RE NESAS Application Note

RL78/G10 RO1AN2909EJ0100

Rev. 1.00
Software-based Multiplexed PWM Output CC-RL 2016.03.11
Introduction

This application note explains how to achieve multiplexed PWM output of varying duty ratios with software by
employing a timer interrupt. Four PWM signals can be output per 1ms cycle, while the PWM output duty can be
changed using the external switch controller.

Target Device
RL78/G10 (ROM 2KB, 10 pins) R5F10Y16ASP

When using this application note for other microcomputers, please modify it according to the corresponding
specification and evaluate thoroughly before use.
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1. Specifications

This application note explains how to achieve four 254-level PWM output pins with software-based port control
using the upper 8 bits of timer array unit (TAU) channel 1 as the interval timer for generating 3.9us datum timing.
PWM duty phases are stored in advance to the flash memory, allowing the PWM duty to be changed via switch input.
The term “duty data” indicates the data used to set the duty assigned to the flash memory.

Each PWM output period is approximately 1ms, consisting of 256 times (full count of 8-bit timer) based on 3.9us
datum timing.

Table 1.1 shows the Peripheral Functions and Usage, Figure 1.1 State Transition during Program Execution Figure
1.2 an outline of the Multiplexed PWM Output Operation Overview.

Table 1.1 Peripheral Functions and Usage

Peripheral Function Usage
TAU channel 1 Upper 8 bits are used as an interval timer to generate
the 3.9us datum timing
Input output ports P0.0~P0.3 Used for PWM signal output
Input port P13.7 Used for PWM signal duty change trigger switch input
RO1AN2909EJ0100 Rev.1.00 Page 3 of 37
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Figure 1.1 State Transition during Program Execution
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Figure 1.2 Multiplexed PWM Output Operation Overview

A set of data from the duty data is selected and copied to the duty specification data. This duty specification data is
decreased by 1 for each fixed period (3.9us period) timer interrupt. When the duty specification data becomes 0, the
data is cleared and output to the port. In addition, period counted is started with the timer interrupt; when the period has
ended, the duty specification data and the output data are both reset. All 4 signals are processed, enabling output of
PWM signals for 4 separate duty ratios. The timer interrupt waits in HALT mode and processes the output to the ports
first, allowing jitter to be mitigated by software.

When switch input occurs, the next set of data is selected from the duty data and the same operation is repeated,
allowing the PWM signal duty to be changed. Figure 1.3 provides the Multiplexed PWM Output Timing Chart.
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Figure 1.3 Multiplexed PWM Output Timing Chart

D Set the initial value of the output data and start the timer (TAU channel 1). When the specified duty
ratio is 0%, set 0 as the initial value and all other values to 1. (Fig. 1.3 shows an example of PWM3 as

0%).
@ Interrupts occurring immediately after the timer is started are ignored, even if TAU channel 1 interrupt
(INTTMO1H) is generated. The CPU waits for the timer interrupt request in HALT mode.

(@ When the TAU channel 1 interrupt (INTTMO1H) is generated, the previously set initial values are output
to the port, and operation is started. At this time, the duty specification counters for each PWM signal
start to count down. When a value goes to 0, the next output data for the corresponding output is
cleared to 0 (corresponding to PWMO). The counter that specifies the PWM signal period also counts
down.

@ The next time the TAU channel 1 interrupt (INTTMO1H) occurs, the next set of prepared data is output
to the port. At this point, PWMO output is 0. Both the counter that specifies the duty for the
corresponding PWM signal and the counter that specifies the PWM signal period count
down at this point as well.
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® At the 254" valid INTTMO1H interrupt, the counter that specifies the PWM signal period counts down to
0 and the next data returns to the initial value. When duty ratio is 100%, output has not yet 0, and the
value remains at 1.

© Steps 3 to 5 are repeated.

Notes As a work-around for the asynchronous issue related to program execution and receiving interrupts (the
instruction execution state causes deviations in interrupt receive timing and port control timing, which leads
to jitter affecting PWM output), this program is designed to wait for a fixed period interrupt from the interval
timer in HALT mode. This ensures stable timing for receiving interrupt requests. To shorten the interrupt
processing time as much as possible (8 clocks are required just for the RETT instruction), the vector interrupt
is not used and only HALT mode is released.

In addition, the next PWM output data is prepared (output data calculation/internal variable setting/port
data preparation, etc.) within one PWM output period to improve programming efficiency. These
enhancements enable jitter-mitigated PWM output in the 3.9us datum timing.

The duty data can be changed by rewriting the contents of datatable.asm, using Figure 5.1 Duty Data
Configuration as a datum.

2. Operating Conditions

The sample code described in this application note runs under the following operating conditions.

Table 2.1 Operating Conditions

ltem Description/Specification
MCU used RL78/G10 (ROM 2KB, 10 pins) R5F10Y16ASP
Operating frequency ® High-speed on-chip oscillator clock (HOCO): 20MHz
® CPU/peripheral hardware clock: 20MHz
Operating voltage 5.0V (valid operations: 2.9V to 5.5V)
SPOR operating voltage (TYP): rising power supply 2.90V, falling power
supply 2.84V
Integrated development CS+ for CC V3.01.00 (manufactured by Renesas Electronics)
environment(CS+)
Integrated development e2studio V3.1.2.10 from Renesas Electronics Corp.
environment (e2studio)
Assembler CC-RL V1.01.00 (manufactured by Renesas Electronics)
Evaluation board RL78/G10 target board (QB-R5F10Y16-TB)

3. Related Application Notes

Application notes related to this document are shown below. Please refer to these as needed.

RL78/G10 Initialization (RO1AN2668E) Application Note
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4. Hardware Explanation

4.1 Hardware Configuration Example

Figure 4.1 shows the example hardware configuration described in this application note.

VDD
vDD
SWi1 Ewm RL78/G10
i
P137
P00 —>» PWMOD
Po1 P Multiplexed PWH
P02 —> PWM2 signal output
P03 —> PWM3I
VSs . .
ﬂ; P40iTOOLO f¢—» Foron-chip debugging

Figure 4.1 Hardware Configuration

Note: 1.This simplified circuit diagram was created to show an overview of connections only.
When designing your circuit, make sure the design includes sufficient pin processing and meets electrical
characteristic requirements. (Connect each input-only port to Vpp or Vg through a resistor.)
2. Make Vpp higher than the RESET release voltage (Vspor) set in SPOR.

4.2 Pin List

Table 4.1 provides a List of Pins and Functions explained in this document.

Table 4.1 List of Pins and Functions

Pin Name Input/Output Function
P00 to P03 Output PWM output
P137 Input Switch (SW1) input
RO1AN2909EJ0100 Rev.1.00 Page 8 of 37
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5. Software Explanation

5.1 Operation Outline

The application described in this document generates a 3.9us interrupt (datum timing) that serves as a base for PWM
signals by dividing TAU channel 1 in to two 8-bit timers and using the upper 8 bits as the interval timer.

Jitter is mitigated to a minimum during interrupt processing by making sure prepared data is output at the start of the
processing. The PWM output data to be set in the next interrupt is prepared within one PWM output period. When one
period has ended, the data for the next period data (initial value) is set. If the external switch (SW1) is pressed at this
time, the next period continues with the current PWM output setting and the PWM output is updated with the prepared
data in the subsequent period.

(1) TAU is initialized as follows:

<Settings>

®  Pins P00 to P03: set to PWM signal output ports

® TAU channel 1 upper 8 bits: set to 3.9us N°t*! period interval timer mode

® Use TAU channel 1 timer interrupt INTTMO1H)

(2) Interval timer operation is started by setting the TAU channel 1 operation enabled trigger bit to “1” after setting
the required variables for multiplexed PWM output. The HALT mode is instruct (disables the vector interrupt) and
waits for the TAU channel 1 timer interrupt INTTMO1H).

(3) After timer operation has started, the TAU channel 1 timer interrupt (INTTMO1H) is generated every 3.9ps,
HALT mode is released, and the multiplexed PWM output operation starts.

(4) The multiplexed PWM output operation first reflects the port data value in the output port, then checks the PWM
output period. If a full period of PWM output has not ended, the next port data value for PWM output is calculated.
If PWM output has completed one period, external switch input is checked. If switch input is detected, duty data is
updated and the next port data is prepared. After this entire process is completed, the operation transitions to the
standby state (HALT mode) and waits for an interval timer interrupt.

Note 1. Defined as a fixed interval in the header file (DEV&TIMER.inc).
Note 2. Defined in the data table file (datatable.asm).
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5.2 Option Byte Settings
Table 5.1 shows the option byte settings.

Table 5.1 Option Byte Settings

Address Setting Value Description
000COH 11101110B Watchdog timer operation stops

(counting stopped after reset)
000C1H 11110111B SPOR detection voltage

When power supply falls: TYP. 2.84V
When power supply rises: TYP. 2.90V
P125/KR1/RESET pin control: RESET input

000C2H 11111001B HOCO: 20MHz

000C3H 10000101B Enables on-chip debug operation

5.3 Constants
Table 5.2 lists the Sample Code Constants. Figure 5.1 shows the Duty Data Configuration

Table 5.2 Sample Code Constants

Constant Name Setting Value Description
CLKFREQ 20000 Clock frequency expressed in kHz
PERIOD 1000 PWM signal period express in ps (micro
seconds)
COUNT CLKFREQ x PERIOD/1000 | PWM signal period expressed as clock
frequency
INTERVAL COUNT/254 Interval timer count
PWMP PO PWM signal output port
PWMODATA 00000000B Initial value of PWM signal
PWMPM PMO PWM signal port mode
PWMDATA Voluntary Assigned address of PWM signal data duty
(defined in DB in 4-byte) (value must be an even number)
DATAEND — Last assigned address of PWM signal data duty
SCALE 254 PWM output signal levels
DFO00 to DF100 00H, (SCALE x 5 + 50)/100 to | Data indicating the length of high period
(SCALE x 95 + 50)/100, corresponding to the PWM signal duty
SCALE expressed in 5% incrementsNo© !

Note 1 Used when setting the PWM signal duty data in datatable.asm, representing the high period in 5% increments
for consecutive 2-digit/3-digit numbers in DF addresses.

RO1AN2909EJ0100 Rev.1.00 Page 10 of 37
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PWMDATA:
DB 1 : for PWHO in 1sttime 1
OB 10 : for PWM1 !" 15“.'"9 | Duty data of one set of 4 signals
DB 20 ; for PWH2 in 1sttime {specify high period)
DB 40 ; for PWM3 in 1sttime
OB . : 2nd time data |
DB DF8g, DF1 : 3rd time data
DB Fog, DOF : 4th time deta Data of 3 outputs
DATAEND: - deta end

\ )
' Specifiedby valus Specified by duty {high period)

3% Referto Tabls 6.2 for DF00 to DF100.

Figure 5.1 Duty Data Configuration

Duty data is treated independently as datatable.asm. To changed the PWM signal duty dynamically, prepare the
appropriate data based on the configuration in Figure 5.1

Data is assigned from address 200H and can be set to within the range of the flash memory.
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54 Variables

Table 5.3 lists the variables used in the sample code.

Table 5.3 Sample Code Variables

Function Name Description
SWSTATUS (16 bits) Used to confirm switch status and prevent chattering
NEXTPOINTER (16 bits) Stores pointer for the next PWM duty (high period) data
PWMCNTBUFO (16 bits) Duty data for PWMO and PWM1 signals
PWMCNTBUF1 (16 bits) Duty data for PWM2 and PWM3
PWMCNT Variable for PWM signal cycle count
DATABUFF Stores data for the next PWM signal to be output

5.5 Functions (subroutines)

Table 5.4 lists the Functions (subroutines) used in the sample code.

Table 5.4  Functions (subroutines)

Function Name Description
RESET_START Overall flow
SINIPORT Initializes input/output ports
SINICLK Sets clock generation circuit
SINITAU Processes TAU operation mode settings
SINIINTPO Initializes INTPO
SSTARTINTV Starts interval timer operation for TAU channel 1
COPYPWMDATA Copies data to the PWM duty data work area
GETNEXT Processing to prepares initial value data for PWM duty
IINTTMO1H TAU channel 1 timer interrupt processing section in main
processing
RO1AN2909EJ0100 Rev.1.00 Page 12 of 37
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5.6 Function (subroutine) Specifications

The following are the specifications of functions (subroutines) used in the sample code.

Function Name: RESET_START

Outline Overall flow
Description Initializes stack pointer, port function CPU clock and TAU, then calls main function.
Argument None
Return Value None
Notes None

Function Name: SINIPORT

Outline PO initialization
Description Sets PO1/ANIO to PO3/ANI2 pins to digital output, sets POO to P03 to Low.
Argument None
Return Value None
Notes None

Function Name: SINICLK

QOutline CPU and peripheral hardware clock settings
Description Sets CPU and peripheral hardware clock frequency to 20MHz.
Argument None
Return Value None
Notes None

Function Name: SINITAU

Outline TAU operation mode setting processing
Description Sets TAU channel 1 to two 8-bit timers, sets upper channels to 3.9us interval timer,
and masks interrupt requests.
Argument None
Return Value None
Notes None

Function Name: SINIINTPO

Outline INTPO initialization
Description Disables INTPO interrupt.
Argument None
Return Value None
Notes None
RO1AN2909EJ0100 Rev.1.00 Page 13 of 37
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Function Name: SSTARTINTV

Outline TAU channel 1 interval timer operation start processing
Description Starts TAU channel 1 count operation, clears interrupt request (TMIFO1H), and
releases interrupt mask (TMMKO1H).
Argument None
Return Value None
Notes None

Function Name: COPYPWMDATA

QOutline PWM duty data operation area copy processing
Description Copies duty setting data of 4 PWM signals from flash memory to variable area.
Argument None
Return Value None
Notes Six clocks are required for each read operation from the flash memory. The peak

processing time can be shortened by copying data to the RAM, which can be
accessed by 2 clocks.

Function Name: GETNEXT

Outline PWM duty initialization data preparation processing
Description Prepares PWM signal data (initial value) from the variable area duty setting data to
be output in the next TAU channel 1 interrupt (INTTMO1H).
Argument None
Return Value None
Notes None

Function Name: IINTTMO1H (part of main processing)

Outline TAU channel 1 timer interrupt processing
Description HALT mode is released with the TAU channel 1 interrupt (INTTMO1H) request, and
the prepared data is output to PO. If the full PWM signal period has not ended, this
function also prepares the next data.
If the PWM signal period has ended, the function prepares the next period data
(initial value).If the switch is pressed at this time, the pointer that reads duty data
from the flash memory is updated. Note that this data will be reflected two periods

later.

Argument None

Return Value None
Notes The period for the interrupt processing cannot be shortened to less than 3.9us when

outputting 4 PWM signals because the number of clocks is limited
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57 Flowcharts

The sample code is described in assembly language. Therefore, RET is used as the termination symbol to indicates
the return from the function (subroutine).

Figure 5.2 shows the Overall Flow of the sample code described in this application note.

C RESET_START )

Set stack pointer

Refersnce option byte before setting stack
pointer.

Set /0 redirection PIOR register « 00H
Sstinput/output port Set pins P00 to P03 fo output {data 0)
SINIPORT

Set all other pins, where possible, to output.

set clock generation

circuit Set operation clock to HOCO {20MHz).
SINICLK
Set TAU . : .
SINITAU Set TAU channel 1 upper 8 bits to 3.9us interval timer.
SetINTPO . .
SINIINTPO Disable INTPO interrupt.

Call main processing
main

I‘
I~

HALT

Figure 5.2  Overall Flow
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5.7.1 I/0 Port Settings
Figure 5.3 shows the flowchart for I/O Port Settingss.

C SINIPORT )

Set analog input shared pins to
digital input/output

PMC register all blts «+— 0

Set port register Set all output latches to 0.
|
Set P00 ta PO3 pins to outpult.
Set P00 to P03 to output ports PWMPM (PMO register) — 111100008
‘ Sel all other ports, where possible. to output.

= D

Figure 5.3  1/O Port Settings

Note: For more details concerning unused port settings, please refer to refer to the flowchart in RL78/G10
Initialization (RO1AN2668E) Application Note.

Note: ~ When designing circuits, always make sure unused ports are properly processed and all electrical
characteristics are met. Also make sure each unused input-only port is connected to Vpp or Vss through a
resister.

PWM signal output pin setting

+ Port mode register (PMO)
Select PO input/output mode.

Symbol: PMO
7 6 5 4 3 2 1 0
PMO7Nete [ PMOBNte | PMO5Note PMO04 PMO03 PMO02 PMO1 PMO00
onNete/1 oNete/q oNete/q 0 0 0 0 0
Note 16-pin products only
Bits 3-0
PMOn Selection of PMOn input output mode

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note: For detailed description on how to set registers, refer to RL78/G10 Users Manual
(Hardware Version).
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5.7.2 Clock Generation Circuit Setting
Figure 5.4 shows the flowchart for the

F//
o

SINICLK

D

Set high-speed

system clockNete

regist

Set operating speed mode control

or Note

Select CPU/pe

ripheral hardware
clock (foLi)Note

Select high-
oscillator

speed on-chip
frequency

CHC ragister — 00000000E: High-spaed systamclock not used
MSTOP bit «— 1

WUTMMCKD bit — O Interval timer clock stopped

MCHO bit — 1: SelsctHOCO clock {fsi) as main system clock fuam)

HOCODIV2-0 kit — 001: Select 20kiHz as HOCQO frequency

Note: 16-pin products only

Figure 5.4  Clock Generation Circuit Settings

Note: For more details concerning CPU clock generation settings (SINICLK), refer to the flowchart in RL78/G10

Initialization (RO1AN2668E) Application Note.
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5.7.3  Timer Array Unit Setting
Figure 5.5 shows the flowchart for the

O,

Supply clock to timer array unit (TAU) TAUCGEN bit «— 1

Stops all channsl opsrations.

Stop TAU operation TTO, TTHO registers — 000000118
I TTHO register — 000000108
Set TAU operation TPSO0 registsr — 00H
Set TAU operation clock Operation clock 0 {CKO00): 20MHz

Set TAU channel 1
operation clock

TKRO1 register«< 0801H
* Opsration clock: CKO0{20MHz)
 Opsration mode: intsrval imer mode

generates intsrmupt when count starts
= Operates as 8-bit timer
» Starttrigger. software
Set TAU channel 01H TORO1H register — 40DH
Interval time = Intsrval: 3.9us
|
Disable output from all TAU
channels
|
channels 0 and 1 TKIMKO1 bit «— 1: INTTMO1 interrupt disabled
THIMKO1H bit «— 1: INTTMO1H interrupt disabled
l TKIFO1Hbit «— O : INTTMO1H interrupt requested cleared

C__ = D

Figure 5.5 Timer Array Unit Setting

Start clock supply to timer array unit 0

- Peripheral enable register 0 (PERO)
Set clock supply start/stop to timer array unit 0.

Symbol: PERO
7 6 5 4 3 2 1 0
TMKAEN | CMPEN | ADCEN | IICAOEN 0 SAUOEN 0 TAUOEN
X 0 X X 0 X 0 1
Bit 0
TAUOEN Control of timer array unit 0 input clock supply

0 Stops input clock supply.

1 Enables input clock supply.

RO1AN2909EJ0100 Rev.1.00 Page 18 of 37
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Timer operation stop

- Timer channel stop register 0 (TT0, TTHO)
Set the timer channel to stop.

Symbol: TTO

7 6 5 4 3 2 1 0 7 6 4 3 1 0
0 0 TT03 *|TT02*| TTO1 | TTOO 0 0 |TTO3H?® TTO1H| O
0 0 0 0 1= 1% 1 1 0 0 0 1% 1 0

Note: 16-pin products only

Bitn
TTOn Operation stop trigger of channel n (n=1, 3)
0 No trigger operation
1 Clears the TEOn bit to 0 and stops the count operation (stop trigger generator)

Timer clock frequency setting

- Timer clock select register 0 (TPS0)

Select operation clock for timer array unit 0.

Symbol: TPS0
7 6 5 4 3 2 1 0

PRS [ PRS | PRS | PRS | PRS | PRS | PRS | PRS

013 | 012 | 011 | 010 | 003 | 002 | 001 | 000
X X X X 0 0 0 0
Bits3to 0

PRS | PRS | PRS | PRS Selection of operation clock (CKO0O0)

003 | 002 | 001 | 00O fo= fo= fo= foc= fek=

1.25MHz 2.5MHz 5MHz 10MHz 20MHz

0 0 0 0 fork 125MHz | 2.5MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fouk/2 625kHz | 1.25MHz | 2.5MHz 5 MHz 10 MHz
0 0 1 0 fo/22 | 3125kHz | 625kHz | 1.25MHz | 2.5 MHz 5 MHz
0 0 1 1 fox/2® | 156.2kHz | 3125kHz | 625kHz | 1.25MHz | 2.5MHz
0 1 0 0 fox/2* | 781kHz | 156.2kHz | 312.5kHz | 625kHz | 1.25 MHz
0 1 0 1 fox/25 | 39.1kHz | 78.1kHz | 156.2kHz | 3125kHz | 625kHz
0 1 1 0 foLk/26 19.5kHz | 39.1kHz | 78.1kHz | 156.2kHz | 312.5kHz
0 1 1 1 fox/2? | 9.76kHz | 19.5kHz | 39.1kHz | 78.1kHz | 156.2 kHz
1 0 0 0 fox/2® | 4.88kHz | 976 kHz | 195kHz | 39.1kHz | 78.1kHz
1 0 0 1 fox/2® | 244kHz | 4.88kHz | 9.76kHz | 19.5kHz | 39.1kHz
1 0 1 0 | fox/2® | 1.22kHz | 244kHz | 4.88kHz | 9.76 kHz | 19.5kHz
1 0 1 1 for/2" 610 Hz 122kHz | 244kHz | 4.88kHz | 9.76 kHz
1 1 0 0 | fol2? 305 Hz 610 Hz 122kHz | 244kHz | 4.88kHz
1 1 0 1 fo/2™ 153 Hz 305 Hz 610 Hz 122kHz | 2.44 kHz
1 1 1 0 | fow/2" 78Hz 153 Hz 305 Hz 610 Hz 1.22 kHz
1 1 1 1 fouk/2' 39Hz 78Hz 153 Hz 305 Hz 610 Hz

Note:

For detailed description on how to set registers, refer to RL78/G10 Users Manual (Hardware

Version).

RO1AN2909EJ0100 Rev.1.00
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Channel 1 operation mode setting

+ Timer mode register 01 (TMRO1H, TMRO1L)
Select operation clock (fmck.)-
Select count clock.
Set start trigger and capture trigger.
Select timer input valid edge.
Set operation mode.

Symbol: TMRO1H

7 6 5 4 3 2 1 0
CKS011 0 0 CCS01 |SPLITO1| STS012 | STS011 | STS010
0 0 0 0 1 0 0 0
Bit 7
CKS011 Selection of channel 1 operation clock (fmck)
0 Operation clock CKOO set by timer clock select register 0 (TPSO0)
1 Operation clock CK01 set by timer clock select register 0 (TPSO0)
Bit 4
CCS01 Selection of channel 1 count clock (frcik)
0 Operation clock (fuck) specified by the CKS011 bit
1 Valid edge of the input signal from the TIO0 pin
Bit3
SPLITO1 Selection of channel 13 8-bit/16-bit timer operation
0 Operates as 16-bit timer
1 Operates as 8-bit timer
Bits2 -0
STS012 | STS011 | STS010 Setting of channel 1 start trigger/capture trigger
0 0 0 Only software trigger start valid (other trigger sources are invalid)
0 0 1 Use TI100 pin input valid edge as both start trigger and capture trigger
0 1 0 Use both edges of TI00 pin input as triggers, one each for start/capture
1 0 0 Use master channel interrupt signal (when using multiple channel
concurrent operational functions of slave channel)
Other than the above Setting prohibited

Note For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.

RO1AN2909EJ0100 Rev.1.00
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Symbol: TMRO1L

7 6 5 4 3 2 1 0
CIS011|CIS010 MDO013 | MD012 [ MDO11 [ MDO10
0 0 0 0 0 0 0 1
Bits 7 - 6
CISO . . .
CIS011 100 Selection of TI0O1 pin valid edge
0 0 Falling edge
0 1 Rising edge
1 ) Both edges (when low-level width is measured)
Start trigger: falling edge; Capture trigger: rising edge
1 1 Both edges (when high-level width is measured)
Start trigger: rising edge; Capture trigger: falling edge
Bits 3-0
MD | MD | MD | MD |[Setting of operation . ) .
Corresponding function Count operation of TCR
013 | 012 | 011 | 010 |[mode of channel 1
Interval timer/square wave output
0 0 0 | 1/0 |interval timer mode |divider function/PWM output Down count
(master)
1 0 1/0 |Capture mode Input pulse width measurement Up count
1 1 0 |Event counter mode [External event counter Down count
One-count mode Delay counter/one-shot pulse
1 0 0 1/0 Down count
output/PWM output (slave)
Capture & one-count [Measurement of high-/low-level
1 1 0 0 ) ) ) Up count
mode width input signal
Other than the above Setting prohibited

PWM output pulse period setting

- Timer data register 01H (TDRO1H)
Set interval timer period.

Symbol: TDRO1H

TDRO1H
7 6 5 4 3 2 1 0
L | | | | | | [
Pulse period = (TDRO1H setting value + 1) x count clock period

A[us]

Note

(1/20[MHz]) x (TDROO setting value + 1)

>TDRO1 setting value = 77

For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.

RO1AN2909EJ0100 Rev.1.00
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Timer output disable setting

- Timer output enable register 0 (TOEQ)
Set each channel timer to output enabled/disabled.

Symbol: TOEO
7 6 5 4 3 2 1 0
0 0 0 0 TOEO03 #|TOE02 #| TOE01 | TOEOO
0 0 0 0 X X 0 0
Note 16-pin products only
Bit 1
TOEO1 Channel 1 timer output enable/disable

TOO1 (timer channel output bit) operation is disabled by the count operation.
Write operation to TO1 bit is enabled.

0 TOO1 pin operates as data output function, the level set in TOO1 bit is output from
TOO1 pin.

TOO1 pin output level can be controlled by software.

TOO01 (timer channel output bit) operation is enabled by count operation.

Write operation to TOO01 bit is disabled (write operation is ignored).

1 TOO1 pin operates as timer output function, timer operation executes set/reset.
TOO01 pin square wave output or PWM output is output from TOO01 pin based on timer
operation.
Bit 0
TOEOO Channel 0 timer output enable/disable
TOOO (timer channel output bit) operation is disabled by the count operation.
Write operation to TOO bit is enabled.
0 TOOO pin operates as data output function, the level set in TOOO bit is output from
TOOO pin.
TOOO pin output level can be controlled by software.
TOOO (timer channel output bit) operation is enabled by count operation.
Write operation to TOOO bit is disabled (write operation is ignored).
1 TOO0O0 pin operates as timer output function, timer operation executes set/reset.

TOO0O pin square wave output or PWM output is output from TOOO pin based on timer
operation.

Note  For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.
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Timer count complete interrupt setting

* Interrupt request flag register (IFOL)

Clear interrupt request flag register.
+ Interrupt mask flag register (MKOL, MKOH)

Set interrupt mask.

Symbol: IFOL
7 6 5 4 3 2 1 0
STIFO
TMIFOO | TMIFO1H | SREIFO SRIFO CSIIF00 PIF1 PIFO WDTIIF
IICIFO0
X 0 X X X X X X
Bit 6
TMIFO1H Interrupt request flag
0 Interrupt request signal is not generated
1
Symbol: MKOL
7 6 5 4 3 2 1 0
STMKO
TMMKO00 |TMMKO1H| SREMKO | SRMKO | CSIMKO00 | PMK1 PMKO | WDTIMK
IICMKO0
1 1 X X X X X X
Bit7 Bit 6
TMMKO0 Interrupt processing control TMMKO1H Interrupt processing control
1 Interrupt processing disabled 1 Interrupt processing disabled
Symbol: MKOH
7 6 5 4 3 2 1 0
1 1 1 1 1 KRMK ADMK [ TMMKO1
1 1 1 1 1 X X 1
Bit 0
TMMKO1 Interrupt processing control
1 Interrupt processing disabled

Note For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.
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57.4 External Interrupt Processing
Figure 5.6 shows the flowchart for

< SINIINTPO )

Disable INTPO interrupt PMKO bit «— 1

A

= D

Figure 5.6  External Interrupt Processing

« Interrupt mask flag register (MKOL)

Set interrupt mask.

Symbol: MKOL
7 6 5 4 3 2 1 0
TMMKO00 |[TMMKO1H| SREMKO | SRMKO STMKO PMK1 PMKO WDTIMK
CSIMKO0
IICMKO00
X X X X X X 0/1 X
Bit 1
PMKO Interrupt processing control
0 Interrupt processing enabled
1 Interrupt processing disabled

Note  For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.
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5.7.5 Main Processing

Figure 5.7 to Figure 5.9 show flowcharts for the main processing.

Symbols A through D connect to figures on subsequent pages.

C =

A
[: Disable interrupt IE « 0: Disable vector interrupt

Initialize the following variables:

Initialize duty data pointer * PWHM duty data pointer
Initialize switch status * Next PWH duty data pointer
= Switch status
Copy duty data Copy one period of duty data from flash memory to
COPYPWMDATA RAM.
Prepare initial output data Prepars initial valus of data output from PQ as data for
GETNEXT PWHMO to PWHM3.

Start timer operation

Start timer array unit operation.

SSTARTINTV
N |
|
Transition to HALT mode Execute HALT instruction, wait for interrupt requestin
HALT mode.
< § Relsase HALT mode with INTTRO1 intsrrupt request.
NOP
Clear interrupt request flag because vector interrupt
Clear interrupt request flag processing is not executed.
Continue to timer interrupt
processing section.

Figure 5.7 Main Processing (1/3)
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Timer interrupt processing section

Output PWM signal data

Count PWM sighal period

Period still
continuing?
Yes

Count PWMO active period

Period ended?
Yes

Clear output data

Count PWM1 active period

Periodended?
Yes

Clear next output data

N

1

Count PWNMZ2 active period

Periodended?

» Yes

Clear next output data

Count PVWMS3 active period

Periodended?
» Yes

Clear next output data

Update next output data

Output variable DATABUFF data to port.
A register — DATABUFF
PWMP — A {bits 3 to 0 are for PWM signal)

Count PWH signal period.
PWHMCNT «— PWMCNT - 1

If PYWH signal period still continues, confirm the output
from sach bit

Count PWHMO signal high period.
E register «— E register — 1

If high period has endad, clsar next output data.
AObit—0

Count PWhkA1 signal high period.
D register — D register — 1

If high period has ended, clsar next output data.
Albit—0

Count PWH2 signal high period.
C register— C register — 1

If high period has ended, clsar next output deta.
A2bit—0

Count P¥WhA3 signal high period.
8 register — B register — 1

If high period has ended, clear next output data.
Adbit—0

DATABUFF « A {bits 3 to 0 are for PWM signal)

Figure 5.8

Main Processing (2/3)
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2

2rocess fer shortening processing ime aftsr PVWH
period has ended.

Copy duty data
COPYPWMDATA

ead out duty dataMow
PWMCNTBUFO — PWMO, 1 data

PWRICNTBUF1 «— PWI2, 3 data

Calculate next pointer

Calculats next position of peintsr.
AX register «— HL regisier + 4

Yeos

Set next pointerto top position

If thers is no data in the next pointer position, sstthe next
pointsr to the first duty data.

™
™

AX register — #PWMDATA

Set next pointer

Sstnext pointer.

NEXTPOINTERvariable «— AX register

Get switch status

Mitigate chattering

Qetewitch status {P13.7) fromLEE
SWSTATUS variable — P13.7

Switch pressed?

Yas

Update pointer

Clear switch status

Mitigate chattering with retrieved results

iove data pointer {HL registerito next data.
HL register — NEXT2OINTER variable

Changs switch status to receive.

SWSTATUSvariable «— # 0000H

Prepare initial cutput data
GETNEXT

Set parameters of next periad.Hote

h 4

&)

Note Explanations have besn providedas function calls for

clarity, but tha actual processing is expandad to snable
shortenad procassing times.

Figure 5.9  Main Processing (3/3)
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5.7.6 Timer Array Unit Operation Start
Figure 5.10 shows the flowchart for starting the

C SETARTINTV )

Start TAU channel 01H

TSHO1 bt — 1: Start TAU channsl O1H operation

. THMIFO1Hbit «— 0: Clear interrupt request
Clear INTTMO1H interrupt request

Enable INTTMO1H interrupt request TMMIKOTH bit «— 0: Enabls intsrrupt request

D

Figure 5.10 Timer Array Unit Operation Start

Timer operation enable setting

+ Timer channel start register 0 (TSHO)
Start channel 1 count operation.

Symbol: TSHO
7 6 5 4 3 2 1 0
TSHO03
0 0 0 0 0 TSHO1 0
Note
0 0 0 0 0 0 1 0
Note 16-bit products only
Bit 1
TSHO1 Operation enable (start) trigger of channel 1H
0 No trigger operation
Sets TEO1 bit to 1 and enters the count operation enabled state.
1 When enabled, the count operation of the TCRO1 register starts at different times
depending on the operation mode.
Note For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.
RO1AN2909EJ0100 Rev.1.00 Page 28 of 37
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Timer count completed interrupt setting

* Interrupt request flag register (IFOL)
Clear interrupt request flag.
* Interrupt mask flag register (MKOL)

Set interrupt mask.

Symbol: IFOL
7 6 5 4 3 2 1 0
STIFO
TMIFOO | TMIFO1H | SREIFO SRIFO CSIIF00 PIF1 PIFO WDTIIF
IICIFO0
X 0 X X X X X X
Bit 6
TMIFO1H Interrupt request flag
0 Interrupt request signal in not generated
1 Interrupt request signal is generated, goes to
interrupt request state.
Symbol: MKOL
7 6 5 4 3 2 1 0
STMKO
TMMKO00 |TMMKO1H| SREMKO [ SRMKO [ CSIMK0OO | PMK1 PMKO | WDTIMK
IICMKO0
X 0 X X X X X X
Bit 6
TMMKO1H Interrupt servicing control
0 Interrupt servicing enabled
Interrupt servicing disabled

Note For more details on register settings, refer to the RL78/G10 User’s Manual Hardware Version.
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5.7.7 Duty Data Copy Processing
Figure 5.11 shows the flowchart for the

C COPYPWMDATA )

Read PWHO0 and PWh1 duty data fromthe flash memory.

Read PWMO, 1 data AX register — ES:[HL]
Write to work area Writs data to the work arse.
PWWMCNTBUFO variable «— AX register
Read PWK2 and PVWH3 duty data fromthe flash memory.
Read PWM2, 3 data AX register «— ES:[HL+2]
Write data to the work area.

Write to work area

l

= D

PWMCNTBUF1 variable — AX register

Figure 5.11  Duty Data Copy Processing
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5.7.8 Initial Output Data Preparation Processing
Figure 5.12 and Figure 5.13 show the flowchart for initial output data preparation processing.

Symbol E is continued in the second part of the figure (2/2).

C GETNEXT )

f Read >WMO0 and PWHh1 duty data fromwork area.
Read PWMO, 1 data DE register «— PWMCNTBUFO variabls

l Read 2WM2 and PWH33 duty data from work arsa.
Read PWM2, 3 data AX register « PWMCNTBUF1 variable
I B8C megister «— AX rsgister

Clear PWM signal initial value data

Confirm PWM3 data
Confimn that PWH3 duty ratio is 0%:
- Add OxFF tc A register (PWH?3) .
. > = Clear A register.
- Set valus to A register that shifts 1 bit to the left, including
the CY flag.

Yes - Exchange contsnts of A and X registers.
Set PWMS3 signal initial value data * PWM3 data is setin X register.

Confirm PWMZ2 data

PWM2is less than 0%7

Conflrm that PAWH2 dwy ratio Is 0%:
 Add 0xFF to A register (PWI12).
- Set valus to AX register that shifts 1 bit to the left,

including the CY flag.
Y *X ragister is set with the following data:
es - Bit 0: initial value of PWM2signal
Set PWM2 signal initial value data = Bit 1: initial valus of PWKM3 signal

Confirm PWM1 data

PWM1 is less than 0%?

Confimn that PWH1 duty retio is 0%:
= Setcontents of D register (P¥¥k1)in A register.
= Add OxFF to A register.
= Set value to AX registerthet shifts 1 bit to the left,

Yes including the CY flag.
“X reglster le set with the following data:
Set PWM1 signal initial value data - Bit O: initial valus of PWH1 signal

= Bit 1: initial value of PWH2 signal
-Bit2: initial valus of PWH3 signal

Figure 5.12 Initial Output Data Preparation Processing (1/2)
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T

Confirm PWMO data

PWMOQ is other than 0%

Yos
Set PWMO signal initial value data

Set PWM signal initial value

Set PWM signal period

= D

Confirm that PWHO duty ratio is 0%:
= Sat contants of E registar (PWHO0) in A register
= Add OxFF to A registsr.
=Set valus to AX registerthat shifts 1 bit to the lsft, including
the CY flag
*X registeris setwith the following data:
= Bit 0: initial valus of =\WHMO signal
= Bit 1: initial valus of 2\WH1 signal
=Bit2: initial value of PWHK2 signal
=Bit3: initial value of PWRI3 signal
Sat PWM signal initial data
A register — X register
DATABUFF varlable — A reglster

Sat PWHM signal period data:
PWMCNT variable «— #SCALE

Figure 5.13  Initial Output Data Preparation Processing (2/2)
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6. Multiplexed PWM Output Waveform Measurements

6.1

Multiplexed PWM Initial Output Waveform

Table 6.1 lists the pulse width, duty ratio, and duty data setting value of each PWM. Figure 6.1 shows the
multiplexed PWM initial output waveform.

Refer to section 5.3Constants for duty data settings values.

Table 6.1 PWM Pulse Width, Duty Ratio, Duty Data Setting Value

PWM Pulse Width Duty Ratio Duty Data
[us] [%] Setting Value
PWMO 3.89 0.39 1
PWM1 39.44 3.98 10
PWM2 78.11 7.88 20
PWM3 156.10 15.70 40
PWHMO
«—»
. PWM period is approx. 1ms.
PWHM1
PWMM2
PWMM3
{Reference) Vertical axis scale: 2v/div; Horizontal axis scale: 500us/div
Figure 6.1 Multiplexed PWM Output Initial Waveform
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6.2 Multiplexed PWM Output Waveform after External Switch Pressed 1 Time

Table 6.2 lists the pulse width, duty ratio, and duty data setting value of each PWM. Figure 6.2 shows the
multiplexed PWM initial output waveform after the external switch is pressed 1 time.

Refer to section 5.3 Constants for duty data settings values.

Table 6.2 PWM Pulse Width, Duty Ratio, Duty Data Setting Value

PWM Pulse Width Duty Ratio Duty Data
[us] [%] Setting Value
PWMO 7.8 0.78 2
PWM1 495.8 49.90 DF50
PWM2 695.4 70.10 DF70
PWM3 97.6 9.84 DF10

PWHMO
e T
PWM period is approx. 1ms.
PWML |
PWMM2
PWMM3
{Reference) Vertical axis scale: 2v/div; Horizontal axis scale: 500us/div
Figure 6.2 Multiplexed PWM Output Waveform after External Switch Pressed 1 Time
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6.3 Multiplexed PWM Output Waveform after External Switch Pressed 2 Times

Table 6.3 lists the pulse width, duty ratio, and duty data setting value of each PWM. Figure 6.3 shows the
multiplexed PWM initial output waveform after the external switch is pressed 2 times.

Refer to section 5.3 Constants for duty data settings values.

Table 6.3 PWM Pulse Width, Duty Ratio, Duty Data Setting Value

PWM Pulse Width Duty Ratio Duty Data
[us] [%] Setting Value
PWMO 695.3 70.1 DF70
PWM1 792.7 79.9 DF80
PWM2 894.1 90.1 DF90
PWM3 - (fixed to Hi ) 100.0 DF100

PWHMO B
PWM period is approx. 1ms.
PWM1 §
PWMM2
PWMM3

{Reference) Vertical axis scale: 2v/div; Horizontal axis scale: 500us/div

Figure 6.3 Multiplexed PWM Output Waveform after External Switch Pressed 2 Times
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6.4 Multiplexed PWM Output Waveform after External Switch Pressed 3 Times

Table 6.4 lists the pulse width, duty ratio, and duty data setting value of each PWM. Figure 6.4 shows the
multiplexed PWM initial output waveform after the external switch is pressed 3 times.

Refer to section 5.3s Constants for duty data settings values.

Table 6.4 PWM Pulse Width, Duty Ratio, Duty Data Setting Value

PWM Pulse Width Duty Ratio Duty Data
[us] [%] Setting Value
PWMO 987.8 99.6 253
PWM1 894.0 90.1 DF90
PWM2 97.8 9.9 DF10
PWM3 - (fixed to L) 0.0 DFO00

PWMMO
PWR1
PWR2
PWRM3
{Reference) Vertical axis scale: 2v/div; Horizontal axis scale: 500us/div
Figure 6.4 Multiplexed PWM Output Waveform after External Switch Pressed 3 Times
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7. Sample Code

The sample code is available on the Renesas Electronics Website.

8. Documents for Reference
RL78/G10 User's Manual: Hardware Rev.3.00 (RO1IUHO0384E)
RL78 Family User's Manual: Software Rev.2.20 (ROIUS0015E)
(The latest versions of the documents are available on the Renesas Electronics Website.)
Technical Updates/Technical Brochures

(The latest versions of the documents are available on the Renesas Electronics Website.)

Website and Support
Renesas Electronics Website

http://japan.renesas.com/

Inquiries

http://japan.renesas.com/contact/
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The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

1. Handling of Unused Pins
e Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on
e The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

e Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LS| is not guaranteed if they are accessed.

4. Clock Signals
o After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products
e Before changing from one product to another, i.e. to one with a different part number, confirm that the
change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different part numbers, implement a system-evaluation test for each of the products.
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implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it

in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product i Renesas El ics shall have no liability for malfunctions or damages arising out of the

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
10. ltis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

LENESAS

SALES OFFICES Renesas Electronics Corporation

http://www.renesas.com

Refer to "http://www.renesas.com/" for the latest and detailed information.

Renesas Electronics America Inc.
2801 Scott Boulevard Santa Clara, CA 95050-2549, U.S.A.
Tel: +1-408-588-6000, Fax: +1-408-588-6130

Renesas Electronics Canada Limited
9251 Yonge Street, Suite 8309 Richmond Hill, Ontario Canada L4C 9T3
Tel: +1-905-237-2004

Renesas Electronics Europe Limited
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, U.K
Tel: +44-1628-585-100, Fax: +44-1628-585-900

Renesas Electronics Europe GmbH
Arcadiastrasse 10, 40472 Diisseldorf, Germany
Tel: +49-211-6503-0, Fax: +49-211-6503-1327

Renesas Electronics (China) Co., Ltd.
Room 1709, Quantum Plaza, No.27 ZhiChunLu Haidian District, Beijing 100191, P.R.China
Tel: +86-10-8235-1155, Fax: +86-10-8235-7679

Renesas Electronics (Shanghai) Co., Ltd.
Unit 301, Tower A, Central Towers, 555 Langao Road, Putuo District, Shanghai, P. R. China 200333
Tel: +86-21-2226-0888, Fax: +86-21-2226-0999

Renesas Electronics Hong Kong Limited
Unit 1601-1611, 16/F., Tower 2, Grand Century Place, 193 Prince Edward Road West, Mongkok, Kowloon, Hong Kong
Tel: +852-2265-6688, Fax: +852 2886-9022

Renesas Electronics Taiwan Co., Ltd.
13F, No. 363, Fu Shing North Road, Taipei 10543, Taiwan
Tel: +886-2-8175-9600, Fax: +886 2-8175-9670

Renesas Electronics Singapore Pte. Ltd.
80 Bendemeer Road, Unit #06-02 Hyflux Innovation Centre, Singapore 339949
Tel: +65-6213-0200, Fax: +65-6213-0300

Renesas Electronics Malaysia Sdn.Bhd.

Unit 1207, Block B, Menara Amcorp, Amcorp Trade Centre, No. 18, JIn Persiaran Barat, 46050 Petaling Jaya, Selangor Darul Ehsan, Malaysia
Tel: +60-3-7955-9390, Fax: +60-3-7955-9510

Renesas Electronics India Pvt. Ltd.

No.777C, 100 Feet Road, HALII Stage, Indiranagar, Bangalore, India

Tel: +91-80-67208700, Fax: +91-80-67208777

Renesas Electronics Korea Co., Ltd.

12F., 234 Teheran-ro, Gangnam-Gu, Seoul, 135-080, Korea
Tel: +82-2-558-3737, Fax: +82-2-558-5141
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