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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.




1RENESAS APPLICATION NOTE

SH7080 Group
External Pulse Width Measurement Using Channel 5 of the MTU2

Introduction

This application note describes external pulse width measurement using channel 5 of the multi-function timer pulse unit
2 (MTU2). Please use this application note as a guide in designing user programs.

Although the programs given in this application note have been verified for correct operation, we strongly recommend
that the user confirm correct operation before applying the programs in the actual application.

Target Device

SH7085
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1. Specifications

In this sample application, the external pulse measuring function using channel 5 of the MTU?2 is used to measure the
high-level width of the signal input from the TIC5U pin. Figure 1 shows the basic specifications of this sample task.

e Channel 5 of the MTU?2 is set up for external pulse width measurement to measure the high pulse duration of the
input signal on the TIC5U pin. Timer counter TCNTU _5 counts up while the input signal is high and halts while
low.

e Channels 3 and 4 of the MTU?2 are placed in complementary PWM mode to output six-phase PWM waveforms and
a toggle waveform synchronized with the PWM period. The PWM period is set to 100 ps (carrier frequency is 10
kHz).

o Capture on channel 5 takes place every 100 s, at the timing when the operation of timer counter TCNT _3 of
channel 3 changes from incrementing to decrementing.

e The captured value of timer counter TCNTU 5 of channel 5 is stored in timer general register TGRU_5. The value
indicates the high pulse duration count for the TIC5U pin input signal.

e For the TIC5U pin of channel 5, the complementary PWM output from the TIOC3B pin is input as a dummy input.

<<SH7085>>
) Toggle waveform
<MTU2> TIOC3A pin » output synchronized
ch3, ch4 with the PWM period
TIOC3B pin o—>
TIOC3D pin "
TIOC4A pin Three-phase

Complementary 1i0c4B pin

complementary
PWMmode  110c4C pin

PWM waveform output

YYVYYVYY

TIOC4D pin j
Condition for capture .
(crest of TCNT_3) !
MTU2ehs L i
; TIC5U pin ! ‘ Dummy input
: \ E
| ' : L
; Capture TCNTU_5 .
' TGRU_5 < (Counts while the input | <Input of waveform to be measured>
i waveform is high) 1

Figure 1 Overview

2. Conditions for Application

Operating frequency: Internal clock: 80 MHz
Bus clock: 40 MHz
Peripheral clock: 40 MHz
MTU?2 clock: 40 MHz
MTU2S clock: 80 MHz
C compiler: Version 7.1.04 from Renesas Technology Corp.
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3. MCU Functions Used

This sample application applies the external pulse measurement feature that uses channel 5 of the MTU2 to measure the
high pulse duration of the TIC5U pin input signal.

3.1 Channel 5 of Multi-Function Timer Pulse Unit 2 (MTU2)

Channel 5 of the MTU2 measures the high pulse duration of the TIC5U pin input signal. Figure 2 outlines the operation
of the functions used.

Timer start register_5 Start
(TSTR_5) counting
MYz oha>> Y e
h 1 TIC5U pin
MTU2 clock i Y ,
(MPg) | Clock select Timer counter U_5 '
—‘—P: MPg/1 (TCNTU_5) ,
h A i
E ? Capture E
| Timer control register U_5 Timer general register U_5 H
H (TCRU_5) (TGRU_5) ,
E Timer compare match clear Timer 1/O control register U_5 ) fk E
! register (TCNTCMPCLR) (TIORU_5) !
E Timer interrupt enable register_5 Timer status register_5 E
' (TIER_5) (TSR_5) '
<sMTU2c¢h3,chd>> ...
| Complementary PWM mode 3 1 Compare match (TGIA_3)

> TGIA_3 compare-match interrupt enabled (interrupt at the crest)! TGIA_3 compare-

match interrupt

Figure 2 Block Diagram of Channel 5 of MTU2
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Timer counter U_5 (TCNTU _5) is a 16-bit readable/writable counter. TCNTU _5 counts pulses of the MTU2 clock
(MP¢).

e Timer control register U_5 (TCRU_5) is a 16-bit readable/writable register. TCRU 5 selects the clock for
TCNTU_S.

e Timer general register U 5 (TGRU _5) is a 16-bit readable/writable register. TGRU 5 can be used in external pulse
width measurement. The count value of the pulse duration is stored in TGRU 5.

e Timer I/O control register U_5 (TIORU _5) is an 8-bit readable/writable register. TIORU 5 specifies the functions
of TGRU_5 and the TIC5U pin.

e Timer interrupt enable register 5 (TIER 5) is an 8-bit readable/writable register. TIER 5 enables/disables interrupt
requests from timer channel 5.

o Timer start register 5 (TSTR _5) is an 8-bit readable/writable register. TSTR 5 starts/stops the timer counter of
channel 5.

e Timer compare match clear register (TCNTCMPCLR) is an 8-bit readable/writable register. TCNTCMPCLR
enables/disables requests to clear timer counter TCNTU 5.

o Timer status register 5 (TSR _5) is an 8-bit readable/writable register. TSR 5 indicates the status of channel 5.
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3.2

Channels 3 and 4 of Multi-Function Timer Pulse Unit 2 (MTU2)

Figure 3 shows a block diagram of channels 3 and 4 of the MTU2 when the external pulse width measurement feature

of channel 5 is used.

Timer counter_3
(TCNT_3)

Timer cuonter_4
(TCNT_4)

Timer dead time data register
(TDDR)

Timer A/D converter start
request cycle set register A_4
(TADCORA_4)

A

Timer A/D converter start
request cycle set buffer
register A_4 (TADCOBRA_4)

Pulse outputs

—» TIOC3A
—» TIOC3B
—» TIOC3D
—» TIOC4A
—» TIOC4B
—» TIOC4C
—» TIOC4D

Output control

Timer general register C_3 L Timer general register A_3 - .
(TGRC_3) C (TGRA_3) o -
: Timer general register B_3 - -
: (TGRB_3) o
5 A
Timer general register D_3 L Temporary register 1 -
(TGRD_3) b (Temp1) o
h Timer general register A_4 -
! (TGRA_4) .
. o
I A ©
' I}
' £
Timer general register C_4 i - Temporary register 2 - 8
(TGRC_4) C (Temp2) o
: Timer general register B_4 -~
; (TGRB_4) o
5 ]
- - \ - Compare-match
Timer general register D4 o Temporary register 3 - signal
(TGRD_4) b (Temp3) g
Timer cycle buffer register . Timer cycle data register -
(TCBR) C (TCDR) o
Timer interrupt skipping
set register >
(TITCR)
Timer buffer transfer
set register < Interrupt control
(TBTER)
Timer interrupt
skipping counter >
(TITCNT)

Notes: 1.

N

Interrupt request
signal

EE——

The temporary registers cannot be accessed by the CPU.
TGRA_3, TGRB_3, TGRA_4, TGRB_4, and TCDR should not be accessed while the timer is running.

Timer A/D converter start request
control register
(TADCR)

3. To change the values set in the above registers while the timer is running, the desired values should be
setin TGRC_3, TGRD_3, TGRC_4, TGRD_4, and TCBR, respectively.

Figure 3 Block Diagram of Channels 3 and 4 of MTU2 when External Pulse Width Measurement
Feature of Channel 5 is Used
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Timer general register A 3 (TGRA 3) operates as a compare register. Half of the PWM period is set in TGRA 3.
To change the set value while the timer is running, the desired value is set in timer general register C_3 (TGRC _3).

Timer general register B_3 (TGRB_3) operates as a compare register. The duty cycle of the PWM waveform output
from the TIOC3B and TIOC3D pins is set in TGRB_3. To change the set value while the timer is running, the
desired value should be set in timer general register D_3 (TGRD_3).

Timer general register C_3 (TGRC _3) operates as a buffer register for TGRA 3. When the timer is running,
TGRA 3 reflects the value set in TGRC 3.

Timer general register D_3 (TGRD _3) operates as a buffer register for TGRB_3. When the value set in TGRD 3 is
changed while the timer is running, the new value is transferred to a temporary register (Templ) and reflected in
TGRB 3.

Timer general register A_4 (TGRA_4) operates as a compare register. The duty cycle for the PWM waveforms
output from the TIOC4A and TIOCA4C pins is set in TGRA 4. To change the set value while the timer is running,
the desired value should be set in timer general register C_4 (TGRC _4).

Timer general register B_4 (TGRB_4) operates as a compare register. The duty cycle for the PWM waveforms
output from the TIOC4B and TIOC4D pins is set in TGRB_4. To change the set value while the timer is running,
the desired value should be set in timer general register D_4 (TGRD_4).

Timer general register C_4 (TGRC_4) operates as a buffer register for TGRA 4. When the timer is running,
TGRA 4 reflects the value set in TGRC 4.

Timer general register D_4 (TGRD_4) operates as a buffer register for TGRB_4. When the timer is running,
TGRB_4 reflects the value set in TGRD 4.

Temporary registers 1, 2, and 3 (Temp1, Temp2, and Temp3) are situated between the buffer registers and the
compare registers. The data written to the buffer registers are first transferred to the corresponding temporary
registers and then to the compare register. The temporary registers cannot be accessed by the CPU.

Timer counter 3 (TCNT _3) is a 16-bit readable/writable counter. TCNT _3 starts counting down on compare match
with TGRA 3, and starts counting up on compare match with the timer dead time data register (TDDR).

Timer counter 4 (TCNT _4) is a 16-bit readable/writable counter. TCNT 4 starts counting down on compare match
with the timer cycle data register (TCDR) value, and starts counting up when it reaches H’0000.

The timer dead time register (TDDR) is a 16-bit readable/writable register. The dead time for PWM waveform is set
in TDDR.

The timer cycle data register (TCDR) is a 16-bit readable/writable register. Half of the PWM carrier cycle is set in
TCDR.

The timer cycle buffer register (TCBR) operates as a buffer register for TCDR. When the timer is running, TCDR
reflects the value set in TCBR.

The timer interrupt skipping set register (TITCR) enables/disables interrupt skipping and also specifies the skipping
count. Skipping is possible for the TCNT 3 compare-match interrupt (TGIA_3) and TCNT _4 underflow interrupt
(TCIV_4) in complementary PWM mode. A skipping count of up to seven can be specified.

The timer interrupt skipping counter (TITCNT) counts the generated interrupts to be skipped. The TITCNT count
value is cleared on matching the skipping count specified by TITCR.

The timer buffer transfer set register (TBTER) enables/disables the transfer from the buffer registers to the
temporary registers. When the transfer is enabled, TBTER specifies whether to link the transfer with interrupt
skipping operation.
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e The timer A/D converter start request control register (TADCR) is a 16-bit readable/writable register. TADCR
enables/disables A/D converter start requests and specifies whether to link A/D converter start requests with
interrupt skipping operation.

e Timer A/D converter start request cycle set register A_4 (TADCORA _4) is a 16-bit readable/writable register.
When the set value matches the TCNT 4 value, the corresponding A/D converter start request is generated.

o Timer A/D converter start request cycle set buffer register A 4 (TADCOBRA_4) operates as buffer register for
TADCORA 4. When the timer is running, TADCORA 4 reflects the value set in TADCOBRA 4.
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4. Operation

Figure 4 shows the operation of the sample application, and table 1 describes software and hardware processing.

MTU2
ch3, ch4
-
TGR3A
Complementary
PWM mode
H'0000

Toggle output
TIOC3A pin

Positive phase output
TIOC3B pin

Negative phase output
TIOC3D pin

TGRA_3 interrupt

MTU2
ch5
P

_ Cycle _
| ~_icrest . Crest
£ - o
TCNT3 ;
TCNT4 :
I ; T
Trpugh Time
[ '
| Active low | ' Active low I_
: 1 : - : 1
/ Active low / |_
E Processing 2 :

' Capture-at-crest
: condition for

' complementary PWM

Processing 3

' Capture-at-c

Processing 4} condition for
 complementary PWM
i is met.

rest

' is met.
Waveform to be measured - -
TIC5U i inout High level | High level | [
(T|0C3B pin output) Count-up operation Count-up pperation .
TONTU 5 B g Stops counting N | ViStops counting
- oooo| |0031| 0032 (g\ 0033|0034|0035| I|0093|0094|0095| 0096 ({ |
; Capture : »Capture
TGRU_5 0000 >< 0032 >< 0096
L !
Processing 1
Figure 4 Operation
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Table 1

Software and Hardware Processing

Software Processing

Hardware Processing

Processing 1

e Compare match with TGRA_3 (crest)
occurs.
e Captures the counter value to TGRU_5

Processing 2 .

Clears the interrupt flag to 0.
Stores the captured value of the channel
5 counter to a variable.

Generates a TGRA 3 compare-match
interrupt (crest)

Processing 3

Starts the TCNTU_5 counter (counting
operation continues while the TIC5U pin
input signal is high).

Processing 4

Stops the TCNTU_5 counter (counter
operation is suspended while the TIC5U
pin input signal is low).
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5. Description of Software

5.1 Modules

Table 2 describes the modules used in the sample task.

Table 2 Description of Modules

Module Name Label Name Functions
Main routine main() Configures channels 3 and 4 of the MTU2 for complementary
PWM mode, and makes initial settings of channel 5.
Starts the MTUZ2 timers (channels 3, 4, and 5).
TGRA _3 compare- mtu2_tgra3() Performs processing for the compare-match interrupt on
match interrupt routine channel 3 of the MTU2.
Stores the measured pulse width value to the variable.

5.2 Variable

Table 3 shows the variable used in the sample task.

Table 3 Description of Variable

Label Name of

Variable Function Used in

High_count Stores the counter value for high pulse duration, TGRA_3 input capture
which is the captured value of the timer counter of interrupt routine
channel 5.
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5.3 Register Settings

The register settings used in the sample application are described below. Note that the setting values are used
specifically in the sample task and that they are different from the initial values.

5.31 Settings for the Clock Pulse Generator (CPG)
e Frequency Control Register (FRQCR)

— Setting value: H'0241

— Function: Specifies the frequency division ratios.

Bit Bit Name Value Description
15 — 0 Reserved
141012 IFC[2] to 000 Frequency division ratio for internal clock (l¢)

IFC[O] 000: x1 (80 MHz when the input clock frequency is 10 MHz)
11t09 BFC[2] to 001 Frequency division ratio for bus clock (B¢)

BFCIO] 001: x1/2 (40 MHz when the input clock frequency is 10 MHz)
8to6 PFC[2] to 001 Frequency division ratio for peripheral clock (P¢)

PFCIO] 001: x1/2 (40 MHz when the input clock frequency is 10 MHz)
5t03 MIFC[2]to 000 Frequency division ratio for MTU2S clock (Ml¢)

MIFCIO] 000: x1 (80 MHz when the input clock frequency is 10 MHz)
2t00 MPFC[2]to 001 Frequency division ratio for MTUZ2 clock (MP¢)

MPFC[O] 001: x1/2 (40 MHz when the input clock frequency is 10 MHz)

5.3.2 Settings for Power-Down Modes
¢ Standby Control Register 4 (STBCR4)
— Setting value: H'bf
— Function: Controls the operation of the modules in power-down modes.

Bit Bit Name Value Description

7 MSTP23 1 1: Stops supply of the clock signal to the MTU2S.
6 MSTP22 0 0: The MTUZ2 runs.

5 MSTP21 1 1: Stops supply of the clock signal to the CMT.
4,3 — 11 Reserved

2 MSTP18 1 1: Stops supply of the clock signal to the A/D_2.

1 MSTP17 1 1: Stops supply of the clock signal to the A/D_1.
0 MSTP16 1 1: Stops supply of the clock signal to the A/D_0.
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5.3.3 Settings for Channels 3 and 4 of the Multi-Function Timer Pulse Unit 2 (MTU2)
e Timer Control Register 3 (TCR _3)

— Setting value: H'00

— Function: Controls TCNT of channel 3.

Bit Bit Name Value Description

7t05 CCLR[2]to 000 These bits select the TCNT clearing source.
CCLR[(] 000: Clearing of TCNT is disabled.

4,3 CKEG[1] and 00 00: TCNT counts rising edges of the clock.
CKEG[0]

2t00 TPSC[2]to 000 000: TCNT counts edges of internal clock MP¢/1.
TPSCI[0]

e Timer Control Register 4 (TCR 4)
— Setting value: H'00
— Function: Controls TCNT of channel 4.

Bit Bit Name Value Description

7t05 CCLR[2]to 000 These bits select the TCNT clearing source.
CCLR[(] 000: Clearing of TCNT is disabled.

4,3 CKEG[1] and 00 00: TCNT is incremented on the rising edge of the clock.
CKEGI[0]

2t00 TPSC[2]to 000 000: Counting is driven by internal clock MP¢/1.
TPSCI[0]

e Timer Counter 3 (TCNT 3)
— Setting value: (DEAD_TIME)
— Function: A 16-bit counter to which the dead time value is loaded in complementary PWM mode.

e Timer Counter 4 (TCNT 4)
— Setting value: H'0000
— Function: A 16-bit counter to which H'0000 is loaded as the initial value in complementary PWM mode.

e Timer General Register B 3 (TGRB_3)
— Setting value: (DUTY_OFFSET)
— Function: The PWM duty cycle for the TIOC3B (positive phase)/TIOC3D (negative phase) outputs is set.

e Timer General Register D 3 (TGRD_3)
— Setting value: (DUTY_OFFSET)
— Function: A buffer register for TGRB_3 in which the same value as TGRB_3 is set.

e Timer General Register A 4 (TGRA_4)
— Setting value: (DUTY_ OFFSET)
— Function: The PWM duty cycle for the TIOC4A (positive phase)/TIOC4C (negative phase) outputs is set.

e Timer General Register C 4 (TGRC_4)
— Setting value: (DUTY_OFFSET)
— Function: A buffer register for TGRA 4 in which the same value as TGRA 4 is set.
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Timer General Register B_3 (TGRB_3)
— Setting value: (DUTY_OFFSET)
— Function: The PWM duty cycle for the TIOC4B (positive phase)/TIOC4D (negative phase) outputs is set.

Timer General Register D 4 (TGRD 4)
— Setting value: (DUTY_ OFFSET)
— Function: A buffer register for TGRB_4 in which the same value as TGRB 4 is set.

Timer Dead Time Data Register (TDDR)
— Setting value: (DEAD TIME)
— Function: Specifies the dead time in complementary PWM mode.

Timer Cycle Data Register (TCDR)
— Setting value: (HALF_CARRER)
— Function: Specifies half of the carrier cycle in complementary PWM mode.

Timer Cycle Buffer Register (TCBR)
— Setting value: (HALF_CARRER)
— Function: A buffer register for the timer cycle data register.

Timer General Register A_3 (TGRA 3)
— Setting value: (HALF_CARRER+DEAD TIME)
— Function: The upper limit of TCNT 3 (1/2 carrier cycle + dead time) is set.

Timer General Register C_3 (TGRC 3)
— Setting value: (HALF_CARRER+DEAD TIME)
— Function: A buffer register for TGRA_3 in which the same value as TGRA 3 is set.

Timer Output Control Register 1 (TOCR1)
— Setting value: H'40
— Function: Controls the toggle output and PWM output level in complementary PWM mode.

Bit Bit Name Value Description
— 0 Reserved
PSYE 1 1: Enables toggle output (TIOC3A pin).
54 — 00 Reserved
TOCL 0 0: Enables writing to the TOCS, OLSN, and OLSP bits.
TOCS 0 Selects either the TOCR1 or TOCR2 setting to be used as the
output level in complementary PWM mode and reset-synchronized
PWM mode.
0: Selects the TOCR1 setting.
OLSN 0 0: Selects the high level as the initial output level and the low level
as the active level for the negative phase output.
OLSP 0 0: Selects the high level as the initial output level and the low level

as the active level for the positive phase output.
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e Timer Mode Register 3 (TMDR _3)
— Setting value: H'3f
— Function: Specifies the channel 3 operating mode.

Bit Bit Name Value Description

7 — 0 Reserved

6 — 0 Reserved in channels 1 to 4.

5 BFB 1 1: TGRB and TGRD used together for buffer operation.

4 BFA 1 1: TGRA and TGRC used together for buffer operation.

3t00 MDI[3] to 1111 1111: Complementary PWM mode 3 (transfer at crests and troughs)
MDIO0]

e Timer Output Enable Register (TOER)
— Setting value: H'ff
— Function: Enables/disables outputs on the PWM output pins.

Bit Bit Name Value Description

7,6 — 11 Reserved

5 OE4D 1 1: Enables MTU output from the TIOC4D pin.
4 OE4C 1 1: Enables MTU output from the TIOC4C pin.
3 OE3D 1 1: Enables MTU output from the TIOC3D pin.
2 OE4B 1 1: Enables MTU output from the TIOC4B pin.
1 OE4A 1 1: Enables MTU output from the TIOC4A pin.
0 OE3B 1 1: Enables MTU output from the TIOC3B pin.

e Timer Interrupt Enable Register 3 (TIER 3)
— Setting value: H'01
— Function: Enables/disables interrupt requests of channel 3.

Bit Bit Name Value Description

7 TTGE 0 0: Disables generation of A/D converter start requests.

6 — 0 Reserved

5 — 0 Reserved

4 TCIEV 0 0: Disables interrupt requests (TCIV) by the TCFV flag.
3 TGIED 0 0: Disables interrupt requests (TGID) by the TGFD flag.
2 TGIEC 0 0: Disables interrupt requests (TGIC) by the TGFC flag.
1 TGIEB 0 0: Disables interrupt requests (TGIB) by the TGFB flag.
0 TGIEA 1 1: Enables interrupt requests (TGIA) by the TGFA flag.
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e Timer Start Register (TSTR)
— Setting value: H'CO
— Function: Starts/stops the TCNT counters of channels 0 to 4.

Bit Bit Name Value Description

7 CTS4 1 1: Starts counting by TCNT_4.
6 CTS3 1 1: Starts counting by TCNT_3.
5t03 — 000 Reserved

2 CTS2 0 0: Stops counting by TCNT_2.
1 CTS1 0 0: Stops counting by TCNT _1.
0 CTSO 0 0: Stops counting by TCNT_0.

5.34 Settings for Channel 5 of the Multi-Function Timer Pulse Unit 2 (MTU2)
e Timer Control Register U_5 (TCRU _5)

— Setting value: H'00

— Function: Controls TCNTU_5 of channel 5.

Bit Bit Name Value Description

7to 2 — 000000 Reserved

1,0 TPSC[1] and 00 00: TCNTU_5 counts edges of internal clock MP¢/1.
TPSCI[0]

e Timer Control Register V_5 (TCRV _5)
— Setting value: H'00
— Function: Controls TCNTV _5 of channel 5.

Bit Bit Name Value Description

7102 — 000000 Reserved

1,0 TPSC[1] 00 00: TCNTV_5 counts edges of internal clock MP¢/1.
and
TPSCIO0]

e Timer Control Register W_5 (TCRW _5)
— Setting value: H'00
— Function: Controls TCNTW _5 of channel 5.

Bit Bit Name Value Description

7t02 — 000000 Reserved

1,0 TPSC[1] and 00 00: TCNTW_5 counts edges of internal clock MP¢/1.
TPSC[0]
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Timer Counter U_5 (TCNTU_5)
— Setting value: H'0000
— Function: A 16-bit counter.

e Timer Counter V_5 (TCNTV_5)
— Setting value: H'0000
— Function: A 16-bit counter.

e Timer Counter W_5 (TCNTW _5)
— Setting value: H'0000
— Function: A 16-bit counter.

e Timer General Register U_5 (TGRU _5)
— Setting value: —

— Function: A register for shared use in compare match, input capture, and external pulse width measurement
operations.

e Timer General Register V_5 (TGRV_5)
— Setting value: —

— Function: A register for shared use in compare match, input capture, and external pulse width measurement
operations.

e Timer General Register W_5 (TGRW _5)
— Setting value: —

— Function: A register for shared use in compare match, input capture, and external pulse width measurement
operations.

e Timer I/O Control Register U_5 (TIORU_5)
— Setting value: H'le
— Function: Controls TGRU_5.

Bit Bit Name Value Description
7t05 — 000 Reserved
4t00 IOC[4] to 11110 11110: TGRU_5 functions as an input capture register.
10C[0] The TIC5U pin is used for measuring the high pulse width of

the external input signal.
Capture at crests.

e Timer I/O Control Register V_5 (TIORV _5)
— Setting value: H'00
— Function: Controls TGRV_5.

Bit Bit Name Value Description

7t05 — 000 Reserved

4t00 I0OC[4] to 00000 00000: TGRV_5 functions as a compare match register.
10CI0] The TIC5V pin is used for compare match operation.
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e Timer I/O Control Register W_5 (TIORW _5)
— Setting value: H'00
— Function: Controls TGRW _5.

Bit Bit Name Value Description

7to5 — 000 Reserved

4t00 I0OC[4] to 00000 00000: TGRW_5 functions as a compare match register.
10C[0] The TIC5W pin is used for compare match operation.

e Timer Interrupt Enable Register 5 (TIER 5)
— Setting value: H'00
— Function: Enables/disables interrupt requests from channel 5.

Bit Bit Name Value Description

7t03 — 00000 Reserved

2 TGIE5U 0 0: Disables the TGI5U interrupt requests.
1 TGIESV 0 0: Disables the TGI5V interrupt requests.
0 TGIESW 0 0: Disables the TGI5W interrupt requests.

e Timer Compare Clear Register (TCNTCMPCLR)
— Setting value: H'00
— Function: Enables/disables requests to clear TCNTU_5, TCNTV_5, and TCNTW _S.

Bit Bit Name Value Description

7103 — 00000 Reserved

2 CMPCLR5U O 0: Disables clearing of TCNTU_5 to H'0000 on TCNTU_5 and
TGRU_5 compare match/input capture.

1 CMPCLR5V 0 0: Disables clearing of TCNTV_5 to H'0000 on TCNTV_5 and
TGRV_5 compare match/input capture.

0 CMPCLR5W 0 0: Disables clearing of TCNTW_5 to H'0000 on TCNTW_5 and

TGRW_5 compare match/input capture.

e Timer Start Register 5 (TSTR_5)
— Setting value: H'04
— Function: Starts/stops TCNT of channel 5.

Bit Bit Name Value Description

7t03 — 00000 Reserved

2 CSTU5 1 1: Starts counting by TCNTU_5.
1 CSTV5 0 0: Stops counting by TCNTV_5.
0 CSTW5 0 0: Stops counting by TCNTW_5.
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5.3.5 Settings for the Pin Function Controller (PFC) (SH7085)
e Port A Control Register H3 (PACRH3)
— Setting value: H'0000
— Function: Selects functions of the multiplexed pins of port A (PA25 and PA24).

Bit Bit Name Value Description
15t06 — All 0 Reserved
54 PA25MD[1] 00 PA25 mode
and 00: PA25 1/O (port)
PA25MDI0]
3,2 — 00 Reserved
1,0 PA24MD[1] 00 PA24 mode
and 00: PA24 1/O (port)
PA24MDI0]

e Port A Control Register H2 (PACRH2)
— Setting value: H'0030
— Function: Selects functions of the multiplexed pins of port A (PA23 to PA20).

Bit Bit Name Value Description

15, 14 — 00 Reserved

13,12 PA23MD[1] 00 PA23 mode
and 00: PA23 1/O (port)
PA23MD[0]

11,10 — 00 Reserved

9,8 PA22MD[1] 00 PA22 mode
and 00: PA22 1/O (port)
PA22MD[0]

7,6 — 00 Reserved

5,4 PA21MD[1] 11 PA21 mode
and 11: TIC5U input (MTU2)
PA21MD[0]

3,2 — 00 Reserved

1,0 PA20MD[1] 00 PA20 mode
and 00: PA20 1/O (port)
PA20MDI0]
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e Port A Control Register L1 (PACRL1)
— Setting value: H'0000
— Function: Selects functions of the multiplexed pins of port A (PA19 to PA16).

Bit Bit Name Value Description

15, 14 — 00 Reserved

13,12 PA19MD[1] 00 PA19 mode
and 00: PA19 1/O (port)
PA19MDI0]

11,10 — 00 Reserved

9,8 PA18MD[1] 00 PA18 mode
and 00: PA18 1/O (port)
PA18MD[0]

7,6 — 00 Reserved

5,4 PA17MD[1] 00 PA17 mode
and 00: PA17 1/O (port)
PA17MD[0]

3 — 0 Reserved

2100 PA16MD[2] 000 PA16 mode
to 000: PA16 1/O (port)
PA16MD[0]

e Port A I/O Register H (PAIORH)
— Setting value: H'0000
— Function: Selects the signal directions on the port A pins (PA25 to PA16). 1: output, 0: input

Bit Bit Name Value Description

15, 14 — 00 Reserved

13010 — 0000 Invalid for SH7085

9 PA25I0R 0 PA25 pin is set as input.
8 PA2410R 0 PA24 pin is set as input.
7 PA23I0R 0 PA23 pin is set as input.
6 PA22I0R 0 PA22 pin is set as input.
5 PA2110R 0 PA21 pin is set as input.
4 PA20I0R 0 PA20 pin is set as input.
3 PA19I0R 0 PA19 pin is set as input.
2 PA18IOR 0 PA18 pin is set as input.
1 PA1710R 0 PA17 pin is set as input.
0 PA1610R 0 PA16 pin is set as input.
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e Port E Control Register L4 (PECRL4)
— Setting value: H'1111
— Function: Selects functions of the multiplexed pins of port E (PE15 to PE12).

Bit Bit Name Value Description

15 — 0 Reserved

14 t0 12 PE15MD[2] 001 PE15 mode
to 001: TIOC4D input/output (MTU2)
PE15MD[0]

11 — 0 Reserved

10t0 8 PE14MD[2] 001 PE14 mode
to 001: TIOCAC input/output (MTU2)
PE14MDI0]

7,6 — 00 Reserved

54 PE13MD[1] 01 PE13 mode
and 01: TIOC4B input/output (MTU2)
PE13MDI[0]

3 — 0 Reserved

2100 PE12MD[2] 001 PE12 mode
to 001: TIOC4A input/output (MTUZ2)
PE12MDI[0]

e Port E Control Register L3 (PECRL3)
— Setting value: H'1011
— Function: Selects functions of the multiplexed pins of port E (PE11 to PES).

Bit Bit Name Value Description
15 — 0 Reserved
14t012  PE11MD[2] 001 PE11 mode
to 001: TIOC3D input/output (MTU2)
PE11MDI0]
11 — 0 Reserved
10to 8 PE10MD[2] 000 PE10 mode
to 000: PE10 I/O (port)
PE10MDI0]
7 — 0 Reserved
6to4 PEOMD[2] to 001 PE9 mode
PE9MDI0] 001: TIOC3B input/output (MTU2)
3 — 0 Reserved
2100 PESBMDI[2] to 001 PE8 mode
PE8MDI0] 001: TIOC3A input/output (MTU2)
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e Port E Control Register L2 (PECRL2)
— Setting value: H'0000
— Function: Selects functions of the multiplexed pins of port E (PE7 to PE4).

Bit Bit Name Value Description

15 — 0 Reserved

1410 12 PE7MD[2] to 000 PE7 mode
PE7MDI[0] 000: PE7 1/O (port)

11 — 0 Reserved

10t0 8 PE6MD[2] to 000 PE6 mode
PE6MDI0] 000: PE6 1/O (port)

7 — 0 Reserved

6to4 PES5MD[2] to 000 PES5 mode
PESMDI0] 000: PE5 I/O (port)

3 — 0 Reserved

2100 PE4MD[2] to 000 PE4 mode
PE4MD|0]

000: PE4 1/O (port)

e Port E Control Register L1 (PECRL1)
— Setting value: H'0000
— Function: Selects functions of the multiplexed pins of port E (PE3 to PEO).

Bit Bit Name Value Description

15 — 0 Reserved

1410 12 PE3MD[2] to 000 PE3 mode
PE3MDI0] 000: PE3 1/O (port)

11 — 0 Reserved

10t0 8 PE2MD[2] to 000 PE2 mode
PE2MDI0] 000: PE2 1/O (port)

7 — 0 Reserved

6to4 PE1MD[2] to 000 PE1 mode
PE1MDI0] 000: PE1 I/O (port)

3,2 — 00 Reserved

1,0 PEOMD[1] 00 PEO mode
and 00: PEO I/O (port)
PE1MDI0]
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e Port E I/O Register L (PEIOL)
— Setting value: H'fb00
— Function: Selects the signal directions on the port E pins (PE15 to PEO). 1: output, 0: input

Bit Bit Name Value Description

15 PE15I0R 1 PE15/TIOC4D pin is set as output.
14 PE14I0R 1 PE14/TIOCAC pin is set as output.
13 PE13I0R 1 PE13/TIOC4B pin is set as output.
12 PE12I0R 1 PE12/TIOC4A pin is set as output.
11 PE1110R 1 PE11/TIOC3D pin is set as output.
10 PE10IOR 0 PE10 pin is set as input.

9 PESIOR 1 PE9/TIOC3B pin is set as output.
8 PESIOR 1 PES8/TIOC3A pin is set as output.
7 PE7IOR 0 PE7 pin is set as input.

6 PEGIOR 0 PEG pin is set as input.

5 PE5IOR 0 PES5 pin is set as input.

4 PE4IOR 0 PE4 pin is set as input.

3 PE3IOR 0 PE3 pin is set as input.

2 PE2IOR 0 PE2 pin is set as input.

1 PE1IOR 0 PE1 pin is set as input.

0 PEOIOR 0 PEO pin is set as input.

5.3.6 Settings for the Interrupt Controller (INTC)
e Interrupt Priority Register E (IPRE)
— Setting value: H'00f0
— Function: Sets priority levels of the corresponding interrupt requests.

Bit Bit Name Value Description
15t0 12 IPR[15] to 0000 Priority level 0 is set for the corresponding interrupts.
IPR[12]
11t08 IPR[11] to 0000 Priority level 0 is set for the corresponding interrupts.
IPR[8]
7to4 IPR[7] to 1111 Priority level 15 is set for the TGIA_3 (TGIB_3) interrupt on channel
IPR[4] 3 of the MTUZ2.
3t00 IPR[3] to 0000 Set priority level 0 is set for the corresponding interrupts.
IPR[O]
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LENESANS

6. Flowcharts
6.1

Main Routine

o D

Set frequency control register
(FRQCR)
1

Set standby control register 4

(STBCR4)
1

Set timer start register

(TSTR)

Set timer control register_3
(TCR_3)
1

Set timer control register_4

(TCR_4)

Set timer counter_3
(TCNT_3)
1

Set timer counter_4
(TCNT_4)
1

Set PWM duty register 1 (TGRB_3)

and buffer register (TGRD_3)
1

Set PWM duty register 2 (TGRA_4)
and buffer register (TGRC_4)
Il

Set PWM duty register 3 (TGRB_4)

and buffer register (TGRD_4)
1

Set dead time register

(TDDR)

Set carrier cycle data register
(TCDR)
Il

Set carrier cycle buffer register

(TCBR)

Set timer general register A_3
(TGRA_3)

Set timer general register C_3
(TGRC_3)

Set timer output control register

(TOCR1)

Set timer mode register_3
(TMDR_3)
1

Set timer output master enable

register (TOER)
1

Set timer interrupt enable
register_3 (TIER_3)

Set operating frequencies.

Internal clock (lg) = 80 MHz, bus clock (Bg) = 40 MHz,
peripheral clock (P@) = 40 MHz, MTU2S clock (Mlg) = 80 MHz
MTU2 clock (MPg) = 40 MHz

Cancel the standby state of the MTU2.

Stop the timer counter of the MTU2.

Set the dead time.

Clear TCNT to 0.

Set the duty cycles for the PWM outputs in the duty registers
(TGRB_3, TGRA_4, and TGRB_4) and the buffer registers
(TGRD_3, TGRC_4, and TGRD_4).

The same initial value is set in each pair of TGRs.

Set the dead time.

Set half the carrier cycle.

Set half the carrier cycle (buffer register for TCDR).

Set the upper limit for the TCNT_3.

Set the same value as TGRA_3 in the buffer register for TGRA_3.

Enable toggle output synchronized with PWM cycle
by the PSYE bit. Sets the PWM output level by the OLSP
and OLSN bits.

Select complementary PWM mode.

Enable timer pin output for complementary PWM mode.

Enable interrupts by the TGFA bit.
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Q

Set timer control register U_5

(TCRU_5)

Set timer counter U_5
(TCNTU_5)
1

Set timer 1/O control register U_5
(TIORU_5)
1

Set timer interrupt enable register_5

(TIER_5)

Set timer compare clear register
(TCNTCMPCLR)

Set port A control register H3

(PACRH3)
|

Set port A control register H2

(PACRH2)
|

Set port A control regsiter H1
(PACRH1)
1

Set port A I/O register H
(PAIORH)

Set port E control register L4

(PECRL4)
|

Set port E control register L3
(PECRL3)
1

Set port E control regsiter L2
(PECRL2)
Il

Set port E control regsiter L1

(PECRL1)
1

Set port E I/O register L
(PEIORL)

Set interrupt priority register E

(IPRE)

Set timer start register

(TSTR)

Set timer start register_5
(TSTR_5)

Clear the interrupt mask

Select MP@/1 as the counter clock.

Clear TCNT to 0.

Speicify that the TIC5U pin is used to measure high pulse width
of an external input signal and that capture takes place at crests
on channels 3 and 4 of the MTU.

Enable no interrupt requests.

No requests to clear TCNTU_5, TCNTV_5, and TCNTW_5.

Select port A pin functions and signal directions (input or output):
The PA21 pin is set to function as the TIC5U input pin of the
MTU2 timer.

The PA25 to PA16 pins, excluding the PA21 pin, are set to
function as input ports.

Select port E pin functions and signal directions (input or output):
The PE15 to PE11, PE9, and PES8 pins are set to function as

the TIOC4D, TIOC4C, TIOC4B, TIOC4A, TIOC3D, TIOC3B, and
TIOC3A pins of the MTU2 timer.

The other port E pins are set to function as input ports.

Set the priority level of TGIA_3 interrupt on channel 3 of the
MTU2 to 15.

Start counting on channels 3 and 4 of the MTU2.

Start counting on channel 5 of the MTU2.

Set the interrupt mask level to 0.
(Clears the mask for all interrupt levels.)
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6.2 TGRA _3 Compare-Match Interrupt Routine

( int_mtu2_tgia3() )

Clear the TGIA interrupt flag to 0.

Store the captured timer counter
value on channel 5 to variable
High_count.

( END )

« Clear the interrupt flag to 0.

Store the captured timer counter value on channel 5,
which is the count value of high-level signal duration.
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Keep safety first in your circuit designs!

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.

Notes regarding these materials

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.
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