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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 
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SH7046 Group
Complementary PWM 3-Phase Output

1. Specifications
Three-phase PWM waveform output is performed with a non-overlapping relationship between positive and negative
phases, as shown in figure 1.

The duty can be changed between 0% and 100% by setting an arbitrary value in RAM.

Pulse high widthDuty = Pulse period × 100 (%)

Toggle waveform output is performed synchronized with the period.

When operating with on-chip peripheral clock Pφ = 20.0 MHz, the output pulse period can be set arbitrarily in the range
100.0 ns to 3.27 ms.

Non-overlap 

time

TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOC4C pin

TIOC4B pin

TIOC4D pin

TIOC3A pin

Period

Figure 1   Complementary PWM 3-Phase Output Waveforms
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2. Functions Used
In this sample task, 3-phase PWM waveform output with a non-overlapping relationship between positive and negative
phases is performed using MTU channels 3 and 4.

Figure 2 shows a block diagram of MTU/ch3 and ch4 as used in this sample task.

This sample task uses the following functions.

•  A function that performs 3-phase PWM waveform output with a non-overlapping relationship between positive and
negative phases (complementary PWM mode)

•  A function that transfers buffer register (TGRC/D_3, TGRC/D_4) contents to compare registers (TGRA/B_3,
TGRA/B_4) when a compare match occurs

•  A function that outputs a toggle waveform synchronized with the PWM waveform period

Pulse output

TIOC3A pin

TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOC4B pin

TIOC4C pin

TIOC4D pin

(Input clock)        

Pφ/1

Pφ/4

Pφ/16

Pφ/64

Pφ/256

Pφ/1024

TCLKA

TCLKB

Timer control

register

(TCR_3)

Clock selection

circuit
Timer counter_3/4

(TCNT_3/4)
Output control

Compare 

match signal

Comparator

Timer general

registers B_3, A/B_4

(TGRB_3, TGRA/B_4)

Timer general

register A_3

(TGRA_3)

In case of TGR4B setting

Timer general

registers D_3, C/D_4

(TGRD_3, TGRC/D_4)

PWM carrier

period register

(TCDR)

Timer general

register C_3

(TGRC_3)

Dead time

register

(TCBR)

Timer subcounter

(TCNTS)

Dead time

register

(TDDR)

Timer mode

register_3

(TMDR_3)

Timer output master

enable register

(TOER)

Timer output

control register

(TOCR)

Figure 2   Block Diagram of MTU/ch3, ch4
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Table 1 shows the function assignments used in this task.  PWM pulses are output by assigning MTU functions as
shown in the table.

Table 1 Function Assignments

Pin or Register Name Function Function Assignment
TIOC3A Pin Toggle output synchronized with PWM period
TIOC3C Pin PWM output 1
TIOC3D Pin Negative-phase waveform in non-overlapping relationship with PWM

output 1
TIOC4A Pin PWM output 2
TIOC4B Pin PWM output 3
TIOC4C Pin Negative-phase waveform in non-overlapping relationship with PWM

output 2
TIOC4D Pin Negative-phase waveform in non-overlapping relationship with PWM

output 3
TOCR Register Enabling/disabling of toggle output synchronized with PWM period
TOER Register Complementary PWM output pin signal output enabling/disabling
TCR_3 Register Selection of ch3 timer counter clearing source and input clock
TMDR_3 Register Ch3, ch4 set to complementary PWM mode operation
TGRA_3 Register Used to set value of 1/2 PWM period + dead time
TGRC_3 Register TGRA_3 buffer register
TGRB_3 Registers
TGRA_4
TGRB_4

Output pulse transition point setting (compare register)

TGRD_3 Register TGRB_3 buffer register
TGRC_4 Register TGRA_4 buffer register
TGRD_4 Register TGRB_4 buffer register
TDDR Register Dead time setting
TCDR Register Setting of 1/2 period
TCBR Register TCDR buffer register
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3. Operation
Figure 3 illustrates the principles of operation.  Complementary PWM waveform output is performed by SH7046
hardware and software processing.

Immediately 

after reset

H'0000

TIOC4B pin

TGRB_4

TGRA_3

TIOC4D pin

TCDR

TDDR

TCNTS

Hardware Processing

Software Processing

Initialization

(1) Set same counter clock for ch3, ch4

(2) PWM output level setting

(3) Set non-overlap time in TCNT_3

(4) Set period in TGRA_3, waveform transition 

timing in TGRB_4

(5) Buffer register setting

(6) Non-overlap time setting with TDDR

(7) TCNT_4 upper limit value setting with TCDR

(8) Enable TIOC4B/D pin output

(9) Set complementary PWM mode

(10) Start count operation

(1)  Set value in compare register from buffer 

register in case of TMDR setting

Hardware Processing

Software Processing

None

(1) Compare match 

generation

(2) Pulse output

Hardware Processing

Software Processing

None

(1) Stop TCNTS

Hardware Processing

Software Processing

None
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TCNT_4
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Figure 3   Principles of Operation of Complementary PWM Single-Phase
Waveform Output
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Figure 4 shows the PWM waveform output method.  When complementary PWM mode is set, the following rules
apply to data transfer and compare operations.

•  Data Transfer
  In period Ta, data written to a buffer register (at the point at which data is set in TGRD_4) is transferred to a

temporary register.
  In period Tb1, when the transfer mode is set to transfer at the peak, data is not transferred from a buffer register

to a temporary register.  In period Tb2, the operation is the same as in period Ta.  Similarly, when a trough
setting is made, data is not transferred in period Tb2.

  Data transfer to a buffer register can be performed arbitrarily.
  When period Tb ends, a value transferred to a temporary register is transferred to a compare match register.

This transfer timing can be selected with timer mode register (TMDR) bits MD3 to MD0.
•  Compare Match

  In period Tb, two registers�the temporary register and compare register�and three counters�TCNT_3/4 and
TCNTS�are compared, and the PWM waveform is controlled.

  In area (a), pre-change data and compare matches (3) and (4) have priority.
  In area (b), post-change data and compare matches (1) and (2) have priority.
Generation of a compare match whereby the output waveform goes to the active level (compare match (1) or (3))
occurs only after generation of a compare match whereby the respective output waveform goes to the positive level
(compare match (4) or (2)).

(1)(3) (4)

Area (a) Area (b)

H'0000

TGRA_3

TCDR

TDDR

Tb1 Ta Tb2 Ta Tb1

(2)

Figure 4   Principles of Operation of PWM Waveform Output Method
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Figure 5 illustrates the principles of operation.  Complementary PWM waveform output is performed by SH7046
hardware and software processing.  The transfer mode selected in this sample task is the mode in which data is changed
at a peak.
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Figure 5   Principles of Operation of Complementary PWM Single-Phase
Waveform Output
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Figure 6 illustrates the principles of operation.  Three-phase PWM output is performed from the ch3 and ch4 PWM
output pins (TIOC3B/D, TIOC4A/B/C/D) by SH7046 hardware and software processing as shown in the figure.

TCNT_1 count value
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H'0000

TIOC3B pin
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TGRB_4
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Hardware Processing

Software Processing
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(1) Set same counter clock for ch3, ch4

(2) Set waveform output synchronized with PWM period

(3) PWM output level setting

(4) Set non-overlap time in TCNT_3

(5) Set period in TGRA_3, waveform transition timing in 

TGRB_3, TGRB_4

(6) Buffer register setting

(7) Non-overlap time setting with TDDR

(8) TCNT_4 upper limit value setting with TCDR

(9) Enable TIOC3A/B/D and TIOC4A/B/C/D pin output

(10) Set complementary PWM mode

(11)  Start count operation

None

Hardware Processing

Software Processing

(1) Transfer RAM contents 

to buffer register

TGRA_3 compare match 

interrupt generation 

Figure 6   Principles of Operation of PWM Waveforms
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Figure 7 illustrates the principles of operation.  Toggle output synchronized with the PWM period is performed by
SH7046 hardware and software processing.

Immediately after reset

H'0000

TIOC4B pin

TGRB_4

TGRA_3

TIOC4D pin

TCDR

TDDR

TCNTS

TIOC3A pin

TCNT_3

TCNT_4

Hardware Processing

Software Processing

Initialization

(1) Set same counter clock for ch3, ch4

(2) PWM output level setting

(3) Set non-overlap time in TCNT_3

(4) Set period in TGRA_3, waveform transition timing 

in TGRB_4

(5) Buffer register setting

(6) Non-overlap time setting with TDDR

(7) TCNT_4 upper limit value setting with TCDR

(8) Enable TIOC4B/D pin output

(9) Set complementary PWM mode

(10) Start count operation

(1) Transfer value from buffer register to compare 

register in case of TMDR setting

Hardware Processing

Software Processing

None

TGRA_3 compare match 

generation

(1) Perform toggle output 

of PWM waveform 

synchronized with 

period

Hardware Processing

Software Processing

None

Ch4 underflow occurrence

(1) Perform toggle output 

of PWM waveform 

synchronized with 

period

Figure 7   Principles of Operation of Toggle Waveform Output Synchronized
with PWM Period
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4. Software
(1)  Modules

Module Name Label Function Assignment
Main routine comple Complementary PWM output setting

Data setting setdata Sets waveform transition timing in buffer register

(2)  Arguments

Label or
Register
Name Function Data Length Module

Input/
Output

pul_cyc1 Used to set pulse 1/2 period + dead time value
Pulse period is calculated using following equation:
Pulse period (ns) = timer value × φ period

(50.0 ns at 20.0 MHz operation)

1 word Main routine Input

pul_duty3d

pul_duty4c

pul_duty4d

Used to set TIOC pin output waveform transition timing

c_cyc PWM carrier period register value setting

dead_time Non-overlap time setting Main routine
Data setting

(3)  Internal Registers Used

Register Name Function Address Set Value
P_STBY.MSTCR2 MTU module standby mode clearing, and setting of

MTU to operational status
H'FFFF861E H'd2fd

P_PORTE.PECRH
P_PORTE.PECRL1
P_PORTE.PECRL2
P_PORTE.PEIORH
P_PORTE.PEIORL

Used to set multiplex pins as MTU timer output pins
TIOC3A, TIOC3B, TIOC3D, TIOC4A, TIOC4B,
TIOC4C, TIOC4D

H'FFFF83BC
H'FFFF83B8
H'FFFF83BA
H'FFFF83B6
H'FFFF83B4

H'0000
H'5545
H'0000
H'0000
H'fb00

P_MTU34.TCR_3 Selects timer counter clearing source and input clock H'FFFF8200 H'00

P_MTU34.TCR_4 Selects timer counter clearing source and input clock H'FFFF8201 H'00

P_MTU34.TIER_3 Enables TGR3A interrupt H'FFFF8208 H'01

P_MTU34.TGRA_3 Used to set 1/2 carrier period + dead time register
value

H'FFFF8218 pul_cyc1

P_MTU34.TGRC_3 Used to set 1/2 carrier period + dead time register
value

H'FFFF8224 pul_cyc1

P_MTU34.TGRB_3 Setting of PWM duty value of waveform output from
TIOC3B, TIOC3D

H'FFFF821A pul_duty3d

P_MTU34.TGRD_3 Setting of PWM duty value of waveform output from
TIOC3B, TIOC3D

H'FFFF8226 pul_duty3d

P_MTU34.TGRA_4 Setting of PWM duty value of waveform output from
TIOC4A, TIOC4C

H'FFFF821C pul_duty4c

P_MTU34.TGRC_4 Setting of PWM duty value of waveform output from
TIOC4A, TIOC4C

H'FFFF821C pul_duty4c
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Register Name Function Address Set Value
P_MTU34.TGRB_4 Setting of PWM duty value of waveform output from

TIOC4B, TIOC4D
H'FFFF821E pul_duty4d

P_MTU34.TGRD_4 Setting of PWM duty value of waveform output from
TIOC4B, TIOC4D

H'FFFF821E pul_duty4d

P_MTU34.TCNT_3 Dead time value setting H'FFFF8210 dead_time

P_MTU34.TDDR Dead time value setting H'FFFF8216 dead_time

P_MTU34.TCDR Setting of upper limit value of timer counter TCNT_4
(1/2 carrier period)

H'FFFF8214 c_cyc

P_MTU34.TCBR Setting of upper limit value of timer counter TCNT_4
(1/2 carrier period)

H'FFFF8222 c_cyc

P_MTU34.TOCR Enabling of toggle output synchronized with PWM
period, and positive-phase/negative phase output
level setting

H'FFFF820B H'43

P_MTU34.TOER Complementary PWM output enabling setting H'FFFF820A H'ff

P_MTU34.TMDR_3 Complementary PWM mode setting H'FFFF8202 H'ff

P_INTC.IPRE Sets 15 as MTU channel 3 interrupt priority level H'FFFF8350 H'00f0

(4)  RAM Used

This sample application does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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5. Flowcharts
(1)  Main routine

MSTCR2 ← H'd2fd

PECRH ← H'0000

PECRL1 ← H'5545 

PECRL2 ← H'0000

PEIORH ← H'0000

PEIORL ← H'FB00

TCR_3 ← H'00
TCR_4 ← H'00

TGRD_3/TGRB_3 ← pul_duty3d
TGRC_4/TGRA_4 ← pul_dyty4c
TGRD_4/TGRB_4 ← pul_dyty4d

TCNT_3 ← dead_time
TCNT_4 ← H'0000

TDDR ← dead_time
TCBR/TCDR ← c_cyc

TGRA_3/TGRC_3 ← pul_cyc1

TOCR ← H'43

TOER ← H'ff

TMDR_3 ← H'ff

TIER_3 ← H'01

IPRE ← H'00f0

TSTR ← H'c0

comple

TSTR ← H'00

Clear MTU module standby mode

Set TIOC3B/D, TIOC4A/B/C/D as MTU output 

pins in PECRH, PECRL1, PECRL2, PEIORH, 

PEIORL

Stop timer counter operation

Set counter clearing disabling in 

P_MTU34.TCR_3/4

Set dead time value in TCNT_3

Clear TCNT_4

Set duty value in duty register and buffer register

Set dead time value in P_MTU34.TDDR, set 1/2 

period value in P_MTU34.TCDR and 

P_MTU34.TCBR

Set 1/2 period + non-overlap value in 

P_MTU34.TGRA/C_3

Set enabling of toggle output synchronized with 

PWM period, and positive-phase/negative phase 

output level, in P_MTU34.TOCR

Set complementary PWM mode in 

P_MTU34.TMDR_3

Enable complementary PWM waveform output 

with P_MTU34.TOER

Enable TGIA_3 interrupt request with 

P_MTU34.TIER_3

Set 15 as TGIA_0 interrupt priority level in 

P_INTC.IPRE

Enable ch3/4 count operation with 

P_MTU34.TSTR
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6. Program Listing
/*--------------------------------------------------------------------------*/

/* INCLUDE FILE */

/*--------------------------------------------------------------------------*/

#include <machine.h>

#include "iodefine_7046.h"

/*--------------------------------------------------------------------------*/

/* PROTOTYPE */

/*--------------------------------------------------------------------------*/

extern void comple(void);

#pragma interrupt(setdata)

/*---------------------------------------------------------------------------*/

/* RAM ALLOCATION */

/*---------------------------------------------------------------------------*/

#define pul_cyc1 (*(unsigned short *)0xffffd000)

#define pul_duty3d (*(unsigned short *)0xffffd002)

#define pul_duty4c (*(unsigned short *)0xffffd004)

#define pul_duty4d (*(unsigned short *)0xffffd006)

#define c_cyc (*(unsigned short *)0xffffd008)

#define dead_time (*(unsigned short *)0xffffd00a)

/*----------------------------------------------------------------------------*/

/* MAIN PROGRAM */

/*----------------------------------------------------------------------------*/

void comple(void)

{

P_STBY.MSTCR2 = 0xd2fd; /* MTU module stop mode clear */

P_PORTE.PECRH.WORD = 0x0000; /* TIOC3A/B/D,TIOC4A/B/C/D output */

P_PORTE.PECRL1.WORD = 0x5545;

P_PORTE.PECRL2.WORD = 0x0000;

P_PORTE.PEIORH.WORD = 0x0000;

P_PORTE.PEIORL.WORD = 0xFB00;

P_MTU34.TSTR.BYTE = 0x00;

P_MTU34.TCR_3.BYTE = 0x00; /* not clear */

P_MTU34.TCR_4.BYTE = 0x00; /* not clear */

P_MTU34.TCNT_3 = dead_time; /* initial data */

P_MTU34.TCNT_4 = 0x0000;

P_MTU34.TGRD_3 = pul_duty3d; /* TGRD_3 buffer register */

P_MTU34.TGRB_3 = pul_duty3d; /* PWM output1 compare register */

P_MTU34.TGRC_4 = pul_duty4c; /* TGRA_4 buffer register */

P_MTU34.TGRA_4 = pul_duty4c; /* PWM output2 compare register */

P_MTU34.TGRD_4 = pul_duty4d; /* TGRB_4 buffer register */

P_MTU34.TGRB_4 = pul_duty4d; /* PWM output3 compare register */

P_MTU34.TDDR = dead_time; /* dead time set */

P_MTU34.TCDR = c_cyc; /* 1/2 carrer period */

P_MTU34.TCBR = c_cyc; /* TCDR buffer register */

P_MTU34.TGRA_3 = pul_cyc1; /* 1/2 carrer period + dead time */

P_MTU34.TGRC_3 = pul_cyc1; /* TGRA_3 buffer register */

P_MTU34.TOCR.BYTE = 0x43; /* timer output control register */

P_MTU34.TMDR_3.BYTE = 0xff; /* complementary-pwm mode */

P_MTU34.TOER.BYTE = 0xff; /* timer output enable register */

P_MTU34.TIER_3.BYTE = 0x01; /* timer interrupt enable register */

P_INTC.IPRE.WORD = 0x00f0; /* set interrput level = 15 */

set_imask(0x0); /* set imask level = 0 */
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P_MTU34.TSTR.BYTE = 0xc0; /* timer start */

while(1); /* loop */

}

void setdata()

{

P_MTU34.TSR_3.BYTE &= 0xfe; /* interrupt flag clear */

P_MTU34.TCBR = c_cyc;

P_MTU34.TGRC_3 = pul_cyc1;

P_MTU34.TGRD_3 = pul_duty3d;

P_MTU34.TGRC_4 = pul_duty4c;

P_MTU34.TGRD_4 = pul_duty4d;

}
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1. These materials are intended as a reference to assist our customers in the selection of the Renesas 
Technology Corp. 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 Corp. or 
a third party.

2. Renesas Technology Corp. 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.

3. 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 Corp. without notice due to product improvements or 
other reasons.  It is therefore recommended that customers contact Renesas Technology Corp. or 
an authorized Renesas Technology Corp. 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 Corp. 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 Corp. by various means, 
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. 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 Corp. assumes no responsibility for any damage, liability or other loss resulting from the 
information contained herein.

5. Renesas Technology Corp. 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 Corp. or an authorized Renesas Technology Corp. 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.

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

7. 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.

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

1. Renesas Technology Corp. 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.

Keep safety first in your circuit designs! 

Notes regarding these materials
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