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Introduction

This application note describes how to use RL78 series MCU, Timer RD’s PWM3 mode to

implement push-pull output signal or waveform.

Target Device

RL78/G14
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RL78/G14 Group Timer RD Push-Pull Output

1. Overview

Push-pull circuit is connected to two different polar transistor output circuit. The push-pull circuit uses two
power transistors with same parameters, each transistor responsible for the positive and negative half cycles
of waveform, by a push-pull manner presence in the circuit. In operation, only one transistor switch on in two
symmetrical transistors, have less conduction loss and high efficiency advantages. Push-pull output either
supply current to the load, it can also sink current from the load.

In RL78/G14 MCU, There is a Timer RD, it has an operating mode PWM3. By setting Timer RD’s register,
the timer output pin TRDIOAO and TRDIOBO able to output waveform below. These two waveforms can be

used to drive positive and negative half-cycle of transistors.

Cycle

y
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TRDIOAQ : :
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—

. Pulse Width :
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RL78/G14 Group Timer RD Push-Pull Output

2. Timer RD PWM3 Mode

By setting TRDGRAO, TRDGRA1, TRDGRBO and TRDGRB1, PWM output waveform can be set.

TRDGRCO, TRDGRC1, TRDGRDO and TRDGRDL1 are the buffer registers of TRDGRAO, TRDGRAL,
TRDGRBO and TRDGRBL1 respectively. After the value of buffer register is set, corresponding waveform is

output in next PWM cycle.

Below is PWM3 mode block diagram.

Compare match signal

‘ TRDO }—4—»{ Comparator }4—{ TRDGRAO }_Vi < TRDGRCO
Output

TRDIOAOD O— conrol __ Gompare match signal

.4>{ Comparator }«—{ TRDGRA1 }—I— 4 TRDGRC1

Compare match signal

¢ Comparator [«—| TRDGRBO [—— ‘ TRDGRDO

Output
TRDIOBO (O— control | . Compare match signal
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RL78/G14 Group

Timer RD Push-Pull Output

PWM3 Mode Operating specification

ltem

Specification

Count sources

froco "m: fowk, fow2, fowd, fo8, fow'32

Count operations

The TRDO register is incremented (the TRDA register is not used).

PWM waveiorm

PWM period: 1/fk = (m + 1)
Active level width of TRDIOAD output: 14k = (m - n)
Active level width of TRDIOBO output: 174k = (p - q)
fk: Frequency of count source
m: Value set in the TRDGRAQ register
n: Value set in the TRDGRA1 register
p: Value set in the TRDGRBO register
g: Value set in the TRDGREB1 register

me+ 1

L |

n+1 ]

Jn‘l

15 '=

TROIOAD output

TRDICED output

(#hen Righ Is selected as the active level)

Count start condition

1 (count starts) is written to the TSTARTO bit in the TRDSTR reqgister.

Count stop conditions

+ 0 (count stops) is written to the TSTARTO bit in the TRDSTR register when the
CSELDO bit in the TRDSTR register is set to 1.

The PWM output pin holds the output level before the count stops.

* When the CSELO bit in the TRDSTR register is set to 0, the count stops at compare
match with the TRDGRAD register.

The PWM output pin holds the level after output change by compare match.

Interrupt request generation timing

» Compare match (content of the TRDI register matches content of the TRDGR]I

TRDIOA1 to TRDIODA pin function

register)
» TRDO register overflow
TRDIOAD, TRDIOBO pin function PWM output
TRDIOAQ, TRDIODO, and IfO port

INTPO pin function

Pulse output forced cutoff signal input (/O port or INTPO interrupt input)

Read from timer

The count value can be read by reading the TRDO register.

Write to timer

The value can be written to the TRDO reqgister.

Selectable functions

= Pulse output forced cutoff signal input (see 8. 3. 1 (4) Pulse Output Forced Cutoff)
= Active level selectable for each pin.
+ Buffer operation (see 8. 3. 1 (2) Buffer Operation)
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RL78/G14 Group Timer RD Push-Pull Output

3. Use PWM3 mode to implement push-pull control

PWMS3 mode able to output 2-ch PWM waveform at the same PWM frequency period, below is PWM3
operation example.
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Set to 0 by a program
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Setto 0 by a program

TRDGRAD register m

e

, m

"
E/I’rans‘er

TROGRCO register m 4 Following data

X

/I'ransfer

Nas --__.

Transfer from buffer register Transfer from buffer register
to general register o general register

Remark

j=AorB

m: Walue set in TRDGRAD register

n: Value setin TRDGRAT register

p: Value setin TRDGRBO register

q: Value s=tin TRDGRET register
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RL78/G14 Group Timer RD Push-Pull Output

Theory of using PWM3 mode to implement push-pull output

Assume TRDIOAO and TRDIOBO output pulse width are the same, in this case, only PWM cycle and pulse

width are required to be set.

Cycle ,
TRDIOAO | :
TRDIOBO
—
Pulse Width

Through the setting of Timer RD /O registers TRDGRAO. TRDGRA1. TRDGRBO and TRDGRB1, PWM

cycle and pulse width can be outputted. When Timer RD’s counter and Timer RD I/O counter are matched,
TRDIOAO and TRDIOBO output will be changed accordingly.

TRDGRB1
. TRDGRBO
! s
. | TRDGRAL
. | | TRDGRAO
I ! 1 A
TRDIOAO |
TRDIOBO |
: 1 cycle '
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RL78/G14 Group Timer RD Push-Pull Output

PWM Frequency Setting:

Assume MCU internal HOCO is 48MHz, PWM frequency is 33kHz, push-pull pulse width (duty cycle) is

70% on. Frequency and pulse width calculation by below formula.

Cycle = 48000000/33000 = 1454 CPU clocks
Pulse width = 1454/2 *0.7 = 509 CPU clocks

According to PWM Cycle and Pulse Width, use below formula to set Timer RD register value.
TRDGRAO = Cycle
TRDGRAL = Cycle — Pulse Width
TRDGRBO = Cycle/2
TRDGRBL1 = Cycle /2 — Pulse Width

Before PWM start to output £ PWM, buffer register also be set.
TRDGRCO = Cycle
TRDGRC1 = Cycle — Pulse Width
TRDGRDO = Cycle/2
TRDGRD1 = Cycle /2 — Pulse Width
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RL78/G14 Group Timer RD Push-Pull Output

4. Sample Program

/

* File Name : r_main.c

* Version : CodeGenerator for RL78/G14 V2.01.00.02 [09 Aug 2013]
* Device(s) : R5F104FA

* Tool-Chain : CA78KOR

* Description : This file implements main function.

* Creation Date: 6/11/2013

/

Pragma directive

/* Start user code for pragma. Do not edit comment generated here */

/* End user code. Do not edit comment generated here */

/

Includes

#include "r_cg_macrodriver._h"

#include "r_cg_cgc.h"

#include "r_cg_timer._h"

/* Start user code for include. Do not edit comment generated here */
/* End user code. Do not edit comment generated here */

#include "r_cg_userdefine._h"

/

Global variables and functions

/* Start user code for global. Do not edit comment generated here */
/* End user code. Do not edit comment generated here */
void R_MAIN_UserlInit(void);

* Function Name: main

* Description : This function implements main function. PWM3 mode is initialized,and output the
PWM waveform for

* pushpull control
* Arguments : None

* Return Value : None

void main(void)
{
R_MAIN_UserlInit(Q);

/* Start user code. Do not edit comment generated here */
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RL78/G14 Group Timer RD Push-Pull Output

R_TMR_RDO_Start();

while (1U)
{
}
/* End user code. Do not edit comment generated here */
¥
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RL78/G14 Group Timer RD Push-Pull Output

/

* File Name I r_cg_timer.c

* Version : CodeGenerator for RL78/G14 V2.01.00.02 [09 Aug 2013]
* Device(s) : R5F104FA

* Tool-Chain - CA78KOR

* Description : This file implements device driver for TAU module.

* Creation Date: 6/11/2013

/
/
Pragma directive
/
/* Start user code for pragma. Do not edit comment generated here */
/* End user code. Do not edit comment generated here */
/
Includes
/
#include "r_cg_macrodriver_h"
#include "r_cg_timer._h"
/* Start user code for include. Do not edit comment generated here */
/* End user code. Do not edit comment generated here */
#include "r_cg_userdefine._h"
/
Global variables and functions
/
/* Start user code for global. Do not edit comment generated here */
uintl6_t g_cycle = O0x5AD; //PWM cycle
uintlé_t g_width = 0x200; //PWM width
/* End user code. Do not edit comment generated here */
/
* Function Name: R_TMR_RDO_Create
* Description : This function initializes the TMRDO and TMRD1 module.
* Arguments : None
* Return Value : None
/
void R_TMR_RDO_Create(void)
{
TRDOEN = 1U; /* enable input clock supply */
TRDSTR |= _04 TMRD_TRDO_COUNT_CONTINUES | _08 TMRD_TRD1_COUNT_CONTINUES;
TRDSTR &= (uint8_t)~ 03_TRD_COUNT_STATR_INITIAL VALUE; /* disable TMRD operation */
TRDMKO = 1U; /* disable TMRDO interrupt */
TRDIFO = 0U; /* clear TMRDO interrupt flag */
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RL78/G14 Group Timer RD Push-Pull Output

/* Set INTTRDO low priority */

TRDPR10 = 1U;

TRDPROO 1U;

TRDMR = 10 TMRD_TRDGRCO_BUFFER | _20_ TMRD_TRDGRDO BUFFER | _40 TMRD_TRDGRC1_BUFFER |

_80_TMRD_TRDGRD1_BUFFER;

TRDFCR = _00_TMRD_PWM3_MODE;
TRDDFO = _00_TMRD_TRDIOB_FORCEDCUTOFF_DISABLE | _00_TMRD_TRDIOA_FORCEDCUTOFF_DISABLE;
TRDOERL = _00_TMRD_TRDIOAO_OUTPUT_ENABLE | _00_TMRD_TRDIOBO_OUTPUT_ENABLE |

_04_TMRD_TRDIOCO_OUTPUT DISABLE |

_08_TMRD_TRDIODO_OUTPUT_DISABLE | _10_TMRD_TRDIOA1_OUTPUT DISABLE |

_20_TMRD_TRDIOB1_OUTPUT_DISABLE |

_40_TMRD_TRDIOC1_OUTPUT_DISABLE | _80_TMRD_TRDIOD1_OUTPUT DISABLE;
TRDOCR = _00_TMRD_TRDIOAO_INITIAL_OUTPUT_L | _00_TMRD_TRDIOBO_INITIAL_OUTPUT L;
TRDCRO = _00_TMRD_INETNAL CLOCK F1_FIH | _20 TMRD_COUNTER CLEAR TRDGRA;
TRDIERO = _01_TMRD_IMIA_ENABLE | _02 TMRD_IMIB_ENABLE | _00_TMRD_OVIE_DISABLE;
TRDGRAO = g_cycle;
TRDGRBO = g_cycle / 2;
TRDGRCO = g_cycle;
TRDGRDO = g_cycle / 2;
TRDGRAL1 = g_cycle - g_width;
TRDGRB1 = (g_cycle / 2) - g_width;
TRDGRC1 = g_cycle - g_width;
TRDGRD1 = (g_cycle / 2) - g_width;
/* Set TRDIOAO pin */
P1 &= Ox7FU;
PM1 &= OX7FU;
/* Set TRDIOBO pin */
P1 &= OxDFU;
PM1 &= OxDFU;

Function Name: R_TMR_RDO_Start
Description : This function starts TMRDO and TMRD1 counter.

Arguments : None

Return Value : None

/
void R_TMR_RDO_Start(void)
{
uint8_t trdsr_dummy;
trdsr_dummy = TRDSRO; /* read TRDSRO before write 0 */
TRDSRO = 0x00U; /* clear TRDO each interrupt request */
trdsr_dummy = TRDSR1; /* read TRDSR1 before write 0 */
TRDSR1 = Ox00U; /* clear TRD1 each interrupt request */
TRDIFO = 0U; /* clear TMRDO interrupt flag */
TRDMKO = 0U; /* enable TMRDO interrupt */
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TRDSTR |= _04_TMRD_TRDO_COUNT_CONTINUES;
TRDSTR |= _01_TMRD_TRDO_COUNT_START; /* start TMRDO counter */

* Function Name: R_TMR_RDO_Stop
* Description : This function stops TMRDO and TMRD1 counter.
* Arguments > None

* Return Value : None

/
void R_TMR_RDO_Stop(void)
{
uint8_t trdsr_dummy;
TRDSTR |= _04_TMRD_TRDO_COUNT_CONTINUES;
TRDSTR &= (uint8_t)~_01_TMRD_TRDO_COUNT_START; /* stop TMRDO counter */
TRDMKO = 1U; /* disable TMRDO interrupt */
TRDIFO = 0U; /* clear TMRDO interrupt flag */
trdsr_dummy = TRDSRO; /* read TRDSRO before write 0 */
TRDSRO = 0Ox00U; /* clear TRDO each interrupt request */
trdsr_dummy = TRDSR1; /* read TRDSR1 before write 0 */
TRDSR1 = Ox00U; /* clear TRD1 each interrupt request */
3
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Website and Support

Renesas Electronics Website

http://www.renesas.com/

Inquiries

http://lwww.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance 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 an
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

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

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 LSI is not guaranteed if they are accessed.

4. Clock Signals

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

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

The characteristics of an MPU or MCU in the same group but having a different part number may differ
in terms of the internal memory capacity, layout pattern, and other factors, which can affect the
ranges of electrical characteristics, such as characteristic values, operating margins, immunity to
noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You 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.

2. 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.

3. 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.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

third parties arising from such i ifi n, copy or ise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
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
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

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 characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

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

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

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 i ic 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

regulations and follow the procedures required by such laws and regulations.
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. Itis 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
products.

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

12. Please contacta 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.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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