  Port mode control register (PMCxx) 

·  Port Mode Register (PMxx) 

·  Port Register (Pxx) 

 

Note:  The assigned registers and bits differ depending on the product. You must set an initial value for unassigned bits. 

Note: m: Cell Number (m= 0)n: Channel Number (n=0~3) 
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6.3.1 Peripheral Enable Register 0 (PER0) 

The PER0 register is a register that sets a clock that is allowed or prohibited to supply to each peripheral 

hardware. Reduce power consumption and noise by stopping clock supply to unused hardware. 

You must set bit0 (TM40EN) to "1" when you want to use universal timer unit 0. The PER0 register is set by 

the 8-bit memory operation instruction. After the reset signal is generated, the value of the PER0 register 

changes to "00H". 

Figure 6-5 Table for Peripheral Enable Register 0 (PER0) 

 

Address: 0x40020420 After reset: 00H R/W 

symbol 

PER0 

 

 
TM4EN Control of an input clock of a universal timer unit 0 

0 Stop provide an input clock. 

· Cannot write the SFR used by the universal timer unit. 
· The universal timer unit 0 is in a reset state. 

1 Provides an input clock. 

· The SFR used by the universal timer unit 0 can be read and written 
 

Note 1. To set a universal timer unit, you must first set the following register in the state with the TM4mEN bit "1". When 

the TM4mEN bit is "0", the control register value of the timer array unit is the initial value, neglecting the write 

operation (except for timer input-output selection register 0 (TIOS0), input switching control register (ISC), noise 

filter permit register 1 (NFEN1), port mode control register PMCx, port mode registerPMx and port register Px). 

· Timer state register mn(TSRmn) 

· The timer channel allows the state register m ( TEm) to 

· Timer channel start register m ( TSm). 

· Timer channel stop register m ( TTm). 

· Timer output allows register m (TOEm). 

· Timer output register m ( TOm). 

· Timer output level register m ( TOLm). 

· Timer output mode register m ( TOMm). 
 
  

 7  6  5  4  3 2

 
2   1  0  

RTCEN 
Note 

IRDEN ADCEN ICAHN SCI1EN SCI0EN CAN0 TM40EN 
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6.3.2 Timer Clock Select Register m (TPSm). 

The TPSm register is a 16-bit register that selects two or four common runtime clocks (CKm0, CKm1, CKm2, 

CKm3). CKm0 is selected by bit3~0 of the TPSm register and CKm1 is selected by bit7~4 of the TPSm register. In 

addition, only channel 1 and channel 3 can select CKm2 and CKm3, select CKm2 by bit9~8 of TPSm register, and 

select CKm3 by bit13 and bit12 of TPSm register. 

The TPSm register in the timer run can only be overridden in the following cases. 

The case of PRSm00~PRSm03 bit can be rewritten (n=0~3): 

Select CKm0 as the channel for the runtime clock (CKSmn1, CKSmn0=0, 0) all in the stopped state ( TEmn=0). 

The case of PRSm10~PRSm13 bit can be rewritten (n=0~3): 

Select CKm2 as the channel for the runtime clock (CKSmn1, CKSmn0=0, 1) all in the stopped state ( TEmn=0). 

Can override PRSm20 and PRSm21 bits (n=1, 3): 

Select CKm1 as the channel for the runtime clock (CKSmn1, CKSmn0=1, 0) all in the stopped state ( TEmn=0). 

Can override PRSm30 and PRSm31 bits (n=1, 3): 

Select CKm3 as the channel for the runtime clock (CKSmn1, CKSmn0=1, 1) all in the stopped state ( TEmn=0). 

 

The TPSm register is set by the 16-bit memory operation instruction. After the reset signal is generated, the 

value of the TPSm register changes to "0000H". 
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Figure 6-6 Table (1/2) of timer clock selection register m (TPSm) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TPSm 0 0 
PRS 
m31 

PRS 
m30 

0 0 
PRS 
m21 

PRS 
m20 

PRS 
m13 

PRS 
m12 

PRS 
m11 

PRS 
m10 

PRS 
m03 

PRS 
m02 

PRS 
m01 

PRS 
m00 

 
 

PRS 

mk3 
PRS 

mk2 
PRS 

mk1 
PRS 

mk0 

Selection note for runtime clock (CKmk) (k=0,1) 

 fCLK=2MHz fCLK=4MHz fCLK=8MHz fCLK=20MHz fCLK=32MHz 

0 0 0 0 fCLK 2MHz 4MHz 8MHz 20MHz 32MHz 

0 0 0 1 fCLK/2 1MHz 2MHz 4MHz 10MHz 16MHz 

0 0 1 0 fCLK/22 500kHz 1MHz 2MHz 5MHz 8MHz 

0 0 1 1 fCLK/23 250kHz 500kHz 1MHz 2.5MHz 4MHz 

0 1 0 0 fCLK/24 125kHz 250kHz 500kHz 1.25MHz 2MHz 

0 1 0 1 fCLK/25 62.5kHz 125kHz 250kHz 625kHz 1MHz 

0 1 1 0 fCLK/26 31.3kHz 62.5kHz 125kHz 313kHz 500kHz 

0 1 1 1 fCLK/27 15.6kHz 31.3kHz 62.5kHz 156kHz 250kHz 

1 0 0 0 fCLK/28 7.81kHz 15.6kHz 31.3kHz 78.1kHz 125kHz 

1 0 0 1 fCLK/29 3.91kHz 7.81kHz 15.6kHz 39.1kHz 62.5kHz 

1 0 1 0 fCLK/210 1.95kHz 3.91kHz 7.81kHz 19.5kHz 31.25kHz 

1 0 1 1 fCLK/211 977Hz 1.95kHz 3.91kHz 9.77kHz 15.6kHz 

1 1 0 0 fCLK/212 488Hz 977Hz 1.95kHz 4.88kHz 7.81kHz 

1 1 0 1 fCLK/213 244Hz 488Hz 977Hz 2.44kHz 3.91kHz 

1 1 1 0 fCLK/214 122Hz 244Hz 488Hz 1.22kHz 1.95kHz 

1 1 1 1 fCLK/215 61.0Hz 122Hz 244Hz 610Hz 977Hz 

Note:  In case of changing the clock selected as fCLK (changing the value of the System Clock Control Register 
(CKC)), the universal timer unit (TTm=000FH) must be stopped. It is necessary to stop that universal timer unit 

even when selecting an effective edge of the run-time clock (fMCK) or TImn pin input signal. 

 

Note: 1. bit15, 14,11,10 must be placed "0. 

2. If you select fCLK as the runtime clock (CKmk) and set TDRnm to 0000H (n=0~3), you cannot use the universal 

timer unit. 

 

Note: 1.fCLK: Clock frequency for CPU/peripheral hardware 

2. The clock waveform selected by the TPSm register is high (m=1~15) with only 1 fCLK period. Refer to the 

"6.5.1 Count Clock (fTCLK)". 
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Figure 6-7 Table (2/2) of timer clock selection register m (TPSm) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TPSm 0 0 
PRS 
m31 

PRS 
m30 

0 0 
PRS 
m21 

PRS 
m20 

PRS 
m13 

PRS 
m12 

PRS 
m11 

PRS 
m10 

PRS 
m03 

PRS 
m02 

PRS 
m01 

PRS 
m00 

 
 

PRSm21 PRSm20 
Selection Note for Runtime Clock (CKm2) 

 fCLK=2MHz fCLK=4MHz fCLK=8MHz fCLK=20MHz fCLK=32MHz 

0 0 fCLK/2 1MHz 2MHz 4MHz 10MHz 16MHz 

0 1 fCLK/22 500kHz 1MHz 2MHz 5MHz 8MHz 

1 0 fCLK/24 125kHz 250kHz 500kHz 1.25MHz 2MHz 

1 1 fCLK/26 31.3kHz 62.5kHz 125kHz 313kHz 500kHz 

 

PRSm31 PRSm30 
Selection Note for Runtime Clock (CKm3) 

 fCLK=2MHz fCLK=4MHz fCLK=8MHz fCLK=20MHz fCLK=32MHz 

0 0 fCLK/28 7.81kHz 15.6kHz 31.3kHz 78.1kHz 125kHz 

0 1 fCLK/210 1.95kHz 3.91kHz 7.81kHz 19.5kHz 31.3kHz 

1 0 fCLK/212 488Hz 977Hz 1.95kHz 4.88kHz 7.81kHz 

1 1 fCLK/214 122Hz 244Hz 488Hz 1.22kHz 1.95kHz 

Note:  In case of changing the clock selected as fCLK (changing the value of the System Clock Control Register 

(CKC)), the universal timer unit (TTm=000FH) must be stopped. It is necessary to stop that universal timer unit 

even when selecting an effective edge of the run-time clock (fMCK) or TImn pin input signal. 

Note: bit15, 14,11,10 must be set to 0. 
 

The interval time shown in Table 6-4 can be achieved by the interval timer function if channels 1 and 3 

are used in 8-bit timer mode. 
 

Table 6-4 The interval that the runtime clocks CKSm2 and CKSm3 can set 
 

 

clock 
Interval Time Note (fCLK=32MHz) 

10ɛs 100ɛs 1ms 10ms 

 

 
CKm2 

fCLK/2 ɔ ð ð ð 

fCLK/22 ɔ ð ð ð 

fCLK/24 ɔ ɔ ð ð 

fCLK/26 ɔ ɔ ð ð 

 

 
CKm3 

fCLK/28 ð ɔ ɔ ð 

fCLK/210 ð ɔ ɔ ð 

fCLK/212 ð ð ɔ ɔ 

fCLK/214 ð ð ɔ ɔ 

Note: ɔ Contains errors within 5%. 

Note: 1.fCLK: Clock frequency for CPU/peripheral hardware 

2. Refer to the "6.5.1 Count Clock (fTCLK)" for details on the fCLK/2r waveform selected by TPSm registers. 

 

  



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4 
  

 www.changitech.com  98 / 1033 Rev.2.05 

6.3.3 timer mode register mn (TMRmn) 

The TMRmn register is a register for setting channel n running mode, selecting fMCK, counting clock, 

controlling/dependent,16bit/8 bit timer (only for channel 1 and channel 3), triggering and capturing, selecting the 

effective edge of timer input and running mode (interval, capture, event counter, single count, capture & single 

count). 

Prevents the TMRmn register from being overwritten in the run (TEmn=1). However, bit7 and bit6 (CISmn1, 

CISmn0) can be rewritten in part of the functional operation (TEmn=1) (see "Independent Channel Operation 

Function of 6.8 Universal Timer Unit" and "Multi-channel Operation Function of 6.9 Timer Array Unit" for details). 

The TMRmn register is set by the 16-bit memory operation instruction. After the reset signal is generated, the 

value of the TMRmn register changes to "0000H". 

Note: The bit11 for the TMRmn register varies by channel. 

TMRm2:MASTERmn bit (n=2) 

TMRm1, TMRm3 :SPLITmn bit (n=1,3) 

TMRm0: Fixed as "0". 
 

Figure 6-8 Table (1/4) of timer mode register mn (TMRmn) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=2) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
MASTER

mn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=1,3) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
SPLITmn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=0) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

0 Note 1 
 

STSm
n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 
 

CKSmn1 CKSmn0 Channel n Runtime Clock (fMCK) Selection 

0 0 Runtime clock CKm0 set by timer clock selection register m (TPSm) 

0 1 Runtime clock CKm2 set by timer clock selection register m (TPSm) 

1 0 Runtime clock CKm1 set by timer clock selection register m (TPSm) 

1 1 Runtime clock CKm3 set by timer clock selection register m (TPSm) 
The runtime clock (fMCK) is used for edge detection circuits. The sampling clock and the counting clock (fTCLK) 

are generated by setting the CCSmn bit. Only channel 1 and channel 3 can select the runtime clocks CKm2 and 

CKm3. 

 

CCSmn Selection of channel n count clock (fTCLK) 

0 Runtime clocks specified by CKSmn0 and CKSmn1 bits (fMCK) 

1 

Effective Edge of TImn Pin Input Signal 

· The case of Unit 0: 
Channel 0: Valid edge of input signal 

selected by TIS0 

Channel 1: Valid Edges of the Input 

Signal Selected by TIS0 

Channel 3: Effective edge of the input 

signal selected by the ISC 
A count clock (fTCLK) is used for the counter, the output control circuit, and the interrupt control circuit. 
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Note: 1. bit11 is a read-only bit, fixed to "0", ignoring write operations. 

 

Note: 1. bit13, 5, 4 must be set to 0. 

2. To change the clock selected as fCLK (change the value of the System Clock Control Register (CKC), the timer array 

unit (TTm=00FFH) must be stopped even if the runtime clock (fMCK) specified by the CKSmn0 bit and the CKSmn1 

bit is selected or the valid edge of the TImn pin input signal is fTCLK. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
 

Figure 6-9 Table (2/4) of timer mode register mn (TMRmn) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=2) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
MASTER

mn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=1,3) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
SPLITmn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=0) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

0 Note 1 
 

STSm
n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

(bit11 for TMRmn (n=2) 
 

MASTERmn Selection of independent channel operation/multi-channel simultaneous operation 
(slave or master) for channel n 

0 
A slave channel used as an independent channel operation function or a multi-channel 
coordinated operation function. 

1 The main control channel is used as the multi-channel coordinated operation function. 

Only channel 2 can be set as the master channel (MASTERmn=1). 

Channel 0 is fixed as '0' (because channel 0 is the highest bit channel, it is not related to 

this bit setting and is used as the master channel). For a channel that is used as a 

standalone channel operation function, the MASTERmn position "0". 
 

(TMRmn(n=1,3) bit11) 
 

SPLITmn Operation selection of 8-bit/16-bit timer for channel 1 and 3 

0 
Used as a 16-bit timer. 

(Slave channels used as independent channel operation functions or multi-channel coordinated 
operation functions) 

1 Used as an 8-bit timer. 

 

STSmn2 STSmn1 STSmn0 Settings for the start trigger and capture trigger of 
channel n 

0 0 0 Only software triggers are active (no other trigger source is selected). 

0 0 1 Use the valid edges entered by the TImn pin for the start trigger and 
capture trigger. 

0 1 0 
Use the two-sided edges of the TImn pin entries for the start trigger 
and capture trigger, respectively. 

1 0 0 
Use the interrupt signal of the main control channel (the case of a 
slave channel of the multi-channel coordinated operation function). 

Other than above Disable setting. 
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Note: 1. bit11 is a read-only bit, fixed to "0", ignoring write operations. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 

 

Figure 6-10 Table (3/4) of timer mode register mn (TMRmn) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=2) 

 
CKSm
n1 

 
CKSm
n0 

0 
 
CCSm
n 

 
MASTE
Rmn 

 
STSm
n2 

 
STS
mn1 

 
STS
mn0 

 
CISm
n1 

 
CISm
n0 

0 0 
 
MDm
n3 

 
MDm
n2 

 
MDm
n1 

 
MDm
n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=1,3) 

 
CKSm
n1 

 
CKSm
n0 

0 
 
CCSm
n 

 
SPLITm
n 

 
STSm
n2 

 
STS
mn1 

 
STS
mn0 

 
CISm
n1 

 
CISm
n0 

0 0 
 
MDm
n3 

 
MDm
n2 

 
MDm
n1 

 
MDm
n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=0) 

 
CKSm
n1 

 
CKSm
n0 

0 
 
CCSm
n 

0 Note 1 
 
STSm
n2 

 
STS
mn1 

 
STS
mn0 

 
CISm
n1 

 
CISm
n0 

0 0 
 
MDm
n3 

 
MDm
n2 

 
MDm
n1 

 
MDm
n0 

 
 

CISmn1 CISmn0 Effective Edge Selection for TImn Pins 

0 0 descending edge 

0 1 rising edge 

1 0 

Double Edge (when measuring low level width)  

Start trigger: Down 

Edge, Capture Trigger: 
rising edge 

1 1 

Double Edge (when measuring high level width)  

Start trigger: Rising 

edge, capture trigger: 
descending edge 

When STSmn2~STSmn0 bit is not '010B' and double edge is specified, CISmn1~CISmn0 position '10B'. 

Note: 1. bit11 is read-only, fixed to "0", ignoring write operations. 

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Figure 6-11 Table (4/4) of timer mode register mn (TMRmn) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=2) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
MASTER

mn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=1,3) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

 
SPLITmn 

 
STSm

n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMRmn 
 (n=0) 

 
CKSmn

1 

 
CKSmn

0 
0 

 
CCSmn 

0 Note 1 
 

STSm
n2 

 
STSm

n1 

 
STSm

n0 

 
CISm

n1 

 
CISm

n0 
0 0 

 
MDm

n3 

 
MDm

n2 

 
MDm

n1 

 
MDm

n0 

 
 

MD 

mn3 
MD 

mn2 
MD 

mn1 
Settings for Channel n 
Running Mode corresponding function Count run of TCR 

0 0 0 interval timer mode Interval Timer/Square Wave Output/ 

Divider Function/PWM Output (Master) 
decremental count 

0 1 0 capture mode Measurement of input pulse interval incremental count 

0 1 1 Event Counter Mode External event counters decremental count 

1 0 0 single count mode 
Delay Counter/Single Trigger Pulse 

Output/PWM Output 

(Subordinates) 
decremental count 

1 1 0 Capture & Single Count 
Mode 

Measurement of High and Low Level 
Width of Input Signal incremental count 

Other than 
above Disable setting. 

The operation of the modes varies with the MDmn0 bit (see the following table). 

 
Run mode (settings for 

MDmn3~MDmn1 bits (see above 
table)) 

MD 

mn0 Settings to start counting and interrupts 

·  

· 
Interval timer mode (0, 0,0) 

capture mode (0,1,0) 

0 The timer interrupt does not occur at the start of the count (the 

output of the timer does not change). 

1 A timer interrupt is generated at the start of the count (the output of 

the timer also changes). 

·  Event counter mode (0,1,1) 0 The timer interrupt does not occur at the start of the count (the 

output of the timer does not change). 

·  Single Count Mode Note 2 (1,0,0) 
0 Invalid start trigger in count run. No interruption occurs at this time. 

1 
The start of the count run valid triggers  note 3

. No interruption occurs at this 

time. 

·  
Capture& Single Count Mode 

(1,1,0) 
0 

The timer interrupt does not occur at the start of the count (the 

output of the timer does not change). Invalid start trigger in count 
run. 
No interruption occurs at this time. 

Note: 1.bit11 is a read-only bit, fixed to "0", ignoring write operations. 

2. In single count mode, interrupt output (INTTMmn) and TOmn output at the start of the count are not controlled. 

3. If a start trigger (TSmn=1) is generated in the run, the counter is initialized and counts are restarted (no 

interrupt requests are generated). Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.4 timer status register mn (TSRmn) 

The TSRmn register is a register that represents the overflow status of the channel n counter. 

The TSRmn register is valid only in capture mode (MDmn3~MDmn1=010B) and capture & single count mode 

(MDmn3~MDmn1=110B. Refer to Table 6-5 for variations and placement/removal conditions of OVF bits in each 

mode of operation. 

The TSRmn register is read by a 16-bit memory operation instruction. 

The lower 8 bits of the TSRmn register can be read with the TSRmnL and through an 8-bit memory operation 

instruction. After the reset signal is generated, the value of the TSRmn register changes to "0000H". 

Figure 6-12 Table for timer status register mn (TSRmn) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TSRmn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OVF 

 

 

OVF Counter overflow state for channel n 

0 No overspill occurred. 

1 Overspill occurred. 

If the OVF bit is "1", clear this flag (OVF=0) when the next count does not overrun and the count value is 
captured. 

 

Note: m: Cell number (m=0,1)n: Channel number (n=0~3 when m=0, n=0~7 when m=1) 

 
Table 6-5 OVF bit variation and placement/removal conditions in each mode of 

operation 
 

timer operation mode OVF bit Placement/Purge Criteria 

· Capture Mode 

· Capture & Single Count Mode 
Clear No overflow condition occurred during capture 

position Overspill on capture 
· Interval timer mode 

· Event counter mode 

· Single count mode 

Clear ð 

(not available) position 

 
Note: Even if the counter overflows, the OVF bit does not change immediately, and changes occur in subsequent 
captures. 
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6.3.5 Timer channel allows state register m (TEm) to be 

The TEm register is a register that represents the permitted or stopped state of operation of each channel 

timer. 

Each of the TEm registers corresponds to the bits of the timer channel start register m (TSm) and the timer 

channel stop register m (TTm). If each position of the TSm register is "1", the corresponding position of the TEm 

register is "1". If each position of the TTm register is "1", its corresponding bit is "0". 

The TEm register is read by a 16-bit memory operation instruction. 

A lower 8-bit of a TEm register can be read with a TEmL and through an 8-bit memory operation instruction. 

After the reset signal is generated, the value of the TEm register changes to "0000H". 

Figure 6-13 Table of timer channel allowed status register m (TEm) 
 
symb

ol 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TEm 0 0 0 0 
 

TEHm
3 

0 
 

TEHm
1 

0 0 0 0 0 
TEm 

3 
TEm 

2 
TEm 

1 
TEm 

0 

m=0 
 
 

symb
ol 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TEm 0 0 0 0 0 0 0 0 
TEm 

7 
TEm 

6 
TEm 

5 
TEm 

4 
TEm 

3 
TEm 

2 
TEm 

1 
TEm 

0 

m=1 

 

TEHm3 A representation of the operational permit or stop state of a high 8-bit timer when channel 3 is in 
8-bit timer mode 

0 Idle Status 

1 Run Allowed Status 

 

TEHm1 A representation of the operational permit or stop state of a high 8-bit timer when channel 1 is in 
8-bit timer mode 

0 Idle Status 

1 Run Allowed Status 

 
TEmn A representation of the running permit or stop state of channel n 

0 Idle Status 

1 Run Allowed Status 

When channels 1 and 3 are in 8-bit timer mode, TEm1 and TEm3 indicate the allowed or stopped states of low 
8-bit timers. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.6 Timer channel start register m (TSm). 

The TSm register initializes the timer count register mn (TCRmn) and sets the trigger register when each channel count 

operation starts. If each position is "1", the counter bit of the timer channel allows state register m (TEm) to be "1. Because 

TSmn bits, TSHm1 bits, and TSHm3 bits are trigger bits, clear TSmn bits, TSHm1 bits, and TSHm3 bits immediately if it 

becomes run-enabled (TEmn, TEHm1, TEHm3=1). 

The TSm register is set by a 16-bit memory operation instruction. 

The low 8 bits of the TSm register can be set with TSmL and through 8-bit memory. After the reset signal is generated, the 

value of the TSm register becomes "0000H". 

Figure 6-14 Table for timer channel start register m (TSm) 
 

symb
ol 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TSm 0 0 0 0 
 

TSHm
3 

0 
 

TSHm
1 

0 0 0 0 0 
TSm 

3 
TSm 

2 
TSm 

1 
TSm 

0 

 

TSH 

m3 Channel 3 is triggered when the operation of the high 8-bit timer in the 8-bit timer mode allows (start) 

0 No trigger. 

1 
Enter the TEHm3 position "1" into the count allowed state. 

If the count of the TCRm3 register is started in the count allowed state, the interval timer mode is 

entered (see tables 6-6 of 6). 

 
TSH 

m1 Channel 1 is triggered when the operation of the high 8-bit timer in the 8-bit timer mode allows (start) 

0 No trigger. 

1 
Enter the TEHm1 position "1" into the count allowed state. 

If the count of the TCRm1 register is started in the count allowed state, the interval timer mode is 

entered (see tables 6-6 of 6). 

 
TSmn Channel n Run Permit (Start) Trigger 

0 No trigger. 

1 
Enter the TEmn position "1" into the count allowed state. The count start of the TCRmn register in the 

count allowed state varies for each mode of operation (referto Table 6-6 for 6.5.2 Start Order). When 

channel 1 and 3 are in 8-bit timer mode, TSm1 and TSm3 allow the operation of the low 8-bit timer. 

Note: 

1) bit15 ~ 12, 10, 8 ~ 4 must be set. 

2) When switching from a function that never uses TImn pin input to a function that uses TImn pin input, the wait period 

from setting timer mode register mn (TMRmn) to TSmn (TSHm1, TSHm3) position '1' is required: 

TImn Pin Noise Filter Valid Time (TNFENmn=1): 4 Runtime Clocks (fMCK) 

TImn Pin Noise Filter Invalid Time (TNFENmn=0): 2 Runtime Clocks (fMCK) 

 

Note: 1. The read value for the TSm register is always "0". 

2.  m: Cell Number (m= 0)n: Channel Number (n=0 ~3) 
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6.3.7 Timer channel stop register m (TTm). 

The TTm register is a trigger register that sets that count stop for each channel. 

If each position is" 1", the counter bits of the timer channel allow state register m (TEm) are cleared. Because 

the TTmn bit, TTHm1 bit, and TTHm3 bit are trigger bits, the TTmn bit, TTHm1 bit, and TTHm3 bit are cleared 

immediately if the idle state (TEmn, TEHm1, TEHm3=0) occurs. 

The TTm register is set by a 16-bit memory operation instruction. 

A lower 8-bit of the TTm register can be set with the TTmL and through 8-bit memory operation instructions. 

After the reset signal is generated, the value of the TTm register changes to "0000H". 

Figure 6-15 Table for timer channel stop register m (TTm) 
 
symb

ol 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TTm 0 0 0 0 
 

TTHm
3 

0 
 

TTHm
1 

0 0 0 0 0 TTm3 TTm2 TTm1 TTm0 

 

TTHm3 The High 8-bit Timer Stop Trigger When Channel 3 is in 8-bit Timer Mode 

0 No trigger. 

1 Clear TEHm3 bit '0' to count stop state. 

 

TTHm1 The High 8-bit Timer Stop Trigger When Channel 1 is in 8-bit Timer Mode 

0 No trigger. 

1 Clear TEHm1 bit '0' to count stop state. 

 
TTmn Idle trigger for channel n 

0 No trigger. 

1 
Clear the TEmn bit "0" and enter the count stop state. 

When channel 1 and 3 are in 8-bit timer mode, TTm1 and TTm3 are triggered to stop operation of 
low 8-bit timers. 

Note: The bit15~12,10,8~4 must be 0. 

 
Note: 1.TTm register always reads "0". 

2.m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.8 Timer Input-Output Selection Register (TIOS0, TIOS1) 

A channel 0 and a timer input of the channel 1 of the TIOS0 register selection unit 0 and a timer output of 

the channel 2. The TIOS0 register is set by the 8-bit memory operation instruction. After the reset signal is 

generated, the value of the TIOS0 register changes to "00H". 

Figure 6-16 Timer Input Select Register 0 (TIOS0) table of Tables 

 

Address: 0x40020474 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TIOS0 TIS07 TIS06 TIS05 TIS04 TOS03 TIS02 TIS01 TIS00 

 
 

TIS07 TIS06 TIS05 Selection of timer input used by channel 0 

0 0 0 Timer input pin (TI0) input signal 

0 0 1 Output signal TMIOB0 from TimerM (without PWMOP) 

0 1 0 Output signal TMIOD0 from TimerM (without PWMOP) 

0 1 1 Output signal TMIOA1 from TimerM (without PWMOP) 

1 0 0 Output signal TMIOC1 from TimerM (without PWMOP) 

1 0 1 Output signal TMIOB1 from TimerM (without PWMOP) 

1 1 0 Output signal TMIOD1 from TimerM (without PWMOP) 

1 1 1 Output signal TMIOC0 from TimerM (without PWMOP) 

 

TIS04 Selection of timer input used by channel 0 

0 Input signal selected via TIS07~TIS05 

1 Event input signal for ELC 

 
TOS03 Enable of timer output for channel 2 

0 Allow Output 

1 Suppress output (output fixed to 0) 

 
TIS02 TIS01 TIS00 Selection of timer input used by channel 1 

0 0 0 Input signal of timer input pin (TI01) 

0 0 1 Event input signal for EVENTC 

0 1 0 
Input signal of timer input pin (TI01) 

0 1 1 

1 0 0 Low-speed internal oscillator clock (fIL) 

1 0 1 Secondary System Clock (fSUB) 

Other than above Disable setting. 

 

Note: 1. The selected timer input must have a high level width greater than or equal to 1/fMCK+10ns. Therefore, when you 

select fSUB as fCLK (CSS=1 of the CKC register), you cannot position "1". 

2. When selecting the event input signal of ELC through timer input selection register 0 (TIOS0), fCLK must be 

selected through timer clock selection register 0 (TPS0). 
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A timer input of a channel 2 of the TIOS1 register selection unit 0. The TIOS1 register is set by an 8-bit 

memory operation instruction. After the reset signal is generated, the value of the TIOS1 register changes to 

"00H". 

Figure 6-17 Timer Input Table for Selection Register 1 (TIOS1) 

Address: 0x40020475 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TIOS1 0 0 0 0 0 0 0 TIS10 

 

TIS10 Selection of timer inputs used by channel 2 

0 Timer input pin (TI02) input signal 

1 TSOUT output from CAN Controller 
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6.3.9 timer output allow register m (TOEm) 

The TOEm register is a register that sets the output of each channel timer to be allowed or disabled. 

For the channel n, the value of the TOmn bit of the timer output register m (TOm) cannot be rewritten by 

software. 

The TOEm register is set by the 16-bit memory operation instruction. 

A lower 8-bit of the TOEm register can be set with the TOEmL and through an 8-bit memory operation 

instruction. After the reset signal is generated, the value of the TOEm register changes to "0000H". 

Figure 6-18 The timer outputs a table that allows the register m(TOEm) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TOEm 0 0 0 0 0 0 0 0 0 0 0 0 
TOE
m3 

TOE
m2 

TOE
m1 

TOE
m0 

 

TOEmn Allow/Disable of timer output for channel n 

0 
Disables timer output. 

The operation of the timer is not reflected to the TOmn bit, and the output is fixed. 

Can write TOmn bits and output the level of the TOmn bit setting from the TOmn pin. 

1 
Allow timer output. 

The operation of the timer is reflected to the TOmn bit, and the output waveform is 

generated. Writes of TOmn bits are ignored. 

Note: bit15~4 must be placed at 0. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.10 Timer output register m (TOm) 

The TOm register is a buffer register output by each channel timer.  

The value of each bit of this register is outputted from the output pin (TOmn) of each channel timer. 

The TOmn bit of this register can only be overwritten by software if timer output (TOEmn=0) is prohibited. 

When timer output is allowed (TOEmn=1), the override operation through the software is ignored and the value is 

changed only through the timer running. 

To use the TI00, TO00, TI01/TO01, TI02/TO02, TI03/TO03 pins as port functions, you must use the TOmn 

location "0". 

The TOm register is set by a 16-bit memory operation instruction. 

The low 8 bits of the TOm register can be set with TOmL and through 8-bit operation instructions. After the 

reset signal is generated, the value of the TOm register becomes "0000H". 

Figure 6-19 Table for timer output register m (TOm) 
 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TOm 0 0 0 0 0 0 0 0 0 0 0 0 TOm3 TOm2 TOm1 TOm0 

 

TOmn Timer output for channel n 

0 The output value of the timer is "0". 

1 The output value of the timer is "1". 

Note:  bit15~4 must be placed at 0. 

 
Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.11 Timer output level register m (TOLm) 

The TOLm register is a register that controls the output level of each channel timer. 

When a timer output (TOEmn=1) is allowed and a multi-channel coordinated operation function (TOMmn=1) is 

used, the setting and reset timing of the output signal of the timer reflect the reversed setting of each channel n by 

this register. This register has an invalid setting in the TOMmn=0 (Master Channel Output Mode). 

The TOLm register is set by the 16-bit memory operation instruction. 

A low 8-bit of the TOLm register can be set with TOLmL and through 8-bit memory instructions. After the reset 

signal is generated, the value of the TOLm register changes to "0000H". 

Figure 6-20 Table of timer output level register m (TOLm) 
 

symb
ol 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TOLm 0 0 0 0 0 0 0 0 0 0 0 0 
TOL
m3 

TOL
m2 

TOL
m1 

0 

 

TOLmn Control of timer output level of channel n 

0 Positive Logical Output (High Level Valid) 

1 Invert output (low level active) 

Note:  bit15~4 and bit0 must be set to'0'. 

 

Note:1. If you override the value of this register during a timer run, invert the output logic of the timer when the next timer 

output signal changes, not immediately after the override. 

2.m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.3.12 Timer output mode register m (TOMm) 

The TOMm register is a register that controls the output mode of each channel timer. When used as a stand-

alone channel operation function, the corresponding position of the used channel is "0". 

When used as a multi-channel coordinated operation function (PWM output, single trigger pulse output and 

multiple PWM output), the corresponding position of the main control channel is "0" and the corresponding position 

of the subordinate channel is "1". 

When a timer output (TOEmn=1) is allowed, the setting and reset timing of the timer output signal reflect the 

setting of each channel n performed by the register. 

The TOMm register is set by the 16-bit memory operation instruction. 

A low 8-bit of the TOMm register can be set with TOMmL and through 8-bit memory instructions. After the 

reset signal is generated, the value of the TOMm register changes to "0000H". 

Figure 6-21 Table for timer output mode register m(TOMm) 
 
symbo

l 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TOMm 0 0 0 0 0 0 0 0 0 0 0 0 
TOM
m3 

TOM
m2 

TOM
m1 

0 

 

TOMmn Control of timer output mode of channel n 

0 
Main control channel output mode (alternating output by timer interrupt request signal 
(INTTMmn)) 

1 
Slave channel output mode (the output is set by timer interrupt request signal (INTTMmn) of 

master channel and reset by timer interrupt request signal (INTTMmp) of slave channel) 

Note: bit15~4 and bit0 must be set to'0'. 
Note: m: Unit number (m=0); n: Channel Number n=0~3 (when the primary channel is: n=0, 2) 

p: Dependent Channel Number 
n=0:p=1, 2, 3  
n=2:p=3 
(For details on the relationship between master and slave channels, refer to the "Basic Rules for Multi-Channel 

Operation Capabilities") 
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6.3.13 Input switch control register (ISC) 

The ISC1 bit and ISC0 bit of the ISC register are used for the coordination of channel 3 and universal serial 

communication unit to realize LIN bus communication. If the ISC1 position" 1", the input signal of the serial data 

input pin (RxD0) is selected as the input of the timer. 

Refer to "19.3.14 Input Switch Control Register (ISC)" for setting SSIE00 bits. The ISC register is set by an 8-

bit memory operation instruction. 

After the reset signal is generated, the value of the ISC register changes to "00H". 

Figure 6-22 Enter a table for the Switch Control Register (ISC) 
 

Address: 0x40040473 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

ISC SIE00 0 0 0 0 0 ISC1 ISC0 

 

 

SIE00 SSI00 pin input settings for channel 0 in the dependent mode of CSI00 communication 

0 Invalid SSI00 pin input. 

1 SSI00 pin input is valid. 

 
ISC1 Input switching of channel 3 of universal timer unit 0 

0 Use the input signal of the TI03 pin as the input (usually running) of the timer. 

1 
The input signal of the RxD0 pin is used as the input of the timer (detecting the wake-up 

signal and measuring the low level width of the interval segment and the pulse width of the 

synchronization segment). 

 
ISC0 External Interrupt (INTP0) input switch 

0 Use the input signal of the INTP0 pin as the input for the external interrupt (usually run). 

1 Use the input signal of the RxD0 pin as the input of the external interrupt (detect wake-up 
signal). 

Note: bit6~2 must be set to'0'. 

 
Note: When using LIN-bus for communication, you must select the input signal for the RxD0 pin by selecting the ISC1 
position "1". 

  



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4 
  

 www.changitech.com  113 / 1033 Rev.2.05 

6.3.14 Noise Filter Admission Register (NFEN1) 

The NFEN1 register sets whether the noise filter is used for the input signal of the input pin of each channel 

timer. For pins that need to be eliminated from noise, the corresponding position "1" must be taken to make the 

noise filter effective. When the noise filter is effective, the two clocks are detected after synchronization by the fMCK 

of the object channel. When the noise filter is not valid, synchronization is performed only through the object 

channel's runtime  clockЃfMCKЄ
note. 

The NFEN1 register is set by an 8-bit memory operation instruction. After the reset signal is generated, the 

value of the NFEN1 register changes to "00H". 

Note: Refer to " CCSmn=1 (2) Selecting Valid Edges of TImn Pin Input Signals" 6.5.2 Start Sequence" and "Control of 6.7 

Timer Input (TImn). 

Figure 6-23 Table of Noise Filter Allow Register 1(NFEN1) 
 

Address: 0x40040471 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

NFEN1 0 0 0 0 TNFEN03 TNFEN02 TNFEN01 TNFEN00 

 

TNFEN03 Whether the TI03 pin or the input signal noise filter of the RxD0 pin is used or not 

0 noise filter OFF 

1 noise filter ON 

 
TNFEN02 Whether the Input Signal Noise Filter of the TI02 Pin Is Used or Not 

0 noise filter OFF 

1 noise filter ON 

 
TNFEN01 Whether the Input Signal Noise Filter of the TI01 Pin Is Used or Not 

0 noise filter OFF 

1 noise filter ON 

 
TNFEN00 Whether the Input Signal Noise Filter of the TI00 Pin Is Used or Not 

0 noise filter OFF 

1 noise filter ON 

Note The applicable pin can be switched by setting the ISC1 bit of the input switch control register (ISC). ISC1=0: You 

can choose whether to use a noise filter for the TI03 pin. ISC1=1: You can choose whether to use a noise filter 

for the RxD0 pin. 

 

Note:  Whether the timer input/output pins of channels 0 to 3 are different or not depends on the product. Refer to "Table 

6-2 Products with Timer Input/Output Pins". 
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6.3.15 Register for controlling timer input/output pin port function 

When using a universal timer unit, you must set the port-functional control registers (PMxx, Pxx, and PMCxx). 

Refer to "2.3.1 Port Mode Register (PMxx), "2.3.2 Port Register (Pxx)" and "2.3.6 Port Mode Control Register (PMCxx) 

" for details. 

The set port mode registers (PMxx), port registers (Pxx), and port mode control registers (PMCxx) differ by 

product. Refer to "Register settings when 2.5 uses the multiplexing feature" for details. 

 

When the multiplexed port of the timer output pin is used as the output of the timer, the bit of the port mode 

control register (PMCxx), the bit of the port mode register (PMxx) and the 

 

(example) of using P01/TO00 as timer output 

Position PMC01 of port mode control register 0 at "0. 

Position PM01 of port mode register 0 "0" 

Position P01 for port register 0 "0. 

 

When the multiplexed port of the timer input pin is used as the input of the timer, the position of the port mode 

register (PMxx) 1. The bit of the port register (Pxx) can be "0" or "1". 

 

(Example) of using P00/TI00 as timer input 

Position PMC00 of port mode control register 0 at "0. 

Position PM00 for port mode register 0 at "1. 

Position P00 of port register 0 "0" or "1. 
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6.4 Basic rules for universal timer units 

6.4.1 Basic Prinicpal of Multi-channel Coordinated Operation Function 

The function of multi-channel coordinated operation is a function which combines the main control channel (the 

reference timer which mainly counts the period) and the slave channel (the timer which follows the main control 

channel operation), and it needs to abide by several rules. 

The basic rules for the multi-channel coordinated operation function are as follows. 

1) Only even channels (channel 0, channel 2) can be set as master channels. 

2) Any channel other than channel 0 can be set as a slave channel. 

3) You can only set the lower channel of the master channel as a slave channel. 

When setting channel 0 as the master channel, the channel starting channel 1 (channel 1, channel 2, 

channel 3) can be set as slave. 

4) Multiple slave channels can be set for one master channel. 

5) When using multiple master channels, you cannot set a slave channel across the master channel. 

When setting channel 0 and channel 2 as the master channel, channel 1 can be set as the slave channel 

of master channel 0. 

6) The slave channel which is linked with the master channel needs to set the same runtime clock. The 

CKSmn0 bit and the value of CKSmn1 bit (bit15 and bit14 of timer mode register mn(TMRmn) of the slave 

channel interfaced with the master channel. 

7) The main control channel can transmit INTTMmn, start software trigger and count clock to the low-level 

channel. 

8) The slave channel can use the INTTMmn, start software trigger and count clocks of the master channel as 

the source clock, but cannot pass its INTTMmn, start software trigger 

9) The master channel cannot use the INTTMmn, start software trigger, and count clocks of other high-level 

master channels as source clocks. 

10) In order to start the channel to be linked at the same time, it is necessary to set the channel start trigger bit 

(TSmn) of the linked channel. 

11) Only the full channel or master channel of the coordination can use the settings of the TSmn bits in the 

count run. You cannot use the settings of only the TSmn bits of the dependent channel. 

12) In order to simultaneously stop the channel to be linked, it is necessary to simultaneously set the channel 

stop trigger bit (TTmn). 

13) When the Coordinated Operation is running, you cannot select CKm2/CKm3 because the master channel 

and the slave channel require the same runtime clock. 

14) The timer mode register m0 (TMRm0) is fixed to '0' without a master bit. However, because channel 0 is 

the highest-bit channel, channel 0 can be used as the master channel during the interaction run. 

 

The basic rules of the multi-channel coordinated operation function are applicable to the channel group 

(forming a set of master and slave channels). 

If two or more channels groups are set, the basic rules are not applicable to each other. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Example 1 

 

Timer4

Channel 0: Master control

Channel 1: Slave

CK00

Channel 2: Master control

Channel 3: Slave

CK01

Channel Group 1

(multi-channel linked operation function)

Channel Group 2

(multi-channel linked operation function)

 ō  channel group 1and Channel Group 2 can 

have different operational clock
 

 

Example 2 

 

Timer4

Channel 0: Master control

Channel 1:independent channel 

operation function

CK00

Channel 3:independent channel 

operation function

Channel 2: Slave

CK00

Channel Group 1

(multi-channel linked operation function)

 ō between master channel and slave channel 

of Channel Group 1, there could have channel 

with independent channel operation function, 

and can individually set operational clock 

CK01
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6.4.2 Basic Principal of the 8-bit timer operation function (only for channel 1 and channel 3). 

The 8-bit timer run function is the function of using the channel of the 16-bit timer as the channel of two 8-bit 

timers. 

Only channel 1 and channel 3 can run functions with an 8-bit timer, which requires several rules. 

The basic rules for the 8-bit timer operation function are as follows. 

1) The 8-bit timer run function is available only for channel 1 and channel 3. 

2) When used as an 8-bit timer, the SPLIT position of timer mode register mn(TMRmn) is "1". 

3) High-8-bit timers can be used as a spacer function. 

4) The high 8-bit timer outputs INTTMm1H/INTTMm3H (the same as the run with the MDmn0 bit "1") at start. 

5) The selection of the running clock of the high 8-bit timer depends on the setting of the CKSmn1 bit and the 

CKSmn0 bit of the low TMRmn register. 

6) For a high 8-bit timer, the operation of the channel is started by operating the TSHm1/TSHm3 bit, and the 

operation of the channel is stopped. The status of the channel can be confirmed by TEHm1/TEHm3 bits. 

7) The operation of the low-8-bit timer depends on the setting of the TMRmn register, which has three 

functions to support the operation: 

Å interval timer function 

Å External event counter feature 

Å Delay Count Feature 

8) For low-8 bit timers, channel operation is started by operating the TSm1/TSm3 bit, and channel operation 

is stopped by operating the TTm1/TTm3 bit. The status of the channel can be confirmed by TEm1/TEm3 

bits. 

9) The operation of the TSHm1/TSHm3/TTHm1/TTHm3 bit is not valid when the 16 bit timer runs. Channel 1 

and channel 3 are run by operating TSm1/TSm3 and TTm1/TTm3 bits. The TEHm3 bit and the TEHm1 bit 

are unchanged. 

10) The 8-bit timer function does not use the coordinated operation function (single trigger pulse, PWM, and 

multiple PWM). 

 

Note: m: Cell number (m=0)n: Channel number (n=1,3) 
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6.5 Operation of counters 

6.5.1 Count Clock (fTCLK) 

The counting clock (fTCLK) of the universal timer unit can select any one of the following clock by the 

CCSmn bit of the timer mode register mn (TMRmn): 

Å CKSmn0-bit and CKSmn1-bit specified runtime clocks (fMCK) 

Å Effective Edge of TImn Pin Input Signal 

 
The universal timer unit is designed to run synchronously with the fCLK, so the timing of the counting clock 

(fTCLK) is as following. 

 
(1) Select the case of the CKSmn0 bit and the CKSmn1 bit specified runtime clock (fMCK) (CCSmn=0) 

According to the setting of timer clock selection register m (TPSm), the count clock (fTCLK) is fCLKљfCLK/215. 

However, when selecting the frequency division of the fCLK, the TPSm register selects a clock that is only 1 

fCLK period of high level signal from the rising edge. Fixed to high level when fCLK is selected. 

In order to synchronize with fCLK , timer counter register mn (TCRmn) counts after delaying 1 fCLK clock 

from the rising edge of the counting clock. 

 
Figure 6-24     Timing of fCLK and count clock (fTCLK) (CCSmn=0 case) 

fCLK

fCLK/2

fCLK/4

fCLK/8

fCLK/16

fTCLK

(= fMCK

=CKmn)

 
 

Remarks: 1.ɏ: Rising edge of counting clock 

Ɏ: Synchronization, Counter Increment/Decrement 

2. fCLK: Clock for CPU/peripheral hardware 
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 (2) The case of selecting a valid edge of the TImn pin input signal (CCSmn=1) 

The count clock (fTCLK) is a signal that detects an effective edge of the TImn pin input signal and is 

synchronized with the next fMCK rising edge. In fact, this is a signal delayed by 1~2 fMCK clocks compared to 

the input signal of the TImn pin (3~4 fMCK clocks when using noise filters). In order to synchronize with fCLK, 

timer counter register mn(TCRmn) counts after delaying 1 fCLK from the rising edge of the counting clock, 

which is called "counting at the effective edge of TImn pin input signal". 

Figure 6-25 Counts the timing of the clock (fTCLK) (CCSmn=1, if no noise filter is used) 
 

ŵ

Ŷ

ŷ
edge detection edge detection 

fCLK

fMCK

TSmn(Write)

TEmn

Timn input

sample 

waveform

rising edge 

detection 

singal(fTCLK)

 
 

ː  The operation of the timer is started by the TSmn position bit and the valid edge of the TImn input is 

awaited. 

ˑ  Sample the rising edge of the TImn input through fMCK. 

˒  A detection signal (counting clock) is output at a rising edge of the sampling signal. 

 

Remarks: 1.ɏ: Rising edge of counting clock 

Ɏ: Synchronization, Counter Increment/Decrement 

2. fCLK: CPU/Peripheral Hardware Clock 

fMCK: Runtime clock for channel n 

3. The same waveforms are measured for input pulse interval, input signal high and low level, delay counter, and 

TImn input with single trigger pulse output. 
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6.5.2 Starting sequence of Counter 

The timer count register mn(TCRmn) enters the enable operation state by setting TSmn position bit of 

the  timer channel start register m (TSm). 

Execution from counting enable state up to the start of count register mn (TCRmn) is shown in Table 6-6. 

 
Table 6-6 Run from the count allowed state until the timer count register mn (TCRmn) 
starts to count 

 

Operation mode of the timer Run after setting TSmn position as " 1" 

· 
T
h
e 
interval timer mode 

No operation is performed from the detection of the start trigger (TSmn=1) until the 
count clock is generated. 

The value of the TDRmn register is loaded into the TCRmn register by the 1 count 

clock and decremented by the subsequent count clock (refer to "6.5.3 (1) interval 

timer mode operation"). 

· 
T
h
e 
Event Counter Mode 

Load the value of the TDRmn register into the TCRmn register by writing "1" to the 
TSmn bit. 

If an input edge of the TImn is detected, the count is decremented by a subsequent 
count clock. (Refer to "6.5.3(2) 

Run of Event Counter Mode"). 
· 
T
h
e 
capture mode 

No operation is performed from the start of triggering of detection until the count 
clock is generated. 

The 0000H is loaded into the TCRmn register by the 1 count clock and counted 

incrementally by the subsequent count clock (reference to "6.5.3 (3) capture mode 

operation (interval measurement of input pulses)). 

· 
T
h
e 

single count mode 

The first trigger is entered by writing "1" to the TSmn bit in the state where the timer 
stops running (TEmn=0) 
Pending status. 

No operation is performed from the start of triggering of detection until the count 

clock is generated. 
The value of the TDRmn register is loaded into the TCRmn register by the first count 

clock, and a subsequent count is performed 
Count clocks for decremental counts (refer to "Operation of 6.5.3 (4) Single Count 

Mode"). 
· 
T
h
e 

Capture & Single Count Mode 

The first trigger is entered by writing "1" to the TSmn bit in the state where the timer 
stops running (TEmn=0) 
Pending status. 

No operation is performed from the start of triggering of detection until the count 

clock is generated. 
The '0000H' is loaded into the TCRmn register through the first count clock and is 

performed through a subsequent count clock 
Incremental Count (refer to " 6.5.3(5) Operation of Capture & Single Count Mode 

(Measurement of High Level Width) " 

 
  



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4 
  

 www.changitech.com  121 / 1033 Rev.2.05 

6.5.3 Operation of counters 

The following describes the counter operation for each mode. 

 

(1) Operation of interval timer mode 

(1) Enter the running permission state (TEmn=1) by writing "1" to TSmn bits. The timer count register mn 

(TCRmn) maintains an initial value until a count clock is generated. 

(2) A start trigger signal is generated by allowing the first count clock (fMCK) after operation. 

(3) When the MDmn0 bit is "1", the INTTMmn is generated by the start trigger signal. 

(4) The timer data register mn (TDRmn) is loaded into the TCRmn register by allowing the first counting 

clock to run. 

(5) If the TCRmn register decrements to "0000H", INTTMmn is generated by the next counting clock (fMCK) 

and continues counting. 

 
 Figure 6-26 Runtime Sequence (Interval Timer Mode) 

when MDmn0 = 1

INTTMmn

TDRmn

TCRmn

start trigger 

detection 

singal

TEmn

TSmn(write)

fMCK

(fTCLK)

initial value m m-1 0001 0000 m

ŷ Ÿ

Ź

m

ŵ

Ŷ

ňň

 
 

Note:  Since the operation of the first count clock cycle is delayed after writing the TSmn bit and before the count clock 

is generated, an error of up to 1 clock cycle is generated. In addition, if information on that time sequence of the 

start count is required, the MDmn0 position" 1" is place so that an interrupt can occur at the start count. 

Note: fMCK, the start trigger heartbeat, and INTTMmn are synchronized with fCLK and are valid for 1 clock. 
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 (2) Run of event counter mode 

(1) The timer count register mn (TCRmn) maintains the initial value during the operation of the stop state 

(TEmn=0). 

(2) Enter the running permission state (TEmn=1) by writing "1" to TSmn bits. 

(3) Loading the value of timer data register mn (TDRmn) into the TCRmn register when both the TSmn 

bit and the TEmn bit become "1". 

(4) Then, the value of the TImn register is decremented by the counting clock at the effective edge of the 

TCRmn input. 

 
Figure 6-27 Runtime Sequence (Event Counter Mode) 

 

TSmn(write)

TImn(input)

counting clock

start 
trigger 

detection 
singal

TCR mn   initial value

edge detection edge detection 

 
 

Note:  This is the timing when no noise filter is used. If a noise filter is used, edge detection delays an additional 2 

fMCK cycles (3-4 cycles total) from the TImn input time. The error of 1 cycle is due to the TImn input being out of 

sync with the count clock (fMCK). 
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 (3) Operation of capture mode (interval measurement of input pulses) 

(1) Enter the running permission state (TEmn=1) by writing "1" to the TSmn bit. 

(2) The timer count register mn(TCRmn) keeps the initial value until the count clock is generated. 

(3) A start trigger signal is generated by allowing the first count clock (fMCK) after operation. The '0000H' 

is then loaded into the TCRmn register and counts in capture mode (INTTMmn is generated by the start 

trigger signal when the MDmn0 bit is '1') 

(4) If the valid edge of the TImn input is detected, the value of the TCRmn register is captured to the TDRmn 

register and INTTMmn interrupt is generated. The catch value at this time is meaningless. The TCRmn 

register continues to count from '0000H'. 

(5) If the valid edge of the next TImn input is detected, the value of the TCRmn register is captured to the 

TDRmn register and INTTMmn interrupt is generated. 

Figure 6-28   Runtime sequence (capture mode: interval measurement of input pulse) 

 

TSmn(write)

TImn(input)

rising edge

start 
trigger 

detection 
singal

TCR mn      initial value

when MDmn0 = 1

edge detection edge detection 

note

0001note

 
 

Note:  When the clock is input to the TImn (triggered) before starting, the count is started by detecting the trigger even 

if no edge is detected, therefore the capture value of the first capture is not pulse interval (in this example, 0001: 

2 clock cycle interval), it shall be ignored.  

Note:  Since the operation of the first count clock cycle is delayed after writing the TSmn bit and before the count clock 

is generated, an error of up to 1 clock cycle is generated. In addition, if information on that time sequence of the 

start count is required, the MDmn0 position" 1" is place so that an interrupt can occur at the start count. 



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4 
  

 www.changitech.com  124 / 1033 Rev.2.05 

Note:  This is the timing when no noise filter is used. If a noise filter is used, edge detection delays an additional 2 

fMCK cycles (3-4 cycles total) from the TImn input time. The error of 1 cycle is due to the TImn input being out of 

sync with the count clock (fMCK). 

 

(4) Run of single count mode 

(1) Enter the Run Allowed state (TEmn=1) by writing "1" to the TSmn bit. 

(2) The timer count register mn(TCRmn) keeps the initial value until the start trigger signal is generated. 

(3) Detect the rising edge of TImn input. 

(4) After the start trigger signal is generated, the value (m) of the TDRmn register is loaded into the TCRmn 

register and counting is started. 

(5) When the TCRmn register decrements to "0000H", INTTMmn interrupts are generated, and the TCRmn 

register changes to "FFFFH" to stop counting. 

Figure 6-29 Runtime Sequence (single count mode) 

TSmn(write)

TImn(input)

rising edge

start 
trigger 

detection 
singal

 initial value

wait state of start trigger input 

edge detection 

 
 

Note:  This is the timing when no noise filter is used. If a noise filter is used, edge detection delays an additional 2 

fMCK cycles (3-4 cycles total) from the TImn input time. The error of 1 cycle is due to the TImn input being out 

of sync with the count clock (fMCK). 
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 (5) Capture & Single Count Mode Operation (Voltage High Level Width Measurement) 

(1) Enter the running allowed state (TEmn=1) by writing "1" with the TSmn bit of the timer channel start 

register m. 

(2) The timer count register mn(TCRmn) keeps the initial value until the start trigger signal is generated. 

(3) Detect the rising edge of TImn input. 

(4) Loading the "0000H" into the TCRmn register after generating the start trigger signal and starting the 

counting. 

(5) If the falling edge of the TImn input is detected, the value of the TCRmn register is captured to the 

TDRmn register and INTTMmn interrupt is generated. 

Figure 6-30  Runtime Sequence (Capture & Single Count Mode: high level width measurement) 

TSmn(write)

TImn(input)

rising edge

falling edge

start 
trigger 

detection 
singal

 initial value

edge detection 

edge 
detection 

 
 

Note: This is the timing when no noise filter is used. If a noise filter is used, edge detection delays an additional 2 fMCK 

cycles (3-4 cycles total) from the TImn input time. The error of 1 cycle is due to the TImn input and count clock 

(fMCK) being out of sync. 
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6.6 Control of channel output (TOmn pin) 

6.6.1 Structure of TOmn pin output circuit 

Figure 6-31 Structure of output circuit 
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Interrupt signal of master 

channel 

ЃINTTMmnЄ

interrupt singal of slave 

channel 

ЃINTTMmpЄ

TOmn register

set

reset/swap

Tomn pin

TOmn write singalTOEmn

TOLmn

TOMmn internal bus

Ƙ

ƙ 
ƚ 

ƛ

Ɯ 

 
The output circuit for the TOmn pin is described below. 

ː When the TOMmn bit is "0" (main channel output mode), the timer output level register m (TOLm) is ignored. 

ˑ When the TOMmn bit is "1" (slave channel output mode), the INTTMmn and INTTMmp (slave channel timer 

interrupt) are passed to TOm registers. 

At this time, the TOLm register is valid and controls the following signal: 

TOLmn=0 time: Forward Running (INTTMmnŸ Set, INTTMmpŸ Reset) 

TOLmn=1 time: Invert run (INTTMmnŸ reset, INTTMmpŸ set) 

When both INTTMmn and INTTMmp are generated (0% of PWM output), INTTMmp is preferentially used 

to mask INTTMmn. 

˒ The INTTMmn and INTTMmp are transferred to the TOm register in a state where timer output (TOEmn=1) 

is allowed. Write operation (TOmn write signal) is invalid for TOm register. 

When the TOEmn bit is '1', the output of the TOmn pin is not changed except for the interrupt signal. 

To initialize the output level of the TOmn pin, write values to the TOm register after being set to disable the 

timer output (TOEmn=0). 

˓ Write operations (TOmn write signals) of the TOmn bits of the object channel are valid in the state where 

timer output (TOEmn=0) is disabled. When the timer output is forbidden (TOEmn=0), INTTMmn and 

INTTMmp are not transferred to the TOm register. 

˔ The TOm register can be read at any time and the output level of the TOmn pin can be confirmed. 

 

Note m: Cell Number (m=0) 

n: Channel Number, n=0~3 (Master Channel: n=0,2) 

p: Dependent Channel Number 

n=0:p=1,2,3 

n=2:p=3 
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6.6.2 Output settings for TOmn pins 

The steps and status changes from the initial setting of the TOmn output pin to the start of the timer run 
are shown below. 

 
 Figure 6-32 State change from output of setting timer to start running 

TCRmn
(counter)

Timer multiplex pin

Timer output singal

TOmn write operation enable period TOmn write operation disable period

(1)configure TOMmn
configure TOLmn

(2)configure 
TOMmn

(3)configure 
TOEmn

(4),(5) 
Configure 
Port to 
output mode

(6)Timer start operating

Random value ( "FFFFH" after reset )

 

 

(1) Set the operation mode output by the timer. 

· TOMmn bit (0: Main control channel output mode,1: slave channel output mode) 

· TOLmn bit (0: Positive Logical Output, 1: negative logical output) 

(2) Setting the timer output signal to the initial state by setting the timer output register m (TOm). 

(3) Write "1" to the TOEmn bit to allow timer output (TOm register forbidden). 

(4) Set the port as digital input/output through the port mode control register (PMCxx) (reference to 

"6.3.15). 

(5) Set the port input/output as output (reference "6.3.15 register for controlling the timer input/output pin 

port function"). 

(6) Allow the timer to run (TSmn=1). 

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.6.3 Precaution for Channel Output Operation 

1) Change of setting values for TOm, TOEm, TOLm, TOMm registers in timer operation 

The operation of the timer (timer count register mn (TCRmn) and timer data register mn (TDRmn)) and the TOmn 

output circuit are independent. Therefore, the change of timer output register m (TOm), timer output permission 

register m (TOEm)TOLm does not affect the operation of timer. However, in order to output the expected waveform 

from the TOmn pin during the operation of each timer, the registers for each operation shown in 6.8 and 6.9 must be 

set. 

If the setting values of TOEm register and TOLm register except TOm register are changed before and after the 

INTTMmn signal is generated for each channel. 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 

 

2) Initial level for the TOmn pin and output level after the timer starts to run 

A timer output register m (TOm) is written before the port output is allowed and the timer output (TOEmn=0) is 

prohibited. 
 

(a) The case when the operation starts in TOMmn=0 (Main Control Channel Output Mode) 

The timer output level register m(TOLm) is not set in TOMmn=0. If operation of the timer is started after setting 

the initial level, the output level of the TOmn pin is inverted by generating alternating signals. 

Figure 6-33 TOmn pin output state at alternate output (TOMmn=0) 
 

Tomn

(output)

initial 

state

enable port 

output 

swap swap swap swap swap

(initial State: low voltage 

level)

(initial State: high 

voltage level)

(initial State: low voltage 

level)

(initial State: high 

voltage level)

(valid high voltage level)

(valid low voltage level)

bold line: valid voltage level

 
 

Note:  1. Alternation: Inverts the output state of the TOmn pin. 

2.m: Cell number (m=0)n: Channel Number (n=0~3) 
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(b) The case (PWM output) of starting operation in the slave channel output mode (TOMmn=1) 

In a slave channel output mode (TOMmn=1), the effective level depends on the setting of the timer 
output level register m (TOLmn). 

Figure 6-34  TOmn pin output state at PWM output (TOMmn=1) 

TOmP

(output)

initial 

state

enable port output 

swap

swap

swap

swap

swap

valid voltage level valid voltage level valid voltage level

(initial State: low voltage 

level)

(initial State: high voltage 

level)

(initial State: low voltage 

level)

(initial State: high voltage 

level)

(valid high voltage level)

(valid low voltage level)

 
 

Note: 1. Set: The output signal from the TOmp pin changes from an invalid 

level to an active level. 

Reset: The output signal from the TOmp pin changes from the 

active level to the invalid level. 

2.m: Cell number (m=0)n: Channel number (p=1~3) 
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 3) TOmn pin changes for dependent channel output mode (TOMmn=1) 

 (a) The case of changing the setting of the timer output level register m (TOLm) in the timer operation 

If you change the setting of the TOLm register during the timer run, the setting is valid when the TOmn 

pin change condition occurs. The output level of the TOmn pin cannot be changed by rewriting the TOLm 

register. 

When the TOMmn bit is "1", the run when the value of the TOLm register is changed during the timer run 

(TEmn=1) is as following. 

 
Figure 6-35 Run when changing the contents of the TOLm register in a timer run 

valid voltage level valid voltage level valid voltage level valid voltage level

TO0m

(output)

swap

swap

swap

swap

swap

swap

swap

swap

TOLm

 
 

Note: 1. Set: The output signal from the TOmn pin changes from an invalid 

level to an active level. 

Reset: The output signal from the TOmn pin changes from the 

active level to the invalid level. 

2.m: Cell number (m=0)n: Channel Number (n=0~3) 

 

 (b) Set/reset sequence 

In order to achieve 0% and 100% output at PWM output, through sliave channel, the timing of TOmn pin 

/TOmn bit of master channel timer interrupt (INTTMmn) is delayed by 1 counting clock cycle. 

When the setting condition and the reset condition are generated at the same time, the reset condition is 

prioritized. 

The set/reset operation state when the master/slave channel is set as shown in Figure 6-35 in this manner. 

 

Master channels: TOEmn=1, TOMmn=0, TOLmn=0 

Dependent channels: TOEmp=1, TOMmp=1, TOLmp=0 
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Figure 6-36 Set/Reset Timing Operation State 

(1) basic operation sequence 

master control channel

slave channel

internal reset signal

Tomn Pin/TOmn

swap

internal reset signal

delay 1 clock cycle

internal reset signal

Tomp Pin/TOmp

Set Set Set

swap

INTTMmp

INTTMmn

fTCLK

 
 

(2) Operation time sequence for 0% duty cycle 

master control channel

slave channel

internal reset signal

Tomn Pin/TOmn

swap swap

delay 1 clock cycle

internal reset signal

internal reset signal

Tomp Pin/TOmp
Setreset

Set

reset

proritized reset proritized reset

INTTMmp

INTTMmn

fTCLK

TCRmp
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Note 1. Internal reset signal: TOmn pin reset/alternate signal 

Internal Placement Signal: Placement Signal for TOmn Pins 

2.m: Cell Number (m=0) 

n: Channel Number n=0~3 (Master Channel: n=0,2) 

p: Dependent Channel Number 

n=0:p=1,2,3 

n=2:p=3 
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Multiple TO0n outputs 
can change 
simultaneously 

The output does not 
change when the 
value is not changed 

When the TOE0 n bit is 

"1", the write operation of 

the TO0 n bit is ignored 

6.6.4 One-time operation of TOmn bits 

The timer output register m (TOm) has all channel setting bits (TOmn), so it can operate all channel TOmn bits. 

Figure 6-37Example of one-time operation of TO0 n bits 
Before 

TO0 

 
 
 

TOE0 

 
 

Data to write 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 

 
after writing 

 

TO0 

 
 

Only TOmn bits with TOEmn bit '0' can be written, ignoring TOmn bits with TOEmn bit '1'. 

TOmn with TOEmn bit "1" is not affected by write operation, even TOmn bit is ignored. 

 
Figure 6-38 TO0n pin status when TO0n bits are operated 

 
 
 
 
 
 
 

TO03 

TO02 

TO01 

TO00 

 

 
Before Write to 0n bits 

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.6.5 About timer interrupts and TOmn pin output at start of counting 

In interval timer mode or capture mode, the MDmn0 bit of timer mode register mn (TMRmn) is set as the bit that 

generates timer interrupt when counting starts. 

When the MDmn0 bit is '1', the start sequence of the count can be known by generating a timer interrupt 

(INTTMmn). In other mode, timer interrupt and TOmn output at that start of the count are not controlled. An 

example of a run when set to interval timer mode (TOEmn=1, TOMmn=0) is as follows. 

Figure 6-39 Examples of timer interrupts and TOmn output at start of count 
 

(a) Case where MDmn0 bit is "1" 
 
 

TCRmn 

TEmn 

INTTMmn 

 

TOmn 

 
 

Start Count 

 
 

(b) Case where MDmn0 bit is '0' 
 
 
 

TCRmn 

TEmn 

INTTMmn 

 

TOmn 

 
 

Start Count 

 

When the MDmn0 bit is "1", the output timer is interrupted (INTTMmn) at the start of the count and TOmn 

outputs alternately. 

When the MDmn0 bit is '0', no timer interrupt (INTTMmn) is output and TOmn is unchanged at the start of the 

count, and INTTMmn is output alternately by TOmn. 

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.7 Control of timer input (TImn) 

6.7.1 Structure of TImn pin input circuit 

The signal of the timer input pin is input to the timer control circuit through the noise filter and the edge 

detection circuit. For pins that need to be eliminated from noise, the corresponding pin noise filter must be set to be 

valid. The structure of the input circuit is as follows. 

 
Figure 6-40(1) Structure of input circuit 
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6.7.2 noise filter 

When the noise filter is inactive, synchronization is performed only through the runtime clock (fMCK) of channel 

n. When the noise filter is active, two clocks are detected after synchronization through the run-time clock (fMCK) of 

channel n. The TM4 lmn input pin in that case of a noise filter ON or OFF, the waveform aft passing through the noise 

filter circuit is shown below. 

Figure. 6-40(2) Sampling waveform of the TImn input pin in the case of noise filter ON or OFF 

TImn Pin

noise filter ON

noise filter OFF

operational clock(fMCK)  

Note: The input waveform of the Tlmn pin is used to describe the operation of the noise filter ON or OFF. In actual use, the 

input must be made in accordance with the Tlmn input high and low level width shown in AC Characteristics. 
  



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4 
  

 www.changitech.com  136 / 1033 Rev.2.05 

6.7.3 Precautions When Operating Channel Inputs 

The noise filter circuit is not provided with a run-time clock when the timing input pin is not used. Therefore, the 

channel operation from the setting to use the timer input pin to the setting to input the timer corresponding to the pin 

allows triggering, requires the following waiting time. 

(1) The case that the noise filter is OFF 

If any of the timer mode register mn(TMRmn) bit12(CCSmn), bit9(STSmn1) and bit8(STSmn0) is set while all 

were '0', the operation enable of timer channel start register (TSm) must be triggered set after at least 2 execution 

clock (fMCK) cycles. 

 

(2) The case that the noise filter is ON 

If any of the timer mode register mn(TMRmn) bit12(CCSmn), bit9(STSmn1) and bit8(STSmn0) is set while all 

were '0', the operation enable of timer channel start register (TSm) must be triggered set after at least 4 execution 

clock (fMCK) cycles. 
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6.8 Independent channel operation function of universal timer unit 

6.8.1 Operation as Interval Timer/Square wave Output 

(1) interval timer 

Can be used as a reference timer to generate INTTMmn (timer interrupt) at fixed intervals. Interrupt 

generation cycles can be calculated using the following equation: 

 

 
 

(2) Operation as square wave output 

TOmn generates INTTMmn and outputs 50% duty cycle square wave at the same time of alternate 

output. 

The period and frequency of the TOmn output square wave can be calculated by the following formula: 

 

 

 
 

 
 

In interval timer mode, that timer count register mn (TCRmn) is use as the decrement counter. 

After setting the channel start trigger bits (TSmn, TSHm1, TSHm3) of the timer channel start register m 

(TSm) to "1", the value of the timer data register mn (TDRmn) is loaded into the TCRmn register through one 

counting clock. At this time, if the MDmn0 bit of timer mode register n(TMRmn) is '0', the INTTMmn is not output 

and the TOmn is not output alternately. If the MDmn0 bit of the TMRmn register is "1", INTTMmn is output and 

TOmn is output alternately. The TCRmn register then decrements by a counting clock. 

If TCRmn becomes '0000H', INTTMmn is output via the next count clock and TOmn is output alternately. At 

the same time, the value of the TDRmn register is loaded into the TCRmn register again. After that, the same 

operation continues. 

The TDRmn register can be overridden at any time, and the value of the overridden TDRmn register is 

valid from the next cycle. 
 

  

Generation period for INTTMmn (timer interrupt) = count clock period (set value of TDRmn+1) 

The Square Wave Period Output by TOmn = Count Clock Period (TDRmn Set Value +1) 2 

The Square Wave Frequency from TOmn = Count Clock Frequency / {(TDRmn's Set Value +1) 2} 
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Figure 6-41    Basic Timing Example as Interval Timer/Square Wave Output Operation (MDmn0=1) 
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Note: Clocks can be selected from CKm0, CKm1, CKm2, and CKm3 at Channels 1 and 3. 

 
Figure 6-42   Basic Timing Example as Interval Timer/Square Wave Output Operation (MDmn0=1) 

 
 

 

 

Remarks: 1.m: Cell number (m=0)n: Channel Number (n=0~3) 

2. TSmn : bit n for timer channel start register m (TSm) 

TEmn : The timer channel allows the bit n of the state register m (TEm) 

TCRmn: timer count register mn (TCRmn) 

TDRmn: timer data register mn (TDRmn) 

TOmn : TOmn Pin Output Signal 
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Figure 6-43   Example of Register Setting Content at Interval Timer/Square Wave Output 
(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

1/0
0 CCSmn

0

M/S note

0/1
STSmn2

0

STSmn1

0

STSmn0

0

CISmn1

0

CISmn0

0
0 0 MDmn3

0

MDmn2

0

MDmn1

0

MDmn0

1/0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

000B: Interval Timer

operation configuration when start counting 

0: when start counting, not to generate INTTMmn and 

do not generate inverted Phase Timer output. 

1: when start counting, generate INTTMmn and 

generate inverted Phase Timer output.

Timn Pin input edge selection 

00B: set to "00" since not used

start trigger selection 

000B: only select software to start trigger.

MASTERmn bit configuration (Channel 2)

0: Independent Channel operation 

SPLITmn bit configuration (Channel 1, 3)

0: 16 bit Timer

1: 8 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

 
 

(b) Timer output register m (TOm). 

 bit  

TOm TOmn 

1/0 

0: Output "0" from TOmn. 

1: Output "1" from TOmn. 

 

(c) Timer output allow register m (TOEm). 

 bit  

TOEm TOEmn 

1/0 

0: Stop the TOmn output from the count 
run. 

1: Allow TOmn output from the count run. 

 

(d) Timer output level register m (TOLm). 

 bit  

TOLm TOLmn 

0 

0: "0" is set at TOMmn=0 (Master Channel 
Output Mode). 

 

 

(e) Timer output mode register m (TOMm). 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2 : MASTERmn bit  

TMRm1, TMRm3 :SPLITmn bit 

TMRm0: Fixed as "0". 

Note: m: Cell number (m=0)n: Channel Number (n=0 ~ 3) 
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Figure 6-44  Operation Steps of Interval Timer/Square Wave Output Function  

 software operation Hardware Status 

TAU initial 
settings 

 
The input clock of the timer unit m is in a stopped 
supply state. 
(stop providing clock, cannot write registers) 

Place the TM4 mEN location "1" of the peripheral 
enable register 0 (PER0). 

The input clock of the timer unit m is in a supplied 
state. 
(Start providing clock capable of writing registers) 

Set timer clock selection register m (TPSm). 
Determine the clock frequency for CKm0 to CKm3. 

 

channel 
initial setting 

Set timer mode register mn (TMRmm) (determine the 
channel operation mode). 
The timer data register mn (TDRmn) is set with interval 
(period) value. 

The channel is in an operational stop state. 
(Provide clocks, consume a portion of the Power) 

 

Using TOmn output: 
The TOMmn position of the timer output mode register 
m (TOMm) is "0" (main control channel output mode). 
Position TOLmn "0". 
Set the TOmn bit to determine the initial level of the 
TOmn output. 
Position TOEmn "1" to allow TOmn output. 
Set the port register and port mode register to "0". 

The TOmn pin is in the Hi-Z output state. 
 
 
 
When the port mode register is in output mode and 
the port register is "0", the initially set level of the 
TOmn is output. 
The TOmn is unchanged because the channel is in 
an operational stop state. 
The TOmn pin outputs the level set by the TOmn. 

Start Run 

(TOEmn position "1" only when using TOmn output and 
restarting) 
Position TSmn (TSHm1, TSHm3) "1". 
Automatically returned to '0' because the TSmn 
(TSHm1, TSHm3) bit is the trigger bit. 

The TEmn (TEHm1, THEm3) bit becomes "1" and 
starts counting. 
Load the value of the TDRmn register into the timer 
count register mn (TCRmn). When the MDmn 0 bit 
of the TMRmn register is '1', INTTMmn is generated 
and TOmn is output alternately. 

Running 

You can change the settings of the TDRmn register at 
will. 
Can read TCRmn register at any time. 
TSRmn register cannot be used. 
Can change the TOm register and TOEm register 
settings. 
Prevents the setting of the TMRmn register, TOMmn 
bit, and TOLmn bit from being changed. 

The counter (TCRmn) counts down. If the count 
goes to "0000H", the value of the TDRmn register is 
loaded again into the TCRmn register and counting 
continues. When TCRmn is detected as "0000H", 
INTTMmn is generated and TOmn is output 
interleaved. This run is repeated thereafter. 

Stop 
Running 

Position TTmn (TTHm1, TTHm3) "1". 
Automatically returned to '0' because the TTmn 
(TTHm1, TTHm3) bit is the trigger bit. 

The TEmn (TEHm1, TEHmn) bit changes to "0" and 
stops counting. 
The TCRmn register maintains count values and 
stops counting. 
The TOmn output is not initialized and remains in 
state. 

Set the TOEmn location "0" and the TOmn bit. The TOmn pin outputs the level set by the TOmn 
bit. 

TAU Stop 

To maintain the TOmn pin output level: 
Position TOmn "0" after setting the value to be 
maintained for the port register. 
The TOmn pin output level does not need to be 
maintained: No settings are required. 

Maintain the output level of the TOmn pin through 
port functionality. 

Position the TM4 mEN of the PER0 register "0". 

The input clock of the timer unit m is in a stopped 
supply state. 
Initialize the SFRs of all circuits and channels. 
(TOmn bit becomes "0" and TOmn pin becomes 
port function) 
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6.8.2 Run as External Event Counter 

Can be used as an event counter to count the valid edges (external events) of detected TImn pin inputs, and 

interrupt occurs if a specified count value is reached. The specified counter value can be calculated using the 

following formulas: 

 

 
 

In event counter mode, that timer count register mn (TCRmn) is use as the decrement counter. 

The value of timer data register mn(TDRmn)is loaded into the TCRmn register by setting "1" for any channel 

start trigger bits (TSmn, TSHm1, TSHm3) of timer channel start registerm (TSm). 

The TCRmn register decrements while detecting a valid edge of the TImn pin input. If the TCRmn becomes 

"0000H," the value of the TDRmn register is loaded again and the INTTMmn is output. 

After that, the same operation continues. 

Because the TOmn pin outputs irregular waveforms based on external events, the timer must output the 

TOEmn position "0" of the allowed register m (TOEm). 

Can override the TDRmn register at any time, the value of the overridden TDRmn register is valid for the next 

count period. 

 

Figure 6-45  A basic timing example of an external event counter running 

 
TSmn 

 

 
TEmn 

 
 

TImn 

 
 

TCRmn 

 
 

TDRmn 

 

INTTMmn 

 
 

 

Remarks: 1.m: Cell number (m=0)n: Channel Number (n=0~3) 

2. TSmn : bit n for timer channel start register m (TSm) 

TEmn : The timer channel allows the bit n of the state 

register m (TEm) 

TImn :TImn Pin Input Signal 

TCRmn: timer count register mn (TCRmn) 

TDRmn: timer data register mn (TDRmn) 

  

Specified count value=TDRmn's set value+1 
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Figure 6-46  Example of register setting content in external event counter mode 
(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

1/0
0 CCSmn

0

M/S note

0/1
STSmn2

0

STSmn1

0

STSmn0

0

CISmn1

0

CISmn0

0
0 0 MDmn3

0

MDmn2

0

MDmn1

0

MDmn0

1/0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

000B: Interval Timer

operation configuration when start counting

0: when start counting, not to generate INTTMmn and do not 

generate inverted Phase Timer output.

Timn Pin input edge selection 
00B: Detect falling edge

01B: Detect rising edge

10B: Detect both edges

11B: reserved
start trigger selection 

000B: only select software to start trigger.

MASTERmn  bit configuration (Channel 2)

0: Independent Channel operation 

SPLITmn bit configuration (Channel 1, 3)

0: 16 bit Timer

1: 8 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

 
 

(b) Timer output register m (TOm). 

 bit  

TOm TOmn 

1/0 

0: Output "0" from TOmn. 

 

(c) Timer output allow register m (TOEm). 

 bit  

TOEm TOEmn 

1/0 

0: Stop the TOmn output from the count 
run. 

1: Allow TOmn output by count run. 

 

(d) Timer output level register m (TOLm). 

 bit  

TOLm TOLmn 

0 

0: "0" at TOMmn=0 (Master Channel Output 
Mode). 

 

 

(e) Timer output mode register m (TOMm)m. 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2:MASTERmn bit 

TMRm1, TMRm3:SPLITmn bit 

TMRm0: Fixed as "0". 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Figure 6-47 Action Steps for External Event Counter Functionality 

 software operation Hardware Status 

Timer4 Initial 
Settings 

 
The input clock of the timer unit m is in a state 
where supply is stopped. 
(stop providing clock, cannot write registers) 

Place the TM4 mEN location "1" of the peripheral enable 
register 0 (PER0). 

The input clock of the timer unit m is in a 
supplied state, and each channel is in an 
operation stop state. 
(Start providing clock capable of writing 
registers) 

A clock selection register m (TPSm) that sets the timer. 
Determine the clock frequency for CKm0 to CKm3. 

 

channel 
initial setting 

Allow the noise filter to correspond to register 1 
(NFEN12) either "OFF" or "1" (ON). 
A timer mode register mn (TMRmn) is set. 
A timer data register mn (TDRmn) is set with a count 
value. 
Output timer to allow TOEmn location "0" for register m 
(TOEm). 

The channel is in an operational stop state. 
(Provide clocks, consume a portion of the 
Power) 

Start Run 

Position TSmn "1". 
The TSmn bit is a trigger bit and is automatically returned 
to "0". 

The TEmn bit becomes "1" and starts 
counting. 
The value of the TDRmn register is loaded into 
the timer count register mn (TCRmn) and 
enters the detection waiting state of the TImn 
pin input edge. 

Running 

You can change the settings of the TDRmn register at 
will. 
Can read TCRmn register at any time. 
The TSRmn register is not used. 
Prevents the setting of TMRmn registers, TOMmn bits, 
TOLmn bits, TOmn bits, and TOEmn bits from being 
changed. 

The counter (TCRmn) counts down each time 
an input edge of the TImn pin is detected, and 
if the count reaches '0 000H', loads the value 
of the TDRmn register again into the TCRmn 
register and continues counting. A INTTMmn 
is generated when TCRmn is detected as 
'0000H'. 
This run is repeated thereafter. 

Stop 
Running 

Position TTmn "1". 
The TTmn bit is a trigger bit and is automatically returned 
to "0". 

The TEmn bit changes to "0" and stops 
counting. 
The TCRmn register maintains count values 
and stops counting. 

Timer4 Stop 
Position the TM4 mEN of the PER0 register "0". The input clock of the timer unit m is in a 

stopped supply state. 
Initialize the SFRs of all circuits and channels. 
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1 1 1 1 

0000H 0 0 0 

1 1 1 

0 0 0 0 

0002H 0001H 
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6.8.3 Operation as a frequency divider (only for channel 0 of cell 0) 

A frequency divider capable of dividing the clock input by the TI00 pin and used as the output of the TO00 pin. 

The frequency division clock frequency of TO00 output can be calculated by the following formula: 

 

 

 

In interval timer mode, timer count register 00 (TCR00) is used as the increment counter. 

After setting the channel start trigger bit (TS00) of timer channel start register 0 (TS0) to "1", the value of timer 

data register 00 (TDR00) is loaded into TCR00 register by detecting an effective edge of TI00. If the MD000 bit of the 

timer mode register 00 (TMR00) is "0", no output of INTTM00 and TO00 is not alternately output; If the TMR00 

register has a MD000 bit of "1", INTTM00 is output and TO00 is output alternately. 

The TCR00 register then decrements through valid edges entered by the TI00 pin. If TCR00 becomes "0000H," 

TO00 will alternate output. At the same time, the value of the TDR00 register is loaded into the TCR00 register and 

continues to count. 

If the TI00 pin is selected to input the double edge detection, the duty cycle error of the input clock will affect the 

frequency division clock cycle of the TO00 output. 

The clock cycle output by TO00 contains a sampling error of one running clock cycle. 

 

 
 

The TDR00 register can be overridden at any time, and the value of the overridden TDR00 register is 
valid during the next count. 

 
Figure 6-48 As a Basic Timing Example of Frequency Divider Operation 

(MD000=1) 
 

 
TS00 

 

 
TE00 

 
 

TI00 

 
 

TCR00 

 
 

TDR.00 

 
TO00 

 

 
INTTM00 

 
 

Remark TS00 : Bit 0 of timer channel start register 0 (TS0) 

· Select a rising or falling edge: 

Split Clock Frequency = Input Clock Frequency / {(TDR00's Set Value +1) 2} 

· Select the case along the bilateral edge: 

Split Clock Frequency ƈ Input Clock Frequency / (TDR00's setting +1) 

Clock cycle for TO00 output=Ideal TO00 output clock cycle ±Running clock cycle (error) 
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TE00 : Timer channel allows bit 0 of status register 0 (TE0) 

TI00 :TI00 pin input signal 

TCR00: Timer count register 00 (TCR00). 

TDR.00: timer data register 00 (TDR00). 

TO00 : TO00 pin output signal 

 

Figure 6-49 as an example of register setting content when the frequency 

divider is running  

(a) Timer Mode Register 00 (TMR00). 

CKS001

1/0
CKS000

0
0 CCS00

1
0

STS002

0

STS001

0

STS000

0

CIS001

1/0

CIS000

1/0
0 0 MD003

0
MD002

0
MD001

0

MD000

1/0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMR00

operation mode of Channel N

000B: Interval Timer

Timn Pin input edge selection 

00B: Detect falling edge

01B: Detect rising edge

10B: Detect both edges

11B: reserved

start trigger selection 

000B: only select software to start trigger.

Count clock selection 

1: Select TI00 pin output valid edge

operational clock (fMCK) selection 

00B: select CK00 as operational clock of Channel 0.

10B: select CK01 as operational clock of channel 1.

operation configuration when start counting

0: when start counting, not to generate INTTMmn and do not generate inverted Phase Timer output.

1: when start counting, generate INTTMmn and generate inverted Phase Timer output.

 
 

(b) Timer output register 0 (TO0) 

 bit 0  

TO0 TO00 

1/0 

0: Output "0" by TO00. 

1: Output "1" from TO00. 

 

(c) Timer output allow register 0 (TOE0) 

 bit 0  

TOE0 TOE00 

1/0 

0: Stop the TO00 output from the count run. 

1: Allow TO00 output by count runs. 

 

(d) Timer output level register 0 (TOL0) 

 bit 0  

TOL0 TOL00 

0 

0: Place "0" in the master channel output mode 
(TOM00=0). 

 

 

(e) Timer Output Mode Register 0 (TOM0) 

 bit  

TOM0 TOM00 

0 

0: Sets the master channel output mode. 
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Figure 6-50 Operating steps when frequency divider functions 

software operation hardware state

Timer Unit 0 input clock is in stopped state (stop

providing clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0

(PER0) to '1'

Timer Unit 0 input clock is in active state (start

providing clock,  able to write into registers)

configure Timer clock selection register 0 (TPS0),

confirm CK00~CK03 clock frequency

set corresponding bit of noise filter enable register 1

(NFEN1) to '0' (OFF) or '1' (ON).

Configure Timer mode register 00 (TMR00) (confirm

channel operation mode, select edge detection).

Configure interval(period) valule of Timer data register

00 (TDR00)

channel in operation stopped state (providing clock,

consume portion of power)

set TOM00 bit of timer output mode register 0 (TOM0)

to '0' (master control channel output mode).

Set TOL00 bit to '0'

configure TO00 bit and confirm TO00 output initial

voltage value.

Set TOE00 bit to '1', aloow TO00 output.

Set port register and port mode register to '0'.

TO00 pin in Hi-Z output state.

When port mode register set to output mode and

port register as '0', output TO00 initial configured

voltage level.

Because channel is in operation stopped state,

thus TO00 remains unchange. TO00 pin output

TO00 configured voltage level.

Start operation

set TOE00 bit to '1' (only limited to restart operation).

Set TS00 bit to '1'.

Because TS00 bit is trigger bit, thus automatically

return to '0'.

TE00 bit turns to '1' and start counting.

Load TDR00 register value into Timer count register

00 (TCR00). When MD000 bit of TMR00 register

turns into '1', generate INTTM00 and TO00 swaps

output

in operation

can modify any TDR00 register configuration value.

Can read TCR00 register anytime.

Do not use TSR00 register.

Can modify TO0 register and TOE0 register value.

Forbidden modifying TMR00 register.

TOM00 bit and TOL00 bit configuration value.

Counter (TCR00) performs decremental counting.

When count reaches '0000H', then load TDR00

register value into TCR00 register again and

continue counting. When detecting TCR00 as

'0000H', generate INTTM00 and TO00 swaps output.

Thereafter, repeat the operation.

set TT00 bit to '1'.

Because TT00 bit is trigger bit, thus automtically

return to '0'.

TE00 bit turns to '0' and stop counting.

TCR00 register remains counted value and stop

counting.

TO00 output not been initialized and remain same

state.

TO00 pin outputs TO00 configured voltage.

set TOE00 bit to '0' and configure value for TO00 bit. TO00 pin output TO00 configured voltage level.

Scenarios to maintain TO00 pin output voltage:

set TO00 bit to '0' after set hold value to port register

configuration.

In case TO00 pin output voltage does not need to be

held: no configuration requried

hold TO00 pin output voltage level via port function.

set TM4mEN bit of peripheral enable register 0

(PER0) to '0'

Timer Unit 0 input clock is in stopped state.

Perform initialization to all circuit and SFR of all

channels.

(TO00 bit turns into '0' and TO00 pin becomes port

function)

Timer 4 stop

Timer 4 initial

configuration

Channel Initial

configuration

stop operation

re
s
ta

rt o
p
e
ra

tio
n
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6.8.4 Operation as an input pulse interval measurement 

It is possible to capture count value at that effective edge of TImn and measure the interval of the TImn input 

pulse. During the TEmn bit "1", the software operation (TSmn=1) can also be set to capture the trigger to capture 

count values. 

The pulse interval can be calculated using the following equation: 

 

 
 

Note:  Since the TImn pin input is sampled by a running clock selected by the CKSmn bit of the timer mode register mn 

(TMRmn), an error occurs. 

 

In capture mode, the timer count register mn (TCRmn) is used as the increment counter. 

If the channel start trigger bit (TSmn) of the timer channel start register m (TSm) is set as '1', the TCRmn register 

starts counting from '0000H' by counting clock. 

If the valid edge of the TImn pin input is detected, the count value of the TCRmn register is transferred (TDRmn) 

to the timer data register, TCRmn. At this time, if the counter overflows, the OVF position "1" of the timer status 

register mn (TSRmn). If the counter does not overflow, clear the OVF bit. After that, the same operation continues. 

When the count value is captured to the TDRmn register, the OVF bit of the TSRmn register is updated according 

to whether overflows occur during measurement. 

Even if the counter performs a full count of 2 cycles or more, it is considered that an overrun occurs to put the 

OVF position of the TSRmn register. However, the interval value cannot be measured normally through the OVF bit 

when an overflow occurs 2 or more times. 

The STSmn2~STSmn0 position of the TMRmn register is "001B", and the effective edge of the TImn is used for 

starting trigger and capture trigger. 

 

Figure 6-51    As an example of the running basic timing of an input pulse interval measurement (MDmn0=0) 

 
TSmn 

 

 
TEmn 

 
 

TImn 

 
 

TCRmn 

 
 

TDRmn 

 

INTTMmn 

 
 

OVF 

 

Remarks: 1.m: Cell number (m=0)n: Channel Number (n=0~3) 

2. TSmn : bit n for timer channel start register m (TSm) 

TEmn : The timer channel allows the bit n of the state register m (TEm) 

TImn Input Pulse Interval = Period of the counting clock ((10000H TSRmn:OVF) + (catch value of TDRmn+1)) 
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TImn :TImn Pin Input Signal 

TCRmn : timer count register mn (TCRmn) 

TDRmn : timer data register mn (TDRmn) 

OVF : bit 0 of timer state register mn (TSRmn). 

 

Figure 6-52    Example of Register Setting Content When Measuring Input Pulse Interval 
(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

0
0 CCSmn

0

M/S 

0
STSmn2

0

STSmn1

0

STSmn0

1

CISmn1

1/0

CISmn0

1/0
0 0 MDmn3

0

MDmn2

1

MDmn1

0

MDmn0

1/0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N
010B: capture mode

operation configuration when start counting

0: when start counting, not to generate INTTMmn and do not generate inverted Phase Timer output.
1: when start counting, generate INTTMmn and generate inverted Phase Timer output.

capture trigger selection 

001B: Select Timn pin input valid edge

MASTERmn bit configuration (Channel 2)
0: Independent Channel operation 

SPLITmn bit configuration (Channel 1, 3)

0: 16 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

Timn Pin input edge selection 
00B: Detect falling edge

01B: Detect rising edge
10B: Detect both edges

11B: reserved

 
 

(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count 
run. 

 

(d) Timer output level register m (TOLm) 

 bit  

TOLm TOLmn 

0 

0: Place "0" in the main channel output mode 
(TOMmn=0). 

 

(e) Timer output mode register m (TOMm) 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2:MASTERmn bit 

TMRm1, TMRm3:SPLITmn bit 

TMRm0: Fixed as "0". 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Figure 6-53   Operating steps when inputting pulse interval measurement functions 

software operation hardware state

Timer Unit m input clock is in stopped state (stop

providing clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0

(PER0) to '1'

Timer Unit m input clock is in active state, all channels

in operation stopped state.

configure Timer clock selection register

m(TPSm), confirm CKm0~CKm3 clock

frequency

Channel Initial

configuration

set corresponding bit of noise filter enable

register 1 (NFEN1) to '0' (OFF) or '1' (ON).

Configure Timer mode register mn (TMRmn)

(confirm channel operation mode).

channel in operation stopped state (providing clock,

consume portion of power)

Start operation

set TSmn bit to '1'.

Because TSmn bit is trigger bit, thus

automatically return to '0'.

TEmn bit turns into '1' and start counting.

Clear Timer counting register (TCRn) to "0000H".

When MDmn0 bit of TMRmn register is '1', generate

INTTMmn.

in operation

can only modify configure value of CISmn1 bit

and CISmn0 bit of TMRmn register.

Can read TDRmn register anytime.

Can read TCRmn register aanytime.

Can read TSRmn register anytime.

Forbidden modifying TOMmn bit, TOLmn bit,

TOmn bit and TOEmn bit configuration.

Counter(TCRmn) start incremental counting from

"0000H", if detecting TImn pin input valid edge or TSmn

bit set to '1', then transfer (capture) counting value to

Timer data register mn(TDRmn), at the same time,

clear TCRmn to "0000H" and generate INTTmn.

At this time, if overflow occurs, then set OVF bit of

Timer status register mn(TSRmn) . If overflow does not

occur, then clear OVF bit. Thereafter, repeat the

process.

stop operation

set TTmn bit to '1'.

Because TTmn bit is trigger bit, thus

automatically return to '0'.

TEmn bit turns into '0' and stop counting.

TCRmn register hold counted value and stop counting.

0VF bit of TSRmn register remains unchange.

timer 4 stop

set TM4mEN bit of peripheral enable register 0

(PER0) to '1'

Timer Unit m input clock is not been provided.Perform

initialization to all circuit and SFR of all channels.

(TO00 bit turns into '0' and TO00 pin becomes port

function)

Timer 4 initial

configuration

re
s
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p
e
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Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.8.5 Operation as voltage high and low level width measurement of input signal 

Note: When used as LIN-bus support, the bit1 (ISC1) of the input switch control register (ISC) must be set to "1", and 

use RxD0 instead of TImn. 

 

The signal width (high and low level width) of the TImn can be measured by starting the count at one edge input 

by the TImn pin and capturing the count at another edge. The signal width of TImn can be calculated using the 

following formula. 

 

 
 

Note:  Since the TImn pin input is sampled by a running clock selected by the CKSmn bit of the timer mode register 

mn (TMRmn), an error occurs. 

 

In capture&single count mode, the timer count register mn (TCRmn) is used as the increment counter. If the 

channel start trigger bit (TSmn) of the timer channel start register m (TSm) is set as "1", and the start edge of the 

TImn pin is detected waiting state. 

If the start edge of the TImn pin input is detected (the rising edge of the TImn pin input when measuring the high 

level width), count incrementally starts from 0000H. Then, if an effective capture edge is detected (the falling edge of 

the TImn pin input when measuring the high level width), INTTMmn is output simultaneously. At this time, if the 

counter overflows, the OVF position of the timer state register mn (TSRmn) is set. If the counter does not overflow, 

clear the OVF bit. The TCRmn register stops counting by changing its value to 'Pass to TDRmn register value +1' 

and enters the TImn pin start edge detection wait state. After that, the same operation continues. 

When the count value is captured to the TDRmn register, the OVF bit of the TSRmn register is updated according 

to whether overflows occur during measurement. 

Even if the counter performs a full count of 2 cycles or more, it is considered that an overrun occurs to put the 

OVF position of the TSRmn register. However, the interval value cannot be measured normally through the OVF bit 

when an overflow occurs 2 or more times. 

It is possible to set whether a high level width or a low level width of a TImn pin is measured by a CISmn1 bit and 

a CISmn0 bit of a TMRmn register. This feature is designed to measure the input signal width of the TImn pin, so the 

TSmn position "1" cannot be used during TEmn. 

 

CISmn1, CISmn0=10B of TMRmn register: A low level width is measured. 

CISmn1, CISmn0=11B of TMRmn register: A high level width is measured. 
 

  

Signal width entered by TImn = Cycle count clock ((10000H HTSRmn:OVF) + (catch value of TDRmn+1)) 
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0000H 

 

 

A
h 

b c 

Figure 6-54   Example of a running base time sequence for a high and low level width measurement of an input 
signal 

 

 
TSmn 

 

 
TEmn 

 
 

TImn 

 
 

TCRmn 

 
 

TDRmn 

 

INTTMmn 

 
 

OVF 

 

 

Remarks: 1.m: Cell number (m=0)n: Channel Number (n=0~3) 

2. TSmn  : Timer channel start register m (TSm) bit n 

TEmn: Timer channel allows bit n of status register m (TEm). 

TImn:TImn Pin Input Signal 

TCRmn: timer count register mn (TCRmn) 

TDRmn: timer data register mn (TDRmn) 

OVF: bit0 for timer state register mn(TSRmn) 
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Figure 6-55    Example of register setting content when measuring high and low level width of input signal 
 

(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

0
0 CCSmn

0

M/S 

0
STSmn2

0

STSmn1

1

STSmn0

0

CISmn1

1

CISmn0

1/0
0 0 MDmn3

1

MDmn2

1

MDmn1

0

MDmn0

0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

110B:capture & single counting 

operation configuration when start counting

0: when start counting, not to generate INTTMmn and do not generate inverted Phase Timer output.

start trigger selection 
001B: Select Timn pin input valid edge

MASTERmn bit configuration (Channel 2) 
0: Independent Channel operation 

SPLITmn  bit configuration (Channel 1, 3)
0: 16 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

Timn Pin input edge selection 

10BЕselection both edges (measure low voltage width) 

11BЕselection both edges (measure High voltage width)

 
 

(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count 
run. 

 

(d) Timer output level register m (TOLm). 

 bit  

TOLm TOLmn 

0 

0: Place "0" in the master channel output mode 
(TOMmn=0). 

 
 

(e) Timer output mode register m (TOMm)m. 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2:MASTERmn bit 

TMRm1, TMRm3:SPLITmn bit 

TMRm0: Fixed as "0". 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Figure 6-56   Operation step for measuring width of high and low level of input signal 
software operation hardware state

Timer Unit 0 input clock is in stopped state (stop providing

clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is in active state, all channels in

operation stopped state.

configure Timer clock selection register m(TPSm), confirm

CKm0~CKm3 clock frequency

Channel Initial

configuration

set corresponding bit of noise filter enable register 1

(NFEN1) to '0' (OFF) or '1' (ON).

Configure Timer mode register mn (TMRmn) (confirm

channel operation mode).

Set T0Emn bit to '0', and stop T0mn operation.

channel in operation stopped state (providing clock,

consume portion of power)

set TSmn bit to '1'.

Because TSmn bit is trigger bit, thus automatically return to

'0'.

TEmn bit turns into '1' and enter into start trigger (detect

Timn pin input valid edge or set TSmn bit to '1') detection

waiting state.

detect TImn pin input counting start edge clear timer counting register mn (TCRmn) to '0000H" and

start decremental counting.

in operation

can modify any TDRmn register configuration value.

Can read TCRmn register anytime.

Do not use TSRmn register.

Forbidden modifying TMRmn  register,

TOMmn bit and TOLmn bit,Tomn and T0Emn bit

configuration value.

while detecting TImn pin start edge, Counter(TCRmn) start

incremental counting from "0000H", if detecting TImn pin

input capture edge, then transfer counting value to Timer

data register mn(TDRmn) and generate INTTmn.

At this time, if overflow occurs, then set OVF bit of Timer

status register mn(TSRmn) . If overflow does not occur, then

clear OVF bit.

TCRmn register stop counting before detecting next TImn

pin start edge.

Thereafter, repeat the process.

stop operation

set TTmn bit to '1'.

Because TTmn bit is trigger bit, thus automatically return to

'0'.

TEmn bit turns into '0' and stop counting.

TCRmn register hold counted value and stop counting. 0VF

bit of TSRmn register remains unchange.

timer 4 stop

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is not been provided.Perform

initialization to all circuit and SFR of all channels.

(TO00 bit turns into '0' and TO00 pin becomes port function)

Timer 4 initial

configuration

Start operation

re
s
ta

rt o
p
e
ra

tio
n

 
 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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FFFFF
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0000H 
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a+1 b+1 

6.8.6 Operation as delay counter 

Can start decrement counts with valid edge detection (external events) entered through the TImn pin, and 

generate INTTMmn at arbitrary set-up intervals 

(Timer interrupt). 

During the TEmn bit of '1', the TSmn position of '1' can be counted down by software and INTTMmn (timer 

interrupt) can be generated. 

Interrupt generation cycles can be calculated using the following equation: 

 

 
 

In a single count mode, the timer count register mn (TCRmn) is used as the decremental counter. 

if that channel start trigger bit (TSmn, TSHm1, TSHm3) of the timer channel start register m (TSm) is set as" 

1",TEmn 

Bit, TEHm1 bit, and TEHm3 bit become'1' and enter the valid edge detection wait state of TImn pin. The TImn 

register is started by valid edge detection of TCRmn pin input and the value of timer data register mn(TDRmn) is 

loaded. The TCRmn register counts down from the value of the mounted TDRmn register by counting the clock. If 

TCRmn becomes "0000H," INTTMmn is output and count is stopped before a valid edge of the next TImn pin input 

is detected. 

The TDRmn register can be overridden at any time, and the value of the overridden TDRmn register is valid 

from the next cycle. 

Figure 6-57   As an example of the basic timing of operation of a delay counter 
 

TSmn 

 

 
TEmn 

 

TImn 

 
 

TCRmn 

 
 

TDRmn 

 
INTTMmn 

 
 

 

Remarks: 1.m: Cell number (m=0)n: Channel Number (n=0~3) 

2. TSmn : bit n for timer channel start register m (TSm) 

TEmn : The timer channel allows the bit n of the state register m (TEm) 

TImn :TImn Pin Input Signal 

TCRmn: timer count register mn (TCRmn) 

TDRmn: timer data register mn (TDRmn) 

  

Generation period of INTTMmn (timer interrupt) = period of the counting clock (set value of TDRmn+1) 
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Figure 6-58    Example of register setting content when delaying counter function 
(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

1/0
0 CCSmn

0

M/S 

0/1
STSmn2

0

STSmn1

0

STSmn0

1

CISmn1

1/0

CISmn0

1/0
0 0 MDmn3

1

MDmn2

0

MDmn1

0

MDmn0

1/0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

100B : single counting mode

start trigger during operation

0: Trigger input invalid.
1: Trigger input valid.

start trigger selection 
001B: Select Timn pin input valid edge

MASTERmnbit configuration (Channel 2) 
0: Independent Channel operation 

SPLITmn bit configuration (Channel 1, 3)

0: 16 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

Timn Pin input edge selection 

00B: Detect falling edge

01B: Detect rising edge
10B: Detect both edges

11B: reserved

 
  

(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count run. 

 

(d) Timer output level register m (TOLm) 

 bit  

TOLm TOLmn 

0 

0: Place "0" in the main channel output mode (TOMmn=0). 

 

 

(e) Timer output mode register m (TOMm) 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2:MASTERmn bits 

TMRm1, TMRm3:SPLITmn bit 

TMRm0: Fixed as "0". 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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Figure 6-59    Procedure when delaying counter function 
 

software operation hardware state

Timer Unit m input clock is in stopped state (stop providing

clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0

(PER0) to '1'

Timer Unit m input clock is in active state, all channels in

operation stopped state.

(start providing clock, can write all registers)

configure Timer clock selection register

m(TPSm), confirm CKm0~CKm3 clock

frequency

Channel Initial

configuration

set corresponding bit of noise filter enable

register 1 (NFEN1) to '0' (OFF) or '1' (ON).

Configure Timer mode register mn (TMRmn)

(confirm channel operation mode).

Configure output delay time via timer data

register mn (TDRmn)

Set T0Emn bit to '0', and stop T0mn operation.

channel in operation stopped state

 (providing clock, consume portion of power)

set TSmn bit to '1'.

Because TSmn bit is trigger bit, thus

automatically return to '0'.

TEmn bit turns into '1' and enter into start trigger (detect Timn

pin input valid edge or set TSmn bit to '1') detection waiting

state.

start decremental counting while detecting

next start trigger.

Å  Detect TImn pin input valid edge

Å  set TSmn bit toñ1òvia software

load TDRmn register value into Timer counting register mn

(TCRmn)

in operation

can modify any TDRmn register configuration

value.

Can read TCRmn register anytime.

Do not use TSRmn register.

Counter (TCR00) performs decremental counting. When

TCRmn count reaches '0000H', then generate INTTMmn and

before detecting the next start trigger (detect TImn pin input

valid edge or set TSmn bit to '1'), TCRmn is "0000H" and stop

counting.

stop operation

set TTmn bit to '1'.

Because TTmn bit is trigger bit, thus

automatically return to '0'.

TEmn bit turns into '0' and stop counting.

TCRmn register hold counted value and stop counting.

Timer 4 stop
set TM4mEN bit of peripheral enable register 0

(PER0) to '0'

Timer Unit m input clock is not been provided.Perform

initialization to all circuit and SFR of all channels.

Timer 4 initial

configuration

Start operation

re
s
ta

rt o
p
e
ra

tio
n

 

Note: m: Cell number (m=0)n: Channel Number (n=0~3) 
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6.9 Multi-channel coordinated operation function of universal timer unit 

6.9.1 Operation as single trigger pulse output function 

The two channels are used in pairs, and the single trigger pulse with arbitrary delay pulse width can be 

generated through the input of the TImn pin. The delay and pulse width can be calculated by the following formulas: 

 

 
 

In a single count mode, that main control channel operate and count the delays. By detecting the start trigger, 

the timer count register mn (TCRmn) of the main control channel starts running and loads the value of timer data 

register mn (TDRmn). The TCRmn register counts down from the value of the mounted TDRmn register by counting 

the clock. If TCRmn becomes '0000H', INTTMmn is output and the count stops before the next start trigger is 

detected. 

In a single count mode, the slave channel runs and counts the pulse width. The INTTMmn of the master channel 

is triggered as the start, the TCRmp register of the slave channel starts running and loads the value of the TDRmp 

register. The TCRmp register decrements the count from the value of the loaded TDRmp register by counting the 

clock. If the count value becomes "0000H," the INTTMmp is output and the count is stopped before the next start 

trigger (the INTTMmn of the primary channel) is detected. After the INTTMmn is generated from the main control 

channel and 1 counting clock passes, the output level of TOmp becomes effective level, and if TCRmp becomes 

"0000H". 

The software operation (TSmn=1) can be output as a single trigger pulse as a start trigger without using TImn 

pin input. 

Note: Because the loading timing of TDRmn register of master channel and TDRmp register of slave channel are different, 

if TDRmn register and TDRmp register are rewritten during counting, abnormal waveform may be output. The 

TDRmn register must be overridden after the generation of INTTMmn and the TDRmp register must be overridden 

after the generation of INTTMmp. 

 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 

  

Delay={TDRmn (Master) Setting Value +2} Count Clock Cycle 

Pulse Width={Set value for TDRmp (Secondary) } Count clock cycles 
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Figure 6-60   Block diagram for operating as single trigger pulse output function 
 

(single counting mode)

master control channel
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TImn Pin
Noise 
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Timer count register 

mn (TCRmn)

Timer data register mn 

(TDRmn)

Timer count register 

mp (TCRmp)

Timer data register mp 

(TDRmp)

interrupt 

control 

circuit

output 

control 

circuit

interrupt 

control 

circuit

TOmp Pin

interrupt signal

(INTTMmp)

interrupt signal

(INTTMmn)

 

 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 
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Figure 6-61    A Basic Timing Example of Single Trigger Pulse Output Function 

TSmn

TEmn

TImn

TCRmn

FFFFH

0000H

aTDRmn

TOmn

INTTMmn

TSmp

TEmp

TCRmp
FFFFH

0000H

bTDRmp

INTTMmp

TOmp

a+2 b a+2 b

master 

control 

channel

slave 

channel

 
 

Remarks: 1.m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 

2. TSmn, TSmp : bit n, p of the timer channel start register m (TSm). 

TEmn, TEmp : timer channel allows bit n, p of status register m (TEm) 

TImn, TImp : Input signal for TImn and TImp pins 

TCRmn, TCRmp : Timer count registers mn, mp (TCRmn, TCRmp) 

TDRmn, TDRmp : timer data register mn, mp (TDRmn, TDRmp) 

TOmn, TOmp :Output signal for TOmn and TOmp pins 
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Figure 6-62   Example of Register Setting Content for Single Trigger Pulse Output Function (Master Channel) 
(a) Timer mode register mn (TMRmn).. 

CKSmn1

1/0
CKSmn0

0
0 CCSmn

0

MAS
TERmn

1

STSmn2
0

STSmn1
0

STSmn0
1

CISmn1
1/0

CISmn0
1/0

0 0 MDmn3
1

MDmn2
0

MDmn1
0

MDmn0
0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

100B: single counting mode

start trigger during operation

0: Trigger input invalid.

start trigger selection 

001B: Select Timn pin input valid edge

MASTERmn bit configuration (Channel 2) 
1: master control channel

counting clock selection

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

TImn Pin input edge selection 

00B: Detect falling edge

01B: Detect rising edge
10B: Detect both edges

11B: reserved

 
 

(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count 
run. 

 

(d) Timer output level register m (TOLm) 

 bit  

TOLm TOLmn 

0 

0: "0" at TOMmn=0 (Master Channel Output 
Mode). 

 
 

(e) Timer output mode register m (TOMm) 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2 :MASTERmn=1 

 TMRm0 : Fixed as "0". 
 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 
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Figure 6-63   Example of Register Setting Content for Single Trigger Pulse Output Function (Slave Channel) 
(a) timer mode register mp (TMRmp) 

CKSmp1

1/0
CKSmp0

0
0 CCSmp

0

M/S 

0
STSmp2

1

STSmp1

0

STSmp0

0

CISmp1

0

CISmp0

0
0 0 MDmp3

1

MDmp2

0

MDmp1

0

MDmp0

0

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmp

operation mode of Channel P 

100B: single counting mode

start trigger during operation

0: Trigger input invalid.

start trigger selection 

100B: Select master control channel INTTMmn

MASTERmp bit configuration (Channel 2) 

0: slave channel

SPLITmp  bit configuration (Channel 1, 3)

0: 16 bit Timer

counting clock selection

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel p

10B: select CKm1 as operational clock of Channel p

ō same as master control channel configuration

TImp Pin input edge selection 

00B: set to "00" since not used

 
 

(b) Timer output register m (TOm) 

 bit p  

TOm TOmp 

1/0 

0: Output "0" from TOmp. 

1: Output "1" by TOmp. 

 

(c) timer output allow register m (TOEm) 

 bit p  

TOEm TOEmp 

1/0 

0: Stop the TOmp output from the count 
run. 

1: Allow TOmp output by count run. 
 

(d) Timer output level register m (TOLm) 

 bit p  

TOLm TOLmp 

1/0 

0: Positive Logical Output (High Level Valid) 

1: Negative Logical Output (Low Level Valid) 

 

(e) Timer output mode register m (TOMm)m. 

 bit p  

TOMm TOMmp 

1 

1: Sets the slave channel output mode. 

 

Note: TMRm2:MASTERmp bit 

TMRm1, TMRm3:SPLITmp bit 

 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 
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Figure 6-64  Operating step (1/2) for a single trigger pulse output function 
 

software operation hardware state

Timer Unit m input clock is in stopped state (stop providing clock, not able to write

into registers)

set TM4mEN bit of peripheral enable register 0

(PER0) to '1'

Timer Unit m input clock is in active state, all channels in operation stopped state.

(start providing clock, Start to provide clock, can write to each register)

configure Timer clock selection register m(TPSm),

confirm CKm0~CKm3 clock frequency

set corresponding bit of noise filter enable register 1

(NFEN1) to 1'.

Configure Timer mode registers  mn,mp of 2

channels (TMRmn, TMRmp) (confirm channel

operation mode).

Set master control channel Timer data register mn

(TDRmn) configure output delay time, and set slave

channel TDRmp register pulse width.

channel in operation stopped state

 (providing clock, consume portion of power)

slave channel configuration

set TOMmp bit of timer output mode register

m(TOMm) to '1' (slave channel output mode).

Configure TOLmp bit.

Configure TOmp bit and confirm TOmp otuput initial

voltage.

Set TOEmp bit to '1', enable TOmp output.

Set port regsiter and port mode regsiter to '0'.

T0mp pin in Hi-Z output state.

When port mode register set to output mode and port register as '0', output T0mp

initial configured voltage level.

Because channel is in operation stopped state, thus T0mp remains unchange.

T0mp pin output T0mp configured voltage level.

Timer 4 initial

configuration

Channel Initial

configuration
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Figure 6-65   Operating step (2/2) for a single trigger pulse output function 
 

set TOEmp bit (slave) to '1' (only limit to restart operation).

Set TSmn bit)(master control) and TSmp bit(slave) of timer

channel start register m(TSm) both to '1'.

Because TSmnn bit and TSmp bit are trigger bits, thus

automatically return to '0'.

TEmn bit and Temp bit turn into '1' and master channel enter into start

trigger (detect Timn pin input valid edge or set TSmn bit to '1')

detection waiting state.Counter still in stop state.

start master channel counting while detecting master channel

start trigger.

Å  Detect TImn pin input valid edge

Å  set TSmn bit of master channel toñ1òvia software. Note.

master channel start counting

in operation

can only modify configure value of CISmn1 bit and CISmn0 bit

of TMRmn register.

Forbidden modifying TMRmn, TMRmp register and TOMmn

bit, TOMmp bit, TOLmn bit and TOLmp bit configuration.

Can read TCRmn register and TCRmp register anytime.

Can not use TSRmn register and TSRmp register.

can modify slave channel Tom regsiter and TOEm register

configuration.

master channel load TDRmn register value into Timer technical

register (TCRmn) via detecting start trigger (detecting Timn pin input

valid edge or set TSmn bit of master channel to "1"), and perform

decremental counting. If TCRmn counts till "0000H", then generating

INTTMmn, and stop counting before next Timn pin input.

Slave channel use INTTMmn of master channel as trigger, will load

TDRmp register value into TCRmp regiter and counter start

decremental counting. 1 counting clock cycle after master chanel

outputs INTTMmn, it sets T0mp otuput voltage to valid voltage level.

Then, if TCRmp count reaches "0000H", then set T0mp output voltage

set to invalid votlage levle then stoop counting. Thereafter, the process

repeats.

set TTmn bit (master) and TTmp bit(slave) to '1'.

Because TTmn bit and TTmp bit are trigger bits, thus

automatically return to '0'.

TEmn bit and Temp bit turn into '0' and stop counting.

TCRmn register and TCRmp register hold counted value and stop

counting.

T0mp output not initialized and remains unchanged.

set TOEmp bit of slave channel to '0', and configure TOmp bit.
T0mp pin output T0mp configured voltage level.

Scenarios to maintain T0mp pin output voltage:

set T0mp bit to '0' after set hold value to port register

configuration.

In case T0mp pin output voltage does not need to be held: no

configuration requried

maintain T0mp pin output voltage via Port function.

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is not been provided.Perform initialization to

all circuit and SFR of all channels.

(TO00 bit turns into '0' and TO00 pin becomes port function)

timer 4 stop

stop operation

Start operation

re
s
ta

rt o
p
e
ra

tio
n

 

Note: can not set TSmn bit of slave channel to '1'. 

Remark m: Unit number (m=0) 

n: master control channel number (n=1,2) 

p: slave channel number (n=0:p=1,2,3,n=2:p=3) 
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6.9.2 Operation as PWM Function 

The two channels are used in pairs, and the pulse with arbitrary period and duty cycle can be generated. The 

period and duty cycle of the output pulse can be calculated by the following formula: 

 

 

 

Note The duty cycle exceeds 100% when the TDRmp setting value is >{TDRmn setting value +1}, but 100% output. 

 

The master channel is used as the interval timer mode. If the channel start trigger bit (TSmn) of the timer channel 

start register m (TSm) is "1", the interrupt (INTTMmn) is output, and the setting value of the timer data register mn 

(TDRmn) is loaded into the timer count register mn (TCRmn), and counting down by counting the clocks. When 

counting to "0000H", the value of the TDRmn register is loaded into the TCRmn register again after outputting 

INTTMmn, and the count is decremented. This operation is repeated after setting the channel stop trigger bit (TTmn) 

of the timer channel stop register m (TTm). 

When used as a PWM function, the main control channel performs a decremental count, which is a PWM output 

(TOmp) period until 0000H. The slave channel is used as a single count mode. Starting with the INTTMmn of the 

main control channel, the value of the TDRmp register is loaded into the TCRmp register and is decremented until 

"0000H". When counted to "0000H," INTTMmp is output and the next trigger is waited (INTTMmn of the master 

channel). 

When used as a PWM function, the slave channel performs a decremental count, which is the duty cycle of the 

PWM output (TOmp) until '0000H'. 

The PWM output (TOmp) becomes active after 1 clock generation of INTTMmn from the master channel and 

becomes invalid when the value of TCRmp register of slave channel is 0000H. 

 

Note: When the timer data register mn (TDRmn) of the master channel and the TDRmp register of the slave channel are to 

be rewritten. Because the TDRmn register and the TDRmp register are loaded into the TCRmn register and the 

TCRmp register when the master channel generates the INTTMmn, the TOmp pin can not output the expected 

waveform if the INTTMmn is rewritten before and after the master channel generates the respectively. Therefore, 

to override both the master TDRmn register and the slave TDRmp register, you must override these 2 registers 

immediately after the master channel generates INTTMmn. 

 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3,n=2:p=3) 

 
  

Pulse Period = {TDRmn (Master) Set Value +1 Count Clock Period 

Duty Ratio [%]={Setting Value for TDRmp (Dependent)}/{Setting Value for TDRmn (Master) +1} 100 

0% output :Set value for TDRmp (Dependent)=0000H 

100% output :Setting value for TDRmp (secondary) Ó{Setting value for TDRmn (primary) +1} 
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Figure 6-66 Block diagram for operation as PWM function 
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Timer count register 

mn (TCRmn)

Timer data register mn 

(TDRmn)

Timer count register mp 

(TCRmp)

Timer data register mp 

(TDRmp)

interrupt 

control 

circuit

output 

control 

circuit

interrupt 

control 

circuit

TOmp Pin

interrupt signal

(INTTMmp)

interrupt signal

(INTTMmn)

 
 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 
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Figure 6-67 As an example of the basic timing of the operation of the PWM 
function 

TSmn

TEmn

TCRmn

FFFFH

0000H

aTDRmn

TOmn

INTTMmn

TSmp

TEmp

TCRmp

FFFFH

0000H

TDRmp

INTTMmp

TOmp

a+1

c

a+1 b+1

master 

control 

channel 

slave 

channel

a b

ac d

c d  

 

Remarks: 1.m: Cell number (m=0)n: Master channel number (n=0,2)p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 

2. TSmn, TSmp: bitn, p of the timer channel start register m (TSm). 

TEmn, TEmp: timer channel allows bitn, p of status register m (TEm) 

TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp) 

TDRmn, TDRmp: timer data register mn, mp (TDRmn, TDRmp) 

TOmn, TOmp: Output Signal for TOmn Pin and TOmp Pin 
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Figure 6-68   Example of Register Setting Content for PWM Function (Master Channel) 
 

(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

0
0 CCSmn

0

MAS
TERmn

1

STSmn2

0

STSmn1

0

STSmn0

0

CISmn1

0

CISmn0

0
0 0 MDmn3

0

MDmn2

0

MDmn1

0

MDmn0

1

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

000B: Interval Timer

operation configuration when start counting

1:  when start counting, generate INTTMmnɼ

start trigger selection 

000B: only select software to start trigger.

MASTERmn bit configuration (Channel 2)

 1: master control channel 

counting clock selection

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

Timn Pin input edge selection 

00B: set to "00B" since not used 

 
(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count 
run. 

 

(d) Timer output level register m (TOLm) 

 bit  

TOLm TOLmn 

0 

0: "0" is set at TOMmn=0 (Master Channel 
Output Mode). 

 
 

(e) Timer output mode register m (TOMm) 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2 :MASTERmn=1 

 TMRm0 : Fixed as "0". 
 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 
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Figure 6-69    Example of Register Setting Content for PWM Function (Slave Channel) 
 

(a) timer mode register mp (TMRmp) 

CKSmp1

1/0
CKSmp0

0
0 CCSmp

0

M/S 

0
STSmp2

1

STSmp1

0

STSmp0

0

CISmp1

0

CISmp0

0
0 0 MDmp3

1

MDmp2

0

MDmp1

0

MDmp0

1

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmp

operation mode of Channel p

100B: single counting mode

start trigger during operation

1: Trigger input valid.

start trigger selection 

100B: Select master control channel INTTMmnɼ

MASTERmp bit configuration (Channel 2) 

0: slave channel

SPLITmp bit configuration (Channel 1, 3) 

0: 16 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel p

10B: select CKm1 as operational clock of Channel p

ō same as master control channel configuration

Timp Pin input edge selection 

00B: set to "00B" since not used

 

(b) Timer output register m (TOm) 

 bit p  

TOm TOmp 

1/0 

0: Output "0" from TOmp. 

1: Output "1" by TOmp. 

 

(c) timer output allow register m (TOEm) 

 bit p  

TOEm TOEmp 

1/0 

0: Stop the TOmp output from the count 
run. 

1: Allow TOmp output by count run. 

 

(d) Timer output level register m (TOLm) 

 bit p  

TOLm TOLmp 

1/0 

0: Positive Logical Output (High Level Valid) 

1: Negative Logical Output (Low Level Valid) 

 

(e) Timer output mode register m (TOMm) 

 bit p  

TOMm TOMmp 

1 

1: Sets the slave channel output mode. 

 

Note: TMRm2:MASTERmp bit 

TMRm1, TMRm3:SPLITmp bit 

Note: m: Cell number (m=0)n: Master channel number (n=0,2) 

p: Slave channel number (n=0:p=1,2,3, n=2:p=3) 
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Figure 6-70   Operating steps for PWM functions (1/2) 
 

Timer Unit m input clock is in stopped state (stop providing

clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is in active state, all channels in

operation stopped state.

configure Timer clock selection register m(TPSm), confirm

CKm0~CKm3 clock frequency

configure using timer mode register mn,mp (TMRmn,TMRmp)

of 2 channels (confirm channel operation mode).

Configure interal(period) value of Timer data register mn

(TDRmn) of master control channel, and configure duty-cycle

of slave channel TDRmp.

channel in operation stopped state

(providing clock, consume portion of power)

slave channel configuration

set TOMmp bit of timer output mode register m(TOMm) to '1'

(slave channel output mode).

Configure TOLmp bit.

Configure TOmp bit and confirm TOmp otuput initial voltage.

Set TOEmp bit to '1', enable TOmp output.

Set port regsiter and port mode regsiter to '0'.

T0mp pin in Hi-Z output state.

When port mode register set to output mode and port register

as '0', output T0mp initial configured voltage level.

Because channel is in operation stopped state, thus T0mp

remains unchange. T0mp pin output T0mp configured voltage

level.

Timer 4 initial

configuration

Channel Initial

configuration
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Figure 6-71    Operating steps for PWM functions (2/2) 
 

Start operation

set TOEmp bit (slave) to '1' (only limit to restart operation).

Set TSmn bit)(master control) and TSmp bit(slave) of timer

channel start register m(TSm) both to '1'.

Because TSmnn bit and TSmp bit are trigger bits, thus

automatically return to '0'.

TEmn bit and TEmp bit both turns into '1'.

Master channel start counting and generate INTTMmn. Using this

trigger, slave channel also start counting.

in operation

forbidden modifying TMRmn register and TMRmp register and

TOMmn bit, TOMmp bit, TOLmn bit and TOLmp bit

configuration.

can mmodify TDRMn register and TDRmp register

configuration after master channel generates INTTMmn.

Can read TCRmn reigsrer and TCRmp register anytime.

can not use TSRmn register and TSRmp register.

master channel load TDRmn register value into Timer counting

register (TCRmn) and perform decremental counting. If TCRmn

counts till "0000H", then generating INTTMmn.  At the same time,

load TDRmn register value into TCRmn register and restart

decremental counting.

Slave channel use INTTMmn of master channel as trigger, will load

TDRmp register value into TCRmp regiter and counter start

decremental counting. 1 counting clock cycle after master chanel

outputs INTTMmn, it sets T0mp otuput voltage to valid voltage level.

Then, if TCRmp count reaches "0000H", then set T0mp output

voltage set to invalid votlage levle then stoop counting. Thereafter,

the process repeats.

set TTmn bit (master) and TTmp bit(slave) to '1'.

Because TTmn bit and TTmp bit are trigger bits, thus

automatically return to '0'.

TEmn bit and Temp bit turn into '0' and stop counting.

TCRmn register and TCRmp register hold counted value and stop

counting.

T0mp output not initialized and remains unchanged.

set TOEmp bit of slave channel to '0', and configure TOmp

bit.
T0mp pin output T0mp configured voltage level.

Scenarios to maintain T0mp pin output voltage:

set T0mp bit to '0' after set hold value to port register

configuration.

In case T0mp pin output voltage does not need to be held: no

configuration requried

maintain T0mp pin output voltage via Port function.

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is not been provided.Perform initialization to

all circuit and SFR of all channels.

(T0mp bit turns into '0' and T0mp pin becomes port function)

(TO00 bit turns into '0' and TO00 pin becomes port function)

stop operation

timer 4 stop

re
s
ta

rt o
p
e
ra

tio
n

 
 

Remark m: Unit number (m=0) 

n: master control channel number (n=0,2) 

p: slave channel number (n=0:p=1,2,3,n=2:p=3) 
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6.9.3 Operation as Multiple PWM Output Function 

This is a function of performing multiple PWM outputs with different duty cycles by extending the PWM function 

and using multiple slave channels. 

For example, when two slave channels are used in pairs, the period and duty cycle of the output pulse can be 

calculated using the following equation: 

 

 

 

Note: When TDRmp (Slave 1) has a set value >{TDRmn (Master) +1} or {TDRmq (Slave 2) has a set value +1} of {TDRmn 

(Master), the duty cycle exceeds 100% but is 100% output. 

 

In interval timer mode, timer count register mn (TCRmn) of the main control channel runs and counts the cycles. 

In a single count mode, the TCRmp register of the slave channel 1 runs and counts the duty cycle and outputs a PWM 

waveform from the TOmp pin. Starting with the INTTMmn of the master channel, the timer data register mp (TDRmp) 

is loaded into the TCRmp register and decremented. If TCRmp becomes "0000H," the INTTMmp is output and counts 

are stopped before the next start trigger (INTTMmn of the master channel) is entered. After the INTTMmn is generated 

from the main control channel and 1 counting clock passes, the output level of TOmp becomes effective level, and if 

TCRmp becomes "0000H". 

The same as the TCRmp register of the slave channel 1, in a single count mode, the TCRmq register of the slave 

channel 2 runs and counts the duty cycle and outputs a PWM waveform from the TOmq pin. Starting with the 

INTTMmn of the main control channel, the value of the TDRmq register is loaded into the TCRmq register and 

decremented. If TCRmq becomes "0000H," the INTTMmq is output and counts are stopped before the next start 

trigger (INTTMmn of the master channel) is entered. After the INTTMmn is generated from the main control channel 

and 1 counting clock passes, the output level of TOmq becomes effective level, and if TCRmq becomes "0000H". 

When the channel 0 is used as the main control channel by such operation, up to three PWM signals can be 

output simultaneously. 

Note: At least 2 write accesses are required when the timer data register mn(TDRmn) of the master channel and the TDRmp 

register of slave channel 1. Because the value of the TDRmn register and the TDRmp register are loaded into the 

TCRmn register and the TCRmp register when the master channel generates the INTTMmn, if the TOmp pin is 

rewritten before the master channel generates the INTTMmn and after the generation, the expected waveform 

cannot be output. Therefore, to override both the master TDRmn register and the slave TDRmp register, you must 

override both registers immediately after generating INTTMmn in the master channel (also applies to the slave 

TDRmq register). 

 

Note: m: Cell number (m=0)n: Master channel number (n=0) 

p: Dependent Channel Number 

q: Slave channel number n<p<qÒ3 (p and q are integers greater than n) 

 
  

Pulse Period = {TDRmn (Master) Set Value +1 Count Clock Period 

Duty cycle 1[%]={TDRmp (Dependent 1) Set Value}/{TDRmn (Master) Set Value+1} 100 

Duty Cycle 2[%]={TDRmq (Secondary 2) Set Value}/{TDRmn (Master) Set Value+1} 100 
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Figure 6-72    Block diagram for operating the multiple PWM output function (output of 2 PWM cases) 
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Timer count register 
mn (TCRmn)

Timer data register 
mn (TDRmn)

Timer count register 
mp (TCRmp)

Timer data register 
mp (TDRmp)

interrupt 
control 
circuit

output 
control 
circuit

interrupt 
control 
circuit

TOmp Pin

interrupt signal
(INTTMmn)

interrupt signal
(INTTMmp)

Timer count register 
mq (TCRmq)

Timer data register 
mq (TDRmq)

output 
control 
circuit

interrupt 
control 
circuit

TOmq Pin

interrupt signal
(INTTMmq)

 
 

Note: m: Cell number (m=0)n: Master channel number (n=0) 

p: Slave channel number q: Dependent Channel Number 

n<p<qƍ3 (p and q are integers greater than n) 
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Figure 6-73 As an example of the running basic timing of the multiple PWM output function 
(output of two PWM cases) 
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Remarks: 1, m: Cell number (m=0)n: Master channel number (n=0) 

p: Slave channel number q: Dependent Channel Number 

n<p<qƍ3 (p and q are integers greater than n) 

2. TSmn, TSmp, TSmq: bitn, p,q of timer channel start register m (TSm) 

TEmn, TEmp, TEmq: Timer channel allows bitn, p, q of state register m (TEm). 

TCRmn, TCRmp, TCRmq: Timer count registers mn, mp, mq (TCRmn, TCRmp, TCRmq) 

TDRmn, TDRmp, TDRmq: timer data register mn, mp, mq (TDRmn, TDRmp,TDRmq) 

Output Signal of TOmn, TOmp, TOmq:TOmn, TOmp,TOmq Pin 
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Figure 6-74   Example of Register Setting Content for Multiple PWM Output Functions (Master Channel) 

(a) timer mode register mn (TMRmn) 

CKSmn1

1/0
CKSmn0

0
0 CCSmn

0

MAS
TERmn

1

STSmn2

0

STSmn1

0

STSmn0

0

CISmn1

0

CISmn0

0
0 0 MDmn3

0

MDmn2

0

MDmn1

0

MDmn0

1

14 13 12 11 10 9 8 7 6 5 4 3 2 1 015

TMRmn

operation mode of Channel N

000B: Interval Timer

operation configuration when start counting

1: when start counting, generate INTTMmn

start trigger selection 

000B: only select software to start trigger.

MASTERmn bit configuration (Channel 2)

 1: master control channel

counting clock selection

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

Timn Pin input edge selection 

00B: set to "00B" since not used

 

(b) Timer output register m (TOm) 

 bit  

TOm TOmn 

0 

0: Output "0" from TOmn. 

 

(c) timer output allow register m (TOEm) 

 bit  

TOEm TOEmn 

0 

0: Stop the TOmn output from the count 
run. 

 

(d) Timer output level register m (TOLm) 

 bit  

TOLm TOLmn 

0 

0: "0" is set at TOMmn=0 (Master Channel 
Output Mode). 

 
 

(e) Timer output mode register m (TOMm) 

 bit  

TOMm TOMmn 

0 

0: Sets the master channel output mode. 

 

Note: TMRm2 :MASTERmn=1 

 TMRm0 : Fixed as "0". 
 

Note: m: Cell number (m=0)n: Master channel number (n=0) 
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Figure 6-75   Example of register setting content for multiple PWM output functions (slave channel) (output of 2 
PWM cases) 

(a) timer mode registers mp, mq (TMRmp, TMRmq) 
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0
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0
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0
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TMRmq

operation mode of Channel p and  q 

100B:single counting mode

start trigger during operation

1: Trigger input valid.

start trigger selection 

100B: Select master control channel INTTMmn

MASTERmp bit and  MASTERmq bit configuration 

(Channel 2) 0: slave channel

SPLITmp bit and  SPLITmq bit configuration 

(Channel 1, 3) 0: 16 bit Timer

Count clock selection 

0: Select operational clock (fMCK)

operational clock (fMCK) selection 

00B: select CKm0 as operational clock of Channel p and q 

10B: select CKm1 as operational clock of Channel p and q 

ō same as master control channel configuration

Timp and  TImq Pin input edge selection 

00B: set to "00B" since not used

CKSmp1

1/0
CKSmp0

0
0 CCSmp

0

M/S 

0
STSmp2

1

STSmp1
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(b) Timer output register m (TOm) 

 bit q bit p  

TOm TOmq 

1/0 

TOmp 

1/0 

0: Output "0" by TOmp and TOmq. 

1: Output "1" by TOmp and TOmq. 

 

(c) timer output allow register m (TOEm) 

 bit q bit p  

TOEm TOEmq 

1/0 

TOEmp 

1/0 

0: Stops the TOmp and TOmq output from the count 
run. 

1: Allow TOmp and TOmq output from count runs. 
 

(d) Timer output level register m (TOLm) 

 bit q bit p  

TOLm TOELq 

1/0 

TOELp 

1/0 

0: Positive Logical Output (High level valid) 

1: Negative Logical Output (Low level valid) 

 

(e) Timer output mode register m (TOMm) 

 bit q bit p  

TOMm TOMLq 

1 

TOMLp 

1 

1: Sets the slave channel output mode. 

NOTE: TMRm2: MASTERmp bit, MASTERmq bit 
TMRm1, TMRm3: SPLITmp bit, SPLITmq bit 

Note: m: Cell number (m=0)n: Master channel number (n=0) 
p: Slave channel number q: Dependent Channel Number 

n<p<qƍ3 (p and q are integers greater than n) 
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Figure 6-76  Operation steps for multiple PWM output functions (output of 2 PWM cases) (1/2) 
software operation hardware state

Timer Unit m input clock is in stopped state (stop

providing clock, not able to write into registers)

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is in active state, all channels

in operation stopped state.

configure Timer clock selection register m(TPSm), confirm

CKm0~CKm3 clock frequency

configure using timer mode register mn,mp (TMRmn,TMRmp) of

2 channels (confirm channel operation mode).

Configure interal(period) value of Timer data register mn

(TDRmn) of master control channel, and configure duty-cycle of

slave channel TDRmp.

channel in operation stopped state (providing clock,

consume portion of power)

slave channel configuration

set TOMmp bit and TOLmq bit of timer output mode register

m(TOMm) to '1' (slave channel output mode).

Configure TOLmp and Tomq bit to '0'.

Configure TOmp bit and Tomq bit, confirm TOmp and Tomq

otuput initial voltage.

Set TOEmp bit and TOEmq to '1', enable TOmp and Tomq

output.

Set port regsiter and port mode regsiter to '0'.

T0mp pin in Hi-Z output state.

When port mode register set to output mode and port

register as '0', output T0mp and T0mq initial configured

voltage level.

Because channel is in operation stopped state, thus

T0mp and T0mq remains unchange. T0mp pin and T0mq

pin output T0mp and T0mq configured voltage level.

Timer 4 initial

configuration

Channel Initial

configuration
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Figure 6-77    Operation steps for multiple PWM output functions (output of 2 PWM cases) (2/2) 

Start operation 

(only during restart operation, TOEmp bit and TOEmq bit

(slave) will set to '1').

Set TSmn bit(master), TSmp bit and TSmq bit (slave) of timer

channel start register m(TSm) all set to '1' at the same time.

Because TSmn bit, TSmp and TSmq bit are all trigger bits,

thus automatically return to '0'.

TEmn bit and TEmp bit both turns into '1'.

Master channel start counting and generate INTTMmn. Using this trigger,

slave channel also start counting.

in operation

forbidden modifying TMRmn register and TMRmp register and

TOMmn bit, TOMmp bit, TOLmn bit and TOLmp bit

configuration.

can mmodify TDRMn register and TDRmp register

configuration after master channel generates INTTMmn.

Can read TCRmn reigsrer and TCRmp register anytime.

can not use TSRmn register and TSRmp register.

master channel load TDRmn register value into Timer counting register

(TCRmn) and perform decremental counting. If TCRmn counts till "0000H",

then generating INTTMmn.  At the same time, load TDRmn register value into

TCRmn register and restart decremental counting.

Slave channel 1 use INTTMmn of master channel as trigger, will load TDRmp

register value into TCRmp regiter and counter start decremental counting. 1

counting clock cycle after master chanel outputs INTTMmn, it sets T0mp

otuput voltage to valid voltage level. Then, if TCRmp count reaches "0000H",

then set T0mp output voltage set to invalid votlage levle then stoop counting.

Slave channel 2 use INTTMmn of master channel as trigger, will load TDRmq

register value into TCRmq regiter and counter start decremental counting. 1

counting clock cycle after master chanel outputs INTTMmn, it sets T0mq

otuput voltage to valid voltage level. Then, if TCRmq count reaches "0000H",

then set T0mq output voltage set to invalid votlage levle then stoop counting.

Thereafter, the process repeats.

set TTmn bit (master), TTmp bit and TTmq bit(slave) to '1'.

Because TTmn bit, TTmp bit, TTmq bit are trigger bits, thus

automatically return to '0'.

TEmn bit, Temp bit and Temq turn into '0' and stop counting.

TCRmn, TCRmp TCRmq registers hold counted value and stop counting.

T0mp and T0mq output not initialized and remains unchanged.

set TOEmp bit and TOEmq bit of slave channel to '0', and

configure Tomp and TOmq bit.
T0mp pin and T0mq pin output T0mp and T0mq configured voltage level.

Scenarios to maintain T0mp pin and Tomq pin output voltage:

set T0mp bit and Tomq bit to '0'.

In case T0mp pin and Tomq output voltage does not need to

be held: no configuration requried

maintain T0mp pin and Tomq output voltage via Port function.

set TM4mEN bit of peripheral enable register 0 (PER0) to '1' Timer Unit m input clock is not been provided.Perform initialization to all

circuit and SFR of all channels.

(T0mp bit and T0mq bit turn into '0' and T0mp pin and Tomq becomes port

function)

(TO00 bit turns into '0' and TO00 pin becomes port function)

timer 4 stop

stop operation

re
s
ta

rt o
p
e
ra

tio
n

 

 

Note: m: Cell number (m=0)n: Master channel number (n=0) 

p: Slave channel number q: Dependent Channel Number 

n<p<qƍ3 (p and q are integers greater than n) 
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6.10 Precautions when using a universal timer unit 

6.10.1 Precautions When Using Timer Output 

According to the product, the pins to which the timer output function is assigned may also be assigned the 

output of other multiplexing functions. In this case, when using the timer output, it is necessary to set the initial 

value of the other multiplexing function output. 

Please refer to the "2.5  Register Settings When Using Multiplexing". 
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Chapter 7 Timer A 

7.1 Function of timer A 

The timer A is a 16-bit timer capable of measuring the pulse output, the pulse width and period of the external 

input, and counting the external events. 

The 16-bit timer consists of a reload register and a decrement counter, which are assigned at the same 

address. If the TA0 register is accessed, the reload register and the counter can be accessed. 

The specifications and block diagrams of timer A are shown in Tables 7-1 and Figure 7-1 respectively. 

Table 7-1 Specifications for timer A 
 

Project Content 

operation 
mode 

timer mode Counts the count source. 

pulse output mode The counter source is counted, and pulses with opposite polarity are output when 
the timer underflows. 

Event Counter Mode 
Counts external events. 

It can also run in deep sleep mode. 
pulse width 
measurement mode The pulse width of the external input is measured. 

pulse period 
measurement mode The pulse period of the external input is measured. 

Count Source (Runtime Clock) You can select events entered by fCLK,fCLK/2,fCLK/8,fILɻfSUBor EVENTC. 

interrupt 

· When the counter overflows 
· At the end of the external input (TAIO) effective width measurement in pulse 
width measurement mode 
· When you enter the set-up edge of an external input (TAIO) in pulse period 
measurement mode 

Select Features · Collaboration with EVENTC: You can select events entered by 
EVENTC as the count source. 
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7.2 Structure of timer A 

The block diagram and the pin structure of the timer A are shown in Figure 7-1 and Table 7-2 respectively. 

Figure 7-1 Block diagram of timer A 

fCLK

fCLK/8

fCLK/2

fIL
2

fSUB

EVENTC input event

TIOGT1ЇTIOGT0

frequent event counting

Event count during INTP4 assigned 

polarity period. 
Note2

Timer output event count during signal 

assigned poliarity period. 
Note 2

TMIOD1

TMIOC1

TO02

TO03
TIPF1ЇTIPF0

fCLK

fCLK/8

fCLK/32

TIPF1ЇTIPF0

=01B or 10B

TAIO0 pin

TAO0 pin

write TAMR0 register.

Write "1" to TSTOP.

Bistable flip-flop

measurement 

completion 

singal

TIMER A 

interrupt

TA

counter

TMOD2~TMOD0

=011B or 100B

Counter 

Control 

circuit

polarity 

selection 

Single edge / 
double edge 

swtich

digital 

filter

=00B

TMOD2~TMOD0=001B

Other than 

TMOD2~

TMOD0

=010B

=010B

TSTART

16 bit counter

data bus

16 bit 

reload 

register 

underflow singal 

TEDGPL TEDGSEL

TEDGSEL=1

TEDGSEL=0

=000B

=001B

=011B

=100B

=101B

=110B

=00B

=01B

=10B

=00B

=01B

=10B

=11B

RCCPDEL1,

RCCPSEL0 

=01B

=10B

=11B

TCK2~TCK0

 
 

 

Note: 

1. To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCK0 position "1" 

of the OSMC. Register. However, when fSUB is selected as the real-time clock or the count source of the 15-bit 

interval timer, it cannot be selected. 

2. The polarity can be selected through the RCCPSEL2 bit of the TAISR0 register. 

 
Table 7-2 Pin structure of timer A 

 

name of the feet Input/Output Features 

INTP4 Enter Event counter mode control for timer A 

TAIO Note Input/Output External event input and pulse output of timer A 

TAO NOTE output Pulse output of timer A 

Note: The configuration of the TAO pin can be selected by the PIOR12 bit and PIOR13 bit of PIOR1 register, and the 

configuration of the TAIO pin can be selected by PIOR10 bit and PIOR11 bit. Refer to "Chapter 2 Pin Functions" for details. 
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7.3  Register for control timer A 

The register for controlling timer A is shown in Table 7-3. 

Table 7-3 Register for control timer A 
 

register name symbol 

Peripheral I/O Redirection Register 1 PIOR1 

Peripheral Enable Register 1 PER1 

Secondary system clock providing mode control register OSMC 

timer A count register 0 note. TA0 

timer A control register 0 TACR0 

Timer AI/O control register 0 TAIOC0 

timer A mode register 0 TAMR0 

timer A event pin selection register 0 TAISR0 

port register x Px 

 port mode register x PMx 

Note: When accessing the TA0 register, the CPU does not enter the processing of the next instruction and is in the waiting 

state of the CPU processing. Therefore, when this wait occurs, the number of clocks executed by the instruction increases the 

number of clocks waiting. The number of read and write waiting clocks when accessing the TA0 register is 1 clock. 
 

7.3.1 Peripheral Enable Register 1 (PER1) 

The PER1 register is a register that sets a clock that is allowed or prohibited to supply to each peripheral 

hardware. Reduce power consumption and noise by stopping clock supply to unused hardware. 

You must set bit0 (TMAEN) to "1" when you want to use timer A. 

The PER1 register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "00H". 

Figure 7-2 Format of Peripheral Admission Register 1(PER1) 

Location: 4002081AH After reset: 00H R/W 

symbol 

PER1 

 
 

TMAEN Control of an input clock of timer A is provided 

0 
Stop provide an input clock. 

· SFR used by timer A cannot be written . 
· Timer A is in a reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by timer A . 

 

Note 1. To set timer A, you must first set the TMAEN position "1". When the TMAEN bit is '0', the write operation of the 

control register of timer A is ignored and the read values are all initial (except port mode register PMx and port register Px). 

  

 7  6  5  4  3 2

 
2   1  0  

DACEN TMBEN PGACMPEN TMMEN DMAEN PWMPEN TMCEN TMAEN 
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7.3.2 Secondary system clock provides mode control register (OSMC) 

The runtime clock of timer A can be selected by WUTMMCK0 bits. 

RTCLPC bits are bits that reduce power consumption by stopping unwanted clock functionality. For RTCLPC 

bit settings, refer to "Chapter 4 Clock Generation Circuits." 

The OSMC register is set by an 8-bit memory operation instruction. After the reset signal is generated, the 

value of this register changes to "00H". 

Figure 7-3 The secondary system clock provides the format of the mode control 
register (OSMC) 

Address: 40020423H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

OSMC 

 
 

UTMCK0 
Selection of a real-time clock, a run-time clock (fRTC) of a 15-bit interval timer and a run 

clock of timer A 

0 

Secondary System Clock (fSUB) 

· The secondary system clock is the real-time clock and the runtime clock of the 15-bit 

interval timer. 

· A low-speed internal oscillator cannot be selected as the count source for timer A. 

1 

Low-speed internal oscillator clock (fIL) 

· The low-speed internal oscillator clock is the real-time clock and the runtime clock of the 15-

bit interval timer. 

· A low-speed internal oscillator or sub-system clock can be selected as the count source of 
timer A. 

  

RTCLPC 0 0 UTMCK0 0 0 0 0 
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7.3.3 timer A count register 0 (TA0) 

This is a 16-bit register. If this register is written, data is written to the reload register. If you read this register, 

read the count value. The status of the reload registers and counters varies due to the value of the TSTART bit of 

the TACR0 register. Refer to "7.4.1 Reload Registers and Counter Overrides" for details. 

The TA0 register is set by a 16-bit memory operation instruction. The value of the TA0 register changes to 

"FFFFH" after the reset signal is generated. 

 
Figure 7-4 Format of timer A count register 0 (TA0) 

Address: 40042300H After reset: FFFFH R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TA0 

 
 

ð Features Set Scope 

bit15~0 16-bit counter Note1,2 0000H~FFFFH 

Note: 

1. If you write "1" to the TSTOP bit of the TACR0 register, the 16-bit counter is forced to stop and the count value 

becomes "FFFFH. 

2. If the TCK2~TCK0 bit of the TAMR0 register is not set as '001B' and '011B' and the TA0 register is '0000H', only one 

request signal is generated to the DMA and the EVENTC immediately after the count is started. However, TAO 

and TAIO output alternately. 

In the event counter mode, the TA0 register value is "0000H", the request signal is generated to DMA and EVENTC only 

immediately after the counting starts, and the TAO outputs alternately even if the counting period is not specified. 

If that value of the TA0 register is greater than or equal to '0001H', a request signal is generate each time the TA 

underflows. 

 

Note: When accessing the TA0 register, the CPU does not enter the processing of the next instruction and is in the waiting 

state of the CPU processing. Therefore, when this wait occurs, the number of clocks executed by the instruction increases the 

number of clocks waiting. The number of read and write waiting clocks when accessing the TA0 register is 1 clock. 
  

                

 



BAT32G137 user manual | Chapter 7 Timer A 
  

 www.changitech.com  185 / 1033 Rev.2.05 

7.3.4 timer A control register 0 (TACR0). 

The TACR0 register is a register that controls the count and stop of register A and indicates the status of timer 

A. 

The TACR0 register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of the TACR0 register changes to '00H'. 

Figure 7-5 Timer A controls the format of register 0 (TACR0) 

Location: 40042240H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TACR0 

 
TUNDF Overflow flag for timer A 

0 No underflow occurred. 

1 Underflow occurred. 

[Condition for '0'] 

· When writing "0" to this bit through the program 

[Condition for "1"] 

· When the counter overflows 

 

TEDGF Determination Flag for Active Edges 

0 No valid edges. 

1 There are valid edges. 

[Condition for '0'] 

· When writing "0" to this bit through the program 

[Condition for "1"] 

· At the end of the external input (TAIO) effective width measurement in pulse width measurement mode 

· When you enter the set-up edge of an external input (TAIO) in pulse period measurement mode 

 

TSTOP Timer A count force stop note 1 

If you write "1" for this bit, force the count to stop. The read value is "0". 

 

TCSTF Counter Status Flag Note 2 for Timer A 

0 Stop counting. 

1 Counting. 

[Condition for '0'] 

· When writing "0" to the TSTART bit (synchronization with count source becomes "0") 

· When writing "1" to TSTOP bits 

[Condition for "1"] 

· When writing "1" to the TSTART bit (synced to "1") 

 

TSTART Timer A starts at 2. 

0 Stop counting. 

1 Start counting. 

Start counting by writing "1" to the TSTART bit; Stop counting by writing "0" to the TSTART bit. If the 

TSTART location "1" is counted, the TCSTF bit is synchronized with the count source to "1" (counting). In 

addition, after writing "0" to the TSTART bit, the TCSTF bit synchronizes with the count source to "0". For 

more information, refer to Start and Stop Controls for the 7.5.1 Count. 

Note: 1. If the TSTOP bit is written "1", the TSTART bit and the TCSTF bit are initialized simultaneously. 

2.  For considerations when using TSTART and TCSTF bits, refer to "Start and Stop Control of 7.5.1 Counts." 
 

 

 

0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART 
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7.3.5 Timer AI/O control register 0 (TAIOC0) 

The TAIOC0 register is a register that sets the input/output of the timer A. The TAIOC0 register is set by an 8-

bit memory operation instruction. 

After the reset signal is generated, the value of the TAIOC0 register changes to '00H'. 

Figure 7-6 Format of timer AI/O control register 0 (TAIOC0) 

Location: 40042241H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TAIOC0 

 
 

TIOGT1 TIOGT0 Count Control Notes 1, 2 for TAIO 

0 0 Events are always counted. 

0 1 Counts events during the polarity specified by INTP4. 

1 0 Events are counted during the polarity specified by the timer output signal. 

above Disable setting. 

 
TIPF1 TIPF0 Selection of TAIO Input Filter 

0 0 No filter. 

0 1 There is a filter, sampling through fCLK. 

1 0 There is a filter, sampling through fCLK/8. 

1 1 There is a filter, sampling through fCLK/32. 

These bits specify the sampling frequency of the TAIO input filter. Samples the input to the TAIO pin and 

determines the value as the input if the sample value is the same three times in a row. 

 
TOENA Allow for TAO output 

0 Disables TAO output (port). 

1 Allow TAO output. 

 
TEDGSEL Input/output polarity switching 

Functions vary depending on the mode in which they are run (see Tables 7-4 and 7-5). 

Note:1. Count polarity of events can be selected by RCCPSEL2 bits of the TAISR0 register when the INTP4 or timer output 

signal is used. 

The 2.TIOGT0 bit and TIOGT1 bit are only valid in event counter mode. 
  

TIOGT1 TIOGT0 TIPF1 TIPF0 0 TOENA 0 TEDGSEL 0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART 
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Table 7-4 Edge and Polarity Switching of TAIO Input/Output 
 

operation mode Features 

timer mode Not used (input/output ports). 

pulse output mode 
0: Output from "H" level (initial level: "H") 

1: Output from "L" level (initial level: "L") 

Event Counter Mode 
0: Count along the rising edge 

1: Count down the descent 

pulse width measurement 
mode 

0: Measuring "L" level width 

1: Measuring "H" level width 

pulse period measurement 
mode 

0: Measurements are made between the rising edge of the measurement pulse and the 
next rising edge 

1: The measurement is performed between the falling edge of the measurement pulse 
and the next falling edge 

 
Table 7-5 Polarity switching of TAO output 

 

operation mode Features 

All mode 
0: Output from "L" level (initial level: "L") 

1: Output from "H" level (initial level: "H") 
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7.3.6 timer A control register 0 (TAMR0). 

The TAMR0 register is a register that sets the run mode of register A. The TAMR0 register is set by an 8-bit 

memory operation instruction. 

After the reset signal is generated, the value of the TAMR0 register changes to '00H'. 

Figure 7-7 Timer A controls the format of register 0 (TAMR0) 

Location: 40042242H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TAMR0 
 

 

TCK2 TCK1 TCK0 Counter Source Selection Note 1, 2 for Timer A 

0 0 0 fCLK 

0 0 1 fCLK/8 

0 1 1 fCLK/2 

1 0 0 fIL 

1 0 1 Events entered by EVENTC 

1 1 0 fSUB 

Other than above Disable setting. 

 
TEDGPL TAIO Edge Polarity Selection Note 5 

0 single edge 

1 double edge 

 
TMOD2 TMOD1 TMOD0 Select Note 3 for Timer A Operation mode 

0 0 0 timer mode 

0 0 1 pulse output mode 

0 1 0 Event Counter Mode 

0 1 1 pulse width measurement mode 

1 0 0 pulse period measurement mode 

Other than above Disable setting. 

Note: 

1. If the event counter mode is selected, the external input (TAIO) is selected as the count source regardless of the 

setting of TCK0~TCK2 bits. 

2. Cannot switch count source during count. If you want to switch the count source, you must switch when both the 

TSTART and TCSTF bits of the TACR0 register are "0". 

3. The run mode can only be changed when stopping the count (both TSTART and TCSTF bits of the TACR0 

register are "0") and cannot be changed during the count. 

4. To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCK0 position 

"1" of the OSMC. Register. However, when fSUB is selected as the count source of the real-time clock or 12-bit 

interval timer, fIL cannot be selected as the count source of timer A. 

5. The TEDGPL bit is only valid in event counter mode. 

6. The outputs of the TAO pin and the TAIO pin of timer A are initialized by writing the TAMR0 register. Refer to 

the "Figure 7-6 Timer AI/O Control Register 0 (TAIOC0) Format" for initialization. 

  

0 TCK2 TCK1 TCK0 TEDGPL TMOD2 TMOD1 TMOD0 TIOGT1 TIOGT0 TIPF1 TIPF0 0 TOENA 0 TEDGSEL 0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART 
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7.3.7 Timer A Event Pin Selection Register 0 (TAISR0). 

The TAISR0 register is a register that selects a timer that controls the period of the event count in the event 

counter mode and sets the polarity. The TAISR0 register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of the TAISR0 register changes to '00H'. 

 
Figure 7-8 Timer A Event Pin Selection Register 0 (TAISR0) Format 

Location: 40042243H After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TAISR0 
 

 

RCCPSEL2 

Note 
The Choice of Output Signal of Timer and Polarity of INTP4 

0 Event are counted during that" L" level. 

1 Event are counted during that" H" level. 

 
RCCPSEL1 

Note 
RCCPSEL0 

Note 
Selection of Output Signal of Timer 

0 0 TMIOD1 

0 1 TMIOC1 

1 0 TO02 

1 1 TO03 

Note: RCCPSEL0~RCCPSEL2 bits are only valid in the event counter mode. 
  

0 0 0 0 0 RCCPSEL2 

Note 

RCCPSEL1 

Note 
RCCPSEL0 

Note 
TEDGPL TMOD2 TMOD1 TMOD0 TIOGT1 TIOGT0 TIPF1 TIPF0 0 TOENA 0 TEDGSEL 0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART 
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7.3.8 Port Mode Register x (PMx) 

This is a register that sets the port input/output. 

When the multiplexed ports (TAIO, TAO, etc.) of the timer output pin are used as the output of the timer, the 

corresponding bits of the port mode register (PMxx) and port register (Pxx) must "0". 

(Example) If P01 is used as the timer output TAIO, the PM01 position "0" of port mode register 0. Position P01 

for port register 0 "0. 

To use the multiplexed ports of the timer input pins (P01/TAIO, etc.) as input to the timer, the locations of the 

port mode registers (PMxx) corresponding to each port must The bit of the port register (Pxx) can be "0" or "1". 

(Example) If P01 is used as timer input TAIO, the PM01 position "1" of port mode register 0. Position P01 of 

port register 0 "0" or "1. 

The PMxx register is set by an 8-bit memory operation instruction. After the reset signal is generated, the 

values of these registers become "FFH". 

For port mode register formats, refer to "Table 2-2 Product Assigned PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx 

registers and their bits." 
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7.4 Operation of timer A 

7.4.1 Reload register and counter override 

Regardless of the run mode, the rewriting timing of the reload register and counter varies with the value of the 

TSTART bit of the TACR0 register. When the TSTART bit is "0" (stop counting), the direct write reload register and 

counter; When the TSTART bit is '1' (Start Count), the write counter is synchronized with the next count source after 

the write reload register is synchronized with the count source. 

The rewriting sequence diagram, determined by the value of the TSTART bit, is shown in Figure 7-9. 

Figure 7-9 Rewriting Time Series Figure  Determined by the Value of the TSTART Bit 

Counter of TIMER A

reload register

load signal of 

counter

load clock of 

counter

load clock of reload 

register

load signal of reload 

register 

TA0 register 

TSTART bit of 

TACR0 register 

counting source

read/write clock of 

register

write "5678H" to TA0 register via program 

write "1" to TSTART bit of TACR0 register via program 

write "1234H" to TA0 register via program 
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7.4.2 timer mode 

This is the mode of decreasing count by the TCK0~TCK2 bit selection of the TAMR0 register. In timer mode, 

count value is reduced by 1 whenever a count source is entered, and underflow occurs and an interrupt request is 

generated. An example of the timer mode operation is shown in Figure 7-10. 

Figure 7-1 0 Running example of timer mode 

INTTMA interrupt 

flag bit

TUNDF bit of 

TACR0 register 

Counter of TIMER A

counting source

reload register

reload counter

underflow 

occurs

accept interrupt 

request

set "0" via program

old value(0300H) New value(1010H)
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7.4.3 pulse output mode 

In this mode, the output level of the TAIO pin and the TAO pin is inverted every time the underflow occurs by the 

counting source selected by the TAMR0 register TCK0~TCK2 bit. 

In the pulse output mode, the count value is reduced by 1 each time the count source is input, and if the count 

value becomes '0000H', underflow occurs and interrupt request occurs. 

Pulses can be output from the TAIO pin and the TAO pin, and the output level is inverted each time an underflow 

occurs. The TAO pin pulse output can be stopped by the TOENA bit of the TAIOC0 register. 

In addition, the output level can be selected through the TEDGSEL bit of the TAIOC0 register. An example of 

operation of the pulse output mode is shown in Figure 7-11. 

 

Figure 7-11 Running example of pulse output mode 

TSTART bit of 

TACR0 register 

TA0  register 

Counter of TIMER A

TEDGSEL bit of TAIOC0 

register 

corresponding bit of port mode 

register (PMxx) used for TAIO 

functional multiplexing.

TUNDF bit of TACR0 register 

TAO pin output

TAIO pin output

INTTMA interrupt flag bit

write "0004H" to TA 

register via program

write "0002H" to TA 

register via program

write "1" to TSTART bit of TACR0 

register via program 

write "1" into corresponding bit of 

port mode register (PMxx) used for 

TAIO functional multiplexing.

NOTE 1: configure to high impedance state via port output enable control of the selected TAIO function.

counting source

reload register

accept interrupt request

high impedance state
 (NOTE 1)

set "0" via program
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7.4.4 Event Counter Mode 

This is the pattern of decreasing counts by the external event signal (count source) entered through the TAIO 

pin. 

Various settings during event counting can be performed through the TIOGT0~TIOGT1 bit and TAISR0 register 

of TAIOC0 register, and filter function of TAIO input can be specified through TIPF0~TIPF1 bit of TAIOC0 register. 

The TAO pin can be alternately output even in event counter mode. To use event counter mode, refer to the 

"Set-up steps for 7.5.5 TAO and TAIO pins". An example of the Event Counter mode running 1 is shown in Figure 7-

12. 

Figure 7-12 Running example of event counter mode 

TAIO  pin event 

input

Counter of TIMER A

INTTMA interrupt 

flag bit

TUNDF bit of 

TACR0 register 

TMOD2~TMOD0 bit 

of TAMR0 register

TSTART bit of 

TACR0 register 

control bit of 

TAIOC0 register

accept interrupt request

set "0" via program

event input endsstart event input

configure intial value of counter

counting Events at rising edge 

enter into event counter mode

 

An example of running a specified time count in event counter mode (TlOGT1 and TlOGT0 bits of the TAIOC0 

register are "01B" or "10B"). 
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Figure 7-13 Running example of event counter mode 

TAIO pin event input

Counter of TIMER A

TSTART bit of 

TACR0 register 

The below precaution note only is relevant to the event counting mode configuration while TIOGT1 and TIOGT0 bit of 

TAIOC0 register is configured as "01B" or "10B".

NOTE1. To have synchronization control, 2 cycles of counting source clock delay can be reflected before counting 

execution starts.

    2. the 2 counting source clock can start counting based on the state of previous counting stop, initialization shall be 

done towards internal circuit and start counting after operational configuration. In order to invalid the change of 2 countin g 

source clock after counting starts, TSTOP bit of TACR0 register shall be set to '1'.

   3.To timer output singal selected by RCCPSEL1 and RCCPSEL0 bit of TAISR0 register, the pins which are allocated to 

the timer output pin can not be used as other multiplex function output. 

INTP4 or Timer 

output Singal. 
NOTE3

.

Ɍ example of timing sequence to configure operational mode to following scenario.

    TAMR0 register: TMOD2, 1, 0=010B (Event counter mode)

    TAIOC0 register: TIOGT1,0=01B(event count during external interrupt pin defined period) 

                 TIPF1, 0=00B (no filter)

                 TEDGSEL=0 (counting at rising edge)

    TAISR0 register: RCCPSEL2=1(counting during H period)

start event input

configure intial value of counter

Note2

Note1
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7.4.5 pulse width measurement mode 

This is the mode in which the external signal pulse width of the TAIO pin input is measured. 

In pulse width measurement mode, if a level specified by the TEDGSEL bit of the TAIOC0 register is input to the 

TAIO pin, counting is started by the selected count source. If the specified level of the TAIO pin input ends, the 

counter stops counting, the TEDGF bit of the TACR0 register becomes "1" with a valid edge and generates an interrupt 

request. Pulse width data is measured by reading the count value when the counter stops counting. If the counter 

underflows during measurement, the TUNDF bit of the TACR0 register becomes "1" (underflows occur) and generates 

an interrupt request. 

An example of the pulse width measurement mode is shown in Figure 7-14. 

When accessing TEDGF and TUNDF bits of the TACR0 register, refer to "Access of the 7.5.2 flag (TEDGF and 

TUNDF bits of the TACR0 register). 

Figure 7-14 Running example of pulse measurement mode 

measure pulse 
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INTTMA interrupt 

flag bit

TUNDF bit of 

TACR0 register 

TSTART bit of 
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TEDGF bit of 
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This is the case where the measurement is performed on the "H" level of the 

measurement pulse (TEDGSEL=1 in the TAIOC0 register).
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set "1" via program
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stop measuring

underflow occurs
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Time0000H

FFFFH

n

accept interrupt request
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7.4.6 pulse period measurement mode 

This is the mode in which the pulse period of the external signal of the TAIO pin input is measured. 

The counter performs decrement counting by the counter source selected by the TCK0~TCK2 bit of the TAMR0 

register. If the TAIO pin is inputted with a pulse of the TEDGSEL bit of the TAIOC0 register, the count value is 

transmitted to the read buffer at the rising edge of the counter source. At this time, the TA0 register (read buffer) is 

read, and the difference between the read value and the reloaded value is the periodic data of the input pulse. Cycle 

data is held until the read buffer. If the counter underflows, the TUNDF bit of the TACR0 register becomes "1" 

(underflows occur) and generates an interrupt request. An example of operation of the pulse period measurement 

mode is shown in Figure 7-15. 

Pulses greater than 2 times the count source period must be entered, and the 'L' and 'H' levels entered must be 

greater than pulses of count source period. If the input pulse period and width do not meet these conditions, the input 

pulse may be ignored. 

 

Figure 7-15   Running example of pulse period measurement mode 

TUNDF bit of TACR0 

register 

TEDGF bit of TACR0 

register 

INTTMA interrupt flag bit

TSTART bit of 

TACR0 register 

Counter of TIMER A

This is the  scenario done while TA0 register initial value as "0300H" and TEDGSEL bit of TAIOC0 register set to 0 and measur ement done before 

pulse arises.

Note1.reading TA0 register must be done from the moment TEDGF bit changes to 1 till next valid edge input. Content of the read buffer will be 

preserved till reading TA0 regsiter, thus, if the TA0 register is not read before the input valid edge, it will remain the measurement result of previous 

cycle.

    2.if reading TA0 register in pulse period measurement mode, the read value is the content of read buffer.

    3.TEDGF bit of the TACR0 register will change to 1 (valid edge), if specified edge of external pulse input occurs after the input mesurement 

pulse valid edge.

    4. TEDGF bit of the TACR0 register must be set to 0 via 8 bit operation instruction if program wants to set it to 0.

    5. TUNDF bit of the TACR0 register must be set to 0 via 8 bit operation instruction if program wants to set it to 0.

read content of  buffer

measure pulse input

read signal of the 

counter

read data

accept interrupt request

set "0" via program

(Note5)

set "0" via program

(Note4)

read counter value 
(NOTE1)

counting source

reload counter

(Note2) (Note2)

(Note3) (Note3)

 
  



BAT32G137 user manual | Chapter 7 Timer A 
  

 www.changitech.com  198 / 1033 Rev.2.05 

7.4.7 Collaboration with EVENTC 

The ability to set events entered by EVENTC as count sources by working with EVENTC. 

The TCK0~TCK2 bits of the TAMR0 register are counted at the rising edge of the ELC input. However, 

EVENTC input does not work in event counter mode. 

The EVENTC set-up steps are as follows. 

·  Steps to Start Running 

(1) Set the event output target selection register (ELSELRn) of EVENTC. 

(2) Set the running mode of event source. 

(3) Setting the mode of timer A. 

(4) Start the count of timer A. 

(5) Start the source of event occurrence. 

·  To stop running 

(1) Stopping the source of event occurrence. 

(2) Stopping the count of timer A. 

(3) Set the EVENTC event output target selection register (ELSELRn) to "0" 

 

 

7.4.8 Output settings for each mode 

The status of the TAO and TAIO pins in each mode is shown in Tables 7-6 and 7-7. 

 
Table 7-6 TAO Pin Settings 

 

 

operation mode 
TAIOC0 register  

TAO Pin Output 
TOENA bit TEDGSEL bit 

All mode 
1 

1 invert output 

0 forward output 

0 0 or 1 Suppress Output 

 
 

Table 7-7 TAIO Pin Settings 
 

operation mode 
TAIOC0 register 

Input/Output of TAIO Pin PMXX Bitmap TEDGSEL bit 

timer mode 0 or 1 0 or 1 Input (not used) 

pulse output mode 

1 0 or 1 Suppress Output (Hi-Z 
Output) 

0 
1 forward output 

0 invert output 

Event Counter Mode 

1 0 or 1 Enter 
pulse width measurement 
mode 
pulse period measurement 
mode 

Note This is the bit of the port mode register (PMxx) corresponding to the TAIO functional multiplexing port. 
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7.5 Precautions when using timer A 

7.5.1 Start and stop control of count 

·  Event Count Mode or Setting Count Source to Non-EVENTC 

If the TACR0 register's TSTART bit is written "1" during count stop, the TACR0 register's TCSTF bit is "0" during 3 

counts. In addition to the TCSTF bit, the relevant register entry for timer A cannot be accessed before the TCSTF 

bit becomes "1"note. 

If you write "0" to the TSTART bit during the count (stop counting), the TCSTF bit is "1" in 3 count source cycles. Stop 

counting when the TCSTF bit becomes '0'. In addition to the TCSTF bit, the associated register entry for timer A cannot 

be accessed before the TCSTF bit becomes "0". Interrupt register must be cleared before changing TSTART bit from 

'0' to '1'. Refer to "Chapter 25 Interrupt Features" for more information. 

 

Note Related registers for timer A: TA0, TACR0, TAIOC0, TAMR0,TAISR0 

 

·  Event Count Mode or Case with Count Source set to EVENTC 

If the TSTART bit of the TACR0 register is written "1" during count stop, the TCSTF bit of the TACR0 register is "0" 

during 2 CPU clock cycles. In addition to the TCSTF bit, the relevant register entry for timer A cannot be accessed 

before the TCSTF bit becomes "1" note. 

If you write "0" to the TSTART bit during the count (stop counting), the TCSTF bit is "1" for 2 CPU clock cycles. 

Stop counting when the TCSTF bit becomes '0'. In addition to the TCSTF bit, the associated register entry for timer 

A cannot be accessed before the TCSTF bit becomes "0" note. 

Interrupt register must be cleared before changing TSTART bit from '0' to '1'. Refer to "Chapter 25 Interrupt Features" 

for more information. 

 

Note Related registers for timer A: TA0, TACR0, TAIOC0, TAMR0,TAISR0 

 

 

7.5.2 Access to flags (TEDGF and TUNDF bits of the TACR0 register) 

If you write "0" to the TEDGF and TUNDF bits of the TACR0 register through the program, these bits become "0". 

However, the value of "1" does not change. If a read-modify-write instruction is used for TACR0 registers, the 

TEDGF bit and TUNDF position "0" may be mistimed during instruction execution. The TACR0 register must be 

accessed through the 8-bit memory operation instruction. 

 
 

7.5.3 Access to a counter register 

When writing the TACR0 0 register continuously with TSTART bits and TCSTF bits of the register being "1", at least 

3 count source clock cycles must be separated. 
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7.5.4 Changes in Patterns 

The Run Mode Correlation register (TAIOC0, TAMR0, TAISR0) for timer A can only be changed when the TACR0 

register has TSTART and TCSTF. 

When changing the run mode dependent register of timer A, the values of the TEDGF bit and the TUNDF bit are 

indefinite. Count must start after writing "0" to the TEDGF bit (no valid edge) and "0" to the TUNDF bit. 
 

 

7.5.5 Set-up steps for TAO and TAIO pins 

After reset, the TAO and TAIO pins are the input ports for multiplexing I/O. To output from the TAO and TAIO 

pins, you must follow the steps below. 

Change Step 

(1) Setting mode. 

(2) Set the initial value to allow output. 

(3) Position "0" of the port register corresponding to the TAO pin and TAIO pin. 

(4) Set the bit of the port mode register corresponding to the TAO pin and the TAIO pin to the output mode. 

(Export from TAO and TAIO pins) 

(5) Start counting (TSTART=1 of TACR0 register). 

 

To enter from the TAIO pin, you must follow these steps to set it up. 

(1) Setting mode. 

(2) Set the initial value and select the edge. 

(3) Set the bit of the port mode register corresponding to the TAIO pin to the input mode. 

(Starting with the TAIO pin) 

(4) Start counting (TSTART=1 of TAMR0 register). 

(5) Wait until the TCSTF bit to the TACR0 register becomes "1" (counting). 

(event counter mode only) 

(6) Enter an external event from the TAIO pin. 

(7) The invalid treatment of the measured value must be performed at the end of the first measurement (the 

second and subsequent measurements are valid). 

(Pulse width measurement mode and pulse period measurement mode only) 

 

7.5.6 When timer A not used 

When timer A is not used, the TMOD2~TMOD0 position of the TAMR0 register must be "000B" and the 

The TOENA location of the TAIOC0 register is "0" (TAO output is disabled). 

 

7.5.7 Stopping execution clock of timer A 

It is possible to control the supply or stop of the clock of the timer A through the TMAEN bit of the PER1 

register. However, the following SFRs cannot be accessed when the clock of timer A stops, but must be accessed 

in the state providing the timer A clock. 

TA0 register, TACR0 register, TAMR0 register, TAIOC0 register, and TAISR0 register 
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7.5.8 Configuration steps for deep sleep mode (event counter mode) 

To make the event counter mode run in deep sleep mode, you must follow the steps below to transfer to deep 

sleep mode after providing the clock of timer A. 

Configuration Steps 

(1) Set the running mode. 

(2) Start counting (TSTART=1, TCSTF=1). (3) Stopping providing the clock of timer A. 

 

To stop the event counter mode in deep sleep mode, you must follow these steps to run the stop process. 

(1) Providing a clock of timer A. 

(2) Stop Count (TSTART=0, TCSTF=0) 
 

 

7.5.9 Functional limitations in deep sleep mode (event counter mode only) 

You cannot use the digital filter feature to make event counter mode run in deep sleep mode. 

 

7.5.10 Forced count stop with TSTOP bit 

SFRs below 1 count source cycle memory after the counter is forcibly stopped by the TSTOP bit of the TACR0 

register. TA0 register, TACR0 register, and TAMR0 register 

 

7.5.11 digital filter 

When a digital filter is used, the timer cannot be started within 5 digital filter clock cycles after setting the TIPF1 

bit and TIPF0 bit of TAIOC register. 

In addition, in the state of using digital filter, the timer can not start in 5 digital filter clock cycle even if changing 

TAIOC register TEDGSEL bit. 

 

7.5.12 The Case of Selecting fIL as Count Source 

To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCK0 position 

"1" of the OSMC (). However, when fSUB is selected as the real-time clock or the count source of the 15-bit interval 

timer, it cannot be selected. 
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Chapter 8 Timer B 

8.1 Function of timer B 

Timer B has the following three modes: 

 ̧ Timer mode: 

- Input capture: Counts are made along the rising edge, the falling edge, or the double edges of   the 

rising edge/falling edge. 

- output comparison function: 'L' level output,'H' level output, or alternate output 

 ̧ PWM mode: PWM output with arbitrary duty cycle can be performed. 

 ̧ Phase count mode: It can automatically measure the count value of 2 phase encoder. 
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8.2 Structure of timer B 

The block diagram and the pin structure of the timer B are shown in Figure 8-1 and Table 8-1 respectively. 

 
Figure 8-1:  Block diagram of timer B 
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Table 8-1 Pin structure of timer B 
 

name of the feet Port name for 
multiplexing Input/Output Features 

TBCLK0 P00 Enter 

· Phase count mode 
Phase A input 

· Input of external 
clock 0 in non-
phase count 
mode 

TBCLK1 P01 Enter 

· Phase count mode 
phase B input 

· Input of external 
clock 1 in non-
phase count 
mode 

TBIO0 P50 Input/Output 

· Timer mode (output comparison 
function) 

Output of TBGRA output 
comparison 

· Timer mode (input capture 
function) 

TBGRA Input Captured Input 

Å PWM mode 
PWM output 

TBIO1 P51 Input/Output 

· Timer mode (output comparison 
function) 

Output of TBGRB output 
comparison 

· Timer mode (input capture 
function) 

TBGRB Input Captured Input 
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8.3 Register for control timer B 

The register for controlling timer B is shown in Table 8-2. 

 
Table 8-2 Register for control timer B 

 

register name symbol 

Peripheral Enable Register 1 PER1 

timer B mode register TBMR. 

timer B count control register TBCNTC 

timer b control register TBCR 

timer b interrupt enable register TBIER 

timer B status register TBSR 

timer BI/O control register TBIOR 

timer B counter TB 

timer b general register a TBGRA 

timer b general register b TBGRB 

timer b general register c TBGRC 

timer b general register d TBGRD 

port register Pxx 

port mode register PMxx 
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8.3.1 Peripheral Enable Register 1 (PER1) 

The PER1 register is a register that sets a clock that is allowed or prohibited to supply to each peripheral hardware. 

Reduce power consumption and noise by stopping clock supply to unused hardware. 

When you want to use timer B, you must set bit6(TMBEN) to '1'. 

The PER1 register is set by an 8-bit memory operation instruction. 

After the reset signal is generated, the value of this register changes to "00H". 

 
Figure 8-2 Format of Peripheral Admission Register 1(PER1) 

 

Address: 0x4002081A After reset: 00H R/W 

symbol 

PER1 

 
 

TMBEN Control of input clock of timer B is provided 

0 
Stop provide an input clock. 

· SFR used by timer B cannot be written. 

· Timer B is in the reset state. 

1 
Provides an input clock. 

· Read and write the SFR used by timer B. 

 

Note: To set timer B, you must first set the TMBEN location "1". When the TMBEN bit is "0", the write operation of the control 

register of timer B is ignored, and the read values are all initial (except port mode register (PMxx) and port register (Pxx). 
  

 7  6  5  4  3 2

 
2   1  0  

DACEN TMBEN PGACMPEN TMMEN DMAEN PWMPEN TMCEN Note 2 TMAEN 

 



BAT32G137 user manual | Chapter 8 Timer B 
  

 www.changitech.com  206 / 1033 Rev.2.05 

7 6 5 4 3 2 1 0 

    TBDFB TBDFA TBMDF TBPWM 

8.3.2 timer B mode register (TBMR) 

Figure 8-3    Format of timer B mode register (TBMR) 

 
Address: 40042650H After reset: 00H R/W 

symbol 

TBMR. 

 
 

TBSTART Start of TB Count 

0 The count is stopped and the PWM output signal (TBIO0 pin) is initialized (PWM mode). 

1 Start counting. 

 
TBELCICE EVENTC Enter the selection note for capture request Note1,2 

0 The external input signal 1/digital filter passes the signal 1. 

1 Select the event entered by EVENTC (Enter Capture). 

 
TBDFCK1 TBDFCK0 Selection of clocks for digital filter functions Note 1 

0 0 fCLK/32 

0 1 fCLK/8 

1 0 fCLK 

1 1 Clock for TBTCK0~TBTCK2 bit selection of TBCR register 

 
TBDFB The Choice of Digital Filter Function of TBIO1 Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection.  
TBDFA The Choice of Digital Filter Function of TBIO0 Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection.  
TBMDF Selection of Phase Counting Mode 

0 incremental count 

1 phase counting mode 

When the TBMDF bit is "0", the counter counts the counting source set by the TBTCK0~TBTCK2 bit of the 

TBCR register. When the TBMDF bit is "1", the counter counts the phase of the TBCLKj pin (j=0, 1) shown 

in Table 8-15 TB Register Addition and Subtraction Conditions. 

 
TBPWM Selection of PWM Mode 

0 timer mode 

1 PWM mode 

Note: 1. You cannot set this bit when the TBSTART bit is "0". 

2. To make the EVENTC-entered event (input capture) valid, the TBIO12 position "1" of the TBIOR register and the 

TBIO11 position "00B". 
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7 6 5 4 3 2 1 0 

CNTEN7 CNTEN6 CNTEN5 CNTEN4 CNTEN3 CNTEN2 CNTEN1 CNTEN0 

8.3.3 Timer B count control register (TBCNTC) 

A TBCNTC register is used in the phase count mode to set the count condition of the phase count mode. 

 

Figure 8-4 Format of timer B count control register (TBCNTC) 

Location: 40042651H. After reset: 00H R/W 

symbol 

TBCNTC 

 

CNTEN7 Allowed for Count 7 

0 invalid 

1 
incremental count 

The TBCLK0 input is an 'L' level and at the rising edge of the TBCLK1 input 

 

CNTEN6 Allowed 6 for Count 

0 invalid 

1 
incremental count 

TBCLK1 input is an 'H' level and at the rising edge of the TBCLK0 input 

 

CNTEN5 Allowed 5 for Count 

0 invalid 

1 
incremental count 

The TBCLK0 input is an 'H' level and at the descent edge of the TBCLK1 input 

 

CNTEN4 Allowed 4 for Count 

0 invalid 

1 
incremental count 

The TBCLK1 input is an 'L' level and at the descent edge of the TBCLK0 input 

 

CNTEN3 Allowed 3 for Count 

0 invalid 

1 
decremental count 

The TBCLK1 input is an 'H' level and at the descent edge of the TBCLK0 input 

 

CNTEN2 Allowed 2 for count 

0 invalid 

1 
decremental count 

The TBCLK0 input is an 'L' level and at the descent edge of the TBCLK1 input 

 

CNTEN1 Allowed 1 for count 

0 invalid 

1 
decremental count 

The TBCLK1 input is an 'L' level and is used when the TBCLK0 input is rising 

 

CNTEN0 Allowed 0 for count 

0 invalid 

1 
decremental count 

The TBCLK0 input is an 'H' level and when the TBCLK1 input is rising 
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6 5 4 3 2 1 0 

0     TBTCK2 TBTCK1 TBTCK0 

8.3.4 Timer B Control Register (TBCR) 

The TBMR register must be written with the TBSTART bit of the TBCR register in the state of '0'. 
Figure 8-5 Timer B Control Register (TBCR) Format 

 

Location: 40042652H After reset: 00H R/W 

symbol      

TBCR 

 
 

TBCCLR1 TBCCLR0 Purging source selection for TB registers 

0 0 Do not clear. 

0 1 Clears when an input capture or comparison match for TBGRA. 

1 0 Clears when an input capture or comparison match for TBGRB. 

Oher than above Disable setting. 

 
TBCKEG1 TBCKEG0 Effective edge selection for external clock Notes 1, 2 

0 0 Count along the rising edge. 

0 1 Count along the descent. 

1 0 Count along the double edges of the rising/falling edges. 

Oher than above Disable setting. 

 
TBTCK2 TBTCK1 TBTCK0 Count Source Selection Note 1 

0 0 0 fCLK 

0 0 1 fCLK/2 

0 1 0 fCLK/4 

0 1 1 fCLK/8 

1 0 0 fCLK/32 

1 0 1 Input for TBCLK0 

1 1 1 Input for TBCLK1 

Oher than above Disable setting. 

Note:1. In phase count mode, the settings of TBTCK0~TBTCK2 bits, TBCKEG0 bits and TBCKEG1 bits are invalid, so the 

operation of the preferential phase count mode is invalid. 

The 2.TBCKEG0 bit and TBCKEG1 bit are valid when the TBTCK0~TBTCK2 bit is set to an external clock (TBCLK0, 

TBCLK1), otherwise they are invalid. 
  

7 
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6 5 4 3 2 1 0 

0     TBUDIE TBIMIEB TBIMIEA 

8.3.5 Timer B interrupt enable register (TBIER) 

Figure 8-6 Timer B interrupts the format of the allow register (TBIER) 
 

Location: 400426 53H. After reset: 00H R/W 

symbol 

TBIER 

 
 

TBOVIE Permission for overflow interrupts 

0 Interrupts due to TBOVF bits are prohibited. 

1 The interrupt due to the TBOVF bit is valid. 

 
TBUDIE Permission for overflow interrupts 

0 Interrupts due to TBUDF bits are prohibited. 

1 The interrupt due to the TBUDF bit is valid. 

 
TBIMIEB Input capture/compare matching interrupt allowed B 

0 Interrupts due to TBIMFB bits are prohibited. 

1 The interrupt due to the TBIMFB bit is valid. 

 
TBIMIEA Enter Snap/compare matching interrupt allowed A 

0 Interrupts due to TBIMFA bits are prohibited. 

1 The interrupt due to the TBIMFA bit is valid. 

Notes: Bit of TBIMFA, TBIMFB, TBUDF, TBOVF:TBSR register 
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6 5 4 3 2 1 0 

0   TBDIRF TBOVF TBUDF TBIMFB TBIMFA 

7 

8.3.6 Timer B Status Register (TBSR) 

Figure 8-7 Format of timer B status register (TBSR) 
 

Address: 40042654H After reset: 00H R/W 

symbol 

TBSR 
 

 

TBDIRF Count Direction Flag 

0 The TB register performs decrement counting. 

1 The TB register performs incremental count. 

 
TBOVF Overflow Flag Note 1 

[Condition for '0']Read and write "0" Note 2. [Condition for "1"] 

Refer to Table 8-3 Conditions marked "1". 

 
TBUDF overflow mark 

[Condition for '0']Read and write "0" Note 2. [Condition for "1"] 

Refer to Table 8-3 Conditions marked "1". 

 
TBIMFB Enter capture/compare match flag B 

[Condition for '0']Read and write "0"Notes 2, 3. [Condition for "1"] 

Refer to Table 8-3 Conditions marked "1". 

 
TBIMFA Enter capture/compare match flag A 

[Condition for '0']Read and write "0"Notes 2, 3. [Condition for "1"] 

Refer to Table 8-3 Conditions marked "1". 

Note: 

1. The TBOVF bit changes to '1' when the counter value of timer B changes from 'FFFFH' to '0000H. In addition, the 

TBCCLR0 bit and the TBCCLR1 bit of the TBCR register change the count value of timer B from FFFFH to 0000H. 

2. The results are as follows: 

· This bit does not change when writing "1". 

· If the read value is "0", even if the same bit is written "0" (from "0" to "1").  

· If the read value is "1", the bit becomes "0" if the same bit is given "0". 

 

However, if the interrupt is set to 0 by timer B interrupt enable register TBIER, it must be set 0. 
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a) The object status flag must be written "0" after setting timer B interrupt permit register (TBIER) to "00H". 

b) When timer B interrupt enable register (TBIER) has bit of ' 1 ' and interrupt source status flag of '0 ' allowed by this bit. 

(Example) Cleaning TBIMFB in a state where TBIMIEA and TBOVIE are interrupts allowed and TBIMIEB is interrupts 

prohibited 

Å Timer B interrupts the state of the Permit Register (TBIER) 

 

 

TBIER 
 

 

Å Status of timer B status register (TBSR) 
 

 

TBSR 

 

The status flag corresponding to the bit that allowed the interrupt (TBOVF, 

TBIMFA) is "0", so you must write "0" to TBIMFB. 

 

c) When timer B interrupt enable register (TBIER) has bit of ' 1' allowed and interrupt source state flag of '1' allowed by 

this bit, must write '0'. 

(Example) When TBIMIEA is Interrupt Allowed and TBIMIEB is Interrupt Disabled to clear TBIMFB 

Å Timer B interrupts the state of the Permit Register (TBIER) 

 

 

TBIER 
 

 

Å Status of timer B status register (TBSR) 
 

 

TBSR 

 

The status flag (TBIMFA) corresponding to the bit that allowed the interrupt is the 

"1", so you must write "0" to both TBIMFA and TBIMFB. 

2. When using DMA, the TBIMFA bit and the TBIMFB bit become "1" after the end of DMA transfer. 

Table 8-3 Conditions for each mark to be "1" 
 

bit symbol 
Timer Mode Note 1 

PWM mode 
Input capture output comparison function 

TBOVF When TB overflows 

TBUDF When TB underflows (phase count mode only) 

TBIMFB Input Edge for TBIO1 Pin Note 2 When TB and TBGRB have the same value 

TBIMFA Input Edge for TBIO0 Pin Note 2 When TB and TBGRA have the same value 

Note: 1. The phase count mode is a counting method of a timer B counter register, which can use the timer mode and PWM 

mode. 

2. This is the edge selected by the TBIOj0 bit and TBIOj1 bit (j=0,1) of the TBIOR register. 
  

Disallow interrupt 

Bit to clear request 

Disallow 
interrupt  

Bit to clear 

request  

 Allow 

Interrupts 
 ð ð ð ð TBOVIE TBUDIE TBIMIEB TBIMIEA  

0 0 0 0 1 0 0 1  

 

ð ð ð TBDIRF TBOVF TBUDF TBIMFB TBIMFA 
0 0 0 0 0 1 1 0 

 

 Allow 
Interrupts  

 ð ð ð ð TBOVIE TBUDIE TBIMIEB TBIMIEA  
0 0 0 0 0 0 0 1  

 

ð ð ð TBDIRF TBOVF TBUDF TBIMFB TBIMFA 
0 0 0 0 0 1 1 1 
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8.3.7 Timer BI/O control register (TBIOR) 

Figure 8-8 The format of the timer BI/O control register (TBIOR) 
 

Address: 00H R/W after 40042655H reset 

After reset: 00H R 

R/W 

 

 7 6 5 4 3 2 1 0 

TBIOR TBBUFB TBIOB2 TBIOB1 TBIOB0 TBBUFA TBIOA2 TBIOA1 TBIOA0 

 

TBBUFB Selection of TBGRD Register Function 

0 Buffer register not used as TBGRB register. 

1 Buffer register used as TBGRB register. 

 

TBIOB2 Select TBGRB Mode Notes 1, 2 

0 output comparison function 

1 Input capture function 

 

TBIOB1 TBIOB0 TBGRB control 

0 0 Prevents comparing matching pin outputs. 

0 1 Output "L" level. 

1 0 Output "H" level. 

1 1 Alternate output. 

The output comparison function is used to compare the output of the TB register and the TBGRB register. 

 

TBIOB1 TBIOB0 TBGRB control 

0 0 TBIO1's rising edge 

0 1 TBIO1's descent edge 

1 0 TBIO1's Double Frontier 

Other than above Disable setting. 

Capture the contents of the TB register to the TBGRB with input capture. 

 

TBBUFA Selection of TBGRC Register Function 

0 Buffer register not used as TBGRA register. 

1 Buffer register used as TBGRA register. 

 

TBIOA2 Select TBGRA Mode Notes 1, 2 

0 output comparison function 

1 Input capture function 
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TBIOA1 TBIOA0 TBGRA control 

0 0 Prevents comparing matching pin outputs. 

0 1 Output "L" level. 

1 0 Output "H" level. 

1 1 Alternate output. 

The output comparison function is used to compare the output of the TB register and the TBGRA register. 

 

TBIOA1 TBIOA0 TBGRA control 

0 0 TBIO0's rising edge 

0 1 TBIO0's descent edge 

1 0 TBIO0's Double Frontier 

Othan than 
above Disable setting. 

Capture the contents of the TB register to the TBGRA with input capture. 

Note: 

1. The TBIOj2 register is used as an input capture register when the TBGRj bits (j=A, B) are "1". 

2. The TBGRj register is used as a comparison matching register when the TBIOj2 bits (j=A, B) are "0". The TBIOj0 bit 

and the TBIOj1 bit are set after reset and the following levels are output from the TBIOj pin before the first 

comparison match occurs: 

When TBIOj1, TBIOj0=01B, the "H" level is output. 

When TBIOj1, TBIOj0=10B, the "L" level is output. 

When TBIOj1, TBIOj0=11B, the "L" level is output. 

 

The TBIOR register controls the pin of the input/output in the timer mode. Invalid in PWM mode. The TBIOR 

register must be set under the state of stopping the count (TBSTART=0 of the TBMR register). 
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8.3.8 Timer B Counter (TB) 

The TB register is connected to the CPU by a 16-bit internal bus, so it must be accessed in 16-bit units. The TB 

register may be capable of incremental count, free run, periodic count, or external event count. The TB register can 

be cleared "0000H" by comparing and matching with the corresponding TBGRA register and TBGRB register or 

capturing the TBGRA register and TBGRB register. 

When the TB register overflows ('FFFFH '0000H'), the TBOVF bit of the TBSR register becomes '1' When the 

TB register underflows ('0000H 'FFFFH'), the TBUDF bit of the TBSR register becomes '1' 

Figure 8-9 Format of timer B counter (TB) 
 

Location: 40042656H After reset: 0000H R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TB 

 
 

ð Features Set Scope 

bit15~0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Increase/decrease counts are performed in phase count mode and 
increase counts are performed in other modes. 

0000H~FFFFH 
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8.3.9 timer b general register a, b, c, d 

(TBGRA, TBGRB, TBGRC, TBGRD) 

The TBGRA register and the TBGRB register are 16-bit readable and writable registers, which have the functions 

of output comparison register and input capture register. Function conversion is performed through the TBIOR 

register. 

When used as the output comparison register, the values of the TBGRA register and the TBGRB register are 

always compared to the values of the TB register. If the values are the same (comparison match), the TBIMFA bit or 

TBIMFB bit of the TBSR register becomes "1". The output can be compared through the TBIOR register setting. 

When used as an input capture register, the value of the TB register is saved after detecting an external input 

capture signal. At this point, the TBSR register's 

The TBIMFA bit or TBIMFB bit becomes'1'. The detection edge of the input capture signal is selected through 

the TBIOR register. 

TBGRC register and TBGRD register can also be used as buffer register of TBGRA register and TBGRB register 

respectively, and can select this function through TBBUFA bit and TBBUFB bit of TBIOR register. 

For example, if the TBGRA register is set as the output comparison register and the TBGRC register is set as 

the buffer register for the TBGRA register, the TBGRC register is transferred to the TBGRA register. 

If the TBGRA register is set as the input capture register and the TBGRC register is set as the buffer register of 

the TBGRA register, the TB register and TBGRA register are transferred to the TBGRA register and TBGRC register 

respectively. 

It can read and write TBGRA, TBGRB, TBGRC, TBGRD register in 16 bit. 

 

FIG. 8-10 Timer B Format of Universal Registers A, B, C, D (TBGRA, TBGRB, TBGRC,TBGRD) 

Address: 40042658H (TBGRA), 4004265AH (TBGRB), After reset: FFFFH R/W 

4004260H (TBGRC), 40042662H (TBGRD) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TBGRi 

 
 

ð Features 

bit15~0 Vary depending on timer mode and function. 

TBGRA, TBGRB, TBGRC, TBGRD register functions are shown in Table 8-4. 

Notes: i=A, B, C, D 
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Table 8-4 TBGRA, TBGRB, TBGRC, TBGRD register features 
 

Patterns and 
Features register Settings Features 

input capture 

TBGRA TBIOR (TBIOA2=1) 
TBMR. (TBPWM=0) Enter a capture register (holds the value of the TB register) 

TBGRB TBIOR (TBIOB2=1) 
TBMR. (TBPWM=0) Enter a capture register (holds the value of the TB register) 

output 
comparison 

TBGRA TBIOR (TBIOA2=0) 
TBMR. (TBPWM=0) 

Output comparison register (stored and TB register 
comparison value, when comparison matches 
TBIO0 output setting) 

TBGRB TBIOR (TBIOB2=0) 
TBMR. (TBPWM=0) 

Output comparison register (stored and TB register 
comparison value, when comparison matches 
TBIO1 output setting) 

PWM 
TBGRA 

TBMR. (TBPWM=1) 

Output comparison register (TBIO0 output "H" level at 
comparison match) 

TBGRB Output comparison register (TBIO0 output "L" level at 
comparison match) 

common 

TBGRC TBIOR (TBBUFA=0) Not used. 

TBGRD TBIOR (TBBUFB=0) Not used. 

TBGRC TBIOR (TBBUFA=1) 

Buffer register for TBGRA (and TBGRA for transfer) 
Å When TBIOA2=1 

The previous input capture value is taken from the TBGRA by 
entering the capture signal. 
Å When TBIOA2=0 

The next comparison expectation value is transferred to the 
TBGRA by comparison matching of TB and TBGRA. 

TBGRD TBIOR (TBBUFB=1) 

Buffer register for TBGRB (and TBGRB for transfer) 
Å When TBIOB2=1 

The previous input capture value is taken from the TBGRB by 
entering the capture signal. 
Å When TBIOB2=0 

The next comparison expectation value is transferred to the 
TBGRB by comparison matching of TB and TBGRB. 

Note: If the TBTCK2~TBTCK0 position of the TBCR register is '000B' (fCLK) and the comparison value is '0000H', the 

request signal is generated to DMA and EVENTC only 11 times. If that compare value is greater than or equal to" 

0001H", a request signal is generate each time the compare matches. 
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8.3.10 port register and port mode register 

When using the multiplexed port of the timer output pin as the output of the timer, the bit of the port mode 

register (PMxx) and the location of the port register (Pxx) must 

(Example) When P50/TBIO0 is used as the timer output, the PM50 position of port mode register 5 is "0". 

Position P50 of port register 5 at "0. 

When using the multiplexed port of the timer input pin as the input of the timer, the location of the port mode 

register (PMxx) corresponding to each port must be "1" The bit of the port register (Pxx) can be "0" or "1". 

(Example) the case where P50/TBIO0 is used as timer input 

Position PM50 of port mode register 5 at "1. 

Position P50 of port register 5 at "0" or "1. 

Refer to "2.3.1 Port Mode Register (PMxx)" 2.3.2 Port Register (Pxx) and "2.3.6 Port Mode Control Register 

(PMCxx)" for details.  

The set port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx) differ by product. 

Refer to "Register settings when 2.5 uses the multiplexing feature" for details. 

  



BAT32G137 user manual | Chapter 8 Timer B 
  

 www.changitech.com  218 / 1033 Rev.2.05 

8.4  Operation of timer B 

8.4.1 Common Issues Concerning Multiple Models and Functions 

(1) count source 

The selection of the count source and the block diagram are shown in Tables 8-5 and Figures 8-12, 

respectively. 

When phase count mode is selected, the settings of TBTCK0~TBTCK2 bit, TBCKEG0 bit, and TBCKEG1 bit of 

the TBCR register are invalid. 

Table 8-5 Selection of Counting Source 
 

count source selection method 

fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32 The counting source is selected by the TBTCK0~TBTCK2 bits of the TBCR 
register. 

TBCLK0 Pin and TBCLK1 

External Input Signal for Pins 

The TBTCK2~TBTCK0 bits of the TBCR register are "101B" (TBCLK0 
input) or "111B" (TBCLK1 input). 

Valid edges are selected through the TBCKEG0 and 

TBCKEG1 bits of the TBCR register. The corresponding bit 

of the port mode register is "1" (input mode). 
 

Figure 8-12 Block diagram of count source 

TB register

TBCLK1

TBCLK0

TBTCK2~TBTCK0

Remark: TBTCLK2~TBTCLK0: TBCR register bits

counting source

fCLK

fCLK/2

fCLK/4

fCLK/8

fCLK/32

=000B

=001B

=010B

=011B

=100B

=101B

=111B

 
 

The external clock input by the TBCLKj pin (j=0,1) must have at least 3 clock cycles of runtime (fCLK) of timer B. 
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 (2) buffer operation 

The TBGRC register and the TBGRD register can be set as the buffer register of the TBGRA register and the 

TBGRB register respectively through the TBBUFA bit and the TBBUFB bit of the TBIOR register. 

Å TBGRA buffer register: TBGRC register 

Å TBGRB's buffer register: TBGRD register buffer runs differently depending on the timer mode. Buffer 

operation for each mode is shown in Table 8-6, with a slow input capture function and an output comparison 

function 

The punch operation is shown in Figure 8-13 and Figure 8-14 respectively. 

Table 8-6 Buffer operation by mode 
 

Features and Modes Transfer Sequence Transferred register 

Input capture input of input capture signal 
The contents of the TBGRA (TBGRB) 

register are transferred to the buffer 

register. 

output comparison function TB register and TBGRA (TBGRB) 

Comparison matching of registers 

Transfer the contents of the buffer 
register to the TBGRA 

(TBGRB) register. PWM mode 

 
Figure 8-13 Buffer Operation for Input Capture 

TB

register

TBIO0 input 

(input capture singnal)

TBGRA

register

TBGRC

register

TBIO0 input

TB register

TBGRA register

TBGRC register

(buffer)

above diagram condition as following:

TBBUFA bit of TBIOR register is 1 (TBGRC register is the buffer register of TBGRA) 

TBIOA~TBIOA0 bit of TBIOR register is "100B" (input capture at rising edge)

transmit

transmit
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Figure 8-14 Buffer operation for output comparison function 
 

TB

register

TBGRA

register

TBGRC

register

TBIO0 output

TB register

TBGRA register

TBGRC register

(buffer)

above diagram condition as following:

TBBUFA bit of TBIOR register is 1 (TBGRC register is the buffer register of TBGRA) 

TBIOA2~TBIOA0 bit of TBIOR register as "001B" (while compare matching, output "L" voltage level).

comparator 

compare matching signal

transmit
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(3) digital filter 

The TBIOj input (j=0, 1) is sampled and if that signal is the same 3 times, the level is determined. The 

function of the digital filter and the sampling clock must be selected through the TBMR register. 

The block diagram of the digital filter is shown in Figure 8-15. 

 
Figure 8-15 Block diagram of digital filter 

TBCLK1

TBCLK0

TBTCK2~TBTCK0

counting source

fCLK

fCLK/2

fCLK/4

fCLK/8

fCLK/32

=000B
=001B

=010B

=011B

=100B

=101B

=111B

fCLK/32

fCLK/8

fCLK

=00B

=01B

=10B

=11B

TBDFCK2~TBDFCK0

TBIOj input signal

Operational clock of TIMER B

perform synchronization 

through 2 stages trigger

sample clock

Latches Latches Latches Latches

identical signal 

detection circuit 

(trigger output) 

edge 

detection 

circuit

TBIOA0~TBIOA2

TBIOB0~TBIOB2

edge 

detection 

circuit

DFj

 
 

TBTCK2~TBTCK0

clock period selected via TBDFCLK0 and 

TBDFCLK1.

TBIOj input signal

Note j=0, 1

TBTCK2~TBTCK0: bits of TBCR register

TBDFCK0ЇTBDFCK1ЇTBDFAЇTBDFB: bits of TBMR register

TBIOA0~TBIOA2ЇTBIOB0~TBIOB2?:  bits of TBIOR register

sample clock

input singal after digital 

filter 

as long as 1 out of 3 times the signal is not 

identical, the signnal will be discarded as 

noise and not been transmitted.

all 3 signals are same, It is 

treated as signal change.

the max signal transmit delay 

is 5 sample clock cycles
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(4) Events entered from EVENTC 

The event entered through the EVENTC, timer B makes the input capture run B. At this point, the TBIMFB bit 

of the TBSR register is "1". To use this feature, you must select the input capture function for timer mode/phase 

count mode and position "1" for the TBMR register. This feature is not valid in other modes (output comparison 

function of timer mode/phase count mode and PWM mode). 

Configuration Steps 

(a) Set the EVENTC event link target to timer B. 

(b) Position "1" for the TBELCICE of the TBMR register. 

 

 (5) Events exported to EVENTC 

Events output to EVENTC through the TBIMFA and TBIMFB bits are shown in Tables 8-7 and 8-8 respectively. 

 
Table 8-7 Events output to EVENTC via TBIMFA bit 

 

Features and Modes EVENTC Source 

Input capture 

(TBPWM=0, TBIO02=1) 
TBIO0 edge detection via TBIOA0 and TBIOA1 bits 

output comparison function 

(TBPWM=0, TBIO02=0) 
Comparison and matching of TB register and TBGRA register 

PWM mode (TBPWM=1) Comparison and matching of TB register and TBGRA register 

Note: TBPWM:bit of TBMR register 

Bit of TBIOA0, TBIOA1, TBIOA2:TBIOR register 

 
Table 8-8 Events output to EVENTC via TBIMFB bit 

 

Features and Modes EVENTC Source 

Input capture 

(TBPWM=0, TBIO12=1) 
TBIO1 edge detection via TBIOB0 and TBIOB1 bits 

output comparison function 

(TBPWM=0, TBIO12=0) 
Comparison and matching of TB register and TBGRB register 

PWM mode (TBPWM=1) Comparison and matching of TB register and TBGRB register 

Note: TBPWM:bit of TBMR register 

Bit of TBIOB0, TBIOB1, TBIOB2:TBIOR register 
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8.4.2 timer mode (input capture function) 

The TB register value can be transferred to the TBGRA register and the TBGRB register after the input 
edge of the input capture/output comparison pin (TBIO0, TBIO1) is detected. Detection edges can be selected 
from the rising, falling, and double edges. It can measure pulse width and pulse period by using input capture 
function. 

The specifications for the input capture functions are shown in Table 8-9. 
Table 8-9 Enter the specifications for the capture function 

 

Project Specifications 

count source fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32 

External input signal for TBCLK0 and TBCLK1 pins (program selection of effective edges) 

Count incremental count 

counting period 
When the TBCR register has a TBCCLR1 bit and a TBCCLR0 bit of "00B" (free running) 

1/fk  65536fk: Frequency of the count source 

Count Start Condition Write "1" to the TBSTART bit of the TBMR register. 

Count stop condition Write "0" to the TBSTART bit of the TBMR register. 

Generation sequence of 
interrupt requests 

· Input capture (valid edges for TBIO0 and TBIO1 pin inputs) 
· Overspill of TB register 

TBIO0 Pin and TBIO1 

Functions of pins 
I/O port or input captured input (select by pin) 

TBCLK0 Pin and 

The Function of TBCLK1 
Pins 

I/O port or external clock input 

read timer If you read the TB register, you can read the count value. 

write timer Can write TB register. 

Select Features 

· Enter the selection of input pins for the capture 
1 or 2 pins in the TBIO0 and TBIO1 pins 

· Selection of input valid edges for input capture 
rising, falling or double 

· Time sequence in which the TB register is set "0000H" 
Overspill or Input Capture 

· Buffer Run (refer to "8.4.1 (2) Buffer Run") 
· Digital filter (reference to "8.4.1 (3) Digital filter") 
· Input capture run via EVENTC's event input signal (input capture) 
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 (1) Enter an example of set-up steps for a capture run 

Enter an example of the set-up steps for the capture run as shown in Figure 8-16. 
Figure 8-16 Enter an example of set-up steps for a capture run 

input selection 

select input of input capture

start counting

<Input capture in operation>

(1)

(2)

(1) must configure TBGRj register(j=A,B) as input 

capture register via TBIOR regsiter, and select capture 

signal input edge from rising, falling and double edge. 

(2) must set TBSTART bit of TBMR register to 1, and 

start counting of TB register.

 
 

 (2) Time sequence of input capture signal 

The input captured can be selected by setting the TBIOR register to select the rising, falling, or double 

edges. The timing of the input signal captured is shown in Figure 8-17. 

In the case of one edge, the pulse width of input signal captured must be at least 1.5 fCLK. In case of a 

double edge, the input signal captured must have a pulse width of at least 2.5 fCLK. 

 
Figure 8-17 Input captured input signal timing 

TBIO0/TBIO1 input

TB register

TBGRA/TBGRB register

input capture signal (input signal)

fCLK
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(3) running example 

The input capture is shown in Figure 8-18. 

In this example, the rising/falling edge is selected as the input edge of the TBIO0 pin, the falling edge is 

selected as the input edge. 

a) The TBGRA register and the TBGRB register must be set as input capture registers through the TBIOR 

register, and the input edge of the input capture signal must be selected from the rising edge, the falling 

edge, and the double edge. 

b) You must start the TB register count with the TBMR register's TBSTART location '1'. 

 
Figure 8-18 Running Example of Input Capture 

TBGRA register

TBGRB register

TBIO1 input

TBIO0 input

Value of TB register
TBIO1

0000H

0005H

0160H

0180H

Time

 
It is possible to clear the count when an input capture A or an input capture B occurs by setting the TBCCLR0 bit 

and the TBCCLR1 bit of the TBCR register. Figure 8-18 is an example of running with the TBCCLR1 bit and the 

TBCCLR0 position "10B". If set to count clear by input capture during run and input capture is performed when the 

count value of the timer is 'FFFFH', then the TBIMFA bit and TBIMFB bit interrupt flags and TBOVF bits may become 

'1'. 
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8.4.3 timer mode (output comparison function) 

This is the mode of detecting whether the contents of the TB register and the contents of the TBGRA register or 

the TBGRB register are the same (comparison match). If the contents are the same, output any level from the 

TBIO0 pin or from the TBIO1 pin. 

The specifications for the output comparison function are shown in Table 8-10. 

Table 8-10. Output Comparison Feature Specifications 
 

Project Specifications 

count source fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32 
External input signal for the TBCLKj pin (program selection of effective edges) 

Count incremental count 

counting period 

· When the TBCCLR1 and TBCCLR0 bits of the TBCR register are "00B" (free running) 
1/fk  65536fk: Frequency of the count source 

Å When the TBCCLR1 bit and the TBCCLR0 bit of the TBCR register are "01B" or "10B" at 
TBGRj 
Compare settings for the 1/fk(n+ )n:TBGRj 
register when TB is set to "0000H") 

waveform output timing Comparison matching (same contents of TB register and TBGRj register) 

Count Start Condition Write "1" to the TBSTART bit of the TBMR register. 

Count stop condition Write "0" to the TBSTART bit of the TBMR register. 
Generation sequence of 

interrupt requests 
· Comparison matching (same contents of TB register and TBGRj register) 
· Overspill of TB register 

TBIO0 Pin and TBIO1 

Functions of pins 
I/O port or output compared output (select by pin) 

TBCLK0 Pin and 

The Function of TBCLK1 
Pins 

I/O port or external clock input 

read timer If you read the TB register, you can read the count value. 

write timer Can write TB register. 

Select Features 

· Selection of output pins for output comparisons 

1 or 2 pins in the TBIO0 and TBIO1 pins 

· Selection of output levels for comparison matching 

'L' level output,'H' level output, or level inversion output 

· Time sequence in which the TB register is set "0000H" 

Comparison matching of overflow or TBGRj registers 

· Buffer Run (see "8.4.1 (2) Buffer Run") 

Remark j=A, B 
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 (1) Examples of set-up steps for comparing matched waveform outputs 

The set-up steps for comparing the matched waveform outputs are shown in Figure 8-19. 

Figure 8-19 Set-up steps for comparing matched waveform outputs 
 

(2)

(1)

(3)

 must select compare matching output via TBIOR register 

between "L" voltage output, "H" voltage input and 

switching output. If configure as waveform output mode, 

the port is the output pins (TBIO0, TBIO1) of compare 

matching. Before first compare matching, the output 

voltage level of compare matching pin is determined by 

TBIOA0 and TBIOA1 of TBIOR register, TBIOB must 

conigure TBGRA regsiter and TBGRB register compare 

matching occuring timing sequence.

must conigure TBGRA regsiter and TBGRB register 

compare matching occuring timing sequence.

must set TBSTART bit of TBMR register to 1, and start 

counting of TB register.

output selection 

select waveform output mode

configure output 

timing sequence

start counting

<waveform output>

(1)

(2)

(3)

 
 

(2) Output Timing for Output Comparison 

A comparison matching signal is generated in the same final state of the TB register as the TBGRA register or 

the TBGRB register (when updating the same count value of the TB register). After generating a comparison matching 

signal, output setting values of the TBIOR register are output from output pins (TBIO0, TBIO1) of the comparison. A 

comparison matching signal is not generated from the same contents of the TB register and the TBGRA register or 

the TBGRB register until the input clock of the TB register is generated. 

The output timing of the output comparison is shown in Figure 8-20. 

Figure 8-20 Output Timing for Output Comparison 

TB input clock

TB register

TBGRA register

TBGRB register

TBIO0 output

TBIO1 output

compare 

matching A signal 

(internal Signal)

compare 

matching B signal 

(internal Signal)

fCLK
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(3) running example 

Examples of the operation of the 'L' level output and the 'H' level output are shown in FIG. 8-21. 

In this example, that TB register is set to run freely and output an 'L' level when compare match A and an 'H' 

level. If you set the same level as the pin, the pin level does not change. 

Figure 8-21:  Examples of operation of the "L" level output and the "H" level output 

TBIO1 output

TBIO0 output

TBGRA register

TBGRB register

Value of TB register

FFFFH

0000H

remain unchanged
remain 

unchanged

remain 

unchanged

Time

H voltage 

level output 

L voltage 

level output 
remain unchanged

 
 

An example of the operation of the alternate outputs is shown in Figure 8-22. In this example, that TB register is 

set to run on a periodic count (clear the counter when comparing match B) and output alternately when comparing 

match A or matching B. 

a) The comparison match output must be selected from 'L' level output, 'H' level output, and alternate output 

through the TBIOR register. If set to waveform output mode, the port is the output pin (TBIO0, TBIO1) that 

matches. 

b) The TBGRA register and the TBGRB register must be set to match the occurrence sequence. 

c) You must start the TB register count with the TBMR register's TBSTART location '1'. 

 

Even if the TBSTART position "0" is run, the output pin (TBIO0, TBIO1) of the comparison match is not initialized. 

To return to the initial value, the output is initialized by writing the TBIOR register (but only if the TBIO00, TBIO01, 

TBIO10, and TBIO11 bits through the TBIOR register are set to L level output). By setting the TBCCLR0 bit and 

TBCCLR1 bit of the TBCR register, the counter value of timer B is reset when the input capture/comparison matches. 

In this case, if the comparison expectation value is 'FFFFH', it changes from 'FFFFH' to '0000H' and the TBOVF bit 

'1. The mode of the output comparison function using the count value and the comparison expected value of the 

timer B is also the same. 
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Figure 8-22 Running Example of Alternate Output 

TBIO1 output

TBIO0 output

TBGRA register

TBGRB register

Value of TB register

clear counter while TBGRB register compare matching

Time

switching output

switching output

0000H
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8.4.4 PWM mode 

The PWM mode pairing uses the TBGRA register and the TBGRB register to output the PWM waveform from 

the TBIO0 output pin. The output setting of the TBIOR register is not valid for output pins set to PWM mode. The "H" 

level output sequence of PWM waveform is set to the TBGRA register, and the "L" level output sequence of PWM 

waveform is set to TBGRB register. 

A PWM waveform of 0-100% duty cycle can be output from a TBIO0 pin by clearing the source by setting the 

TBGRA register or TBGRB register comparison match to TB register. 

The specification of the PWM mode and the combination of the PWM output pins and registers are shown in 

Tables 8-11 and Tables 8-12 respectively. 

When the setting values of the TBGRA register and the TBGRB register are the same, the output values do not 

change even if the comparison matching occurs. 

Table 8-11. Specifications for PWM mode 
 

Project Specifications 

count source fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32 

TBCLK0,External input signal for the TBCLK1 pin (program selection of effective edges) 

Count incremental count 

PWM waveform · Set the "H" level output timing of the PWM waveform to the TBGRA register. 
· Set the "L" level output timing of the PWM waveform to the TBGRB register. 

Count Start Condition Write "1" to the TBSTART bit of the TBMR register. 

Count stop condition Write "0" to the TBSTART bit of the TBMR register. 

Generation sequence of 
interrupt requests 

· Comparison matching (same contents of TB register and TBGRj register) 
· Overspill of TB register 

TBIO0 Pin Functionality PWM output 

TBIO1 Pin Functionality I/O port 

TBCLK0 Pin and 

The Function of TBCLK1 
Pins 

I/O port or external clock input 

read timer If you read the TB register, you can read the count value. 

write timer Can write TB register. 

Select Features 

· Time-overflows of TB registers set to 
"0000H" or comparison matching of 
TBGRj registers 

· Buffer Run (see "8.4.1 (2) Buffer Run") 

Notes: j=A, B 

 

Table 8-12. Combination of PWM output pin and register 
 

output pin "H" level output "L" level output 

TBIO0 TBGRA TBGRB 

TBIO1 Used as an I/O port. 
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 (1) Example of set-up steps for PWM mode 

Examples of the set-up steps of the PWM mode are shown in Figure 8-23. 

Figure 8-23 Example of set-up steps for PWM mode 

(1) must select counting source via TBTCK0~TBTCK2 bit of TBCR register. 

When select external clock, must select external clock edge via TBCKEG0 

bit and TBCDEG1 bit of TBCR register.

(2) must select clear source of counter via TBCCLR0 bit and BCCLR1 bit of 

the TBCR register.

(3) must configure PWM output waveform "H" voltage level output timing 

sequence via TBGRA register

(4) must configure PWM output waveform "L" voltage level output timing 

sequence via TBGRB register

(5) The PWM mode must be set via the TBPWM bits in the TBMR register. 

When set to PWM mode, the TBGRA register and the TBGRB register 

become the output compare registers for setting the "H" level output/"L" 

level output timing of the PWM output waveform, regardless of the contents 

of the TBIOR register. When the PMxx bit of the PM register is "0" and the 

Pxx bit of the PL register is "0", the TBIO0 pin automatically becomes a 

PWM output pin. However, the TBIO1 pin is used as an I/O port regardless 

of the setting of the TBIOR register.

(6) must set TBSTART bit of TBMR register to 1, and start counting of TB 

register.

PWM mode

select clock of the 

counter

select clear source of the 

counter

configure TBGRA

configure TBGRB

configure PWM  mode

start counting

<PWM mode>

(1)

(2)

(3)

(4)

(5)

(6)

 
 

(2) running example 

An operating example (1) of the PWM mode is shown in FIG. 8-24. 

When the PMxx bit of the PM register is '0' and the Pxx bit of the PL register is '0', the TBIO0 pin automatically 

becomes the output pin when set to the PWM mode. However, the TBIO1 pin is used as an I/O port regardless of 

the setting of the TBIOR register. 

In this example, the comparison match between the TBGRA register and the TBGRB register is set to the 

counter of the TB register to clear the source. The initial state of the TBIO0 pin depends only on the counter's clear 

source, as shown in Table 8-13. 

This initialization occurs when the TBSTART bit of the TBMR register is "0" (stop count). 

Table 8-13. The Initial State of the TBIO0 Pin and the Correspondence of the 
Counter Scavenging Source 

 

Counter Clear Source Initial state of the TBIO0 pin 

Comparison matching of TBGRA registers "H" level 

Comparison matching of TBGRB registers "L" level 

 

When the TBCR register has a TBCCLR1 bit and a TBCCLR0 bit of '00B' (no clear), the TBIO0 pin has H level. 
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Figure 8-24 Running example of PWM mode (1) 
 

TBIO0 output

TBGRA register

TBGRB register

Value of TB register

(a) clear counter while TBGRA register compare matching

clear counter while compare matching A.

0000H Time

 

(b)clear counter while TBGRB register compare matching

TBGRA register

TBGRB register

TBIO0 output

Value of TB register

clear counter while compare matching B.

Time0000H

 

Examples of PWM waveforms outputting 0% and 100% duty cycles in PWM mode are shown in FIG. 8-25. 

The duty cycle of the PWM waveform is 0% when the comparison match of the TBGRB register is set as the 

counter's clear source. 

· setting value for the TBGRA register > setting value for the TBGRB register 

 

The duty cycle of the PWM waveform is 100% when the comparison match of the TBGRA register is set as the 

counter's clear source. 

· The setting value of the TBGRB register > The setting value of the TBGRA register The output value will not 

change even if a comparison match occurs when the following conditions are met. 

· Setting value of the TBGRA register = Setting value of the TBGRB register 
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Figure 8-25 Operating example of PWM mode (2) 
 

TBIO0 output

TBGRA register

TBGRB register

TBGRA register

TBGRB register

TBIO0 output

Value of TB register

write configuration value 

into TBGRA register

write configuration value 

into TBGRA register

write configuration value 

into TBGRB register

write configuration value into 

TBGRB register

0000H

clear counter while compare matching B.

Time

(a)Duty cycle 0%.

(b) Duty cycle100%

0000H

clear counter while compare matching A.

Time

Value of TRG register
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8.4.5 phase counting mode 

The phase count mode detects phase differences of the external input signals of the 2 TBCLK0 pins and the 

TBCLK1 pins and the TB register performs decrement. 

When the PMxx bit of the PM register is "1", the TBCLK0 pin and the TBCLK1 pin are automatically used as the 

external clock input pin, and the TB register counts according to the CNTEN0CNTEN7 bit setting of the TBCNTC 

register. However, since the TBCR register has valid TBCCLR0 bits and TBCCLR1 bits, TBIOR, TBIER, TBSR, 

TBGRA, TBGRB registers, the input capture/output comparison function, PWM output function and interrupt source 

can be used. 

The TB register counts the two-sided rising/falling edges of the TBCLK0 pin and the TBCLK1 pin according to 

the CNTEN0~CNTEN7 bit settings. 

The specifications of the phase count mode and the addition and subtraction conditions of the TB register are 

shown in Tables 8-14 and Tables 8-15 respectively. 

Table 8-14. Specifications for Phase Count Mode 
 

Project Specifications 

count source External input signal for TBCLK0/TBCLK1 pin 

Count Count Up/Count Down 

Count Start Condition Write "1" to the TBSTART bit of the TBMR register. 

Count stop condition Write "0" to the TBSTART bit of the TBMR register. 

Generation sequence of 
interrupt requests 

· Input capture (valid edge of TBIO0/TBIO1 input) 
· Comparison matching (same contents of TB register and TBGRA/TBGRB register) 
· Overspill of TB register 
· Underflow of TB register 

TBIO0 Pin Functionality I/O port, input captured, output compared, or PWM output 

TBIO1 Pin Functionality I/O port, input captured, or output compared 

TBCLK0 Pin and 

The Function of TBCLK1 
Pins 

external clock input 

read timer If you read the TB register, you can read the count value. 

write timer Can write TB register. 

Select Features 
· Selection of the addition and subtraction conditions of the counter 

The selection is performed by the CNTEN0~CNTEN7 bits of the TBCNTC register. 

· Can use input capture/output comparison function and PWM function. 

 

Table 8-15. TB register addition and subtraction condition 
 

TBCLK1 Pin 
 

 "H" 
 

 "L" "H" 
 

 "L" 
 

 

TBCLK0 Pin "L" 
 

 "H" 
 

 
 

 "L" 
 

 "H" 

TBCNTC register's 

CNTEN0~CNTEN7 bits 
CNTEN7 CNTEN6 CNTEN5 CNTEN4 CNTEN3 CNTEN2 CNTEN1 CNTEN0 

Counter Directional 
Note 

+1 +1 +1 +1 -1 -1 -1 -1 

Note: Indicates the direction of the count when each of the TBCNTC register is "1" (Ascending or Decremental). Do not 

count when "0" is invalid. 

  



BAT32G137 user manual | Chapter 8 Timer B 
  

 www.changitech.com  235 / 1033 Rev.2.05 

 (1) Example of set-up steps for phase count mode 

An example of the set-up step of the phase count mode is shown in Fig. 8-26. 

Figure 8-26 Example of set-up steps for phase count mode 

(1)must set TBMDF bit of TBMR register to 1, 

select phase counting mode

(2)must set TBSTART bit of TBMR register to 1, 

and start counting of TB register.

phase counting mode

select phase counting mode

start counting

<phase counting mode>

(1)

(2)

 
 

(2) running example 

Examples of the operation of the phase count mode are shown in Figure 8-27 to Figure 8-30. 

In the phase count mode, the TBCLK0 pin and the TBCNTC register are set according to the 
CNTEN0~CNTEN7 bit 

 Both the rising(       ) and falling edges(       ) of the TBCLK1 pin count up and down 

 
Figure 8-27 Running example of phase count mode 1 

 

while TBCNTC register value as "FFH"

TBCLK1 input

TBCLK0 input

Value of TB register

Time

increment decrement
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Figure 8-28 Running example of phase count mode 2 

whlie TBCNTC register value as "24H"

TBCLK1 input

TBCLK0 input

Value of TB register

Time

increment
decrement

 

Figure 8-29 Running example of phase count mode 3 

while TBCNTC register value as "28H"

TBCLK1 input

TBCLK0 input

Value of TB register

Time

increment decrement

 
Figure 8-30 Running example of phase count mode 4 

whlie TBCNTC register value as "5AH"

TBCLK1 input

TBCLK0 input

Value of TB register

Time

increment decrement
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8.5 timer B interrupt 

Timer b generate a timer b interrupt request from four interrupt sources. The relevant registers for timer 

B interrupts are shown in Table 8-16, and the block diagram for timer B interrupts is shown in Figure 8-31. 

Table 8-16. Correlation register interrupted by timer B 
 

 
State register 

for timer B 

Interrupt 

Admission 

Register for 

Timer B 

interrupt request 
flag 

(Register) 

interrupt mask 
flag 

(Register) 

priority assignment flag 

(Register) 

Timer B TBSR TBIER TBIF (IF2H) TBMK (MK2H) 
TBPR0 (PR02H) 

TBPR1 (PR12H) 

 
Figure 8-31 Block diagram of timer B interrupt 

 

Timer B interrupt request

IMFA, IMFB, UDF, OVF: TBSR register Bits

IMIEA, IMIEB, UDIE, OVIE: TBIER register Bits

IMFA bit

IMIEA bit

IMFB bit

IMIEB bit

UDF  bit

UDIE  bit

OVF  bit

OVIE  bit

 

 

Since timer B generate 1 interrupt requests (interrupt of timer B) from a plurality of interrupt request 

sources, there are differences from other maskable interrupts: 

Å When the bit of the TBSR register is '1' and the corresponding bit of the TBIER register is '1' 
(interrupt allowed), the Bit0 bit of the IF1D register becomes '1'. 

Å When multiple bits of the TBIER register are '1', it is necessary to determine which interrupt is 
generated by which request source through the TBSR register. 

Å Because even if you accept interrupts, the TBSR register members do not automatically become 
"0", you must "0" these locations in the interrupt. 

Å If the interrupt is set to 0 by the interrupt permission register (TBIER) of the timer B, any of the 
following methods. 

 

a) The object status flag must be written "0" after setting timer B interrupt permit register (TBIER) to "00H". 

b) When timer B interrupt enable register (TBIER) has bit of ' 1 ' and interrupt source status flag of '0 ' allowed by this bit. 

(Example) Cleaning TBIMFB in a state where TBIMIEA and TBOVIE are interrupts allowed and TBIMIEB is interrupts 

prohibited 

Å Timer B interrupts the state of the Permit Register (TBIER) 
 

 

TBIER 
 

 
 

 

 

Disallow interrupt 

 Allow 

Interrupts 
 ð ð ð ð TBOVIE TBUDIE TBIMIEB TBIMIEA  

0 0 0 0 1 0 0 1  
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Å Status of timer B status register (TBSR) 
 

 

TBSR 

 

The status flag corresponding to the bit that allowed the interrupt (TBOVF, 

TBIMFA) is "0", so you must write "0" to TBIMFB. 

 

c) When timer B interrupt enable register (TBIER) has bit of ' 1' allowed and interrupt source state flag of '1' allowed by 

this bit, must write '0'. 

(Example) When TBIMIEA is Interrupt Allowed and TBIMIEB is Interrupt Disabled to clear TBIMFB 

Å Timer B interrupts the state of the Permit Register (TBIER) 
 

 

TBIER 
 

 
 
Å Status of timer B status register (TBSR) 
 

 

TBSR 

 

The status flag (TBIMFA) corresponding to the bit that allowed the interrupt is the 

"1", so you must write "0" to both TBIMFA and TBIMFB. 

  

Bit to clear request 

Disallow interrupt 

Bit to clear request 

ð ð ð TBDIRF TBOVF TBUDF TBIMFB TBIMFA 
0 0 0 0 0 1 1 0 

 

 Allow Interrupts 

 ð ð ð ð TBOVIE TBUDIE TBIMIEB TBIMIEA  
0 0 0 0 0 0 0 1  

 

ð ð ð TBDIRF TBOVF TBUDF TBIMFB TBIMFA 
0 0 0 0 0 1 1 1 
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8.6 Precautions when using timer B 

8.6.1 Phase difference, overlap and pulse width in phase counting mode 

The phase difference and overlap of the external input signals of the TBCLK0 pin and the TBCLK1 pin 

must be at least 1.5 fCLK and at least 2.5 fCLK. The phase difference, overlap, and pulse width in the phase 

count mode are shown in Figure 8-32. 

 
Figure 8-32 Phase difference, overlap and pulse width in phase counting 
mode 

TBCLK1 input

TBCLK0 input

phase difference, overlap: at least 1.5 fCLK

pulse width: At least 2.5 fCLK

pulse 

width

pulse 

width

phase 

difference

phase 
difference

overlap overlap

 
 

8.6.2 mode switching 

Å To switch modes during the run, you must switch after "0" (stop count) of the TBSTART location of the 

TBMR register. 

Å The bit0 of the IF1D register must be set to "0" after switching mode and before starting running. Refer to 

"Chapter 25 Interrupt Features" for more information. 

 

8.6.3 Switch of count source 

Å To switch count sources, you must make a switch note after stopping the count. Change Steps 

a) Place the TBSTART location of the TBMR register "0" (stop count). 

b) Change the TBTCK0~TBTCK2 bit of the TBCR register. 

 

Note: The registers and bits that are not overridden during the count are: 

a) All bits except TBSTART bits of the TBMR register 

b) TBCNTC register 

c) TBCR register 

d) TBIOR register 
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8.6.4 Set-up steps for TBIO0 and TBIO1 pins 

After reset, the TBIO0 pin and the TBIO1 pin's multiplexing I/O port are used as input ports. 

Å When you want to export from the TBIO0 and TBIO1 pins, you must follow the steps below. 

Change Steps 

1) Make the allowed settings for mode, initial value, and output (because both initial and allowed settings are 

made via SFR). 

2) Position "0" of port register corresponding to TBIO0 and TBIO1 pins. 

3) Set the bit of the port mode register corresponding to the TBIO0 pin and the TBIO1 pin to output mode 

(starting with the TBIO0 pin and TBIO1 pin). 

4) Start counting (the TBSTART bit of the TBMR register is "1"). 

Å To change the bit of the port mode register for the TBIO0 pin and TBIO1 pin from output to input, you must 

follow these steps. 

 

Change Steps 

1) Set the bit of the port mode register corresponding to the TBIO0 and TBIO10 pins to the input mode 

(starting with the TBIO0 and TBIO1 pins). 

2) Set as input capture. 

3) Start counting (the TBSTART bit of the TBMR register is "1"). 

Å When you switch the TBIO0 and TBIO1 pins from output to input mode, you may run input capture based 

on the status of the pins. when a digital filter is not used, edge detection is performed at least after two 

CPU clock cycles; When digital filter is used, it needs 5 sampling clock cycles of digital filter to detect the 

edge. 
 

8.6.5 external clock TBCLK0 and TBCLK1 

The external clock input by the TBCLKj pin (j=0,1) must have at least 3 clock cycles of runtime (fCLK) of timer B. 

 

8.6.6 Read and write access to SFR 

To set timer B, you must first set the TMBEN location "1" of the PER1 register. When the TMBEN bit is '0', the 

write operation of the control register of timer B is ignored and the read values are initial (except for port registers 

and port mode registers). 

1) TBMR register 

When switching the clock of a digital filter, you must follow these steps: 

a) The TBSTART bit is set with '0' (stop counting) the TBDFA bit and TBDFB bit of the TBMR register (TBIO0 

pin and TBIO1 pin), the TBDFCK0 bit and TBDFCK1 bit of the TBMR register (clock bit of the digital filter 

function). 

b) Position TBSTART "1". 

However, a 1-shot setting can be performed without setting the digital filter and without changing the TBDFCK1 

and TBDFCK0 bits after reset. 

In addition to external input pins (TBIO0, TBIO1), events entered by EVENTC can be selected as the source of 

operation for input capture. When this feature is not used, the TBELCICE position of the TBMR register "1" must be 

set with the input capture function (TBIOB2~TBIOB0=100B). This feature is not valid when using the output compare 
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function in PWM mode or timer mode (TBPWM=1, TBIOB2=0). 

 

2) TB register 

·  The write operation of the TBMR register preferentially resets the count generated by the running condition of 

timer B. 

8.6.7 Input capture operation when stopping count 

In input capture mode, if the TBSTART bit of the TBMR register is "0" (stop count), enter the TBIO 
0/TBIO1 pin 

The TBIOj0 bit and TBIOj1 bit of the TBIOR register select edges, which generate input capture interrupt 
requests on the valid edges of TBIO 0/TBIO1 inputs 

(j=A, B). 
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Chapter 9 timer C 

9.1 Function of timer C 

Timer C is a timer that triggers an input capture function through software, comparator 1, and timer M. 

The actions are as follows: 

Count Start: The count action is triggered by software or timer M 

Count stopped: The count is stopped by the output of the software or comparator 1 

Input capture: When the interruption of the comparator 1 occurs, the count value is transmitted to the buffer 

Count reset: The count reset is triggered by timer m or comparator 1 

 

The action clock for Timer C can be selected from fCLK or fHOCO. 
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9.2 Structure of timer C 

The block diagram of timer C is shown in Figure 9-1. 

 
Figure 9-1 Block diagram of timer C 

D
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u

s

Trigger event from Timer M

Trigger event from Comparator 1
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selection 

Timer control
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9.3 Register for controlling timer C 

The register for controlling timer C is shown in Table 9-1. 
Table 9-1 Register for controlling timer C 

 

register name symbol 

Peripheral Enable Register 1 PER1 

timer C count register TC 

timer C count buffer register TCBUF0 

timer C control register 1 TCCR1 

timer C control register 2 TCCR2 

timer C status register TCSR 
 

9.3.1 Peripheral Enable Register 1 (PER1) 

The PER1 register is a register that sets a clock that is allowed or prohibited to supply to each peripheral 

hardware. Reduce power consumption and noise by stopping clock supply to unused hardware. 

You must set bit1 (TMCEN) to "1" when you want to use timer C. The PER1 register is set by an 8-bit memory 

operation instruction. After the reset signal is generated, the value of this register changes to "00H". 

 
Figure 9-2 Format of Peripheral Admission Register 1(PER1) 

Address: 0x4002081A After reset: 00H R/W 

symbol 

PER1 

 
 

TMCEN Control of an input clock of a timer C is provided 

0 Stop provide an input clock. 

· SFR used by timer C cannot be written . 
· Timer A is in a reset state. 

1 Provides an input clock. 

· Read and write the SFR used by timer C . 

 
Note: 

1) The TMCEN location "1" must be first used to set timer C. When the TMCEN bit is '0', the write operation of the control 

register of timer C is ignored, and the read values are all initial values. 

2) To select fHOCO as the counter source for timer C, fCLK must be set to fIH before bit2 (TMCEN) of Peripheral Admission 

Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change it2 (TMCEN) after clearing 

the peripheral enable register 1 (PER1). 

 

  

 7  6  5  4  3 2

 
2   1  0  

DACEN TMBEN PGACMPEN TMMEN DMAEN PWMPEN TMCEN TMAEN 
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9.3.2 timer C count register (TC) 

This is a 16-bit register. If this register is written, data is written to the reload register. If you read this 

register, read the count value. 

 

Figure 9-3 Format of timer C count register (TC) 

Address: 0x40042C50 After reset: 0000H R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TC 

 
 

ð Features Set Scope 

bit15~0 Increment count, TCSR's TCOVF bit is set to 1 when overflows occur 0000H~FFFFH 

 
Note: FRQSEL4=1 for option bytes (000C2H/010C2H) and TMCEN=0 for PER1, the reset value is variable. 
If a readout of that initial value is required, it is read out with fCLK selected and TMCEN=1. 
 

9.3.3 timer C count buffer register (TCBUF) 

Figure 9-4 Format of timer C count buffer register (TCBUF) 

Address: 0x40042C52 After reset: 0000H R 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TCBUF 

 
 

ð Features Set Scope 

bit15~0 When the interruption of comparator 1 occurs, the value of TC 
register is transferred to buffer register 

0000H~FFFFH 

 
Note: FRQSEL4=1 for option bytes (000C2H/010C2H) and TMCEN=0 for PER1, the reset value is variable. 
If a readout of that initial value is required, it is read out with fCLK selected and TMCEN=1. 
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9.3.4 timer C control register 1 (TCCR1) 

Figure 9-5: Timer C controls the format of register 1 (TCCR1) 
 

Address: 0x40042C54 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TCCR1 

 

 

TCK2 TCK1 TCK0 Count Source Selection Note 

0 0 0 fCLK, fHOCO note 1 

0 0 1 fCLK/2 Note 2 

0 1 0 fCLK/4 Note 2 

0 1 1 fCLK/8 Note 2 

1 0 0 fCLK/32 Note 2 

above Disable setting 

 

START_MD Selection of Count Start Source 

0 software setting Timer C count start 

1 Output signal from Timer M triggers start of Timer C count 

Count starts when START_MD=1 after the TSTART bit of TCCR2 is set to 1 

 

TRIG_MD_SW Effective Signal of Software Reset Timer C 

0 Prevent software reset of counter for Timer C 

1 Counter that allows software to reset Timer C 

Invalid when START_MD=1 

 

TRIG_MD_HW Action selection when Timer C is triggered from the output of Timer M 

0 Count after Timer C reset 

1 Timer C Start Count 

Invalid when START_MD=0 

 

TM_TRIG Hardware triggered selection from Timer M 

0 Count Start Action for TM0 (TSTART0 set to 1) Triggers the Timer C Start Count 

1 Count Start Action for TM 1 (TSTART 1 set to 1) Triggers the Timer C Start Count 

Invalid when START_MD=0 

 

OVIE Allow overspill interrupt signal generation 

0 Prevent Interrupt When TC Register Overflows 

1 Allow interrupt to occur when TC register overflows 

Note: When interacting with Timer M, the action clock of Timer C must be set to match the action clock frequency of Timer 

M. 

Note 1: Select fCLK when FRQSEL4=0 for option bytes (0002H/010C2H). Select fHOCO when FRQSEL4=1 for option bytes 

(0002H/010C2H). 

Note 2: Option byte (000C2H/010C2H) cannot be set with FRQSEL4=1. 

Note: FRQSEL4 = 1 for option bytes (000C2H/010C2H) and TMCEN = 0 for PER1, the reset value is indefinite. If a readout 

of that initial value is required, it is read out with fCLK selected and TMCEN=1. 

TCK2 TCK1 TCK0 START_MD TRIG_MD_SW TRIG_MD_HW TM_TRIG OVIE 
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9.3.5 timer C control register 1 (TCCR2) 

Figure 9-6:  Timer C controls the format of register 1 (TCCR2) 

Address: 0x40042C55 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TCCR2 

 
 
 

CMP1_TCR1 CMP1_TCR0 
Action selection when triggering Timer C by output from 
comparator 1 

0 0 Timer C count stopped 

0 1 
The Timer C count value is transferred to the buffer register 
and the count continues 

1 0 Timer C count value changed to 0000H, count continues 

1 1 
The Timer C count value is transferred to the buffer register, 
the Timer C count value becomes 0000H, and the count 
continues 

 
TSTART Timer C Action Start Control Note 

0 TC Count Stop 

1 TC Count Start 

 

Note: If that stop signal control from the CMP1 and the TSTART control compete, the stop signal from the 

comparator 1 has a higher priority. 

 

Note: FRQSEL4=1 for option bytes (000C2H/010C2H) and TMCEN=0 for PER1 is an indefinite reset. If read out initial 

value is required, read out is required under condition that fCLK is selected and TMCEN=1. 

 

  

0 0 0 0 0 CMP_TCR1 CMP_TCR0 TSAT 
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9.3.6 timer C status register (TCSR) 

Figure 9-7:  Timer C controls the format of register 1 (TCSR) 
 

Address: 0x40042C56 After reset: 00H R/W 

symbol 7 6 5 4 3 2 1 0 

TCSR 

 
 

TCSB Timer C Counter Status Flag Note 1 

0 Count stopped 

1 Counting 

 
TCOVF Overflow Status Flag Bit  for the TimerC Counter Note 2,3 

0 No overflow occurred 

1 Overspill occurred 

 

Note 1: Read-only, not writable. 

Note 2: Only 0 can be written, write 1 is invalid. 

Note When the 3:Timer C counter overflow and TCOVF write 0 occur simultaneously, the overflow has a higher 

priority. 

 

Note: FRQSEL4 = 1 for option bytes (000C2H/010C2H) and TMCEN = 0 for PER1, the reset value is indefinite. If a 

readout of that initial value is required, it is read out with fCLK selected and TMCEN=1. 

 

 
 
 
  

0 0 0 0 0 0 TCSB TCOVF 

 



BAT32G137 user manual | Chapter 9 timer C 
  

 www.changitech.com  249 / 1033 Rev.2.05 

9.4 Operation of timer C 

The timer C may be started by a signal trigger count of the timer M and stopped by a signal trigger count of 
the comparator 1. 

 

9.4.1 count source 

The action clock of the timer C is determined by the option byte and the frequency division setting of the 

timer C. 

1) Clock source for timer C 

 ̧ When FRQSEL4=1 for option byte (000C2H/010C2H), the CPU/peripheral action clock (fcpu) selects the 

high speed oscillation clock fHOCO and the clock source of the timer C selects fHOCO. 

 ̧ FRQSEL4=0 for option bytes (000C2H/010C2H) or fcpu for high speed system clock (fMX) and fcpu for 

timer C. 

 

2) timer C count clock source 

Set the count frequency using TCCR1. 

If you use Timer M to trigger the Timer C count start, you must set the Timer C action clock to match 

the Timer M action clock frequency. 

 

9.4.2 Timer C starts counting actions 

Start the count action for Timer C with Timer M or software settings. 
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9.4.2.1 Select the Timer M signal as the setting and action for the trigger 

 

1) Reset and start set steps for the Timer C count when TRIG_MD_HW=0: 

a) Select the Timer M output signal as the trigger source for the count start: TCCR1.START_MD=1 

b) Select the trigger for Timer C: TCCR1.TRIG_MD_HW=0 

c) Select the trigger for Timer M_0/1: TCCR1.TC_TRIG=1/0 

d) Timer C count start: TCCR2.TSTART=1 

 

Figure 9-8 Example of Timer C count reset and start (TRIG_MD_HW=0) 

 

TC counter source

TCCR1.START_MD

TCCR1.TM_TRIG

TCCR1.TRIG_MD_HW

start signal from TM0

TCCR2.TSTART

TC counting

TM counting

 

 

2) To set the start of the Timer C count when TRIG_MD_HW=1: 

a) Select the Timer M output signal as the trigger source for the count start: TCCR1.START_MD=1 

b) Select the trigger for Timer C: TCCR1.TRIG_MD_HW=1 

c) Select the trigger for Timer M_0/1: TCCR1.TC_TRIG=1/0 

d) Timer C count start: TCCR2.TSTART=1 

Figure 9-9 Example of Timer C count start (TRIG_MD_HW=1) 

TC counting source

TCCR1.START_MD

TCCR1.TM_TRIG

TCCR1.TRIG_MD_HW

start signal from TM0

TCCR2.TSTART

TC counting

TM counting
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9.4.2.2 Select the settings and actions when the software fires 

 

1. Count Start Source Selection Software Trigger: TCCR1.START_MD=0 

2. Timer C count start: TCCR2.TSTART=1 

 

Figure 9-10 Example of Software Trigger Timer C Count Start 

 

TC counting source

TCCR1.START_MD

TCCR2.TSTART

TC counting
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9.4.3 Timer C counts stop actions 

 While counting, timer c may stop the count action by the trigger of comparator 1 or by software setting. 

 

9.4.3.1 Select Comparator 1 as Trigger Settings and Actions 

 

1. Select Comparator 1 as the trigger: TCCR2.CMP1_TCR=00 

2. Timer C Count Start: TCCR2.TSTART=1 

 

FIG. 9-11 Select the example of comparator 1 triggering Timer C to stop 

TC counter source

TCCR2.CMP1_TCR

Interrupt signal of 

Comparator 1

TCCR2.TSTART

TC counting

 
 

9.4.3.2 Settings and actions when software is triggered 

 

1. TimerC Count Start: TCCR2.TSTART=0 

2. Software setting TCCR2.TSTART to 0, Timer C count stopped 
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9.4.4 Input capture action 

If an interrupt is generate by that comparator 1 during the Timer C action, the action of the Timer C may 

change. 

1) Case 1: 

A count value of TCCR2.CMP1_TCR =01,TimerC is transferred to the count buffer. 

 ̧ TCCR2.CMP1_TCR=01 (select input capture feature) 

 ̧ TCCR2.TSTART=1 (Timer C count starts) 

 

Figure 9-12 Example of Input Capture Action 

TC counting 

source

TCCR2.CMP1_TC

R

Interrupt signal of 

Comparator 1

TCCR2.TSTART

TC counting

TCBUF

 

 

2) Case 2: 

TCCR2.CMP1_TCR=11, the count value of TimerC is transferred to the count buffer, the count value of TimerC 

is reset. 

 ̧ TCCR2.CMP1_TCR=11 (select Input Capture and Reset function) 

 ̧ TCCR2.TSTART=1 (Timer C count starts) 

 

Figure 9-13 Example of Input Captured Action (Also Reset Count Value) 

TC counting source

TCCR2.CMP1_TCR

Interrupt signal of 

Comparator 1

TCCR2.TSTART

TC counting

TCBUF
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9.4.5 timer C count reset action 

When the Timer C action is started, the output signal of Timer M and the output signal of comparator 1 can 

reset the counter of Timer C. 

1. TRIG_MD_SW=0, the output signal of Timer M cannot reset the count value at the beginning of the 

software trigger count. 

1) Software trigger count start: TCCR1.START_MD=0 

2) Allow software reset counter: TCCR1.TRIG_MD_SW=0 

3) Timer C Count Start: TCCR2.TSTART=1 

 

Figure 9-14 Example of Timer M triggering Timer C count reset 

TC counting source

TCCR1.START_MD

TCCR1.TRIG_MD_SW

Start Signal from Timer M

TCCR2.TSTART

TC counting

 
 

2. TRIG_MD_SW=1, when the software trigger count starts, the output signal of Timer M will reset the count 

value. 

1) Software trigger count start: TCCR1.START_MD=0 

2) Disable software reset counter: TCCR1.TRIG_MD_SW=1 

3) Timer C Count Start: TCCR2.TSTART=1 

 

Figure 9-15 Example of Timer M triggering Timer C count reset 

 

TC counting source

TCCR1.START_MD

TCCR1.TRIG_MD_SW

Start Signal from Timer M

TCCR2.TSTART

TC counting
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3. The output signal of CMP1 resets the count value at TCCR2.CMP1_TCR=10. 

1) Count value reset, count action continues: TCCR2.CMP1_TCR=10 (input capture is not allowed) 

2) Timer C Count Start: TCCR2.TSTART=1 

 
Figure 9-16 Example of CMP1 triggering a Timer C count reset 

TC counting source

TCCR2.CMP1_TCR

Interrupt signal of CMP1

TCCR2.TSTART

TC counting

TC buffer
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9.4.6 Interruption of timer C 

When the counter of timer C overflows, if TCCR1.OVIE=1 is set, the overflowing interrupt signal will be 
generated. 
 

Figure 9-17 Example of interrupt generation when Timer C overflows 

TC counting 

source

Timer M or software 

trigger start

Timer C frequency 

divided signal

TCCR1.OVIE

TC counting

TCSR.TCOVF

TC overflow signal
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9.5 Precautions for Using Timer C 

9.5.1 Read/write of register 

To set timer C, you must first set the TMCEN location "1" for PER1. When the TMCEN bit is '0', the write 

operation of the control register of timer C is ignored, and the read values are all initial values. 

When the clock stops, other registers can read and write except that the TC and TCBUF registers cannot write. 

Note: The following registers cannot be overridden in a count action. 

 ̧ TCCR1 

 ̧ TCCR2 

 

9.5.2 overflow interrupt 

When the count value of TimerC is FFFFH, an overflow interrupt does not occur if the counter is reset by the 

trigger event entered externally before the overflow reaches 0000 H. 

 

9.5.3 Input capture and timer C count reset actions 

Even if TCSR.TCSB=0 (count stop) is set, the input signals of Timer M and CMP1 trigger input capture and 

count reset actions of Timer C. 

 

9.5.4 Steps when timer C and timer M and comparator 1 are linked 

When the timer C and the timers M and the comparator 1 are linked, the setting steps are as follows: 

1. Provides clock input for Comparator 1: PGACMPEN=1 

2. Allow comparator 1 to interrupt generation and output: Refer to Chapter 17 Comparator CMP for more 

details. 

3. Provides clock input for timer C: TMCEN=1 

4. Set TCCR1 

5. Set TCCR2 

6. Set timer M, timer M count start: TMOEN=1 

7. Timer C count start: TCCR2.START=1 

 

Note 1:Timer C and Timer M, CMP1 must set the action clock of Timer C to match the action clock frequency of 

Timer M. 

Note 2: When you set up a register, you must first set the control register TCCR1, and then set 

TCCR2.TSTART. 
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Chapter 10 Timer M 
10.1 Function of timer M 

Timer M has the following four modes: 

Å timer mode 

- Enter capture: The count value is taken to the register, triggered by an external signal. 

- Output Comparison: Checks if the count value and register value are the same (changes the output of the 

pin when the test is performed). 

- PWM function: Continuously output any pulse width. 

 

The following 3 modes use PWM functionality: 

Å Reset synchronous PWM mode: This is the mode of the three-phase waveform (6 of them) with output 

sawtooth modulation and no dead time. 

Å Complementary PWM mode: This is the output triangle wave modulation, three-phase waveform with 

dead time (6) mode. 

Å PWM3 Mode: This is the mode in which the same period PWM waveform (2) is output. 

 

The timer M0 and the timer M1 have the same input capture function, output comparison function and PWM 

function in the timer mode. 

Reset synchronous PWM mode, complementary PWM mode and PWM3 mode output waveform by the 

combination of counter and register of timer M0 and timer M1. 

The timer M has four input/output pins. 

The operating clock of the timer M is fCLK or fHOCO. 
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10.2 Structure of timer M 

The block diagram and the pin structure of the timer M are shown in Figure 10-1 and Table 10-1 
respectively. 
 

Figure 10-1 Block diagram of timer M 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

Note: Can only cut off output 

Remarks: i=0,1 

Table 10-1 Pin structure of timer M 

 

 

 

 

 

 

name of the feet Port name for 
multiplexing Input/Output Features 

TMIOA0/TMCLK P17 Input/Output 

Functions vary by mode of operation, see each mode 
for details. 

TMIOB0 P14 Input/Output 

TMIOC0 P16 Input/Output 

TMIOD0 P1 5 Input/Output 

TMIA1 P12 Input/Output 

TMIOB1 P1 0 Input/Output 

TMIOC1 P1 3 Input/Output 

TMIOD1 P11 

 
  

Input/Output 

TMi register 

Timer Mi 

 count 
source 
selection 

TMGRAi register 

TMGRBi register 

TMGRCi 
register 
TMGRDi 
register 
TMDFi register 

TMCRi register 

TMIORAi 
register 
TMIORCi 
register 
TMSRi register 

TMIERi register 

TMPOCRi register 

TMELC register 

TMSTR register 

TMMR register 

TMPMR register 

TMFCR register 

TMOER1 register 

TMOER2 register 

TMOCR register 

Timer M control 
circuit 

INTP0 

TMIOA0/TMCLK 

TMIOB0 

TMIOC0 

TMIOD0 

TMIA1 

TMIOB1 

TMIOC1 

TMIOD1 

Timer M0 interrupt signal 
    (INTTM0) 

Timer M1 interrupt signal 
    (INTTM1) 

fHOCO, fCLK, fCLK/2, fCLK/4, fCLK/8, 
fCLK/32 

PWMOP 
Notes 
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10.3  Register for controlling timer M 

The register for controlling the timer M is shown in Table 10-2. 
Table 10-2 Register for controlling timer M 

 

 

 

 

 

register name symbol 

Peripheral Enable Register 1 PER1 

timer M EVENTC register TMELC 

timer M start register TMSTR 

timer M mode register TMMR. 

timer MPWM function selection register TMPMR. 

timer M function control register TMFCR 

Timer M outputs Master Allow Register 1 TMER1 

Timer M outputs Master Allow Register 2 TMER2 

timer M output control register TMOCR 

timer M digital filter function selection register 0 TMDF0 

Timer M digital filter function selection register 1 TMDF1 

timer M control register 0 TMCR0 

Timer M I/O control register A0 TMIORA0 

Timer M I/O control register C0 TMIORC0 

Timer M Status Register 0 TMSR0 

Timer M interrupt enable register 0 TMIR0 
Timer M PWM function output level control 
register 0 TMPOCR0 

Timer M Counter 0 TM0 

Timer M General register A0 TMGRA0 

timer m general register b0 TMGRB0 

timer m general register c0 TMGRC0 

timer m general register d0 TMGRD0 

Timer M control register 1 TMCR1 

Timer MI/O control register A1 TMIORA1 

Timer MI/O control register C1 TMIORC1 

Timer M Status Register 1 TMSR1 

Timer M interrupt enable register 1 TMIR1 

Timer M PWM function output level control 
register 1 TMPOCR1 

Timer M Counter 1 TM1 

Timer M General register A1 TMGRA1 

Timer M General register B1 TMGRB1 

timer m general register c1 TMGRC1 

timer m general register d1 TMGRD1 

port register Pxx 
port mode register 

 
 
 
 
  

PMx, PMCx 



BAT32G137 user manual | Chapter 10 Timer M 
  

 www.changitech.com  261 / 1033 Rev.2.05 

10.3.1 Peripheral Enable Register 1 (PER1) 

The PER1 register is a register that is set to allow or prohibit providing clocks to each peripheral hardware. 

Reduce power consumption and noise by stopping clock supply to unused hardware. 

When you want to use timer M, you must set bit4(TMMEN) to '1'. The PER1 register is set by an 8-bit memory 

operation instruction. After the reset signal is generated, the value of this register changes to "00H". 

Figure 10-2 Format of Peripheral Admission Register 1 (PER1) 
 

Address: 0x400208 1A After reset:00H R/W 

symbol 

PER1 

 
 

 

TMMEN Control of an input clock of a timer M is provided 

0 
Stop provide an input clock. 

· SFR used by timer M cannot be written. 

· The timer M is in a reset state. 

1 
Provides an input clock. 

· Can read and write the SFR used by the timer M. 

 
PWMPEN Control of input clock of PWM cut-off control circuit 

0 
Stop provide an input clock. 

· Cannot write the SFR used by the PWM cutoff circuit. 

· The PWM cut-off circuit is in a reset state. 

1 
Provides an input clock. 

· Can read and write SFR used by PWM cut -off circuit. 

 
Note 1. To set the timer M, you must first set the TMMEN position "1". When the TMMEN bit is '0', the write operation of 

the control register of timer M is ignored, and the read values are initial (PM1 and P1). 

2. To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4(TMMEN) of peripheral 
enable register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change it after clearing 
bit4 (TMMEN) of Peripheral enable register 1 (PER1). 

3. To set up PWMOP, you must first set the PWMOPEN location "1". When the PWMOPEN bit is '0', the write operation 
of the control register of the PWMOP is ignored and the read values are initial. See "10.8 PWMOP" for details. 

 
 

 
 
 

 

  

 7  6  5  4  3 2 1 0  

DACEN  TMBEN PGACMPEN 
Notes 

TMMEN DMAEN PWMPEN TMCEN TMAEN 
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10.3.2 timer M EVENTC register (TMELC) 
Figure 10-3 Format of the timer MEVENTC register (TMELC) 

 
Address: 0x40042A60 After Reset: 00H Note R/W 

symbol 

TMELC 
 

 

ELCOBE1 Permission for EVENTC event input 1 (for forcing the cutoff of the pulse output 

of timer M) 
0 Forbids forced cutoff. 

1 Allow forced cutoff. 

 
ELCICE1 Selection of EVENTC event input 1 (input capture D1 for timer M) 

0 Select Input Capture TMIOD1. 

1 Select Event Input 1 from the Event Coordination Controller(EVENTC). 

 
ELCOBE0 Permission for EVENTC event input 0 (used to force a cutoff of the pulse 

output of timer M) 
0 Forbids forced cutoff. 

1 Allow forced cutoff. 

 
ELCICE0 Selection of EVENTC event input 0 (input capture D0 for timer M) 

0 Select Input Capture TMIOD0. 

1 Select event input 0 from the event Coordination Controller(EVENTC). 

Note: The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH and 

TMMEN position "1". 
  

 7  6  5  4  3 2 1 0  

0 0 ELCOBE1 ELCICE1 0 0 ELCOBE0 ELCICE0 
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10.3.3 Timer M Start Register (TMSTR) 

The TMSTR register can be set by an 8-bit memory operation instruction. Refer to the "10.7.1(1)TMSTR 

register" note when using timer M. 

Figure 10-4 The format of the timer M start register (TMSTR) 
Address: 0x40042A63 After reset: 0CH note 1 R/W 

symbol 

TMSTR 

 

 
 

CSEL1 TM1 Count Run Selection Note 2 

0 Stops counting when comparing to a match with the TMGRA1 register. 

1 Continue counting note 3 after matching with the TMGRA1 register comparisons. 

 
CSEL0 Selection of TM0 Count Run 

0 Stops counting when comparing to a match with the TMGRA0 register. 

1 Continue counting note 3 after matching with the TMGRA0 register comparisons. 

 
TSTART1 Start Flag for TM1 Count Note 4, 5 

0 Stop counting. 

1 Start counting. 

 
TSTART0 TM0 Count Start Flag Note 6,7 

0 Stop counting. 

1 Start counting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  Cannot use PWM3 mode. 

3.   This location must be "1" when using the input capture feature. 

4.  You must write "0" to the CSEL1 bit when the TSTART1 bit is 1. 

5.  This flag is "0" when the CSEL1 bit is "0" and a comparison match signal (TMIOA1) is generated. 

6.  You must write "0" to the CSEL0 bit when the TSTART0 bit is 1. 

7.  This flag is "0" when the CSEL0 bit is "0" and a comparison match signal (TMIOA0) is generated. 

 

 
 
  

 7  6  5  4  3 2 1 0  

0 0 0 0 CSEL1 CSEL0 TSTART1 TSTART0 
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10.3.4 timer M mode register (TMMR) 
Figure 10-5 The format of the timer M mode register (TMMR) 

 
Address: 0x40042A64 After reset: 00H note 1 R/W 

symbol 

TMMR. 

 
 

TMBFD1 Selection of TMGRD1 Register Functions Note 2 

0 universal register 

1 Buffer register for TMGRB1 register 

 
TMBFC1 Selection of TMGRC1 Register Functions Note 2 

0 universal register 

1 Buffer register for TMGRA1 register 

 
TMBFD0 Selection of TMGRD0 Register Functions Note 2 

0 universal register 

1 Buffer register for TMGRB0 register 

 
TMBFC0 Selection of TMGRC0 Register Features Note 2,3 

0 universal register 

1 Buffer register for TMGRA0 register 

 
TMSYNC Synchronization note 4 for timer M 

0 TM0 and TM1 operate independently. 

1 TM0 and TM1 run synchronously. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  When using the output comparison function, if you select "0" (change TMGRji) by IOj3 (j=C or D) bits of the 
TMIORCi register (i=0,1 

output pin of the register), the TMBFji position of the TMMR register must '0'. 

 3. In complementary PWM mode, this position "0" (universal register) is 

required. 

4.  In reset synchronous PWM mode, complementary PWM mode, or PWM3 mode, this position '0' (TM0 and TM1). 
  

 7  6  5  4 3 2 1 0  

TMBFD1 TMBFC1 TMBFD0 TMBFC0 0 0 0 TMSYNC 
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10.3.5 Timer M PWM Function Selection Register (TMPMR) 
Figure 10-6 Timer M PWM Function Selection Register (TMPMR) Format [Timer Mode] 

 

Address: 0x40042A65 After Reset: 00H Note R/W 

symbol 7 

TMPMR. 

 
 

TMPWMD1 The Choice of PWM Function of TMIOD1 

0 input capture function or output comparison function 

1 PWM function 

 
TMPWMC1 The Choice of PWM Function of TMIOC1 

0 input capture function or output comparison function 

1 PWM function 

 
TMPWMB1 The Choice of PWM Function of TMIOB1 

0 input capture function or output comparison function 

1 PWM function 

 
TMPWMD0 The Choice of PWM Function of TMIOD0 

0 input capture function or output comparison function 

1 PWM function 

 
TMPWMC0 The Choice of PWM Function of TMIOC0 

0 input capture function or output comparison function 

1 PWM function 

 
TMPWMB0 The Choice of PWM Function of TMIOB0 

0 input capture function or output comparison function 

1 PWM function 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 

 
 
 
 
 
 
  

 6  5  4 3 2  1  0  

0 TMPWMD1 TMPWMC1 TMPWMB1 0 TMPWMD0 TMPWMC0 TMPWMB0 
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10.3.6 Timer M Functional Control Register (TMFCR) 

 
Figure 10-7 Format of timer M function control register (TMFCR) 

 
Address: 0x40042A66 After reset: 80H note 1 R/W 

symbol 

TMFCR 
 

 
PWM3 Selection of PWM3 Mode Note 2 

· In timer mode, '1' must be set (non-PWM3 mode). 

· In PWM3 mode, '0' (PWM3 mode) must be set. 

· Invalid in reset synchronous PWM mode and complementary PWM mode. 

 
STCLK External clock input selection 

· Timer mode, reset synchronous PWM mode, complementary PWM mode 

0: Invalid external clock input 

1: External clock input is valid 

· In  PWM3 mode, '0' must be set (external clock input is invalid). 

 
OLS1 Selection of inverting output levels (reset synchronous PWM mode or 

complementary PWM mode) 
· Reset synchronous PWM mode, complementary PWM mode 

0: Initial output "H" level, "L" level valid. 

1: The initial output" L" level and "H" level are valid. 

· Not valid in timer mode and PWM3 mode. 

 
OLS0 Selection of positive phase output level (reset synchronous PWM mode or 

complementary PWM mode) 
· Reset synchronous PWM mode, complementary PWM mode 

0: Initial output "H" level, "L" level valid. 

1: The initial output" L" level and "H" level are valid. 

· Not valid in timer mode and PWM3 mode. 

 

CMD1 CMD0 Selection Notes for Combined Modes Note 3,4 

· In timer mode and PWM3 mode, "00B" (timer mode or PWM3 mode) must be set. 

· In reset synchronous PWM mode, "01B" must be set. 

· Complementary PWM mode 

CMD1 CMD0 

1 0: Complementary PWM mode (transfers data from buffer registers to universal registers when TM1 
underflows) 

1 1 : Complementary PWM mode (transfers data from buffer registers to universal registers 

when TM0 and TMGRA0 registers match) 

Above: Disable setting. 

Note 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position '1'. 

2.  The PWM3 bit is set effectively when the CMD1 bit and the CMD0 bit are '00B' (timer or PWM3). 

3.  The CMD0 bit and the CMD1 bit must be written when both the TSTART0 bit and the TSTART1 bit of the TMSTR 
register are '0'. 

4. When the CMD1 bit and CMD0 bit are "01B", "10B" or "11B, it is not related to the setting of the TMPMR register, 

it is reset synchronous PWM mode or complementary PWM mode. 
  

 7  6  5  4  3 2 1 0  

PWM3 STCLK 0 0 OLS1 OLS0 CMD1 CMD0 
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10.3.7 Timer M outputs master permissive register 1 (TMOER1) 

 
Figure 10-8 Timer M outputs the format of the master permissive register 1 (TMOER1) 

[Output comparison function, PWM function, reset synchronous PWM mode, complementary PWM mode and 

PWM3 mode] 

Address: 0x40042A67 After Reset: FFHnote 1 R/W 

symbol 

TMER1 

 
ED1 Forbidden for TMIOD1 Output Note 2 

0 Allow output. 

1 Suppress output (TMIOD1 pin is an I/O port). 

 

EC1 Forbidden for TMIOC1 Output Note 2 

0 Allow output. 

1 Output is disabled (TMIOC1 pin is I/O port). 

 

EB1 Forbidden for TMIOB1 Output Note 2 

0 Allow output. 

1 Output is disabled (TMIOB1 pin is I/O port). 

 

EA1 Disable for TMIOA1 output Note 2,3 

0 Allow output. 

1 Output is disabled (TMIOA1 pin is I/O port). 

 

ED0 Forbidden for TMIOD0 Output Note 2 

0 Allow output. 

1 Output is disabled (TMIOD0 pin is I/O port). 

 

EC0 Forbidden for TMIOC0 Output Note 2 

0 Allow output. 

1 Output is disabled (TMIOC0 pin is I/O port). 

 

EB0 TMIOB0 Output Disallowed 

0 Allow output. 

1 Output is disabled (TMIOB0 pin is I/O port). 

 

EA0 Disable Note for TMIOA0 Output Note 3,4 

0 Allow output. 

1 Output is disabled (TMIOA0 pin is I/O port). 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  In PWM3 mode, you must have this location "1". 

3.  When using the PWM feature, you must have this position "1". 

4.  In that reset synchronous PWM mode and the complementary PWM mode, this position" 1" must be use. 

 7  6  5  4  3 2 1 0  

ED1 EC1 EB1 EA1 ED0 EC0 EB0 EA0 
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10.3.8 Timer M outputs Master Permissive Register 2 (TMOER2). 

 
Figure 10-9 Timer M outputs the format of master permissive register 2 (TMOER2) 

[PWM Function, Reset Synchronous PWM Mode, Complementary PWM Mode, and PWM3 Mode] 

 

Address: 0x40042A68 After reset: 00H note 1 R/W 

symbol 

TMER2 

 
 

TMPTO Valid for Pulse Output Forced Cutoff Signal INTP0 Pin Input Note 2 

0 The pulse output forces the cutoff input to be invalid. 

1 The pulse output forces the cutoff input to be valid (the TMSHUTS bit is "1" if the INTP0 pin 
is given an "L" level). 

 
TMSHUTS Force Cutoff Flag 

0 No forced cutoff. 

1 At the mandatory cutoff. 

When the cutoff pulse is forced by a INTP0 pin or an ELC input event, this bit becomes "1" and is not 

automatically cleared. Therefore, to stop the force cutoff pulse, you must write "0" to this bit during the stop 

count (TSTARTi=0). The TMSHUTS bit write" 1" is force off pulses even in an active mode. 

Note 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

2.  Refer to "Forced cut off of 10.4.4 pulse output". 
  

 7 6 5 4 3 2 1 0  

TMPTO 0 0 0 0 0 0 TMSHUTS 
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10.3.9 Timer M Output Control Register (TMOCR) 

The TMOCR register must be written when both the TSTART0 bit and the TSTART1 bit of the TMSTR 
register are '0'. 

 
Figure 10-10 Timer M Output Control Register (TMOCR) Format [Output Comparison Function] 

 

Address: 0x40042A69 After reset: 00H note 1 R/W 

symbol 

TMOCR 
 

 
 

TOD1 Selection of the initial output level of TMIOD1 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 

TOC1 Selection of the initial output level of TMIOC1 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 

TOB1 Selection of the initial output level of TMIOB1 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 

TOA1 Selection of initial output level of TMIOA1 

0 Initial output "L" level. 

1 Initial output "H" level. 

 
TOD0 Selection of the initial output level of TMIOD0 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 

TOC0 Selection of the initial output level of TMIOC0 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 
TOB0 Selection of the initial output level of TMIOB0 Note 2 

0 Initial output "L" level. 

1 Initial output "H" level. 

 
TOA0 Selection of initial output level of TMIOA0 

0 Initial output "L" level. 

1 Initial output "H" level. 

 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

 7  6  5  4  3 2 1 0  

TOD1 TOC1 TOB1 TOA1 TOD0 TOC0 TOB0 TOA0 
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2.  When the TMOCR register is set in the case that the pin function of the TMOCR register is waveform output, the 

initial output level is output. 
 

Figure 10-11 Timer M Output Control Register (TMOCR) Format [PWM Function] 

Address: 0x40042A69 After reset: 00H note 1 R/W 

symbol 

TMOCR 
 

 

 

TOD1 Selection of the initial output level of TMIOD1 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

 
TOC1 Selection of the initial output level of TMIOC1 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

 
TOB1 Selection of the initial output level of TMIOB1 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

 
TOA1 Selection of initial output level of TMIOA1 

Must be set '0'. 

 
TOD0 Selection of the initial output level of TMIOD0 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

 
TOC0 Selection of the initial output level of TMIOC0 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

Effective in reset synchronous PWM mode and complementary PWM mode. 

 
TOB0 Selection of the initial output level of TMIOB0 Note 2 

0 The initial output is an invalid level. 

1 The initial output is the effective level. 

 
TOA0 Selection of initial output level of TMIOA0 

Must be set '0'. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  When the TMOCR register is set in the case that the pin function of the TMOCR register is waveform output, the 

initial output level is output. 
  

 7  6  5  4  3 2 1 0  

TOD1 TOC1 TOB1 TOA1 TOD0 TOC0 TOB0 TOA0 
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Figure 10-12 Timer M Output Control Register (TMOCR) Format [PWM3 Mode] 

Address: 0x40042A69 After reset: 00H note 1 R/W 

symbol 

TMOCR 
 

 

TOD1 Selection of initial output level of TMIOD1 

Invalid in PWM3 mode. 

 
TOC1 Selection of initial output level of TMIOC1 

Invalid in PWM3 mode. 

 
TOB1 Selection of initial output level of TMIOB1 

Invalid in PWM3 mode. 

 
TOA1 Selection of initial output level of TMIOA1 

Invalid in PWM3 mode. 

 
TOD0 Selection of initial output level of TMIOD0 

Invalid in PWM3 mode. 

 
TOC0 Selection of initial output level of TMIOC0 

Invalid in PWM3 mode. 

 
TOB0 Selection of the initial output level of TMIOB0 Note 2 

0 The initial output" L" level and "H" level are valid. 

The "H" level is output when the TMGRB1 comparison match and the "L" level when the 
TMGRB0 comparison match. 

1 Initial output "H" level, "L" level valid. 

Output "L" level when TMGRB1 comparison matches and "H" level when TMGRB0 
comparison matches. 

 
TOA0 Selection of initial output level of TMIOA0 

0 The initial output" L" level and "H" level are valid. 

The "H" level is output when the TMGRA1 comparison match and the "L" level when the 
TMGRA0 comparison match. 

1 Initial output "H" level, "L" level valid. 

Output "L" level when TMGRA1 comparison matches and "H" level when TMGRA0 
comparison matches. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  When the TMOCR register is set in the case that the pin function of the TMOCR register is waveform output, the 

initial output level is output. 
  

 7  6  5  4  3 2 1 0  

TOD1 TOC1 TOB1 TOA1 TOD0 TOC0 TOB0 TOA0 
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10.3.10 timer m digital filter function selection register i (TMDFi) (i=0,1) 

 
Figure 10-13 Timer M Digital Filter Function Selection Register i (TMDFi) (i=0,1) Format [Input capture] 

Addresses: 0x40042A6A (TMDF0), 0x40042A6B (TMDF1) After reset: 00H note 1 R/W 

symbol 

TMDFi 
 

 

DFCK1 DFCK0 Clock Selection for Digital Filter Functions Note 2 

0 0 fCLK/32 Note 3 

0 1 fCLK/8 Note 3 

1 0 fCLK Note 3 

1 1 Count source (TCK0~TCK2 bit selection clock for TMCRi register) 

 
PENB1 PENB0 Control of Impulse Forced Cut-off of TMIOB Pin 

0 0 Must be set "00B". 

 
DFD Selection of Digital Filter Function of TMIODi Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection. 
 

DFC Selection of Digital Filter Function of TMIOCi Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection. 
 

DFB Selection of Digital Filter Function of TMIOBi Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection. 
 

DFA Selection of Digital Filter Function of TMIOAi Pin 

0 There is no digital filter function. 

1 It has digital filter function. 

When the digital filter function is available, the sampling clock cycle of up to 5 digital filters is needed for 

edge detection.  

Note 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

2.  The count must start after setting the DFCK0 bit and the DFCK1 bit. 

3.  fCLK/32, fCLK/8 and fCLK are fHOCO/32, fHOCO/8 and fHOCO when the FRQSEL4 bit of the user option byte 
(000C2H) is 1. 
  

 7  6  5  4  3 2 1 0  

DFCK1 DFCK0 PENB1 PENB0 DFD DFC DFB DFA 
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Figure 10-14 Timer M Digital Filter Function Select the format of register 

i(TMDFi) (i=0,1)[PWM function, reset synchronous PWM mode, 

complementary PWM mode and PWM3 mode] 

 

Addresses: 0x40042A6A (TMDF0), 0x40042A6B (TMDF1) After reset: 00H note 1 R/W 

symbol 

TMDFi 
 

 

DFCK1 DFCK0 Control of Impulse Forced Cut-off of TMIOA Pin 

0 0 Forbids forced cutoff. 

0 1 high impedance output 

1 0 "L" level output 

1 1 "H" level output 

If the corresponding pin is not used as the output port of the timer M in these modes, '00B' must be set 

(forbidding forced cutoff). Also, these bits must be set during stopping the count. 

 
PENB1 PENB0 Control of Impulse Forced Cut-off of TMIOB Pin 

0 0 Forbids forced cutoff. 

0 1 high impedance output 

1 0 "L" level output 

1 1 "H" level output 

If the corresponding pin is not used as the output port of the timer M in these modes, '00B' must be set 

(forbidding forced cutoff). Also, these bits must be set during stopping the count. 

 
DFD DFC Control of Impulse Forced Cut-off of TMIOC Pin 

0 0 Forbids forced cutoff. 

0 1 high impedance output 

1 0 "L" level output 

1 1 "H" level output 

If the corresponding pin is not used as the output port of the timer M in these modes, '00B' must be set 

(forbidding forced cutoff). Also, these bits must be set during stopping the count. 

 
DFB DFA Control of Impulse Forced Cut-off of TMIOD Pin 

0 0 Forbids forced cutoff. 

0 1 high impedance output 

1 0 "L" level output 

1 1 "H" level output 

If the corresponding pin is not used as the output port of the timer M in these modes, '00B' must be set 

(forbidding forced cutoff). Also, these bits must be set during stopping the count. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
  

 7  6  5  4  3 2 1 0  

DFCK1 DFCK0 PENB1 PENB0 DFD DFC DFB DFA 
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10.3.11 Timer M control register i (TMCRi) (i=0,1) 

The TMCR1 register is not used in the reset synchronization PWM mode and the PWM3 mode. 
 

Figure 10-15 Timer M Control Register i (TMCRi) (i=0,1) [Input capture and output comparison] 

Addresses: 0x40042A70 (TMCR0), 0x40042A80 (TMCR1) After reset: 00H note 1 R/W 

symbol 

TMCRi 
 

 
CCLR2 CCLR1 CCLR0 Clear Selection of TMi Counters 

0 0 0 Do not clear (run free). 

0 0 1 Clears when the TMGRAi's input capture/comparison matches. 

0 1 0 Clears when the TMGRBi's input capture/comparison matches. 

0 1 1 
Synchronize Purge (Purge at the same time as the counter of 

other timer Mi) Note 2 

1 0 1 Clears when the TMGRCi's input capture/comparison matches. 

1 1 0 Clears when the TMGRDi's input capture/comparison matches. 

Other than above Disable setting. 

 

CKEG1 CKEG0 External clock edge selection note 3 

0 0 Count along the rising edge. 

0 1 Count along the descent. 

1 0 Count along double edges. 

Other than above Disable setting. 

 
TCK2 TCK1 TCK0 Selection of Counting Source 

0 0 0 fCLK, fHOCO Note 4 

0 0 1 fCLK/2 Note 5 

0 1 0 fCLK/4 Note 5 

0 1 1 fCLK/8 Note 5 

1 0 0 fCLK/32 Note 5 

1 0 1 Input note 6 for TMCLK 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  Valid when the TMSYNC bit of the TMMR register is "1" (TM0 and TM1 run synchronously). 

3.  Valid when TCK2~TCK0 bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid). 

4.  When the FRQSEL4 bit of the user option byte (000C2H) is "0", select fCLK; Select fHOCO when the FRQSEL4 
bit is "1" To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of 
Peripheral Admission Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change 
it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1). 

5.  Cannot set when the FRQSEL4 bit of user option byte (000C2H) is '1'. 

6.  Valid when the STCLK bit of the TMFCR register is "1" (External clock input is valid). 
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CCLR2 CCLR1 CCLR0 CKEG1 CKEG0 TCK2 TCK1 TCK0 
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Figure 10-16 Timer M Control Register i (TMCRi) (i=0,1) Format [PWM] 

Addresses: 0x40042A70 (TMCR0), 0x40042A80 (TMCR1) After reset: 00H note 1 R/W 

symbol 

TMCRi 
 

 

 

CCLR2 CCLR1 CCLR0 Clear Selection of TMi Counters 

Must be '001B'. 

 
CKEG1 CKEG0 External clock edge selection note 2 

0 0 Count along the rising edge. 

0 1 Count along the descent. 

1 0 Count along double edges. 

Other than above Disable setting. 

 
TCK2 TCK1 TCK0 Selection of Counting Source 

0 0 0 fCLK, fHOCO Note 3 

0 0 1 fCLK/2 Note 4 

0 1 0 fCLK/4 Note 4 

0 1 1 fCLK/8 Note 4 

1 0 0 fCLK/32 Note 4 

1 0 1 Input note 5 for TMCLK 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  Valid when TCK2~TCK0 bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid). 

3.  When the FRQSEL4 bit of the user option byte (000C2H) is "0", select fCLK; Select fHOCO when the FRQSEL4 
bit is "1" To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of 
Peripheral Admission Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change 
it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1). 

4.  Cannot set when the FRQSEL4 bit of user option byte (000C2H) is '1'. 

5.  Valid when the STCLK bit of the TMFCR register is "1" (External clock input is valid). 
  

 7  6  5  4  3 2 1 0  

CCLR2 CCLR1 CCLR0 CKEG1 CKEG0 TCK2 TCK1 TCK0 
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Figure 10-17 Timer M Control Register 0 (TMCR0) Format [Reset Synchronous PWM Mode] 
 

Address: 0x40042A70 After reset: 00H note1 R/W 

symbol 

TMCR0 
 

 

 

CCLR2 CCLR1 CCLR0 Clear Selection of TM0 Counter 

Must be '001B' (clear TM0 register when matching with TMGRA0 register). 

 
CKEG1 CKEG0 External clock edge selection note 2 

0 0 Count along the rising edge. 

0 1 Count along the descent. 

1 0 Count along double edges. 

Other than above Disable setting. 

 
TCK2 TCK1 TCK0 Selection of Counting Source 

0 0 0 fCLK, fHOCO Note 3 

0 0 1 fCLK/2 Note 4 

0 1 0 fCLK/4 Note 4 

0 1 1 fCLK/8 Note 4 

1 0 0 fCLK/32 Note 4 

1 0 1 Input note 5 for TMCLK 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  Valid when TCK2~TCK0 bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid). 

3.  When the FRQSEL4 bit of the user option byte (000C2H) is "0", select fCLK; Select fHOCO when the FRQSEL4 
bit is "1" To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of 
Peripheral Admission Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change 
it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1). 

4.  Cannot set when the FRQSEL4 bit of user option byte (000C2H) is '1'. 

5.  Valid when the STCLK bit of the TMFCR register is "1" (External clock input is valid). 
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Figure 10-18 Timer M Control Register 0 (TMCR0) Format [Complementary PWM 
Mode] 

 

Address: 0x40042A70 After reset: 00H note 1 R/W 

symbol 

TMCR0 
 

 

 

CCLR2 CCLR1 CCLR0 Clear Selection of TM0 Counter 

Must set "000B". 

 
CKEG1 CKEG0 External clock edge selection note 2,3 

0 0 Count along the rising edge. 

0 1 Count along the descent. 

1 0 Count along double edges. 

Other than above Disable setting. 

 
TCK2 TCK1 TCK0 Selection of Counting Source 

0 0 0 fCLK, fHOCO Note 4 

0 0 1 fCLK/2 Note 5 

0 1 0 fCLK/4 Note 5 

0 1 1 fCLK/8 Note 5 

1 0 0 fCLK/32 Note 5 

1 0 1 Input for TMCLK Note 6 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  Valid when TCK2~TCK0 bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid). 

3.  You must set the same values for TCK0~TCK2 bits, CKEG0 bits, and CKEG1 bits of the TMCR0 register and 
TMCR1 register. 

4.  When the FRQSEL4 bit of the user option byte (000C2H) is "0", select fCLK; Select fHOCO when the FRQSEL4 

bit is "1" To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of 

Peripheral Admission Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change 

it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1). 

5.  Cannot set when the FRQSEL4 bit of user option byte (000C2H) is '1'. 

6.  Valid when the STCLK bit of the TMFCR register is "1" (External clock input is valid). 
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Figure 10-19 Timer M Control Register 0 (TMCR0) Format [PWM3 Mode] 
 

Address: 0x40042A70 After reset: 00H note 1 R/W 

symbol 

TMCR0 
 

 

 

CCLR2 CCLR1 CCLR0 Clear Selection of TM0 Counter 

Must be '001B' (clear TM0 register when matching with TMGRA0 register). 

 
CKEG1 CKEG0 Selection of external clock edge 

Invalid in PWM3 mode. 

 
TCK2 TCK1 TCK0 Selection of Counting Source 

0 0 0 fCLK, fHOCO Note 2 

0 0 1 fCLK/2 Note 3 

0 1 0 fCLK/4 Note 3 

0 1 1 fCLK/8 Note 3 

1 0 0 fCLK/32 Note 3 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  When the FRQSEL4 bit of the user option byte (000C2H) is "0", select fCLK; Select fHOCO when the FRQSEL4 
bit is "1" To select fHOCO as the counter source for timer M, you must set fCLK to fIH before the timer starts 
counting. 

3.  Cannot set when the FRQSEL4 bit of user option byte (000C2H) is '1'. 
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10.3.12 Timer MI/O control register Ai(TMIORAi) (i=0,1) 

 
Figure 10-20 Timer MI/O Control Register Ai (TMIORAi) (i=0,1) Format [input capture] 

Addresses: 0x40042A71 (TMIORA0), 0x40042A81H (TMIORA1) After reset: 00H note 1 R/W 

symbol 

TMIORAi 

 
 

IOB2 Selection for TMGRB Mode Note 2 

When using the input capture feature, you must set "1" (input capture). 

 
IOB1 IOB0 TMGRB control 

0 0 Catch TMGRBi on the rising edge input. 

0 1 Caught TMGRBi on descent input. 

1 0 TMGRBi is captured along the input at the double edge. 

Other than above Disable setting. 

 
IOA2 Select for TMGRA Mode Note 3 

When using the input capture feature, you must set "1" (input capture). 

 
IOA1 IOA0 TMGRA control 

0 0 Catch TMGRAi on the rising edge input. 

0 1 Caught TMGRAi on descent input. 

1 0 TMGRAi is captured along the input at the double edge. 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  If you select "1" through the TMBFDi bit of the TMMR register, you must set the same value for the IOB2 bit of the 

TMIORAi register. 

3.  If you select "1" through the TMBFCi bit of the TMMR register, you must set the same value for the IOA2 bit of the 

TMIORAi register. 
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Figure 10-21 Timer MI/O Control Register Ai (TMIORAi) (i=0,1) Format [output comparison] 
 

Addresses: 0x40042A71 (TMIORA0), 0x40042A81H (TMIORA1) After reset: 00H note 1 R/W 

symbol 

TMIORAi 
 

 

IOB2 Selection for TMGRB Mode Note 2 

When you use the output comparison feature, you must set "0" (output comparison). 

 
IOB1 IOB0 TMGRB control 

0 0 Prevent comparing matching pin outputs (I/O ports with TMIOBi pins). 

0 1 Output "L" level when TMGRBi comparison matches. 

1 0 Output "H" level when TMGRBi comparison matches. 

1 1 Alternate output when TMGRBi compares matches. 

 
IOA2 Select for TMGRA Mode Note 3 

When you use the output comparison feature, you must set "0" (output comparison). 

 
IOA1 IOA0 TMGRA control 

0 0 Prevent comparing matching pin outputs (I/O ports with TMIOAi pins). 

0 1 Output "L" level when TMGRAi comparison matches. 

1 0 Output "H" level when TMGRAi comparison matches. 

1 1 Alternate output when TMGRAi compares matches. 

Note 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

2.  If you select "1" through the TMBFDi bit of the TMMR register, you must set the same value for the IOB2 bit of the 

TMIORAi register. 

3.  If you select "1" through the TMBFCi bit of the TMMR register, you must set the same value for the IOA2 bit of the 

TMIORAi register. 
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10.3.13 Timer MI/O control register Ci(TMIORCi) (i=0,1) 

 
Figure 10-22 Timer MI/O Control Register Ci(TMIORCi) (i=0,1) Format [input capture] 

Addresses: 0x40042A72 (TMIORC0), 0x40042A82 (TMIORC1) After reset: 88H note 1 R/W 

symbol 

TMIORCi 
 

 

IOD3 Selection of TMGRD Register Function 

When using the input capture function, '1' (universal or buffer register) must be set. 

 
IOD2 Selection for TMGRD Mode Note 2 

When using the input capture feature, you must set "1" (input capture). 

 
IOD1 IOD0 TMGRD control 

0 0 Catch TMGRDi on the rising edge input. 

0 1 Caught TMGRDi on descent input. 

1 0 TMGRDi is captured along the input at the double edge. 

Other than above Disable setting. 

 
IOC3 Selection of TMGRC Register Function 

When using the input capture function, '1' (universal or buffer register) must be set. 

 
IOC2 Select for TMGRC Mode Note 3 

When using the input capture feature, you must set "1" (input capture). 

 
IOC1 IOC0 TMGRC control 

0 0 Catch TMGRCi on the rising edge input. 

0 1 Caught TMGRCi on descent input. 

1 0 TMGRCi is captured along the input at the double edge. 

Other than above Disable setting. 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  If you select "1" through the TMBFDi bit of the TMMR register, you must set the same value for the IOB2 bit of the 

TMIORAi register. 

3.  If you select "1" through the TMBFCi bit of the TMMR register, you must set the same value for the IOA2 bit of the 

TMIORAi register. 
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Figure 10-23 Timer M I/O Control Register Ci (TMIORCi) (i=0,1) [output comparison function] 
 

Addresses: 0x40042A72 (TMIORC0), 0x40042A82 (TMIORC1) After reset: 88H note 1 R/W 

symbol 

TMIORCi 
 

 

IOD3 Selection of TMGRD Register Function 

0 
TMIOB output register 

(Refer to "Changes to the Output Pin of the 10.5.2 (2) TMGRCi Register and TMGRDi 
Register (i=0,1)") 

1 Universal or buffer registers 

 
IOD2 Selection for TMGRD Mode Note 2 

When you use the output comparison feature, you must set "0" (output comparison). 

 
IOD1 IOD0 TMGRD control 

0 0 Prevents comparing matching pin outputs. 

0 1 Output "L" level when TMGRDi comparison matches. 

1 0 Output "H" level when TMGRDi comparison matches. 

1 1 Alternate output when TMGRDi compares matches. 

 
IOC3 Selection of TMGRC Register Function 

0 
TMIOA output register 

(Refer to "Changes to the Output Pin of the 10.5.2 (2) TMGRCi Register and TMGRDi 
Register (i=0,1)") 

1 Universal or buffer registers 

 
IOC2 Select for TMGRC Mode Note 3 

When you use the output comparison feature, you must set "0" (output comparison). 

 
IOC1 IOC0 TMGRC control 

0 0 Prevents comparing matching pin outputs. 

0 1 Output "L" level when TMGRCi comparison matches. 

1 0 Output "H" level when TMGRCi comparison matches. 

1 1 Alternate output when TMGRCi compares matches. 

Note 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

2.  If you select "1" through the TMBFDi bit of the TMMR register, you must set the same value for the IOB2 bit of the 

TMIORAi register. 

3.  If you select "1" through the TMBFCi bit of the TMMR register, you must set the same value for the IOA2 bit of the 

TMIORAi register. 
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10.3.14 Timer M Status Register 0 (TMSR0) 
 

Figure 10-24 Timer M Status Register 0 (TMSR0) Format [Input Capture Function] 

Address: 0x40042A73 After reset: 00H note 1 R/W 

symbol 

TMSR0 

 
 

OVF Overflow Flag Note 2 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

When TM0 overflows 

 
IMFD Enter Capture/Compare Match Flag D Note 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 4 for TMIOD0 Pin 

 

IMFC Enter Capture/Compare Match Flag CNote 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 4 for TMIOC0 Pin 

 

IMFB Enter Capture/Compare Match Flag BNote 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 5 for TMIOB0 Pin 

 

IMFA Enter Capture/Compare Match Flag A Note 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 5 for TMIOA0 Pin 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2.  When the count value of timer M0 changes from 'FFFFH' to '0000H', the overflow flag changes to '1'. In addition, 

according to the setting of CCLR0~CCLR2 bit of TMCR0 register, if the count value of timer M0 changes from 

FFFFH to 0000H. 
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Note: 3. The results are as follows: 

Å When writing "1," this bit does not change. 

Å In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains). 

Å If the read value is "1", the bit becomes "0" if the same bit is given "0" However, when the status flag 
of an interrupt source of timer M (hereinafter referred to as the object status flag) is set to 0 

M interrupt enable register i (TMIERi) to be set to disable interrupt must be set" 0" in any of that 
follow (a) c. 

a) The object status flag must be written "0" after setting timer M interrupt enable register i 
(TMIERi). 

b) When timer M interrupt enable register i (TMIERi) has bit with" 1" (allowed) and the bit allow 
interrupt source state flag" 0. 

 

(Example) Cleaning IMFB in a state where IMIEA and OVIE are interrupts allowed and IMIEB is interrupts 
prohibited 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi

 

Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

0

must cclear 

request bit

must write 0 to IMFB since the corresponding status flag 

(OVF, IMFA) of enabled interrupt are "0".

TMSRi

 

c) When timer M interrupt enable register i (TMIERi) has bit with '1' (allowed) and the bit allows 
interrupt source state flag '1'. 

(Example) When IMIEA is Interrupt Allowed and IMIEB is Interrupt Disabled to clear IMFB 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 

enable

interrupt 

disable

TMIERi
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Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

1

must cclear 
request bit

must write 0 to IMFB since the corresponding 
status flag (OVF, IMFA) of enabled interrupt are 
"0".

TMSRi

 

4.  This is the edge selected by the IOk1 bit and IOk0 bit (k=C or D) of the TMIORC0 register. 

Include that case where the TMBFk0 bit of the TMMR register is" 1" (TMGRk0 is a buffer register). 

5.  This is the edge selected by the IOj1 bit and IOj0 bit (j=A or B) of the TMIORA0 register. 

6.  When using DMA, the IMFA bits, IMFB bits, IMFC bits, and IMFD bits become "1" after the DMA 
transfer is completed. 
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Figure 10-25 Timer M Status Register 0 (TMSR0) Format [Features Other Than Input 
Capture] 

 

Address: 0x40042A73 After reset: 00H note 1 R/W 

symbol 

TMSR0 
 
 

OVF Overflow Flag Note 3 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM0 overflows 

 

IMFD Enter Capture/Compare Match Flag DNote 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM0 and TMGRD0 have the same values Note 4 

 

IMFC Enter Capture/Compare Match Flag C Note 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM0 and TMGRC0 have the same values Note 4 

 

IMFB Enter Capture/Compare Match Flag B Note 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM0 and TMGRB0 have the same value 

 

IMFA Enter Capture/Compare Match Flag ANote 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM0 and TMGRA0 have the same value 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

2. The results are as follows: 

Å When writing "1," this bit does not change. 

Å In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains). 

Å If the read value is "1", the bit becomes "0" if the same bit is given "0" 

However, if the interrupt is set to 0 by timer M interrupt enable register i(TMIERi), then any of 0. 

 

a) The object status flag must be written "0" after setting timer M interrupt enable register i 
(TMIERi). 

b) When timer M interrupt enable register i (TMIERi) has bit with" 1" (allowed) and the bit allow 
interrupt source state flag" 0. 

(Example) Cleaning IMFB in a state where IMIEA and OVIE are interrupts allowed and IMIEB is interrupts prohibited 
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Å Timer M interrupts the state of the allow register i (TMIERi) 
 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi

 

Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

0

must cclear request 
bit

must write 0 to IMFB since the corresponding status flag (OVF, 
IMFA) of enabled interrupt are "0".

TMSRi

 

c) When timer M interrupt enable register i (TMIERi) has bit with '1' (allowed) and the bit allows 
interrupt source state flag '1'. 

(Example) When IMIEA is Interrupt Allowed and IMIEB is Interrupt Disabled to clear IMFB 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi

 

Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

1

must cclear request 
bit

must write 0 to IMFA and IMFB since the corresponding 
status flag (IMFA) of enabled interrupt are "0".

TMSRi

 

3.  When the count value of timer M0 changes from 'FFFFH' to '0000H', the overflow flag changes to '1'. In addition, 
according to the setting of CCLR0~CCLR2 bit of TMCR0 register, if the count value of timer M0 changes from 
FFFFH to 0000H. 

4.  Include that case where the TMBFk0 bit (k=C or D) of the TMMR register is '1' (TMGRk0 is a buffer register). 

5.  When using DMA, the IMFA bits, IMFB bits, IMFC bits, and IMFD bits become "1" after the DMA transfer is 
completed. 
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10.3.15 Timer M Status Register 1 (TMSR1) 

 
Figure 10-26 Timer M Status Register 1 (TMSR1) Format [Input Capture Function] 

Address: 0x40042A83 After reset: 00H note 1 R/W 

symbol 

TMSR1 

 
 

UDF overflow mark 

Invalid when using input capture feature. 

 
OVF Overflow Flag Note 2 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

When TM1 overflows 

 

IMFD Enter Capture/Compare Match Flag D Note 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 4 for TMIOD1 Pin 

 

IMFC Enter Capture/Compare Match Flag CNote 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 4 for TMIOC1 Pin 

 

IMFB Enter Capture/Compare Match Flag BNote 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 5 for TMIOB1 Pin 

 

IMFA Enter Capture/Compare Match Flag A Note 6 

[Condition for '0'] 

Read and write "0" note 3. 

[Condition for "1"] 

Input Edge Note 5 for TMIOA1 Pin 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

2. The overflow flag changes to '1' when the counter value of timer M1 changes from 'FFFFH' to '0000H'. In addition, 
according to the setting of CCLR0~CCLR2 bit of TMCR1 register, the overflow flag becomes '1' if FFFFH. 
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Note: 3. The results are as follows: 

Å When writing "1," this bit does not change. 

Å In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains). 

Å If the read value is "1", the bit becomes "0" if the same bit is given "0" 

However, if the interrupt is set to 0 by timer M interrupt enable register i(TMIERi), then any of 0. 

 

a) The object status flag must be written "0" after setting timer M interrupt enable register i 
(TMIERi). 

b) When timer M interrupt enable register i (TMIERi) has bit with" 1" (allowed) and the bit allow 
interrupt source state flag" 0. 

(Example) When IMIEA and OVIE are interrupts-allowed and IMIEB is interrupts-forbidden. IMFB is cleared. 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi

 

Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

0

must cclear request 
bit

must write 0 to IMFB since the corresponding status flag (OVF, 
IMFA) of enabled interrupt are "0".

TMSRi

 

c) When timer M interrupt enable register i (TMIERi) has bit with '1' (allowed) and the bit allows interrupt 
source state flag '1'. 

(Example) When IMIEA is an interrupt-allowed state and IMIEB is an interrupt-prohibited state, clear IMFB. 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi
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Å Status of timer M status register i (TMSRi) 
 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

1

must cclear request 
bit

Because the status flag (IMFA) corresponding to the 
interrupt enable bit is "1", it is necessary to write "0" to 
IMFA and IMFB at the same time.

TMSRi

 

4.  This is the edge selected by the IOk1 bit and IOk0 bit (k=C or D) of the TMIORC1 register. 

Include that case where the TMBFk1 bit of the TMMR register is" 1" (TMGRk1 is a buffer register). 

5.  This is the edge selected by the IOj1 bit and IOj0 bit (j=A or B) of the TMIORA1 register. 

6.  When using DMA, the IMFA bits, IMFB bits, IMFC bits, and IMFD bits become "1" after the DMA transfer is 
completed. 
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Figure 10-27 Timer M Status Register 1 (TMSR1) Format [Input capture] 
 

Address: 0x40042A83 After reset: 00H note 1 R/W 

symbol 

TMSR1 
 
 

UDF overflow mark 

The case of complementary PWM mode 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

Invalid in non-complementary PWM mode when TM1 underflows. 

 

OVF Overflow Flag Note 3 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM1 overflows 

 

IMFD Enter Capture/Compare Match Flag DNote 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM1 and TMGRD1 have the same values Note5 

 

IMFC Enter Capture/Compare Match Flag C Note 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM1 and TMGRC1 have the same values Note5 

 

IMFB Enter Capture/Compare Match Flag B Note 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM1 and TMGRB1 have the same value 

 

IMFA Enter Capture/Compare Match Flag ANote 5 

[Condition for '0'] 

Read and write "0" note 2. 

[Condition for "1"] 

When TM1 and TMGRA1 have the same value 

Note: 1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of 

the PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to 

fIH and TMMEN position "1". 

 7  6  5  4  3 2 1 0  

0 0 UDF OVF IMFD IMFC IMFB IMFA 
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Note:2. The results are as follows: 

Å When writing "1," this bit does not change. 

Å In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains). 

Å If the read value is "1", the bit becomes "0" if the same bit is given "0" 

However, if the interrupt is set to 0 by timer M interrupt enable register i(TMIERi), then any of 0. 

 

a) The object status flag must be written "0" after setting timer M interrupt enable register i (TMIERi). 

b) When timer M interrupt enable register i (TMIERi) has bit with" 1" (allowed) and the bit allow interrupt 

source state flag" 0. 

(Example) Cleaning IMFB in a state where IMIEA and OVIE are interrupts allowed and IMIEB is interrupts prohibited 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi

 

Å Status of timer M status register i (TMSRi) 
 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

0

must cclear request 
bit

must write 0 to IMFB since the corresponding status flag (OVF, 
IMFA) of enabled interrupt are "0".

TMSRi

 

c) When timer M interrupt enable register i (TMIERi) has bit with '1' (allowed) and the bit allows interrupt 

source state flag '1'. 

(Example) When IMIEA is Interrupt Allowed and IMIEB is Interrupt Disabled to clear IMFB 

Å Timer M interrupts the state of the allow register i (TMIERi) 

ĺ 

0

ĺ 

0

ĺ 

0

OVIE

1

IMIED

0

IMIEC

0

IMIEB

0

IMIEA

1

interrupt 
enable

interrupt disable

TMIERi
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Å Status of timer M status register i (TMSRi) 

ĺ 

0

ĺ 

0

UDF

0

OVF

0

IMFD

1

IMFC

0

IMFB

1

IMFA

1

must cclear request 
bit

Because the status flag (IMFA) corresponding to the 
interrupt enable bit is "1", it is necessary to write "0" to 
IMFA and IMFB at the same time.

TMSRi

 

3. The overflow flag changes to '1' when the counter value of timer M1 changes from 'FFFFH' to '0000H'. In addition, 
according to the setting of CCLR0~CCLR2 bit of TMCR1 register, the overflow flag becomes '1' if FFFFH. 

4. Include the case where the TMBFk1 bit (k=C or D) of the TMMR register is a buffer register. 

5. When using DMA, the IMFA bit, the IMFB bit, the IMFC bit, and the IMFD bit become "1" after the DMA transfer. 
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10.3.16 timer m interrupt enable register i (TMIERi) (i=0,1) 

 
Figure 10-28 Timer M interrupts the format of register i(TMIERi) (i=0,1) 

Addresses: 0x40042A74 (TMIER0), 0x40042A84 (TMIER1) After Reset: 00H Note R/W 

symbol 

TMIRi 
 

 

OVIE Permission for overflow/overflow interrupts 

0 Interrupts (OVIs) due to OVF and UDF bits are prohibited. 

1 Allow interrupts (OVIs) due to OVF and UDF bits. 

 
IMIED Input capture/compare matching interrupt allowed D 

0 Interrupts due to IMFD bits are prohibited (IMID). 

1 Allow interrupts due to IMFD bits (IMID). 

 
IMIEC Input capture/compare matching interrupt allow C 

0 Interrupts due to IMFC bits are prohibited (IMIC). 

1 Allow interrupts due to IMFC bits (IMIC). 

 
IMIEB Input capture/compare matching interrupt allowed B 

0 Interrupts due to IMFB bits are prohibited (IMIB). 

1 Allow interrupts due to IMFB bits (IMIB). 

 
IMIEA Enter Snap/compare matching interrupt allowed A 

0 Interrupts due to IMFA bits are prohibited (IMIA). 

1 Allow interrupts due to IMFA bits (IMIA). 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
  

 7  6  5  4  3 2 1 0  

0 0 0 OVIE IMIED IMIEC IMIEB IMIEA 
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10.3.17 timer MPWM function output level control register i (TMPOCRi) (i=0,1) 

The TMPOCRi register settings are valid only when using the PWM function, otherwise the TMPOCRi 
register settings are not valid. 

 
Figure 10-29 Timer MPWM Function Output Level Control Register i (TMPOCRi) (i=0,1) Format [PWM] 

Addresses: 0x40042A75 (TMPOCR0), 0x40042A85 (TMPOCR1) After Reset: 00H Note R/W 

symbol 

TMPOCRi 
 

 

COLD Output level control D of PWM function 

0 The TMIODi output level is a valid 'L' level. 

1 The TMIODi output level is a valid 'H' level. 

 
POLC Output level control C of PWM function 

0 The TMIOCi output level is a valid 'L' level. 

1 The TMIOCi output level is a valid 'H' level. 

 
POLB Output level control B of PWM function 

0 The TMIOBi output level is a valid 'L' level. 

1 The TMIOBi output level is a valid 'H' level. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
  

 7  6  5  4  3 2 1 0  

0 0 0 0 0 COLD POLC POLB 
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10.3.18 timer M counter i (TMi) (i=0,1) 

[Timer Mode] 

The TMi register must be accessed in 16 bits and not in 8 bits. 

 
[Reset synchronous PWM mode and PWM3 mode] 

The TM0 register must be accessed in 16 bits and not in 8 bits. The TM1 register is not used in reset 
synchronization PWM mode and PWM3 mode. 

 
[Complementary PWM mode (TM0)] 

The TM0 register must be accessed in 16 bits and not in 8 bits. 

 
[Complementary PWM mode (TM1)] 

The TM1 register must be accessed in 16 bits and not in 8 bits. 

 
Figure 10-30 Format of timer M counter i(TMi) (i=0,1) [timer mode] 

Address: 0x40042A76(TM0), 0x40042A86(TM1) After Reset: 0000H Note R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

 0 

TMi 

 
 

ð Features Set Scope 

bit15~0 
Count the sources incrementally. 

If overflows occur, the OVF bit of the TMSRi register becomes "1". 
0000H~FFFFH 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 
Figure 10-31 Timer M Counter i(TMi) (i=0,1) Format [Reset Synchronous PWM Mode and PWM3 
Mode] 

Address: 0x40042A76(TM0), 0x40042A86(TM1) After Reset: 0000H Note R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMi 

 
 

ð Features Set Scope 

bit15~0 
Count the sources incrementally. 

If overflows occur, the OVF bit of the TMSR0 register becomes "1". 
0000H~FFFFH 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
  

                

 

                

 



BAT32G137 user manual | Chapter 10 Timer M 
  

 www.changitech.com  297 / 1033 Rev.2.05 

Figure 10-32 Timer M Counter i(TMi) (i=0,1) Format [Complementary PWM mode (TM0)] 

Address: 0x40042A76(TM0), 0x40042A86(TM1) After Reset: 0000H Note R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMi 

 
 

ð Features Set Scope 

bit15~0 

You must set the time of the dead 

zone. 

The count source is counted 

incrementally or decrementally. 

If overflows occur, the OVF bit of the TMSR0 register becomes "1". 

0001H~FFFFH 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 

Figure 10-33 Timer M Counter i(TMi) (i=0,1) Format [Complementary PWM Mode (TM1)] 

Address: 0x40042A76(TM0), 0x40042A86(TM1) After Reset: 0000H Note R/W 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMi 

 
 

ð Features Set Scope 

bit15~0 

Must be '0000H'. The count source is 

counted incrementally or 

decrementally. 

If overflows occur, the UDF bit of the TMSR1 register becomes "1". 

0000H~FFFFH 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
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10.3.19 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) 

[Enter capture feature] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. The following registers are 

invalid when using the input capture feature: 

TMORE1, TMORE2, TMOCR, TMPOCR0,TMPOCR1 

When a digital filter is not used (DFj bit of TMDFi register is '0'), the pulse width of the capture signal input by 

the TMIOji pin must be at least 3 fCLK clock cycles. 

 

[Output Comparison Function] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. The following registers are not 

valid when using the output compare function: 

TMDF0, TMDF1, TMPOCR0, TMPOCR1 

 

[PWM Features] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. When using the PWM function, 

the following registers are invalid: 

TMDF0, TMDF1, TMIORA0, TMIORC0,TMIORA1,TMIORC1 

 

[Reset Synchronous PWM Mode] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. In reset synchronization PWM 

mode, the following registers are invalid: 

TMPMR, TMOCR Note, TMDF0, TMDF1, TMIORA0, TMIORC0, TMPOCR0, TMIORA1,TMIORC1,TMPOCR1 

 

Note:  Only the TOC0 bit of the TMOCR register is valid as the initial output setting of the TMIOC0 in the reset synchronous 

PWM mode and complementary PWM mode. 

 

[Complementary PWM Mode] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. In complementary PWM mode, 

TMGRC0 registers are not used. 

In complementary PWM mode, the following registers are invalid: 

TMPMR, TMOCR Note, TMDF0, TMDF1, TMIORA0, TMIORC0, TMPOCR0, TMIORA1,TMIORC1,TMPOCR1 

 

Note:  Only the TOC0 bit of the TMOCR register is valid as the initial output setting of the TMIOC0 in the reset synchronous 

PWM mode and complementary PWM mode. 

 

Since TMGRB0, TMGRA1, TMGRB1 registers (forbidden) cannot be written immediately after counting, 

TMGRD0, TMGRC1,TMGRD1 registers must be used as buffer registers. 

However, when writing TMGRD0, TMGRC1, TMGRD1 registers, write them after TMBFD0 bits, TMBFC1 bits, 

and TMBFD1 position "0" (generic register). Thereafter, the TMBFD0 bit, TMBFC1 bit and TMBFD1 position "1" 

(buffer register) are enabled. 
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[PWM3 Mode] 

The TMGRAi~TMGRDi register must be accessed in 16 bits and not in 8 bits. In PWM3 mode, the following 

registers are invalid: 

TMPMR, TMDF0, TMDF1, TMIORA0, TMIORC0, TMPOCR0, TMIORA1, TMIORC1, TMPOCR1In PWM3 

mode, TMGRC0, TMGRC1, TMGRD0, TMGRD1 registers are not used. However, to use these registers as buffer 

registers, write values to the TMGRC0, TMGRC1, TMGRD0,TMGRD1 registers after TMBFC0, TMBFC1, TMBFD0, 

and TMBFD1 locations "0". Thereafter, TMBFC0 bits, TMBFC1 bits, TMBFD0 bits and TMBFD1 positions "1" 

(buffer registers) can be used. 

Figure 10-34 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) in [Input capture] format 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), reset:FFFFH note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 

0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 

0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

TMGRBi 

TMGRCi 

TMGRDi 

 
 

ð Features 

bit15~0 Refer to Table 10-3 TMGRji register function when using the input capture function. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 
Table 10-3 TMGRji register function when using input capture function 

 

register Settings register function Input pin for input 
capture 

TMGRAi 
ð 

Generic register that reads the value of the TMi register when 
the input is captured. 

TMIOI 

TMGRBi TMIOBi 

TMGRCi TMBFCi=0 Generic register that reads the value of the TMi register when 
the input is captured. 

TMIOCi 

TMGRDi TMBFDi=0 TMIODi 

TMGRCi TMBFCi=1 Generic register that reads the value of the TMi register when 
the input is captured (reference "10.4.2 

Buffer Run"). 

TMIOI 

TMGRDi TMBFDi=1 TMIOBi 

Note: i=0,1,j=A,B,C,D 

TMBFCi, TMBFDi:bit of the TMMR register 
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Figure 10-35 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) format [output comparison function] 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), After reset: FFFFH Note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 
0x40042B5C mgrc1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

 TMGRBi 

TMGRCi 

TMGRDi 

 

ð Features 

bit15~0 Refer to Table 10-4 TMGRji register function when using output comparison function. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 
Table 10-4 TMGRji register function when using output comparison 
function 

 

register 
Settings  

register function 

 

Output pin for output 
comparison TMBFki IOj3 

TMGRAi 
ð ð Universal register, must write compare value. 

TMIOI 

TMGRBi TMIOBi 

TMGRCi 
0 1 Universal register, must write compare value. 

TMIOCi 

TMGRDi TMIODi 

TMGRCi 
1 1 

buffer register, must write next compare value 

(Refer to "10.4.2 Buffer Operation"). 
TMIOI 

TMGRDi TMIOBi 

TMGRCi 
0 0 

TMIOAi output 
control (Refer to "Changes to the Output Pin of 

the 10.5.2 (2) TMGRCi Register and 

TMGRDi Register (i=0,1)" 

TMIOI 

TMGRDi 
TMIOBi output 
control TMIOBi 

Note:  If the TCK2~TCK0 position of the TMCRi register is '000B' (fCLK, fHOCO) and the comparison value is '0000H', request 

signals are generated to the DMA and the ELC only 11 times immediately after the start of counting. If that 

compare value is greater than or equal to" 0001H", a request signal is generate each time the compare matches. 

 
Note: i=0,1, j=A, B, C, D,k=C,D 

TMBFki:bit of TMMR register, bit of IOj3:TMIORCi register 
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Figure 10-36 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) format [PWM] 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), reset:FFFFH note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 

0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 

0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

TMGRBi 

TMGRCi 

TMGRDi 

 

ð Features 

bit15~0 Refer to Table 10-5 TMGRji register function when using PWM function. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 
Table 10-5 TMGRji register function when using PWM function 

 

register Settings register function PWM output pin 

TMGRAi ð Universal register, PWM cycle must be set. ð 

TMGRBi ð Universal register, must set the change point of the PWM output. TMIOBi 

TMGRCi TMBFCi=0 
Universal register, must set the change point of the PWM output. 

TMIOCi 

TMGRDi TMBFDi=0 TMIODi 

TMGRCi TMBFCi=1 Buffer register, must set the next PWM cycle (reference "10.4.2 buffer 
operation"). ð 

TMGRDi TMBFDi=1 Buffer register, must set the change point of the next PWM output (refer 
to "10.4.2 buffer operation"). 

TMIOBi 

Note:  If the TCK2~TCK0 position of the TMCRi register is '000B' (fCLK, fHOCO) and the comparison value is '0000H', request 

signals are generated to the DMA and the ELC only 11 times immediately after the start of counting. If that 
compare value is greater than or equal to" 0001H", a request signal is generate each time the compare matches. 

 
Note: i=0,1,j=A,B,C,D 

TMBFCi, TMBFDi:bit of the TMMR register 
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Figure 10-37 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) format [reset synchronous PWM mode] 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), reset:FFFFH note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 

0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 

0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

TMGRBi 

TMGRCi 

TMGRDi 

 
 

ð Features 

bit15~0 Refer to Table 10-6 Reset the TMGRji register function in synchronous PWM mode. 

Note The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 

 
Table 10-6 TMGRji register function in reset synchronous PWM mode 

 

register Settings register function PWM output pin 

TMGRA0 ð Universal register, PWM cycle must be set. 
(TMIOC0 at each PWM 

Periodic Invert) 

TMGRB0 ð 
Universal register, must set the change point of PWM1 
output. 

TMIOB0T

MIOD0 

TMGRC0 TMBFC0=0 
(not used in reset synchronization PWM mode) ð 

TMGRD0 TMBFD0=0 

TMGRA1 ð Universal register, must set the change point of PWM2 
output. 

TMIOA1T

MIOC1 

TMGRB1 ð Universal register, must set the change point of PWM3 
output. 

TMIOB1 

TMIOD1 

TMGRC1 TMBFC1=0 
(not used in reset synchronization PWM mode) ð 

TMGRD1 TMBFD1=0 

TMGRC0 TMBFC0=1 
Buffer register, must set the next PWM cycle (reference 

"10.4.2 buffer operation"). 
(TMIOC0 at each PWM 

Periodic Invert) 

TMGRD0 TMBFD0=1 
buffer register, must set the change point of the next PWM1 
output (reference) 

"10.4.2 Buffer Run"). 

TMIOB0T

MIOD0 

TMGRC1 TMBFC1=1 
buffer register, must set the change point of the next PWM2 
output (reference) 

"10.4.2 Buffer Run"). 

TMIOA1T

MIOC1 

TMGRD1 TMBFD1=1 
buffer register, must set the change point of the next PWM3 
output (reference) 

"10.4.2 Buffer Run"). 

TMIOB1 

TMIOD1 

Note:  If the TCK2~TCK0 position of TMCR0 register is '000B' (fCLK, fHOCO) and the comparison value is '0000H'. If 

that compare value is greater than or equal to" 0001H", a request signal is generate each time the compare 

matches. 

Note: i=0,1,j=A,B,C,D 

Bit of TMBFC0, TMBFD0, TMBFC1, TMBFD1:TMMR register 
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Figure 10-38 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) format [complementary PWM mode] 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), reset:FFFFH note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 

0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 

0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

TMGRBi 

TMGRCi 

TMGRDi 

 

ð Features 

bit15~0 Refer to Table 10-7 Complementary TMGRji register function in PWM mode. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
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Table 10-7 TMGRji register function in complementary PWM mode 
 

register Settings register function PWM output pin 

TMGRA0 ð 

Generic register, PWM period must be set at the initial setting. 

Setting Range: Setting Value (Initial Count) for TM0 Register ƍ 

Set Value for TMGRA0 ƍ Set value for the FFFFH-TM0 register 

When the TSTART0 bit and the TSTART1 bit of the TMSTR register 
are "1" 
(Start Count), this register cannot be written. 

(TMIOC0 inverts every 
half cycle) 

TMGRB0 ð 

Generic register, which must set the change point of the PWM1 
output at the initial setting. Setting Range: Setting Value (Initial 

Count) for TM0 Register ƍ 

Setting value for TMGRB0 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
When the TSTART0 bit and the TSTART1 bit of the TMSTR register 
are "1" 
(Start Count), this register cannot be written. 

TMIOB0TMIOD0 

TMGRA1 ð 

Generic register, which must set the change point of the PWM2 
output at the initial setting. Setting Range: Setting Value (Initial 

Count) for TM0 Register ƍ 

Setting value for TMGRA1 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
When the TSTART0 bit and the TSTART1 bit of the TMSTR register 
are "1" 
(Start Count), this register cannot be written. 

TMIOA1TMIOC1 

TMGRB1 ð 

Generic register, which must set the change point of the PWM3 
output at the initial setting. Setting Range: Setting Value (Initial 

Count) for TM0 Register ƍ 

Setting value for TMGRB1 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
When the TSTART0 bit and the TSTART1 bit of the TMSTR register 
are "1" 
(Start Count), this register cannot be written. 

TMIOB1 TMIOD1 

TMGRC0 ð (not used in complementary PWM mode) ð 

TMGRD0 TMBFD0=1 

Buffer register, must set the change point of the next PWM1 output 
(reference "10.4.2 buffer operation"). 

Setting Range: Setting Value (Initial Count) for TM0 Register ƍ 

Setting value for TMGRD0 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
The same value of the TMGRB0 register must be set at the initial set-
up. 

TMIOB0TMIOD0 

TMGRC1 TMBFC1=1 

Buffer register, must set the change point of the next PWM2 output 
(reference "10.4.2 buffer operation"). 

Setting Range: Setting Value (Initial Count) for TM0 Register ƍ 

Setting value for TMGRC1 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
The same value of the TMGRA1 register must be set at the initial set-
up. 

TMIOA1TMIOC1 

TMGRD1 TMBFD1=1 

Buffer register, must set the change point of the next PWM3 output 
(reference "10.4.2 buffer operation"). 

Setting Range: Setting Value (Initial Count) for TM0 Register ƍ 

Setting value for TMGRD1 ƍ 

Setting value for TMGRA0 - Setting value for TM0 register 
The same value of the TMGRB1 register must be set at the initial set-
up. 

TMIOB1 TMIOD1 

Note:  If the TCK2~TCK0 position of the TMCRi register is '000B' (fCLK, fHOCO) and the comparison value is '0000H', request 

signals are generated to the DMA and the ELC only 11 times immediately after the start of counting. If that 
compare value is greater than or equal to" 0001H", a request signal is generate each time the compare matches. 

 

Note: i=0,1,j=A,B,C,D 

Bit of TMBFD0, TMBFC1, TMBFD1:TMMR register 
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Figure 10-39 timer m general register ai, bi, ci, di 

(TMGRAi, TMGRBi, TMGRCi, TMGRDi) (i=0,1) format [PWM3 mode] 

Address: 0x40042A78 (TMGRA0), 0x40042A7A (TMGRB0), reset:FFFFH note R/W 

0x40042B58 (TMGRC0), 0x40042B5A (TMGRD0), 0x40042A88 (TMGRA1), 0x40042A8A (TMGRB1), 

0x40042B5C mgrc1), 0x40042B5E (TMGRD1) 

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

TMGRAi 

TMGRBi 

TMGRCi 

TMGRDi 
 

ð Features 

bit15~0 Refer to TMGRji register function in Table 10-8PWM3 mode. 

Note:  The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of the 

PER1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIH 

and TMMEN position "1". 
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Table 10-8 TMGRji register function in PWM3 mode 
 

register Settings register function PWM output pin 

TMGRA0 

ð 

Universal register, PWM cycle must be set. 

Setting Range: Setting Value for the TMGRA1 Register ƍ Setting 

Value for the TMGRA0 
TMIA0 

TMGRA1 
Universal register, must set the change point of the PWM output (the 

time sequence to the effective level). Setting Range: Setting Value 

for TMGRA1 ƍ Setting Value for the TMGRA0 Register 

TMGRB0 

Universal register, which must set the change point of the PWM 

output (the timing back to the initial output level). 

Setting Range: Setting value for the TMGRB1 register ƍ Setting 

value for the TMGRB0 ƍ 

Setting value for the TMGRA0 register TMIOB0 

TMGRB1 
Universal register, must set the change point of the PWM output (the 

time sequence to the effective level). Setting Range: Setting Value 

for TMGRB1 ƍ Setting Value for the TMGRB0 Register 

TMGRC0 TMBFC0=0 

(not used in PWM3 mode) ð 
TMGRC1 TMBFC1=0 

TMGRD0 TMBFD0=0 

TMGRD1 TMBFD1=0 

TMGRC0 TMBFC0=1 
Buffer register, must set the next PWM cycle (reference "10.4.2 

buffer operation"). Setting Range: Setting Value for the TMGRC1 

Register ƍ Setting Value for the TMGRC0 

TMIA0 

TMGRC1 TMBFC1=1 

Buffer register, must set the change point of the next PWM output 

(refer to "10.4.2 buffer operation"). 

Setting Range: Setting Value for TMGRC1 ƍ Setting Value for the 

TMGRC0 Register 

TMGRD0 TMBFD0=1 

Buffer register, must set the change point of the next PWM output 

(refer to "10.4.2 buffer operation"). 

Setting Range: TMGRD1 Register ƍ Setting value of TMGRD0 ƍ 

Setting value for the TMGRC0 register 
TMIOB0 

TMGRD1 TMBFD1=1 

Buffer register, must set the change point of the next PWM output 

(refer to "10.4.2 buffer operation"). 

Setting Range: Setting Value for TMGRD1 ƍ Setting Value for the 

TMGRD0 Register 

Note:  If the TCK2~TCK0 position of TMCR0 register is '000B' (fCLK, fHOCO) and the comparison value is '0000H'. If 

that compare value is greater than or equal to" 0001H", a request signal is generate each time the compare 

matches. 

 
Note: i=0,1,j=A,B,C,D 

Bit of TMBFC0, TMBFD0, TMBFC1, TMBFD1:TMMR register 
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10.3.20 Port Mode Register (PMxx, PMCxx) 

This is a register that sets the input/output of the port or the analog input. 

When the multiplexed ports (Pxx/TMIOD1, Pxx/TMIOC1, etc.) of the timer output pin are used as the output of 

the timer, the bits of the port mode register (PMxx, PMCxx) and Pxx must be 

(Example) When P10/TMIOD1 is used as timer output 

Position "0" PM10 and PMC10 for port mode register 1. 

Position P10 of port register 1 at "0. 

 

When using the multiplexed ports (P10/TMIOD1, P11/TMIOC1, etc.) of the timer input pin as the input of the 

timer, the position of the port mode register (PMCxx) must The bit of the port register (Pxx) can be "0" or "1". 

(example) the case where P10/TMIOD1 is used as timer input 

Position "1" for PM10 for port mode register 1. 

Position PMC10 for port mode register 1 at "0. 

Position P10 of port register 1 at "0" or "1. 

 

The PM1 and PMC1 registers are set by the 8-bit memory operation instruction. After the reset signal is 

generated, the value of the register changes to "FFH". 

 
Figure 10-40 Format for Port Mode Register 1 (PM1, PMC1) 

Address: 0x40040321 After Reset: FFH R/W 

symbol 7 6 5 4 3 2 1 0 

PM1 

 
 

 

 

 

 

 

Address: 0x40040061 After Reset: FFH R/W 

symbol 7 6 5 4 3 2 1 0 

PMC1 

 
 

PMCmn Selection of Input/Output Modes of Pmn Pins (m=1, n=0~7) 

0 Digital Input/Output (multiplexing function other than analog input) 

1 analog input 

 

 

 

 

 
  

PMmn Selection of Input/Output Modes of Pmn Pins (m=1, n=0 ~7) 

0 Output Mode (Output Buffer ON) 

1 Input mode (output buffer OFF) 

PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10 

 

PMC17 PMC16 PMC15 PMC14 PMC13 PMC12 PMC11 PMC10 
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10.4 Common Issues on Multiple Models 
 

10.4.1 count source 

The counting source selection method is the same for all modes. However, in PWM3 mode, you cannot select 

an external clock. 

Table 10-9 Selection of Counting Source 
 

count source selection method 

fCLKɻfHOCO
noteɻfCLK/2ɻfCLK/4ɻ

fCLK/8ɻfCLK/32 
The counting source is selected by the TCK2~TCK0 bits of the TMCRi register. 

External Input Signal for TMCLK 

Pin 

The STCLK bit of the TMFCR register is "1" (external clock input is valid). 
The TCK2~TCK0 bit of the TMCRi register is '101B' (count source is external 

clock). The effective edge is selected by the CKEG1~CKEG0 bits of the TMCRi 

register. 

The port mode register for the multiplexing I/O port of the TMCLK pin has the bit '1' 
(input mode). 

Note: i=0,1 
 

NOTE: Select fCLK when the FRQSEL4 bit of the user option byte (000C2H) is " 0 Select fHOCO when the FRQSEL4 bit 
is "1" To select fHOCO as the counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of Peripheral 
Admission Register 1 (PER1). If you want to change fCLK to a clock other than fIH, you must change it after clearing 
the bit4 (TMMEN) of peripheral enable register 1 (PER1). 

 
Figure 10-41 Block diagram of count source 

 

FRQSEL4=0

FRQSEL4=1

fCLK

fHOCO

fCLK/2

fCLK/4

fCLK/8

fCLK/32

TCK2~TCK0

=001B

=010B

=011B

=100B

select valid edge

CKEG0,CKEG1

STCLK=0

counting source
Tmi register

TMCLK/

TMIOA0

STCLK=1

TMIOA0 input/output or IO port

=101B

 
 

 

Note: i=0,1 
 

The external clock input by the TMCLK pin must have a pulse width of at least 3 Runtime Clock (fCLK) 

cycles. 
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10.4.2 buffer operation 

The TMGRCi register and the TMGRDi register can be set as the buffer register of the TMGRAi register 

and the TMGRBi register through the TMBFCi (i=0, 1) and TMBFDi bits of the TMMR register. 

Å TMGRAi buffer register: TMGRCi register 

Å TMGRBi buffer register: TMGRDi register 

The buff run varies depending on that timer mode, and the buff run for 

each mode is shown in Table 10-10. 

 
Table 10-10. Buffer operation by mode 

 

Features and 
Modes Transfer Sequence Transferred register 

timer 

mode 

Input capture 

Input signal for TMIOAi 

(Input to capture signal) 

The contents of the TMGRAi register are 

transferred to the TMGRCi register (buffer 

register). 

Input signal for TMIOBi 

(Input to capture signal) 

The contents of the TMGRBi register are 

transferred to the TMGRDi register (buffer 

register). 

output 
comparison 
function 

Comparison Matching of TMi Register and 
TMGRAi Register 

Transfers the contents of the TMGRCi register 

(buffer register) to the TMGRAi register. 

Comparison Matching of TMi Register and 
TMGRBi Register 

Transfers the contents of the TMGRDi register 

(buffer register) to the TMGRBi register. 

PWM function 

Comparison Matching of TMi Register and 
TMGRAi Register 

Transfers the contents of the TMGRCi register 

(buffer register) to the TMGRAi register. 

Comparison Matching of TMi Register and 
TMGRBi Register 

Transfers the contents of the TMGRDi register 

(buffer register) to the TMGRBi register. 

Reset synchronous 
PWM mode 

Comparison and Matching of TM0 Register 
and TMGRA0 Register 

Transfers the contents of the TMGRCi register 

(buffer register) to the TMGRAi register. 

Transfers the contents of the TMGRDi register 

(buffer register) to the TMGRBi register. 

complementary PWM 
mode 

Å The underflow of the TM1 register when the 

CMD1 and CMD0 bits of the TMFCR register 

are "11B". 

Å When the CMD1 bit and CMD0 bit of the 

TMFCR register are "10B", the comparison 

match between the TM0 register and the 

TMGRA0 register. 

Transfer the contents of the TMGRC1 register 

(buffer register) to the TMGRA1 register. 

Transfers the contents of the TMGRDi register 

(buffer register) to the TMGRBi register. 

PWM3 Mode Comparison and Matching of TM0 Register 
and TMGRA0 Register 

Transfers the contents of the TMGRCi register 

(buffer register) to the TMGRAi register. 

Transfers the contents of the TMGRDi register 

(buffer register) to the TMGRBi register. 

Note: i=0,1 
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Figure 10-42 Buffer Operation for Input Capture 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: i=0,1 

The conditions in the above diagram are as follows: 

 ̧ The TMBFCi bit of the TMMR register is "1" (the TMGRCi register is a buffer register for the TMGRAi 

register) 

 ̧ The IOA2 IOA0 bit Ȕ of the TMIORAi register is "100B" 

 
Figure 10-43 Buffer operation for output comparison function 

 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: i=0,1 

The conditions in the above diagram are as follows: 

 ̧ The TMBFCi bit of the TMMR register is "1" (the TMGRCi register is a buffer register for the TMGRAi register) 

 ̧ The IOA2≈ IOA0 bit of the TMIORAi register is "001B" (output "L" level) 
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In timer mode (input capture function and output comparison function), the following settings must be made. 

Use TMGRCi (i=0,1) registers as buffer registers for TMGRAi registers: 

Å The IOC3 location of the TMIORCi register must be "1" (universal or buffer register). 

Å You must set the same value for the IOC2 bit of the TMIORCi register and for the IOA2 bit of the TMIORAi 

register. 

 

Use of TMGRDi registers as buffer registers for TMGRBi registers: 

Å The IOD3 location of the TMIORCi register must be "1" (universal or buffer register). 

Å You must set the same value for the IOD2 bit of the TMIORCi register and for the IOB2 bit of the TMIORAi 

register. 

 

When using the input capture function, even if the TMGRCi register and the TMGRDi register are used as 

buffer registers, the IMFC bit and the IMFD bit of the TMSRi register become "1" at the input edges of the TMIOCi 

pin and TMIODi pin. 

When the output comparison function or PWM function is used or in reset synchronous PWM mode, 

complementary PWM mode and PWM3 mode, even if the TMGRCi register and the TMGRDi register are used as 

buffer registers, when compare with TMi register, the IMFC bit and IMFD bit of TMSRi register also become '1'. 
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10.4.3 synchronous operation 

Synchronize the TM0 register with the TM1 register. 

Å synchronization preset 

If the TMi register is written when the TMSYNC bit of the TMMR register is "1", the data is written to both the 

TM0 register. 

Å Synchronous Purge 

When the TMSYNC bit of the TMMR register is "1" and the CCLR2~CCLR0 bit of the TMCR0 register is 

"011B". 

Similarly, when the TMSYNC bit of the TMMR register is "1" and the CCLR2~CCLR0 bit of the TMCR1 register 

is "011B". 

Figure 10-44 synchronous operation 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
 
 

 

 

The conditions in the above diagram are as follows: 

The TMSYNC bit of the TMMR register is "1" 

(synchronous operation) 

The CCLR2~CCLR0 bit of the TMCR0 register is '001B' (set the TM0 to '0000H') 

The CCLR2~CCLR0 bit of the TMCR1 register is "011B" (synchronized with TM0 to 

"0000H") 

The IOA2~IOA0 bit of the TMIORA0 register is '100B' 

The CMD1 and CMD0 bits of the TMFCR register are "00B" 

The PWM3 bit of the TMFCR register is "1" 
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10.4.4 Forced Cutoff of Pulse Output 

When the PWM function is used, or in reset synchronous PWM mode, complementary PWM mode and PWM3 

mode, the TMIOji output pin (i=0,1, B,D) can be cut off. 

If the corresponding position of the TMOER1 register is "0" (the output of timer M is allowed), the output pin used 

in these functions or modes is used as the output pin of timer M. When the TMOER2 register has a TMPTO bit of '1' 

(the pulse output forced cut-off signal INTP0 pin input is valid), the TMDF0 register or the TMDF1 register DFCK1, 

DFCK0, PENB1, PENB0,DFD,DFC, DFB, DFA bit settings output from the output pin used as the timer M output port. 

When you use this feature, you must have the following settings: 

 ̧ The pin state (high impedance, 'L' level output, or 'H' level output) when the pulse output is forced off is set 

through TMDFi registers. 

 ̧ For pulse-forced cutoff with EVENTC event input, refer to "Events Entered from the Event Coordination 

Controller(EVENTC)". 

 ̧ The TMSHUTS bit of the TMOER2 register is "1" when forcing the output of the cutoff pulse. To abort the 

output of the force cutoff pulse, the TMSHUTS position "0" must be set during stopping the count 

(TSTARTi=0). 

 ̧ Put the TMPTO position of the TMOER2 register "1" (the pulse output forced cutoff signal INTP0 pin input 

is valid). 
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Figure 10-45 Forced Cutoff of Pulse Output 
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10.4.5 Events entered from the Event Coordination Controller(EVENTC) 

The timer M runs two types of events entered through the EVENTC. 

(a) Input capture for TMIOD0/TMIOD1 

The timer M captures the input of the TMIOD0/TMIOD1 by the events input by EVENTC. At this point, the IMFD 

bit of the TMSRi register is "1". 

To use this feature, you must select the timer mode input capture feature and either the ELCICE0 bit of the 

TMELC register or the ELCICE1 position "1. In other modes (output comparison function of timer mode, PWM 

function, reset synchronous PWM mode, complementary PWM mode, PWM3 mode) this function is invalid. 

(b) Running Note for Forced Cutoff Pulse Output 

Events entered through the EVENTC force the output of the cutoff pulse. To use this feature, you must select 

Pulse Output Mode (PWM function, Reset Synchronous PWM mode, Complementary PWM mode, PWM3 mode) and 

either the ELCOBE0 or the ELCOBE1 position"1. This feature is not valid when using input capture in timer mode. 

 

Note: The INTP0 pin's mandatory cutoff function cuts off the pulse output during the "L" level input, but the EVENTC event's 

mandatory cutoff function. 

 

Configuration Steps 

1) Set the EVENTC event linkage target to timer M. 

2) Set ELCICEi bits (i=0, 1) and ELCOBEi bits (i=0, 1) of the TMELC register. 
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10.4.6 Events output to the event Coordination Controller(EVENTC)/data transfer controller (DMA) 

The mode of the timer M and the events output to the EVENTC/DMA are shown in Table 10-11. 

Table 10-11. Mode of timer M and event output to ELC/DMA 

 

 

 

 

 

 
  

Usage Mode output source EVENTC DMA 

Input capture 

TMIOA0 edge detection via IOA1 and IOA0 bit settings of TMIORA0 
registers ɔ ɔ 

TMIOB0 edge detection via IOB1 and IOB0 bit settings of TMIORA0 
registers ɔ ɔ 

TMIOC0 edge detection via IOC1 and IOC0 bit settings of TMIORC0 
registers ð ɔ 

TMIOD0 edge detection via IOD1 and IOD0 bit settings of TMIORC0 
registers ð ɔ 

TMIOA1 edge detection via IOA1 and IOA0 bit settings of TMIORA1 
registers ɔ ɔ 

TMIOB1 edge detection via IOB1 and IOB0 bit settings of TMIORA1 
registers ɔ ɔ 

TMIOC1 edge detection via IOC1 and IOC0 bit settings of TMIORC1 
registers ð ɔ 

TMIOD1 edge detection via IOD1 and IOD0 bit settings of TMIORC1 
registers ð ɔ 

output comparison 
function, 

PWM functions, 
reset synchronous PWM 

mode, complementary 

PWM mode, PWM3 

mode 

Comparison and Matching of TM0 Register and TMGRA0 Register ɔ ɔ 

Comparison and Matching of TM0 Register and TMGRB0 Register ɔ ɔ 

Comparison and Matching of TM0 Register and TMGRC0 Register ð ɔ 

Comparison and Matching of TM0 Register and TMGRD0 Register ð ɔ 

Comparison and Matching of TM1 Register and TMGRA1 Register ɔ ɔ 

Comparison and Matching of TM1 Register and TMGRB1 Register ɔ ɔ 

Comparison and Matching of TM1 Register and TMGRC1 Register ð ɔ 

Comparison and Matching of TM1 Register and TMGRD1 Register ð ɔ 
complementary PWM 

mode Underflow of TM1 Register ɔ ð 
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10.5 Operation of timer M 
10.5.1 Input capture function 

This is a function of measuring the width and period of an external signal. The TMi register (counter) is 

transferred to the TMGRji register (input capture) by using the external signal of the TMIOji pin (i=0,1, j=A,B,C,D) as 

the trigger. Because the TMIOji pin and the TMGRji register are used in combination, the pin can be selected as an 

input capture function, or other mode and function. 

The block diagram for the input capture function and the running example are shown in Figures 10-46 and 10-

47 respectively, and the specification for the input capture function is shown in Table 10-12. 
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Figure 10-46 Block Diagram of Input Capture Function 
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Table 10-12 Enter the specifications for the capture function 
 

Project Specifications 

count source 
fHOCO note, fCLK, fCLK/2, fCLK/4, fCLK/8,fCLK/32 
External input signal for the TMCLK pin (program 
selection of effective edges) 

Count incremental count 

counting period 
When the CCLR2~CCLR0 bit of the TMCRi register is '000B' 

1/fk  65536 fk: Frequency of the count source 

Count Start Condition Write "1" to the TSTARTi bit of the TMSTR register. 

Count stop condition When the CSELi bit of the TMSTR register is "1", write "0" to the TSTARTi bit. 

Generation sequence of 
interrupt requests 

· Input capture (valid edges for TMIOji inputs) 

Å TMi Overspill 

TMIOA0 Pin Functionality I/O Port, Input Captured Input, or TMCLK (External Clock) Input 

TMIOB0, TMIOC0, 

TMIOD0, TMIOA1~ 

TMIOD1 Pin Functionality 
I/O port or input captured input (select by pin) 

INTP0 Pin Functionality Not used (enter a private port or INTP0 interrupt input). 

read timer If you read the TMi register, you can read the count value. 

write timer 
· TMi registers can be written when the TMSYNC bit of the TMMR register is "0". 

· When the TMMR register has a TMSYNC bit of  "1" (timer M0 and timer M1 running 

synchronously), data is written to both TM register. 

Select Features 

· Enter the selection of input pins for the capture 

1 or more pins in the TMIOAi, TMIOBi, TMIOCi, TMIODi pins 

· The selected rising, falling, or 

double edges of the input 

effective edges captured by the 

input 

· Overflows or captures the 

timing of the TMi setting to 

"0000H" 

· Buffer Run (reference to "10.4.2 Buffer Run") 

· Run synchronously (see "10.4.3 Run Synchronously") 

· Digital filter 

The TMIOji input is sampled and if that signal is the same three time, the level is 
considered determined. 

· Input capture runs through events entered by the ELC 
Note:  fHOCO can only be selected if the FRQSEL4 bit of the user option byte (000C2H) is "1". To select fHOCO as the 

counter source for timer M, fCLK must be set to fIH before bit4 (TMMEN) of Peripheral Admission Register 1 (PER1). 

If you want to change fCLK to a clock other than fIH, you must change it after clearing the bit4 (TMMEN) of 

peripheral enable register 1 (PER1). 

 

Note: i=0,1,j=A,B,C,D 
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(1) running example 

The counter value of the timer Mi is reset when input capture or comparison match occurs by setting 

CCLR0~CCLR2 bits of the TMCRi register (i=0,1). FIGS. 10-47 is an example of operation when the position 

CCLR2~CCLR0 is "001B". If it is set to clear the count by the input capture during running and capture the 

input when the count value of the timer is 'FFFFH', the interrupt flag of IMFA~IMFD and OVF bits of the TMSRi 

register. 

 
Figure 10-47 Running Example of Input Capture 

TMCLK input 

counting source

TMi register 

counting value

FFFFH

0009H

0006H

0000H time

TSTARTi bit of 

TMSTR register

65536

TMDIOAi input

0006H 0009H
TMGRAi 

register

0006H
TMGRCi 

register

IMFA bit of 

TMSRi register

OVF bit of 

TMSRi register

transmit transmit

set to 0 via program

Note i=0Ї1

above diagram condition as following:

CCLR2~CCLR0 bit of TMCRi register as "001B" (set Tmi bit as "0000H" while TMGRAi input capture)

TCLK2~TCLK0 bit of TMCRi register as "101B" (Counting source as TMCLK input)

CKEG1 bit and CKEG0 bit of TMCRi register as "01B" (counting at falling edge of counting source).

IOA2~IOA0 bit of TMIORAi register as "101B" (input capture at falling edge of TMIOAi input)

TMBFCi bit of TMMR register as "1" (TMGRCi register is the buffer register of TMGRAi register)
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(2) digital filter 

The TMIOji input (i=0, 1,j=A,B,C,D) is sampled and if that signal is identical 3 times, the level is determined. 

The function of the digital filter and the sampling clock must be selected through the TMDFi register. 

The block diagram of the digital filter is shown in Figure 10-48. 

Figure 10-48 Block diagram of digital filter 

 

operational clock of 
timer M

fCLK

C

D Q

Latches

C

D Q

Latches

TMIOji input signal
C

D Q

Latches

C

D Q

Latches

identical signal 
detection circuit 

(trigger output) 

edge 
detection 

circuit

DFj

1

IOA2~IOA0

IOB2~IOB0

IOC3~IOC0

IOD3~IOD0

edge 

detection 

circuit

0

=101B

=100B

=011B

=010B

=001B

=000B

TMCLK

fCLK/32

fCLK/8

fCLK/4

fCLK/2

fCLKЇfHOCO 
Note 1

fCLK/32
Note 2

fCLK/8

fCLK

=00B

=01B

=10B

=11B

TCK2~TCK0 DFCK1,DFCK0

sample clock

Note 2

Note 2

 

clock period selected via TCLK2~TCLK0 or 

DFCLK1~DFCLK0.

as long as 1 out of 3 times the signal 
is not identical, the signnal will be 

discarded as noise and not been 

transmitted.

the max signal 
transmit delay is 5 

sample clock cycles

all 3 signals are 

same, It is treated 
as signal change.

Note i=0, 1  j=A, B, C, D

TCK0~TCK2: TMCri register Bits

DFCK0,DFCK1,DFj:TMDF register Bits

IOA0~IOA2,IOB0~IOB2:TMIORAi register Bits

IOC0~IOC3,IOD0~IOD3:TMIORCi register Bits

 
Note: 1. When the user option byte (000C2H) has the FRQSEL4 bit of "0", select fCLK; Select fHOCO when the FRQSEL4 bit 

is "1" 

2. fCLK/32, fCLK/8 and fCLK are fHOCO/32, fHOCO/8 and fHOCO when the FRQSEL4 bit of user option byte (000C2H) is 

"1". 
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10.5.2 output comparison function 
This is a mode to detect whether the contents of TMi registers (counters) (i=0,1) and TMGRji registers (j=A,D) 

are identical (compare matching). If the contents are the same, output any level from the TMIOji pin. Because the 
TMIOji pin and the TMGRji register are used in combination, the pin can be selected as the output comparison 
function, or other modes and functions. The block diagram and running example of the output comparison function 
are shown in Figure 10-49 and Figure 10-50 respectively, and the specification of the output comparison function is 
shown in Table 10-13. 

Figure 10-49 Block Diagram of Output Comparison Function 

  


