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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the 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. 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.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. 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 categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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, please evaluate the safety of the final products or system
manufactured by you.

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 no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

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.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




ENESAS APPLICATION NOTE

M16C/26
Using The M16C/26 Timer in PWM Mode

1.0 Abstract

PWM or Pulse Width Modulation is useful in DC motor control, actuator control, synthesized analog output, piezo
transducers, etc. PWM produces a signal of (typically) fixed frequency and vary the width of the pulse to control
a device or peripheral. The following article describes how to use the M16C/26 timer A in Pulse Width Modulation
Mode.

2.0 Introduction

The Renesas M30262 is a 16-bit MCU based on the M16C/60 series CPU core. The MCU features include up to
64K bytes of Flash ROM, 2K bytes of RAM, and 4K bytes of Virtual EEPROM. The peripheral set includes 10-bit
A/D, UARTS, Timers, DMA, and GPIO. The MCU has eight timers that consists of five Timer A’s and three Timer
B’s. All five timer A’s can operate as PWM's.

Timer A has the following additional modes of operation:

e Event Counter Mode

e Timer Mode

¢ One-Shot Mode

Figure 1 is a block diagram of timer A. The remainder of this document will focus on setting up timer A0 and A1
in PWM Mode.

bl & Data bus high-order bits N\
ock source Fay

selection ATimer & Data bus low-order biis Y
1l —o :2\27 1shot Clock selection Low-order High-order
fa — Y: 8 hits B bits
faz —O Ajl'lmf:"l’ Re\md register (16) ]
foge —O - {gate function) o

AEvent counter

Counter { 16 I—

arity

[Ty Clock selection p con
(i= )] A
- (Address 038016)

TB2 overflow —O To external line

TAjoverflow — & C—a-m=- trigger circuit Down count ime

(j=1 1. Note, however, thatj= 4 when i= 0} =

Up dom flag

TAk overfloww ~—vwax-0

TAk
Timer Al

(k=1+ 1. Note, however, that k= 0 wheni=4) (Address 038418)
TAiouT Pulse output
(i=0to4)
e, \\] I| Toggle flip-flop I|

Figure 1 Bock Diagram of Timer A
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3.0 PWM Mode Description
PWM Mode has two “sub” modes: 16-bit and 8-bit. In 16-bit mode, the value of the 16-bit Ai Timer register
determines the pulse width and the frequency is fixed to fX;, / 65535. Therefore, the max frequency of the 16-bit

PWM (assuming a 20MHz fX;,) is approx. 305 Hz. In 8-bit mode, the higher order 8-bits are used to determine the
pulse width and the lower 8-bit the frequency, where the frequency is fi,/ 255 or a maximum frequency of approx.
78,431 Hz. Note that the PWM output is free running and interrupts need not be serviced. In addition, the user
has the option of triggering the start of the PWM output via the timer’s TAIIN pin.

The pulse width (when the signal is at a high state) of the 16-bit PWM is:

Pulse width (high) = n/ f,,, or % duty = n /65535 * 100,
Where n is the value loaded into the Ai counter register.
The pulse width (when the signal is at a high state) of the 8-bit PWM is:

Pulse width (high) = n* (m+1) / fi,, or n/ (255 * fpwm ), % duty = n /255 * 100,
Where n is the value loaded into Ai counter register's high order address and m is loaded into Ai
counter register’s low order address.

The pulse width can be changed at any time by writing to the Ai counter register. However, during counting, the

write only affects the reload register, and the counter register is updated on the next cycle.

Figure 2 and Figure 3 illustrate the timing for a 16-bit and 8-bit PWM.

Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

, 1/ fx 2" 1) .

comes [UUTUUPIT RTPUUPUL
h I 4 1 1L :

TAIIN pin H + | +.,.\ """"""" :

input signal L \ !

Trigger is not generated by this signal

1

i
i i
w-—— 1/fXn |
PWM pulse output  H
from TAiOUT pin R N I
Timer Ai interrupt 1
reqguest bit

o .
fi : Frequency of count source \ /

(f1, f2, fa, faz, fcaz) Cleared to 0 when interrupt request is accepted, or cleared by software

Mote: n = 00001e to FFFE16.

Figure 2 PWM Timing Example (16-bit mode)
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Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

11 X (m+1) X(2° 1) !
comsaoren NINUUMANAANAR ALY

TAIN pin input signal ~ H j

Underflow signal of H T f—— - - — = =
8-bit prescaler (Note2) | IJ J |J IJ IJ | | | | | | ” | |

PWM pulse output H
from TAQUT pin

Timer Al interrupt 1
request bit o — e m

fi: Frequency of count source

(F1, 2. fs, f32, foaz) Cleared to 0 when interrupt request is accepted, or cleaerd by software

MNote 1: The B-bit prescaler counts the count source.
Mote 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Mote 3: m = 0016 to FF16; n = 0016 to FE18.

Figure 3 PWM Timing Example (8-bit mode)

4.0 Configuring PWM Mode
The steps to configure timer A for PWM mode are shown below.

1. Load Timer Ai register with pulse width value (16-bit) or frequency and pulse width value (8-bit).

Note: Note: For 16-bit 65535 is not valid for the pulse width value. For 8-bit 255 is not valid for the frequency and

pulse width value.

2. Load the timer mode register, TAIMR
¢ Select PWM mode: bits TMODO and TMOD1 = 1.
¢ Set the MRO bit = 1 for PWM Mode.
¢ Clear the MR1 bit for a falling edge external trigger, or set it for rising edge.
o Clear the MR2 bit to use the ‘count start flag’ as a trigger, or set it for external trigger.
¢ Clear the MR3 bit for 16-bit PWM, set it for 8-bit PWM.
o Select the clock source (f1, /8, f/32, or fc/32): bits TCKO, TCK1 register.

REU05B0043-0100Z June 2003
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3. Set the timer ‘interrupt priority level’, TAIIC (to zero if interrupts are not required)

4. Enable interrupts if required (CPU | flag set).
5. Set the ‘start count’ flag bit, TAIS in the ‘count start flag’ register, TABSR

For the most part, the order shown above is not important, but the count register should be loaded before the

‘start count’ flag is set. In addition, the priority level should not be modified when there is a chance of an interrupt

occurring.

Figure 4 to Figure 7 show the registers for configuring Timer A for PWM.

Timer Ai mode register

b7 b6 b5 b4 b3 b2 b1l b0

Symbol Address When reset
[T T 11 [1]1]1] TAIMR(=0t0 4) 039616 to 039A1s 0016

E E E E i E E Bit symbol Bit name Function RiW|

P31+ 1 Y TMODO  |Operation mode b1 b0 o0

bbb L ITTMoDT [select bit 112 BN mods v

e MRO 1 (Must always be 1 in PWM mode) o0

A MR1 External trigger select 0: Falling edge of TAiN pin's input signal (Note 2) OEO

T bit (Note 1) 1: Rising edge of TAiN pin's input signal (Note 2) |~

A T T MR2  |Trigger select bit 0: Count starl flag is valid e

0 1: Selected by event/trigger select bits :

E i ________________ MR3 16/8-bit PWM mode 0: Funct!ons asa 16—b§t pulse w!dth modulator O:O

H select bit 1: Functions as an 8-bit pulse width modulator |

H b7 b6 \

e e L PP LR TCKO Count source selectbit |00 : QD)
01:fs —
10:fs2

““““““““““““ G 11:fcaz G'I':'

Note 1: Valid only when the TAiN pin is selected by the event/trigger select bit
(addresses 038216 and 03831s). If timer overflow is selected, this bitcanbe 1 or 0.
Note 2: Set the corresponding port direction register to 0 .

Figure 4 Timer Ai mode register in Pulse Width Modulation Mode
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Timer Ai register (Note 1)

Counts an internal count source

Symbaol Address
L) et - TAD 038718,028610
| TA1 038918,038818 =
TAZ 038B18,038A15 erminate
TAZ 038018,028C 16 determinate
TA4 038F16,038E 16 Indeterminate
Function alues that can be set
**™1 - Timer mode 000075 ta FEFF16 |

- Event counter mode
Counts pulses from an external source or timer overflow

000018 to FFFF18
G

- Dne-shot timer mode

000016 to FFFF18

Counts a one shaot width (Mote 2 6) o

- Pulse width modulation mode (16-bit PVW)
Functicns as a 16-bit pulse wi

- Pulse v 1
Timer low-order address functions as an &-bit

prescaler and high-order address functions as an 2-bit ELOE:"_.‘::._},%E,? aFdFd‘,SSS;,
pulse width modulator (Mote 3,5,6)

000016 to FFFE1s
(MNote 3 4.6

idth maodulator

th modulation mode (2-bit

FE18
{High-order address )

Mote 1:
MNote 2:

Mote 3:

MNote 4:

MNote 5:

MNote 6:

Read and write data in 16-bit units.
When the timer Ai register is set to 000016 , the counter does not
operate and the timer Ai interrupt request is not generated. When
the pulse is setto output, the pulse does not cutput from the TAICUT

in.
When the timer Ai register is set to 000018 , the pulse width
modulator does not operate and the output level of the TAICUT pin
remains L level, therefore the timer Ai interrupt request is not
generated. This also occurs in the 8-bit pulse width medulator mode
when the significant 8 high-order bits in the timer Ai register are set
to 0016 .
When the set value =n, PWM period and "H" width of PWM pule are
as follows:

P periid (219 - 13/ i, "H" width of PWM puise: n / fi
When the set value of upper-address=n and lower-address=m,
PWM period and "H" width of PWM pule are as follows:

PWIM perild: (28 - 1)x{m+1)/ fi, "H" width of PWM pulse: (m+1)n / fi
Use MOV instruction to write to this register.

Figure 5 Timer Ai register

One-shot start flag

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
ONSF 038218 0018
Bit symbol Bit name Function Ryw
TAOOS | Timer AO one-shot start flag | 1 : Timer start [s']e]
TA105 Timer A1 one-shot start flag When read, the valus is 0 DEO
TAZOS Timer A2 one-shot start flag oo
TA30S Timer A3 one-shot start flag OEO
TA408S Timer A4 one-shot start flag oio
1
Reserved bit Must always be set to 0 olo
H
TAOTGL | Timer AD eventitrigger bEes EO
select hit 00 : Input on TAOIN is selected (Note) i
01 : TB2 overflow is selected T
TAOTGH 10: TA4 overflow is selected [a{e]
H

11: TA1 overflow is selected

MNote: Set the corresponding port direction registerto 0 .

Figure 6 Count start flag register
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Interrupt control register (Note2)

Symbol Address When reset
7 b5 bs b4 B3 B2 bi b TBIlC(i=3 to 5) 004516 to 004716  XXXXX0002
TAIIC(i=0 to 4) 005515 to 005918  XXXXX0002
NANANAN | ‘ ] ‘ i ‘ TBIlC(i=0 to 2) 005Aue to 005C1e  XXXXX000z
E : : : : : : : Bit symbol Bit name Function Ri W
T ILVLO Interrupt priority level !
- e select bit b2 b1 b ab o
HE - 000: Level 0 (interrupt disabled) i
R R 001: Level 1 ;
e ILVLA 010: Level 2 !
- - A 011: Level 3 ol
- R T 100: Level 4 !
- - B 101: Level 5 .
T T S ILVL2 110: Level 6 |
I 111: Level 7 o G
E ' ' ' ' ___________ IR Interrupt request bit 0: Interrupt not requested 0 i o
LI 1 Interrupt requested ! {Note 1)
E E E E Nothing is assigned. i
R SR R e In an attempt to write to these bits, write “0". The value, if read, turns | —1 —
out to be indeterminate. !

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
Note 2: To rewrite the interrupt control register, do so at a point that dose not generate the
interrupt request for that register. For details, see the precautions for interrupts.

Figure 7 Interrupt control register

5.0 Reference

Renesas Technology Corporation Semiconductor Home Page

http://www.renesas.com

E-mail Support

support_apl@renesas.com

Data Sheets
e M16C/26 datasheet, M30262eds.pdf

User’s Manual

e KNC30 Users Manual, KNC30UE.PDF

e M16C/60 and M16C/20 C Language Programming Manual, 6020EC.PDF
Application Note: Writing interrupt handlers in C for the M16C
MSV30262-SKP or MSV-Mini26-SKP Quick start guide

MSV30262-SKP or MSV-Mini26-SKP Users Manual

MDECE30262 or MSV-Mini26-SKP Schematic
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6.0 Software Code

A sample program written in C and compiled using the KNC30 compiler to illustrate how to set up a 16-bit PWM
Mode on timer AO, and an 8-bit PWM on timer A1 is shown below. This program runs on the MSV30262 Starter
Kit Board.

To get familiar with the PWM, try changing the clock source or switch to a different timer (i.e. TA2, TA3, etc).
/*****************************************************************************

*

* File Name: pwm.cC

*

* Content: Example program using Timer A in "PWM mode" .This program

* is written for the 'Timer A PWM Mode' application note. Timer

* A0 is set up as an 8-bit PWM (output on TAOout or P7_0),

* timer Al set up as a 16-bit PWM (output on TAlout or P7_2), and

* the output varied. The frequency of the 16-bit PWM is set to 305Hz,
* and the 8-bit PWM is set to 9765Hz. The outputs can be viewed

* on a scope. This program works with the MSV30262 starter kit board.
* Note: Port P7_0 is an open drain output and may require a pull-up
* resistor on target hardware.

*

* Compiled with KNC30.

*

* All timing based on 20 MHz Xtal

*

* Copyright 2003 Renesas Technology America, Inc.

* All Rights Reserved.
Kemmm—mm—m=——=—=================================================================
* $Log: %
¥o—=——=—====================================================================% /

#include "sfr62.h"

#define PWM8_CONFIG 0x67 /*
||||_ TMODO, TMODl: PWM MODE SELECTED

01
|

[11]1]]___ MRO: = 1 FOR PWM MODE

[1]]] MR1, MR2: EXTERNAL TRIGGER NOT SELECTED
[ MR3: SET TO 1 FOR 8-BIT PWM

| TCKO, TCKL1: F8 SELECTED */

#define PWM16 CONFIG 0x07 /*
||||_ TMODO, TMODl: PWM MODE SELECTED

00

|

[111]l___ MRrO: = 1 FOR PWM MODE

[111] MR1, MR2: EXTERNAL TRIGGER NOT SELECTED
| MR3: SET TO 0 FOR 16BIT PWM

|| TCKO, TCK1: F1 SELECTED */

#define CNTR_IPL 0x00 // TAO AND TAl interrupt priority level
int time cnt; // loop counter

//prototypes
void init (void) ;

/*****************************************************************************
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Name : main ()

Parameters: none

Returns: nothing

Description: initializes variables, then goes into an infinite loop. A
simple delay loop is used to "slowly" increase the pulse widths

R R RS RS S SR SRS RS RS RS R R R RS R R RS R R R SRR R R EEEEREEEEEEEEEEEREEEEEEEEEEEEEEEEEEEES */

void main (void)

{
int pwmlé;
char pwm8;

pwmlé = 100; //1ébit PWM changes slowly so give it a reasonable width to start

pwm8 = O;
time_cnt = 0;
init () ;

while (1)

{

while (time_cnt <10000)
time cnt++; // delay loop

time cnt = 0;

pwm8++; // cannot read-modify-write on timer counter
pwmlé6+=10; // registers: while counting, value is indeterminate.
if (pwm8 > Oxfe) // the 8bit PWM value cannot exceed OxFE

pwm8 = 0;

if (pwmlé > Oxfffe) // the 16bit PWM value cannot exceed OxXFFFE
pwmlé = 100;

ta0h = pwm8;

tal =pwmlé6;

}

/*****************************************************************************
Name: initialf()

Parameters: none

Returns: nothing

Description: Timer TAO and TAl setup for PWM mode.
R EEE RS R EEEEEEEEEEEEEEEEEEEEEEREEREREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEE] */

void init ()

{

ta0l = 0x00; // PWM TAO frequency set to 7,843 Hz

/* the following procedure for writing an Interrupt Priority Level follows that as described
in the M16C datasheets under 'Interrupts' */

// intialize TAO0

_asm (" feclr i) ; // turn off interrupts before modifying IPL
ta0ic |= CNTR_IPL; // use read-modify-write instruction to write IPL
taOmr = PWM8 CONFIG;

_asm (" fset i");
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ta0s = 1; //start PWM

// intialize TA1l

_asm (" fclr i") ;// turn off interrupts before modifying IPL

talic |= CNTR_IPL; // use read-modify-write instruction to write IPL
talmr = PWM16_CONFIG;

_asm (" fset i");

tals = 1; //start PWM
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Keep safety first in your circuit designs!

Renesas Technology Corporation puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them. Trouble
with semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms,
or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements
or other reasons. It is therefore recommended that customers contact Renesas Technology
Corporation or an authorized Renesas Technology Corporation product distributor for the latest
product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corporation assumes no responsibility for any damage, liability or other loss resulting
from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at stake. Please
contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product
distributor when considering the use of a product contained herein for any specific purposes, such as
apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the
products contained therein.




