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Document Instructions

This manual is the user manual for the CMS32H6157 microcontroller product. The user manual is the application
instruction material on how to use this series of products, including the structure, function description, working mode
and register configuration of each functional module. Each function module is introduced in a special section.

The user manual is a description of all functional modules of this series of products. If you want to know the
feature description of the specific product (that is, the functional configuration), you can refer to the respective data
sheet.

The data sheet information is as follows:

CMS32H6157datasheet_vx.x.x pdf

Usually in the early stage of chip selection, you shall first check the data sheet to evaluate whether the product
can meet the functional requirements of the design. After basically selecting the required product, you need to check
the user manual to determine whether the working mode of each functional module does meet the requirement. When
determining the selection and entering the programming design stage, you need to read the user manual in detail to
understand the specific implementation and register configuration of each function. Refer to the datasheet for
information on voltages, currents, drive capabilities and pin assignments when designing the hardware.

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

documents.
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Chapter 1 CPU

1.1 Overview

This chapter provides a brief introduction to the features and debugging features of the ARM Cortex-MO+ core.
For details, please refer to the ARM related documentation.

1.2 Cortex-MO+ core features

® ARM Cortex-MO+ processor is a 32-bit RISC core with a 2-stage pipeline that supports privileged and user
modes
® 32-cycle hardware multiplier
® Nested Vector Interrupt Controller (NVIC)
B 1 non-maskable interrupt (NMI)
B Support 32 maskable interrupt requests (IRQ)
B 4 interrupt priority levels
® System Timer (SysTick) is a 24-bit countdown timer with a choice of Fcik or Fi. count clock
® Vector Table Offset Register (VTOR)
B The software can write VTOR to relocate the vector table start address to a different location.
B The default value of this register is 0x0000_0000, the lower 8 bits are ignored for writing and zero for
reading, which means the offset is 256 bytes aligned.

=

.3Debugging features

2-wire SWD debug interface

Support for suspending, resuming and single-step execution of programs
Access to the processor's core registers and special function registers

4 hardware breakpoints (BPU)

Unlimited software breakpoints (BKPT instruction)

2 data observation points (DWT)

Accessing memory while the core is executing

WWW.mcu.com.cn 19/821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 1 CPU

Figure 1-1: Debug block diagram of Cortex-M0O+

MCU Debug Support
Cortex-M0+ Debug Support

Cortex-MO+

| |
| |
| |
| ‘ ; :
I l | System bus
| Core | \ : - } >
! o J | !
I I ; |
! i | |
| I I |
| ! Bus matrix | I
| |
I ! ; I
w | I N | Bridge : DBGMCU

SWDIO -~ [ ] J i

SWCLK > SW-DP I [ | '
| ! I$>  NVIC |
| o I |
| |
| Debug AP > DWT [
| |
: Lyl  BPU |
| |
| |
| |
| |
| |

Notice: SWD does not work in deep sleep mode, please do debug operation in active and sleep mode.
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1.4 SWD interface pins

The 2 GPIOs 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 functions Pin assignment
SWCLK Serial clock PAl4
SWDIO Serial data input/output PA13

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

(DBGSTOPCR).

Symbol 31 | 30 | 20 [ 28|27 | 26 [ 25| 24 [ 23| 22 |21 [ 20| 19| 18] 17 | 16
DBGSTOPCR SWD

<31:16> i IS i

Symbol 15 14| w]2]u|lw|o]s8]|]7]e][]s]a]3]2]1]o
DBGSTOPCR ERZ | FRZ

<15:0> ; EN1 | ENO

Bit24 SWDIS:

Bitl FRZENO:

1=

Bit0 FRZEN1:

0=
1=

SWD debug interface disabled

SWD debug interface enable. PA13 cannot be used as GPIO (because ENO and DOUT of this
IOBUF are controlled by the debugger at this time)

SWD debug interface disabled. PA13 can be used as GPIO

When the debugger is connected and the CPU is in debug state (HALTED=1), the timer system
peripheral module acts/stops.Note!

Peripheral actions
Peripheral Stop

When the debugger is connected and the CPU is in debug state (HALTED=1), the peripheral module
of the communication system acts/stops.Note2

Peripheral actions

Peripheral stop

Notel: The timer system peripheral module of this product includes: Timer8, a general-purpose timer unit, Timer

A, a 15-bit interval timer and a real-time clock (RTC).

Note2: The communication system peripheral module of this product includes: communication serial

communication unit, serial interface SPI and serial interface [ICA.
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1.5ARM reference document

The built-in debugging features in the Cortex®-MO0+ kernel are part of the ARM® CoreSight design suite.

For documentation, refer to:

. Cortex®-M0+ Technical Reference Manual (TRM)

. ARM® Debug Interface V5

. ARM® CoreSight Design Suite Version rlpl Technical Reference Manual
. ARM® CoreSight™ MTB-MO0+ Technical Reference Manual
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Chapter 2 Port Function

2.1 Port general function

The general purpose I/O ports (GPIO) for this product are PAOO~PA15, PBO0~PB15, PC00~PC12, PD02~PDOQ9,
and PHOO~PHO4. The general purpose 1/O ports used vary by product model, so please refer to the datasheet for
each product series for details.

Each GPIO port has associated control and configuration registers that can be individually configured by software
to multiple modes to meet the needs of specific applications. The basic operating modes are:

» Input floating
Input pull-up
Input pull-down
Open-drain output (support pull-up)

Push—pull output

YV V V V V

Analog channel

When the port is configured as an analog port, the digital function is isolated and the numbers "1" and "0" cannot
be output, so the result of reading the port readback register PREADxx is "0 ".

PAOO~PA07, PBO0O~PB02, PB10~PB15, PC0O0~PCO06, PD04, PD05, PD08, PD09 ports can be used as analog
channels and these ports are analog ports by default after reset. To use their digital function, you need to configure
the corresponding bit of PMCxx register to 0.

PA08~PA15, PB0O3~PB08, PC07~ PC12, PD02, PD06, PD07, PHOO~PHO4 can only be used as digital ports.

When used as digital GPIOs, all ports except PHOO, PHO3, and PHO4 support output (push-pull or open-drain),
input, pull-up, and pull-down functions. PHOO does not support pull-down, and PHO3 and PHO04 do not support pull-
up and pull-down.

In order to avoid through-current, turn off the input function by default after reset PB03~PBO08. If you want to turn
on the input function of GPIO, you need to configure ISCLCD register, and when ISCLCD.ISCCAP is set to 1, the
Schmitt input of PBO3 and PBO04 is enabled. When ISCLCD.ISCCAP is set to 1, the Schmitt input of PBO5~PB08 will
be enabled. For details, please refer to“Chapter 20 LCD Controller/Driver”.

PA13 and PA14 ports are used as debug ports by default and are pulled up by default after reset. To use their
GPIO function, you need to configure DBGSTOPCR. SWDIS register bit to 1 to mask the debug function. The
corresponding relationship and default status of the debug ports are shown in Table 2-1: SW debug port pins, please
refer to “Chapter 1 CPU” for the specific usage of the debug function.

Table 2-1: SW debug port pins

Port name SW debug port 10 Type Default State
PA13 SWDIO 110 Internal pull-up
PA14 SWCLK | Internal pull-up

The default state of the common digital ports (PA08~PA12, PAl1l5, PCO7~PC12, PD02, PD06, PDO07,
PHO1~PHO04) after chip reset is high resistance input (floating input), which aims to prevent abnormal actions to
external devices when the chip is abnormally reset. However, in order to avoid the leakage caused by high resistance
input, users should configure the ports accordingly (configured as internal pull-up/pull-down inputs or outputs) after

the chip is started.

WWW.mcu.com.cn 231821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

2.2 Port multiplexing function

In addition to supporting general-purpose GPIO functions, each port can also be multiplexed as a
function port for peripheral modules. Such as input and output signals of analog module
ADC/DAC/CMP/AMP/ LCD, input and output signals of digital function modules (such as SPI, UART, I2C,
Timer, etc.). When using the port multiplexing function, please follow the following instructions for
configuration:
® Each port can be configured as an external interrupt, and the interrupt trigger type can be configured
as rising edge triggered, falling edge triggered or double edges triggered. The interrupt port selection
requires the configuration of INTPNPCFG registers (n=0~5) for details please refer to 2.3.11 External
interrupt port selection register (INTPnPCFG) To select the trigger type, please configure the EPGO
and EGNO registers, please refer to “Chapter 23 Interrupt Function” for details.
® PHO0O0 (RESETB) is used as an external reset input port by default and is pulled up by default. To use
its GPIO function you need to configure the RSTM register to mask the reset function of PHOO port.
PHOO port does not support pull-down function.

® PHO1 (X1) and PHO2 (X2/EXCLK) can be configured as external high-speed crystal oscillator ports.
For details on the configuration and use of these oscillator ports, see "Chapter 4 Clock generation
circuit”.
® PHO03 (XT1) and PHO4 (XT2/EXCLKS) can be configured as external low-speed crystal oscillator
ports. The configuration and usage of these ports as oscillator ports are described in "Chapter 4
Clock generation circuit". These two ports do not support pull-up and pull-down functions.

® \When the port is multiplexed as LCD port (COM0~7, SEG0~41, VLCD1~4, CAPL, CAPH), the
corresponding bits of the port mode control register PMCxx should be configured to 0, and the
corresponding bits of the LCD port mode registers SEGO~SEGS3 should be configured to 1. For
details, please refer to "Chapter 20 LCD Controller/Driver".

® Each port with multiplexing function corresponds to a port multiplexing function configuration register

PxxCFG, by setting PxxCFG you can select function 1~7 for each port respectively, be careful not to
configure the same multiplexing input function to different ports, please refer to the operation
description of PxxCFG register 2.3.10 Port multiplexing function configuration register (PxxCFG). For
the detailed setting of the port multiplexing function, please refer to Configuration methods of the

multiplexing function.

WWW.mcu.com.cn 241821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

Table 2-2: List of multiplexing functions by port

Port function configuration
Defaglt Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7
Function
PAOO TXD2/SD0O20 TIOO TOO00 - - VCOOUT -
RXD2/SDI120/
PAO1 SDA20 - TI01/TOO01 - SPI0O_MOSI - PCLBUZO0
PA02 TXD1/SDO10 - TI02/TO02 - SPI0O_MISO VC10UT PCLBUZ1
RXD1/SDI10/
PAO3 SDA10 - TIO3/TO03 TIOO_GATE SPI0O_NSS - -
PA04 TXD1/SDO10 - TI04/TO04 SPIO_NSS - -
PAO5 SS10 - TIO5/TO05 TIO6_GATE SPI0_SCK - PCLBUZ0
PA06 SS20 - TI06/TO06 TIO7_GATE | SPIO_MISO VCOOUT -
PAO7 SCLK10/SCL10 - TIO7/TO07 - SPI0O_MOSI VC10UT PCLBUZ1
PA08 TXD0/SDO00 TIOO TOO00 TIO1_GATE - - -
PA09 TXD0/SDO00 SCLAO TI0O1/TOO01 TIO2_GATE - - PCLBUZ0
PA10 Rng/ECI)DOIOO/ SDAAO TI02/TO02 TIO3_GATE - - PCLBUZ1
PA11 SS00 SCLAO TIO3/TO03 TI0O4_GATE | SPIO_MISO VCOOUT -
PA12 SS11 SDAAO TI04/TO04 TIO5_GATE | SPIO_MOSI VC10UT -
PA13/ RXDO0/SDI00/
SWDIO SDAOO - TIO5/TO05 RTC1HZ - KR4 PCLBUZO0
PA14/
SWCLK TXD0/SDO00 - TI06/TO06 - - KR1 PCLBUZ1
RXDO0/SDI00/
PA15 SDAOO - TIO7/TO07 - SPI0_NSS KRO -
PBO00 TXD1/SDO10 TIOO TOO00 - - - PCLBUZO
PBO1 SCLK20/SCL20 - TI0O1/TOO01 - - - PCLBUZ1
PB02 TXD2/SD0O20 - TI02/TO02 - - TA_TITA_TO
PB03 SCLK11/SCL11 - TIO3/TO03 TIO4_GATE SPI0O_SCK PCLBUZO
PB04 SDI11/SDA11 - TI04/TO04 TIO5_GATE | SPIO_MISO | TA TI/TA_TO -
PB05 SDO11 - TIO5/TO05 TIO6_GATE | SPIO_MOSI -
PB06 TXD0/SDO00 SCLAO TIO6/TO06 - - TA_TI/TA_TO -
RXDO0/SDI00/ TIO7/
PBO7 SDAQO SDAAO TO07 - - TA_TON -
PB08 SCLKO00/SCL00 - - - - - -
PB10 TXD1/SDO10 SCLAO TI02/TO02 - SPI0O_SCK - -
RXD1/SDI10/
PB11 SDA10 SDAAO TIO3/TO03 TIOO_GATE -- - -
PB12 TXD1/SDO10 - TI04/TO04 - SPI0O_NSS VCOOUT -
PB13 SCLK10/SCL10 SCLAO TIO5/TO05 TIO1_GATE SPI0O_SCK - -
PB14 SS01 SDAAO TI06/TO06 RTC1HZ SPI0O_MISO - -
RXD2/SDI20/
PB15 SDA20 - TIO7/TO07 TI0O2_GATE | SPIO_MOSI - -
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Port function configuration

F?Jif:tiLJ(lL Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7
PCO00 SS21 TIOO TOOO TIO3_GATE - - -
PCO1 SCLK21/SCL21 - TI01/TOO01 - - _l'_l':::rl'lcl) -
PC02 SDI21/SDA21 - TI02/TO02 - SPIO_MISO TA_TON -
PCO3 SD021 - TI03/TO03 - SPI0_MOSI Iﬁ—% -
PCO04 TXD1/SDO10 - TI04/TO04 - - - PCLBUZ1
PCO5 Rxgé’i’ﬁ)’lo’ - TIO5/TO05 - - - -
PCO06 SCLK01/SCL01 - TI06/TO06 - - - -
PCO7 SDI01/SDA01 - TIO7/TOQ7 - - KR7 -
PCO08 SDO01 TIOO TOO00 - - KR6 -
PC09 SCLKO00/SCL00 - TI01/TO01 - - KR5 -
PC10 TXD2/SD0O20 - TI02/TO02 - - - -
PC11 RXQ2ISDI20/ . TI03/TO03 . . . .
PC12 TXD2/SD0O20 - TI04/TO04 - - - -
PD02 SCLK20/SCL20 - TI02/TO02 - - - -
PDO0O4 SCLK10/SCL10 - - - - -
PDO05 SCLK20/SCL20 - - - - -
PDO06 - SCLAO - - - KR3 -
PDO7 SCLKO00/SCL00 SDAAO - - - KR2 -
PHOO/ i ) i ) i i

RESETB
PHO1 TXD1/SDO10 SDAAO - - - - -
oz | OIS [ son0 | e | - - -
PHO3 - - - - - - -
PHO04 - - - - - - -
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2.3Registers for controlling port functions

The port function is controlled through the following registers.

Port Output Control Register (PMxx)

Port Register (Pxx)

Pull-up resistor selection register (PUxx)

Pull-down resistor selection register (PDxx)

Port Output Mode Register (POMx)

Port Mode Control Register (PMCxx)

Port Set Control Register (PSETxx)

Port Clear Control Register (PCLRxx)

Port Status Readback Register (PREADXX)

Port Multiplexing Function Configuration Register (PxxCFG, see 2.3.10)
External Interrupt Port Selection Register (INTPNPCFG, n=0~5)

Note: As the number of ports used and the configuration of the ports varies from product model to product, the

public port control register varies from product to product. or the list of public port control registers for
each product, please refer to Table 2-3.
Table 2-3: Port control registers assigned to each product

Register Name

Port PMxx Pxx PSETxx PCLRxx PUxx PDxx POMxx PREADxx PMCxx
Register|Register| Register Register | Register | Register | Register Register Register

Port A

00 PMAO | PAO | PSETAO | PCLRAO | PUAO PDAO | POMAO | PREADAO | PMCAO
01 PMAL | PA1l | PSETALl | PCLRAl | PUA1 PDA1 | POMAl | PREADAL | PMCAl
02 PMA2 | PA2 | PSETA2 | PCLRA2 | PUA2 PDA2 | POMA2 | PREADA2 | PMCA2
03 PMA3 | PA3 | PSETA3 | PCLRA3 | PUA3 PDA3 | POMA3 | PREADA3 | PMCA3
04 PMA4 | PA4 | PSETA4 | PCLRA4 | PUA4 PDA4 | POMA4 | PREADA4 | PMCA4
05 PMA5 | PA5 | PSETA5 | PCLRA5 | PUA5 PDA5 | POMA5 | PREADA5 | PMCA5
06 PMAG | PA6 | PSETA6 | PCLRAG6 PUAG PDA6 | POMA6 | PREADA6 | PMCA6
07 PMA7 | PA7 | PSETA7 | PCLRA7 | PUA7 PDA7 | POMA7 | PREADA7 | PMCA7
08 PMA8 | PA8 | PSETA8 | PCLRA8 | PUAS PDA8 | POMA8 | PREADAS -
09 PMA9 | PA9 | PSETA9 | PCLRA9 | PUA9 PDA9 | POMA9 | PREADA9 -
10 | PMA10| PA10 | PSETA10 | PCLRAL0 | PUA1O | PDA10 |POMA10 | PREADA1O -
11 |PMA11| PA11 | PSETA11l | PCLRA11l | PUA1l | PDA11l |POMA11l| PREADA11 -
12 | PMA12| PA12 | PSETA12 | PCLRA12 | PUA12 | PDA12 |POMA12 | PREADA12 -
13 | PMA13| PA13 | PSETA13 | PCLRA13 | PUA13 | PDA13 |POMA13 | PREADA13 -
14 | PMA14 | PA14 | PSETA14 | PCLRA14 | PUA14 | PDA14 |POMA14| PREADA14 -
15 PMA15 | PA15 | PSETA15 | PCLRA15 | PUA15 | PDA15 |POMALS | PREADALS -
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Bit Name
Port PMxx Pxx PSETxx | PCLRxx | PUxx PDxx POMxx PREADxx PMCxx
Register | Register | Register | Register | Register | Register | Register Register Register

00 | PMBO PBO PSETBO | PCLRBO | PUBO PDBO | POMBO PREADBO PMCBO
01| PMB1 PB1 PSETB1 | PCLRB1 | PUB1 PDB1 POMB1 PREADB1 PMCB1
02 | PMB2 PB2 PSETB2 | PCLRB2 | PUB2 PDB2 POMB2 PREADB2 PMCB2
03 | PMB3 PB3 PSETB3 | PCLRB3 | PUB3 PDB3 | POMB3 PREADB3 -

04 | PMB4 PB4 PSETB4 | PCLRB4 | PUB4 | PDB4 | POMB4 PREADB4 -

05 | PMB5 PB5 PSETBS5 | PCLRB5 | PUB5 PDB5 | POMB5 PREADBS -

06 | PMB6 PB6 PSETB6 | PCLRB6 | PUBG6 PDB6 | POMB6 PREADBG -

PortB | 07 | PMB7 PB7 PSETB7 | PCLRB7 | PUB7 PDB7 POMB7 PREADB7 -

08 | PMB8 PB8 PSETB8 | PCLRB8 | PUBS8 PDB8 | POMBS8 PREADBS -

10 | PMB10 PB10 |PSETB10|PCLRB10| PUB10 | PDB10 | POMB10 | PREADB10 | PMCB10
11 | PMB11 PB11 |PSETB11|PCLRB11| PUB11 | PDB11 | POMB11 | PREADB11 | PMCBI11
12 | PMB12 PB12 |PSETB12|PCLRB12| PUB12 | PDB12 | POMB12 | PREADB12 | PMCB12
13 | PMB13 PB13 |PSETB13|PCLRB13| PUB13 | PDB13 | POMB13 | PREADB13 | PMCB13
14 | PMB14 PB14 |PSETB14|PCLRB14| PUB14 | PDB14 | POMB14 | PREADB14 | PMCB14
15 | PMB15 PB15 |PSETB15|PCLRB15| PUB15 | PDB15 | POMB15 | PREADB15 | PMCB15
00 | PMCO PCO PSETCO | PCLRCO | PUCO | PDCO | POMCO PREADCO PMCCO
01| PMC1 PC1 PSETC1 | PCLRC1 | PUC1 | PDC1 | POMC1 PREADC1 PMCC1
02 | PMC2 PC2 PSETC2 | PCLRC2 | PUC2 | PDC2 | POMC2 PREADC2 PMCC2
03 | PMC3 PC3 PSETC3 | PCLRC3 | PUC3 | PDC3 | POMC3 PREADC3 PMCC3
04 | PMC4 PC4 PSETC4 | PCLRC4 | PUC4 | PDC4 | POMC4 PREADC4 PMCC4
05 | PMC5 PC5 PSETC5 | PCLRC5 | PUC5 | PDC5 | POMC5 PREADC5 PMCC5

Port C 06 | PMC6 PC6 PSETC6 | PCLRC6 | PUC6 | PDC6 | POMCG6 PREADC6 PMCC6
07 | PMC7 PC7 PSETC7 | PCLRC7 | PUC7 | PDC7 | POMC7 PREADC7 -
08 | PMCS8 PC8 PSETC8 | PCLRC8 | PUC8 | PDC8 | POMC8 PREADCS8 -
09 | PMC9 PC9 PSETC9 | PCLRCY9 | PUCY9 | PDCY9 | POMCY PREADC9 -
10 | PMC10 PC10 |PSETC10|PCLRC10| PUC10 | PDC10 | POMC10 | PREADC10 -
11 | PMC11 PC11 |PSETC11|PCLRC11| PUC11 | PDC11 | POMC11 | PREADCI11 -
12 | PMC12 PC12 |PSETC12|PCLRC12| PUC12 | PDC12 | POMC12 | PREADC12 -
02 | PMD2 PD2 PSETD2 | PCLRD2 | PUD2 | PDD2 | POMD2 PREADD2 -
Port b 04 | PMD4 PD4 PSETD4 | PCLRD4 | PUD4 | PDD4 | POMD4 PREADD4 PMCD4
or

05 | PMD5 PD5 PSETDS5 | PCLRD5 | PUD5 | PDD5 | POMD5 PREADD5 PMCD5

06 | PMDG6 PD6 PSETD6 | PCLRD6 | PUD6 | PDD6 | POMD6 PREADDG6 -

07 | PMD7 PD7 PSETD7 | PCLRD7 | PUD7 | PDD7 | POMD7 PREADD7 -

RESETB/PH00| PMHO PHO PSETHO | PCLRHO | PUHO - POMHO PREADHO -
X1/PHO1 PMH1 PH1 PSETH1 | PCLRH1 | PUH1 | PDH1 | POMH1 PREADH1 -
X2/PH02 PMH2 PH2 PSETH2 | PCLRH2 | PUH2 | PDH2 | POMH2 PREADH2 -
XT1/PHO3 PMH3 PH3 PSETH3 | PCLRH3 - - POMH3 PREADH3 -
XT2/PHO4 PMH4 PH4 PSETH4 | PCLRH4 - - POMH4 PREADH4 -

WWW.mcu.com.cn 281821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

2.3.1 Port output control register (PMxx)

When the port is used as a digital channel, this is the register that sets whether its output is enabled or not in bit
units. After a reset signal is generated, each port defaults to the input state. When the port is used as a multiplexed
port, it must be set as described in "2.5 Register settings when using the multiplexing function".

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

Figure 2-1: Format of the port output control register

After

. FFFFH
reset:

Offset
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |addres
s

PMA | PMA | PMA | PMA | PMA | PMA
PMA 15 14 13 12 1 10 PMA9|PMA8|PMA7|PMAG|PMAS5|PMA4(PMA3|PMA2|PMAL1|PMAO|0x010

PMB | PMB | PMB | PMB | PMB | PMB
PMB 15 14 13 12 1 10 PMB9|PMB8|PMB7|PMB6|PMB5|PMB4|PMB3|PMB2|PMB1|PMB0|0x012

PMC |PMC | PMC | PMC | PMC

PMC 1 14 13 12 11 10 PMC9|PMC8|PMC7|PMC6|PMC5|PMC4(PMC3|PMC2|PMC1|PMCO0|0x014
PMD 1 PMD9|PMD8|PMD7|PMD6|PMD5|PMD4(PMD3|PMD2|PMD1|PMDO0|0x016
PMH 1 PMH4|PMH3|PMH2|PMH1|PMHO|0x01E
RW R/W

PMmn: Selection of output mode of Pmn port (m=A,B,C,D,H, n=0~15)
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 the unassigned bits.
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2.3.2 Port register (Pxx)

This register is used to set the value of the output latch for each port. Reading this register when PMxx is 0 gives

the value of the output latch of the corresponding port, while reading this register when PMxx is 1 gives the port level

of the corresponding port.

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

offset address is shown in the figure below.

Figure 2-2: Format of the port register

After
reset: 0000H (output latch)
Offset
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |addres
s
PA PA15|PA14|PA13|PA12 | PA11|PA10| PA9 | PA8 | PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1 | PAO [0x000
PB PB15|PB14 |PB13|PB12|PB11|PB10| O PB8 | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO |0x002
PC 0 PC12|PC11|{PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO |0x004
PD PD9 | PD8 | PD7 | PD6 | PD5 | PD4 0 PD2 0 0 |0x006
PH 0 PH4 | PH3 | PH2 | PH1 | PHO |OX00E
R/W R/W
Pmn: m=AB,C,D,H, n=0~15
Control of output data (output mode) Reading of input data (input mode)
0= The port outputs "0". Port input low level.
1= The port outputs "1". Port input high level.
Note: The initial value must be set for the unassigned bits.
www.mcu.com.cn 30/821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

2.3.3 Port set control register (PSETxX)

This is the register to set the port output latch in bit units. After a reset signal is generated, the value of these

registers becomes "0000H".

Register address = base address + offset address; the base address of Port Set Control Register is 0x40040000,

and the offset address is shown in the figure below.

Figure 2-3: Format of the port set control register

After 000K
reset:
Offset
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |addres
S

PSETA PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET |PSET |PSET|PSET|PSET 0x060

Al5 | A14 | A13 | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
PSETB PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET |PSET |PSET |PSET|PSET 0x062

B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
PSETC 0 PSET|PSET|PSET|PSET|PSET|PSET|PSET|PSET |PSET|PSET|PSET|PSET|PSET|PSET|PSET 0x064

Cl4 | C13 | Ci12 | Ci11 | Ci10| C9 C8 Cc7 C6 C5 C4 | C3 Cc2 Cl CO

PSET|PSET|PSET|PSET|PSET|PSET |PSET|PSET|PSET|PSET
PSETD 0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0x066
PSET|PSET|PSET|PSET|PSET
PSETH 0 Ha H3 H2 H1 HO 0x06E
R/W W
PSETmn: Set control of Pmn port (m=A,B,C,D,H, n=0~15)
0= No operation
1= Set the corresponding Pmn to 1
Note: The initial value must be set for the unassigned bits.
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2.3.4 Port clear control register (PCLRxx)

This is the register to set the port output latch in bit units. After a reset signal is generated, the value of these
registers becomes "0000H".

Register address = base address + offset address; the base address of Port Clear Control Register is
0x40040000, and the offset address is shown in the figure below.

Figure 2-4: Format of the port clear control register
After

) 0000H
reset:

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

PCLRA PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR 0x070
Al5 | A14 | A13 | A12 | A11 | A10 | A9 | A8 | A7 | A6 | A5 | A | A3 | A2 | A1 | AO

PCLRB PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR 0x072
B15 | B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 | B3 B2 Bl BO

PCLRC 0 PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR 0x074
Cl4|Cil3|Cl2|Ci11|C10| C9 | CB | CT | C6 | C5 | Cca|cCc3 | cz2|cCc | co

PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR|PCLR
PCLRD 0 D9 | D8 | D7 | D6 | D5 | D4 | b3 | b2 | D1 DO 0x076

PCLR|PCLR|PCLR|PCLR|PCLR
PCLRH 0 Ha | H3 | H2 | H1 HO O0x07E

RW W

PCLRmn: Clear control of Pmn port (m=A,B,C,D,H, n=0~15)
0= No operation

1= Set the corresponding Pmn to O

Note: The initial value must be set for the unassigned bits.
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Pull-up resistor selection register. Setting this register allows the port in input mode (PMmn=1) or in N-channel
open drain output mode to be pulled up by using an internal pull-up resistor in bit units. For ports set to output mode,
independent of the pull-up resistor selection register setting, no internal pull-up resistor is connected. Pull-ups are
also not possible when the output port is used as a multiplexed function or when it is set to an analogue function.

After the reset signal is generated, the pull-up function of the three ports PA13, PA14 and PHOO is turned on by
default (PUA13, PUA14 and PUHO reset value is "1"), while the pull-up function of the other ports is not turned on by
default.

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

Figure 2-5: Format of pull-up resistor selection register

Symbol |15 |14 |13 |12 |12 | 10| 9| 8| 7|6 |5 | 4|3 |2|1]0 aggfefs réfstgtr
PUA | PUA |PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA | PUA

PUA“ |15 | 14|13 |12 |12 |10 9 | 8| 7 |6 |5 | 4|3 | 2] 1] o0 0020 Ox02E
PUB [PUB | PUB | PUB |PUB | PUB |PUB | PUB | PUB | PUB | PUB | PUB | PUB | PUB | PUB | PUB

PUB |15 | 14a|13|12|12]10| 9 |8 | 7 |6 |5 | a|3|2]|1]|o 09022 O0000H
PUC |PUC|PUC [PUC | PUC [PUC |PUC | PUC [PUC | PUC |PUC | PUC | PUC |PUC | PUC

PUC 1 0 V94| 13|12 |12 |10]| 9|8 | 7 |6 |5 | 4| 3| 2| 1] o |0x024 0000H
PUD |PUD |PUD |PUD | PUD |PUD |PUD | PUD | PUD | PUD

PUD 0 S| PUD |PURIPUD PUDIPUDIPUDIPLDI PUD PP 0,026 0000H

PUH 0 PUH|PUH \PUH| 028 0001H
2 1] o

RIW RIW

PUmn: Selection of internal pull-up resistors of Pmn port (m=A,B,C,D,H, n=0~15)
0= No internal pull-up resistor is connected.

1= Internal pull-up resistor is connected.

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

WWW.mcu.com.cn 33/821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

2.3.6 Pull-down resistor selection register (PDxx)

Internal pull-down resistor selection register. Setting this register allows the port in input mode (PMmn=1) to be

pulled down by using an internal pull-down resistor in bit units. For ports set to output mode, independent of the pull-

down resistor selection register setting, no internal pull-down resistor is connected. Pull-downs are also not possible

when the output port is used as a multiplexed function or when it is set to an analogue function.

After the reset signal is generated, the pull-down function of the port is turned off by default and the reset value
of the register is "0000H".
Register address = base address + offset address; the base address of PD register is 0x40040000, and the offset

address is shown in the figure below.

After

Figure 2-6: Format of pull-down resistor selection register

) 0000H
reset:
Offset
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 [addres
s
PDA | PDA | PDA | PDA | PDA | PDA
PDA 15 14 13 12 11 10 PDA9|PDA8|PDA7 |PDA6|PDA5|PDA4 |PDA3|PDA2|PDAL|PDAO |0x030
PDB | PDB | PDB | PDB | PDB | PDB
PDB 15 14 13 12 11 10 PDB9|PDB8|PDB7|PDB6|PDB5|PDB4|PDB3|PDB2|PDB1|PDBO |0x032
PDC 0 PDC | PDC | PDC | PDC | PDC PDC9|PDC8|PDC7|PDC6(PDC5|PDC4|PDC3|PDC2|PDC1|{PDCO0|0x034
14 13 12 11 10
PDD 0 PDD9|PDD8|PDD7|PDD6|PDD5|PDD4|PDD3|PDD2|PDD1|{PDDO0|0x036
PDH 0 PDH2|PDH1| 0 |0Ox03E
R/W R/W
PDmn: Selection of internal pull-down resistors of Pmn port (m=A,B,C,D,H, n=0~15)
0= No internal pull-down resistor is connected.
1= Internal pull-down resistor is connected.
Note: The initial value must be set for the unassigned bits.
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This is a register for setting the output mode in bit units. The N-channel open drain output mode is selected for
serial communication with external devices of different potentials and for I2C communication with external devices of
the same potential.

After a reset signal is generated, the value of these registers becomes "0000H".

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

Figure 2-7: Format of the port output mode register
After

. 0000H
reset:
Offset
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |addres
s
POMA POMAIPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMAPOMA 0x040
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POMB POMBPOMBPOMBPOMB|POMBPOMBIPOMBIPOMBIPOMBPOMBPOMBPOMBPOMBPOMBPOMB|POMB 0x042
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POMC 0 POMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMCPOMC|POMC 0x044
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POMDPOMDPOMDPOMDPOMDPOMDPOMDPOMDPOMDPOMD
POMD 0 9 8 7 6 5 4 3 > 1 0 0x046
POMH 0 POMHPOMHPOMHPOMHPOMH OXOAE
4 3 2 1 0
R/W R/W

POMmn: Selection of output mode of Pmn port (m=A,B,C,D,H, n=0~15)
0= Usual output mode

1= N-channel open-drain output mode

Note: The initial value must be set for the unassigned bits.
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2.3.8 Port mode control register (PMCxx)

The PMC register sets the port in bit units for use as an analog channel or for other functions, which include
digital port functions and LCD port functions.
After generating the reset signal, PAOO~PA07, PBO0~PB03, PB10~PB15, PC0O0~PC06, PD04, PDO05, PDO08,
PDO09 are used as analog channels by default, and other ports are used as digital channels by default. The ports
without PMC register have only digital function and cannot be used as analog channels.

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

Figure 2-8: Format of the port mode control register

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

Symbol | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMCA 0 PMC|PMC|PMC |PMC |PMC |PMC |PMC |PMC
A7 | A6 | A | AA | A3 | A2 | A1 | AO
PMCB PMC | PMC |PMC |PMC |PMC |PMC 0 PMC |PMC |PMC
B15 | B14 | B13 | B12 | B11 | B10 B2 B1 BO
PMC |PMC |PMC |PMC |PMC |PMC |PMC
PMCC 0 ce6 | c5 | calca|ca|ct]co
PMC |PMC
PMCD 0 D5 | D4 0
R/W R/W
PMCmn: Pmn port is selected as an analog channel (m=A, B, C, D, n=0~15)
0= As a port other than analog, such as a digital port or LCD port
1= Analog Channel

Offset
address

0x050

0x052

0x054

0x056

After
reset:

00FFH

FCO7H

407FH

0333H
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2.3.9 Port readback register (PREADXxX)
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This is a read-only register and the port level can be obtained by reading this register when the port is used as a
digital port.

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

Figure 2-9: Format of the port readback register

After

XXXXH
reset:

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

PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA(PREA|PREA|PREA
DA15|DA14|DA13|DA12 |DA11|DA10| DA9 | DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO
PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA(PREA|PREA|PREA
DB15|DB14|DB13|DB12|DB11|DB10| DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA(PREA|PREA|PREA|PREA|PREA
DC14|DC13|DC12|DC11|DC10| DC9 | DC8 | DC7 | DC6 | DC5 | DC4 | DC3 | DC2 | DC1 | DCO
PREADD 0 PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA|PREA
DD9 | DD8 | DD7 | DD6 | DD5 | DD4 | DD3 | DD2 | DD1 | DDO
PREA|PREA|PREA|PREA|PREA

PREADH 0 DH4 | DH3 | DH2 | DH1 | DHO Ox08E
RW R

PREADA 0x080

PREADB 0x082

PREADC 0 0x084

0x086

Remark: The readout value of the register after reset depends on the status of each port.

PREADmMn: m=A,B,C,D,H, n=0~15
Output Mode/Input Mode
0= The port is low level.

1= The portis high level.
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2.3.10 Port multiplexing function configuration register (PxxCFG)

The port multiplexing function configuration registers enables redirecting the digital input and output functions of
peripheral modules to different ports. Each port corresponds to a port multiplexing function configuration register. The
default function of ports other than PHOO, PA13, PA14 is GPIO function after reset. In order to avoid through-current,
turn off the input function by default after reset PB0O3~PBO08. If you want to turn on the input function of the ports, you
need to configure ISCLCD register, and when ISCLCD.ISCCAP is set to 1, the digital inputs of PB03 and PB04 are
enabled. When ISCLCD.ISCCAP is set to 1, the digital inputs of PB05~PB08 are enabled. The reset value of Port
Multiplexing Configuration Register is "00H".

Register address = base address + offset address; the base address of PxxCFG register is 0x40040400, and the
offset address is shown in Table 2-5: List of port multiplexing function configuration registers.

Figure 2-10: Format of the port multiplexing function configuration register
After

reset: O0H
Symbol 7 6 5 4 3 2 | 1 | o
PxxCFG 0 PxxCFG[2:0]
RIW R/W
Table 2-4: Selection method of port multiplexing function
Register Name Register Configuration Port Function
3'b000(default) Default Function
3'b001 Function 1
3'b010 Function 2
PXXCFG[2:0] 3'b011 Function 3
3'b100 Function 4
3'b101 Function 5
3'b110 Function 6
3'bl11 Function 7

Each port corresponds to a PxxCFG register, by setting PxxCFG you can select the 1st function to the 7th function
for each port respectively, see Table 2-2: List of multiplexing functions by port. Be careful not to configure the same
multiplexed input function to different ports.
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Table 2-5: List of port multiplexing function configuration registers

Base Address Offset Address Register Name R/W Bit Width Reset Value
0x000 PAOOCFG[2:0] R/W 8 OOH
0x001 PAO01CFG[2:0] RW 8 00H
0x002 PA02CFG[2:0] RIW 8 00H
0x003 PAO3CFG[2:0] RW 8 00H
0x004 PAO4CFG[2:0] RW 8 00H
0x005 PAO5CFG[2:0] RIW 8 00H
0x006 PAO6CFG[2:0] RW 8 00H
0x007 PAQ7CFG[2:0] R/W 8 OOH
0x008 PAO8CFG[2:0] RW 8 00H
0x009 PAO9CFG[2:0] RIW 8 00H
0x00a PA10CFG[2:0] RW 8 00H
0x00b PA11CFG[2:0] RW 8 00H
0x00c PA12CFG[2:0] RIW 8 00H
0x00d PA13CFG[2:0] R/W 8 O0OH
0x00e PA14CFG[2:0] R/W 8 O0OH

0x40040400 0x00f PA15CFG[2:0] R/W 8 O0OH
0x010 PBOOCFGI[2:0] R/W 8 00H
0x011 PBO1CFG[2:0] R/W 8 O0OH
0x012 PB02CFG[2:0] R/W 8 O0OH
0x013 PBO3CFG[2:0] RIW 8 00H
0x014 PB04CFG[2:0] R/W 8 O00H
0x015 PBO5CFG[2:0] RIW 8 00H
0x016 PBO6CFG[2:0] RIW 8 00H
0x017 PBO7CFG[2:0] R/W 8 O00H
0x018 PBO8CFG[2:0] RIW 8 00H
Ox0la PB10CFG[2:0] R/W 8 OOH
0x01b PB11CFG[2:0] R/W 8 OOH
0x01c PB12CFG[2:0] R/W 8 OOH
0x01d PB13CFG[2:0] R/W 8 OOH
0x0le PB14CFG[2:0] R/W 8 OOH
0x01f PB15CFG[2:0] R/W 8 OOH
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Base Address Offset Address Register Name R/W Bit Width Reset Value
0x020 PCOO0CFGJ[2:0] R/W 8 OOH
0x021 PCO1CFG[2:0] R/W 8 OOH
0x022 PC02CFG[2:0] RW 8 00H
0x023 PCO3CFG[2:0] RW 8 00H
0x024 PCO04CFG[2:0] RW 8 00H
0x025 PCO5CFG[2:0] RW 8 00H
0x026 PCO06CFG[2:0] RW 8 00H
0x027 PCO7CFG[2:0] RW 8 00H
0x028 PCO8CFG[2:0] R/W 8 OOH
0x029 PCO09CFG[2:0] RW 8 00H
0x02a PC10CFG[2:0] RIW 8 00H
0x02b PC11CFG[2:0] RW 8 00H

0x40040400 0x02c PC12CFG[2:0] RW 8 00H
0x032 PD02CFG[2:0] RW 8 00H
0x034 PDO4CFG[2:0] R/W 8 00H
0x035 PDO5CFG[2:0] RIW 8 00H
0x036 PDO6CFG[2:0] RIW 8 00H
0x037 PDO7CFG[2:0] R/W 8 00H
0x038 PDO8CFG[2:0] R/W 8 00H
0x039 PDO9CFGJ[2:0] R/W 8 OOH
0x080 PHOOCFG[2:0] RIW 8 00H
0x081 PHO1CFG[2:0] RIW 8 00H
0x082 PHO2CFG[2:0] RIW 8 00H
0x083 PHO3CFG[2:0] RIW 8 00H
0x084 PHO4CFG[2:0] RIW 8 00H
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2.3.11 External interrupt port selection register (INTPNnPCFG)

This product supports 6 external interrupts INTPO~5, and each external interrupt can be redirected to multiple
ports. By configuring the external interrupt port selection register (INTPNPCFG), the input function of INTPn can be
redirected to a different port. The reset value of the external interrupt port selection register is "O0H". (n=0~5)

Register address = base address + offset address; the base address of INTPNPCFG register is 0x40040400, and
the offset address is shown in the following table.

Table 2-6: List of external interrupt port selection register

Register Name Offset Address Function R/W Reset Value
INTPOPCFG OxOEO INTPO redirect port selection R/W 00H
INTP1PCFG OxOE1 INTP1 redirect port selection R/W 00H
INTP2PCFG OxOE2 INTP2 redirect port selection R/W 00H
INTP3PCFG O0x0E3 INTP3 redirect port selection R/W 00H
INTP4PCFG OxOE4 INTP4 redirect port selection R/W 00H
INTP5PCFG O0xOES5 INTP5 redirect port selection R/W 00H

Figure 2-11: Format of external interrupt port selection register

Addres See the figure After reset:  OOH

S: above
Symbol 7 6 5 4 3 2 | 1 | o
'Nglfgp 0 INTPRPCFG[3:0]
R/W R/W

No. Register Name Register Configuration INTPO port selection
0 4'h0(default) PAOO
1 4'hl PAO1
2 4'h2 PAO2
3 4'h3 PAO3
4 4'h4d PAO4
5 4'h5 PAO5
6 4'h6 PAO6
7 4h7 PAO7

INTPOPCFG

8 4'h8 PAO8
9 4'h9 PAO9
10 4'hA PA10
11 4'hB PA11l
12 4'hC PA12
13 4'hD PA13
14 4'hE PA14
15 4'hF PA15
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No. Register Name Register Configuration INTP1 port selection
0 4'ho(default) PB0O
1 4'h1 PBO1
2 4'h2 PBO02
3 4'h3 PBO3

INTP1PCFG
4 4'h4 PB04
5 4'h5 PB0O5
6 4'h6 PB06
7 4'h7 PBO7

No. Register Name Register Configuration INTP2 port selection
0 4'h0(default) PCO00
1 4'h1 PCO1
2 4'h2 PC02
3 4'h3 PCO3
4 4'h4d PCO4
5 4'h5 PCO5
6 4'h6 PC06
7 4'h7 PCO7

INTP2PCFG
8 4'h8 PCO08
9 4'h9 PCO09

10 4'hA PC10
11 4'hB PC11
12 4'hC PC12
13 4'hD PC13
14 4'hE PHO3
15 4'hF PHO4

No. Register Name Register Configuration INTP3 port selection
0 4'h0(default) PDO0O
1 4'hl PDO1
2 4'h2 PD02
3 INTP3PCFG 4'h3 PB0O8
4 4'h4 PHOO
5 4'h5 PHO1
6 4'h6 PHO2
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No. Register Name Register Configuration INTP4 port selection
0 4'ho(default) PC14
1 4'h1 PD0O4
2 4'h2 PDO5
3 INTP4PCFG 4'h3 PDO6
4 4'h4 PDO7
5 4'h5 PDO08
6 4'h6 PD09
No. Register Name Register Configuration INTP5 port selection
0 4'h0(default) PDO3
1 4'hl PB09
2 4'h2 PB10
3 4'h3 PB11
INTP5PCFG
4 4'h4d PB12
5 4'h5 PB13
6 4'h6 PB14
7 4'h7 PB15
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2.3.12 External reset port mask register (RSTM)

PHOO (RESETB) is used as an external reset input port by default, and system reset occurs when it is at low
level. When you need to use the GPIO function of PHOO, you need to configure the register RSTM to mask its external
reset function first.

Figure 2-12: Format of the external reset port mask register
Base address: 0x40020400

e 0x40020400 After reset:  OOH N d(?rzzif 0x00C
Symbol 7 6 5 4 3 | 2 1 0
RSTM 0 RSTM
RIW RIW
Bit0 RSTM: External reset function mask for PHOO (RESETB) port

0= PHOO as an external reset port
1= PHO0O as an GPIO port

WWW.mcu.com.cn 44 [ 821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

2.4Handling of unused ports

The processing of each unused port isTable 2-7as follows.
Table 2-7: Handling of each unused port

Port name 1/0 Recommended connection method when not in use
PAO0O~PA15
PB00~PB15 Input: Connect to EVop or EVss via separate resistor.
PCO0~PC12 /O Output: Set to open circuit.
PD02~PD09
PHO1~PHO04 Connect to Vop or Vss via separate resistor.
RESETB/PHO0 1/0 Connect to Voo directly or via separate resistor.

Note: For products without EVpp and EVss ports, EVop must be replaced with Voo and EVss with Vss.
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2.5Register settings when using the multiplexing function

Basic ideas when using multiplexing functions

Firstly, for ports with analogue functions, the Port Mode Control Register (PMCxx) sets whether the port is to be
used for analogue or other functions.

The basic structure of the circuit when used as a digital input/output is shown in Figure2-13. The output of the
multiplexed SCI function is connected to the AND gate together with the output latch of the port, and then connected
to the OR gate together with the output of other multiplexed non-SCI functions (timer, RTC, clock/buzzer output, IICA,
etc.). When using the port as a general-purpose output port or as a multiplexed output port, the basic idea of the
setting is that the multiplexed function not in use cannot affect the output of the function to be used. As Table 2-8:

Basic idea of setting is shown.
Figure2-13: Basic structure of the port output

Pmn

> output latch) 4<D®—0D_{
PMmn ADO‘{ GPIQ/Multiplexing function

G—

b&—

POMmMN

G—

Multiplexing
function (SCI)

Multiplexing
function (Except]
SCI)

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

Table 2-8: Basic idea of setting

) ) Output settings for multiplexed functions not in use
Port output functions in use - - -
Port Function SCI output function Non-SCI output function
Universal digital output function - High level output (1) Low level output (0)
SCI output function High (1) - Low level output (0)
Non-SCI output function Low (0) High level output (1) Low level output (0) Nete
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Since it is possible to multiplex multiple output functions other than SCI on one port, it is necessary to set the
output of the multiplexed function not in use to Low level (0). For the specific setting method, refer to “Table
2-9: Configuration methods of the multiplexing function".
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Configuration methods of the multiplexing function

Table 2-10: Configuration methods of the multiplexing function

Port
Name

Port
Mode

Port Function

Register Settings

Default
Function

Functio
nl
Functio
n

Func
tion
2
Func
tion

Func
tion
3
Func
tion

Function
4
Function

Function 5
Function

Function
6
Function

Function
7
Function

LCD
Functio
n

PMC
XX

PMx

Pxx

POM

XX

PAQOO

Analog
Channel

ANIOO

VCO_INPO

LCD
channel

SEG23

1

0

0

Digital
general

GPIO

Configure according to
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quirements

Multiplex
ed output
type AND

TXD2/
SDO20

1
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VCOOUT
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SDA20
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SPI0_MO
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0
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RxD2/
SDI20
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1

0

0
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1
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1
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LCD
channel
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1

0

0

Digital
general

GPIO

Configure according to

re

quirements

Multiplex
ed
bidirectio

nal
Open-
drain
output
type AND

SDA10

Multiplex
ed output
type OR

TOO

Multiplex
ed output

RxD1/
SDI10

TIO3

TI00_GA
TE

SPIO_NSS

PAO4

Analog
Channel

ANIO4

VCO_INP4
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OPAQO_DA
LCD - - - - - - SEG19 1 0 0
channel
Digital GPIO . R R ) ) ) Configure according to
general requirements
Multiplex
ed output - ;—ggi(/) - - - - - 0 1 0
type AND
Multiplex
ed output - - Ti)o - - - - 0 0 0
type OR
Multiplex - - TI04 SPIO_NSS - - - 1 x x
ed output -
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Por Port Function Register Settings
t Port " Functi Functi . .
Na Mode Default Funitlon on 2 on3 Function 4 Function 5 Fungtlon Fun;:tlon FLuCnlt::)ti PMC ISI Px PO
me Function . Functi Functi Function Function ; . XX X Mxx
Function on on Function Function on XX
ANIO5
Anal VCO_INN2
Chna ogI 7 R _ _ R R - R - 1 x x x
annel | ve1 INN2
DACO
LCD - - - - - - - - SEG18 | o | 1| o | o
PAOS channel
- Configure
?elr?:lat?ail GPIO - - - - - - - - 0 according to
9 requirements
Multiplexe
d output - - - TOO05 - SPIO_SCK - PCLBUZ | . o [o o] o
0
type OR
Multiplexe - SS10 - Tios | T'98_CAT | spig_sck - - - 0 | 1| x| x
d output E -
Analog ANIO6
- - - - - - - - 1 X X X
Channel | vco_iNNo
LCD - - - - - - - seG17 | o | 1|0 | o
channel
. Configure
PAOE Digital GPIO - - - - - - - - 0 according to
general )
requirements
Multiplexe
d output - - - TO06 - SPI0_SO VCOOUT - - 0 0 0 0
type OR
Multiplexe - SS20 - Tios | TO7CAT | spio_mi - - - o | 1| x| x
d output E -
ANIO7
Analog ) R R ; ) ) ; ) 1 % % %
Channel VCO_INN1
LCD - - - - - - - - SEGI6 | 0 |1 |0 | o
channel
- Configure
Digital GPIO - - - - - - - - 0 according to
general ’
PAO7 requirements
Multiplexe
d output - SSCé.LKllé)/ - - - - - - 0 0 1 0
type AND
Multiplexe
d output - - - TOO07 - SPI0_MO VC10UT PCLlBUZ - 0 0 0 0
type OR
Multiplexe
d output - SCLK10 - TIO7 - SPIO_SI - - - 0 1 x x
LCD
channel - - - - - - - - SEG35 0 1 0 0
- Configure
Digital :
general GPIO - - - - - - - - 0 accqrdlng to
requirements
Multiplexe
PAO8 d output - ;;(886 - - - - - - - 0 0 1 0
type AND
Multiplexe
d output - - - TOO00 - - - - - 0 0 0 0
type OR
Multiplexe ; ; TI00 R TIO1_GAT ) ) : ) 0 1 % %
d output E
LCD - - - - - - - como | o | 1[0 ] o
channel
. Configure
Digital GPIO - - - - - - - - 0 according to
general -
requirements
Multiplexe TI02_GAT } } . )
d output ] ] Tio1 E 0 1 * *
Multiplexe
d
bidirection
pAoS a - - SCLAO - - - - - - o |o]o 1
Open-
drain
output
type OR
Multiplexe
d output - - - TOO1 - - PCLOBUZ - 0 0 0 0
type OR
Multiplexe
d output - ;—éggé - - - - - - - 0 0 1 0
type AND
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LCD

channel - - - - - - - - comM1i 0 1 ‘ 0 | 0

Configure
GPIO - - - - - - - - 0 according to
requirements

Digital
general

Multiplexe RXDO0/S TIO3_GAT
d output ) DI0O . Ti02 E ) ) ) ) 0 1> *

Multiplexe
d
bidirection

al SDAA
Open- 0
drain
output
type OR

PA10

Multiplexe
d
bidirection

al
Open-
drain
output
type AND

- SDA0O - - - - - - - 0 0 1 1

Multiplexe
d output - - - TOO02 - - - PCLBUZ - 0 0 0 0

type OR 1
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Por Port Function Register Settings

t Port Functi Functi Functi . .
. ) Function Function LCD
Na Mode Default onl on2 on3 Function 4 Function 5 6 7 Euncti PMC PMx Pxx PO

me Function Functi Functi Functi Function Function . . XX X Mxx
on on on Function Function on

LCD

R - - - - - - - COM2 0 1 0 0
channel

Digital GPIO : : : : : ) : : 0 Conﬂgurg according
general to requirements

Multiplexe
d output - - - TOO03 - SPI0_SO VCOOUT - - 0 0 0 0
type OR

Multiplexe
PA11 d
bidirection
al
Open-
drain
output
type OR

- - SCLAO - - - - - - 0 0 0 1

Multiplexe . $500 : TI03 TI04_GAT

d output E SPIO_MI - - - 0 1 X X

LCD
channel - - - - - - - - COmM3 0 1 0 0

Digital GPIO } : : R . ) . . 0 Conﬂgure_ according
general to requirements

Multiplexe
d output - - - TOO04 - SPI0_MO VC10UT - - 0 0 0 0
type OR

PA12 | Multiplexe
d
bidirection

al SDAA
Open- 0
drain
output
type OR

Multiplexe : 5511 ; TI04 TIO5_GAT

d output g SPIO_SI - - - 0 1 x x

Configure according

Digital GPIO } : : : : ) : : 0 >
to requirements

general

Multiplexe
d output - - - TOO05 RTC1HZ - - PCLBUZ - 0 0 0 0

type OR 0

Multiplexe
d
bidirection

al
PA13 Open-
drain
output
type AND

- SDAOO - - - - - - - 0 0 1 1

Multiplexe
d
bidirection
al

SWDIO - - - - - - - - 0 x x 0

Multiplexe RXDO/
d output ) SDI0O ) 105 . ) KR4 ) ) 0 L * *

Digital GPIO } . . B : ) : : 0 Conflgure_ according
general to requirements

Multiplexe

d output - - - TO06 - - - PCLBUZ - 0 0 0 0
type OR 1
PA14

Multiplexe TXDO/
d output - SDO0O - - - - - - - 0 0 1 0
type AND 0

Multiplexe SWCLK - - TI06 - - KR1 - - 0 1 X x
d output

LCD

channel ) B - - - - - - SEG32 0 1 0 0

Digital GPIO ) ) ) B . ) . . 0 Conflgure_ according
general to requirements

Multiplexe
d output - - - TOO07 - - - - - 0 0 0 0
type OR

Multiplexe
PA15 d
bidirection
al
Open-
drain
output
type AND

- SDA0O - - - - - - - 0 0 1 1

Multiplexe RXDO/
d output ] SDI00 - TI07 - SPIO_NSS KRO - _ 0 1 < %
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PB0O

Analog
Channel

ANIO8/
AVREF
M

LCD
channel

SEG13

1

0

0

Digital
general

GPIO

Configure according

to requirements

Multiplexe
d output
type AND

TXD1/
SDO1

0

1

0

Multiplexe
d output
type OR

TOO00

PCLBUZ
0

Multiplexe
d output

TIOO

PBO1

Analog
Channel

ANI09/
AVREFP

LCD
channel

1

0

0

Digital
general

GPIO

Configure according

to requirements

Multiplexe
d output
type AND

SCLK20
/
SCL20

0

1

0

Multiplexe
d output
type OR

TOO01

PCLBUZ
1

Multiplexe
d output

SCLK20

TIO1

www.mcu.com.cn

53/821

Rev.0.1

2



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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

Port Function Register Settings

Port

Port Functi Functi Functi ) )
Nam Function Function LCD PM PMx PO

Mode Default onl on2 on3 Function 4 Function 5 6 7 Functi Pxx

Function | Functio Functi Functi Function Function . . Cxx X Mxx
n on on Function Function on

ANI10
Analog
Channel | VC1_INP
0

LCD
channel
Digital GPIO . : : R R ) ) ) 0 Configurg according
general to requirements
Multiplex
ed TXD2/
output - SDO2 - - - - - - 0 0 1 0
type 0
AND
Multiplex
ed
output
type OR
Multiplex
ed - - - TI02 - TA_TI - - 0 1 X X
output
LCD
channel
Digital GPIO } : : R R ) ) ) 0 Configure_ according
general to requirements
Multiplex
ed - - - TO03 - SPIO_SCK - PCLBUZ | . 0 0 0 0
output 0
type OR
Multiplex
ed SCLK11
output - / - - - - - - - 0 0 1 0
type SCL11
AND
Multiplex
ed - SCLK11 - TI03
output
LCD
channel
Digital GPIO } : : R R ) ) ) 0 Configure_ according
general to requirements
Multiplex
ed
output
type OR
Multiplex
ed
bidirectio
nal
Open- - SDAL - - - - - - - 0 0 1 1
drain
output
type
AND
Multiplex
ed - SDI11 - TIO4
output
LCD
channel
Digital
general
Multiplex

ed
output - Spo1 - - - - - - - 0 0 1 0

type
PBO05 AND
Multiplex
ed
output
type OR
Multiplex
ed - - - TIO5
output
LCD
channel
Digital
general
PB06 Multiplex
ed
bidirectio - - SCLA - - - - - - 0 0 0 1
nal
Open-

- - - - - - - SEG11 0 1 0 0

PB02

- - - TOO02 - - TA_TO - - 0 0 0 0

- - - - - - - CAPH 0 1 0 0

PBO03

TIO4_GAT

E SPIO_SCK - - - 0 1 X X

- - - - - - - CAPL 0 1 0 0

- - - TOO04 - SPI0_SO | TA_TO - - 0 0 0 0

PB04

TIO5_GAT

g SPIO_MI TA_TI - - 0 1 x x

- - - - - - - VL4 0 1 0 0

Configure according

GPIO - - - - - B B B 0 to requirements

- - - TOO05 - SPIO_MO - - - 0 0 0 0

TIO6_GAT

E SPIO_SI - - - 0 1 X X

- - - - - - - VL3 0 1 0 0

Configure according

GPIO - - - - - - - 0 ;
to requirements
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drain
output
type OR
Multiplex
ed
output
type OR
Multiplex
ed TXDO/
output - SDO0 - - - - - - - 0 0 1 0
type 0
AND
Multiplex
ed - - - TIO6 - - TA_TI - - 0 1 x x
output
LCD
channel
Digital GPIO : : : : : ) ) ) 0 Configure_ according
general to requirements
Multiplex
ed
output
type OR
Multiplex
ed
bidirectio
nal SDAA
Open- 0
drain
output
type OR
Multiplex
ed
bidirectio
nal
Open- - SDAO - - - - - - - 0 0 1 1
drain
output
type
AND

Multiplex RXDO/

ed - SDI0O - TIO7 - - - - - 0 1 X X
output

- - - TOO06 - - TA_TO - - 0 0 0 0

- - - - - - - VL2 0 1 0 0

- - - TOO07 - - TA_TON - - 0 0 0 0

PBO7
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Port Function | Register Settings

. . Fun
Port Port - Functi Functi - ) B
Name Mode Default Function on 2 on 3 Function Function 5 Function | ction LCD_ PM PMx PO
Function 1 Functi Functi 4 Function 6 7 Functi Cxx X Pxx Mxx
Function Function Function Fun on

on on )
ction

- - VL1 0 1 0 0

LCD
channel
Digital GPIO . : : } ) ) . . 0 Configure_ according
general to requirements
Multiplex
ed
output
type OR
Multiplex

ouetgut . SCLKOO/
SCL00
type
AND
Multiplex
ed - SCLKO00 - - - - - - - 0 1 x x
output
Digital GPIO . : : } ) ) . . 0 Configure_ according
general to requirements
PBOS Multiplex
ed
bidirectio
nal SCLA
Open- 0
drain
output
type OR
Multiplex
ed - - TI07_GA TI00 - - - 0 1 x x
TE
output
Multiplex
ed
output
type OR
Multiplex
ed TXDO/

output - SPO0O - - - - - - - 0 0 1 0
type

AND

- - - TO00 - - - - - 0 0 0 0

Analog ANI11

Channel | 01 |np1

LCD SEG1
channel ] ) ) ) ) ) ] 0 0 1 0 0
Digital GPIO : : : ) ) ) : : 0 Configurg according
general to requirements
Multiplex
ed
bidirectio
nal SCLA
Open- 0
drain
PB10 output
type OR
Multiplex
ed - - TI02 - SPI0O_SCK - - - 0 1 X X
output
Multiplex
ed
TXD1/
output - SDO10 - - - - - - - 0 0 1 0
type
AND
Multiplex
ed
output
type OR
Analog ANI12
Channel VC1 INP2
LCD SEGO
channel ] ) ) ) ) ) ) 9 0 L 0 0
Digital Configure according
general GPIO ] ) ) ) ) ) ) ) 0 to requirements
PB1 Multiplex
1 ed - - - TO03 - - - - - 0 0 0 0
output
type OR
Multiplex
ed
bidirectio - - SDAA - . - - - - 0 0 0 1
nal
Open-

- - TOO02 - SPIO_SCK - - - 0 0 0 0
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drain
output
type OR
Multiplex
ed
bidirectio
nal
Open- - SDA10 - - - - - - - 0 0 1 1
drain
output
type
AND
Multiplex RxD1/ TIOO_GA
ed - SDI10 - TIO3 TE - - - - 0 1 x x
output
Analog ANI13
Channel VC1_INP3
LCD SEGO
channel ) ) ) ) ) ) ) 8 0 ! 0 0
Digital GPIO ) . . B ) ) ) ) 0 Configure_ according
general to requirements
Multiplex
ed
PB1 output
2 type OR
Multiplex
ed
TXD1/
output - SDO10 - - - - - 0 0 1 0
type
AND
Multiplex
ed KR7 - - TIO4 - SPIO_NSS - - - 0 1 x x
output

- - TOO04 - - VCOOoUT - - 0 0 0 0
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Port
Nam

Port
Mode

Port Function

Register

Settings

Default
Function

Function
1
Function

Functio
n2
Functio
n

Funct
ion 3

Funct
ion

Function
4
Function

Function 5
Function

Function
6
Function

Functio
n7
Functio
n

LCD
Functio
n

PMC
XX

PMxx

Pxx

POM
XX

PB13

Analog
Channel

ANI14

VC1_INNO

LCD
channel

SEGO07

1

0

0

Digital
general

GPIO

Configure according to

re

quirements

Multiplexe
d
bidirectio

nal
Open-
drain
output
type OR

SCLAO

Multiplexe
d output
type OR

TOO05

SPI0_SCK

Multiplexe
d output
type AND

SCLK10/
SCL10

Multiplexe
d output

SCLK10

TIO5

TIOI_GA
TE

SPI0_SCK

PB14

Analog
Channel

ANI15

X

X

LCD
channel

1

0

0

Digital
general

GPIO

Configure according to

re

quirements

Multiplexe
d output
type OR

TOO06

RTC1HZ

SPI0_SO

0

Multiplexe
d
bidirectio

nal
Open-
drain
output
type OR

SDAAOQ

Multiplexe
d output

SS01

TIO6

SPIO_MI

PB15

Analog
Channel

ANI16

LCD
channel

1

0

0

Digital
general

GPIO

Configure according to

re

quirements

Multiplexe
d output
type OR

TOO7

SPI0_MO

0

Multiplexe
d
bidirectio

nal
Open-
drain
output
type AND

SDA20

Multiplexe
d output

RxD2/
SDI20

TIO7

TI02_GA
TE

SPIO_SI

PCO00

Analog
Channel

ANI17

VC1_INP4

LCD
channel

SEG27

1

0

0

Digital
general

GPIO

Configure according to

re

quirements

Multiplexe
d output
type OR

TOO00

0

Multiplexe
d output

SS21

TI00

TI03_GA
TE

PCO1

Analog
Channel

ANI18

VC1_INP5

LCD
channel

SEG26

1

0

0

Digital
general

GPIO

Configure according to

re

quirements
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Multiplexe
d output ) SCLK21/ ) 0 0 1

type AND scL21

Multiplexe
d output - TOO1 TA_TO - 0 0 0
type OR

Multiplexe

- SCLK21 - TIO1 - - TA_TI - - 0 1 x
d output

WWW.mcu.com.cn 59/821 Rev.0.1.2



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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 2 Port Function

Port Function Register Settings
Port : - - - - - -
Port Mode Function Function Function Function Function Function Function
Name Default 1 2 3 4 5 6 7 fCD | PMexx | PMxx | Pxx | POM
Function | Function | Function | Function Function Function Function
Analog ANI19 : R R R ) ) ) } 1 N y y
Channel VC1 INN1
LCD channel - - - - - - - SEG25 0 1 0 0
Digital . R R R . . ) Configure according to
general GPIO 0 requirements
Multiplexed
PCO02 output type - TO02 SPI0_SO | TA_TON - 0 0 0 0
OR
Multiplexed
bidirectional
Open-drain - SDA21 - 0 0 1 0
output type
AND
Multiplexed - Spi21 - TI02 - SPIO_MI - - - 0 1 x x
output
Analog
Channel ANI20 - - - - - - - - 1 x x x
LCD channel - - - - - - - SEG24 0 1 0 0
Multiplexed
output type - TOO03 SPI0O_MO TA_TO - 0 0 0 0
PCO03
OR
Multiplexed
output type - SDO21 - 0 0 1 0
AND
Multiplexed - - - TIo3 - SPIO_SI | TATI - - 0 1 x x
output - —
Analog
Channel ANI21 - - - - - - - - 1 x x x
LCD channel - - - - - - - SEG15 0 1 0 0
Digital GPIO . R R R . . ) 0 Configure according to
general requirements
Multiplexed
PCO4 | output type - TO04 PCLBUZ1 - 0 0 0 0
OR
Multiplexed
output type - sngi(/) - 0 0 1 0
AND
Multiplexed
output - - - TI04 - - - - - 0 1 x x
Analog
Channel ANI22 ) ] ] ] ) ) ) ) ! * * *
LCD channel - - - - - - - SEG14 0 1 0 0
Digital . . . . : : ) Configure according to
general GPIO 0 requirements
Multiplexed
bidirectional
PCOS | open-drain - SDA10 . . - - - - - 0 0 1 1
output type
AND
Multiplexed
output type - - - TO05 - - - - - 0 0 0 0
OR
Multiplexed RxD1/
output ) SDI10 . TIo5 . ) ) ) ) 0 1 X X
Analog
Channel ANI23 - - - - - - - - 1 x x x
LCD channel - - - - - - - SEG04 0 1 0 0
Digital GPIO : R R R : : ) 0 Configure according to
general requirements
Multiplexed
PCO6 | qutput type - TO06 N . . . - 0 0 0 0
OR
Multiplexed
output type - SSC(I:_IIfgll/ - - - - - - - 0 0 1 0
AND
Multiplexed - SCLKO1 - TI06 - - - - - 0 1 x x
output
LCD channel - - - - - - - SEG38 0 1 0 0
Digital Configure according to
general GPIO ] B B B ) ) ) 0 requirements
PCO7 Multiplexed
output type - - - TO07 - - - - - 0 0 0 0
OR
Multiplexed ) SDAOL . . . : : : ) 0 0 1 1
bidirectional
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Open-drain
output type
AND

Multiplexed
output

SDIO1 - TIO7 - - KR7 - - 0 1 x
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Port Function Register Settings
Port Default Functio Functio Functio Functio Functio Functio Functio LCD
Nam Port Mode Functio nl n2 n3 n4 n5 n6 n7 Functio PMCx PMx Pxx POMXx
e n Functio Functio Functio Functio Functio Functio Functio n X X X
n n n n n n n
LCD - - - - - - - - SEG37 0 1 0 0
channel
Digital GPIO : : : : : : . ) 0 Conﬂgurg according to
general requirements
Multiplexed
PCO output type - - - TOO00 - - - - - 0 0 0 0
8 OR
Multiplexed
output type - SDO01 - - - - - - 0 0 1 0
AND
M”(')ﬂ't”'ﬁed - - TI00 - - - KR6 - - 0 1| x x
LCD - - - - - - - - SEG36 | 0 1 | o 0
channel
Digital GPIO : : : : : : ) 0 Conﬂgure_ according to
general requirements
Multiplexed SCLKO
PCO output - 0 - TIO1 - - KR5 - - 0 1 x x
9 Multiplexed
output type - - - TOO1 - - - - - 0 0 0 0
OR
Multiplexed SCLKO
output type - o/ - - - - - - - 0 0 1 0
AND SCLO0
LCD SEGO00/
channel ) ) ] ) ) ) ) CoM4 0 ! 0 0
Digital ) ; R ; ; ; ) Configure according to
general GPIO 0 requirements
Multiplexed
PC1 output ) ) ) 02 ) ) ) ) ) 0 . X X
0 Multiplexed
output type - ;:))(8% - - - - - - - 0 0 1 0
AND
Multiplexed
output type - - - TOO02 - - - - - 0 0 0 0
OR
LCD SEGO01/
channel ) ) ) ] ) ) ) ) COM5 0 ! 0 0
Digital GPIO } : R : . . ) ) 0 Conﬂgure_ according to
general requirements
Multiplexed
output type - - TOO03 - - - - - 0 0 0 0
OR
Pgl Multiplexed
bidirectional
Open-drain - SDA20 - - - - - - - 0 0 1 1
output type
AND
Multiplexed RxD2/
output . SDI20 . Ti03 . . . i i 0 ! * *
LCD SEGO02/
channel ) ) ) ) ) ) ) COM6 0 ! 0 0
Digital GPIO ; : R : : : ) 0 Conflgurg according to
general requirements
Multiplexed
output type - - - TO04 - - - - - 0 0 0 0
OR
Multiplexed
PC1 output type - ;;(856 - - - - - - - 0 0 1 0
2 AND
Multiplexed } } . TI04 . : : ) ) 0 1 o o
output
Digital . . . . : : ) Configure according to
general GPIO 0 requirements
Multiplexed ; 5510 ) B ) . . ) } 0 1 y y
output
Digital GPIO ; : R : . . } } 0 Conﬂgurg according to
general requirements
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Port Function Register Settings
Port ; ; ; ; ; ;
Port Mode Function | Function | Function | Function ) Function Function
Name Default 1 2 3 4 Function 5 6 7 LCD | pumexx | PMxx | Pxx | POMxx
Function . } . . Function ; . Function
Function Function | Function | Function Function Function
SEGO03/
LCD channel - - - - - - - COM7 0 1 0 0
Digital . R : : : ) ) . Configure according to
general GPIO 0 requirements
Multiplexed
output type - - - TO02 - - - - - 0 0 0 0
OR
Multiplexed
output type - gg::ggm - - - - - - - 0 0 1 0
AND
Multiplexed | _ SCLK20 | - TI02 - - - - - 0 1| x x
output
Digital GPIO : R ; ; ; } } ) 0 Conflgurg according to
general requirements
PDO2 | Multiplexed
output type - - - TOO1 - - - PCLBUZ1 | - 0 0 0 0
OR
Multiplexed
bidirectional
Open-drain - SDAOO - - - - - - - 0 0 1 1
output type
AND
Multiplexed
bidirectional
Open-drain - - SDAAO - - - - - - 0 0 0 1
output type
OR
Multiplexed RXDO0/
output - SDI0O - TIO1 - SPIO_NSS | - - - 0 1 x x
ANI24
Analog
Channel VCO_INP5 - - - - - - - - 1 x x x
OPAOO
LCD channel - - - - - - - - 0 1 0 0
PDO4 iqi i i
Digital GPIO } R : : : ) ) . 0 Conflgurg according to
general requirements
Multiplexed
output type - 2gtﬁO/ - - 0 0 1 0
AND
Multiplexed . SCLK10 R : : ) ) . 0 1 y y
output
Analog
Channel ANIZS ) ] ) ) ) ) ) ) 1 * * *
LCD channel - - - - - - - - SEG39 0 1 0 0
Digital GPIO . . . . . ) ) : 0 Conflgure according to
PDO5 | _general requirements
Multiplexed
output type - ggtggw - - 0 0 1 0
AND
Multiplexed } scLk20 | - . . ) ) : 0 1 o o
output
LCD channel - - - - - - - SEG34 0 1 0 0
Digital GPIO : R : : : ) ) : 0 Conflgurg according to
general requirements
Multiplexed
PDO6 | bidirectional
Open-drain - - SCLAO - - - - - 0 0 0 1
output type
OR
Multiplexed KR3 0 1 N o
output
LCD channel - - - - - - - SEG33 0 1 0 0
Digital GPIO . B ) ) ) ) ) . 0 Conflgurg according to
general requirements
Multiplexed
output type - ggtggw - - - - - - - 0 0 1 1
AND
PDO7  MMultiplexed
bidirectional
Open-drain - - SDAAO - - - - - - 0 0 0 1
output type
OR
Multiplexed : SCLKOO KR2 - R 0 1 x X
output
LCD channel - - - - - - - - - 0 1 0 0
PHOO i ] ;
Digital GPIO . B ) ) ) ) ) . 0 Conflgurg according to
general requirements
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Port Function Register Settings
Port d Default Functio Functio Functio Functio Functio Functio Functio LCD
Nam | PortMode | oo ni n2 n3 n4 ns ne n7 Funoio | PMCx | PMx | | POMx
e n Functio Functio Functio Functio Functio Functio Functio n X X X
n n n n n n n
LCD - - - - - - - - - 0 1 0 0
channel
Digital GPIO . R R R R ) ) . 0 Conflgure_ according to
general requirements
Multiplexed
PHO output type - ;—ggilo - - - - - - 0 0 1 0
1 AND
Multiplexed
bidirectional
Open-drain - - SDAAO - - - - - 0 0 0 1
output
Type OR
LCD
channel ) ] j j j j ) ) ) 0 . 0 0
Digital GPIO . R R R R ) ) . 0 Conflgurg according to
general requirements
Multiplexed
output type - TOO1 - - - - 0 0 0 0
OR
Multiplexed
bidirectional
PHO ) - SDA10 - - - - - - - 0 0 1 1
2 Open-drain
output type
AND
Multiplexed
bidirectional
Open-drain - - SCLAO - - - - - 0 0 0 1
output type
OR
Multiplexed RxD1/
output ) SDI10 . ol . . ) ) ) 0 ! X X
Analog
PHO Channel ) ) ) ) ) ) ) ) ) 1 * X X
3 Digital GPIO } R R R R ) ) . 0 Conflgurg according to
general requirements
Analog
PHO Channel ] ] ) ) ) ) ) ) ) 1 * X X
4 Digital GPIO : R R R R ) ) } 0 Conflgure_ according to
general requirements
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Configuration Description:

>

PAOO~PAQO7, PBO0~PB03, PB10~PB15, PCO0~PCO06, PD04, PD05, PD08, PD09 are used as analog ports
by default after power on. If they are to be used for digital general purpose GPIO or digital multiplexing
function, the ports need to be configured to digital mode (PMCxx=0).

PA13 and PA14 ports are used as debug ports by default and are pulled up by default after reset. To use
their GPIO function, you need to configure DBGSTOPCR. SWDIS register bit to 1 to mask the debug
function. The DBGSTOPCR.SWDIS register is described in “Chapter 1 CPU”.

PA08~PA12, PA15, PC07~PC12, PD02, PD06, PD0O7, PHO1~PHO04 ports are used as digital GPIO by
default after power on.

To use the digital input function of the port, the port must be configured to input mode (PMxx=1).

To use the digital output function of the port, the port must be configured to output mode (push-pull or
open-drain) (PMxx=0).

To use the multiplexed output function of the port, set the output latch Pxx of the port according to the
above table.

To use the GPIO function of PHOO port, mask the reset function of this port and set RSTM=1 at first.

To use the GPIO function or multiplexing function of PHO1 and PHO2 ports, make sure that the X1
oscillation mode and external clock input mode are not turned on. Please refer to "Chapter 4 Clock
generation circuit".

To use the GPIO function or multiplexing function of PHO3 and PHO4 ports, make sure that the XT1
oscillation mode and external clock input mode are not turned on. Please refer to "Chapter 4 Clock
generation circuit".

Each port can be configured as an external interrupt, and the interrupt trigger type can be configured as
rising edge triggered, falling edge triggered or double edges triggered. The interrupt port selection requires
the configuration of INTPNPCFG registers (n=0~5) for details please refer to 2.3.11External interrupt port
selection register (INTPnPCFG) To select the trigger type, please configure the EPGO and EGNO
registers, please refer to “Chapter 23 Interrupt Function” for details.

When the port is multiplexed as LCD port (COMO0~7, SEG0~41, VLCD1~4, CAPL, CAPH), the
corresponding bits of the port mode control register PMCxx should be configured to 0, and the
corresponding bits of the LCD port mode registers SEGO~SEG3 should be configured to 1. For details,
please refer to "Chapter 20 LCD Controller/Driver".

In order to avoid through-current, turn off the input function by default after reset PB03~PB08. If you want
to turn on the input function of GPIO, you need to configure ISCLCD register, and when ISCLCD.ISCCAP
is set to 1, the Schmitt input of PBO3 and PB04 is enabled. When ISCLCD.ISCCAP is set to 1, the Schmitt
input of PBO5~PB08 will be enabled. For details, please refer to“Chapter 20 LCD Controller/Driver”.
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Chapter 3 System Structure

3.1 Overview

This product system consists of the following components:
e 2 AHB buses Master:
- Cortex-MO+
- Enhanced DMA
e 4 AHB buses Slaves:
- FLASH Storage
- SRAM Memory 0
- SRAM Memory 1
- AHB to APB Bridge, contains all APB interface peripherals

Figure3-1: System structure diagram

system bus

flash

Cortex-MO+ memory

sram
memory 0

bus
matrix

sram
memory 1

AHB to APB Peripheral
AHB bus APB bus p
DMA bus bus bridge hardware
DMA K

{1

e System bus: This bus connects the Cortex-M0+ core's system bus (peripheral bus) to the bus matrix,
which coordinates accesses between the kernel and the DMA.
. DMA bus: The bus connects the AHB master interface of the DMA to a bus matrix that coordinates CPU

and DMA access to SRAM, flash and peripherals.

*  Bus matrix: The bus matrix coordinates access arbitration between the kernel system bus and the DMA
master bus, with fixed priority for arbitration and high priority for DMA.

*  AHB to APB Bridge: The AHB to APB Bridge provides a synchronous connection between the AHB and
APB buses. For the address mapping of the different peripherals connected to each bridge, please refer to
Figure3-1.
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3.2 System address division

Figure3-2: Address division diagram
FFFF_FFFFH

EOOF_FFFFH

Cortex-MO0O+ dedicated

peripheral resource area
E000_0000H

4005_FFFFH
Peripherals
Resource
Area
4000_0000H

2000_1FFFH
SRAM(up to 8KB)

2000_0000H

0050_OBFFH Data Flash
2.5KB
0050_0200H
0001_FFFFH
Main Flash Region
(up to 128KB)
0000_0000H
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3.3Peripheral address assignment

Figure3-1: Start address of the peripheral register group

Start Address Peripheral Remark
0x4000_0000 - 0x4000_4FFF Retain
0x4000_5000 - 0x4000_5FFF DMA

0x4000_6000 - 0x4000_6FFF

Interrupt control

0x4000_7000 - 0x4001_8FFF Retain
0x4001_9000 - 0x4001_AFFF Retain
0x4001_BO00O - 0x4001_BFFF DBGREG
0x4001_C000 - 0x4001_CFFF DIV
0x4001_DO000 - 0x4001_FFFF Retain

0x4002_0000 - 0x4002_03FF

FLASH control

0x4002_0400 - 0x4002_OFFF

Clock control

0x4002_1000 - 0x4002_1002

Watch dog timer

0x4002_1003 - 0x4002_1800

Retain

0x4002_1800 - 0x4002_1BFF

High-speed CRC

See Chapter 29 Security Feature for

more details

0x4002_1C00 - 0x4002_1FFF

FLASH control

0x4002_2000 - 0x4003_FFFF Retain

0x4004_0000 - 0x4004_OFFF GPIO

0x4004_1000 - 0x4004_13FF pcbz

0x4004_1400 - 0x4004_17FF General CRC See Chapter 29 Security Feature for

more details

0x4004_1800 - 0x4004_1BFF

Linkage controller

0x4004_1CO00 - 0x4004_1FFF

External interrupt control

0x4004_2000 - 0x4004_23FF

Key interrupt

0x4004_2400 - 0x4004_27FF

Real time clock

0x4004_2800 - 0x4004_2FFF

Retain

0x4004_3000 - 0x4004_33FF

General purpose timer unit

0x4004_3400 - 0x4004_3FFF Retain
0x4004_4000 - 0x4004_43FF TimerA
0x4004_4400 - 0x4004_4FFF Retain

0x4004_5000 - 0x4004_53FF

AD converter

0x4004_5400 - 0x4004_57FF DAconverter
0x4004_5800 - 0x4004_5BFF Comparator
0x4004_5CO00 - 0x4004_5FFF Amplifier

0x4004_6000 - 0x4004_6BFF

Serial Communication Unit

0x4004_6C00 - 0x4004_6FFF

Retain

0x4004_7000 - 0x4004_73FF

Serial interfacellCAO

0x4004_7400 - 0x4004_7FFF Retain
0x4004_7800 - 0x4004_7BFF SPIHSO
0x4004_7C00 - 0x4004_7FFF Retain
0x4004_8000 - 0x4004_83FF IrDA
0x4004_8400 - 0x4004_8FFF Retain
0x4004_9000 - 0x4004_93FF LCD
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Chapter 4 Clock generation circuit

4.1 Function of clock generation circuit

The clock generation circuit is the circuit that provides the clock to the CPU and peripheral hardware. There are
the following 3 types of system clocks and clock oscillation circuits.
(1) Main system Clock
@ X1 oscillation circuit
The clock can oscillate at Fx = 1~20MHz by connecting resonators to pins X1 and X2, and can be
stopped by entering deep sleep mode or by setting the MSTOP bit (bit 7 of the Clock Operation
Status Control Register (CSC)).
@ High-speed internal oscillator (high-speed OCO)
It is possible to oscillate at a frequency selected from FHOCO = 32MHz, 16MHz, 8MHz, 4MHz, 2MHz
and 1MHz (typical values) by means of the option byte (000C2H), and the same frequency for Fiy and
Froco. The CPU must start running with this high-speed internal oscillator clock after the reset is
released. Oscillation can be stopped by entering deep sleep mode or by setting the HIOSTOP bit (bit
0 of the CSC register). The frequency of the option byte setting can be changed by the frequency
selection register (HOCODIV) of the high-speed internal oscillator. For frequency settings, please
refer to "Figure4-10: Format of the high-speed internal oscillator frequency selection register
(HOCODIV)".

In addition, an external main system clock (Fex =1~20MHz) can be provided by the EXCLK/X2/PHO02 pin and the
input to the external main system clock can be disabled by entering deep sleep mode or by setting the MSTOP bit.

It is possible to switch between the high-speed system clock (X1 clock or external main system clock) and the
high-speed internal oscillator clock by setting the MCMO bit (bit 4 of the system clock control register (CKC)).

(2) Subsystem Clock
*  XT1 oscillation circuit
The clock can oscillate at F xr = 32.768KHz by connecting resonators to pins XT1 and XT2, and can
be stopped by setting the XTSTOP bit (bit 6 of the Clock Operation Status Control Register (CSC)).

In addition, an external subsystem clock can be provided by the EXCLKS/XT2/PHO04 pin (FEXS =32.768KHz)
and the input to the external subsystem clock can be disabled by setting the XTSTOP bit.

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

It can make the clock oscillate at Fi. = 32.768KHz (typical value).

The low-speed internal oscillator clock can be used as the CPU clock.

The SysTick timer uses the low-speed internal oscillator clock as the external reference clock.

When bit4 (WDTON) of the option byte (OO0COH) or bit4 (WUTMMCKQO) of the subsystem clock supply

mode control register (OSMC) is "1", the low-speed internal oscillator oscillates.

However, when the WDTON bit is "1" and the WUTMMCKO bit is "0" and bit0 (WDSTBYON) of the option
byte (OO0COH) is "0 ", the low-speed internal oscillator stops oscillating if it enters deep sleep mode or sleep

mode.
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Note: The low-speed internal oscillator clock (Fi) can be selected as the count clock for the real-time clock only
when the fixed-cycle interrupt function is used.
Remarks: Fx : X1 clock oscillation frequency
Froco : High-speed internal oscillator clock frequency (max. 32MHz)
Fir : High-speed internal oscillator clock frequency (max. 32MHz)
Fex : External main system clock frequency
Fxt : XT1 clock oscillation frequency
Fexs : External subsystem system clock frequency
FiL : Clock frequency of the low-speed internal oscillator
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4.2 Structure of clock generation circuit

The clock generation circuit consists of the following hardware.

Table 4-1: Structure of the clock generation circuit
ltem Structure
Clock operation mode control register (CMC)
System Clock Control Register (CKC)
Clock operation status control register (CSC)
Status register of the oscillation stabilization time counter (OSTC)
Oscillation stabilization time selection register (OSTS)
Peripheral enabled registers 0, 1 (PERO, PER1)
Subsystem Clock Supply Mode Control Register (OSMC)
High-speed internal oscillator frequency selection register (HOCODIV)
High-speed internal oscillator trim register (HIOTRM)
Subsystem Clock Selection Register (SUBCKSEL)
X1 oscillation
circuit
XT1 oscillation
circuit
High-speed
internal oscillator
Low-speed
internal oscillator

Control register

Oscillation circuit
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Remarks: FX : X1 clock oscillation frequency
Froco : High-speed internal oscillator clock frequency (max. 32MHz)
Fir : High-speed internal oscillator clock frequency (max. 32MHz)
Fex : External main system clock frequency
Fux : High-speed system clock frequency
Fwvain : Main system clock frequency
Fxt : XT1 clock oscillation frequency
Fexs : External subsystem system clock frequency
Fsus : Subsystem clock frequency
Fcwk : Clock frequency of CPU/peripheral hardware
FiL : Clock frequency of the low-speed internal oscillator
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4.3 Registers for controlling clock generation circuit

The clock generation circuit is controlled through the following registers.

*  Clock operation mode control register (CMC)

»  System Clock Control Register (CKC)

*  Clock operation status control register (CSC)

»  Status register of the oscillation stabilization time counter (OSTC)

*  Oscillation stabilization time selection register (OSTS)

*  Peripheral enabled registers 0, 1 (PERO, PER1)

e Subsystem Clock Supply Mode Control Register (OSMC)

*  High-speed internal oscillator frequency selection register (HOCODIV)
*  High-speed internal oscillator trim register (HIOTRM)

Note: The assigned registers and bits vary from product to product. The initial values must be set for
unassigned bits.

4.3.1 Clock operation mode control register (CMC)

This is the register to set the operation mode of X1/PHO1, X2/EXCLK/PHO02, XT1/PH03, XT2/EXCLKS/PHO04 pins
and to select the gain of the oscillation circuit.

After the reset is released, the CMC register can only be written 1 time by 8-bit memory manipulation
instruction. It is possible to read this register by means of an 8-bit memory manipulation instruction.

After a reset signal is generated, the value of these registers becomes "00H".
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Address:  40020400H After reset: O0OH
Symbol 7 6 5 4 3 2 1 0
CMC EXCLK OSCSEL EXCLKSNote |OSCSELSNoe AMPHS1Note | AMPHSQNote 0
R/W R/W
Bit7~ Bit6 ~ EXCLK OSCSEL: g'gr]:tﬁ;erio dZyStem clock PNy 1/pHO1 pins X2/EXCLK/PHO2 pins
00= Port Mode 10 Port
01= X1 oscillation mode Connect to a crystal or ceramic resonator.
10= Port Mode 10 Port
11= External clock input mode 10 Port External clock input
Bit5~ Bit4 EXCLKS OSCSELS: 825&6‘;::‘12 mode of the subsystem 14 /51103 pins XT2/EXCLK/PHO4 pins
00= Port Mode 10 Port
01= XT1 oscillation mode Connect to a crystal resonator.
10= Port Mode 10 Port
11= External clock input mode 10 Port External clock input
Bit2~ Bitl ~ AMPHS1 AMPHSO0: Oscillation mode selection of XT1 oscillation circuit
00= Low-power consumption oscillation (default)
01= Usual oscillation
10= Ultra-low power consumption oscillation
11= Settings are disabled.
AMPH:  Control of X1 clock oscillation frequency

0= 1MHz<Fx<10MHz
1= 10MHz<Fx<20MHz

Note: EXCLKS bit, OSCSELS bit, AMPHSL1 bit and AMPHSO bit are only initialized at power-on reset and
remain unchanged at other resets.
Notice:

1. After the reset is released, the CMC register can only be written 1 time by an 8-bit memory
manipulation instruction. When the CMC register is used with the initial value ("O0H"), the CMC
register must be set to "O0H" after the reset is released in order to prevent malfunction when the
program is out of control (if a value other than "00H" is written by mistake, it cannot be recovered).

2. The CMC register must be set after the reset is released and before the X1 or XT1 oscillation is
started by setting the clock running status control register (CSC).

3. When the X1 clock oscillation frequency exceeds 10MHz, the AMPH need be set to "1".

The AMPH bit, AMPHS1 bit and AMPHSO bit must be set after the reset is released and with Fin
selected as the state of Fcik (before switching from Fcik to Fux or Fsus).
The oscillation stabilization time of Fxr must be counted by software.
The upper frequency limit of the system clock is 32MHz, but the upper frequency limit of the X1
oscillation circuit is 20MHz.

Remarks: FX : X1 clock oscillation frequency

WWW.mcu.com.cn 751821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 4 Clock generation circuit

4.3.2 System clock control register (CKC)

This is the register that selects the CPU/peripheral hardware clock and the main system clock.
The CKC register is set by an 8-bit memory manipulation instruction.
After a reset signal is generated, the value of these registers becomes "00H".

Figure4-3: Format of the system clock control register (CKC)

Address:  40020404H After reset: 00H
Symbol 7 6 5 4 3 | 2 | 1 0
CKC CLS CSS MCS MCMO 0
R/W R/V\/Notel
Bit7 CLS: Status of the CPU/peripheral hardware clock (Fcik)

0= Main system Clock (Fmain)
1= Sub-system Clock (Fsug)
Bit6 CSsNoe2:  Selection of the CPU/peripheral hardware clock (Fcik)
0= Main system Clock (Fwain)
1= Sub-system Clock (Fsus)
Bit5 MCS: Status of the main system clock (Fmain)
0= High-speed internal oscillator clock (Fin)
1= High-speed system Clock (Fmx)
Bit4 MCMONe2  Operation control of the main system clock (Fma)
0= Select the high-speed internal oscillator clock (FiH) as the main system clock (Fma).
1= Select the high-speed system clock (Fumx) as the main system clock (Fmain).

Note 1: bit7 and bit5 are read-only bits, bit0O~3 must be set to "0".
Note 2: It is disabled to change the value of MCMO bit when the CSS bit is "1".
Remark:

1. Provides clock to the CPU and the CSS bit of the peripheral hardware. If the CPU clock is changed,
the peripheral hardware clock is changed at the same time (except for the real-time clock, 15-bit
interval timer, clock output/buzzer output, and watchdog timer). Therefore, if the CPU/peripheral
hardware clock is changed, each peripheral function must be stopped.

2. If the subsystem clock is used as the peripheral hardware clock, the operation of the A/D converter
and IICA cannot be guaranteed. For the operating characteristics of the peripheral hardware, please
refer to the electrical characteristics in the chapter of each peripheral hardware and the data sheet.

3. Fnoco : High-speed internal oscillator clock frequency (max. 32MHz)

Fin : High-speed internal oscillator clock frequency (max. 32MHz)
Fwux : High-speed system clock frequency

Fvain : Main system clock frequency

Fsus : Subsystem clock frequency
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This is the register that controls the operation of the high-speed system clock, the high-speed internal oscillator
clock, and the subsystem clock (except the low-speed internal oscillator clock). The CSC register is set by an 8-bit
memory manipulation instruction.

After a reset signal is generated, the value of these registers becomes "COH".

Figure4-4: Format of the clock operation status control register (CSC)

Address:  40020401H After reset: COH
Symbol 7 6 5 4 3 2 | 1 0
CSC MSTOP XTSTOP 0 HIOSTOP
RW RW
Bit7 MSTOP: High-speed system clock operation
control
X1 oscillation mode External clock input mode Input Port Mode
0= X1 oscillation circuit operated Eiﬁternal clock valid on EXCLK
. . Input Port
1= X1 oscillation circuit stopped Eiﬁternal clock invalid on EXCLK
Bit6 XTSTOP: Operation control of subsystem clocks
XT1 oscillation mode External clock input mode Input Port Mode
0= XT1 oscillation circuit operated Ei>r<1ternal clock valid on EXCLKS
FI;x’[ernal clock invalid on Input Port
1= XT1 oscillation circuit stopped EXCLKS pin
Bit0 HIOSTOP: High-speed internal oscillator clock operation control

0= High-speed internal oscillator operated
1= High-speed internal oscillator stopped

Notice:

1. After the reset is released, the CSC register must be set after setting the Clock Run Mode Control
Register (CMC).

2. The oscillation stabilization time selection register (OSTS) must be set after the reset is released and
before the MSTOP bit is set to "0". However, when using the OSTS register with its initial value, it is
not necessary to set the OSTS register.

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

4. To start XT1 oscillation by setting the XSTOP bit, you must wait for the required oscillation
stabilization time of the subsystem clock by software.

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

Note: For the register flag settings used to stop clock oscillation (external clock input is invalid) and the

conditions before stopping, please refer to Table4-2.
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Table4-2: Clock stopping method

Flag settings of CSC

Clock Conditions before clock stop (invalid external clock input) register
X1 Clock CPU/peripheral hardware clock runs at a clock other than the high-
- speed system clock. MSTOP=1
External main system clock| (cL.s=0 and MCS=0, or CLS=1)
XT1 Clock CPU/peripheral hardware clock runs at a clock other than the
subsystem clock. XTSTOP=1

External subsystem clock (CLS=0)

CPU/peripheral hardware clock runs at a clock other than the high
speed internal oscillator clock. HIOSTOP=1
(CLS=0 and MCS=0, or CLS=1)

High-speed internal
oscillator clock
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4.3.4 Status register of the oscillation stabilization time counter
(OSTC)

This is the register that indicates the count status of the oscillation stabilization time counter of the X1 clock. It
can confirm the oscillation stabilization time of X1 clock in the following cases:
*  When the CPU clock is a high speed internal oscillator clock or a subsystem clock and the oscillation of
the X1 clock is started
*  When the CPU clock is a high speed internal oscillator clock and the sleep mode is released after
transferring to deep sleep mode in the X1 clock oscillation state
The OSTC register can be read by an 8-bit memory manipulation instruction.
The value of this register changes to "00H” by generating a reset signal, entering deep sleep mode or setting
the MSTOP bit (bit7 of bit 7 of the Clock Operation Status Control Register (CSC)) to 1.
Note: The oscillation stabilization time counter starts counting when:
1)  When the X1 clock starts to oscillate (EXCLK, OSCSEL=0, 1—-MSTOP=0)
2) When deep sleep mode is released
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Figure4-5: Format of the status register (OSTC) of the oscillation stabilization time counter

Address:  40020402H After reset: O0H
Symbol 7 6 5 4 3 2 1 0
OSTC MOSTS8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
R/W R
Bit7~Bit0 OSTC: Oscillation stabilization time state
Fx=10MHz Fx=20MHz
00000000= Less than 28/Fx Less than 25.6us Less than 12.8us
10000000= At least 28/Fx At least 25.6us At least 12.8us
11000000= At least 29/Fx At least 51.2us At least 25.6us
11100000= At least 21%/Fx At least 102us At least 51.2us
11110000= At least 211/Fx At least 204us At least 102us
11111000= At least 2'3/Fx At least 819us At least 409us
11111100= At least 25/Fx At least 3.27ms At least 1.63ms
11111110= At least 2'7/Fx At least 13.1ms At least 6.55ms
11111111= At least 2'8/Fx At least 26.2ms At least 13.1ms
Notice:

1. After the above time, each bit from MOST8 becomes "1" and stays "1" in turn.

2. The oscillation stable time counter counts only within the oscillation stable time set by the OSTS. In
the following cases, the setting value of the oscillation stability time of the OSTS register must be
greater than the count value confirmed by the OSTC register.

1) When the CPU clock is a high speed internal oscillator clock or a subsystem clock and the
oscillation of the X1 clock is started

2) When the CPU clock is a high speed internal oscillator clock and the deep sleep mode is
released after transferring to deep sleep mode in the X1 clock oscillation state (therefore, it must
be noted that the OSTC register after released from deep sleep mode only sets the state within
the oscillation stabilization time set by the OSTS register)

3. The oscillation stabilization time of the X1 clock does not include the time before the clock starts
oscillating (See Figure a as below).

Deep sljep mode released

Xlpinof ..
Voltage waveform
—_—

Remarks: FX : X1 clock oscillation frequency

www.mcu.com.cn

80/821 Rev.0.1.2


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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 4 Clock generation circuit

4.3.5 Oscillation stabilization time selection register (OSTS)

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

If the X1 clock is made to oscillate, it automatically waits for the time set in the OSTS register after the X1
oscillation circuit operates (MSTOP=0)

If the CPU clock is switched from the high-speed internal oscillator clock or the subsystem clock to the X1
clock, or if the CPU clock is the high-speed internal oscillator clock and is released from deep sleep mode after
shifting to deep sleep mode with the X1 clock oscillating, it is necessary to confirm whether the oscillation
stabilization time has elapsed by the status register (OSTC) of the oscillation stabilization time counter.

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

The OSTS register is set by an 8-bit memory manipulation instruction. After a reset signal is generated, the
value of these registers becomes "07H".

Figure4-6: Format of the oscillation stabilization time selection register (OSTS)

Address:  40020403H After reset: 07H
Symbol 7 6 5 4 3 2 1 0
OSTS 0 OSTS2 OSTS1 OSTS0
R/W R/W
Bit2~Bit0 OSTS<2:0>: Oscillation stabilization time state
Fx=10MHz Fx=20MHz
000= 28/Fx 25.6us 12.8us
001=29%Fx 51.2us 25.6us
010= 29/Fx 102us 51.2us
011= 2Y/Fx 204us 102us
100= 213/Fx 819us 409us
101= 25/Fx 3.27ms 1.63ms
110=  2Y/Fx 13.1ms 6.55ms
111= 28/Fx 26.2ms 13.1ms
Notice:

1. To change the setting of the OSTS register, you must set the MSTOP bit to "0" in the Clock Operation
Status Control Register (CSC) before changing it.

2. The oscillation stabilization time counter counts only during the oscillation stabilization time set by the
OSTC register. In the following cases, the setting value of the oscillation stability time of the OSTS
register must be greater than the count value confirmed by the OSTC register after the start of
oscillation.

*  When the CPU clock is a high speed internal oscillator clock or a subsystem clock and the
oscillation of the X1 clock is started

*+  When the CPU clock is a high speed internal oscillator clock and the deep sleep mode is
released after transferring to deep sleep mode in the X1 clock oscillation state (therefore, it must
be noted that the OSTC register after released from deep sleep mode only sets the state within
the oscillation stabilization time set by the OSTS register)

3. The oscillation stabilization time of the X1 clock does not include the time before the clock starts

oscillating (See Figure a as below).
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Deep slee;] mode released

Xlpinof __ | ...
Voltage wavefor
—_—

Remarks: FX : X1 clock oscillation frequency
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4.3.6 Peripheral enabled registers 0, 1 (PERO, PER1)

This is a register that sets a clock that is enabled or disabled for each peripheral hardware. Reduce power
consumption and noise by stopping clocks to hardware that is not in use.

When the following peripheral functions controlled by these registers are used, the corresponding bit should be
set to "1" before the initial setting of the peripheral function is performed.

*  Real-time clock, 15-bit interval timer

 IrDA

*  AD converter

. Serial interface IICAQ

e Serial Communication Unit 0/1/2

« Timer80

. D/A converter

. Comparator

. Enhanced DMA

e TimerA

The PERO Register, PERL1 register are set by an 8-bit memory manipulation instruction.

After a reset signal is generated, the value of these registers becomes "00H".

Figure4-7: Format of peripheral enabled register 0 (PERO)

Address:  40020420H After reset: OOH
Symbol 7 6 5 4 3 2 1 0
PERO RTCENNote IICAEN IRDAEN SCI2EN SCI1EN SCIOEN TMAEN TM80EN
RW RW
Bit7 RTCEN: Provides control of the input clock for the real-time clock (RTC) and 15-bit interval timer
= Stop providing input clock.
* The SFR used by the Real Time Clock (RTC) and the 15-bit interval timer cannot be written.
* The real-time clock (RTC) and 15-bit interval timer are in the reset state.
1= Provides input clock.
» The SFR used by the Real Time Clock (RTC) and the 15-bit interval timer can be read and written.
Bit6 IICAEN: Provides control of the input clock of the serial interface IICA
0= Stop providing input clock.
* The SFR used by the serial interface IICA cannot be written.
 The serial interface IICA is in the reset state.
1= Provides input clock.
» The SFR used by the serial interface IICAQ can be read and written.
Bit5 IRDAEN: Provides control of the input clock of the serial interface IRDA
0= Stop providing input clock.
» The SFR used by IRDA cannot be written.
* IRDA is in the reset state.
1= Provides input clock.
* The SFR used by IRDA can be read and written.
Bit4 SCI2EN: Provides control of the input clock of Universal Serial Communication Unit 2
0= Stop providing input clock.
» The SFR used by Universal Serial Communication Unit 2 cannot be written.
* Universal Serial Communication Unit 2 is in the reset state.
1= Provides input clock.
* The SFR used by Universal Serial Communication Unit 2 can be read and written.
Bit3 SCI1EN: Provides control of the input clock of Universal Serial Communication Unit 1
0= Stop providing input clock.

» The SFR used by Universal Serial Communication Unit 1 cannot be written.
* Universal Serial Communication Unit 1 is in the reset state.
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1= Provides input clock.
* The SFR used by Universal Serial Communication Unit 1 can be read and written.
Bit2 SCIOEN: Provides control of the input clock of Universal Serial Communication Unit O
0= Stop providing input clock.
» The SFR used by Universal Serial Communication Unit 0 cannot be written.
* Universal Serial Communication Unit O is in the reset state.
1= Provides input clock.
» The SFR used by Universal Serial Communication Unit O can be read and written.
Bitl TMAEN: Provides control of the input clock of the TMA module
0= Stop providing input clock.
» The SFR used by TMA cannot be written.
* TMA is in the reset state.
1= Provides input clock.
* The SFR used by TMA can be read and written.
BitO TM8OEN: Provides control of the input clock of Timer8
0= Stop providing input clock.
» The SFR used by the general-purpose timer unit O cannot be written.
» General purpose timer unit 0 is in the reset state.
1= Provides input clock.
» The SFR used by the general-purpose timer unit 0 can be read and written.

Note: RTCEN bit is only initialized at power-on reset and remain unchanged at other resets.
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Figure4-8: Format of peripheral enabled register 1 (PER1)

Address:  4002081AH After reset: 00H
Symbol 7 6 5 4 2 1 0
PER1 OPAEN CMPEN DACEN ADCEN OSDCEN DMAEN SPIHSEN
R/W RW
Bit7 OPAEN: Provides control of the input clock of the OPA
= Stop providing input clock.
* The SFR used by OPA cannot be written.
* OPA is in the reset state.
1= Provides input clock.
» The SFR used by OPA can be read and written.
Bit6 CMPEN: Provides control of the input clock of Comparator
= Stop providing input clock.
* The SFR used by Comparator cannot be written.
» Comparator is in the reset state.
1= Provides input clock.
» The SFR used by Comparator can be read and written.
Bit5 DACEN: Provides control of the input clock of D/A
= Stop providing input clock.
» The SFR used by D/A cannot be written.
* D/A is in the reset state.
1= Provides input clock.
» The SFR used by D/A can be read and written.
Bit4 ADCEN: Provides control of the input clock of the A/D
0= Stop providing input clock.
* The SFR used by the A/D cannot be written.
* A/D is in the reset state.
1= Provides input clock.
* The SFR used by A/D can be read and written.
Bit2  OSDCEN: Provides control of the input clock of the OSDC
0= Stop providing input clock.
* The SFR used by OSDC cannot be written.
+ OSDC is in the reset state.
1= Provides input clock.
* The SFR used by OSDC can be read and written.
Bitl DMAEN: Provides control of the input clock of the DMA
= Stop providing input clock.
* DMA does not operate.
1= Provides input clock.
* DMA can operate.
BitO SPIHSEN: Provides control of the input clock of the SPIHS
0= Stop providing input clock.
* The SFR used by SPIHS cannot be written.
» SPIHS is in the reset state.
1= Provides input clock.
* The SFR used by SPIHS can be read and written.
WWW.Mmcu.com.cn 85/821 Rev.0.1.2



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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 4 Clock generation circuit

4.3.7 Subsystem clock supply mode control register (OSMC)

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

If RTCLPC bit set to "1", it stops providing clock to peripheral functions other than the real-time clock and 15-bit
interval timer in deep sleep mode or sleep mode where the CPU runs on the subsystem clock, thus reducing power
consumption.

In addition, the real-time clock and the running clock of the 15-bit interval timer can be selected via the OSMC
register.

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

After a reset signal is generated, the value of these registers becomes "00H".

Figure4-9: Format of the system clock supply mode control register (OSMC)

Address:  40020423H After reset: OOH
Symbol 7 6 5 4 3 2 | 1 | o
OosMC RTCLPC 0 WUTMMCKO 0
RW RW
Bit7 RTCLPC: Settings in deep sleep mode and sleep mode where the CPU runs on the subsystem clock

0= Enable subsystem clocks to be provided to peripheral functions
(Refer to Table 25-1 to Table 25-3 for the peripheral functions enabled to operate)

1= Stop providing a subsystem clock to peripheral functions other than the real-time clock and 15-bit
interval timer.

Bit4 WUTMMCKO: Selection of operating clock for real-time clock, 15-bit interval timer and Timer A

0= - The subsystem clock is the running clock for the real-time clock and the 15-bit interval timer.
» The low-speed internal oscillator cannot be selected as the counting source for Timer A.

1= - The low-speed internal oscillator clock is the running clock for the real-time clock and the 15-bit
interval timer.
» The low-speed internal oscillator or subsystem clock can be selected as the counting source for
Timer A.
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4.3.8 High-speed internal oscillator frequency selection register
(HOCODIV)

This is a register that changes the high-speed internal oscillator frequency set by the option byte (000C2H).
The HOCODIV register is set by an 8-bit memory manipulation instruction.
After a reset signal is generated, the value of this register becomes the set value of FRQSEL2 to FRQSELDO bits
of the option byte (O00C2H).
Figure4-10: Format of the high-speed internal oscillator frequency selection register (HOCODIV)

Address: 40021C20H After reset: Setting value of FRQSEL2~FRQSELO bits of option byte (000C2H)
Symbol 7| 6 5 4 | 3 2 1 0
HOCODIV 0 HOCODIV2 | HOCODIV1 | HOCODIVO
R/W R/W

Bit2~BitO HOCODIV<2:0>: High-speed internal oscillator clock frequency selection
FRQSEL4,3=00
000= Froco=32MHz

Fin=32MHz
001= Fnoco=32MHz
Fin=16MHz
010= Froco=32MHz
Fin=8MHz
011= FHoco=32MHz
Fin=4MHz
100= Froco=32MHz
Fin=2MHz
101= Froco=32MHz
Fir=1MHz

Others: Settings are disabled.

Notice:
1. The HOCODIV register must be set in the state where the high-speed internal oscillator clock (FIH) is
selected as the CPU/peripheral hardware clock (Fcik).
2. After changing the frequency via the HOCODIV register, frequency switching is performed after the
following transfer times:
1) Runs for up to 3 clocks at the frequency before the change.
2) Wait for up to 3 CPU/peripheral hardware clocks at the changed frequency.
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4.3.9 High-speed internal oscillator trim register (HHOTRM)

This is a register to correct the accuracy of the high-speed internal oscillator. It can be used for self-measurement

and accuracy correction of the high-speed internal oscillator frequency using a timer with high-precision external clock

input, etc. The HIOTRM register is set by an 8-bit memory manipulation instruction.

Note: If the temperature and the voltage at the Vpp pin change after correcting for accuracy, the frequency

changes.

In case of changes in temperature and voltage at the Voo pin, corrections need to be made before the required

frequency accuracy or at regular intervals.

Figure4-11: Format of the high-speed internal oscillator trim register (HIOTRM)

Address:  40021CO0H After reset;  Note
Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRMO
R/W R/W
Bit5~Bit0 HIOTRM<5:0>: High-speed internal oscillator

000000=
000001=
000010=
000011=
000100=

111110=
111111=

minimum speed

A

A

A

y

maximum speed

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

Remark: Every 1 bit of the HIOTRM register can correct the clock accuracy of the high-speed internal oscillator
by about 0.05%.
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4.3.10 Subsystem clock selection register (SUBCKSEL)

The SUBCKSEL register is the register for selecting the subsystem clock Fsug and the low-speed internal
oscillator clock FiL and for selecting the low-speed internal oscillator clock frequency.
The SUBCKSEL register is set by an 8-bit memory manipulation instruction.
After a reset signal is generated, the value of these registers becomes "02H".
Figure4-12: Format of the subsystem Clock Selection Register (SUBCKSEL)

Address: 40020407H After reset: 02H
Symbol 7 6 5 4 3 | 2 1 0
SUBCKSEL 0 LOCOSEL | SELLOSC
R/W R/W
Bitl LOCOSEL: Low-speed internal oscillator clock frequency selection

0=« The low-speed internal oscillator clock frequency is 16.384KHz.

1= - The low-speed internal oscillator clock frequency is 32.768KHz (Default).
Bit0 SELLOSC: Selection of subsystem clock and low-speed internal oscillator clock

0= -« Select the secondary system clock (Default).

1=« Selects the low-speed internal oscillator clock.
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4.4 System clock oscillation circuit

4.4.1 X1 oscillation circuit

The X1 oscillator circuit is oscillated by a crystal resonator or ceramic resonator (1~20MHz) connected to pins
X1 and X2. An external clock can also be input, where a clock signal must be input to the EXCLK pin.

When using the X1 oscillation circuit, bit 7 and bit 6 (EXCLK, OSCSEL) of the clock operation mode control
register (CMC) must be set as follows:

*  Crystal or ceramic oscillation; EXCLK, OSCSEL =0, 1

«  External clock input: EXCLK, OSCSEL=1, 1

When the X1 oscillation circuit is not used, the input port mode must be set (EXCLK, OSCSEL=0, 0). Also, refer
to "2.4 Handling of unused ports" when it is not used as an input port either.

An example of an external circuit for the X1 oscillation circuit is shown in Figure4-13.

Figure4-13: Example of an external circuit for X1 oscillation circuit

(a) Crysta'lllor' ceramic (b) External Clock
oscillation

R ——— Vss

1+ T X1
J —
— }LXZ External Clock———» EXCLK

Crystal Resonator or
Ceramic Resonator

Notices are shown on the following page.
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4.4.2 XT1 oscillation circuit

The XT1 oscillation circuit is oscillated by a crystal resonator (32.768KHz (typical)) connected to the XT1 pin and
XT2 pin. When using the XT1 oscillation circuit, bit 4 (OSCSELS) of the clock operation mode control register (CMC)
must be set to "1" to enable the external clock to be input as well, in which case the clock signal must be input to the
EXCLKS pin.

When using the XT1 oscillation circuit, bit 5 and bit 4 (EXCLK, OSCSEL) of the clock operation mode control
register (CMC) must be set as follows:

e Crystal oscillation: EXCLK, OSCSEL =0, 1

«  External clock input: EXCLK, OSCSEL=1, 1

When the XT1 oscillation circuit is not used, the input port mode must be set (EXCLK, OSCSEL=0, 0). Also,
when not used as an input port either, refer to "2.4 Handling of unused ports". An example of an external circuit for
the XT1 oscillation circuit is shown in Figure4-14.

Figure4-14: Example of an external circuit for XT1 oscillation circuit

(a) Crystal oscillation (b) External clock

7777777777777777777777777 Vss

o ’T
—=32.768 xTl
/7L i M External Clock————» EXCLK

Note: When using the X1 oscillation circuit and XT1 oscillation circuit, in order to avoid the effects of wiring
capacitors, etc., the dashed portions of Figures 4-13 and 4-14 must be wired by.
1) The wiring must be kept as short as possible.
2) It must not cross with other signal lines and must not be close to wiring with varying high currents

flowing through it.
3) The capacitor ground point of the oscillating circuit must always be kept at the same potential as
Vss and must not be grounded to a ground pattern through which a large current flows.

4) The signal cannot be removed from the oscillation circuit.
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An incorrect example of a resonator connection is shown inFigure.

Figure4-15: Example of incorrect resonator connection (1/2)

(a, “he wifing connecting the circujt is v long (b)Signal lines arefcros .

(cX1 and X2 signal lines cross wiring (d)X1 and X2 have power or ground graphics

below > wiring

(] Lo

1 Power/grounding
T graphics

Notice:

1. In multilayer boards or double-sided boards, power or ground graphics should not be configured below the
wiring area (dashed portion of the diagram) for pins X1, X2 and the resonator. The wiring must not create
a capacitive component that would affect the oscillation characteristics.

2. Inthe case of using the subsystem clock, please read with XT1 and XT2 instead of X1 and X2

respectively, and insert series resistors on the XT2 side.

WWW.mcu.com.cn 92 /821 Rev.0.1.2


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

0 Cmsemicon’

Figure4-15: Example of incorrect resonator connection (2/2)

CMS32H6157 User Manual | Chapter 4 Clock generation circuit

(f) Current flows along grounding of oscilation circuit

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

Voo

Vss X1 *2 Pma
H— Vas X1 X2
I '
=]
T T2 f‘ B
l_— A TB Tt‘.:

yrral TTI high current

(9) extracted signal

O+
T

Notice:

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

2. Inthe case of using the subsystem clock, please read with XT1 and XT2 instead of X1 and X2
respectively, and insert series resistors on the XT2 side.
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The CMS32H6157 has a built-in high-speed internal oscillator. The frequency can be selected from 32MHz,
16MHz, 12MHz, 8MHz, 6MHz, 4MHz, 3MHz, 2MHz and 1MHz by the option byte (000C2H). The oscillation can be
controlled by bit0 (HIOSTOP) of the clock operation status control register (CSC).

The high-speed internal oscillator starts oscillating automatically after the reset is released.

4.4.4 Low-speed internal oscillator

The CMS32H6157 has a built-in low-speed internal oscillator.

The low-speed internal oscillator clock is used as the watchdog timer, the real-time clock, the clock for the 15-
bit interval timer, and the clock for Timer A, as well as the external reference clock for the SysTick timer, and as the
system clock.

When bit4 (WDTON) of the option byte (000COH) or bit4 (WUTMMCKO) of the subsystem clock supply mode
control register (OSMC) is "1", the low-speed internal oscillator oscillates.

When the watchdog timer stops running and the WUTMMCKO bit is not "0", the low-speed internal oscillator
continues to oscillate. However, if the watchdog timer is running and the WUTMMCKQO bit is "0", the low-speed
internal oscillator stops oscillating when the WDSTBYON bit is "0" and it is in sleep mode or deep sleep 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 Operation of clock generation circuit

The clock generation circuit generates various clocks as shown below and controls the CPU operation modes
such as standby mode (refer to Figure 4-1).

Fmain : Main system clock

Fwmx : High-speed system clock

Fx: X1 Clock

Fex : External main system clock

Fin: High-speed internal oscillator clock

Fsus : Subsystem clock

Fxr: XT1 Clock

Fexs : External subsystem system clock

FiL: High-speed internal oscillator clock

Fcwk: CPU/peripheral hardware clock

After the CMS32H6157 is released from reset, the CPU starts to operate through the output of the high-speed
internal oscillator. The operation of the clock generation circuit when power is turned on is shown in Figure.
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Figure4-16: Operation of the clock generation circuit 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
—I
RESETB pin |
i ! eset | switching via
| | rocess : ® ® software
CPU clock : | | ~"high speed internal Righ speed system\y/secondary sysiem
: @ | : oscillation clock | clock clock
| |

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

€ — ?I
X1 clock oscilation |
stablization time. N *

secondary system clock )
(fsub) (Scenario of CorTf'g.” re >.<1 to start @
oscilating via software

selecting XT1 oscilation} T

Configure XT1 to start
oscilating via software

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

2) The high-speed internal oscillator starts oscillating automatically after the reset is released.

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

4) The start of oscillation of the X1 clock or XT1 clock must be set by software (refer to "4.6.2 Example of
setting X1 oscillation circuit" and “4.6.3 Example of setting XT1 oscillation circuit").

5) If you want to switch the CPU clock to X1 clock or XT1 clock, you must set the switch by software after
waiting for the clock oscillation to stabilize (refer to "4.6.2 Example of setting X1 oscillation circuit" and
“4.6.3 Example of setting XT1 oscillation circuit").

Note 1: When the reset is released, the oscillation stability time of the X1 clock must be confirmed by the status
register (OSTC) of the oscillation stability time counter.
Remark: If you use an external clock input from the EXCLK pin, there is no need for an 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 (FcLk) must run as the high-speed internal
oscillator clock. The frequency of the high-speed internal oscillator can be selected from 32MHz, 16MHz, 8MHz,
4MHz, 2MHz, and 1MHz by using the FRQSELO to FRQSELA4 bits of the option byte (000C2H). In addition, the
frequency can be changed by the frequency selection register (HOCODIV) of the high-speed internal oscillator.

[ Option byte setting]
Address:  000C2H

Symbol 7 | 6 5 4 3 2 1 0
e FRQS FRQS FRQS FRQS FRQS
A 1 EL4 EL3 EL2 EL1 ELO
0 0 0/1 0/1 0/1

Bit4~Bit0 FRQSEL<4:0>: High-speed internal oscillator frequency

Froco Fin
00000= 32MHz 32MHz
00001= 32MHz 16MHz
00010= 32MHz 8MHz
00011= 32MHz 4AMHz
00100= 32MHz 2MHz
00101= 32MHz 1MHz

Others:  gettings are disabled.

[ Setting of high-speed internal oscillator frequency selection register (HOCODIV) 1
Address:  0x40021C20
Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 HOCODIV2 | HOCODIV1 | HOCODIVO

Bit2~Bit0O HOCODIV<2:0>: High-speed internal oscillator frequency
000= Froco=32MHz

Fin=32MHz
001= Froco=32MHz
Fin=16MHz
010= Froco=32MHz
Fin=8MHz
011= Froco=32MHz
Fin=4MHz
100=  Froco=32MHz
Fin=2MHz
101= Fhoco=32MHz
Fin=1MHz

Others:  Settings are disabled.
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4.6.2 Example of setting X1 oscillation circuit

After the reset is released, the CPU/peripheral hardware clock (Fcik) must run as the high-speed internal

oscillator clock. Thereafter, if the X1 oscillation clock is changed, the setting of the oscillation circuit and the control

of the start of oscillation are carried out via the oscillation stabilization time selection register (OSTS), the clock

operation mode control register (CMC) and the clock operation status control register (CSC), and the oscillation

stability is waited for via the status register of the oscillation stabilization time counter (OSTC). The X1 oscillation

clock is set to Fcik via the system clock control register (CKC) after waiting for the oscillation to stabilize.

[ Register settings] The registers must be set in the order @ to ®.
@ Set OSCSEL bitto "1" in the CMC register and AMPH bit to "1" to operate the X1 oscillation circuit when

the Fx is greater than or equal to 10MHz.

Symbol 7 6 5 4 3 2 1 0
CMC EXCLKO OSCSEL1 EXCLKSO %ﬁgg 0 AMPHS10 AMPHSO00 A'(\)/I/i)H

@ The oscillation stabilization time of the X1 oscillation circuit during deep sleep mode is released by OSTS

register selection.
(Example) To wait at least 102us by the 10MHz resonator, the value must be set to the following.

Symbol 7 | 6 5 4 3 2 1 0
OSTS 0 OSTS20 OSTS11 OSTS00
@ Clear the MSTOP bit of the CSC register to "0" to start the X1 oscillation circuit.
Symbol 7 6 5 4 3 2 1 0
CSC MSTOPO XTSTOP1 0 HIOSTOPO

@ Wait for the oscillation of the X1 oscillation circuit to stabilize by the OSTC register.
(Example) To wait at least 102us by the 10MHz resonator, the bits must be changed to the following value.

Symbol

7

6

5

4

3

2

1

0

OSTC

MOST81

MOST91

MOST101

MOST110

MOST130

MOST150

MOST170

MOST180

® The X1 oscillation clock is set to the CPU/peripheral hardware clock via the MCMO bit of the CKC register

Symbol 7 6 5 4 3 2 1 0
CKC CLSO CSSO0 MCSO0 MCMO01
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4.6.3 Example of setting XT1 oscillation circuit

After the reset is released, the CPU/peripheral hardware clock (Fcik) must run as the high-speed internal

oscillator clock. Thereafter, if changed to the XT1 oscillation clock, the oscillation circuit is set and the oscillation

start is controlled by the Subsystem Clock Supply Mode Control Register (OSMC), Clock Operation Mode Control

Register (CMC) and Clock Operation Status Control Register (CSC), and the XT1 oscillation clock is set to Fcik by
the System Clock Control Register (CKC).

[ Register settings] The registers must be set in the order @ to ®.

®

In deep sleep mode or sleep mode where the CPU is running on the subsystem clock, the RTCLPC bit

should be set to "1" whenever the real-time clock and 15-bit interval timer are made to run on the

subsystem clock (ultra-low consumption current).

Symbol 7 6 | 5 4 2 1 0
RTCL
WUTM
OosMC PC 0
0/1 MCKOO0
@ Set OSCSELS bit of CMC register to "1” to make XT1 oscillation circuit operate.
Symbol 7 6 5 4 3 2 1 0
OSsCs AMPHS1 AMPHSO
CmMC EXCLKO OSCSELO EXCLKSO ELS1 0 0/1 o1 AMPHO
AMPHSO bit and AMPHS1 bit: Set the oscillation mode of XT1 oscillation circuit.
@ Clear the XTSTOP bit of the CSC register to "0" to start the XT1 oscillation circuit.
Symbol 7 6 5 4 3 2 1 0
CSC MSTOP1 XTSTOPO 0 HIOSTOPO
@ Itis necessary to wait for the required oscillation stabilization time of the subsystem clock by software and

timer functions, etc.

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

Symbol 7 6 5 4 3 2 1 0
CKC CLSO CSSO0 MCSO0 MCMO01
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4.6.4 CPU clock state transition diagram

The CPU clock state transition diagram of this product is as shown in Figure.

Figure4-17: CPU Clock State Transition Diagram

Power on

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

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

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

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

CPU high speed
XT1 oscilation / EXCLKS input: CPU Selectable

internal oscilator—
in Operation

internal oscillator:
— deep sleep
mode

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

()

CPU: XTT
oscillation /
EXCLKS input— 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:
— 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 —
sleep mode

high speed internal oscillator: in operation

CPU: XT1
X1 oscillation / EXCLK input: can have oscillation operation

oscillation / :
CPU: X1 high speed internal oscillator: Stop
EXCLKS input — oscillation / EXCLK J
XT1 oscillation /EXCLKS input: can have oscillation operation n Operatio

X1 oscillation / EXCLK input: Stop

input — 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

CPU: XT1
oscillation /
EXCLKS input —
leep mode

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

XT1 oscillation /EXCLKS input: can have oscillation operation
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Table 4-3: Examples of CPU clock transfer and SFR register set-up (1/5)
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(1) After the reset (A) is released, the CPU is transferred to the high speed internal oscillator clock to operate

(B).

State transition Settings for the SFR register

(A)—(B)

The SFR register (initial state after reset released) does not need to be set.

(2) After the reset (A) is released, the CPU is transferred to the high speed system clock to operate (C).
(The CPU operates (B) with a high speed internal oscillator clock immediately after the reset is released)

»
»

(SFR register setting order)

SFR register setting flag CMC reqisterNotel CsC CKC
g OS,TS Register OSTC Register
y Register Register
State transition EXCLK |OSCSEL| AMPH MSTOP MCMO
(A)—~(B)—(C) 0 1 0 Note2 0 Need to 1
(X1 clock: TMHzsFx<10MHz) confirm
(A)—(B)—(C) 0 1 1 Note2 0 Need to 1
(X1 clock: 10MHz < Fx<20MHz) confirm
(A)—(B)—(C) No
1 1 X Note2 1
(External main system clock) 0 need

Note 1: The clock operation mode control register (CMC) can only be written 1 time by an 8-bit memory

manipulation instruction after the reset is released.
Note 2: The oscillation stabilization time of the oscillation stabilization time selection register (OSTS) must be

set as follows:
The expected oscillation stabilization time of the state register (OSTC) of the oscillation stabilization time

counters<the oscillation stabilization time set by the OSTS register
Notice: The clock must be set after the supply voltage reaches the set clock operable voltage (refer to the

datasheet).

(3) After the reset (A) is released, the CPU is transferred to the subsystem clock to operate (D).
(The CPU operates (B) with a high speed internal oscillator clock immediately after the reset is released)

N
»

(SFR register setting order)
SFR register setting flag CMC registerhoe RCS_C Oscillation CK_C
egister |stapilizatio | Register

State transition EXCLKS |OSCSEL | AMPHS1 | AMPHSO | XTsToP |"WaNg | csg
(A)—(B)—(D)
(XT1 Clock) 0 1 0/1 0/1 0 Need 1
(A)—(B)—(D)
(External subsystem clock) L L * * 0 Need 1

Note: The clock operation mode control register (CMC) can only be written 1 time by an 8-bit memory

manipulation instruction after the reset is released.

Remark:
1. x:lIgnore
2.

Table 4-3 of (A) ~ () corresponds toFigureof (A)~(1).
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Table 4-3: Examples of CPU clock transfer and SFR register set-up (2/5)

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

operation (C).

(SFR register setting order)

v

system clock operation.

Not required if already set.

Not required for high-speed

SFR register setting flag CMC registeroet 0STS csc osTC CKC
Reqist Register Reqist Register
. egister egister
State transition EXCLK | OSCSEL | AMPH MSTOP MCMO
(B)—(C) 0 1 0 Note2 0 Need to 1
(X1 clock: TMHz<Fx<10MHz) confirm
(B)—(C) 0 1 1 Note? 0 Need to 1
(X1 clock: 10MHz < Fx<20MHz) confirm
(B)—(C) N No
X ote2
(External main system clock) 1 1 0 need L
o _/
N N

Note 1: The clock operation mode control register (CMC) can only be written 1 time after the reset is released.

Not required if already set.

Note 2: The oscillation stabilization time of the oscillation stabilization time selection register (OSTS) must be

set as follows:

The expected oscillation stabilization time of the state register (OSTC) of the oscillation stabilization

time counter<the oscillation stabilization time set by the OSTS register

Notice: The clock must be set after the supply voltage reaches the set clock operable voltage (refer to the

datasheet).

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

(SFR register setting order)

»
L

(External subsystem clock)

SFR register setting flag CMC registeroe CsC Oscillation CKC
Register |stabilizatio | Register

State transition EXCLKS |OSCSELS| AMPHS1,0 | xTsTop |"Wailing | css
00: Low power

(B)—(D) consumption

(XT1 Clock) 0 1 oscillation 0 Need 1
01: Usual

B)—(D
(B)—(D) 1 1 x 0 Need 1

Note: The clock operation mode control register (CMC) can only be written 1 time by an 8-bit memory

Not required if already set.

manipulation instruction after the reset is released. Not required if already set.

Remark:

1. x:lIgnore

2. Table 4-30of (A) ~ () corresponds toFigureof (A)~(1).

Not required for subsystem clock operation.
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Table 4-3: Examples of CPU clock transfer and SFR register set-up (3/5)
(6) The CPU moves from high-speed system clock operation (C) to high-speed internal oscillator clock
operation (B).

(SFR register setting order)

v

CSC Register
HIOSTOP
(©)~(®) 0 pote 0

Oscillation accuracy CKC Register
stabilization waiting MCMO

FR register setting flag

State transition

Not required for high-speed internal oscillator clock
operation.
Note: When FRQSEL4=0: 45us~65us
When FRQSEL4=0: 45us~135us
Note: The oscillation accuracy of the high-speed internal oscillator clock varies steadily depending on
temperature conditions and during deep sleep mode.

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

v

(SFR register setting order)

SFR register setting flag
State transition

CSC Register
XTSTOP
(C)—(D) 0 Need 1

Oscillation accuracy CKC Register
stabilization waiting css

Not required for subsystem clock operation.

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

(SFR register setting order) >
FR register setting flag CSC Register Oscillation accuracy CKC Regjister
State transition HIOSTOP stabilization waiting csS
(D)—(B) 0 Note 0

—

Not required for high-speed internal oscillator clock operation.
Note 1: When FRQSEL4=0: 45us~65us
Note 2: When FRQSEL4=1: 45us~135us
Remark:
1. Table 4-3 of (A) ~ (I) corresponds to Figureof (A)~(l).
2. Note: The oscillation accuracy of the high-speed internal oscillator clock varies steadily depending on

temperature conditions and during deep sleep mode.
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Table 4-3: Examples of CPU clock transfer and SFR register set-up (4/5)

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

v

(SFR register setting order)

i i CSC Register CKC Register
- R register setting flag OSTS OSTC Register
State transition Register MSTOP CSS
(D)—(C) Note 0 Need to 0
(X1 clock: TMHz<Fx<10MHz) confirm
(D)—(C) Note 0 Need to 0
(X1 clock: 10MHz < Fx<20MHz) confirm
(D)—(C) Note 0 No need to 0
(External main system clock) confirm

Not required for high-speed system clock operation.

Note: The oscillation stabilization time of the oscillation stabilization time selection register (OSTS) must be set
as follows:
The expected oscillation stabilization time of the state register (OSTC) of the oscillation stabilization time
counter<the oscillation stabilization time set by the OSTS register
Notice: The clock must be set after the supply voltage reaches the set clock operable voltage (refer to the

datasheet).

(10) The CPU moves from high-speed internal oscillator clock operation (B) to sleep mode (E).
The CPU moves from high-speed system clock operation (C) to sleep mode (F).
The CPU moves from subsystem clock operation (D) to sleep mode (G).

State transition Setting contents:

(B)—(E)
(C)—(F) Execute the WFI instruction.
(D)—(G)

Remark: Table 4-3 of (A) ~ (I) corresponds to Figure of (A)~(l).

Table 4-3: Examples of CPU clock transfer and SFR register set-up (5/5)
(11) The CPU moves from high-speed internal oscillator clock operation (B) to deep sleep mode (H).

The CPU moves from high-speed system clock operation (C) to deep sleep mode (I).

v

(Setting order)

State transition Setting contents:
(B)—(H) Stop - SCR regjister bit2
Peripheral functions i
X1 oscillation P . OSTS register setting (SLEEPDEEP) is setto 1 and
(C)—(1) that cannot be run in the WFI instruction is
(External clock) |deep sleep mode. - executed.

Remark: Table 4-3 of (A) ~ (I) corresponds to Figure of (A)~(l).
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4.6.5 Conditions before CPU clock transfer and post-transfer
processing

The conditions before the CPU clock transfer and the processing after the transfer are shown below.
Table4-4: Transfer of CPU clocks (1/2)

High-speed
internal
oscillator clock

CPU Clock
Before After Conditions before transfer Post-transfer processing
Transfer Transfer
The X1 oscillation is stable.
X1 Clock * OSCSEL=1, EXCLK=0, MSTOP=0

» After oscillator stabilization time

External main
system clock

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

* OSCSEL=1, EXCLK=1, MSTOP=0

The XT1 oscillation is stable.

XT1 Clock * OSCSELS=1, EXCLKS=0, XTSTOP=0
+ After oscillator stabilization time
Set the external clock entered by the
External

subsystem clock

EXCLKS pin to be valid.
* OSCSELS=1, EXCLKS=1, XTSTOP=0

If the oscillation of the high speed
internal oscillator is stopped

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

X1 Clock

High-speed
internal
oscillator clock

Enables high-speed internal oscillator to
oscillate.

* HIOSTOP=0
» After oscillator stabilization time

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

External main
system clock

Can't transfer

XT1 Clock

The XT1 oscillation is stable.
e OSCSELS=1, EXCLKS=0, XTSTOP=0
» After oscillator stabilization time

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

External
subsystem clock

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

* OSCSELS=1, EXCLKS=1, XTSTOP=0

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

External main
system clock

High-speed
internal
oscillator clock

Enables high-speed internal oscillator to
oscillate.

* HIOSTOP=0
» After oscillator stabilization time

Ability to set the input of the external
main system clock invalid

(MSTOP=1).

X1 Clock Can't transfer -

The XT1 oscillation is stable. Ability to set the input of the external
XT1 Clock + OSCSELS=1, EXCLKS=0, XTSTOP=0 main system clock invalid

+ After oscillator stabilization time (MSTOP=1).
External Set the external clock entered by the Ability to set the input of the external

subsystem clock

EXCLKS pin to be valid.
* OSCSELS=1, EXCLKS=1, XTSTOP=0

main system clock invalid
(MSTOP=1).
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Table 4-4: Transfer of CPU clocks (2/2)

CPU Clock
Before After Conditions before transfer Post-transfer processing
Transfer Transfer
High-speed High-speed internal oscillator is oscillating

internal oscillator] and selecting high-speed internal

The oscillator clock is used as the main
Clock system clock.

* HIOSTOP=0, MCS=0

X1 oscillation stabilization and select high-
speed system clock as the main system

Clock. It can stop the XT1 oscillation
X1 Clock + OSCSEL=1, EXCLK=0, MSTOP=0 (XTSTOP=1).

« After oscillator stabilization time

+ MCS=1

The external clock input by the EXCLK pin
is set to be valid and the high speed system
clock is selected as the main system clock.

* OSCSEL=1, EXCLK=1, MSTOP=0
* MCS=1

XT1 Clock

External main
system clock

External
subsystem clock
High-speed High-speed internal oscillator is oscillating | Ability to set the input of the external
internal oscillator| and selecting high-speed internal subsystem clock invalid

The oscillator clock is used as the main
Clock system clock.

* HIOSTOP=0, MCS=0

X1 oscillation stabilization and select high-
speed system clock as the main system
Clock.

External X1 Clock - OSCSEL=1, EXCLK=0, MSTOP=0
subsystem clock — — (XTSTOP=1).
» After oscillator stabilization time

+ MCS=1

The external clock input by the EXCLK pin
is set to be valid and the high speed system
clock is selected as the main system clock.
* OSCSEL=1, EXCLK=1, MSTOP=0

+ MCS=1

XT1 Clock Can't transfer -

Can't transfer -

External main
system clock
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4.6.6 Time required to switch CPU clock and main system clock

It can switch CPU clock (main system clock«>sub system clock) and main system clock (high speed internal
oscillator clock«—high speed system clock) by setting bit6 and bit4 (CSS, MCMO) of system clock control register.
The actual switchover does not occur immediately after the CKC register is overridden, but several clocks

continue to run with the clock before the switchover after the CKC register is changed (seeTable~

Table 4-7).

The CPU can be judged by the bit7 (CLS) of the CKC register whether the CPU is run with the main system
clock or the sub system clock. The bit5 (MCS) of the CKC register can be used to determine whether the main
system clock operates with a high speed system clock or a high speed internal oscillator clock.

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

Table 4-5: Maximum time required to switch main system clock

Clock A Switch direction Clock B Remark
FiH <> Fmx Refer to Table 4-6.
Fmain > Fsus Refer to Table 4-7.

Table 4-6: Maximum number of clocks required for Fin—Fmx

Set value before switching

Set value after switching

MCMO
MCMO 0 1
(Fmain=FH) (Fmain=Fwmx)
0 Fux2Fin 2 Clocks
(Fmain=FH) Fux < Fin 2 Fin/Fumx Clocks
1 Fux=Fin 2 Fux/Fin Clocks
(FMAIN=FMX) Fux < Fi 2 Clocks

Table 4-7: Maximum number of clocks required for Fman<—Fsus

Set value before switching

Set value after switching

CSS

CSS

0
(FcLk=Fmain)

1
(Fck=Fsus)

0

(FcLk=Fmain)

1+2 Fmain/Fsue Clocks

1
(Fck=Fsus)

3 Clocks

Remark:

The number of clocks in Table 4-8 and

P wN

Table 4-7 is the number of CPU clocks before the switch.
The number of clocks in Table 4-9 and
Table 4-7 is the number of clocks rounded to the decimal portion.

Example: case where the main system clock is switched from the high-speed system clock to the high-speed
internal oscillator clock (FiH =8MHz, Fmux =10MHz oscillation is selected)
2Fwvx /Fin =2(10/8)=2.5x3 clocks
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4.6.7 Condi

tions before clock oscillation stops

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

stopping are as follows.

Table 4-10: Conditions and flag settings before clock oscillation stops

Clock

Conditions before clock stop (invalid external clock input)

Flag settings of SFR register

High-speed internal

MCS=1 or CLS=1

External subsystem clock

(CPU runs at a clock other than the subsystem clock)

oscillator clock (CPU runs at a clock other than the high speed internal oscillator HIOSTOP=1
clock)
X1 Clock (MCS=0 or CLS=1) MSTOP-1
External main system clock|(CPU runs at a clock other than the high speed system clock) -
XT1 Clock CLS=0
XTSTOP=1
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4.7.1 High-speed internal oscillation self-adjustment function

This function measures the frequency of the high-speed internal oscillator using the subsystem clock Fsx
(32.768KHz) or the main system clock Fux (8M) as the reference, and corrects the frequency accuracy of the high-
speed internal oscillator Froco in real time.

Table4-11 is the operating specifications for the high-speed internal oscillation frequency correction
function.Figure4-18 is the action block diagram of the high-speed internal oscillation frequency correction function.

Table4-11: Operating specifications for the high-speed internal oscillation frequency correction function

Iltem Content
Reference Clock . Fsx/2° (subsystem clock 32.768KHz) or Fux/2'® (main system clock 8MHz)
Corrections on object

clocks Froco (High-speed internal oscillation)

Continuous action mode
Continuous high-speed internal oscillation frequency correction mode
Action Mode +  Interval action mode
A mode of high speed internal oscillation frequency correction at intervals using timer clock
terminals, etc.
Calibration time:
The reference clock is Fsx /2°: calibration period (31.25ms) x (calibration count - 0.5)Note
The reference clock is Fux /21; calibration period (16.384ms) x (calibration count - 0.5)Noe
Interrupt generated when high speed internal oscillation frequency correction is completed
(when interrupt permit is open)

Note: Calibration time: It varies depending on the number of calibrations.

Clock accuracy adjustment )
function

Interrupt

Calibration period: The total time of frequency measuring stage and frequency calibration stage.
Calibration times: The number of times the frequency is corrected to the expected value range

Figure4-18: Operating specifications for the high-speed internal oscillation frequency correction function

]
Clock Calibration v
High-speed internal fHoco Counting Clock » Expected
oscillation | value circuit
A A
Q * High-speed
FRQSEL4-3 & 3 20-bit internal vibration
Qe Counters Comparison X
i e B Cieote » correction
Option a completion
byte . .
OOéZH MainOSC p| frequency | on6 ook Joeerense interrupt (INTCR)
8MHz F dividing circuit Select Signal Signal
elecl
X —4 Circuit ? Yy
Calibration value [6:0] |
SubOSC N Aff‘*f*“e”_CV_ Fsx/2"9 Counter Start
32.768KHz | dividing circuit (CRCTL register:
sX CRST bit)
CPU Bus )
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Table 4-12 is the list of registers used for the high-speed internal oscillation frequency correction function.
Table 4-12: High-speed internal oscillation frequency correction function register

Iltem Structure

Control register High-speed internal oscillation frequency correction control register (HOCOFC)

4.7.2.1 High-speed internal oscillation frequency correction control
register (HOCOFC)

Control register for the high-speed internal oscillation frequency correction function.
The HOCOFC register is set by a 32-bit memory manipulation instruction.
After a reset signal is generated, the value of this register becomes "00H".

Figure4-19: Format of the High Speed Internal Oscillation Frequency Correction Control Register (HOCOFC)
Address: 0x40022400 After reset: OOH

R/W
Symbol 7 6 5 4 3 2 1 0
HOCOFC FCMD 0 FCREF FCEND 0 0 0 FCST
FCMDNotel High-speed internal oscillation correction action mode
0 Continuous action mode
1 Interval action mode
FCREF High-speed internal oscillator frequency correction reference clock selection
0 High-speed internal oscillator frequency correction selects the subsystem clock Fsx as the
1 High-speed internal oscillator frequency correction selects the main system clock Fux as the
FCENDNote2 High-speed internal oscillation frequency correction completion flag
0 High-speed internal oscillation frequency correction is not completed
1 High-speed internal oscillation frequency correction is completed
FCSTNote 3 High-speed internal oscillation frequency correction circuit action control/status
0 High-speed internal oscillation frequency correction circuit operation stop/in stop progress
1 High-speed internal oscillation frequency correction circuit operation start/in operation
In continuous action mode, the software writes 0 to stop the action.
In interval action mode, the hardware clears the FCST bit when the correction is complete.

Note 1: When the FCST bit is 1, rewriting the FCMD bit is disabled.

Note 2: FCEND represents the flag bit of high speed internal oscillation frequency correction completion, which
is automatically set to 1 when high speed internal oscillation frequency correction is completed and
cleared by writing O to the register.

Note 3: When writing 1 to FCST bit, confirm the current FCST bit value is 0 before writing 1 to it at first. Due to
the hardware clear priority, when writing a 1 to the FCST bit immediately after the completion of the
interval action (when the high-speed internal oscillator frequency correction completion interrupt is

generated), the operation should be executed at least 1 cycle after the high-speed internal oscillator
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frequency correction completion interrupt is generated by Froco. After writing O to FCST bit (high-speed

internal oscillation frequency correction circuit operation is stopped), writing 1 to FCST bit (high-speed

internal oscillation frequency correction circuit operation is started) is disabled within 2 cycles of Froco.
Notice: Bit 6, 3~1 must be written 0.
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4.7.3 Action description
4.7.3.1 Action summary

The high speed internal oscillator frequency correction function generates a correction cycle based on the
subsystem clock (Fsx) or the main system clock (Fux), measures the frequency of the high speed internal oscillator,
and corrects the frequency accuracy of the high speed internal oscillator in real time. The clock adjustment repeats
the operations of the frequency measurement stage and the frequency correction stage. The calibration algorithm is
performed during the frequency measurement phase, and the correction value reflecting the calibration algorithm
result is saved during the frequency calibration.

Table 4-13 is the high speed internal oscillator input frequency and calibration cycle. Figure 4-20 is the action
block diagram of the high-speed internal oscillation frequency correction function.

Table 4-13: High-speed internal oscillator input frequency and calibration cycle
Froco(MHZ) Correction cycle (ms)
Fsx as a benchmark: 31.25
Fux as a benchmark: 16.384
(Frequency measurement stage + frequency correction
stage)

32

During the frequency measurement of the calibration cycle, the frequency of the high speed internal oscillation
is calibrated according to the result of the magnitude of the count value and the expected value, using the high
speed internal oscillation count.

The subsequent action descriptions in this section use the subsystem clock (Fsx) as the reference clock. To
use Fmx as the reference as the base clock, simply set bit 5 (FCREF) of the HOCOFC register to 1.

Figure 4-20: Timing diagram of high-speed internal oscillation frequency correction action (detailed)

fHOCO=32MHz L 319ms .
Reference : 15.6mS > 15.6mS »

clock
(fsub/279)

31.25nS

CRST Count enable |

i
|
(Action enabling i
posmou)_, | Measureménprrection period coracion ™
|
|

|

.

|

phase —>‘<—| phase —>‘|

) ; Count End Count value clearin

20 bit count—| | (Keep the count \//
register t | value)

Correction Count Start | Count Start

value | "0000001B"(former valulh
[6:0] "0000000B" | "00000008"+1) |

"0000010R" / rervakd

OOOOOOOB '+1)

Remark: The basic actions of continuous action mode and interval action mode are the same. The difference is
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whether the clearing of FCST bit is controlled by software or hardware. In addition, only the system reset

can clear the correction value.
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(1) Continuous action mode
In continuous action mode, the high speed internal oscillator clock frequency correction action is always
performed. The FCMD bit of the HOCOFC register is set to 0, which means continuous action mode.
When the FCST bit in the HOCOFC register is set to 1, the high-speed internal oscillator clock frequency
correction action begins. Similarly, the high speed internal oscillator clock frequency correction action
stops when the FCST bit is set to 0.

After the high speed internal oscillator clock frequency correction action, the frequency counter starts counting
at the rising edge of the reference clock (Fsus/2°) and stops counting at the rising edge of the next reference clock
(Fsue/29). (Frequency measurement stage)

Then, the count value is compared with the expected value, and the correction value is adjusted according to
the following description. (Frequency correction stage)

When the count value is larger than the expected value: correction value -1

When the count value is less than the expected value: correction value +1

When the count value is within the expected value: hold the correction value (high-speed internal oscillator
clock frequency correction ends)

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

Figure 4-21 is the timing diagram of the continuous action mode.

Figure 4-21: Timing diagram of continuous action mode
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(2) Interval action mode
In interval action mode, high-speed internal oscillator clock frequency correction is performed intermittently
using timer interrupts, etc. The FCMD bit of the HOCOFC register is set to 1, which means that the interval
action mode is set.
When the FCST bit in the HOCOFC register is set to 1, the high-speed internal oscillator clock frequency

correction action begins.

After the high speed internal oscillator clock frequency correction action, the frequency counter starts counting
at the rising edge of the reference clock (Fsus/2°) and stops counting at the rising edge of the next reference clock
(Fsue/29). (Frequency measurement stage)

Then, the count value is compared with the expected value, and the correction value is adjusted according to
the following description. (Frequency correction stage)

When the count value is larger than the expected value: correction value -1

When the count value is less than the expected value: correction value +1

When the count value is within the expected value: hold the correction value (high-speed internal oscillator
clock frequency correction ends)

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

Figure 4-22 is the timing diagram of the continuous action mode.

Figulre 4-22: Timing diagram of interval action mode
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4.7.3.2 Action setting flow

The action start/stop flow when using the high-speed internal oscillator clock frequency correction function is

shown in the figure below

Figure 4-23: Action mode setting flow (example)
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Note: The high-speed internal oscillator clock frequency correction action is performed repeatedly before the

high-speed internal oscillator clock frequency correction function is stopped.
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4.7.4 Notes on use

47.4.1 SFR Access

Regarding the control of the FCST bit during interval action mode, when writing a 1 to the FCST bit, you must
first confirm that the current FCST bit is O before writing a 1 to it. Due to the hardware clear priority, when writing a 1
to the FCST bit immediately after the completion of the interval action (when the high-speed internal oscillator
frequency correction completion interrupt is generated), the operation should be executed at least 1 cycle after the

high-speed internal oscillator frequency correction completion interrupt is generated by Froco.
4.7.4.2 Actions on resetting

Before entering deep sleep, the high-speed internal oscillator clock frequency correction function must be

stopped.
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The oscillation stop detection function uses the internal low-speed oscillation clock (Fi) to monitor the action
state of the main system clock (Fmx) or the sub-system clock (Fsx), and when the action is detected to stop within a
period of time, the X1 oscillation circuit or XT1 oscillation circuit is judged to be abnormal, and the oscillation stop
detection signal is output, which can be used as an interrupt signal or a reset signal.

The oscillation stop detection circuit, which needs to be enabled by software setting after the reset is released.

The oscillation stop detection circuit, set by software to stop the detection action. Alternatively, the oscillation
detection action is stopped because a terminal reset or other internal reset has occurred. After the reset has occurred,
the software setting is needed again to enable the oscillation stop detection action.

The time for the oscillation stop detection circuit to judge the oscillation stop (oscillation stop determination time)
is set by the OSDCCMP11 to OSDCCMPO of the oscillation stop detection control register (OSDC).

Stop time = Internal low speed oscillation clock (FiL) cycle x((OSDCCMP11~OSDCCMPO setting value) + 1)

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

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

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

4.8.1 Composition of the oscillation-stop detection circuit

The oscillation stop detection circuit consists of the following block diagram.
Figure 4-24: Oscillation stop detection circuit (example)
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4.8.2.1 Peripheral enabled Register 1(PER1)

When using the oscillation-stop detection circuit, the bit4 (OSDCEN) of PER1 must be set to 1.
Registers are described in "4.3.6 Peripheral enabled registers 0, 1 (PERO, PER1)".

4.8.2.2 Oscillation stop detection control register (SCMCTL)

The oscillation stop detection control register (SCMCTL) is a register that controls the start and stop of the
oscillation stop detection circuit, as well as setting the oscillation stop determination time.

When the OSCDE bit is 0, the oscillation stop detection circuit does not start to operate.

The SCMCTL register is set by a 16-bit memory manipulation instruction.

Figure4-25: Format of the Oscillation Stop Detection Control Register (SCMCTL)
Address: 0x40022200 After reset: OFFFH R/W

Symbol 15 14 13 12 11 10 9 8
SCMCTL | oscpEe 0 0 0 OSDCCMP11-8 |
Symbol 7 6 5 4 3 2 1 0
SCMCTL | 0SDCCMP7-0 |
OSDCE Action of the oscillation stop detection
0 Oscillation stop and detection action stop
1 Oscillation stop and detection action start
OSDCCMP11-0 Oscillation stop determining time
000H
Settings are disabled.
002H
003H Set oscillation stop determining time.
Oscillation stop determining time = internal low-speed oscillation clock (fi) cycle X
FFFH ((OSDCCMP11~ OSDCCMPO setting value) +1).

Notice:

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

2. The oscillation stop detection circuit stops the oscillation detection action by setting OSDCE=0
(oscillation stop detection action stops) or by generating a terminal reset and other internal resets by
software.

3. Bit14-12 must be set to 0.
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4.8.2.3 Oscillation stop detection mode register (SCMMD)

The Oscillation Stop Detection Mode Register (SCMMD) is a register that selects the object of oscillation stop

detection as the main system clock (Fwmx) or the subsystem clock (Fsx), and whether the action after the oscillation
stop is detected is to generate a reset or an interrupt.

The SCMMD register is set by a 16-bit memory manipulation instruction.

Figure4-26: Format of the Oscillation 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
scvmp | o | o [ o | o | o [ o |mpseL|cksEL]
CKSEL Object of the oscillation stop detection
0 Oscillation status of the main system clock (Fmx)
1 Oscillation status of the subsystem clock (Fsx)
MDSEL Action after oscillation stop detection
0 Interrupt generated after oscillation stop detection
1 Reset generated after oscillation stop detection

Note: When rewriting MDSEL and CKSEL, “ 0x3C” should be written to the high 8 bit (KEY) of SCMMD at the
same time.

For example, after resetting, the initial value of the SCMMD register is 0x00, and the CKSEL bit set to 1 by
writing 0x3C01 to the SCMMD register.

4.8.2.4 Oscillation stop detection status register (SCMST)

The Oscillation Stop Detection Status Register (SCMST) is a register that displays the oscillation stop detection
status.

The SCMST register is set by an 8-bit memory manipulation instruction.

Figure 4-27: Format of the Oscillation Stop Detection Status Register (SCMST)
Address: 0x40022204  After reset: 000H R/W Noe

Symbol 7 6 5 4 3 2 1 0
scusT | o | o | o | o | o | o | o |osToF|
OSTDF Status of oscillation stop detection
0 oscillation stop undetected
1 oscillation stop detected

Note: After the oscillation stop has been detected, set the OSTDF bit to 1, write it to O by writing the register.
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4.8.3 Operation of oscillation stop detection circuit
4.8.3.1 Operation method of oscillation stop detection circuit

After the external reset is released, the main system clock (Fux)/subsystem clock (Fsx) starts to oscillate.
Writing to the peripheral enable register (PER2) enables the oscillation stop detection circuitNote,

Write the oscillation stop detection mode register (SCMMD) to select whether to detect the oscillation
status of the main system clock (Fwux) or the subsystem clock (Fsx), and select the action after the
oscillation stop is detected, whether to generate a reset or an interrupt.

4. Write the OSDCE bit of the oscillation stop detection control register (SCMCTL) to start the oscillation stop
detection circuit.

5. During the operation of the oscillation stop detection circuit, the main system clock (Fumx)/subsystem clock
(Fsx) is always stopped during the oscillation stop determination time, and the oscillation stop detection
signal is output to generate a reset or interrupt.

6. When the CPU clock is the main system clock (Fwvx) or the CPU clock is the PLL clock and the main
system clock (Fwux) is used as the PLL input, and there is a main system clock (Fwmx) oscillation stop
detection, the CPU clock will switch to the internal high-speed oscillation clock of 8 divisions (Froco/8),
when the CPU clock is the subsystem clock (FSX) and there is a subsystem clock (Fsx) oscillation stop
detection, the CPU clock will switch to the internal low-speed oscillation clock (FiL). Clearing the OSTDF by
writing the SCMST register to 0 in software will cut the CPU clock back to the original clock.

Note: Since there may be false detection when bit4 (OSDCEN) of PER2 is written to 1, when using the
oscillation stop detection interrupt, you must clear the interrupt flag bit after writing PER2, and then turn on
the interrupt enable. For the interrupt register corresponding to the oscillation stop detection interrupt,
please refer to“Chapter 23 Interrupt Function”.

Figure 4-28: Timing of the oscillation stop detection circuit
(Take the detection object as fsx, and the interrupt occurs after the oscillation stop is detected)
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Note: Oscillation stop determination time = internal low-speed oscillation clock (fiL) cycle X
((OSDCCMP11~0OSDCCMPO setting value) +1).
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4.8.4 Operation of oscillation stop detection circuit in deep sleep
mode

If the oscillation stop detection circuit is enabled before entering deep sleep, the oscillation stop detection function

will be switched off automatically after entering deep sleep, and the oscillation stop detection function will be switched
on again after the standby release signal comes.

For standby de-signalling, please refer to "Standby Function".

4.8.5 Notes on the oscillation stop detection function

The oscillation stop detection circuit is used together with the watchdog timer.
The oscillation stop detection, which can be used under any of the following conditions:

® When bit0 (WDSTBYON) and bit4 (WDTON) of option byte (00COH) are 1 and bit4 (WUTMMCKO) of OSMC
register is 0

®  When bit4 of OSMC register (WUTMMCKO) is 1.
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Chapter 5 General-purpose timer unit Timer8

This product is equipped with a general-purpose timer unit Timer8, containing 8 channels. The number of
channels of the timer unit varies from product to product.

Description:

1. The symbol "m" in the following part of this chapter represents the unit number, and this product is
equipped with a general-purpose Timer8, so m=0.

2. In the following part of this chapter, the symbol "n" represents the channel number (in this chapter, n=0~7),
and the availability of timer input/output pins for each channel varies from product to product. For details, please

refer to "Chapter 2 Port Function”.

The general-purpose timer unit Timer8 has 8 16-bit timers.
Each 16-bit timer is called a "channel" and can be used separately as a standalone timer or combined with
multiple channels for advanced timer functions.
General purpose timer unit Timer8

é Y\  16-bit timer
| Chanrel O |
L

| Channel 1 }/

| Channel 2

| Channel 3

| Chanrel 4 |

| Chanrel 5 |

| Channel 6 |

| Channel 7 |
o J

For details of each function, please refer to the following table.

Independent channel operation functions Multi-channel linkage operation functions
* Interval timer (refer to 5.8.1) « Single trigger pulse output (refer to 5.9.1)
» Square wave output (refer to 5.8.1) * PWM output (refer to 5.9.2)
» External event counter (refer to 5.8.2) * Multiple PWM outputs(refer to 5.9.3)

» Frequency divider (refer to 5.8.3)
* Measurement of input pulse interval (refer to 5.8.4)
* Measurement of the high and low level width of the input

» Delay counter (refer to 5.8.6)

Able to realize LIN-bus communication by coordination of channel 3 and UARTO of general-purpose serial

communication unit.
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The general-purpose timer unit has the following functions:

5.1.1 Independent channel operation functions

Independent channel operation function is the function that can use any channel independently without being
affected by the operation mode of other channels.
(1) Interval Timer
It can be used as a reference timer to generate interrupts (INTTMmn) at fixed intervals.

) Comparision operation interrupt
Action clock singnal

channel N (INTTmn)

(2) Square wave output
Whenever the INTTMmn interrupt is generated, it runs alternately and outputs a 50% duty cycle square

wave from the output pin (TOmn) of the timer.

) Comparision operation .
Action clock timer output

channel N (TOmn)

(3) External event counter
The valid edge of the input signal of the timer input pin (TImn) is counted, and if the specified number of

times is reached, it can be used as an event counter for generating interrupts.

timer input c . i
omparision operation . )
(Timn) Pa P interrupt singnal |_|

ﬁ channel N (INTTmn)
|

(4) Frequency divider function (channel 0 only)
The input clock from the timer input pin (T100) is divided and then output from the output pin (TOO00).

timer input C b
(Timn) ompar|5|on operation fimer ouput
channel N (TOmn)

(5) Measurement of input pulse interval

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

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

timer input - A A
(TImn) capture operation L
A : A : channel N . !
edge detection start capture
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(6) Measurement of the high and low level width of the input signal
The high and low level width of the input signal is measured by starting the count on one edge of the input
signal at the timer input pin (TImn) and capturing the count value on the other edge.

timer input : A
(TImn) capture operation v
+—: channel N | |
| \ 4 xxH
edge detection start capture

(7) Delay counter
The count starts at the active edge of the input signal at the timer input pin (TImn) and an interrupt is
generated after an arbitrary delay period.

timer input (TImn) Comparision operation interrupt singnal

(INTTmn) |

f channel N |

| I 1
\A start
edge detection

Remark:
1.  m: unit number (m=0) n: channel number (n=0~7)
2. The availability of timer input/output pins for each channel varies from product to product.

WWW.mcu.com.cn 124 /821 Rev.0.1.2


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

M ®
ss Cmsemicon
CMS32H6157 User Manual | Chapter 5 General-purpose timer unit Timer8

5.1.2 Multi-channel linkage operation functions

The multi-channel linked operation function is a combination of a master channel (the reference timer for the
master control cycle) and a slave channel (a timer that operates in compliance with the master channel).

The multi-channel linkage operation function can be used as the following modes.

(1) Single trigger pulse output
Using the 2 channels in pairs, a single trigger pulse with arbitrary output timing and pulse width can be

generated.
timer input (TImn isi i interrupt singnal
put (Timn) Comparision operation (INTTmn)
ﬁ channel n (master
| | control) pulse width
- | AN
edge detection o
output timing sequence
1 |
. . | | |
‘ Comparision operation timer output | . Lot
, @ t
Channel P (Slave) (TOmp) '(mast:fmmml) (Slave)
start
(master control)

(2) PWM(Pulse Width Modulation) output
Using the 2 channels in pairs, pulses with arbitrary period and duty cycle can be generated.

. . interrupt singnal
Comparision operation
Action clock (INTTmn)
channel N (master
control)
Comparision operation timer output B -
Y »
channel P (slave) (TOmp) | | |
|duty cycle |
>
period !

(3) Multiple PWM (Pulse Width Modulation) outputs
The PWM function can be extended to generate up to 3 PWM signals of any duty cycle with a fixed period

using one master channel and multiple slave channels.
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Comparision interrupt singnal
operation Clock operation (INTTmn)
channel N (master
control)

Comparision
operation timer output PN
channel P (slave) (TOmp) Iduty cycle :
|
>
' period
/-\\_/ E
/\\_/ :
Comparision
operation timer output ~——— o
channel q (slave) (TOma)  duty C)I/C|e :
|

period
Note: Please refer to "5.4.1 Basic rules of multi-channel linkage operation function” for the rule details of multi-
channel linkage operation function.
Remark: m: unit number (m=0) n: channel number (n=0~7)

p, q: slave channel number (n<p<q<7)
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5.1.3 LIN-bus support function (channel 3 only)

The received signal in the LIN-bus communication is checked by the general-purpose timer unit to see if it fits
the LIN-bus communication table.

(1) Detection of wake-up signals

The low level width is measured by starting a count on the falling edge of the input signal at 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 wake-up signal.

(2) Detection of break field

After a wake-up signal is detected, the low level width is measured by counting on the falling edge of the
input signal at the UARTO serial data input pin (RxDO0) 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 break field.

(3) Measurement of sync field pulse width
After the sync field is detected, the low level width and high level width of the input signal at the UARTO

serial data input pin (RxDO0) are measured. Based on the bit space of the sync field measured in this way,
the baud rate is calculated.

Note: Refer t0“5.3.13: Input switching control register (ISC)” and "5.8.5: Operation as input signal high and low
levelwidth measurement” for the operation setting of LIN-bus support functions.
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The general-purpose timer unit consists of the following hardware.

Table 5-1: Structure of the general-purpose timer unit

Item Structure
Counter Timer Count Register mn (TCRmn)
Register Timer data register mn (TDRmn)
Timer input TI00~TI07Netel  RxDO pins (for LIN-bus)
Timer output TO00~TOO7Ne®L output control circuit

< Register of Unit Setting Section >

* Peripheral enable register O(PERO)
* Timer clock selection register m (TPSm)
* Timer channel enable status register m (TEm)
* Timer channel start register m (TSm)
* Timer channel stop register m (TPSm)
« Timer input selection register 0 (TISO)
* Timer output enable register m (TOEm)
* Timer output register m (TOm)
Control register * Timer output level register m (TOLm)

* Timer output mode register m (TOMm)
< Register per channel >

 Timer mode register mn (TMRmn)

* Timer status register mn (TSRmn)

* Input switching control register (ISC)

* Noise filter enable register (NFEN1)

« Port mode control register (PMCxx)Nete2
* Port mode register (PMxx)Note2

+ Port register (Pxx)Note2

Note 1: The availability of timer input/output pins for each channel varies from product to product.
Note 2: The set Port Mode Control Register (PMCxx), Port Mode Register (PMxx) and Port Register (Pxx) vary
from product to product. For details, please refer to“Chapter 2 Port Function".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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The block diagram of the general-purpose timer unit is shown in Figure 5-1.

Figure 5-2: Overall block diagram of the general-purpose timer

Timer clock selection register 0 (TPS0)

|PR5031‘PRSO3O PRSOZl‘PRSOZO ‘PRSOIS ‘PRSOH ‘PRSOll‘PRSOlO %RSOO:& FRSOOZ }:’RSOOl FRSOOO |
Timer input selection register 0 (T|0S0) | | | | | | | |

|TISO7 ‘TISOG TISO5 |TIS04 |TOS03 ‘TISOZ ‘TISOl ‘TISOO | 2 2 4 4
l > 15 0
Output Fowk Prescaler /2 P2 )
control of
Too2 Peripheral enable iL
register 0
(PERO) TM80EN
le
Selector | | Selector |‘
CK02 CKo1
selector [
CKo03 CKoO
Sklecto
4 N
> ——»© TO000
Splectol channel O
Input events » > INTTM 00
from EVENTC \_ Y, (Timer interrupt)
TAU_GATE00 ©

4 N\
Fsus —M ——»© TO01
Jelecto

Fu channel 1 —— INTTMO1

TI01O—»
Input events ————| \§ J

from © TOS03

EVENTC TAU_GATEO1

/~ A
-Output
channel 2 Control © T002

—» INTTMO02

=
_l F YVYY _lfﬁw _l Y y _l v Y

TAU_GATE02 © - J
~
—© T003
TI03 @—» channel 3 > INTTMO3
RXDO (Serial input(@——»{ Selegtor
Input switching control »
register sc /
TAU_GATEO03 ©
4 N
» ——»© TO004
. channel 4
ﬂg? > > INTTMO04
\\§ J
TAU_GATE04 (©
> N
o ——>© TO005
é hannel
channel 5 —— INTTMOS

i

TAU_GATEO5 ©

4 N
» —© T006
I > channel 6 ——> INTTMOG
\§ J
TAU_GATEO06 ©
4 N
> ——© To07
TIo7 > channel 7 —— INTTMO7

o—»
TAU_GATEO7 @J ~ J

Remark: Fsus : Subsystem clock frequency
FiL : Clock frequency of the low-speed internal oscillator
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5.2.1 General-purpose timer unit register list

Register base address: 0x40043000

Offset Address Register Name R/W Bit Width Reset Value
0x000 TCROO R 16 FFFFH
0x002 TCRO1 R 16 FFFFH
0x004 TCRO02 R 16 FFFFH
0x006 TCRO3 R 16 FFFFH
0x008 TCRO04 R 16 FFFFH
0x00A TCRO5 R 16 FFFFH
0x00C TCRO06 R 16 FFFFH
0x00E TCRO7 R 16 FFFFH
0x010 TMROO RIW 16 0000H
0x012 TMRO1 R/W 16 0000H
0x014 TMRO2 R/W 16 0000H
0x016 TMRO3 RIW 16 0000H
0x018 TMRO4 R/W 16 0000H
O0x01A TMRO5 R/W 16 0000H
0x01C TMRO06 RIW 16 0000H
O0x01E TMRO7 R/W 16 0000H
0x020 TSRO0 R 16 0000H
0x022 TSRO1 R 16 0000H
0x024 TSRO2 R 16 0000H
0x026 TSRO03 R 16 0000H
0x028 TSR04 R 16 0000H
0x02A TSRO5 R 16 0000H
0x02C TSRO06 R 16 0000H
0x02E TSRO7 R 16 0000H
0x030 TEO R 16 0000H
0x032 TSO RIW 16 0000H
0x034 TTO R/W 16 0000H
0x036 TPSO R/W 16 0000H
0x038 TOO RIW 16 0000H
0x03A TOEO R/W 16 0000H
0x03C TOLO RIW 16 0000H
0x03E TOMO R/W 16 0000H
0x040 TDROO R/W 16 0000H
0x042 TDRO1 R/W 16 0000H
0x044 TDRO02 R/W 16 0000H
0x046 TDRO3 R/W 16 0000H
0x048 TDRO04 R/W 16 0000H
0x04A TDRO5 R/W 16 0000H
0x04C TDRO6 R/W 16 0000H
0x04E TDRO7 R/W 16 0000H
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The TCRmn register is a 16-bit read-only register that counts the count clock. The count is incremented or
decremented synchronously with the rising edge of the count clock.

The operation mode is selected by the MDmMn3 to MDmnO bits of the Timer Mode Register mn (TMRmn) to
switch between incremental and decremental counting (refer to “5.3.3: Timer Mode Register mn (TMRmn)").

Figure5-3: Table of Timer Count Register mn (TCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

eeen [ | [ [ | [ | [ [ [ [ [ [ [ [ [ |

Remark: m: unit number (m=0) n: channel number (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".

*  When areset signal is generated

*  When clearing the TM80EN bit of the Peripheral Permitted Registration (PERO)
* Atthe end of the count of the slave channel in PWM output mode

*  Atthe end of the count of the slave channel in delayed count mode

*  Atthe end of counting of master/slave channels in single trigger pulse output mode
*  Atthe end of the count of the slave channel in the multiple PWM output mode
In the following cases, the count value becomes "0000H".

*  When input starts triggering in capture mode

* Atthe end of the capture in capture mode

Note: Even if the TCRmn register is read, the count value is not captured to the timer data register mn
(TDRmn).

As shown below, the read values of the TCRmn register vary depending on the operating mode and operating
state.

Figure5-2: The read value of the Timer Count Register mn (TCRmn) in each operating mode

Timer Count Register mn (TCRmn) read valueN°t®
) ) Counting pause . .
Operation mode Counting Chan%gsif:er """ | Counting pause (TTmn=1) after e a?c?tir?tsmgle
method . Value at (TTmn = |changing the value
value when in run . The value at the start of]
1) of the operating .
mode the trigger
mode
Interval timer mode Decrement FFFFH The value when Indefinite value -
count stopped
Capture Mode Increm(_ental 0000H The value when Indefinite value -
counting stopped
Event counter mode Decrement FFFFH The value when Indefinite value -
count stopped
Single count mode Decrement FFFFH The value when Indefinite value FFFFH
count stopped
Capture & Single Count Incremt_ental 0000H The value when Indefinite value TDRmn register
Mode counting stopped capture value +1

Note: It indicates the read value of the TCRmn register when channel n is in the timer stop state (TEmn=0) and
the count enable state (Tsmn=1). Hold this value in the TCRmn register until counting starts.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.2.3 Timer data register mn (TDRmn)

This is a 16-bit register that can be switched between capture and comparison functions. The operation mode
is selected via the MDmMn3 to MDmnO bits of the Timer Mode Register mn (TMRmn) for switching between the
capture and comparison functions.

TDRmn registers can be overwritten at any time. This register can be read and written in 16-bit increments.
After a reset signal is generated, the value of the TDRmn register changes to "0000H".

Figure5-4: Table of timer data registers mn (TDRmn) (n=0~7)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
moren | | [ [ [ [ [ | [ [ [ [ [ [ [ [ |

() The timer data register mn (TDRmn) is used as a comparison register for the case
The count is decremented from the setpoint of the TDRmn register, and an interrupt signal (INTTMmn) is
generated when the count value changes to "0000H". The value of the TDRmn register is held until it is
rewritten.
Note: The TDRmn register set to the compare function does not perform capture operation even if a

capture trigger signal is input.

(i) The timer data register mn (TDRmn) is used as a capture register in the case
The count value of the timer count register mn (TCRmn) is captured to the TDRmn register by input
capture triggering.
A valid edge of the TImn pin can be selected as the capture trigger signal. The selection of capture triggers
is set by the timer mode register mn (TMRmn).

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.3 Registers that control the general-purpose timer unit

The registers that control the general-purpose timer unit are as follows:
*  Peripheral enable register O(PERO)

*  Timer clock selection register m (TPSm)

*  Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)

*  Timer channel enable status register m (TEm)
«  Timer channel start register m (TSm)

«  Timer channel stop register m (TPSm)

e Timer input output selection register (TIOS0)
*  Timer output enable register m (TOEm)

e Timer output register m (TOm)

*  Timer output level register m (TOLm)

e Timer output mode register m (TOMm)

*  Input switching control register (ISC)

. Noise filter enable register (NFEN1)

. Port mode control register (PMCxXx)

. Port mode register (PMxx)

*  Portregister (Pxx)

Note: The assigned registers and bits vary from product to product. The initial values must be set for
unassigned bits.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.3.1 Peripheral enable register O(PERO)

The PERO register is the register that sets whether to enable or disable the supply of clocks to each peripheral
hardware. Reduce power consumption and noise by stopping clocks to hardware that is not in use.
To use the general purpose timer, bit0 (TM80EN) must be set to "1".
The PERO register is set by a 32-bit memory manipulation instruction.
After a reset signal is generated, the value of PERO register becomes "000000H".
Figure 5-5: Table of peripheral enable register 0 (PERO)

Address: 40020420H After reset: 00000000H R/W
smool 7] fe] [s[ 4] e[ [of [i]  [o]
IRTCENNOte IICAEN | IRDAEN | SCI2EN | SCI1EN | SCIOEN | TMAEN ITMSOEN |
PERO
TM8OEN Control of the input clock of the general-purpose timer
Stop providing input clock.
0 * The SFR used by the general-purpose timers cannot be written.

» General purpose timers are in the reset state.
Provides input clock.
» The SFR used by the general-purpose timers can be read and written.

Note: To set the general-purpose timer unit, the following registers must first be set with the TM80EN bit at "1".
When the TM80EN bit is "0", the value of the control registers of the Timer Array Unit is the initial value,
and the write operation is ignored (except for Timer Input/Output Selection Register 0 (TIOSO0), Input
Switching Control Register (ISC), Noise Filter Enable Register (NFEN1), Port Mode Control Register
(PMCXx), Port Mode Register PMx and Port Register Px).

*  Timer status register mn (TSRmn)

»  Timer channel enable status register m (TEm)
*  Timer channel start register m (TSm)

+  Timer channel stop register m (TPSm)

*  Timer output enable register m (TOEm)

*  Timer output register m (TOm)

«  Timer output level register m (TOLm)

*  Timer output mode register m (TOMm)
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5.3.2 Timer clock selection register m (TPSm)

The TPSm register is a 16-bit register that selects the two or four common operating clocks (CKm0, CKm1,
CKm2, CKm3) provided to each channel. CKmO is selected via bits 3~0 of the TPSm register, and CKm1 is

selected via bits 7~4 of the TPSm register. In addition, only channel 1 and channel 3 can select CKm2 and CKm3,
and CKmz2 is selected via bits 9~8 of the TPSm register, and CKm3 is selected via bits 13 and 12 of the TPSm

register.
The TPSm register in timer operation can only be rewritten in the following cases
1) Cases where hits PRSm00 to PRSmO03 can be rewritten (n=0 to 7):

All channels with CKmO selected as the operating clock (CKSmnl, CKSmnO = 0, 0) are in the stop state

(TEmn = 0).
2) Cases where bits PRSm10 to PRSm13 can be rewritten (n=0 to 7):

All channels with CKm2 selected as the operating clock (CKSmnl, CKSmn0 =0, 1) are in the stop state

(TEmn = 0).
3) Cases where bits PRSm20 and PRSm21 can be rewritten (n=1, 3):

All channels with CKm1 selected as the operating clock (CKSmn1, CKSmnO = 1, 0) are in the stop state

(TEmn = 0).
4) Cases where bits PRSm30 and PRSm31 can be rewritten (n=1, 3):

All channels with CKm3 selected as the operating clock (CKSmnl, CKSmn0 =1, 1) are in the stop state

(TEmn = 0).

The TPSm register is set by a 16-bit memory manipulation instruction. After a reset signal is generated, the

value of the TPSm register changes to "0000H".
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Figure 5-6: Table of timer clock select 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 | m02 | mO1 | mOO

PRS | PRS | PRS | PRS Selection of operating clock (CKmk)Nete (k=0, 1)

mk3 | mk2 | mk1 | mkO Fcik=2MHz | Fcik=4MHz | Fcik=8MHz | Fclk=20MHz| Fcik=32MHz
0 0 0 0 Feix 2MHz 4AMHz 8MHz 20MHz 32MHz

0 0 0 1 Fewk/2 1MHz 2MHz 4MHz 10MHz 16MHz

0 0 1 0 Fewk/22 500KHz 1MHz 2MHz 5MHz 8MHz

0 0 1 1 Fcwk/28 250KHz 500KHz 1MHz 2.5MHz 4MHz

0 1 0 0 Fewk/24 125KHz 250KHz 500KHz 1.25MHz 2MHz

0 1 0 1 Fcik/2° 62.5KHz 125KHz 250KHz 625KHz 1MHz

0 1 1 0 Fcik/28 31.3KHz 62.5KHz 125KHz 313KHz 500KHz

0 1 1 1 Fewk/27 15.6KHz 31.3KHz 62.5KHz 156KHz 250KHz

1 0 0 0 Fcik/28 7.81KHz 15.6KHz 31.3KHz 78.1KHz 125KHz

1 0 0 1 Fcik/2° 3.91KHz 7.81KHz 15.6KHz 39.1KHz 62.5KHz

1 0 1 0 Fcik/210 1.95KHz 3.91KHz 7.81KHz 19.5KHz 31.25KHz

1 0 1 1 Feik/2tt 977Hz 1.95KHz 3.91KHz 9.77KHz 15.6KHz

1 1 0 0 Fck/212 488Hz 977Hz 1.95KHz 4.88KHz 7.81KHz

1 1 0 1 Fcuk/213 244Hz 488Hz 977Hz 2.44KHz 3.91KHz

1 1 1 0 Fcuk/214 122Hz 244Hz 488Hz 1.22KHz 1.95KHz

1 1 1 1 Fcuk/21® 61.0Hz 122Hz 244Hz 610Hz 977Hz

Note: In case of changing the clock selected as Fcik (changing the value of the system clock control register
(CKQ)), the general-purpose timer unit must be stopped (TTm=0,100FH). The General Timer Unit needs to
be stopped even when the running clock (Fmck) is selected or when the active edge of the TImn pin input
signal is used.

Notice:

The bit 15, 14, 11 and 10 must be set to "0".
2. If Fek (no divider) is selected as the running clock (CKmk) and TDRnm is set to "0000H" (n=0, 1,
m=0~3), the interrupt request of general-purpose timer unit cannot be used.

Remark:

1. Fcwk: Clock frequency of CPU/peripheral hardware
2. The clock waveform selected by TPSm register is high for only 1 FCLK cycle (m=1~15) from the

rising edge. For details, please refer to“5.5. 1 Counting Clock (Frcik)".
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Figure 5-7: Table of timer clock select register m (TPSm) (2/2)

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 | m02 | mO1 | mOO
pRSmM21 | PRSM20 Selection of the running clock (CKm2)Note
Fcik=2MHz | Feik=4MHz | Fcik=8MHz |Fck=20MHz | Fcik=32MHz
0 0 Fcik/2 1MHz 2MHz 4MHz 10MHz 16MHz
0 1 FcLk/22 500KHz 1IMHz 2MHz 5MHz 8MHz
1 0 Fcik/24 125KHz 250KHz 500KHz 1.25MHz 2MHz
1 1 FcLk/26 31.3KHz 62.5KHz 125KHz 313KHz 500KHz
PRS PRS Selection of the running clock (CKm3)Net
m31 m30 Folk=2MHz | Fcik=4MHz | Fcik=8MHz |Fcik=20MHz | Fcik=32MHz
0 0 FcLk/28 7.81KHz 15.6KHz 31.3KHz 78.1KHz 125KHz
0 1 Fcik/210 1.95KHz 3.91KHz 7.81KHz 19.5KHz 31.3KHz
1 0 Fcik/212 488Hz 977Hz 1.95KHz 4.88KHz 7.81KHz
1 1 Fewk/214 122Hz 244Hz 488Hz 1.22KHz 1.95KHz

Note: In case of changing the clock selected as Fcik (changing the value of the system clock control register
(CKQ)), the general-purpose timer unit must be stopped (TTm=0,100FH). The General Timer Unit needs to
be stopped even when the running clock (Fmck) is selected or when the active edge of the TImn pin input
signal is used.

Notice: The bit 15, 14, 11 and 10 must be set to "0".
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5.3.3 Timer mode register mn (TMRmn)

The MRmn register is the register for setting the operation mode of channel n. It carries out the selection of the
operation clock (Fwmck), the selection of the count clock, the selection of master/slave, the setting of start trigger and
capture trigger, the selection of the active edge of the timer input and the setting of the operation mode (interval,
capture, event counter, single count, capture & single count).

It is forbidden to overwrite the TMRmn register during operation (TEmn=1). However, it is possible to rewrite
bit7 and bité (CISmn1, CISmnO) in a part of the operation (TEmn=1) (for details please refer to "5.8 Independent
channel operation function for general purpose timer units" and “5.9 Multi-channel linkage operation function for
general purpose timer units").

The TMRmn register is set by a 16-bit memory manipulation instruction. After a reset signal is generated, the
value of the TMRmn register changes to "0000H".

Note: The bitl1l of the TMRmn register varies by channel.

Symbol

TMRmn
(n=2,4,6)

Symbol

TMRmn

(n=0,1,3,
5,7)

TMRmM2, TMRm4, TMRm6: MASTERmMN bit (n=2, 4, 6)
TMRmMO, TMRm5, TMRm7: Fixed to "0".
Figure 5-8: Table of timer mode register mn (TMRmn) (1/ 4)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCs MAS | STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
mnl mn0 mn | TERmn | mn2 | mnl | mnO | mn1 | mnO [mnl1|mnO | mn3 | mn2 | mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCs 0 Note 1 STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
mnl mn0 mn mn2 | mnl | mnO | mn1 | mnO |mn1 | mnO | mn3 | mn2 | mnl | mnO

CKSmnl| CKSmnO Selection of channel n operating clock (Fmck)

0 0 The operating clock CKmO set by the timer clock selection register m (TPSm).
0 1 The operating clock CKm2 set by the timer clock selection register m (TPSm).
1 0 The operating clock CKm1 set by the timer clock selection register m (TPSm).
1 1 The operating clock CKm3 set by the timer clock selection register m (TPSm).

The operating clock (Fmck) is used for edge detection circuits. The sample clock and count clock
(Frcwk) are generated by setting the CCSmn bit. Only Channel 1 and Channel 3 can choose
operation clocks CKm2 and CKm3.

CCSmn Selection of channel n counting clock (FrcLk)

0 CKSmnO bit and CKSmn1 bit specified operation clock (Fmck)

The active edge of the TImn pin input signal

* Unit O status:

1 Channel 0: The active edge of the input signal selected by TISO
Channel 1: The active edge of the input signal selected by TISO
Channel 3: The active edge of the input signal selected by ISC

Counting clocks (FrcLk) are used in counters, output control circuits, and interrupt control circuits.

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

1. The bit 13 must be set to "0".

2. To change the clock selected as Fcik (change the value of the system clock control register (CKC)),
the timer array unit (TTm=0,10FFH) must be stopped even if the operating clock (Fumck) specified by
the CKSmnO bit and the CKSmn bit or the active edge of the TImn pin input signal is selected as the

counting clock (Frcik).

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-9: Table of timer mode register mn (TMRmn) (2/ 4)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKS CKS 0 CCS MAS STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
(n=2,4,6) mnl mnO mn TERmMn | mn2 | mnl | mnO | mn1l | mnO [mnl|mnO [ mn3 | mn2 | mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIl/IRmn CKS CKS CCSs Note1 | STS | STS | STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
(n=0,1,3, 0 (Q Note

5.7) mnl mnO mn mn2 | mnl | mnO [ mnl | mnO [ mnl1| mnO | mn3 | mn2 | mnl | mnO

(Bit1l of TMRmn (n=2,4,6))

Selection of independent channel operation/multi-channel linked operation (slave
MASTERmN or master) for channel n
0 Used as a slave channel for independent or multi-channel linked operation functions.
1 Used as a master control channel for the multi-channel linked operation function.

Only channel 2,4,6 can be set as master channel (MASTERmn=1).

Channel 0 is fixed to "0" (because channel 0 is the highest bit channel, it is not relevant to
the setting of this bit and is used as a master channel). For channels that are used as
independent channel operation functions, the MASTERmnN bit should be set to "0".

STSmn2 | STSmnl STSmn0 Start trigger and capture trigger settings for channel n
0 0 0 Only software triggering is active at the start (no other trigger source is
selected).
0 0 1 Use the active edge of the TImn pin input for start triggering and

capture triggering.
Use the double edges of the TImn pin input for start triggering and

0 1 0 . - .
capture triggering respectively.
Use interrupt signals from the master channel (in the case of slave
1 0 0 ) - . . .
channels with multi-channel linkage operation function).
Others: Settings are disabled.

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

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure 5-10: Table of timer mode register mn (TMRmn) (3/ 4)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKS | CKS 0 CCs MAS | STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
(n=2,4,6)] mnl | mnO mn | TERmn | mn2 | mn1 | mnO | mn1 | mnO [mn1 | mn0 | mn3 | mn2 | mnl | mn0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIl/IRmn CKS | CKS CCs Note1 | STS | STS |STS | CIS | CIS |[GTS|GTS| MD | MD | MD | MD
(n=0,1,3, 0 (Q Note
5.7) mnl mnO mn mn2 | mnl | mnNO | mnl | mnO |mnl1 | mnO | mn3 | mn2 | mnl | mnO
CISmn1 CISmn0 Active edge selection for TImn pins
0 0 Falling edge
0 1 Rising edge
Both edges
Start triggering, falling
1 0 h :
edge, capture triggering,
rising edge
Both edges(when measuring high level width)
1 1 Start triggering, rising

edge, capture triggering,

falling edge

The CISmn1~CISmnO0 bits must be set to "10B” when the STSmn2~STSmnO bits are not "010B" and the both
edges are used.

GTSmnl GTSmnO Counting clock source start-up setting

0 0 Invalid gate control signal

Gating signal is high and counting clock source start

Gating signal is low and counting clock
source start

Invalid gate control signal

0 1
1 0
1 1

Note 1: Bitl1 is a read-only bit, fixed to "0", ignoring write operations.
Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure 5-11: Table of timer mode register mn (TMRmn) (4/4)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKS | CKS 0 CCs MAS | STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
(n=2,4,6)] mnl | mnO mn | TERmn | mn2 | mn1 | mnO | mn1 | mnO [mn1 | mn0 | mn3 | mn2 | mnl | mn0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(-;'YI(?TQ CKS | CKS 0 CCs 0 Note 1 STS | STS |STS | CIS | CIS |GTS|GTS| MD | MD | MD | MD
_57) mnl mnO mn mn2 | mnl | mnNO | mnl | mnO |mnl1 | mnO | mn3 | mn2 | mnl | mnO
MD | MD | MD Setting of channel n Corresponding functions Counting
mn3 | mn2 | mnl | gperation mode P 9 operation of TCR
L g Interval timer/square wave output
0 0 0 |Interval timer mode Frequency divider function/PWM Decrement count
1 0 |Capture Mode Measurement of input pulse interval [rlgr?“rrltintal
1 1 |Event counter mode External event counter Decrement count
Sinal g Delay counter/single trigger pulse b
1 0 0 ingle count mode output/PWM output ecrement count
1 1 o |Capture & Single Count Measurement of the high and low level |Incremental
Others: Settings are disabled.

The operation of each mode varies depending on the MDmnO bit (refer to the table below).

Operation mode (MDmn3~MDmn1

. . MD
bit setting (refer to the table | - Start counting and interrupt settings
above))
0 No timer interrupt is generated when counting starts (the output of

« Interval timer mode (O, O, 0) the timer does not change).
« Capture mode (0, 1, 0) A timer interrupt is generated when counting starts (the output of

! the timer also changes).
No timer interrupt i ner when ntin rts (th f
. Event counter mode( 0, 1, 1) 0 o] t_ er interrupt is generated when counting starts (the output o
the timer does not change).
0 The start trigger in the count operation is invalid. No interruption at
this time.
. i Note 2
Single Count Mode (1,0.0) 1 The start trigger in the count operation is validN°®® 3, No interruption
at this time.
No timer interrupt is generated when counting starts (the output
. Capture & Single Count Mode( 1, 0 of the timer does not change). The start trigger in the count
1,0) operation is invalid.

No interruption at this time.

Note 1: Bitl11 is a read-only bit, fixed to "0", ignoring write operations.
Note 2: In single count mode, the interrupt output (INTTMmn) and TOmn output at the start of counting are not
controlled.
Note 3: If a start trigger is generated during operation (TSmn=1), the counter is initialized and counting is
restarted (no interrupt request is generated).

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.3.4 Timer status register mn (TSRmn)

The TSRmn register is a register that indicates the overflow status of the channel n counter.

The TSRmn register is valid only in capture mode (MDmn3~MDmn1=010B) and capture & single count mode
(MDmn3~MDmn1=110B). Refer to Table 5-5 for the OVF bit changes and set/clear conditions in each operation
mode.

The TSRmn register is read by a 16-bit memory manipulation instruction.

Figure5-12: Table of Timer Status Register mn (TSRmn)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRmn [ 0 | o o] o | o JoJ]oJoJoJoJoJo ]o]o]o o]

OVF Counter overflow status of channel n

0 No overflow occurred.

1 Overflow occurred.

If the OVF bitis "1", this flag is cleared when the next count does not overflow and the count value is captured
(OVF=0).

Remark: m: unit number (m=0) n: channel number (n=0~7)

Figure 5-3: OVF bit changes and set/clear conditions in each operating mode

Timer operation mode OVF bit Set/clear conditions
« Capture Mode Clear No overflow occurred at the capture.
« Capture & Single Count Mode Set Overflow occurred at the capture.
* Interval timer mode Clear i
» Event counter mode N/A
» Single count mode Set (N/A)

Note: Even if the counter overflows, the OVF bit does not change immediately, but changes at the time of
capture thereafter.
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5.3.5 Timer channel enable status register m (TEm)

The TEm register is a register that indicates the enable or stop status of each channel timer operation.

Each of the TEm register corresponds to each of the timer channel start register m (TSm) and timer channel

stop register m (TTm). If each bit of the TSm register is "1", the corresponding bit of the TEm register is "1". If each

bit of the TTm register is "1", the corresponding bit of the TTm register is cleared to "0".

The TEm register is read by a 16-bit memory manipulation instruction.

Figure5-13: Table of timer channel enable status register m (TEm)

Symbo 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm 0 0 0 0 0 0 0 0 |TEm7|TEm6|TEmMS5|TEm4 |TEmM3|TEmM2|TEmM1|TEmMO
Remark: m=0
TEmn An indication of the enabled or stopped state of channel n
0 Stop state
1 Operation enable state
Remark: m: unit number (m=0) n: channel number (n=0~7)
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The TSm register is a trigger register to initialize Timer Count Register mn (TCRmn) and set the start of each
channel count operation. If each bit is set to "1", the corresponding bit of Timer Channel Enable Status Register m
(TEm) is set to "1". Since the TSmn bit is the trigger bit, the TSmn bit is cleared immediately if the operation is
enabled (TEmn = 1).

The TSm register is set by a 16-bit memory manipulation instruction.

Figure 5-14: Table of timer channel start register m (TSm)

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

ol

TSm 0 0 0 0 0 0 0 0 |TSM7|{TSmM6|TSM5|[TSmM4|TSM3|TSmM2|TSm1| TSmO

Remark: m=0

TSmn Operation of channel n enables (start) triggering

0 No triggering.

Set TEmn bit to "1" to and enter the count-enabled state. The count start of the TCRmn register in the

1 count-enable state varies depending on the operation modes (refer to Table 5-6 in“5.5.2 Start timing
of the counter”).

Notice:

1. The bit 15~8 must be set to "0".

2. When switching from a function that does not use TImn pin input to a function that uses TImn pin
input, the following period of waiting is required from setting the timer mode register mn (TMRmn)
until the TSmn bit is set to "1™
When the TImn pin noise filter is valid (TNFENmn=1): 4 operating clocks (Fmck)

When the TImn pin noise filter is invalid (TNFENmMn=0): 2 operating clocks (Fmck)
Remark: The read value of the TSm register is always "0".

m: unit number (m=0) n: channel number (n=0~7)
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5.3.7 Timer channel stop register m (TPSm)

The TTm register is a trigger register to set the count stop of each channel.

If each bit is set to "1", the corresponding bit of Timer Channel Enable Status Register m (TEm) is cleared to

"1". Since the TTmn bit is a trigger bit, if the operation stop state is changed (TEmn=0), the TTmn bit is cleared
immediately

The TTm register is set by a 16-bit memory manipulation instruction.
Figure5-15: Table of 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 0 0 0 0 0 0

O |TTmM7|TTm6|TTm5|[{TTm4|TTm3|TTm2|{TTm1|TTmO

Remark: m=0

TTmn Operation of channel n stop triggering

0 No triggering.
1

Set TEmn bit to "0" to and enter the count-stopped state.

Notice: The bit 15~8 must be set to "0".
Remark:

1. The TTm register is always read as "0".

2. m: unit number (m=0) n: channel number (n=0~7)
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5.3.8 Timer input output selection register (TIOS0)

The TIOSO register selects the timer inputs for Channel 0 and Channel 1 of Unit 0 and the timer outputs for
Channel 2. The TIOSO register is set by an 8-bit memory manipulation instruction. After a reset signal is generated,
the value of the TIOSO register changes to "00H".

Figure 5-16: Table of timer input selection register 0 (TIOSO0)

Address: 0x40040C04H After reset: O0H R/W
Symbol 7 6 5 4 3 2 1 0
TIOSO | TISO7 TISO6 | TISO5 | TISO04 TOS03 | Tiso2 | TIso1 TIS00
TISO7 TIS06 TISO5 Selection of timer input used for channel 0
0 0 0 Input signal for timer input pin (T100)
Others: Settings are disabled.
TIS04 Selection of timer input used for channel 0
0 Input signal selected by TISO7~TIS05
1 Event input signal of ELC
TOS03 Enable the timer output of channel 2
0 Output enable
1 Output disable(output fixed to 0)
TIS02 TISO1 TIS00 Selection of timer input used for channel 1
0 0 0 Input signal for timer input pin (T101)
0 0 1 Event input signal of EVENTC
0 ! 0 Input signal for timer input pin (T101)
0 1 1
1 0 0 Low-speed internal oscillator clock (FiL)
1 0 1 Sub-system Clock (Fsus)
Others: Settings are disabled.

Notice:
1. The high and low level width of the selected timer input needs to be greater than or equal to 1/Fmck
+10ns. Therefore, when Fsus is selected as Fcik (CSS=1 in the CKC register), TIS02 cannot be set
to "1".
2. When selecting the event input signal for ELC via Timer Input Selection Register 0 (TIOS0), Fcik
must be selected via Timer Clock Selection Register 0 (TPSO0).
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5.3.9 Timer output enable register m (TOEm)

The TOEm register is a register that sets to enable or disable the timer output of each channel.
For channel n, which allows timer output, the value of the TOmn bit of the latter timer output register m (TOm)

cannot be rewritten by software, and the value reflected by the timer output function of the count operation is output

from the output pin (TOmn) of the timer.
The TOEm register is set by a 16-bit memory manipulation instruction.
Figure 5-17: Table of timer output enable register m (TOEm)

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

Remark: m=0

TOEmn Enable/disbale the timer output of channel n

Disable timer output.
0 The operation of the timer is not reflected to the TOmn bit, fixed output.

The TOmn bit can be written and the level set by the TOmn bit is output from the TOmn pin.

Enable timer output.
1 The operation of the timer is reflected to the TOmn bit, producing an output waveform. The write

operation of the TOmn bit is ignored.
Notice: The bit 15~8 must be set to "0".
Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.3.10 Timer output register m (TOm)

The TOm register is a buffer register for each channel timer output.

The bit value of this register is output from the output pin (TOmn) of each channel timer.

The TOmn bit of this register can be rewritten by software only when the timer output is disabled (TOEmn=0).
When the timer output is enabled (TOEmn=1), the rewrite operation by software is ignored and the value is changed
only by the timer operation.

To use the TOmn pin as a port function, the corresponding TOmn bit must be set to "0” .

The TOm register is set by a 16-bit memory manipulation instruction.

Figure 5-18: Table of 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 |TOM7|TOM6|{TOMS|TOM4|TOM3|{TOM2|TOmM1|TOmMO

Remark: m=0

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

Notice: The bit 15~8 must be set to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.3.11 Timer output level register m (TOLm)

The TOLm register is a register that controls the output level of each channel timer.

When timer output (TOEmn=1) is enabled and the multi-channel link operation function (TOMmn=1) is used,
the set and reset timing of the timer output signal reflects the inverse setting of each channel n performed by this
register. In the master channel output mode (TOMmn=0), this register setting is invalid.

The TOLm register is set by a 16-bit memory manipulation instruction.

Figure5-19: Table of timer output level register m (TOLm)
Symb

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

TOL | TOL | TOL | TOL | TOL | TOL | TOL
TOLm | O 0 0 0 0 0 0 O ' m7 | m6 | ms | ma | m3|me|m]| ©

Remark: m=0

TOLmMnN Control of timer output level of channel n
0 Positive logic output (active high level)
1 Inverted output (active low level)
Notice: The bit 15~8 and bit0 must be set to "0".

Remark:
1. If the value of this register is rewritten while the timer is operating, the timer output logic is inverted at
the next time the timer output signal changes, rather than immediately after the rewrite.

2. m: unit number (m=0) n: channel number (n=0~7)
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The TOMm register is a register that controls the output mode of each channel timer. When used as an
independent channel operation function, the corresponding bit of the using channel should be set to "0”.

When used as a multi-channel linkage operation function (PWM output, single trigger pulse output and multiple
PWM output), the corresponding bit of the master channel is "0" and the corresponding bit of the slave channel is
"1

When the timer output (TOEmn=1) is enabled, the setting of each channel n is reflected in this register during
the setting and reseting timing of the timer output signal.

The TOMm register is set by a 16-bit memory manipulation instruction.

Figure5-20: Table of timer output mode register m (TOMm)

Symbo
I

TOMm| O 0 0 0 0 0 0 0

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

TOM | TOM | TOM | TOM | TOM | TOM | TOM
m7 m6 m5 m4 m3 m2 ml

Remark: m=0

TOMmMN Control of timer output mode of channel n

0 Master channel output mode (alternate output via timer interrupt request signal (INTTMmn))
Slave channel output mode (output is set via timer interrupt request signal (INTTMmn) of master
channel and output is reset via timer interrupt request signal (INTTMmp) of slave channel)

1

Notice: The bit 15~8 and bit0 must be set to "0".
Remark: m: unit number (m=0),
n: channel number (n=0~7)
Master control channel number: n=0, 2,4, 6
Slave channel numberp:n<p<7
(For details of the relationship between master and slave channels, please refer to "5.4.1 Basic rules of

multi-channel linkage operation function™)
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5.3.13 Input switching control register (ISC)

The ISC1 and ISCO bits of the ISC register are used for the coordination of channel 3 and the general-purpose

serial communication unit to implement LIN-bus communication. If the ISC1 bit is set to "1", the input signal of the

serial data input pin (RxDO) is selected as the input of the timer.

For the setting of SSIEOQO bit, please refer to "Input switching control register (ISC)".

After a reset signal is generated, the value of the ISC register becomes "00H".

Figure5-21: Table of input switching control register (ISC)

Address: 0x40040C03H After reset: OOH R/W
Symbol 6 5 4 3 2 1
IsSC | SSIE00 0 | 0 | 0 0 | 0 | 1sc1 ISCO

SSIEOO

SSI00 pin input setting for channel 0 in slave mode for CSI00 communication

SSI00 pin input is invalid.

SSI00 pin input is valid.

Input switching for channel 3 of general-purpose timer unit O

Use the input signal from the TI03 pin as an input to the timer (normally operating).

Use the input signal on the RxDO pin as a timer input (detects the wake-up signal and
measures the low level width of the break field and the pulse width of the sync field).

ISCO

Input switching of external interrupt (INTPO)

0

Use the input signal on the INTPO pin as an external interrupt input (normally operating).

1

Use the input signal on the RxDO pin as an external interrupt input (detecting a wake-up
signal).

Notice: The bit 6~2 must be set to "0".

Remark: To use LIN-bus for communication, you must set ISC1 bit to "1" and select the input signal of RxDO

pin.
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5.3.14 Noise filter enable register (NFEN1)

The NFENL1 register sets whether the noise filter is used for the input signal of each channel timer input pin. For

the pin that needs to eliminate noise, the corresponding bit must be set to "1” and make the noise filter effective.

When the noise filter is valid, it checks whether the 2 clocks are the same after synchronizing via the operating clock

of the object channel (Fmck), when the noise filter is invalid, it only synchronizes via the operating clock of the object

channel (Fuck)Nete,

Note: For details, refer to

e

timing of counter" and“5.7 Control of Timer Input (TImn)".

Figure5-22: Table of noise filter enable register (NFEN1)

Address: 0x40040C01 After reset: OOH RW

Symbol 7

6 5 4 3 2 1

5.5. 1(2) Selecting the active edge of TImn pin input signal (CCSmn=1)", "5.5.2 Start

NFEN1 |TNFEN07 TNFENO6 | TNFENO5 | TNFENO4 TNFENO3|TNFEN02‘TNFEN01 TNFENOO

TNFENO7

Usage of input signal noise filters on the TIO7 pin

0

Noise filter OFF

1

Noise filter ON

TNFENOG6

Usage of input signal noise filters on the TIO6 pin

0

Noise filter OFF

1

Noise filter ON

TNFENO5

Usage of input signal noise filters on the TIO5 pin

0

Noise filter OFF

1

Noise filter ON

TNFENO4

Usage of input signal noise filters on the TI04 pin

0

Noise filter OFF

1

Noise filter ON

TNFENO3

Usage of input signal noise filter on TI03 pin or RxDO pin Nt

0

Noise filter OFF

1

Noise filter ON

TNFENO2

Usage of input signal noise filters on the TIO2 pin

0

Noise filter OFF

1

Noise filter ON

TNFENO1

Usage of input signal noise filters on the TIO1 pin

0

Noise filter OFF

1

Noise filter ON

TNFENOO

Usage of input signal noise filters on the TIOO pin

0

Noise filter OFF

1

Noise filter ON
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Note: The applicable pin can be switched by setting the ISC1 bit of the Input Switching Control Register (ISC).
ISC1=0: You can choose whether to use the noise filter of the TI03 pin. ISC1=1: You can choose whether
to use the noise filter of the RxDO pin.

Remark: The availability of timer input/output pins for channels varies from product to product.
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5.3.15 Registers for controlling timer input/output pin port functions

When using the general-purpose timer unit, the control registers (Port Mode Register (PMxXx), Port Register
(Pxx) and Port Mode Control Register (PMCxx)) of the port function multiplexed with the object channel must be set.
For details, please refer to “2.3. 1 Port mode register (PMxx)”, “2.3. 2Port register (Pxx)’and“2.3. 8 Port mode
control register (PMCxx)”.

The Port Mode Register (PMxx), Port Register (Pxx) and Port Mode Control Register (PMCxx) are set
differently depending on the product. For details, please refer to "2.5 Register settings when using the multiplexing
function"”.

When using the multiplexed ports of the timer output pins as timer outputs, the bit of the Port Mode Control
Register (PMCxXx), the bit of the Port Mode Register (PMxx) and the bit of the Port Register (Pxx) corresponding to
each port must be set to "0”.

When using the multiplexed ports of the timer input pins as timer inputs, the bit of the corresponding Port Mode
Register (PMxx) must be set to "1" for each port and the bit of the Port Mode Control Register (PMCxx) must be set

to "0”. In this case, the bits of the Port Register (Pxx) can be "0" or "1".
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5.4Basic rules of the general-purpose timer unit

5.4.1 Basic rules of multi-channel linkage operation function

The multi-channel linkage function is a function that combines a master channel (a reference timer that counts

cycles) and a slave channel (a timer that operates in compliance with the master channel), and several rules need

to be observed when using it.

The basic rules of the multi-channel linkage operation function are shown below.

1)
2)

3)

4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Only the even-number channel (channel 0, channel 2, channel 4, channel 6) can be set as a master
channel.

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

Only the lower channel of the master channel can be set as a slave channel.

For example, when setting channel 0 as the master channel, it is possible to set the channels starting from
channel 1 (channels 1 to 7) as slave channels.

Multiple slave channels can be set for 1 master channel.

When multiple master channels are used, slave channels that span the master channel cannot be set.
For example, when setting channel 0 and channel 2 as the master channel, channel 1 can be set as the
slave channel of master channel 0, but channel 3 cannot be set as the slave channel of master channel 0.
The slave channels linked to the master channel need to be set to the same operating clock. The CKSmnO
bit and CKSmn1 bit (bitl5 and bit14 of Timer Mode Register mn (TMRmn)) of the slave channel linked to
the master channel need to be the same setting value.

The master channel can pass the INTTMmn (interrupt), start software trigger and count clock to the lower
channel.

The slave channel can use the master channel's INTTMmn (interrupt), start software trigger, and count
clocks as source clocks, but cannot pass its own INTTMmn (interrupt), start software trigger, and count
clocks to the lower channel.

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

In order to start the channels to be linked at the same time, the channel start trigger bit (TSmn) of the
linked channel needs to be set at the same time.

Only all linked channels or the master channel can use the setting of the TSmn bit in the counting
operation. It is not possible to use the setting of the TSmn bit of the slave channel only.

In order to stop the linked channels at the same time, the channel stop trigger bit (TTmn) of the linked
channel needs to be set at the same time.

In linked operation, CKm2/CKm3 cannot be selected because the master and slave channels need the
same operating clock.

The timer mode register mO (TMRmO) has no master bit and is fixed to "0". However, since channel 0 is
the highest bit channel, it can be used as the master channel during linkage operation.

The basic rules of the multi-channel linkage operation function are the rules applicable to the group of channels

(a collection of master and slave channels that form a 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.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Example 1

Channel group 1
———————————————————————— multi-channel linkage
CKO0O | | /)peration function)
—— | Channel 0: Master |
|

|
|
I Channel 1: Slave
|
|

—_—— e —— e — — =

________________________ Channel group 2
(multi-channel linkage
CKO01 |

|
——- Channel 2: Master : operation function)
m/
|
|
|
|

|
|
I Channel 3: Slave
|
|

Channel group 3
———————————————————————— multi-channel linkage
CKO02 : : /)peration function)
—_— Channel 4: Master |
|

|
|
I Channel 5: Slave
|
|

Channel group 4
(multi-channel linkage

I
| . .
—_— Channel 6: Master | operation function)
! rd
I I
| Channel 7: Slave |
I I
I I
Example 2
Timer 8 Channel Group 1
________________________ (multi-channel linked operation function)
| |
CKO00 | I
e Channel 0: Master control |
' |
CKO1 ' N Channel 1:independent channel /
| operation function |
' |
: Channel 2: Slave |
|
' [
CKO00 N Channel 3:independent channel
operation function
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5.4.2 Timer channel start register m (TSm)

The TSm register is a trigger register to initialize Timer Count Register mn (TCRmn) and set the start of each
channel count operation. If each bit is set to "1", the corresponding bit of Timer Channel Enable Status Register m
(TEm) is set to "1". Since the TSmn bit is the trigger bit, the TSmn bit is cleared immediately if the operation is
enabled (TEmn = 1).

The TSm register is set by a 16-bit memory manipulation instruction.

Figure 5-23: Table of timer channel start register m (TSm)
Symb

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

TSm 0 0 0 0 0 0 0 0 |[TSM7|TSm6|TSM5|TSM4|TSm3|TSm2|TSm1|TSmO

Remark: m=0

TSmn Operation of channel n enables (start) triggering

0 No triggering.

Set TEmn bit to "1" to and enter the count-enabled state. The count start of the TCRmn register in

1 the count-enable state varies depending on the operation modes (refer to Table 5-6 in“5.5.2
Start timing of the counter”).

Notice:

1. The bit 15~8 must be set to "0".

2. When switching from a function that does not use TImn pin input to a function that uses TImn pin
input, the following period of waiting is required from setting the timer mode register mn (TMRmn)
until the TSmn bit is set to "1™
When the TImn pin noise filter is valid (TNFENmn=1): 4 operating clocks (Fmck)

When the TImn pin noise filter is invalid (TNFENmn=0): 2 operating clocks (Fmck)
Remark:
1. The TSm register is always read as "0".
2. m: unit number (m=0) n: channel number (n=0~7)
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5.5.1 Counting clock (Frcrk)

The count clock of the general purpose timer unit (Frcik) can be selected by the CCSmn bit of the Timer Mode
Register mn (TMRmn) for any of the following clocks:

e The CKSmnO bit and CKSmn1 bit specified operation clock (Fmck)

e The active edge of the TImn pin input signal

The general purpose timer unit is designed to run synchronously with Fcrk, so the timing of the count clock

(Frcwk) is as follows.

(1) Select the case where the CKSmnO bit and the CKSmn1 bit specified operation clock (Fmck) (CCSmn=0)
According to the setting of Timer Clock Selection Register m (TPSm), the counting clock (Frcwk) is Feik
~FcLk /215. However, when the division of Fcik is selected, the clock selected by TPSm register is a signal
that has only 1 Fcrk cycle of high level from the rising edge. When FcLk is selected, it is fixed high level.

In order to obtain synchronization with Fcik , Timer Count Register mn (TCRmn) delays the counting by
one Fcik clock from the rising edge of the counting clock, which is called "counting at the rising edge of the
counting clock" for convenience.

Figure 5-24: Timing of Fck and counting clock (Frcik) (when CCSmn=0)
=5SO SN I [ I ) e e ) S I Y

Fouz L1 |
/—CLKAAAAA

[ 1 1 11 1
A A A A A A A A

»_

[
A A A

»_

Fodld [ 1 [ 1 [ 1 l_
A A A A A A A A
Frowx Fel8
CLK
(= Fmex A A A A
=CKmn)
Fouk/16 O

N

Remark:
1. A:Therising edge of the counting clock
A : Synchronization, counter increment/decrement

2. Fcwk: CPU/peripheral hardware clock
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(2) The case of selecting an active edge of the TImn pin input signal (CCSmn=1)

The count clock (Frcik) is a signal that detects an active edge of the TImn pin input signal and is

synchronized with the next Fuck rising edge. In fact, this is a signal delayed by 1~2 Fuck clocks compared
to the input signal of the TImn pin (delay 3~4 Fuck clocks when using noise filters). In order to obtain
synchronization with Fcik , the Timer Count Register mn (TCRmn) delays the count by oneFciktime from
the rising edge of the count clock, which is referred to as "counting at the effective edge of the TImn pin
input signal” for convenience.

Figure5-25: Timing of the counting clock (Frcik) (CCSmn=1, without noise filter)

A B e NG N
)) ))

TSmn(Write) r

\
ol

TEmn

Timn input

M
)

¢ |
)

edge detection

v @

sample
waveform

S R A R I

rising edge edge detection

detection

singal(Frux) ()()

®

>

JAY

@ Start the timer by setting the TSmn bit and wait for a valid edge of the TImn input.
@ The rising edge of the TImn input is sampled via Fuck.
(® The edge is detected at the rising edge of the sampling signal and the detection signal (counting clock) is

output.

Remark:
1. A:Therising edge of the counting clock
A : Synchronization, counter increment/decrement
2. Fcwk: CPU/peripheral hardware clock
Fumck: Operating clock of channel n
3.  The same waveforms are used for the measurement of the input pulse interval, the high and low
measurement of the input signal, the delay counter and the TImn input for the single trigger pulse

output function.
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5.5.2 Start timing of counter

The timer count register mn(TCRmn) enters the operation enable state by setting TSmn bit of the timer channel

start register m (TSm).

Execution from the counting enable state to the start of the timer count register mn (TCRmn) is shown in Table

5-4.

Figure 5-4: Operation from the counting enable state to the start of the timer count register mn (TCRmn)

Timer operation mode

Operation after setting TSmn bit to "1”

* Interval timer mode

No operation is performed from the detection of the start trigger (TSmn=1) until the count
clock is generated.
The value of the TDRmn register is loaded into the TCRmn register by the first count

clock and decremented by subsequent count clocks(refer to“5.5.3(1) Operation of the
interval timer mode").

* Event counter mode

The value of the TDRmn register is loaded into the TCRmn register by writing a "1" to the
TSmn bit.

If the input edge of TImn is detected, the count is decremented by the subsequent count
clocks. (Refer to “5.5.(2)

Operation of the event counter mode”).

» Capture mode

No operation is performed from the time the start trigger is detected until the count clock is
generated.
The “0000H” is loaded into the TCRmn register by the first count clock, and incremental

counting is performed by the subsequent count clocks (refer t0“5.5.3(3) Operation of the
capture mode (input pulse interval measurement)").

* Single count mode

By writing "1" to the TSmn bit while the timer is stopped (TEmn=0), it enters

the wait state for the start of the trigger.

No operation is performed from the time the start trigger is detected until the count clock is
generated.

The value of the TDRmn register is loaded into the TCRmn register by the first count
clock,

and decremental counting by subsequent count clocks (refer t05.5.3(4) Operation of the
single count mode").

 Capture & single count mode

By writing "1" to the TSmn bit while the timer is stopped (TEmn=0), it enters

the wait state for the start of the trigger.

No operation is performed from the time the start trigger is detected until the count clock is
generated.

The “0000H” is loaded into the TCRmn register by the first count clock,

and incremental counting is performed by the subsequent count clocks (refer t0“5.5.3(5)
Operation of capture & single count mode (measurement of high level width) ”.
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5.5.3 Operation of counters

The following describes the counter operation for each mode.
(1) Operation of the interval timer mode
@ The operation enable state is entered by writing "1" to the TSmn bit (TEmn=1). The timer count
register mn (TCRmn) remains at its initial value until a count clock is generated.
@ A start trigger signal is generated by enabling the 1st count clock (Fmck) after the operation.
@ When MDmMnNO bit is "1", INTTMmn is generated by the start trigger signal.
@ The value of Timer Data Register mn (TDRmn) is loaded into the TCRmn register by enabling the 1st
count clock after the operation, and counting starts in interval timer mode.
® If the TCRmn register decrements to "0000H", INTTMmn is generated by the next count clock (Fuck)
and continues counting after loading the value of Timer Data Register mn (TDRmn) into the TCRmn
register.
Figure5-26: Operation timing (interval timer mode)

Fuvck
(Frew) /ﬂl |_! |_! ( | |_! |_|I |_|
[ | ) | | [
| | | | | |
TSmn(write) ' [ [ | [ [
JD A S s s
| | | | | |
® | | | | | |
TEmn ' | ! ! ! :
| | | | | |
o) L0
| | | | | [
| | | | | |
| | | | | |
| [ [ | | [
, [ [ | | [
start trigger | | | | |
detection | } } I !
singal : : : : : :
[ [ [ [ [ [
[ [ [ [ [ |
TCRmn initial vdlueX  m >:< m-1 : ------ 0001 0000 m
' | |
[ [ [
! | |
TDRmn @\ @ I m
I I
[ [
[ [

INTTMmn I

when MDmn0 =1

Note: Because the 1st count clock cycle runs after the TSmn bit is written and delays the start of counting
before generating the count clock, an error of up to 1 clock cycle is generated. Also, if you need
information about the start of the count timing, set MDmnO to "1" so that an interrupt can be generated at
the start of the count.

Remark: Fuck, the start trigger detection signal and INTTMmn are synchronized with FCLK and are valid within

1 clock.
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(2) Operation of the event counter mode

@® The timer count register mn (TCRmn) remains during the operation stop state (TEmn=0).

@ The operation enable state is entered by writing "1" to the TSmn bit (TEmn=1).

@ The value of timer data register mn (TDRmn) is loaded into the TCRmn register while both the TSmn
and TEmn bits are changed to "1" and counting begins.

@ Thereafter, the value of the TCRmn register is counted decreasingly by the count clock at the active
edge of the TImn input.

Figure5-27: Operation timing (event counter mode)

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

TSmn(write) I t

TEmn

TImn(input)

( |

}) edge detection

edge detection

=

counting clock

e ] i [ v

start
trigger

detection h
singal T} | ) @

1

I

I

I

TCR mn initial value

e

TORmn 7 m

Remark: This is a timing without the noise filter. If the noise filter is used, the edge detection is delayed by 2
more Fwmck cycles (3~4 cycles in total) from the TImn input. The 1 cycle error is because the TImn input is
not synchronized with the count clock (Fmck).
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(3) Operation of capture mode (interval measurement of input pulses)

@ The operation enable state is entered by writing "1" to the TSmn bit (TEmn=1).

@ The timer count register mn (TCRmn) remains at its initial value until a count clock is generated.

@ A start trigger signal is generated by enabling the 1st count clock (Fmck) after the operation. Then, the
"0000H" is loaded into the TCRmn register and counting starts in capture mode (INTTMmn is
generated by the start trigger signal when MDmnO bit is "1").

@ If an active edge of TImn input is detected, the value of TCRmn register is captured to TDRmn
register and INTTMmn interrupt is generated. The capture value is meaningless at this point. The
TCRmn register continues counting from the "0000H".

® If an active edge of the next TImn input is detected, the value of the TCRmn register is captured to the
TDRmn register and the INTTMmn interrupt is generated.

Figure5-28: Operation timing (capture mode: interval measurement of input pulses)

[ M [ [ ]
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when MDmnO0 =1
Note: When the clock is input to TImn (with trigger) before the start, the count is started by detecting the trigger
even if no edge is detected, so the capture value at the 1st capture (®) is not a pulse interval (in this
example, 0001: 2 clock intervals) and must be ignored.

Notice: Because the 1st count clock cycle runs after the TSmn bit is written and delays the start of counting
before generating the count clock, an error of up to 1 clock cycle is generated. Also, if you need
information about the start of the count timing, set MDmnO to "1" so that an interrupt can be generated at
the start of the count.

Remark: This is a timing without the noise filter. If the noise filter is used, the edge detection is delayed by 2
more Fumck cycles (3~4 cycles in total) from the TImn input. The 1 cycle error is because the TImn input is
not synchronized with the count clock (Fmck).
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(4) Operation of the single count mode

The operation enable state is entered by writing "1" to the TSmn bit (TEmn=1).

The timer count register mn (TCRmn) remains the initial value until a start trigger signal is generated.
Detects the rising edge of the TImn input.

® 060

The value (m) of the TDRmn register is loaded into the TCRmn register after a start trigger signal is
generated, and counting begins.

©

When the TCRmn register decrements to "0000H", the INTTMmn interrupt is generated and the value
of TCRmn register changes to "FFFFH" and stop counting.
Figure5-29: Operation timing (single count mode)
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Remark: This is a timing without the noise filter. If the noise filter is used, the edge detection is delayed by 2
more Fuck cycles (3~4 cycles in total) from the TImn input. The 1 cycle error is because the TImn input is
not synchronized with the count clock (Fmck).
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(5) Operation of capture & single count mode (measurement of high level width)

@ The operation enable state is entered by writing "1" to the TSmn bit of the timer channel start register
m (TSm)(TEmn=1).

@ The timer count register mn (TCRmn) remains the initial value until a start trigger signal is generated.

@ Detects the rising edge of the TImn input.

@ After the start trigger signal is generated, "0000H" is loaded into the TCRmn register and counting
starts.

® If the falling edge of TImn input is detected, the value of the TCRmn register is captured to the
TDRmn register and an INTTMmn interrupt is generated.

Figure5-30: Operation timing (capture & single count mode: measurement of high level width)
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Remark: This is a timing without the noise filter. If the noise filter is used, the edge detection is delayed by 2
more Fuck cycles (3~4 cycles in total) from the TImn input. The 1 cycle error is because the TImn input is

not synchronized with the count clock (Fmck).
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5.6 Control of channel outputs (TOmn pins)

5.6.1 Block diagram of the TOmn pin output circuit

Figure5-31: Block Diagram of the output circuit

®
Interrupt signal of master TOmn register
channel -
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TOMmN internal bus
TOEmN TOmnN write singal

The following explains the output circuit of the TOmn pin.

®

®

When the TOMmn bit is "0" (master channel output mode), the setting value of Timer Output Level
Register m (TOLm) is ignored and only INTTMmp (slave channel timer interrupt) is passed to Timer Output
Register m (TOm).

When the TOMmn bit is "1" (slave channel output mode), INTTMmn (master channel timer interrupt) and
INTTMmp (slave channel timer interrupt) are passed to the TOm register.

In this case, the TOLm register is active and the following signals are controlled:

When TOLmn=0: forward-direction operation (INTTMmn—set, INTTMmp—reset) When TOLmn=1:
reverse-direction operation (INTTMmn—reset, INTTMmp—set)

When both INTTMmn and INTTMmp are generated (0% output of the PWM output), priority is given to
INTTMmp (reset signal) and INTTMmn (set signal) is masked.

In the state of enabling timer output (TOEmMn=1), INTTMmn (master channel timer interrupt) and INTTMmp
(slave channel timer interrupt) are passed to TOm register. Writing to the TOm register (TOmn 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, you need to write a value to the TOm register after setting it
to disable the timer output (TOEmn=0).

Writing to the TOmn bit for the object channel (TOmn write signal) is valid when the timer output is
disabled (TOEmn=0). When the timer output is disabled (TOEmn=0), INTTMmn (master channel timer
interrupt) and INTTMmp (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.

Remark: m: unit number (m=0),

n: channel number, n=0~7 (master 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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5.6.2 Settings of the TOmn pin output

The steps and state changes from the initial setting of the TOmn output pin to the start of timer operation are
shown below.

Figure5-32: State change from the setting timer output to the start of operation

TCRmn Random value ("FFFFH" after reset) I\I\
(counter) 1

Timer mu|tip|ex p|n -----------------

Timer output singal —I

TOmn |,

\

TOEmn I']

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

A (S N | S | ——

1)configure TOMmr  (Dconfigure  (3configure  (4),(5) - -

( )configgure Torm T oMmn TOEmn Configure  (6)Timer start operating
Port to
output mode

@ Sets the operation mode of the timer output.

*  TOMmn bit (0: master channel output mode, 1: slave channel output mode)

*  TOLmn bit (O: positive logic output, 1: negative logic output)

The timer output signal is set to the initial state by setting the timer output register m (TOm).
Writing "1" to TOEmn bit enables timer output (writing to TOm register is disabled).

® 06

The port is set to digital input/output via the Port Mode Control Register (PMCxx)(refer to “5.3.15 Registers

for controlling timer input/output pin port functions”).

® Set the input/output of the port to output (refer to “5.3.15 Registers for controlling timer input/output pin port
functions").

® Enable timer operation (TSmn=1).

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.6.3 Cautions for channel output operation

(1) Change of setting values for TOm, TOEm, TOLm, TOMm registers in timer operation
The operation of the timer (timer count register mn (TCRmn) and timer data register mn (TDRmn)) and the
Tomn output circuit are independent. Therefore, changes in the setting values of Timer Output Register m
(TOm), Timer Output Allow Register m (TOEm), and Timer Output Level Register m (TOLm) do not affect
the operation of the timer, and the setting values can be changed during timer operation. However, in order
to output the expected waveform from the TOmn pin during the operation of each timer, the value must be
set to the example of the register setting contents for each operation shown in 5.8 and 5.9.
If the setting values of TOEm register and TOLm register other than TOm register are changed before and
after generating the timer interrupt (INTTMmn) signal for each channel, the waveform output from TOmn
pin may be different depending on whether it is changed before or after generating the timer interrupt
(INTTMmn) signal.
Remark: m: unit number (m=0) n: channel number (n=0~7)
(2) Initial level for the TOmn pin and output level after the timer starts to operate
The timer output register m (TOm) is written before the port output is enabled and the timer output is
disabled (TOEmn=0). The change of the TOmn pin output level when the initial level is set to the timer
output enable state (TOEmn=1) is shown below.
(a) Operation start in master channel output mode (TOMmn=0)
In the master channel output mode (TOMmn=0), the setting of the timer output level register m
(TOLm) is invalid. If the timer operation is started after the initial level is set, the output level of the
TOmnN pin is inverted by generating an alternate signal.
Figure5-33: Output state of TOmn pin at alternate output (TOMmn=0)

TOEmn

. initial —— -
{ Hi-Z state ~ TOmn=0

- - - (initial State: low voltage
H level)

» TOLmn=0
(valid high voltage level)

TOmn=1
= (initial State: high d
voltage level)
TOmn=0 b
(initial State: low voltage

] ] i 1 level) *» TOLmn=1

TOmn=1 (valid low voltage level)

(initial State: high
voltage level)

Tomn ‘:
(output)

bTFiTF

enable port ] ) )
output A A A A A bold line: valid voltage level

swap swap swap swap swap
Remark:
1. Alternating: Output state of the inverted TOmn pin.

2. m: unit number (m=0) n: channel number (n=0~7)

(b) Operation start in slave channel output mode (TOMmn=1) (PWM output)
In slave channel output mode (TOMmn=1), the active level depends on the setting of Timer Output

Level Register m (TOLmn).
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Figure5-34: Output state of TOmn pin at PWM output (TOMmn=1)

TOEmMR

[ [ 1 0 |
» valid voltage level 1 valid voltage level 1 valid voltage level
1 |

f Lo intial T — _ b
Hi-Z . TOmp=0
(initial State: low voltage

] 1 1 1 level) L TOLmp=0

' 1 1 i (valid high voltage level)
TOmp=1
(initial State: high voltage
level)

TOmP ‘:
(output)

TOmp=0 A
(initial State: low voltage

— evel)

" TOLmp=1

! ' ! ! ! (valid low voltage level)
I TOmp=1

[ (initial State: high voltage

level)

enable port output

l:..____..

A swap ﬁ swap ﬂ

swap swap swap
Remark:
1. Set: The output signal from the TOmp pin changes from an invalid level to an active level.
Reset: The output signal from the TOmp pin changes from an active level to an invalid level.
2. m: unit number (m=0) n: channel number (p=1~3)
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(3) TOmn pin change for slave channel output mode (TOMmn=1)
(a) Settings of changing the timer output level register m (TOLm) during timer operation
If the setting of the TOLm register is changed during timer operation, the setting is valid when the
TOmnN pin change condition is generated. It is not possible to change the output level of the TOmn pin
by rewriting the TOLm register.
When the TOMmn bit is "1", the operation when the value of the TOLm register is changed during
timer operation (TEmn=1) is shown below.

Figure5-35: Operation when the contents of the TOLm register are changed during timer operation

TOLm
valid voltage level valid voltage level valid voltage level valid voltage level

TOOmM

(output)
A A A A
¥ swap Fay swap Fa¥ swap Fay swap
swap swap swap swap
Remark:

1. Set: The output signal from the TOmn pin changes from an invalid level to an active level.
Reset: The output signal from the TOmn pin changes from an active level to an invalid level.
2. m: unit number (m=0) n: channel number (n=0~7)

(b) Set/Reset Timing
In order to achieve 0% and 100% output at PWM output, the set timing of the TOmn pin/TOmMn bit
when generating the master channel timer interrupt (INTTMmn) is delayed by 1 count clock via the
slave channel.
When the set condition and reset condition are generated at the same time, the reset condition is
given priority.
The set/reset operation status when setting the master/slave channel according to the following
method is shown in Figure 5-35.
Main control channel: TOEmn=1, TOMmn=0, TOLmMn=0
Slave channels: TOEmp=1, TOMmp=1, TOLmMp=0
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Figure5-36: Set/reset timing operation status
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Remark:

1. Internal reset signal: reset/alternating signal on TOmn pin
Internal set signal: set signal on TOmn pin

2. m: unit number (m=0)
n: channel n=0~7 (master 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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5.6.4 One-time operation of TOmn bit

Like the timer channel start register m (TSm), the timer output register m (TOm) has the set bits (TOmn) for all
channels and can therefore operate the TOmn bits for all channels at once.
Figure5-37: Example of a one-time operation with TOOnN bits

Before writing

TOO | TOO | TOO | TOO
TOO | o 0 0 0 0 0 0 0 0 0 0 0 3 2 1 0

TOEO TOEO3TOEO2TOEO1TOEQO
0 0 0 1

Data to be written

(oJoJoJojJojJofJoJoJofoJoJojojr]r]n1]

After writing %

TOO | TOO |TOO |TOO
30| 21| 11| 00O

TOO| 0 0 0 0 0 0 0 0 0 0 0 0

Only TOmn bits with TOEmn bit "0" can be written, and TOmn bits with "1" are ignored.
TOmn (channel output) with bit "1" is not affected by the write operation, even if the TOmn bit is written, the

output change caused by the timer operation is carried out normally.

Figure5-38: TOON pin state when the TOON bit is operated at one time

Multiple TOOn outputs can change
simultaneously

When the value is not changed,
the output does not change
TOO03
It AN
n
1
TO02 ] \ {7 When the TOEON bit is "1", the
> {/ write operation of the TO On bit
L isignored
TOO1 J N

TOO00 —I b /

\,
g

oo

A A
Before writing Write TOON bit

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.6.5 Timer interrupt and TOmn pin output when counting starts

In interval timer mode or capture mode, the MDmnO bit of Timer Mode Register mn (TMRmn) is the bit that sets
whether to generate a timer interrupt when counting starts.

When the MDmnO bit is "1", the start timing of the count can be known by generating a timer interrupt
(INTTMmn). In other modes, the timer interrupt and TOmn output at the start of counting are not controlled. An
example of operation when set to interval timer mode (TOEmn=1, TOMmn=0) is shown below

Figure5-39: An operation example of timer interrupt and TOmn output at start count

(@) MDmnO bit is "1”

—

TEmn

INTTMmn

AT
TOmn —\JL I I
A

Start counting

(b) MDmnO bit is "0”

TCRmn \I\I\

TEmn —I

INTTMmn : o

i | + |
TOmn .

Start counting
When MDmnO bit is "1", the timer interrupt (INTTMmn) is output at the start of counting and TOmn is output
alternately.
When MDmnO bit is "0", no timer interrupt (INTTMmn) is output at the start of counting and TOmn is not

changed, while INTTMmn is output and TOmn is alternately output after 1 cycle of counting.

Remark: m: unit number (m=0) n: channel number (h=0~7)
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5.7 Control of Timer Input (TImn)

5.7.1 Block diagram of the TImn pin input circuit

The signal from the timer input pins is input to the timer control circuit via a noise filter and the edge detection
circuit. For pins that need to be eliminated from noise, the corresponding pin noise filter must be set to enable. The
block diagram of the input circuit is as follows.

Figure5-40: Block Diagram of the input circuit

CCSmn
interrupt signal of master __ *
control channel
4
fMcK - 3
S5
29 |Lfrck
o -
> w0
S
Y - Timer control
circuit
Timn Pin noise edge
filter detection
- . c
S 2 _
> 3 o
- 50
(%]
TNFEMNmMN CISmn1. STSmn2
CISmni STSmni

5.7.2 Noise filter

When the noise filter is inactive, synchronization is performed only by the operation clock (Fuck) of channel n.
When the noise filter is active, 2 clocks are detected after synchronization by the operation clock (Fmck) of channel
n. The waveform of the TM4mn input pin after the noise filter circuit with the noise filter ON or OFF is shown below.

Figure5-41: Sample waveform of TImn input pin with noise filter ON or OFF

SO 1 | s |

C{""‘#n q L

noise filter OFF Q?— C(—\tq
N N,

noise filter ON

operational clock(fyck)
Notice: The input waveform on the TImn pin is used to illustrate the operation of the noise filter is ON or OFF. In

realistic case,the input must be made in accordance with the TImn input high and low level width shown
in"AC Characteristics”.
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5.7.3 Cautions for channel input operation

When set to not use the timer input pin, no operating clock is provided to the noise filter circuit. Therefore, the
following wait time is required from the time set to use the timer input pin to the time the channel corresponding to
the timer input pin is set to operate the enable trigger.

(1) Noise filter OFF

If any of the bits 12 (CCSmn), 9 (STSmn1) and 8 (STSmnO) of the timer mode register mn (TMRmn) are
all "0", the timer channel start must be set after at least 2 cycles of the oepration clock (Fmck).

(2) Noise filter ON

If any of the bits 12 (CCSmn), 9 (STSmn1) and 8 (STSmnO) of the timer mode register mn (TMRmn) are
all "0", the timer channel start must be set after at least 4 cycles of the oepration clock (Fmck).
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5.8Independent channel operation function for general purpose
timer units

5.8.1 Operation as interval timer/square wave output

(@) Interval Timer

It can be used as a reference timer to generate INTTMmn (timer interrupt) at fixed intervals. The interrupt

INTTMmn (timer interrupt) generation period = counting clock
periodx(setting value of TDRmn+1)

generation period can be calculated using the following equation:

(b) Operation as square wave output
The TOmn alternates outputs while generating the INTTMmn, outputting a square wave with a 50% duty
cycle.

The period and frequency of the TOmn output square wave can be calculated using the following equation:

» Square wave period of TOmn output = counting clock
periodx(setting value of TDRmn+1)x2

* Square wave frequency of TOmn output = counting clock
frequency/{setting value of TDRmn+1) x2}

In the interval timer mode, the timer count register mn (TCRmn) is used as a decrement counter.

After setting the channel start trigger bit (TSmn) of the timer channel start register m (TSm) to "1", the value of
timer data register mn (TDRmn) is loaded into the TCRmn register by the first count clock. At this time, if the
MDmnO bit of the timer mode register n (TMRmn) is "0", INTTMmn is not output and TOmn is not alternately output.
If the MDmnNO bit of TMRmn register is "1", INTTMmn is output and TOmn is alternately output. Then, the TCRmn
register is decremented by the count clock.

If the TCRmn becomes "0000H", the INTTMmn and TOmn are output alternately by the next count clock. At the
same time, the value of TDRmn register is loaded into TCRmn register again. After that, continue the same
operation.

The TDRmn register can be rewritten at any time, and the rewritten TDRmn register value is valid from the next
cycle.
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Figure5-42: Example of basic timing operating as an interval timer/square wave output (MDmn0=1)

. CKm1
operational clock " [

CKEmQ) ————————|

clock selection

Timer count register mn
(TCRmn)

TSmn

trigger

selection

1]

Timer data register mn
(TDRmn)

output
P —-—*@ Tomn Pin

control circuit

interrupt

control circuit

interrupt singal

(INTTMmn)

Note: At channel 1 and channel 3, it is possible to select the clock from CKm0, CKm1, CKm2 and CKm3.

Figure5-43: Example of basic timing operating as an interval timer/square wave output (MDmn0=1)

TSmn

TEmn

TCRmn

TDRmn

TOmn

INTTMmn

Remark:

0000H

S >

at1

at+1

at1

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

2. TSmn: bit n of timer channel start register m (TSm)

b+1

b+1

TEmn: bit n of timer channel enable status register m (TEm)

TCRmn: timer count register mn (TCRmn)

TDRmn: timer data register mn (TDRmn)

TOmnN: TOmn pin output signal

b+1
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(&) 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 CCSmn | M/S note | STSMN2 | STSmN1 |STSmNO | CISmn1 | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmMNnO
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

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
0: Output "0" by TOmn.
Tomn
TOm o/l
1: Output "1" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

0: Stop the TOmn output performed by the counting
TOEmMn operation.

0/1 1: Enable TOmn output performed by the counting
operation.

TOEm

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

TOLmMnN 0: Set "0" when TOMmn=0 (master channel outj

TOLm 0 mode).

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

TOMmM TOI\(;Imn 0: Set the master channel output mode.

Note: TMRmM2: MASTERmMnN bit
TMRmMO: Fixed to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-45: Procedure for the interval timer/square wave output function

Software operation

Hardware status

The input clock of timer unit m is in the stop-
providing state.

(Stop providing clock, cannot write to each
register)

Restart
the
operation

\ 4

TAU The input clock of timer unit mis in the
initial Set the TMBOEN bit of peripheral enable register | providing state.
settings | O(PERO) to "1”. (Start providing clock, can write to each
register)
Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKmO ~
CKm3.
Set the timer mode register mn (TMRmn) (to
determine the channel's operation mode). The channel is in the stop state.
Set the interval (period) value for the timer data (Provides clock, and consumes some power)
register mn (TDRmn).
Using TOmn output: S
Initial Set t.he TOMmn bit of Timer Output Mode The TOmn pin is in Hi-Z output state.
setting of Register m (TOMm) to "0” (master channel
the output mode). - When the port mode register is in output mode
channels Set the TOLmn .b't to "0". . . and the port register is "0", the TOmn initial set
Set the TOmn bit to determine the initial level of | ) ’
evel is output.
the TOmn output. The TOmn remains unchanged because the
Set the TOEmn bit to "1" and enable TOmn o
output. channel is |n‘the stop state.
Set the Port Register and Port Mode Register to ?(])e TOmn pin outputs the level set by the
o mn.
(The TOEmn bit set to "1" only when the TOmn The TEmn bit becomes "1" and starts counting.
Start output is used and restarted) Set the TSmn bit to Lpad the value of.the TDRmn register into the
Operate "1 Timer Count Register mn (TCRmn). When the
Since the TSmn bit is a trigger bit, it MDmnO bit of TMRmn register is "1", INTTMmn
automatically returns to "0". is generated and TOmn is output alternately
IE:nS;[gni \(zlf”}he TDRmn register can be The counter (TCRmn) performs decremental
The TCRmMN register can be read at any time counting. If the count reaches "0000H", the
h . ’ value of the TDRmn register is loaded into the
In The TSRmn register is not used. . . ;
operation | The TOm register and TOEm register settings TCRmn register again and the count continues.
When TCRmn is detected as "0000H",
can be changed. INTTMmn is generated and TOmn is alternately
The setting of the TMRmn register, the TOMmn output. Thereafter, repeat this operation
bit and the TOLmn bit cannot be changed. ) ' )
The TEmn bit becomes "0" and stops counting.
Set the TTmn bit to "1". The TCRmn register holds the count value and
Stop The operation automatically returns to "0" stops counting.
. because the TTmn bit is a trigger bit. The TOmn output is not initialized but remains
Operation its state.
Set the TOEmn bit to "0" and set the value for The TOmn pin outputs the level set by the TOmn
the TOmn bit. bit.
To maintain the output level of the TOmn pin:
Set TOmn bit to "0" after setting the value to be
held for the port register. The output level of the TOmn pin is maintained
No need to maintain the output level of the by the port function.
TOmMnN pin:
TAU No need to set.
Stop The input clock of timer unit m is in the stop-

Set the TM80EN bit of the PERO register to "0".

providing state.

Initialize all circuits and the SFR for each
channel.

(TOmMn bit becomes "0" and TOmn pin
becomes port function)

Remark: m: unit number (m=0) n: channel number (n=0~7)
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It can be used as an event counter to count the active edges (external events) detected on the TImn pin input
and generate an interrupt if the specified count value is reached. The specified count value can be calculated using

Specified count value = set value of TDRmn + 1

the following equation:

In the event counter mode, the timer count register mn (TCRmn) is used as a decrement counter.

The value of Timer Data Register mn (TDRmn) is loaded into the TCRmn register by setting any channel start
trigger bit (TSmn) of Timer Channel Start Register m (TSm) to "1".

The TCRmn register decrements the count while detecting the active edge of the TImn pin input. If TCRmn
becomes "0000H", the value of TDRmn register is loaded again and INTTMmn is output.

After that, continue the same operation.

The output must be stopped by setting the TOEmn bit of the Timer Output Enable Register m (TOEm) to "0”
because the TOmn pin outputs irregular waveforms based on external events.

The TDRmn register can be rewritten at any time, and the rewritten TDRmn register value is valid for the next

cycle.
Figure5-46: Example of basic timing operating as an external event counter
TSmn
TEmn
SRS | 1y O N B
_‘ _
TCRmn \ \ > I_l )
TDRnT / X
l 1
INTTMmn
4 events 4 events 3 events
Remark:

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

2. TSmn: bit n of timer channel start register m (TSm)
TEmn: bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: timer count register mn (TCRmn)

TDRmn: timer data register mn (TDRmn)
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Figure5-47: Example of register contents setting 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 | CKSmMN1|CKSmnO 0 CCSmn M/S | STSmn2| STSmn1 [STSmNO | CISmnl | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 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.

MASTERmMN bit configuration (Channel 2)
0: Independent Channel operation

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 T(]?/Ign 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

0: Stop the TOmn output performed by the counting
TOEmMn operation.

1/0 1: Enable TOmn output performed by the counting
operation.

TOEm

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

TOLmn 0: Set "0" when TOMmMn=0 (master channel outy

TOLm 0 mode).

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

TOMmM TOl\éImn 0: Set the master channel output mode.

Note: TMRmM2, TMRm4, TMRmM6: MASTERmMn bit
TMRmMO, TMRm5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-48: Procedure for the external event counter function

Software operation Hardware status
The input clock of timer unit m is in the stop-
providing state.
(Stop providing clock, cannot write to each
register)
The input clock of timer unit m is in the

Timer8 - :
initial Set the TM80EN bit of peripheral enable providing state and the channels are in the
settings | register O(PERO) to "1” stop state.. . .
' (Start providing clock, can write to each
register)

Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKmO ~
CKm3.

Set the corresponding bit of the Noise Filter
Enable Register (NFEN1) to "0" (OFF) or "1"
(ON).

Initial . .
setting of Set the_tlmer mode reglster mn (TMRmn)(to The channel is in the stop state.
determines the operating mode of the channel). h
the . - (Provides clock, and consumes some power)
Set the count value for the timer data register mn
channels
(TDRmnN).
Set the TOEmn bit of the timer output enable
register m (TOEm) to "0".
The TEmn bit becomes "1" and starts
> e wam counting.
Start gﬁgg?hTeSTrg%wgg islé trigaer bit. it The value of the TDRmn register is loaded into
operating automatically returns to ..099 ’ the timer count register mn (TCRmn) and
y ' enter the detection wait state of the input edge
of the TImn pin.
. . Whenever the input edge of the TImn pin is
IE:nS;[gni \(zlf”}he TDRmn register can be detected, the counter (TCRmn) is
The TCRmn register can be read at any time. decremented. If the count rgache; OOOOH.'
In- The TSRmMN register is not used the value of the_TDRmn_reglster is loaded into
operation The setting of the TMRmn register, the TOMmn the TCRmr:/\;ﬁglst_?r %gam_aréd the cgunt
bit, the TOLmN bit, the Tomn bit and the continues. When TCRmn is detected as
TOEmn bit cannot be changed 0000H", INTTMmn is genera_ted.
) Thereafter, repeat this operation.
e waw The TEmn bit becomes "0" and stops
Stop ?ﬁ;tgeeTr;trig: ta):lzttc?mgticall returns to "0" counting.
operating p y The TCRmn register holds the count value

because the TTmn bit is a trigger bit. f
and stops counting.

The input clock of timer unit m is in the stop-
Timer8 . . A providing state.
stop Setthe TMBOEN bit of the PERO register to "0". Initialize all circuits and the SFR for each

channel.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.8.3 Operation as frequency divider

The clock input from the TImn pin can be divided and used as a divider for the output of the TOmn pin.
The divided clock frequency of the TOmn output can be calculated using the following equation:

* Select rising or falling edge:
Divider clock frequency = input clock frequency/{(setting value of TDRmn+1)x2}
» Select rising and falling edges:

Divider clock frequency = input clock frequency/(setting value of TDRmn+1)

In the 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 value of the
timer data register (TDRmn) is loaded into the TCRmn register by detecting an active edge of TImn. In this case, if
the MDmnO bit of the Timer Mode Register (TMRmn) is "0", no INTTMmn is output and TOmn is not alternately
output. If the MDmnO bit of the TMRmn register is "1", INTTMmn is output and TOmn is alternately output.

The TCRmn register is then decremented by counting the active edges of the TImn pin input. If TCRmn
becomes "0000H", TOmn is alternately output. At the same time, the value of TDRmn register is loaded into TCRmn
register and the count continues.

If detection of the both edges is selected for the TImn pin input, the duty cycle error of the input clock affects
the divider clock period of the TOmn output.

The clock period of the TOmn output contains the sampling error of 1 operating clock period.

The clock period of the TOmn output = the supposed TOmn output clock period +
operating clock period (error).

The TDRmn register can be rewritten at any time, and the rewritten TDRmn register value is valid for the next
cycle.
Figure5-49: Example of basic timing operating as a frequency divider (MDmn0=1)

TSmn
TEmn
on UL UUUUUUUYUUUL UL
2 2 2
TCRmMn 1 1 1 1 1 1 1
MH\ 0\ 0\ o™ N oo
J ) 1/ 1)1 1)1
TDRmN 0002H X 0001H
TOmn
INTTMmn
~—Divided by 6—> ~Divided by

Remark: TSmn: bit n of timer channel start register (TSm)
TEmn: bit n of timer channel enable status register TEm)
TImn: TImn pin input signal
TCRmn: timer count register (TCRmn)
TDRmn: timer data register (TDRmn)
TOmn: TOmn pin output signal
m: unit number (m=0) n: channel number (n=0~7)
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Figure5-50: Example of register contents setting when operating as a frequency divider (channel 0 of unit 0)

(&) Timer mode register 00 (TMROO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMROO | CKS001 | CKS000 0 CCs00 0 STS002 | STS001 | STS000 | CIS001 | CIS000 0 0 MD003 | MD002 | MD0OO1 | MD0O0OO
1/0 0 1 0 1/0 1/0 0 0 0 1/0

L l ] l ]

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 CKO0O as operational clock of Channel 0.
10B: select CKO1 as operational clock of channel 1.

(b) Timer output register 0 (TOO)

bit 0
0: Output "0" by TOOO.

TOO TOO00
1/0 1: Output "1" by TO00.

(c) Timer output enable register 0 (TOEOQ)
bit 0

0: Stop the TO00 output performed by the counting
TOEOO operation.

1/0 1: Enable TOOO output performed by the counting
operation.

TOEO

(d) Timer output level register 0 (TOLO)
bit 0

TOLOO 0: Set "0" in the master channel output mode

TOLO 0 (TOM00=0).

(e) Timer output mode register 0 (TOMO)
bit n

TOMO TO(I;/IOO 0: Set the master channel output mode.
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v

Figure5-51: Procedure for the frequency divider function

Software operation

Hardware status

The input clock of timer unit 0 is in the stop-
providing state. (Stop providing clock, cannot
write to each register)

The input clock of timer unit 0 is in the

Restart
Opgeration

Timer8 Set the TMBOEN bit of peripheral enable providing state and the channels are in the
initial register O(PERO) to "1” stop state.
settings 9 ' (Start providing clock, can write to each
register)
Set the timer clock selection register 0 (TPSO0).
Determine the clock frequency of CK0O ~
CKO03.
Set the corresponding bit of the Noise Filter
Enable Register (NFEN1) to "0" (OFF) or "1"
(ON).
Set the timer mode register 00 (TMROO)(to The channel is in the stop state.
determines the operating mode of the channel, | (Provides clock, and consumes some power)
select edge detection).
Initial Set the interval (cycles) value for the timer data
setting of register 00 (TDRO0O).
the (81%&(3)'\120(?'&,?;2;2 re Lgﬁ:ﬁgﬁ:ﬁﬁé?ﬁtii 0 The TOOO pin is in Hi-Z output state.
channels mode) P When the port mode register is in output
The TOLOO bit must be set to "0" mode and the port register is "0", the TO00
. L initial set level is output.
gfe;g}gngft)p?u?lt and determine the initial level Since the channel is in stop state, TO00
A changes.
Set TOEOO bit to "1" and enable TOO0O output. .
Set the Port Register and Port Mode Register The TOOO pin outputs the level set by the
i "0" TOO00.
The TEOO bit becomes "1" and starts
Set TOEOO bit to “1” (only limited to restart counting.
Start operation). The TS0O0 bit must be set to "1". Load the value of the TDROO register into the
operating The operation automatically returns to "0" Timer Count Register 00 (TCR00). When the
because the TS0O bit is a trigger bit. MDOO0O bit TMROO register is "1", INTTMOO is
generated and TOOO is output alternately.
The setting of the TDROO register can be
changed a%will The TCROOgregister can be The counter (TCRO00) performs decremental
read at an timé counting. If the count reaches "0000H", the
In The TSRo)(; regiéter is not used value of the TDROO register is loaded into the
operation The TOO register and TOEO register settings TCR_OO reg\l/f/tﬁr agﬁlnTang theb_cc_)uTt H"
can be changed. IcNo_rFEFr':/llJes._ en the dC ((j)(?r itis 0000H",
The setting of the TMROO register, the TOMO0O 00 is generated an OOQ IS outpgt
bit and the TOLOO bit cannot be changed. alternately. Thereafter, repeat this operation.
The TEOO bit becomes "0" and starts
; uqn counting.
The TTOO bit must be set to "1". .
s The operation automatically returns to "0" ;—23 ;—t(gsggorﬁr?tlfr:? holds the count value
to 2 : ; .
opeFr)ating because the TT00 bitis a trigger bit. The TOOO output is not initialized but remains
its state.
Set the TOEOQO bit to "0" and set the value for The TOOO pin outputs the level set by the
the TOOO bit. TOO0O0.
To maintain the output level of the TOOO pin:
ﬁeelt d-l;‘(cj)rot?]gl:):)ort roeg?;ttg: setting the value to be The output level of the TOOO pin is
Timers No need to maintain the output level of the maintained by the port function.
Stop TOO0O pin: No need to set.

Set the TM8BOEN bit of the PERO register to "0".

The input clock of timer unit 0 is in the stop-
providing state. Initialize all circuits and the
SFR for each channel. (TO0O bit becomes "0"
and TOO0O pin becomes port function)
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5.8.4 Operation as input pulse interval measurement

The count value can be captured at the active edge of TImn and the interval between TImn input pulses can be
measured. The software operation (TSmn=1) can also be set to capture the count value during the period when the
TEmn bit is "1".

The pulse interval can be calculated using the following equation:

TImn input pulse interval = period of counting clock x ((10000HXxTSRmn:OVF) + (capture

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 (TSmn) of the timer channel start register m (TSm) is set to "1", the TCRmn
register is incrementally counted from "0000H" by the count clock.

If the active edge of the TImn pin input is detected, the count value of TCRmn register is transferred (captured)
to Timer Data Register mn (TDRmn), and the TCRmn register is cleared to "0000H", and then INTTMmn is output. If
the counter overflows, the OVF bit of Timer Status Register mn (TSRmn) is set to "1". If the counter does not
overflow, the OVF bit is cleared. After that, continue the same operation.

While capturing the count value to the TDRmn register, the OVF bit of the TSRmn register is updated according
to whether or not overflow occurs during the measurement, and the overflow status of the captured value can be
confirmed.

Even if the counter counts 2 or more complete cycles, the overflow is considered to have occurred and the OVF
bit of the TSRmn register is set to "1". However, when two or more overflows occur, the interval value cannot be
measured normally by the OVF bit.

Set the STSmn2~STSmMnO bit of the TMRmn register to "001B", and use the valid edge of TImn for start trigger

and capture trigger.

Figure5-52: Example of basic timing operating as an input pulse interval measurement (MDmn0=0)

TSmn

TEmn

TImn

FFFFH

a

TCRMN go004

] ) Ry

TDRmn _ 0000HX _ a b c d

INTTMmn I I I

OVF

Remark:
1. m: unit number (m=0) n: channel number (n=0~7)
2. TSmn: bit n of timer channel start register m (TSm)

TEmn: bit n of timer channel enable status register TEm)
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TImn: TImn pin input signal

TCRmn: timer count register mn (TCRmn)
TDRmn: timer data register mn (TDRmn)

OVF: bit 0 of Timer Status Register mn (TSRmn)
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Figure5-53: Example of register contents setting in measuring input pulse interval
(&) Timer mode register mn (TMRmn)

CMS32H6157 User Manual | Chapter 5 General-purpose timer unit Timer8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSmNn1|CKSmnoO 0 CCSmn | M/S: | STSmn2|STSmn1|STSmnO | CISmnl | CISMnO 0 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 1 1/0 1/0 0 0 1/0

L1 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.

Timn Pin input edge selection
00B: Detect falling edge
01B: Detect rising edge
10B: Detect both edges
11B: reserved
capture trigger selection
001B: Select Timn pin input valid edge

MASTERmN bit configuration (Channel 2)
0: Independent Channel operation

Count clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)
11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

(b) Timer output register m (TOm)
bit n

TOm TOI\(;Imn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)

bit n
TOEm TOEmn 0: Stop the TOmn output performed by the
0 counting operation.

(d) Timer output level register m (TOLm)

bit n
TOLmn 0: Set "0" in the master channel output mode
TOLm 0 (TOMmN=0).

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

TOMmM TOI\(;Imn 0: Set the master channel output mode.

Note: TMRm2, TMRm4, TMRmM6: MASTERmMnN bit
TMRmMO, TMRmM5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Restart
Operation

Figure5-54: Procedure for the input pulse interval measurement function

Software operation

Hardware status

The input clock of timer unit m is in the stop-
providing state.

(Stop providing clock, cannot write to each
register)

TAU The input clock of timer unit m is in the
!snel?t?rllgs Set the TM80OEN bit of the peripheral enable gtr;)tveldlng state and the channels are in the stop
register 0(PERO) to ™1". (Start providing clock, can write to each
register)
Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKmO ~ CKm3.
Initial Set the corresponding bit of the Noise Filter
z?tttr"gg (Eons;)le Register (NFEN1) to "0" (OFF) or "1 The channel is in the stop state.
channel | Set the timer mode register mn (TMRmn)(to (Provides clock, and consumes some power)
S determines the operating mode of the channel).
The TEmn bit becomes "1" and starts counting.
Start Set the TSmn bit to "1". Clear the timer count register mn (TCRmn) to
Operate Since the TSmn bit is a trigger bit, it automatically | "0000H".
P returns to "0". When the MDmnO bit of TMRmn register is "1",
INTTMmn is generated.
The setting values of the CISmn1 bit and the The counter (TCRmn) starts incremental
CISmnO bit counting from "0000H" and transfers (captures)
of the TMRmn register can be changed. the count value to the timer data register mn
In The TDRmn register can be read at any time. (TDRmn) if it detects an active edge on the
operatio | The TCRmn register can be read at any time. TImn pin input or sets TSmn bit to "1".
n The TSRmn register can be read at any time. If the counter overflows, set the OVF bit of
The setting of the the TOMmn bit, the TOLmn bit, | Timer Status Register mn (TSRmn). If the
the Tomn bit and the TOEmn bit cannot be counter does not overflow, the OVF bit is
changed. cleared. Thereafter, repeat this operation.
The TEmn bit becomes "0" and stops counting.
Stop Set the TTmn bit to "1". The TCRmn register holds the count value and
Operatio | The operation automatically returns to "0" stops counting.
n because the TTmn bit is a trigger bit. The OVF bit of the TSRmn register remains
unchanged.
The input clock of timer unit m is in the stop-
TAU . . e providing state.
Stop Set the TMBOEN bit of the PERO register to 0". Initialize all circuits and the SFR for each

channel.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.8.5 Operation as input signal high and low level width
measurement

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, please 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 TImn signal width of the TImn output can

Signal width of TImn input = period of counting clocks x(10000HXTSRmn: OVF) +

(capture value of TDRmn +1))

be calculated using the following equation:
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 (TSmn) of the timer channel start register m(TSm) is set to "1", the TEmn bit becomes
"1", and the start edge detection wait state of the TImn pin is entered.

If the start edge of the TImn pin input (rising edge of the TImn pin input at the time of high level width
measurement) is detected, it is synchronized with the count clock and counts incrementally from "0000H". Then, if
an active capture edge is detected (falling edge of TImn pin input at the time of high level width measurement), the
count value is transferred to the Timer Data Register mn (TDRmn) and INTTMmn is output at the same time. If the
counter overflows, the OVF bit of the Timer Status Register mn (TSRmn) is set to "1". 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 the start edge detection wait state of the TImn pin is entered. After that, continue the same operation.

While capturing the count value to the TDRmn register, the OVF bit of the TSRmn register is updated according
to whether or not overflow occurs during the measurement, and the overflow status of the captured value can be
confirmed.

Even if the counter counts 2 or more complete cycles, the overflow is considered to have occurred and the OVF
bit of the TSRmn register is set to "1". However, when two or more overflows occur, the interval value cannot be
measured normally by the OVF bit.

The CISmn1 and CISmnO bits of the TMRmn register can be used to set whether the high level width or low
level width of the TImn pin is to be measured. This function is designed to measure the input signal width of the

Tlmn pin, so the TSmn bit cannot be set to "1” during the period when the TEmn bit is "1".

CISmnl, CISmn0=10B of the TMRmn register: Measures the low level width.
CISmnl, CISmn0=11B of the TMRmn register: Measures the high level width.
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Figure5-55: Example of basic timing operating as an high and low level width measurement of input signal
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TSmn

TEmn

Timn ||
FFFFH

b
TCRmnOOOOH >

TDRmMnN a b C
0000H

~

INTTMmn

OVF

Remark:

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

2. TSmn: bit n of timer channel start register m (TSm)
TEmn: bit n of timer channel enable status register TEm)
TImn: TImn pin input signal
TCRmn: timer count register mn (TCRmn)
TDRmn: timer data register mn (TDRmn)
OVF: bit0 of timer status register mn (TSRmn)
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Figure5-56: Example of register contents setting in measuring high and low level width of input signal

(&) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn | CKSmn1|CKSmn0 0 CCSmn | M/S3 |STSmn2|STSmn1|STSmnO | CISmnl | CISmn0O 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.

L Timn Pininput edge selection
10B: selection both edges (measure low voltage width)
11B: 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

Count clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection
00B: select CKmO as operational clock of Channel n
10B: select CKm1 as operational clock of Channel n.
01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)
11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

(b) Timer output register m (TOm)
bit n

TOm TOI\élmn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

TOEmMnN 0: Stop the TOmn output performed by the

TOEm 0 counting operation.

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

TOLmnN 0: Set "0" in the master channel output mc

TOLm 0 (TOMmn=0).

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

TOMmM TOl\(;Imn 0: Set the master channel output mode.

Note: TMRmM2, TMRm4, TMRmM6: MASTERmMn bit
TMRmMO, TMRm5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-57: Procedure for high and low level width measurement function of input signal
Software operation Hardware status

The input clock of timer unit m is in the stop-
providing state.

(Stop providing clock, cannot write to each
register)

Timer8 The input clock of timer unit mis in the

isneittit?r!gs Set the TM8mEN bit of the peripheral enable gtr;)t\gdlng state and the channels are in the stop
register O(PERO) to ™", (Start providing clock, can write to each
register)

Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKmO ~ CKm3.

Set the corresponding bit of the Noise Filter

Initial Enable Register (NFEN1) to "0" (OFF) or "1"
setting (ON). _
. . The channel is in the stop state.
of the Set the timer mode register mn (TMRmn)(to (Provides clock, and conzumes some power)
channel | determines the operating mode of the channel). ’
S Set the TOEmn bit to "0" and stop TOmn
operation.

Set the TSmn bitto "1".

Since the TSmn bit is a trigger bit, it automatically The TEmn bit becomes "1 and enters the start

Start . edge detection wait state of the TImn pin.
— > Operate returns to "0".
o . Clear timer count register mn (TCRmn) to
Detect Timn pin input counting start edge. "0000H" and start incremental counting.
After the start edge of the TImn pin is detected,
Restart the counter (TCRmn) starts counting
the incrementally from "0000H". If the capture edge
operation The setting of the TDRmn register can be of the TImn pin is detected, the count value is
changed at will. transferred to the timer data register mn
In The TCRmn register can be read at any time. (TDRmn), and INTTMmn is generated.
operatio | The TSRmn register is not used. If the counter overflows, set the OVF bit of
n The setting of the TMRmn register, the TOMmn Timer Status Register mn (TSRmn). If the
bit, the TOLmn bit, the Tomn bit and the TOEmn | counter does not overflow, the OVF bit is
bit cannot be changed. cleared. The TCRmn register stops counting
before the start edge of the next TImn pin is
detected.
Thereafter, repeat this operation.
G e The TEmn bit becomes "0" and stops counting.
gtop . Set the TTr_nn bit to *1 : . The TCRmn register holds the count value and
—| Operatio | The operation automatically returns to "0 ing. The OVE bit of the TSRMnN
n because the TTmn bit is a trigger bit. stops countm_g. N
register remains unchanged.
The input clock of timer unit m is in the stop
Timer8 . . .- rovidin state.
Stop Setthe TM8mEN bit of the PERO register to "0". Ipnitializeg all circuits and the SFR for each
channel.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.8.6 Operation as delay counter

CMS32H6157 User Manual | Chapter 5 General-purpose timer unit Timer8

The count can be decremented by the active edge detection (external event) of the TImn pin input and
INTTTMmn (Timer interrupt) is generated at any set interval.

During the period when the TEmn bit is "1", the TSmn bit can be set to "1" by software to start decreasing
counting and generate INTTMmn (timer interrupt) at any set interval.

The interrupt generation period can be calculated using the following equation:

INTTMmn (timer interrupt) generation period = counting clock periodx(setting
value of TDRmn+1)

In the single count mode, the timer count register mn (TCRmn) is used as an decrement counter.

If the channel start trigger bit (TSmn) of the timer channel start register m(TSm) is set to "1", the TEmn7 bit
becomes "1", and the active edge detection wait state of the TImn pin is entered. An active edge detection via the
TImn pin input starts the TCRmn register and loads the value of the Timer Data Register mn (TDRmn). The TCRmn
register counts decreasingly from the value of the loaded TDRmn register by counting the clock. If TCRmn becomes
"0000H", INTTMmn is output and counting is stopped until the next active edge of the TImn pin input is detected.

The TDRmn register can be rewritten at any time, and the rewritten TDRmn register value is valid from the next

cycle.
Figure5-58: Example of basic timing operating as a delay counter

TSmn _ﬂ
TEmMN _

TImn

FFFFH]

TCRmn
0000H

TDRmN a X1 b

INTTMmn

a+l b+1
Remark:
1. m: unit number (m=0) n: channel number (n=0~7)
2. TSmn: bit n of timer channel start register m (TSm)
TEmn: bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: timer count register mn (TCRmn)
TDRmn: timer data register mn (TDRmn)
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Figure5-59: Example of register contents setting for 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|CKSmn0O 0 CCSmn M/S  [STSmn2|STSmn1|STSmNO [ CISmn1 | CISmn0 0 0 MDmn3 | MDmn2 | MDmn1 [ MDmnO
1/0 1/0 0 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

L MASTERmnbit configuration (Channel 2)
0: Independent Channel operation

L Count clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel n

10B: select CKm1 as operational clock of Channel n.

01B: select CKm2 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)
11B: select CKm3 as operational clock of Channel 1,3.(only Channle 1,3 can select the value)

(b) Timer output register m (TOm)
bit n

TOm TO'\(;lmn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)

bit n
TOEm TOEmMn 0: Stop the TOmn output performed by the
0 counting operation.

(d) Timer output level register m (TOLm)

bit n
TOLmnN 0: Set "0" in the master channel output mc
TOLm 0 (TOMmn=0).

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

TOMmM TOI\éImn 0: Set the master channel output mode.

Note: TMRm2, TMRm4, TMRmM6: MASTERmMN bit
TMRmMO, TMRmM5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-60: Procedure for the delay counter function

Software operation

Hardware status

Timer8
initial
settings

The input clock of timer unit m is in the stop-
providing state. (Stop providing clock, cannot
write to each register)

Set the TM80EN bit of the peripheral enable
register 0(PERO) to "1”.

The input clock of timer unit mis in the
providing state and the channels are in the
stop state.

(Start providing clock, can write to each
register)

Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKmO ~
CKm3.

Initial

setting

of the
channels

Set the corresponding bit of the Noise Filter
Enable Register (NFEN1) to "0" (OFF) or "1"
(ON). Set the timer mode register mn
(TMRmn)(to determines the operating mode of
the channel).

Set the output delay time for the timer data
register mn (TDRmn).

Set the TOEmn bit to "0" and stop TOmn
operation.

Start
Operate

Set the TSmn bit to "1".
Since the TSmn bit is a trigger bit, it
automatically returns to "0".

The TEmn bit turns into '1" and enter into start
trigger (detect Timn pin input active edge or
set TSmn bit to '1") detection waiting state.

Start decreasing the count by detecting the next
start trigger.

* The active edge of the TImn pin input.

» Set the TSmn bit to "1” by software.

Load the value of the TDRmn register into the
Timer Count Register mn (TCRmn).

In
operation

The setting of the TDRmn register can be
changed at will.

The TCRmn register can be read at any time.
The TSRmn register is not used.

The counter (TCRmn) performs decremental
counting. If TCRmn counts to "0000H",
INTTMmn is generated and TCRmn is "1" until
the next start trigger is detected (detecting an
active edge on the TImn pin input or setting
TSmn to "1"). The count is stopped when
"0000H" is detected.

Stop
Operatio
n

Set the TTmn bit to "1".
The operation automatically returns to "0"
because the TTmn bit is a trigger bit.

The TEmn bit becomes "0" and stops
counting.

The TCRmn register holds the count value
and stops counting.

Timer8
Stop

Set the TM80EN bit of the PERO register to "0".

The input clock of timer unit m is in the stop-
providing state.
Initialize all circuits and the SFR for each
channel.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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5.9 Multi-channel linkage operation function for general purpose
timer units

5.9.1 Operation as single trigger pulse output function

Using the 2 channels in pairs, a single trigger pulse with any delay pulse width can be generated from the input
of the TImn pin. The delay and pulse width can be calculated using the following equation:

Delay = {TDRmn (master) set value + 2}xcounting clock period
Pulse width = {TDRmp (slave) set value + }xcounting clock period

In single count mode, the master channel operates and counts the delay. By detecting a start trigger, the timer
count register mn (TCRmn) of the master channel starts to operate and loads the value of timer data register mn
(TDRmn). The TCRmn register counts decreasingly from the value of the loaded TDRmn register by counting the
clock. If TCRmn becomes "0000H", INTTMmn is output and counting stops before the next start trigger is detected.

In single count mode, the slave channel operates and counts the pulse width. The INTTMmn of the master
channel is used as the start trigger and the TCRmp register of the slave channel is started and loaded with the value
of the TDRmp register. The TCRmp register counts decreasingly from the value of the loaded TDRmp register by
counting the clock. If the count value becomes "0000H", INTTMmp is output and counting is stopped until the next
start trigger (INTTMmn of the master channel) is detected. The output level of TOmp becomes valid after INTTMmn
has been generated from the master channel and after 1 count clock, if TCRmp becomes "0000H", it becomes invalid.

The software operation (TSmn=1) can also be used as a start trigger to output a single trigger pulse without
using the TImn pin input.

Notice: Because the TDRmn register of the master channel and the TDRmp register of the slave channel have
different loading timings, if the TDRmn register and the TDRmp register are rewritten during counting,
they may compete with the loading timings and output an abnormal waveform. The TDRmn register
must be rewritten after generating INTTMmn and the TDRmp register must be rewritten after generating
INTTMmp.

Remarks: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)

p: slave channel number (n<p <7)
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Figure5-61: Block diagram of operation as single trigger pulse output function

master control channel
(single counting mode)

mli——~

operational clock

Timer count register

clock
selection

CkKmD mn (TCRmn)
P
THFEM:xx
c
S N
TSmn S B Timer data register mn interrupt . .
- [=l6[¢[3] > O fp— DR control  F——=interrupt signal
Timn Pin (] NOISe detect =3 (TORmY circuit (INTTMmn)
filter :
1on
slave channel
(single counting mode)
c
CEm1 B 1
tional clock S 3 ] : output
operal S % Timer count register | i .
CKmoO e mp (TCRmp) control - f==—={) TOmp Pin
circuit
= 5 -
s Timer data register mp interrupt _ '
g% j— (TDRmp) CQ”"Q' = interrupt signal
@ circuit (INTTMmp)

Remark: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)

p: slave channel number (n <p <7)
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Figure5-62: Example of basic timing operating as a single trigger pulse output function

/" rsm [

TEmn 4
Timn |_| |_|

Master FFFFH
channel
TCRmn : :
0000H |
T T
| | I
TDRmn : a
|
|
|
|
TOmn I
T
I

MNTTan
/ TSmp |_|

T I
| |
l |
l I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
T T
| \ |
| |
TEmp : | |
I 1
|
FFFFH | |
TCRmp ! i l !
Slave 0000H | [ [ !
channel : : : :
| |
I l/ L l/ !
TDRmp ! b P
i | ! i | :
| I : | I
TOmp : | ! : | |
I b L
| | | |
INTTMmp | I [
| I i | I
< ol N 1< e J
I a+2 p ! a+2 " b
Remark:

1. m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)
p: slave channel number (n<p <7)

2.  TSmn, TSmp: bit n, p of timer channel start register m (TSm)
TEmn, TEmp: bit n, p of timer channel enable status register m (TEm)
TImn, TImp: input signal of TImn pin and TImp pin
TCRmn, TCRmp: timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmp: output signals of TOmn pin and TOmp pin
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Figure5-63: Example of register contents setting for single trigger pulse output 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 [CKSmMN1{CKSmnO| 5 [cCsmn | M5, ] sTSmn2 | STSmn1 [STSmnO | CISmn1 | CISmnO | 0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 1 0 0 1 1/0 1/0 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) Timer output register m (TOm)
bit n

TOm TOI\(;Imn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

TOEmMn 0: Stop the TOmn output performed by the

TOEm 0 counting operation.

(d) Timer output level register m (TOLm)

bit n
ToLm TOLmn 0: Set "0" when TOMmn=0 (master channel ol
0 mode).

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

TOMmM TOl\(;Imn 0: Set the master channel output mode.

Remark: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)
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(&) Timer mode register mn (TMRmn)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp |CKSmp1|CKSmpO 0 CCSmp | M/S Note | STSmp2 | STSmp1 | STSmpO | CISmpl | CISmpO 0 0 MDmp3 | MDmp2 | MDmpl [ MDmpO
1/0 0 0 0 1 0 0 0 0 1 0 0 0

L] L L[]

operation mode of Channel P
100B: single counting mode

start trigger during operation
0: Trigger input invalid.

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

start trigger selection
100B: Select master control channel INTTMmn

L MASTERmp bit configuration (Channel 2)
0: slave channel

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
% same as master control channel configuration

(b) Timer output register m (TOm)
bit p

Tomp 0: Output "0" by TOmp.

TOm
1/0 1: Output "1" by TOmp.

(c) Timer output enable register m (TOEm)

bit p
0: Stop the TOmp output performed by the counting
TOEm TOEmp operation.
1/0 1: Enable TOmp output performed by the counting
operation.

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

0: Positive logic output (active high level)
TOLm TOLmp

1/0 1: Negative logic output (active low level)

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

TOMmp

TOMmM 1 1: Set the slave channel output mode.

Note: TMRm2, TMRm4, TMRm6: MASTERmp bit

Remark: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6) p: slave channel number (n<p <7)
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Figure5-65: Procedure for the single trigger pulse output function (1/2)

Software operation

Hardware status

The input clock of timer unit m is in the stop-providing
state.
(Stop providing clock, cannot write to each register)

to"1" (slave channel output mode).

Set the TOLmp bit.

Set the TOmp bit to determine the initial level of the
TOmp output.

Set the TOEmp bit to "1" and enable TOmp output.
Set the Port Register and Port Mode Register to
"0".

ﬁmgﬁ Set the TMBOEN bit of the peripheral enable The input clock of timc_er unit m is in the providing state
. . wan and the channels are in the stop state.

settings register 0(PEROD) to ™1". (Start providing clock, can write to each register)
Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKm0 and CKm1.
Set the corresponding bit of the Noise Filter Enable
Register (NFEN1) to "1". Set the timer mode
registers mn and mp (TMRmn, TMRmp) for the 2
channels used (to determine the operation mode of | The channel is in the stop state.
the channel). Set the output delay time for the timer | (Provides clock, and consumes some power)
data register mn (TDRmn) of the master channel,
and set the pulse width for the TDRmp register of

Initial the slave channel.

setting Slave channel setting

cr?e]:rtlzgls ?I%&%I\)/Imp bit of the timer output mode register m The TOmp pin is in Hi-Z output state.

When the port mode register is in output mode and the
port register is "0",

the TOmp initial set level is output.

The TOmp remains unchanged because the channel is in
the stop state.

The TOmp pin outputs the level set by the TOmp.

Remark: m: unit number (m=0) n: channel number (n=0~7)
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Figure5-66: Procedure for the single trigger pulse output function (2/2)

Software operation

Hardware status

Start
operatio
n

The setting values of the CISmn1 bit and the
CISmnO bit

of the TMRmn register can be changed.

The setting values of the TMRmp, TDRmn,
TDRmp registers

and the TOMmn bit, TOMmp bit, TOLmn bit, and
TOLmp hit

cannot be changed.

The TCRmn and TCRmp registers can be read
at any time.

The TSRmn and TSRmp registers are not used.
The setting of TOm register and TOEm register
of the slave channel can be changed.

The master channel loads the value of the
TDRmn register into the timer count register mn
(TCRmnN) by detecting the start trigger (detecting
the active edge of the TImn pin input or setting
the TSmn bit to "1" of the master channel) and
decrementing the count. If TCRmn counts to
"0000H", INTTMmn is generated and the count
is stopped before the next TImn pin input.

The slave channel uses the master channel's
INTTMmn as the trigger, loads the value of the
TDRmp register into the TCRmp register and
the counter starts decrementing counting. After
INTTMmn is output from the master channel and
one count clock has elapsed, the output level of
TOmp is set to an active level.

Then, if TCRmp counts to "0000H", it stops
counting after setting the output level of TOmp
to an invalid level.

Thereafter, repeat this operation.

In
operatio
n

Set the TTmn bit (master) and TTmp bit (slave)
to "1" at the same time.

The operation automatically returns to "0"
because the TTmn and Ttmp bits are trigger
bits.

The TEmn and TEmp bits become "0" and stops
counting.

The TCRmn register and TCRmp register hold
the count value

and stop counting. The TOmp output is not
initialized but remains its state.

Set the TOEmp bit of slave channel to "0" and
set the value for the TOmp bit.

The TOmp pin outputs the level set by the
TOmp.

Stop
Operatio
n

To maintain the output level of the TOmp pin:
Set TOmp bit to "0" after setting the value to be
held for the port register.

No need to maintain the output level of the
TOmp pin:

No need to set.

The output level of the TOmp pin is maintained
by the port function.

Timer8
Stop

Set the TM8BOEN bit of the PERO register to "0".

The input clock of timer unit m is in the stop-
providing state. Initialize all circuits and the SFR
for each channel.

(TOmMn bit becomes "0" and TOmp pin becomes
port function)

Remark: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6) p: slave channel number (n <p <7)
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5.9.2 Operation as PWM function

By using the 2 channels in pairs, pulses of any period and duty cycle can be generated. The period and duty

Pulse period = {TDRmn (master) set value+1} xcounting clock period
Duty cycle[%] = {TDRmp (slave) set value}/{TDRmn (master) set value+1}x100
0% output: TDRmp (slave) set value = 0000H

100% output: TDRmp (slave) set value = {TDRmn (master) set value+1}

cycle of the output pulses can be calculated using the following equations:
Remark: When the setting value of TDRmp (slave) > {TDRmn (master) set value+1}, the duty cycle exceeds
100%, but is 100% output.

The master channel is used as the interval timer mode. If the channel start trigger bit (TSmn) of the timer channel
start register m (TSm) is set to "1", an interrupt (INTTMmn) is output, and then the set value of the timer data register
mn (TDRmn) is loaded into the timer count register mn (TCRmn), and the count is decremented by the count 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. Thereafter, this operation is repeated before setting the channel
stop trigger bit (TTmn) of the timer channel stop register m (TTm) to "1".

When used as PWM function, the master channel decrements the count and the period until "0000H" is counted
as the PWM output (TOmp) period. The slave channel is used in single count mode. The value of TDRmp register is
loaded into TCRmp register with INTTMmn of the master channel as the start trigger, and the count is decremented
until "0000H". When the count reaches "0000H", INTTMmp is output and the next start trigger (INTTMmn of the master
channel) is waited.

When used as PWM function, the slave channel decrements the count and the duty cycle of the PWM output
(TOmp) for the period until "0000H" is counted.

After INTTMmn is generated from the master channel and 1 clock has elapsed, the PWM output (TOmp) becomes
active and it becomes invalid when the value of TCRmp register of the slave channel is "0000H".

Notice: To rewrite the timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel at the same time, 2 write accesses are required. Because the values of TDRmn register
and TDRmp register are loaded into the TCRmn register and TCRmp register when the master channel
generates INTTMmn, the TOmp pin cannot output the expected waveform if rewriting is performed
before and after the master channel generates INTTMmn respectively. Therefore, to rewrite both the
master TDRmn register and the slave TDRmp register, these 2 registers must be rewritten immediately
after the master channel generates INTTMmn.

Remark: m: unit number (m = 0) n: master channel number (n =0, 2, 4, 6) p: slave channel number (when m =

O:n<p<7)
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Figure5-67: Block diagram of operation as PWM function

master control channel

(interval Timer mode)
' CKEm1 .6
operational clock 89 Timer count register
CKmO °3 mn (TCRmn)
c
g 2 T P ] interrupt
TaSmn ‘g% - (?tDaR’r?ngr:)Ster " antrpl == interrupt signal
o circuit (INTTMmn)
slave channel
(single counting mode)
. CKm1 o 5 1
operational clock 5 '§ Timer count register mp gs;‘tjrl:)tl o
S _— TCRm =) TOmp Pin
CKmQ & ( P) circuit P
= 5 -
g = Timer data register mp interrupt
122 (TDRmp) control - b——=interrupt signal
<= 8 circuit (INTTMmp)

Remark: m: unit number (m = 0) n: master channel number (n =0, 2, 4, 6) p: slave channel number (n <p <7)
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Figure5-68: Example of basic timing operating as PWM function

/e []

CMS32H6157 User Manual | Chapter 5 General-purpose timer unit Timer8

I
I
TEmn
TCRmMnN MI\\
Master 0 1
channel ! :/ :/
TDRmnN : X | b :
|
: | !
I | I
TOmnN ! ! !
[ | !
QNTTan m ’_‘ ’—| |—|
i : ! |
| | | |
| | | |
I I | |
/ | | I :
TSmp | | ! |
I T | !
| | | |
TEmp | ! i }
| | |
|
FFFFH
TCRmp
Slave | | [ |
channel 0000H f f : + f
I |
) ) ) )
| I I | I I ! |
TDRmp | ‘! | ) o)
I | I | I I ! [
I | I | I | ' [
I | I | I | ' [
TOmp L__
: | : | I | : I
| | I | [
INTTMmp I I | |
|
\ :: _]I_ :L ’—1| =L ‘r| I !—I‘
I a+ | a+ I b+l 7| |
| Cc | C |dl | :
Remark:

1. m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)
p: slave channel number (n<p <7)

2.  TSmn, TSmp: bit n, p of timer channel start register m (TSm)
TEmn, TEmp: bit n, p of timer channel enable status register m (TEm)
TCRmn, TCRmp: timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmp: output signals of TOmn pin and TOmp pin
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Figure5-69: Example of register contents setting for PWM function (master channel)

(&) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn [CKSMN1|{CKSmno| CCSMN | 1emASee | STSMN2 [ STSmN1|STSMNO | CISmni | CISmn0 0 0 MDmn3 | MDMn2 | MDmn1 | MDmnO
1/0 0 0 1 0 0 0 0 0 o 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.

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

counting clock selection
0: Select operational clock (fMCK)

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

(b) Timer output register m (TOm)
bit n

TOm TOI\éImn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

TOEmMn 0: Stop the TOmn output performed by the

TOEM 0 counting operation.

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

TOLmn 0: Set "0" when TOMmn=0 (master channel

TOLm 0 output mode).

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

TOMmM TOI\éImn 0: Set the master channel output mode.

Note: TMRmM2: MASTERmMnNn=1
TMRmMO: Fixed to "0".

Remark: m: unit number (m=0) n: master channel number (n=0, 2, 4, 6)
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Figure5-70: Example of register contents setting for PWM function (master channel)
(&) Timer mode register mn (TMRmn)
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15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmp CKSmp1|CKSmpO 0 CCSmp | M/S Note | STSmp2 | STSmp1 | STSmpO | CISmpl | CISmp0 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 INTTMmn.

MASTERmp bit configuration (Channel 2)
0: slave channel

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
3% same as master control channel configuration

(b) Timer output register m (TOm)

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

(c) Timer output enable register m (TOEmM)

bit p
0: Stop the TOmp output performed by the counting
TOEm TOEmMp operation.
1/0 1: Enable TOmp output performed by the counting
operation.

(d) Timer output level register m (TOLm)

bit p
ToLm TOLmp 0: Positive logic output (active high level)
1/0 1: Negative logic output (active low level)

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

TOMmp

TOMmM 1 1: Set the slave channel output mode.

Note: TMRm2, TMRmM4, TMRm6: MASTERmMp bit

Remark: m: unit number (m = 0) n: master channel number (n =0, 2, 4, 6) p: slave channel number (when m =
O:n<p<7)
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Figure5-71: Procedure for the PWM function (1/2)

Software operation Hardware status
The input clock of timer unit m is in the stop-providing
state.
. (Stop providing clock, cannot write to each register)
Timerg . . The input clock of timer unit m is in the providing state
initial Set the TM8OEN bit of the peripheral enable d the ch | i th
. register O(PERO) to "1" and the channels are in the stop state. _
settings : (Start providing clock, can write to each register)
Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKm0 and CKm1.
Set the timer mode registers mn and mp (TMRmn,
TMRmp) for the 2 channels used (to determine the
operation mode of the channel). Set the interval The channel is in the stop state.
(period) value for the timer data register mn (Provides clock, and consumes some power)
(TDRmn) for the master channel and the duty cycle
N value for the TDRmp register for the slave channel.
Initial Slave channel setting
setting Set TOMmp bit of the timer output mode register m The TOmp pin is in Hi-Z output state.
of the (TOMm) . o
wan When the port mode register is in output mode and the
channels | to"1" (slave channel output mode). : I
. port register is "0",
Set the TOLmp bit. he TOmD initial level i
Set the TOmp bit to determine the initial level of the | 1€ TOMP initial setlevel is output, .
TOmp output The TOmp remains unchanged because the channel is in
o the stop state.
Set the TOEmp bit to "1" and enable TOmp output. ;
Set the Port Register and Port Mode Register to The TOmp pin outputs the level set by the TOmp.
"0".
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Figure5-72: Procedure for the PWM function (2/2)

Software operation

Hardware status

Start
operatio
n

Set the TOEmp bit to “1” (only limited to restart
operation).

Set both the TSmn bit (master) and TSmp bit
(slave) of the timer channel start register m
(TSm) to "1".

The operation automatically returns to "0"
because the TSmn and TSmp bits are trigger
bits.

The TEmn and TEmp bits become "1". The
master channel starts counting and generates
INTTMmn. With this as a trigger, the slave
channel also starts counting.

In

Restart operatio
th%, P "
operation

The setting values of the TMRmn and TMRmp
registers and the TOMmn bit, TOMmp bit,
TOLmnN bit, and TOLmp bit cannot be changed.
Ability to change the setting of the TDRmn
register and the TDRmp register after the
master channel has generated INTTMmn.

The TCRmn and TCRmp registers can be read
at any time.

The TSRmn and TSRmp registers are not used.

The master channel loads the value of the
TDRmn register into the timer count register mn
(TCRmn) and perform decremental counting. If
TCRmn counts till "O000H", then generating
INTTMmn. At the same time, load the TDRmn
register value into the TCRmn register and
restart decremental counting.

The slave channel use INTTMmn of master
channel as a trigger, load the TDRmp register
value into the TCRmp register and counter start
decremental counting. After INTTMmn is output
from the master channel and one count clock
has elapsed, the output level of TOmp is set to
an active level. Then, if TCRmp counts to
"0000H", it stops counting after setting the
output level of TOmp to an invalid level.
Thereafter, repeat this operation.

Stop
Operati
on

Set the TTmn bit (master) and TTmp bit (slave)
to "1" at the same time.

The operation automatically returns to "0"
because the TTmn and Ttmp bits are trigger
bits.

The TEmn and TEmp bits become "0" and stops
counting.

The TCRmn register and TCRmp register hold
the count value

and stop counting.

The TOmp output is not initialized but remains
its state.

Set the TOEmp bit of slave channel to "0" and
set the value for the TOmp bit.

The TOmp pin outputs the level set by the
TOmp.

Timer8
Stop

To maintain the output level of the TOmp pin:
Set TOmp bit to "0" after setting the value to be
held for the port register.

No need to maintain the output level of the
TOmp pin:

No need to set.

The output level of the TOmp pin is maintained
by the port function.

Set the TM8OEN bit of the PERO register to "0".

The input clock of timer unit m is in the stop-
providing state. Initialize all circuits and the SFR
for each channel.

(TOmMn bit becomes "0" and TOmp pin becomes
port function)

Remark: m: unit number (m = 0) n: master channel number (n =0, 2, 4, 6) p: slave channel number (when m =

O:n<p<7)
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5.9.3 Operation as multiple PWM output function

This is a function that extends the PWM function and uses multiple slave channels for multiple PWM outputs
with different duty cycles.
For example, when using 2 slave channels in pairs, the period and duty cycle of the output pulse can be

Pulse period = {TDRmn (master) set value+1} xcounting clock period
Duty cycle 1 [%] = {TDRmp (slavel) set value}/{TDRmn (master) set value+1}x100
Duty cycle 2 [%] = {TDRmp (slave2) set value}/{TDRmn (master) set value+1}x100

calculated by using the following equation:
Remark: When the set value of TDRmp (slave 1) > {the set value of TDRmn (master) + 1} or {the set value of
TDRmg (slave 2) } > {the set value of TDRmn (master) + 1}, the duty cycle exceeds 100%, but is 100%
output.

In interval timer mode, the timer count register mn (TCRmn) of the master channel operates and counts the
period. In single count mode, the TCRmp register of slave channel 1 operates and counts the duty cycle and outputs
the PWM waveform from the TOmp pin. The TCRmp register loads the value of timer data register mp (TDRmp),
using INTTMmn of the master channel as a start trigger, and starts counting down. When TCRmp = “0000H”, the
TCRmp outputs INTTMmp and stops counting until the next start trigger (INTTMmn of the master channel) has been
input. The output level of TOmp becomes valid after INTTMmn has been generated from the master channel and
after 1 count clock, if TCRmp becomes "0000H", it becomes invalid.

In the same way as the TCRmp register of the slave channel 1, the TCRmq register of the slave channel 2
operates in single count mode, counts the duty cycle, and outputs a PWM waveform from the TOmq pin. The TCRmq
register loads the value of the TDRmQq register, using INTTMmn of the master channel as a start trigger, and starts
counting down. When TCRmq = "0000H”, the TCRmq register outputs INTTMmgq and stops counting until the next
start trigger (INTTMmn of the master channel) has been input. The output level of the TOmqg becomes active one
count clock after generation of INTTMmn from the master channel, and inactive when TCRmq = O000H.

When channel 0 is used as the master channel as above, up to 3 types of PWM signals can be output at the
same time.

Notice: To rewrite the timer data register mn (TDRmn) of the master channel and the TDRmp register of the slave
channel 1 at the same time, at least 2 write accesses are required. Because the values of TDRmn register
and TDRmp register are loaded into the TCRmn register and TCRmp register when the master channel
generates INTTMmn, the TOmp pin cannot output the expected waveform if rewriting is performed before
and after the master channel generates INTTMmn respectively. Therefore, to rewrite both the master
TDRmn register and the slave TDRmp register, these two registers must be rewritten immediately after
the master channel generates INTTMmn (the same applies to the TDRmq register of slave channel 2).

Remark: m: unit number (m=0) n: master channel number (n= 2, 4, 6)

p: slave channel number q: slave channel number n <p <q <7 (p and q are integers greater than n)
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Figure5-73: Block diagram of operation as multiple PWM output function (output two types of PWMs)

master _control channel

(interval Timer mode)

. CKm1 %5
operational clock 8B - :
S92 Timer count register
CKmO ® — ] mn (TCRmn) ]
= 5 mterrupt
o -2 i i . .
TSmn 88 Tlmrs:]c(l-?ggﬁ?rlster control | . interrupt signal
£ circuit (INTTMmn)
slave channell
(single counting mode)
ioral dock | CKM? 58
operationat cloc 2 B Timer count register ° ?ml )
CKmO 8| —| mp(TCRmp) control ——=@© TOmp Pin
circuit
=5 Mterrupt
o] Timer data register trol . .
38 mp (TDRmp) control |—— interrupt signal
= o clrcuit (INTTMmp)
slave channel2
(single counting mode)
_ CKm1 58
operational clock (—OJ § Timer count register OUtEMl Toma b
CKmO0 ® — ] mq (TCRmQ) control |——=(@ TOmgq Pin
circuit
=5 terrupt
55 Timer data register control ] )
S0} mq (TDRmQ) SHEYY T interrupt signal
=] circuit
? (INTTMmq)

Remark: m: unit number (m=0) n: master channel number (n= 2, 4, 6)

p: slave channel number q: slave channel numbern <p <q <7 (p and q are integers greater than n)
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Figure5-74: Example of basic timing operating as multiple PWM output function (output two types of PWMSs)
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Remark:

1.  m: unit number (m=0)
n: master channel number (n=0, 2, 4)
p: slave channel number
g: slave channel number
Form=0:n<p<q=<7(pandq are integers greater than n)

2. TSmn, TSmp, TSmq: bitn, p, q of timer channel start register m (TSm)
TEmn, TEmp, TEmQ: bitn, p, g of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmQ: timer count registers mn, mp, mqg (TCRmn, TCRmp, TCRmMQ)
TDRmn, TDRmp, TDRmg: timer data registers mn, mp, mg (TDRmn, TDRmp, TDRmQ)
TOmn, TOmp, TOmMQ: output signals of TOmn, TOmp, TOmMq pins
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Figure5-75: Example of register contents setting for multiple PWM output 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 [CKSm1[cKsmno| o [ cCSmn [ 1gRmyw- | STSMN2| STSmN1[STSMNO [CIsmn1 | cismno | o |MDmn3 | MDmn2 | MDmn1 | MDmNO
10 0 0 1 0 0 0 0 0 0 0 0 1

operation mode of Channel N
000B: Interval Timer

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

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

start trigger selection

000B: only select software to start trigger.

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

counting clock selection
0: Select operational clock (fMCK)

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

(b) Timer output register m (TOmM)
bit n

TOm TOI\(;Imn 0: Output "0" by TOmn.

(c) Timer output enable register m (TOEm)
bit n

TOEmMn 0: Stop the TOmn output performed by the

TOEM 0 counting operation.

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

TOLmn 0: Set "0" when TOMmn=0 (master channel

TOLm 0 output mode).

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

TOMmM TOI\élmn 0: Set the master channel output mode.

Note: TMRmM2, TMRm4: MASTERmMn=1
TMRmMO, TMRm5, TMRm7: Fixed to "0".

Remark: m: unit number (m=0) n: master channel number (n= 2, 4, 6)
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Figure5-76: Example of register contents setting for multiple PWM output function (slave channel) (output two types
of PWMs)
(&) Timer mode registers mp, mg (TMRmp, TMRmQq)

15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmp | CKSMp1|CKSmpO 0 CCSmp | M/S Note | STSmp2 | STSmp1 | STSmpO | CISmpl | CISmpO MDmp3 | MDmp2 | MDmpl | MDmpO
1/0 0 0 0 1 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmq | CKSmq1|CKSmq0 0 CCSmq | M/S Note | STSm@2 | STSmq1 | STSmq0 | CISmql | CISmg0 MDmg3 | MDmg2 | MDmgl [ MDmqO
1/0 0 0 0 1 0 0 0 0 1 0 0 1

start trigger selection

MASTERmp bit and MASTERmMq bit configuration
(Channel 2) 0: slave channel

Count clock selection
0: Select operational clock (fMCK)

L operational clock (fMCK) selection

00B: select CKmO as operational clock of Channel p and q
10B: select CKm1 as operational clock of Channel pand g
3% same as master control channel configuration

(b) Timer output register m (TOm)

TOm

bit q bit p
TOmq TOmp
1/0 1/0

0: Output "0" by by TOmp and TOmg.
1: Output "1" by by TOmp and TOmg.

(c) Timer output enable register m (TOEm)

TOEmM

bit q bit p
TOEmMq TOEmMp
1/0 1/0

0: Stop the TOmp and Tomq outputs performed by
the counting operation.

1: Enable the TOmp and Tomq outputs performed
by the counting operation.

(d) Timer output level register m (TOLm)

TOLmM

bit q bit p
TOELq TOELp
1/0 1/0

0: Positive logic output (active high level)

1: Negative logic output (active low level)

(e) Timer output mode register m (TOMm)

TOMmM

bit q bit p
TOMLq TOMLp
1 1

1: Set the slave channel output mode.

100B: Select master control channel INTTMmn

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

operation mode of Channelp and q
100B:single counting mode

start trigger during ope
1: Trigger input valid.
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Note: TMRm2, TMRm4: MASTERmp bit, MASTERmM( bit
Remark: m: unit number (m=0) n: master channel number (n= 2, 4, 6)
p: slave channel number q: slave channel number m =0 when: n <p <q <7 (p and q are integers

greater than n)
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Figure5-77: Procedure for the multiple PWM output function (output two types of PWMs) (1/2)

Software operation

Hardware status

The input clock of timer unit m is in the stop-providing
state.
(Stop providing clock, cannot write to each register)

to"1" (slave channel output mode). Set the TOLmp
and TOLmq bits to "0".

Set the TOmp and TOmq bits and determine the
initial output level of the TOmp and TOmq bits.

Set the TOEmp amd TOEmq bits to "1" and enable
TOmp amd TOmgq output. Set the Port Register and
Port Mode Register to "0".

Timer8  ["Set the TMBOEN bit of the peripheral enable The input clock of timer unit m is in the providing state
initial register O(PERO) to "1”. and the channels are in the stop state.
settings (Start providing clock, can write to each register)
Set the timer clock selection register m (TPSm).
Determine the clock frequency of CKm0O and CKm1.
Set the timer mode registers mn, mp, (TMRmn, The channel is in the stop state.
TMRmp,) for each channel used (to determine the (Provides clock, and consumes some power)
channel operation mode).
Set the interval (period) value for the master
channel's timer data register mn (TDRmn), and set
the duty cycle value for the slave channel's TDRmp
Initial register and TDng register. I
setting Slave channel setting . . The TOmp pin is in Hi-Z .outpl.Jt ;tate.
of the Set TOMr_np and TOMmq bits of the timer output When the port mode register is in output mode and the
channels mode register m (TOMm) port register is "0",

The TOmp and TOmq initial set levels are output. The
TOmp and TOmq remains unchanged because the
channel is in the stop state.

The TOmp pin and TOmq pin output the levels set by the
TOmp and TOmg.
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Restart
the
operatign

Figure5-78: Procedure for the multiple PWM output function (output two types of PWMs) (2/2)
Software operation Hardware status
(Set the TOEmp bit and TOEmq bit only when The TEmn, TEmp and TEmq bits become "1".
restarting operation. Set the TSmn bit (master), The master channel starts counting and
TSmp bit and TSmq bit (slave) of the timer generates INTTMmn. With this as a trigger, the
Start . o .
operatio channgl start register m (TSm) to "1" at the slave channel also starts counting.
- n same time.
v Since the TSmn bit, TSmp bit and TSmq bit are
trigger bits, they are automatically returned to
"o
The setting values of the TMRmn, TMRmp, The master channel loads the value of the
TMRm(q registers and the TOMmn bit, TOMmp TDRmn register into the timer count register mn
bit, TOMm(q bit, TOLmn bit, TOLmp, TOLmq bit (TCRmn) and perform decremental counting. If
cannot be changed. The setting values of the TCRmn counts till "O000H", then generating
TDRmn, TDRmp, and TDRm(q registers can be INTTMmn. At the same time, load the TDRmn
changed after INTTMmn is generated by the register value into the TCRmn register and
master channel. restart decremental counting.
The TCRmn, TCRmp and TCRmq registers can | The slave channel 1 uses the master channel's
be read at any time. The TSRmn, TSRmp, and INTTMmn as a trigger, loads the value of the
TSRmq registers are not used. TDRmp register into the TCRmp register and
the counter starts decrementing counting. After
INTTMmn is output from the master channel and
In
operatio one coynt clock has e]apsed, the output level of
n TOmp is set to an active level. Then, if counts to
"0000H", it stops counting after setting the
output level of the TOmp to an invalid level. The
slave channel 2 uses the master channel's
INTTMmn as a trigger, loads the value of the
TDRm(q register into the TCRmq register and
the counter starts decrementing counting. After
INTTMmn is output from the master channel and
one count clock has elapsed, the output level of
TOmgq is set to an active level. Then, if counts to
"0000H", it stops counting after setting the
output level of the TOmq to an invalid level.
Thereafter, repeat this operation.
Set the TTmn bit (master), TTmp bit and TTmq The TEmn bit, TEmp bit, and TEmq bit all
bit (slave) to "1" at the same time. become "0" and stop counting.
Since the TTmn bit, TTmp bit and TTmq bit are The TCRmn, TCRmp and TCRmq registers hold
Stop trigger bits, they automatically return to "0". the count value and stop counting.
Operatio The TOmp and TOmq outputs are not initialized
n and remain in state.
Set the TOEmp and TOEm(q bits of the slave The TOmp pin and TOmq pin output the levels
channel to "0" and sets the values for the TOmp | set by TOmp and TOmg.
and TOmq bits.
To maintain the output levels of TOmp pin and The output level of the TOmp pin is maintained
TOmq pin: Set the TOmp bit and TOmq bits to by the port function.
"0" after setting the value to be held in the port
register.
No need to maintain the output levels of the
. TOmp pin and TOmq pin:
TIST(?;ES No need to set.
Set the TM80EN bit of the PERO register to "0". The input clock of timer unit m is in the stop-
providing state.
Initialize all circuits and the SFR for each
channel.
(TOmp bit and TOmq bit become "0" and TOmp
pin and TOmg pin become port function)

Remark: m: unit number (m=0) n: master channel number (n= 2, 4, 6)

p: slave channel number q: slave channel number n <p <q <7 (p and g are integers greater than n)

www.mcu.com.cn

220/821

Rev.0.1.2



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

0 Cmsemicon’

CMS32H6157 User Manual | Chapter 5 General-purpose timer unit Timer8

5.10 Cautions when using the general-purpose timer unit

5.10.1 Cautions when using timer output

Depending on the product, the pins assigned with timer output functions may also be assigned with outputs of
other multiplexed functions. When using the timer output in this case, it is necessary to set the output of the other
multiplexed function to its initial value.

For details, please refer toChapter 2 Port Function".
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Chapter 6 TimerA

6.1 TimerA function

Timer A is a 16-bit timer capable of pulse output, pulse width and period measurement of external inputs, and
counting of external events.

The 16-bit timer consists of a reload register and a decrement counter. The reload register and the decrement
counter are assigned at the same address. If the TAO register is accessed, the reload register and the counter can
be accessed.

The specification and block diagram of timer A are as follows Figure6-1 and Table6-1 respectively.

Table6-1: Timer A specifications
Iltem Content

Timer mode Counts the count source

Counts the count source and outputs pulses of opposite polarity when the timer
underflow occurs.
Counts external events.

It can also operate in deep sleep mode.

Pulse output mode

Operation mode Event counter mode

Pulse width Measures the pulse width of the external input.
measurement mode
Pulse period Measures the pulse period of the external input.
measurement mode
Counting source (operating clock) Events can be selected from Fcik , Feik /2, Feik /8, FiL, Fsus or EVENTC input.

*When the counter overflows
At the end of the effective width measurement of the external input (TAIO) in pulse
Interrupt width measurement mode
*When the set edge of the external input (TAIO) is entered in pulse period
measurement mode
*Collaboration with EVENTC: Events entered by EVENTC can be

selected as the count source.

Select function
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6.2 Structure of Timer A

The block diagram and pin structure of Timer A are as follows Figure6-1 and Table 6-2respectively.
Figure6-1: Block diagram of Timer A
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T |nterrupt
TIPFL, TIPFO 008 ——o
=01B

fCLK
=10B
few/8 —0=11B TlPFl, TIPFO TMOD2~TMODO
fow/za ——O =01Bor 10B =011B or 100B
digital Single edge / Counter |
filter O double edge polarity Control
p—— O ™" [7|_selection circuit measurement
I l completion

=008 TEDGPL TEDGSEL singal

TEDGSEL=1 o—] CK

-

- O- Bistable flip-flop |-

TEDGSEL=0 -

Q CLR
write TAMRO register.
TAOO pin TOENA Write "1" to TSTOP.

L
TAIOO pin E
O \_& TMOD2~TMOD0=001B Q

Note 1: To select Fi. as the count source, the WUTMMCKO bit of the subsystem clock supply mode control
register (OSMC) must be set to "1”. However, when Fsug is selected as the count source for the real-time
clock or 15-bit interval timer, FiL cannot be selected as the count source for Timer A.

Note 2: The polarity can be selected by the RCCPSEL2 bit of the TAISRO register.

Table 6-2: Timer A pin structure

Pin name I/0 Function
INTP1 Input Event counter mode control for timer A
TAIQONoe 1/0 External event input and pulse output of timer A
TAQNote Output Pulse output of timer A

Note: The configuration of TAO pins can be selected by PxxCFG register, and the configuration of TAIO pins can
be selected by PBO2CFG, PBO4CFG, PBO6CFG, PCO1CFG, PCO3CFG bits of this register. For details,

please refer to “Chapter 2 Port Function”.
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