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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 followsE

BAT32G137xxE BAT32G137_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

requirement>XWhen 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 hardwarer

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

www.changitech.com 271033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 1 CPU

Chapter 1 CPU

1.1 verview

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

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

1.2 Cortex-MO+ core features

ARM Cortex-MO+ 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)

A 1 Unshielded Interrupt (NMI)

Supports 32 Masking Interrupt Requests (IRQs)

>

A 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)

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

A 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

www.changitech.com 3/1033 Rev.2.05
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Figure 1-1 Debug Block Diagram for Cortex-MO+
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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

SWD port name Debug Function pin assignment
SWCLK serial clock P137
SWDIO Serial Data Input/Output P40
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 FRZENO
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
In the state where the debugger is connected and the CPU is in the debug state (HALED=1), the timer is the
FRZENO : ; te 1
peripheral module action/stop "°*®
0 peripheral action
1 peripheral stop
In the state where the debugger is connected and the CPU is in the debug state (HALED=1), the
FRZEN1 . . : i note 2
communication system peripheral module action/stop
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 [ICA

www.changitech.com 5/1033 Rev.2.05
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1.5 ARM reference document

The built-in debugging features in the Cortex®-MO0+ kernel are part of the ARM® CoreSight design suite. For
documentation, refer to:
Cortex®-MO0+ Technical Reference Manual (TRM)
ARM® Debug Interface V5
ARM® CoreSight Design Kit Version rlpl Technical Reference Manual
ARM® CoreSig ht E MU+Brechnical Reference Manual

www.changitech.com 6 /1033 Rev.2.05
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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.

www.changitech.com 711033 Rev.2.05
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2.3 Register for controlling port function

Control the port through the following registers.

o e o e o Do o Do

Port Mode Registers (PMxx)
Port Registers (Pxx)

Port Input Mode Registers (PIMXx)
Port Output Mode Registers (POMX)
Port Mode Control Registers (PMCxx)

Pull-up resistor selection registers (PUxx)

Peripheral /0 Redirection Registers (PIORX)
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)
bit name 64 | 48 | 40 | 32
Port PMxx Pxx PUxx PIMxx POMxx PMCxx bin pin oin pin
register | register | register register register register
0 | PMOO P00 PU0O B POMO0O | pmcoo™®! | o S} 9 5
1 PMO1 PO1 PUO1 PIMO1 3 pMmco1 ™t | o ) ) )
2 PMO02 P02 PUO2 o) POMO02 PMCO02 b} o] o] o]
Port0| 3 PMO03 P03 PUO3 PIMO3 POMO3 PMCO03 o} o] o] o]
4 PMO04 P04 PUO4 PIM04 POMO4 PMCO04 2 o] o] o]
5 PMO5 P05 PUO5 o) o) o] 2 o) o) o}
6 PMO06 P06 PUO6 o) d o] bo} o] o] o]
0 PM10 P10 PU10 PIM10 POM10 PMC10 o} 2 2 2
1 PM11 P11 PU11 o) POM11 PMC11 bo} 2 o] o]
2 PM12 P12 PU12 o) o) PMC12 Note 2 o} 2 2 2
3 | PM13 P13 PU13 B POM13 | pmc13"™®? | o 9 9 9
Port1 4 PM14 P14 PU14 PIM14 POM14 pMC14 Noe? ) 2 2 2
5 PM15 P15 PU15 PIM15 POM15 o] o} 2 2 2
6 PM16 P16 PU16 PIM16 6] o] b 2 2 2
7 PM17 P17 PU17 PIM17 POM17 o] bo} 2 2 2
0 PM20 P20 o) o) d PMC20 b ) ) 2
1 PM21 P21 o) o} o} PMC21 0 2 2 2
2 PM22 P22 0 0 6] PMC22 o] o] o] o}
3 PM23 P23 o) o) o) PMC23 2 2 2 2
Port 2
4 PM24 P24 o) o} 0 PMC24 b 2 2 o}
5 PM25 P25 0 0 o) PMC25 o] o] o] o]
6 PM26 P26 o) o) o) PMC26 2 2 o] o]
7 PM27 P27 o) o) o) PMC27 bo} 2 o] o]
NOTE: 1. Products with 32-48 pins only.
2. Products with 32-64 pins only.
www.changitech.com 8/1033 Rev.2.05
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Table 2-2: PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and bits (2/2)

bit name
Port PMxx Pxx PUXxX PIMxx POMXxx PMCxx sli ;?1 3”2 ;i
register register register register register register
0 PM30 P30 PU30 PIM30 POM30 0 b 2 b b
Ports | PM31 P31 PU3L  [PIM30 Note 1y POMBLTEEE) 5 9 5 5
0 PM40 P40 PU40 o] o) o) bo} 2 bo} bo}
Port 4 1 PM41 P41 PU41 o} 0 0 2 2 0 0
2 PM42 P42 PU42 o} 0 0 2 o} 0 0
3 PM43 P43 PU43 d o o 2 o 0 0
0 PM50 P50 PU50 PIM50 POM50 8 b 2 b b
1 PM51 P51 PU51 o} POM51 0 b 2 b b
Port 5 2 PM52 P52 PU52 o} 0 s} 2 o} 0 0
3 PM53 P53 PU53 o} 0 0 2 o} 0 0
4 PM54 P54 PU54 o} 0 0 2 o} 0 0
5 PM55 P55 PU55 PIM55 POM55 0 2 o} 0 0
0 PM60 P60 o} o} 0 s} 2 2 2 0
Port 6 1 PM61 P61 o} o} 0 0 2 2 2 0
2 PM62 P62 o} o} o} o} 2 2 0 0
3 PM63 P63 o} o} 0 0 2 2 0 0
0 PM70 P70 PU70 o] 3 3 2 2 2 2
1 PM71 P71 PU71 o} POM71 0 0 2 0 0
2 PM72 P72 PU72 o} o o 0 2 0 0
3 PM73 P73 PU73 o] o) o) 2 2 2 2
Port? 4 PM74 P74 PU74 |PIM74Note 1] POM74 0 0 2 0 0
5 PM75 P75 PU75 o} o o 2 2 2 0
6 PM76 P76 PU76 o} o o 2 o} 0 0
7 PM77 P77 PU77 o} 0 0 2 o} 0 0
0 PM120 P120 PU120 o) o) PMC120 o] o] o] o]
1 o] pP121 o] o] 0 o) b 2 b b
Port12| 2 o] P122 o] o] o) o) 2 2 2 2
3 o} P123 o} o} o} o} 2 2 2 o}
4 o) P124 o} o} o} d b 2 b 0
0 o) P130 o} o} o} d b 2 0 0
Port13| 6 PM136 P136 PU136 o} o} d 2 i) 0 0
7 PM137 P137 PU137 o} 0 0 2 2 0 2
0 PM140 P140 PU140 o] o) o) o] 2 o] o}
Port 14 1 PM141 P141 PU141 o) 6] 6] o] o] 0 o}
6 PM146 P146 PU146 o] o) PMC146 o] o] 0 0
7 PM147 P147 PU147 o} 0 PMC147 2 2 b b
Note: 1. Products with 32 pins only.

www.changitech.com 9/1033 Rev.2.05
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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 functiona

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 I/?A fter R/W
eset
PMO 1 | PMO06 | PMO5 | PM04 | PMO3 | PMO02 | PMO1 | PMOO | 0x320 FFH R/W
PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10 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 | pwss | pmsa | pwms3 | pms2 | pms1 | Pmso | ox325  FFH RIW
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.

www.changitech.com 10/1033 Rev.2.05
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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
Po| o |Pos | Pos | Po4a [Posa | Po2 | Por [ Poo | 0x300 0OH (OutputLatch) RW
PL | P17 | Pie | P15 | P14 [ P13 [P12 | Pl | PO | 0x301L OOH (OutputLatch) RIW
P2 | P27 | P26 | P25 | P24 [ P23 | P22 | P21 | P20 | 0x302 O0OH (Output Latch) RAW
P3| o |o o Jo | o | o | P31 | P30 | 0x303 00H (Output Latch) RW
P4 o o Jo o [Pa3 |Pa2 | Par [ P40 | 0x304 00H (OutputLatch) RW
Ps| o |o | pss | ps4a | Ps3 | Ps2 | P51 | P50 | 0x305 OOH (Output Latch) RAW
pe | o |o o Jo | P63 | Pe2 | P61 | P60 | 0x306 OOH (Output Latch) RIW
Pp7 | P77 | P76 | P7s | P74 [ P73 | P2 | P71 | P70 | 0x307 00H (Output Latch) RW

P12 | 0 0 0 P124 | P123 | P122 | P121 | P120 | O0x30C indefinite value R/ Note
P13 | P137 | P136 | 0 IE | o | o | o | P130 | 0x30D 00H (Output Latch) RW
P14 | P147 | P146 | 0 | o | o | o | P141 | P140 | 0x30E O0OH (Output Latch) RIW
m=0~7,12~14, n=0~7
Pmn 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.
www.changitech.com 11/1033 Rev.2.05
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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

'8OH).

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 AT Rw
eset
PUO ‘ 0 | PUO6 | PUO5 | PU0O4 ‘ PUO3 ‘ PU02 ‘ PUO1 | PUOO 0x030 00H R/W
PU1 PU17 PU1 6 PU15 PU14 PU13 PU12 PU11 PU10 0x031 00H R/W
PU3 0 0 0 0 0 0 PU31 PU30 0x033 00H RIW
PU4 0 0 0 0 PU43 PU42 PU41 PU4 0 0x034 01H R/W
pus | o | o [ puss | pusa | Pusa | Pus2 | PUsL | PUSO | 0x035  00H  RMW
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 O0x03E 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.

www.changitech.com 12 /1033 Rev.2.05
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2.3.4 Port input mode register (PIMxXx)

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
PMo | o | o | o |PmMo4|PmMo3| o [PIMOL| o0 | ox040 00H RW
PML | PiM17 [ PiMi6 [ PMis [ PMi4 [ o | o | o [ PiMio |ox041  OOH RIW
PIM3 0 0 0 0 0 0 PIMS1 1 piM30 |0x043 0OH  RW
Pms | o | o [pPmss| o | o | o | o | PmMs0 |ox045 O0OH  RW
PIM7 0 0 0 PIMT4 0 0 0 0 |ox047 00H  RW
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.

www.changitech.com 13/1033 Rev.2.05
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This is a register that sets the output mode in bits. When serial communication is performed with external
devices of different potentials and simple 12C 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
(POMmMnN=1) is set.

Figure2-5 Port output mode register format
symbol 7 6 5 4 3 2 1 0 offset  After Reset R/W
poMo | o | o | o [Pomos|pPomos|Pomo2| o | Pomoo |o0x050 < 0OH  Rw

poMi |Pomi7 | o |Pomis |Pomi4 | Pomida| o |Pomii| Pomio | 0x051 00H RMW

POM3 0 0 0 0 0 o | POMSL) pom3o | 0x053 0OH  RMW
poms | o | o |pomss| o | o | o |[Pomsi|Pomso | oxos5 00H — RMw
pom7 | o | o | o [pomra| o | o [Pomri| o |o0x057 O00H RW

POMmMnN 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.

www.changitech.com 14/1033 Rev.2.05
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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
After
symbol 7 6 5 4 3 2 1 0 offset Reset R/W
PMCO 1 1 1 PMCO04 | PMCO3 | Pmco2 | PMCOL | PMCOO | 0609  FFH RIW
Note 1 Note 1
PMC1 1 1 1 1 1 1 PMC11 PN(I)C:L 0x06 1 FFH R/W
PMC2 PMC27 | PMC26 | PMC25 | PMC24 | PMC23 | PMC22 | PMC21 | PMC20 | 0 x062 FFH R/W
pmci2 | 1 | 1 | 1 | 1 | 1 | 1 1 | Pmc120 | ox06C  FFH RIW
PMC14 | PMC147 | PMC146 1 1 1 1 1 1 Ox06E 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.

www.changitech.com 15/1033
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2.3.7 Peripheral 1/0 Redirection Register 0 (PIORO)

This is register 0 that sets the ability to allow or prohibit peripheral 1/0O 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 (PIORO)

Address: 0x40040877 After reset: 0OH R/W
symbol 7 6 5 4 3 2 1 0
PIORO | PIORO7 | PIOROS | PIORO5 | PIOR04 | PIORO3 | PIORO2 | PIOROL | PIOR0O |
64 pin 48-pin 40 pin 32 Pin
PIORO Features Set Values Set Values Set Values Set Values
0 1 0 1 0 1 1
INTP8 P74/P42 P00 P74 P00
BI;ZORW) NTP10 Pro/Pos POl must be set to O (initial value)
INTP11 P77/P06 P20
RxD2 P14 P14 P14 P14 P14 P14
TxD2 P13 P10 P13 P10 P13 P10
SCL20 P15 - P15 - P15 -
I(OIiDtI%ROG) SDA20 o P14 - P14 - P14 -
STI20 \rgl‘jte)be setto 0 (inital g 4 - P14 - P14 -
SDO20 P13 - P13 - P13 -
SLK20 P15 - P15 - P15 -
bits RxD1 PO1 P73 P01 P73 P01 P73
(PIOROS) TxD1 P00 P72 P00 P72 P00 P72
bit4 CLKBUZ1 | P141 P55 o
(PIOR04) INTPS 16 — must be set to 0 (initial value)
BS?ORO?’) CLKBUZO | P140 P31 P140 P31 P140 P31
bit2 SCLAO P60 P14 P60 P14 P60 P14 P31 P14
(PIOR02) SDAAO P61 P15 P61 P15 P61 P15 P74 P15
INTP10 P76 P05 PO1 P01 P01 P01 P01 P01
INTP11 P77 P06 P20 P20 P20 P20 P20 P20
RXD2 P14 P76
TXD2 P13 P77
SCL20 P15 -
SDA20 P14 - must be set to 0 (initial value)
STI20 P14 -
bit1 SDO20 P13 -
(PIORO1) SLK20 P15 -
TXDO P51 P17 P51 P17 P51 P17 P51 P17
RXDO P50 P16 P50 P16 P50 P16 P50 P16
SCL00 P30 - P30 - P30 - P30 -
SDA0O P50 - P50 - P50 - P50 -
SDO00 P51 P17 P51 - P51 - P51 -
STIOO P50 P16 P50 - P50 - P50 -
SCLKO00 P30 P55 P30 - P30 - P30 -
bit0 INTP1 P50 P52 o
(PIORO0) NP2 o1 o3 must be set to O (initial value)
www.changitech.com 16 /1033 Rev.2.05
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INTP3 P30 P54
INTP4 P31 P55
INTP8 P74 P42
INTP9 P75 P43

www.changitech.com
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2.3.8 Peripheral 1/0 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 1/0 Redirection Register 1 (PIOR1)

Address: 0x40040879H After reset: OOH R/W
symbol 7 6 5 4 3 2 1 0
PIOR1 0 0 0 0 PIOR13 PIOR12 \ PIOR11 | PIOR10

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 P0O.
1 1 Setting is prohibited.

PIOR11 PIOR10 Selection of Timer ATAIO Pin
0 0 Multiplexed with PO1.
0 1 Multiplexed with P31 (32-64 pin products).

Multiplexed with P41 (limited to 48, 64-pin products).
Other pin products are prohibited from setting.

Multiplexed with P06 (limited to 64-pin products).
Other pin products are prohibited from setting.
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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 PIOR27 | PIOR26 PIOR25 | PIOR24 | PIOR23 | PIOR22 \ PIOR21 | PIOR20
64 pin 48th 40-pin 32 pin 24 pin
PIOR2 Features Set Values Set Values Set Values Set Values Set Values
bit7 TMIOCO | x X X X X X X X P16 P13
(PIOR27)
Bit6
(PIOR26) TMIODO | 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) TMIAL P12 P16 P12 P16 P12 P16 P12 P16 X X
bitl
(PIOR21) VCOUT1 | P31 P70 P31 P70 P31 P70 P31 P70 P147 P72
bit0
(PIOR20) VCOUTO | 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.
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2.3.10 Peripheral I/0O Redirection Register 3 (PIOR3)

This is setting to enable or disable peripheral 1/0 redirection feature register 3. The peripheral 1/0 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 1/0 Redirection Register 3 (PIOR3)

Address: 0x4004087C  After reset: 0OH RW
symbol 7 6 5 4 3 2 1 0
PIOR3 PIOR37 PIOR36 PIOR35 PIOR34 | PIOR33 \ PIOR32 \ PIOR31 | 0
64-pin 48-pin 40-pin 32
PIOR3 Features Set Values Set Values Set Values Set Values
0 1 0 1 0 1 0 1
RXDO Control P11 Control P11 Control P11 Control P11
RXDO Control p137 Control p137 Control P17 Control P17
i3 (PIOR33) CRXDO P03 P50 POL P50 POL P50 POL P50
CTXDO P02 P51 P00 P51 P00 P51 P00 P51
bit2 (PIOR32) | VCOUT1L Output L 'z'c?nfrﬁ Output L Fg(?nﬁll Output L F(’:'Sanrzoll Output L F(’:'Sanrzoll
bitl (PIOR31) | vcouTo Output L 'z'c?nfri? Output L Fg(?nﬁ? Output L Fggnﬁ? Output L Fggnﬁ?
PIOR37 | PIOR36 TMIAO TMIOBO TMIOCO TMIODO TMIAL TMIOB1 TMIOC1 TMIOD1
0 0 P17 P14 P16 P15 P12 P10 P13 P11
0 1 P17 P12 P16 P15 P11 P10 P14 P13
1 0 P17 P15 P16 P14 P13 P12 P11 P10
1 1 Disable setting

Note: x indicates that the bit must be set to the initial value of 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
tnhaempeinof Input/Output Recommended connection method when not in use
P00~-P06 Input: The EVDD or EVSS are connected by resistance alone-
P10~P17 Output: Open Circuit.
Input: The VDD or VSS are connected by
P20~P27 resistance alone-
Output: Open Circuit.
P30 P31 Input: The EVDD or EVSS are connected by resistance alone-
' Output: Open Circuit.
Input: The EVDD is connected by resistance
P40 alone or set as an open circuit.
Input/Output | Output: Open Circuit.
P41-P43 Input: The EVDD or EVSS are connected by resistance alone-
P50~P55 Output: Open Circuit.
Input: The EVDD or EVSS are connected by resistance alone:
P60~P63 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-
Pro-P77 Input: The EVDD or EVSS are connected by resistance alone:
P120 Output: Open Circuit.
P121~P124 Input The VDD or VSS are connected by resistance alone-
P130 output Open Circuit.
Input: The EVDD or EVSS are connected by resistance alone-
P136 -
Output: Open Circuit.
Input: The VDD is connected by resistance alone
pP137 Input/Output | 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 EVop, EVss pins, EVop must be replaced with Voo and EVss with Vss.
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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 (PMCxXx).

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
M~
WRPORT
EVDD/VDD
fl\ > Pmn
N\ v
WRPM @ GPIO/multiplexing
KL capability
- > PMmn ADO‘{ N-
8 WRPOM Evss/vss
m
1
Y » POMmn v
input
multiplexing [ ot
(scn
multiplexing [ ot
(Outside SCI)
~—

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
) Output settings for unused multiplexing
Pin Output Used
port function SCI output function Output capabilities other
Port Output d High level output (1) Low level output (0)
SCI output function High(1) d 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".

www.changitech.com 22 /1033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 2 Pin function

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 POO~P06 Pin Function

Functions Used Output of multiplexing functions
Pin Name :
Feature PIORX POMxx PMCxx PMxx Pxx Output Function of
Name Input/Output SCI/CAN Beyond SCI/CAN
Input 0 x 0 1 x x d
output 0 0 0 0/1
P00
N-channel X 8 (TAO)=0
drain open 1 0 0 0/1
circuit output
P00
TIOO Input o] o] 0 1 x o] 4
TBCLKO Input o] X 0 1 X X o]
(TAO) output PIOR13, PIOR12=10B 0 0 0 0 o] d
(INTP8) Input PIOR0O7=1 o] 0 1 X o] o]
Input o] o] 0 1 x ¢} 4
PO1
output x o] 0 0 0/1 o] TEO=0, TO00=0
TOO0O output o] o] 0 0 0 o] TEO=0
PO1 TBCLK1 Input o] o] 0 1 X o] o]
Input PIOR13, PIOR12=00B a 0 1 X o] 4
TIAO
output o] o] 0 0 0 o] TOO00=0
(INTP10) Input PIOR0O7=1 o] 0 1 X o] o]
Input d X 0 1 X X 3
output 0 0 0 0/1
P02 chanmal 5 TxD1/SDO10=1 5
drain open 1 0 0 01 CTxD0=1
circuit output
P02 ANI11  [analog input ) x 1 1 x x d
TxD1 output o] 0/1 0 0 1 CTxD0=1 o]
SDO10 output o] 0/1 0 0 1 CTxD0=1 o]
VCIN10 [analog input o] X 1 1 X X o]
CTxDO output o] 0/1 0 0 1 TxD1/SDO10=1 o]
Input o] X 0 1 x X d
output 0 0 0 0/1
P03
N-channel x SDA10=1 3
drain open 1 0 0 0/1
circuit output
ANI10 |analog input s} x 1 1 X x d
P03
STI10 Input o] X 0 1 x X d
RxD1 Input o) x 0 1 X x o]
SDA10 |Input/Output d 1 0 0 1 o] o]
VCIN11 [|analog input d X 1 1 x X o]
CRxDO Input o] X 0 1 X X o]
Input o] X 0 1 X ¢} 4
output 0 0 0 0/1
PO4 Nechanmel . SCLK10/SCL10 5
drain open 1 0 0 01 =1
P04 circuit output
ANI1 3 |analog input o] X 1 1 x X 0
Input X 0 1 X ¢} 4
SLK10 0
output 0/1 0 0 1 o] o]
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SCL10 output o] 0/1 0 0 1 o] o]
Input o] o] 6] 1 X s} d
P05
P05 output 6] 6] d 0 0/1 o] o]
(INTP10) Input PIORO1=1 8 ) 1 x 3 8
Input o] o] 0 1 X s} 4
P06
output x 0 o] 0 0/1 0 (TAIO)=0
P06 Input 6] d 1 X o] o]
(TAIO) PIOR13, PIOR12=11B
output o] 0 0 0 s} d
(INTP11) Input PIOR01=1 o] o] 1 x o] 3
Table 2-6: Example of Register Setting When Using P10~P17 Pin Functions (1/3)
name Functions Used Output of multiplexing functions
of the scr
Feature Input/Outpu PIORX POMXxx PMCxx PMxx Pxx S . )
feet output function Outside SCI
Name t
Input 4 i 0 1 H s}
output 0 0 0 0/1
P10 N-channel SCLK11/SCL11
drain o N TMIOB1=0
open 1 0 0 0/1 =1
circuit
output
analog , , ,
ANI9 input o] \ 1 1 H H o]
Input 3 ! 0 1 | 5] 5]
P10 SLK11
output o] 0/1 0 0 1 o] TMIOB1=0
SCL11 output o] 0/1 0 0 1 o] TMIOB1=0
Input 3 ! 0 1 | 5] 5]
TMIOB1 SCLK11/SCL11
output o] 0 0 0 0 -1 s}
Input PIOR37=1, PIOR36=0 | 0 1 : 8 8
TMIOD1
SCLK11/SCL11
output 0 0 0 0 - )
Input 3 i 0 1 i s
output 0 0 0 0/1
P11 N-channel
drain d SDA11=1 TMIOD1=0
open 1 0 0 0/1
circuit
output
analog , , ,
ANI8 input ] ! 1 1 ! ! 8
SI11 Input <] ! 0 1 | d d
P11 SDA11 :”p“t/o“tp“ 3 1 0 0 1 3 TMIOD1=0
RxDO Input PIOR35=1 | 0 1 1 o] TMIOD1=0
Input d i 0 1 | 3 3
TMIOD1
output o] 0 0 0 0 SDA11=1 o]
Input | 0 1 ' s} s}
TMIAL PIOR37=0, PIOR36=1
output 0 0 0 0 SDA11=1 o]
Input ! 0 1 | 3 o]
TMIOC1 PIOR37=1, PIOR36=0
output 0 0 0 0 SDA11=1 o]
Input S] S] lS) 1 | d d
P12
output o] s} ls) 0 0/1 SDO11=0 TMIOA1=0
SDO11 output o] s} ls) 0 1 o] TMIOA1=0
P12
TxDO output PIOR35=1 0/1 6] 0 1 o] TMIOA1=0
Input | [s] 1 ' s} ¢}
TMIAL o]
output 0 3 0 0 SDO11=0 8
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Input d s] 1 H s} s}
TMIOBO PIOR37=0, PIOR36=1
output o] 6] 0 0 SDO11=0 S}
Input 5] 3 1 H 6] 6]
TMIOB1 PIOR37=1, PIOR36=0
output 0 o] 0 0 SDO11=0 ¢}
(INTP5) Input PIOR04=1 o] 0 1 1 o] o]
Table 2-6: Example of Register Setting When Using the P10~P17 Pin Function (2/3)
name of Functions Used Output of multiplexing functions
PIORX POMxx PMCxx PMxx Pxx .
the feet | Feature Input/Output SCr's . Outside SCI
Name output function
Input o] H 0 1 H o] o]
P13 output 0 o] 0 0/1
N-channel ! TxD2/SD0O20=1 TMIOC1=0
drain open 1 o] 0 0/1
circuit output
TxD2 output PIOR01=0 0/1 ls) 0 1 o] TMIOC1=0
SDO20 output PIOR01=0 0/1 6] 0 1 o] TMIOC1=0
P13
Input o] H 6] 1 H o] o]
TMIOC1
output o] 0 0 0 0 TxD2/SD0O20=1 o]
Input ! ls) 1 | o] o]
TMIOD1 PIOR37=0, PIOR36=1
output 0 6] 0 0 TxD2/SD0O20=1 o]
Input H [s) 1 H o] o]
TMIAL PIOR37=1, PIOR36=0
output 0 ls) 0 0 TxD2/SD0O20=1 o]
Input 6] ! 5] 1 | [s] o]
output 0 [s) 0 0/1
P14 TMIOB 0=0
N-channel ! SDA20=1 SCLAO :0'
drain open 1 o] 0 0/1 ( )=
circuit output
RxD2 Input PIOR01=0 ! ) 1 ! 3 d
STI20 Input PIOR01=0 ! ) 1 ! 3 8
- TMIOB 0=0,
SDA20 |Input/Output PIOR01=0 1 o] 0 1 o] (SCLA0)=0
P14
Input ) 1 d 1 H 0 d
TMIOBO
output ) 1 s} 0 0 SDA20=1 (SCLA0)=0
Input ! o] 1 | d o
TMIOC1 PIOR37=0, PIOR36=1
output 1 8 0 0 SDA20=1 (SCLA0)=0
Input i o] 1 H s} d
TMIOBO PIOR37=1, PIOR36=0
output 1 8 0 0 SDA20=1 (SCLAD)=0
(SCLAO) | Input/Output PIOR02=1 1 o] 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 Functions Used Output of multiplexing functions
PIORX POMXxx PMCxx PMxx Pxx .
the feet FNeature Input/Output SCI's ! Outside SCI
ame output function
Input 0 | o] 1 | 0 3
output 0 0 0 0/1
P15 [ Nechannel \ SCLK20/SCL20 TMIOD 00,
drain [ -1 (SDAA0)=0,
open-circuit 1 0 0 01 CLKBUZ1=0
output
Input | o] 1 | 0 3
SLK20 PIOR01=0
output 01 ) 0 1 8 TMIOD 0=0,
P15 (SDAA0)=0,
SCL20 output PIOR01=0 01 ) 0 1 3 CLKBUZ1=0
Input 0 | o] 1 | 0 3
TMIODO oot 5 0 5 0 0 SCLK20/SCL20 (SDAA0)=0,
P =1 CLKBUZ1=0
Input ! 5] 1 | 6] o]
TMIOBO - PIOR37=1, PIOR36=0 . s ) 5 SCLK20/SCL20 (SDAADG)=0,
p =1 CLKBUZ1=0
_ SCLK20/SCL20 TMIOD 0=0,
(SDAAO) | Input/Output PIOR02=1 1 ) 0 0 =1 CLKBUZ1=0
Input o] o] ls) 1 H o] o]
P16
TO01=0, TMIOCO0=0,
output o] o] 0 0 0/1 o] (TMIOA1)=0
TIO1 Input 0 0 o] 1 H 0 3
TMIOCO0=0,
TOO1 output o] o] [s) 0 0 o] (TMIOA1)=0
INTP5 Input PIOR04=0 3 ) 1 ! 3 G}
P16 Input ] ] ) 1 ! 8 ]
TMIOCO
output 3 3 ) 0 0 3 TO01=0, (TMIOA1)=0
(SDI00) Input PIOR01=1 3 ) 1 ! 3 8
(RxDO) Input PIOR01=1, PIOR06=0 3 8 1 ! 3 d
Input | [¢] 1 H s} d
(TMIOAL) PIOR22=1
output 3 ) 0 0 3 TO01=0, TMIOC0=0
Input 3 ! ) 1 ! 3 ]
output 0 ls) 0 0/1
P17 N-channel , (TXD0)/(SDO00) | TO02=0, TMIOA0=0,
drain ! =1 (TMIODO0)=0
open-circuit 1 8 0 o
output
TI02 Input 3 ! ) 1 ! 3 ]
Tooz | ouput | 0 5 0 o | MOoNSDo0D) | Thioac-o,
P17 Input 4 | [¢] 1 H s} d
TMIAO
output ! 0 3 0 0 (TXDO)/SDOOO) T002=0, (TMIOD0)=0
TMCLK Input 3 ! ) 1 ! 3 8
_ T0O02=0, TMIOA0=0,
(SDO00) output PIOR01=1 0/1 ls) 0 1 o] (TMIOD0)=0
(TXDO) output PIOR01=1, PIOR06=0 0/1 5 0 1 3 Too(zihaiggn(;g%o:o,
Input PIOR26=1 ! ) 1 ! 3 ]
(TMIODO)
output 0 s 0 0 (TXDOY(SPO00) | 00220, TMIOAO=0
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Table 2-7: Example of Register Setting When Using the P20~P27 Pin Function

Functions Used
”amf‘zgtf the PIORX PMCxx PMxx Pxx
Feature Name Input/Output
Input l¢] 0 1 |
P20
output l¢] 0 0 0/1
ANIO analog input 5} 1 1 |
P20 reference voltage
AVREFP ) 9 ) 1 1 !
input
VCIN12 analog input l¢] 1 1 !
(INTP11) Input PIOR0O7=1 0 1 1
Input o] 0 1 !
P21
output l¢] 0 0 0/1
P21 ANI1 analog input d 1 1 !
AVREFM refereljce voltage 5 1 1 !
input
VCIN13 analog input ) 1 1 i
Input 6] 0 1 |
P22
output 6] 0 0 0/1
ANI2 analog input o] 1 1 1
P22
ANOO analog output [¢] 1 1 |
VCINO analog input 6] 1 1 |
PGAOIN analog input 6] 1 1 !
Input o] 0 1 1
P23
output [¢] 0 0 0/1
P23 ANI3 analog input 6] 1 1 |
ANO1 analog output 6] 1 1 !
PGAOGND analog input 5} 1 1 1
Input ls] 0 1 |
P24
output 8] 0 0 0/1
P24
ANI4 analog input [s] 1 1 1
PGAL1IN analog input o] 1 1 1
Input ls] 0 1 |
P25
output 8] 0 0 0/1
P25
ANI5 analog input [s] 1 1 1
PGA1GND analog input o] 1 1 1
Input ls] 0 1 |
P26
P26 output [s] 0 0 0/1
ANI6 analog input [s] 1 1 1
Input o] 0 1 1
P27
P27 output 6] 0 0 0/1
ANI7 analog input o] 1 1 1
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Table 2-8: Example of Register Setting When Using the P30~P43 Pin Function

name of Functions Used Output of multiplexing functions
PIORX POMxx PMCxx PMxx Pxx :
the feet | Feature Input/Output SCI's . Outside SCI
Name output function
Input l¢] ' 0 1 1 o] o]
P30 output 0 0 0 0/1
N-channel ! stkoo/scLoo=1 | RTCIHESD, TAO%0.
drain open 1 o 0 0/1 ( )=
circuit output
INTP3 Input PIOR00=0, PIOR05=0 ' o] 1 ' o] 3
1 _ TAO=0,
RTC1HZ output ! 0 s} 0 0 SLKO00/SCL00=1 (TMIOB1)=0
P30 Input ! B} 1 ! 3 3
SCLK00 output PIOR01=0 o1 5 . N s RTC1HZ=0, TAO=0,
(TMIOB1)=0
- RTC1HZ=0, TAO=0,
SCLO0 output PIOR01=0 0/1 s} 0 0 ) (TMIOB1)=0
_ SCLKO00/SCL00 RTC1HZ=0,
TAO output PIOR13, PIOR12=00B 0 [s) 0 0 -1 (TMIOB1)=0
Input ' ls) 1 | o] o]
(TMIOB1) PIOR23=1
output 0 o 0 0 SLK00/SCL00=1 RTC1HZ=0, TAO=0
Input o] o] o] 1 ' 0 3
P31 utout , 5 5 0 oL 5 T0O03=0, VCOUT1=0,
p ! (CLKBUZ0)=0, (TAIO)=0
TIO3 Input ls] 6] ls) 1 | o] o]
1 VCOUT1=0,
TOO03 output ! ls] 0 0 0 o] (CLKBUZ0)=0, (TEI0)=0
— 13 _
P31 INTP4 Input PIOR00=0 Mot¢ ) PIOR05=0 note o] o] 1 1 ¢} 4
Input 6] 0 1 | o] o]
(TAIO) outout PIOR11, PIOR10=01B 5 5 0 5 5 TO03=0, VCOUT1=0,
P (CLKBUZ0)=0
(CLKBUZO) |  output PIOR03=1 5 5 0 0 3 Tooszo’L(JTTEl':OO):O'VCO
_ TO03=0, (TAIO)=0,
VCOUT1 output PIOR21=0 [¢] 6] 0 0 6] (CLKBUZ0)=0
Input s] 1 [¢] 1 1 s} d
P40
output ! 8] 6] 0 0/1 o] 0
P40
Input 5] ! 5] 1 | o o]
SWDIO
output ! 5} s} 0 ! ) )
Input [s] [s] [¢] 1 1 s} )
P41
output ! 8] ls) 0 0/1 o] (TAIO)=0
P41
Input o] o] 1 ' 0 3
(TAIO) PIOR11, PIOR10=10B
output ls] ls) 0 0 o]
Input [s] [s] o] 1 1 s} )
P42
P42 output | [s] [¢] 0 0/1 s} )
(INTP8) Input PIOR00=1, PIOR07=0 ls] ls) 1 ' o] o]
Input [s] [s] o] 1 1 s} )
P43
P43 output i [§) ls) 0 0/1 o] o]
(INTP9) Input PIOR00=1 ) ) 1 ! 8 ]
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Table 2-9: Example of Register Setting When Using the P50~P55 Pin Function

name of Functions Used Output of multiplexing functions
PIORX POMxx PMCxx PMxx Pxx -
the feet | Feature Output Function of
Name Input/Output SCI/CAN Beyond SCI/CAN
Input l¢] H o] 1 1 o] o]
P50 output | 0 6] 0 0/1 SDAGOL TBIO0=0, (TAO)=0,
N-channel drain ! B (TMIOC1)=0
o 1 0 0 0/1
open circuit output
INTP1 Input PIOR00=0 ! ) 1 ! b b
STIOO0 Input PIOR01=0 1 ) 1 1 0 0
RXDO Input PIOR01=0 ! 3 1 ! 3 8
SDA0O Input/Output PIOR01=0 1 3 0 1 3 TBIO0=0,
P50 p p = (TAO)=0, (TMIOC1)=0
(CRxD0) Input PIOR33=1 | 0 1 ' 0 0
Input o] | 0 1 ' 0 0
TBIOO
_ (TAO)=0,
output l¢] 0 o] 0 0 SDA00=1 (TMIOC1)=0
_ _ TBIO0=0,
(TAO) output PIOR13, PIOR12=01B 0 o] 0 0 SDA00=1 (TMIOC1)=0
Input ! 6] 1 | [s] [s]
(TMIOC1) PIOR24=1
output 0 o] 0 0 SDA00=1 TBIOO0=0, (TAO)=0
Input 6] H o] 1 | o] o]
P51 output 0 d 0 0/1
_ TBIO1=0,
N-channel drain 8 TxD0/SDO00=1 (TMIOD1)=0
L 1 o] 0 0/1
open circuit output
INTP2 Input PIOR01=0 ! 3 1 ! 3 3
_ TBIO1=0,
SDO00 output PIOR01=0 0/1 o] 0 1 o] (TMIOD1)=0
— TBIO1=0,
P51 TDO output PIOR01=0 0/1 8 0 1 8 (TMIOD1)=0
TxD0/SDO00=1 -
— TBIO1=0,
(CTXDO) output PIOR33=1 o1 3 0 1 (TMIOD1)=0
Input H o] 1 | o] o]
TBIO1 ls]
output 0 o] 0 0 TxD0/SDO00=1 (TMIOD1)=0
Input ! 6] 1 | d d
(TMIOD1) PIOR25=1
output 0 o] 0 0 TxD0O/SDO00=1 TBIO1=0
Input [s] i S} 1 1 s} s}
P52 output 0 a 0 0/1
P52 - [s] 4 4
N-chqnne_l drain 1 5 0 o1
open circuit output
(INTP1) Input PIOR00=1 ! 3 1 ! 3 3
Input [s] | S} 1 ' s} s}
P53 output 0 a 0 0/1
P53 - i 4 4
N-chqnne_l drain ! 1 5 0 o1
open circuit output
(INTP2) Input PIOR00=1 ! 3 1 ! 3 3
Input [§) ! o] 1 | o] o]
P54 output 0 o) 0 0/1
P54 N-channel drain 3 8 8
S 1 o] 0 0/1
open circuit output
(INTP3) Input PIOR00=1 ! 3 1 ! 3 3
Input 5] i o] 1 | s] o
P55 output 0 o) 0 0/1
N-channel drain ) (SCLK00)=1 (CLKBUZ1)=0
S 1 o] 0 0/1
open circuit output
P55 (INTP4) Input PIOR00=1 ! 3 1 ! 3 3
(CLKBUZ1) output PIOR04=1 0 s} 0 0 (SCLKO00)=1 0
Input | 4 1 1 0 )
(SCLKO00) PIOR01=1
output o/ 3 0 1 3 (CLKBUZ1)=0
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Table 2-10: Example of Register Setting When Using the P60~P63 Pin Function

Functions Used Output of multiplexing functions
PIORX POMxx PMCxx PMxx Pxx SCl's
Input/Output . Outside SCI

output function
Input 4 4 s} 1 1 4 4

N-channel
drain open
circuit output ,
6V !
Withstand
Voltage)

SCLAO | Input/Output PIOR02=0 0 0 0 0 3 3

name of
the feet Feature
Name

P60

P60 4 S} 0 0/1 4 SCLAO=0

Input 0 0 0 1 ' 3 3

N-channel
drain open
circuit output ,
6V !
Withstand
Voltage)

SDAAO | Input/Output PIOR02=0 o] o] 0 0 o] o]

P61

P61 4 S} 0 0/1 4 SDAA0=0

Input 0 0 0 1 ' 3 3

N-channel
drain open
circuit output \
6V !
Withstand
Voltage)

SS00 Input ) ) d 1 1 d )

P62
P62

Input 0 0 0 1 ' 3 3

N-channel
drain open
circuit output \
6V !
Withstand
Voltage)

P63 P63
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Table 2-11: Example of Register Setting When Using the P70~P77 Pin Function

name of Functions Used Output of multiplexing functions
PIORX POMxx PMCxx PMxx Pxx ;
the feet | Feature Input/Output SCI's . Outside SCI
Name output function
Input l¢] l¢] o] 1 H o] o]
P70
output l¢] l¢] o] 0 0/1 SCLK21/SCL21=1 (VCOUT1)=0
KRO Input o] o] 0 1 H 3 3
P70 Input o] o] 0 1 H 3 3
SLK21
output l¢] l¢] o] 0 1 o] (VCOUT1)=0
scL21 output ) ) 8 0 1 ] (VCOUT1)=0
(VCOUT1) output PIOR21=1 5} ) 0 0 SCLK21/SCL21=1 d
Input 5] | o] 1 1 o o
output 0 o] 0 0/1
P71
N-channel 6] SDA21=1 (VCOUTO0)=0
drain open 1 o] 0 0/1
circuit output
P71 KR1 Input 3 ! 3 1 ! 3 3
STI21 Input 6] H o] 1 H o] o]
SDA21 '“pﬂt’omp 3 o 3 0 1 3 (VCOUTO)=0
(VCOUTO) output PIOR20=1 [¢] o] 0 0 SDA21=1 o]
Input [¢] [¢] o] 1 H o] o]
P72
output 6] 6] o] 0 0/1 SDO21=1 o]
P72
KR2 Input ls] ls] o] 1 | o] o]
SDO21 output [¢] [¢] o] 0 1 o] o]
Input [¢] [¢] o] 1 H o] o]
P73
output ls] ls] o] 0 0/1 SDO01=1 o]
P73
KR3 Input 6] 6] o] 1 | o] o]
SDOO01 output ls] ls] o] 0 1 o] o]
Input 5} 1 ) 1 H d d
tput 1
P74 outpu 0 o] 0 o/
N-channel ls] SDA01=1 4
drain open 1 o] 0 0/1
circuit output
pra KR4 Input [s] [s] S} 1 H d )
INTP8 Input PIOR00=0, PIOR07=0 ls] o] 1 H o] o]
STIOL Input o] [s] S} 1 H d )
SDAO01 |Input/Output o] 0/1 S} 0 1 d d
Input o] o] 0 1 H 3 3
P75
output s} s} ) 0 0/1 SLK01/SCLO1=1 )
KR5 Input o] [s] S} 1 H d )
P75 INTP9 Input PIOR00=0 6] o] 1 H o] o]
Input o] o] s} 1 H 3 3
SLKO1
output [§) [§) o] 0 1 o] o]
SCLO1 output 6] 6] o] 0 1 o] o]
Input s} s} ) 1 1 d d
P76
output [§) [§) o] 0 0/1 o] o]
P76 KR6 Input [§) [§) o] 1 | o] 3
INTP10 Input PIOR01=0, PIOR07=0 6] o] 1 H o] o]
(RxD2) Input PIOR01=1 ) 8 1 ! ] ]
Input o] o] s} 1 H d 3
P77 P77
output ! [§) o] 0 0/1 (TxD2)=1 0
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KR7 Input ls] ls] o] 1 o] o]
INTP11 Input PIOR01=0, PIOR07=0 o] o] 1 3 3
(TxD2) output PIORO1=1 o] 0 0 3 3

Figure 2-12: Example of Register Settin

When Using the P120 Pin Feature

name Functions Used Output of multiplexing functions
of the
fect Ej(;?rtlire inpuUOutpu PIORX POMxx PMCxx PMxx Pxx SCI output function Outside SCI
Input o] o] 0 1 1 s} d
P120
output l¢] l¢] 0 0 0/1 s} 4
P120 -
ANI14 analog input 5] 5] 1 1 1 o] 3
VCOUTO output PIOR20=0 5} 0 0 0 0 d

Figure 2-13: Example of Register Setting When Using the P12

1~P124 Pin Function

Functions Used CMC
name of the feet Eiﬁlge InputOutput | (EXCLK, OSCSEL, EXCLKS, OSCELS) Pxx
P121 Input 00xx/10xx/11xx 1
P121
X1 o] 01xx o]
P122 Input 00xx/10xx/11xx H
P122 X2 o] 01xx o]
EXCLK Input 11xx o]
P123 Input XxX00/xx10/xx11 H
P123
XT1 o] xx01 o]
P124 P124 Input xx00/xx10/xx11 !
XT2 o] xx01 o]
EXCLKS Input xx11 6]
Figure 2-14: Example of Register Setting When Using the P130~P147 Pin Function
Functions Used Output of multiplexing functions
name of PIORX POMxx | PMCxx | PMxx Pxx
the feet Fﬁature Input/Output SClI output function Outside SCI
ame
P130 P130 output ls] o] o] o] 0/1 o] o]
Input ls] o] o] 1 X o] o]
P136
P136 output 8] o] o] 0 0/1 o] d
INTPO Input [s] 4 4 1 x s} )
Input [s] 4 4 1 x s} )
P137
P137 output ls] o] o] 0 0/1 o] o]
SWCLK Input s] 4 4 1 x s} )
Input [s] 4 4 1 x s} )
P140
P40 output [s] 4 4 0 0/1 o] CLKBUZ0=0
CLKBUZO0 output PIOR03=0 o] o] 0 0 o] o]
INTP6 Input ls] o] o] 1 X o] o]
Input 6] o] o] 1 X o] o]
P141
output 6] o] o] 0 0/1 o] CLKBUZ1=0
P141
CLKBUZ1 output PIOR04=0 s} 0 0 0 d )
INTP7 Input o] s} s} 1 x 0 d
Input o] s} 0 1 x 0 3
P146
P146 output 6] o] 0 0 0/1 o] o]
ANI15 analog input 6] o] 1 1 X o] o]
Input 6] o] 0 1 X o] o]
P147
output 6] o] 0 0 0/1 o] o]
P147
ANI12 analog input o] 0 1 1 x 0 d
VREFO analog input o] 0 1 1 x 0 d
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3.1 Overview

Chapter 3 system structure

This product system consists of the following components:
2 AHB buses Master:
- Cortex-MO+
- 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-MO+

system bus

DMA

DMA

—

bus
matrix

AHB bus

] 1

flash
memory

sram
memory 0

sram
memory 1

AHB to APB
bus bridge

Peripheral
hardware

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

matrix, which coordinates access between the kernel and DMA.
1 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.

1  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.

1 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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Figure3-2 Map of Address Area

FFFF_FFFFH

EOOF_FFFFH

Cortex-M0+ specific resource region for peripherals
E000_0000H

4005_FFFFH

resource region for peripherals

4000_0000H

2000 2FFFH

SRAM ' max 12KBE
2000 _0000H

0050_O05FFH
data flash 1.5KB
0050_0000H
0001 FFFFH
main flash region (max 128KB)
0000_0000H
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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_0OFFF

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_1CO00 - 0x4002_1FFF

clock control

0x4002_2000 - 0x4003_FFFF

Reserve

0x4004_000 - 0x4004_OFFF

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_3CO00 - 0x4004_3FFF Timer M
0x4004_4000 - 0x4004_46FF IrDA

0x4004_4700 - 0x4004_4AFF

DA converter

0x4004_4BO00 - 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 - OXDFFF_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 2 2
EXCLK Pin 2 2
XT1, XT2 Pin o) 2
EXCLKS Pin 0 2

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
X1 oscillating circuit
The X1 pin gnq x2 pin can oscillate a clock with fX=1 to 20MHz by connecting the X1 pin and the X2
pin to the resonator.
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 (00O0C2H). When 64MHz is selected as fHOCO, the
frequency division of flH 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 (bitO 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)).

Oscillation Frequency (MHz)
supply voltage 1 2 3 4 6 8 | 12 | 16 | 24 | 32 | 48 | 64
2.7VQ yppQ 5.5V 2 2 2 2 ) ) 2 o) o) ) o)
2.4VQ ppQ 5.5V 2 2 2 2 2 2 2 2 d o d
1.8VQ yppQ 5.5V b) 2 b 2 b b o} s} o} 0

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 MCMO bit (bit4 of a system clock control register (CKC)).
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)

sub-system clock

- XT1 oscillating circuit
The XT1 pin and XT2 pin gre connected to @ 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 76s8kHz) €an 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.

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:

B
B
B

B

The

watchdog timer
real-time clock
15-bit interval timer
Timer A

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

(WUTMMCKO) 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 WUTMMCKO bit is 0 and the bit0 (WDSTBYON) of the option byte is O.

Note:

The low-speed internal oscillator clock (5, ) can be selected as the count clock of the ,¢4-time clock only when a fixed

period interrupt function is used.

Notes: ¢ : X1 clock oscillation frequency
tmoco - Clock frequency of high speed internal
oscillator (up to 64MHz)
fiH . Clock frequency (maximum 48 MHz) Not for
high-speed internal oscilator
fEX . External master clock frequency
T :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

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 (PERO, PER1)

Subsystem clock supply mode control register (OSMC)
High-speed internal oscillator frequency selection register
(HOCODIV)

High-speed internal oscillator trim register (HHOTRM)

control register

X1 oscillating circuit

XT1 oscillating circuit

high speed internal oscillator
low-speed internal oscillator

oscillating circuit
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Remark X
fHOCO
fiH
fEX
fMX
fMAIN
XT
fEXS
fSUB
fCLK
fiL

: X1 clock oscillation frequency
: Clock frequency of high speed internal oscillator (maximum 64MHz)

: Clock frequency (maximum 48 MHz) of high-speed internal oscillator
. External master clock frequency

: high speed system clock frequency

: main system clock frequency

:XT1 clock oscillation frequency

. external sub-system clock frequency

: sub-system clock frequency

: Clock frequency of the CPU/peripheral hardware

: Clock frequency of low speed internal oscillator

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

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

Timer M, fcik must be set to fin.

4.3 Register for controlling clock generation circuit

The clock generation circuit is controlled by the following registers.

o o o o o o o o I

Clock Operation 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 (PERO, PER1)

Subsystem clock supply mode control register (OSMC)

High-speed internal oscillator frequency selection register (HOCODIV)

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
CcMC EXCLK OSCSEL | EXCLKS Note [ OSCSELS Note 0 AMPHS1 Note | AMPHSO Note | ~ AMPH

high speed system clock pin

EXCLK OSCSEL 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
Secondary system clock pin

XT2/EXCLKS/P124

EXCLKS | OSCELS XT1/P123 Pin

operation mode 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 AMPHSO 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 1MHzQ Q 10MHz
1 10MHz<;,Q 20MHz

Note: The EXCLKS bit, OSCSELS bit, AMPHS1 bit, and AMPHSO 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 (O0H), 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 AMPHSO bits must be set after the reset is removed and under flH as fCLK (switch
fCLK to fMX or prefSUB).
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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: ¢4: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: OOH R/W Note 1
symbol 7 6 5 4 3 2 1 0
CKC CLS css | MCs | MCMo o | o | o | o
CLS CPU/Peripheral Hardware Clock (jc k) Status
0 Main System Clock (san)
1 Secondary System Clock (;syg)
CSS Note 2 CPU/Peripheral Hardware Clock (tc; k) Selection
0 Main System Clock (san)
1 Secondary System Clock (;syg)
MCS Status of the main system clock (fMAIN)
0 high speed internal oscillator clock (5)
1 High speed system clock (sx)
MCMQ Note 2 Main System Clock (yan) Operation Control
0 A high speed internal oscillator clock (yy) is selected as the main system clock (samn)-
1 Select the high speed system clock (sx) as the primary system clock (san)-

Note: 1.bit7 and bit5 are read-only bits.
2. Disable changing the value of the MCMO bit in the state with CSS position "1".
Note: oco : 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 fioco when froco is set to 64 MHz. Set to

48MHz or lower, to have the same clock frequency as froco. fcik must be set to fin to supply timer M with 64 MHz.
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Note: 1. bitO~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) ot peripheral

enable register 1 (PERL. 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 "COH".
Figure4-4 Format of Clock Operational Status Control Register (CSC)

Address: 40020401H  After Reset: COH R/W

symbol m m 5 4 3 2 1 IT‘
CsC | wmsTop | xTSTOP | 0 0 0 o | o |HIOSTOP |
Operation Control of High Speed System Clock
MSTOP X1 oscillation mode emxézrenal clock input input port mode
0 Operation of X1 oscillator External clock valid for
circuit EXCLK pin inout port
1 The X1 oscillation circuit stops The exter_na] c_Iock_for the PP
EXCLK pin is invalid
Running Control of Sub-system Clock
XTSTOP I external clock input input port mode
XT1 oscillation mode mode
0 XT1 Oscillation Circuit External clock valid for input port
Operation EXCLKS pin
_— o The external clock for the
1 XT1 oscillation circuit stop 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 reqister.
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3. When X1 oscillation is started by setting the MSTOP bhit, the oscillation stability time of the X1 clock must be
confirmed by OSTC.

BAT32G137 user manual | Chapter 4 clock generator

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 (tc ) cannot be stopped tyrougn 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) rsez[igt]:rﬂag forthe CSC

X1 clock The CPU/peripheral hardware clock runs at a clock other than

the high speed system clock. MSTOP=1
external main system clock (CLS=0 and MCS=0, or CLS=1)
XT1 clock The CPU/peripheral hardware clock runs at a clock other than

the secondary system clock. XTSTOP=1
external sub-system clock (CLS=0)
high dint | illat The CPU/peripheral hardware clock operates at a clock other
Cllgckspee Internal oscillator | v an the high speed internal oscillator clock. HIOSTOP=1

(CLS=0 and MCS=1, or CLS=1)
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4.3.4 State register of the oscillation stabilization time counter (OSTC).
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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=0,1 Y MSTOR =10

- 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 MOSTS8 MOST9 MOST10 I MOST11 | MOST13 | MOST15 MOST17 MOST18
oscillatory steady-time
MOST8 [MOST9 |[MOST10 MOST11MOST13 MOST15MOST17 MOST18 state
fx:].OMHZ fXZZOMHZ
Lessthan | |ess than less than
0 0 0 0 0 0 0 0 28/fy 25.6¢ 12. 8¢
1 0 0 0 0 0 0 0 |Atleast 28/fX gt geaStG JAtleast1 2 .
1 1 0 0 0 0 0 0 |Atleast20/x| 51 IAtleast25 .
At least At least
1 1 1 0 0 0 0 0 210/fX 102¢ Atleast5 1 .
At least At least
1 1 1 1 0 0 0 0 211/iX 204s Atleast1 0 2
At least At least
1 1 1 1 1 0 0 0 213/X 819¢ Atleast4 0 9
At least At least
1 1 1 1 1 1 0 0 215/X 3.97ms At least 1.63ms|
At least At least
1 1 1 1 1 1 1 0 217X 13.1ms At least 6.55ms|
At least At least
1 1 1 1 1 1 1 1 218/fX 26.2ms At least 13.1ms|

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

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

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

voltage waveform

Note: :X1 clock oscillation frequency.

Ah
—
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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 0 0 0 0 0 0STS2 ‘ 0STS1 | OSTS0
Selection of Oscillation Stability Time
OSTS2 OSTS1 OSTSO
=10MHz x=20MHz
0 0 0 28/ 25.6¢s 12.8¢s
0 0 1 294y 51.2¢s 25.6¢s
0 1 0 210/, 102¢s 51.2¢s
0 1 1 211/ 204¢s 102¢s
1 0 0 213/, 819es 409¢s
1 0 1 215/¢ 3.27ms 1.63ms
1 1 0 217 /ey 13.1ms 6.55ms
1 1 1 218/ 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

voltage waveform

Ah

Note: 4:X1 clock oscillation frequency
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4.3.6 Peripheral Enable Registers 0, 1 (PERO, 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.

A Real-time clock, 15-bit interval timer

IrDA
A/D converter
serial interface IICAQ
Universal serial communication unit 1
Universal serial communication unit O
afcan
Timer4 0
D/A converter
Timer B
comparator
Timer M
Enhanced DMA
PWMOP
timer C

To o To o o o o o T o o I o o I

Timer A

The PERO 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 (PERO) (1/3)

Location: 40020420H After reset: 0OH

a3 N 5 I B e B o B B

PERO | RTCEN \ IRDEN \ ADCEN \ ICAHN \ SCI1EN ‘SCIOEN‘ CANO \ TM40EN|

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

Stop provide an input clock.

0 - Cannot write real time clock(RTC) and the SFR used by the and 15-hit interval timers.
- The real-time clock (RTC) and 15-bit interval timer are reset.

Provides an input clock.

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

1

NOTE: The RTCEN bit is initialized only when power-on reset, and remains unchanged when other reset.
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Figure4-7 Format of Peripheral Enable Register 0 (PERO) (2/3)

Location: 40020420H After reset: 00OH

symbol
PERO

IEWIIII@

| RTCEN \ IRDEN IADCEN IICAHN ISCIlEN SCIOENI CANO |TM4OE

IRDEN Provides control of input clock for serial interface 1ICA1

Stop provide an input clock.
0 Cannot write the SFR used by IRDA .
- IRDA is in a reset state.

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

Stop provide an input clock.
0 Cannot write the SFR used by the A/D converter .
The A/D converter is in a reset state.

Provides an input clock.
Read and write SFRs used by A/D converters .

IICAOEN Provides control of input clock for serial interface 11ICAO

Stop provide an input clock.

0 Cannot write the SFR used by the serial interface IICAO .
Serial interface IICAQ is in a reset state.

Provides an input clock.

! SFRs that can read and write to the serial interface I1ICAQO .
SCHEN Cc_mtrol c_)f an input clock of a universal serial communication unit
1 is provided
Stop provide an input clock.
0 - Cannot write the SFR used by Universal Serial Communication Unit 1.
- The universal serial communication unit 1 is in a reset state.
Provides an input clock.
1 - Read and write the SFR used by the Universal Serial Communication Unit 1.
SCIOEN Cc_mtrol c_)f an input clock of a universal serial communication unit
0 is provided
Stop provide an input clock.
0 - Cannot write the SFR used by the Universal Serial Communication Unit O.
- 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.

www.changitech.com 49/1033

Rev.2.05



PSCT

BAT32G137 user manual | Chapter 4 clock generator

Figure4-7 Format of Peripheral Enable Register 0 (PERO) (3/3)
Location: 40020420H After reset: 00H

awa [ ] [ [ [l { [ [

PERO | RTCEN | IRDEN | ADCEN | ICAHN | SCIIEN | SCIOEN | CANO | TMAOEN |
CANO Control of input clock of CAN module
Stop provide an input clock.
0 - Cannot write the SFR used by CANO.
-CANOQ is in a reset state.
1 Provides an input clock.
- Read and write SFRs used by CANO.
TM40EN Provides control of the input clock of the Timer4
Stop provide an input clock.
0 - Cannot write the SFR used by the universal timer unit 0.
- The universal timer unit O 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: OOH

symbol . E ‘_‘ @

PERL | DACEN | TMBEN | PGACMPEN |TMMENNoe| DMAEN | PWMPEN | TMCEN Notei TMAEN
DACEN Provides control of the input clock of a D/A converter
Stop provide an input clock.
0 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
Stop provide an input clock.
0 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
Stop provide an input clock.
0 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 .
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TMMEN Note Control of an input clock of a timer M is provided

Stop provide an input clock.

0 SFR used by timer M cannot be written.
- The timer M is in a reset state.
Provides an input clock.

Read and write the SFR used by the timer M .

BAT32G137 user manual | Chapter 4 clock generator

Note 1: When user option byte (000C2H) has FRQSEL4 bit '1', fCLK must be set to flH before setting the bit4 (TMMEN)
Peripheral Enable Register 1 (PER1)-
If you want to change fCLK to a clock other than flH, 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 bitl (TMCEN) of peripheral
Enable Register 1 (PERl-
If you want to change fCLK to a clock other than flH, you must change it after clearing bitl (PER1) (TMCEN).

Figure4-8 Format of Peripheral Enable Register 1 (PER1) (2/2)
Address: 4002081AH  After reset: OOH

s [ [ [0 [ [ [ [

PERL | DACEN | TMBEN | PGACMPEN |TMMENNoe| DMAEN |PWMPEN |TMCENNotei TMAEN |
DMAEN Providing control of an input clock of a DMA
0 Stop provide an input clock.

- DMA cannot run.

Provides an input clock.
- DMA can run.

PWMPEN Control of input clock of PWM cut-off circuit

Stop provide an input clock.
0 Cannot write the SFR used by the PWM cutoff circuit .
- The PWM cut-off circuit is in the reset state.

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

Stop provide an input clock.
0 SFR used by timer C cannot be written .
- Timer C is in a reset state.

Provides an input clock.
Read and write the SFR used by timer C .
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TMAEN Control of an input clock of timer A is provided

Stop provide an input clock.
0 SFR used by timer A cannot be written .
- Timer A is in a reset state.

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) o
Peripheral Enable Register 1 (PER1)-

If you want to change fCLK to a clock other than flH, 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 bitl (TMCEN) o peripheral
Enable Register 1 (PERl-

If you want to change fCLK to a clock other than fIH, you must change it after clearing bitl (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

OSMC RTCLPC 0 0 UTMCKO 0 0 0 | 0 |

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

RTCLPC 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.

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

- The secondary system clock is the real-time clock and the runtime clock of the 15-bit

0 interval timer.
- A low-speed internal oscillator cannot be selected as the count source for timer A.

- 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.
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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 FRQSELS3 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~FRQSELO
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~FRQSELO bit of the option byte (000C2H) R/W

symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 ‘ 0 ‘HOCODIVZ HOCODIV1 | HOCODIVO
Selection of Clock Frequency of High Speed Internal Oscillator
HOCODIV2 HOCODIV1 HOCODIVO FRQSEL4=0 FRQSEL4=1
FRQSEL3=0 | FRQSEL3=1 | FRQSEL3=0 | FRQSEL3=1
_18 fH=32
0 0 0 fn=24MHz iH=32MHz | :4g&Z;HZOCO MHzHOCO=64
MHz
o4 _ =16
0 0 1 An=12MHz aH=16MHz [ 4;;/',;2'_?20(:0 MHzHOoCO=64
MHz
an=12 H=8
0 1 0 H=6MHz H=8MHz MHzHOCO=48 | MHzHOCO=64
MHz MHz
an=3 fn=4
0 1 1 n=3MHz H=4MHz MHzHOCO=48 | MHzHOCO=64
MHz MHz
Disable =2
1 0 0 setting. fin=2MHz Disable setting.| mHzHoco=64
MHz
Disable Disable ="
! 0 ! setting. fin=1MHz setting. MHzHOCO=64
MHz
above Disable setting.

Note 1. The HOCODIV register must be set in , state where the high speed internal oscillator clock () 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.
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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: 40021CO0H After reset: Note R/W

symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 | HIOTRM4 ‘ HIOTRM3 ‘ HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRMS | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO high speed internal
oscillator
0 0 0 0 0 0 minimum speed
0 0 0 0 0 1 A
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 v
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%.
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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 bité (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

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

Vss

+— T X1
-

27L — }—LXZ external clock—————» EXCLK

Crystal oscilator or
ceramic oscillator

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:

A crystal oscillation :EXCLKS, OSCILS=0,1

A 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

(a) cyrstal oscilation (b) external clock

g Vss
o XT1

——32.768

| KHz
P }L/W XT2 external clock———» EXCLKS

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
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Figure4-14 Examples of incorrect resonator connections (1/2)
(a) The wiring of the connection circuit is too long (b) Signal line crossing
PORT
vss X1 X2 vss X1 X2
NG
NG
1 T NG
777 77T
(c) Cross-wiring of signal lines for X1 and X2 (d) The X1 and X2 are powered or mapped under
the wiring

vss X1 X2

0

i

Power/Dockin

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

(f) Current flows along grounding of oscilation circuit

(e) varying high current source close to singal lines (Point A, B, C has difference in electric potential)

Voo

Vss X1 X2 Pmo

1 J" :
T Te
i -

high current

—4

(9) extracted signal

A\ A

-

—

’

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
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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 (000COH) or bit4
(WUTMMCKO) 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
WUTMMCKO bit is not "0". However, if the watchdog timer runs and the WUTMMCKO bit is O, 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).
t main system clock FMAIN
- high speed system
clock MX
X1 clock X
external main system
clock ex
- high speed internal oscillator clock
1 sub-system clock fSUB
A XT1 clock T
- external sub-system clock gxs
1 low-speed internal oscillator clock .
t 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

| at least

¢ 10us >
|
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ov |
K
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|
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CPU clock : | | ~"high speed internal %hlgh speed syste%<secondary System
: K | ' oscillation clock : clock clock
|

high speed internal I 1
oscilator clock (fi) |
|
high speed system clock '
(fMX) (Scenario of m

selecting X1 oscilation)

>
X1 clock oscilation |
stablization time. "© 1"

secondary system c.lock Configure X1 to start A
(fsub) (Scenario of e )
oscilating via software

selecting XT1 oscilation} T L

Configure XT1 to start
oscilating via software

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).

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.
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4.6 clock control

4.6.1 Example of high speed internal oscillator set-up

The CPU/peripheral hardware clock (;c| k) 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 FRQSELO~FRQSELA4 bhits 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 FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) L ! 1 0/1 0/1 0/1 0/1 0/1
Frequency of high speed
FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO fH'C:'::ima' oscillator ”
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.
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[Setting of HOCODIV for high speed internal oscillator]

Address: 0x40021C20

symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 | 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of Clock Frequency of High Speed
Internal Oscillator
HOCODIV2 | HOCODIV1 | HOCODIVO FRQSEL4=0 FRQSEL4=1
FRQSEL3=0 FRQSEL3=1 FRQSEL3=0 FRQSEL3=1
18 fH=32
0 0 0 AH=24MHz au=32MHz | fH :4?3/';'2';'*20(?0 MHzHOCO=64
MHz
=24 =|an=16mHzHOCO
1 =12MHz =16MHz (i< "MHZHOCO
0 0 fiH fir 48MHz =64MHz
1o fIn=8
0 1 0 fiH=6MHz ay=8MHz | fiH ig"&ﬁfco MHzHOCO™64
MHz
_ _ =6 =|fiIH=4MHzfHOCO
1 1 =3MHz =4AMHz fIHTYMHzfHOCO
0 fiH fi 48MHz =64MHz
Disable =3 = fIH=2
= fIH-SMHzfHOCO™ _
1 0 0 setting. fAp=2MHz 48MH MHzHOCO=64
MHz
Disable Disable =
! 0 ! setting. fiH=1MHz setting. MHzfHoCcO=064
MHz
above Disable setting.
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The CPU/peripheral hardware clock (sc k) 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 ¢k through the system clock control register ckc) after waiting for

oscillation stabilization-

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

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 | EXCLKO | OSCSEL1 | EXCLKSO | osciLso | 0 | AMPHS10 | AMPHS00 | AMPHO/1

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 7 s 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 ‘ MSTOPO |XTSTOP1 0 0 0 0 0 HIOSTOPO

The OSTC register is used to wait for the oscillation stabilization of the X1 oscillation circuit.
Example) To wait at least 102 7 s 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 MCMO bit of the CKC
register.
7 6 5 4 3 2 1 0
CKC CLSO CSSO0 MCSO0 MCMO01 0 0 0 0
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4.6.3 Setting example of XT1 oscillation circuit

The CPU/peripheral hardware clock (sc| ) 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 4,4 csc-

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

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 | RTCLPCO/1 0 0 WUTMCKO00 0 0 0 0

The OSCSELS position of the CMC register is "1" so that the XT1 oscillation circuit operates.
7 6 5 4 3 2 1 0

CcMC EXCLKO OSCSELO | EXCLKSO OSCILS1 0 AMPHS10/1 | AMPHSO00/1 | AMPHO

AMPHSO0 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 XTSTOPO 0 0 0 0 0 HIOSTOPO

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
CKC CLSO CSSO0 MCSO0 MCMO01 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

high speed internal oscilator: Wake up
X1 oscilation / EXCLK input: stop (input port mode)
XT1 oscilation / EXCLKS input: stop (input port mode)

VDD 2 low limit of operation voltage range
(release reset via external reset or LVD circuit)
release reset

high speed internal oscilator: In operation
X1 oscilation / EXCLK input: stop (input port mode)
XT1 oscilation / EXCLKS input: stop (input port mode)

high speed internal oscilator: In operation
X1 oscilation / EXCLK input: CPU selectable
XT1 oscilation / EXCLKS input: CPU Selectable

CPU high speed
internal oscilatorY
in Operation

€PU high speed
internal oscillator:
Y deep sleep
mode

high speed internal oscillator: Stop
X1 oscillation / EXCLK input: Stop
XT1 oscillation /EXCLKS input: can have oscillation operation

©)

CPU: XTI
oscillation /
EXCLKS inputY in

Operation

high speed internal oscillator: CPU can select
X1 oscillation / EXCLK input: CPU can select
XT1 oscillation /EXCLKS input: in operation

CPU high speed
internal oscillator:
Y sleep mode

high speed internal oscillator: in operation
X1 oscillation / EXCLK input: can have oscillation operation
XT1 oscillation /EXCLKS input: can have oscillation operation

CPU: XT1
oscillation /
EXCLKS input Y
leep mode

CPU: XT1
oscillation /
EXCLKS input Y
in Operatiol

high speed internal oscillator: in operation
X1 oscillation / EXCLK input: can have oscillation operation
XT1 oscillation /EXCLKS input: can have oscillation operation

CPU: X1
oscillation / EXCLK
input Y deep
leep mode

high speed internal oscillator: Stop
X1 oscillation / EXCLK input: Stop
XT1 oscillation /EXCLKS input: can have oscillation operation

high speed internal oscillator: CPU can select
X1 oscillation / EXCLK input: in operation
XT1 oscillation /EXCLKS input: CPU can select

CPU: XT1

C ion /
EXCLKS input Y
leep mode

high speed internal oscillator: can have oscillation operation
X1 oscillation / EXCLK input: in operation
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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)

(2). 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) Y (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 _ CSC CKC

register CMC Register Note 1 0STS register 0STC register
state transition EXCLK [OSCSEL | AMPH | register | msTop register MCMO
(A) Y (B) Y (C) 0 L 0 Note 2 0 Confirmation 1
(X1 clock: 1IMHzQ Q 10MHz) Required

(A) Y (B) Y (C) 0 L 1 Note 2 0 Confirmation 1
(X1 clock: 10MHz<¢Q 20MHz) Required

( A)VYB) Y (C) . . | Note 2 0 No confirmation L

ote .
(external main clock) ! required

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 counterQ the

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) >

i Settings flag for SFR CMC register note C$C oscillatory CKC

gister register . register

waiting

state transition EXCLKS | OSCELS | AMPHS1 | AMPHSO | XTSTOP CSS
(A) Y (B) Y (D) 0 1 0/1 0/1 0 Required 1
(XT1 clock)
(A) Y (B) Y (D) 1 1 ! ! 0 Required 1
(external sub-clock)

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.
Rev.2.05
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Remarks: 1., : Ignore

2. Table 4-3 (A)-I corresponding to (A)-(l) 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 . cSsc CKC
register CMC Register Note 1 OSTS register OSTC register
state transition EXCLK | OSCSEL| AMPH | "9t | mstop | UISter | yiemo
(B) Y (C) Confirmat

. 0 1 0 Note 2 0 ion 1
X1 clock: 1MH 10MH
(Xlc ] 7Q xQ z) Reauired
(B) Y (C) Confirmat
. 0 1 1 Note 2 0 ion 1
X1 clock: 10MHz<¢Q 20MHz
( _ X9 ) Reauired
(B) Y (C) No
I .
(external main clock) 1 1 I Note 2 0 confir 1
— esis
N
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 counterQ the

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 CSC CKC
N CMC register note register |oscillatory | register
state transition waiting
EXCLKS | OSCELS AMPHS1,0 XTSTOP Css
(B )(D) 00: low power
(XT1 clock) 0 1 oscillation 0 Required 1
01: normal
oscillation
(8 )O) | |
(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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2. Table 4-3 (A)-I corresponding to (A)-(l) 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)

v

ings flag for SFR register CSC register . CKC register
tate t iti stable oscillation
state fransiion HIOSTOP precision waiting MCMO
(©) (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)

ttings flag for SFR register CSC register o CKC register
state transition stable oscillation
XTSTOP precision waiting CSS
(C) Y (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)

v

ettings flag for SFR register CSC register o CKC register
tate transiti stable oscillation
siate fransiion HIOSTOP precision waiting CSS
(® )B) 0 Note 5
A

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)~(l) corresponds to (A)~(l).

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 OSTS CSC register CKC register
state transition register MSTOP OSTC register cSS
(D) Y (C) Note 0 Confirmation 0
(X1 clock: 1IMHzQ ¢Q 10MHZz) Required
(D) Y (C) Note 0 Confirmation 0
(X1 clock: 10MHz<¢Q 20MHz) Required
(D) Y (C) No
(external main clock) Note 0 confirmation 0
reauired

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 counterg the

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) (EY
(C) Y (F) Execute WFI instructions.
(D) Y (6)

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

v

state transition Setting Content
S Stop ; The SCR i bit2
Peripheral functions that e register bit
X1 oscillation Canr?ot N i dos rSeEtiSs ttgf OSTS (SLEEPDEEP) is set to 1 and
(c Hm P grster. executes the WFI instruction.
sleep mode.
external clock 0

Note: Table 4-3 (A) to () 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
Before After Conditions before transfer Post-transfer processing
Transfer Transfer
The X1 oscillation is stable.
X1 clock A OSCSEL=1, EXCLK=0, MSTOP=0
- After an oscillatory stabilization time
external main S.et the exte.rnal clock entered by the EXCLK - .
high speed system clack pin to be valid. If the oscillation of the high speed
internal A OSCSEL=1, EXCLK=1, MSTOP=0 internal oscillator is stopped

oscillator clock

XT1 clock

The XT1 oscillation is stable.
A 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.

A OSCILS=1, EXCLKS=1, XTSTOP=0

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

X1 clock

high speed
internal
oscillator clock

High speed internal oscillator oscillation is
allow.

A HIOSTOP=0

- After an oscillatory stabilization time

The X1 oscillation (MSTOP=1).

external main
system clock

Can't move.

)

XT1 clock

The XT1 oscillation is stable.
A 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.

A 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.

A HIOSTOP=0
- After an oscillatory stabilization time

Can invalidate external master clock
inputs
(MSTOP=1).

X1 clock Can't move. o)
The XT1 oscillation is stable. Can invalidate external master clock
XT1 clock A OSCILS=1, EXCLKS=0, XTSTOP=0 inputs

- After an oscillatory stabilization time

(MSTOP=1).

external sub-
system clock

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

A 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
Before After Conditions before transfer Post-transfer processing
Transfer Transfer
.h'gh speed A high speed internal oscillator is oscillating
internal . . .
. and a high speed internal is selected
oscillator
The oscillator clock acts as the main system
clock clock.
A HIOSTOP=0, MCS=0
The X1 oscillation is stable and the high
speed system clock is selected as the main
system
Clock The oscillation of XT1 can be stopped
X1 clock ' (XTSTOP=1).

XT1 clock

A OSCSEL=1, EXCLK=0, MSTOP=0
- After an oscillatory stabilization time
AmMcs=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.
A OSCSEL=1, EXCLK=1, MSTOP=0
AMcs=1

external sub-

0

external sub-
system clock

Can set external secondary system
clock input invalid

Can't move.
system clock
high speed A high speed internal oscillator is oscillating
internal . . .
. and a high speed internal is selected
oscillator
The oscillator clock acts as the main system
clock clock.
A HIOSTOP=0, MCS=0
The X1 oscillation is stable and the high
speed system clock is selected as the main
system
Clock.
X1 clock

A OSCSEL=1, EXCLK=0, MSTOP=0
- After an oscillatory stabilization time
AmMcCs=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.
A OSCSEL=1, EXCLK=1, MSTOP=0
AMcCs=1

(XTSTOP=1).

XT1 clock

Can't move.
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4.6.6 Time required to switch CPU clock and main system clock

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

oscillator clockz high speed system clock) by setting bité and bit4 (CSS, MCMO) 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 44— fMX Refer to Table 4-6.
fMAIN 4> fsuB Refer to Table 4-7.
Table4-6 Maximum NUMber of clocks required for flH ~ fMX
Set value before switching Set value after switch
MCMO
MCMO 0 1
(tmaIN=fIH) (tMAIN=fMX)
0 mx3 fiH 2 Clock
(rmaIN=rIH) MXSHH 2 yu/fMX clocks
1 mx3 fIH 2 sux/fIH clocks
(imAINZMX) XM 2 Clock
Table4-7yaximum NuMber of clocks required for fIMAIN  fSUB
Set value before switching Set value after switch
CSS
CSS 0 1
(fcLk=man) (fcLk=1suB)
0 1+, puan/fSUB clocks
(fcLk=mmaIN)
1 3 clocks

(fcLk=tsuB)

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 yscilator clock

{IH=gmhz, TMX=10 MHz)
2mxlin=2 (10/8)=2.5U 3 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

MCS=1 or CLS=1

oscillator clock (CPU operates at a clock other than the high speed internal oscillator | HIOSTOP=1
clock)

X1 clock _ MCS=0 or CLS=1 MSTOP=1

gfg(g&na' main system | (cpy runs at a clock other than the high speed system clock) )

XT1 clock CLS=0 XTSTOP=1

gl)gcelinal sub-system | cpy runs at a clock other than the secondary system clock) B
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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

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

A Spend 4 CPU clock cycles at double speed

A 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

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

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_00C0H DIV_BASE+00H
DIVISOR divisor register R/W 0000_00C0H DIV_BASE+04H
QUOTIENT quotient register 0000_000H DIV_BASE+08H
REMAINDER remainder register 0000_00C0H DIV_BASE+0CH
STATUS state register 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.
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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 BUSY
RO
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 Divisoris 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
Channel 0 2 2
Channel 1 - 2
Unit O
Channel 2 - 2
Channel 3 2 2
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. Inthis 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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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

[ Channel 0 \ 16-bit timer
/ g
Channel 1
Channel 2
Channel 3

- J

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

Stand-alone channel operation multi-channel linkage function
- Interval timer (Y Ref. 6.8.1) . Single trigger pulse output (U Ref. 6.9.1)
- Square wave output (Y Ref. 6.8.1) : PWM output (Y Ref. 6.9.2)
- External event counter (U Ref. 6.8.2) . Multiple PWM Output (Y Ref. 6.9.3)
. Frequency divider note (Y reference 683) The

- Measurement of the input pulse interval (Y Ref.
- Measurement of the high and low level width of the
- Delay counter (U Ref. 6.8.6)

Note: Only channel O of universal timer unit O 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 UARTO 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

. ' interrupt ’_‘
Action clock operation singnal

(@)

channel N (INTTmn)

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
Action clock operation timer output

3)

channel N (TOmMnN)

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.

.

(4)

timer input omparision
(TImn) operation timer output
channel N (TOmn)

()

timer input Comparision interrupt
(TImn) operation singnal

+—: channel N (INTTmn)

Divider Function (Cell 0-only channel 0)

An input clock of a timer input pin (T100) is frequency-divided and then output from an output pin (TOOQO).

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.

timer input - A A
(TImn) capture operation L
A : K : channel N . :
! | ' |
edge detection start capture
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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.

timer input
(TImn)

4 channel N | |
!

start capture

capture operation v

edge detection
(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.

timer input Comparision interrupt
(TImn) operation singnal |
+—: channel N (INTTmn) I
' )\ AN I
start
edge detection

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.

timer input Comparision interru plt
(TImn) ration singnal
channel operatio (INTTmn)
| (master control) pglse
! width

edge detectlon output timing
sequence

f
Comparision _ | | |
Channel P operation © tlmegoutput : ot reset
(Slave) (TOmp) (master contr&?2"€)
start

(master control)

(2) PWM (Pulse Width Modulation) output

The two channels are used in pairs to generate pulses with arbitrary period and duty cycle.

interrupt
omparision .
Action clock channel (INTTmn)

(master control)

\_, -
i timer output P N
channel P operation P <€ » I

TOm |
(slave) ( P mlrluty cycle :
>
|

period
(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.

interrupt
omparision . I

channel N
(master control)

|
channel P operation tlmerooutput 1
TOm |
(slave) ( p) Iduty cycle |

<_—>,
1™ period
~L M
/\\/ T
Comparision .
i timer output  ——
channel g operation P! < >
(TOmaq) I | |
(slave) | duty cycle I
I )
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<qO ) 3

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

6.1.3 8-hit 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 O 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 UARTO
serial data input pin (RxDO0) 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 UARTO serial data input pin (RxDO0). 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
UARTO serial data input pin (RxDO0) 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
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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 RxDO pin (for LIN-bus)
output of timer TO00~TOO03 injection 1 gutput control circuit

<Register for Cell Set-up>

- Peripheral Enable Register 0 (PERO)

- 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 (TISO)

- 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

control register

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

Channel 0 TI00/TO00

] Channel 1 TI01/TOO01
Unit 0

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. -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 O

Timer clock selection register0 (TPS0)

Timer input selection register0 (TIOS0)

‘TISO7 TIS06 | TISO5 | TISO4 | TOS03 [TIS02 | TISO1

TIS00 ‘

L ] ] |

L[ |

PRS031

PRS030

PRS021

PRS020

PRS013|PRS012|PRS011|PRS010

PRS003|PRS002 [PRS001(PRS000

2

2\

foik pre-scalerl” fcLk/2*® ~ feLk/2%e
TOO02 output control
peripheral
enable register0 | TM40EN
I PEROE 1
selector | | selector |:

0o j selector CKO02 CKo01 selector |<_
TMIOBO ——| CKO03 CKO00
TMIODO — ¥ ,

TMIOAL —»f &
(2]
TMIOC1 —p S
TMIOBL — 4 N\
1] »
TMIOD1 ——p > 2 i ——»© T000
(2] »
TMIOCO —— 3 > Channel 0
- —> INTTMOO
input event from EVENTC > \_ J (Timer interrupt)
fsup ————» t/ \—)@TOOI
w >
L —» ¢ > Channel 1 ——» INTTMO1
Q L
TIoL ©—»{ S 9 —— INTTMO1H
input event from EVENTC——— TOS03
4 N\
@ »> Channel 2 control
TSOUT ——p = ——» INTTMO2
T \ J
Timer input/output
selection register (TIOS1) ™
> ——»(© TO03
TIO3 @——> > Channel 3 —— INTTMO3

RXDO C
(Serial port input)

_’BJOSBS

input switch control register
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Note: +gyp

fIL

. sub-system clock frequency
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> INTTMO3H
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6.2.1 Universal timer unit register list

Register Base Address: 0x40041C00

offset address register name Read and Write bit width Reset Value
0x180 TCROO R 16 FFFFFH
0x182 TCRO1 R 16 FFFFFH
0x184 TCRO02 R 16 FFFFFH
0x186 TCRO3 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 TSRO0 R 16 0000H
0x1A0 TSROOL R 8 00H
0x1A2 TSRO1 R 16 0000H
0x1A2 TSRO1L R 8 00H
0x1A4 TSR02 R 16 0000H
Ox1A4 TSRO2L R 8 00H
0x1A6 TSRO3 R 16 0000H
0x1A6 TSRO3L R 8 00H
0x1BO TEO R 16 0000H
0x1BO TEOL R 8 00H
0x1B2 TSO RW 16 0000H
0x1B2 TSOL R/W 8 00H
0x1B4 TTO R/W 16 000C0H
0x1B4 TTOL R/W 8 00H
0x1B6 TPSO R/W 16 0000H
0x1B8 TOO R/W 16 0000H
0x1B8 TOOL R/W 8 00H
Ox1BA TOEO R/W 16 0000H
Ox1BA TOEOL R/W 8 O00H
0x1BC TOLO R/W 16 000C0H
0x1BC TOLOL R/W 8 00H
Ox1BE TOMO R/W 16 0000H
Ox1BE TOMOL R/W 8 00H
0x318 TDR.00 R/W 16 0000H
0x31A TDR.O1 R/W 16 0000H
0x31A TDR.O1L R/W 8 O00H
0x31B TDR.O1H R/W 8 00H
0x364 TDR.02 R/W 16 0000H
0x366 TDR.O3 R/W 16 0000H
0x366 TDR.O3L RW 8 O00H
0x367 TDR.O3H RW 8 O00H
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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 MDmMn3~MDmnO 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)

reeen [ | [ [ [ [ | [ [ [ [ [ [ [ [ ] |

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 (PERO)

- 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
Read value not for timer counter register mn (TCRmn)
The value when Count Paused | The value after
operation mode | Count Method | the Run Mode Count Paused (TTmn=1) a single count
is changed ~ Changes the value | \yhen waiting
after the reset (TTmn=1) when the run for the start of
is removed mode is changed | ¢ grigger
. . decremental indefinite
interval timer mode count FFFFFH Value at Stop value o}
incremental indefinite
capture mode count 0000H Value at Stop value d
decremental indefinite
Event Counter Mode count FFFFFH Value at Stop value o}
. decremental indefinite
single count mode count FFFFFH Value at Stop value FFFFFH
; Snap value for
Capture & Single incremental indefinite
Count Mode count 0000H Value at Stop value 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~MDmnO 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

moren | [ | [ [ [ [ [ [ | [ | [ [ [ [ |
Figure6-4 Table of timer data register mn(TDRmn) (n=1,3)
(TDRO1H supports 8 bit operations) (TDROLL supports 8 bit operations)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mren || | [ [ [ [ [ [ [ [ [ [ [ [ |

(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
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The registers that control the universal timer units are as follows:
- Peripheral Enable Register 0 (PERO).

- 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 (TIOSO0, TIOS1)
- timer output allow register m (TOEm)

- Timer output register m (TOm)

- Timer output level register m (TOLmM)

- 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 (PERO)

The PERO 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 bitO (TM40EN) to "1" when you want to use universal timer unit 0. The PERO register is set by
the 8-bit memory operation instruction. After the reset signal is generated, the value of the PERO register
changes to "00H".

Figure 6-5 Table for Peripheral Enable Register 0 (PERO)

Address: 0x40020420 After reset: O0OH

wos  []T [ [ [ [ [ [

PERO | RTCEN | IRDEN | ADCEN | ICAHN | SCI1EN | SCIOEN | CANO | TM4OEN|
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 O is in a reset state.
1 Provides an input clock.

- The SFR used by the universal timer unit O 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 TM4A4mEN bit "1". When
the TM4AmEN 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 PMCXx, 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).
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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). CKmO 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 bitl13 and bit12 of TPSm register.

The TPSm register in the timer run can only be overridden in the following cases.

The case of PRSm00~PRSmMO3 bit can be rewritten (n=0~3):

Select CKmO 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 | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11 | m10 | m03 | mO02 | mO1 | mOO
PRS | PRS | PRS | PRS Selection note for runtime clock (CKmk) (k=0,1)
mk3 | mk2 | mkl | mko (CLk=2MHZ | (o «=4MHZ | (¢ «=8MHZ | (¢ (=20MHZ | (o «=32MHz
0 0 0 0 fCLK 2MHz 4MHz 8MHz 20MHz 32MHz
0 0 0 1 roLkl? 1MHz 2MHz 4MHz 10MHz 16MHz
0 0 1 0 . 500kHz 1MHz 2MHz 5MHz 8MHz
0 0 1 1 fcLkl23 250kHz 500kHz 1MHz 2.5MHz 4MHz
0 1 0 0 —rs 125kHz 250kHz 500kHz 1.25MHz 2MHz
0 1 0 1 oL/ 25 62.5kHz 125kHz 250kHz 625kHz 1MHz
0 1 1 0 icLk/28 31.3kHz 62.5kHz 125kHz 313kHz 500kHz
0 1 1 1 oLkl 27 15.6kHz 31.3kHz 62.5kHz 156kHz 250kHz
1 0 0 0 icLk/28 7.81kHz 15.6kHz 31.3kHz 78.1kHz 125kHz
1 0 0 1 foLK/2® 3.91kHz 7.81kHz 15.6kHz 39.1kHz 62.5kHz
1 0 1 0 foLk/210 1.95kHz 3.91kHz 7.81kHz 19.5kHz | 31.25kHz
1 0 1 1 icLk/211 977Hz 1.95kHz 3.91kHz 9.77kHz 15.6kHz
1 1 0 0 roLK/21? 488Hz 977Hz 1.95kHz 4.88kHz 7.81kHz
1 1 0 1 foLk/213 244Hz 488Hz 977Hz 2.44kHz 3.91kHz
1 1 1 0 roLkl214 122Hz 244Hz 488Hz 1.22kHz 1.95kHz
1 1 1 1 fcLk/21° 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
(CKQ)), the universal timer unit (TTm=000FH) must be stopped. It is necessary to stop that ,yersa 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 : 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 (src k)"
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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
TPSmM 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11l | m10 | mO3 | m02 | mO1 | mOO
Selection Note for Runtime Clock (CKm2)
PRSmzL | PRSM20 iclk=2MHz | (o k=4MHZ | o k=8MHZ | (o «=20MHZ | {c| «=32MHZz
0 0 foLk/2 1MHz 2MHz 4MHz 10MHz 16MHz
0 1 fcLk/22 500kHz 1MHz 2MHz S5MHz 8MHz
1 0 fcLk/2% 125kHz 250kHz 500kHz 1.25MHz 2MHz
1 1 fcLk/28 31.3kHz 62.5kHz 125kHz 313kHz 500kHz
Selection Note for Runtime Clock (CKm3)
PRSm31 | PRSM30 CLk=2MHZ | (o x=4MHZ | (o k=8MHZ | (¢ k<=20MHZ | (¢ c<=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 foLk/212 488Hz 977Hz 1.95kHz 4.88kHz 7.81kHz
1 1 foLk/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

(CKCQ)), the universal timer unit (TTm=000FH) must be stopped. It is necessary to stop that yniversal imer unit

even when selecting an effective edge of the run-time clock (fMCK) or TImn pin input signal.

Note: bitl5, 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

Interval Time Note (fCLLK_32M Hz)

clock
10¢es 100¢s 1ms 10ms
cKl2 > 5 5 5
k2 22 5 5 3 5
fcLk/24 9 2 4 4
foLK/2° 0 2 0 3
fcLk/28 ) 2 2 )
CKm3 feuk/2% 6 2 .
foLk/21? 0 o o
foLk/2t 0 ° 0

Note:

9 Contains errors within 5%.

Note: 1 ;- «: Clock frequency for CPU/peripheral hardware

2. Refer to the "6.5.1 Count Clock (fTCLK)" for details on the fCLK/2; \yaveform S€lected by TPSm registers.
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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 bité (CISmn1,
CISmnO0) 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 bitl1 for the TMRmn register varies by channel.

TMRmM2:MASTERMN bit (n=2)
TMRm1, TMRm3 :SPLITmn bit (n=1,3)
TMRmMO: 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 |CKSmn|CKSmn| 0 cesmn MASTER|STSM|STSmM|STSm|CISm|CISm| 0 0 |MDm|MDm |MDm |MDm
(n=2) 1 0 mn n2 nl no nl no n3 n2 nl no
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmn|CKSmn| O cesmnlsPLITmMN STSM|STSmM|STSM|CISm|CISm| 0 0 |MDm|MDm |MDm |MDm
(n=1,3) 1 0 n2 nl no nl no n3 n2 nl no

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmn|CKSmn| 0 cesmn QNeel ISTSm|STSm|STSm|CISm|CISm| 0 0 |MDm|MDm |MDm |MDm
(n=0) 1 0 n2 nl n0 nl n0 n3 n2 nl n0

CKSmn1| CKSmnO Channel n Runtime Clock (sck) Selection
0 0 Runtime clock CKmO 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 (sck) is used for edge detection circuits. The sampling clock and the counting clock (frc k)
are generated by setting the CCSmn ;.. Only channel 1 and channel 3 can select the runtime clocks CKm2 and

CKma3.
CCSmn Selection of channel n count clock (fTCLK)
0 Runtime clocks specified by CKSmn0 and CKSmn1 bits (jyck)
Effective Edge of TImn Pin Input Signal
- The case of Unit O:
Channel 0: Valid edge of input signal
1 selected by TISO
Channel 1: Valid Edges of the Input
Signal Selected by TISO

A count clock (src k) is used for the counter, the output control circuit, and the interrupt control circuit.
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Note: 1. bitl1 is a read-only bit, fixed to "0", ignoring write operations.

Note: 1. bit13, 5, 4 must be set to 0.

Note:

symbol

TMRmMn
(n=2)

symbol

TMRmMn
(n=1,3)

symbol

TMRmn
(n=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 CKSmnO0 bit and the CKSmn1

bit is selected or the valid edge of the TImn pin input signal is rc k-

m: Cell number (m=0)n: Channel Number (n=0~3)
Figure 6-9 Table (2/4) of timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|CKSmn| O ccsmn MASTER|STSM|STSM|STSM|CISm [CISm| O 0 |MDm |MDm |MDm |MDm
1 0 mn n2 nl n0 nl n0 n3 n2 nl n0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|CKSmn| O cCsSmniSPLITmMN STSM|STSM|STSM|CISm|CISm| O 0 |MDm|MDm |MDm |MDm
1 0 n2 nl n0 nl n0 n3 n2 nl n0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|CKSmn| O ccsmn o Noel ISTSmM|STSM|STSmM|CISm|CISm| O 0 [MDm |MDm |MDm |MDm
1 0 n2 nl n0 nl n0 n3 n2 nl n0

(bitll for TMRmn (n=2)

MASTERmMnN

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 MASTERmMnN position "0".

(TMRmn(n=1,3) bitl11)

SPLITmn Operation selection of 8-bit/16-bit timer for channel 1 and 3
Used as a 16-bit timer.
0 (Slave channels used as independent channel operation functions or multi-channel coordinated
operation functions)
1 Used as an 8-bit timer.
STSmn2 STSmn1 STSMNO 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 triaaer.
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. bitl1 is a read-only bit, fixed to "0", ignoring write operations.

Note: m: Cell number (m=0)n: Channel Number (n=0~3)
Figure 6-10Table (3/4) of timer mode register mn (TMRmn)
symbol 15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmn [CKSm |[CKSm |0 CCSm |MASTE |STSm|STS |STS |CISm|CISm MDm |MDm |MDm |MDm
(n=2) nl n0 n Rmn n2 mnl [mn0 |nl n0 n3 n2 nl n0
symbol 15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmn [CKSm |CKSm |0 CCSm |SPLITm |STSm|STS |STS |CISm|CISm MDm |MDm |MDm |MDm
(n=1,3) |nl n0 n n n2 mnl [mn0 |nl n0 n3 n2 nl n0
symbol 15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmn |[CKSm |CKSm |0 CCSm |oNetel |STSm|STS |STS [CISm|CISm MDm |MDm | MDm |MDm
(n=0) |nl no n n2 mnl [mn0 |nl no n3 n2 nl no
CISmnl CISmn0O Effective Edge Selection for TImn Pins
0 0 descending edge
0 1 rising edge
Double Edge (when measuring low level width)
0 Start trigger: Down
1 Edge, Capture Trigger:
rising edge
Double Edge (when measuring high level width)
Start trigger: Rising
1 1 . .
edge, capture trigger:
descending edge
When STSmn2~STSmnO bit is not '010B' and double edge is specified, CISmn1~CISmn0 position '10B'.
Note: 1. bitl1 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 6-11Table (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 |CKSmn|CKSmn| 0 cesmn MASTER|STSM|STSM|STSM|CISm [CISm| O 0 |MDm|MDm |MDm |MDm
(n=2) 1 0 mn n2 nl n0 nl n0 n3 n2 nl n0
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmn|CKSmn| 0 ccsmnlSPLITmMN STSMSTSM|STSmM|CISm|CISm| 0 0 |MDm|MDm |MDm |MDm
(n=1,3) 1 0 n2 nl n0 nl n0 n3 n2 nl n0
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmn|CKSmn| 0 cesmn oNoel |\STSmM|STSM|STSM|CISm |CISm| 0 0 |MDm|MDm |MDm |MDm
(n=0) 1 0 n2 nl n0 nl n0 n3 n2 nl n0

MD | MD | MD | settings for Channel n

mn3 | mn2 | mn1 | Running Mode corresponding function Count run of TCR

Interval Timer/Square Wave Output/

0 0 0 |interval timer mode 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
Delay Counter/Single Trigger Pulse

1 0 0 |single count mode Output/PWM Output decremental count

(Subordinates)

Capture & Single Count Measurement of High and Low Level
Mode Width of Input Signal

1 1 0 incremental count

Other than
above

The operation of the modes varies with the MDmnO bit (see the following table).

Disable setting.

Run mode (settings for MD
MDmn3‘“MDTnb1| l;')ts (see above | o ISettings to start counting and interrupts
able
0 The timer interrupt does not occur at the start of the count (the

- Interval timer mode (0, 0,0) output of the timer does not change).

- capture mode (0,1,0) A timer interrupt is generated at the start of the count (the output of

the timer also changes).

The timer interrupt does not occur at the start of the count (the

output of the timer does not change).

0 |Invalid start trigger in count run. No interruption occurs at this time.

. Single Count Mode "**? (1 0,0) The start of the count run valid triggers "*°* No interruption occurs at this

time.

The timer interrupt does not occur at the start of the count (the
Capture& Single Count Mode output of the timer does not change). Invalid start trigger in count

(110 run.

No interruption occurs at this time.

Note: 1.bit11 is a read-only bit, fixed to "0", ignoring write operations.

- Event counter mode (0,1,1) 0

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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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 | o | o [ o | o | o [ o] o]ofJoJo]o|o]o]o] o |ovF]|
OVF Counter overflow state for channel n
0 No overspill occurred.

1 Overspill occurred.

If the OVF bitis "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 Clear No overflow condition occurred during capture
- Capture & Single Count Mode position | Overspill on capture
- Interval timer mode Clear 5
- Event counter mode N )
- Single count mode position (not available)

Note: Even if the counter overflows, the OVF bit does not change immediately, and changes occur in subsequent
captures.
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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 |TEHm| 0 |[TEHm| O 0 0 0 o |TEmM | TEm | TEm | TEm

m=0

symb
ol

TEm| O 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TEm | TEm | TEm | TEm | TEm | TEm | TEm | TEm

TEHmM3 [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

TEHmM1 [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, TEHmM3=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)
Sy;Tb 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Tsm| o | o | o | o |[TSHm| 0 |TSHm| o | o | o | o | o |TSM|TSmM | TSm TSm
3 2 1 0
3 1
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.
Enter the TEHmM3 position "1" into the count allowed state.
1 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
mi Channel 1 is triggered when the operation of the high 8-bit timer in the 8-bit timer mode allows (start)
0 No trigger.
Enter the TEHmM1 position "1" into the count allowed state.
1 If the count of the TCRmL 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.
Enter the TEmn position "1" into the count allowed state. The count start of the TCRmn register in the
1 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) bitl5~ 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, TSHmM3) position '1" is required:

TImn Pin Noise Filter Valid Time (TNFENmn=1): 4 Runtime Clocks (sck)

TImn Pin Noise Filter Invalid Time (TNFENmn=0): 2 Runtime Clocks (ack)

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 TTHmM3 bit are trigger bits, the TTmn bit, TTHmM1 bit, and TTHmM3 bit are cleared
immediately if the idle state (TEmn, TEHm1, TEHmM3=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)

Sy;Tb 15 14 13 12 11 10 9 8 7 6 5

TTm 0 0 0 0O |TTHm| O |[TTHm| O 0 0 0

0O |TTm3|TTm2|TTm1|TTmO

TTHM3  Ithe High 8-bit Timer Stop Trigger When Channel 3 is in 8-bit Timer Mode

0 No trigger.

Clear TEHmMS3 bit '0' to count stop state.

TTHML  Ithe High 8-bit Timer Stop Trigger When Channel 1 is in 8-bit Timer Mode

0 No trigger.

1 Clear TEHmL1 bit '0' to count stop state.

TTmn [ldle trigger for channel n

0 No trigger.

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 (TIOSO, TIOS1)

A channel 0 and a timer input of the channel 1 of the TIOSO register selection unit 0 and a timer output of
the channel 2. The TIOSO register is set by the 8-bit memory operation instruction. After the reset signal is
generated, the value of the TIOSO register changes to "00H".

Figure 6-16 Timer Input Select Register 0 (TIOSO) table of Tables

Address: 0x40020474 After reset: 00H RW
symbol 7 6 5 4 3 2 1 0
TIOSO TIS07 TIS06 TISO5 TISO4 TOSO03 ‘ TIS02 | TISO1 TIS00
TISO7 TIS06 TISO5 Selection of timer input used by channel 0
0 0 0 Timer input pin (TIO) input signal
0 0 1 Output signal TMIOBO from TimerM (without PWMOP)
0 1 0 Output signal TMIODO from TimerM (without PWMOP)
0 1 1 Output signal TMIOA1 from TimerM (without PWMOP)
1 0 0 Output signal TMIOCL1 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 TMIOCO from TimerM (without PWMOP)
TIS04 Selection of timer input used by channel 0
0 Input signal selected via TISO7~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 TISO1 TISO0 Selection of timer input used by channel 1
0 0 0 Input signal of timer input pin (T101)
0 0 1 Event input signal for EVENTC
0 ! 0 Input signal of timer input pin (TI101)
0 1 1
1 0 0 Low-speed internal oscillator clock (g,)
1 0 1 Secondary System Clock (ssyg)
Other than above Disable setting.

Note: 1. The selected timer input must have a high level width greater than or equal to 1/mck+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 (TIOSO0), fCLK must be

selected through timer clock selection register 0 (TPSO0).
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A timer input of a channel 2 of the TIOS1 register selection unit 0. The TIOSL1 register is set by an 8-bit

memory operation instruction. After the reset signal is generated, the value of the TIOSL1 register changes to

"00H".

Address: 0x40020475

symbol

TIOS1

Figure 6-17 Timer Input Table for Selection Register 1 (TIOS1)
After reset: OOH
7 6 5 4 3 1 0
0 0 0 0 0 TIS10
TIS10 |[Selection of timer inputs used by channel 2
0 ITimer input pin (TI102) input signal
1 ITSOUT 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
TOEmM 0 0 0 0 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE
m3 | m2 ml mO
TOEmn Allow/Disable of timer output for channel n
Disables timer output.
0 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.
Allow timer output.
1 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)
108 /1033 Rev.2.05
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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, TOOO, TI01/TOO01, TI02/TO02, TI03/TOO3 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|{TOmMO

TOmnN Timer output for channel n
0 The output value of the timer is "0".
1 The output value of the timer is "1".

Note:  bitl5~4 must be placed at 0.

Note: m: Cell number (m=0)n: Channel Number (n=0~3)
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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

Toom| o | ol ol o] o] o] ool ool o] o [TOL|TOL]TOL| ,
m3 m2 ml

TOLmMnN 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 t0'0".

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)

www.changitech.com 110/ 1033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

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 TOMmM 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)
Synl‘bo 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TOM | TOM | TOM
TOMm| O 0 0 0 0 0 0 0 0 0 0 0 m3 | m2 | mi 0
TOMmnN 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 ISCO 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 (RxDO) is selected as the input of the timer.

Refer to "19.3.14 Input Switch Control Register (ISC)" for setting SSIEQO 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 o | 1sct | isco
SIEOO 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 O
0 Use the input signal of the TI03 pin as the input (usually running) of the timer.
The input signal of the RxDO pin is used as the input of the timer (detecting the wake-up
1 signal and measuring the low level width of the interval segment and the pulse width of the
synchronization segment).
ISCO External Interrupt (INTPO) input switch
0 Use the input signal of the INTPO pin as the input for the external interrupt (usually run).
1 gZﬁ;Be input signal of the RxDO pin as the input of the external interrupt (detect wake-up

Note: bit6~2 must be set to'0".

Note: When using LIN-bus for communication, you must select the input signal for the RxDO pin by selecting the ISC1

position "1".
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6.3.14 Noise Filter Admission Register (NFEN1)

The NFENL1 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 ,4e, 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 clockl™ fyyck€ Note,

The NFENL1 register is set by an 8-bit memory operation instruction. After the reset signal is generated, the
value of the NFENL1 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: 00OH R/W
symbol 7 6 5 4 3 2 1 0
NFEN1 0 0 0 0 TNFENO3 | TNFEN02 | TNFENOL | TNFENOO
TNFENO3 Whether the TI03 pin or the input signal noise filter of the RxDO pin is used or not
0 noise filter OFF
1 noise filter ON
TNFENO2 Whether the Input Signal Noise Filter of the TI02 Pin Is Used or Not
0 noise filter OFF
1 noise filter ON
TNFENO1 Whether the Input Signal Noise Filter of the TIO1 Pin Is Used or Not
0 noise filter OFF
1 noise filter ON
TNFENOO 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). 1ISC1=0: You
can choose whether to use a noise filter for the TIO3 pin. ISC1=1: You can choose whether to use a noise filter
for the RxDO 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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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 PMCO1 of port mode control register 0 at "0.
Position PMOL1 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 POO/TIO0 as timer input
Position PMCOO0 of port mode control register 0 at "0.
Position PMOO for port mode register 0 at "1.
Position POO 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)
2)
3)

4)
5)

6)

7

8)

9)

10)

11)

12)

13)

14)

Only even channels (channel 0, channel 2) can be set as master channels.

Any channel other than channel O can be set as a slave channel.

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.

Multiple slave channels can be set for one master channel.

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.

The slave channel which is linked with the master channel needs to set the same runtime clock. The
CKSmnO 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.

The main control channel can transmit INTTMmn, start software trigger and count clock to the low-level
channel.

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

The master channel cannot use the INTTMmn, start software trigger, and count clocks of other high-level
master channels as source clocks.

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.

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.

In order to simultaneously stop the channel to be linked, it is necessary to simultaneously set the channel
stop trigger bit (TTmn).

When the Coordinated Operation is running, you cannot select CKm2/CKm3 because the master channel
and the slave channel require the same runtime clock.

The timer mode register m0 (TMRmO) 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 Group 1

e (multi-channel linked operation function)
CK00 ! /
—| Channel 0: Master control i/

|
|
: Channel 1: Slave
I

—_—— e e —

Channel Group 2
(multi-channel linked operation function)

|
CKO01 |
O—N Channel 2: Master control :

| P
|

| Channel 3: Slave I

: | 0 channel group 1and Channel Group 2 can

________________________ ' have different operational clock

Example 2
Timer4 Channel Group 1
e (multi-channel linked operation function)

> Channel 0: Master control 0 between master channel and slave channel

|
CKO1 I Channel Tindependent channel V of_ Channel Group 1, there could have cha_mnel
operation function with independent channel operation function,

and can individually set operational clock

|
|
Channel 2: Slave |
|
|

CKO0O0 Channel 3:independent channel
operation function
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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-hit

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)
2)
3)
4)
5)
6)

7)

8)

9)

10)

The 8-hit timer run function is available only for channel 1 and channel 3.

When used as an 8-bit timer, the SPLIT position of timer mode register mn(TMRmn) is "1".

High-8-bit timers can be used as a spacer function.

The high 8-bit timer outputs INTTMm1H/INTTMm3H (the same as the run with the MDmnO bit "1") at start.
The selection of the running clock of the high 8-bit timer depends on the setting of the CKSmn1 bit and the
CKSmnO bit of the low TMRmn register.

For a high 8-bit timer, the operation of the channel is started by operating the TSHmM1/TSHm3 bit, and the
operation of the channel is stopped. The status of the channel can be confirmed by TEHmM1/TEHmM3 bits.
The operation of the low-8-bit timer depends on the setting of the TMRmn register, which has three
functions to support the operation:

A interval timer function

A External event counter feature

A Delay Count Feature

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.

The operation of the TSHM1/TSHM3/TTHM1/TTHmM3 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 TEHmM3 bit and the TEHmM1 bit
are unchanged.

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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6.5.1 Count Clock (rrcp k)

The counting clock (srci k) Of the UNiversal timer unit can select any one of the following clock by the
CCSmn bit of the timer mode register mn (TMRmn):

A CKSmnO-bit and CKSmn1-bit specified runtime clocks (sck)
A 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
(frcLk) is as following.

(1) Select the case of the CKSmnO bit and the CKSmn1 bit specified runtime clock (sck) (CCSmn=0)

According to the setting of timer clock selection register m (TPSm), the count clock (frc k) is feL kb fo k/21°.
However, when selecting the frequency division of the fCLK, the TPSm register selects a clock that is only 1
foLk period of high level signal from the rising edge. Fixed to high level when fc « is selected.

In order to synchronize with fc| k , timer counter register mn (TCRmn) counts after delaying 1 fc i clock
from the rising edge of the counting clock.

Figure 6-24  Timing of fCLK and count ok (fTCLK) (CCSmn=0 case)
7SS S Y Y e ) e ) s ) I

/— fewk/2 JA

[ I L1 L1 1
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[ 1 17 [
A A A A A A A

»_

few/4
A A A A A A A A
frow 7 -
(= fMCK) few/8 A A A A
=CKmn ]
fck/16 A A

N

Remarks: 1.y : Rising edge of counting clock
Y : Synchronization, Counter Increment/Decrement
2. sc1k: 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)
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The operation of the timer is started by the TSmn position bit and the valid edge of the TImn input is

awaited.

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.y : Rising edge of counting clock

Y : Synchronization, Counter Increment/Decrement

2. scLk: 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"

No operation is performed from the detection of the start trigger (TSmn=1) until the
count clock is generated.

interval timer mode 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").

Load the value of the TDRmn register into the TCRmn register by writing "1" to the
TSmn bit.

Event Counter Mode 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").

No operation is performed from the start of triggering of detection until the count
clock is generated.

capture mode 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)).

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
single count mode 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").

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
Capture & Single Count Mode 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) "
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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 MDmnO 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)
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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 MDmnO position" 1" is place so that an interrupt can occur at the start count.

Note: fyck, 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)

x| [ [ 1 [ {J{} [ ] {)f} [ ] [ [ 1

TSmn(write) | l

F
= I
L) i

I

TEmn _
i & i i
]
| = {(ﬂ |
. 1 T T
Timn(input) ' E } [:{ | i
: edge detection ! }} edge detection :
I
i ! 1
1
counting clock - |[|[
T i i
i o | ) :
start i @1 '
trigger : !
detection h T T
singal ., || @ i |
! 5 ’
.. I ] i
TCR mn initial value . m }{ m=1 }F: m=-2
@
TORmN s m

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 MDmnO 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)
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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 MDmnO position" 1" is place so that an interrupt can occur at the start count.
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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)

Mo M M M (]
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] ] ] 1
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singal i :) " 1 ' g :
p H ] ] ] 2
i @ - R (A : ;
TCREmn i initial value X m X \:11 X 1 X 0 x FFFF
: " " :
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INTTMmn ! |—[
i
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i
]

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)
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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

(smck) 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

w
Interrupt signal of master TOmnN register
channel [ -
[ INTTMmnE 3 set
‘C
int t singal of sl g
interrupt singal of slave = .
channel . > 3 » Tomn pin
[ INTTMmp€E reset/swap
K t
K A
TOLmMN
TOMmn internal bus

TOEmMnN TOmn write singal
The output circuit for the TOmn pin is described below.
When the TOMmn bit is "0" (main channel output mode), the timer output level register m (TOLm) is ignored.
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:
TOLmMn=0 time: Forward Running (INTTMmnY Set, INTTMmpY Reset)
TOLmn=1time: Invert run (INTTMmnY reset, INTTMmpY 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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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 Random value ("FFFFH" after reset ) RI\
(counter) l

Timer multiplexpin = = = = = = = == == == = = = =

Timer output singal —I

TOmn I,

\

TOEmn I']

|
{ TOmn write operation enable period I TOmn write operation disable period }
[} T

Dconfiqure TOMmr  (configure  (configure  (4),(5) _ .
@ configgure o TomMmn TOEmn Configure  (6/Timer start operating

Port to
output mode

(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 (TOEmMn=0) is
prohibited.

(@) 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 TOmMN pin output state at alternate output (TOMmn=0)

TOEmn

initial TOmn=0 3
state (initial State: low voltage

level)

{ _H_i—z i

+ TOLmn=0
(valid high voltage level)

TOmn=1

———— (initial State: high #
! voltage level)

TOmn=0 b
(initial State: low voltage

level) \ TOLmn=1

TOmA=1 (valid low voltage level)

(initial State: high

voltage level)

Tomn {
(output)

“TETF
|

enable port i ) )
output A A é‘ A A bold line: valid voltage level

swap swap swap swap swap

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)

TOEmnN

i valid voltage level
1

f i 1 initial -

Hi-Z 0 TOmp=0
(initial State: low voltage
i i i i level)

1 0 |
1 valid voltage level 1 valid voltage level
|

TOmp=1
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level)

TOmP {
(output)

TOmp=0
(initial State: low voltage
level)

TOmp=1
(initial State: high voltage
level)

ST

enable port output

iy swap Fay swap A
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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)

TOLmp=0

(valid high voltage level)

| TOLmp=1

(valid low voltage level)
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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

TOLm
valid voltage level valid voltage level valid voltage level valid voltage level
TOOmM
(output) |
A A A Fa¥
Fay swap ﬂ swap & swap ﬁ swap
swap swap swap swap

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, TOLmMp=0

www.changitech.com 130/ 1033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

Figure 6-36 Set/Reset Timing Operation State
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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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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.

Before
TOO 0 0 0 0 0 0 0 0 TOO |TOO |TOO |TOO
31 20 11 00
TOEO 0 0 0 0 0 0 0 0 TOEO | TOEO |TOEO | TOEO
30 20 10 01

Data to write

Figure 6-37Example of one-time operation of TOO n bhits

[oJoJofofoJoJofJoJoJojJofo]

after writing

I ENENEN
TOO |[TOO |TOO |TOO

TOO 0 0 0 0 0 0 0 0
30 21| 11| 0O
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 TOON pin status when TOOnN bits are operated
Multiple TOOnN outputs
can change
simultaneously
The output does not
change when the
1 1 value’is not changed
TO03 | :
: R
TO02 : o When the TOEO n bit is
: -~ l :// "1", the write operation of
TOO1 L ' e
' Nl the TOO n bit is ignored
TO00
A A
Before Write to On bits
Note: m: Cell number (m=0)n: Channel Number (n=0~3)
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In interval timer mode or capture mode, the MDmnO bit of timer mode register mn (TMRmn) is set as the bit that
generates timer interrupt when counting starts.

When the MDmnO 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

(@) Case where MDmnO bit is "1"

—

TEmn
/)I_\\
INTTMmn ;" n | M I
I
TOmn “\' ,"
— | I
Start Count

(b) Case where MDmnO bit is 'O’

TCRmn M

TEmn I

INTTMmn : T N

TOmn 1 N |
Start Count

When the MDmnNO bit is "1", the output timer is interrupted (INTTMmn) at the start of the count and TOmn
outputs alternately.

When the MDmnNO 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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6.7.1 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

) ) CCSmn
interrupt signal of '
master control —_—
hannel 5
.,% @
c o | frowk
8 2] -
0
(@) .
Y - rs) Timer control
. circuit
TImn Pin —_o noise | _| edge
filter detection
- _C
¢ -2 _
> @ -
- SO
2]
THNFENmn Clsmn1, STSmn2
CISmn0 STSmn0

6.7.2 noise filter

When the noise filter is inactive, synchronization is performed only through the runtime clock (,ck) of channel
n. When the noise filter is active, two clocks are detected after synchronization through the ,-time clock (fMCK) of
channel n. The TM4 Imn 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

S 0 1 | A o

—% F—2

noise filter OFF ﬁ— C(—\q
] N

noise filter ON

operational clock(fyck)
Note: The input waveform of the TImn 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 TImn input high and low level width shown in AC Characteristics.
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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(STSmMnO) 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(STSmMnO) 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:

| Generation period for INTTMmn (timer interrupt) = count clock period (set value of TDRmn+1) |

(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:

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}

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 MDmnO bit of timer mode register n(TMRmn) is '0", the INTTMmn is not output
and the TOmn is not output alternately. If the MDmnO bit of the TMRmn register is "1", INTTMmn is output and
TOmMn 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.
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Figure 6-41 Basic Timing Example as Interval Timer/Square Wave Output Operation (MDmn0=1)

s
Ckmt
. m =
operational clock "¢ [ i
— | Timer count register mn tput .
CKmo é —- (TCRmn) cong}tl)lp(‘fi]rcuit _F@ Tomn Pin
KT
c
o] -8 Timer data register mn interrupt ; t singal
TSmn =4 3 (TDRmn) control circuit [ "Nteruptsinga
= El (INTTMmn)
Note: Clocks can be selected from CKmO, CKm1, CKm2, and CKm3 at Channels 1 and 3.
Figure 6-42 Basic Timing Example as Interval Timer/Square Wave Output Operation (MDmn0=1)
TSmn
TEmn
TCRmn
0000H N
TDRmn a X b
TOmMnN
INTTMmn
at1 | atl | ati I b+1 b+l | b
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)
TOmMnN : TOmn Pin Output Signal
www.changitech.com 138 /1033 Rev.2.05



PSCT

Figure 6-43 Example of Register Setting Content at Interval Timer/Square Wave Output
(@) timer mode register mn (TMRmn)

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSmNn1|{CKSmn0O 0 CCSmn | M/S note | STSMN2 | STSmN1 |STSmNO | CISmn1 | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmNnO
1/0 1/0 0 0/1 0 0 0 0 0 0 0 0 1/0

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 CKmO 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 0: Output "0" from TOmn.
1/0 1: Output "1" from TOmn.

(c)  Timer output allow register m (TOEm).

bit
TOEm | TOEmn 0: Stop the TOmn output from the count
1/0 run.

1: Allow TOmn output from the count run.

(d)  Timer output level register m (TOLm).

bit
TOLmMm | TOLmn 0: "0"is set at TOMmMn=0 (Master Channel
0 Output Mode).

(e)  Timer output mode register m (TOMm).

bit

TOMmM | TOMmn 0: Sets the master channel output mode.
0

Note: TMRmM2 : MASTERmMN bit

TMRm1, TMRmM3 :SPLITmn bit
TMRmO: 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
The input clock of the timer unit m is in a stopped
supply state.
(stop providing clock, cannot write registers)
TAU initial Place the TM4 mEN location "1" of the peripheral The input clock of the timer unit m is in a supplied
settings enable register 0 (PERO). y | State.
g ( ) (Start providing clock capable of writing registers)
Set timer clock selection register m (TPSm).
Determine the clock frequency for CKmO to CKm3.
Set timer mode register mn (TMRmm) (determine the
channel channel operation mode). The channel is in an operational stop state.
initial setting | The timer data register mn (TDRmn) is set with interval | (Provide clocks, consume a portion of the Power)
(period) value.
) The TOmn pin is in the Hi-Z output state.
Using TOmn output:
The TOMmn position of the timer output mode register
m (TOMm) is "0" (main control channel output mode).
Position TOLmn "0", ) o When the port mode register is in output mode and
Set the TOmn bit to determine the initial level of the the port register is "0", the initially set level of the
TOmn output. TOmn is output.
Position TOEmn "1" to allow TOmn output. — | The TOmn is unchanged because the channel is in
Set the port register and port mode registerto "Q%.___y, | g operational stop state.
The TOmn pin outputs the level set by the TOmn.
(TOEmn position "1" only when using TOmn output and | The TEmn (TEHmM1, THEm3) bit becomes "1" and
restarting) starts counting.
Start Run Position TSmn (TSHmM1, TSHmM3) "1". Load the value of the TDRmn register into the timer
Automatically returned to '0' because the TSmn count register mn (TCRmn). When the MDmn 0 bit
(TSHm1, TSHm3) bit is the trigger bit. of the TMRmn register is '1', INTTMmn is generated
and TOmn is output alternately.
You can change the settings of the TDRmn register at
will. The counter (TCRmn) counts down. If the count
Can read TCRmn register at any time. goes to "0000H", the value of the TDRmn register is
Running TSRmn register cannot be used. loaded again into the TCRmn register and counting
Can change the TOm register and TOEm register continues. When TCRmn is detected as "0000H",
settings. INTTMmn is generated and TOmn is output
Prevents the setting of the TMRmn register, TOMmn interleaved. This run is repeated thereafter.
bit, and TOLmn bhit from being changed.
The TEmn (TEHm1, TEHmnN) bit changes to "0" and
Position TTmn (TTHM1, TTHM3) "1". —% | stops counting. o
Automatically returned to '0' because the TTmn The TCRmn register maintains count values and
Stop it is the tri bi stops counting.
Running (TTHm1, TTHM3) bitis the trigger bit, The TOmn output is not initialized and remains in
state.
Set the TOEmn location "0" and the TOmn bit. > -tl;'rt]e TOmn pin outputs the level set by the TOmn
it.
To maintain the TOmn pin output level:
Position TOmn *0 after setting the value to be —»| Maintain the output level of the TOmn pin through
maintained for the port register. ort functionalit
The TOmn pin output level does not need to be P Y-
maintained: No settings are required.
TAU Stop The input clock of the timer unit m is in a stopped
supply state.
Position the TM4 mEN of the PERO register "0". 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:

Specified count value=TDRmn's set value+1

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
TOEmMn 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

L | ) |y A

3 3
TCRmn 2 2 2 2
1 1 ~ L1l
OOOOH\ 1 0 ) 0 \ 0 \
TDRmn 0003H X 0002H
INTTMmn I I
4 Events 4 Events 3 Events

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)
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N/ ®
PSCT
Figure 6-46 Example of register setting content in external event counter mode

(@) timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmNn1|{CKSmnO 0 CCSmn | M/S note | STSmNn2 | STSmN1 |STSmNO | CISmn1 | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 01 0 0 0 0 0 0 1/0

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 CKmO 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 0: Output "0" from TOmn.
1/0

(c)  Timer output allow register m (TOEm).

bit
TOEm | TOEmn 0: Stop the TOmn output from the count
1/0 run.

1: Allow TOmn output by count run.

(d)  Timer output level register m (TOLm).
bit

TOLmM | TOLmn 0: "0" at TOMmn=0 (Master Channel Output
0 Mode).

(e)  Timer output mode register m (TOMm)m.
bit

TOMmM | TOMmMn 0: Sets the master channel output mode.
0

Note: TMRmM2:MASTERmMN bit
TMRm1, TMRm3:SPLITmn bit
TMRmMO: 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

uonesado uelsay

software operation Hardware Status
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 | The input clock of the timer unit mis in a
Timer4 Initial | register 0 (PERO). ——» | supplied state, and each channel is in an
Settings 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 CKmO to CKm3.
Allow the noise filter to correspond to register 1 The channel is in an operational stop state.
(NFEN12) either "OFF" or "1" (ON). (Provide clocks, consume a portion of the
channel A timer mode register mn (TMRmn) is set. Power)
L : A timer data register mn (TDRmn) is set with a count
initial setting value
Output timer to allow TOEmn location "0" for register m
(TOEm).
Position TSmn "1". » | The TEmn bit becomes "1" and starts
The TSmn bit is a trigger bit and is automatically returned | counting.

Start Run to "0". 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.

You can change the settings of the TDRmn register at The counter (TCRmn) counts down each time
will. an input edge of the TImn pin is detected, and
Can read TCRmn register at any time. if the count reaches '0 000H', loads the value
Running The TSRmn register is not used. of the TDRmn register again into the TCRmn
Prevents the setting of TMRmn registers, TOMmn bits, register and continues counting. A INTTMmn
TOLmnN bits, TOMn bits, and TOEmn bits from being is generated when TCRmn is detected as
changed. '‘0000H".
This run is repeated thereafter.
stop Position TTmn "1, | . - Igsznl'iligwn bit changes to "0" and stops
RunNi The TTmn bit is a trigger bit and is automatically returned , . S
unning to "0". The TCRmn reg_lster maintains count values
and stops counting.
Position the TM4 mEN of the PERO register "0". The input clock of the timer unit misin a
Timer4 Stop —» | stopped supply state.
Initialize the SFRs of all circuits and channels.
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6.8.3 Operation as a frequency divider (only for channel O of cell 0)
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A frequency divider capable of dividing the clock input by the TIOO pin and used as the output of the TOOO pin.
The frequency division clock frequency of TO0O output can be calculated by the following formula:

- Select a rising or falling edge:
Split Clock Frequency = Input Clock Frequency / {(TDRO0OO's Set Value +1) 2}

- Select the case along the bilateral edge:

Split Clock Frequency ¢ Input Clock Frequency / (TDROQ's setting +1)

In interval timer mode, timer count register 00 (TCRO0O) is used as the increment counter.

After setting the channel start trigger bit (TS00) of timer channel start register 0 (TSO0) to "1", the value of timer
data register 00 (TDROO) is loaded into TCROO register by detecting an effective edge of T100. If the MDOOO bit of the
timer mode register 00 (TMRO0O) is "0", no output of INTTMOO and TOOQO is not alternately output; If the TMROO
register has a MDOOO bit of "1", INTTMOO is output and TOOO is output alternately.

The TCROO register then decrements through valid edges entered by the TIO0 pin. If TCR00 becomes "0000H,"
TOO0O0 will alternate output. At the same time, the value of the TDROO register is loaded into the TCROO 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 TO0O output.

The clock cycle output by TOOO contains a sampling error of one running clock cycle.

Clock cycle for TO00 output=Ideal TOO0O0 output clock cycle Running clock cycle (error)

The TDROO register can be overridden at any time, and the value of the overridden TDROO register is
valid during the next count.

Figure 6-48 As a Basic Timing Example of Frequency Divider Operation
(MDO000=1)

TS00

TEOO

moo A ruUduuyuryuuyuyuUL

2 2 2
TCROO \ 1 \ 1 \ 11 11 1
OOOOH/ 0/ o/ 0‘)0‘)0‘)0‘)0

TDR.00 0002H X 0001H

TO00

INTTMOO
6 -~ 4- —
framion frequenc

Remark TSO00 : Bit 0 of timer channel start register 0 (TSO0)
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TEOO . Timer channel allows bit 0 of status register 0 (TEO)
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TIOO :TI00 pin input signal

TCROO: Timer count register 00 (TCRO00).
TDR.00: timer data register 00 (TDRO0O).
TOOO0 : TOO0O pin output signal

Figure 6-49 as an example of register setting content when the frequency
divider is running

(&) Timer Mode Register 00 (TMRO00).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRO00 | CKS001 | CKS000 0 CCs00 0 STS002 | STS001 | STS000 | CISO01 | CISO00 0 0 MD003 | MD002 | MDO0O1 | MD0O0O
1/0 0 1 1/0 1/0 0 0 0 1/0

[ l ] l ] \_'_1

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: 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 TI0O pin output valid edge

operational clock (fMCK) selection
00B: select CKO0O0 as operational clock of Channel 0.
10B: select CKO1 as operational clock of channel 1.

(b) Timer output register 0 (TOO0)

bit 0
TOO TOO00 0: Output "0" by TOQO.
1/0 1: Output "1" from TOOO.

(c) Timer output allow register 0 (TOEOQ)

bit 0
TOEO | TOEOO 0: Stop the TOOO output from the count run.
1/0 1: Allow TOOO output by count runs.

(d) Timer output level register 0 (TOLO)

bit 0
TOLO TOLOO 0: Place "0" in the master channel output mode
(TOM00=0).

2

(e) Timer Output Mode Register 0 (TOMO)
bit
TOMO | TOMOO 0: Sets the master channel output mode.

1
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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)
Timer 4 initial  |set TM4mEN bit of peripheral enable register 0 Timer Unit 0 input clock is in active state (start

configuration

(PERO) to '1'

providing clock, able to write into registers)

configure Timer clock selection register 0 (TPSO0),
confirm CK00~CKO03 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 00 (TMROQ) (confirm
channel operation mode, select edge detection).
Configure interval(period) valule of Timer data register
00 (TDR0O0)

channel in operation stopped state (providing clock,
consume portion of power)

set TOMOO hit of timer output mode register 0 (TOMO)
to '0' (master control channel output mode).
Set TOLOO bit to '0'
configure TOOO bit and confirm TOO0O output initial >
wltage value.

—>

Set TOEOQO hit to 1", aloow TO00 output. >

Set port register and port mode register to ‘0",

TOOO pin in Hi-Z output state.

When port mode register set to output mode and
port register as '0', output TOOO initial configured
wltage level.

Because channel is in operation stopped state,
thus TOO0O0 remains unchange. TO0O0 pin output
TOOO0 configured woltage level.

—>

Start operation

set TOEOO hit to '1' (only limited to restart operation),,
Set TS00 bit to '

Because TSO00 bit is trigger bit, thus automatically
return to ‘0",

TEOO bit turns to '1' and start counting.

Load TDROO register value into Timer count register
00 (TCR00). When MDO00O0 bit of TMROO register
turns into '1', generate INTTMOO and TOOO swaps
output

in operation

can modify any TDROO register configuration value.
Can read TCROO register anytime.

Do not use TSROO register.

Can modify TOO register and TOEO register value.
Forbidden modifying TMROO register.

TOMOO bit and TOLOO bit configuration value.

Counter (TCR00) performs decremental counting.
When count reaches '0000H', then load TDR0OO
register value into TCROO register again and
continue counting. When detecting TCROO as
'0000H", generate INTTMOO and TO00 swaps output.
Thereafter, repeat the operation.

UO!ll?.IBdO lelsal

stop operation

set TTOO bit to '1". —>
Because TT0O bit is trigger bit, thus automtically
return to '0'.

TEOO bit turns to '0" and stop counting.

TCROO register remains counted value and stop
counting.

TOOO0 output not been initialized and remain same
state.

TOOO pin outputs TOOO configured woltage.

set TOEQO bit to '0' and configure value for TO00 bit._y,|

TOOO0 pin output TOOO configured voltage lewel.

Timer 4 stop

Scenarios to maintain TO00 pin output voltage:

set TOQO bit to '0" after set hold value to port register
configuration. —
In case TOOO pin output woltage does not need to be
held: no configuration requried

hold TO00 pin output wltage level via port function.

set TMAmEN 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.

(TOOO bit turns into '0" and TOOO pin becomes port
function)
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6.8.4 Operation as an input pulse interval measurement
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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:

TImn Input Pulse Interval = Period of the counting clock ((10000H TSRmn:OVF) + (catch value of TDRmn+1))

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~STSmnO 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 "

FFFFF

TCRmMn A
0000H

TDRmn  0000H X A b C d

INTTMmn N

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)
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TImn :TImn Pin Input Signal
TCRmn : timer count register mn (TCRmn)
TDRmn . timer data register mn (TDRmn)

OVF : bit O of timer state register mn (TSRmn).

Figure 6-52 Example of Register Setting Content When Measuring Input Pulse Interval
(&) timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSMn1|CKSmn0 0 ccsmn | MIS STSmn2 | STSmn1|STSmNO | CISmnl | CISmn0O 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 1/0 1/0 0 1/0

L1 l l l ] \_'_J

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.

Timn Pin input edge selection
00B: Detect falling edge

01B: Detect rising edge

10B: Detect both edges

11B: reserved

capture trigger selection
001B: Select Timn pin input valid edge

MASTERmMN 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)

L operational clock (fMCK) selection
00B: select CKmO 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 0: Output "0" from TOmn.
0

(c) timer output allow register m (TOEm)
bit

TOEm | TOEmn 0: Stop the TOmn output from the count
0 run.

(d) Timer output level register m (TOLmM)
bit

TOLmM | TOLmn 0: Place "0" in the main channel output mode
0 (TOMmMn=0).

(e) Timer output mode register m (TOMm)
bit

TOMmM | TOMmMnN 0: Sets the master channel output mode.
0

Note: TMRmM2:MASTERmMN bit
TMRm1, TMRm3:SPLITmn bit
TMRmMO: 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 4 initial
configuration

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
(PERO) 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 CKmO0~CKm3 clock
frequency

Channel Initial
configuration

set corresponding bit of noise filter enable
register 1 (NFENL1) 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

TEmn bit turns into '1' and start counting.
Clear Timer counting register (TCRn) to "0000H".

stop operation

Because TTmn bit is trigger bit, thus
automatically return to '0'.

—> automatically return to '0". When MDmnO bit of TMRmn register is '1', generate
INTTMmn.
can only modify configure value of CISmn1l bit |Counter(TCRmn) start incremental counting from
o and CISmn0 bit of TMRmn register. "0000H", if detecting TImn pin input valid edge or TSmn
g Can read TDRmn register anytime. bit set to '1', then transfer (capture) counting value to
- Can read TCRmn register aanytime. Timer data register mn(TDRmn), at the same time,
_rgu in operation Can read TSRmn register anytime. clear TCRmn to "0000H" and generate INTTmn.
o Forbidden modifying TOMmn bit, TOLmn bit, At this time, if overflow occurs, then set OVF bit of
3 TOmn bit and TOEmn bit configuration. Timer status register mn(TSRmn) . If overflow does not
- occur, then clear OVF bit. Thereafter, repeat the
process.
set TTmn bit to 1", TEmn bit turns into ‘0 and stop counting.

TCRmn register hold counted value and stop counting.
OVF hit of TSRmn register remains unchange.

timer 4 stop

set TM4AmEN bit of peripheral enable register 0
(PERO) to '1' —>

Timer Unit m input clock is not been provided.Perform
initialization to all circuit and SFR of all channels.
(TOOO hit turns into '0" and TOOO pin becomes port
function)

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

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

Note: When used as LIN-bus support, the bitl (ISC1) of the input switch control register (ISC) must be set to "1", and

use RxDO 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.

Signal width entered by TImn = Cycle count clock ((10000H HTSRmn:OVF) + (catch value of TDRmn+1))

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.

Itis 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 CISmnO 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.
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Figure 6-54 Example of a running base time sequence for a high and low level width measurement of an input
signal
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TSmn

TEmn

Timn | |

FFFFF

b
TCRmn o000t \J c

TDRmMnN 0000H A b c

1~

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: bitO for timer state register mn(TSRmn)

www.changitech.com 151 /1033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

Figure 6-55 Example of register setting content when measuring high and low level width of input signal

(@) timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSmn1|CKSmn0 0 CCSmn | M/S STSmN2| STSmNn1|STSmnO | CISmnl | CISmn0O 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 1 10 1 1 0 0

[ l l l ] \_'_1

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.

L Timn Pininput edge selection
10BE selection both edges (measure low voltage width)
11BE selection both edges (measure High voltage width)

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)

L operational clock (fMCK) selection
00B: select CKmO 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 TOmMnN 0: Output "0" from TOmn.
0

(c) timer output allow register m (TOEm)

bit
TOEm | TOEmn 0: Stop the TOmn output from the count
0 run.

(d) Timer output level register m (TOLmM).

bit
TOLmM | TOLmn 0: Place "0" in the master channel output mode
0 (TOMmMn=0).

(e) Timer output mode register m (TOMm)m.
bit

TOMmM | TOMmMnN 0: Sets the master channel output mode.
0

Note: TMRmM2:MASTERmMN bit
TMRm1, TMRm3:SPLITmn bit
TMRmO: 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 O input clock is in stopped state (stop providing
clock, not able to write into registers)

configuration

Configure Timer mode register mn (TMRmn) (confirm
channel operation mode).
Set TOEmn bit to '0', and stop TOmn operation.

Timer 4 initial |set TM4mEN bit of peripheral enable register 0 (PERO) to '1'|Timer Unit m input clock is in active state, all channels in
configuration —®|operation stopped state.

configure Timer clock selection register m(TPSm), confirm

CKmO0~CKm3 clock frequency

set corresponding bit of noise filter enable register 1
Channel Initial (NFENI) to 0" (OFF) or ' (ON). 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 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 B—

clear timer counting register mn (TCRmn) to '0000H" and

— start decremental counting.
can modify any TDRmn register configuration value. while detecting TImn pin start edge, Counter(TCRmn) start
Can read TCRmn register anytime. incremental counting from "0000H", if detecting TImn pin
° Do not use TSRmn register. input capture edge, then transfer counting value to Timer
gr Forbidden modifying TMRmn register, data register mn(TDRmn) and generate INTTmn.
—~ . . TOMmn bit and TOLmn bit, Tomn and TOEmn bit At this time, if overflow occurs, then set OVF bit of Timer
) in operation ) . :
3 configuration value. status register mn(TSRmn) . If overflow does not occur, then
o clear OVF bit.
5 TCRmn register stop counting before detecting next Timn
- pin start edge.
Thereatfter, repeat the process.
L set TTmn bit to '1". —|TEmn bit turns into '0' and stop counting.
stop operation |Because TTmn bit is trigger bit, thus automatically return to [TCRmn register hold counted value and stop counting. OVF
‘0" bit of TSRmn register remains unchange.
set TMAmEN bit of peripheral enable register 0 (PERO) to '1'|Timer Unit m input clock is not been provided.Perform
timer 4 stop initialization to all circuit and SFR of all channels.
(TOO00 bit turns into '0' and TOOO pin becomes port function)
Note: m: Cell number (m=0)n: Channel Number (n=0~3)
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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:

Generation period of INTTMmn (timer interrupt) = period of the counting clock (set value of TDRmn+1)

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, TSHmM3) of the timer channel start register m (TSm) is set as"
1", TEmn

Bit, TEHm1 bit, and TEHmM3 bit become'l' 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 _ﬂ

TEmn __|

TImn

FFFFF

TCRmn
0000H

TDRmn A X | b

INTTMmn -I ]

a+l b+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)
TImn :TImn Pin Input Signal
TCRmn: timer count register mn (TCRmn)

TDRmn: timer data register mn (TDRmn)
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Figure 6-58 Example of register setting content when delaying counter function
(@) timer mode register mn (TMRmn)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSmMNn1|CKSmnO 0 CCsmn | MIS STSmn2 | STSmNn1 [STSmNO | CISmnl | CISmnO 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 01 0 0 1 1/0 1/0 1 0 0 1/0

operation mode of Channel N
100B : single counting mode

start trigger during operation
0: Trigger input invalid.
1: Trigger input valid.

Timn Pin input edge selection
00B: Detect falling edge

01B: Detect rising edge

10B: Detect both edges

11B: reserved

start trigger selection
001B: Select Timn pin input valid edge

MASTERmnNbit 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)

L operational clock (fMCK) selection

00B: select CKmO 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 0: Output "0" from TOmn.
0

(c) timer output allow register m (TOEm)
bit

TOEm | TOEmn 0: Stop the TOmn output from the count run.
0

(d) Timer output level register m (TOLm)
bit

TOLmM | TOLmn 0: Place "0" in the main channel output mode (TOMmn=0).
0

(e) Timer output mode register m (TOMmM)
bit

TOMmM | TOMmn 0: Sets the master channel output mode.
0

Note: TMRm2:MASTERmMN bits
TMRm1, TMRm3:SPLITmn bit
TMRmMO: 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 4 initial
configuration

Timer Unit m input clock is in stopped state (stop providing
clock, not able to write into registers)

set TMAmEN 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 CKmO~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 TOEmn bit to '0', and stop TOmn operation.

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 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.

A Det ect
A set TSmn

pi AT M

tofilo

Tl mn
bit

load TDRmn register value into Timer counting register mn
(TCRmn)

in operation

UO!lEJSdO uelsal

can modify any TDRmn register configuration
value.

Can read TCRmn register anytime.

Do not use TSRmn register.

Counter (TCROO) 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 hit 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 TMAmEN bit of peripheral enable register 0
(PERO0) to ‘0’ —

Timer Unit m input clock is not been provided.Perform
initialization to all circuit and SFR of all channels.

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:

Delay={TDRmn (Master) Setting Value +2} Count Clock Cycle
Pulse Width={Set value for TDRmp (Secondary) } Count clock cycles

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)
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Figure 6-60 Block diagram for operating as single trigger pulse output function

master control channel
(single counting mode)

operational clock

THFEMxx

(1

CEmQ

TSmn ——=

clock
selection

Timer count register
mn (TCRmn)

TImn Pin {tj]—-r ’\f‘i?tlzre

slave channel
(single counting mode)

operational clock

CKm1

CKmD

edge
detection

trigger
selection

£

Timer data register mn
(TDRmn)

nterrupt

control  |——=interrupt signal

circuit

clock
selection

Timer count register

mp (TCRmp)

1

output

trigger
selection

circuit

Timer data register mp
(TDRmp)

interrupt

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)

L circuit

(INTTMmn)

control  f~——={Z) TOmp Pin

=

control - |———=interrupt signal

(INTTMmp)
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Figure 6-61 A Basic Timing Example of Single Trigger Pulse Output Function

/s []

TEmn
Timn I_! HI
I I
master p——
control
channel TCRmnN : :
0000H |
/ /
| | | |
| | | |
1 T I T
TDRmnN I : a | :
l !
| | I |
| | | |
| | I |
| | I |
TOmn I I | [
T T T T
| | | |
I I
NG : . 7
| | | I
I | | |
| | | |
| | | |
I | | |
/ TSmp |_| [ [ I |
T T T T
| \ | | |
| | ] |
[ I
TEmp : | : !
| | | |
[ | !
T 1
FFFFH | [
TCRmp ! | l |
slave 0000H | | | I
channel : : : :
' R )
| | , | | !
T ' T
TDRmp | b ! I | |
| o ]
| I | | |
TOmp : ! :
: ! | : | {
| | | |
I I
INTTMmp | | [] : B
I X I
| »l J [P :I‘ J
| a+2 rp a+2 T b7
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)
(@) Timer mode register mn (TMRmn)..
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn [CKSmn1{cksmno| o |cCSmn | repmn  [STSmN2 | STSmN1{STSmn0 |CISmnt | Cismno | o | MDmn3 | MDmN2 | MDmn1 | MDmNO
10 0 0 1 0 0 1 10 10 1 0 0 0

operation mode of Channel N
100B: single counting mode

start trigger during operation
0: Trigger input invalid.

TImn Pin input edge selection
00B: Detect falling edge

01B: Detect rising edge

10B: Detect both edges

11B: reserved

start trigger selection
001B: Select Timn pin input valid edge

MASTERmMN bit configuration (Channel 2)
1: master control channel

counting clock selection
0: Select operational clock (fMCK)

L___ operational clock (fMCK) selection
00B: select CKmO as operational clock of Channel n
10B: select CKm1 as operational clock of Channel n.

(b) Timer output register m (TOm)
bit

TOm TOmn 0: Output "0" from TOmn.
0

(c) timer output allow register m (TOEm)
bit

TOEm | TOEmn 0: Stop the TOmn output from the count
0 run.

(d) Timer output level register m (TOLm)
bit

TOLmM | TOLmn 0: "0"at TOMmn=0 (Master Channel Output
0 Mode).

(e) Timer output mode register m (TOMm)
bit

TOMmM | TOMmn 0: Sets the master channel output mode.
0

Note: TMRm2 :MASTERmn=1
TMRmMO : 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)
(@) timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp | CKSmp1|CKSmpO 0 CCSmp | M/S STSmp2 [ STSmp1|STSmpO [ CISmpl | CISmpO 0 0 MDmp3 | MDmp2 | MDmpl | MDmpO
1/0 0 0 0 1 0 0 0 0 1 0 0 0

operation mode of Channel P
100B: single counting mode

start trigger during operation
0: Trigger input invalid.

Timp Pin input edge selection
00B: set to "00" since not used

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)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel p
10B: select CKm1 as operational clock of Channel p
0 same as master control channel configuration

(b) Timer output register m (TOm)

bit
TOm TOmp 0: Output "0" from TOmMp.
1/0 1. Output "1" by TOmp.

(c) timer output allow register m (TOEm)

bit p
TOEm | TOEmp 0: Stop the TOmp output from the count
1/0 run.

1: Allow TOmp output by count run.

(d) Timer output level register m (TOLmM)

bit p
TOLm | TOLmp 0: Positive Logical Output (High Level Valid)
1/0 1: Negative Logical Output (Low Level Valid)

(e) Timer output mode register m (TOMm)m.
bit
TOMmM | TOMmp 1: Sets the slave channel output mode.
1

Note: TMRmM2:MASTERmp bit

TMRmM1, 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 4 initial
configuration

Timer Unit m input clock is in stopped state (stop providing clock, not able to write
into registers)

set TMAmEN bit of peripheral enable register 0
—

(PERO) 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

Channel Initial
configuration

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
wltage.

Set TOEmp bhit to '1', enable TOmp output.

Set port regsiter and port mode regsiter to 0.

TOmp pin in Hi-Z output state.

When port mode register set to output mode and port register as ‘0', output TOmp
initial configured voltage level.

Because channel is in operation stopped state, thus TOmp remains unchange.
TOmp pin output TOmp configured woltage level.
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Figure 6-65

Operating step (2/2) for a single

trigger pulse output function

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 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.

master channel start counting

N A Detect Tlmn pin input val
A set TSmn bit of master cH
can only modify configure value of CISmn1 bit and CISmnO0 bit |master channel load TDRmn register value into Timer technical
of TMRmn register. register (TCRmn) via detecting start trigger (detecting Timn pin input
Forbidden modifying TMRmn, TMRmp register and TOMmn  |valid edge or set TSmn bit of master channel to "1"), and perform
bit, TOMmp bit, TOLmn bit and TOLmp bit configuration. decremental counting. If TCRmn counts till "0000H", then generating
g Can read TCRmn register and TCRmp register anytime. INTTMmn, and stop counting before next Timn pin input.
§ in operation Can not use TSRmn register and TSRmp register. Slave channel use INTTMmn of master channel as trigger, will load
S can modify slave channel Tom regsiter and TOEm register TDRmp register value into TCRmp regiter and counter start
B configuration. decremental counting. 1 counting clock cycle after master chanel
§ outputs INTTMmn, it sets TOmp otuput voltage to valid woltage level.
g' Then, if TCRmp count reaches "0000H", then set TOmp output voltage
set to invalid votlage leve then stoop counting. Thereafter, the process
repeats.
set TTmn bit (master) and TTmp bit(slave) to 1". — [TEmn bit and Temp bit turn into ‘0" and stop counting.
Because TTmn bit and TTmp bit are trigger bits, thus TCRmn register and TCRmp register hold counted value and stop
) automatically return to '0". counting.
L} stop operation

TOmp output not initialized and remains unchanged.

set TOEmp bit of slave channel to '0', and configure TOmp bit.
—

TOmp pin output TOmp configured voltage level.

timer 4 stop

Scenarios to maintain TOmp pin output woltage:

set TOmp bit to '0' after set hold value to port register
configuration.

In case TOmp pin output woltage does not need to be held: no
configuration requried

—

maintain TOmp pin output woltage via Port function.

set TMAmEN bit of peripheral enable register 0 (PERO) to '1'
—>

Timer Unit m input clock is not been provided.Perform initialization to
all circuit and SFR of all channels.
(TOO00 bhit turns into '0' and TO00 pin becomes port function)

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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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:

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) Of{Setti

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)
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master control channel
(interval Timer mode)

Figure 6-66 Block diagram for operation as PWM function

] CKEm1 .5
operational clock 8 é Timer count register
CKmi g mn (TCRmn)
gé . d . interrupt
TSmn o3 Timer $§Fgeglster mn control ke interrupt signal
=8 (TDRmn) circuit (INTTMmn)
slave channel
(single counting mode) -
_ CKm1 < 1
operational clock § = Timer count register mp output
2 control {0 i
CEm0 °g — (TCRmp) o @ Tomp Pin
i
g '5 Timer data regi interrupt
% gister mp ol
22 (TDRmp) control - f=—=—=="interrupt signal
=@ circuit (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)
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Figure 6-67 As an example of the basic timing of the operation of the PWM

function
///-TSmn (ﬁ
[
|
TEmn
FFFFH
|
TCRmn ! '% '\\
master 0000H | |
|
c:‘)ntrolI |/ , '/ 1/
[ T t
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[ | [
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I
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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)

(@) timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmn1lckSmno| o [ccsmn | rgipme | STSmn2 [STSmn1|STSmNO |CIsmnt | Clsmno | o | MDmn3 | MDmN2 | MDmN1 | MDmNO
10 0 0 1 0 0 0 0 0 0 0 0 1

operation mode of Channel N
000B: Interval Timer

operation configuration when start counting
1: when start counting, generate INTTMmny

Timn Pin input edge selection
00B: set to "00B" since not used

start trigger selection
000B: only select software to start trigger.

L MASTERmN bit configuration (Channel 2)
1: master control channel

counting clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection
00B: select CKmO as operational clock of Channel n
10B: select CKm1 as operational clock of Channel n.

(b) Timer output register m (TOm)
bit
TOm TOmn 0: Output "0" from TOmn.

0

(c) timer output allow register m (TOEm)

bit
TOEm | TOEmn 0: Stop the TOmn output from the count
0 run.

(d) Timer output level register m (TOLmM)

bit
TOLmM | TOLmn 0: "0"is set at TOMmn=0 (Master Channel
0 Output Mode).

(e) Timer output mode register m (TOMm)

bit
TOMmM | TOMmMn 0: Sets the master channel output mode.
0

Note: TMRmM2 :MASTERmMn=1
TMRmMO : 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)
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(a) timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp |CKSmMp1|CKSmpO 0 ccsmp | MIS STSmp2 | STSmpl|STSmpO | CISmpl | CISmpO 0 0 MDmp3 | MDmp2 | MDmpl | MDmpO
1/0 0 0 0 1 0 0 0 0 1 0 0 1

operation mode of Channel p
100B: single counting mode

start trigger during operation
1: Trigger input valid.

Timp Pin input edge selection
00B: set to "00B" since not used

start trigger selection
100B: Select master control channel INTTMmny

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)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel p
10B: select CKmL1 as operational clock of Channel p
0 same as master control channel configuration

(b) Timer output register m (TOm)

bit p
TOm TOmp 0: Output "0" from TOmMp.
1/0 1. Output "1" by TOmp.

(c) timer output allow register m (TOEm)

bit p
TOEm | TOEmp 0: Stop the TOmp output from the count
10 run.
1: Allow TOmp output by count run.

(d) Timer output level register m (TOLm)

bit p
TOLm | TOLmp 0: Positive Logical Output (High Level Valid)
1/0 1: Negative Logical Output (Low Level Valid)

(e) Timer output mode register m (TOMm)

bit p
TOMm | TOMmp 1: Sets the slave channel output mode.
1

Note: TMRmM2: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 4 initial
configuration

Timer Unit m input clock is in stopped state (stop providing
clock, not able to write into registers)

set TMAmEN bit of peripheral enable register 0 (PERO) 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~CKma3 clock frequency

Channel Initial
configuration

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 woltage.
Set TOEmp hit to '1', enable TOmp output.

Set port regsiter and port mode regsiter to '0".

TOmp pin in Hi-Z output state.

When port mode register set to output mode and port register
as '0', output TOmp initial configured voltage level.

Because channel is in operation stopped state, thus TOmp
remains unchange. TOmp pin output TOmp configured voltage

level.
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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

TEmn bit and TEmp bit both turns into '1".
Master channel start counting and generate INTTMmn. Using this
trigger, slave channel also start counting.

> automatically return to '0".
forbidden modifying TMRmn register and TMRmp register and [master channel load TDRmn register value into Timer counting
TOMmn bit, TOMmp bit, TOLmn bit and TOLmp bit register (TCRmn) and perform decremental counting. If TCRmn
configuration. counts till "0000H", then generating INTTMmn. At the same time,
can mmodify TDRMn register and TDRmp register load TDRmn register value into TCRmn register and restart
a configuration after master channel generates INTTMmn. decremental counting.
‘5”. in operation Can read TCRmn reigsrer and TCRmp register anytime. Slave channel use INTTMmn of master channel as trigger, will load
= can not use TSRmn register and TSRmp register. TDRmp register value into TCRmp regiter and counter start
-8 decremental counting. 1 counting clock cycle after master chanel
g outputs INTTMmn, it sets TOmp otuput woltage to valid wltage lewvel.
ok Then, if TCRmp count reaches "0000H", then set TOmp output
> wltage set to invalid wotlage levle then stoop counting. Thereatfter,
the process repeats.
set TTmn bit (master) and TTmp bit(slave) to 1", TEmn bit and Temp bit turn into '0" and stop counting.
Because TTmn bit and TTmp bit are trigger bits, thus ——|TCRmn register and TCRmp register hold counted value and stop
. automatically return to ‘0", counting.
stop operation

TOmp output not initialized and remains unchanged.

set TOEmp bit of slave channel to '0', and configure TOmp
bit. >

TOmp pin output TOmp configured voltage level.

timer 4 stop

Scenarios to maintain TOmp pin output voltage:

set TOmp bit to ‘0" after set hold value to port register
configuration. —>
In case TOmp pin output woltage does not need to be held: no
configuration requried

maintain TOmp pin output woltage via Port function.

set TM4mEN bit of peripheral enable register 0 (PERO) to '1'
e

Timer Unit m input clock is not been provided. Perform initialization to
all circuit and SFR of all channels.
(TOmp bit turns into '0" and TOmp pin becomes port function)

(TOO00 bhit turns into '0' and TO0O pin becomes port function)

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:

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

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 INTTMm(q 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

g: Slave channel number n<p<q(8 (p and q are integers greater than n)
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Figure 6-72 Block diagram for operating the multiple PWM output function (output of 2 PWM cases)

master control channel

(interval Timer mode)

. CKmi1 x 8
operational clock 8B . .
59 Timer count register
CKm0———— =] & — mn (TCRmn)
58 Timer data regist Termupt
TSmn 88 Imn?,: (_?SRrrengrs o control |~ interrupt signal
5Q circuit (INTTMmn)
slave channell
(single counting mode)
doral dock | CKm1 % S
operational cloc k- ® Timer count register gonrt)rtgl © Tompp
] - TCR el I mp Fin
CKmO ? mp (TCRmp) circuit
= 5 TTerrupt
g,-% Timer data register trol . .
20 mp (TDRmp) control |———=interrupt signal
=g circuit (INTTMmp)
slave channel2
(single counting mode)
_ CKm1 58
operational clock % § Timer count register outputI _
CKm0Q ® ] mq (TCRma) control |——=(@ TOmq Pin
circuit
=& TPt
55 Timer data register contrc?l ] )
29 maq (TDRmQ) - = interrupt signal
5 circuit
) (INTTMmQq)
Note: m: Cell number (m=0)n: Master channel number (n=0)
p: Slave channel number q: Dependent Channel Number
n<p<qQ 3 (p and q are integers greater than n)
172 /1033 Rev.2.05

www.changitech.com



BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

PSCT

As an example of the running basic timing of the multiple PWM output function

(output of two PWM cases)

Figure 6-73
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Remarks: 1, m: Cell number (m=0)n: Master channel number (n=0)
p: Slave channel number g: Dependent Channel Number
n<p<qgQ 3 (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, TOMg: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)

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmni[cksmno| 5 [cesmn | emme [STSmn2|STSmn1|sTSmNO | cismn1 | cismno o o MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 1 0 0 0 0 0 0 0 0 1

operation mode of Channel N
000B: Interval Timer

operation configuration when start counting
1: when start counting, generate INTTMmn

Timn Pin input edge selection
00B: set to "00B" since not used

start trigger selection
000B: only select software to start trigger.

L MASTERmN bit configuration (Channel 2)
1: master control channel

counting clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection
00B: select CKmO as operational clock of Channel n
10B: select CKm1 as operational clock of Channel n.

(b) Timer output register m (TOm)
bit

TOm TOmMnN 0: Output "0" from TOmn.
0

(c) timer output allow register m (TOEm)
bit

TOEm | TOEmn 0: Stop the TOmn output from the count
0 run.

(d) Timer output level register m (TOLm)
bit

TOLmM | TOLmn 0: "0"is set at TOMmn=0 (Master Channel
0 Output Mode).

(e) Timer output mode register m (TOMm)
bit

TOMmM | TOMmMnN 0: Sets the master channel output mode.
0

Note: TMRm2 :MASTERmn=1
TMRmMO . 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)

BAT32G137 user manual | Chapter 6 Universal Timer Unit Timer4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp CKSmp1|CKSmpO 0 CCSmp | M/S STSmp2 [ STSmpl [STSmpO [ CISmpl | CISmpO 0 0 MDmp3 | MDmp2 | MDmpl [ MDmpO
1/0 0 0 0 1 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmq | CKSMq1|CKSmqo 0 CCSmq | M/S STSmQ2 [ STSmgl|STSmqO | CISmqgl | CISmq0 0 0 MDmg3 | MDmg2 | MDmgl | MDmqgO
1/0 0 0 0 1 0 0 0 0 1 0 0 1

operation mode of Channel p and q
100B:single counting mode

start trigger during ope
1: Trigger input valid.

Timp and TImq Pin input edge selection
00B: set to "00B" since not used

start trigger selection
100B: Select master control channel INTTMmn

MASTERmMp bit and MASTERmM( bit configuration
(Channel 2) 0: slave channel

SPLITmp bitand SPLITmq bit configuration
(Channel 1, 3) 0: 16 bit Timer

Count clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel p and q
10B: select CKm1 as operational clock of Channel pand g
0 same as master control channel configuration

(b) Timer output register m (TOmM)

bit g bit p
TOm | TOmqg | TOmp 0: Output "0" by TOmp and TOmg.
1/0 1/0 1: Output "1" by TOmp and TOmq.

(c) timer output allow register m (TOEm)

bitg bitp
TOEm |TOEmq | TOEmp 0: Stops the TOmp and TOmq output from the count
1/0 1/0 run.
1: Allow TOmp and TOmq output from count runs.

(d) Timer output level register m (TOLm)

bitg bitp
TOLm |TOELq | TOELp 0: Positive Logical Output (High level valid)
1/0 1/0 1: Negative Logical Output (Low level valid)

(e) Timer output mode register m (TOMm)

bit bit
TOMm |TOMLq [TOMLp 1. Sets the slave channel output mode.
1 1

NOTE: TMRm2: MASTERmp bit, MASTERmM(q 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<qgQ 3 (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 4 initial
configuration

Timer Unit m input clock is in stopped state (stop
providing clock, not able to write into registers)

set TMAmEN bit of peripheral enable register 0 (PERO) 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
CKmO~CKm3 clock frequency

Channel Initial
configuration

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. R
Set TOEmp bit and TOEmgq to '1', enable TOmp and Tomg
output.

. . — >
Set port regsiter and port mode regsiter to ‘0",

TOmp pin in Hi-Z output state.

When port mode register set to output mode and port
register as '0', output TOmp and TOmq initial configured
wltage level.

Because channel is in operation stopped state, thus
TOmp and TOmq remains unchange. TOmp pin and TOmq
pin output TOmp and TOmq configured voltage level.
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Figure 6-77 Operation steps for multiple PWM output functions (output of 2 PWM cases) (2/2)

(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
Start operation ) . . : . o
_ channel start register m(TSm) all set to '1' at the same time. |TEmn bit and TEmp bit both turns into '1".
Because TSmn bit, TSmp and TSmq bit are all trigger bits, Master channel start counting and generate INTTMmn. Using this trigger,
thus automatically return to ‘0", —”|slave channel also start counting.
forbidden modifying TMRmn register and TMRmp register and [master channel load TDRmn register value into Timer counting register
TOMmn bit, TOMmp bit, TOLmn bit and TOLmp bit (TCRmn) and perform decremental counting. If TCRmn counts till "0000H",
configuration. then generating INTTMmn. At the same time, load TDRmn register value into
can mmodify TDRMn register and TDRmp register TCRmn register and restart decremental counting.
é configuration after master channel generates INTTMmn. Slave channel 1 use INTTMmn of master channel as trigger, will load TDRmp
o Can read TCRmn reigsrer and TCRmp register anytime. register value into TCRmp regiter and counter start decremental counting. 1
g can not use TSRmn register and TSRmp register. counting clock cycle after master chanel outputs INTTMmn, it sets TOmp
B in operation otuput wltage to valid woltage level. Then, if TCRmp count reaches "0000H",
§ then set TOmp output woltage set to invalid votlage levie then stoop counting.
g' 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 TOmq
otuput wltage to valid woltage level. Then, if TCRmq count reaches "0000H",
then set TOmq output voltage set to invalid votlage levle then stoop counting.
Thereatfter, the process repeats.
set TTmn bit (master), TTmp bit and TTmq bit(slave) to '1". TEmn bit, Temp bit and Temq turn into '0" and stop counting.
Because TTmn bit, TTmp bit, TTmq bit are trigger bits, thus = [TCRmn, TCRmp TCRmq registers hold counted value and stop counting.
L stop operation |automatically retum to '0'. TOmp and TOmg output not initialized and remains unchanged.
set TOEmp bit and TOEmq bit of slave channel to '0', and . . )
configure Tomp and TOma bit. TOmp pin and TOmq pin output TOmp and TOmq configured woltage level.
Scenarios to maintain TOmp pin and Tomq pin output woltage:
set TOmp bit and Tomq bit to '0". Y . ) .
: maintain TOmp pin and Tomq output woltage via Port function.
In case TOmp pin and Tomg output woltage does not need to
be held: no configuration requried
timer 4 stop  [set TM4mEN bit of peripheral enable register 0 (PERO) to '1' |Timer Unit m input clock is not been provided.Perform initialization to all
circuit and SFR of all channels.
(TOmp bit and TOmq bit turn into ‘0" and TOmp pin and Tomq becomes port
function)
(TOQO bit turns into '0' and TOOO pin becomes port function)
Note: m: Cell number (m=0)n: Master channel number (n=0)

p: Slave channel number q: Dependent Channel Number
n<p<qgQ 3 (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 TAO 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

timer mode Counts the count source.

The counter source is counted, and pulses with opposite polarity are output when
the timer underflows.

. Counts external events.
operation | Event Counter Mode .
mode It can also run in deep sleep mode.
pulse width
measurement mode
pulse period
measurement mode

Count Source (Runtime Clock) | You can select events entered by feLiofolk/2.feii/8.fid fsygor EVENTC.

- When the counter overflows
- At the end of the external input (TAIO) effective width measurement in pulse
interrupt width measurement mode
- When you enter the set-up edge of an external input (TAIO) in pulse period
measurement mode
- Collaboration with EVENTC: You can select events entered by

EVENTC as the count source.

pulse output mode

The pulse width of the external input is measured.

The pulse period of the external input is measured.

Select Features
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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

TCK2~TCKO
=000B

fow

=001B
few/g ——O

=011B
fewr2 O—O

fo 2 =100B
EVENTC input event ﬂo

=110B
foog ————0O data bus

TIOGT1i TIOGTO
frequent event counting =00B
Event count during INTP4 assigned -
S 9 =018 16 bit

polarity period. N
Timer output event count during signal ., =108 Other than reload
assigned poliarity period. "2 TMOD2~ TSTART register
TMODO

=010B

underflow singal

E TIMER A

0B
T™MIOD1 —O
=01B

16 bit counter

T™MIOC1 Z108 RCCPDEL1, ————O
TO02 ———=_© RCCPSELO =010B A TA
=11B counter interrupt
. To03 =15 4 p!
TIPF1l TIPFO
=01B

fCLK
=10B .
few/8 —O=113 TIPF1l TIPFO TMOD2~TMODO
fax/zz —O =01B or 10B =011B or 100B
digital Single edge / Tounter
filter O double edge polarity Control
O swtich M selection circuit measurement
l completion

_ I
=008 TEDGPL TEDGSEL singal

TEDGSEL=1 o—

° O- Bistable flip-flop |-

TEDGSEL=0 -
Q CLR
write TAMRO register.
Write "1" to TSTOP.

[
TAIOO pin [
O % TMOD2~TMODO0=001B Q CK

TAOO pin TOENA

Note:
1. To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCKO 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 TAISRO 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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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 O note: TAO
timer A control register 0 TACRO
Timer Al/O control register 0 TAIOCO
timer A mode register 0 TAMRO
timer A event pin selection register 0 TAISRO
port register x Px
port mode register x PMx

Note: When accessing the TAO 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 TAO 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

N I e I I B - B O

PERL | DACEN | TMBEN | PGACMPEN | TMMEN | DMAEN |PWMPEN| TMCEN | TMAEN

TMAEN Control of an input clock of timer A is provided

Stop provide an input clock.

0 SFR used by timer A cannot be written .
- Timer A is in a reset state.

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).
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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 WUTMMCKO bits.

RTCLPC hits 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: O00OH R/W
symbol 7 6 5 4 3 2 1 0

OoSMC | RTCLPC | 0 0 UTMCKO 0 0 0 0

Selection of a real-time clock, a run-time clock (rtc) of a 15-bit interval timer and a run

UTMCKO clock of timer A

Secondary System Clock (i)

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.

Low-speed internal oscillator clock (5, )
- 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.
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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 TACRO register. Refer to "7.4.1 Reload Registers and Counter Overrides" for details.

The TAO register is set by a 16-bit memory operation instruction. The value of the TAO register changes to
"FFFFH" after the reset signal is generated.

Figure 7-4 Format of timer A count register 0 (TAO)
Address: 40042300H  After reset: FFFFH R/W
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[ AN I N N D

d Features Set Scope
bit15~0 16-bit counter Netel.2 0000H~FFFFH

Note:

1. If you write "1" to the TSTOP bit of the TACRO register, the 16-bit counter is forced to stop and the count value
becomes "FFFFH.

2. If the TCK2~TCKO bit of the TAMRO register is not set as 'oy1g' and 511" and the TAO register is "5, 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 TAO 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 TAO register is greater than or equal to '0001H', a request signal is generate each time the TA

underflows.

Note: When accessing the TAO 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 TAO register is 1 clock.
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7.3.4 timer A control register 0 (TACRO).

The TACRO register is a register that controls the count and stop of register A and indicates the status of timer

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

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

Figure 7-5 Timer A controls the format of register 0 (TACRO)
Location: 40042240H After reset: O0OH R/W
symbol 7 6 5 4 3 2 1 0
TACRO 0 0 TUNDF TEDGF 0 TSTOP \ TCSTF | TSTART
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."
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The TAIOCO register is a register that sets the input/output of the timer A. The TAIOCO register is set by an 8-
bit memory operation instruction.

After the reset signal is generated, the value of the TAIOCO register changes to '00H'".
Figure 7-6 Format of timer Al/O control register 0 (TAIOCO)

Location: 40042241H After reset: 0OH R/W

symbol 7 6 5 4 3 2 1 0
TAIOCO | TioGT1 | TIoGTO | TIPF1 TIPFO o | Toena | o0 TEDGSEL
TIOGT1 TIOGTO 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 TIPFO 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 TAISRO register when the INTP4 or timer output
signal is used.

The 2.TIOGTO bit and TIOGT1 bit are only valid in event counter mode.
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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).

0: Output from "H" level (initial level: "H")

Ise output mode
pu utpu 1: Output from "L" level (initial level: "L")

0: Count along the rising edge
Event Counter Mode 1: Count down the descent
pulse width measurement 0: Measuring "L" level width
mode 1: Measuring "H" level width
0: Measurements are made between the rising edge of the measurement pulse and the
pulse period measurement next rising edge
mode 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 (TAMRO).

The TAMRO register is a register that sets the run mode of register A. The TAMRO register is set by an 8-bit

memory operation instruction.

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

symbol
TAMRO

Figure 7-7 Timer A controls the format of register 0 (TAMRO)
Location: 40042242H After reset: 0OH R/W
7 6 5 4 3 2 1 0
0 TCK2 TCK1 Tcko | TEDGPL | T™MOD2 | TMOD1 | TMmODO
TCK2 TCK1 TCKO Counter Source Selection Note 1, 2 for Timer A
0 0 0 fCLK
0 0 1 fcLk/8
0 1 1 foLk/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 TMODO 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:

If the event counter mode is selected, the external input (TAIO) is selected as the count source regardless of the
setting of TCKO~TCK2 bits.

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 TACRO register are "0".

The run mode can only be changed when stopping the count (both TSTART and TCSTF bits of the TACRO
register are "0") and cannot be changed during the count.

To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCKO 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.

The TEDGPL bit is only valid in event counter mode.

The outputs of the TAO pin and the TAIO pin of timer A are initialized by writing the TAMRO register. Refer to
the "Figure 7-6 Timer Al/O Control Register 0 (TAIOCO0) Format" for initialization.
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The TAISRO 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 TAISRO register is set by an 8-bit memory operation instruction.

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

Figure 7-8 Timer A Event Pin Selection Register 0 (TAISR0) Format
Location: 40042243H After reset: OOH R/W
symbol 7 6 5 4 3 2 1 0
TAISRO RCCPSEL2 |RCCPSEL1 [RCCPSELO
O O O O O Note Note Note
E[SQCPSELZ The Choice of Output Signal of Timer and Polarity of INTP4
0 Event are counted during that" L" level.
Event are counted during that" H" level.
ECCPSELl RCCPSELO Selection of Output Signal of Timer
ote Note
0 0 TMIOD1
0 1 TMIOC1
1 0 TOO02
1 1 TOO03

Note: RCCPSELO~RCCPSEL?2 bits are only valid in the event counter mode.
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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 PO1 is used as the timer output TAIO, the PMO1 position "0" of port mode register 0. Position PO1
for port register 0 "0.

To use the multiplexed ports of the timer input pins (PO1/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 PO1 is used as timer input TAIO, the PMO1 position "1" of port mode register 0. Position PO1 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."

www.changitech.com 190/ 1033 Rev.2.05



PSCT

7.4 Operation of timer A

BAT32G137 user manual | Chapter 7 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 TACRO 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
write "1" to TSTART bit of TACRO register via program
write "5678H" to TAQ register via program l write "1234H" to TAO register via program
read/write clock of H H
register

conrgsouree [ | [ [T [T U U UUU U UUUUTL

TSTART bit of
TACRO register ‘

TAO register ~ FFFFH ‘ 5678H ‘ 1234H
load signal of reload H
register

load clock of reload _L

register

counter

load clock of
counter

[
load signal of H
1 i

reload register FFFFH ‘ 5678H 1234H

Counter of TIMER A FFFFH ‘ B5678H wm|samr—{bam{wm‘5rsr{5m{wm

ST (H| e .M|1BLH“I232}-{|B|H

=]
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7.4.2 timer mode

This is the mode of decreasing count by the TCKO~TCK?2 bit selection of the TAMRO 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

counting source

%
%

reload register old value(0300H) New value(1010H) )

L]
1
]
reload counter :

Counter of TIMER A  P2FAHO2FIHOZFEHIZFTH1010H[100FH100EH sssss § s J0000H1010H100FH100EH100DH100CH100BH

TUNDF bit of
TACRO register

'

underflow e
set "0" via program

occurs

INTTMA interrupt
flag bit

~bomememmcgdenceeae-

A

accept interrupt
request
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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 TAMRO register TCKO~TCK?2 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 TAIOCO register.

In addition, the output level can be selected through the TEDGSEL bit of the TAIOCO 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

write "1" into corresponding bit of
port mode register (PMxx) used for |
TAIO functional multiplexing.

write "1" to TSTART bit of TACRO
register via program

write "0002H" to TA write "0004H" to TA
register via program _ register via program ,

counting source

TSTART bit of |
TACRO register

TAO register FFFFH | 0002H 0004H

reload register FFFFH | 0002H | 0004H

Counter of TIMER A FFFFH | 0002H |ﬂm1>-|mmﬂum-ium+lmﬂ »1mm+mu DDDz»-*m1>—*Dw—*Jm»—*mz»-+mn-+Jmn—m>-+nnH

TEDGSEL bit of TAIOCO
register
corresponding bit of port mode |

2

register (PMxx) used for TAIO
functional multiplexing.

TAO pin output

high impedance state (NOTE1)

TAIO pin output [

TUNDF bit of TACRO register k l_‘ ’
'

set "0" via program

1]
L
INTTMA interrupt flag bit |
% l A }

accept interrupt request

NOTE 1: configure to high impedance state via port output enable control of the selected TAIO function.
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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 TIOGTO~TIOGT1 bit and TAISRO register
of TAIOCO register, and filter function of TAIO input can be specified through TIPFO~TIPF1 bit of TAIOCO 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
enter into event counter mode

Y

TMOD2~TMODO bit

of TAMRO register 0108

counting Events at rising edge

00H

start event input ﬁ event input ends
[}
i

control bit of
TAIOCO register |

TSTART bit of

TACRO register |

TAIO pin event
input

Counter of TIMER A FrFFH [ Frren |FrFDH| | 0000H | FFFFH | FFFEH

| I

A

TUNDF bit of configure intial value of counter
TACRO register

set "0" via program

INTTMA interrupt | |
flag bit

A

accept interrupt request

An example of running a specified time count in event counter mode (TIOGT1 and TIOGTO bits of the TAIOCO
register are "01B" or "10B").
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Figure 7-13 Running example of event counter mode

R example of timing sequence to configure operational mode to following scenario.
TAMRO register: TMODZ2, 1, 0=010B (Event counter mode)
TAIOCO register: TIOGT1,0=01B(event count during external interrupt pin defined period)
TIPF1, 0=00B (no filter)
TEDGSEL=0 (counting at rising edge)
TAISRO register: RCCPSEL2=1(counting during H period)

TSTART bit of
TACRO register  — start event input

Note2

TAIO i eventput f ) O A

Notel

INTP4 or Timer
output Singal. "%,

Counter of TIMER A FFFFH | Frren [ FrFDH | FFFCH | Frran [Frran | Frrom [Frren
y

configure intial value of counter

The below precaution note only is relevant to the event counting mode configuration while TIOGT1 and TIOGTO bit of
TAIOCO register is configured as "01B" or "10B".

NOTEL1. 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 counting
source clock after counting starts, TSTOP bit of TACRO register shall be set to 1.

3.To timer output singal selected by RCCPSEL1 and RCCPSELO bit of TAISRO register, the pins which are allocated to
the timer output pin can not be used as other multiplex function output.
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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 TAIOCO 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 TACRO 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 TACRO 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 TACRO register, refer to "Access of the 7.5.2 flag (TEDGF and
TUNDF bits of the TACRO register).

Figure 7-14 Running example of pulse measurement mode

This is the case where the measurement is performed on the "H" level of the
measurement pulse (TEDGSEL=1 in the TAIOCO register).

n=TAO register content
FFFFH

underflow occurs

| stop measuring
| ———»!

.

content of the counter
(16 bits)

1
1
_— '
)
]

—— -
1 i Start measurmb

| ———
start measurin
; ‘g Time

0000H

TSTART bit of

TACRO register }

set"1" via program
L]

measure pulse
TAIO pin input
i
i .
: 1
INTTMA interrupt _| |_| _|
flag bit
; i
! accept interrupt request :
TEDGF hit of !
TACRO register :
1
1

A A

set "0" via program set "0" via program

TUNDF bit of
TACRO register

A

set "0" via program

www.changitech.com 196 / 1033 Rev.2.05



PSCT

BAT32G137 user manual | Chapter 7 Timer A

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 TCKO~TCK2 bit of the TAMRO
register. If the TAIO pin is inputted with a pulse of the TEDGSEL bit of the TAIOCO register, the count value is
transmitted to the read buffer at the rising edge of the counter source. At this time, the TAO 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 TACRO 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

countlngsource||||||||||||||||||||||||||||||||||||||||||||||||||

TSTART bit of
TACRO register

measure pulse input |

y— reload counter
Y

Counter of TIMER A 0300H }]ZFFI-IDZFEI— 0300+2FF+2FE-|02FDH 02FCHF2FBI-|{]2FA+2FQ+2FB+2W 0300H|[]2FFI-E e i sses I:)OOH-{DOOO}-{DSOOH 32FFI+]2FEH
I |

[ |

1
read content of buffer 0300H FZFF 02FEH :|2FB+2FA+2F9+2FB 02F7H o i e |DOU1I-{UZ)OUH 03m+2FFH
L

L

-
>

NOTE1)

[

U read counter value ¢

read signal of the

|

P T T

1

1

1

' 1

1 1

1 1

1 1

1 1

counter H )
(Note2)  02FEH E (Note2) ,02F7H i

read data : !7 :
| ! V) :

1 1

" (Note3) (Note3) ! 1
TEDGEF bit of TACRO :
register !

A ' A '

set "0" via program _t
TUNDF bit of TACRO (Note4)

register

INTTMA interrupt flag bit I |

t accept interrupt request

This is the scenario done while TAO register initial value as "0300H" and TEDGSEL bit of TAIOCO register set to 0 and measurement done before
pulse arises.

set "0" via program
(Note5)

-

Notel.reading TAO 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 TAO regsiter, thus, if the TAO register is not read before the input valid edge, it will remain the measurement result of previous
cycle.

2.if reading TAO register in pulse period measurement mode, the read value is the content of read buffer.

3.TEDGF hit of the TACRO 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 TACRO register must be set to 0 via 8 bit operation instruction if program wants to set it to 0.

5. TUNDF bit of the TACRO register must be set to 0 via 8 bit operation instruction if program wants to set it to 0.

www.changitech.com 197 /1033 Rev.2.05



PSCT

7.4.7 Collaboration with EVENTC

BAT32G137 user manual | Chapter 7 Timer A

The ability to set events entered by EVENTC as count sources by working with EVENTC.

The TCKO~TCK2 bits of the TAMRO 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 (ELSELRnN) 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
TAIOCO register
operation mode TOENA bit TEDGSEL bit TAO Pin Output
1 invert output
All mode ! 0 forward output
0 Oor1l Suppress Output

Table 7-7 TAIO Pin Settings

TAIOCO register
operation mode PMXX Bitmap TEDGSEL bit Input/Output of TAIO Pin
timer mode Oor1l Oorl Input (not used)
Suppress Output (Hi-Z
1 Oorl Output)
pulse output mode forward output
0
0 invert output
Event Counter Mode
pulse width measurement
mode 1 Oorl Enter
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 TACRO register's TSTART bit is written "1" during count stop, the TACRO 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 ety 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: TAO, TACRO, TAIOCO, TAMRO,TAISRO

- Event Count Mode or Case with Count Source set to EVENTC

If the TSTART bit of the TACRO register is written "1" during count stop, the TCSTF bit of the TACRO 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" not,

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: TAO, TACRO, TAIOCO, TAMRO,TAISRO

7.5.2 Access to flags (TEDGF and TUNDF bits of the TACRO register)

If you write "0" to the TEDGF and TUNDF bits of the TACRO 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 TACRO registers, the
TEDGF bit and TUNDF position "0" may be mistimed during instruction execution. The TACRO register must be

accessed through the 8-bit memory operation instruction.

7.5.3 Access to a counter register

When writing the TACRO 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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The Run Mode Correlation register (TAIOCO, TAMRO, TAISRO) for timer A can only be changed when the TACRO
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 I1/0. 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 TACRO 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 TAMRO register).

(5) Wait until the TCSTF bit to the TACRO 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~TMODO position of the TAMRO register must be "000B" and the
The TOENA location of the TAIOCO 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.

TAO register, TACRO register, TAMRO register, TAIOCO register, and TAISRO 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 TACRO
register. TAO register, TACRO register, and TAMRO 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 TIPFO 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 flL as Count Source

To select fIL as the count source, the secondary system clock must be supplied with the WUTMMCKO 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

fCLKa fCLK/2a fCLK/4a fCLK/8a

fCLK/32
o
<:>| TBregister [
/‘\,::} TBGRA register | comparator
n CUUITET
= TBGRBregister | — = source  |@——— ) TBCLKO
- selection
[ TBGRC register |—» crouit | T TBCLK1
(=) TBGRD register |——» <—(_) TBIOO
0
§ \,/':H TBMR register |—p TIMER B control circuit - Ll ) TBIO1
Q W {==){ TBCNTC register |——m|
== TBCRregister |——»
= TBIERregister |—»
<:>| TBSR register I—b-
g Timer B
TBIOR regist ® interrupt singal
WC:H register  —— (INTTMB)
Table 8-1 Pin structure of timer B
name of the feet Port_nam_e for Input/Output Features
multiplexing
- Phase count mode
Phase A input
TBCLKO P00 Enter - Input of external
clock 0 in non-
phase count
mode
- Phase count mode
phase B input
TBCLK1 PO1 Enter - Input of external
clock 1 in non-
phase count
mode
- Timer mode (output comparison
function)
Output of TBGRA output
comparison
TBIOO P50 Input/Output - Timer mode (input capture
function)
TBGRA Input Captured Input
A PWM mode
PWM output
- Timer mode (output comparison
function)
Output of TBGRB output
TBIO1 P51 Input/Output comparison
- Timer mode (input capture
function)
TBGRB Input Captured Input
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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 B
timer b general register a TBGRA
timer b general register b TBGRB
timer b general register ¢ TBGRC
timer b general register d TBGRD
port register Pxx
port mode register PMxx
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The PERL1 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 PERL1 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: O0OH

2R N o IO B ) B B B

PER1 | DACEN \ TMBEN ‘PGACMPEN‘ TMMEN ‘ DMAEN IPWMPEN‘TMCENNote1 TMAEN

TMBEN Control of input clock of timer B is provided

Stop provide an input clock.
0 - SFR used by timer B cannot be written.
- Timer B is in the reset state.

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).
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8.3.2 timer B mode register (TBMR)
Figure 8-3 Format of timer B mode register (TBMR)
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Address: 40042650H  After reset: OOH

s [ [ ] [ [ [ [ [

TBMFi.TBSTART |TBELCICE |TBDFCK1 |TBDFCKO | TBDFB | TBDFA |TBMDF |TBPWM |

TBSTART Start of TB Count
0 The count is stopped and the PWM output signal (TBIOO 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 |TBDFCKO Selection of clocks for digital filter functions Note 1
0 0 fcLk/32
0 1 fcLk/8
1 0 fCLK
1 1 Clock for TBTCKO~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

TBDFA The Choice of Digital Filter Function of TBIOO 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

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 TBTCKO~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".

www.changitech.com 206 /1033 Rev.2.05



PSCT

8.3.3 Timer B count control register (TBCNTC)

BAT32G137 user manual | Chapter 8 Timer B

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

smbol_[7]  [6] l 4] [s] [2] [s]  [o]

TBCNTC |CNTEN7 |CNTEN6 |CNTEN5 |CNTEN4 | CNTEN3 | CNTEN2 | CNTEN1 |CNTENO |

CNTEN7 Allowed for Count 7
0 invalid
1 incremental count

The TBCLKO input is an ‘L' level and at the rising edge of the TBCLK1 input

CNTENG6 Allowed 6 for Count
0 invalid
1 incremental count

TBCLK1 input is an 'H' level and at the rising edge of the TBCLKO input

CNTENS Allowed 5 for Count
0 invalid
1 incremental count

The TBCLKO 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 TBCLKO input

CNTENS Allowed 3 for Count
0 invalid
1 decremental count

The TBCLK1 input is an 'H' level and at the descent edge of the TBCLKO input

CNTEN2 Allowed 2 for count
0 invalid
1 decremental count

The TBCLKO 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 TBCLKO input is rising

CNTENO Allowed 0 for count
0 invalid
1 decremental count

The TBCLKO input is an 'H' level and when the TBCLK1 input is rising
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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: OOH

smbol[7]  [e] I (4] [s] 2] [#]  [o]

TBCR | |TBCCLR1 |TBCCLRO |TBCKEG1 |TBCKEGO | TBTCK2 | TBTCK1 | TBTCKO |
TBCCLR1 |[TBCCLRO 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 |TBCKEGO 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 TBTCKO 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 rcLk/32
1 0 1 Input for TBCLKO
1 1 1 Input for TBCLK1
Oher than above Disable setting.

Note:1. In phase count mode, the settings of TBTCKO~TBTCK2 bits, TBCKEGO bits and TBCKEGL1 bits are invalid, so the
operation of the preferential phase count mode is invalid.
The 2.TBCKEGO bit and TBCKEGL.1 bit are valid when the TBTCKO~TBTCK2 bit is set to an external clock (TBCLKO,
TBCLK1), otherwise they are invalid.
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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: 0OH R/W
symbol 6 5 4 IE’
TBIER 0 0 0 0 |TBOVIE | TBUDIE | TBIMIEB | TBIMIEA |
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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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
sl 76 s [4]

o]

TBSFi 0 0 0 | TBDIRF | TBOVF | TBUDF | TBIMFB | TBIMFA |
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,
Refer to Table 8-3 Conditions marked "1".

[Condition for "1"]

TBUDF

overflow mark

[Condition for '0']Read and write "0" Note 2,
Refer to Table 8-3 Conditions marked "1".

[Condition for "1"]

TBIMFB

Enter capture/compare match flag B

[Condition for '0)Read and write "0Q"Notes 2,
Refer to Table 8-3 Conditions marked "1".

3. [Condition for "1"]

TBIMFA

Enter capture/compare match flag A

[Condition for '0'JRead and write "0"Notes 2,
Refer to Table 8-3 Conditions marked "1".

3. [Condition for "1"]

Note:

1. The TBOVF bit changes to '1' when the counter value of timer B changes from 'FFFFH' to '0000H. In addition, the
TBCCLRO bit and the TBCCLRL1 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 O 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".
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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

A Timer B interrupts the state of the Permit Register (TBIER)

I Allow
d |TBOVIE ITBUDIE TBIMIEB ITBIMIEA

TBIER |0 0 8

0 0 0 o | 1 | o o | 1

Disallow int
A Status of timer B status register (TBSR)
Bit to clear request
e r—————

o 0 0 TBDIRF | TBOVF | TBUDF | TBIMFB J TBIMFA
TBSR

0 0 0 0 o | 1 | 1 0

The status flag corresponding to the bit that allowed Merrupt (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
A Timer B interrupts the state of the Permit Register (TBIER)

Allow
4

TBOVIE |TBUDIE [TBIMIEB JTBIMIEA
0 0 0 0 0 0 0 | 1

Qx
Qx
Qx
Qx

TBIER

A Status of timer B status register (TBSR)

Bit to clear
reguest
0 0 0 TBDIRF TBOVF TBUDF TBIMFB TBIMFA
TBSR
0 0 0 0 0 1 | 1 1

The status flag (TBIMFA) corresponding to the bit that auewid—the—meiupt 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"
Timer Mode Note 1
bit symbol - - 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 Not 2 When TB and TBGRB have the same value
TBIMFA Input Edge for TBIOO 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.
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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

7l fel  fs| fel s f2[  [r]  ]o]
TBIOR ‘ TBBUFB l TBIOB2 l TBIOB1 l TBIOBO | TBBUFA | TBIOA2 | TBIOAL | TBIOAO |

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 TBIOBO 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 TBIOBO 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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TBIOAl TBIOAO 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.

TBIOAL TBIOAO TBGRA control
0 0 TBIOO's rising edge
0 1 TBIOO's descent edge
1 0 TBIOO'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 TBGR] 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)
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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 '1l' 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

F23 N I N N D N

5} Features Set Scope

bit15~0 Increase/decrease counts are performed in phase count mode and 0000H~FFFFH
increase counts are performed in other modes.
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8.3.9 timer b general register a, b, ¢, 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'l'. 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

i A O

d 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
TBIOR (TBIOA2=1) . .
TBGRA TBMR. (TBPWM=0) Enter a capture register (holds the value of the TB register)
input capture
TBIOR (TBIOB2=1) . .
TBGRB TBMR. (TBPWM=0) Enter a capture register (holds the value of the TB register)
TBIOR (TBIOA2=0) Output (_:omparison register (stort_ed and TB register
TBGRA TBMR. (TBPWM=0) comparison value, when comparison matches
output i TBIOO0 output setting)
comparison TBIOR (TBIOB2=0) Output comparison register (stored and TB register
TBGRB _ comparison value, when comparison matches
TBMR. (TBPWM=0) K
TBIO1 output settina)
Output comparison register (TBIOO output "H" level at
TBGRA comparison match)
PWM TBMR. (TBPWM=1) Output comparison register (TBIOO output "L" level at
TBGRB .
comparison match)
TBGRC [TBIOR (TBBUFA=0) Not used.
TBGRD [TBIOR (TBBUFB=0) Not used.
Buffer register for TBGRA (and TBGRA for transfer)
When TBIOA2=1
The previous input capture value is taken from the TBGRA by
TBGRC [TBIOR (TBBUFA=1) entering the capture signal.
When TBIOA2=0
common 'The next comparison expectation value is transferred to the
TBGRA by comparison matching of TB and TBGRA.
Buffer register for TBGRB (and TBGRB for transfer)
When TBIOB2=1
The previous input capture value is taken from the TBGRB by
TBGRD [TBIOR (TBBUFB=1) entering the capture signal.

When TBIOB2=0
'The next comparison expectation value is transferred to the
[TBGRB by comparison matching of TB and TBGRB.

Note: If the TBTCK2~TBTCKO position of the TBCR register is '000B' (s ) 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
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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/TBIOQ 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/TBIOO 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.
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8.4 Operation of timer B
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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 TBTCKO~TBTCK2 bit, TBCKEGO bit, and TBCKEG1 bit of

the TBCR register are invalid.
Table 8-5 Selection of Counting Source

count source selection method

The counting source is selected by the TBTCKO~TBTCK?2 bits of the TBCR
register.

The TBTCK2~TBTCKO bits of the TBCR register are "101B" (TBCLKO
input) or "111B" (TBCLK1 input).

Valid edges are selected through the TBCKEGO and

TBCKEG1 bits of the TBCR register. The corresponding bit

of the port mode register is "1" (input mode).

fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32

TBCLKO Pin and TBCLK1
External Input Signal for Pins

Figure 8-12 Block diagram of count source
TBTCK2~TBTCKO
fek o008
=001B
fcik/2
=010B
fck/4 O
=011B counting source
fck/8 O TB register
=100B
fcLk/32 O
=101B
tBcLko () 0O

=111B

tecLk1 ()

Remark: TBTCLK2~TBTCLKO: TBCR register bits

The external clock input by the TBCLK]j pin (j=0,1) must have at least 3 clock cycles of runtime (sc k) 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.

A
A

TBGRA buffer register: TBGRC register
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)

Transfer the contents of the buffer
register to the TBGRA

PWM mode Comparison matching of registers (TBGRB) register.
Figure 8-13 Buffer Operation for Input Capture
TBIOO input
(input capture singnal)
TBGRC TBGRA TB
register \I register register
TBIOO input
I
:
TB register n-1 X n X n+1

Y
L)
' transmit
|

TBGRA register m J Y n
>, L
\ transmit
|
TBGRC register X N m
(buffer)

above diagram condition as following:

TBBUFA bit of TBIOR register is 1 (TBGRC register is the buffer register of TBGRA)
TBIOA~TBIOAO bit of TBIOR register is "100B" (input capture at rising edge)
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Figure 8-14 Buffer operation for output comparison function

compare matching signal

TBGRC TBGRA B
register register >| comparator e register

TB register m-1 X m m+1

TBGRA register m

transmit

KH

\-- -

TBGRC register
(buffer)

TBIOO output

above diagram condition as following:
TBBUFA bit of TBIOR register is 1 (TBGRC register is the buffer register of TBGRA)
TBIOA2~TBIOAO bit of TBIOR register as "001B" (while compare matching, output "L" voltage level).
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(3) digital filter
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The TBIQj 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

TBTCK2~TBTCKO TBDFCK2~TBDFCKO
feik =000B =00B
=001B fCLK/32
fok2 —— = & =01B
=010B fCLK/8 Wo
[ — et =
fcLk/4 - fork =108
=011B =11B
fclk/8 ——— O o]
=100B counting source
fclk/32 ——— 0
TBCLKO oﬂo perform synchronization
through 2 stages trigger
TBCLK1 1118
Operational clock of TIMER B sample clock
fok |
DF
C C C C
identical signal edge 1
TBIOj input signal D Q D Q D Q D Q —— detection circuit |——{ detection O
Latches Latches Latches Latches (trigger output) ciruit
i :
0

TBIOAO~TBIOA2
TBIOBO~TBIOB2

Y

edge
detection
circuit

TBTCK2~TBTCKO
clock period selected via TBDFCLKO and
TBDFCLK1.

sample clock

] 1 I
é é é é A A &
A A T
TBIQj input signal

all 3 signals are same, Itis
treated as signal change.

)____-
P--=--=
)_____

input singal after digital C__‘\

filter
\ / the max signal transmit delay

as long as 1 out of 3 times the signal is not is 5 sample clock cycles
identical, the signnal will be discarded as
noise and not been transmitted.

A
)

Note j=0, 1

TBTCK2~TBTCKO: bits of TBCR register
TBDFCKOI TBDFCK1l TBDFAI TBDFB: bits of TBMR register
TBIOAO~TBIOA2I TBIOBO~TBIOB2?: bits of TBIOR register
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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

TBIOO edge detection via TBIOAO and TBIOAL1 bit
(TBPWM=0, TBIO02=1) g on via an 'S

output comparison function
(TBPWM=0, TBIO02=0)

PWM mode (TBPWM=1) Comparison and matching of TB register and TBGRA register

Comparison and matching of TB register and TBGRA register

Note: TBPWM:bit of TBMR register
Bit of TBIOAO, TBIOAL, 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 TBIOBO and TBIOB1 bits

output comparison function
(TBPWM=0, TBIO12=0)

PWM mode (TBPWM=1) Comparison and matching of TB register and TBGRB register

Comparison and matching of TB register and TBGRB register

Note: TBPWM:bit of TBMR register
Bit of TBIOBO, 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 (TBIOO, 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 TBCLKO and TBCLK1 pins (program selection of effective edges)

Count

incremental count

counting period

When the TBCR register has a TBCCLR1 bit and a TBCCLRO 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 TBIOO and TBIO1 pin inputs)
- Overspill of TB register

Functions of pins

TBIOO Pin and TBIO1

I/O port or input captured input (select by pin)

TBCLKO Pin and

The Function of TBCLK1

I/O port or external clock input

Pins
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 TBIOO 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 )
(1) must configure TBGR]j register(j=A,B) as input
capture register via TBIOR regsiter, and select capture

select input of input capture 1) 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.

start counting (2)

\/

<Input capture in operation>

(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 ;¢ k. 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

fck J

TBIOO/TBIOL input

input capture signal (input signal) |

TB register N

TBGRA/TBGRB register X N
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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 TBIOO 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

Value of TB register
TBIO1

A
e
0180H  p==-=m=smssossossossossossossossosooopQoos

0160H

0005H

0000H »  Time
TBIOL input |
TBIOO input ¢ A
Y
TBGRA register X 0005H X 0160H ><

TBGRB register :X X 0180H

It is possible to clear the count when an input capture A or an input capture B occurs by setting the TBCCLRO bit
and the TBCCLR1 bit of the TBCR register. Figure 8-18 is an example of running with the TBCCLR1 bit and the
TBCCLRO 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)
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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
TBIOO 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 TBCLK]j pin (program selection of effective edges)

Count

incremental count

counting period

- When the TBCCLR1 and TBCCLRO bits of the TBCR register are "00B" (free running)
1/fk  65536fk: Frequency of the count source

A When the TBCCLR1 bit and the TBCCLRO bit of the TBCR register are "01B" or "10B" at
TBGR]j
Compare settings for the 1/fk(n+ )n:TBGR}j
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 TBGR;j register)
- Overspill of TB register

TBIOO Pin and TBIO1
Functions of pins

I/O port or output compared output (select by pin)

TBCLKO Pin and
The Function of TBCLK1

I/O port or external clock input

Pins
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 TBIOO 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 TBGR]j registers
- Buffer Run (see "8.4.1 (2) Buffer Run")

Remark =A, B
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(1) Examples of set-up steps for comparing matched waveform outputs
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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

( output selection )

(1) must select compare matching output via TBIOR register
between "L" voltage output, "H" voltage input and
switching output. If configure as waveform output mode,

select waveform output mode | (1) the port is the output pins (TBIOO, TBIO1) of compare

matching. Before first compare matching, the output
voltage level of compare matching pin is determined by

TBIOAO and TBIOAL of TBIOR register, TBIOB must

configure output conigure TBGRA regsiter and TBGRB register compare

fiming sequence 2) matching occuring timing sequence.

(2) must conigure TBGRA regsiter and TBGRB register
compare matching occuring timing sequence.

start counting @) (3) must set TBSTART bit of TBMR register to 1, and start

counting of TB register.

\{

<waveform output>

(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 (TBIOO, 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

S N R B
T8 input clock ] [
TB register N X N+ X N2
TBGRA register N
TBGREB register N1

compare

matching A signal

(internal Signal)
compare

matching B signal

(internal Signal)

TBIOO output X

TBIO1 output X
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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

Value of TB register
A
FFFFH

TBGRB register

TBGRA register
0000H P» Time

. . o I

TBIO1 output i ! remain unchan i remain H voltage
: ' ged :
= g unchanged |eyel output

TBIOO output remain unchanaed i remain L voltage

é €main unchange (‘)MgMevel output

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 (TBIOO, 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 (TBIOO, 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 TBIO0O, TBIOO01,
TBIO10, and TBIO11 bhits through the TBIOR register are set to L level output). By setting the TBCCLRO bit and
TBCCLRL1 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

Value of TB register

clear counter while TBGRB register compare matching

TBGRB register

TBGRA register

0000H

TBIO1 output

switching output
TBIOO output

switching output
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The PWM mode pairing uses the TBGRA register and the TBGRB register to output the PWM waveform from
the TBIOO 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 TBIOO 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

fCLK, fCLK/2, fCLK/4, fCLK/8, fCLK/32
TBCLKO,External input signal for the TBCLK1 pin (program selection of effective edges)

count source

Count incremental count

- Set the "H" level output timing of the PWM waveform to the TBGRA register.

PWM waveform - 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 |- Comparison matching (same contents of TB register and TBGR] register)
interrupt requests - Overspill of TB register

TBIOO Pin Functionality | PWM output

TBIO1 Pin Functionality |[1/O port

TBCLKO Pin and
The Function of TBCLK1 |1/O port or external clock input

Pins
read timer If you read the TB register, you can read the count value.
write timer Can write TB register.

- Time-overflows of TB registers set to
"0000H" or comparison matching of
TBGRj registers

- Buffer Run (see "8.4.1 (2) Buffer Run")

Select Features

Notes: j=A, B
Table 8-12. Combination of PWM output pin and register
output pin "H" level output "L" level output
TBIOO 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
( PWM mode ) (1) must select counting source via TBTCKO~TBTCK2 bit of TBCR register.

When select external clock, must select external clock edge via TBCKEGO
bit and TBCDEG1 bit of TBCR register.

(2) must select clear source of counter via TBCCLRO bit and BCCLR1 bit of

select clock of the @) the TBCR register

counter

(3) must configure PWM output waveform "H" voltage level output timing
sequence via TBGRA register

select clear source of the

nter @) - imi
counte (4) must configure PWM output waveform "L" voltage level output timing
sequence via TBGRB register
configure TBGRA 3) (5) The PWM mode must be set via the TBPWM bits in the TBMR register.

When setto 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
configure TBGRB @) 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 TBIOO 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.

configure PWM mode (5) (6) .must set TBSTART bit of TBMR register to 1, and start counting of TB
register.
start counting (6)
<PWM mode>

(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 TBIOO pin automatically
becomes the output pin when set to the PWM mode. However, the TBIO1 pin is used as an /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 TBIOO 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 TBIOO Pin and the Correspondence of the
Counter Scavenging Source

Counter Clear Source Initial state of the TBIOO 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 TBCCLRO bit of '00B' (no clear), the TBIOO pin has H level.
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Figure 8-24 Running example of PWM mode (1)

Value of TB register

A clear counter while compare matching A.

TBGRA register

TBGRB register

0000H

TBIOO output

(a) clear counter while TBGRA register compare matching -

Value of TB register
A clear counter while compare matching B.

TBGRB register

TBGRA register

0000H

TBIOO output

(b)clear counter while TBGRB register compare matching

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)

Value of TRG register
A clear counter while compare matching B.

TBGRB register ~ p----=--e-eoaaod-=-

TBGRA register

0000H

TBIOO output

write configuration value write configuration value
into TBGRA register into TBGRA register

(a)Duty cycle 0%.

Value of TB register
A clear counter while compare matching A.

TBGRA register ~ f============--q---

TBGRB register

0000H

TBIOO output

write configuration value write configuration value into
into TBGRB register TBGRB register

(b) Duty cycle100%
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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 TBCLKO pins and the

TBCLK1 pins and the TB register performs decrement.

When the PMxx bit of the PM register is "1", the TBCLKO pin and the TBCLK1 pin are automatically used as the
external clock input pin, and the TB register counts according to the CNTENOCNTENT7 bit setting of the TBCNTC
register. However, since the TBCR register has valid TBCCLRO 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 TBCLKO pin and the TBCLK1 pin according to
the CNTENO~CNTEN?7 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 TBCLKO/TBCLKL1 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.

interrupt requests

Generation sequence of

- Input capture (valid edge of TBIOO/TBIO1 input)

- Comparison matching (same contents of TB register and TBGRA/TBGRB register)
- Overspill of TB register

- Underflow of TB register

TBIOO Pin Functionality

I/0O port, input captured, output compared, or PWM output

TBIO1 Pin Functionality

1/O port, input captured, or output compared

TBCLKO 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 CNTENO~CNTEN?7 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 4 H v L "H* v L 4
TBCLKO Pin v 4 H v v "L 4 "R
CJEENNOTNEEEE;?ZHS CNTEN7 | CNTEN6 | CNTENS | CNTEN4 | CNTEN3 | CNTEN2 | CNTENL | CNTENO
Counter Directional +1 +1 +1 +1 1 1 1 1

Note

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.
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(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
Ghase counting mode>
(1)must set TBMDF bit of TBMR register to 1,
select phase counting mode
select phase counting mode | (1) (5)myst set TBSTART bit of TBMR register to 1,
and start counting of TB register.
start counting (2)
\/

<phase counting mode>

(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 TBCLKO pin and the TBCNTC register are set according to the
CNTENO~CNTEN?7 bit

Both the rising( 5 ) and falling edges( i ) of the TBCLK1 pin count up and down

Figure 8-27 Running example of phase count mode 1

while TBCNTC register value as "FFH"

& < © I I—QT
TBCLK1 input ! ) i : |
S S e N e au B A S

TBCLKO input

Value of TB register ;

A

increrent !

5 deqiremqfnt
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Figure 8-28 Running example of phase count mode 2
whlie TBCNTC register value as "24H"

TBCLK1 input | ) | 1 [ v | v | { {
: : : ; i :
[ ] ] ] 1 1
. A A ] ] ] 1
TBCLKO input b b | ' ] d'a 'I
[ [ . . i
Value of TB register ' : ' T i ' |
[ ] 1 ' ] 1 1
4 : i i E E i :
] ] ] ] ' ] 1
increment i i ' |
' ' dgcrement ]
i i i : i
[] 1 [} ]
—_— [ ) [} ]
] ) ] [} ]
| 1 ] 1 1 i
] ] ] [} (]
1 1 ] 1 1 ,4|
I ] ] ' H |
1 1 1 1 1 H
1 1 1 1 1 H
i ] ] ' H 1 ]
[ ] ] ' ' ] ]
H i H ! . . —3p Time
Figure 8-29 Running example of phase count mode 3

while TBCNTC register value as "28H"

Y Y Y

T 4 "4

TBCLK1 input | | | ¥ | i | ' ' |
[} ] ]

[} ] ]

I ] I

| S

]
]
]
1
]
]
]
]
]
]
]
]
1
]

TBCLKO input

Value of TB register

A

S | S

I
I
o
=
I
I
I
I
I
I
I
I
I
I
I

———m e -~

increment 1 decrement
I
I

]

P» Time

Figure 8-30 Running example of phase count mode 4
whlie TBCNTC register value as "5AH"

TBCLK1 input | @ | | M | | b | | ® | | P | |
1 1 1 ] 1
l ! l ! | i ! l !
TBCLKO input I | i ! ! 1 , ‘
l ! l ! | i ! l !
Value of TB register | i ' I ' ' | ' I
' ! I : 1 ' ! ' !
I I I
A | ' | I | H I | I
| ! I ! | ' ! | !
. L
1 ] L}
: i incrempnt ~ d{ecremen’i
o : : |
L o I
I | !
| . | | : " | | I
| | l ! | i ! l !
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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
: Interrupt interrupt request interrupt mask . _
Sft:rt(:ir:igrls;er Admission flag flag priority assgnment flag
R.eglster for (Register) (Register) (Register)
. TBPRO (PRO2H)
Timer B TBSR TBIER TBIF (IF2H) TBMK (MK2H) TBPRL (PR12H)

Figure 8-31 Block diagram of timer B interrupt

\ :
Timer B interrupt request
IMIEB bit —}
UDF bit ——
UDIE bit —

IMIEA bit ——

IMFA bit _ﬁ
|/

IMFB bit

OVF bit ——

OVIE bit =

IMFA, IMFB, UDF, OVF: TBSR register Bits
IMIEA, IMIEB, UDIE, OVIE: TBIER register Bits

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:

A When the bit of the TBSR register is '1' and the corresponding bit of the TBIER register is '1'
(interrupt allowed), the BitO bit of the IF1D register becomes '1'.

A 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.

A Because even if you accept interrupts, the TBSR register members do not automatically become
"0", you must "0" these locations in the interrupt.

A 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
A Timer B interrupts the state of the Permit Register (TBIER)

+ + Allow
I
TBIER o o) o) d TBOVIE JTBUDIE JTBIMIEB ITBIMIEAI
1

|
0 0 0 o | 0 o | 1
| Disallow interrupt
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A Status of timer B status register (TBSR)

TBSR

+—{ Bit to clear request

)

)

TBDIRF

TBOVF

| TBUDF | TBIMFB

TBIMFA

0

0

0

0

| L

0

The status flag corresponding to the bit that allowed the—i&errupt (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
A Timer B interrupts the state of the Permit Register (TBIER)

TBIER

TBSR

Allow Interrupts

3 3 3 3 TBOVIE | TBUDIE JTBIMIEB JTBIMIEA
0 0 0 0 0 0 I 0 1 I
Disallow interrupt}J
A Status of timer B status register (TBSR)
Bit to clear request
o} 0 0 TBDIRF | TBOVF TBUDF J TBIMFB J TBIMFA
0 0 0 0 0 1 ] 1 1

The status flag (TBIMFA) corresponding to the bit that aHewid—t-he—'m&eiupt is the

"1", so you must write "0" to both TBIMFA and TBIMFB.
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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 TBCLKO 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
' phase ! ! phase ! ! pulse ! ! pulse !
| X difference "~y 1% difference | :‘_ width | :‘__ width _):
| : | | : l | |
: 1 : I : : I 1
TBCLKO input I l : |
—_— : : : —
I 1 I I 1 1
1 1 I 1 1 [}
T 1
TBCLKL input ' |
— : i
: : : : :
1 1 I 1 1
1 1 I 1 1
: | | ] 1 phase difference, overlap: at least 1.5 fCLK
' overiap P ' overiap P! pulse width: At least 2.5 fCLK

8.6.2 mode switching

A To switch modes during the run, you must switch after "0" (stop count) of the TBSTART location of the
TBMR register.

A 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

A 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 TBTCKO~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 TBIOO and TBIOL1 pins

After reset, the TBIOO pin and the TBIO1 pin's multiplexing I/O port are used as input ports.

A When you want to export from the TBIOO 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 TBIOO and TBIO1 pins.

3) Set the bit of the port mode register corresponding to the TBIOO pin and the TBIO1 pin to output mode
(starting with the TBIOO pin and TBIO1 pin).

4) Start counting (the TBSTART bit of the TBMR register is "1").

A To change the bit of the port mode register for the TBIOO 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 TBIOO and TBIO10 pins to the input mode
(starting with the TBIOO and TBIO1 pins).

2) Set as input capture.

3) Start counting (the TBSTART bit of the TBMR register is "1").

A When you switch the TBIOO 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 TBCLKO and TBCLK1

The external clock input by the TBCLK] pin (j=0,1) must have at least 3 clock cycles of runtime (;c| ) 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 (TBIOO
pin and TBIO1 pin), the TBDFCKO 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 TBDFCKO bits after reset.

In addition to external input pins (TBIOO, 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 TBIOJj0 bit and TBIOj1 bit of the TBIOR register select edges, which generate input capture interrupt
requests on the valid edges of TBIO O/TBIO1 inputs

(=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
froco, fow, fow/2, fow/d, fowd/B, fow/32
Timer C pemmmsssssspessssssssss .
- ] L]
;‘—:> TC ! counter source !
! selection- H
] L]
K———{__ TCBUF i :
@ i i
] L]
= TCCR1 — ;
‘('U' ] . n
Timer control
0 TCCR2 G— ;
] L
] L]
) TCSR . i ;
K % :
] L
] L
] L
Trigger event from Timer M | >: H
] L]
; i
Trigger event from Comparator 1 | >', H
: i
1 ]
l----------...-...‘----:
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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 TCBUFO
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 bitl (TMCEN) to "1" when you want to use timer C. The PERL1 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: 00OH R/W
omed  [1] [5] [5] [ [ [ [ [f]
PERL | DACEN | TMBEN | PGACMPEN | TMMEN | DMAEN |PWMPEN| TMCEN | TMAEN]
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, f{CLK must be set to fIH before bit2 (TMCEN) ot 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).
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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

LA AN N DO

o] 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=L1.

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

Jicc A N N N N B

o] Features Set Scope

bit15~0 When the interruption of comparator 1 occurs, the value of TC 0000H~FFFFH
register is transferred to buffer register

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=L1.
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9.3.4 timer C control register 1 (TCCR1)

symbol
TCCR1

Figure 9-5: Timer C controls the format of register 1 (TCCR1)

Address: 0x40042C54 After reset: 00H R/W
7 6 5 4 3 2 1 0
TCK2 TCK1 TCKO START_MD[TRIG_MD_SW| TRIG_MD_HW |TM_TRIG| OVIE
TCK2 TCK1 TCKO 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 setto 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 TMO (TSTARTO 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

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=L1.
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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

0 0 0 0 0 CMP_TCR1|CMP_TCRO TSAT

CMP1 TCR1 | cMP1 TCRO 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
The Timer C count value is transferred to the buffer register,
1 1 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.
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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

symbol
TCSR

After reset: 00H R/W

0 0 0 0 0 0 TCSB TCOVF
TCSB Timer C Counter Status Flag “'¢*

0 Count stopped

1 Counting
TCOVF Overflow Status Flag Bit for the TimerC Counter ot 23

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=L1.
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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 TCCRL1.
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) Selectthe 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)

e LA AN R AR AR A

TCCR1.START_MD

TCCRLTM_TRIG ::)( E : : Ob i E
TCCR1.TRIG_MD_HW i i i i i. ::
satsgnafomtvo 141+ r i v T
TCCR2.TSTART E_l E E i i i i ': :. E L i
TCoounting 1 o0t 0000 0001:X[0002'X 0003 X 0004X 00080006 X 0000'X 000110002
M countng T 5500 oom;l)(oooz:}( 0003) 0008 (0005 Y0006 0007

- -

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 I | I | | ‘ | I | | | | I | | | | | I | I | I |
1

TCCR1.START MD !
I
|

TCCRLTM_TRIG X
I

0Ob

TCCR1.TRIG_MD_HW

I
I
I

start signal from TMO .'—,_J
| )
[}

TCCR2.TSTART

|

1
1 1 1 |

"Y0001; X0002'X 0003; X 0004 X 0005, 0006,X 0007:X 0008X 0009
1 | 1 ] I ] i []

I

|

|

|

|

|

|

]

|

|

i

|

|

|

|

X_0001: X 0002 X 0003.;)( 1 0004 | 1X_0005:X 0006:X 0007
| ! ! i | ' !

| 1
1
: :

TC counting b( i 0000
500"
1 1
! :

1
TM counting X
1
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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

FRESISToISTS

I 1 1 ] 1
] ! 1 1
1 1
TC counting source | | I | I | | | l

' I
]
TCCRL.START_MD ! \
| !
TCCR2.TSTART l_l

i i
TC counting D( 0000
! 1

1
L
]
1

0005 X 0006,X0007 X 0008 X 0009 X 000A
[ I 1 1 1

I
|

0001!X0002 ;X 0003 X 0004
1 1

---lGb---}
-
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9.4.3 Timer C counts stop actions

While counting, timer ¢ 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

I
|
I
I
TC counter source !
I

Interrupt signal of
Comparator 1

1
1
1
TCCR2.CMP1_TCR P{
:
1
1
1
1
1
1
1
1
1

TCCR2.TSTART

TC counting ! d[](]{}

X 000! ¥ 0002 X 0008 X 0004

)(ooo'j' % 0006

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 :
|
|
i

=ITT

R 2'b01

Interrupt signal of
Comparator 1

TCCR2.TSTART

i

| |

| | | i i
X0001 X 0002 X 0003 X 0004! X 0005!X 0006!X0007 X 0008 ! 0009 i 00DA X 000B

' | | |

TC counting l 0000 :
! : : 1 : : 1 1 1 1 :
TCBUF ! | D XXXX | | | | | | X 0006 |
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

=TT

L

N
o
—
—

TCCR2.TSTART

TC counting Xoom

TCBUF

XXXX

=<
o
o
=}
I

0002 X 0003 ) 0004 ¥ 0005} 0006!%0000 X0001 0002 {0003

—
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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

Start Signal from Timer M

TCCR2.TSTART 4‘

TC counting : 0000

1 1 1 i 1 | 1
: 1 1 1 I 1 1 I
1 1 1 I 1 ' I
! 1 1 1 I 1 1 I
! : : : : : : :
f ] ] ] | ] I |
l ! ! ! : ! ! :
1
TCCR1.TRIG_MD_SW ' 1 1 1 1 1 1 |
! 1 1 1 I 1 1 ]
! i i i i i i i
! 1 1 1 i 1 1 I
T T T T 1 L 1
! 1 1 1 [ 1 1 [
! 1 1 1 I 1 1 I
; 1 1 1 I 1 1 I
1 1 1 I 1 I I
I 1

(0001:) 0002: X 0003; 0004 X 0005 } 0006 % 0007 ¥ 0008 ¥ 0009 ¥ DODA X 000B

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
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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 >( 7b10

Interrupt signal of CMP1

[l

TCCR2.TSTART

i
|
TC counting !

1 | | | | 1
0000'X 0001 X 0002 X 0003'X 0004''X 0005! X 0006 X 0000 ¥ 0001 ¥ 0002

1
' 0003'X 0004

TC buffer | 200X
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9.4.6 Interruption of timer C

When the counter of timer C overflows, if TCCR1.0OVIE=1 is set, the overflowing interrupt signal will be

generated.

Figure 9-17 Example of interrupt generation when Timer C overflows

TC counting
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Timer M or software

triaaer start
Timer C frequency

divided signal

TCCR1.0VIE
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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 CMPL1 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
Set TCCR1
Set TCCR2
Set timer M, timer M count start: TMOEN=1
Timer C count start: TCCR2.START=1

N o A

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:

A 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:

A Reset synchronous PWM mode: This is the mode of the three-phase waveform (6 of them) with output
sawtooth modulation and no dead time.

A Complementary PWM mode: This is the output triangle wave modulation, three-phase waveform with
dead time (6) mode.

A PWMS3 Mode: This is the mode in which the same period PWM waveform (2) is output.

The timer MO 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 MO 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
fHOCO, fCLK, fCLK/2, fCLK/4, fCLK/8,
O\, :__TimerMi __}
<$>| TMi register I—:—b <——— |INTPO
<:JTF>| TMGRAI register |—:>
<LTF>| TMGRBI. esier 5> count - »( TMIOAO/TMCLK
<J—F>| TMGRCI e source
3= TMGRDi - SR - —»() TMIOBO
(e TVDFregser : - —»() TMIOCO
<$>| TMCRI register I—:—b T_Ime_r M ContrOI —— pwWMOP —PO TMIODO
(D TMIORA - circuit «—| Notes —»() TMIAL
@ TMIORCi |—1—> - —»() TMIOB1
(1)) TMSRi register |- . —»( TMIOC1
<:i>| TMIERI register I—:—b I B— —>O TMIOD1
<:j;>| TMPOCRI registerl—:—b
T J W W) .
Timer MO interrupt signal
(INTTMO)
<:;>| TMELC register —» Timer M1 interrupt signal
<:>| TMSTR register (INTTM1)
=] TMVR register |}
=]’ TMPMR register |
(=] TMFCR register |
=) TMOERL register |
(I’ TMOER? register |
()] TMOCR register |}
~J
Note: Can only cut off output
Remarks: i=0,1
Table 10-1 Pin structure of timer M
name of the feet ;?ﬁttigfier;iéor Input/Output Features
TMIOAO/TMCLK P17 Input/Output
TMIOBO P14 Input/Output
TMIOCO P16 Input/Output
TMIODO P15 Input/Output | Functions vary by mode of operation, see each mode
TMIAL P12 Input/Output | for details.
TMIOB1 P10 Input/Output
TMIOC1 P13 Input/Output
TMIOD1 P11 Input/Output
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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 TMERL1
Timer M outputs Master Allow Register 2 TMER2
timer M output control register TMOCR
timer M digital filter function selection register O TMDFO
Timer M digital filter function selection register 1 TMDF1
timer M control register 0 TMCRO
Timer M 1/O control register AO TMIORAO
Timer M 1/O control register CO TMIORCO
Timer M Status Register 0 TMSRO
Timer M interrupt enable register 0 TMIRO
'rl;eir;:trel\r/loPWM function output level control TMPOCRO
Timer M Counter O TMO
Timer M General register AO TMGRAO
timer m general register b0 TMGRBO
timer m general register cO TMGRCO
timer m general register dO TMGRDO
Timer M control register 1 TMCR1
Timer MI/O control register Al TMIORA1
Timer MI/O control register C1 TMIORC1
Timer M Status Register 1 TMSR1
Timer M interrupt enable register 1 TMIR1
rTaairg;:tre'\r/IlPWM function output level control TMPOCR1
Timer M Counter 1 ™1
Timer M General register Al 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
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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 PERL1 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

symbol
PER1

R/W
7 6 5 4 3 2 1
DACEN TMBEN PGACMPEN | TMMEN| DMAEN PWMPEN TMCEN TMAEN
Notes
TMMEN Control of an input clock of a timer M is provided
Stop provide an input clock.
0 - SFR used by timer M cannot be written.
. The timer M is in a reset state.
Provides an input clock.
L - Can read and write the SFR used by the timer M.
PWMPEN Control of input clock of PWM cut-off control circuit
Stop provide an input clock.
0 - 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 flH before bit4(TMMEN) of peripheral

enable register 1 (PERL1). If you want to change fCLK to a clock other than flH, 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 detalils.
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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 RV

symbol 7 6 5 4 3 2 1 0
TMELC 0 0 ELCOBE1 | ELCICE1 0 0 ‘ ELCOBEO ‘ ELCICEO
ELCOBE1 Permission for EVENTC event input 1 (for forcing the cutoff of the pulse output
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 TMIODL1.
1 Select Event Input 1 from the Event Coordination Controller(EVENTC).
ELCOBEO Permission for EVENTC event input 0 (used to force a cutoff of the pulse
0 Forbids forced cutoff.
1 Allow forced cutoff.
ELCICEO Selection of EVENTC event input O (input capture DO for timer M)
0 Select Input Capture TMIODO.
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
PERL1 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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10.3.3 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: OCH notel  R/W

symbol 7 6 5 4 3 2 1 0
TMSTR 0 0 0 0 CSEL1 CSELO ‘ TSTART1 ‘ TSTARTO
CSEL1 TM1 Count Run Selection Not 2
0 Stops counting when comparing to a match with the TMGRAL register.
1 Continue counting note 3 after matching with the TMGRAL register comparisons.
CSELO Selection of TMO Count Run
0 Stops counting when comparing to a match with the TMGRAO register.
1 Continue counting note 3 after matching with the TMGRAO register comparisons.
TSTART1 Start Flag for TM1 Count Not¢ 4.5
0 Stop counting.
1 Start counting.
TSTARTO TMO Count Start Flag Not 6.7
0 Stop counting.
1 Start counting.

Note: 1. The reset value is indefinite if the FRQSELA4 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
flH and TMMEN position "1".

Cannot use PWM3 mode.

This location must be "1" when using the input capture feature.
You must write "0" to the CSEL1 bit when the TSTARTL bit is 1.
This flag is "0" when the CSEL1 bit is "0" and a comparison match signal (TMIOAL) is generated.
You must write "0" to the CSELO bit when the TSTARTO bit is 1.
This flag is "0" when the CSELO bit is "0" and a comparison match signal (TMIOAQ) is generated.

No o hs~Mwd
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10.3.4
Figure 10-5

Address: 0x40042A64 After reset: 00H note LR\

timer M mode register (TMMR)

The format of the timer M mode register (TMMR)

symbol [ 7 m m 4 3 2 1 m
TMMR.TVMBFD1 | TMBFC1 | TMBFDO | TMBFCO | 0 0 | 0 |[TMSYNC |
TMBFD1 Selection ©f TMGRD1 Register Functions Note 2
0 universal register
1 Buffer register for TMGRB1 register
TMBFC1 Selection of TMGRCL1 Register Functions Note 2
0 universal register
1 Buffer register for TMGRAL1 register
TMBFDO Selection °f TMGRDO Register Functions Note 2
0 universal register
1 Buffer register for TMGRBO register
TMBFCO Selection of TMGRCO Register Features Note 2,3
0 universal register
1 Buffer register for TMGRAQO register
TMSYNC Synchronization note 4 for timer M
0 TMO and TM1 operate independently.
1 TMO 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

flH and TMMEN position "1".

2. When using the output comparison function, if you select "0" (change TMGRYi) by 10j3 (j=C or D) bits of the

TMIORC i register (i=0,1

output pin of the register), the TMBF;ji position of the TMMR register must '0'.

3. In complementary PWM mode, this position
required.

"0" (universal register) is

4. In reset synchronous PWM mode, complementary PWM mode, or PWM3 mode, this position '0' (TMO and TM1).
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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 RV
symbol 7 5] 3 o]
TMPMR. 0 |TvPwwD1 |TMPwMCL [TMPWMBL | 0 | TMPWMDO | TMPWMCO | TMPWMBO |

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

TMPWMDO The Choice of PWM Function of TMIODO
0 input capture function or output comparison function
1 PWM function

TMPWMCO The Choice of PWM Function of TMIOCO
0 input capture function or output comparison function
1 PWM function

TMPWMBO The Choice of PWM Function of TMIOBO
0 input capture function or output comparison function
1 PWM function

Note:  The reset value is indefinite if the FRQSELA4 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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10.3.6

Timer M Functional Control Register (TMFCR)

Figure 10-7Format of timer M function control register (TMFCR)

Address: 0x40042A66 After reset: 80H note 1 R\

symbol 7 6 5 4 3 2 1 0
TMFCR PWM3 ‘ STCLK 0 0 OLS1 ‘ OLS0 ‘ CMD1 ‘ CMDO
PWM3 | Selection of PWM3 Mode Note 2

- Invali

- In timer mode, '1' must be set (hon-PWM3 mode).
In  PWM3 mode, '0' (PWM3 mode) must be set.

d 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.

OLSO0 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 CMDO Selection Notes for Combined Modes No© 34

1

1

- 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 CMDO

underflows)

Above: Disable setting.

0: Complementary PWM mode (transfers data from buffer registers to universal registers when TM1

1: Complementary PWM mode (transfers data from buffer registers to universal registers
when TMO and TMGRAQO registers match)

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 PWMS3

bit is set effectively when the CMD1 bit and the CMDO bit are '00B' (timer or PWM3).

3. The CMDO bit and the CMD1 bit must be written when both the TSTARTO bit and the TSTART1 bit of the TMSTR

register are '0'.

4. When the CMD1 bit and CMDO 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.
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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\
symbol 7 6 5 4 3 2 1 0
TMERF ED1 EC1 EB1 EAL EDO ECO EBO EAO

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 (TMIOCL pin is I/O port).

EB1 Forbidden for TMIOB1 Output Not 2
0 Allow output.
1 Output is disabled (TMIOBL1 pin is I/O port).

EAL Disable for TMIOAL output Not 2.3
0 Allow output.
1 Output is disabled (TMIOA1 pin is I/O port).

EDO Forbidden for TMIODO Output Note 2
0 Allow output.
1 Output is disabled (TMIODO pin is I/O port).

ECO Forbidden for TMIOCO Output Note 2
0 Allow output.
1 Output is disabled (TMIOCO pin is I/O port).

EBO TMIOBO Output Disallowed
0 Allow output.
1 Output is disabled (TMIOBO pin is I/O port).

EAO Disable Note for TMIOAQ Output Note 3.4
0 Allow output.
1 Output is disabled (TMIOAO 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 PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to
flH 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.
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10.3.8 Timer M outputs Master Permissive Register 2 (TMOER?2).

Figure 10-9 Timer M outputs the format of master permissive register 2 (TMOER?2)
[PWM Function, Reset Synchronous PWM Mode, Complementary PWM Mode, and PWM3 Mode]

Address: 0x40042A68 After reset: 00H note 1 R\
symbol m 6 5 4 3 2 1 IT‘

TMERZ[ TMPTO | 0O 0 0 0 0 0  |TMSHUTS |
TMPTO Valid for Pulse Output Forced Cutoff Signal INTPO 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 INTPO 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 INTPO 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
PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to fIlH
and TMMEN position "1".

2. Refer to "Forced cut off of 10.4.4 pulse output".
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10.3.9

Timer M Output Control Register (TMOCR)

The TMOCR register must be written when both the TSTARTO bit and the TSTARTL bit of the TMSTR

register are '0'.

Figure 10-10

Address: 0x40042A69 After reset: 00H note IR\

symbol 7

Timer M Output Control Register (TMOCR) Format [Output Comparison Function]

6 5

4 3 2 1

0

TMOCR| TOD1

TOC1 TOB1

TOA1 ‘ TODO ‘ TOCO ‘ TOBO ‘ TOAO |

TOD1

Selection of the initial output level of TMIOD1 Note 2

Initial output "L" level.

Initial output "H" level.

Selection of the initial output level of TMIOC1 Note 2

Initial output "L" level.

Initial output "H" level.

Selection of the initial output level of TMIOB1 Note 2

Initial output "L" level.

Initial output "H" level.

Selection of initial output level of TMIOAL

Initial output "L" level.

Initial output "H" level.

Selection of the initial output level of TMIODQ Note 2

Initial output "L" level.

Initial output "H" level.

Selection of the initial output level of TMIOCQ Note 2

Initial output "L" level.

Initial output "H" level.

Selection of the initial output level of TMIOBQ Not 2

Initial output "L" level.

Initial output "H" level.

Selection of initial output level of TMIOAO

Initial output "L" level.

Initial output "H" level.

Note: 1. The reset value is indefinite if the FRQSELA4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of

the PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to

flH and TMMEN position "1".
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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 7 6 5 4 3 2 1 0
TMOCR TOD1 TOC1 TOB1 TOA1 TODO | TOCO ‘ TOBO ‘ TOAO |
TOD1 Selection of the initial output level of TMIOD1 Nete 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 TMIOAL

Must be set '0".

TODO

Selection of the initial output level of TMIODOQ Note 2

The initial output is an invalid level.

The initial output is the effective level.

TOCO

Selection of the initial output level of TMIOCQ 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.

TOBO

Selection of the initial output level of TMIOBQ Not 2

0

The initial output is an invalid level.

1

The initial output is the effective level.

TOAO

Selection of initial output level of TMIOAO

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 PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to

flH 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.
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Figure 10-12 Timer M Output Control Register (TMOCR) Format [PWM3 Mode]
Address: 0x40042A69 After reset: 00H note 1 Ry
symbol 7 6 5 4 3 2 1 0
TMOCR|  TOD1 ‘ TOC1 TOB1 TOA1 TODO ‘ TOCO ‘ TOBO ‘ TOAO |
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 TMIOAL
Invalid in PWM3 mode.

TODO | Selection of initial output level of TMIODO
Invalid in PWM3 mode.

TOCO | Selection of initial output level of TMIOCO
Invalid in PWM3 mode.

TOBO Selection of the initial output level of TMIOBO Not 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
TMGRBO comparison match.

1 Initial output "H" level, "L" level valid.

Output "L" level when TMGRB1 comparison matches and "H" level when TMGRBO
comparison matches.

TOAO Selection of initial output level of TMIOAOQ

0 The initial output” L" level and "H" level are valid.

The "H" level is output when the TMGRAL comparison match and the "L" level when the
TMGRAO comparison match.

1 Initial output "H" level, "L" level valid.

Output "L" level when TMGRAL comparison matches and "H" level when TMGRAO
comparison matches.

Note: 1. The reset value is indefinite if the FRQSELA4 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
flH 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.
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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 (TMDFO), 0x40042A6B (TMDF1) After reset: 00H note 1~ R/
symbol 7 6 5 4 3 2 1 0
TMDFi | DFCK1 DFCKO PENB1 PENBO | DFD | DFC ‘ DFB ‘ DFA |
DFCK1 DFCKO Clock Selection for Digital Filter Functions Not 2
0 0 fCLK/32 Note 3

0 1 fCLK/g Note 3
1 0 fCLK Note 3
1 1 Count source (TCKO~TCK2 bit selection clock for TMCRI register)

PENB1 PENBO 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

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

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

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

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 DFCKO 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.
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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 (TMDFO0), 0x40042A6B (TMDF1) After reset; 00Hnote 1 RAN
symbol 7 6 5 4 3 2 1 0
TMDFi | DFCK1 DFCKO PENB1 PENBO DFD DFC DFB DFA
DFCK1 DFCKO 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

Note:

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 PENBO 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.

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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10.3.11 Timer M control register i (TMCRI) (i=0,1)
The TMCRL1 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 (TMCRO), 0x40042A80 (TMCR1) After reset: 00Hnote 1 RAN
symbol 7 6 5 4 3 2 1 0
TMCRi | CCLR2 CCLR1 CCLRO | CKEG1 | CKEGO | TCK2 TCK1 ‘ TCKO |
CCLR2 CCLR1 CCLRO 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 Synch_ronize I_3urge (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 CKEGO External clock edge selection "ot 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 TCKO Selection of Counting Source
0 0 0 fCLK, fHOCOQ Note 4
0 0 1 fCLK/2 Note5
0 1 0 fCLK/4 Noe5
0 1 1 fCLK/8 Noe5
1 0 0 fCLK/32 Note 5
1 0 1 Input "°te ¢ 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
flH and TMMEN position "1".

2. Valid when the TMSYNC bit of the TMMR register is "1" (TMO and TM1 run synchronously).
3. Valid when TCK2~TCKO bit is '101B' (input of TMCLK) and STCLK bit is'1" (input of external clock is valid).
4. When the FRQSELA4 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 flH before bit4 (TMMEN) of
Peripheral Admission Register 1 (PER1). If you want to change fCLK to a clock other than flH, you must change
it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1).

5. Cannot set when the FRQSELA4 bit of user option byte (000C2H) is '1".

Valid when the STCLK bit of the TMFCR register is "1" (External clock input is valid).
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Figure 10-16 Timer M Control Register i (TMCRI) (i=0,1) Format [PWM]

Addresses: 0x40042A70 (TMCRO), 0x40042A80 (TMCR1) After reset: 00Hnote 1 RAN

symbol 7 6 5 4 3 2 1 0

TMCRi | CCLR2 ‘ CCLR1 | CCLRO | CKEG1 | CKEGO | TCK2 ‘ TCK1 ‘ TCKO
CCLR2 | cCLR1 | cclro | Clear Selection of TMi Counters

Must be '001B'.

CKEG1 CKEGO External clock edge selection ot 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 TCKO Selection of Counting Source

0 0 0 fCLK, fHOCO Noe3

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 FRQSELA4 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
flH and TMMEN position "1".
2. Valid when TCK2~TCKO bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid).
3. When the FRQSELA4 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 fIlH, 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 10-17 Timer M Control Register 0 (TMCRO0) Format [Reset Synchronous PWM Mode]

Address: 0x40042A70 After reset: OQH notel RAN

symbol 7 6 5 4 3 2 1 0
TMCRO| CCLR2 ‘ CCLR1 ‘ CCLRO ‘ CKEG1 CKEGO TCK2 TCK1 TCKO
CCLR2 | CCLR1 | CCLRO | Clear Selection of TMO Counter

Must be '001B' (clear TMO register when matching with TMGRAO register).

CKEG1 CKEGO [External clock edge selection ot 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 TCKO Selection of Counting Source
0 0 0 fCLK, fHOCOQO Note 3
0 0 1 fCLK/2 Note 4
0 1 0 fCLK/4 Note 4
0 1 1 fCLK/g 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 FRQSELA4 bit of the user option byte (000C2H) is '1" and the TMMEN bit of
the PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to
flH and TMMEN position "1".
2. Valid when TCK2~TCKO bit is '101B' (input of TMCLK) and STCLK bit is'1' (input of external clock is valid).
3. When the FRQSELA4 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 flH, you must change
it after clearing the bit4 (TMMEN) of peripheral enable register 1 (PER1).

4. Cannot set when the FRQSELA4 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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Address: 0x40042A70 After reset: QQH note 1 R/\W/

Figure 10-18
Mode]

symbol 7
TMCRO| CCLR2 ‘ CCLR1 ‘ CCLRO ‘ CKEG1

Note:

4.

6

Timer M Control Register 0 (TMCRO0) Format [Complementary PWM

5

4

3 2 1

0

CKEGO TCK2 TCK1

TCKO

cclRz | cclrl | cclro |

Clear Selection of TMO Counter

Must set "000B".

CKEG1 CKEGO [|External clock edge selection ot 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

TCKO

Selection of Co

unting Source

fCLK, fHOCO N

ote 4

fCLK/2 Notes

fCLK/4 Note5

fCLK/8 Notes

O |k |O|O

fCLK/32 Note

PP |O|lO|O|O

0

P |[O|Fkr |O|Fk |O

Input for TMCLK Note 6

Other than above

Disable setting.

1. The reset value is indefinite if the FRQSEL4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of
the PERL1 register. When you need to read an initial value, you must read the initial value after setting fCLK to

flH and TMMEN position "1".
2. Valid when TCK2~TCKO 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 TCKO~TCK?2 bits, CKEGO bits, and CKEG1 bits of the TMCRO register and
TMCRL1 register.

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 flH before bit4 (TMMEN) of
Peripheral Admission Register 1 (PERL1). 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).

Cannot set when the FRQSELA4 bit of user option byte (000C2H) is '1".
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 (TMCRO0) Format [PWM3 Mode]

Address: 0x40042A70 After reset: OQH note 1 R/\W/

symbol 7 6 5 4 3 2 1 0
TMCRO| CCLR2 ‘ CCLR1 ‘ CCLRO ‘ CKEG1 CKEGO TCK2 TCK1 TCKO
CCLR2 | CCLR1 | CCLRO | Clear Selection of TMO Counter

Must be '001B' (clear TMO register when matching with TMGRAO register).

CKEG1 | CKEGO | Selection of external clock edge
Invalid in PWM3 mode.

TCK2 TCK1 TCKO Selection of Counting Source
0 0 0 fCLK, fHOCOQ Note 2
0 0 1 fCLK/2 Note3
0 1 0 fCLK/4 Note3
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
flH 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 flH before the timer starts
counting.

3. Cannot set when the FRQSELA4 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 (TMIORAO), 0x40042A81H (TMIORA1) After reset: 00H note 1 RW
symbol 7 6 5 4 3 2 1 0
TMIORAI 0 ‘ IOB2 IOB1 IOBO | 0 | IOA2 ‘ IOAL ‘ IOAO |

I0B2 | Selection for TMGRB Mode Nete 2

When using the input capture feature, you must set "1" (input capture).

I0B1 I0BO 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).

IOAL IOAO0 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.

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

flH 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.

Note:
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Figure 10-21 Timer MI/O Control Register Ai (TMIORAI) (i=0,1) Format [output comparison]
Addresses: 0x40042A71 (TMIORAO), 0x40042A81H (TMIORA1) After reset; 00H note 1 RIW
symbol 7 6 5 4 3 2 1 0
TMIORﬁri 0 ‘ IOB2 IOB1 I0BO | 0 | I0A2 ‘ I0A1L ‘ I0AD |
I0B2 | Selection for TMGRB Mode Note 2

When you use the output comparison feature, you must set "0" (output comparison).

I0B1 I0BO TMGRB control
0 0 Prevent comparing matching pin outputs (I/O ports with TMIOBI pins).
0 1 Output "L" level when TMGRBIi comparison matches.
1 0 Output "H" level when TMGRBI comparison matches.
1 1 Alternate output when TMGRBIi compares matches.

I0A2 Select for TMGRA Mode Note 3

When you use the output comparison feature, you must set "0" (output comparison).

IOAL IOAO0 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 TMGRAIi 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
PERL1 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 (TMIORCO), 0x40042A82 (TMIORC1) After reset: 8gH note 1 RW
symbol 7 6 5 4 3 2 1 0
TMIORGT 1op3 | 10D2 loD1 oo | 1oca | oc2 | 1oci | 1oco |

IOD3 | Selection of TMGRD Register Function

When using the input capture function, '1' (universal or buffer register) must be set.

I0D2 | Selection for TMGRD Mode Note 2

When using the input capture feature, you must set "1" (input capture).

I0D1 I0D0 TMGRD control
0 0 Catch TMGRDiI 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.

I0C3

Selection of TMGRC Register Function

When using the input capture function, '1' (universal or buffer register) must be set.

I0C2

Select for TMGRC Mode Note 3

When using the input capture feature, you must set "1" (input capture).

IOC1 I0CO 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.

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

flH 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.

Note:
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Figure 10-23 Timer M 1/0O Control Register Ci (TMIORCI) (i=0,1) [output comparison function]

Addresses: 0x40042A72 (TMIORCO), 0x40042A82 (TMIORC1) After reset: 8gH note 1 R/W
symbol 7 6 5 4 3 2 1 0
TMIORCF IOD3 IOD2 lOD1 | IODO | loCc3 | loCc2 loC1 ‘ I0CO |

IOD3 Selection of TMGRD Register Function
TMIOB output register
0 (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
I0D2 Selection for TMGRD Mode Noe 2

When you use the output comparison feature, you must set "0" (output comparison).

IOD1 I0DO0 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
TMIOA output register
0 (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
I0C2 Select for TMGRC Mode Noe3

When you use the output comparison feature, you must set "0" (output comparison).

I0C1 I0CO 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
PERL1 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 (TMSRO)

Figure 10-24 Timer M Status Register 0 (TMSRO0) Format [Input Capture Function]
Address: 0x40042A73 After reset; 00Hnote 1. RAN
symbol 7 6 5 4 3 2 1 0
TMSRO 0 ‘ 0 0 OVF | IMFD | IMFC ‘ IMFB ‘ IMFA |
OVF | Overflow Flag Note 2

[Condition for '0"]

Read and write "0" ot 3,

[Condition for "1"]
When TMO overflows

IMFD | Enter Capture/Compare Match Flag D Note &

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Nt 4 for TMIODO Pin

IMFC Enter Capture/Compare Match Flag CNot€ 6

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Nt 4 for TMIOCO Pin

IMFB Enter Capture/Compare Match Flag BNo 6

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge N5 for TMIOBO Pin

IMFA | Enter Capture/Compare Match Flag A No6

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge N5 for TMIOAQ 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 PERL register. When you need to read an initial value, you must read the initial value after setting fCLK to
flH and TMMEN position "1".
2. When the count value of timer MO changes from 'FFFFH' to '0000H', the overflow flag changes to '1'. In addition,
according to the setting of CCLRO~CCLR2 bit of TMCRO register, if the count value of timer MO changes from
FFFFH to O000H.
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Note: 3. The results are as follows:
A When writing "1," this bit does not change.
A Inthe case of reading "0", even writing "0" remains unchanged (even writing "0" remains).

T

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

(TMIER).

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

A Timer M interrupts the state of the allow register i (TMIERI)

y

v

TMIERi i

OVIE

IMIED IMIEC IMIEB

IMIEA

0

0 0

A Status of timer M status register i (TMSRi)

interrupt disable

TNEErTup
enable

must cclear
request bit

TMSRi i

UDF

OVF

IMFD IMFC

IMFB

IMFA

0

0

0

1 0

1

0

must write 0 to IMFB since the corresponding status flag
(OVF, IMFA) of enabled interrupt are "0".

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
A Timer M interrupts the state of the allow register i (TMIERI)

Interrup
enable

TMIERI i i i OVIE IMIED IMIEC IMIEB IMIEA
0 0 0 1 0 0 0 1
disable
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A Status of timer M status register i (TMSRi)
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must cclear
\ request bit
TMSRi i i UDF OVF IMFD IMFC IMFB IMFA
0 0 0 0 1 0 1 1
must write 0 to IMFB since the corresponding 1 T
status flag (OVF, IMFA) of enabled interrupt are
"o

4. This is the edge selected by the IOk1 bit and IOkO0 bit (k=C or D) of the TMIORCO register.
Include that case where the TMBFKO bit of the TMMR register is" 1" (TMGRKO is a buffer register).

5. This is the edge selected by the I0j1 bit and 10j0 bit (j=A or B) of the TMIORAO 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 (TMSRO0) Format [Features Other Than Input
Capture]

Address: 0x40042A73 After reset: 00H note 1 R/

symbol
TMSRO

7 6 5 4 3 2 1 0
0 ‘ 0 0 OVF IMFD IMFC IMFB IMFA
OVF | Overflow Flag No© 3

[Condition for '0"]

Read and write "0" "ot 2,
[Condition for "1"]
When TMO overflows

IMFD | Enter Capture/Compare Match Flag DNoe 5

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

When TMO and TMGRDO have the same values Not 4

IMFC Enter Capture/Compare Match Flag C Note 5

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

When TMO and TMGRCO have the same values Not 4

IMFB Enter Capture/Compare Match Flag B Not 5

[Condition for '0"]

Read and write "0" Mot 2,

[Condition for "1"]

When TMO and TMGRBO have the same value

IMFA Enter Capture/Compare Match Flag ANoe 5

[Condition for '0"]

Read and write "0" Mot 2,

[Condition for "1"]

When TMO and TMGRAO 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
flH and TMMEN position "1".

2. The results are as follows:

A When writing "1," this bit does not change.

In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains).

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
A

a)

b)

The object status flag must be written "0" after setting timer M interrupt enable register i
(TMIERI).

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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A Timer M interrupts the state of the allow register i (TMIERI)

Nterrup
enable

y

v

must cclear request

TMSRi i

TMIERI i OVIE IMIED IMIEC IMIEB IMIEA
0 1 0 0 0 1
A Status of timer M status register i (TMSRIi)
¢ bit
i UDF OVF IMFD IMFC IMFB IMFA
0 0 0 0 1 0 1 0

must write 0to IMFB since the corresponding status flag (OVF,
IMFA) of enabled interrupt are "0".

¢) 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
A Timer M interrupts the state of the allow register i (TMIERI)

interrupt
enable

TMIERI i

OVIE

IMIED

IMIEC

IMIEB

IMIEA

0

0

0

A Status of timer M status register i (TMSRI)

interrupt disable

must cclear request

bit

TMSRIi i

UDF

OVF

IMFD

IMFC

IMFB

IMFA

0

0

must write 0 to IMFA and IMFB since the corresponding

status flag (IMFA) of enabled interrupt are "0".

3. When the count value of timer MO changes from 'FFFFH' to '0000H", the overflow flag changes to '1". In addition,
according to the setting of CCLRO~CCLR2 bit of TMCRO register, if the count value of timer MO changes from

FFFFH to O000H.

4. Include that case where the TMBFkO bit (k=C or D) of the TMMR register is '1' (TMGRKO 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)
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Figure 10-26 Timer M Status Register 1 (TMSR1) Format [Input Capture Function]
Address: 0x40042A83 After reset: 00H note 1 R/W
symbol 7 6 5 4 3 2 1 0
TMSR1 0 ‘ 0 UDF OVF | IMFD | IMFC ‘ IMFB ‘ IMFA |
UDF | overflow mark

Invalid when using input capture feature.

OVF | Overflow Flag Note 2

[Condition for '0"]

Read and write "0" Mot 3,
[Condition for "1"]
When TM1 overflows

IMFD Enter Capture/Compare Match Flag D Note 6

[Condition for '0']

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Note 4 for TMIOD1 Pin

IMFC Enter Capture/Compare Match Flag CNo®© 6

[Condition for '0']

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Note 4 for TMIOC1 Pin

IMFB Enter Capture/Compare Match Flag BNo 6

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Note 5 for TMIOB1 Pin

IMFA Enter Capture/Compare Match Flag A No©6

[Condition for '0"]

Read and write "0" "ot 3,
[Condition for "1"]

Input Edge Note 5 for TMIOAL Pin

Note: 1. The reset value is indefinite if the FRQSELA4 bit of the user option byte (000C2H) is '1' and the TMMEN bit of
the PERL1 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 CCLRO~CCLR?2 bit of TMCR1 register, the overflow flag becomes '1' if FFFFH.
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Note: 3. The results are as follows:
A When writing "1," this bit does not change.

A
A

In the case of reading "0", even writing "0" remains unchanged (even writing "0" remains).
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.

TMIERI

TMSRI

A Timer M interrupts the state of the allow register i (TMIERI)
¢ ¢ enable
i i i OVIE IMIED IMIEC IMIEB IMIEA
0 0 0 1 0 0 0 1
A Status of timer M status register i (TMSRIi)

must cclear request

¢7‘ bit

i i UDF OVF IMFD IMFC IMFB IMFA

0 0 0 0 1 0 1 0

must write 0 to IMFB since the corresponding status flag (OVF,
IMFA) of enabled interrupt are "0".

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.

TMIERI

A

Timer M interrupts the state of the allow register i (TMIERI)

interrupt
enable

i i i OVIE IMIED IMIEC IMIEB IMIEA

0 0 0 1 0 0 0 1

interrupt disable
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A Status of timer M status register i (TMSRIi)
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must cclear request
bit

TMSRi i i UDF OVF IMFD IMFC IMFB IMFA

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.

4. This is the edge selected by the 10k1 bit and IOkO bit (k=C or D) of the TMIORC1 register.
Include that case where the TMBFKk1 bit of the TMMR register is" 1" (TMGRK1 is a buffer register).

5. This is the edge selected by the 10j1 bit and 10j0 bit (j=A or B) of the TMIORAL 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/

symbol 7 6 5 4 3 2 1 0
TMSR1 0 ‘ 0 UDF OVF ‘ IMFD ‘ IMFC ‘ IMFB IMFA
UDF | overflow mark

The case of complementary PWM mode

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

Invalid in non-complementary PWM mode when TM1 underflows.

OVF Overflow Flag N3

[Condition for '0']

Read and write "0" "ot 2,
[Condition for "1"]
When TM1 overflows

IMFD Enter Capture/Compare Match Flag DNoe 5

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

When TM1 and TMGRD1 have the same values Not>

IMFC Enter Capture/Compare Match Flag C Note 5

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

When TM1 and TMGRC1 have the same values Not5

IMFB Enter Capture/Compare Match Flag B Not 5

[Condition for '0"]

Read and write "0" Mot 2,

[Condition for "1"]

When TM1 and TMGRB1 have the same value

IMFA Enter Capture/Compare Match Flag ANoe 5

[Condition for '0"]

Read and write "0" "ot 2,

[Condition for "1"]

When TM1 and TMGRA1 have the same value

Note: 1. The reset value is indefinite if the FRQSELA4 bit of the user option byte (000C2H) is '1" and the TMMEN bit of
the PERL register. When you need to read an initial value, you must read the initial value after setting fCLK to

flH and TMMEN position "1".
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A When writing "1," this bit does not change.
A Inthe case of reading "0", even writing "0" remains unchanged (even writing "0" remains).
A 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
A Timer M interrupts the state of the allow register i (TMIERI)
7 7 | Ceanie

TMIERI i i i OVIE IMIED IMIEC IMIEB IMIEA

0 0 0 1 0 0 0 1

interrupt disable

A Status of timer M status register i (TMSRI)

| must cclear request

bit
TMSRI | i UDF OVF IMFD IMFC IMFB IMFA
0 0 0 0 1 0 1 0

must write 0to IMFB since the corresponding status flag (OVF,
IMFA) of enabled interrupt are "0".

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
A Timer M interrupts the state of the allow register i (TMIERI)

interrupt
enable

TMIERI i i i OVIE IMIED IMIEC IMIEB IMIEA
0 0 0 1 0 0 0 1

interrupt disable
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A Status of timer M status register i (TMSRIi)

must cclear request
bit

TMSRi i

UDF

OVF

IMFD

IMFC

IMFB

IMFA

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.

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 CCLRO~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 (TMIERO), 0x40042A84 (TMIER1) After Reset: 00H Note R/

symbol 7 6 5 4 3 2 1 0
TMIRi 0 0 0 OVIE IMIED ‘ IMIEC ‘ IMIEB ‘ IMIEA
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 FRQSELA4 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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10.3.17 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 (TMPOCRO), 0x40042A85 (TMPOCR1) After Reset: 00H Note RV
symbol 7 6 5 4 3 2 1 0
TMPOCRI 0 0 0 0 0 | COLD ‘ POLC ‘ POLB |
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
PERL 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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10.3.18 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 TMO 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 (TMO)]
The TMO 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(TMO), 0x40042A86(TM1)  After Reset: 0000H Note  RAW
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
0
LACCI NN N N o
o} Features Set Scope

. Count the sources incrementally.
bit15~0 unt the sources incrementally 0000H~FFFFH

If overflows occur, the OVF bit of the TMSRI register becomes "1".

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(TMO0), 0x40042A86(TM1)  After Reset: 0000H Note  RAW
symbol15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LA A I B

o} Features Set Scope

bit15-0 Count the sources incrementally. 0000H~FFFFH

If overflows occur, the OVF bit of the TMSRO register becomes "1".

Note:  The reset value is indefinite if the FRQSELA4 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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Figure 10-32 Timer M Counter i(TMi) (i=0,1) Format [Complementary PWM mode (TMO)]
Address: 0x40042A76(TMO0), 0x40042A86(TM1)  After Reset: 0000H Note  R/W
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10

LACCI I NN N N I

o] Features Set Scope

You must set the time of the dead
zone.

bit15~0 The count source is counted 0001H~FFFFH
incrementally or decrementally.

If overflows occur, the OVF bit of the TMSRO register becomes "1".

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(TMO0), 0x40042A86(TM1)  After Reset: 0000H Note  RAW
symbol15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LLCCI I N N I

o} Features Set Scope

Must be '0000H'. The count source is

counted incrementally or

decrementally.

If overflows occur, the UDF bit of the TMSR1 register becomes "1".

bit15~0 0000H~FFFFH

Note:  The reset value is indefinite if the FRQSELA4 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, TMGRCIi, 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, TMOREZ2, TMOCR, TMPOCRO0O,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 TMIQji pin must be at least 3 ¢c| k 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:

TMDFO, TMDF1, TMPOCRO, 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:

TMDFO, TMDF1, TMIORAO, TMIORCO,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, TMDFQ, TMDF1, TMIORAOQ, TMIORCO, TMPOCRO, TMIORAL1, TMIORC1,TMPOCR1

Note: Only the TOCO bit of the TMOCR register is valid as the initial output setting of the TMIOCO 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,
TMGRCO registers are not used.

In complementary PWM mode, the following registers are invalid:

TMPMR, TMOCR Note, TMDFQ, TMDF1, TMIORAOQ, TMIORCO, TMPOCRO, TMIORA1,TMIORC1,TMPOCR1

Note: Only the TOCO bit of the TMOCR register is valid as the initial output setting of the TMIOCO in the reset synchronous
PWM mode and complementary PWM mode.

Since TMGRBO, TMGRAL, TMGRBL1 registers (forbidden) cannot be written immediately after counting,
TMGRDO, TMGRC1,TMGRD1 registers must be used as buffer registers.

However, when writing TMGRDO, TMGRC1, TMGRD1 registers, write them after TMBFDO bits, TMBFC1 bits,
and TMBFD1 position "0" (generic register). Thereafter, the TMBFDO 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, TMDFO, TMDF1, TMIORAO, TMIORCO, TMPOCRO, TMIORAL, TMIORC1, TMPOCR1In PWM3
mode, TMGRCO, TMGRC1, TMGRDO, TMGRDL1 registers are not used. However, to use these registers as buffer
registers, write values to the TMGRCO, TMGRC1, TMGRDO,TMGRDL1 registers after TMBFCO, TMBFC1, TMBFDO,
and TMBFD1 locations "0". Thereafter, TMBFCO bits, TMBFC1 bits, TMBFDO 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 (TMGRAO), 0x40042A7A (TMGRBO), reset:FFFFH note Ry

0x40042B58 (TMGRCO0), 0x40042B5A (TMGRDO),

0x40042A88 (TMGRAL), 0x40042A8A (TMGRB1),

0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1)
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
merai | | [ ] L ]

TMGRBI
TMGRCi
TMGRDi
o} 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 TMGRi register function when using input capture function
register Settings register function Input pin for input

TMGRAI 5 Generic register that reads the value of the TMi register when T™IOI
TMGRBI the input is captured. TMIOBI
TMGRCi TMBFCi=0 | Generic register that reads the value of the TMi register when TMIOCi
TMGRDi | TMBFDi=0 |the inputis captured. TMIODi
TMGRCi TMBECj=1 | Generic register that reads the value of the TMi register when TMIOI

- : the input is captured (reference "10.4.2 -
TMGRDi | TMBFDI=1 | gyffer Run). 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, TMGRCIi, TMGRDiI) (i=0,1) format [output comparison function]
Address: 0x40042A78 (TMGRAQ), 0x40042A7A (TMGRBO), After reset: FFFFH Note Ry

0x40042B58 (TMGRCO), 0x40042B5A (TMGRDO), 0x40042A88 (TMGRAL), 0x40042A8A (TMGRB1),
0x40042B5C mgrcl), 0x40042B5E (TMGRD1)

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
merai [ | | | [ | [ [ ]
TMGRBI
TMGRCi
TMGRDi

o) Features

bit15~0 Refer to Table 10-4 TMGR)i 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
PERL1 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
i Settings Output pin for output
register . )
TMBFki | 10j3 register function comparison
TMGRAI _ _ _ TMIOI
o} o} Universal register, must write compare value.
TMGRBI TMIOBI
TMGRCi _ _ ) TMIOCi
0 1 Universal register, must write compare value.
TMGRDi TMIODI
TMGRCi 1 1 buffer register, must write next compare value TMIOI
TMGRDi (Refer to "10.4.2 Buffer Operation”). TMIOBI
. TMIOAI output
TMGRCi control P (Refer to "Changes to the Output Pin of T™IOI
0 0 : the 10.5.2 (2) TMGRCi Register and
TMGRD: Ic’:/rlwlt(r)o?l output TMGRDi Register (i=0,1)" TMIOBI

Note:  If the TCK2~TCKO position of the TMCRi register is "'000B' (tc| k, fHoco) and the comparison value 1S '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 I0j3: 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 (TMGRAO), 0x40042A7A (TMGRBO), reset:FFFFH noteRAW
0x40042B58 (TMGRCO), 0x40042B5A (TMGRDO),
0x40042A88 (TMGRAL), 0x40042A8A (TMGRBL1),
0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1)

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
merai | | [ L T ]
TMGRBI
TMGRCi
TMGRDi

o} Features

bit15~0 Refer to Table 10-5 TMGR)i 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
PERL1 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 o} Universal register, PWM cycle must be set. 0
TMGRBI o} Universal register, must set the change point of the PWM output. TMIOBI
TMGRCi TMBFCi=0 ) ) ) TMIOCi

- - Universal register, must set the change point of the PWM output. -
TMGRDi TMBFDi=0 TMIODiI
TMGRGi TMBECi=1 Buffer register, must set the next PV_VI\/I"cycIe (reference "10.4.2 buffer 5

operation™).
TMGRDi TMBEDi=1 Buffer register, must set"the change point of t_he"next PWM output (refer TMIOBI
to "10.4.2 buffer operation").

Note:  If the TCK2~TCKO position of the TMCRIi register is '000B’ (fc_k, fHoco) and the comparison value 1S '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, TMGRCIi, TMGRDI) (i=0,1) format [reset synchronous PWM mode]

Address: 0x40042A78 (TMGRAO), 0x40042A7A (TMGRBO), reset:FFFFH noteRAW
0x40042B58 (TMGRCO), 0x40042B5A (TMGRDO),
0x40042A88 (TMGRAL), 0x40042A8A (TMGRBL1),
0x40042B5C (TMGRC1), 0x40042B5E (TMGRD1)

symbol 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
meran | | [ [ T [ [ ]
TMGRBI
TMGRCi
TMGRDi
o} Features

bit15~0 Refer to Table 10-6 Reset the TMGR]ji 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 flH
and TMMEN position "1".

Table 10-6 TMGRji register function in reset synchronous PWM mode
register Settings register function PWM output pin
TMGRAO o Universal register, PWM cycle must be set. (TMI.OC.:O ateach PWM

Periodic Invert)
TMGRBO 5 Universal register, must set the change point of PWM1 TMIOBOT
output. MIODO
TMGRCO TMBFCO0=0 ) o
(not used in reset synchronization PWM mode) o}
TMGRDO TMBFDO=0
Universal register, must set the change point of PWM2 TMIOALT
TMGRAL 6 output. MIOC1
Universal register, must set the change point of PWM3 TMIOB1
TMGRB1 6 output. TMIOD1
TMGRC1 TMBFC1=0 ) o
(not used in reset synchronization PWM mode) 0
TMGRD1 TMBFD1=0
TMGRCO TMBECO=1 Buffer register, must set the next PWM cycle (reference (TMIOCO at each PWM
B "10.4.2 buffer operation"). Periodic Invert)
buffer register, must set the change point of the next PWM1 TMIOBOT
TMGRDO | TMBFDO=1 |output (reference) MIODO
"10.4.2 Buffer Run").
buffer register, must set the change point of the next PWM2 TMIOALT
TMGRC1 TMBFC1=1 |output (reference) MIOC1
"10 4 2 Ruffer Run™
buffer register, must set the change point of the next PWM3 TMIOB1
TMGRD1 TMBFD1=1 |output (reference) TMIOD1
"10 4 2 Ruffer Run™
Note:  If the TCK2~TCKO position of TMCRO 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.

i=0,1,j=A,B,C,D

Bit of TMBFCO, TMBFDO, TMBFC1, TMBFD1:TMMR register

Note:
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symbol
TMGRAI
TMGRBI

TMGRCi
TMGRDi

Note:

Figure 10-38 timer m general register ai, bi, ci, di
(TMGRAI, TMGRBI, TMGRCi, TMGRDiI) (i=0,1) format [complementary PWM mode]
Address: 0x40042A78 (TMGRAO), 0x40042A7A (TMGRBO), reset:FFFFH NoeR/\W

0x40042B58 (TMGRCO), 0x40042B5A (TMGRDO),
0x40042A88 (TMGRAL), 0x40042A8A (TMGRBL1),

0x40042B5C (TMGRC1),

0x40042B5E (TMGRD1)

15 14 13 12 11 10 9 8 7 6 5
[ A |
o) Features
bit15~0 Refer to Table 10-7 Complementary TMGR;ji register function in PWM mode.

The reset value is indefinite if the FRQSELA4 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

TMGRAO

Generic register, PWM period must be set at the initial setting.
Setting Range: Setting Value (Initial Count) for TMO Register @

Set Value for TMGRAO Q Set value for the FFFFH-TMO register
When the TSTARTO bit and the TSTARTL1 bit of the TMSTR register
are "1"

(Start Count), this register cannot be written.

(TMIOCO inverts every
half cycle)

TMGRBO

Generic register, which must set the change point of the PWM1
output at the initial setting. Setting Range: Setting Value (Initial
Count) for TMO Register Q

Setting value for TMGRBO Q

Setting value for TMGRAO - Setting value for TMO register

When the TSTARTO bit and the TSTARTL1 bit of the TMSTR register
are "1"

(Start Count) this reaister cannot he written.

TMIOBOTMIODO

TMGRA1

Generic register, which must set the change point of the PWM2
output at the initial setting. Setting Range: Setting Value (Initial
Count) for TMO Register @

Setting value for TMGRAL Q

Setting value for TMGRAO - Setting value for TMO register

\When the TSTARTO bit and the TSTART1 bit of the TMSTR register
are "1"

(Start Count) this reaister cannot he written.

TMIOAL1TMIOC1

TMGRB1

Generic register, which must set the change point of the PWM3
output at the initial setting. Setting Range: Setting Value (Initial
Count) for TMO Register Q

Setting value for TMGRB1 Q

Setting value for TMGRAO - Setting value for TMO register

When the TSTARTO bit and the TSTARTL1 bit of the TMSTR register
are "1"

(Start Count). this reqister cannot bhe written

TMIOB1 TMIOD1

TMGRCO

(not used in complementary PWM mode)

TMGRDO

TMBFDO=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 TMO Register @
Setting value for TMGRDO Q

Setting value for TMGRAO - Setting value for TMO register

The same value of the TMGRBO register must be set at the initial set-

up.

TMIOBOTMIODO

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 TMO Register Q
Setting value for TMGRC1 Q

Setting value for TMGRAO - Setting value for TMO register

The same value of the TMGRAL 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 TMO Register @
Setting value for TMGRD1 Q

Setting value for TMGRAQO - Setting value for TMO register

The same value of the TMGRBL1 register must be set at the initial set-

up.

TMIOB1 TMIOD1

Note:  If the TCK2~TCKO position of the TMCRIi register is '000B’ (fc_k, 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 TMBFDO, TMBFC1, TMBFD1:TMMR register
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symbol
TMGRAI
TMGRBI
TMGRCi
TMGRDi

Note:

Figure 10-39 timer m general register ai, bi, ci, di
(TMGRAI, TMGRBI, TMGRCi, TMGRDi) (i=0,1) format [PWM3 mode]

Address: 0x40042A78 (TMGRAO), 0x40042A7A (TMGRBO), reset:FFFFH noteRAW
0x40042B58 (TMGRCO), 0x40042B5A (TMGRDO), 0x40042A88 (TMGRAL), 0x40042A8A (TMGRBL1),

0x40042B5C mgrcl), 0x40042B5E (TMGRD1)

15 14 13 12 11 10 9 8 7 6 5
[ I N O A |
o} Features
bit15~0 Refer to TMGR)ji register function in Table 10-8PWM3 mode.

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
Universal register, PWM cycle must be set.
TMGRAO Setting Range: Setting Value for the TMGRAL Register @ Setting
Value for the TMGRAO
Universal register, must set the change point of the PWM output (the TMIAD
TMGRA1 time sequence to the effective level). Setting Range: Setting Value
for TMGRAL @ Setting Value for the TMGRAO Register
5 Universal register, which must set the change point of the PWM
output (the timing back to the initial output level).
TMGRBO Setting Range: Setting value for the TMGRBL register @ Setting
value for the TMGRBO @
Setting value for the TMGRAO register TMIOBO
Universal register, must set the change point of the PWM output (the
TMGRB1 time sequence to the effective level). Setting Range: Setting Value
for TMGRB1 Q Setting Value for the TMGRBO Register
TMGRCO TMBFCO0=0
TMGRC1 TMBFC1=0 )
(not used in PWM3 mode) o}
TMGRDO TMBFDO0=0
TMGRD1 TMBFD1=0
Buffer register, must set the next PWM cycle (reference "10.4.2
TMGRCO TMBECO0=1 |buffer operation”). Setting Range: Setting Value for the TMGRC1
Register @ Setting Value for the TMGRCO
Buffer register, must set the change point of the next PWM output TMIAO
(refer to "10.4.2 buffer operation").
TMGRC1 TMBFC1=1 i . .
Setting Range: Setting Value for TMGRC1 Q Setting Value for the
TMGRCO Register
Buffer register, must set the change point of the next PWM output
TMGRDO TMBEDO=1 (refer to "10.4.2 buffer operation™).
- Setting Range: TMGRD1 Register @ Setting value of TMGRDO Q
Setting value for the TMGRCO register
TMIOBO
Buffer register, must set the change point of the next PWM output
(refer to "10.4.2 buffer operation™).
TMGRD1 TMBFD1=1
G Setting Range: Setting Value for TMGRD1 Q Setting Value for the
TMGRDO Register

Note:  If the TCK2~TCKO position of TMCRO 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 TMBFCO, TMBFDO, 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.

BAT32G137 user manual | Chapter 10 Timer M

When the multiplexed ports (Pxx/TMIOD1, Pxx/TMIOCL, 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/TMIODL1 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 PMCL1 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 RW

symbol 7 6 5 4 3 2 1 0
PM1 PM17 PM16 PM15 PM14 PM13 \ PM12 \ PM11 PM10
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)

Address: 0x40040061 After Reset: FFH R/W

symbol 7 6 5 4 3 2 1 0
PMC1 PMC17 PMC16 PMC15 PMC14 PMC13 PMC12 PMC11 PMC10
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
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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

ferkd froco™®L ferk/2L £y /4y

The counting source is selected by the TCK2~TCKO bits of the TMCRI register.
fCLK/8-l fCLK/32

IThe STCLK bit of the TMFCR register is "1" (external clock input is valid).
IThe TCK2~TCKO bit of the TMCRI register is '101B' (count source is external

clock). The effective edge is selected by the CKEG1~CKEGO bits of the TMCRI
register.
IThe port mode register for the multiplexing 1/0 port of the TMCLK pin has the bit '1'

External Input Signal for TMCLK
Pin

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 flH before bit4 (TMMEN) of Peripheral
Admission Register 1 (PERL1). If you want to change fCLK to a clock other than flH, 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

O \C TCK2~TCKO

fooco ——o0

fek

FRQSEL4=1
=001B
fek/2
=010B
fewk/a counting source
-011B Tmi register
feik/8 O
=100B
fek/32 O

CKEGO,CKEG1 -101B
STCLK=1
o select valid edge

TMCLK/ Q_Q\D
TMIOAQ TMIOAQO input/output or 10 port

STCLK=0

Note: i=0,1

The external clock input by the TMCLK pin must have a pulse width of at least 3 Runtime Clock (sc k)
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.

A TMGRAI buffer register: TMGRCi register

A TMGRSBi 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

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).

timer output
mode | 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 TMO Register
and TMGRAO 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

A The underflow of the TM1 register when the
CMD1 and CMDO bits of the TMFCR register
are "11B".

Transfer the contents of the TMGRCL1 register
(buffer register) to the TMGRAL1 register.

mode A'When the CMD1 bit and CMDO bit of the | Transfers the contents of the TMGRDi register
TMFCR register are "10B", the comparison | (buffer register) to the TMGRBI register.
match between the TMO register and the
Transfers the contents of the TMGRCi register
PWM3 Mode Comparison and Matching of TMO Register | (buffer register) to the TMGRAI register.
and TMGRAO Register Transfers the contents of the TMGRDIi register
(buffer register) to the TMGRBI register.
Note: i=0,1
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Figure 10-42 Buffer Operation for Input Capture
TMIOAI input
(Enter Capture *
Signal) Number
TMGRCi register TMGRAI
(buffer) | register

TMi

TMIOQAI input l

TMi register " X X

\:X\ transfe

TMGRAI register m A

. transfe

TMGRCi register
(buffer)

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 I0A2 IOAQ bit  Ubf the TMIORAI register is "100B"

Figure 10-43 Buffer operation for output comparison function

Comparing
Matching Signals
TMGRCi register TMGRAI ;
»| compar |« TMi
(buffer) register ater P
TMi register m-1 X m X m+1
TMGRAI register m X v n
E transfe
TMGRC i register n
(buffer) .
TMIOAI A
output

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 I0A2 KOAO 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:

BAT32G137 user manual | Chapter 10 Timer M

A The I0C3 location of the TMIORCi register must be "1" (universal or buffer register).
A 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:

A The 10D3 location of the TMIORCi register must be "1" (universal or buffer register).

A 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 TMO register with the TM1 register.

A 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
TMO register.

A Synchronous Purge

When the TMSYNC bit of the TMMR register is "1" and the CCLR2~CCLRO bit of the TMCRO register is
"011B".

Similarly, when the TMSYNC bit of the TMMR register is "1" and the CCLR2~CCLRO bit of the TMCR1 register
is "011B".

Figure 10-44 synchronous operation

TMIOAO Input ’A h

Become 0000H" on input

1
T™O i
Value of write !
register '| :
1
1
1
|
[ T G
becom
N\
1
1 O @)
1 1 1
1 1 1
1 1 1
1 1 1
1 : 1
™1 | | |
Value of | ' |
register . !
| |
|
1
nlbo_____~__ beco
1~ »
O SynchroniZdtion with TMO

becomes "0000H"

The conditions in the above diagram are as follows:
The TMSYNC bit of the TMMR register is "1"
(synchronous operation)
The CCLR2~CCLRO bit of the TMCRO register is '001B' (set the TMO to '0000H")

The CCLR2~CCLRO bit of the TMCR1 register is "011B" (synchronized with TMO to

"0000H")

The I0A2~I0OAO bit of the TMIORAO register is '1QOB‘ (Capture on the
The CMD1 and CMDO bits of the TMFCR register are "00B" rlsmg edge of the
The PWMS3 bit of the TMFCR register is "1" TMIOAO input)
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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 TMIQji output pin (i=0,1, B,D) can be cut off.

If the corresponding position of the TMOERL 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 TMOERZ2 register has a TMPTO bit of '1'
(the pulse output forced cut-off signal INTPO pin input is valid), the TMDFO register or the TMDF1 register DFCK1,
DFCKO, PENB1, PENBO,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:

BAT32G137 user manual | Chapter 10 Timer M

. The pin state (high impedance, 'L' level output, or 'H' level output) when the pulse output is forced off is set
through TMDFi registers.

s For pulse-forced cutoff with EVENTC event input, refer to "Events Entered from the Event Coordination
Controller(EVENTC)".

, The TMSHUTS bit of the TMOERZ2 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 TMOER?2 register "1" (the pulse output forced cutoff signal INTPO pin input
is valid).
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Figure 10-45

ELCOBEO —}
EVENTC eventinput 0 |

ELCOBE1 —}
EVENTC eventinput 1=

ELCOBEO,ELCOBEL1: TMELC register bits
TMPTO,TMSHUTS: TMOER?2 register bits
PMXx: PM register bits
DFCK1,DFCKO0,PENB1,PENBO: TMDFO register bits
DFD,DFC,DFB,DFA: TMDF1 register bits

Forced Cutoff of Pulse Output

TMSHUTS bit

DFCK1l DFCKO

TIMER M
output data

—O TMIOAO

multiplex I/0
port output data

HI-Z selection signal

PMxx

input data{

PENB1i PENBO

TIMER M
output data

multiplex 1/0 —O TMIOBO

port output data

HI-Z selection signal

PMxx

input data—C

DFDI DFC

TIMER M
output data

multiplex 1/0 —O TMIOC1

port output data

HI-Z selection signal,

input data{

DFB,DFA

TIMER M
output data

multiplex 1/0 —O TMIOD1

port output data

HI-Z selection signal

PMxx

input data—C
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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.
€) Input capture for TMIODO/TMIOD1
The timer M captures the input of the TMIODO/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 ELCICEO bit of the

TMELC register or the ELCICEL 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 ELCOBEDO or the ELCOBEL position"1. This feature is not valid when using input capture in timer mode.

Note: The INTPO 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) Setthe EVENTC event linkage target to timer M.
2) Set ELCICEI bits (i=0, 1) and ELCOBE:iI 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
TMIOAO edge detection via IOA1 and IOAO bit settings of TMIORAO 5 5
registers
TMIOBO edge detection via IOB1 and IOBO bit settings of TMIORAO 5 5
registers
TMIOCO edge detection via IOC1 and IOCO bit settings of TMIORCO 5 5
registers
TMIODO edge detection via IOD1 and IODO bit settings of TMIORCO 5 5
registers
Input capture TMIOAL edge detection via IOAL and IOAO bit settings of TMIORAL . )
registers
TMIOBL1 edge detection via IOB1 and IOBO bit settings of TMIORA1 5 5
registers
TMIOC1 edge detection via IOC1 and IOCO bit settings of TMIORC1 5 5
registers
TMIOD1 edge detection via IOD1 and IODO bit settings of TMIORC1 5 5
registers
Comparison and Matching of TMO Register and TMGRAO Register 2 2
output comparison | Comparison and Matching of TMO Register and TMGRBO Register 2 2
function, Comparison and Matching of TMO Register and TMGRCO Register ) )
PWM functions, ‘= barison and Matching of TMO Register and TMGRDO Regist 5
reset synchronous PWM omparison and Matching o egister an egister 2
mode, complementary | Comparison and Matching of TM1 Register and TMGRAL Register ) )
PWM mode, PWM3 | Comparison and Matching of TM1 Register and TMGRB1 Register 2 2
mode Comparison and Matching of TM1 Register and TMGRC1 Register o 2
Comparison and Matching of TM1 Register and TMGRD1 Register o] )
complementary PWM Underflow of TM1 Register 0 o}
mode
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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 TMGR)i 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 TMGRYi 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.

www.changitech.com 317 /1033 Rev.2.05



BAT32G137 user manual | Chapter 10 Timer M

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
fHOCO not¢, fCLK, fCLK/2, fCLK/4, fCLK/8,fCLK/32
count source External input signal for the TMCLK pin (program

selection of effective edges)

Count incremental count

When the CCLR2~CCLRO bit of the TMCRI register is '000B'

counting period 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 |- Input capture (valid edges for TMIOji inputs)
interrupt requests A TMi Overspill

TMIOAO Pin Functionality | I/0 Port, Input Captured Input, or TMCLK (External Clock) Input

TMIOBO, TMIOCO,
TMIODO, TMIOA1~ I/O port or input captured input (select by pin)
TMIOD1 Pin Functionality

INTPO Pin Functionality |Not used (enter a private port or INTPO interrupt input).

read timer If you read the TMi register, you can read the count value.

- TMi registers can be written when the TMSYNC bit of the TMMR register is "0".
write timer When the TMMR register has a TMSYNC bit of "1" (timer MO and timer M1 running
synchronously), data is written to both TM register.

- Enter the selection of input pins for the capture
1 or more pins in the TMIOAI, TMIOBI, TMIOCIi, TMIODi pins
- The selected rising, falling, or
double edges of the input
effective edges captured by the
input
Select Features - 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 TMIQji input is sampled and if that signal is the same three time, the level is

Note: ~ fHOCO can only be selected if the FRQSELA4 bit of the user option byte (ypgcony is =1+ TO select fHOCO as the
counter source for timer M, fCLK must be set to flH before bit4 (TMMEN,) (¢ peripheral AdMission Register 1 (PER1,.
If you want to change fCLK to a clock other than flH, 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
CCLRO~CCLR2 bits of the TMCRI register (i=0,1). FIGS. 10-47 is an example of operation when the position
CCLR2~CCLRO 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
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Note i=0l 1

above diagram condition as following:

CCLR2~CCLRO bit of TMCRIi register as "001B" (set Tmi bit as "0000H" while TMGRAI input capture)
TCLK2~TCLKO bit of TMCRIi register as "101B" (Counting source as TMCLK input)

CKEG1 bit and CKEGO bit of TMCRIi register as "01B" (counting at falling edge of counting source).
I0A2~I0AO 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 TMIQji input (i=0, 1,j=A,B,C,D) is sampled and if that signal is identical 3 times, the level is determined.

BAT32G137 user manual | Chapter 10 Timer M

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
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Note i=0, 1 j=A, B, C, D
TCKO~TCK2: TMCri register Bits
DFCKO0,DFCK1,DFj: TMDF register Bits

I0A0~IOA2,10B0~I0B2: TMIORAI register Bits
10C0~I10C3,10D0~I0D3: TMIORCi register Bits

Note: 1. When the user option byte (000C2H) has the FRQSEL4 bit of "o cejectfoLk: S€lect gyoco When the FRQSEL4 bit
s
2. tcLks32, TCLK/8 and fCLK are fHOCO/32, f10co/g and fHoco When the FRQSEL4 bit of user option byte (000C2H) is
e
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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 TMGR]i registers (j=A,D)
are identical (compare matching). If the contents are the same, output any level from the TMIOji pin. Because the
TMIQji 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.
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Figure 10-49 Block Diagram of Output Comparison Function
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