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Documentation Instructions

This manual is a technical reference manual for BAT32A239/BAT32A279 microcontroller products, and the

technical reference manual is an application note on how to use this series of products, including the structure,

functional description, and function description of each functional module. Details such as operating modes and
register configuration.

The Technical Reference Manual is a description of all functional modules in this series of products, please

refer to the data sheet for the description of the characteristics of the product (i.e. the function carrying situation).
The data sheet information is as follows:
BAT32A239xx: BAT32A239 datasheet_vx.xx. pdf
BAT32A279xx: BAT32A279 datasheet_vx.xx. pdf

Usually in the early stage of chip selection, the first thing to see is to look at the data sheet to evaluate whether
the product can meet the functional requirements of the design; After basically selecting the required product, it is
necessary to check the technical reference manual to determine whether the working mode of each functional

module meets the requirements; When determining that the selection enters the programming design phase, a
detailed technical reference manual is required to understand the specific implementation of each function and the

register configuration. Refer to the data sheet when designing your hardware for information such as voltage,
current, drive capability, and pin assignment.

For a detailed description of the Cortex-MO+ core, SysTick timer, and NVIC, please refer to the documentation
for the corresponding ARM.
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Chapter 1 CPU
1.1 overview

This section briefly introduces the features and debugging features of the ARM Cortex-MO0+ core mounted on
the BAT32A2x9 product, please refer to the ARM related documents for details.

1.2 Cortex-MO+ core features
A The ARM Cortex-MO+ processor is a 32-bit RISC core with a 2-level pipeline that supports both

privileged mode and user mode

The Memory Protection Unit (MPU) supports 8 independent partitions (regions) for protection

Single-cycle hardware multiplier

Nested Vector Interrupt Controller (NVIC)

A 1 Unshielded Interrupt (NMI).

Supports 32 maskable interrupt requests (IRQs).

>

A 4 interrupt priorities

The system timer SysTick is a 24-bit countdown timer with the option of fCLK or fIL counting clocks
Vector Table Offset Register (VTOR).

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

A Default value of this register is 0x0000_0000, low 8 bits write ignore, read to zero, that is, offset
256 bytes aligned

1.3 Debug features
2-wire SWD debug interface

s Supports pause, resume, and step-through procedures

Access the processor's core registers and special function registers
4 hardware breakpoints (BPU).

Unlimited software breakpoints (BKPT instructions).

2 Data Observer Points (DWT).

Memory is accessed while the kernel is executing

5
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Figure 1-1 Debug block diagram of Cortex-MO+
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Note: SWD does not work in Deep Sleep mode, please debug in active and sleep modes.
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1.4 SWD interface pin
The 2 GPIOOs of this product can be used as SWD interface pins, which are present in all packages.

Table 1-1 SWD debug port pins

SWD port name Debugging features Pinout
SWCLK Serial clock P137
SWDIO Serial data input/output P40

When the SWD function is not used, SWD can be disabled by setting the debug stop control register
(DBGSTOPCR).

Bit No. 31 30 29 28 27 26 25 24
DBGSTOPCR | - - - - - - - SWDIS
Default value 0 0 0 0 0 0 0 0
Bit No. 23 22 21 20 19 18 17 16
DBGSTOPCR - - - - - - - -
Default value 0 0 0 0 0 0 0 0
Bit No. 15 . 14 18 12 11 10 9 . 8
DBGSTOPCR - - - - - - - -
Default value 0 0 0 0 0 0 0 0
Bit No. 7 . 6 . 5 . 4 . 3 . 2 . 1 . 0
DBGSTOPCR - - - - - - ' FRZEN1 | FRZENO
Default value 0 0 0 0 0 0 0 0

SWDIS | SWD debug interface disable
SWD debug interface enabled. In the state of connecting the debugger, the P40 cannot be used as
0 a GPIO (because the ENO and DOT of the IOBOF are controlled by the debugger at this time)

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

When the debugger is connected and the CPU is in the debug state (HALTED=1), the timer
FRZENO | peripheral module action/stop Note 1

0 Peripheral action
1 Peripheral Stops

When the debugger is connected and the CPU is in the debug state (HALTED=1), the
FRZEN1 | communication system peripheral module action/stop Note 2

0 Peripheral action
1 Peripheral Stops

Note 1: The peripheral modules of the timer system of this product include: universal timer unit Timer4/8, timer A,
timer B, timer C and timer M.
Note 2: The communication peripheral modules of this product include: communication serial communication unit,

serial IICA, etc.
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1.5 ARM reference documentation
The debugging features built into the Cortex-MO®+ core are part of the ARM® CoreSight design suite. For related
documents, please refer to:
Cortex-MO®+ Technical Reference Manual (TRM)
ARM® debug interface V5
ARM® CoreSight Design Kit Version R1pl Technical Reference Manual
ARME Cor e Si g0+ TechMchIBReference Manual
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Chapter 2 Pin function

2.1 Port capabilities
Refer to datasheet for each product range.

2.2 Port multiplexing function
Refer to datasheet for each product range.
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2.3 Registers that control port functionality

1

= =4 -4 -4 -4 -4 -—a -8 _a -2 -3

Control the ports through the following registers.

Port Mode Register (PMxx).

Port register (Pxx).

Port Set control register (PSETxx).

Port Clearing Control Register (PCLRxXx).
Pull-up resistor selection register (PUxx).
Port Input mode register (PIMXx).

Port Output mode register (POMX).

Port Mode Control Register (PMCxx).
Port Readback register (PREADXxX).
Peripheral I/0 redirect register (PIORX).
Global Digital Input Disable Register (GDIDIS).

Note: The registers and bits allocated vary by product. For the registers and bits assigned to each product, please refer to

the following table. The unassigned bits must be initialized.

Table2-1 Registers assigned by product and their bits (1/3).

Bit name 0o g0 [or P4 bin (| 48
port PMxx | Pxx | PSETxx | PCLRxx | PUxx | PIMxx | POMxx PMCxx PREADXX |pins |Pins Pins A |pins
register [register| register register register | register | register register register (_A)Note Note
0 PMO0 POO PSETO0 PCLROO PUOO 6] POMO0 | PMcoo Note 1| PREADOO 3 3 3 3 3 3
1 PMO1 PO1 PSETO1 PCLRO1 PUO1 PIMO1 s} pmco1 Note 1| preaDO1 3 3 3 3 3 3
2 PMO02 P02 PSET02 PCLRO2 PUO2 ¢} POMO02 PMCO02 PREADO2| 3 3 3 3 s} s}
Port 0 3 PMO03 P03 PSETO03 PCLRO3 PUO3 PIMO3 | POMO3 PMCO03 PREADO3| 3 3 3 3 s} s}
4 PM04 P04 PSETO04 PCLRO4 PUO4 PIM04 | POM0O4 PMCO04 PREADO4| 3 3 3 3 s} s}
5 PMO05 PO5 PSETO5 PCLRO5 PUO5 o} o} o} PREADO5| 3 3 3 3 ¢} ¢}
6 PMO06 P06 PSET06 PCLRO6 PUO6 s} s} ¢} PREADO6| 2 3 3 3 6] 6]
0 PM10 P10 PSET10 PCLR10 PU10 PIM10 | POM10 PMC10 PREAD10| 2 3 3 3 3 3
1 PM11 P11 PSET11 PCLR11 PU11 o} POM11 PMC11 PREAD11| 3 3 3 3 2 3
2 PM12 P12 PSET12 PCLR12 PU12 s} s} o} PREAD12| 3 3 3 3 3 3
3 PM13 P13 PSET13 PCLR13 PU13 s} POM13 s} PREAD13| 3 3 3 3 3 3
Port1 4 PM14 P14 PSET14 PCLR14 PU14 PIM14 | POM14 o} PREAD14| 3 2 3 3 3 3
5 PM15 P15 PSET15 PCLR15 PU15 PIM15 | POM15 o} PREAD15| 3 3 3 3 3 3
6 PM16 P16 PSET16 PCLR16 PU16 PIM16 o} o] PREAD16| 2 3 3 3 3 3
7 PM17 P17 PSET17 PCLR17 PU17 PIM17 | POM17 s} PREAD17| 3 3 3 3 3 3
0 PM20 P20 PSET20 PCLR20 o] o] o] PMC20 PREAD20| 3 3 3 3 3 3
1 PM21 P21 PSET21 PCLR21 o] o] o] PMC21 PREAD21| 3 3 3 3 3 3
2 PM22 P22 PSET22 PCLR22 s} s} o] PMC22 PREAD22| 3 3 3 3 3 3
3 PM23 P23 PSET23 PCLR23 s} s} o] PMC23 PREAD23| 3 3 3 3 3 3
Port2 4 | PM24 | P24 | PSET24 | PCLR24 3 3 8 PMC24 PREAD24| 3 |3 |3 3 |3z |3
5 PM25 P25 PSET25 PCLR25 o] o] o] PMC25 PREAD25| 3 3 3 3 3 3
6 PM26 P26 PSET26 PCLR26 s} s} o] PMC26 PREAD26| 3 3 3 3 3 3
7 | PM27 | P27 | PSET27 | PCLR27 s} s} K} PMC27 PREAD27| 3 |3 |3 3 |z |3
0 PM30 P30 PSET30 PCLR30 PU30 PIM30 | POM30 o] PREAD30 3|3 3 3 3 3
Port3 1 PM31 P31 PSET31 PCLR31 PU31 o] o] o] PREAD31 3|3 3 3 3 1

Note 1 Limited to 48-pin products. (-A) indicates that it is limited to BATA2xx-A series products.
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Table 2-1 Registers assigned by product and their bits (2/3).

0 [o0 Jorrms be [ o
port PM_xx Pxx_ PSETxx PCI__Rxx PU>_<x PIMxx POMxx PMpxx PRI_EADxx Pins |Pins | (-A)Note  |Pins Note Pins
register |register [register register register Jregister [register _|register [register
0 | PM40 P40 PSET40 PCLR40 | PU40 o] 6] ¢} PREAD40 | 3 3 3 3 3 2
1 | PM41 P41 PSET41 PCLR41 | PU41 o] 6] ¢} PREAD41 | 3 3 3 3 3 2
2 | PM42 P42 PSET42 PCLR42 | PU42 o] s} s} PREAD42 | 3 3 2 3 o] o]
3 | PM43 P43 PSET43 PCLR43 | PU43 | PIM43 | POM43 s} PREAD43 | 3 3 3 3 o] o]
Port4 4 | PM44 P44 PSET44 PCLR44 | PU44 | PIM44 | POM44 6] PREAD44 | 3 3 6] o] 6] ¢}
5 | PM45 P45 PSET45 PCLR45 | PU45 o] e} o} PREAD45 | 3 3 6] o] 6] 6]
6 | PM46 P46 PSET46 PCLR46 | PU46 o] s} s} PREAD46 | 3 o] o] o] o] o]
7 | PM47 P47 PSET47 PCLR47 | PU47 o] s} s} PREAD47 | 3 o] o] o] o] o]
0 | PM50 P50 PSET50 PCLR50 | PU50 | PIM50 | POM50 6] PREADS5O | 3 3 3 3 3 3
1 | PM51 P51 PSET51 PCLR51 | PU51 6] POM51 o] PREADS51 | 3 3 3 3 3 3
2 | PM52 P52 PSET52 PCLR52 | PU52 o] o] s} PREAD52 | 3 3 3 3 s} s}
3 | PM53 | P53 | PSET53 | PCLR53 | PUS3 | & POMS3 | 5 PREAD53 | 3 3 3 3 |9 3
Port 5 POM52
4 | PM54 | P54 | PSET54 | PCLR54 | PUS4 | & NOY 3 PREAD54 | 3 3 3 3 |8 8
5 | PM55 | P55 | PSET55 | PCLR5S5 | PUS5 | PIM55 | POMS5 | & PREADSS | 3 3 3 3 |d 3
6 | PM56 | P56 | PSET56 | PCLR56 | PUS6 | & 3 8 PREAD56 | 3 8 8 5 |o 3
7 | PM57 | P57 | PSET57 | PCLR57 | PUS7 | & 3 3 PREAD57 | 3 3 3 5 |0 8
0 | PM60 | P60 | PSET60 | PCLR60 | & 8 8 8 PREAD60 | 3 3 3 3 |3 3
1 |PM61| P61 | PSET61 | PCLR61 | & 8 8 8 PREAD61 | 3 3 3 z |3 3
2 | PM62 | P62 | PSET62 | PCLR62 | & 8 8 3 PREADG62 | 3 3 3 3 |z 3
3 | PM63 | P63 | PSET63 | PCLR63 | & 8 8 3 PREAD63 | 3 3 3 3 |z 3
Port6 4 | PM64 P64 PSET64 PCLR64 | PUG4 s} s} s} PREAD64 | 3 3 s} 4 s} s}
5 | PM65 P65 PSET65 PCLR65 | PU65 s} s} s} PREADG65 | 3 3 s} s} s} s}
6 | PM66 P66 PSET66 PCLR66 | PU66 o] o} o} PREADG6 | 3 3 6] o] 6] 6]
7 | PM67 P67 PSET67 PCLR67 | PU67 o] o} o} PREADG67 | 3 3 6] o] 6] 6]
0 | PM70 P70 PSET70 PCLR70 | PU70 o] s} ¢} PREAD70 | 3 3 3 3 3 3
1 | PM71 P71 PSET71 PCLR71 | PU71 o] POM71 s} PREAD71 | 3 3 2 3 3 3
2 | PM72 P72 PSET72 PCLR72 | PU72 o] o] o} PREAD72 | 3 3 3 3 3 3
3 | PM73 P73 PSET73 PCLR73 | PU73 o] o] o} PREAD73 | 3 3 3 3 3 3
Port? 4 | PM74 | P74 | PSET74 | PCLR74 | PU74 | & POM74 | & PREAD74 | 3 3 3 z |3 3
5 | PM75 P75 PSET75 PCLR75 | PU75 o] s} s} PREAD75 | 2 3 3 3 3 3
6 | PM76 P76 PSET76 PCLR76 | PU76 o] o} o} PREAD76 | 3 3 3 3 6] 6]
7 | PM77 | P77 | PSET77 | PCLR77 | PU77 3 ) ) PREAD77 | 3 3 3 3 ) )
0 | PM80 | P80 PSET80 | PCLR80 | PU8B0 | PIM80 | POM80 o] PREAD8O | 3 6] 6] o] 6] 6]
1 | PM81 | P81 PSET81 | PCLR81 | PU81 | PIM81 | POM81 o] PREAD81 | 3 o] o] s} s} s}
2 | PM82 | P82 PSET82 | PCLR82 | PU82 s} POM82 o] PREAD82 | 3 o] o] s} s} s}
3 | PM83 | P83 PSET83 | PCLR83 | PU83 s} o] o] PREAD83 | 3 o] 6] o] 6] 6]
Port8 4 | PM84 | P84 PSET84 | PCLR84 | PU84 o] o] o] PREAD84 | 3 6] 6] o] 6] 6]
5 | PM85 | P85 PSET85 | PCLR85 | PU85 o] o] o] PREADS8S | 3 o] o] s} s} s}
6 | PM86 | P86 PSET86 | PCLR86 | PU86 s} o] o] PREAD86 | 3 o] o] s} s} s}
7 | PM87 P87 PSET87 PCLR87 | PU87 s} o] o] PREAD87 | 3 o] o] o] 6] 6]

Note 1: Limited to BAT32A279 products only.
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Table 2-1 Registers assigned by product and their bits (3/3).

Bit name 80 64 48
100 | [Pins 64 | pin |48
port PMxx [Pxx  [PSETxx  [PCLRxx  [PUxx [PIMxx  [POMxx  [PMCxx PREADXX | pins [P | (- Pins| (-A) | Pins
register [register |register register register [register  |register register register A)Note Note
0 |[PM100| P100 | PSET100 | PCLR100 | PU100 s} o} PMC100 PREAD100| 3 3 o] o] o] o]
Port 10 1 |PM101| P101 | PSET101 | PCLR101 |PU101 6] o] PMC101 PREAD101| 3 o] o] o] o] o]
2 |PM102| P102 | PSET102 | PCLR102 |PU102 6] o] PMC102 PREAD102| 3 o] o] 4 o} ¢}
0 |(PM110| P110 | PSET110 | PCLR110 |PU110 o] o} e} PREAD110| 2 3 o] o] o} ¢}
Port 1 |PM111| P111 | PSET111 | PCLR111 |PU111 s} o} o} PREAD111| 3 3 o] o] o] o]
0 [PM120| P120 | PSET120 | PCLR120 | PU120 6] o] PMC120 PREAD120| 3 3 3 3 3 3
1 6] P121 o] 6] 6] 6] o] o] PREAD121| 2 3 3 3 3 3
Port 12 2 6] P122 o] 6] 6] 6] o] o] PREAD122| 2 3 3 3 3 3
3| 8 P123 8 8 8 8 K] K] PREAD123| 3 |3 3 3 |3 |3
4| & P124 8 8 8 8 8 ] PREAD124| 3 |3 3 3 |3z |3
0 3 P130 | PSET130 | PCLR130 | & d d d PREAD130| 2 3 3 3 3 3
Port 13 6 |PM136| P136 | PSET136 | PCLR136 |PU136 o] o] PMC136 N1 PREAD136| 3 3 o] 3 6] 3
7 |PM137| P137 | PSET137 | PCLR137 |PU137 o] o] o] PREAD137| 3 3 3 3 3 3
0 |PM140| P140 | PSET140 | PCLR140 | PU140 o] o] o] PREAD140| 3 3 3 3 3 3
1 |PM141| P141 | PSET141 | PCLR141 | PU141 o] o] o] PREAD141| 2 3 3 3 ¢} ¢}
2 |PM142| P142 | PSET142 | PCLR142 | PU142| PIM142 | POM142 o] PREAD142| 3 3 o] o} ¢} ¢}
3 |PM143| P143 | PSET143 | PCLR143 | PU143| PIM143 | POM143 o} PREAD143| 3 3 4 4 s} s}
Port 14 4 |PM144| P144 | PSET144 | PCLR144 |PU144 o] POM144 PMC144 PREAD144| 3 3 4 4 s} s}
5 |PM145| P145 | PSET145 | PCLR145 | PU145 6] o] PMC145 PREAD145| 2 o] o] o} ¢} ¢}
6 |PM146| P146 | PSET146 | PCLR146 |PU146 o] o] PMC146 PREAD146| 2 3 3 3 3 3
7 |PM147| P147 | PSET147 | PCLR147 | PU147 o] o] PMC147 PREAD147| 3 3 3 3 3 3
0 |PM150| P150 | PSET150 | PCLR150 o] o} o] PMC150 |PREAD150 | 3 3 s} s} s} s}
1 |[PM151| P151 | PSET151 | PCLR151 o s} o] PMC151 PREAD151 | 3 3 o] o] 6] 6]
2 |PM152| P152 | PSET152 | PCLR152 o s} o] PMC152 PREAD152 | z 3 o] o] 6] 6]
Port 15 3 |PM153| P153 | PSET153 | PCLR153 o] o] s} PMC153 | PREAD153| 3 3 s} s} s} s}
4 |PM154| P154 | PSET154 | PCLR154 o] o] o] PMC154 | PREAD154 | 3 s} s} s} s} s}
5 |PM155| P155 | PSET155 | PCLR155 o o s} PMC155 | PREAD155| 3 o] o] o] 6] ¢}
6 |PM156| P156 | PSET156 | PCLR156 o o s} PMC156 | PREAD156 | 3 o] o] o] 6] 6]

Note: 1 This configuration is not available for 6-pin and4-pin 8-pin products, only 100-pin, with 80-pin products
supporting it.
(-A) indicates that it is limited to BAT32A2xx-A series products.
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231

Port Mode Register (PMxXx).
This is the register that sets the port input/output in bits. After generating a reset signal, the values of these

registers become "FFH". When using a port pin as a pin for the multiplexing function, it must be set with reference to

"2.5 Register Settings When Using the Multiplexing Function".

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

the offset address is shown in the figure below.

Figure2-1 format of port mode register

symbol 7 6 5 4 3 2 1 0 aggfe‘is rAJ;irt RIW
PMO ‘ 1 | PMO06 | PMO5 ‘ PMO04 ‘ PMO03 ‘ 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 0x322 FFH R/W
PM3 1 1 1 1 1 1 PM31 PM30 0x323 FFH R/W
PM4 PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40 0x324 FFH R/W
PMs | PM57 | PMs6 | Pmss | PMsa | Pms3 | PMs2 | PMs1 | PMs0 | 0x325  FFH  RW
PM6 PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60 0x326 FFH R/W
PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70 0x327 FFH R/W
PM8 PM87 PM86 PM85 PM84 PM83 PM82 PM81 PM80 0x328 FFH R/W
PM10 1 1 1 1 1 PM102 | PM101 | PM100 0x32A FFH R/W
PM11 1 1 1 1 1 1 PM111 | PM110 0x32B FFH R/W
PM12 1 1 1 1 1 1 1 PM120 0x32C FFH R/W
PM13 PM137 | PM136 1 1 1 1 1 0 0x32D FEH R/W
PM14 PM147 | PM146 | PM145 | PM144 | PM143 | PM142 | PM141 | PM140 0x32E FFH R/W
PM15 1 PM156 | PM155 | PM154 | PM153 | PM152 | PM151 | PM150 0x32F FFH R/W
PMmn Selection of input/output modes for the Pmn pin
0 Output mode (used as output port (output buffer ON)).
1 Input mode (used as input port (output buffer OFF)).
Note: The initial value must be set for unassigned bits.
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2.3.2

Port register (Pxx).

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

value of the port's output latch is read in output mode. After generating a reset signal, the value of these registers

changes to "O0H".

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

the offset address is shown in the figure below.

Figure2-2: format of the port register

symbol 7 6 5 4 3 2 1 0  address  Afterreset R/
PO | o | Pos | Pos | Po4a | Po3a | P02 | Por | POO | 0x300 O0OH (outputlatch) RAV
PL | P17 | Pi6 | P15 | P14 | P13 | P12 | Pir | P10 | Ox301 OOH (outputlatch) RW
P2 | P27 [ P26 [ P25 | P24 [ P23 [ P22 [ P21 | P20 | 0x302 0OH (outputlatch) RW
P | o [o Jo Jo Jo [o [Pt | P30 | ox303 00H (outputlatch) RMW
P4 | P47 | Pa6 | Pas | Pas | P43 | Pa2 | P41 | P40 | 0x304 OOH (outputlatch) RV
Ps | P57 | ps6e | Pss | Psa | ps3a | ps2 | P51 | P50 | 0x305 00H (outputlatch) RAW
P6 | P67 | Pe6 | Pe5 | Pea | Pe3 [ Pe2 | P61 | Pe0 | 0x306 0OH (outputlatch) RAW
P7 | P77 | P7e | P75 | Pra [ P73 | P72 [ P71 | P70 | 0x307 00H (outputlatch) RAW
P8 | Ps7 | Pes | Pss | Psa [ Pe3 | P82 | Ps1 | P8O | 0x308 00H (outputlatch) RAW
Plo | o |o IE IE | o | P02 | P01 | P100 | 0x30A O00H (outputlatch) RAW
pir | o o Jo Jo o o | P11 | P110 | 0x30B OOH (outputlatch) RMW
P2 [ o |o | o | pi2a | P12z | P22 | P121 | P120 | 0x30C Indefinite value  RMnore1
P13 | P137 | P136 |0 | 0 | o o | o | P130 | 0x30D 00H (output latch) R
P14 | P147 | P146 | P145 | P144 | P143 | P142 | P141 | P140 | OX30E OOH (outputlatch) RMW
Pi5| o | P1s6 | P1s5 | P154 | P153 | P152 | P151 | P150 | OX30F OOH (outputlatch) RMW

o Input/output of the Pmn pin
Control of output data (output mode) Reading of input data (input mode)
Output 0" Enter a low level.
Output 1", Enter high.

Note: 1. P121~P124 are read-only bits.

2. The initial value must be set for the unassigned bits.
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2.3.3 Port Set Control Register (PSETxx)
This is the register that sets the port output latch in bits. After generating a reset signal, the values of
these registers become "0000H".

Register address = base address + offset address; The base address of the port position control
register is 0x40040000, and the offset address is shown in the figure below.

Figure 2-3: format of port position control register

symbol 7 6 5 4 3 2 1 0 address After resetR/W
PSETO| 0 |PSET06 |PSETO5 | PSET04 | PSETO3 | PSETO2 | PSETOL | PSETOO | 0x080 ~ 0OH In

PSETL|PSET17| PSET16 | PSET15 | PSET14 | PSET13 | PSET12 | PSET11 | PSET10 | 0x081  00H In

PSET2 |PSET27| PSET26 | PSET25 | PSET24 | PSET23 | PSET22 | PSET21 | PSET20 | 0x082  0OH In

pseT3] o | o | o | o | o | o |pser3i|pPsET3o | 0x083 00OH In

PSET4 |PSET47| PSET46 | PSET45 | PSET44 | PSET43 | PSET42 | PSET41 | PSET40 | 0x084  0OH In

PSET5 | PSET57 | PSET56 | PSETS55 | PSETS4 | PSET53 | PSET52 | PSET51 | PSET50 | 0x085  00H  In

PSET6 | PSET67 | PSET66 | PSET65 | PSET64 | PSET63 | PSET62 | PSET61 | PSET60 | 0x086  00H  In

PSET7 | PSET77| PSET76 |PSET75 | PSET74 | PSET73 | PSET72 | PSET71 | PSET70 | 0x087  O00H In

PSET8 | PSET87 | PSET86 | PSET85 | PSET84 | PSET83 | PSET82 | PSET81 | PSET80 | 0x088 ~ O00H In

pseti o | o | o | o | o |psETioz|psETion|PSETI00| 0x08A  0OH In
pseT1l o | o [ o | o | o | o |psETi11]PsETi10| 0x088 OOH In
pseti2l o | o | o | o | o | o | o [psErizo| ox08C  00H I
PSET13PSET137PsET136)] 0 | o | o | o | o [PSETi30| 0x08D  00H In

PSET14PSET147PSET146|PSET145|PSET144|PSET143|PSET142|PSET141| PSET140 | OX08E  OOH In

PSET15| 0 |PSET156|PSET155/PSET154|PSET153|PSET152|PSET151| PSET150 | 0x08F ~ OOH In

PSETmn Set Control of the Pmn port
0 No action
1 The corresponding Pmn is set to 1

Note: The unassigned bits must be initialized.
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234 Port Clear Control Register (PCLRxx)
This is the register that sets the port output latch in bits. After generating a reset signal, the values of
these registers become "0000H".

Register address = base address + offset address; The base address of the port zeroing control
register is 0x40040000, and the offset address is shown in the figure below.

Figure 2-4 format of port clearing control register
symbol 7 6 5 4 3 2 1 0 address After resetR/W

PCLRO| 0 |PCLRO6 |PCLRO5|PCLR04 | PCLRO3 | PCLRO2 | PCLROL | PCLROO | 0x090 ~ O00H In

PCLR1[PCLR17| PCLR16 |PCLR15 | PCLR14 | PCLR13 | PCLR12 | PCLR11 | PCLR10 | 0x091 ~ OOH In

PCLR2|PCLR27| PCLR26 |PCLR25 | PCLR24 | PCLR23 | PCLR22 | PCLR21 | PCLR20 | 0x092 ~ O00H In

pctR3) o | o | o | o | o | o |pPcLr3i|PcLR30

0x093 O0OH In

PCLR4|PCLR47| PCLR46 |PCLR45 | PCLR44 | PCLR43 | PCLR42 | PCLR41 | PCLR40 | 0x094  O00H In

PCLRS5|PCLR57| PCLR56 |PCLR55 | PCLR54 | PCLR53 | PCLR52 | PCLRS51 | PCLR50

0x095 O0OH In

PCLR6 |PCLR67 | PCLR66 | PCLR65 | PCLR64 | PCLR63 | PCLR62 | PCLR61 | PCLR60 | 0x096 ~ OOH In

PCLR7 |PCLR77| PCLR76 | PCLR75 | PCLR74 | PCLR73 | PCLR72 | PCLR71 | PCLR70

0x097 O0OH In

PCLR8|PCLR87| PCLR86 |PCLR85 | PCLR84 | PCLR83 | PCLR82 | PCLR81 | PCLR80 | 0x098 ~ OOH In

PCLR10[ 0 0 0 0 0  |PCLR102|PCLR101|PCLR100| 0x09A ~ O00H In
PCLR11] 0 0 0 0 0 0  |PCLR111|PCLR110| 0x098  O00H In
pctRi o | o | o | o | o | o | o [pctrizo] oxooc  ooH I
PCLR13PCLR137PCLR136] 0 | o [ o | o | o |[PcLR130| 0x09D  OOH In

PCLR14PCLR147PCLR146PCLR145PCLR144|PCLR143|PCLR142|PCLR141| PCLR140 | Ox09E ~ 00H In

PCLR15 0 |PCLR156[PCLR155PCLR154|PCLR153|PCLR152|PCLR151| PCLR150 | OX09F ~ O00H In

PCLRmMnN Clear control of the Pmn port
0 No action
1 The corresponding Pmn is cleared to zero

Note: The initial value must be set for unassigned bits.
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2.3.5 Pull-up resistor selection register (PUxx).

Select register for internal pull-up resistors. The internal pull-up resistor can only be specified for pins that
use an internal pull-up resistor through the pull-up resistor selection register and the POMmn bit is "0" and set
to the input mode (PMmn=1), and the internal pull-up resistor is used in bits. For bits set to output mode,
regardless of the setting of the pull-up resistor selection register, the internal pull-up resistor is not connected.
The same is true when the output pin is used as a multiplexing function or when it is set to an analog function.

After generating a reset signal, the value of these registers changes to "00H" (only PU4 is "01H"and
PU13is "80H").

Register address = base address + offset address; The base address of the PU register is
0x40040000, and the offset address is shown in the figure below.

Figure2-5 Format of pull-up resistor selection register

symbol 7 6 5 4 3 2 1 0 aggfgs gf:zrt RIW
Po | o | puos | Puos | Puos | Puos | Puoz | Puor | Puoo | ox030 ooH R
PU1 PUL7 | PU16 | PU15 | PUl4 | PUI3 | PUL2 | PUIL | PUL0 | O0x031  OOH  RMW
PU3 0 0 0 0 0 0 PU3L | PU3D | 0x033  O00H  RMW
PU4 0 0 PU45 | PU44 | PU43 | PU42 | PU4L | PU40 | 0x034  OIH  RMW
pus | pus7 | puse | puss | pusa | pusa | Pus2 | Pusi | PusO | 0x035  0OH  RW
pus | Pus7 | pues | Puss | Puea | o | o | o | o | ox036 00H = RW
PU7 PU77 | PU76 | PU75 | PU74 | PU73 | PU72 | PU7L | PU70 | 0x037  OOH  RMW
PUS PUS7 | PUS6 | PUS5 | PuUs4 | PUS3 | PUS2 | PUSL | PUSO | 0x038  OOH  RMW
PU10 0 0 0 0 0 | PUL02 | PUL01 | PUL00 | OX03A  O0H  RMW
PU11 0 0 0 0 0 0 | PULLL | PU110 | 0X03B  00H  RMW
PU12 0 0 0 0 0 0 0 | PU120 | 0X03C  O0OH  RMW
PU13 | PU137 | PU136 | O 0 0 0 0 0 | 0x03D 8H  RW
PUl4 | PU147 | PU146 | PU145 | PU144 | PU143 | PU142 | PUL41 | PUL40 | OX03E  OOH  RMW

Fist Selection of internal pull-up resistors for the Clearing
0 No internal pull-up resistor is connected.
1 Connect an internal pull-up resistor.

Note: That the initial value must be set for the unassigned bits.
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2.3.6 Port input mode register (PIMxXx).

This is the register that sets the input buffer in bits. When communicating serially with external devices with
different voltage level, the TTL input buffer can be selected.

After generating a reset signal, the value of these registers changes to "00H".

Register address = base address + offset address; The base address of the PIM register is 0x40040000, and the
partial address is shown in the figure below.

Figure2-6 format of port input mode register

Offset After
symbol 7 6 5 4 3 2 1 O address reset RIW

PIMO 0 0 O | PIMO4 | PIMO3 | ©O | PIMOL | O | 0x040 OOH  RW
PIML | PIM17 | PIM16 | PIMI5 | PIM14 | 0 0 0 |PM1O| 0x041  OOH  RW
PIM3 0 0 0 0 0 0 0 |PIM30| 0x043  OOH  RMW
PIM4 0 0 0 | PIM44 | PIM43. | O 0 0 | 0x044  00H  RW
pms | o | o |pmss| o | o | o | o [Pmso| oxos5 ooH  Rw
pme | o | o | o | o | o | o | prmeL]|PmMeo]| oxoa8 0oH  RW
PIM14 0 0 0 0 | PIM143. | PIM142. | © 0 | OX04E  00H  RW
PIMmn Selection of input buffers for the Pmn pin

0 Schmidt input buffer
1 TTL input buffer
Note That the unassigned bits must be set at an initial value.
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2.3.7 Port output mode register (POMxx).
This is the register that sets the output mode in bits. When communicating serially with external devices with

different voltage level and simple 12C communication with external devices with the same voltage level, the
SDAXxx pin can be selected for an N-channel open-drain output mode.

After generating a reset signal, the value of these registers changes to "00H".

Register address = base address + offset address; The base address of the POM register is 0x40040000, and
the partial address is shown in the figure below.

Note that for bits that set the N-channel open-drain output mode (POMmn=1), no internal pull-up resistor is connected.

Figure2-7 format of port output mode register

Offset After

symbol 7 6 5 4 3 2 1 0 address  reset R/W
POMO 0 0 0 POMO04 | POM0O3 | POMO2 0 POMOO | 0x050 00H RW
POM1 POM17 0 POM15 | POM14 | POM13 0 POM11 | POM10 | 0x051 00H RW
POM3 0 0 0 0 0 0 0 POM30 | 0x053 00H RW
POM4 0 0 0 POM44 | POM43 0 0 0 0x054 OOH RW
poms | o | o |Powmss| PATsa | PATS3 | 0 | POMS1 | POMSO | 0x055  0OH RIW
POM7 0 0 0 POM74 0 0 POM71 0 0x057 00H RW
POM8 0 0 0 0 0 POM82 | POM81 | POM80 | 0x058 00H RW
POM14 0 0 0 POM144 | POM143 | POM142 0 0 OXO5E O00H R/W
POMmMnN Selection of output mode for the Pmn pin
0 The usual output mode
1 N-channel open-drain output mode

Note: The initial value must be set for unassigned bits.

WWW.Mmcu.com.cn 39/1149 Rev.1.00


http://www.mcu.com.cn/

. ®
0 Cmsemicon BAT32A2x9 user manual | Chapter 2 Pin function

2.3.8 Port Mode Control Register (PMCxx).
The PMC registers configure digital inputs/outputs or analog inputs setting in bits.

After generating a reset signal, the values of these registers become "FFH".
Register address = base address + offset address; The base address of the PMC register is 0x40040000, and
the offset address is shown in the figure below.

Figure2-8 format of the port mode control register

Offset After

symbol 7 6 5 4 3 2 1 0 address reset R/W
Pmco | 1 | 1 | 1 [pPmco4|pPmcos |Pmcoz | 1 | 1 | ox060  FFH RIW
PMC1 1 1 1 1 1 1 PMC11 | PMC10 | Ox061  FFH RIW

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

pmcio| 1 | 1 | 1 | 1 | 1 [pmcio2]pwmcior | PMcioo | oxoeA  FFH  RW
pmci2| 1 | 1 | 1 | 1 | 1 | 1 | 1 |pPmci2o| oxo6C FFH  RW
pucis | 1 | PNCISO 1 1 1 1 0 | 0x06D FEH  RW
PMC14 | PMC147 | PMC146 | PMC145 | PMC144 | 1 1 1 1 | OX06E FFH  RMW

PMC15 | 1 | PMC156 | PMC155 | PMC154 | PMC153 | PMC152 | PMC151 | PMC150 | Ox06F  FFH  RMW

PMCmn | Choice of digital input/output or analog input on the Pmn pin

0 Digital inputs/outputs (multiplexing functions other than analog inputs).
1 Analog input

Note 1. This configuration is not available on 64-pin products.
2. The initial value must be set for the unassigned bits.
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2.3.9 Port read-back register (PREADXX).
This is a read-only register that can be read to get the port level when the port is an ordinary digital GPIO.
Register address = base address + offset address; The base address of the port register is 0x40040000,
and the offset address is shown in the figure below.

Figure 2-9 Format of port read-back register

After
symbol 7 6 5 4 3 2 1 0 address reset R/W

PREADO| 0 |PREADO6 | PREADO5 | PREADO4 |[PREADO3|PREADO2 |PREADOL [PREADOO| 0x0A0 xxH R

PREADL | PREAD17 | PREAD16 | PREAD15 | PREAD14 |PREAD13|PREAD12 |PREAD11 [PREAD1O| OXx0AL xxH R

PREAD2 | PREAD27 | PREAD26 | PREAD25 | PREAD24 |[PREAD23|PREAD22 | PREAD21 |PREAD20| 0x0A2 xxH R

PREAD3) 0 | o | o | o | o | o |PREAD31|PREAD30| 0x0A3 xxH R

PREAD4 PREADC47PREADC46PREADCASPREADCA4/PREAD43| PREAD42 | PREAD4L |PREAD40| 0x0A4 xxH R

PREADS | PREAD57 | PREADS6 | PREADSS5 | PREAD54 |[PREADS3|PREAD52 | PREAD51 |PREADS0| 0x0A5  xxH R

PREAD6 | PREAD67 | PREAD66 | PREAD65 | PREAD64 [PREAD63| PREAD62 | PREAD61 |PREADEO| 0x0A6 xxH R

PREAD7 | PREAD77 | PREAD76 | PREAD75 | PREAD74 |PREAD73|PREAD72 | PREAD71 |PREAD70| 0x0A7 xxH R

PREADS | PREADS7 | PREAD86 | PREADSS5 | PREAD84 |PREAD83|PREADS2 | PREADS1 |PREADSO| 0x0A8 xxH R

PREADI 0 | o | o | o | o PREADI0ZPREADIOIPREADIOD OX0AA xxH R
PREAD1] o0 | o | o | o | o | o |PREADI1IPREAD1L0 0x0AB xxH R
PREAD1Z 0 | 0 | o0 |PREADI24PREAD123PREAD122PREADI2IPREAD120| OXOAC ~ xxH R
PREADI3PREADI37PREADI36f 0 | o | o | o | o [PREAD130] Ox0AD xxH R

PREAD14PREAD147PREAD146PREAD145PREAD144PREAD143PREAD142PREADI41PREAD140] OX0AE  xxH R

PREAD15 0 |PREAD156PREAD155PREAD154PREAD153PREADIS2PREADISIPREADIS0 Ox0AF  xxH R

*The readout value of this register after reset depends on the status of each port.

Pmn port status readback
PREADmMnN -
Output mode/input mode
The port is low.
1 The port is high.
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2.3.10 Peripheral 1/O redirect register 0 (PIORO).

This is register O that is set to allow or disable peripheral I/O redirection. The peripheral 1/0 redirection
feature switches ports that are assigned a multiplexing function.

After generating a reset signal, the value of this register changes to "00H".
Figure2-10 Format of peripheral 1/0 redirect register 0 (PIORO).

Address: 0x40040877 After reset: 0OOHR/W
SYMBOL 7 6 5 4 3 2 1 0

PIORO PIORO7 PIOR06 PIOR05 | PIOR04 PIORO3 \ PIOR02 \ PIORO1 PIOR0O0O

64pin/80pin 48pin
PIORO Features Set Values Set Values
0 1 0 1
INTP8 P74/P42 P00 P74 P00
bit7 (PIORQ7) INTP10 P76/P05 PO1 o
must be set to 0 (initial value)
INTP11 P77/P06 P20
RxD2 P14 P14
TxD2 P13 P10
SCL20 P15 -
bité (PIOR06) SDA20 P14 -
SDI20 must be set to O (initial value) P14 -
SDO20 P13 -
SCLK20 P15 -
bit5 (PIORO5) RXD1 Pol Prs
TXD1 P00 P72
_ CLKBUZ1 P141 P55 o
bit4 (PIORO04) must be set to 0 (initial value)
INTP5 P16 P12
bit3 (PIORO03) CLKBUZO P140 P31 P140 P31
bit2 (PIOR02) SCLAO P60 P14 P60 P14
SDAAO P61 P15 P61 P15
INTP10 P76 P05 P01 P01
INTP11 P77 P06 P20 P20
RXD2 P14 P76
TXD2 P13 P77
SCL20 P15 -
SDA20 P14 - must be set to 0 (initial value)
SDI20 P14 -
SDO20 P13 -
bitl (PIORO1) SCLK20 P15 _
TXDO P51 P17 P51 P17
RXDO P50 P16 P50 P16
SCLO0 P30 - P30 -
SDAO0O P50 - P50 -
SDOO00 P51 P17 P51 -
SDI0O P50 P16 P50 -
SCLKO00 P30 P55 P30 -
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INTP1 P50 P52
INTP2 P51 P53
_ INTP3 P30 P54 o
bit0 (PIORO0) must be set to O (initial value)
INTP4 P31 P55
INTP8 P74 P42
INTP9 P75 P43

2.3.11 Peripheral 1/0O redirect register 1 (PIOR1)

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

switches ports that are assigned a multiplexing function.

After generating a reset signal, the value of this register changes to "00H".

Figure2-11 Format of peripheral I/O redirect register 1 (PIOR1).

Address: 0x40040879H After reset: 00HR/W

SYMBOL 7 6 5 4 3 2 1 0
PIOR1 0 0 0 \ 0 \ PANDOR13 \ PIOR12 \ PIOR1l | PIORI10

PIOR13 PIOR12 Timer A's TAO pin selection
0 0 and P30 multiplexing
0 1 and P50 multiplexed
1 0 and POO multiplexed
1 1 Disable settings

PIOR11 PIOR10 Timer A's TAO pin selection
0 0 and P01 multiplexed
0 1 and P31 multiplexed
1 0 and P41 multiplexing
1 1 and P06 multiplexing
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2.3.12 Peripheral 1/0O redirect register 2(PIOR2)

This is set to allow or disable peripheral I/O redirection function register 2. The peripheral 1/O redirection
feature switches ports that are assigned a multiplexing function.

After generating a reset signal, the value of this register changes to "00H".

Figure2-12 Format of peripheral 1/O redirect register 2 (PIOR2)

Address: 0x40040875 After reset: 00HR/W
SYMBOL 7 6 5 4 3 2 1 0

WORSTZ| WORST27 | WORST26 | WORST25| WORST24| WORST23| WORST22| WORST21| WORST20

Set Values
PIOR2 Features condition
0 1

bit7(PIOR27) TMIOCO P16 Disable setting

bit6(PIOR26) TMIODO P15 P17 PIOR36  PIOR37 must both be
configured as 0

bit5(PIOR25) TMIOD1 P11 P51 PIOR36I PIOR37 must both be
configured as 0

bit4(PIOR24) TMIOC1 P13 P50 PIOR361 PIORS37 must both be
configured as 0

bit3(PIOR23) TMIOB1 P10 P30 PIOR36] PIOR37 must both be
configured as 0

bit2(PIOR22) TMIOA1L P12 P16 PIOR36] PIOR37 must both be
configured as 0

bit1(PIOR21) VCOUT1 P31 P70 PIOR32=1'b1

bit0(PIOR20) VCOUTO P120 P71 PIOR31=1'b1

Note: 1, PIOR36, PIOR37 must be configured to 0, PIOR22 ~ PIOR26 configuration is valid
2. When PIOR31 is 0, the VCOUTO multiplexing port selected by PIOR20 outputs a low level.
3. When PIOR32 is 0, the VCOUT1 multiplexing port selected by PIOR21 outputs a low level.
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2.3.13

Peripheral 1/0O redirect register 3(PIOR3)

This is set to allow or disable peripheral I/O redirection function register 3. The peripheral 1/O redirection
feature switches ports that are assigned a multiplexing function.

After generating a reset signal, the value of this register changes to "00H".

Address: 0x4004087C after reset: 0OHR/W

Figure2-13 Format of peripheral I/O redirect register 3 (PIOR3)

SYMBOL 7 6 5 4 3 2 1 0
WORST3[ piors7 | PIOR36 | PIOR35 | PIOR34 | WORST33 | worsTs2| worstsi| 0 |
Set Values
PIOR3 Features
0 1
) TXDO PIOR34 Control P12
bit5(PIOR35)
RXDO PIOR34 Control P11
) TXDO PIORO1 Control P40
bit4(PIOR34)
RXDO PIORO1 Control P137
) CRXDO P03 P50
bit3(PIOR33)
CTXDO P02 P51
bit2(PIOR32) VCOUT1 Output L PIOR21 Control
bit1(PIOR31) VCOUTO Output L PIOR20 Control
PIOR37 | PIOR36 | TMIOAO | TMIOBO | TMIOCO | TMIODO | TMIOA1 | TMIOB1 | TMIOC1 | TMIOD1
0 0 P17 P14 P16 PIOR26 | PIOR22 | PIOR23 | PIOR24 | PIOR25
control control control control control
0 1 P17 P12 P16 P15 P11 P10 P14 P13
1 0 P17 P15 P16 P14 P13 P12 P11 P10
1 1 Prohibit settings |
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2.3.14 Peripheral 1/O redirect register 4 (PIOR4)

This is set to allow or disable peripheral I/O redirection function register 4. The peripheral 1/0 redirection
feature switches ports that are assigned a multiplexing function. PIOR4 is only used for port redirection switching
for 100pin products.

After generating a reset signal, the value of this register changes to "00H".

Figure2-14 Format of peripheral I/O redirect register 4 (PIOR4).

Address: 0x40040874  After reset: OOHR/W

SYMBOL 7 6 5 4 3 2 1 0
PIOR4 PIOR47 PIOR46 PIOR45 0 0 0 PIOR41 0
100pin
PIOR4 Features Set Values
0 1

TI14/TO14 P100 P42

bit7F PIOR47E L5/TO15 P110 P46
TI16/TO16 P111 P102

TI17/TO17 P05 P145
SCLK31/SCL31 |P43 P54

bitsF' PIOR46E [P23L Pa4 P53
SDO31 P45 P52

SDA31 P44 P53

INTP1 PIORO[O]control |P56

INTP2 PIORO[0]control [P47

INTP3 PIORO[0]control [P57

INTP4 PIORO[O]control |P146

INTP6 P140 P84

bits PIOR45E PoIE7 plal P85
INTP8 PIORO[7] P86

INTP9 PIORO[0]control [P87
SCLK10/SCL10 |P04 P80

SDI10/RxD1 PIORO[5] P81

SDO10/TxD1 PIORO[5] P82

SDA10 P03 P81

bitlf PIOR4LE |INTP1O PIORO[7] P110
INTP11 PIORO[7] P111

Note: Bit bit4, 3, 2, 0 must be set to the initial value of 0.
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2.3.15 Global Digital Input Disable Register (GDIDIS)

When powering off the EVpp, this register prevents the input buffer from leakage current for the input port
that is powered from the EVpp. When all input/output ports powered by EVpp are not used, EVpp can be cut
off by setting the GDIDIS register to "1" power supply to reduce power consumption.

By placing the GDIDISO position "1", the input of all input buffers with EVpp as the power supply is
disabled, preventing the leakage current when the power supply of the EVpp is cut off.

After generating a reset signal, the value of this register changes to "00H".

Figure2-15 Global Digital Input Disable Register (GDIDIS).

Address: 0x400408After 7D reset: 00H R/W
SYMBOL 7 6 5 4 3 2 1 0
GDIDIS 0 0 0 0 o | o | o NEWISO
GDIDISO Setting of the input buffer of the EVpp power supply
0 Input to the input buffer is allowed (default).
1 Disable input to the input buffer. Prevents leakage current flowing through the input buffer.

To power off an EVpp, you must follow these steps to set it up:
(1) Set to disable the input buffer input (GDIDISO=1).
(2) Cut off the power supply to the EVpp.

To power up the EVpp, you must follow these steps to set it up:
(1) Turn on the power supply of the EVpp.
(2) Set to allow the input of the input buffer (GDIDIS0=0).

Note 1 For input ports powered by EVpp, voltages that exceed EVpp cannot be entered.

2. If the input of the disable input buffer is set (GDIDIS0=1), the read value of the port register (Pxx) of the port
powered by EVpp is "1". When the port output mode register (POMxx) is "1" (N-channel open-drain output (EVpp
withstand voltage)), the port register (Pxx) has a read value of "0".

Note 1 Even if the input of the input buffer is disabled (GDIDIS0=1), the peripheral function of the unused port function
with EVpp as the power supply can be used.
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2.4 Unused pin handling
The handling of each unused pin is shown in the following table.

Table2-2 Handling of each unused pin

Pin name Input/Output The recommended connection method when not in use
P00/ P06 Input: Separately connect the EVpp or EVss via resistors-
P10/bP17 Output: Set to open circuit.
P20sL P27 Input: Separately con.nec?[ Vpp Or Vss via resistors.
Output: Set to open circulit.
P30, P31 Input: Separately con.nec?[ the EVpp or EVss via resistors.
Output: Set to open circulit.
P40 Input: EVpp is connected separately via resistors or opened.
Output: Set to open circuit.
P4l P47 Input: Separately connect the EVpp or EVss via resistors.
P505/b P57 Input/Output Output: Set to open circuit.
Input: Separately connect the EVDD or EVSS via resistors.
P60/5P63 Output: Set the output latch of the port to "0" and set it to open, or set the output latch of
the portto "1" and connect the EVpp or via resistors alone EVggr
P631P67
P70mP77
P80/ P87 Input: Separately connect the EVpp or EVsg via resistors.
P100/bP102 Output: Set to open circuit.
P110/bP111
P120
P121uP124 input Separately connect Vpp or Vgs via resistors.
P130 output Set to open circuit.
Input: Separately connect the EVpp or EVgs via resistors. (64,48-pin products).
P136 Input:. Separately connect Vpp 0r Vss via resistors. (80-pin product, BATG179xx-
A series).
Qutput: Set to open circuit
P137 Input/Output Input: Vpp is connected separately via resistors or opened.
Output: Set to open circuit.
P140/b P147 Input: Separately con.nec.t the EVpp or EVss via resistors.
Output: Set to open circuit.
Input: Separately connect Vpp or Vsg i i
P150/L P156 Input/Output p . p y nect Voo SS via resistors.
Output: Set to open circuit.
RESETB input Connect Vpp directly or via resistors.

Note For products that do not have EVpp, EVgg pins, EVpp must be replaced with Vp and EVss must be replaced with

VSS.

www.mcu.com.cn

48 /1149

Rev.1.00


http://www.mcu.com.cn/

. ®
0 Cmsemicon BAT32A2x9 user manual | Chapter 2 Pin function

2.5 Register settings when using the multiplexing function
251 Basic principle when using the multiplexing feature

First, pins that are multiplexed with analog functions must be set via the Port Mode Control Register (PMCxx)
whether they will be used as analog functions or as digital inputs/outputs.

The basic structure of the pin output circuit used as a digital input/output is shown in Figure 2-10. The outputs of
the SCI and CAN functions with the output latch output multiplexing of the port are input to the AND gate, and the output
of the AND gate is input to the OR gate, OR The other inputs of the gate are connected to multiplexed outputs of non-
SCI/CAN functions (timer, RTC, clock/buzzer output, IICA, etc.). When such pins are used as port functions or
multiplexing functions, the unused multiplexing functions cannot affect the output of the functions to be used. The

basic idea of the setting at this time is shown in Table2-3 basic .
Figure2-16 The basic structure of the output circuit of the pin

~""Y
WRPORT
EVDbb/VDD
fL . Pmn
N\ g
WRem PIO/Combined
/L function
O—»  PMmn D‘{ N-ch
9 WRroMm EVss/Vss
m
J\ Note 1
v
~ POMmn Input channel
Multiplexing | nNote 2
function
(SCI/CAN)
Multiplexing | No©3
function
(other than
~
SCI/CAN)

Note 1 When there is no POM register, this signal is Low level ().
2. When there is no multiplexing function, this signal is high level (1).
3. When there is no multiplexing function, this signal is Low level (0).

Table2-3 basic principle of the configuration

Output settings for the reuse function that are not used
Use the pinout function L The output function of Output functions other than
Port capabilities SCI/CAN SCI/CAN
Port output function o] High level output (1). Low level output (0).
The output function of SCI/CAN High (1) 5] Low level output (0).
Output functions other than SCI/CAN Low (0) High level output (1). Low level output (0) Note

Note : Because it is possible for one pin to multiple output functions other than SCI/CAN, the output of the unused
multiplexing function needs to be set to Low (0). For specific setting methods, please refer to "2. 5.2 Example of
register settings for the port function and the multiplexing function used".
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25.2

Examples of register settings using the port function and the multiplexing function

Examples of register settings (100-pin articles) used for the port function and multiplexing function are
shown in the following table.

Table2-4 function register settings example

Features used The Qutput of the multiplexing
Pin function
PIORX POMxx PMCxx PMxx Pxx
name Feature Inbut/Output The output function of Outside of
name P P SCI/CAN SCI/CAN
input X 1 x ' '
output 0 0 0/1
P00
N-channel (MAN)=0
open-drain 1 0 0/1
output
P00 .
TIOO input X 1 X
TBCLKO input X 1 x
(TAO) output PIOR13, PIOR12=10B 0 0 0
(INTP8) input PIOR07=1, PIOR45=0 x 1 x
input 1 x
PO1
output 0 0/1 ITAIO=0, TO00=0
TOO0O output 0 0 TAIO=0
PO1 TBCLK1 input 1 X
input PIOR13, PIOR12=00B 1 X
TAIO
output 0 0 TO00=0
(INTP10) input PIOR07=1, PIOR41=0 1 X
input X 0 1 X
output 0 0 0 0/1
Po2 TXD1/SDO10=1
N-channel -
open-drain 1 0 0 0/1 CTxD0=1
output
P02 ANI11 Analog input x 1 1 X
TxD1 output PIOR45=0 0/1 0 0 1 CTxD0=1
SDO10 output PIOR45=0 0/1 0 0 1 CTxD0=1
VCIN10 Analog input X 1 1 X
CTxDO output PIOR33=0 0/1 0 0 1 TxD1/SDO10=1
input X 0 1 X
output 0 0 0 0/1
P03
N-channel SDA10=1
open-drain 1 0 0 0/1
output
ANI10 Analog input x 1 1 x
P03 .
SDI10 input PIOR45=0 x 0 1 X
RxD1 input PIOR45=0 X 0 1 X
SDA10 Input/Output PIOR45=0 1 0 0 1
VCIN11 Analog input X 1 1 X
CRxDO input PIOR33=0 X 0 1 X
input X 0 1 X
output 0 0 0 0/1
P04
N-channel SCLK10/SCL10=1
open-drain 1 0 0 0/1
output
P04 .
ANI13 Analog input X 1 1 X
input X 0 1 X
SCLK10 PIOR45=0
output 0/1 0 0 1
SCL10 output PIOR45=0 0/1 0 0 1
P05 P05 input 1 X
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output 0/1 DBRDB=1 TO17=0
) PIOR01=1, PIOR41=0
(INTP10) input PIORO7=0 x
TI7 input PIOR47=0 x
TO17 output PIOR47=0 0 DBRDB=1
DBRDB output 1 TO17=0
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Features used [The output of the multiplexing function
Pin
PIORX POMxx PMCxx | PMxx Pxx ;
name [The output function .
Feature InputfOutput bt SCICAN Outside of SCI/CAN
name
input ' ' ' 1 x
P06
output ' ' ' 0 0/1 DBWRB=1 (TAIO)=0
input ' ' 1 X
P06 (TAIO) PIOR11, PIOR10=11B
output ' ' 0 0 DBWRB=1
(INTP11) input PIOR01=1, PIOR07=0 PIOR45=0 ' ' 1 x
DBWRB output ' ' : 0 1 ' (TAIO)=0
input ' X 0 1 X
. output 0 0 0 0/1
N-channel : SCLK1VsCL11=1 | MIOBL=O,
open-drain 1 0 0 0/1 (TPIRD1)=0
output
ANI9 Analog input ' X 1 1 x
input ' x 0 1 X
P10 sehed output ' o1 0 0 1 ' TMoB1=0
P (TPIRD1)=0
scL11 output ' on 0 0 1 g‘ga%;go
TMIOB1 Input Please refer to the register instructions x 0 1 * ‘
output for PIOR2 and PIORS3 for configuration 0 0 0 0 SCLK11/SCL11=1
(TWED1) input Please refer to the register instructions * 0 1 *
output for PIOR2 and PIORS for configuration 0 0 0 0 SCLK11/SCL11=1
input ' X 0 1 X
o1t output 0 0 0 071 TMIOD1=0
N-channel ' SDA11=1 (TMIOA1)=0
open-drain 1 0 0 0/1 (TMIOC1)=0
output
ANI8 Analog input ' X 1 1 X
SDI11 input ' X 0 1 x
TMIOD1=0
SDA11 Input/Output ' 1 0 0 1 ' (TMIOA1)=0
P11 (TMIOC1)=0
(RxDO) input PIOR35=1 x 0 1 1 '
T™MIOD1 input Please refer to the register instructions x 0 1 *
output for PIOR2 and PIORS for configuration 0 ) 0 ) SDA11=1
(TMIOA1) input Please refer to the register instructions * 0 1 *
output for PIOR2 and PIORS for configuration 0 0 0 0 SDA11=1
(TMIOC1) Input Please refer to the register instructions x 0 1 *
output for PIOR2 and PIORS for configuration 0 ) 0 ) SDA11=1
input ' ' ' 1 X
P12 TMIOA1=0
output ' ' ' 0 0/1 SDO11=0 (TMIOB0)=0
(TMIOB1)=0
TMIOA1=0
SDO11 output ' ' ' 0 1 ' (TMIOBO0)=0
(TMIOB1)=0
TMIOA1=0
(TXDO) output PIOR35=1 ' ‘ 0 1 ' (TMIOB0)=0
P12 (TMIOB1)=0
TMIOAL input Please refer to the register instructions 1 *
output for PIOR2 and PIOR3 for configuration . . 0 0 SDO11=0
(TMIOBO) input Please refer to the register instructions 1 *
output for PIOR2 and PIORS for configuration . . 0 0 SDO11=0
(TMIOB1) input Please refer to the register instructions 1 *
output for PIOR2 and PIORS3 for configuration . . 0 0 SDO11=0
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‘ ‘ (INTP5) ‘ input PIOR04=1 ‘ ‘ 1 ‘ x ‘ ‘
Features used The Qutput of the multiplexing
Pin function
The output
name Feature InbULOUtDLL PIORX POMXxx PMCxx PMxx Pxx function of Outside of
name P p SCI/CAN SCI/CAN
input x 1 X '
b13 output 0 0 01 TMIOC1=0
N-channel TXD2/SDO20=1 (TMIOD1)=0
open-drain 1 0 0/1 (TMIOA1)=0
output
TMIOC1=0
TxD2 output PIOR01=0 0/1 0 1 (TMIOD1)=0
(TMIOA1)=0
TMIOC1=0
P13 SDO20 output PIOR01=0 0/1 0 1 (TMIOD1)=0
(TMIOAL)=0
input Please refer to the register X 1 x '
TMIOC1 instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 TxD2/SD0O20=1
input Please refer to the register x 1 x
(TWED1) instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 TxD2/SD0O20=1
input Please refer to the register X 1 x
(TMIOA1) instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 TxD2/SD0O20=1
input x 1 X
P14 output 0 0 0/1 TMIOBO=0,
N-channel SDA20=1 (TMIOC1)_:0
open-drain 1 0 0/1 (TMIODO)__O
output (SCLAO)=0
RxD2 input PIOR01=0 X 1 X
SDI20 input PIOR01=0 X 1 X
TMIOBO0=0,
N (TMIOC1) =0
SDA20 Input/Output PIOR01=0 1 0 1 (TMIODO)=0
(SCLA0)=0
P14 input Please refer to the register x 1 x '
TMIOBO instructions for PIOR2 and
output PIORS3 for configuration 1 0 0 SDA20=1 (SCLA0)=0
input Please refer to the register X 1 x
(TMIOC1) instructions for PIOR2 and
output PIOR3 for configuration 1 0 0 SDA20=1 (SCLA0)=0
input Please refer to the register x 1 x
(TMIODO) instructions for PIOR2 and
output PIOR3 for configuration 1 0 0 SDA20=1 (SCLAD)=0
TMIOBO0=0,
(TMIOC1) =0
(SCLAO) Input/Output PIOR02=1 1 0 0 SDA20=1 (TMIOD0)=0
input X 1 x
tput 1
b1s outpu 0 0 o/ TMIODO0=0,
N-channel SCLK20/SCL20=1 (TMIOBO0)=0
drain 1 0 0/1 (SDAAD)=0
Open output
input X 1 X
SCLK20 PIOR01=0
output 0/1 0 1 TMIODO0=0,
P15 (T'V”OBO):O
SCL20 output PIOR01=0 0/1 0 1 (SDAA0)=0
input Please refer to the register X 1 x
TMIODO instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 SCLK20/SCL20=1 (SDAA0)=0
input Please refer to the register X 1 x
(TMIOBO) instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 SCLK20/SCL20=1 (SDAA0)=0
TMIODO0=0
DAA PIOR02=1 1 LK2 L20=1 '
(S 0) Input/Output ORO. 0 0 SCLK20/SCL20 (TMIOBO)=0
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Features used The Qutput of the multiplexing
Pin function
name | Feature InoutOutout PIORX POMxx PMCxx PMxx Pxx The output function of Outside of
name P P SCI/CAN SCI/CAN
input 1 X '
P16 TOO01=0,
output 0 0/1 TMIOCO0=0,
(TMIOA1)=0
TIO1 input 1 X '
TMIOCO0=0,
TOO01 output 0 0 (TMIOA1)=0
INTP5 input PIOR04=0 1 X '
P16 input Please refer to the register 1 x
TMIOCO instructions for PIOR2 and TO01=0
output PIORS3 for configuration 0 0 (TMIOA1)=0
. PIOR01=1, PIOR34=0
(SDI00) input PIOR35=0 1 X
. PIOR01=1, PIOR34=0
RxD t ’ 1
(RXDO) ey PIOR35=0 )
input Please refer to the register 1 X
(TMIOA1L) instructions for PIOR2 and TO01=0
output PIORS3 for configuration 0 0 TMIOC0=0
input X 1 x '
tput 1
17 outpu 0 0 0/ T002=0,
N-channel (TxD0)/(SDO00)=1 TMIOA0=0,
drain 1 0 0/1 (TMIODO0)=0
Open output
TIO2 input x 1 x
TMIOA0=0
TxD D = ’
TOO02 output 0 0 0 (TxD0)/(SDO00)=1 (TMIOD0)=0
input Please refer to the register x 1 x '
TMIOAO instructions for PIOR2 and TO02=0
P17 output PIORS for configuration 0 0 0 (TxD0)/(SDO00)=1 (TMIODO)=0
TMCLK input x 1 x '
TO02=0,
(SDO00) output El'gggéjé' PIOR34=0 o1 0 1 TMIOA0=0,
- (TMIODO0)=0
TO02=0
PIOR01=1, PIOR34= ’
(TxDO0) output PlgRgS—O' OR34=0 0/1 0 1 TMIOA0=0,
- (TMIOD0)=0
input Please refer to the register X 1 X '
(TMIODO) instructions for PIOR2 and ; TO02=0
output PIOR3 for configuration 0 0 0 (TXD0)/(SDO00)=1 TMIOA0=0
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. Features used
Pins PMCxx PMxx Pxx
hame Feature PIORX
Input/Output
name
input 0 1 X
P20
output 0 0 0/1
ANIO Analog input 1 1 X
P20
AVREEp Reference input 1 1 x
VCIN12 Analog input 1 1 x
(INTP11) input PIOR07=1, PIOR41=0 0 1 1
input 0 1 X
P21
output 0 0 0/1
P21 ANI1 Analog input 1 1 x
AVREFM Reference input 1 1 x
VCIN13 Analog input 1 1 X
input 0 1 X
P22
output 0 0 0/1
ANI2 Analog input 1 1 x
P22
ANOO Analog output 1 1 x
VCINO Analog input 1 1 X
PGAOIN Analog input 1 1 x
input 0 1 X
P23
output 0 0 0/1
P23 ANI3 Analog input 1 1 x
ANO1 Analog output 1 1 X
PGAOGND Analog input 1 1 x
input 0 1 X
P24
output 0 0 0/1
P24
ANI4 Analog input 1 1 x
PGALIN Analog input 1 1 x
input 0 1 X
P25
output 0 0 0/1
P25
ANI5 Analog input 1 1 x
PGAL1GND Analog input 1 1 x
input 0 1 X
P26
P26 output 0 0 0/1
ANI6 Analog input 1 1 x
input 0 1 X
P27
P27 output 0 0 0/1
ANI7 Analog input 1 1 x
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Features used The output of the multiplexing function
Pin
name Feature PIORX POMxx PMCxx PMxx Pxx The output function of )
name Input/Output SCI/CAN Outside of SCI/CAN
input x 1 x '
b3 output 0 0 0/1 RTC1HZ=0,
N-channel SCLKO00/SCL00=1 TAO=0,
open-drain 1 0 0/1 (TMIOB1)=0
output
INTP3 input PIOR00=0, PIOR45=0 X 1 x
PERSON=0
tput _ ,
RTC1HZ outpu 0 0 0 SCLKO00/SCL00=1 (TMIOB1)=0
input X 1 X '
P30
SCLKO00 PIOR01=0 RTC1HZ=0,
output 0/1 0 0 TAO=0,
(TMIOB1)=0
RTC1HZ=0,
SCL0O output PIOR01=0 0/1 0 0 TAO=0,
(TMIOB1)=0
_ SCLKO00/SCL00 RTC1HZ=0,
MAN output PIOR13, PIOR12=00B 0 0 0 —1 (TMIOB1)=0
input Please refer to the register x 1 x '
(TMIOB1) instructions for PIOR2 and
output PIOR3 for configuration 0 0 0 SCLKO00/SCL00=1 RTC1HZ=0, TAO=0
input 1 x
P31 TO03=0,
VCOUT1=0,
output 0 0/1 (CLKBUZ0)=0,
(TAIO)=0
TIO3 input 1 x '
VCOUT1=0,
TOO03 output 0 0 (CLKBUZ0)=0,
(TAIO)=0
P31
INTP4 input PIOR00=0, PIOR45=0 1 X '
input 1 x
(TAIO) PIOR11, PIOR10=01B TO03=0,
output 0 0 VCOUT1=0,
(CLKBUZ0)=0
_ TO03=0, (TAIO)=0,
(CLKBUZO0) output PIOR03=1 0 0 VCOUT1=0
_ TO03=0, (TAIO)=0,
INCOUT1 output PIOR21=0 0 0 (CLKBUZ0)=0
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Features used The Qutput of the multiplexing
Pin function
name PIORx POMxx PMCxx PMxx Pxx i
Feature The output function of )
name Input/Output SCI/CAN Outside of SCI/CAN
input ' ' ' 1 % .
P40 (TxD0)=1
output ' ' ' 0 0/1
P40 : :
(TxDO) output WORST34=1, WORST35=0 0 1
input ' ' ' 1 x
SWDIO
output ' ' ' 0 X
input ' ' ' 1 x
P41
output ' ' ' 0 0/1 ' (TAIO)=0
P41
input ' ' 1 X
(TAIO) PIOR11, PIOR10=10B
output ' ' 0 0
input ' ' ' 1 X
P42
output ' ' ' 0 0/1 ' (TO14)=0
. PIOR00=1, PIOR07=0
t )
P42 (INTP8) inpu PIORA5-0 1 x
(TI114) input PIOR47=1 ' ' 1 x
(TO14) output PIOR47=1 ' ' 0 0
input ' x ' 1 X
output 0 ' 0 0/1
P43 Necharmal ‘ SCLK31/SCL31
open-drain 1 ' 0 0/1 =1
output
P43 - '
(INTP9) input PIOR00=1, PIOR45=0 X 1 x
input PIOR46=0 X ' 1 X
SCLK31
output PIOR46=0 0/1 ' 0 1
SCL31 output PIOR46=0 0/1 ' 0 1
input ' x ' 1 X
output 0 ' 0 0/1
P44
N-channel ' SDA31=1
P44 open-drain 1 ' 0 0/1
output
SDI31 input PIOR46=0 X ' 1 X
SDA31 Input/Output PIOR46=0 1 ' 0 1
input ' ' ' 1 X
P45
P45 output ' ' ' 0 0/1 SDO31-1
SDO31 output PIOR46=0 ' ' 0 1
input ' ' ' 1 X
P46
output ' ' ' 0 0/1 CTxD2=1 (TO15)=0
P46 (TI15) input PIOR47=1 ' ' 1 x
(TO15) output PIOR47=1 ' ' 0 0
CTxD2 output ' ' ' 0 1 ' (TO15)=0
input ' ' ' 1 x
P47
output ' ' ' 0 0/1
P47
(INTP2) input PIOR45=1 ' ' 1 x
CRxD2 input ' ' ' 1 X
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Features used The output of the multiplexing
bi function
in name
Feature || oot PIORX POMxx PMCxx PMxx Pxx The output function of Outside of
name P P SCI/CAN SCI/CAN
input x 1 x ' '
o5 output 0 0 0/1 TBIO0=0,
N-channel SDA00=1 (TAO)=0,
open-drain 1 0 0/1 (TMIOC1)=0
output
INTP1 input PIOR00=0, PIOR45=0 X 1 X
. PIOR01=0, PIOR34=0
t ,
SDI00 inpu PIOR35-0 x 1 x
. PIOR01=0, PIOR34=0
RxDO input PIOR35=0 x 1 x
TBIO0=0,
Ps0 SDA00 | Input/Output E:gig;g' PIOR34=0 1 0 1 (MAN)=0 ,
= (TMIOC1)=0
(CRxDO0) input PIOR33=1 x 1 x .
input X 1 X
TBIOO
(TAO)=0,
output 0 0 0 (TMIOC1)=0
PIOR13, TBIO0=0,
(TAO) output PIOR12-018B 0 0 0 (TMIOC1)=0
input P_Ietast_a rc:fertt_o thef % 1 % .
register instructions for
(TMIOCD ™ ot | PIOR2 and PIORS for o 0 o TBIO0=0,
configuration (TAO)=0
input ' x 1 x '
output 0 0 0/1
Pol N-channel TxD0/SDO00=1 TBIO1=0,
open-drain 1 0 0/1 (CTxDO) =1 (TMIOD1)=0
output
INTP2 input PIOR00=0, PIOR45=0 X 1 X
PIOR01=0, PIOR34=0 _ TBIO1=0,
SDO00 output PIOR35=0 0/1 0 1 (CTxDO0) =1 (TMIOD1)=0
P51 PIOR01=0, PIOR34=0 _ TBIO1=0,
TxDO output PIOR35=0 0/1 0 1 (CTxDO0) =1 (TMIOD1)=0
TBIO1=0
PIOR33=1 = ’
(CTxDO0) output 0/1 0 1 TxD0/SDO00=1 (TMIOD1)=0
input X 1 x '
TBIO1
output 0 0 0 (TMIOD1)=0
input P‘_Ie;asa_e retfertt_o thef % 1 %
register instructions for
(TMIOD1)
output PIOR2 and PIORS for 0 0 0 TBIO1=0
configuration
input ' 1 X
P52
output 0 0/1 (SDO31)-1
P52
(INTP1) input PIOR00=1I PIOR45=0 1 X
(SDO31) output PIOR46=1 0 1
input X 1 X
P53 output 0 0 0/1
N-channel (SDA31) =1
lopen-drain 1 0 0/1
P53 output
(SDI31) input PIOR46=1 x 1 x
(SDA31) | Input/Output PIOR46=1 1 0 1
(INTP2) input PIOR00=1, PIOR45=0 X 1 x
input x 1 x
output 0 0 0/1
Pod N-channel (SCLK31) /(SCL31)
bpen-drain 1 0 0/1 =1
P54 putput
igl:so_ input X 1 X
(INTP3) input PIOR00=11 PIOR45=0 x 1 x
(SCLK31) input PIOR46=1 X 1 x
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output PIOR46=1 0/1 0 1
(SCL31) output PIOR46=1 0/1 0 1
Features used The qutput of the multiplexing
Pin function
PIORX
name POMxx PMCxx PMxx Pxx The output function of Outside of
Feature name| Input/Output SCI/CAN SCI/CAN
input X 1 X ' '
P55 output 0 0 on
N-channel (SCLK00)=1 (CLKBUZl):9
open-drain 1 0 0/1 SPIHS0_SCK=0
output
input X 1 X
P55 SPIHS0_SCK
output 0 0 0 (SCLKO00)=1 (CLKBUZ1)=0
(INTP4) input PIOR00=1i PIOR45=0 x 1 x
(CLKBUZ1) output PIOR04=1 0 0 0 (SCLK00)=1 SPIHS0_SCK=0
input X 1 X
(SCLK00) PIOR01=1 CLKBUZ1)=0
output 01 0 1 S(PIHSO SC)K=O
input 1 x '
P56
output 0 01 SPIHS0_SO=0
P56 (INTP1) input PIOR45=1 1 X
SPIHSO_MI input 1 x
SPIHSO0_SO output 0 0
input 1 x
P57
output 0 01 SPIHS0_MO=0
P57 (INTP3) input PIOR45=1 1 x
SPIHSO_SI input 1 x
SPIHSO0_MO output 0 0
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Features used The Qutput of the multiplexing
Pin function
name Eeature PIORX POMxx PMCxx PMxx Pxx [The output function of (Outside of
name Input/Output ISCI/CAN SCI/CAN
input ' ' ' 1 x
P60 N-channel open-drain
P60 output ' ' ' 0 0/1 ' SCLA0=0
(6V_withstand voltage).
SCLAO Input/Output PIOR02=0 ' ' 0 0
input ' ' ' 1 X
P61 N-channel open-drain
P61 output ' ' ' 0 0/1 ' SDAA0=0
(6V withstand voltage).
SDAAO Input/Output PIOR02=0 ' ' 0 0
input ' ' ' 1 X
P62 N-channel open-drain
output ' ' ' 0 0/1 ' SCLA1=0
P62 (6V_withstand voltage).
SS00 input ' ' ' 1 X
SCLA1 Input/Output ' ' ' 0 0
input ' ' ' 1 X
P63 N-channel open-drain
P63 output ' ' ' 0 0/1 ' SDAA1=0
(6V withstand voltage).
SDAA1 Input/Output ' ' ' 0 0
input ' ' ' 1 x
P64
output ' ' ' 0 0/1 CTxD1=1 TO10=0
P64 TI10 input ' ' ' 1 x
TO10 output ' ' ' 0 0
CTxD1 output ' ' ' 0 1 ' TO10=0
input ' ' ' 1 x
P65
output ' ' ' 0 0/1 ' TO11=0
P65 TI11 input ' ' ' 1 X
TO11 output ' ' ' 0 0
CRxD1 input ' ' ' 1 x
input ' ' ' 1 x
P66
output ' ' ' 0 0/1 ' TO12=0
P66
TI12 input ' ' ' 1 x
TO12 output ' ' ' 0 0
input ' ' ' 1 x
P67
output ' ' ' 0 0/1 ' TO13=0
P67
TI13 input ' ' ' 1 x
TO13 output ' ' ' 0 0
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_ Features used The output of the multiplexing function
E;:ne o PIORX POMxx |PMCxx | PMxx Pxx e oot fuetion of
eature e output function o ;
name Input/Output SCI/CAN Outside of SCI/CAN
input 1 x
P70
output 0 0/1 SCLKO01/SCL01=1 (VCOUT1)=0
KRO input 1 X
P70 input 1 X
SCLK21
output 0 1 (VCOUT1)=0
SCL21 output 0 1 (VCOUT1)=0
(INCOUT1) output PIOR21=1 0 0 SCLKO01/SCL01=1
input x 1 x
P71 output 0 0 0/1
N N SDA21=1 (VCOUTO0)=0
Ndchannel open 1 0 o
rain output
P71 KR1 input x 1 x
SDI21 input X 1 X
SDA21 Input/Output 0/1 0 1 (VCOUTO0)=0
(INCOUTO0) output PIOR20=1 0 0 0 SDA21=1
input 1 x
P72
output 0 0/1 SDO21=1
P72
KR2 input 1 x
SD0O21 output 0 1
input 1 x
P73
output 0 0/1 SDO01=1
P73
KR3 input 1 x
SDO01 output 0 1
input X 1 X
P74 output 0 0 0/1
N-channel open- 1 0 o/ SDAD1=1
drain output
P74 KR4 input X 1 X
PIOR00=0,
INTP8 input PIOR07=0 x 1 X
PIOR45=0
SDIO1 input ' X 1 X
SDAO1 Input/Output 0/1 0 1
input 1 X
P75
output 0 0/1 SCLKO01/SCL01=1
KR5 input 1 X
. PIOR00=0,
P75 input X
INTPS P PIOR45=0 !
input 1 x
SCLKO1
output 0 1
SCLO1 output 0 1
input 1 x
P76
output 0 0/1
KR6 input 1 X
P76
PIOR01=0,
INTP10 input PIOR0O7=0 1 X
PIOR41=0
(RxD2/IrRxD) input PIOR0O1=1 1 X
input 1 X
P77 P77
output 0 0/1 (TxD2/IrTxD)=1
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KR7 input 1 X
PIOR01=0,
INTP11 input PIOR07=0 1 x
PIOR41=0
(TxD2/IrTxd) output PIOR0O1=1 0 1
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Features used The output of the multiplexing function
Pin
name Feature PIORX POMxx | PMCxx PMxx Pxx The output function of }
name Input/Output SCI/CAN Outside of SCI/CAN
input X 1 x
P80 output 0 0 0/1
N-channel open-drain (SCLK10)/(SCL10)=1 DBD0=0
1 0 0/1
output
P80 DBDO output 0 1 0 (SCLK10)/(SCL10)=1
input PIOR45=1 X 1 x
(SCLK10)
output PIOR45=1 0 0 1 DBD0=0
(SCL10) output PIOR45=1 0 0 1 DBD0=0
input x 1 x
P81 output 0 0 0/1
N-channel open- 1 o o (SDA10)=1 DBD1=0
drain output
P81 DBD1 output 0 1 0 (SDA10)=1
(SDI10) input PIOR45=1 X 1 X
(SDA10) Input/Output PIOR45=1 0/1 0 1 DBD1=0
(RxD1) input PIOR45=1 x 1 x
input X 1 x
P82 output 0 0 0/1
N-channel open-drain 1 R o1 (SDO10)/(TxD1)=1 DBD2=0
P82 output
DBD2 output 0 1 0 (SDO10)/(TxD1)=1
(SDO10) output PIOR45=1 0/1 0 1 DBD2=0
(TxD1) output PIOR45=1 0/1 0 1 DBD2=0
input 1 x
P83
P83 output 0 0/1 DBD3=0
DBD3 output 1 0
input 1 x
P84
output 0 0/1 DBD4=0
P84
DBD4 output 1 0
(INTPS6) input PIOR45=1 1 X
input 1 X
P85
output 0 0/1 DBD5=0
P85
DBD5 output 1 0
(INTP7) input PIOR45=1 1 X
input 1 x
P86
output 0 0/1 DBD6=0
P86
DBD6 output 1 0
(INTP8) input PIOR45=1 1 x
input 1 x
P87
output 0 0/1 DBD7=0
P87
DBD7 output 1 0
(INTP9) input PIOR45=1 1 x
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Features used The qutput of the multiplexing
Pin function
name Feature InoUYOUtDUL PIORX POMxx PMCxx PMxx Pxx The output function of Outside of
name P P SCI/CAN SCI/CAN
input 0 1 x '
P100
output 0 0 0/1 TO14=0
P100 ANI16 Analog input 1 1 X
TI14 input PIOR47=0 0 1 X
TO14 output PIOR47=0 0 0 0
input 0 1 x
P101
P101 output 0 0 0/1
ANI24 Analog input 1 1 X
input 0 1 x
P102
output 0 0 0/1 TO16=0
P102 ANI25 Analog input 1 1 X
TI16 input PIOR47=1 0 1 X
TO16 output PIOR47=1 0 0 0
input 1 X
P110
output 0 0/1 TO15=0
P110 TI15 input PIOR47=0 1 x
TO15 output PIOR47=0 0 0
(INTP10) | input PIOR41=1 1 x
input 1 X
P111
output 0 0/1 TO16=0
P111 TI16 input PIOR47=0 1 X
TO16 output PIOR47=0 0 0
(INTP11) | input PIOR41=1 1 x
input 0 1 X
P120
output 0 0 0/1 VCOUTO0=0
P120
ANI14 Analog input 1 1 X
VCOUTO output PIOR20=0 0 0 0
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Features used Cmc
Pin name Pxx
Feature
name Input/Output | (EXCLK, OSCSEL, EXCLKS, OSCSELS)
P121 input 00xx/10xx/11xx x
P121
X1 ' 01xx
P122 input 00xx/10xx/11xx x
P122 X2 ' 01xx
EXCLK input 11xx
P123 input xX00/xx10/xx11 X
P123
XT1 ' xx01
P124 input Xxx00/xx10/xx11 x
P124
XT2 ' xx01
EXCLKS input xx11
Features used The output of the multiplexing function
Pin
name Feature Input/Outout PIORX POMxx | PMCxx PMxx Pxx The output function of Outside of
name P P SCI/CAN SCI/CAN
P130 P130 output ' ' ' ' 0/1 ' '
input ' ' 0 Note 2 1 X
P136
P136 output ' ' Q Note 2 0 0/1
INTPQ Note input ' ' ' 1 x
input ' ' ' 1 X
P137
output ' ' ' 0 0/1
P137 INTPQ Note 2 input ' ' ' 1 x
SWCLK input ' ' ' 1 X
(RxDO0) input PIOR34=1 PIOR35=0 ' ' 1 x

Note 1.Limited to 48-pin, 64-pin products.
2.Limited to 100 pins, 80 pins, BAT32A279xx-A series products.
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Features used The output of the multiplexing function
Pin
name i
Feature Input/Outpu PIORX POMxx PMCxx PMxx Pxx The output function of Outside of SCI/CAN
name t SCI/CAN
input ' ' ' 1 % .
P140
output ' ' ' 0 0/1 ' CLKBUZ0=0
P140
CLKBUZ0 output PIOR03=0 ' ' 0 0
INTP6 input PIOR45=0 ' ' 1 X
input ' ' ' 1 X
P141
output ' ' ' 0 0/1 ' CLKBUZ1=0
P141 SPIHS1_NSS | input ' ' ' 1 X
CLKBUZ1 output PIOR04=0 ' ' 0 0
INTP7 input PIOR45=0 ' ' 1 X
input ' X ' 1 x
output 0 ' 0 0/1
P142
N-channel ' SCLK30/SCL30=1 SPIHS1_SCK=0
open-drain 1 ' 0 0/1
output
P142 input ' X ' 1 X
SPIHS1_SCK
output ' 0/1 ' 0 0 SCLK30/SCL30=1
input ' X ' 1 x
SCLK30
output ' 0/1 ' 0 1 ' SPIHS1_SCK=0
SCL30 output ' 0/1 ' 0 1 ' SPIHS1_SCK=0
input ' X ' 1 X
output 0 ' 0 0/1
P143
N-channel ' SDA30=1 SPIHS1_SO=0
open-drain 1 ' 0 0/1
output
p143 | SPIHSI_MI input ' x : 1 x
SPIHS1_SO output ' 0 ' 0 0 SDA30=1
SDI30 input ' X ' 1 X
SDA30 '”p“z?“tp 1 ‘ 0 1 ‘ SPIHS1_SO=0
RxD3 input ' X ' 1 x
input ' X 0 1 X
output ' 0 0 0 0/1
P144
N-channel (TxD3)/(SDO30)=1 SPIHS1_MO=0
open-drain ' 1 0 0 0/1
output
ANI26 Analog x 1 1 x
P144 input
SPIHS1_SI input ' X 0 1 x
SPIHS1_MO | output ' 0 0 0 0 (TXD3)/(SDO30)=1
SDO30 output ' 0/1 0 0 1 ' SPIHS1_MO=0
TxD3 output ' 0/1 0 0 1 ' SPIHS1_MO=0
input 0 1 X
P145
output 0 0 0/1 ' (TO17)=0
Analog
P145 ANI27 input 1 1 X
(TI17) input PIOR47=1 0 1 x
(TO17) output PIOR47=1 0 0 0
input 0 1 X
P146
output 0 0 0/1
P146 -
(INTP4) input PIOR45=1 0 1 x
Analog
ANI15 input 1 1 X
P147 P147 input ' ' 0 1 X
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output ' ' 0 0 0/1
Analog ) .
ANI12 input 1 1 x
VREFO Analog ' ‘ 1 1 x
input
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Features used
Pin name PIORX PMCxx PMxx Pxx
Feature
Input/Output
name
input 0 1 X
P150
P150 output 0 0 0/1
ANI17 Analog input 1 1 X
input 0 1 X
P151
P151 output 0 0 0/1
ANI18 Analog input 1 1 X
input 0 1 X
P152
P152 output 0 0 0/1
ANI19 Analog input 1 1 x
input 0 1 X
P153
P153 output 0 0 0/1
ANI20 Analog input 1 1 x
input 0 1 x
P154
P154 output 0 0 0/1
ANI21 Analog input 1 1 x
input 0 1 X
P155
P155 output 0 0 0/1
ANI22 Analog input 1 1 x
input 0 1 X
P156
P156 output 0 0 0/1
ANI23 Analog input 1 1 x
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3.1 overview

Chapter 3 System structure

This product system consists of the following parts:

2 AHB bus Master:

- Cortex-MO+
- Enhanced DMA

4 AHB Bus Slaves:

- FLASH memory
- SRAM memory 0
- SRAM memory 1

- AHB to APB Bridge, which contains all APB interface peripherals

Figure 3-1 Schematic diagram of the system structure

system bus
Cortex-M0O+
DMA bus
DMA <

bus
matrix

flash
memory

sram
memory 0

sram
memory 1

AHB bus AHB to_APB APB bus Peripheral
bus bridge hardware

BN

1  System Bus: This bus connects the system bus (peripheral bus) of the Cortex-M0O+ core to a bus matrix

that coordinates access between the core and the DMA.

1  DMA bus: This bus connects the DMA's AHB master interface to a bus matrix that coordinates CPU and

DMA access to SRAM, flash memory, and peripherals.

1  Bus Matrix: The bus matrix coordinates the access arbitration between the core system bus and the DMA

master bus, with a fixed priority and a high DMA priority.
1  AHB to APB Bridge: AHB to APB Bridge provides a synchronous connection between the AHB and APB
buses. Refer to Table 3-1 for address mappings for different peripherals connected to each bridge.

www.mcu.com.cn

69 /1149 Rev.1.00


http://www.mcu.com.cn/

* @
0 Cmsemicon BAT32A2x9 user manual | Chapter 3 System structure

3.2 System address partition
Figure 3-2 Schematic diagram of address area partition (BAT32A239).

FFFF_FFFFH

EOOF_FFFFH

Cortex-MO+ specific

resource region for

E000 0000H peripherals

4005_FFFFH
resource
region for
peripherals
4000_0000H

2000_7FFFH
2000_0000H
0050_09FFH
data flash
0050_0000H 2.5KB
0003_FFFFH
main flash region

256KB

0000_0000H
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Figure 3-3 Schematic diagram of address area partition (BAT32A279).

FFFF_FFFFH

EOOF_FFFFH Cortex- MO+
specific resource region
E000_0000H for peripherals
4005_FFFFH
resource
region for
peripherals
4000_0000H
2000_FFFFH
2000_0000H
0050_4FFFH
data flash
0050_0000H 20KB
0007_FFFFH
main flash region
512KB
0000_0000H
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3.3 Peripheral address assignment

Table 3-1 Register group start addresses for peripherals

The start address peripheral remark
0x4000_5000-0x4000_5FFF DMA
0x4000_6000-0x4000_6FFF Interrupt control
0x4001_8000-0x4001_9FFF SRAM
0x4001_A000-0x4001_AFFF DIV

0x4001_B000-0x4001_BFFF DBGREG

0x4002_0000-0x4002_03FF

FLASH control

0x4002_0400-0x4002_0FFF

Clock control

0x4002_1000-0x4002_1001

Watchdog timer

0x4002_1002-0x4002_1800

reserve

0x4002_1800-0x4002_1BFF

High-speed CRC

See Chapter 31: Safety
Functions for details

0x4002_1C00-0x4002_1FFF

FLASH control

0x4002_2000-0x4002_25FF

Clock control

0x4004_0000 0x4004_OBFF

GPIO

0x4004_0C00-0x4004_OFFF

CLKBUZ

0x4004_1000-0x4004_17FF

Serial communication
unit

0x4004_1800-0x4004_1BFF

Serial interface [ICAO

0x4004_1C00-0x4004_1FFF Timer4

0x4004_2000-0x4004_23FF Timer A
0x4004_2400-0x4004_27FF Timer B
0x4004_2800-0x4004_2BFF Timer M
0x4004_2C00-0x4004_2FFF Timer C

0x4004_3000-0x4004_33FF

Universal CRC

See Chapter 31: Safety
Functions for details

0x4004_3400-0x4004_37FF

Linkage controller

0x4004_3800-0x4004_3BFF

Comparator

0x4004_3C00-0x4004_3FFF

Timer M (PWMOP)

0x4004_4400-0x4004_47FF

DA converter

0x4004_4800-0x4004_4BFF

Key interrupt

0x4004_4C00-0x4004_4FFF

Real-time clock

0x4004_5000-0x4004_53FF

AD Converter

0x4004_5400-0x4004_57FF

CAN controller 0

0x4004_5800-0x4004_5BFF

CAN Controller 1

0x4004_5C00-0x4004_5FFF

Timer 8

0x4004_6000-0x4004_63FF

Serial interface [ICA1

0x4004_6400-0x4004_B7FF

CAN Controller 2

BAT32A279 proprietary

0x4004_6800-0x4004_6BFF

Interrupt controller

0x4004_6C00-0x4004_6FFF

Serial interface SPI0

BAT32A279 proprietary

0x4004_7000-0x4004_73FF

Serial interface SPI1

BAT32A279 proprietary

0x4004_7400-0x4004_77FF

LCD bus interface

BAT32A279 proprietary
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Chapter 4 Clock generation circuit

4.1 Function of the clock generation circuit

A 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) The master system clock

(1) X1 oscillation circuit
It can oscillate the clock from f X =1 to 20 MHz by connecting a resonator to pins X1 and X2,and can stop the
oscillation via entering deep sleep mode or setting MSTOP bit (bit7 of the clock operating state control
register (CSQC)).

(2) High-speed internal oscillator (high-speed OCO)
Can be configured to oscillate from fyoco=64MHz, 48MHz, 32MHz, 24MHz, 16MHz, 12MHz, 8MHz, 6MHz,
4MHz, 3MHz, 2MHz and 1MHz (TYP.) via option byte(000C2H). The selected frequency is selected for
oscillation, and the frequency of fjy and fyoco is the same. After the reset is released, the CPU must start
running with this high-speed internal oscillator clock. Oscillation can be stopped by entering deep sleep mode or
by setting the HIOSTOP bit (bitO of the CSC register). The frequency of the option byte setting can be
changed via the frequency selection register (HOCODIV) of the high-speed internal oscillator. For
frequency settings, refer to "Figure 4-14 Format of Frequency Selection Register (HOCODIV) for the high-
speed internal oscillator414 High-Speed Internal Oscillator”. The oscillation frequencies that can be set by the
high-speed internal oscillator are as following (the types that can be selected by the option byte and the
frequency selection register (HOCODIV) of the high-speed internal oscillator).

Oscillation frequency (MHz).

Supply voltage 2 3 4 6 8 12 | 16 | 24 | 32 | 48 | 64
2. TVYED® . 5V 3 3 3 3 3 3 3 3 3 3 3 3
2. A%EDE . 5y 3 3 3 3 3 3
1.8%M6.5Y 3 3 3 3 3 3 0 0

In addition, the EXCLK/X2/P122 pins can provide an external master system clock (fgx=1~20MHz) and can be

set to invalid the input of the external master system clock by entering deep sleep mode or setting MSTOP bit.
The high-speed system clock (X1 clock or external master clock) and the high-speed internal oscillator clock
can be switched by setting the MCMO bit (bit4 of the system clock control register (CKC)).
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(2) Subsystem clock

A XT1 oscillation circuit
The clock oscillation of fy1=32.768kHz can be made by connecting a 32.768kHz resonator to the XT1 pin
and the XT2 pin, and it can be set by XTSTOP bit (bit6 of the clock operating state control register (CSC))
to stop the oscillation.

In addition, the external subsystem clock (fexs=32.768kHz) can be provided by the EXCLKS/XT2/P124
pins, and the input of the external subsystem clock can be invalidated by setting the XTSTOP bit.

(3) Low-speed internal oscillator clock (low-speed OCO)
The clock oscillator works with fj_ = 15kHz (TYP)

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

The SysTick timer uses a low-speed internal oscillator clock as an external reference clock.
Only the following peripheral hardware can run through a low-speed internal oscillator clock:
Watchdog timer

Real-time clock

15-bit interval timer

Timer A

To I T o

When the bit4(WDTON) of the option byte (OO0COH) or the bit4 (WUTMMCKO of subsystem clock mode control register
(OSMQ)) is "1", the low-speed internal oscillator oscillates.
However, the WDTON bit is "1" and the WUTMMCKO bit is "0" and the bit0 (WDSTBYON) of option byte
(O0O0COH) is "0", if you enter deep sleep mode or sleep mode, the low-speed internal oscillator stops oscillating.
Note that the low-speed internal oscillator clock (f; ) can only be selected as the count clock for the real-time clock only
when using the fixed-cycle interrupt function.
Note: fy : X1 clock oscillation frequency
Fhoco : Clock frequency of high-speed internal oscillators (up to 64MHz).
fiy : Clock frequency of high-speed internal oscillator (64MHz max.)
fex : External master system clock frequency
fyr 1 XT1 clock oscillation frequency
fexs © External subsystem clock frequency

fiL: The clock frequency of the low-speed internal oscillator
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4.2 Structure of the clock generation circuit
The clock generation circuit consists of the following hardware.

Table 4-1 Structure of the clock generation circuit
project structure
Clock operating mode control register (CMC).
System Clock Control Register (CKC).
Clock Operating State Control Register (CSC).
The state register (OSTC) of the oscillation settling time counter
Control registers Oscillation settling time selection register (OSTS).
peripheral enable register 0, 1, 2, 3(PERO, PER1, PER2, PER3)
The subsystem clock provides a mode control register (OSMC).
Frequency Selection Register (HOCODIV) for high-speed internal oscillators
Trimming Register (HIOTRM) for high-speed internal oscillator
X1 oscillation circuit
XT1 oscillation circuit
Oscillation circuit High-speed internal oscillator
Low-speed internal shaker
PLL
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Remark: fy fuoco

: X1 clock oscillation frequency
: Clock frequency of high-speed internal oscillator (max. 64MHz).

: Clock frequency of high-speed internal oscillator (max. 64MHZz).
: External master system clock frequency

: High speed system clock frequency

: The master system clock frequency

: XT1 clock oscillation frequency

. External subsystem clock frequency

: Subsystem clock frequency

: The clock frequency of the CPU/peripheral hardware

: Clock frequency of low-speed internal oscillator
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4.3 Control Registers of the clock generation circuit

The clock generation circuit is controlled by the following registers.

Clock Run Mode Control Register (CMC).

System Clock Control Register (CKC).

Clock Operating Status Control Register (CSC).

Oscillation settling time counter status register (OSTC).

Oscillation Settling Time Selection Register (OSTS).

peripheral enable register 0, 1, 2, 3(PERO, PER1, PER2, PER3)

Subsystem Clock Mode Control Registers (OSMC).
Frequency SeHGCODIV)dan higR-speedsnteenal ogcillators
Tr i mmi nHIOTRMyfor bighespeed internal oscillator

Do o o o o T To o I

Note that the registers and bits assigned vary by product. You must set an initial value for the unassigned bits.

43.1 Clock operating mode control register (CMC).

This is the register that sets the operating mode of the X1/P121, X2/EXCLK/P122, XT1/P123,
XT2/EXCLKS/P124 pins and selects the gain of the oscillation circuit.

After the reset is released, the CMC register can only be written once via the 8-bit memory operation instruction.
This register can be read via the 8-bit memory operation instruction.

After generating a reset signal, the value of this register changes to "00H".
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Figure 4-2 Format of Clock operating mode control register (CMC)

Address: 40020400H  after reset: 0OHR/W
SYMBOL 7 6 5 4 3 2 1 0

Cmc EXCLK OSCSEL EXCLKS Note |[OSCSELS Note 0 AMPHS1 Note | AMPHSONote AMPH

Operating mode of the high-

EXCLK OSCSEL speed system clock pin X1/P121 pin X2/EXCLK/P122 pins

0 0 Enter the port mode Enter the port

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

1 0 Enter the port mode Enter the port

1 1 External clock input mode Enter the port External clock input

Operating mode of the XT2/EXCLKS/P124

EXCLKS  [OSCSELS |subsystem clock pins XT1/P123 pin Pins

0 0 Enter the port mode Enter the port

0 1 XT1 oscillation mode Connect the crystal resonator.

1 0 Enter the port mode Enter the port

1 1 External clock input mode Enter the port External clock input

AMPHS1 | AMPHSO [Oscillation mode selection for the XT1 oscillation circuit

0 0 Low-power oscillation (default)

0 1 Usual oscillations

1 0 Ultra-low power oscillation

1 1 Prohibit settings.

AMPH Control of the oscillation frequency of the X1 clock
0 1 MHzO1 0 MH
1 10MHz3 f,02 0 MH z

Note: The EXCLKS, OSCSELS, AMPHS1, and AMPHSO bits are initialized only during power-on reset, while remaining
unchanged at other resets.

Note 1. After the reset is released, the CMC register can only be written once via the 8-bit memory operation instruction.
When using the CMC register at the initial value ("O0H"), in order to prevent the program from malfunctioning if it is
out of control (if you mistakenly write a value other than "00H", it is necessary to set the CMC register after reset
released i 0 OfH O

2. The CMC register must be set after the reset is released and before the X1 or XT1 oscillation begins by setting the

clock operating state control register (CSC).

3. When the X1 clock oscillation frequency exceeds 10MHz, the APH position must be "1".

4. Configuration of AMPH bit, AMPHS1 bit, and AMPHSO bit Must be after reset released and in the state of
selecting fiH as the fcLk (toggle fcLk to fimx or fgyp previous state).

5. The oscillation settling time of fxT must be counted by software.

The upper frequency limit of the system clock is 64MHz, but the frequency limit of the X1 oscillation circuit is 20 MHz.
Note fy: X1 clock oscillation frequency
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4.3.2 System Clock Control Register (CKC).

This is the register that selects the CPU/peripheral hardware clock and the master system clock.

The CKC register is set by the 8-bit memory operation instruction.
After generating a reset signal, the value of this register changes to "00H".

Figure 4-3 Format of system clock control register (CKC)

Address: 40020404H  reset: 0OHR/W Notel

SYMBOL 7 6 5 4
CKC CLS Ccss MCS MCMO 0 0 | o | |
CLS The status of the CPU/Peripheral Hardware Clock (fc| k)
0 The main system clock (fpmaiN)
1 Subsystem clock (fsyp).
csshote? Selection of CPU/Peripheral Hardware Clock (fcLK)
0 The main system clock (fpaiN)
1 Subsystem clock (fsyg)
MCS The state of the master system clock (fmAIN)
0 High-speed internal oscillator clock (fjH)
1 High-speed system clock (fpgx)
Mcmo Note Operational control of the main system clock (fpAIN)
0 Select the high-speed internal oscillator clock (fj) as the main system clock (fpaiN)
1 Select the high-speed system clock (fpx) as the main system clock (fpaiN)

Note 1. bit7 and bit5 are read-only bits.
2. It is forbidden to change the value of the MCMO bit in the state of placing the CSS position "1".

Note fyoco : The clock frequency of the high-speed internal oscillator (64MHz maximum).

fin : Clock frequency of high-speed internal oscillator (64MHz maximum)
fvx : High-speed system clock frequency

fvAIN : The main system clock frequency

fsus : Subsystem clock frequency

Note 1 You must set bit0~3 to "0".
2. Provide a clock with CSS bit settings to the CPU and peripheral hardware. If you change the CPU clock, you also
change the clock of the peripheral hardware (except for the real-time clock, 15-bit interval timer, clock output/buzzer
output, and watchdog timer). Therefore, if you want to change the clock of the CPU/peripheral hardware, you must

stop the peripheral functions.
3. If the secondary system clock is used as a peripheral hardware clock, the operation of the A/D converter and IICA cannot
be guaranteed. For the operating characteristics of the peripheral hardware, refer to the sections on each peripheral hardware

and the electrical characteristics of the data sheet.
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433 Clock Operating State Control Register (CSC).
This is the register that controls the operation of the high-speed system clock, the high-speed internal
oscillator clock, and the sub-system clock (except for the low-speed internal oscillator clock). Set the CSC
registers via the 8-bit memory operation instructions.

After a reset signal is generated, the value of this register changes to "COH".
Figure 4-4 Clock Operating State Control Register (CSC).

Address: 40020401H

symbol

reset: COH R/W

E 5 4 3 2

1

csc \ MSTOn \ XTSTON \ 0 0 0 0

0 \ HIOSTON |

Operational control of high-speed system clocks

MSTOP X1 oscillation mode E)S[g;nal clock input Enter the port mode
0 The X1 oscillation circuit The external clock on the
operates EXCLK pin is valid
Enter the port
1 The X1 oscillation circuit stops The exter‘nall c_Iock.on the
EXCLK pin is invalid
Operational control of the sub-system clock
XTSTOP XT1 oscillation mode ?gg;nal clock input Enter the port mode
0 The XT1 oscillation circuit The external clock on the
operates EXCLKS pin is valid Enter the port
1 The XT1 oscillation circuit The external clock of the P
stops EXCLKS pin is invalid
HIOSTOP Operational control of the high-speed internal oscillator clock
0 High-speed internal oscillator operation
1 High-speed internal shaker stop

Note 1 After the reset is released, the CSC register must be set after the clock operating mode control register (CMC) is

set.

2. After reset released and before placing the MSTOP position "0", the Oscillation Settling Time Selection Register
(OSTS) must be set. However, when using the OSTS register at the initial value, there is no need to set the OSTS
register.

3. To start the oscillation of X1 by setting the MSTOP bit, the oscillation settling time of the X1 clock must be
confirmed by the state register (OSTC) of the oscillation settling time counter.

4. To start XT1 oscillation by setting the XSTOP bit, it is necessary to wait through the software for the desired

oscillation stabilization time of the subsystem clock.

5. The clock that is selected as the CPU/Peripheral Hardware Clock (fc x) cannot be stopped through the CSC

registers.

6. Refer to Table Table 4-2).

Table 4-2 Clock Stop Method
clock _Condition before clock stop (external clock input is Flag setting for CSC
invalid) registers
X1 clock The CPU/peripheral hardware clock runs on a clock other than the
External master system | Nigh-speed system clock. MSTOP=1
clock (CLS=0 and MCS=0, or CLS=1).
XT1 clock The CPU/peripheral hardware clock runs on a clock other than the
External subsystem secondary system clock. XTSTOP=1
clock (CLS=0)
High-speed internal T_he CPU/pgripheraI hardware clock runs at a clock other than the
oscillator clock high-speed internal oscillator clock. HIOSTOP=1
(CLS=0 and MCS=1, or CLS=1).
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4.3.4 PLL Control Register (PLLCR) for System Clock
This is the register that the control system clock runs with the PLL. Set the PLLCR registers via the 8-bit
memory operation instructions.
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After the reset signal is generated, the value of this register becomes "00H".

Figure 4-5
Address: 40020C02H

Format of the system clock with the PLL Control Register (PLLCR).
after reset: 0OH R/W

SymbO'IEWIIII@
PLLCR | PLLSRSEL | | | PD1 [ PLLDO | PLLM | PLLON
PLLSRSEL The input clock source of the PLL is selected
0 Select the high-speed internal oscillator clock FiH as the input clock source for
the PLL
1 Select the external master system clock Fmx as the input clock source for the
PLL
PLLD1 PLLDO PLL Divider selection
0 0 No Dividers
0 1 Divide-by-2
1 X Divide-by-4
PLLM PLL multiplication option
0 12 times
1 16 times
PLLON PLL work enable
0 PLL turns off
1 PLL turns on

When using PLL as the system clock, the clock structure is shown in the following figure, where m is 12/16,
which is determined by the setting value of PLLM, and n is 1/2/4, which is determined by the setting value of
PLD1/PLLDO.

Figure 4-6 The clock structure of the PLL when the system clock is used

internal high speed clock

clock fMX

fiy PLL
m f
lect > frequency fr LTenc - > t lock
selector > multiplica equency > system cloc
division
on
external primary system

Note: To use the PLL as the system clock, the bit4 (MCMO0) and bit6 (CSS) of the CKC register must be set to
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435 The state register (OSTC) of the oscillation settling time counter
This is a register that represents the oscillation settling time counter count state of the X1 clock. The oscillation

settling time of the X1 clock can be confirmed in the following cases:
 When the CPU clock is a high-speed internal oscillator clock or a subsystem clock and oscillation of the
X1 clock begins
1  When the CPU clock is a high-speed internal oscillator clock and the X1 clock oscillates is shifted into
deep sleep mode and then exited

OSTC registers can be read via 8-bit memory operation instructions. By the generation of a reset signal, into
deep sleep mode, or the MSTOP bit (bit7 of the Clock Operating State Control Register (CSC)) set to "1", the value

of the register changes to "00H".
Note: The oscillation settling time counter starts counting in the following cases:
A WhtherX1 clock begins to oscillate (EXCLK, OSCSEL=0, 1 MSTOP=0).
A Whdeap sleep mode is exited
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Figure 4-7  The format of the state register (OSTC) of the oscillation settling time

counter
Address: 40020402H  after reset: O0OH R
SYMBOL 7 6 5 4 3 2 1 0
OSTC MOST8 MOST9 MOST10 MOST11 | MOST13 | MOST15 ‘ MOST17 MOST18
MOS | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation steady time state
T8 9 10 11 13 15 17 18 fx=10MHz fx=20MHz
Less than Less than
8
o] oo} o} 0} 0| 00 Less than 28/t | e 6l 12.8us
At least At least
8
1 oo jo o]0 0] o0 | Atlast2¥ | 556 12.8us
At least At least
9
1 1 0 0 0 0 0 0 Atleast 2°/ix 51.2us 25.6us
At least At least
10
11|10 0| 0| 0| 0 [ Ateast2lh | G55 51.2us
At least At least
11
1]t 1|y jojo oo | Atlast2l | 5o 102us
At least At least
13
11t 110 0] o0 | Atleast2Vix | gg 409us
At least At least
15
1 1 1 1 1 1 0 0 At least 215/fy 3.97ms 1.63ms
At least At least
17
1 1 1 1 1 1 1 0 At least 217/fy 13.1ms 6.55ms
At least At least
18
R N e N N e s e 13.1ms

Note 1 After the above time, the bits will change to "1" in turn starting from bit MOST8 and remain in the state of "1".
2. The Oscillation Settling Time Counter only counts within the Oscillation Settling Time Select Register (OSTS) set by
the Oscillation Settling Time Register (OSTS). In the following cases, the setting value of the oscillation settling time of
the OSTS register must be greater than the count value confirmed by the OSTC register.

A When t hekis@Rdh-speéddnternal oscillator clock or a subsystem clock and you want to start oscillation
of the X1 clock

A When the CP U-speédintetal dsallater cldtk agchthe deep sleep mode is exited after the X1 clock
oscillates to deep sleep mode

(It must therefore be noted that the OSTC register after deactivating the deep sleep mode only sets the state within
the oscillation stabilization time set by the OSTS register.)

3. The oscillation settling time of the X1 clock does not include the time before the clock begins to oscillate (Figure a
below).

Deep sleep mode is exited

Xlpin .. l
Voltage waveform

N

Note fy: X1 clock oscillation frequency
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4.3.6 Oscillation settling time selection register (OSTS).

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

If the X1 clock oscillates, the time to automatically wait for the OSTS register to be set just after the X1
oscillation circuit runs (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 the deep sleep mode is transferred to deep sleep
mode in the state of X1 clock oscillation, deep sleep mode is exited, The oscillation settling time counter must be
used to confirm whether the oscillation settling time has passed through the state register (OSTC) of the oscillation
settling time counter.

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

Set the OSTS register via the 8-bit memory operation instruction. After generating a reset signal, the
value of this register becomes "07H".

Figure 4-8 Oscillation Settling Time Selection Register (OSTS) Format

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

SYMBOL 7 6 5 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
The selection of oscillation stabilization time
OSTS2 OSTS1 OSTSO0
f,=10MHz f,=20MHz
0 0 0 28/fy 25.6us 12.8us
0 0 1 29/f 51.2us 25.6us
0 1 0 210/f, 102us 51.2us
0 1 1 213/, 204us 102us
1 0 0 213/fy 819us 409us
1 0 1 215/fy 3.27Tms 1.63ms
1 1 0 2171ty 13.1ms 6.55ms
1 1 1 218/fy 26.2ms 13.1ms

Note 1 To change the setting of the OSTS register, you must change it before placing the MSTOP position of CLOCK
Operating State Control Register (CSC) to "0".

2. The oscillation settling time counter is only counted within the oscillation settling time set by the OSTS register.

In the following cases, the setting value of the oscillation settling time of the OSTS register must be greater than
the count value confirmed by the OSTC register after the start of oscillation.

A Wh e ICPU dioek is a high-speed internal oscillator clock or a subsystem clock and you want to start
oscillation of the X1 clock

A Wh e ICPU doek is a high-speed internal oscillator clock and the deep sleep mode is exited after the X1
clock oscillates to deep sleep mode (so it must be noted that the OSTC register after deactivating deep sleep
mode only sets OSTS.) The state within the oscillation settling time set by the register).

3. The oscillation settling time of the X1 clock does not include the time before the clock begins to oscillate (Figure
a below).

Deep sleep mode is exited

X1lpin . l
Voltage waveform

e

Note fy: X1 clock oscillation frequency
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437 Peripheral enable registers 0, 1, 2, 3 (PERO, PER1, PER2, P ER2 PER3)

This is the register that the setting enable or disables the provision of clocks to each peripheral hardware. Reduce

power consumption and noise by stopping clocking hardware that is not in use.
When using the following peripheral functions controlled by these registers, the corresponding position "1" must be

placed before the initial setup of the peripheral functions.

Real-time clock, 15-bit interval timer

A/D converter

Serial interface 11ICA0/1

Universal serial communication unit SCI0/1/2

Serial interface SP10/1 Note

afcanQ/1/2no®

Timer40

Timer81

D/A converter

Timer B

Comparator

Timer M

Enhanced DMA

PWMOP

Timer C

Timer A

LCD bus interface "ot

Too T T o To T o To T T To Do To Do Do I o

Note: The serial interface SPI0/1, afcan2, LCD bus interface is a BAT32A279 specific function.

Set the PERO registers, PERL1 registers, PER2 registers, and PER2 registers via the 8-bit memory operation instructions PER3 register.
After generating a reset signal, the value of these registers changes to "00H".

Figure 4-9 The format of Peripheral enable register 0 (PERO) (1/3).

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

o [1] (5] [ [ B[ [ [q

PERO  [RTCEN Note] - | ADCIN | IICAOEN | SCI1IN | SCIOEN | CANOEN | TMA40EN |

RTCEN [Provides control of the input clock of the real-time clock (RTC) and a 15-bit interval timer

0 Stop providing the input clock.
A You cannot w-timetclocks3FETRs) dnd 15-bit ivtendal timers.
A T h etime doakl (RTC) and 15-bit interval timer are in reset state.

1 An input clock is provided.
A Read and wr HinmeclokRRC)an n5-bit etaral timer.

Note: The RTCEN bit is initialized only during power-on reset and remains unchanged during other resets.
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Figure 4-9 The format of Peripheral enable register 0 (PERO) (2/3).

Address: 40020420H  After reset: 0OH R/W

SYMBOL @ 5] 0]

PERO | BTIN | | ADCIN ‘IICAOANDN‘ SCILIN | SCIOEN ‘CANOEN‘ TM40In

ADCEN [Provides control of the input clock of the A/D converter

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

1 An input clock is provided.

A Read and wrbyA/Rcor®dH®s. us e d

IICAOEN [Provides control of the input clock of the serial interface IICAO

0 Stop providing the input clock.
A Cannot write SFR used by the serial i nt 4
A The serial interface |1 CAO0O is in reset 4
1 An input clock is provided.

A Can read and write SFR used by the seri g

SCI1EN [Provides control of the input clock of the Universal Serial Communication Unit 1

0 Stop providing the input clock.
A Cannot write SFR for Uniwkrsal Serial Cq
A Universal Seri al Communication Unit 1 0 9
1 An input clock is provided.
A SFR can read and write to universal seri

SCIOEN [Provides control of the input clock of Universal Serial Communication Unit O

0 Stop providing the input clock.
A Cannot write SFR used by Universal Ser i g
A Universal seri al communication unit O 1§
1 An input clock is provided.
A SFR that can read and write universal s
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Figure 4-9 The format of Peripheral enable register 0 (PERO) (3/3).

Address: 40020420H  After reset: 0OH R/W

Symbol @ m 4 @

PERO | RTCEN | - | ADCIN [IICAOEN| SCILIN | SCIOEN | CANOEN | TMA4OEN |
CANOEN Provides control of the input clock of the CAN module
0 Stop providing the input clock.

A Ca n itewGANOMO use SFR.
A C Aidlif reset state.

1 An input clock is provided.
A Can read and write SFR used by CANO.

TM40EN Provides control of the input clock of Timer4

0 Stop providing the input clock.
A S BsBd by universal timer unit 0 cannot be written.
A Univer salisinrésetstate. uni t

1 An input clock is provided.

ASFR for reading and writing universal timer unit 0.

Figure 4-10 The format of Peripheral enable register 1 (PER1) (1/2).

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

owa  [7] [6] [ A [ [ [ [q

PERL | DACEN | TMBAndN| PGACMPEN | TMMEN | DMAIn |PWMOPEN) TMCEN | TSTONE]
DACEN Provides control of the input clock of the D/A converter
0 Stop providing the input clock.
A Cannot R uwsediby ¥A cBniverters.
A The D/ A converter is in reset state.
1 An input clock is provided.
A Can read and write SFR used by D/ A convg

TMBEN Provides control of the input clock of timer B
0 Stop providing the input clock.
A Cannot fortiner® SFR
A Timer B is in reset state.
1 An input clock is provided.

AL SFR can be read and written to timer B

PGACMPEN Provides control of the input clock of the amplifier and comparator
0 Stop providing the input clock.
A Cannot wrsindeompanrs isédibg SFR.
A The amplifier comparator is in reset s
1 An input clock is provided.
A Can read and write SFR for amplifiers
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TMMEN

Provides control of the input clock of timer M

0

Stop providing the input clock.

A SFR cannot be written to timer M.
A Timer M is in reset state.

An input clock is provided.

A Can read and write the SFR used by the t

Figure 4-10 The format of Peripheral enable register 1 (PER1) (2/2).

Address: 4002081AH  after reset;: 00H R/W

symbol

o] 5] el 3] [ [t [o]

PERL | DACEN | TMBEN PGACMPEN| TMMEN | DMAIn |PWMOPEN| TMPrices | TMAEN
DMAEN Provides control of the input clock of the DMA
0 Stop providing the input clock.
A D Méannot run.
1 An input clock is provided.
A D Mgk run.
PWMOPEN PWM cut-off circuit control of the input clock
0 Stop providing the input clock.
A Cannot writ eutdfEiRuitf. or P WM
AThe RO circuitis in reset state.
1 An input clock is provided.
A Can read and writeoff@€R. used in PWM cut
TMCEN Provides control of the input clock of Timer C
0 Stop providing the input clock.
A SFR cannot be written to Timer C.
A Timer C is in reset state.
1 An input clock is provided.
A SFR can be read and written to Timer C.
TMAEN Provides control of the input clock of Timer A
0 Stop providing the input clock.
A Cannot write SFR for Timer A.
A Timer A is in reset state.
1 An input clock is provided.
A Can read and write the SFR used by Ti me
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Figure 4-11 The format of Peripheral enable register 2 (PER2) (1/2).

Address: 4002081BH reset: 00H R/W

oo [ [6) [ [ [ [ [ [

PER2 | SPIHSIEN | SPIHSOEN | CAN2EN | OSDCIN | SCI2EN | ICAL | CANLIN | TMBLEN]

OSDCIN |[Control of the input clock that provides a clock stop detection function

0 Stop providing the input clock.

1 An input clock is provided.

SCI2EN |Provides control of the input clock of the universal serial communication unit 2

0 Stop providing the input clock.
A Cannot write SFR for Uni ver sal Seri al C g
A Universal Seri al Doesetstare. cati on Unit 2 09

1 An input clock is provided.
A Can read and write SFR used by Universal

IICALEN Provides control of the input clock of the serial interface IICA1
0 Stop providing the input clock.
A Cannot wrlinterface tIGA& usiagethe ISER.
A Serial interface II1 CA1 is in reset sta
1 An input clock is provided.
A SFR can read and write serial interfac
CAN1IN Provides control of the input clock of the CAN1 module
0 Stop providing the input clock.

A Cannot write CAN1 using SFR.
ACAN1 is in reset state.

1 An input clock is provided.
A Can read and write CAN1 using SFR.

TM81EN Provides control of the input clock of the Timer8

0 Stop providing the input clock.
A Cannot write tiBwéBnitf.or uni ver sal
A Univer s alisirrésetstate. uni t

1 An input clock is provided.
A SFR can read and wrilte to universal ti md

Note: The serial interface SP10/1, afcan2, LCD bus interface is a BAT32A279 specific function, so the BIT 5~7 of PER2 must be set
to 1'b0 when BAT32A239 products.
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Figure 4-11 The format of Peripheral enable register 2 (PER2) (2/2).
Address: 4002081BH  reset: 00H R/W

smbol 7] fe] [s] 4] 3] [ [t  [o]

PER2 | SPIHSIEN | SPIHSOEN | CAN2EN | OSDCIN | SCI2EN | IICAL | CANLIN | TMBIEN|
CANZ2EN Provides control of the input clock of the CAN2 module
0 Stop providing the input clock.

A Cannot write CAN2 using SFR.
ACAN2 is in reset state.

1 An input clock is provided.
A Can read and write CAN2 using SFR.

SPIHSOIN Provides control of the input clock of the serial interface SPI0
0 Stop providing the input clock.
A Cannot write SFR for serial interface
A Seri al interface SPI O is in reset stat
1 An input clock is provided.

A Can read and write SFR used by the ser

SPIHS1EN Provides control of the input clock of the serial interface SPI1
0 Stop providing the input clock.
A Cannot write SFR for serial interface
A Serial interface SPI1 is in reset stat
1 An input clock is provided.
A Can read and write SFR for serial inte

Note: The serial interface SP10/1, afcan2, LCD bus interface is a BAT32A279 specific function, so the BIT 5~7 of PER2 must be set to
1'b0 when BAT32A239 products.

Figure 4-12 The format of Peripheral enable register 3 (PER3).

Address: 4002081CH after reset: 00H R/W

Symbol m m
o | o

PER3 |

2] W‘W

\ 0

T T

LCDBIN Provides control of the input clock of the LCDB module

0 Stop providing the input clock.
A Cannot wr ibjl€lDBSFR used
A The LCDB is in reset state.

1 An input clock is provided.
A Can read and write SFR used by LCDB.

Note: The serial interface SP10/1, afcan2, LCD bus interface is a unique function of BAT32A279, so the PER3 register is inaccessible
when BAT32A239 products are used.
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4.3.8 Subsystem clock supply mode control register (OSMC).

OSMC registers are registers that reduce power consumption by stopping unwanted clock functions.

If the RTCLP position is "1", the clock is stopped in deep sleep mode or the CPU running in a sleep mode
with a sub-system clock for peripheral functions other than the real-time clock and the 15-bit interval timer, thus
reducing power consumption.

In addition, the operating clock of the real-time clock and the 15-bit interval timer can be selected through the
OSMC registers.

Set the OSMC registers via the 8-bit memory operation instructions.
After generating a reset signal, the value of this register changes to "00H".

Figure 4-13 subsystem clock provides the format of the mode control register (OSMC).

Address: 40020423H  reset: 00H R/W
SYMBOL 7 6 5 4 3

OSMC RTCLPC 0 0 WUTMMCKO 0 0 0

RTCLPC |[The settings in deep sleep mode and sleep mode where the CPU runs on the subsystem

clock

0 Allows a subsystem clock to be provided for peripheral functions
(For peripheral functions that are allowed to operate, please refer to Table 2 7-1 ~ Table 2 7-
3.)

1 Stop providing a subsystem clock for peripheral functions other than the real-time clock and

the 15-bit interval timer.

WUTMMCKO|[Selection of operating clocks for real-time clocks, 15-bit interval timers, and timer A

0 A The secondary s yisdckcand h b5hit intergal timer forettee bperating
clock.
A T h espeledinternal oscillator cannot be selected as the counting source for timer A.

1 A T h espeledinternal oscillator clock is a real-time clock and a 15-bit interval timer for the

operating clock.

A L-speed internal oscillator or subsystem clock can be selected as the counting source for
timer A.
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4.3.9

Frequency Selection Register (HOCODIV) for high-speed internal oscillators

This is the register for changing the high-speed internal oscillator frequency set by option byte (000C2H).
However, the frequency that can be selected varies depending on the value of the FRQSEL4 bit and FRQSEL3 bit of

the option byte (000C2H).

The HOCODIV register is set by the 8-bit memory operation instruction.
After generating a reset signal, the value of this register changes to the setting value of the FRQSEL2~FRQSELDO bit

of the option byte (000C2H).

Figure 4-14

Format of Frequency Selection Register (HOCODIV) for the high-speed internal oscillator

Address: 40021C20H Reset value: The value of the FRQSEL2~FRQSELO bits of the option byte(000C2H) R/W.

SYMBOL 7 6 5 4 1 0
HOCODIV 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of high-speed internal oscillator clock frequency
FRQSEL4=0 FRQSEL4=1
HOCODIV2 | HOCODIV1 | HOCODIVO
FRQSEL3=0 | FRQSEL3=1 | FRQSEL3=0 | FRQSEL3=1
fily=48MHz fily=64MHz
0 0 0 fily=24MHz fily=32MHz
fHOCO=48MHZ fHOCO=64MHZ
fily=24MHz fily=16MHz
0 0 1 fiy=12MHz fily=16MHz
fHOCO:48MHZ fHOCO:64MHZ
fiy=12MHz fiu=8MHz
0 1 0 filu=6MHz fiu=8MHz
fHOCO:48MHZ fHOCO:64MHZ
fiy=3MHz fiu=4MHz
0 1 1 fiy=3MHz fiu=4MHz
fHOCO:48MHZ fHOCO:64MHZ
o e fiy=2MHz
1 0 0 Prohlblt f=2MHz Pro_hlblt IH
settings. settings.  |fyoco=64MHz
o e fiy=1MHz
1 0 1 Prohlblt fr=1MHz Pro_hlblt IH
settings. settings.  (fyoco=64MHz
Other than the above Prohibit settings

Note
CPU/Peripheral Hardware Clock (fCLK).

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

2. After changing the frequency through the HOCODIV register, the frequency switching takes place after the

following transfer times:

A Run up to 3 clocks at the frequency before the change.
A Wa i t3 CRWperipberal hardware clocks at the changed frequency.
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4.3.10 Trimming Register (HIOTRM) for high-speed internal oscillator
This is a register that corrects for the accuracy of the high-speed internal oscillator. Self-measurement and accuracy
correction of high-speed internal oscillator frequency can be performed using a timer with a high-precision external clock
input, etc. The HIOTRM register is set via the 8-bit memory operation instruction.

Note that if the temperature and voltage of the V pin change after correcting the accuracy, the frequency changes.
In the event of a change in temperature and voltage at the V pin, corrections need to be made before requiring
accuracy of the frequency or periodically.

Figure 4-15 The format of the Trimming Register (HIOTRM) of the high-speed internal oscillator

Address: 40021CO0H reset value: Note R/W

SYMBOL 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 ‘ HIOTRM4 ‘ HIOTRMS3 ‘ 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 4
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
A
A
A
1 1 1 1 1 0 v
1 1 1 1 1 1 Highest speed

Note The reset value is the adjusted value at the time of shipment.

Note 1. Each bit of the HIOTRM register can correct the clock accuracy of the high-speed internal oscillator by about
0.05%.
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4.3.11 Subsystem Clock Select Register (SUBCKSEL)
The SUBCKSEL register is a register that selects the subsystem clock fsus and the low-speed internal oscillator clock
Fi, as well as the low-speed internal oscillator clock frequency.
Set the SUBCKSEL registers with 8-bit memory operation instructions.

After generating a reset signal, the value of this register changes to "00H".

Figure 4-16 Format of subsystem clock selection registers (SUBCKSEL).

Address: 40020407H  reset: 00H R/W

SYMBOL 7 6 5 4 3 2 1 0
SUBCKSEL 0 0 0 0 0 | 0 ‘ LOCOSEL | SELLOSC

LOCOSEL Frequency selection for low-speed internal oscillator clocks

0 A Low speed ionctoekfraqaehcyis 5K.i | | a

1 A Low speed internal oscillator clock freq
SELLOSC Selection of sub-system clock and low-speed internal oscillator clock

0 A Select the subsystem clock.

1 A Sel espeed iteonal oscillator clock.

WWW.Mmcu.com.cn 95/1149 Rev.1.00


http://www.mcu.com.cn/

s, Cmsemicon’ BAT32A2x9 user manual | Chapter 4 Clock generation circuit

4.3.12 Master System Clock Control Register (MCKC).

MCKC registers are registers used to control the clock of the main system.
The MCKC register is set via the 8-bit memory operation instruction.

After generating a reset signal, the value of this register changes to "00H".

Figure 4-17 Format of the main system clock control register (MCKC).

Address: 40020C00H  After reset: 00H R/w Notel
SYMBOL 7 6 5

4 3 2 1 0
MCKC CKSTR 0 0

0 PDIV1 ‘ PDIVO |CKSELR

CKSTR |The state of the high-speed internal oscillator clock and PLL clock
selection

0 A Sel e-speed intergahoscillator clock.
A Select the PLL clock.

PDIV1 PDIVO Divider selection for the PLL clock
0 0 No Dividers
0 1 Divide-by-2
1 0 Divide-by-4
1 1 8-way

CKSELR |High-speed internal oscillator clock and PLL clock selection

0 A Sel e-speed intergahoscillator clock.
1 A Select the PLL clock.

Note 1: Bit7 is read-only.
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4.4 System clock oscillation circuit
4.4.1 X1 oscillation circuit

The X1 oscillation circuit oscillates by connecting a crystal resonator or ceramic resonator (1 to 20 MHz)
connected to pins X1 and X2. An external clock can also be input, in which case a clock signal must be input
to the EXCLK pin.

When using X1 oscillation circuitry, the bit7 and bit6 (EXCLK, OSCSEL) inputs of registers (CMC) must be
controlled for the clock operating mode Line the following settings:

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

A External clock inputs: EXCLK, OSCSEL=1, 1

When the X1 oscillation circuit is not used, it must be set to input port mode (EXCLK, OSCSEL=0, 0
Also, when it is not used as an input port, refer to "Handling of Unused Pins in Table 2-4

An example of an external circuit for the X1 oscillation circuit is shown in Figure Fig. 4-18.

Fig. 4-1818 X1 oscillation circuit
(a) Crystal or Ceramic oscilator (b) external clock
Vss

= — 1
I
— }LXZ external clock—————»EXCLK

Crystal oscilator or
ceramic oscillator

Precautions are shown on the following page.

4.4.2 XT1 oscillation circuit

The XT1 oscillation circuit passes through a crystal resonator (32.768kHz (TYP.)) connecting the XT1 pin
to the XT2 pin) to oscillate. When using the XT1 oscillation circuit, the bit4 (OSCSELS) of the clock operating
mode control register (CMC) must be set to "1" to be used to input an external clock, which must be given
The EXCLKS pin input clock signal.

When using XT1 oscillation circuitry, the clock operating mode must control bit5 and bit4 (EXCLKS,
OSCSELS) of registers (CMC (make the following settings:

A Crystal oscillation: EXCLKS, OSCSELS =0, 1

A External clock inputs: EXCLKS, OSCSELS=], 1
When the XT1 oscillation circuit is not used, it must be set to input port mode (EXCLKS, OSCSELS=0, 0
Also, when it is not used as an input port, refer to "Handling of Unused Pins in Table 2-4 ". An example

of an external circuit for the XT1 oscillation circuit is shown in Figure Fig. 4-19.
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Fig. 4-19 XT1 oscillation circuit external circuit example

(a) Crystal oscillation (b) external clock
E- ----------------------- Vss
1 '—| T XT1
1| 32.768
i = kHz
i I XT2 External clock EXCLKS

Note that when using the X1 oscillation circuit and the XT1 oscillation circuit, in order to avoid the

influence of the wiring capacitance, etc., the Fig. 4-18418 Fig. 4-19419 must be routed by the

following method:
A The wiring must be kept as short as possible.
A Cannot hathersigrsal lives and cannot approach the wiring through which large currents vary.

A The capacitor grounding point thesanelethed/gscpotentiah andthen ci r c ui
grounding pattern of the high current flowing through must not be grounded.

A Signals cannot be taken out of the oscillation circuit.
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An example of an incorrect resonator connection is shown in Figure Figure 4-20.

Figure 4-20 Example of incorrect resonator connection (1/2).

(a) The wiring connecting the circuit is too long (b) the signal line crosses
PORT
Vss X1 X2 Vss X1 X2
NG
NG
il T NG
777 77T
(c) Signal lines for X1 and X2 cross-routing (d) There is a power or ground graphic below the

wiring of X1 and X2

1 Power/ground
((

Note In a multilayer board or double-sided panel, you cannot configure the power supply or ground graphics below the
wiring area of the X1 pin, X2 pin, and resonator (the dashed part of the figure). The wiring cannot produce a
capacitive component that affects the oscillation characteristics.

Note In the case of using a subsystem clock, replace X1 and X2 with XT1 and XT2 respectively when reading, and
insert a series resistor on the XT2 side.
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Figure 4-15 Example of incorrect resonator connection (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 b X1 Pmo

3

Vas x2

i |
T 5 HPT
777 I_— — higthurrent G

high current

(9) extracted signal

Vs X2
=
L

(i

Note that when the X2 and XT1 are routed in parallel, the crosstalk noise of the X2 will be superimposed on the XT1 and
cause malfunction.

Note In the case of using a subsystem clock, replace X1 and X2 with XT1 and XT2 respectively when reading,
and insert a series resistor on the XT2 side.
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4.4.3 High-speed internal oscillator

The BAT32A279 has a built-in high-speed internal oscillator. Can choose the frequency from 64MHz, 48MHz,
32MHz, 24MHz, 16MHz, 12MHz, 8MHz, 6MHz, 4MHz, 3MHz, 2MHz and 1MHz via option byte (000C2H). Oscillation can
be controlled by bit0 (HIOSTOP) of the clock operating state control register (CSC).

After the reset is released, the high-speed internal oscillator automatically begins oscillating.

444 Low-speed internal oscillator

The BAT32A279 has a low-speed internal oscillator.

The low-speed internal oscillator clock is used as a watchdog timer, a real-time clock, a clock for a 15-bit interval timer,
and a clock for timer A, as well as an external reference clock for the SysTick timer, but cannot be used as a CPU clock.

When the bit4(WDTON)of option byte(000COH) or bit4 (WUTMMCKQO) of the subsystem clock provides
mode control register (OSMC) oscillates at a low speed internal oscillator when it is "1".

When the watchdog timer stops running and the WUTMMCKQO bit is not "0", the low-speed internal oscillator continues
to oscillate. However, if the watchdog timer is running and the WUTMMCKO bit is "0", then the WDSTBYON bit is "0" and is
in sleep mode, deep sleep the low-speed internal oscillator stops oscillating in mode. When the watchdog timer is running,

the low-speed internal oscillator clock does not stop running even if the program is out of control.
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4.5 Clock generation circuit operation

The clock generation circuit generates the various clocks shown below and controls the operating mode
of the CPU such as standby mode (see Figure Figure 4-1).

t The main system clock fVAIN
A High speed system clock fMX
X1 clock X
External master system clock fEX
A High speed internal oscillator clock fin
1 Subsystem clock  fgyg
A XT1clock fyt
A External subsystem clock fgxg
1 Low speed internal oscillator clock  f_
1 CPUlperipheral hardware clock foLk

After the BAT32A279 reset is released, the CPU starts operating through the output of the high-speed
internal oscillator. The operation of the clock generation circuit when the power is turned on is shown in
Figure Figure 4-21.
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Figure 4-21 The clock generation circuit is running when the power is turned on
| at least |

¢ 10us >
|

low limit of working voltage range
voltage of power source (VDD)
I

VPOR
ov

power on reset signal

RESETB pin

I | switching via
I reset

|

|

|

|

| | rocess : ' Wy software

CPU clock : | | /high speed internal high speed system\y/secondary system

| |

|

" | ' oscillation clock clack clack
I

high speed internal I
oscilator clock (fiH) |
| I
high speed system clock '
(fMX) (Scenario of
selecting X1 oscilation)

€ I ;I
X1 clock oscilation |
stablization time. N 1"

secondary system clock .
(fsub) (Scenario of Configure X1 10 start A
oscilating via software

selecting XT1 oscilation)

Configure XT1 to start
oscilating via software

After power is turned on, an internal reset signal is generated by a power-on reset (POR) circuit.
However, the reset state is maintained by voltage detection circuitry or an external reset until the
operating voltage range shown in the AC characteristics of the data sheet is reached (the figure
above is an example of when using an external reset).

If the reset is released, the high-speed internal oscillator automatically begins oscillating.

After the reset is released, a voltage stabilization wait and reset process is performed, and then the
CPU starts running with a high-speed internal oscillator clock.

The X1 clock or the start oscillation of the XT1 clock must be set by software (see "4.6.2 X1
Oscillation Circuit Setup Example" and "4. 6.3 Example of setup of the oscillation circuit of XT1").

If you want to switch the CPU clock to the X1 clock or the XT1 clock, you must switch it through the
software settings after waiting for the clock oscillation to stabilize (see "4.6.2 X1.") Example of setting
up an oscillation circuit" and "Example of setting up a 4.6.3 XT1 oscillation circuit").

Note 1 When the reset is released, the oscillation settling time of the X1 clock must be confirmed by the state register
(OSTC) of the oscillation settling time counter.

Note that if an external clock input from the EXCLK pin is used, there is no need for oscillation stabilization wait time.
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4.6 Clock control
4.6.1 Example of setting up a high-speed internal oscillator

After the reset is released, the CPU/Peripheral Hardware Clock (f., ) must be running at a high-speed internal oscillator clock. It
can pass the FRQSELO~FRQSEL4 bits of the option byte (000C2H) from 64MHz, 48MHz, and 32MHz , 24MHz, 16MHz, 12MHz,
8MHz, 6MHz, 4MHz , 3MHz, 2MHz, and 1MHz to select the frequency of the high-speed internal oscillator. In addition, the
frequency can be changed by the frequency selection register (HOCODIV) of the high-speed internal oscillator.

¢ Setting of option bytesu

Address: 000C2H

Options 7 6 5 4 3 2 1 0
(OO(k))()_/:tzeH) 1 1 1 FRQSEL4 FRQSANDL3 FRQSEL2 FRQSEL1 FRQSELO
0/ o1 01 01 01
Frequency of a high-speed
FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO internal oscillator
fhoco fin
1 1 0 0 0 64MHz 64MHz
1 0 0 0 0 48MHz 48MHz
0 1 0 0 0 32MHz 32MHz
0 0 0 0 0 24MHz 24MHzZ
0 ! 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 AMHz
0 0 0 1 1 24MHz 3MHz
0 1 1 0 0 32MHz OMHz
0 1 1 0 1 32MHz 1MHz
Other than the above Prohibit settings.
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[Setting of the Frequency Selection Register (HOCODIV) of the 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 high-speed internal oscillator clock
FRQSEL4=0 FRQSEL4=1
HOCODIV2 | HOCODIV1 | HOCODIVO
FRQSEL3=0 FRQSEL3=1 FRQSEL3=0 FRQSEL3=1
C oaMH C aoMH f;=48MHz f;=64MHz
0 0 0 H=EANIRZ ] IWmSENIRZ g (=48MHZ | frioen=64MHzZ
f;=24MHz f;=16MHz
0 0 1 fiy=12MHz fiu=16MHz
fHOCO:48MHZ fHOCO:64MHZ
¢ 6MH ¢ 8MH f|H:12MHZ f|H:8MHZ
0 ! 0 H=oMInZ H=EMRZ g c0=48MHZ | fioco=64MHzZ
. ¢ a f,=6MHz f;=4MHz
= Z = Z
0 ! ! IH H fuoco=48MHz  |fy0co=64MHz
ihi f.,=3MHz fly=2MHz
1 0 0 Prohibit fusaMHz | T T
Settmgs. HOCO™ 8 fHOCO_64MHZ
b b fii=1MHz
1 0 1 Prohlblt fr=1MHz Pro_hlblt IH
settings. settings. fuoco=64MHz
Other than the above Prohibit settings.
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4.6.2 Example of setting up the X1 oscillation circuit

After the reset is released, the CPU/Peripheral Hardware Clock (fc| ) must be running at a high-speed

internal oscillator clock. Thereafter, if the oscillation clock is changed to X1, the oscillation circuit is set and the
oscillation start is controlled by the oscillation settling time selection register (OSTS), the clock operation mode
control register (CMC), and the clock operating state control register (CSC). And wait for the oscillation to
stabilize through the state register (OSTC) of the oscillation settling time counter. Set the X1 oscillation clock
to f CLK via the system clock control register (CKC) after waiting for the oscillation to stabilize.

¢ Register Settingu Registers must be set in the order of (1) to (5).
(1) The OSCSEL position of the CMC register is "1", and when fy is greater than or equal to 10MHz, AMPH
Bit set to "1" to make the X1 oscillation circuit run.

7 6 5 4 3 2 1 0
oMe EXCLK OSCSEL | EXCLKS | OSCSELS AMPHS1 | AMPHSO AMPH
0 1 0 0 0 0 0 0/1

(2) The oscillation stabilization time of the X1 oscillation circuit when the deep sleep mode is deactivated
through the OSTS register.
Example) To wait at least 102 us through a 10MHz resonator, it must be set to the following values.

7 6 5 4 3 2 1 0
OSTS OSTS2 OSTS1 OsTSO
0 0 0 0 0 0 1 0

7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
cse 0 1 0 0 0 0 0 0
(4) Wait for the oscillation stabilization of the X1 oscillation circuit through the OSTC register.
Example) To wait at least 102 us through a 10MHz resonator, you must wait until you change to the
following values.
7 6 5 4 3 2 1 0
MOSTS8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
OSTC 1 1 1 0 0 0 0 0

(5) Set the X1 oscillation clock to the CPU/peripheral hardware clock through the MCMO bit of the CKC

register.
7 6 5 4 3 1
CLS CSS MCS MCMO 0 0
cKe 0 0 0 1
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4.6.3 Example of setting up the XT1 oscillation circuit

After the reset is released, the CPU/Peripheral Hardware Clock (fc k) must be running at a high-speed

internal oscillator clock. Thereafter, if the XT1 oscillation clock is changed, the mode control register (OSMC),
clock operating mode control register (CMC), and clock operating state control register (CSC) are provided
through the sub-system clock The oscillation circuit is set up and the oscillation start is controlled, and the XT1
oscillation clock is set to fc  Vvia the system clock control register (CKC).

¢ Register Settinguy Registers must be set in the order of (1) to (5).

(1) In deep sleep mode or the CPU running on the subsystem clock, the RTCPC bit must be set to "1" when
the real-time clock and the 15-bit interval timer are running at the sub-system clock (ultra-low consumption
current).

BAT32A2x9 user manual | Chapter 4 Clock generation circuit

7 6 5 4 2 1 0
RTCLPC WUTMMCKO

OosMC

0/1 0 0 0 0 0 0

(2) Place the OSCSELS position of the CMC register "1" so that the XT1 oscillation circuit runs.

7 6 5 4 2 1 0

cm EXCLK OSCSEL EXCLKS | OSCSELS AMPHS1 AMPHSO AMPH
Cc
0 0 0 1 01 0/1 0

AMPHSO bit and AMPHS1 bit: Sets the oscillation mode of the XT1 oscillation circuit.

(3) Clear the XTSTOP bit of the CSC register to "0" so that the XT1 oscillation circuit begins to oscillate.

7 6 5 4 2 1 0
MSTOP XTSTOP HIOSTOP
CsC 1 0 0 0 0 0 0

(4) Itis necessary to wait for the oscillation stabilization time required by the subsystem clock through
software and timer functions, etc.

(5) Set the XT1 oscillation clock to the CPU/peripheral hardware clock through the CSS bit of the CLC

register.
7 6 5 4 2 1 0
CLS CSS MCS MCMO
K
cke 0 0 0 1 0 0 0
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4.6.4

State transition graph of the CPU clock
The CPU clock state transition diagram of this product is shown in Figure 4-22.

Figure 4-22 State transition diagram of the CPU clock

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)

Power on

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

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

oscillation /
EXCLKS input Y
leep mode

CPU: XT1
high speed internal oscillator: in operation

oscillation / N
; , CPU: X1 high speed internal oscillator: Stoj
X1 oscillation / EXCLK input: can have oscillation operation EXCLKS input Y oscillation / EXCLK anep b
XT1 oscillation /EXCLKS input: can have oscillation operation Operatio

X1 oscillation / EXCLK input: Stop

inputY deep XT1 oscillation /EXCLKS input: can have oscillation operation

leep mode

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

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

EXCLKS input Y
leep mode
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Examples of CPU clock transfers and SFR register settings are shown in Table 4-3.

Table 4-3 Example of CPU clock transfer and SFR register setting (1/5).

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

State transition Settings for the SFR registers

(A) (B) There is no need to set the SFR register (the initial state after the reset is
released).

(2) After reset released(A), the CPU is transferred to high-speed system clock operation (C).
(The CPU runs on a high-speed internal oscillator clock (B)) immediately after the reset is released.)

v

(SFR registers are set in orden)-

Setting flag for the SFR register ) Note 1 CSC CKC
CMC register OSTS register OSTC register

EXCLK | OSCSEL |AMPH  [redister  \isTop  [egister Mo

State transition

(A)Y (B)Y (C) 0 1 0 Note 2 0 Confirmati 1
(Xlcl ock: JOMHZMH z ) on is

required
(A)Y (B)Y (C) 0 1 1 Note 2 0 Confirmati 1
(X1Clock:10MHz3 f,0 2 0 MH z fe“q'jired
(AY (B)Y (C) 1 1 x Note 2 0 No 1
(External Master Clock) confirmati

on is

required

Note 1 After the reset is released, the control register (CMC) can only be written once through the 8-bit memory
operation instruction.
2. The oscillation settling time of the Oscillation Settling Time Selection Register (OSTS) must be set as follows:

. A T h elationssettiing time of the State Register (OSTC) of the Expected Oscillation Settling Time Counter
Othe Oscillation Settling Time of the OSTS Register Settings
Note The clock must be set after the supply voltage reaches the set clock operatable voltage (refer to
datasheet).
(3) After reset released(A), the CPU shifts to the subsystem clock run (D).
(The CPU runs on a high-speed internal oscillator clock (B)) immediately after the reset is released.)

(SFR registers are set in ordes- >
Setting flag for the SFR register K
notag g CMC register note CS_C Oscillati c _C
register on register
State transition EXCLKS | OSCSELS | AMPHS1 | AMPHSO | XTSTOP | stable CSss
(A)Y (B)Y (D) 0 1 0/1 0/1 0 need 1
(XT1 clock).
(A) Y (B)Y (D) 1 1 x x 0 need 1
(External Sub-Clock)

Note After reset released, the control register(CMC) can only be written once through the 8-bit memory operation
instruction in clock run mode.

Note 1 x Ignore
2. (A)~()in table 43 corresponding to(A)~(l) in figure 4-22.
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Table 4-3 Example of CPU clock transfer and SFR register setting (2/5).

(4) The CPU shifts from high-speed internal oscillator clock operation (B) to high-speed system clock operation
©.

(SFR registers are set in orden- >
. CsC CKC
flag for the SFR register .
CMC register Note 1 OSTS register | OSTC register
State transition EXCLK | OSCSEL| AMPH register | pmsTOP | register MCMO
(B)Y (C) Confirmatio
R R Note 2 : .
(X1lcl ock: 1\MHO ®MHz ) 0 ! 0 o 0 n is required 1
(B)Y (C) 0 1 1 Note 2 0 Confirmatio 1
(X1Clock:10MHz3 f,0 2 0 MH z n is required
(B)Y (C) No
1 1 X Note 2 0 confirmation 1
(External Master Clock) is required
N
~ ~ e
Not required if it is already set. Not required during high-speed system clock
operation.

Note 1 After the reset is released, only one clock run mode control register (CMC) can be set. Not required if it is already
set.

2. The oscillation settling time of the Oscillation Settling Time Selection Register (OSTS) must be set as follows:
A The oscillation settling time of the State Register

Othe Oscillation Settling Time of the OSTS Register Settings
Note The clock must be set after the supply voltage reaches the set clock operatable voltage (refer to
datasheet).

(5) The CPU shifts from high-speed internal oscillator clock operation (B) to subsystem clock operation (D).

(SFR registers are set in ordes- >
Setting flag for the SFR CMC register note csc Oscillati CKC
ister register register
State transition on
EXCLKS | OSCSELS AMPHS1, 0 XTSTOP | stable CSS
00: Low power
(B) \ (D) oscillation
0 1 01: normal oscillation 0 need 1
(XT1 clock). 10: Ultra-low power
oscillation
(B) Y (D)
1 1 x 0 need 1
(External Sub-Clock)
Not required if it is already set. Not required in subsystem clock
operation.

Note After reset released, the control register(CMC) can only be written once through the 8-bit memory operation
instruction in clock run mode. Not required if it is already set.

Note 1 x Ignore
2. (A)~()in table 43 corresponding to(A)~(l) in figure 4-22.
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Table 4-3 Example of CPU clock transfer and SFR register setting (3/5).

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

(SFR registers are set in order)- >
Setting flag for the SFR register CSC registers . o CKC registers
State transition Wait for the oscillation
HIOSTOP accuracy to stabilize MCMO
(C)Y (B) 0 note 0

Not required during high-speed internal oscillator clock operation.

note: FRQSEL4=0 :45 g6 5¢ s
FRQSEL4=1 :45¢gpd 35¢ s

Note The oscillation accuracy of the high-speed internal oscillator clock is stable and waits for change due to temperature
conditions and during deep sleep mode.

(7) The CPU shifts from high-speed system clock operation (C) to secondary system clock operation (D).

(SFR registers are set in orden- >
Setting flag for the SFR CSC registers . o CKC registers
i Wait for the oscillation
State transition XTSTOP accuracy to stabilize CSS
(C) Y (D) 0 required 1
N

Not required in subsystem clock operation.

(8) The CPU shifts from subsystem clock operation (D) to high-speed internal oscillator clock operation (B).

(SFR registers are set in orden)- >
Setting flag for the SFR CSC registers . o CKC registers
ister Wait for the oscillation
State transition HIOSTOP accuracy to stabilize CSS
(D) Y (B) 0 note 0
N

Not required during high-speed internal oscillator clock operation.

note: FRQSEL4=0 :45 g6 5¢ s
FRQSEL4=1 :45ged 35¢ s

Note 1 Table 4-3A) ~ (1) of Table 43 Figure 4-22A) ~ ( I)in figure 4-22.
2. The oscillation accuracy of the high-speed internal oscillator clock is stable and waiting due to temperature
conditions and deep sleep mode periods.
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Table 4-3 Example of CPU clock transfer and SFR register setting (4/5).

(9) The CPU shifts from subsystem clock operation (D) to high-speed system clock operation (C).

(SFR registers are set in orden)-

»

»

Setting flag for the SFR OSTS CSC registers ) CKC registers

ister i OSTC registers
State transition register MSTOP CSS
(D) Y (C) note 0 Confirmation 0
(Xlcl ock: LMHE GIHZ) is required
(D) Y (C) note 0 Confirmation 0
(X1Clock:10MHz3 02 0 MH z is required
(D) Y (C) note 0 No 0
(External Master Clock) confirmation is

reauired

Not required during high-speed system clock operation.

Note The oscillation settling time of the Oscillation Settling Time Selection Register (OSTS) must be set as follows:

A The oscillation settling time of the StingTineeCButgri ster (OS
O the Oscillation Settling Time of the OSTS Register Setting:
Note The clock must be set after the supply voltage reaches the set clock operatable voltage (see
data sheet).
(10) A TwBlransfelr@duo sleep mode (E) while the high-speed internal oscillator clock is running(B).
A The CPU is transferred to sleep mode (F) during high-speed system clock operation (C).
A The CPU is transferred to sleep mode (G) while the subsystem clock is running (D).
State transition Content of configuration
B) Y (E) Execute WFI instructions.
© Y (F)
D) Y (G)
Note Table 4-3of (A) ~ (I) corresponds to Figure 4-220f (A) ~ ( )y
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Table 4-3: CPU Clock Transfer and SFR Register Setting Example (5/5).

(11) A T h e is @dhsferred to deep sleep mode (H) during high-speed internal oscillator clock operation (B).
AThe CPU is transferred to deep sleep mode (1) during high-speed system clock operation (C).

(Set Order) >
State transition Content of configuration
(B) Y (M) Stop it 3 The SCR register bit2
5 - Peripheral features - (SLEEPDEEP) is set to 1
© Y (E) X1 oscillates that do not run in deep Set the OSTS register. and the WEI instruction is
External clock sleep mode. ) executed.

Note Table 4-3of (A) ~ (I) corresponds to Figure 4-220f (A) ~ ( )y
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4.6.5

Conditions before CPU clock transfer and processing after transfer

The conditions before the CPU clock shift and the processing after the transfer are as follows.

Table 4-4

the transfer of CPU clocks (1/2).

CPU clock

Before transfer

IAfter transfer

Conditions before transfer

Treatment after transfer

High-speed
internal
oscillator clock

X1 clock

The X1 oscillates stably.
A OSCSEL=1I EXCLK=0i MSTOP=0
A After a stable ti

m)

External master
system clock

Set the external clock of the EXCLK pin
input to active.

A OSCSEL=1I EXCLK=1i MSTOP=0

The XT1 oscillates stably.

subsystem clock

input to active.
A OSCSELS=11 EXCLKS=1I XTSTOP=0

XT1 clock A OSCSELS=11 EXCLKS=0I XTSTOP=0
A After a stable tim
Set the external clock of the EXCLKS pin
External

If the oscillation of the high-speed
internal oscillator is stopped

(HIOSTOP=1), the operating current can

be reduced.

X1 clock

High-speed
internal
oscillator clock

Allows high-speed internal oscillator
oscillation.

A HIOSTOP=0

A After a stable ti

m)

Can stop oscillation of X1 (MSTOP=1).

External master
system clock

Cannot be transferred.

The XT1 oscillates stably.

subsystem clock

input to active.
A OSCSELS=11 EXCLKS=1] XTSTOP=0

XT1 clock A OSCSELS=1I EXCLKS=0] XTSTOP=0 |Can stop oscillation of X1 (MSTOP=1).
A After a stable tim
Set the external clock of the EXCLKS pin

External

Can stop oscillation of X1 (MSTOP=1).

system clock

Allows high-speed internal oscillator

External master

subsystem clock

input to active.
A OSCSELS=1I EXCLKS=1I XTSTOP=0

High-speed oscillation. The input of the exter_nal master
|nte.rnal A HIOSTOP=0 system clock can be invalidated
oscillator clock A After a stable tim (MSTOP=1)
X1 clock Cannot be transferred. o}
The XT1 oscillates stably. The input of the external master
XT1 clock A OSCSELS=1i EXCLKS=0i XTSTOP=0 |System clock can be invalidated
A After a stable ti m(MSTOP=1)r
External Set the external clock of the EXCLKS pin The input of the external master

system clock can be invalidated

(MSTOP=1)
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Table 4-4 on the transfer of CPU clocks (2/2).
CPU clock
Before After Conditions before transfer Treatfment after
transfer transfer transfer
!—hgh-speed The high-speed internal oscillator is oscillating
internal : .
. and selects high-speed internal
oscillator
ock The oscillator clock acts as the main system clock.
cloc N
A HIOSTOP=0 MCS=0
The X1 oscillates stably and selects the high-
speed system clock as the main system
Unified clock. ) ) Can stop the oscillation of XT1
X1 clock A OSCSEL=1i EXCLK=0i MSTOP=0 (XTSTOP=1).
XT1 clock
A After a stable time o
Amcs=1
Set the external clock of the EXCLK pin input to be
active and select the high-speed system clock as the
External master |, system clock.
system clock N .
A OSCSEL=11 EXCLK=1i MSTOP=0
AmMcs=1
External
subsystem clock Cannot be transferred. 0
High-speed . . . . I The input of the external
internal The high-speed internal oscillator is oscillating |5 pgytem clock can be
oscillator gn-sp invalidated
lock The oscillator clock acts as the main system clock.
cloc .
A HIOSTOP=0i MCS=0
The X1 oscillates stably and selects the high-
speed system clock as the main system
Unified clock.
Exkt)ernzil ek X1 clock A OSCSEL=1i EXCLK=0i MSTOP=0
subsystem cloc —
y A After a stable ti me oXISTOP=Dr
AMcs=1
Set the external clock of the EXCLK pin input to be
active and select the high-speed system clock as the
External master main system clock.
system clock . .
A OSCSEL=11 EXCLK=11 MSTOP=0
AMcs=1
XT1 clock Cannot be transferred. o}
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4.6.6

Time required to switch between the CPU clock and the master system clock

The CPU clock can be switched by setting bité and bit4 (CSS, MCMO) of the system clock control

register (CKC)(Master system clock)
Speed Internal Oscillator Clock

Subsystem Clock) and switching of the main system clock (High
High Speed System Clock).

Instead of making the actual switchover immediately after rewriting the CKC registers, the CKC registers
are changed and several clocks continue to run on the clock before the switch (see Table Table 4-5to Table

Table 4-7).

The bit7 (CLS) of the CKC register can be used to determine whether the CPU is running on the main or
secondary system clock. The bit5 (MCS) of the CKC register can be used to determine whether the master
system clock is running on a high-speed system clock or a high-speed internal oscillator clock.

If you switch the CPU clock, you also switch the peripheral hardware clock.

Table 4-5  time required to switch the main system clock
Clock A Switch directions Clock B remark
fin <4+—> fux Refer to Table 4-6.
fvAIN 4> fsup Refer to Table 4-7.

Table 4-6 Maximum number of clocks required for |y fyx

The setting value before The setting value after the switch
MCMO
MCMO 0 1
(fwain=fin) (fmain=fvx)

0 fuxOifa 2 clocks
(fmain=fin) fux3 fin 2 fi/fux clock

1 foO|f_| 2Y fMX/fIH clock
(fmain=fmx) fux3 fin 2 clocks

Table 4-7  fyain  fsug Maximum number of clocks required
The setting value before The setting value after the switch
cwitehing
CSS
CSS
0 1
(feLk=fmain) (feLk=fsup)
0 1+2 fMAlN/fSUB clock

(feLk=fmain)
1 3 clocks

(feLk=fsur)

Note 1 Table 4-646 Table 4-747 is the number of CPU clocks before switching.

2. The number of Table 4-6Tables Table 4-7is the number of clocks rounded to the fractional part.

Example: Switch the master system clock from a high-speed system clock to a high-speed internal oscillator
clock (fiy=8MHz, f\;x=10MHz oscillation).

Zfolf|H: 2 (10/8) =25 3 clocks
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4.6.7 Conditions before clock oscillation stops
The register flag settings used to stop clock oscillation (invalid external clock input) and the conditions before stopping are
as follows.

Table 4-8 Conditions and flag settings before clock oscillation stops
clock Condition before clock stop (external clock input is Flag setting for SFR
invalid) registers

MCS=1 or CLS=1

High-speed internal (The CPU runs on a clock other than the high-speed internal oscillator | HHOSTOP=1

oscillator clock

clock).
X1 clock MCS=0 or CLS=1 )
Eétfkmal master syStem| the CPU runs on a clock other than the high-speed system clock).) MSTOP=1
XT1 clock CLS=0
(I:E|>ét§krnal subsystem (The CPU runs on a clock other than the sub-system clock). XTSTOP=1
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4.7 High-speed internal vibration correction function

4.7.1 High-speed internal vibration self-adjustment function

This function measures the frequency of the high-speed internal oscillator using the sub-system clock fSUB
(32.768KHz) as the reference and corrects the frequency accuracy of the high-speed internal oscillator fHOCO
in real time.

Table 4-9is the operating specification of the high-speed internal vibration frequency correction function, and
Fig. 4-23is the action block diagram of the high-speed internal vibration frequency correction function.

Table 4-9 Operating specifications for the high-speed internal vibration frequency correction function
project content
Reference clock N fsus/2? (subsystem clock 32.768KHz).
target clock of . .
Co?rection N fhoco (fast inner swing)

1  Continuous action mode

A mode of continuous high-speed internal vibration frequency correction
Action mode i Interval action mode

A mode that uses a timer clock end, etc., to perform high-speed internal vibration
frequency correction at intervals

Clock accuracy

adjustment function 91  Correction time: Correction period (31.2ms)  (number of corrections -0.5) No©

i Interrupt when high-speed internal frequency correction is complete (when interrupt

interrupt U
permission is open)

Note: Correction time: Varies depending on the number of corrections.
Correction Period: The total time of the frequency determination phase and the frequency correction
phase.
Number of Corrections: The number of corrections by which the frequency is bound to the expected

value range.

Fig. 4-23 Action block diagram of high speed internal vibration frequency correction function
]

Clock correction *
High speed internal fHOCO Counting clock | Expected
vibration | value
Y Y circuit
FRQSEL4-3 I
- . High speed internal
20 bit t
t counter Comparis vibration correction
Option ?| on circuit “completion interrupt
Bytes I INTCRE
00C2H Incremental  |Decrement
i signal
SubOSC Frequency fSUB/29 signal L 9
32.768KHz ¥ dividing circuit .
The counter starts to trigger)
fsuB ( © 99er) f Correction value [6:0] 1
Counter start
(CRCTL register: CRST bit)

CPU bus
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4.7.2 Register description
Table 4-10shows a list of registers used for the high-speed internal oscillation frequency correction function.

Table 4-10 High-speed internal oscillation frequency correction function registers at a glance
project structure

Control registers High Speed Internal Vibration Frequency Correction Control Register (HOCOFC)

4.7.2.1 High Speed Internal Vibration Frequency Correction Control Register (HOCOFC)
Control register for high-speed internal oscillation frequency correction.
The HOCOFC register is set by the 8-bit memory operation instruction.
After reset signal generated, the value of this register changes to "00H".

Figure 4-24 Format of the high-speed internal oscillation frequency correction control
register (HOCOFC).
Address: 0x40022400 After reset: 00H R/W
symbol 7 6 5 4 3 2 1 0
HOCOFC [FCMD| FCE | o | o | o | o | o | FcsT |
FCMD Note 1 High-speed internal vibration frequency correction function action mode
0 Continuous action mode
1 Interval action mode
FCIE Interrupt control with high-speed internal vibration frequency correction
0 There is no interruption after the high-speed internal vibration frequency correction is
1 An interrupt occurs after the high-speed internal oscillation frequency correction is complete
FCST Note 2 High-speed internal vibration frequency correction circuit action control/status
0 High-speed internal vibration frequency correction circuit action stop/stop
1 High-speed internal vibration frequency correction circuit action start/action
In continuous motion mode, the software writes O to stop the action.
In interval mode, the hardware clears the FCST bit after the correction is complete.

Note 1. When the FCST bit is 1, rewriting the FCMD bit is prohibited.

2. When writing 1 to the FCST bit, first confirm that the value of the current FCST bit is 0 and then
write 1 to it. Due to the priority of hardware clearance, when the FCST bit is written to 1
immediately after the interval operation is completed (when the high-speed internal vibration
frequency correction completes the interrupt generation), the operation should be performed at
least 1 cycle after the high-speed internal vibration frequency correction is completed after the
interrupt is generated.

After writing O to the FCST bit (the high-speed internal oscillation frequency correction circuit
action stops), fHOCO disables writing 1 to the FCST bit for 2 cycles (the high-speed internal
vibration frequency correction circuit action begins).

Note: Bits 5 to 1 must be written 0
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4.7.3 Description of the operation

4.7.3.1 Operation summary

The high-speed internal oscillation frequency correction function uses the sub-system clock (fSUB) as the
reference to generate a correction period, measures the frequency of the high-speed internal oscillation, and
corrects the frequency accuracy of the high-speed internal oscillation in real time. Clock adjusts the operation of
the repeating frequency measurement phase and the frequency correction phase. The correction calculus is
performed during the frequency measurement phase, and the correction values reflecting the results of the
correction calculus are saved during the frequency correction phase.

Table 4-11is the high-speed internal vibration input frequency and correction period, and Figure Fig. 4-25is the
timing diagram of the high-speed internal vibration frequency correction operation (detailed).

Table 4-11High-speed internal oscillator input frequency and correction period

fHOCO (MHz) FRQSEL4-FRQSEL3 Note Correction Period (ms)
64 11 312
48 10 (Frequency measurement phase +
32 01 frequency correction phase)
24 00

Note: FRQSEL4-FRQSELZ3 is bit4-bit3 for option bytesO 0C2H

During the frequency measurement phase of the correction period, the frequency of the high-speed internal
oscillation is corrected according to the size of the count value and the expected value.

Fig. 4-25 High-speed internal oscillation frequency correction action timing diagram (detailed).

fHOCO=32MHz

31.2mS >
Reference 15.6mS > 15.6mS >

clock
(fsub/279)

» [+31.25nS

|
CRST Count enable |
|

(Action enabling
positiol

Measuremeq\?”ec"on period Torecion |
:4— phase = ——ble——0 phase —>: )
Count End Count value clearing

|
20 bit coum—; : (Keep the count L/
register + |
Co?rection Count Start ! value) Count Start .
iaTalaVaTak¥al=1l /‘ Ta l’\!u
[6:0] "0000000B" "0000000B"+1) "0000000B’ +1)

I

|

|

|

|

T

|

"0000001B" (former valug !

value X_ : X

| | i
Note: The basic operation of the continuous action mode and the interval action mode are the same.

The difference is whether the FCST bit is cleared by software or hardware. In addition, only the

system reset can clearly correct the correction value.
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I 1€ Continuous operation mode

In continuous operation mode, the high-speed internal oscillating clock frequency correction action is
carried out all the time. The FCMD bit of the HOCOFC register is set to 0, which is a continuous operation
mode.

The FCST bit of the HOCOFC register is set to 1 when the high-speed internal oscillator clock
frequency correction action begins. Similarly, the high-speed internal oscillation clock frequency correction
action stops when the FCST bit is set to 0.

After the high-speed internal oscillator clock frequency correction action, the count starts at the rising
edge of the reference clock (fSUB/29) and stops counting on the rising edge of the next reference clock
(fSUB/29). (Frequency measurement phase).

The count value is then compared to the expected value and the correction values are adjusted as
described below. (Frequency Correction Phase)

i When the count value is larger than expected: The correction value is -1
i Count value is hours longer than expected: Correction value +1
i When the count value is within the expected value: the correction value is maintained (the high-

speed internal oscillation clock frequency correction ends)

When the FCIE bit of the HOCOFC register is set to 1, an interrupt is generated when the high-speed
internal oscillator clock frequency correction is completed. In continuous operation mode, the high-speed
internal oscillating clock frequency correction function repeats the frequency measurement phase and the
frequency correction phase until the high-speed internal oscillating clock frequency correction function is
stopped.

Figure 4-26is a timing diagram of the continuous motion mode.

Figure 4-26 Sequential diagram of continuous motion mode
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" 2€ Interval operation mode

In interval mode, the high-speed internal oscillation clock frequency correction is performed
intermittently using timer interrupts, etc. The FCMD bit of the HOCOFC register is set to 1, which is the
interval operation mode.

The FCST bit of the HOCOFC register is set to 1 when the high-speed internal oscillator clock
frequency correction action begins.

After the high-speed internal oscillator clock frequency correction action, the count starts at the rising
edge of the reference clock (fSUB/2°) and stops counting on the rising edge of the next reference clock
(fSUB/29). (Frequency measurement phase).

The count value is then compared to the expected value and the correction values are adjusted as
described below. (Frequency Correction Phase)

i When the count value is larger than expected: The correction value is -1
i Count value is hours longer than expected: Correction value +1
i When the count value is within the expected value: the correction value is maintained (the high-

speed internal oscillation clock frequency correction ends)

When the FCIE bit of the HOCOFC register is set to 1, an interrupt is generated when the high-speed
internal oscillator clock frequency correction is completed. In the interval mode, the high-speed internal
oscillating clock frequency correction function repeats the frequency measurement stage and the frequency
correction stage, and stops the high-speed internal oscillating clock frequency correction function after the
high-speed internal oscillating clock frequency correction is completed.

Figure 4-27is a timing diagram of the continuous action mode.

Figure 4-27 Interval action mode timing diagram
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4.7.3.2 Operation setup process
The Operation mode start/stop process is shown in the following figure when the high-speed internal
oscillating clock frequency correction function is used.

Figure 4-28 Operation mode setting process (example).

3 Continuous action modell 3 Interval action modell

R Action Start Process High speed internal frequency correction R Action Start Processl” 1€ High speed internal frequency correction interv:

_ continuous action mode setting — action mode settiqg .
CRCTL=40H Allow high-speed internal frequency correction CRCTL=COH Allow high-speed internal frequency correction

completion interrupt completion interrupt

CRCTL=41H CRCTL=C1H

Allow high-speed internal frequency

Allow high-speed internal frequency correction action

correction action

fie high speed’T

= oes-tfie high speed
frequency correction

frequency correction
completion interrupt oceur?

Yes
High speed internal frequency correction
completion interrupt is prohibited frequency correction completed

R Action Start Processl” 2€

[Trimerimerupt, ec] |

R Action stop process

CRCTL=00H High speed |ntern_a| wbrgtlon
frequency correction action stops

Allow high-speed internal frequency

CRCTL=C1H . )
correction action

e high spee
frequency correction
tion interrupt

Yes

High speed internal vibration
frequency correction completed

Note: Before stopping the high-speed internal oscillating clock frequency correction function, the high-speed
internal oscillating clock frequency correction operation is performed repeatedly.

4.7.4 Precautions for use

4.7.4.1 SFR access

Regarding the control of the FCST bit in the interval mode, when writing 1 to the FCST bit, you must first confirm
that the value of the current FCST bit is 0 and then write 1 to it. Due to the priority of hardware clearance, when the
FCST bit is written to 1 immediately after the interval operation is completed (when the high-speed internal vibration
frequency correction completes the interrupt generation), the operation should be performed at least 1 cycle after the
high-speed internal vibration frequency correction is completed after the interrupt is generated.

4.7.4.2 Action during reset
Before entering deep sleep, the high-speed internal oscillating clock frequency correction function must be

stopped.
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4.8 Vibration stop detection circuit
4.8.1 Vibration stops the function of the detection circuit

Vibration stop detection function is to use the internal low-speed oscillation clock (fIL) to monitor the
operation state of the main system clock (fmx) or the secondary system clock (fsx), in a period of time, when
the action stop is detected, it is judged that the X1 vibration circuit or XT1 vibration circuit is abnormal, and
the output vibration stop detection signal can be used as an interrupt signal or a reset signal.

The vibration stop detection circuit needs to be enabled by software settings after the reset is released.

Vibration stop detection circuit, through the software setting to stop the detection action. Alternatively, the
vibration detection action is stopped because of a terminal reset or other internal reset. After the reset occurs,
the software settings need to be set again to enable the vibration stop detection action.

The vibration stop detection circuit determines the vibration stop time (vibration stop judgment time) is
set by the OSDCCMP11~OSDCCMPO of the vibration stop detection control register (OSDC).

Oscillation stop determination time = Internal low-speed oscillation clock (fIL) period
((OSDCCMP11~OSDCCMPO setting value) +1).

Take the internal low-speed oscillation clock (fIL) frequency of 15K as an example:

OSDCCMP11~OSDCCMP0=003H : 232us(MIN.),267us(TYP.),314us(MAX.)

OSDCCMP11~OSDCCMPO=FFFH : 237ms(MIN.),273ms(TYP.),322ms(MAX.)

4.8.2 Composition of the vibration-stop detection circuit
The vibration stop detection circuit consists of the following block diagram.

Fig. 4-29 vibration stop detection circuit (example).
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483 The register used by the oscillator stops detection circuit
4.8.3.1 Peripheral Enable Register 2 (PER2)

When using the vibration-stop detection circuit, the BIT4 (OSDCEN) of PER2 must be set to 1.

Registers are described in detail in "4.3.7Peripheral enable registers 0, 1, 2, 3 (PERO, PER1, PER2, P ER2
PER3) a

4.8.3.2 Vibration Stop Detection Control Register (SCMCTL)

The Vibration Stop Detection Control Register (SCMCTL) is a register that controls the start of the action of the
vibration stop detection circuit, the stop of the action, and the setting of the vibration stop determination time.
When the OSCDE bit is 0, the vibration stop detection circuit does not start the operation.
Use 16-bit operation instructions to manipulate the SCMCTL registers.
Figure 4-30Format of the Vibration Stop Detection Control Register (SCMCTL).

Address: 0x40022200 After reset: OFFFH R/W

symbol 15 14 13 12 11 10 9 8
SCMCTL ‘ OSCDE| 0 [ 0 | 0 | OSDCCMP11-8 |
symbol 7 6 5 4 3 2 1 0
SCMCTL | OSDCCMP7-0 |
OSDCE Vibration stops detecting the action of the action
0 Vibration stop detection action stops
1 Vibration stop detection action begins
OSDCCMP11-0 Vibration stop determination time
000H Prohibit settings
é
002H
003H Set the vibration stop judgment time.
é Oscillation stop determination time = internal low-speed oscillation clock (fIL) period
FFFH . ((OSDCCMP11~ OSDCCMPO setting value) +1).

Note 1. When modifying the setting value of OSDCCMP11~OSDCCMPO0, OSDCE must be set to 0.

2. The vibration detection circuit stops the vibration detection action by setting OSDCE=0 (vibration
stop detection action stop) or generates terminal reset and other internal resets to stop the
vibration detection action.

3.Bit14-12 must be set to 0.
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4.8.3.3 Vibration Stop Detection Mode Register (SCMMD)

The Oscillation Stop Detection Mode Register (SCMMD) is a register that selects the object of
vibration stop detection as the primary system clock (fmx) or the secondary system clock (fsx), and whether
the action after the vibration stop is detected is to generate a reset or an interrupt.

Use 16-bit operation instructions to manipulate the SCMMD registers.

Figure 4-31Format of the Vibration Stop Detection Mode Register (SCMMD).
Address: 0x40022202 After reset: 0000H R/W

symbol 15 14 13 12 11 10 9 8
SCMMD | KEY Note |
symbol 7 6 5 4 3 2 1 0
SCMMD | 0 | 0 | 0 | 0 | 0 | 0 | MDSEL| CKSEL |
CKSEL Vibration stops detecting objects
0 Detects the vibration status of the main system clock (fmx).
1 Detects the vibration status of the subsystem clock (fsx).
MDSEL Vibration stops the action after detection
0 An interruption occurs after the vibration stop is detected
1 Vibration stops detecting and produces a reset

Note: When rewriting MDSEL and CKSEL, the high 8 bit (KEY) of SCMMD must be written at the

same time 0x3C.
For example, after resetting, the initial value of the SCMMD register is 0x00, and the CKSEL

position is 1 by writing 0x3C01 to the SCMMD register.

4.8.3.4 Vibration Stop Detection Status Register (SCMST)

The Oscillation Stop Detection Status Register (SCMST) is a register that displays the vibration stop

detection status.
Use 8-bit operating instructions to manipulate the SCMST registers.

Figure 4-32 Format of the Vibration Stop Detection Status Register (SCMST).
Address: 0x40022204  After reset: 000H R/W Mot

symbol 7 6 5 4 3 2 1 0
scust | o [ o | o | o | o [ o | o ]osToF|
OSTDF The state of vibration stop detection
0 Vibration stop is not detected
1 Vibration stops being detected

Note: After the vibration stops having a checkout, place OSTDF at position 1, which can only be written to 0
through the write register.
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48.4 The operation of the vibration stop detection circuit
48.4.1 The operation method of the vibration stop detection circuit

1. After the external reset is released, the master system clock (fmx)/secondary system clock (fsx)

begins to vibrate.

Writes the peripheral enable register (PER2) to enable the oscillation stop detection circuit "°®.

3. Write the Oscillation Stop Detection Mode Register (SCMMD), select the vibration state that detects
the main system clock (fmx) or the subsystem clock (fsx), and select whether the action after the
vibration stop is detected, whether to generate a reset or an interrupt.

4. Write the OSDCE bit of the vibration stop detection control register (SCMCTL), and the vibration
stop detection circuit begins to operate.

5. During the operation of the vibration stop detection circuit, the main system clock (fmx)/sub-system
clock (fsx) has been stopping the vibration during the vibration stop judgment time, and the output
vibration stop detects the signal, generating a reset or interrupt.

6. When the CPU clock is the main system clock (fmx) or the CPU clock is a PLL clock with the main
system clock (fmx) as the PLL input, and the main system clock (fmx) oscillation stop detection, the
CPU clock switches to the partition 8 (fHOCO/8) of the internal high-speed oscillation clock, and when
the CPU clock is a sub-system clock (fsx) and there is a subsystem clock (fsx) vibration stop
detection, The CPU clock switches to the internal low-speed oscillation clock (fIL). Clearing OSTDF
by software writing the SCMST register to 0 will cut the CPU clock back to the original clock.

N

Note: Because the BIT4 (OSDCEN) of PER2 may be detected by mistake when writing 1, when using
vibration to stop detecting interrupts, you must clear the interrupt flag bit after writing PER2, and
then turn on interrupt enable. For more information about interrupt registers corresponding to
oscillation stop detection interrupts, refer to Chapter 25 Interrupt Functions.

Figure 4-33 Timing of the vibration-stop detection circuit
(Take the detection object as fsx, and the interrupt occurs after the vibration stop is detected)
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Note: Vibration stop determination time = internal low-speed oscillation clock (fIL) period ;| ((OSDCCMP11~OSDCCMPO setting
value) +1).
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485 Precautions for vibration stop detection function
Vibration-stop detection circuit, used with a watchdog timer.
Vibration stop detection, which can be used under any of the following conditions:
When bit0 (WDSTBYON) of the option byte (O0COH), bit4 (WDTON) is 1, and bit4 (WUTMMCKO) of the
OSMC register is 0;
When bit4 (WUTMMCKO) of the OSMC register is 1;

WWW.Mmcu.com.cn 128 /1149 Rev.1.00


http://www.mcu.com.cn/

0 Cmsemicon’

BAT32A2x9 user manual | Chapter 5 Hardware divider

Chapter 5 Hardware divider

Hardware dividers are specific-built hardware to support 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 Features
32-bit signed (complement of 2) integer division calculations

B

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

32 bits signed dividend and 32 bits signed divisors

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

Writing divisor register automatically triggers the division calculation

Divided by 0 warning flag

Indicates the BUSY flag in the operation

There is an interrupt request for calculation completion

Each calculation takes 4 or 8 CPU clock cycles

A lttakes 4 CPU clock cycles at double speed

A lttakes 8 CPU clock cycles in the non-double speed state
5.2 Feature description
When using a hardware divider, you need to set the DIVIDEND register (DIVIDEND) first and then the
DIVISOR, because a write to the divisor register automatically triggers the division calculation. By querying
the STATUS BIT of the BUZZ or by using an interrupt at the end of the calculation, you can know when the

Note: Do not write dividend or divisor registers during calculation, and do not read quotient or remainder
registers, otherwise the result is unpredictable.

5.3 Registers for the hardware divider

The registers for the hardware divider are as follows:

Register base address: DIV_BASE = 4008 _0000H;

Register name Register description R/W | Reset value Register address
DIVIDEND The divisor register R/W | 0000_0000H DIV_BASE+00H
DIVISOR Dividend register R/W | 0000_0000H DIV_BASE+04H
QUOTIENT Quotient register 0000_0000H DIV_BASE+08H
REMAINDER Remainder register 0000_0000H DIV_BASE+0CH
STATUS Status register 0000_0000H DIV_BASE+10H
R: read only, W: write only, R/W: both read and write
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5.3.1 DIVIDEND
A Dividend register is a register that holds the Dividend, whose value participates in division operations as a 32-bit
signed integer.

31 30 29 28 27 26 25 24

| DIVIDEND[31:24] |
23 22 21 20 19 18 17 16

| DIVIDEND[23:16] |
15 14 13 12 11 10 9 8

| DIVIDEND[15:8] |
7 6 5 4 3 2 1 0

| DIVIDEND[7:0] |

5.3.2 Divider (DIVISAR)
A divisor register is a register that holds a divisor whose value participates in division as a 32-bit signed
integer. 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
After the division calculation is completed, the register holds the quotient of the division calculation result,
whose value is a 32-bit signed integer.

31 30 29 28 27 26 25 24

| QUOTIENT[31:24] |
23 22 21 20 19 18 17 16

I 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] |

534 REMAINDER
After the division calculation is complete, the register holds the remainder of the division calculation, the
value of which is 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 divide-zero flag and the

BUSY flag.

31 30 29 28 27 26 25 24

| reserved |
23 22 21 20 19 18 17 16

| reserved |
15 14 13 12 11 10 9 8

reserved DIVBYZE BUSY
RO

7 6 5 4 3 2 1 0

| reserved |

DIVBYZERO Us_ed to indicate the case of division by zero, updated each time the divisor register is
0 The divisor is not 0.
1 The divisor is 0
BUSY Used to indicate the status of the division operation.
0 Division is complete
1 The divisor operation is in progress
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Chapter 6  Universal timer unit Timer4/8

This product is equipped with two universal timer units, including Timer4, containing 4 channels. Timer8, with 8

channels. The number of channels for a universal timer unit varies by product.

Note:

1. The label "m" later in this chapter represents the unit number, and this product is equipped with two
general-purpose timers Timer4 and Timer8, so m=0,1.

2. The designator "n" later in this chapter represents the channel number (in this chapter when m=0:
n=0~3/m=1: n=0~7), and the presence or absence of timer input/output pins for each channel varies
depending on the product. For details, please refer to "Chapter 2 Pin Functions".

3. The following in this chapter are primarily described for 100-pin products.

The universal timer unit Timer4 has four 16-bit timers. The universal timer unit Timer8 has eight 16-bit timers.
Each 16-bit timer is called a "channel" and can be used as a stand-alone timer or as a combination of multiple

channels for advanced timer functions.

Universal timer unit Timer4

/ Channel 0 \ 16-bit timer
/ o
Channel 1
Channel 2
Channel 3

Universal timer unit Timer8

/ Channel 0 \/ 16-bit timer

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

\ Channel 7 j
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For details of each function, please refer to the following table.

Stand-alone channel operation function Multi-channel linkage operation function

Interval t68igr (Yrefererni Singletrigger pul se o69lput (
Squar e wareference6B.p)ut (Y A PWM out prefarto 6.92).

External event 682.unt er (A Multiple PWMo ut p u treder t¢ 6/9.3).

Fr eqguen c ywithireferénak ¢0r6.8.8).Y
Measur ement of i refertnt.8.4).ul
Measurement of the high
Del ay count.86). (Yreferengd

To To I o To o I»

The Channel 1 and Channel 3 16-bit timers of Unit O can be used as two 8-hit timers (high and low).
Channels 1 and 3 can be used as 8-bit timers as follows:
1 Interval timers (high 8-bit and low 8-bit timers) /square wave output (limited to low 8-bit timers only).
1  External event counter (low 8-bit timer only).
1  Delay counter (low 8-bit timer only).

LIN-bus communication is achieved through the coordination of channel 3 of unit 0 and UARTO of the
universal serial communication unit.
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6.1 Functions of the universal timer unit
The universal timer unit has the following functions:

6.1.1 Stand-alone channel operation function

The stand-alone channel operation function is a function that can use any channel independently without
being affected by the operating modes of other channels.
(1) Interval timer

It can be used as a reference timer that generates interrupts (INTTMmn) at regular intervals.

Comparision

. ' interrupt ’_‘
Action clock operation singnal
channel N

(INTTmn)

(2) Square wave output

Whenever an INTTMmn interrupt is generated, it alternates and outputs a square wave with a 50% duty cycle
from the output pin of the timer (TOmn).

Comparision
Action clock operation timer output
channel N (TOmMnN)

(3) External event counters

The effective edges of the input signal of the timer input pin (TImn) are counted and, if a specified number
of times are reached, can be used as an event counter that generates an interrupt.

timer input

Comparision :
interrupt
(TImn) operation singn:I |_|
+—| channel N
|

(INTTmn)

L A

(4) Crossover function (limited to channel O of unit 0).

Divides the input clock of the timer input pin (TI00) and outputs from the output pin (TOO0O0).

timer input omparision
(TImn) operation timer output
channel N

(TOmn)

(5) Input the measurement of the pulse interval

The interval between input pulses is measured by starting counting at the effective edge of the input

pulse signal at the timer input pin (TImn) and capturing the count value at the effective edge of the next pulse.

timer input - A A
(TImn) capture operation L
A : K : channel N . :
! | ' |
edge detection start capture
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(6) Measurement of the high and low level width of the input signal
The input signal starts counting on one edge of the timer input pin (TImn) and captures the count value on

the other edge, measuring the high and low level width of the input signal.

timer input
(TImn)

+—| channel N | |
I ' O0H | | xxH
v

start capture

capture operation v

edge detection

(7) Latency counters
The effective edges of the input signal at the timer input pin (TImn) start counting and generate an

interrupt after an arbitrary delay period.

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

Note: 1.m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7)
2. The presence or absence of timer input/output pins for each channel varies depending on the product. For

details, please refer to "Timer Input/Output Pins for Each Product in Table 6-2".
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6.1.2 Multi-channel linkage operation function
The multi-channel linkage operation function is a function that combines the master channel (the reference

timer of the main control period) and the slave channel (the timer that follows the operation of the master channel).
The multi-channel linkage operation function can be used as the following modes.
(1) Single trigger pulse output

Pairing the two channels generates a single-trigger pulse that arbitrarily sets the output timing and pulse
width.

timer input Comparision interru Fit
(TImn) operation singnal
channel n D (INTTmn)
I (master control) pglse
: - width
edge detection output timing
sequence
f I
Comparision ) | | |
Channel P operation timer output (R reset
(TOmp) ! Hlave)
(Slave) (master contr %

start
(master control)

(2) PWM (Pulse Width Modulation) output

Pairing the two channels generates pulses with arbitrary set periods and duty cycles.

interrupt
omparision .
Action clock channel (INTTmn)

(master control)

-
operation timer output P N |
channel P (Tomp) | II !
(slave) ¢duty cycle |
g

! period

(3) Multiple PWM (Pulse Width Modulation) outputs

It can generate up to three PWM signals with arbitrary duty cycles at fixed periods by extending the PWM
function and using 1 master channel and multiple slave channels.

interrupt
omparision singnal
operation Clock i
p operation (INTTmn)

channel N
(master control)

omparlsmn
channel P op eration timer output

i

TO |

(slave) (TOmp) lduty cycle !
|<—>|A

period

Comparlsmn
op eranon timer output —— R

I
(

channel g TO < | |
(slave) (Toma) : duty cycle |
I .
period
Note: For details of the rules for the multi-channel linkage operation function, please refer to "6.4.1 Basic Rules of

the Multi-channel Linkage Operation Function ".
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Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
p, g: Slave channel number (m=0Time:n3 p3 q B) (M=1Time:n3 p3 q O)7

6.1.3 8-bit timer operation function (channel 1 and channel 3 of unit O only).

The 8-hit timer operation function is the function of using a 16-bit timer channel as two 8-bit timer channels.
Only Channel 1 and Channel 3 of Unit 0 can be used.

Note: When running the feature with an 8-bit timer, there are several rules.

For details, please refer to "Basic Rules for the Operation of the 6.4.2 8-Bit Timer Function (Channel 1 and Channel 3
Only)".

6.1.4 LIN-bus support function (limited to channel 3 of unit 0).
Check the received signal in the LIN-bus communication for the LIN-bus communication table by means of a
universal timer unit.
(1) Detection of wake-up signals
The falling edge of the input signal on the UARTO serial data input pin (RxD0) starts counting and captures the
count value on the rising edge to measure the low level width. If the low level width is greater than or equal to a
fixed value, it is considered a wake-up signal.
(2) Detection of interval segments
After the wake-up signal is detected, the low level width is measured by starting the falling edge of the input
signal from the UARTO serial data input pin (RxD0) and capturing the count value on the rising edge. If the low-level
width is greater than or equal to a fixed value, it is considered a space segment.
(3) Measurement pulse width of Synchronization segment
After the interval segment is detected, measure the low and high width of the input signal of the UARTO serial
data input pin (RxD0). Calculates the baud rate based on the bit spacing of the synchronization segment measured
in this way.

Remark: Regarding the operating settings of the supported functions ofLIN-bus.Please referto i 6 . 3Inpft 8witching

control registers (ISC) 0 and fi 8.5 As the input signal high and low level operation of the width measurementq

WWW.Mmcu.com.cn 137 /1149 Rev.1.00


http://www.mcu.com.cn/

. ®
s, Cmsemicon BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

6.2 Structure of a universal timer unit
The universal timer unit consists of the following hardware.

Table 6-1 Structure of the Universal Timer Unit
ltem structure
counter Timer count register mn (TCRmn).
register Timer data register mn (TDRmn).

The input of the timer | TIO0~TI03 Note 1 RxDO pin (for LIN-bus).

The output of the timer | TO00~TOO03 Note 1 output control circuit

< unitSettings DepartmentRegister >

Peripheral (BER@bIl e register O
Ti mer cl ock mgePBm)cti on regi ster
Ti mer channel enable status register m(
Ti mer channel start register m(TSm).
Ti mer channel stop register m(TTm).
Ti mer input §lS0ection register 0
Ti mer output (TEBEMLbl e regi ster m
Ti mer out(PQm). regi ster m
; Ti mer out pu(Toumgv el register m
Control registers Ti mer output(TOMmde register m

register > for each channel
Ti mer mod@MRMm)i ster mn
Ti mer sta(TBRmMnx egi ster m
Il nput Switching Control
Noi se f iistarselrande2rNFEN1eNFEN2)Y

To T T T Do T Do A | Do Joo Do Joo Do Jo Do I Io Do

Por t(Pwx)egei st er

n

Register (1SC).

Port Mode ContrNd2 Register (PMCxx)
Port Mode Register (PMxx)

Note: 1 The availability of timer input/output pins for each channel varies by product. For details, please refer to

"Timer Input/Output Pins for Each Product in Table 6-2".

2. The set port mode control register (PMCxx), port mode register (PMxx) and port register (Pxx) vary depending on

the product. For details, please refer to "Chapter 2 Pin Functions".

Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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The availability of timer input/output pins for each channel of the universal timer unit varies by product.

Table 6-2 Timer Input/Output Pins for Each Product

Channel of the timer array The presence or absence of input/output pins for each product
unit 64 pins 48 pins

Channel 0 TI00/TO00 TIOO/TO00

) Channel 1 TI01/TO01 TI01/TO01
unito Channel 2 TI02/TO02 TI02/TO02
Channel 3 TI03/TO03 TIO3/TO03

Channel 0 TI10/TO10 TI10/TO10

) Channel 1 TI11/TO11 TI11/TO11
unitt Channel 2 TI12/TO12 TI12/TO12
Channel 3 TI13/TO13 TI13/TO13

Channel 4 TI14/TO14 TI14/TO14

. Channel 5 TI15/TO15 TI15/TO15
unito Channel 6 TI16/TO16 TI16/TO16
Channel 7 TI17/TO17 TI17/TO17

Remarks: 1.When the input of the timer and the output of the timer are multiplexed by the same pin, it can only be used
as the input of the timer or the output of the timer.
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A block diagram of the universal timer unit is shown in Figure 6-1.
Figure 6-1 Overall block diagram of universal timer unit O

Timer clock selection register0 (TPS0)

PRS031|PRS030|PRS021{PRS020|PRS013|PRS012|PRS011|PRS010[PRS003|PRS002 [PRS001(PRS000

Timer input selection register0 (TIOS0) | | | | | | |

‘TISO7 TIS06 | TISO5 | TIS04 | TOS03 [TIS02 | TIS01|TIS00 ‘ 2 2 j 4 4
foLk > pre-scalerl” fcLk/2*® ~ feLk/2%e
TOO02 output control
peripheral
enable register0 | TM40EN
I PEROE |
selector | | selector |:
TI00 @— selector Ckoz - CKoL selector |‘_

TMIOBO ——| CKO03 CKO00
TMIODO —|

TMIOAL —p]
TMIOCT —
TMIOBL — 4 N\
TMIOD1 ——]
TMIOCO —|

10108|8S

A 4

4
10103|8s

/

-

——»(© T000

—> INTTMOO
(Timer interrupt)

Yy

Channel 0

input event from EVENTC

:

fsup ————» E/ \—.C)TOOI
flb é E Channel 1 | » INTTMOL
: Q L
o 2 \_ F— INTTMO1H
input event from EVENTC——— 10503
o7 i A
TIOZ g ; Channel 2 © 1002
TSOUT ———p § S /—b INTTMO2
T

Timer input/output
selection register (TIOS1) ™

——»(© TO03
Channel 3 ——» INTTMO3
> INTTMO3H

TI03 @©—»

RXDO C
(Serial port input)

_,B;osps
A\ A A

input switch control register

risce
Note: fgyg : Subsystem clock frequency
fiL : Low-speed internal oscillator clock frequency
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6.2.1 List of general-purpose timer unit registers
Unit 0 (Timer4) register base address: 0x40041C00
Offset address Register name Read-write properties Bit width Reset value
0x180 TCROO R 16 FFFFH
0x182 TCRO1 R 16 FFFFH
0x184 TCRO2 R 16 FFFFH
0x186 TCRO3 R 16 FFFFH
0x190 TMROO R/W 16 0000H
0x192 TMRO1 R/W 16 0000H
0x194 TMRO02 R/W 16 0000H
0x196 TMRO3 R/W 16 0000H
Ox1A0 TSRO0 R 16 0000H
Ox1A0 TSROOL R 8 O0H
0x1A2 TSRO1 R 16 0000H
0x1A2 TSRO1L R 8 OOH
0x1A4 TSR02 R 16 0000H
Ox1A4 TSRO2L R 8 OOH
0x1A6 TSRO03 R 16 0000H
0x1A6 TSRO3L R 8 OOH
0x1B0 TEO R 16 0000H
0x1B0 TEOL R 8 OOH
0x1B2 TSO R/W 16 0000H
0x1B2 TSOL R/W 8 OOH
0x1B4 TTO RW 16 0000H
0x1B4 TTOL R/W 8 OOH
0x1B6 TPSO R/W 16 0000H
0x1B8 TOO R/W 16 0000H
0x1B8 TOOL R/W 8 O0H
0x1BA TOEO RW 16 0000H
O0x1BA TOEOL R/W 8 OOH
0x1BC TOLO RW 16 0000H
0x1BC TOLOL R/W 8 O0H
Ox1BE TOMO R/W 16 0000H
Ox1BE TOMOL R/W 8 O0H
0x318 TDROO RW 16 0000H
0x31A TDRO1 R/W 16 0000H
0x31A TDRO1L R/W 8 OOH
0x31B TDRO1H R/W 8 O0H
0x364 TDRO2 R/W 16 0000H
0x366 TDRO3 R/W 16 0000H
0x366 TDRO3L R/W 8 00H
0x367 TDRO3H R/W 8 OOH
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Unit 1 (Timer8) register base address: 0x40042000

Offset address Register name Read-write properties Bit width Reset value
0x180 TCR10 R 16 FFFFH
0x182 TCR11 R 16 FFFFH
0x184 TCR12 R 16 FFFFH
0x186 TCR13 R 16 FFFFH
0x188 TCR14 R 16 FFFFH
0x18A TCR15 R 16 FFFFH
0x18C TCR16 R 16 FFFFH
Ox18E TCR17 R 16 FFFFH
0x190 TMR10 R/W 16 0000H
0x192 TMR11 R/W 16 0000H
0x194 TMR12 R/W 16 0000H
0x196 TMR13 R/W 16 0000H
0x198 TMR14 R/W 16 0000H
0x19A TMR15 R/W 16 0000H
0x19C TMR16 R/W 16 0000H
0x19E TMR17 R/W 16 0000H
0x1A0 TSR10 R 16 0000H
0x1A0 TSR10L R 8 OOH
0x1A2 TSR11 R 16 0000H
0x1A2 TSR11L R 8 O0H
0x1A4 TSR12 R 16 0000H
0x1A4 TSR12L R 8 OOH
0x1A6 TSR13 R 16 0000H
0x1A6 TSR13L R 8 00H
0x1A8 TSR14 R 16 0000H
0x1A8 TSR14L R 8 O0OH
O0x1AA TSR15 R 16 0000H
Ox1AA TSR15L R 8 00H
O0x1AC TSR16 R 16 0000H
0x1AC TSR16L R 8 O0H
Ox1AE TSR17 R 16 0000H
Ox1AE TSR17L R 8 00H
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Offset address Register name Read-write properties Bit width Reset value
0x1BO TE1 R 16 0000H
0x1BO TELL R 8 OOH
0x1B2 TS1 R/W 16 0000H
0x1B2 TS1L R/W 8 O0H
0x1B4 TT1 R/W 16 0000H
0x1B4 TT1L R/W 8 OOH
0x1B6 TPS1 R/W 16 0000H
0x1B8 TO1 R/W 16 0000H
0x1B8 TO1L R/W 8 OOH
0x1BA TOE1 R/W 16 0000H
0x1BA TOE1L R/W 8 O0H
0x1BC TOL1 R/W 16 0000H
0x1BC TOL1L R/W 8 OOH
Ox1BE TOM1 R/W 16 0000H
0x1BE TOM1L R/W 8 O0H
0x318 TDR10 R/W 16 0000H
0x31A TDR11 R/W 16 0000H
0x364 TDR12 R/W 16 0000H
0x366 TDR13 R/W 16 0000H
0x368 TDR14 R/W 16 0000H
0x36A TDR15 R/W 16 0000H
0x36C TDR16 R/W 16 0000H
0Xx36E TDR17 R/W 16 0000H
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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 counting clock. Increments or decrements
synchronously with the rising edge of the counting clock.
The operating mode is selected by the MDmMn3 to MDmMnO bits of the timer mode register mn (TMRmn), and
the increment and decrement counts are switched (see "6.3.3 Timer Mode Registers"). mn (TMRmn) 9 .

Figure 6-2 Timer count register mn (TCRmn).

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

Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).

The count value can be read by reading the timer count register mn (TCRmn).

In the following cases, the count value becomes "FFFFH".

A When a reset signal is generated

When clearing the TMAEN/TMB8EN bit of peripheral enable register 0 (PERO).
End of count of dependent channels in PWM output mode

The count of dependent channels ends in delay counting mode

At the end of the count of the master/slave channel in single trigger pulse output mode

o o o o >

End of count of dependent channels in multiple PWM output mode

In the following cases, the count value becomes "0000H".
A Enter when the trigger starts in capture mode

A Capture at the end 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 operating mode and operating

state.
Table 6-3 The timer count register mn (TCRmn) read value in each operating mode
The timer counts the read value of the register mn (TCRmn).
The value at The value at
' Counting which the Count paused Count paused which to wait
Operating mode | = operating mode p (TTmn=1) after .
is changed The value for changing the value | after ta st:nglih
= count when the
after the reset (TTmn=1). atrun mode wiaaer beaan
is lifted ggerbeg
. Decrement the The value at Indefinite
Interval timer mode count FFFFH the time of stop value d
Increment the The value at Indefinite
Capture mode count 0000H the time of stop value 9
Decrement the The value at Indefinite
Event counter pattern count FFFFH the time of stop value 0
. Decrement the The value at Indefinite
Single count mode count FFFFH the time of stop value FFFFH
The capture
Capture & single Increment the 0000H The value at Indefinite value of the
count mode count the time of stop value TDRmn
register is +1

Note: Indicates the read value of the TCRmn register when channel n is in the stopped state of timer operation (TEmn=0)

and the count allowable state (TSmn=1). Keep this value in the TCRmn register until the count starts.

Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.2.3 Timer data register mn (TDRmn).

This is a 16-bit register that can be used to switch between the capture function and the compare function.
The operating mode is selected by the MDmn3 to MDmnO bits of the timer mode register mn (TMRmn), and the
capture function and the comparison function are switched.

The TDRmn register can be rewritten at any time.

This register can be read and written in 16-bit increments.

Timer4 is SPLIT in 8-bit timer mode (timer mode registers m1, m3 (TMRm1, TMRm3). The bit is "1"), which
can read and write the TDRm1 register and the TDRm3 register in 8 bits, where TDRm1H and TDRm3H is
used as the high 8 bit, and TDRm1L and TDRm3L are used as the low 8 bit.

After generating the reset signal, the value of the TDRmn register changes to "0000H".

Figure 6-3 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

woren || [ [ | [ [ | [ [ [ [ [ [ [ [ |
Figure 6-4  Timer data registers mn(TDRmn) (n=1, 3).
(TDRO1H can support 8bit operation)  (TDRO1L can support 8bit operation).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
woren | [ [ [ | | [ [ [ [ | [ [ [ [ |

i. The case where the timer data register mn (TDRmn) is used as a comparison registerThe count is
decremented from the setpoint of the TDRmn register and generates an interrupt signal (INTTMmn) when
the count value changes to "0000H". The value of the TDRmn register is maintained until it is rewritten.

Note: Even if the input capture trigger signal, the TDRmn register set to the comparison function does not perform a

capture operation.

il The case where the timer data register mn (TDRmn) is used as the capture registerThe count value of
the timer count register mn (TCRmn) is captured to the TDRmn register via input capture trigger. The
effective edge of the TImn pin can be selected as the capture trigger signal. The timing mode register
mn (TMRmn) sets the selection of capture triggers.

Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.3 Control registers of the universal timer unit
The registers that control the universal timer unit are as follows:
A Peripheral Enable register 0 (PERO).

A Timer clock selection register m (TPSm).

A Timer mode register mn (TMRmn).

A Timer status register mn (TSRmn).

A Timer channel enable status register m(TEm).

A Timer channel start register m(TSm).

A Timer channel stop register m(TTm).

A Timer input and output selection register (TIOS0).

A Timer output enable register m (TOEm).

A Timer output register m(TOm).

A Timer output level register m(TOLm).

A Timer output mode register m (TOMm).

A Input Switch Control Register (ISC).

A Noise filter enable register 1 (NFEN1).

A Port Mode Control Register (PMCxXx).

A Port Mode Register (PMxx).

A Port register (Pxx).

Note: The registers and bits allocated vary by product. The unassigned bits must be initialized.
Note: m: unit number (m= 0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.3.1 Peripheral enable register 0 (PERO).
The PERO register is a register that is set to enable or disable clocks to each peripheral hardware. Reduce
power consumption and noise by stopping clocking hardware that is not in use.

To use universal timer unit 0, bitO (TM4EN) must be placed at "1". To use universal timer unit 1 bitl (TMBEN)
must be set to "1". The PERO register is set via the 8-bit memory operation instruction. After generating a reset
signal, the value of the PERO register changes to "00H".

Figure 6-5 Table of Peripheral enable register 0 (PERO).

Address: 0x40020420 reset: 0OHR/W

12 M M N N N O R

PERO | X | x | | | TMBEN | TM4EN |

TM4EN  |Control of the input clock of the universal timer unit O

0 Stop providing the input clock.

A SFR used by ulcamabesvdten. t i mer unit
A Uni ver s@isreseti mer uni t

1 An input clock is provided.

A SFR for reading and writing universal timer unit 0.

TM8IN Control of the input clock of the universal timer unit 1

0 Stop providing the input clock.
A S FuRivefsal timer unit 1 cannot be written.
A Uni ver shidreséti mer uni t
1 An input clock is provided.
A SFR that can read and wrilte for use in

Note 1 To set the general-purpose timer unit, the following registers must first be set while the TM4A4EN/TM8EN bit is "1".
When the TM4EN/TMS8EN bit is "0", the value of the control register of the timer array unit is the initial value,
ignoring the write operation (timer input and output select register 0 (TIOSO0), Input Switching Control Register
(ISC), Noise Filter Enable Register 1 (NFEN1), Port Mode Control Register PMC X, except port mode register PMx

and port register Px).

A Ti mer st af(TBRmnr egi ster mn

A Ti mer channel en{TEm)l e st atus register
A Ti me r tat registemrgTISm)s

A Ti mer chanmélfm)st op register

A Ti mer outpum(TEEmpAbl e regi ster

A Ti mer oun(Omt regi ster

A Ti mer out pm(TOLMn)e v el register

A Ti mer out pum(TOMm)de regi ster
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6.3.2 Timer clock selection register m (TPSm).

The TPSm registers are 16-bit registers that can be supplied to each channel with 2 or 4 common operating
clocks (CKmO0, CKm1, CKm2,CKm3). Select CKmO by bit3~0 of the TPSm register and CKm1 by bit7~4 of the TPSm
register. In addition, only channels 1 and 3 can select CKm2 and CKm3, via bit9~8 of the TPSm register to Select
CKm2, selected by bit13 and bit12 of the TPSm register CKm3y

The TPSm register in timer operation can only be overwritten in the following cases.

the case of PRSm00~PRSmO03 bits can be rewritten (when m=0: n=0~3, m=1: n=0~7).

Channels that select CKmO as the running clock (CKSmn1, CKSmn0=0, 0) are all in the stopped state
(TEmn=0).

the case of PRSm10~PRSm13 bits can be rewritten (when m=0: n=0~3, m=1: n=0~7}

Channels selecting CKm2 as the operating clock (CKSmn1, CKSmn0=0, 1) are all in the stopped state
(TEmn=0).

Cases where PRSm20 bits and PRSm21 bits can be rewritten (n=1, 3\

Channels that select CKm1 as the operating clock (CKSmn1, CKSmn0=1, 0) are all in the stopped state
(TEmn=0).

Cases where PRSmM30 bits and PRSm31 bits can be rewritten (n=1, 3

Channels selecting CKm3 as the operating clock (CKSmn1, CKSmn0=1, 1) are all in the stopped state
(TEmn=0).

The TPSm register is set by the 16-bit memory operation instruction. After generating a reset signal, the value
of the TPSm register changes to "0000H".
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Figure 6-6 timer clock selection register m (TPSm) (1/2).
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 | mO3 | mO02 | mO1 | mOO
PRS | PRS | PRS | PRS Select the operating clock (CKmk) (k=0, 1).
mk3 | mk2 | mkl | mko folk=2MHz | fo «=4MHz | fc «=8MHz | f «=20MHz | fg «=32MHz
0 0 0 0 foik 2MHz 4MHz 8MHz 20MHz 32MHz
0 0 0 1 foLk/2 1MHz 2MHz 4MHz 10MHz 16MHz
0 0 1 0 foLk/2? 500kHz 1MHz 2MHz 5MHz 8MHz
0 0 1 1 fo /23 250kHz 500kHz 1MHz 2.5MHz 4MHz
0 1 0 0 foLk/24 125kHz 250kHz 500kHz 1.25MHz 2MHz
0 1 0 1 foL /25 62.5kHz 125kHz 250kHz 625kHz 1MHz
0 1 1 0 foLk/28 31.3kHz 62.5kHz 125kHz 313kHz 500kHz
0 1 1 1 foLk/27 15.6kHz 31.3kHz 62.5kHz 156kHz 250kHz
1 0 0 0 foLk/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 foLk/211 977Hz 1.95kHz 3.91kHz 9.77kHz 15.6kHz
1 1 0 0 foLk/212 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 foLk/214 122Hz 244Hz 488Hz 1.22kHz 1.95kHz
1 1 1 1 foLk/215 61.0Hz 122Hz 244Hz 610Hz 977Hz

Note: The universal timer unit (TTm=0,100FH) must be stopped when changing the clock selected as fc k (changing

the value of the system clock control register (CKC)). Even when selecting the operating clock (fy,c) or the
effective edge of the input signal of the TImn pin, the general-purpose timer unit needs to be stopped.

Note: 1. Bit15, 14, 11, 10 must be set to "0".
2. If fok (no divider) is selected as the operating clock (CKmk) and TDRnm is set to "0000H" (n =0, 1, m=0~3),

you cannot use interrupt requests for a universal timer unit.

Note: 1.fo k: Cpu/peripheral hardware clock frequency
2. The clock waveform selected by the TPSm register starts from the rising edge with only 1 f, « period as high

(m=1~15). For details, please refer to "6.5.1 Counting Clock (fr¢ k)"
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Figure 6-7 timer clock selection register m (TPSm) (2/2).
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
™PSm 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
PRSmM21 PRSmM20 Select note for the running clock (CKm2).
0 0 foL/2 1MHz 2MHz 4MHz 10MHz 16MHz
0 1 foLk/22 500kHz 1MHz 2MHz 5MHz 8MHz
1 0 foL/24 125kHz 250kHz 500kHz 1.25MHz 2MHz
1 1 foLk/28 31.3kHz 62.5kHz 125kHz 313kHz 500kHz
PRS | PRS Run clock (CKm3) selection note
m31 | m30 foLk=2MHz | fo «=4MHz | fo «=8MHz |f (=20MHz | fc (=32MHz
0 0 foLk/28 7.81kHz 15.6kHz 31.3kHz 78.1kHz 125kHz
0 1 foLk/210 1.95kHz 3.91kHz 7.81kHz 19.5kHz 31.3kHz
1 0 fo /212 488Hz 977Hz 1.95kHz 4.88kHz 7.81kHz
1 1 foLk/214 122Hz 244Hz 488Hz 1.22kHz 1.95kHz

Note: The universal timer unit (TTm=0,100FH) must be stopped when changing the clock selected as fc k (changing

the value of the system clock control register (CKC)). Even when selecting the operating clock (fyck) or the

effective edge of the input signal of the TImn pin, the general-purpose timer unit needs to be stopped.
Note: Bit15, 14, 11, 10 must be set to "0".

If you use Channel 1 and Channel 3 in 8-bit timer mode and use CKm2 and CKm3 as operating clocks,

you can implement with the interval timer function as interval time shown in Tables 6-4.

Table 6-4 The interval time that can be set by the operating clocks CKSm2 and CKSm3

clock

Interval time note (.  =32MHz).

10¢s

100¢s

1ms

10ms

fCLK/Z

]

o)

CKm2

foLk/22

foLk/28

CKm3

foLk/210

Qx| Qx| Qx| OX| o | oW | W

O | O oW | oW | oW | ow | &

o)
o)
d
o)
e
]
]
]

W | oW | & O] Ox| Ox| Ox

Not e: 3

Er r areiscluded.t hi n

5

%

Note: 1.fo k: Cpu/peripheral hardware clock frequency

2. For details of the fc /2" waveform selected for the TPSm register, please refer to "6.5.1 Counting Clock (frci

)0 .
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6.3.3

Timer mode register mn (TMRmn).

The TMRmn register is a register that sets the operating mode of channel n, and performs the selection of

the operating clock (fMCK), the selection of the counting clock, the selection of the master/slave, the selection of

16 bits/ Selection of 8-bit timers (channels 1 and 3 only), setting of start and capture triggers, selection of

effective edges of timer inputs, and operating modes (Interval, Capture, Event Counter, Single Count, Capture &

Single Count) setting.

It is forbidden to overwrite the TMRmn register in operation (TEmn=1). However, bit7 and bité (CISmn1,

CISmnO0) can be rewritten in some function operations (TEmn=1). (For details, please refer to "Independent

Channel Operation Function of 6.8 Universal Timer Unit" and "Multi-channel Linkage Operation Function of 6.9

Timer Array Unit".)).

The TMRmn register is set via a 16-bit memory operation instruction. After generating a reset signal, the

value of the TMRmn register changes to "0000H".

Note that bitl1 of the TMRmn register varies by channel.

TMRmM2, TMRm4,
TMRm1, TMRm3

TMRmMO, TMRm5,

TMRmMG6: MASTERmMnN bit (n=2, 4, 6)
SPLITmn bit (n=1, 3)
TMRmM7 . Fixed to "0".

Figure 6-8 Timer mode register mn (TMRmn) (1/4).

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MASTER
CKSmn|CKSmn CCSmn STSmM|STSM{STSM|CISm|CISm MDm |MDm |MDm |MDm
RMRMN( 1 0 mn > 1 1 0 0 5 1
n=2,4,6) 0 n n no n no n3 n n no
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RMRMN |[CKSmn|CKSmn CCSMnSPLITMN|STSM|STSM|STSm|CISm |CISm MDm |MDm | MDm | MDm
0 0 0
(n=1.3) 1 0 n2 nil no nl no n3 n2 nl no
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RMRMN |CKSmMn|CKSmn 0 CCSmn 0 Note 1 STSMSTSM|STSM|CISm |CISm 0 0 MDm |MDm | MDm |MDm
(n=0,57)| 1 0 n2 nl no nl no n3 n2 nl no
CKSmn1| CKSmnO Channel n running clock (fmck) selection
0 0 The timer clock selects the operating clock CKmO set by register m (TPSm).
0 1 The timer clock selects the operating clock CKm2 set by register m (TPSm).
1 0 The timer clock selects the operating clock CKm1 set by register m (TPSm).
1 1 The timer clock selects the operating clock CKm3 set by register m (TPSm).
The operating clock (fpck) is used for edge detection circuitry. The sample clock and count clock
(frcLk) are generated by setting the CCSmn bit. Only Channels 1 and 3 can select the operating
clocks CKm2 and CKm3.
CCSmn Selection of channel n count clock (fTcLK)-
0 CKSmnO bits and CKSmn1 bits specify the operating clock (fppck)-
1 The effective edge of the input signal at the TImn pin
A Iln the case of Unit O0:
Channel 0: The effective edge of the input
signal selected by TISO
Channel 1: The effective edge of the input
signal selected by TISO
The counting clock (fTcLk) is used for counters, output control circuits, and interrupt control circuits.
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Note: 1. Bitll is a read-only bit, fixed to "0", ignoring write operations.

Remark: 1. Bitl13, 5, 4 must be placed with "0".

Note:

symbol

RMRMN
(n=2,4,6)

symbol
RMRMN
(n=1.3)
symbol

RMRMN
(n=0,5,7)

2. To change the clock selected as fg i (change the value of the System Clock Control Register (CKC)), even if the

CKSmnO bit and CKSmn1 bits are selected, the specified operating clock (f yick) or the effective edge of the input

signal of the TImn pin as a counting clock (fr¢ k), must also stop the timer array monolithic (f TCLK TTm=0,10FFH)

r

m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).

Figure 6-9 timer mode register mn (TMRmn) (2/4).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|{CKSmn 0 CCSMN|MASTER|STSmM|STSM|{STSmM|CISm |CISm 0 0 MDm [MDm |MDm | MDm
1 0 mn n2 nl n0 nl n0 n3 n2 nl no0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|CKSmn 0 CCSmMn|SPLITMN|STSM|STSM{STSM|CISm |CISm 0 0 MDm [MDm |MDm | MDm
1 0 n2 nl g[0] nl no n3 n2 nl n0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn|CKSmn 0 CCSmn 0 Note 1 STSM|STSM|STSmM|CISm [CISm 0 0 MDm |MDm | MDm | MDm
1 0 n2 nl n0 nl n0 n3 n2 nl n0

(TMRmn(n=2,4,6) bitl11)

MASTERmMnN

The choice of independent channel operation/multi-channel linkage operation (subordinate or
master) of channel n

0

A slave channel that is used as a stand-alone channel operation function or a multi-channel
linkage operation function.

1

It is used as the main control channel of the multi-channel linkage operation function.

Channels 2, 4, 6 can only be set as the main control channel (VASTERmn=1).

Channel 0 is fixed to "0" (because channel O is the channel with the highest bit, it is
irrelevant to the setting of this bit and is used as the master channel). For channels used as
stand-alone channel operation functions, place the MASTERmn position "0".

(TMRmn(n=1,3) bit11)

SPLITmn [Operational selection for 8-bit timers/16-bit timers for Channel 1 and Channel 3
Used as a 16-bit timer.
0 (Used as a slave channel for stand-alone channel operation function or multi-channel linkage
operation function)
1 Acts as an 8-bit timer.

STSmn2 | STSmnl STSmnO The start trigger of channel n and the setting of the capture trigger

0 0 0 Only software triggers start to work (no other trigger source is selected).

0 0 1 Use the effective edge of the TImn pin input for start triggering and
capture triggering.

0 1 0 Use the bilateral edges of the TImn pin input for start triggering and
capture triggering, respectively.

1 0 0 Use the interrupt signal of the master channel (in the case of slave
channels for multi-channel linkage operation).

Other than the above

Disable settings.

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

Note:

m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Figure 6-10timer mode register mn(TMRmn) (3/4).

symbol 15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
MASTER
RMRMN CKSmMn|CKSmn 0 CCSmn mn STSm STSMISTSM|CISm |CISm 0 MDm {MDm |MDm |MDm
(n=2,4,6) 1 0 n2 nl no nl no n3 n2 nl no
symbol 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
RMRMN |[CKSmn|CKSmn 0 CCSMnSPLITMN|STSM|STSM|STSm|CISm |CISm 0 MDm |MDm | MDm | MDm
(n=1.3) 1 0 n2 nl n0O | n1 | nO n3d | n2 | nl1 | nO
symbol 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
RMRMN |[CKSmn|CKSmn 0 CCSmn 0 Note 1 STSM|STSM|STSmM|CISm |CISm 0 MDm |MDm |MDm [MDm
(n=0,57)| 1 0 n2 nl | n0O | nl | nO n3 | n2 | nl | nO
CISmn1 CISmnO Effective edge selection for the TImn pin
0 0 Falling edge
0 1 Rising edge
Bilateral edges (when measuring low-level widths)
1 Start Trigger: Falling
0 Edge, Capture Trigger:
Rising Edge
Bilateral edges (when measuring high level width)
Start trigger: Rising
1 1 . .
edge, Capture trigger:
Falling edge

When the STSmn2~STSmnO bit is not "010B" and is specified using a bilateral edge, the CISmn1~CISmn0
position must be "10B".

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

Note: m: Unit number (m=0,1) n: Channel number (when m=0: n=0~3, m=1: n=0~7).

www.mcu.com.cn

154 /1149

Rev.1.00



http://www.mcu.com.cn/

0 Cmsemicon’

BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

Figure 6-11 timer mode register mn(TMRmn) (4/4).

symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RMRMN CKSmn|CKSmn 0 CCSmn MA:]-;ER STSM|STSM|STSmM|CISm |CISm 0 0 MDm [MDm [ MDm | MDm
(n=2,4,6) 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
RMRMN |CKSmMn|CKSmn 0 CCSMnSPLITMN|STSM|STSM|STSmM|CISm |CISm 0 0 MDm |MDm |MDm [MDm
(n=1.3) 1 0 n2 nl | n0O | nl | nO n3 | n2 | nl | nO
symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RMRMN |[CKSmn|CKSmn 0 CCSmn 0 Note 1 STSMSTSM|STSM|CISm |CISm 0 0 MDm |MDm | MDm | MDm
(n=0,57)| 1 0 n2 nl n0O | n1 | nO n3d | n2 | nl1 | nO
MD | MD | MD | setting of channel n : ~ The count of TCR
mn3 | mn2 | mnl | operating mode Corresponding functions runs
. Interval timer/square wave output/ Decrement the
Interval timer m
0 0 0 terval timer mode Divider function/PWM output (master). | count
0 1 0 |Capture mode !nput the measurement of the pulse Increment the count
interval
0 1 1 |Event counter pattern External event counters CDoel::rrlttement the
Delay counter/single trigger pulse
1 0 0 [Single count mode output/PWM output CDoeLcl:rrlttament the
(Subordinate)
Capture & Single Count Measurement of the high and low level
1 1 0 mode width of the input signal Increment the count

Other than the

above

Disable settings.

The operation of each mode varies depending on the MDmnO bit (see the table below).

Operating mode (MDmn3~MDmn1 MD
bit setting (refer to table mno Start count and interrupt settings
above)).
0 No timer interrupt is generated at the start of counting (nor does the
A Interval timer mode (0, 0, 0) output of the timer change).
A capture mode (0, 1, 0). 1 A timer interrupt is generated at the start of counting (the output of
the timer also changes).
A Event counter pattern (0, 1, 1). 0 No timer inter_rupt is generated at the start of counting (nor does the
output of the timer change).
0 The start trigger in the count run is invalid. There is no interruption
. at this point.
A Single count mode Mot 2 (1, 0, 0). 1 Count the start of the run to trigger valid note 3, There is no
interruption at this point.
No timer interrupt is generated at the start of counting (nor does
A Capture & Single Count mode (1, 0 the output of the timer change). The start trigger in the count run is
1, 0). invalid.
There is no interruption at this point.

Note: 1 bitll is a read-only bit, fixed to "0", ignoring write operations.
2. In single count mode, the interrupt output (INTTMmn) and TOmn output at the start of counting are not
controlled.
3. If a start trigger (TSmn=1) is generated during the run, the counter is initialized and the count is restarted
(no interrupt request is generated). Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1:

n=0~7).
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6.3.4 Timer status register mn (TSRmn).
The TSRmn register is a register that represents the overflow status of the channel n counter.

The TSRmn register is only valid in capture mode (MDmn3~MDmn1=010B) and capture single counting mode
(MDmMmn3~MDmn1=110B). For changes in the OVF bits in each operating mode and set/clear conditions, refer to

Table 6-5.
Read the TSRmn registers via the 16-bit memory operation instructions.
User can read the lower 8 bits of the TSRmn register with TSRmnL and read the TSRmn register through the 8-

bit memory operation instruction. After generating a reset signal, the value of the TSRmn register changes to

"0000H".
Figure 6-12 timer status register mn (TSRmn).

symbol 15 14 13 12 11 10 9 8
TSRmn | 0 | o [ o] o | o [ o] o ]o]

OVF Counter overflow status for channel n

0 No overflow occurred.

1 Overflow occurs.
If the OVF bitis "1", clear this flag (OVF=0) just when the next count does not overflow and the count value is

captured.

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).

Table 6-5 Variation of OVF bits and setting/clearing conditions in each operating mode

Timer operating mode OVF bit Set/clear conditions
A Capture mode clear No overflow occurred during capture
A Ca p& Single Count mode Set An overflow occurs while captureping
A I1nterval ti mer clear 3
A E v eauttter mode c ‘b q
A Single count o Set (Cannot be used)

Note: Even if the counter overflows, the OVF bit does not change immediately, but during subsequent captures.
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6.3.5

Timer channel enable status register m (TEm).

TEm registers are registers that indicate the Enabled or stopped states in which each channel timer operates.

Each of the TEm registers corresponds to the timer channel start register m(TSm) and the timer channel stop
register m(TTm). If the position of the TSm register is "1", the corresponding position of the TEm register is "1". If you

place the TTm register "1" at each position, it corresponds to the bit "0".

Read the TEm registers via the 16-bit memory operation instructions.

User can read the lower 8 bits of the TEm register with TEmL and through the 8-bit memory operation

instruction. After generating the reset signal, the value of the TEm register changes to "0000H".

Figure 6-13 timer channels Enabled status register m(TEm).

Sych 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEHmM TEHmM TEm | TEm | TEm | TEm
TEm 0 0 0 0 3 0 1 0 0 0 0 0 3 5 1 0
m=0
Sych 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm | TEm | TEm | TEm | TEm | TEm | TEm | TEm
TEm 0 0 0 0 0 0 0 0 7 6 5 4 3 5 1 0
m=1
TEHmM3 Channel 3 is an indication of the high 8-bit timer when the operation of the high 8-bit timer enable
or stops the state
0 Run stopped state
Run Enabled status
Channel 1 is an indication of the high 8-bit timer when the operation of the high 8-bit timer enable
TEHmM1
or stops the state
0 Run stopped state
Run Enabled status
TEmn [The operation of channel n enable or stops the indication of the state
0 Run stopped state
1 Run Enabled status
When Channel 1 and Channel 3 are in 8-bit timer mode, TEm1 and TEm3 indicate the operation of the low 8-
bit timer Enabled or stopped.
Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.3.6 Timer channel start register m(TSm).
The TSm register is a trigger register that initializes the timer count register mn (TCRmn) and sets the start of

each channel count run. If each position is "1", the corresponding bit of the Enabled status register m (TEm) of the
timer channel is placed "1". Because the TSmn bit, TSHm1 bit, and TSHmM3 bit are trigger bits, if it becomes a run-
Enabled state (TEmn, TEHmM1,TEHmM3=1), immediately clear the TSmn bit, TSHm1 bit, and TSHmM3 bit.

The TSm register is set via the 16-bit memory operation instruction.

User can set the lower 8 bits of the TSm register with TSmL and through the 8-bit memory operation instruction.

After generating a reset signal, the value of the TSm register changes to "0000H".

Figure 6-14 timer channel start register m(TSm).

Sygl‘b 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
Tsm| o | o | o | o TSSH"‘ 0 TSle ol o] ol ol o [Tsm3|Tsm2|Tsmi|Tsmo

TSHmM3 1he operation of the high 8-bit timer when Channel 3 is in 8-bit timer mode enable (start) triggering

0 No triggering.

Place teem3 at position "1" and enter the Count Enabled state.
1 If the count of TCRm3 registers is started in the counting Enabled state, it enters interval timer mode
(see Table 6-6 of "Start Timing of the Counter 6.5.2").

TSHM1 IThe operation of the high 8-bit timer when Channel 1 is in 8-bit timer mode enable (start) triggering

0 No triggering.

Place TEHmM1 at position "1" and enter the Count Enabled state.
1 If the count of TCRm1 registers is started in the counting Enabled state, it enters interval timer mode
(see Table 6-6 of "Start Timing of 6.5.2 Counters").

TSmn [The operation of channel n enable (start) triggering

0 No triggering.

Place the TEmn position "1" and enter the Count Enabled state. The start of counting the TCRmn
registers in the count-Enabled state varies depending on each operating mode (see Table 6-6 of "Start
Timing of Counters 6.5.2"). In Channel 1 and Channel 3 are 8-bit timer modes, TSm1 and TSm3 are 8
lows The operation of the bit timer enable (start) triggering.

Note 1 Bit15~12, 10, 8~4 must be set to "0".

2. When switching from the function of not using the TImn pin input to the function of using the TImn pin input, from
setting the timer mode register mn (TMRmn) to setting TSmn (TSHmM1, TSHmM3) position "1", the following period
of waiting is required:

When the TImn pin noise filter is in effect (TNFENmn=1): 4 operating clocks (fMCK).
When the TImn pin noise filter is invalid (TNFENmn=0): 2 operating clocks (fMCK).

Note: 1. The read value of the TSm register is always "0".

2.m: unit 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 the trigger register that sets the stop of each channel count.

If each position is "1", the corresponding bit of the Enabled status register m (TEm) of the timer channel is cleared
"0". Because the TTmn bits, TTHm1 bits, and TTHm3 bits are trigger bits, if it becomes a running stop state (TEmn,
TEHmM1, TEHmM3=0), immediately clear the TTmn bits, TTHm1 bits, and TTHm3 bits.

The TTm register is set by 16-bit memory operation instruction.

BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

User can set the lower 8 bits of the TTm register with TTmL and through the 8-bit memory operation instruction.

After generating a reset signal, the value of the TTm register changes to "0000H".
Figure 6-15 timer channel stop register m(TTm).

symb

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

TTm| o | o | o | o TTg'm 0 TT'l*m o | o] o] o | o [TTm3|TTm2|TTm1|TTmO

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

TTm 0 0 0 0 0 0 0 O |(TTm7|{TTm6|TTm5|TTm4|TTm3|TTm2 |[TTm1|TTmO

TTH . . . L . o
m3 [The operation of the high 8-bit timer is triggered when Channel 3 is in 8-bit timer mode

0 No triggering.

Clear the TEHmM3 bit to "0" and enter the count stop state.

TTHmM1
m The operation of the high 8-bit timer is triggered when Channel 1 is in 8-bit timer mode

0 No triggering.

Clear the TEHmM1 bit to "0" and enter the count stop state.

TTmn [The operation of channel n stops triggered

0 No triggering.

1 Clear the TEmn bit to "0" and enter the count stopped state.

When Channel 1 and Channel 3 are in 8-bit timer mode, TTm1 and TTm3 are triggered by the
operation of the low 8-bit timer.

Note: Bit15~12, 10, 8~4 must be set to "0".

Note: 1.The read value of the TTm register is always "0".
2.m: unit number (m=0,1)n: channel number (m=0: n=0~3, m=1: n=0~7).
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6.3.8 Timer input and output selection register (TIOS0).

The TIOSO register selects the timer inputs for Channel 0 and Channel 1 for Unit 0 and the timer output for
Channel 2. The TIOSO register is set via the 8-bit memory operation instruction. After generating the reset
signal, the value of the TIOSO register changes to "00H".

Figure 6-16 timer input selection register 0 (TIOSO0).

Address: 0x40020474 After reset: 00H R/W
symbol 7 6 5 4 3 2 1 0
TIOSO TISO7 TIS06 TISO5 TIS04 TOSO03 ‘ TIS02 | TISO1 TISO0
TISO7 TIS06 TIS05 Channel 0 uses the choice of timer input
0 0 0 Input signal from the timer input pin (T100).
other Setting Prohibited
TIS04 Channel 0 uses the choice of timer input
0 Input signal selected by TISO7~TIS05
1 EIC's event input signal
TOSO03 Enable of the timer output of channel 2
0 Output is Enabled
1 Disable output (output fixed to 0).
TIS02 TISO1 TISO0 Channel 1 uses the choice of timer inputs
0 0 0 The input signal of the timer input pin (TI01).
0 0 1 Event input signal for EVENTC
0 ! 0 The input signal of the timer input pin (T101).
0 1 1
1 0 0 Low-speed internal oscillator clock (f) ).
1 0 1 Subsystem clock (fsyg)-
Other than the above Disable settings.

Note: 1. The selected timer input needs to have a high or low level width greater than or equal to 1/fMCK+10ns.
Therefore, when selecting fSUB as the fCLK (CSS=1 for the CKC register), it is not possible to place TIS02 at
"1
2. When selecting the event input signal of the ELC through timer input select register 0 (TIOS0), register 0
(TPS0) must be selected through the timer clock fCLKf
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6.3.9 Timer output enable register m (TOEm).
ToEm registers are registers that are set to enable or disable the output of each channel timer.

For channel n that enable the timer output, the value of the TOmn bit of the timer output register m(TOm)
described below cannot be overridden by software, and the value reflected by the timer output function of the
counting operation is from the output pin of the timer (TOmn) output.

The TOEm register is set by 16-bit memory operation instruction.

User can set the low 8 bits of the TOEm register by toemL and through the 8-bit memory operation instruction.

After generating a reset signal, the value of the TOEm register changes to "0000H".
Figure 6-17 timer outputs Enabled register m (TOEm).

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

TOEm 0 0 0 0 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE
m3 m2 ml mO

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

TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE
TOEm 0 0 0 0 0 0 0 0 m7 m6 m5 m4 m3 m2 ml mO

TOEmMN Allow/disable of the timer output of channel n

Disables timer output.

0 The operation of the timer is not reflected to the TOmn bit, the output is fixed.

User can write the TOmn bit and output the level set by the TOmn bit from the TOmn pin.
Timer output is Enabled.

1 The operation of the timer is reflected to the TOmn bit, resulting in an output waveform. Ignore
the write operation of the TOmn bit.

Note: Bit15~4 must be set to "0".

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.3.10 Timer output register m (TOm).
The TOm register is a buffer register for the output of each channel timer.

The values of this register are output from the output pin (TOmn) of each channel timer.

The TOmn bit of this register can only be rewritten by software when the timer output (TOEmn=0) is disabled.
When the timer output (TOEmn=1) is Enabled, the rewrite operation through the software is ignored and its value is
changed only by the operation of the timer.

To use the TOmn pin as a port function, the corresponding TOmn position must be "0".

The TOm register is set by the 16-bit memory operation instructions.

User can set the lower 8 bits of the TOm register with TOmL and through the 8-bit memory operation

instruction. After generating a reset signal, the value of the TOm register changes to "0000H".
Figure 6-18  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|TOmM2|{TOmM1|{TOmMO

m=0

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 |[Tom7|Tom6 |Tom5|Tom4 [TOmM3|{TOmM2|{TOmM1|{TOmMO

m=1
TOmMN Timer output for channel n
0 The output value of the timer is "0".
1 The output value of the timer is "1".

Note: Bit15~4 must be set to "0".

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.3.11

Timer output level register m(TOLm).

The TOLm register is the register that controls the output level of each channel timer.

When the timer output (TOEmn=1) is Enabled and the multi-channel linkage operation function (TOMmn=1) is

used, the timing of the setting and reset of the timer output signal reflects the inverting setting of each channel n made

by this register. In the master channel output mode (TOMmn=0), this register setting is invalid.

The TOLm register is set via the 16-bit memory operation instruction.

User can set the low 8 bits of the TOLm register with TOLmL and through the 8-bit memory operation

instruction. After generating a reset signal, the value of the TOLm register changes to "0000H".

Figure 6-19 Timer output level register m (TOLm).

Sy;?b 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
pust | 0 | o | o | o] o|o]o]|o|o]| o o] o]|TOL[TOL]TOL} 4
m3 m2 ml
m=0
Sy(;?b 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Dus | DU | Dus | Dus | TOL | TOL | TOL
Dust |0 1 0 1 0 1 0 1 0 0 0 0% s6| 5 | t4 |m3|m|m| °
m=1
TOLmMn Control of the timer output level of channel n
0 Positive logic output (active-high)
1 Inverting output (active low)
Note: Bit15~4 and bit0O must be set to "0".
Remarks: 1 If you override the value of this register during timer operation, the output logic of the timer is inverted the
next timer output signal changes, rather than inverting immediately after the rewrite.
2.m: unit number (m=0,1)n: channel number (m=0: n=0~3, m=1: n=0~7).
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6.3.12 Timer output mode register m (TOMm).
The TOMm register is the register that controls the output mode of each channel timer. When used as a stand-

alone channel operation function, the corresponding position of the channel used is "0".

When used as a multi-channel linkage operation function (PWM output, single trigger pulse output, and multiple

PWM output), the corresponding position of the master channel is "0" and the corresponding position of the slave

channel is "1".

When the timer output (TOEmn=1) is Enabled, the timing of the set and reset of the timer output signal reflects

the setting of each channel n by this register.

The TOMmM register is set via 16-bit memory operation instruction.

User can set the low 8 bits of the TOMm register by tommL and through the 8-bit memory operation instruction.

After generating a reset signal, the value of the TOMm register changes to "0000H".

symbo

Figure 6-20 timer output mode register m(TOMm).

| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOM | TOM | TOM
ToMm| © 0 0 0 0 0 0 0 0 0 0 o || o
m=0
Sy”l‘bo 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
tomml o 0 0 0 0 0 0 o | ToM[ToM [Tom[ToM [Tom [Tom [Tom|
m7 m6 m5 m4 m3 m2 ml

Control of the timer output mode of channel n

Master channel output mode (alternate output via timer interrupt request signal (INTTMmn)).

m=1
TOMmMN
0
1

(INTTMmp).

Slave channel output mode (the output is set by the master channel's timer interrupt request
signal (INTTMmn) and the output is reset by the slave channel's timer interrupt request signal

Note: Bit15~4 and bit0 must be set to "0".

Remark:

m: unit number (m=0,1); n: Channel number (when m=0: n=0~3, m=1: n=0~7)

Master Channel Number:
While m=0,n=0, 2;while m=1,n=0, 2, 4, 6
Slave channel number p:

Whi | e

m=0, n<pO3; while

m=1, n<pO7

(For details on the relationship between master channels and slave channels, see "6. 4.1 Basic rules of the

multi-channel linkage operation function").
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6.3.13 Input Select Control Register (ISC).
The ISC1 bhits and ISCO bits of the ISC registers are used for the coordination of Channel 3 and the Universal

Serial Communication Unit to achieve LIN-bus communication. If the ISC1 position is "1", the input signal of the serial
data input pin (RxDO) is selected as the input to the timer.

For setting the SSIEQO bits, refer to "19.3.14 Input Switching Control Register (ISC)". The ISC register is set by
the 8-bit memory operation instruction.

After generating a reset signal, the value of the ISC register changes to "00H".
Figure 6-21  Input Switching Control Registers (ISC).

Address: 0x40040473 After reset: 00H R/W
symbol 7 6 5 4 3 2 1 0
Isc | SYESE00 0 0 0 o | o | sa ISCO

SSIEO0 [The SSIO00 pin input setting for channel 0 in the slave mode of the CSIO0 communication
0 The SSI00 pin input is invalid.
1 The SSIO00 pin input is valid.

ISC1 Input switching of channel 3 of the universal timer unit 0

0 Use the input signal from the TIO3 pin as the input to the timer (usually operating).

Use the input signal from the RxDO pin as the input to the timer (detect the wake-up signal
and measure the low width of the interval segment and the pulse width of the sync segment).

ISCO Input switching of external interrupt (INTPO).

0 Use the input signal from the INTPO pin as input to an external interrupt (usually operating).
1 Use the input signal from the RxDO pin as the input to an external interrupt (detect wake-up
signal).

Note: Bit6~2 must be set to "0".

Note: To communicate using LIN-bus, the input signal of the RxDO pin must be selected by placing ISC1 at "1".
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6.3.14 Noise filter enable registers (NFEN1/NFEN2).
The NFEN1/NFEN2 registers set whether the noise filter is used for the input signal of each channel timer input

pin. For pins that need to be noise-cancelling, the corresponding position "1" must be placed to make the noise filter
effective. When the noise filter is active, the 2 clocks are detected to be consistent after synchronization through the
operating clock (fyyck) of the target channel; When the noise filter is invalid, synchronization is performed only
through the operating clock (fyck) of the target channel.

The NFEN1/NFEN2 registers are set by the 8-bit memory operation instructions. After generating a reset
signal, the value of the NFEN1/NFENZ2 register changes to "00H".

Note: For details, please refer to "6.5.1(2) To select the effective edge of the input signal of the TImn pin (CCSmn=1)",

"6.5.2" Counter Start Timing" and "Control of 6.7 Timer Input (TImn)".
Figure 6-22 noise filter allowable register 1 (NFEN1).

Address: 0x40040471 After reset: 00H R/W

symbol 7 6 5 4 3 2 1 0
NFENL | 0 | 0 | 0 | 0 | TNFENO3 | TNFENO2 | TNFENOL | TNFENOO |
Address: 0x40040472 After reset: O0H R/W

symbol 7 6 5 4 3 2 1 0

NFEN2 | TNFEN17 | TNFEN16 | TNFEN15 | TNFEN14 | TNFEN13 | TNFEN12 | TNFEN11 | TNFEN1O |

TNFENO3 [the usage (or not) of input signal noise filters at the TIO3 pin or RxDO pin note
0 Noise filter OFF
1 Noise filter ON

TNFENO2 [The input signal noise filter of the TI102 pin is used or not
0 Noise filter OFF
1 Noise filter ON

TNFENO1 [The input signal noise filter of the TI01 pin is used or not
0 Noise filter OFF
1 Noise filter ON

TNFENOO [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 switching control register (ISC). ISC1=0: The
noise filter of the TI03 pin can be selected. ISC1=1: The noise filter of the RxDO pin can be selected.

TNFEN1n Tiln pin input signal noise filter is not used or not
0 Noise filter OFF
1 Noise filter ON
n=0~7
Note: The availability of timer input /output pins for a channel varies by product. For details, please refer to "Timer

Input/Output Pins for Each Product in Table 6-2".
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6.3.15 Registers that control the function of the timer input/output pin ports

When using a general-purpose timer unit, control registers for port functions that are multiplexed with the
target channel (port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx)) must
be set. For details, please refer to "2.3.1 Port Mode Register (PMxx)", "2.3.2 Port Register (Pxx.) for details
and "2.3.6 Port Mode Control Registers (PMCxx)".

The set port mode registers (PMxx), port registers (Pxx), and port mode control registers (PMCxx) vary by
product. For details, please refer to "Register Settings when Using the Multiplexing Function in 2.5".

When using the multiplex port of the timer output pin 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 position of the port register (Pxx)
"0" must be used for each port.

(Example) When P01/TOO0O is used as a timer output

Place the port mode control register 0 at PMCO1 position "0".
Place the PORT mode register 0 at the PMO1 position "0".
Place the P01 position of port register 0 at "0".

When using the multiplex port of the timer input pin as the input to the timer, the position of the
corresponding port mode register (PMxx) for each port must be "1" and the position of the port mode control
register (PMCxx) "0". At this point, the bit of the port register (Pxx) can be "0" or "1".

(Example) When POO/TIOO0 is used as a timer input

Place the port mode control register 0 at pmc00 position "0".
Place the PORT mode register 0 at PM0OO position "1".
Place the P0OO position of port register 0 at "0" or "1".
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6.4 The basic rules of the universal timer unit
6.4.1 The basic rules of the multi-channel linkage operation function

The multi-channel linkage operation function is a function that combines the master channel (the reference

timer that mainly counts the cycles) and the slave channel (the timer that follows the operation of the master

channel), and several rules need to be observed when using it.

The basic rules of the multi-channel linkage operation function are as follows.

1)
2)
3)

4)
5)

6)

7

8)

9)

10)

11)

12)

13)

14)

Only an even number of channels (channel 0, channel 2) can be set as the main control channel.

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

Only the low-level channel of the master channel can be set as a slave channel.

For example, when channel 0 is set to the main control channel, the channel (channel 1, channel 2,
channel 3) that starts with channel 1 can be set as the slave channel.

Multiple slave channels can be set for one master channel.

When using multiple master channels, you cannot set a slave channel that spans the master channel.
For example, when channel 0 and channel 2 are set to the main control channel, channel 1 can be set to
the slave channel of the main control channel 0, but channel 3 cannot be set to the slave channel of the
main control channel 0.

The slave channel linked to the master channel needs to set the same operating clock. Bits 15 and bit14 of
the slave channels linked to the master channel are CKSmnO0 bits and CKSmn1 bits (timer mode register
mn(TMRmn).") values need to be the same setpoint.

The master channel can pass intTMmn (interrupt), start software trigger, and count clock to the low
channel.

Slave channels can use the master channel's INTMmn (interrupt), start software trigger, and count clock
as the source clock, but cannot pass their own INTMmn (interrupt), start software trigger, and count clock
to the low channel.

The master channel cannot use the INTMmn (interrupt), start software trigger, and count clocks of other
high-level master channels as the source clock.

In order to start the channel to be linked at the same time, the channel start trigger bit (TSmn) of the
linkage channel needs to be set at the same time.

Only all channels of the linkage or the master channel can use the setting of the TSmn bit in the counting
operation. You cannot use only the setting of the TSmn bit of the slave channel.

In order to stop the channel to be linked at the same time, the channel stop trigger bit (TTmn) of the
linkage channel needs to be set at the same time.

In interlink operation, because the master channel and the slave channel need the same operating clock,
CKm2/CKm3 cannot be selected.

The timer mode register m0 (TMRmO) is fixed to "0" without a master bit. However, because channel 0 is

the highest level channel, channel 0 can be used as the master channel when the linkage is running.

The basic rules of the multi-channel linkage operation function are the rules applicable to the channel group

(forming a collection of master channels and subordinate channels of the multi-channel linkage operation function).

If you set 2 or more channel groups that are not linked to each other, the above basic rules do not apply to the

channel groups.

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Example 1

Timer4
Channel Group 1

e (multi-channel linked operation function)
CKO0O ! /
—_— Channel 0: Master control i/

|
|
: Channel 1: Slave
|

—_—— e e —

Channel Group 2
(multi-channel linked operation function)

|

|
s Channel 2: Master control I

rd

|
' [
: Channel 3: Slave I
|
' [
Example 2
Timer4 Channel Group 1
________________________ (multi-channel linked operation function)
' |
CKOO0 '
—pp Channel 0: Master control :
! |
CKO1 ! N Channel 1:independent channel %/
| operation function |
' |
: Channel 2: Slave |
I
' |
CKO0O | Channel 3:independent channel
operation function
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6.
The TSm register is a trigger register that initializes the timer count register mn (TCRmn) and sets the start of each
channel count run. If each position is "1", the corresponding bit of the Enabled status register m (TEm) of the timer
channel is placed "1". Because the TSmn bit, TSHm1 bit, and TSHmM3 bit are trigger bits, if it becomes a run-Enabled

4.2 Timer channel start register m(TSm).

state (TEmn, TEHmM1,TEHmM3=1), immediately clear the TSmn bit, TSHm1 bit, and TSHmM3 bit.
The TSm register is set via a 16-bit memory operation instruction.

User can set the low 8 bits of the TSm register with TSmL and through the 8-bit memory operation instruction.

After generating a reset signal, the value of the TSm register changes to "0000H".

symb
ol

TSm

TSm

Figure 6-23 timer channel start register m(TSm).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o [ o | o | o ™S o [ o | 0| o| o o |Tsm3Tsmz|Tsm1|Tsmo
m=0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 |TSm7|TSm6|TSm5|TSm4|TSm3|TSm2|TSm1| TSmO
m=1
TSHmM3 [The operation of the high 8-bit timer when Channel 3 is in 8-bit timer mode enable (start) triggering
0 No triggering.
Place teem3 at position "1" and enter the Count Enabled state.
1 If the count of TCRm3 registers is started in the counting Enabled state, it enters interval timer
mode (see Table 6-6 of "Start Timing of the Counter 6.5.2").
TSHmM1 [The operation of the high 8-bit timer when Channel 1 is in 8-bit timer mode enable (start) triggering
0 No triggering.
Place teem1 at position "1" and enter the Count Enabled state.
1 If the count of TCRmL1 registers is started in the counting Enabled state, it enters interval timer
mode (see Table 6-6 of "Start Timing of 6.5.2 Counters").
TSmn [The operation of channel n enable (start) triggering
0 No triggering.
Place the TEmn position "1" and enter the Count Enabled state. The start of counting the TCRmn
1 registers in the count-Enabled state varies depending on each operating mode (see Table 6-6 of
"Start Timing of Counters 6.5.2"). In Channel 1 and Channel 3 are 8-bit timer modes, TSm1 and
TSm3 are 8 lows the operation of the bit timer enable (start) triggering.

Note: 1 Bit15~12, 10, 8~4 must be set to "0".

2. When switching from the function of not using the TImn pin input to the function of using the TImn pin input, from

setting the timer mode register mn (TMRmn) to setting TSmn (TSHmM1, TSHmM3) position "1", the following period of

waiting is required:

When the TImn pin noise filter is active (TNFENmn=1): 4 operating clocks (fyck)-

When the TImn pin noise filter is invalid (TNFENmn=0): 2 operating clocks (fyck)-

Note: 1. The read value of the TSm register is always "0".

2.m: unit number (m=0,1)n: channel number (m=0: n=0~3, m=1: n=0~7).
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6.4.3 The basic rules for the 8-bit timer to operate the function (limited to Channel 1 and

Channel 3 of Unit 0).

The 8-bit timer operation function is the function of using the channel of a 16-bit timer as the channel of two 8-

bit timers. Only Channel 1 and Channel 3 can run the function using the 8-bit timer, and several rules need to be

observed when using it.

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-bit timer operation function is only available for Channel 1 and Channel 3.

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

The high 8-bit timer can be used as an interval timer function.

At start operation, the high 8-bit timer outputs INTMm1H/INTTMm3H (interrupt) (the same operation as
MDmnO bit "1").

The choice of operating clock for a high 8-bit timer depends on the setting of the CKSmn1 bit and CKSmnO
bits of the low TMRmn register.

For high 8-bit timers, the channel operation is started by operating the TSHm1/TSHm3 bits, and the
channel operation is stopped by operating the TTHM1/TTHmM3 bits. The status of the channel can be
confirmed by tehm1/TEHmM3 bits.

The operation of the low 8-bit timer depends on the setting of the TMRmn register, and there are 3
functions that support the operation of the low 8-bit timer:

A Interval timer function

A External event counter functionality

A Delay counting function

For low 8-bit timers, the channel operation is started by operating the TSm1/TSm3 bits, and the channel
operation is stopped by operating the TTm1/TTm3 bits. The status of the channel can be confirmed by the
TEmM1/TEm3 bits.

When running on a 16-bit timer, the operation of TSHML/TSHM3/TTHML1/TTHmM3 bits is invalid. Operate
Channels 1 and 3 by operating TSm1/TSm3 bits and TTm1/TTm3 bits. TeHm3 bit and TEHmM1 bit
unchanged.

The 8-bit timer function cannot use the linkage operation function (single trigger pulse, PWM, and multiple
PWM).

Note: m: Unit number (m=0)n: Channel number (n=1, 3).

WWW.Mmcu.com.cn 17171149 Rev.1.00


http://www.mcu.com.cn/

. ®
s, Cmsemicon BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

6.5 The operation of the counter
6.5.1 Count clock (frepk)-

The general-purpose timer unit's counting clock (fr¢ k) selects any of the following clocks by the CCSmn
bit of the timer mode register mn (TMRmn).

1 CKSmnO bits and CKSmn1 bits specify the operating clock (fpick)-
1  The effective edge of the input signal at the TImn pin

The universal timer unit is designed to operate synchronously with the fc| g, so the timing of the count clock
(frcuk) is as follows.

(1) Select the case (CCSmn=0) specified by the CKSmnO0 bit and CKSmn1 bits specified for the operating
clock (fpmck)-

Depending on the setting of the timer clock select register m (TPSm), the count clock (fr¢ k) is fo k~foLk/21°
[ However, when the division of fc|  is selected, the clock selected by the TPSm register is a signal that starts
with only 1 fo k cycle high starting on the rising edge. When f¢ k is selected, it is fixed to high.

To achieve synchronization with the fc g, the timer count register mn (TCRmn) delays the count by 1 fc|

clock starting from the rising edge of the count clock. It is called "counting on the rising edge of the counting
clock™ for convenience.

Figure 6-24 fcLk and count clock (frc k) (in the case of CCSmn=0).
7SS I ) e s S s I Iy

/— fow/2 — | | | [ | [
A A A A A A A

0 1 L1 1
A A A A A A A A

»_

|
A

»_

fow/4
A A A A A A A A
frow 7 -
(c:: fMCK) fewx/8 A A A A
=CKmn |_|
fCLK/lG A A

N *

Remarks: 1 : Counts the rising edge of the clock

Z: Synchronization, i nmmudement/ decrement of the
2. fc k: CPU/peripheral hardware clock
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(2) Select the case where the effective edge of the input signal of the TImn pin is selected (CCSmn=1).

The counting clock (fTCLK) is a signal that detects the effective edge of the input signal of the TImn pin and
synchronizes with the rising edge of the next fMCK. In fact, this is a signal that delays the TImn pin by 1 to 2
fMCK clocks (when using a noise filter, a delay of 3 to 4). fMCK clocks). In order to obtain synchronization with
fCLK, the timer count register mn (TCRmn) delays 1 fCLK from the rising edge of the counting clock. For
convenience, it is called "counting at the effective edge of the input signal at the TImn pin".

Fig. 6-25 count clock (frc k) (CCSmn=1, without the use of a noise filter).

fCLK

SN B B O O g

TSmn(Write) r

W

r_1/

TEmn

Timn input

M

)

sample
waveform

(i g_‘ \ 4
) (
edge detection )) edge detection

S AN R R S

rising edge
detection g >

ingal(frew) ((
Snoatiew 7 A ) 7 A

Start the operation of the timer by placing the TSmn position bit and wait for a valid edge of the TImn input.
The rising edge of the TImn input is sampled by fy;ck.
The rising edge of the sampled signal is detected, and the heartbeat signal (counting clock) is output.

Remarks: 1  : Counts the rising edge of the clock
zZ: Synchronization, i nmmudement/ decrement of the
2. fok: CPU/peripheral hardware clock
fuck: The operating clock of channel n
3. The same waveforms are also measured for the measurement of input pulse intervals, the measurement of high and

low levels of the input signal, the delay counter, and the TImn input of the single-trigger pulse output function.
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6.5.2 The start timing of the counter
By placing the timer channel starting the TSmn position bit of register m(TSm), the timer count register
mn (TCRmn) enters the run Enabled state.
The operation from the count Enabled state to the timer count register mn (TCRmn) begins to count as shown
in Table 6-6.

Table 6-6 Runs from the count enable state to the timer count register mn (TCRmn) starting to count

[The operating mode of the timer Run after the TSmn position "1"

A Interval timer mode No action is taken from the time the start of detection (TSmn=1) is generated until
the count clock is generated.

The value of the TDRmn register is loaded into the TCRmn register by the first
count clock and the count is decremented by subsequent count clocks (see
"Operation of the 6.5.3(1) Interval Timer Mode").

A Event counter pattern Load the value of the TDRmn register into the TDRmn register by writing "1" to the
TSmn bit.

If the input edge of TImn is detected, the count is decremented by a subsequent
counting clock. (See "6.5.3(2).)

Run of the event counter pattern").

A Capture mode No action is taken from the time it is detected and triggered until the counting clock
is generated.

"0000H" is loaded into the TCRmn register by the first counting clock and counted
incrementally by subsequent counting clocks (refer to the operation of "6.5.3(3)
capture mode (interval measurement of input pulses)").

A Single count mode By writing "1" to the TSmn bit in the state where the timer stops running (TEmn=0),
you enter the one that starts triggering, etc

Pending state.

No action is taken from the time it is detected and triggered until the counting clock
is generated.

The value of the TDRmn register is loaded into the TCRmn register by the first
counting clock, and subsequent meters are passed

Counts the number of clocks to decrement (see "6.5.3(4) Operation of single count
mode")

A Capture & Single Count mode | By writing "1" to the TSmn bit in the state where the timer stops running (TEmn=0),
you enter the one that starts triggering, etc

Pending state.

No action is taken from the time it is detected and triggered until the counting clock
is generated.

"0000H" is loaded into the TCRmn register by the first counting clock and is
performed by subsequent counting clocks

Increment count (see "6.5.3(5) Capture & Single Count Mode Run (Measurement of
High Level Width)").
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6.5.3 The operation of the counter
The counter operation for each mode is described below.

(1) Operation of interval timer mode

(1) By writing "1" to the TSmn bit, enter the run Enabled state (TEmn=1). The timer count register mn
(TCRmn) remains at its initial value until a count clock is generated.

(2) Generate a start trigger signal by allowing the first counting clock (fMCK) after running.

(3) When the MDmnO bit is "1", the INTMmn is generated by starting the trigger signal.

(4) Load the value of the timer data register mn (TDRmn) into the TCRmn register by allowing the first
counting clock after running, and start counting in interval timer mode.

(5) If the TCRmn register is decremented to "0000H", the INTMmn is generated by the next count clock
(fMCK), and the timer data register mn is generated The value of (TDRmn) continues counting after

loading into the TCRmn register.

Figure 6-26 Runtime Sequence (Interval Timer Mode).

w1 1T Fl_%JW J

TSmn(write) J_I\

I
|
|
|
|
|
|

\!
TEmn !
|
~ |
Y I
|
|
|
|
start trigger
|
|
|
|

|
|
[
|
|
I
|
|
|
|
|
|
[
[
|
[
[
[
[
|
|
|
|
TCRmn " initial vdlue m >:< m-1
[
[
[
!
|
T
|
[

>

[
|
|
|
|
|
|
|
[
|
|
:
|
|
|
:
|
|
I
AR ):( 0001 >:<ooooo< m
|
|
|
|
|
[
|
|

detection
singal
|
| | |
|
| | |
| | |
TDRmn g L v m_ | [V
[ [ I
[ | [
| | B |
N Z [
INTTMmn |‘|

when MDmnO =1

Note: Because the first count clock cycle runs after the TSmn bit is written and the start of the count is delayed before
the count clock is generated, an error of up to 1 clock cycle is generated. In addition, if information about starting
counting timing is required, the MDmnO position is "1" so that an interrupt can be generated at the start of
counting.
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Note: fyck, start trigger heartbeat, and INTMmn are synchronized to fo x and are valid within 1 clock.

(2) The operation of the event counter pattern
(1) During the run stop state (TEmn=0), the timer count register mn (TCRmn) maintains the initial value.
(2) By writing "1" to the TSmn bit, enter the run Enabled state (TEmn=1).
(3) Load the value of the timer data register mn (TDRmn) into the TCRmn register while both the TSmn
bit and the TEmn bit become "1" and start counting.
(4) Thereafter, at the effective edge of the TImn input, the value of the TCRmn register is counted down
by counting the clock.

Figure 6-27 Runtime Sequence (Event Counter Pattern).

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

TSmn(write) | l

TEmn

TImn(input)

( |

}J edge detection

edge detection

=

counting clock

P O |

start
trigger
detection
singal 1

) ®

TORmN s m

TCR mn initial value

1

Note: This is the timing when no noise filter is used. If a noise filter is used, edge detection is delayed by 2 fyck cycles (3
to 4 cycles in total) from the TImn input. The 1-cycle error is due to the TImn input being out of sync with the

counting clock (fyck)-
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(3) Operation of capture mode (interval measurement of input pulses).

(1) By writing "1" to the TSmn bit, enter the run Enabled state (TEmn=1).

(2) The timer count register mn (TCRmn) maintains the initial value until the count clock is generated.

(3) Generate a start trigger signal by allowing the first counting clock (fMCK) after running. Then, load
"0000H" into the TCRmn register and start counting in capture mode (when MDmnO bit is "1", intTMmn is
generated by starting the trigger signal) 1

(4) If a valid edge of the TImn input is detected, the value of the TCRmn register is captured to the TDRmn
register and an INTTmn interrupt is generated. The captureped value at this point is meaningless. The
TCRmMnN register continues counting starting at "0000H".

(5) If a valid edge of the next TImn input is detected, the value of the TCRmn register is captured to the
TDRmn register and an INTTmn interrupt is generated.

Figure 6-28 Runtime Sequence (Capture Mode: Interval Measurement of Input Pulses).

[ ] [ ] [ ]

fack

(frew) |

]
]
e

TSmn(write)

A &

TImn(input)

L L L TE-RT T S
i Ry —— Fp—— R ————

"-—."‘H‘-
—

L()j edge detection

edge detection
]
rising edge

(=)

start

trigger !\
detection I

I
I
!
I
I
!
I
|
!
I
I
1
!
I
1
I
I
I
I
I
I
I
I
!
I
I
i

|
i
|
[
I
I
!
I
I
!
i
i
!
I
i
1

{{ i
\,I:} X m-1 ¥ m

]
i
1
[]
i
]
i
1
1
]
1
1
]
0000 X 0001

I
i
i
L]
i
]
1
. [ []
singal 3) { 1’/ @ %
]
[] i
TCRmn initial value ;K D'K 0000
E : L:
[} i
: H
TDRmnN IIL ! 0001 X m
H i
P :
INTTMmn { )

“"-|_--.-"'-I

whenMDmn0 =1

Note: When the clock is entered to TImn (with a trigger) before starting, the count starts by detecting the trigger even if no
edge is detected, so the capture value at the first capture ((4)) is not a pulse interval (in this case, 0001: 2 clock
intervals) and must be ignored.

Note: Because the first count clock cycle runs after the TSmn bit is written and the start of the count is delayed before
the count clock is generated, an error of up to 1 clock cycle is generated. In addition, if information about starting

counting timing is required, the MDmnO position is "1" so that an interrupt can be generated at the start of
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counting.

Note: This is the timing when no noise filter is used. If a noise filter is used, edge detection is
delayed by 2 fy,c« cycles (3 to 4 cycles in total) from the TImn input. The 1-cycle error is due to the TImn input
being out of sync with the counting clock (fyck)-

(4) Operation of single count mode

(1) By writing "1" to the TSmn bit, enter the run Enabled state (TEmn=1).

(2) The timer count register mn (TCRmn) remains at its initial value until a start trigger signal is generated.

(3) Detect the rising edge of the TImn input.

(4) Load the value of the TDRmn register (m) into the TCRmn register after generating the start trigger
signal, and start counting.

(5) When the TCRmn register decreases the count to "0000H", an INTTMmn interrupt is generated, and
the value of the TCRmn register becomes "FFFFH", stopping the count.

Figure 6-29 Runtime Sequence (Single Count Mode).

oy M M M (T ] M

wait state of start trigger input

C) : :
1 1 ! 1
¥ ] 1 ]
TSmn(write) | I : i 1 :
[ [ (]
| : E E i |
1 i i 1 1
TEmn ; ; ; ;
L] L] L] i
- : | : |
[]
| : (G :
Timn(input) E (@) ' :]} ' I ' !
! edge detection E E i i
[] ] ] ] ]
rising edge i 1 1 i :
H ]
: ! ! {){} i ! -
: . :) : ' : :
start ! v ' | i 1
trigger 1 | L i i i i
detection 4 | E : : I
singal ! ! ) i i i g :
o i ) ] ] LEL 1
5 @ . A : :
TCRmn 1 initial value K m )K \;\ X 1 X 0 X FFFF
' i I !
; :
INTTRMmn H I—l
H
L)
i
]

Note: This is the timing when no noise filter is used. If a noise filter is used, edge detection is
delayed by 2 fyck cycles (3 to 4 cycles in total) from the TImn input. The 1-cycle error is due to the TImn input

being out of sync with the counting clock (fyick)-
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(5) Capture & Run of Single Count mode (measurement of high level width).
(1) Write "1" in the TSmn bit of register m(TSm) through the given timer channel and enter the run Enabled
state (TEmn=1).
(2) The timer count register mn (TCRmn) remains at its initial value until a start trigger signal is generated.
(3) Detect the rising edge of the TImn input.
(4) Load "0000H" into the TCRmn register after generating the start trigger signal, and start 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 an INTTmn interrupt is generated.
Figure 6-30 Runtime Sequence (Capture & Single Count Mode: Measurement of High Level Width).

ok

(frew) | [ ] [ ] [ ] [ ] {}{J [ ] [ ] | ]

TSmn(write) l_h

I
1
[ I
i

TEmn
. 3@ [:{
Timn(input) }} |
edge detection
edge
rising edge (( detection
> | )
falling edge {

St
—

i

L)

i

(]

[]

i

)
start :

trigger rl\

detection

singal 1
= i

i

]

D o B e e i i

__§<______ SRR N S A S ——— S —————
.--b<.----. SR R E———
7

i
TCRmn initial value }{ 0000 l\ m+1
i i
1
i
TORmn : 0000 m
[]
:
INTTMmn i

Note: This is the timing when no noise filter is used. If a noise filter is used, edge detection is delayed by 2 fy;ck cycles (3
to 4 cycles in total) from the TImn input. The 1-cycle error is due to the TImn input and the count clock (fy,ck)

are out of sync.
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6.6 Control of the channel output (TOmn pin).
6.6.1 Structure of the TOmn pin output circuit
Figure 6-31 Output circuit structure

w
Interrupt signal of master TOmn register
channel [ -
[ INTTMmnE 3 set
i3]
int t singal of sl g
interrupt singal of slave £ .
channel ¢ » 3 » Tomn pin
I INTTMmp€E reset/swap
K t
K A
TOLmMN
TOMmn internal bus

TOEmMnN TOmn write singal

The output circuit of the TOmn pin is described below.
When the TOMmn bit is "0" (master channel output mode), ignore the setpoint of the timer output level
register m (TOLm) and only intTMmp (Slave Channel Timer Interrupt) Transmits the given timer output
register m(TOm).
When the TOMmn bit is "1" (slave channel output mode), INTMmn (master channel timer interrupt) and
INTMmp (slave channel timer interrupt) are passed to the TOm register.
At this point, the TOLm register is active and controls the following signal:
TOLmMn=0When: Normal phase running (INTTMmnY Positioning, INTTMmpY Reset) TOLmn=1When:
Inverted run (INTTMmnY repositionINTTMmpY Position)
When both INTMmn and INTMmp (0% of the output of the PWM output) are generated at the same time,
the intTMmp (reset signal) is preferentially shielded INTTMmn (assertion signal).
In a state that enable the timer output (TOEmn=1), in which the intTMmn (master channel timer interrupt)
and INTMmp (slave channel timer interrupt) are passed to the TOm registers. The write operation of the
TOm register (TOmnN write signal) is invalid.
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, the TOm register needs to be written to the disable timer
output (TOEmMn=0).
In the state where the timer output is disabled (TOEmn=0), the write operation (TOmn write signal) of the
TOmn bit of the target channel is valid. When the timer output is in the disabled state (TOEmn=0), intTMmn
(master channel timer interrupt) and INTMmp (slave channel timer interrupt) are not passed 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: Unit number (m=0,1).

n: channel number, m=0: n=0~3, m=1: n=0~7 (main control channel: n=0, 2, 4, 6).
p: Slave channel number

n=0: p=1, 2, 3
n=2: p=3
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6.6.2 Output setting of the TOmn pin
The steps and state changes from the initial setting of the TOmn output pin to the start of the timer run are
shown below.

Figure 6-32 The state change from setting the output of the timer to starting operation

TCRmn Random value ("FFFFH" after reset ) RI\
(counter) 1

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

Timer output singal —I

TOmn I,

TOEmn '

[N S N /| -

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

confiqure TOMmr  (configure  (3)configure  (4),(5) _ _
D configgure o rommn TOEmn Configure  (8)Timer start operating
Port to
output mode

(1) Set the operating mode of the timer output.
A TOMmn bits (0: master channel output mode, 1: slave channel output mode).
A TOLmn bits (0: positive logic output, 1: negative logic output).
(2) Set the timer output signal to the initial state by setting the timer output register m(TOm).
(3) Write "1" to the TOEmn bit, allowing the timer output (it is forbidden to write the TOm register).
(4) Set the port as a digital input/output through the port mode control register (PMCxx) (refer to the
register of the "6.3.15 control timer input/output pin port function").
(5) Set the input/output of the port to the output (refer to "Registers for controlling the input/output pin
port function of the timer in 6.3.15").
(6) Enable the timer to run (TSmn=1).

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.6.3 Considerations for channel output operation
1) About the configuration changes of the TOm, TOEm, TOLm, and TOMm registers in the operation of the
timer

The operation of the timer (the operation of the timer count register mn (TCRmn) and the timer data register mn
(TDRmn)) and the TOmn output circuit are independent of each other. Thus, the timer output register m (TOm), the
timer output enable register m (TOEm), and the timer output level register m ( TOLm) setpoint change does not affect
the operation of the timer, you can change the setpoint during the timer operation. However, in order to output the
expected waveform from the TOmn pin during the operation of each timer, it must be set to the value of the register
setting content example for each run shown in 6.8 and 6.9.

If you change the setpoint of the TOEm registers and TOLm registers other than the TOm registers before and after
generating the timer interrupt (INTTMmn) signal for each channel, it is based on whether the timer interrupt (INTTMmn)
is generated Whether the signal changes before or after generation, the waveform output of the TOmn pin may be
different.

Remarks: m: Unit number (m=0,1)n: Channel number (when m=0: n=0~3, m=1: n=0~7).
(2) The initial level of the TOmn pin and the output level after the timer starts running
Write the timer output register m (TOm) before allowing the port output and in the state where the timer output
(TOEmMn=0) is disabled, and when the timer output Enabled state (TOEmn=1) is set after changing the initial level
The TOmn pin output level changes as follows.
(a) When the operation starts in the main control channel output mode (TOMmn=0).
In the master channel output mode (TOMmn=0), the timer output level register m(TOLm) is set invalidally. If the
timer operation begins after the initial level is set, the output level of the TOmn pin is inverted by generating an

alternating signal.
Figure 6-33 TOmn pin when alternating outputs (TOMmn=0) is 33

TOEmn

|n|t|a| 1 TOmn-[) b
state (initial State: low voltage

level)

(HZ ]

» TOLmn=0
(valid high voltage level)

TOmn=1

——— (initial State: high A

! voltage level)

TOmn=0 b
(initial State: low voltage
: ] : ! level) » TOLmn=1
TOmn=1 (valid low voltage level)
(initial State: high
voltage level)

Tomn ‘:
(output)

"TFETF
|

enable port
t pt bold line: valid voltage level
outpu A A A A A

swap swap swap swap swap

Remarks: 1 Alternate: The output state of the inverting TOmn pin.
2.m: unit number (m=0,1)n: channel number (m=0: n=0~3, m=1: n=0~7).
(b)  When running in slave channel output mode (TOMmn=1) (PWM output).

In slave channel output mode (TOMmn=1), the effective level depends on the setting of the timer output
level register m (TOLmn).
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Figure 6-34 TOmn pin at PWM output (TOMmn=1).

TOEmnN

. 1 . 0 | )
» valid voltage level s 1 valid voltage level 1 1+ valid voltage level
1 1 |

f i 1 initial - b

Hi-£ | e TOmp=0

(initial State: low voltage

' 1 1 1 level) L TOLmp=0
1 1 1 1 (valid high voltage level)
TOmp=1
(initial State: high voltage
level)

TOmP {
(output)

TOmp=0 A
(initial State: low voltage

level) =
, TOLmp=1

(valid low voltage level)

TOmp=1
(initial State: high voltage
level)

ST

enable port output

A reset ﬁ reset ﬂ

reset reset reset

Remarks: 1 Assert: The output signal of the TOmp pin changes from invalid to active.
Reset: The output signal of the TOmp pin changes from the active level to the invalid level.

2.m: unit number (m=0,1)n: channel number (p=1~3).

(3) TOmn pin change regarding slave channel output mode (TOMmn=1).
(@) Change the setting of the timer output level register m (TOLm) during timer operation

If you change the setting of the TOLm register during timer operation, the setting is valid when the TOmn
pin change condition is generated. The output level of the TOmn pin cannot be changed by overwriting the
TOLm registers.

When the TOMmn bit is "1", the run when changing the value of the TOLm register in the timer run
(TEmn=1) is as follows.

Figure 6-35 When changing the contents of the TOLm register during timer operation

TOLm
valid voltage level valid voltage level valid voltage level valid voltage level
TOOmM
(output)
A A A A
Fay reset Fay reset Fa¥ reset Fay reset
reset reset reset reset

Remarks: 1 Assert: The output signal of the TOmn pin changes from invalid to effective.
Reset: The output signal of the TOmn pin changes from the active level to the invalid level.

2.m: unit number (m=0,1)n: channel number (m=0: n=0~3, m=1: n=0~7).
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(b) Set/reset timing
To achieve 0% and 100% output at PWM output, the TOmn pin/TOmn at the master channel timer interrupt
(INTTMmn) will be generated through the slave channel The set timing of the bits delays by 1 count clock.
When a placement condition and a reset condition occur at the same time, the reset condition takes
precedence.
The position/reset operation state when setting the master/slave channel according to the following method is
shown in Figure 6-35.

Main control channel: TOEmn=1, TOMmn=0, TOLmMn=0
Slave channels: TOEmp=1, TOMmp=1, TOLmp=0

Figure 6-36 Assert/Reset Timing Operation Status

(1)  Basic runtime order

INTTMmn

225:::

[N N S ——

e

master control channel

CE T Py

7

i

internal reset signal

Tomn Pin/TOmn F

—
-

:

1

|
swap ! swap |1
i i i i
I L] [ |
[} i i
I ] e

I
internal reset signal : I"\l H\
HI \". :
delay 1 clock cycle ;
INTTMmp o '
I ] ]
slave channel | : '
internal reset signal : I-l '
i D :
I 1 L}
| [ ]
Tomp Pin/TOmp |
reset reset reset
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(2) 0% runtime order of duty cycle

e
S

[ ]

[ ]

[ ]

INTTMmn i

L

[ ]

master control channel internal reset signal Jh\ [h it

I ] L] L]

1 [ ]

Tomn Pin/TOmMn r[ EI -
swap swap

/" internal reset signal

delay 1 clock cycle

TCRmp :}‘.@mﬁ; ................ Yooddooot |

| A
Ve,

proritized reset proritized reset

slave channel
INTTMmp

— - -~

internal reset signal

reset
Tomp Pin/TOmp

S B

.

Note 1 Internal reset signal: Reset/alternate signal at the TOmn pin
Internal position signal: The position signal of the TOmn pin
2.m: Unit number (m=0,1).
n: channel number m=0: n=0~3, m=1: n=0~7 (main control channel: n=0, 2, 4, 6).
p: Slave channel number
n=0: p=1, 2, 3
n=2: p=3
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6.6.4 one-time operation of the TOmn bit
Like the timer channel start register m (TSm), the timer output register m (TOm) has all channel set bits (TOmn).

This allows the TOmn bits of all channels to be manipulated at once.
Figure 6-37 Example of one-time operation of the TOOnN bit
Before writing

TOO 0 0 0 0 0 0 0 0 0 0 0 0 |TOO03|TO02 | TOOL | TOOO

TOEO 0 0 0 0 0 0 0 0 0 0 0 0 | TOEO3 | TOEO2 | TOEOL | TOEQO

The data to write

[oJojofojojofJofJojojofo]

oo 1] 1]1]
After writing ? @ ? %

TOO 0 0 0 0 0 0 0 0 0 0 0 0 |TOO03|TO02 | TOOL | TOOO
0 1 1 0

Only TOmn bits with TOEmn bits as "0" can be written, ignoring write operations for TOmn bits with TOEmn
bits as "1".

TOmnN (channel output) with TOEmn bit "1" is not affected by write operations, even the write TOmn bit is
ignored, and output changes caused by timer operation are normal.

Figure 6-38 state of the TOON pin when the TOOnN bit is operated at one time

Multiple TOOnN outputs
can change
simultaneously

When the value is not
changed, the output

TOO03 . does not chanage

L
100z | : | i When the TOEON bit is
TOO1 : Fai "1", the write operation o

e
] the TO On bit is ignored
TO00 — : :

Write to On bits before writing

Note: m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.6.5 About the timer interrupt and TOmn pin output when starting to count

In interval timer mode or capture mode, the MDmnO bit of the timer mode register mn (TMRmn) is the bit that
sets whether a timer interrupt occurs at the start of counting.

When the MDmnO bit is "1", the start timing of the count is known by generating a timer interrupt (INTTMmn). In
other modes, timer interrupts and TOmn outputs at start counting are not controlled. An example of operation when
set to interval timer mode (TOEmn=1, TOMmn=0) is shown below.

Figure 6-39 An example of a timer interrupt and a TOmn output when counting starts

(a) The case where the MDmnO bit is "1"

TCRmn M
—
J

TEmn
INTTMmn I'I I N
.
TOmn '\ | | |

Start counting

(b) The case where the MDmnO bit is "0"

TCRmn M

TEmn I

INTTMmn : AR N

TOmn ; \ | ,"' |

Start counting

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

When the MDmnO bit is "0", no timer interrupt (INTTMmn) is output at the start of counting and TOmn does not
change, but INTMmn is output after counting 1 cycle and TOmn performs alternate outputs.

Remarks: m: Unit number (m=0,1)n: Channel number (when m=0: n=0~3, m=1: n=0~7).
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6.7 Control of the timer input (TImn).
6.7.1 Structure of the TImn pin input circuit

Signals from the timer input pins are fed into the timer control circuitry through a noise filter and edge detection
circuitry. For pins that need to be noise-cancelling, the corresponding pin noise filter must be set to active. The
structure of the input circuit is as follows.

Figure 6-40 input circuit structure
) . CCSmn
interrupt signal of '
master control —
channel 5
fmck - @..C:.)
£8
c o | frowk
-
03d
(@] .
Y - 3] Timer control
) q circuit
Timn Pin — ] Moise | | edge
filter detection
- _C
o 2 _
> -
- S
(2]
THNFENmMn ClSmn1. STSmn2
CISmn0 STSmn0

6.7.2 Noise filters

When the noise filter is invalid, synchronization is performed only by the operating clock (f\ck) of channel n;
When the noise filter is active, the two clocks are detected to be consistent after synchronization through the operating
clock (fyck) of channel n. In the case of a noise filter ON or OFF at the TM4mn input pin, the waveform after passing
through the noise filter circuit is shown below.

Fig. 6-40 Sampled waveform of the TImn input pin in the case of noise filter ON or OFF

S 0 1 | A s

2 q —

noise filter OFF @2?_ c(—\‘q
N N

noise filter ON

operational clock(fyck)

Note: The input waveform of the TImn pin is used to illustrate the operation of the noise filter ON or OFF. In actual use, the

input must be made according to the TImn input level width shown in the "AC characteristics".
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6.7.3 Considerations when operating channel input

When set to not use the timer input pin, the noise filter circuit is not provided with an operating clock. Therefore,
the following waiting times are required from the channel operation set to use the timer input pin to the corresponding
channel operation of the set timer input pin to enable triggering.

(1) When the noise filter is OFF

If the timer mode register mn (TMRmn) is bit12 (CCSmn), bit9 (STSmn1) and Bit8 (STSmnO) will be any bit in a
state where it is all "0", and it must pass through at least 2 operating clocks (f yck After the cycle, the timer channel will
be run to start the operation of the register (TSm) to enable trigger setting.

(2) When the noise filter is ON

If the timer mode register mn (TMRmn) is bit12 (CCSmn), bit9 (STSmn1) and Bit8 (STSmnO) will be any bit in a
state of "0" and must pass at least 4 operating clocks (fyck After the cycle, the timer channel will be run to start the
operation of the register (TSm) to enable trigger setting.
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6.8 Stand-alone channel operation of the universal timer unit
6.8.1 Operation as an interval timer/square wave output

(1) Interval timer

It can be used as a reference timer for generating INTMmn (timer interrupts) at regular intervals. The
interrupt generation period can be calculated using the following calculation:
The production cycle of INTTMmn (Hours interrupt) = counting clock circumference Period x (setpoint
+1 for T DRmn).

(2) Operation as a square wave output
TOmn alternates outputs while generating INTMmn, outputting a square wave with a duty cycle of 50%.

The period and frequency of the TOmn output square wave can be calculated using the following equation:

|A Square wave period of TTon output = counting clock cycle ( setpoint +1 for TDRmn) 2

A Square wave frequency of TTon output = count clock rate /{(TDRmn.) Set the value +1) 2}

In interval timer mode, the timer count register mn (TCRmn) is used as a decrement counter.

After setting the channel start trigger bit (TSmn, TSHm1, TSHmM3) of the timer channel start register m (TSm),
pass the first A counting clock loads the value of the timer data register mn (TDRmn) into the TCRmn register. At
this point, if the MDmnO bit of the timer mode register n(TMRmn) is "0", intTMmn is not output and TOmn also does
not have alternating outputs. If the MDmnO bit of the TMRmn register is "1", intTMmn is output and TOmn is
alternately output. The TCRmn register then decrements the count through the counting clock.

If TCRmn becomes "0000H", intTMmn is output via the next counting clock and TOmn is alternately output. At
the same time, load the value of the TDRmn register into the TCRmn register again. After that, the same run
continues.

The TDRmn register can be rewritten at any time, and the value of the rewritten TDRmn register is valid from

the next cycle.
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Figure 6-41 basic timing example of operation as an interval timer/square wave output (MDmMnO0=1).

CKm1

operational clock "¢ [

CKm) ———=

clock selection

Timer count register mn

(TCRmn)

1l

TSmn

Timer data register mn

(TDRmn)

trigger
selection

output
control circuit

—F@ Tomn Pin

Note: Clocks can be selected from CKm0, CKm1, CKm2, and CKm3 on channel 1 and 3.

interrupt
control circuit

= interrupt singal

(INTTMmn)

Figure 6-42 basic timing example of running as an interval timer/square wave output (MDmn0=1).

TSmn [
TEmn
TCRmn 50001 ,\

J ) )
TDRmn a X b
TOmn ____ |
INTTMmn

atl | atl a+1 b1 b+l | b+

Note: 1.m: unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).

2.TSmn : The bitn of the timer channel start register m(TSm).

TEmn : The timer channel enable bitn of the status register m(TEm).

TCRmn : Timer count register mn (TCRmn).
TDRmn : Timer data register mn (TDRmn).
TOmn : The TOmn pin output signal
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Fig. 6-43 Example of register setting content for interval timer/square wave output
(@) Timer mode register mn (TMRmn).

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 n
TOm Tomn 1/0 0: Outputs "0" by TOmnN.
1: Output "1" by TOmN.

[

(c)  The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 1/0 0: Stops the TOmn output made by the count run.
1: TOmn output from count runs is Enabled.

!

(d)  The timer output level register m (TOLm).
bit n
TOLmM TOLmMn O 0: Set"0" when TOMmMn=0 (master channel output mode).

W

(e)  Timer output mode register m (TOMm).
bit n
TOMMmM TOMmMn O 0: Set the main control channel output mode.

W

Note: TMRmM2 : MASTERmMN bit
TMRm1, TMRm3 : SPLITmn bit
TMRmO: Fixed to "0".

Note: m: unit number (m=0,1) n: channel number (m=0: n=0 ~ 3, m=1: n=0 ~ 7).
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Figure 6-44 the interval timer / square wave output function is in place

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.
9 ( ) (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 register to "0, | gp operational stop state.
The TOmn pin outputs the level set by the TOmn.
(TOEmn position "1" only when using TOmn output and | The TEmn (TEHm1, THEmM3) 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
Positi i —» | stops counting.
osition TTmn (TTHmM1, TTHmM3) "1". . S
L Automatically returned to '0' because the TTmn The TCRmn register maintains count values and
Stop itis the tr 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)

Remarks: m: Unit number (m=0,1) n: Channel number (m=0: n=0~3, m=1:

n=0~7).
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6.8.2 Run as an external event counter
It can be used as an event counter to count the effective edges (external events) of the detected TImn pin input

and generate an interrupt if the specified count value is reached. The specified count value can be calculated using

the following calculation:

The specified count value = TD Rmn's set value +1

In event counter mode, the timer count register mn (TCRmn) is used as a decrement counter.

By setting any channel start trigger bit (TSmn, TSHm1, TSHm3) of the timer channel start register m (TSm),
"1", Load the value of the timer data register mn (TDRmn) into the TCRmn register.

The TCRmn register counts down while detecting a valid edge of the input of the TImn pin. If TCRmn becomes
"0000H", the value of the TDRmn register is loaded again and intTMmn is output.

After that, the same run continues.
Because the TOmn pin outputs an irregular waveform based on an external event, the timer output must be "0"

at the TOEmn position of the enable register m (TOEm) to stop the output.
The TDRmn register can be overwritten at any time, and the value of the rewritten TDRmn register is valid for

the next count period.

Figure 6-45 serves as a basic timing example of an external event counter operation

TSmn

TEmn

L | ) |y A

TCRm 212 2 2 <4
n
OOOOH\ 1 O) L 0\ 10 > L

TDRmn 0003H X 0002H

INTTMmn I I

4 events 4 events 3 events

Note: 1. m : unit number (m=0,1)n: channel number (when m=0: n=0~3, m=1: n=0~7).
2. TSmn: The bitn of the timer channel start register m(TSm).
TEmn : The timer channel enable bitn of the status register m(TEm).
TImn : The TImn pin input signal
TCRmn: Timer count register mn (TCRmn).

TDRmn: Timer data register mn (TDRmn).
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Fig. 6-46 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 | CKSmMNn1|CKSmnO 0 CCSmn | M/S note | STSmn2 | STSmn1 |STSmNO | CISmn1 | CISmnO 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 01 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.

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.

MASTERmnN 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 n
TOm Tomn 1/0 0: Output "0" by TOmn.

[

(c)  The timer output enable register m (TOEm).
bit n
TOEm | TOEmn 1/0 0: Stops the TOmn output made by the count run.
1: Enable TOmn output by counting runs.

[

(d)  Timer output level register m (TOLm).
bit n
TOLmM TOLmMN O 0: Set"0" when TOMmn=0 (master channel output mode).

t

(e)  Timer output mode register m (TOMm).
bit n
TOMmM TOMmn O 0: Set the main control channel output mode.

!

TMRm2, TMRm4, TMRmM6 : MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO, TMRmM5, TMRm7 : Fixed to "0".

Note: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Figure 6-47 The operation steps when the external event counter function is performed

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)
o : 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).
g 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
Ll 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 TTn_’m_ npn - | . - Igﬁn'[iligw.n bit changes to "0" and stops
RuUNNIN The TTmn bit is a trigger bit and is automatically returned The TCR ist intai t val
g t0 "0". e mn register 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 divider

It can divide the clock of the TI mn pin input and serve as a divider for the output of the TO mn pin.

The divider clock frequency of the TO mn output can be calculated using the following calculation equation:

A Select the upper ascending edge or the descending edge of the situation:
Divided clock rate = Input clock rate /{ (set for T DRmn Value +1) 2}
ASelect the situation of the two edges:

The divider clock frequency a input clock rate/(TDRmn set value +1).

In interval timer mode, the timer count register (TCRmn) is used as a decrement counter.

After setting the channel start trigger bit (TSmn) of the timer channel start register (TSm) to "1", the timer data
register is registered by detecting the effective edge of ti mn The value of (TDRmn) is loaded into the TCRmn
register. At this point, if the MDmnO bit of the timer mode register (TMRmn) is "0", intTMmn is not output and TOmn
does not have alternating outputs; If the MDmnO bit of the TMRmn register is "1", intTMmn is output and TOmn is
alternately output.

The TCRmn registers are then decremented through the effective edges of the TImn pin input. If the TCRmn
becomes "0000H", the TOmn is output alternately. At the same time, load the value of the TDRmn register into the
TCRmn register and continue counting.

If the two-sided edge of the TImn pin input is selected for detection, the duty cycle error of the input clock
affects the divider clock period of the TOmn output.

The clock cycle of the TOmn output contains the sampling error of 1 operating clock cycle.

The clock period of the TOmn output = the supposed TOmn output clock week Period * running clock cycle
(error).

The TDRmn register can be overwritten at any time, and the value of the rewritten TDRmn register is valid for

the next count period.
Figure 6-48 serves as a basic timing example of crossover operation (MDmn0=1)

TSmn
TEmn
Timn uyuuyuuuiuyuyyu
2 2 2
mn 1111 111
TeR OOOOH\ 0\ 0\ 0\ \ bQ \
J /) ) 1) 1))
TDRmn 0002H X 0001H
TOmn
INTTMmn
~—-Pivide by 6—

) . . 4I5ivide-by74>
Note TSmn: Bit n of the timer channel start register (TSm).

TEmn: The bit n of the timer channel that enable the status register (TEm).
TImn: The TImn pin input signal
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TCRmn: Timer count register (TCRmn).
TDRmn: Timer data register (TDRmn).
TOmn: The TOmn pin output signal

m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).

Figure 6-49 an example of register settings when the divider is running (channel 0 of unit 0).
(@) Timer mode register 00 (TMRO0O0).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRO0 | CKS001 | CKS000 0 CCs00 0 STS002 | STS001 | STS000 | CIS001 | CISO00 0 0 MDO003 | MD002 | MD0O1 | MDOOO
10 0 1 0 0 1/0 1/0 0 0 1/0

[ l 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 TI00 pin output valid edge

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

(b) Timer output register 0 (TOO).

bit 0
TOO TOOO 0: Output "0" by TOO0O.
1/0 1: Output "1" by TOOO.

(c) Timer output enable register 0 (TOEO).

bit 0
TOEO | TOEOO 0: Stops the TO00 output made by the count run.
1/0 1: Enable TO00 output by counting runs.

(d) Timer output level register 0 (TOLO).
bit 0
TOLO | TOLLOO 0: "0" in the main control channel output mode (TOM00=0).

4

(e) Timer output mode register 0 (TOMO).
bit n
TATO TOMOO 0: Set the main control channel output mode.

1
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Fig. 6-50 Operational Steps for Frequency Divider (take channel 0 of unit 0 as an example)

software operation

hardware state

Timer 4 initial
configuration

Timer Unit O 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 O input clock is in active state (start
providing clock, able to write into registers)

configure Timer clock selection register 0 (TPSO0),
confirm CK0O0~CKO03 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 00 (TMRO0O) (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 bit of timer output mode register 0 (TOMO)
to '0' (master control channel output mode).
Set TOLOO bit to '0'
configure TOOO bit and confirm TO00 output initial >
woltage value.

—>

Set TOEOQO bit 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
woltage level.

Because channel is in operation stopped state,
thus TOO00 remains unchange. TO0O pin output
TOO00 configured woltage level.

—>

Start operation

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

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 (TCRO0). When MDO0O0O bit of TMROO register
turns into 1', generate INTTMOO and TO00 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 (TCRO00) performs decremental counting.
When count reaches '0000H', then load TDR0O
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!IE.ISdO ue1say

stop operation

set TTOO bit to 1. e
Because TTOO 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.

TOOO 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|

TOOO pin output TOOO configured voltage level.

Timer 4 stop

Scenarios to maintain TO0O0 pin output voltage:

set TOOO 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 TOOO pin output wltage level via port function.

set TMAmEN bit of peripheral enable register 0

(PERO) to '0

Timer Unit O input clock is in stopped state.
Perform initialization to all circuit and SFR of all
channels.

(TOOO bit turns into '0" and TOO0O pin becomes port
function)
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6.8.4 Operation as input pulse interval measurements

The count value can be captured at the effective edge of TImn and the interval between TImn input pulses can
be measured. During the period when the TEmn bit is "1", the software operation (TSmn=1) can also be set to
capture trigger, and the capture count value can also be set.

The pulse interval can be calculated using the following calculation equation:

TImn input pulse interval = the week of the counting clock ((100 00H TSRmn: OVF) + (TDRmn catch
value +1)).

Note: Because the TImn pin input is sampled by the operating clock selected by the CKSmn bit of the timer mode
register mn (TMRmn), an error of one operating clock is generated.

In capture mode, the timer count register mn (TCRmn) is used as an increment counter.

If the channel start trigger bit (TSm) of the timer channel start register m(TSm) is set to "1", the TCRmn register
is clocked from "0000H" Start incrementing the count.

If a valid edge of the TImn pin input is detected, the count value of the TCRmn register is transmitted (captured)
to the timer data register mn (TDRmn) and the TCRmn register is cleared” 0000H", then output INTMmn. At this point,
if the counter overflows, the OVF position of the timer status register mn (TSRmn) is "1". If the counter does not
overflow, the OVF bit is cleared. After that, the same run continues.

While the count value is captured to the TDRmn register, the OVF bit of the TSRmn register is updated according
to whether there is an overflow during the measurement, and the overflow status of the captured value can be confirmed.

Even if the counter performs a full count of 2 cycles or more, it is considered to have overflowed and the OVF
position of the TSRmn register is considered to be "1". However, when 2 or more overflows occur, the interval value
cannot be measured normally by the OVF bit.

The STSmn2~STSmnO position of the TMRmn register is "001B", and the effective edge of TImn is used for
start triggering and capture triggering.

Fig. 6-51 an example of the basic timing of the operation of the input pulse interval measurement (MDmn0=0).

TSmn

TEmn

TImn

FFFF

TCRmn QQQQ

0000 X__a b c d

TDRmMn

INTTMmn

OVF

Note 1.m: Unit number (m=0,1) n: Channel number (when m=0: n=0~3, m=1: n=0~7).
2. TSmn: Bitn of the timer channel start register m(TSm).
TEmn : The timer channel enable bitn of the status register
m(TEm).
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TImn : The TImn pin input signal

TCRmn: Timer count register mn (TCRmn).

TDRmn: Timer data register mn (TDRmn).

OVF: Bit 0 of the timer status register mn (TSRmn).

Fig. 6-52 Example of register setting value at the measurement 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|CKSmnO 0 CcCsmn | M/S STSmn2 | STSmN1 |STSmnO | CISmnl | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 1/0 1/0 0 1 0 10

[ l l l l \_'_1

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.

L Timn Pininput 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) The timer output register m (TOm).
bit n
TOm TOmn 0: Outputs "0" by TOmn.
0

(c) The timer output enable register m (TOEm).
bit n
TOEm | TOEmn 0: Stops the TOmn output made by the count run.
0

(d) The timer output level register m(TOLm).
bit n
TOLmM | TOLmn 0: "0" in the master channel output mode (TOMmn=0).
0

(e) Timer output mode register m (TOMm).
bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0

Note: TMRmM2, TMRmM4, TMRmM6: MASTERmMN bit
TMRmM1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Fig. 6-53 Operation steps when the pulse interval measurement function is input

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".

—> 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 CISmnO 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,
_r% 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
5 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.
stop operation |Because TTmn bit is trigger bit, thus TCRmn register hold counted value and stop counting.
automatically return to ‘0", OVF bit of TSRmn register remains unchange.
set TM4mEN bit of peripheral enable register 0 [Timer Unit m input clock is not been provided.Perform
. (PERO)to '1' — |initialization to all circuit and SFR of all channels.
timer 4 stop

(TOOO bit turns into '0" and TOOO pin becomes port
function)

Note: m: Unit number (m=0,1) n: Channel number (when m=0: n=0~3, m=1: n=0~7).
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6.8.5 Operation as input signal high and low level width measurements
Note: When used as a LIN-bus support feature, the bitl (ISC1) of the input switching control register (ISC) must be

set to "1", and in the instructions below, use RxDO Instead of TImn.

The signal width (high and low level width) of TImn can be measured by starting counting at one edge of
the input to the TImn pin and capturing the count value at the other edge. The signal width of TImn can be

calculated using the following equation.

Signal width of TImn input = period of counting clocks (10000H TSRmn: OVF) + (capture value of
TDRmn +1)).

Note: Because the TImn pin input is sampled by the operating clock selected by the CKSmn bit of the timer mode register

mn (TMRmn), an error of one operating clock is generated.

In the Capture & Single Count mode, the timer count register mn (TCRmn) is used as an increment counter. If
the channel start trigger bit (TSm) of the timer channel start register m(TSm) is set to "1", the TEmn bit becomes
"1", and enter the start edge detection wait state of the TImn pin.

If the start edge of the TImn pin input (the rising edge of the TImn pin input when measuring high level width) is
detected, it is synchronized with the counting clock and the count is incremented starting at "0000H". Then, if a valid
capture edge (the falling edge of the TImn pin input when measuring the high level width is measured), the intTMmn
is output at the same time that the count value is passed to the timer data register mn (TDRmn). r At this point, if the
counter overflows, the OVF position bit of the timer status register mn (TSRmn) is placed. If the counter does not
overflow, the OVF bit is cleared. The value of the TCRmn register changes to "Value passed to TDRmn register +1"
and stops counting, and enters the start edge detection wait state of the TImn pin. After that, the same run continues.

While the count value is captured to the TDRmn register, the OVF bit of the TSRmn register is updated according
to whether there is an overflow during the measurement, and the overflow status of the captured value can be confirmed.

Even if the counter performs a full count of 2 cycles or more, it is considered to have overflowed and the OVF
position of the TSRmn register is considered to be "1". However, when 2 or more overflows occur, the interval value
cannot be measured normally by the OVF bit.

The CISmnl and CISmnO bits of the TMRmn registers can be used to determine whether to measure the high
or low level width of the TImn pin. This function is designed to measure the input signal width of the TImn pin, so the
TSmn position "1" cannot be placed during the period when the TEmn bit is "1".

CISmn1, CISmn0=10B of TMRmn registers: Measures the low level width. CISmn1, CISmn0=11B of the

TMRmn register: Measures the high level width.
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Figure 6-54 an example of running basic timing for input signal high and low level width
measurements

TSmn

TEmn

Timn | |

FFFFH

b
TCRmn o000t \J c

TDRmn 0000H a b C

1~

INTTMmn

OVF

Note: 1.m: unit number (m=0,1) n: channel number (m=0: n=0~3, m=1: n=0~7).
2. TSmn: Bitn of the timer channel start register m(TSm).
Temn : The bit n of the timer channel enable the status register m(TEm).
TImn : The TImn pin input signal
TCRmn: Timer count register mn (TCRmn).
TDRmn: Timer data register mn (TDRmn).

OVF : BitO of the timer status register mn (TSRmn).
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Fig. 6-55 Example of register setting content when measuring the high and low level
width of the 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 STSmNn2| STSmn1 |STSmNO | CISmnl | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 1 1 1/0 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.

Timn Pin input 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) The timer output register m (TOm).

bit n
TOm TOmn 0: "0" iS output by TOmn.
0

(c) The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 0: Stops the TOmn output made by the count run.
0

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

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

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

bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0

Note: TMRm2, TMRm4, TMRm6: MASTERmMnN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Fig. 6-56 input signal when measuring the high and low level width function

software operation

hardware state

Timer 4 initial
configuration

Timer Unit O 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
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).

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.

detect TImn pin input counting start edge —|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
o Do not use TSRmn register. input capture edge, then transfer counting value to Timer
% 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.
Thereafter, 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 TM4mEN 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: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.8.6 Runs as a delay counter

The count can be decremented by the effective edge detection (external event) of the TImn pin input and
intTMmn is generated at arbitrary set intervals

(Timer interrupt).

During the period when the TEmn bit is "1", the TSmn position "1" can be changed by software, the count can
be decremented, and intTMmn (timer interrupt) can be generated at any set interval.

The interrupt generation period can be calculated using the following calculation equation:

INTT Mmn (Hours interrupt) of the production cycle = counting clocks Period (TDRmn set +1).

In single-count mode, the timer count register mn (TCRmn) is used as a decrement counter.

If the channel start trigger bit (TSmn, TSHm1, TSHmM3) of the timer channel start register m(TSm) is set to "1"
TEmn

Bits, TEHmM1 bits, and TEHmM3 bits become "1" and enter a valid edge detection wait state for the TImn pin. By
detecting the valid edge of the TImn pin input, the operation of the TCRmn register begins and the value of the timer
data register mn (TDRmn) is loaded. The TCRmn register decrements the count from the value of the loaded
TDRmn register by counting the clock. If TCRmn becomes "0000H", INTMmn is output and counts are stopped
before a valid edge of the next TImn pin input is detected.

The TDRmn register can be rewritten at any time, and the value of the rewritten TDRmn register is valid from
the next cycle.

Figure 6-57 an example of the basic timing of the operation of the delay counter

TSmn _ﬂ

TEmn __|

TImn

FFFFH

TCRmn
0000H

TDRmn a b

INTTMmn -I ]

a+l b+1

Note: 1.m: unit number (m=0,1) n: channel number (m=0: n=0~3, m=1: n=0~7).

2.TSmn : The bitn of the timer channel start register m(TSm).
TEmn : The timer channel enable bitn of the status register m(TEm).
TImn  : The TImn pin input signal
TCRmn: Timer count register mn (TCRmn).

TDRmn: Timer data register mn (TDRmn).
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Fig. 6-58 Example of register setting value during the 58 delay counter function
(@) 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/IS STSmn2 | STSmn1 [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

MASTERmNbit configuration (Channel 2)
0: Independent Channel operation
SPLITmn bit configuration (Channel 1, 3)
0: 16 bit Timer

Count clock selection
0: Select operational clock (fMCK)

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) The timer output register m (TOm).

bit n
TOm TOmnN 0: 0" iS output by TOmn.
0

(c) The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 0: Stops the TOmn output made by the count run.
0

(d) The timer output level register m(TOLm).

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

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

bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0

Note: TMRm2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO, TMRm5, TMRm7 : Fixed to "0".
Remark: m: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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Figure 6-59 The operation steps when the delay counter function is performed

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 bhit to '1) detection waiting
state.

start decremental counting while detecting
next start trigger.

A Detect TImn
A set TSmn bit

pi AT M

tofAlo

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

in operation

uoijelado 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 bit to '1".
Because TTmn bit is trigger bit, thus
automatically return to '0".

TEmn bit turns into '0" and stop counting.
TCRmn register hold counted value and stop counting.

Timer 4 stop

set 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: unit number (m=0,1) n: channel number (when m=0: n=0~3, m=1: n=0~7).
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6.9 Multi-channel linkage operation function of the universal timer unit
6.9.1 Operation as a single-trigger pulse output function

Pairing the two channels enable a single-trigger pulse of any delay pulse width to be generated via the input of
the TImn pin. Delay and pulse width can be calculated using the following calculations:

Delay = {TDRmn (master) set value + 2} count clock period
Pulse width = {TDRmp (dependent) set value } counting clock periods

In single count mode, the master channel runs and the delay is counted. By detecting start firing, the timer count
register mn (TCRmn) of the master channel starts running and loads the value of the timer data register mn (TDRmn).
The TCRmn register decrements the count from the value of the loaded TDRmn register by counting the clock. If
TCRmn becomes "0000H", INTMmn is output and the count is stopped before the next start trigger is detected.

In single count mode, slave channels run and pulse widths are counted. With the INTMmn of the master channel
triggered as the start, the slave channel's TCRmp register starts running and loads the value of the TDRmp register.
The TCRmp register decrements the count from the loaded TDRmp register value by counting the clock. If the count
value changes to "0000H", intTMmp is output and the count is stopped before the next start trigger (INTMmn of the
master channel) is detected. After generating INTMmn from the master channel and passing through a count clock,
the output level of TOmp becomes the effective level if TCRmp becomes "0000H" , which becomes invalid.

Software operation (TSmn=1) can also be used as a start trigger to output a single trigger pulse without using
the TImn pin input.

Remark: Because the mount timing of the TDRmn register of the master channel and the TDRmp register of the slave
channel is different, if the TDRmn register and the TDRmp register are rewritten during the counting process, it may
compete with the loading timing and output an abnormal waveform. The TDRmn register must be overwritten after

intTMmn is generated, and the TDRmp register must be overwritten after INTMmp is generated.

Note: m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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master control channel
(single counting mode)

operational clock

THFEMbx

Fig6-60 operating as a single-trigger pulse output function

Kl =

CKEmD

clock
selection

Timer count register
mn (TCRmn)

£

c
—_— el 0
TSmn S 3 Timer data register mn interrupt ) .
20 (TDRmn) control  |——=interrupt signal
B = Noise d F=1) L
TimnPin @— e e b circuit (INTTMmn)
slave channel
(single counting mode)
c
CKEm1 s 1
i [&]
operational clock % % Timer count register output =~ '
CKmO b mp (TCRmp) cc_)ntr_ol =l TOmp Pin
circuit
- 5 -
= Timer data register mp interrupt _ _
20 (TDRmp) CC_’“"Q' = interrupt signal
=8 | circuit | (INTTMmp)
Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).
p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
211/1149 Rev.1.00
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Fig6-61 an example of the basic timing of the operation of the single-trigger pulse output function

/s []

TEmn
TImn I_! ﬂl
| |
master e
control
channel TCRmMn : :
0000H |
:/ | V |
[ | | |
TDRmN I ia I :
| |
| | | |
| | | |
| [ | |
| | | |
TOmnN I I | [
| : | |
| |
\NTTan ! ﬂ l I_I
| | | |
| | | [
| [ | |
| | | |
| | | |
/ TSmp |_| | I I I
I \ i I i
| [ | |
| |
TEmp : I : |
| [ | [
| | |
T |
FFFFH | |
TCRmp | . l I
slave 0000H ! [ ! l
channel : : : }
|
: ) ) |
TDRmp l R ]
i | ! | | |
| | | | [ _
TOmp : ! :
| |
INTTMmp : - T ]
L ek ).
| a+2 " p : a+2 T p
Note: 1.m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4, 6).
p: Slave channel number (m=0Time:n3 p Oi3m=1Time:n3 p 0)7
2. TSmn, TSmp: the bit n, p of the timer channel start register m (TSm).
TEmn, TEmp : The timer channel enable bitn, p of the status register m(TEm).

TIlmn, Timp : Input signals for the TImn pin and TImp pin
TCRmn, TCRmp : Timer count registers mn, mp (TCRmn, TCRmp).
TDRmn, TDRmp : timer data register mn, mp (TDRmn, TDRmp).
TOmn, TOMp : Output signals for TOmn pins and TOmp pins
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6-62 Example of register setting content when the single trigger pulse output function (master channel) is used
(@) Timer mode register mn (TMRmn).

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 |CISmn | Cismno | o | MDmn3 | MDmn2 | MDmn1 | MDMNO
10 0 0 1 0 0 1 110 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

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) The timer output register m (TOm).

bit n
TOm TOmn 0: Outputs "0" by TOmn.
0

(c) The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 0: Stops the TOmn output made by the
0 count run.

(d) The timer output level register m(TOLm).

bit n
TOLmMm | TOLmn 0: Set "0" when TOMmn=0 (master channel
0 output mode).

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

bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0
Remar TMRm2, TMRm4, TMRm6 : MASTERmN=1
TMRmMO, TMRmM5, TMRm7 : Fixed to "0".

Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).

WWW.Mmcu.com.cn 213/1149 Rev.1.00


http://www.mcu.com.cn/

* ®
s Cmsemicon BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

6-63 Example of register settings when the pulse output function is triggered alone (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 | MIS STSmp2 | STSmpl |STSmpO | CISmpl | CISmpO 0 0 MDmp3 | MDmp2 | MDmp1 | 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.

TIimp 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) The timer output register m (TOm).

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

(c) The timer output enable register m (TOEm).

bit p
TOEm | TOEmp 0: Stops the TOmp output made by the
1/0 count run.
1: Enable TOmp output by counting
runs.

(d) The timer output level register m(TOLm).

bit p
TOLm | TOLmp 0: Positive logic output (active high).
1/0 1: Negative logic output (active Iow).

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

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

Remark: TMRmM2, TMRm4, TMRm6: MASTERmp bit
TMRm1, TMRm3: SPLITmp bit

Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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Fig6-64 Operating steps for single trigger pulse output function (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
(PERQ) 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 bit 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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Fig6-65 Operating steps when the pulse output function is triggered single (2/2).

set TOEmp bit (slave) to '1' (only limit to restart operation).
Set TSmn bit)(master control) and TSmp bit(slave) of timer TEmn bit and Temp bit turn into '1' and master channel enter into start
channel start register m(TSm) both to '1". —» |trigger (detect Timn pin input valid edge or set TSmn bit to ')
Because TSmnn bit and TSmp bit are trigger bits, thus detection waiting state.Counter still in stop state.
Start operation |automatically return to '0'.
start master channel counting while detecting master channel |master channel start counting
start trigger.
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.
— 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 woltage level.
Scenarios to maintain TOmp pin output woltage:
set TOmp bit to '0' after set hold value to port register
configuration. maintain TOmp pin output voltage via Port function.
. In case TOmp pin output woltage does not need to be held: no
timer 4 stop ) } .
configuration requried
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: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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6.9.2 Operates as a PWM function
Pairing 2 channels generates pulses of any period and duty cycle. The period and duty cycle of the output

pulse can be calculated using the following calculation equation:

Pulse period = {TDRmn (master control) of the set value + 1} counting time Clock cycle

Duty cycle[%] = {TDRmp (dependent) of the set value}/{ The setting of TDRmn (master) is +1} 100
0% output : TDRmp (dependent) set = 0 000H

100% output : TDRmp (dependent) set value Othe setting value of {TDRmn (master) +1}

Note: When the setpoint of TDRmp (slave) > the setpoint of {TDRmn (master) +1}, the duty cycle exceeds 100%, but it is
100% output.

The master channel is used as an interval timer mode. If the channel start trigger bit (TSmn) of the timer
channel start register m(TSm) is placed "1", just output interrupt (INTTMmn), and then load the setpoint of the timer
data register mn (TDRmn) into the timer count register mn(TCRmn), and the count is decremented by the counting
clock. When the count reaches "0000H", the value of the TDRmn register is loaded into the TCRmn register again
after the intTMmn is output, and the count is decremented. This run is then repeated before the channel stop trigger
bit (TTmn) of the timer channel stop register m(TTm) is set to "1".

When used as a PWM function, the master channel counts down and counts as the PWM output (TOmp) cycle
during the period of counting up to "0000H". The slave channel is used as a single count pattern. Starting with the
INTMmn of the master channel, the value of the TDRmp register is loaded into the TCRmp register and counted
down until "O000H". When "0000H" is counted, INTMmp is output and waits for the next start to trigger (INTMmn of
the master channel).

When used as a PWM function, the slave channel counts down to the duty cycle of the PWM output (TOmp)
during the count until "O000H".

After generating INTMmn from the master channel and passing 1 clock, the PWM output (TOmp) becomes the

effective level, and the value of the TCRmp register in the slave channel is "0000H" becomes invalid.

Remark: To overwrite both the timer data register mn (TDRmn) of the master channel and the TDRmp register of the slave
channel, 2 write accesses are required. Because the values of the TDRmn registers and TDRmp registers are loaded
into the TCRmn registers and TCRmp registers when the master channel generates INTTMmn, Therefore, if you
rewrite it before and after the main control channel generates INTMmn, the TOmp pin cannot output the expected
waveform. Therefore, to rewrite both the master's TDRmn registers and the slave's TDRmp registers, the two

registers must be rewritten immediately after the master channel generates INTMmn.

Note: m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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master control channel
(interval Timer mode)

Figure 6-66

operating as a PWM function

| CKmi 5
operational clock 88 Timer count register
CKmi g mn (TCRmn)
<
gg . q . interrupt
TSmn g% Timer (ig;l;;gl:?ter mn control ke interrupt signal
) circuit (INTTMmn)
slave channel
(single counting mode) -
. CKm1 .5 1
operational clock 83 Timer count register mp sgr:?rlgl o
°g TCR ={Z)" TOmp Pin
CEm 4 (TCRmp) circuit J P
il
- 5 -
= Timer data register mp interrupt
ISE control  f—e ;
22 (TDRmp) S interrupt signal
3 circuit (INTTMmp)
Note: m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4, 6).
p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
218/1149 Rev.1.00
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Figure6-67 an example of the basic timing of the operation of the PWM function

(s ]

TEmMn

TCRmMn

master N \
control / : '/ )
channel TDRMN i N i : 0 i
[ [ : T
[ | | |
[ | | [
TOmn ! I ! :
| | : |
\NTTan gﬁ H H |—|
j | | :
! [ | [
| [ | |
| | | [
| [ | [
/ TSmp | | | |
| | | 1
! | . |
T T |
|
TEmp | | ! |
' I
FFFFH I
TCRmp I
slave [ ! [
0000H | l | !
channel T ! f | : !
|
) ) J L)
| CI | | | Id : |
TDRmp ! ! I I — L
| | | | i | | |
I I I | I | : :
I I I | I |
TOmp
[
| | | |
| I | |
|—‘ [
!

\_ —

Remarks: 1. m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4, 6).
p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
2. TSmn, TSmp: the timer channel starts the bitn, p of the register m (TSm).
TEmn, TEmp: The timer channel enable bitn, p of the 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 signals for TOmn pins and TOmp pins
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Fig6-68 Example of register setting content during 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 | igame |STSmn2[sTSmn1[sTsmno|cismnt [cismno | o | MDmn3 | MDmA2 | 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 INTTMmnr

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) The timer output register m (TOm).
bit n

TOm TOmn 0: Output "0" by TOmn.

0

(c) The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 0: Stops the TOmn output made by the count run.
0

(d) The timer output level register m(TOLm).

bit n
TOLm | TOLmn 0: Set "0" when TOMmn=0 (master channel
0 output mode).

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

bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0

conce TMRm2  : MASTERmN=1

ntrata-

TMRmMO : Fixed to "0".

Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).
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Fig 6-69 Example of register setting content during PWM function (slave channel).

(a) 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 | 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 CKm1 as operational clock of Channel p
0 same as master control channel configuration

(b) The timer output register m (TOm).

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

(c) The timer output enable register m (TOEm).

bit p
TOEm | TOEmp 0: Stops the TOmp output made by the
1/0 count run.
1: Enable TOmp output by counting
runs.

(d) The timer output level register m(TOLm).

bit p
TOLm | TOLmp 0: Positive logic output (active high).
1/0 1: Negative logic output (active low).

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

bit p
TOMm | TOMmp 1: Set the slave channel output mode.
1
Remark: TMRmM2, TMRm4, TMRm6 : MASTERmp bit

TMRm1, TMRm3: SPLITmp bit
Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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Figure 6-70 Operating steps when the PWM function is performed (1/2).

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

(slave channel output mode).

Configure TOLmp hit.

Configure TOmp hit and confirm TOmp otuput initial vltage.
Set TOEmp bit to '1', enable TOmp output.

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

Timer 4 initial  |set TM4mEN hit 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
configure using timer mode register mn,mp (TMRmn,TMRmp) [channel in operation stopped state
of 2 channels (confirm channel operation mode). (providing clock, consume portion of power)
Configure interal(period) value of Timer data register mn
(TDRmn) of master control channel, and configure duty-cycle
of slave channel TDRmp.
Channel Initial |slave channel configuration TOmp pin in Hi-Z output state.
configuration  |set TOMmp bit of timer output mode register m(TOMm) to '1'

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 6-71 Operation steps while the PWM function is performed (2/2).

set TOEmp bit (slave) to '1' (only limit to restart operation).
Set TSmn bit)(master control) and TSmp bit(slave) of timer  [TEmn bit and TEmp bit both turns into 1",
Start operation  |channel start register m(TSm) both to '1". —»|Master channel start counting and generate INTTMmn. Using this
Because TSmnn bit and TSmp bit are trigger bits, thus 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
stop operation automatically return to ‘0", counting. o _
— TOmp output not initialized and remains unchanged.
Z:st't TOEmp hit of slave channel to '0', and configure TOmp TOmp pin output Tomp configured voltage level.
Scenarios to maintain TOmp pin output voltage:
set TOmp bit to ‘0" after set hold value to port register
configuration. —®|maintain TOmp pin output woltage via Port function.
In case TOmp pin output woltage does not need to be held: no
timer 4 stop configuration requried
set TMAmEN bit of peripheral enable register 0 (PERO) to '1' |Timer Unit m input clock is not been provided.Perform initialization to
—pall 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)
Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4, 6).

p: Slave channel number (m=0Time:n3 p OI3m=1Time:n3 p 0)7
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6.9.3 Operation as a multi-PWM output function

This is the function of extending the PWM function and using multiple slave channels for multiple PWM outputs
with different duty cycles.

For example, when 2 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 control) of the set value + 1} counting time Clock cycle
Duty cycle 1[%] = setpoint for {TDRmp (slave 1)}/{TDRmn(master Control) of the set value +1} 100
Duty cycle 2[%] = setpoint for {TDRmq (slave 2)}/{TDRmn (primary Control) of the set value +1} 100

Note: WhenTDRmp(Subordinatel) setpoint >{TDRmnThe setpoint of (master).+1}or{TDRmq(Subordinate2), the setpoint}/1
{TDRmnThe setpoint of (master).+1}when the duty cycle is exceeded100%, but for100%OQOutput.

In interval timer mode, the timer count register mn (TCRmn) of the master channel runs and counts the cycles.
In single-pass count mode, the TCRmp register of slave channel 1 runs and counts the duty cycle and outputs the
PWM waveform from the TOmp pin. Starting with the INTMmn of the master channel, the value of the timer data
register mp (TDRmp) is loaded into the TCRmp register and decremented. If TCRmp becomes "0000H", INTMmp is
output and counts are stopped before the input next starts triggering (INTMmn of the master channel). After
generating INTMmn from the master channel and passing through a count clock, the output level of TOmp becomes
the effective level if TCRmp becomes "0000H" , which becomes invalid.

Like the TCRmp register for slave channel 1, in single count mode, the TCRmq register of slave channel 2 runs
and counts the duty cycle and outputs PWM from the TOmq pin Waveform. Starting with the INTMmn of the master
channel, the value of the TDRmQq register is loaded into the TCRmq register and the count is decremented. If TCRmq
becomes "0000H", INTMmg is output and counts are stopped before the input next starts triggering (INTMmn of the
master channel). After generating INTMmn from the master channel and going through a count clock, the output level
of TOmq becomes effective if TCRmqg becomes "0000H" , which becomes invalid.

When channel 0 is used as the master channel by such operation, up to three PWM signals can be output
simultaneously.

Note: To rewrite both the timer data register mn (TDRmn) of the master channel and the TDRmp register of slave channel
1 at the same time, at least 2 write accesses are required. Because the values of the TDRmn registers and TDRmp
registers are loaded into the TCRmn registers and TCRmp registers when the master channel generates
INTTMmn, Therefore, if the intTMmn is rewritten before and after the main control channel is generated, the TOmp
pin cannot output the expected waveform. Therefore, to rewrite both the master's TDRmn register and the slave's
TDRmp register at the same time, the two registers must be rewritten immediately after the master channel

generates intTMmn (the same applies to the slave channel). 2 TDRmq registers).

Note: m: Unit number (m=0,1)n: Master channel number (n=0, 2, 4).
p: Slave channel number g: Slave channel number
m=0Time:n3 p3 q @ (p qis greater thanninteger)
m=1Time:n3 p3 q &p qis greater thanninteger)
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Figure 6-72 Block diagram of operation as a multi-PWM output function (in the case of outputting two types of

PWM).

master control channel

(interval Timer mode)

CKm1

operational clock

Timer count register
—] mn (TCRmn)

clock
selection

CKmO

Timer data register
mn (TDRmn)

TSmn

trigger
selection

[~ mterrupt
control

circuit

L~ interrupt signal

slave channell

(INTTMmn)

(single counting mode)

CKm1

operational clock

Timer count register
— mp (TCRmp)

clock
selection

CKmQ

output
control

——@© TOmp Pin

circuit

Timer data register
mp (TDRmp)

trigger
selection

Nterrupt
control

— interrupt signal

circuit

slave channel2

(single counting mode)

CKm1

operational clock

Timer count register
—] mq (TCRmQq)

clock
selection

CKmOQ

(INTTMmp)

output
control

—(@ TOmgq Pin

Timer data register
mq (TDRmQ)

trigger
selection

circuit

Interrapt
control

circuit

——interrupt signal

Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4).
p: Slave channel number q: Slave channel number
m=0Time:n3 p3 q @ (p (qis greater thanninteger)
m=1Time:n3 p3 q @(p qis greater thanninteger)

(INTTMmq)
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Figure 6-73 an example of running a basic timing function for multiple PWM output functions (in
the case of outputting two PWMs).

/s [

|
|
TEmn
|
TCRmn | W h\
master 0000H
control :/ | :/ :/
channel TDRmN E a i X : b :
1
: : ! !
| I | |
TOmn ! ! ! {
| | | !
INTTMmn '—| |_| |_| |_|
| : ! :
| | | |
| | | |
| I | |
/ | | | :
TSmp : : ! |
T
: : ! |
reme | | i :
| | | |
FFFFH I
TCRm
slave ’ 0000H | : | R
channel 1 f f T + Y
|/ | | | |/ | | |
|
] [ RV
TDRmp ! c! I ! X pood
| | | | | | | |
| | | | | | | |
| | | | | | : |
om 1 L
: : | : | : | |
|
| | | | | |
INTTMmp | i I
N N S N Ny
| a+l | a+l ¢ b+1 T I
rC | C , d i d
TSmq | | | |
| | : |
| | +
j |
TEmq J ! ! | |
| | |
] ] |
FFFFH
| TCRmq ; |
if?;r?neIZ Q000K ! { ! :
) ) ) )
T | T | | T
oy e
o o o
! | ! | ! L I
TOmq ] |I ! | | |_
: [ | [ ! i : :
INTTMmg ! |_| ! |_| ! |—|: I_L
T | e 1 T [ |
Dy atl mre a+1 T o |
1 1 e H

Note: 1, m: unit number (m=0,1)n: master channel number (n=0, 2, 4).
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p: Slave channel number g: Slave channel number
m=0Time:n3 p3 q @ (p qis greater thanninteger)
m=1Time:n3 p3 q @p qis greater thanninteger)
2, TSmn, TSmp, TSmq: timer channel start register m (TSm) of bitn, p, q
TEmn, TEmp, TEmq: Timer channels enable bitn, p, and bitn of the status register
m(TEm). q
TCRmn, TCRmp, TCRmq: Timer count registers mn, mp, mq (TCRmn, TCRmp, TCRmQ)
TDRmn, TDRmp, TDRmq: Timer data registers mn, mp, mg (TDRmn, TDRmp, TDRmQ)
TOmn, TOmp, TOmq: Output signals from the TOmn, TOmp, TOmq pins
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Fig. 6-74 multi-PWM output function (master channel).

(a) Timer mode register mn (TMRmn).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmni[cksmno| o [ccsmn | rehme [STSmn2|sTSmn1]sTsmno|cismn1 |cismno | o |MDmn3 | MDmn2 | MDmn1 | MDmAO
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) The timer output register m (TOm).

bit n
TOm TOmn 0: Outputs "0" by TOmn.
0

(c) The timer output enable register m (TOEm).

bit n
TOEm | TOEmn 0: Stops the TOmn output made by the
0 count run.

(d) The timer output level register m(TOLm).

bit n
TOLmM | TOLmn 0: Set"0" when TOMmn=0 (master channel
0 output mode).

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

bit n
TOMmM | TOMmn 0: Set the main control channel output mode.
0
conce TMRm2, TMRm4 : MASTERmMN=1
TMRmMO, TMRm5, TMRm7 : Fixed to "0".

Note: m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4).
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Fig. 6-75 multiple PWM output function (slave channel) (in the case of outputting two PWMs).
(a) Timer mode registers mp, mg (TMRmp, TMRmQ).

15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
TMRmp | CKSmMp1|CKSmpO 0 CCSmp | M/S STSmp2 | STSmp1|STSmpO | CISmpl | CISmpO o MDmp3 | MDmp2 | MDmp1 | 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 3 2 1 0
TMRmgq | CKSmg1CKSmq0 CCSmq | M/S STSmQg2 [ STSm1|STSmqO | CISmgl | CISmgO 0 MDmg3 | MDmg2 | MDmgl | MDmq0
1/0 0 0 0 1 0 0 0 0 1 0 0 1

start trigger selection

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

operation mode of Channelp 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

100B: Select master control channel INTTMmn

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

(b) The timer output register m (TOm).

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

(c) The timer output enable register m (TOEm).

bitg bitp
TOEm [TOEmq | TOEmp 0: Stops the TOmp and TOmq outputs performed by
1/0 1/0 the count run.
1: Enable TOmp and TOmgq output by counting runs.

(d) The timer output level register m(TOLm).

bitg bitp
TOLm |TOELq | TOELp 0: Positive logic output (active-high).
1/0 1/0 1: Negative logic output (active low).

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

bitq  bitp
TOMm |TOMLq |[TOMLp 1: Set the slave channel output mode.
1 1

Note: TMRm2, TMRm4
TMRm1, TMRm3: SPLITmp bit, SPLITmq bit

Note:

: MASTERmp bit, MASTERmMq bit

m: Unit number (m=0,1) n: Master channel number (n=0, 2, 4).

p: Slave channel number q: Slave channel number
m=0Time:n3 p3 q @ (p qis greater thanninteger)
m=1Time:n3 p3 q @p qis greater thanninteger)

www.mcu.com.cn

229/1149

Rev.1.00


http://www.mcu.com.cn/

0 Cmsemicon’

BAT32A2x9 user manual | Chapter 6 Universal timer unit Timer4/8

Fig. 6-76 the multiple PWM output function (in the case of outputting 2 PWMs) (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.

Set TOEmp bit and TOEmq 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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Fig. 6-77 multiple PWM output functions (in the case of outputting two kinds of PWM) (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 wltage:
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: Unit number (m=0,1) n: Master channel number (n=0, 2, 4).

p: Slave channel number q: Slave channel number
m=0Time:n3 p3 q @ (p qis greater thanninteger)
m=1Time:n3 p3 q @p qis greater thanninteger)
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6.10 Considerations when using a universal timer unit
6.10.1 Considerations when using timer outputs

Depending on the product, pins assigned the timer output function may also be assigned to the output of other
multiplexing functions. When using the timer output in this case, the output of the other multiplexing function needs
to be set at the initial value.

For details, please refer to "Chapter 2 Pin Functions".
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Chapter 7 Timer A

7.1 Function of timer A

Timer A is a 16-bit timer capable of measuring pulse outputs, pulse widths and cycles of external inputs, and
counting external events.

The 16-bit timer consists of a reload register and a decrement counter, which are assigned to the same
address. If you access the TAO register, you can access the reload registers and counters.

The specifications and block diagrams of Timer A are shown in Table 7-1 and Figure 7-1, respectively.

Table 7-1 Specifications for Timer A

Item content

Timer mode Count the count sources.

The counting source is counted, and a pulse with opposite polarity is output when
the timer underflow occurs.

Count external events.

Pulse output mode

Operating Event counter pattern

mode It can also be operated in deep sleep mode.
Pulse width . .
measurement mode Measures the pulse width of the external input.
Pulse period

Measures the pulse period of the external input.

measurement mode
Counting Source (Running Clock)  |Fcik feik/2, foik/8. i fsyg or EVENTC input events.

AWhen the counter wunderfl ows

A End of effective width measur ement
interrupt measurement mode

A When entering the setting edge of t
measurement mode

A Collaboration with EVENTC: Events ¢
selected as the count source.

Select Features
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7.2 Structure of timer A
The block diagram and pin structure of Timer A are shown in Figure 7-1 and Table 7-2, respectively.

Figure 7-1 Block diagram of Timer A

TCK2~TCKO
=000B

few

=001B
few/§ ——O

few/2 ﬂo

fo 2 =100B

EVENTC inputevent __=1018

fsus LO data bus

TIOGT1l TIOGTO
frequent event counting =00B
Event count during INTP4 assigned —
g 9 =018 16 bit

polarity period. "% ———

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

TMODO
=010B

TMIOD1 ﬂo underflow singal
TMIOCT —— RCCPDELL 16 bit counter
Too2 —=2%8 5 RCCPSELO =010B 1A j >T|MER'A
=B o counter interrupt
TIPF1i TIPFO Toos
=01B

fCLK
=10B .
fewi/8 —OzllB TIPF1i TIPFO TMOD2~TMODO
fax/zz2 ——oO =01B or 10B =011B or 1008

digital Single edge / I\I\ Counter
filter FO double edge olari Control
swtich — P -ly |/ -
o"‘o‘ selection circuit measurement

_ I T completion
=008 TEDGPL TEDGSEL singal

TEDGSEL=1 o—

. O~ Bistable flip-flop |-

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

[
O TAIOO pin [
TMOD2~TMODO0=001B
L@ Q CK
TAOO pin TOENA

Note 1 To select f_ as the counting source, the subsystem clock must be supplied with the mode control register
(OSMC) at WUTMMCKO position "1". However, when f g5 iS selected as the counting source for the real-time
clock or the 15-bit interval timer, f IL cannot be selected as the timer A The count source.

2. RCCPSEL2 bit selectable polarity through the TAISRO register.

Table 7-2 Timer A Pin Structure
Pin name Input/Output function
INTP4 input Event counter mode control for timer A
TAIQ Note Input/Output External event input and pulse output for 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 the PIOR13 bit of the PIOR1 register,
and the PIOR10 can be passed by the PIOR1 register Bits and PIOR11 bits select the configuration of the TAIO pins.
For details, please refer to "Chapter 2 Pin Functions".
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7.3 Controls the registers of timer A

The registers that control timer A are shown in Table 7-3.

Table 7-3 control registers of timer A

Register name symbol
Peripheral I/0 redirect register 1 PIOR1
Peripheral enable register 1 PER1
The subsystem clock provides a mode control register osMC
Timer A counts register 0 note TAO
Timer A controls register 0 TACRO
Timer Al/O controls register 0 TAIOCO
Timer A mode register 0 TAMRO
Timer A event pin selects 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 but is in the
waiting state of CPU processing. Therefore, when this wait occurs, the number of clocks executed by the
instruction increases the number of clocks waited. The number of read and write wait clocks when accessing the

TAO register is 1 clock.
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7.3.1 Peripheral enable register 1 (PERL1).
The PERL1 register is a register that is set to allow or disable clocks to each peripheral hardware. Reduce
power consumption and noise by stopping clocking hardware that is not in use.
To use timer A, bit0 (TMAEN) must be set to "1".
The PER1 register is set via the 8-bit memory operation instruction.
After generating a reset signal, the value of this register changes to "00H".

Figure 7-2 the format of peripheral enable register 1 (PER1)

Address: 4002081AH  after reset: 00HR/W

oo [1] [s] [5]  [{ [ [ [ [

PERL | DACEN | TMBAndN | PGACMPEN | TMMEN | DMAIn |PWMOPEN| TMCEN | TSTONE
TMAEN Provides control of the input clock of timer A
0 Stop providing the input clock.

A Canno R fortimer & S
A TiAviereset.

1 An input clock is provided.
A Can read ®&FRsedbyitrheeA. t he

Note 1 To set timer A, you must first place 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 the initial values (port mode register PM x and port

register Px).
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7.3.2

The subsystem clock provides a mode control register (OSMC).

The operating clock of timer A can be selected by WUTMMCKO bits.

The RTCLPC bit is a bit that reduces power consumption by stopping unwanted clock functions. For the setting
of the RTCLPC bit, refer to "Chapter 4 Clock Generation Circuit".

Set the OSMC registers via the 8-bit memory operation instructions. After generating a reset signal, the value

of this register changes to "O0H".

Figure 7-3 the format of the mode control register (OSMC) provides for the sub-system clock

Address: 40020423H

after reset: OOHR/W

Symbol 7 6 5 4 3 2 1 0
OSMC | RTCLPC 0 0 WUTMMCKO 0 | 0 | 0 0
WUTMMCKO [Choice of real-time clock, 1 5-bit interval timer operating clock (fRTc) and timer A operating clock
Subsystem clock (fsyp)-
0 A The secondary s yisdcweckar h b5hit intergal timer forethe bperating
clock.
A T h espeleddiniernal oscillator cannot be selected as the counting source for timer A.
Low-speed internal oscillator clock (fj ).
A T h espeledinternal oscillator clock is a real-time clock and a 15-bit interval timer for the
1

operating clock.
A L-speed internal oscillator or subsystem clock can be selected as the counting source for

timer A.
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7.3.3 Timer A counts register 0 (TAO).

This is the 16-bit register. If you write this register, you write the data to the reload register. If you read this

register, you read the count value. The state of reloading registers and counters varies depending on the value of
the TSTART bit of the TARRO register. For details, please refer to "Rewriting of Registers and Counters in 7.4.1".

The TAO register is set via the 16-bit memory operation instruction. After generating the reset signal, the value
of the TAO register changes to "FFFFH".

Figure 7-4 Format of timer A count register 0 (TAO).
Address: 40042300H  reset: FFFFHR/W

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

123 N I N D O N

o function Set the scope

bit15/60 16-bit counter Notes 1, 2 0000H~FFFFH

Note 1 If you write "1" to the TSTOP bit of the TARRO register, the count of the 16-bit counter is forcibly stopped and
the count value becomes "FFFFH".

2. If the setting value of the TCK2~TCKO bit of the TAMRO register is not "001B" (f; x/8) and "011B" (f, «/2) and
the value of the TAO register is "0000H", which is only oriented immediately after the start of counting DMA and
EVENTC generate 1 request signal. However, TAO and TAIO perform alternating outputs.

In event counter mode, regardless of the value of the TCK2~TCKO bit, if the value of the TAO register is
"0000H", a 1 is generated to the DMA and EVENTC immediately after the start of counting The signal is
requested, and the TAO outputs alternately even if the specified period is not counted.

If the value of the TAO register is greater than or equal to "0001H", a request signal is generated each time the

TA underflow occurs.

Note that when the TAO register is accessed, the CPU does not enter the processing of the next instruction but is in a
waiting state of CPU processing. Therefore, when this wait occurs, the number of clocks executed by the

instruction increases the number of clocks waited. The number of read and write wait clocks when accessing the

TAO register is 1 clock.
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7.3.4 Timer A controls register 0 (TACRO).
The TACRO register is the register that controls the count and stop of register A and the state of timer A.
Set the TARRO register via the 8-bit memory operation instruction.

After generating a reset signal, the value of the TACRO register changes to "00H".

Figure 7-5 Timer A controls the format of register 0 (TACRO).
Address: 40042240H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TACRO ‘ 0 0 TUNDF TEDGF 0 ‘ TSTOP | TCSTF TSTART
TUNDF Underflow flag for timer A
0 No underflow occurred.
1 Underflow occurs.

[condition for "0"].

A When t hi s "Obtirdughithe pregraint t e n
[condition for "1"].

AWhen the counter underfl ows

TEDGF Detection flag for a valid edge
0 There are no valid edges.
1 There are valid edges.

[condition for "0"].

A Whtldsrbit is written "0" through the program

[condition for "1"].

A End of effective width measurement with exter
A When entering the setting edge of the external

TSTOP The count of timer A forces the stop note 1

If you write "1" to this bit, you force the count to stop. The read value is "0".

TCSTF The count status flag for timer A is noted 2
0 Stop count.
1 Counting.

[condition for "0"].

A When wroithe TSTART biD(which becomes "0" synchronously with the count source).
A When writing "1" to the TSTOP bit

[condition for "1"].

A Wh e ITSTARTebit is written "1" (which becomes "1" synchronously with the count source).

TSTART The count of timer A starts with Note 2
0 Stop count.
1 Start counting.

Start counting by writing "1" to the TSTART bit; Stop counting by writing "0" to the TSTART bit. If you place
the TSTART position "1" (start counting), the TCSTF bit changes to "1" (counting) synchronously with the
counting source. Also, after writing "0" to the TSTART bit, the TCSTF bit changes to "0" (stop counting)
synchronously with the counting source. For details, please refer to "Start and Stop Control of 7.5.1 Count".

Note: 1 If you write "1" (force stop count) to the TSTOP bit, both the TSTART bit and the TSTF bit are initialized at the same time,
and the pulse output level is initialized.

2. For precautions when using TSTART bits and TCSTF bits, please refer to "Start and Stop Control of 7.5.1 Count".
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7.3.5 Timer Al/O control register 0 (TAIOCO).
The TAIOCO register is the register that sets the input/output of timer A. The TAIOCO register is set via the 8-bit
memory operation instruction.

After generating a reset signal, the value of the TAIOCO register changes to "00H".

Figure 7-6 Format of timer Al/O control register 0 (TAIOCO).

Address: 40042After 241H reset: 0OHR/W
Symbol 76543210
TAIOCO TIOGT1 TIOGTO TIPF1 TIPFO 0 | TOENA | 0 TEDGSEL
TIOGT1 TIOGTO Taio's count contro| notes 1 and 2
0 0 Events are always counted.
0 1 Events are counted during the polarity specified by INTP4.
1 0 Events are counted during the specified polarity of the timer output signal.
Other than the above Prohibit settings.
TIPF1 TIPFO Selection of TAIO input filters
0 0 There is no filter.
0 1 There is a filter that samples via the fc .
1 0 There is a filter that samples via fc| /8.
1 1 There is a filter that samples via fc «/32.
These bits specify the sampling frequency of the TAIO input filter. The input to the TAIO pin is sampled and if
the sampled value is the same 3 times in a row, this value is determined to be the input value.
TOENA ALLOW FOR TAO output
0 Disable TAO output (port).
1 Allow TAO output.
TEDGSEL Polarity switching of input/output

Functions vary depending on the mode of operation (see Tables 7-4 and 7-5).

Note 1 When using INTP4 or a timer output signal, the count polarity of the event can be selected by the
RCCPSEL2 bit of the TAISRO register.

2. TiogTO bits and TIOGT1 bits are only valid in event counter mode.
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Table 7-4 Edge and polarity switching of TAIO input/output

Operating mode function

Timer mode Not used (input/output ports).

0: Output from the "H" level (initial level: "H").
1: Output from the "L" level (initial level: "L").
0: Count on the rising edge

1: Count on the falling edge
0
1
0

Pulse output mode

Event counter pattern

: Measure the "L" level width

: Measure the "H" level width

: Measure between the rising edge of the measurement pulse and the next rising
edge
1: Measure between the falling edge of the measurement pulse and the next
falling edge

Pulse width measurement mode

Pulse period measurement mode

Table 7-5 Polarity switching of TAO output

Operating mode function

0: Output from the "L" level (initial level: "L").

All mode 1: Output from the "H" level (initial level: "H").
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7.3.6 Timer A controls register 0 (TAMRO).
The TAMRO register is the register that sets the operating mode of register A. The TAMRO register is
set via the 8-bit memory operation instruction.

After generating the reset signal, the value of the TAMRO register changes to "00H".

Figure 7-7 Timer A controls the format of register 0 (TAMRO).

Address: 40042After 242H reset: 0OH R/W
Symbol 76543210
TAMRO 0 TCK2 TCK1 TCKO TEDGPL | TMOD2 | TMOD1 TMODO
TCK2 TCK1 TCKO  [The counting source for timer A is selected note 1 and 2
0 0 0 foLk
0 0 1 foLk/8
0 1 1 fok/2
1 0 0 fi
1 0 1 EventC input event
1 1 0 fsus
Other than the above Prohibit settings.
TEDGPL TAIO edge polarity selection note 5
0 One edge
1 Bilateral along
TMOD2 TMOD1 TMODO Timer Aoperating mode select Note 3
0 0 0 Timer mode
0 0 1 Pulse output mode
0 1 0 Event counter pattern
0 1 1 Pulse width measurement mode
1 0 0 Pulse period measurement mode
Other than the above Prohibit settings.

Note 1 If you select the event counter mode, the external input (TAIO) is selected as the counting source, regardless of
the setting of TCKO~TCK2 bits.

2. You cannot switch the counting source during the counting process. If you want to switch the count source, you
must have "0" in both the TSTART bit and the TSTF bit in the TACRO register

(Stop Counting) when toggling.

3. The operating mode can only be changed when the stop count (both the TSTART bit and the TSTF bit of the
TACRO register are "0" (stop count)), and cannot be changed during the counting process.

4. To select ), as the counting source, the subsystem clock must be supplied with the mode control register (OSMC)
of the WUTMMCKO position "1". However, when f g5 iS selected as the counting source for the real-time clock
or the 12-bit interval timer, f IL cannot be selected as the counting source for timer A

5. The TEDGPL bit is only valid in event counter mode.

6. Initialize the output of the TAO pin and the TAIO pin of timer Aby writing the TAMRO register. For output levels
at initialization, refer to the format of figure 7-6 timer Al/O control register 0 (TAIOCO). " description.
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7.3.7 Timer A event pin select register 0 (TAISRO).

The TAISRO register is a register that selects the timer that controls the event count in event counter mode and
sets the polarity. The TAISRO register is set via the 8-bit memory operation instruction.

After generating a reset signal, the value of the TAISRO register changes to "00H".

Figure 7-8 Timer A event pin selects the format of register 0 (TAISRO).

Address: 40042After 243H reset: 0OHR/W
Symbol 76543210
TAISRO 0 | 0 | 0 | 0 | 0 |RCCPSEL2N°te |RCCPSEL1Note |RCCPSELONOte

RCCPSEL2 Note Timing output signal and selection of INTP4 polarity
0 Events are counted during the "L" level.
1 Events are counted during the "H" level.

RCCPSEL1 Note | RCCPSELQ Note Selection of timer output signals
0 0 TMIOD1
0 1 TMIOC1
1 0 TOO02
1 1 TOO03

Note: The RCCPSELO~RCCPSEL?2 bits are only valid in event counter mode.
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7.3.8 Port mode register x (PMXx).

This is the register that sets the port input/output.

To use the multiplex port of the timer output pin (TAIO, TAO, etc.) as the output of the timer, the bit of the port
mode register (PMxx) corresponding to each port and the position of the port register (Pxx) must be "0".

(Example) The case where P01 is used as a timer output TAIO, the PMO1 position of the port mode register 0
is "0". Place the P01 position of port register 0 at "0".

To use the multiplexing port (PO1/TAIO, etc.) of the timer input pin as the input to the timer, the position of the
port mode register (PMxx) corresponding to each port must be "1". At this point, the bit of the port register (Pxx) can
be "0" or "1".

(Example) The case where P01 is used as a timer input TAIO will place the PMO1 position "1" of port mode
register 0. Place the P01 position of port register 0 at "0" or "1".

Set the PMxx register via the 8-bit memory operation instruction. After generating a reset signal, the values of
these registers become "FFH".

For the format of the port mode registers, refer to "PMxx, Pxx, Puxx, PIMxx, POMxx, PMxx, PMxx, PPMxX,
PPMxx, PXX, PMCxx registers and their bits".
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7.4 Operation of timer A

7.4.1 Overrides to reload registers and counters
Independent of the operating mode, the rewriting timing of reload registers and counters varies depending on the
value of the TSTART bit of the TARRO register. When the TSTART bit is "0" (stop count), the registers and counters
are reloaded directly; When the TSTART bit is "1" (start counting), after the registers are reloaded synchronously
with the count source, the counter is written synchronously with the next count source.
The rewrite timing diagram, determined by the value of the TSTART bit, is shown in Figure 7-9.

Figure 7-9 Rewritten timing diagram 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 |'| |'|
register

conngsouree [ | [T [T HU U U UUUUU UG UU U TUL

TSTART bit of
TACRO register |

TAO register FFFFH ‘ 5678H | 1234H

load signal of reload H
register

VU UYL

load clock of reload
register

counter

load clock of
counter

|
load signal of H
1 L

reload register FFFFH ‘ 5678H 1234H

S0 H| St 1%‘1334‘123’2}-{1&1H

Counter of TIMER A FFFFH ‘ 5678H wm‘s&m{s&m{wﬂwsr{ﬁm—{wm mm|
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7.4.2 Timer mode

This is the mode of counting down by selecting a count source from TCKO to TCK2 bits of the TAMRO register.
In timer mode, the count value is decremented by 1 whenever a count source is entered, and if the count value
becomes "0000H" and the next count source is entered, an underflow occurs, and an interrupt request is generated.
An example of the timer mode is shown in Figure 7-10.

Figure 7-10 An example of a timer mode

UL

counting source

vunss

L]

pmamnmet
1
1

hsssssy

H

[

P

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

1
1
[}
reload counter :

Counter of TIMER A P2FAH02FSH02FBHNZF7H1010HH00FH{IO0EH sesss } +ses [0000H{1010H{100FH100EH100DH100CH1008H

TUNDF bit of
TACRO register

'

underflow U
set "0" via program

occurs

INTTMA interrupt
flag bit

~bzzc-e--zgioccman—-

A

accept interrupt
request
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7.4.3 Pulse output mode

In this mode, the count is decremented through the TCKO~TCK2 bit selected count source of the TAMRO
register, and whenever an underflow occurs, the output level of the TAIO pin and the TAO pin is inverted.

In pulse output mode, the count value is decremented by 1 whenever the count source is entered, and if
the count value becomes "0000H" and the next count source is entered, an underflow occurs, and an
interrupt request is generated.

Pulses can be output from the TAIO pin and TAO pin, and the output level is inverted whenever
underflow occurs. The pulse output of the TAO pin can be stopped through the TOENA bit of the TAIOCO
register.

In addition, the output level can be selected by the TEDGSEL bit of the TAIOCO register. An example of the
pulse output mode is shown in Figure 7-1.

Fig. 7-11 Example of operation 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 |l]m1>1mﬁm-{mun—f]mﬁ >1um1>-+mu m»-*mﬂ-*]m»-{]]m-*]mz»-*mﬂ-fnm—mr-*]mH

TEDGSEL bit of TAIOCO
register
corresponding bit of port mode |

=

register (PMxx) used for TAIO
functional multiplexing.

TAO pin output

high impedance state "°TEY

TAIO pin output (

TUNDF bit of TACRO register k l_‘ ’
'

set "0" via program

1] L]
[ L H
INTTMA interrupt flag bit |
% * f 3 }

accept interrupt request

NOTE 1: configure to high impedance state via port output enable control of the selected TAIO function.
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7.4.4 Event counter pattern
This is a mode of decrementing counting via an external event signal (count source) input by the TAIO pin.

| can pass tiPFO of the TAIOCO register through the TIOGTO to TIOGTL1 bit and TAISRO registers for various
settings during event counting and can pass the TIPFO of the TAIOCO register The ~TIPF1 bit specifies the filter
function of the TAIO input.

Alternating outputs can be performed even in the TAO pin in event counter mode. To use the event counter
mode, refer to the "Setup Steps for 7.5.5 TAO Pins and TAIO Pins". Example 1 of the operation of the event counter

pattern is shown in Figure 7-12.
Figure 7-12 Example of running the event counter pattern 1

enter into event counter mode

Y
TMOD2~TMODO bit
of TAMRO register 0108

counting Events at rising edge
control bit of
| 00H

TAIOCO register
start event input ﬁ event input ends

TAIO pin event
input

TSTART bit of
TACRO register |

[ o000 | FFFFH] FFFEH

| L

A

Counter of TIMER A FFFFH | FFFEH |FFFDH |

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 a specified time count in event counter mode (TIOGT1 bits for the TAIOCO register and
"01B" or "10B" for TIOGTO bits for the TAIOCO registers) is shown in the figure 7-13.
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Figure 7-13 Example of operation of the event counter pattern 2

R example of timing sequence to configure operational mode to following scenario.
TAMRO register: TMOD2, 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 event it O e A )

Notel

INTP4 or Timer
output Singal. NOTE3,

Counter of TIMER A FFFFH | Frren [ FrFDH | FFFCH |Frran |Frran | Frron [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.

WWW.Mmcu.com.cn 249 /1149 Rev.1.00


http://www.mcu.com.cn/

0 Cmsemicon’

BAT32A2x9 user manual | Chapter 7 Timer A

7.4.5

Pulse width measurement mode

This is the mode for measuring the width of the external signal pulse at the input of the TAIO pin.

In pulse width measurement mode, if the level specified by the TEDGSEL bit of the TAIOCO register is input to

the TAIO pin, the count is decremented by the selected counting 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 an

interrupt request is generated. Pulse width data is measured by reading the count value when the counter stops

counting. If the counter underflows during the measurement, the TUNDF bit of the TACRO register becomes "1"

(underflow occurs) and an interrupt request is generated.

An example of the pulse width measurement mode in operation is shown in Figure 7-14.
To access the TEDGF bits and TUNDF bits of the TARCRO register, refer to the "7.5.2 Flag Access" (TEDGF of
the TACRO register bits and TUNDF bits)".

FFFFH

content of the counter
(16 bits)

0000H

TSTART bit of

Fig. 7-14 Example of operation 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

 ——— .
| start measunnlg

underflow occurs

—_— .
start measuri
: ._9 Time

TACRO register } H
[}
]
]

measure pulse
TAIO pin input

INTTMA interrupt
flag bit

TEDGF bit of
TACRO register

TUNDF bit of
TACRO register

set "1" via program
1]

1
1
i
accept interrupt request |

A

set"0" via program

A

set "0" via program

A

set "0" via program
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7.4.6 Pulse period measurement mode

This is the mode for measuring the pulse period of the external signal at the input of the TAIO pin.

The counter counts down by selecting the count source from TCKO to TCK2 bits of the TAMRO register. If the
TAIO pin is given a pulse for the specified period of the TEDGSEL bit of the TAIOCO register, the count value is
transmitted to the read buffer on the rising edge of the counting source, and the value of the reload register is loaded
to the counter on the next rising edge, while TACRO The TEDGF bit of the register becomes "1" (with a valid edge)
and the interrupt request is generated. At this point, the TAO register (read buffer) is read, and the difference between
the read value and the reload value is the periodic data of the input pulse. The period data is held until the buffer is
read. If the counter underflows, the TUNDF bit of the TACRO register becomes "1" (underflow occurs) and an interrupt
request is generated. An example of the operation of the pulse-period measurement mode is shown in Fig. 7-15.

A pulse must be input that is 2 times the period of the counting source, and both the input "L" level and the width
of the "H" level must be greater than the pulse of the counting source period. If the input pulse period and width do
not meet these conditions, the input pulse may be overlooked.

Fig. 7-15 An example of the operation of the pulse period measurement mode

countmgsource||||||||||||||||||||||||||||||||||||||||||||||||||

TSTART bit of
TACRO register

measure pulse input | | I
—— reload counter
Y
Counter of TIMER A 0300H l‘.]ZFFI-I]ZFEI— DBOO}-*]ZFFI—{[]ZFEI-IDZFDH|DZFGHF2FBI-']2FA+2F§+2FEI—+]2W DSOOHl[]ZFFI-E seee B sses })OGII-{DOOOI-{BDOH 32FF+2FEH
1 I

read content of buffer 0300H IZIZFF 02FEH 32FB+2FN+]2F9I+]2F8 02F7TH e i e |0001I-{fDOOH 0300+2FFH
3

e (NOTED)

]

y T
— read counter valu

read signal of the

|

et e, ————

|
1
]
| 1
| 1
I 1
| 1
I 1
counter : :
I ]
(Note2)  02FEH ! (Note2) ,02F7H ;
read data ! X )
U U ;
I 1
) (Note3) (Note3) ! !
TEDGF bit of TACRO :
register i
A 1 A 1
“———  set"0"via program _ ]
TUNDF bit of TACRO (Note4)

register

set"0" via program

(Note5)
INTTMA interrupt flag bit .
t 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.

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 me asurement 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 bit 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.
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7.4.7 Collaboration with EVENTC
By working with EVENTC, events entered by EVENTC can be set as the count source.
Through the TCKO~TCK?2 bits of the TAMRO register, the count is made on the rising edge of the event at the

ELC input. However, the EVENTC input does not work in event counter mode.
The EVENTC setup steps are as follows.
A Steps to get started
(1) Sets event output destination selection registers (ELSELRn) for EVENTC.
(2) Sets the operating mode of the source where the event occurred.
(3) Sets the mode of timer A.
(4) Start counting of timer A.
(5) Start the run of the event occurrence source.
A Stop the running step
(1) Stops the running of the event occurrence source.
(2) Stop the count of timer A.
(3) Set the EVENTC's Event Output Destination Selection Register (ELSELRn) to "0".

7.4.8 Output settings for each mode

The status of the TAO pins and TAIO pins in each mode is shown in Table 7-6 and Table 7-7.
Table 7-6 TAO pin settings

TAIOCO register
Operating mode TOENA bit TEDGSEL bit The output of the TAO pin
1 Inverting output
All mode ! 0 Normal phase output
0 Oor1l Disable output

Table 7-7 TAIO pin settings

TAIOCO register

Operating mode PMXX bit note TEDGSEL bit Input/output of the TAIO pin
Timer mode Oor1 Oor1l Input (not used)
1 Oor 1 Disable output (Hi-Z
output).
Pulse output mode o 1 Normal phase output
Inverting output
Event counter pattern
Pulse width measurement mode 1 Oor1l input

Pulse period measurement mode

Note: This is the bit of the port mode register (PMxx) corresponding to the TAIO function multiplexing port.

WWW.Mmcu.com.cn 252 /1149 Rev.1.00


http://www.mcu.com.cn/

* ®
ss Cmsemicon BAT32A2x9 user manual | Chapter 7 Timer A

7.5 Considerations when using Timer A
7.5.1 Start and stop control of counting

1 Event counting mode or when the counting source is set to a non-EVENTC
If you write "1" (start counting) to the TSTART bit of the TACRO register during the counting stop, the
TCSTF of the TARCRO register is counted within 3 source cycles The bit is "0" (stop count). With the
exception of the TCSTF bit, the associated register N0t for timer A cannot be accessed before the TCSTF
bit becomes "1" (counting).
If you write "0" (stop counting) to the TSTART bit during the counting process, the TSTF bit is "1" for 3
counting source cycles. Stop counting when the TCSTF bit changes to "0". With the exception of the
TCSTF bit, the associated register Note for timer A cannot be accessed before the TCSTF bit becomes "0".
The interrupt register must be cleared before changing the TSTART bit from "0" to "1". For details, please
refer to "Chapter 25 Interrupt Functions".

Note: Timer A's relevant registers: TAO, TACRO, TAIOCO, TAMRO, TAISRO

1 Event counting mode or when the counting source is setto EVENTC
If you write "1" (start counting) to the TSTART bit of the TARRO register during the counting stop, there are
2 CPU clock cycles for the TARRO register The TCSTF bit is "0" (stop count). With the exception of the
TCSTF bit, the associated register note for timer A cannot be accessed before the TCSTF bit becomes
"1" (counting).
If you write "0" (stop counting) to the TSTART bit during the counting process, the TCSTF bit is "1" for 2
CPU clock cycles. Stop counting when the TCSTF bit changes to "0". With the exception of the TCSTF bit,
the associated register Note for timer A cannot be accessed before the TCSTF bit becomes "0".
The interrupt register must be cleared before changing the TSTART bit from "0" to "1". For detalils,

please refer to "Chapter 25 Interrupt Function”.

Note: Timer A's relevant registers: TAO, TACRO, TAIOCO, TAMRO, TAISRO

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

If you programmatically write "0" to the TEDGF bits and TUNDF bits of the TARRO register, these bits become
"0". However, even if you write the "1" value, it does not change. If you use a read-modify-write instruction on the
TARRO register, even if the TEDGF bit becomes "1" (with a valid edge) and during instruction execution The
TUNDF bit becomes "1" (underflow occurs) or the TEDGF bit and TUNDF position "0" may be mistaken for timing.

The TACRO register must be accessed via the 8-bit memory manipulation instruction.

7.5.3 Access to the Counting register
When writing THE TAO registers continuously with both the TSTART bit and the TSTF bit of the TACO register

being "1" (counting), there must be at least 3 intervals between the respective write operations counts the source

clock cycles.
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75.4 Change in Operational mode

The operating mode correlation register (TAIOCO) of timer A can only be changed if the stop count (both the
TSTART bit and the TSTF bit of the TACRO register are "0" (stop count)). , TAMRO, TAISRO0), cannot be changed
during the counting process.

When changing the operating mode correlation registers of timer A, the values of the TEDGF and TUNDF bits
are indefinite. The count must begin after writing "0" to the TEDGF bit (no valid edge) and "0" to the TUNDF bit (no
underflow occurred).
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7.5.5 Setup steps for TAO pins and TAIO pins

After reset, the multiplexed 1/0O ports of the TAO pin and the TAIO pin are input ports. When you want to output
from the TAO pin and the TAIO pin, you must follow the steps below to set it.

Change the step

(1) Set the mode.

(2) Sets the initial value to allow output.

(3) Place the TAO pin and the TAIO pin at the position "0" of the port register.

(4) Set the bit of the port mode register corresponding to the TAO pin and the TAIO pin to output mode.

(Starting with the TAO pin and taio pin) output

(5) Start counting (TSTART=1 for TACRO registers).

When entering from the TAIO pin, you must follow the steps below to set it up.

(1) Set the mode.

(2) Set the initial value and select Edge.

(3) Set the bit of the port mode register corresponding to the TAIO pin to input mode.

(input starting from the TAIO pin).

(4) Start counting (TSTART=1 for TAMRO registers).

(5) Wait until the TCSTF bit of the TACRO register becomes "1" (counting).

(Event counter mode only)

(6) Input external events from the TAIO pin.

(7) 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 is not used

When timer Ais not used, the TAMRO register must be placed at the TMOD2~TMODO position "000B" (timer
mode) and will

TOENA position "0" of the TAIOCO register (TAO output is disabled).

7.5.7 Timer A runs the stop of the clock

The provision or stop of the timer Aclock can be controlled via the TMAEN bit of the PER1 register. However,
the following SFR cannot be accessed when timer A's clock stops, but must be accessed in the state that provides
timer A clock.

TAO registers, TACRO registers, TAMRO registers, TAIOCO registers, and TAISRO registers
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7.5.8 Setup steps for deep sleep mode (event counter mode).

To make event counter mode run in deep sleep mode, you must follow the steps below to move to deep sleep
mode after providing the clock for Timer A

Setup steps

(1) Set the operating mode.

(2) Start count (TSTART=1, TCSTF=1). (3) Stop providing the clock for timer A.

To stop event counter mode in deep sleep mode, you must follow these steps to run stop processing.
(1) Provides a clock for timer A.
(2) Stop count (TSTART=0, TCSTF=0).

7.5.9 Functional limitations in deep sleep mode (event counter mode only).
To make event counter mode run in deep sleep mode, you cannot use the digital filter function.

7.5.10 Forced count stop via the TSTOP bit
The following SFR cannot be taken in memory after 1 count cycle of the counter's count after the TSTOP bit of
the TSTOP bit of the TACO register is forced to be stopped. TAO registers, TACRO registers, and TAMRO registers

7.5.11 Digital filters

When using a digital filter, the timer operation cannot be started within 5 digital filter clock cycles after the
TIPF1 bit and the TIPPO bit of the TAIOC register are set.

In addition, even if the TEDGSEL bit of the TAIOC register is changed in the state of using a digital filter, the
timer operation cannot be started within five digital filter clock cycles.

7.5.12 The case where fIL is selected as the count source
To select fj;_as the counting source, the subsystem clock must be supplied with the mode control register
(OSMC) at WUTMMCKO position "1". However, when selecting fg g as the real-time clock or the counting source for

the 15-bit interval timer, f IL cannot be selected as the timer A The count source.
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Chapter 8 Timer B

8.1 Function of timer B
Timer B has the following 3 modes:
1  Timer Mode:
- The input capturing function counts on the bilateral edges of the rising, falling, or rising/falling edges.
- Output comparison function "L" level output, "H" level output or alternating output
1 PWM mode: PWM output with arbitrary duty cycle.

1  Phase count mode: Automatically measures the count value of a 2-phase encoder.
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8.2 Structure of timer B

The block diagram and pin structure of 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
{_\ﬁ_r'
— TB register |
(ﬁj TBGRA register |—- comparator
1 CUUITET
=) TBGRBregister | — = source  |@——— ) TBCLKO
- selection
[ TBGRC register |—» crouit | TBCLK1
(m=)[ TBGRD register | —» ~—»{) TBIOO
(]
= . B
; = TBMR register |——» TIMER B control circuit -4 > TBIOL
©
O ) TBCNTC register |——»
(=D[ _TBCRregister |——»
= TBIERregister |—=
(:j TBSR register I—b-
g Timer B
TBIOR regist > interrupt singal
WCZ"H register ——= (INTTMB)
Table 8-1: Timer B Pin Structure
Pin name The port name of Input/Output function
the multiplex
A Phase count mode
A phase input
TBCLKO POO input A Input of external
clock 0 in non-
phase counting
mode
A Phase count mode
B-phase input
TBCLK1 P01 input A lnput of external
clock 1 in non-
phase counting
mode
A Timer mode (output coli
The output of the TBGRA output comparison
| 0 Ti mer mode (input capt
TBIOO P50 nputOutpUt TBGRA input captures the input
A PWM mode
PWM output
A Timer mode (output comparison function).
TBIOL P51 Input/Output A The output of.the TBGRB output' comparison
A Timer mode (input capture function).
A TBGRB input captures the input
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8.3 Control registers of timer B
The registers that control timer B are shown in Table 8-2.
Table 8-2 control registers of timer B

Register name symbol
Peripheral enable register 1 PER1
Timer B mode register TBMR
Timer B counts control registers TBCNTC
Timer B controls the register TBCR
Timer B interrupt enables registers TBIER
Timer B status register TBSR
Timer BI/O control registers TBIOR
Timer B counter B
Timer B universal register A TBGRA
Timer B universal register B TBGRB
Timer B universal register C TBGRC
Timer B universal register D TBGRD
Port registers Pxx
Port mode registers PMxx
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8.3.1 Peripheral enables register 1 (PER1).
The PER1 register is a register that is set to enable or disable clocks to each peripheral hardware. Reduce power

consumption and noise by stopping clocking hardware that is not in use.
To use timer B, bit6 (TMBEN) must be set to "1".
The PER1 register is set via the 8-bit memory operation instruction.
After generating a reset signal, the value of this register changes to "00H".

Figure 8-2 format of Peripheral enable register 1 (PER1)

Address: 0x4002081A after reset; 00H

symbol m @

PER1 | DACEN | TMBAndN | PGACMPEN | TMMEN | DMAIn |PWMOPEN TMCEN note 2 [ TSTONE |
TMBEN Provides control of the input clock of timer B
0 Stop providing the input clock.

ACannot write SFR for timer B.

ATimer B is in reset state.

1 An input clock is provided.

ASFR can be read and written to timer B.

Note: To set timer B, you must first place the TMBEN position "1". When the TMBEN bit is "0", the write operation of the
control register of timer B is ignored, and the read values are both the initial values (port mode register (PMxx) and port register

(P xx) except).
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8.3.2 Timer B mode register (TBMR).

Figure 8-3 Format of the timer B mode register (TBMR).
Address: 40042650H  After reset: 00H R/W

symbol (6] o]

TBMR |TBSTART |TBELCICE |TBDFCK1 |TBDFCKO |TBDFB |TBDFA |TBMDF |TBPINM |

TBSTART The beginning of the TB count
0 Stop counting, and initialize the PWM output signal (TBIOO pin) (PWM mode).
1 Start counting.

TBELCICE EVENTC enters the selection notes 1 and 2 for the capture request
0 Select an external input signal 1/digital filter through signal 1.
1 Select event for EVENTC input (Input Capture).

TBDFCK1 | TBDFCKO Select note 1 for the clock used in the digital filter function
0 0 foLk/32
0 1 fo /8
1 0 fok
1 1 TBCR register of TBTCKO~TBTCK2 bit select clock

TBDFB TBIO1 pin digital filter function selection

0 There is no digital filter function.
1 There is a digital filter function.

When the digital filter function is available, up to 5 sampling clock cycles of the digital filter are required for

TBDFA TBIOO pin digital filter function selection
0 There is no digital filter function.
1 There is a digital filter function.

When the digital filter function is available, up to 5 sampling clock cycles of the digital filter are required for

TBMDF Selection of phase count mode
0 Increment the count
1 Phase count 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 pair is shown in "Table 8-15TB Registers Plus and

TBPWM Choice of PWM mode
0 Timer mode
1 PWM mode

Note 1 This bit cannot be set when the TBSTART bit is "0" (stop count).

2. For event (input capture) of the EVENTC input to be valid, the TBIO12 position of the TBIOR register must be
"1", and the TBIO11 bit must be combined TBIO10 position "00B" (rising edge).
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8.3.3 Timer B counts the control register (TBCNTC).

Use the TBCNTC register in phase count mode to set the counting conditions for phase count mode.

Address: 40042651H

5] o]

symbol

Figure 8-4 Format of timer B count control register (TBCNTC).

after reset: 0OH R/W

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

CNTEN7 Enable for the count 7
0 void
1 Increment the count )
When the TBCLKO input is the "L" level and the rising edge of the TBCLK1 Input
CNTENG Enable for the count 6
0 void
1 Increment the count
When the TBCLK1 input is the "H" level and the rising edge of the TBCLKO input
CNTENS Enable for the count 5
0 void
1 Increment the count
When the TBCLKO input is at the "H" level and the falling edge of the TBCLK1 input
CNTEN4 Enable for the count 4
0 void
1 Increment the count
When the TBCLK1 input is the "L" level and the falling edge of the TBCLKO input
CNTENS3 Enable for the count 3
0 void
1 Decrement the count
When the TBCLK1 input is at the "H" level and the falling edge of the TBCLKO input
CNTEN2 Enable for the count 2
0 void
1 Decrement the count
When the TBCLKO input is the "L" level and the falling edge of the TBCLK1 input
CNTEN1 Enable for the count 1
0 void
1 Decrement the count
When the TBCLK1 input is at the "L" level and the rising edge of the TBCLKO input
CNTENO Enable for the count 0
0 void
1 Decrement the count

When the TBCLKO input is at the "H" level and the rising edge of the TBCLK1 input
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8.3.4 Timer B Control Register (TBCR).
The TBCR register must be written in a state where the TBSTART bit of the TBMR register is "0" (stop

count).

Address: 40042652H

symbol
TBCR

Figure 8-5

Format of timer B control register (TBCR).

after reset: 00H R/W

o] 0]
0 | TBCCLR1 [TBCCLRO |TBCKEG1 |TBCKEGO | TBTCK2 | TBTCKL | TBTCKO |
TBCCLR1 |TBCCLRO Clear source selection for TB registers
0 0 Not allowed to clear.
0 1 Clears when TBGRA's input captures or compares matches.
1 0 Clears when the input of the TBGRB is captured or compared to match.
Other than the above Prohibit settings.
TBCKEG1 | TBCKEGO Select for the valid edges of the external clock notes 1 and 2
0 0 Count on the rising edge.
0 1 Count on the falling edge.
1 0 Count on the bilateral edges of the rising/falling edges.
Other than the above Prohibit settings.
TBTCK2 | TBTCK1 | TBTCKO Select for the count source Note 1
0 0 0 foLk
0 0 1 feLi/2
0 1 0 foLk/4
0 1 1 foLk/8
1 0 0 foL/32
1 0 1 Input to TBCLKO
1 1 1 Input to TBCLK1
Other than the above Prohibit settings.

Note 1 In the phase count mode, the settings of TBTCKO~TBTCK2 bit, TBCKEGO bit and TBCKEG 1 bit are invalid, and

the phase count mode is preferred.

2. When TBCKEGO bits and TBCKEGL1 bits are set to an external clock (TBCLKO, TBCLK1) in TBTCKO~TBTCK2

bits valid, otherwise it is not valid.
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8.3.5 Timer B interrupt enable register (TBIER).

Figure 8-6 Timer B interrupt enable the format of the register (TBIER).

Address: 40042653H  after reset: 00H RW
symbol 7 6 5 4 IE’
TBIER 0 0 0 0 |TBOVIE | TBUDIE | TBIMIEB | TBIMIEA |
TBOVIE Overflow interrupt Enable
0 Interrupts due to TBOVF bits are prohibited.
1 Interrupts due to TBOVF bits are valid.
TBUDIE Underflow interrupts are Enable
0 Interrupts due to TBUDF bits are prohibited.
1 Interrupts due to TBUDF bits are valid.
TBIMIEB Input capture/compare matching interrupts allow B
0 Interrupts due to TBIMFB bits are prohibited.
1 Interrupts due to TBIMFB bits are valid.
TBIMIEA Input capture/compare matching interrupts enable A
0 Interrupts due to TBIMFA bits are prohibited.
1 Interrupts due to TBIMFA bits are valid.

Note TBIMFA, TBIMFB, TBUDF, TBOVF: Bits of TBSR registers
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8.3.6 Timer B status register (TBSR).

Figure 8-7 Format of the timer B status register (TBSR).
Address: 40042654H  after reset; 00H R/W
smo 75 s o]
TBSR 0 0 0 | TBDIRF | TBOVF | TBUDF | TBIMFB | TBIMFA |
TBDIRF Count direction flags
0 The TB register counts down.
1 The TB registers increment the count.
TBOVF | Overflow flag note 1

[condition for "0"]. After reading write "0" Note 2 [condition for "1"].
Refer to "Conditions for each flag of Table 8-3 as "1™

TBUDF | Underflow flag

[condition for "0"]. After reading write "0" Note 2. [condition for "1"].
Refer to "Conditions for each flag of Table 8-3 as "1"".

TBIMFB | Enter Capture/Compare Match Flag B

[condition for "0"]. After reading, write "0" Notes 2 and 3 [condition for "1"].
Refer to "Conditions for each flag of Table 8-3 as "1™".

TBIMFA | Enter capture/compare match flag A
[condition for "0"]. After reading, write "0" Notes 2 and 3 [condition for "1"].
Refer to "Conditions for each flag of Table 8-3 as "1™".

Note 1. When the count value of timer B changes from "FFFFH" to "0000H", the TBOVF bit changes to "1". In addition, according
to the setting of the TBCCLR bits of the TBCR register and the TBCCLR 1 bits, if the count value of timer B is changed
from " FFFFH" becomes "0000H" and the TBOVF bit becomes "1".

2. Write the result as follows:

A When writing "1", this bit does not change.

A Il'n the case of reading a value of "0", it does not chancg
from "0" to "1" after reading, it remains "1" even if "0" is written

status).

A In the case wh el éfyoutrige "0" todheé same bit,tkis bit lsecomes "0".
However, when you want to set the state flag (hereinafter referred to as the "object status flag") of one of the
interrupt sources of timer B to "0" if the interrupt is timered
If the B interrupt enable register (TBIER) is set to disable interrupts, it must be placed "0" in any of the following
methods (a)~(c).
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(a) The object status flag must be written "0" after setting the timer B interrupt enable register (TBIER) to
"00H" (disable all interrupts).

(b) When the timer B interrupt enable register (TBIER) has a bit of "1" (Enable) set and the bit Enable interrupt
source status is flagged as "0"

, you must write "0" to the object status flag.
(e.g.) clearing TBIMFB in a state where TBIMIEA and TBOVIE enable interrupts and TBIMIEB prohibits

interrupts
A Timer B interrupt enables the state of the register
Interrupts
+ ‘_
TBIER 0 0 o} d [ 7BOVIE | TBUDIE JTBIMIEB ITBIEA
0 0 0 o | 1 | o o | 1t
Ban Suspen
A The st at uB staius redister(TBSR).me r
¢—{ The bits to clear the
reguest
TBSR 3 3 3 TBDIRF | TBOVF | TBUDF | TBIMFB | TBIMFA
0 0 0 0 o | 1 | 1 0

Because the bits that enable interrupts correspond to—T
the status flags (TBOVF, .2007).
TBIMFA) is "0", so you must write "0" to TBIMFB.

(c) When timer B interrupt enables a bit in the interrupt enable register (TBIER) that is set "1" (Enable) and the
interrupt source status flag for that bit is marked as "1"

, you must write "0" to both this status flag and the object status flag.

(e.g.) when TBIMIEA clears TBIMFB in a state where interrupts are Enable and TBIMIEB is prohibited

A T i Bnirgterrupt enables the state of the register (TBIER).
Interrupts
4

I
TBIMIEB ITBIEA

TBIER d 3 d d TBOVIE | TBUDIE
0 0 0 0 0 0 0 | 1
[ Ban Suspery
A The st at uB staius redistere(TBSR).me r
The bits to clear the
reguest
TBSR 3 3 TBDIRF | TBOVF | TBUDF [ TBIMFB | TBIMFA
0 0 0 0 1 | 1 1

the status flag (TBIMFA) is
"1", so you must write "0" to both TBIMFA and

TBIMFB.

Because the bit that enables interrupts corresponds to M

2. When using DMA, the TBIMFA bits and TBIMFB bits become "1" after the DMA transfer ends.
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Table 8-3 condition for flag to be marked "1"
. Timer mode Note 1
Bit symbol PWM mode
Enter the capture function Output comparison function

TBOVF When tb overflows occur

TBUDF When a TB underflow occurs (limited to phase count mode only).

TBIMFB Note 2 to the input edge of the TBIO1 pin | When the values of TB and TBGRB are the same
TBIMFA The input edge of the TBIOO pin is note 2| When the values of TB and TBGRA are the same

Note: 1 Phase count mode is a counting method of the timer B count register, which can be set to use the above 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 Format of the timer BI/O Control Register (TBIOR).

Address: 40042655H After reset: 00H R/W
R N -3 T - A 3 A I A 3 O 5 N L

TBIOR ‘ TBBUFB | TBIOB2 | TBIOB1 | TBIOBO | TBBUFA | TBIOA2 | TBIOAL | TBIOAO |
TBBUFB Selection of TBGRD register functions
0 A buffer register that is not used as a TBGRB register.
1 A buffer register that serves as a TBGRB register.
TBIOB2 TBGRB mode selection notes 1 and 2
0 Output comparison function
1 Enter the capture function
TBIOB1 TBIOBO TBGRB control
0 0 Disables comparison of matching pin outputs.
0 1 Output "L" level.
1 0 Outputs the "H" level.
1 1 Alternate outputs.
The output of the TB register and tbGRB registers is compared and matched by the output comparison
function.
TBIOB1 TBIOBO TBGRB control
0 0 Rising edge of TBIO1
0 1 The descending edge of TBIO1
1 0 Bilateral edge of TBIO1
Other than the above Prohibit settings.

Capture the contents of tb registers to TBGRBs via the input capture function.

TBBUFA Selection of TBGRC register functions
0 A buffer register that is not used as a TBGRA register.
1 A buffer register that is used as a TBGRA register.

TBIOA2 TBGRA mode selection Notes 1 and 2
0 QOutput comparison function
1 Enter the capture function
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TBIOAl TBIOAO TBGRA control
0 0 Disables comparison of matching pin outputs.
0 1 Output "L" level.
1 0 Outputs the "H" level.
1 1 Alternate outputs.
The output of the TB register and TBGRA registers is compared and matched by the output comparison
function.
TBIOAl TBIOAO TBGRA control
0 0 The rising edge of TBIOO
0 1 The descending edge of TBIOO
1 0 Bilateral edge of TBIOO
Other than the above Prohibit settings.

Capture the contents of the TB register to TBGRA via the input capture function.

Note: 1 When TBIQj2 bits (j=A, B) are "1" (input capture function), the TBGR]j register is used as the input capture
register.

2. When the TBIQj2 hit (=A, B)is "0" (output comparison function), the TBGRj register is used as a comparison match
register. Set the TBIOj0 bits and TBIOj1 bits after reset, and output the following levels from the TBIOj pin before
the first comparison match occurs:

When TBIOj1, TBIOj0=01B, output "H" level.
When TBIOj1, TBIOj0=10B, the output "L" level.
When TBIOj1, TBIOj0=11B, output "L" level.

This TBIOR register controls the input/output pins in timer mode. Not valid in PWM mode. The TBIOR register must
be set in the state of stop count (TBSTART=0 for the TBMR register).
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8.3.8 Timer B counter (TB).
Tb registers are connected via a 16-bit internal bus and CPU, so they must be accessed in 16-bit units. TB registers can be

incremented, free-running, cycle counting, or external event counting. Tb can be captured by matching with the corresponding
TBGRA registers, TBGRB registers, or inputs to TBGRA registers and TBGRB registers Register clear "0000H" (counter clear
function).
When the TB register overflows ("FFFFH" "0000H"), the TBOVF bit of the TBSR register becomes "1"; When the TB register
underflows ("0000H" " FFFFH" ), the TBUDF bit of rthe TBSR register become:

Figure 8-9 Format of the timer B counter (TB).
Address: 40042656H  After reset: 0000H R/W

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

L3 N I N N O I

o} function Set the scope

Increment/decrement count in phase count mode and increment count 0000H~EEFEH

bit15/L0 in other modes.
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8.3.9 Timer B universal registers A, B, C, D (TBGRA, TBGRB, TBGRC, TBGRD)

The TBGRA registers and TBGRB registers are 16-bit read-write registers with the function of output comparison
registers and input capture registers. Function conversion via TBIOR registers.

When used as output comparison registers, the values of tbGRA registers and TBGRB registers are always
compared to the values of TB registers. If the values are the same (the comparison matches), the TBSR register's
TBIMFA bit or TBIMFB bit becomes "1". Matching outputs can be set through TBIOR registers.

When used as an input capture register, the value of the TB register is saved after an external input capture
signal is detected. At this point, the TBSR register

The TBIMFA bit or TBIMFB bit becomes "1". The TBIOR register selects the detection edge of the input capture
signal.

ThGRC registers and TBGRD registers can also be used as buffer registers for TBGRA registers and TBGRB
registers, respectively, and can pass through the TBBUFA bit sum of the TBIBOR registers The TBBUFB bit selects
this feature.

For example, if you set the TBGRA register as the output comparison register and the TBGRC register as the
buffer register of the TBGRA register, the value of the TBGRC register is passed to each time the comparison match
A occurs TBGRA registers.

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 values of the TB register and the TBGRA register are passed to each other when the input
capture occurs TBGRA registers and TBGRC registers.

Can read and write TBGRA, TBGRB, TBGRC, TBGRD registers in 16-bit increments.

Fig. 8-10 Timer B universal registers A, B, C, D (TBGRA, TBGRB, TBGRC, TBGRD) format

Address: 40042658H (TBGRA), 4004265AH (TBGRB), After Reset: FFFFH R/W
40042660H(TBGRC), 40042662H(TBGRD)

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

Fc A N O B

d function

bit15/60 Varies by timer mode and function.
TbGRA, TBGRB, TBGRC, TBGRD register functions are shown in Table 8-4.

Remark:i=A, B, C, D
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Table 8-4TBGRA, TBGRB, TBGRC, TBGRD register functions

Modes and register Set up function
features
TBIOR (TBIOA2=1) Enter the capture register (which holds the value of the TB
| TBGRA | TBMR (TBPWM=0) register).
nput capture - -
TBIOR (TBIOB2=1) Enter the capture register (which holds the value of the TB
TBGRB TBMR (TBPWM=0) register).
TBIOR (TBIOA2=0) Output comparison register (save; and compares the value of
TBGRA TBMR (TBPWM=0) the TB register when the comparison matches
Output TBIOO output settings).
comparison TBIOR (TBIOB2=0) Output comparison register (savgs and compares the value of
TBGRB TBMR (TBPWM=0) the TB register when the comparison matches
TBIO1 output settings).
TBGRA Output (_:omparison register (TBIOO output "H" level when
PWM ~ comparing matphes). .
TBGRB TBMR (TBPWM=1) Output comparison register (TBIOO output "L" level when
comparing matches).
TBGRC TBIOR (TBBUFA=0) Not used.
TBGRD TBIOR (TBBUFB=0) Not used.
TBGRA's buffer registers (and TBGRA are transmitted).
Awnhen TBIOA2=1
By entering the capture signal, the previous input capture
TBGRC TBIOR (TBBUFA=1) value is taken from TBGRA.
Awnhen TBIOA2=0
Through the comparison matching of TB and TBGRA, the
common next comparison expectation is transmitted to TBGRA.
The BUFFER register of the TBGRB (and the TBGRB are
transmitted).
Awnhen TBIBOB2=1
TBGRD TBIOR (TBBUFB=1) By entering the capture signal, the previous input capture

value is taken from the TBGRB.

Awhen TBIBOB2=0
By comparing and matching TB and TBGRB, the next
comparison expectation is transmitted to TBGRB.

Note: If you place the TBTCK2~TBTCKO position of the TBCR register "000B" (f «) and set the comparison value to
"0000H" , generate 1 request signal to DMA and EVENTC immediately after starting counting. If the
comparison value is greater than or equal to "0001H", a request signal is generated at each time the comparison

matches.
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8.3.10 Port registers and port mode registers

When using the multiplex port of the timer output pin as the output of the timer, the bit of the corresponding port
mode register (PMxx) and the position of the port register (Pxx) of each port must be "0".

(Example) The P50/TBIOO is used as a timer output in the case of the PM50 position "0" of the port mode
register 5. Place the P50 position of port register 5 "0".

When using the multiplex port of the timer input pin as the input to the timer, the position of the port mode
register (PMxx) corresponding to each port must be "1". At this point, the bit of the port register (Pxx) can be "0" or
"1t

(Example) P50/TBIOO as a timer input

Place the PORT mode register 5 at PM50 position "1".

Place the P50 position of port register 5 "0" or "1".

For details, please refer to "2.3.1 Port Mode Register (PMxx)", "2.3.2 Port Register (Pxx)" and'2.3.6 Port Mode Control
Register (PMCxx)"

The set port mode registers (PMxx), port registers (Pxx), and port mode control registers (PMCxx) vary by product.
For details, please refer to "Register Settings when Using the Multiplexing Function in 2.5".
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8.4 Operation of timer B
8.4.1 Common things about multiple patterns and features

(1) Count the sources
The selection of the counting source and the block diagram are shown in Table 8-5 and Figure 8-12,
respectively.
When selecting the phase count mode, the settings of TBTCKO~TBTCK2 bhits, TBCKEGO bits, and TBCKEG 1

bits of tbCR registers are invalid.
Table 8-5 Counting Source Selection

Count the sources Select a method

fork folk/2, folk/4, fork/8, o k/32 Select the counting source by the TBTCKO~TBTCK2 bit of the TBCR register.

The TBCR register has bits "101B" (TBCLKO input) or "111B" in the TBCR
register

(TBCLK1 input).

Valid edges are selected by the TBCKEGO bits and TBCKEG1

bits of the TBBCR registers. The corresponding bit of the port

TBCLKO pin and TBCLK1
External input signal for pins

Figure 8-12 Block diagram of the counting source
TBTCK2~TBTCKO

fcLk 0008
=001B
fcLk/2
=010B
feik/4 O
=011B counting source
fcLk/8 O TB register
=100B
fck/32 O
=101B
tBcLko () '®)
=111B
tecik: (O

Remark: TBTCLK2~TBTCLKO: TBCR register bits

The pulse width of the external clock input to the TBCLK] pin (j=0, 1) must be at least 3 timer B operating clock
(fcLk) cycles.
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(2) The buffer runs
The TBGRC register and tbGRD register can be set to the TBGRA register and the TBGRA register and the
TBGRD register respectively through the TBBUFA bit and TBBUFB bit of the TBIBOR register Buffer registers for
TBGRB registers.
T1TBGRA's buffer register: TBGRC register
T1TBGRB's buffer registers: TBGRD register buffer operation varies depending on the timer mode. The buffer

operation of each mode is shown in Table 8-6, and the buffer operation of the input capture function and the
output comparison function is shown in Figure 8-13 and Figure 8-14, respectively.

Table 8-6 Buffer operation for each mode

Features and modes

Transmission timing

Registers for transfer

Enter the capture function

Enter the input of the capture signal

Transfers the contents of the TBGRA (TBGRB)
register to the buffer register.

Output comparison function

PWM mode

TB registers and TBGRA (TBGRB).
Comparison matching of registers

Transmits the contents of the buffer register to
TBGRA

(TBGRB) registers.

Figure 8-13 The buffer of the input capture function is running

TBIOO input
(input capture singnal)
TBGRC TBGRA B
register \I register register
TBIOO input
I
l
TB register n-1 X n X n+1
.
' transmit
I
TBGRA register m AX RN n
S
\ 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 The buffer of the output comparison function is running

compare matching signal

TBGRC TBGRA B
register register »| comparator register
TB register m-1 x m X m+1
:
}
TBGRA regist m x n
register | -
Eﬂansmit
TBGRC register n -
(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 filters

The TBIQj input (j=0, 1) is sampled and if the signals are the same three times, the level is considered
determined. The function and sample clock of the digital filter must be selected through the TBMR registers.
The block diagram of the digital filter is shown in Figure 8-15.

Figure 8-15 Block diagram of a digital filter

; TBTCK2~TBTCKO TBDFCK2~TBDFCKO
CLK
=000B =
=001B fCLK/32 008
[V —— =01B
=010B fCLK/8 WO
- 5 =
fck/4 - fcLk .
=011B =11B
fck/8 —0 O
=100B counting source
fclk/32 —— 0
TBCLKO Oﬂo perform synchronization
through 2 stages trigger
TBCLK1 O—MMB
Operational clock of TIMER B sample clock
foik | [
DF
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) circuit
i :
TBIOAO~TBIOA2 0
TBIOBO~TBIOB2
A
edge
detection
circuit

TBTCK2~TBTCKO
clock period selected via TBDFCLKO and
TBDFCLK1.

sample clock

] 1 I
é é e é A A A
A A A
TBIQj input signal

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

)____-
b-----
)_____

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) Enter events from EVENTC

Over event events entered by EVENTC, Timer B performs an input capture run B. At this point, the
TBSR register has a TBIMFB bit of "1". To use this function, the input capture function of timer mode/phase
count mode must be selected, and the TBELCICE position of the TBMR register must be "1". In other modes
(output comparison function in timer mode/phase count mode and PWM mode), this feature is not valid.

Setup steps

(a) Set the EVENTC event link target to Timer B.

(b) Place the TBELCICE position of the TBMR register "1".
(5) Events output to EVENTC

The events output to EVENTC via the TBIMFA bit and the TBIMFB bit are shown in Table 8-7 and Table
8-8, respectively.

Tables 8-7 Events output through TBIMFA bits to EVENTC

Features and modes EVENTC source
Enter the capture function TBIOO edge detection through TBIOAO bit and TBIOA1 bit settings
(TBPWM=0, TBIO02=1)
Output comparison function Comparison matching of TB registers and TBGRA registers
(TBPWM=0, TBIO02=0)
PWM mode (TBPWM=1). Comparison matching of TB registers and TBGRA registers

Note TBPWM: The bit of the TBMR register
TBIOAO, TBIOAL, TBIOA2: Bits of the TBIOR register

Table 8-8 Events output to EVENTC via TBIMFB bits

Features and modes EVENTC source
Enter the capture function TBIO1 edge detection by TBIOO bit and TBIO1 bit settings
(TBPWM=0, TBIO12=1)
Output comparison function Comparison matching of TB registers and TBGRB registers
(TBPWM=0, TBIO12=0)
PWM mode (TBPWM=1). Comparison matching of TB registers and TBGRB registers

Note TBPWM: The bit of the TBMR register
TBIOBO, TBIOB1, TBIOB2: Bits of the TBIOR register
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8.4.2 Timer mode (input capture function)

Capable of passing the value of tb registers to TBGRA registers and TBGRBs after detecting the input
edge of the input capture/output comparison pins (TBIOO, TBIO1). Register. Detection edges can be selected
from rising, falling, and bilateral edges. Pulse width and pulse period can be measured by using the input
capture function.

The specifications of the input capture function are shown in Table 8-9.

Table 8-9 Specifications for input capture function
project specification
fcLk. fcLk/2, fcLk/4, feLk/8, feLk/32
Count the sources External input signals from the TBCLKO and TBCLK1 pins (valid edges are selected
programmatically).
count Increment the count
When the TBCLR bits 1 and TBCCLRO bits of the TBBCR register are "00B" (free
Count cycles running).
1/fk  65536fk: The frequency of the count source
Count start criteria Write "1" (start counting) to the TBSTART bit of the TBBR register.
Count stop conditions Write "0" (stop count) to the TBSTART bit of the TBMR register.
Timing of the generation of A Input capture (effective edges of TBI
interrupt requests A Overflow of TB registers

TBIOO pin and TBIO1

The function of the pin
TBCLKO pin and

Features of the TBCLK1 pin

I/O ports or inputs captured by pins

I/0 port or external clock input

Read timer If you read the TB register, you can read the count value.
Write timer Can write TB registers.
A Input capture of the selection of inp

1 or 2 of the TBIOO pins and TBIO1 pins

A I nput s actionm ef validhedgessokinput
Rising edge, falling edge, or bilateral edge

Select Features A Set the TB register to the "000O0OH" ti
Spillage or input capture

ABuf f er o p ¢4.4@2) Bufer Ogesator’).

A Di gi t al"8.4.1(3) Digital Flter§")s e e

A Ilnput capture operation via EVENTC's
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(1) Enter an example of a setup step for the capture run
An example of the setup steps for entering a capture run is shown in Figure 8-16.

Figure 8-16 Example of setup steps for input capture runs
(1) must configure TBGR] register(j=A,B) as input

( input selection >
0 capture register via TBIOR regsiter, and select capture
select input of input capture signal input edge from rising, falling and double edge.

(2) must set TBSTART bit of TBMR register to 1, and
start counting of TB register.

start counting 2

i

<Input capture in operation>

(2) Enter the timing of the capture signal
Input capture inputs can be selected by setting the TBIOR registers on the rising, falling, or bilateral edges. The

input signal timing of the input capture is shown in Figure 8-17.
In the case of one-sided edges, the input signal pulse width captured by the input must be at least 1.5 f k; In

the case of bilateral edges, the input signal pulse width captured by the input must be at least 2.5 f| ks.

Figure 8-17 Input signal timing for input capture

fcik J

TBIOO/TBIO1 input

input capture signal (input signal) |

TB register N

TBGRA/TBGRB register X N
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Run the example

An example of an input capture operation is shown in Figure 8-18.

In this example, select the double edge of the rising/falling edge as the input edge of the input snap of the TBIOO pin,
select the falling edge as the input edge of the input capture of the TBIO1 pin, and clear the TB when the input snap of the
TBGRB register Counters for registers.

(a) The TBGRA registers and TBGRB registers must be set as input capture registers through the TBIOR
registers, and the input edges of the input capture signal must be selected from the rising, falling, and bilateral
edges.

(b) The TBSTART position of the TBBMR register must be placed "1" to start counting the TB registers.

Figure 8-18 an example of an input capture

Value of TB register

0180H

0160H

0005H

0000H P Time

TBIO1 input

TBIOO input 4

TBGRA register X 0005H X 0:160H X

TBGRB register :X X 0180H

By setting the TBCLR bits 0 and TBCCLR 1 bits of the TBBCR registers, the count can be cleared when input
capture A or input capture B occurs. Fig. 8-18 is an example of a run when the TBCCLR1 bit and the TBCCLRO position

"10B" are used. If set to count clearing by input capture during operation and input capture when the timer's count
value is "FFFFH", the interrupt flags for TBIMFA bits and TBIMFB bits, etc., are set to the runtime order of the count

source and input capture The TBOVF bit may also change to "1".
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8.4.3 Timer mode (output comparison function)

This is the mode that detects (relatively matches) whether the contents of the TB register and the
contents of the TBGRA register or TBGRB register are the same. If the content is the same, output any level
from the TBIOO pin or the TBIO1 pin.

The specifications of the output comparison function are shown in Table 8-10.

Table 8-10 Specifications of the output comparison function

project specification

foks fok/2, fok/4, fokd8, fok/32
An external input signal from the TBCLK]j pin that programmatically selects a valid edge

count Increment the count

A When the TBCLR 1 bit and TBCCLR 0 bits
1/fk  65536fk: The frequency of the count source

A When the TBCCR registers the TBCCLR1 bit and the TBCCLRO bit are "01B" or "10B" (in
TBGR]

Count cycles Compare the setting value of the TBGR]j

register when TB is set to "O000H")

when the TB is set to "0000H") when the

match is set to 1/fk  (n+1)n: TBGR]j

Count the sources

register
Waveform output timing g;&z:§son matching (the contents of the TB register and the TBGR] register are the
Count start criteria Write "1" (start counting) to the TBSTART bit of the TBBR register.
Count stop conditions Write "0" (stop count) to the TBSTART bit of the TBMR register.
Timing of the generation of ,s&am;:).ompar i son matching (the contents of th

interrupt requests

TBIOO pin and TBIO1
The function of the pin
TBCLKO pin and

Features of the TBCLK1 I/O port or external clock input

A Overflow of TB registers

I/0O ports or outputs for output comparison (selected by pin).

in

FF)Read timer If you read the TB register, you can read the count value.

Write timer Can write TB registers.
A Output comparison of the selection of o
1 or 2 of the TBIOO pins and TBIO1 pins
A Compare the selection of output levels

Select Features "L" level output, "H" level output, or level inversion output
A Set the TB register to the "000O0H" ti mi
Comparison matching of overflow or TBGR;j registers
ABuf f er o p 84.4(2) Bufer Ogesmtor’).

Remark: j=A, B
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(1) Example of setup steps to compare matching waveform outputs

The setup steps for comparing the matching waveform outputs are shown in Figure 8-19.
Figure 8-19 compares the setup steps for matching 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

l counting of TB register.

<waveform output>

(2)  Output timing for output comparison
A comparison match signal is generated when the contents of the TB registers are the same as the contents of
the TBGRA registers or the TBGRB registers (when the count value after the same TB registers is updated). After
generating a comparison match signal, output the output setting value of the TBIOR register from the output pins of the
output comparison (TBIOO, TBIO1). From the contents of the TB registers that are identical to the contents of the
TBGRA registers or TBGRB registers to the input clock that generates the TB registers, no comparison match signal
is generated.

The output timing for the output comparison is shown in Figure 8-20.
Figure 8-20 Output Compares the Output Timing

N R R e
TB input clock

TB register N X N+1 X N+2

TBGRA register N

TBGRB register N+1

compare

matching A signal

(internal Signal)
compare

matching B signal

(internal Signal)

TBIOO output X

TBIO1 output X
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Run the example
An example of the operation of the "L" level output and the "H" level output is shown in Figure 8-21.

In this example, the TB register is set to run freely and outputs the "L" level when comparing match A and the

"H" level when comparing match B. If the set level is the same as the level of the pin, the level of the pin is

unchanged.

Value of TB register

FFFFH

TBGRB register

TBGRA register

0000H

TBIO1 output

TBIOO output

A

Figure 8-21 "L" level output and "H" level output operation example

A
A4

! remain unchanged

remain unchanged

H A
remain” H voltage
i unchanged jeyel output

i remain L voltage

AS-unchanged level output

o -

» Time
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An example of alternating outputs is shown in Figure 8-22. In this example, the TB register is set to cycle count
operation (the counter is cleared when the comparison matches B) and alternate outputs occur when either match A
or match B is compared.

(a) The comparison matching output must be selected from the "L" level output, the "H" level output, and the
alternating output through the TBIOR register. If set to waveform output mode, the ports are relatively matched
output pins (TBIOO, TBIO1).

(b) The TBGRA register and TBGRB registers must be set to match the occurrence timing.

(c) The TBSTART position of the TBBMR register must be placed "1" to start counting the TB registers.

Even if the TBSTART position is "0" during operation, the output pins that match the comparison (TBIOO, TBIO1)
are not initialized. To return to the initial value, the output is initialized by writing the TBIOR register (however, only the
TBIOO0O bits, TBIOO1 hits, TBIO10 through the TBIOR registers Bits and TBIO11 bits are initialized when they are set
to the "L" level output or the "H" level output). By setting the TBCCLR registers at TBCCLR bits 0 and TBCCLR 1 bits,
the input capture/comparison matches (and TBGRA.) Resets the count value of timer B when the registers or TBGRB
registers are the same. At this point, if the comparison expected value is "FFFFH", it changes from "FFFFH" to
"0000H" in the same way as the overflow, and the TBOVF bitis "1". The same is true in the mode of output comparison
using timer B and comparing expected values.

Figure 8-22 is an example of a run with alternating outputs

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

TBGRB register

TBGRA register

0000OH

TBIO1 output

switching output

TBIOO output

switching output
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8.4.4 PWM mode

PWM mode pairing uses TBGRA registers and TBGRB registers to output the PWM waveform from the
TBIOO output pin. For output pins set to PWM mode, the output setting of the TBIOR register is invalid. Set the
"H" level output timing of the PWM waveform to the TBGRA register and the "H" of the PWM waveform to the
TBGRB register L" level output timing.

The source can be cleared by setting the comparison match of the TBGRA register or the TBGRB
register to the counter of the TB register, and the output is 0 to 100% from the TBIOO pin PWM waveform for
duty cycle.

The specifications of the PWM mode and the combination of PWM output pins and registers are shown
in Table 8-11 and Table 8-12, respectively.

When the setting values of the TBGRA registers and the TBGRB registers are the same, the output
values remain the same even if a comparison match occurs.

Table 8-11 Specifications for PWM mode

project specification
fcLk, feLk/2, feLk/4, foLk/8, feLk/32
Count the sources TBCLKO, an external input signal from the TBCLK1 pin (valid edges are selected
programmatically).
count Increment the count
A Set the "H" level output timing of the
PWM waveform A Set the "L" level output timingtrs.f the
Count start criteria Write "1" (start counting) to the TBSTART bit of the TBBR register.
Count stop conditions Write "0" (stop count) to the TBSTART bit of the TBMR register.
Timing of the generation of éam; omp ar i s o(the cordents df thenT® register and the TBGR]j register are the
Interrupt requests A Overflow of TB registers
TBIOO pin function PWM output
TBIO1 pin function 1/O port

TBCLKO pin and
Features of the TBCLK1 I/0O port or external clock input

pin
Read timer If you read the TB register, you can read the count value.
Write timer Can write TB registers.

A Timing overflow of TB registers at
"0000H" or comparison matching of
TBGR]j registers

ABuf f er o p 8442 Bufer Ofestor’).

Select Features

Remark =A, B
Table 8-12 PWM output pin and register combination
Output pins "H" level output "L" level output
TBIOO TBGRA TBGRB
TBIO1 Used as an I/O port.
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(1) Example of setup steps for PWM mode

An example of the setup steps for the PWM mode is shown in Figure 8-23.
Figure 8-23 Example of setup 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 bhit of TBCR register.

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

select clock of the 1) the TBCR register

counter

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

select clear source of the

counter @) : o
(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) Runthe example

An example of operation in PWM mode (1) is shown in Figure 8-24.

When the PM xx bit of the PM register is "0" and the Pxx bit of the PL register is "0", If set to PWM mode,
the TBIOO pin automatically becomes an output pin and outputs the "H" level at TBGRB when the comparison
of TBGRA registers matches The comparison of registers matches the output "L" level. However, the TBIO1
pin is independent of the setting of the TBIOR register and is used as an I1/O port.

In this example, the comparison match of the TBGRA register and the TBGRB register is set to the
counter clear source of the TB register. The initial state of the TBIOO pin depends only on the clear source of
the counter, as shown in Table 8-13.

This initialization occurs when the TBSTART bit of the TBBTR register is "0" (stop count).

Table 8-13 The initial state of the TBIOO pin and the correspondence of the counter cleanup source

Counter clear source The initial state of the TBIOO pin
Comparison matching of TBGRA registers "H" level
Comparison matching of TBGRB registers "L" level

When the TBCLR 1 bit and TBCCLR 0 bit of the TBCR register are "00B" (disable clearing), the initial state
of the TBIOO pin is the "H" level.
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Figure 8-24 Operation 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

An example of a PWM waveform outputting 0% and 100% duty cycle in PWM mode is shown in Figure 8-25.
When the comparison match of the TBGRB register is set to the clear source of the counter and the following
conditions are met, the duty cycle of the PWM waveform is 0%.

A The setting value of the TBGRA register > the setting value of the TBGRB register

When the comparison match of tbGRA registers is set to the clear source of the counter and the following
conditions are met, the duty cycle of the PWM waveform is 100%.

A The setting value of the TBGRB register > the setting value of the TBGRA register
When the following conditions are met, the output value is unchanged even if a comparison match occurs.
A Setting value of TBGRA register = setting value of TBGRB register
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Figure 8-25 Example of operation of PWM mode (2).

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

TBGRB register ~ p--ccemeeeeaaa g

TBGRA register

00O0OH

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=============-9--=

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 count mode

The phase count mode detects the phase difference between the external input signals of the two TBBCLKO pins
and the TBKK1 pin, and the TB registers increment/decrement count.

When the PM xx bit of the PM register is "1", if set to phase count mode, the TBCLKO pin and the TBBCLK1 pin
are automatically used as external clock input pins, and Tb registers are added and subtracted according to the setting
of CNTENO to CNTEN7 bits of the TBCNTC registers, and the TB REGISTER is counted The settings of
TBTCKO~TBTCK2 bit, TBCKEGO bit, and TBCKEG 1 bit are not related. However, because the TBCCR registers
TBCCLR bits 0 and TBCCLR 1 bits, TBIOR, TBIER, TBIR, TBIER The TBSR, TBGRA, TBGRB registers are valid, so
the input capture/output comparison function, PWM output function, and interrupt source can be used.

Depending on the setting of CNTENO to CNTENY bits, the TB registers are counted on the bilateral edge of the
rising/falling edge of the TBCLKO pin and the TBCLK1 pin.

The specifications of the phase count mode and the conditions for adding and subtracting TB registers are
shown in Table 8-14 and Table 8-15, respectively.

Table 8-14 Specifications of Phase Count Mode

Item specification
Count the sources External input signal from the TBCLKO/TBCLK1 pins
count Increment/decrement count
Count start criteria Write "1" (start counting) to the TBSTART bit of the TBBR register.
Count stop conditions Write "0" (stop count) to the TBSTART bit of the TBMR register.

Alnput capture (effective edges of TBI OO0
A Comparison mat cand TBGRA(TBGRB regigiers Havethesame
content).

A Overflow of TB registers

A Underflow of TB registers

Timing of the generation of
interrupt requests

TBIOO pin function 1/0O port, input capture input, output comparison output, or PWM output

TBIOL1 pin function 1/0O ports, inputs that are captured, or outputs that are compared

TBCLKO pin and

Features of the TBCLK1 pin External clock input

Read timer If you read the TB register, you can read the count value.

Write timer Can write TB registers.

A Selection of c odsubtraetioscorfditons addi ti on an
Select Features Selection is made by CNTENO~CNTEN?Y bits of the TBCNTC register.

A Can use input capture/output compariso

Table 8-15 TB register addition and subtraction conditions
TBCLK1 pin 4 H v v "H" v v 4
TBCLKO pin v 4 H v v v 4 H

TBCNTC registers CNTEN7 | CNTENG | CNTEN5 | CNTEN4 | CNTEN3 | CNTEN2 | CNTEN1 | CNTENO
CNTENO~CNTEN?7 bit

Count the directional note +1 +1 +1 +1 71 71 [t [

Note indicates the count direction of the TBCNTC register when the number is "1" (incrementing or decreasing count).
Is not counted when "0" (invalid).
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(1) Example of a step setup step for the phase count mode

An example of the setup steps for the phase count mode is shown in Figure 8-26.

Figure 8-26 Example of the setup steps of the 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) (2)must set TBSTART bit of TBMR register to 1,
and start counting of TB register.
start counting )
\/

<phase counting mode>

(2) Runthe example

An example of the phase count mode is shown in Figures 8-27 to 8-30.
In phase count mode, the TBBCLKO pin is summed up according to the setting of the CNTENO~CNTEN?7
bits of the TBCNTC register

The TBCLK1 pin is counted on the double side of the rising edge (f)/falling edge &).
Figure 8-27 Example of the phase count mode 1

while TBCNTC register value as "FFH"

. < © ©
TBCLK1 input j i ! : | | g | |
E oo T : v : v :

8
s
b
1

TBCLKO input

&
S,
|

Value of TB register |

A

increment

iy Time
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Figure 8-28 Example of the phase count mode 2
whlie TBCNTC register value as "24H"

TBCLK1 input

|

TBCLKO input

Value of TB register

A

TR
et | SRR

s - SEEEREES

incremient

Y - | T ——

i

dgcrement

| I
@

Figure 8-29 Example of the phase count mode 3
while TBCNTC register value as "28H"

TBCLK1 input | Y | ¥ | i |

I
I
Py
3
I
I
I
I
I
I
I
I
I
I
I

——---d

TBCLKO input

Value of TB register

A

\Ldec\reme’“‘

increment

' | N
L---en
——------T—---o

]

» Time
Figure 8-30 Example of the phase count mode 4
whlie TBCNTC register value as "5AH"
TBCLK1 input
TBCLKO input
Value of TB register
increment decrement
Time
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