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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.




1RENESAS APPLICATION NOTE

SH7280 Group

MTUZ2: Output of Complementary Pairs of PWM Signals in Three Phases
(Complementary PWM Mode)

Introduction

This application note describes an example of setting up multi-function timer pulse unit 2 (MTUZ2) for the output of
complementary pulse width modulation (PWM) waveforms in three phases with a non-overlapping relationship
between states of the positive and inverse signals.

Target Device

SH7285
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| E N ESAS MTUZ2: Output of Complementary Pairs of PWM Signals in Three Phases

(Complementary PWM Mode)

1. Preface

1.1 Specifications

The sample program employs MTUZ2 in complementary PWM mode for the three-phase output of complementary
PWM waveforms. Figure 1 shows an overview.

1. Channels3 and 4 of MTU2 are used to make settings for complementary PWM mode (complementary PWM mode
3). The output pins for the positive PWM signals are TIOC3B, TIOC4A, and TIOC4B. The corresponding inverse
signals are output on pins TIOC3D, TIOCA4C, and TIOC4D. The low levd is selected as active for PWM output.

2. For both the positive and inverse signals, MTU2 outputs PWM waveforms with a dead time (interval for preventing

short-circuits) in which the state transitions of the positive and inverse signals do not overlap. The duration of the

dead timeissetto 4 ps.

PWM carrier cycleis set to 400 ps.

The PWM duty cycleisincremented or decremented by an interrupt signal generated every PWM cycle.

5. Waveforms are output by toggling the level on the TIOC3A pin in synchronization with half cycles of the PWM
carrier.

A w

SH7285
MTU2 TIOC3A P Output toggled (synchronized with PWM cycle)
Interrupt request
R 4
SH-2A 14 I:gggg P PWM output pin 1 (positive)
Channels 3 and 4 o P PWM output pin 1' (complementary phase)
TIOC4A . -
PWM mode 3 TI0C4C P PWM output pin 2 (positive)
) P PWM output pin 2' (complementary phase)
PWM cycle setting TIOC4B
PWM duty setting (x 3) —> TI0C4D P PWM output pin 3 (positive)
Dead time setting P PWM output pin 3' (complementary phase)

Figure 1 Three-Phase Output of Complementary PWM (Complementary PWM Mode 3)

1.2 Module Used
Channels 3 and 4 of MTU2

1.3 Applicable Conditions
Table 1 Applicable Conditions

Item Description
MCU SH7285 [R5F72856]
Operating frequency Internal clock: lp=100 MHz
Bus clock: Bp=50 MHz
Peripheral clock: P@=50 MHz
MTU2S clock: M@= 50 MHz
AD clock: A@=50 MHz
MCU operating mode  Single-chip
Compiler SuperH RISC engine C/C++ Compiler Ver.9.01.01 from Renesas Technology
C compiler options Default settings of the C compiler

REJ06B0803-0100/Rev.1.00 December 2008 Page 2 of 24
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(Complementary PWM Mode)

2. Description of the Sample Application

In this sample program, MTU2 is used in complementary PWM maode.

2.1 Operational Overview of Module Used

211 Multi-Function Timer Pulse Unit 2 (MTU2)

MTUZ2 is amulti-functional timer unit that has six 16-bit timer channels. Settings for compare-match function, input-
capture function, etc. can be made for each channdl. Settings for complementary PWM mode and reset-synchronized
PWM mode are made for channels 3 and 4, enabling the control of six PWM output lines.

For details on MTU2, see the section on MTU2 in the SH7280 Group Hardware Manual (REJ09B0393).
Table 2 gives an overview of MTU2 and figure 2 is ablock diagram of MTU2.

Table 2 Overview of MTU2

Item Description
Number of channels 16-bit timer x 6 channels (channels 0 to 5)
Counter clock The clock signal for counter input can be selected from among 8 different input

clock signals (except for channel 5, with only 4 different clock signals available).

Operation of channels 0 e Waveform output on compare match
to 5 e Input capture function
« Counter clearing
* Simultaneous writing to multiple timer counters (TCNT)
« Simultaneous clearing by compare match and input capture
* Input to and output from registers are synchronized with counter operation.
«  PWM output in up to 12 phases in combination with synchronous operation

Triggers for A/D converter « A/D converter start trigger can be generated.
* In complementary PWM mode, interrupts at the crest and trough of the
counter value and A/D converter start triggers can be skipped.

Buffered operation < Settings for buffered operation of registers can be made to channels 0, 3,
and 4.
Operating modes e Settings for PWM mode can be made on channels 0 to 4.
« Settings for phase counting mode can be set for each of channels 1 and 2
individually.

« Waveform output in a total of six phases, including the positive and inverse
signals for three phases, is possible in reset-synchronized PWM mode or
complementary PWM mode.

Interrupt requests e 28 different interrupt sources
(interrupt generation by compare match, input capture, etc.)
Others « Cascade-connection operation

< High-speed access by internal 16-bit bus

< Automatic transfer of register data is enabled.

¢ Module standby mode can be set.

« Dead time compensation counter is available in channel 5.

REJ06B0803-0100/Rev.1.00 December 2008 Page 3 of 24
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MTUZ2: Output of Complementary Pairs of PWM Signals in Three Phases
(Complementary PWM Mode)
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[Legend]
TSTR:  Timer start register TCDR: Timer cycle data register
TSYR:  Timer synchronous register TCBR: Timer cycle buffer register
TCR: Timer control register TDDR: Timer dead time data register
TMDR: Timer mode register TGRA: Timer general register A
TIOR:  Timer I/O control register TGRB: Timer general register B
TIORH: Timer I/O control register H TGRC: Timer general register C
TIORL: Timer I/O control register L TGRD: Timer general register D
TIER: Timer interrupt enable register TGRE: Timer general register E
TGCR: Timer gate control register TGRF: Timer general register F
TOER: Timer output master enable register TGRU: Timer general register U
TOCR: Timer output control register TGRV: Timer general register V
TSR: Timer status register TGRW: Timer general register W
TCNT:  Timer counter
TCNTS: Timer subcounter

Figure 2

Block Diagram of MTU2
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(Complementary PWM Mode)

2.1.2 Complementary PWM Mode

Complementary PWM mode can be set up for the combination of channels 3 and 4 of MTUZ2. In complementary PWM
mode, PWM waveforms are output in three phases with a non-overlapping relationship between the states of the
positive and inverse signals. The output of PWM waveforms which do not have the non-overlapping time (interval for
preventing short circuits) can also be set up. PWM output pins for complementary PWM mode are pins TIOC3B,
TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOCAD. Furthermore, toggling of the output level in synchronization with
the PWM cycle can be set up on the TIOC3A pin.

Figure 3 isablock diagram of channels 3 and 4 of MTU2 in complementary PWM mode.

pare-

match interrupt
TCNT_4 underflow

[ Terc 3 | ToBR |

! |
N TDlDRHQTGRiA 31\T010R N

PWM cycle
Comparator Match O output
signal

interrupt

TGRA_3 com

| —( PWM output 1
— —( PWM output 2
—( PWM output 3
—( PWM output 4
—( PWM output 5
—( PWM output 6

External cutoff
input

~—— POEO
. O POET
. (O POE2
~—— POE3

[
ETCNT 3\\] TCNTS kTCNT_4§I
! !

C I¢ N
omparator :D7 Match

signal
N

Output controller

Output protection circuit

TGRB 41

N AN

External cutoff
interrupt

"1 : Registers that can always be read or written from the CPU.

DS\ : Registers that can be read or written from the CPU
(but for which access disabling can be set by TRWER).

"1 : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure 3 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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Timer general register A_3 (TGRA_3)

TGRA_3 functions as a compare match register. The upper limit (1/2 carrier cycle + dead time) for counting is set
here. Moreover, when the value in this register is changed during timer operation, the new value isthat set in timer
general register C_3 (TGRC_3).

Timer general register B_3 (TGRB_3)

TGRB_3 functions as a comparison register. The duty cycle of the PWM waveforms which are output from pins
TIOC3B and TIOC3D is set by the valuesin this register. Moreover, when the value in this register is changed
during timer operation, the new valueisthat set in timer general register D_3 (TGRD_3).

Timer general register C_3 (TGRC_3)

TGRC_3 functions as the buffer register for TGRA_3. During timer operation, the values set in this register are
written to TGRA_3.

Timer general register D_3 (TGRD_3)

TGRD_3 functions as the buffer register for TGRB_3. During timer operation, the values set in this register are
writtento TGRB_3.

Timer general register A_4 (TGRA_4)

TGRA_4 functions as a comparison register. The duty cycle of PWM the waveforms which are output from pins
TIOC4A and TIOCAC are set in thisregister. Moreover, when the value in this register is changed during timer
operation, the value isthat set in the timer general register C_4 (TGRC_4).

Timer general register B_4 (TGRB_4)

TGRB_4 functions as a comparison register. The duty cycle of the PWM waveforms which are output from pins
TIOC4B and TIOCA4D are set in thisregister. Moreover, when the value in this register is changed during timer
operation, the value to be changed is set in the timer general register D_4 (TGRD_4).

Timer genera register C_4 (TGRC_4)

TGRC_4 functions as a buffer register for TGRA_4. During timer operation, the values set in this register are
written to TGRA _4.

Timer general register D_4 (TGRD_4)

TGRD_4 functions as a buffer register for TGRB_4. During timer operation, the values set in this register are
written to TGRB_4.

Temporary registers 1, 2, and 3 (Templ, 2, and 3)

Temporary registers 1, 2, and 3 are between the respective buffer and comparison registers. Data written in a buffer
register are transferred to the corresponding temporary register and then to the comparison register. The temporary
registers cannot be accessed by the CPU.

Timer counter _3 (TCNT_3)

TCNT_3isal6-bit counter. TCNT_3 decrementation on compare matches with TGRA _3, and incrementation on
compare matches with the timer dead-time data register (TDDR).

Timer counter 4 (TCNT_4)

TCNT _4isal6-bit counter. TCNT_4 decrementation on compare matches with the timer cycle data register
(TCDR), and incrementation when timer counting reaches H'0000.

Timer dead time dataregister (TDDR)

The TDDR is a 16-bit readable and writable register. The dead time for the PWM waveformsis set in this register.
Timer cycle dataregister (TCDR)

The TCDR is a 16-bit register. The setting in this register defines half of the cycle for the PWM carrier.

Timer cycle buffer register (TCBR)

The TCBR functions as the buffer register for the TCDR. During timer operation, the values set in this register are
written to TCDR.
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2.2

221

Operation of the Sample Program

Settings for Operation of the Sample Program

In this sample program, the output of complementary PWM waveforms in three phases on channels 3 and 4 of MTU2 is
obtained by selecting complementary PWM mode 3. An output level is also toggled in synchronization with the PWM
carrier cycle. Table 3 gives the setting conditions for operation in complementary PWM mode in this sample program.
Figure 4 shows a sample of output waveforms in complementary PWM mode.

Table 3 Setting for Operation in Complementary PWM Mode

Item

Description

Channels in use

3and 4

Operating mode

Complementary PWM mode 3 (data transfer at the crest and trough of the
counter value)

Functions of pins

e TIOC3A pin: Output toggled in synchronization with the PWM cycle
e TIOC3B pin: PWM output 1 (positive waveform)

e TIOC3D pin: PWM output 1' (inverse waveform for PWM output 1)
e  TIOC4A pin: PWM output 2 (positive waveform)

e TIOCA4C pin: PWM output 2' (inverse waveform for PWM output 2)
e TIOC4B pin: PWM output 3 (positive waveform)

e TIOC4D pin: PWM output 3' (inverse waveform for PWM output 3)

Active level

e Output of positive signal: Active low
e Output of inverse signal: Active low

Counter clock

12.5 MHz (Po clock frequency divided by 4)

PWM carrier cycle

400 ps (carrier frequency: 2.5 kHz)

Short-circuit prevention
interval (dead time)

4 ps

PWM duty cycle

« Initial duty cycle for PWM outputs 1, 2, 3: 50%
PWM duty cycle value is updated every time the TGRA_3 interrupt is
generated (setting is incremented or decremented).

Interrupt

e Compare match interrupt for TGRA_3
A TGRA 3 compare match is generated once per PWM-carrier cycle.

TIOC3A pin
(Toggled output)

TIOC3B pin
(PWM output 1, positive)

TIOC3D pin
(PWM output 1', inverse)

TIOC4A pin
(PWM output 2, positive)

TIOCA4C pin
(PWM output 2', inverse)

TIOC4B pin
(PWM output 3, positive)

TIOC4D pin
(PWM output 3', inverse)

1
0

o= O= o= O=

o= O=

PWM carrier cycle . PWM carrier cycle

‘ o g
| | |
1 Short-circuit h — h |
| prevention interval grr:e?/r;ﬂig::litr‘ﬁterval ! 1

\d | © >

> > g >

(g Y g (g

PWM waveform outputs are active low level (for both phases of each pair).
: Active level (low)

Figure 4 Output Waveforms in Complementary PWM Mode Operation
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2.2.2 Description of Operation by the Sample Program

1. Operation of Timer Counters
Figure 5 shows the operation of two timer counters in complementary PWM mode. Counters TCNT_3 and TCNT_4
of channels 3 and 4 count up and then down. The initial setting of the TCNT_3 counter is the same as the value set
inthe TDDR. Theinitial setting of the TCNT_4 counter is H'0000. Timer counting starts simultaneously on
channels 3 and 4.

TCNT_3 and TCNT_4 | Switched to down-counting Switched to down-counting
S on a compare match with TGRA_3. on a compare match with TCDR.
TGRA_3 A
TCDR =
TDDR
|
H'0000
N Switched to up- countlng Switched to up-counting
Counting starts.
9 [on a compare match with H' 0000] [on a compare match with TDDR.

Figure 5 Operation of Timer Counters

2. PWM Waveform Output
Figure 6 shows the output of PWM waveforms in complementary PWM mode. The counters for PWM output are
constantly compared with the comparison registers (TGRB_3, TGRA_4, and TGRB_4). When the counter values
match the values of these registers, the output levels of the positive and inverse PWM signals are switched
according to the values of bits OLSN and OLSP in the timer output control register (TOCR).

— — : TGRB_3 (comparison register)
Value is changed for the timing of
PWM output 1 and PWM output 1'.

TCNT_3 and TCNT_4 QO : Compare match with TGRB_3
P N
TGRA_3
TCDR
TCNT_3
TGRB3 T |— — — 7 F— ————— SN A
I
s | 1
I
TDDR ! ! :
1 1 !
H'0000 ‘ ‘
i1 Short-cut circuit || Short-cut circuit |
> prevention interval H prevention interval |
e l y | 1 L+
TIOC3B pin 1 | ! T ]
(PWM output 1, positive) 0 ! ! | !
'y | A 4 | . 1
TIOC3D pin 1 ] ! i | ! |
(PWM output 1', inverse) 0 | ) ' |
| | | |
Output of the in\{erse signal is switched Output of the in\{erse signal is switched PWM waveform outputs are active low level
to 1 when countlng.up by TCNT_3 to 0 when countlngl down by TCNT_3 (for both phases of each pair).
leads to a match with TGRB_3. leads to a match with TGRB_3. : Active level (low)

to 0 when counting up by TCNT_4 to 1 when counting down by TCNT_4

Output of the positive signal is switched Output of the positive signal is switched
leads to a match with TGRB_3. leads to a match with TGRB_3.

Figure 6 Output of PWM Waveforms in Complementary PWM Mode
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3. Changesto PWM Duty Cycle
Figure 7 shows the timing of updating values for the PWM duty cycle. In this sample program, the register settings
for PWM duty cycle are incremented or decremented from the handler for a compare-match interrupt with TGRA_3
(that generated at the highest counter value). Changes to three buffer registers TGRD_3, TGRC_4, and TGRD_4
are used to increment or decrement the values of PWM duty cycle. When the duty cycle is changed, make sure that
the last setting to be made isthat for TRGR_4. Furthermore, if the valuein TGRD_4 is neither incremented nor
decremented, make sure that avalue is written to TGRD _4 after the registers with values to be incremented or
decremented have been updated.

— — : TGRD_3 (buffer register)
TCNT_3 and TCNT_4 : temp (temporary register for TGRB_3)
-~ — : TGRB_3 (comparison register)

: Comparison register of TGRB_3
TGRA_3 o P 9 -

TCNTS
TCDR

TCNT_3

TCNT_4 i i "

TGRD_3 1 1 ! !
TGRB_3 / T ‘\‘\/ | 1
TDDR ! | [ I AN

I | I !
" »
H'0000 | | | | | |4
| | | | | * mode
TGRA 3 | I'I | I'I i PWM mode 3 (transfer at crest and trough)
interrupt flag - | - !
TGRA 3interrupt | r'l ! }r-l
rocessin
(d:ta updateg) | ! | Incrementation/decrementatidn i | Incrementation/decrementatign
TGRD 3 ! ! | of register value (data 2)! ! LO register value (data 3):
3 = N ———— _—_r—————— T ————— ——————
buffer register _}___da_tal___,‘l.. _dafz____‘,_g _______ .;;\%_‘1@3_____,‘_3 _____
I j | ] j
Temporary register ! data 1 ) !‘ data 2 ! q& (data 2) ! gl data3 . Q (data3)
T\ ] ] ]
| | | | |
TGRB_3 ™ data 1 " Y (data 1) X daa2 T |"(data 2) 1 data 3
compare register

Figure 7 Timing of Updating the PWM Duty Cycle

4. Output Toggling in Synchronization with the PWM Cycle
Figure 8 shows the operations for toggling of an output level in synchronization with the PWM cycle. The PSYE bit
in the timer output control register (TOCR) is set to 1 to select toggling of an output in synchronization with the
PWM carrier cycle. Toggling is of the signal on the TIOC3A pin. Theinitia value for output is 1.

TCNT_3 and TCNT 4

“~ Output level is toggled on
TGRA_3 | a compare match with H'0000. i
- AR

TCDR ! ! 1

TDDR

H'0000

Carrier cycle

TIOC3A pin 1

(toggled output) 0 | | | | r

Figure 8 Operation for Toggling an Output in Synchronization with the PWM Cycle
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2.2.3

Examples of Output with Desired PWM Duty Cycles

Table 4 gives relations between register settings for PWM duty cycle and the behavior of the positive and inverse
waveforms. |n complementary PWM mode, when the value in a comparison register (TGRB_3, in this sample
program) is H'0000, the positive output remains ON while the inverse output remains OFF; i.e. the output levels are
fixed. Furthermore, when the value in the comparison register is greater than or equal to the value in the TGRA_3
register, the level of the positive signal isfixed to the OFF state while the level of theinverse signal isfixed to the ON

state.

Figures 9 and 10 shows examples of output waveforms of the positive and inverse signals. When changing the PWM
duty cycle, make sure that the values are set in the corresponding buffer registers rather than directly in the comparison

registers.

Table 4 Examples of Setting that Control the PWM Duty Cycle and Output Waveforms

Output Waveforms**

Positive output Inverse output Waveform
Value in TGRB_3 (TIOC3B pin) (TIOC3D pin) Chart
TGRB_3 >TGRA_3 Fixed to the OFF state Fixed to the ON state Figure 9 (a)
(high) (low)
Between TGRA_3 and Fixed to the OFF state Output of the OFF waveform —
TCDR (high) (pulse)
TGRB_3=TCDR Fixed to the OFF state Output of the OFF waveform Figure 9 (b)
(high) (to be a pulse twice the
width of the short-circuit
prevention interval)
Between (TCDR - Td) and Output of the ON waveform  Output of the OFF waveform —
TCDR (pulse)
TGRB_3 = (TCDR - Td) Output of the ON waveform  Output of the OFF waveform Figure 9 (c)

(to be a pulse twice the
width of the short-circuit
prevention interval)

(to be a pulse four times the
width of the short-circuit
prevention interval)

Between (TDDR x 2) and
(TCDR - Td)

Output of complementary PWM waveforms

TGRB_3 = (TDDR x 2)

Output of the OFF waveform
(to be a pulse four times the
width of the short-circuit
prevention interval)

Output of the ON waveform
(to be a pulse twice the
width of the short-circuit
prevention interval)

Figure 10 (a)

Between TDDR and (TDDR
x 2)

Output of the OFF waveform

Output of the ON waveform
(pulse)

TGRB_3 = TDDR

Output of the OFF waveform
(to be a pulse twice the
width of the short-circuit
prevention interval)

Fixed to the OFF state
(high)

Figure 10 (b)

Between H'0000 and TDDR

Output of the OFF waveform
(pulse)

Fixed to the OFF state
(high)

TGRB_3 = H'0000

Fixed to the ON state (low)

Fixed to the OFF state
(high)

Figure 10 (c)

Note: 1. The active level of the PWM output is set to low. The descriptions of the output waveforms refer to
the positive and inverse signals for a single complementary pair.
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(a) TGRB_3 = TGRA_3
TCNT_3 and TCNT_4
-~

TGRB_3: Value of comparison register
. Active level (low)
Short-circuit prevention interval setting

Td:

XN

»
L4

TGRB_3 (=TGRA_3) TGRA 3 _|
Td
TCDR
TDDR
H'0000 —
i
TIOC3B pin 1 ;
(PWM output 1, positive) 0 ' Fixed to OFF (high)
I
TIOC3D pin 1 i
(PWM output 1', inverse phase) o fibedliolON](low)

(b) TGRB_3 = TCDR
_— TCNT_3 and TCNT_4
-~

TGRA 3 ‘
TCNTS |
TGRB_3 (= TCDR) TCDR - Td . -

| | |

L | L

TCNT_3 b ; Lo

I ! I ! I

o ! v

TCNT 4 | | ! b

TDDR L : L

Bl XX T

H'0000 — ‘ — ; 4
I ! I , I I I
1 Short-circuit " VY Short-circuit 1 Short-circuit “ VY Short-circuit !
TIOC3B pin | prevention interval ¥ 7,¥ 7' prevention interval |  prevention interval ¥ ”,¥ 7' prevention interval
(PWM output 1, positive) (1) | Fixed to OFF (high) | | | |
| | | > |
TIOC3D pin 1
(PWM output 1', inverse phase) o ON (low) OEF OEF
(c) TGRB_3=TCDR - Td
TCNT_3 and TCNT 4
-~
TGRA 3 .
bR Td A X TeNTs

TGRB_3 (= TCDR - Td)

TDDR
H'0000 ! X
| Short-circuit : 4P Short-circuit |
' prevention interval, | prevention interval'
TIOC3B pin y : - :
(PWM output 1, positive) 0o ! OFF (high) ON OFF !
TIOC3D pin ' ——— |
(PWM output 1', inverse phase) 0 Oil{low) OFF | .
Figure 9 Examples of PWM Waveform Output (1)
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(a) TGRB_3 =2 x TDDR TGRB_3: Value of comparison register
- . Active level (low)

TCNT_3 a"ld TCNT_4 Td: Short-circuit prevention interval setting

TGRA_3

TCDR

TGRB_3 (=2x TDDR) -~
TDDR

H'0000

TIOC3B pin
(PWM output 1, positive) 1 OF |

TIOC3D pin 1
(PWM output 1', inverse phase)

(b) TGRB_3 = TDDR TCNT_3 and TCNT_4
- V' N

TGRA_3

TCDR

TGRB_3(=TDDR)  TDDR ¥

Td

H'0000

\
|
|
|
|
|
|
|
|
|
|
|
|
|
TIOC3B pin ‘
(PWM output 1, positive) 1 I ON
|
|
|
|

0

TIOC3D pin 1
(PWM output 1', inverse phase) ¢

|
|
i Fixed to OFF (high)
(c) TGRB_3 = H'0000
TCNT_3 and TCNT_4
-~

TGRA_3

TCDR

TDDR

TGRB_3 (= H'0000) H'0000

TIOC3B pin .
(PWM output 1, positive) 1 Fixed to ON (low)

o

T
TIOC3D pin 1=
‘

(PWM output 1', inverse phase) ¢ Fixed to OFF (high)

Figure 10 Examples of PWM Waveform Output (2)
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2.3 Configuration of the Sample Program

2.3.1 Description of Functions
Table 5 lists functions used in this sample program.

Table 5 Functions Used

Function Name Label Description
Main main () Initializes other modules and makes settings for timers of
MTU2
Standby setting stber_init () Makes setting to release MTU2 from standby
Initialization of MTU2 mtu2_init () Initializes MTU2 (channels 3 and 4)
Places channels 3 and 4 in complementary PWM mode 3
Initialization of PFC pfc_init () Initializes the pin function controller (PFC)

Selects the required MTU2-related pin functions, so that
the pins function as timer pins

TGRA_3 interrupt

int_mtu2_tgia3 () Handles the TGRA_3 compare match interrupt from
MTU2 (channel 3)

Increments or decrements the setting to control the three-
phase PWM duty cycle

Generates an interrupt for every cycle of the PWM carrier

cycle (400 ps)

2.3.2 Variable Usage
Table 6 gives alist of variables used in the sample program.

Table 6 Variable Usage

Label Name Description Name of
Employing
Module
Dead_time Setting for dead time mtu2_init ()
(value set in the TDDR)
C_cycle 1/2 the PWM carrier cycle
(value set in the TCBR)
Pul_cycle 1/2 the PWM carrier cycle + value of dead time
(value set in the TGRC_3)
Pul_pwm_dutyl PWM duty-cycle setting for the PWM1 output (pins TIOC3B and  mtu2_init ()

TIOC3D)
(value set in the TGRD_3)

int_mtu2_tgia3 ()

Pul_pwm_duty2

PWM duty-cycle setting for the PWM2 output (pins TIOC4A and
TIOCA4C)
(value set in the TGRC_4)

Pul_pwm_duty3

PWM duty-cycle setting for the PWM3 output (pins TIOC4B and
TIOC4D)
(value set in the TGRD_4)

REJO6B0803-0100/Rev.1.00
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2.4 Procedure for Setting the Module Used
The following subsections describe the flow of processing by the sample program.

24.1 Main Function
Figure 11 shows the flow of processing by the main function.

( main() )

0—Duty_select ] [1] Variable initialization
Flag (Duty_select) to judge the need to update the PWM duty
| cycle is initialized.

Initialization: release from standby . .
P [2] [2] On-chip peripheral modules are released from standby
stber_init()
Initialization: MTU2 13] [3] Initialization of multi-function timer pulse unit 2 (MTU2)
mtu2_init()

Set interrupt priority register 10 4 [4] Interrupt controller (INTC) setting
(IPR10) 4] Interrupt priority level of the interrupt sources (TGI3A to TGI3D)
| from MTU2 is set to D'15 (H'F).

'”i“a'i?aﬁ_"’_‘t:()PFC [5] (5] Initialization of pin function controller (PFC)
pfc_ini

| [6] Setting for timer start register (TSTR) of MTU2

* CST4 bit = B'1: Specifies counting by timer counter

Set timer start register (TSTR) [6] TCNT_4.
* CST3 bit = B'1: Specifies counting by timer counter
NT_3

| The CST3 and CST4 bits are set simultaneously.

Release interrupt mask 7] [7] Setting the interrupt mask bit to 0
set_imask(0) CPU interrupts at all interrupt priority levels are enabled.

1

Figure 11 Processing by Function main

2.4.2 Initialization for Standby
Figure 12 shows the flow of processing for standby processing.

( stber_init() )

Set standby control register 3 1 [1] Release of the module from standby
(STBCR3) Y e MSTP35 bit = B'0: Clock supply to MTU2 is enabled.
( END )

Figure 12 Initialization: Release from Standby
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2.4.3 Initialization of Multi-Function Timer Pulse Unit 2 (MTU2)

Figure 13 shows the flow for initialization of MTUZ2. Settings are made to set up complementary PWM mode 3 on
channels 3 and 4.

( mtu2_init() )

Initialize variables [1]

[1] Initialization of variables for use in setting the PWM cycle, dead time,
and PWM duty cycle

, | - [2] Clear bits CST3 and CST4 in timer start register (TSTR)
Set timer start register 2 to 0 to halt counting by the timer counters (TCNT).
(TSTR) 2l

[
Set timer control register_3 (TCR_3) [3] Sfpsmflcatlonff clock source and source for clearing
d timer control register_4 (TCR_4) 3] o c?un grs_ '000: Di i
an gister_ —  CCLR[2:0] bits = B'000: Disables clearing of TCNT.
o CKEG[1:0] bits = B'00: TCNT counts rising edges.
| e TPSCJ[2:0] bits = B'001: TCNT counts cycles of internal clock P/4.
Set timer counter_3 (TCNT_3) The same initial values are set in registers TCR_3 and TCR_4.

and timer counter_4 (TCNT_4) (4] [4] Initialization of timer counters TCNT_3 and TCNT 4
e Value of dead time is set in the TCNT_3 register.
[ e H'0000 is set in the TCNT_4 register.

Set the following registers:

timer general register B_3 (TGRB_3), [5] |Initialization of PWM duty cycles

buffer register D_3 (TGRD_3), Initial values for PWM duty cycle are set in compare match registers

timer general register A_4 (TGRA_4), 5] (TGRB_3, TGRA_4, and TGRB_4) and buffer registers

buffer register C_4 (TGRC_4), (TGRD_3, TGRC_4, and TGRD_4).

timer general register B_4 (TGRB_4), The same values are set in the compare match registers and buffer registers.

and buffer register D_4 (TGRD_4)

| [6] The value (1/2 the carrier cycle + dead time) is set in the TGRA_3
register and in buffer register TGRC_3.

Set timer general register A_3 (TGRA_3) . ) . )
and timer general register C_3 (TGRC_3) [6] [7] Value of dead time is set in the dead time data register (TDDR).

| [8] Half the carrier cycle is set in the timer cycle data register (TCDR)
Set timer dead time data register and timer cycle buffer register (TCBR).
(TDDR) [71 When the setting for non-generation of dead time has been made, set TDDR
| to 1, and TGRA_3 and TGRC_3 to the value (1/2 the carrier cycle + 1).)

Set timer cycle data register (TCDR) [9] Using the PSYE bit in timer output control register (TOCR1) to specify

and timer cycle buffer register (TCBR) [8] enabling or disabling of output toggling in synchronization with the PWM cycle;
PWM output level setting by the OLSP and OLSN bits

[ « PSYE bit = B'1: Enable toggled output.

« OLSN bit = B'0: Inverse output is active at the low level.

Set timer output control register 1

(TOCR1) 9] » OLSP bit = B'0: Output of positive signals is active at the low level.
- | - [10] Setting to complementary PWM mode 3 by timer mode register_3 (TMDR_3)
Set timer mode register_3 [10] » MD[3:0] bits = B'1111: Complementary PWM mode 3 (transfer at crest and trough)
(TMDR_3) Do not make any setting in the TMDR_4 register. Additionally, mode setting

| should be made while TCNT_3 and TCNT_4 are halted.

Set timer output master enable register 1
(TOER) ) [11] Using timer output master enable register (TOER) to enable output on

| PWM output pins

Set timer interrupt enable register_3 [12] [12] Setting to enable or disable interrupt requests
(TIER_3)  TGIEA bit = B'1: Enables interrupt requests (TGIA_3) from channel 3
corresponding to setting of the TGFA bit.

( END )

Figure 13 Initialization of MTU2
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244 Initialization of Pin Function Controller (PFC)
Figure 14 shows the flow for initialization of the PFC.

( pfc_init() ) [1] Setting functions of multiplexed pins on port E

= o PE15MD[2:0] bits = B'110: Specifies the TIOC4D function (MTU2) for PE15.
| o PE14MDJ[2:0] bits = B'110: Specifies the TIOC4C function (MTU2) for PE14.
o PE13MD[2:0] bits = B'110: Specifies the TIOC4B function (MTU2) for PE13.

Set port E(;‘E“Ctg’l'_z‘;gism L4 ] o PE12MD[2:0] bits = B'110: Specifies the TIOC4A function (MTU2) for PE12.
| o

Setting functions of multiplexed pins on port E
o PE11MDI[2:0] bits = B'110: Specifies the TIOC3D function (MTU2) for PE11.
Set port E control register L3 2] o PE9MD[2:0] bits = B'110: Specifies the TIOC3B function (MTU2) for PE9.

(PECRL3) e PE8MD[2:0] bits = B'110: Specifies the TIOC3A function (MTU2) for PES.
| [3] Setting input and output directions for port E pins (PE15 to PEQ)
Set port E 1/O register L 3] * PE15IOR bit = B'1: Specifies the TIOC4D pin (PE15) for output.
(PEIORL) * PE14IOR bit = B'1: Specifies the TIOC4C pin (PE14) for output.

* PE13IOR bit = B'1: Specifies the TIOC4B pin (PE13) for output.
e PE12IOR bit = B'1: Specifies the TIOC4A pin (PE12) for output.
* PE11IOR bit = B'1: Specifies the TIOC3D pin (PE11) for output.
( END ) ¢ PE9IOR bit = B'1: Specifies the TIOC3B pin (PE9) for output.

* PE8IOR bit = B'1: Specifies the TIOC3A pin (PE8) for output.

Figure 14 Initialization of Pin Function Controller (PFC)

2.4.5 Handling of the Compare Match Interrupt
Figure 15 shows the flow for handling the compare match interrupt (TRRA_3) from MTU2.

C  int_mtu2_tgia3() )

[1] Clearing an interrupt source flag
e TGFA bit = B'0: Compare flag A of timer status register_3
1] (TSR_3) is cleared.
To clear the flag, write 0 to this bit after having read it as 1.

Clear interrupt flag of TGRA_3

No

Pul_pwm_duty1 == 0?

Bl [2][3] Setting flags

Flag (the variable Duty_select) to judge the need
to increment or decrement of the PWM duty cycle
is set.
o If the duty cycle is 0, the setting for
incrementation is made (0—Duty_select).
o If the duty cycle is greater than the PWM cycle, the

Is Pul_pwm_duty1
greater than the PWM cycle?

0—Duty_select 1-Duty_select

Setting for i tati Setting for d tati
°7ing for incremeration ©7ing for Cecrementaton setting for decrementation is made (1—-Duty_select).
l¢ -
N
Duty_select == 0? o
[4] Flag judgment
Settings for PWM duty cycle are incremented or
decremented.
Incrementation of settings for duty cycle Decrementation of settings for duty cycle
Pul_pwm_duty1 ++ Pul_pwm_duty1 —
Pul_pwm_duty2 ++ Pul_pwm_duty2 —
Pul_pwm_duty3 ++ Pul_pwm_duty3 —
l¢ |
I‘
Pul_pwm_duty1->TGRB_3
Pul_pwm_duty2—>TGRA_4 [5] [5] Setting PWM duty cycle in registers
Pul_pwm_duty3—>TGRD_4  Buffer register TGRD_3: Duty cycle for PWM1 output (positive/inverse) is set.
—_— — o Buffer register TGRC_4: Duty cycle for PWM2 output (positive/inverse) is set.

C EI!lD )

o Buffer register TGRD_4: Duty cycle for PWM3 output (positive/inverse) is set.

Figure 15 Interrupt Handling
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2.5 Settings of Registers in the Sample Program
The following describes the settings of registers used in the sample program.

251 Clock Pulse Generator (CPG)
Table 7 gives alist of settings for registers of the clock pulse generator (CPG).

Table 7 Clock Pulse Generator (CPG)

Register Name Address Setting Description
Frequency control H'FFFE 0010 H'0101 Specifies division ratios for operating frequency
register (FRQCR) e STCJ[2:0] =B'001:

Bus clock (Bg) frequency division ratio, x 1/2
e IFC[2:0] = B'00O0:
Internal clock (Iq) frequency division ratio, x 1
e PFCJ[2:0] = B'001:
Peripheral clock (P¢) frequency division ratio, x 1/2

MTU2S clock H'FFFE 0410 H'41 Specifies clock for MTU2S
frequency control *+ MSSCSJ[1:0] = B'01: The PLL output clock is selected
register (MCLKCR) as the source clock.
* MSDIVS[1:0] = B'01: Division ratio for the source
clock = 1/2
AD clock frequency H'FFFE 0414 H'41 Specifies clock for A/D converter
control register + ASSCS[1:0] = B'01: The PLL output clock is selected
(ACLKCR) as the source clock.
» ASDIVS[1:0] = B'01: Division ratio for the source clock
=1/2
25.2 Power-Down Modes

Table 8 gives register settings related to low-power modes.

Table 8 Power-Down Modes

Register Name Address Setting Description

Standby control H'FFFE 0408 H'5E Settings for the operation of various modules

register 3 (STBCR3) e HIZ = B'0: Pin states are held in software standby
mode.

 MSTP36 = B'1: Clock supply to MTU2S halted.
e« MSTP35 =B'0: MTUZ2 runs.

e MSTP34 = B'1: Clock supply to POE2 halted.

e MSTP33 = B'1: Clock supply to 1IC3 halted.

e MSTP32 = B'1: Clock supply to ADCO halted.
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253

Multi-Function Timer Pulse Unit 2 (MTU2)

Table 9 gives alist of settings for registers of multi-function timer pulse unit 2 (MTU?2).

Table 9 Multi-Function Timer Pulse Unit 2 (MTU2)

Register Name Address Setting Description

Timer control register_3 H'FFFE 4200 H'01 Sets details of TCNT control.

(TCR_3) ¢ CCLR[2:0] = B'000: TCNT clearing disabled
e CKEG[1:0] = B'00: TCNT counts rising edge.
e TPSCJ[2:0] = B'001: TCNT counts cycles of

internal clock Pg/4.

Timer control register_4 H'FFFE 4201 H'01 Sets details of TCNT control.

(TCR_4) ¢ CCLR[2:0] = B'000: TCNT clearing disabled
e« CKEG[1:0] = B'00: TCNT counts rising edge.
e« TPSCJ[2:0] = B'001: TCNT counts cycles of

internal clock P@/4.

Timer counter_3 (TCNT_3) HFFFE 4210 D'50 16-bit counter
For complementary PWM mode, the initial value
is the same as that of the timer dead time data
register (TDDR).

Timer counter_4 (TCNT_4) HFFFE 4212 H'0000 16-bit counter
Initial value is set to H'0000.

Timer general register A3 HFFFE 4218 D'2550 For complementary PWM mode, the setting is the

(TGRA_3) upper limit (1/2 carrier cycle + dead time) on the
value of TCNT_3 is set.

Timer general register C_3 H'FFFE 4224 In complementary PWM mode, the same value

(TGRC_3) setin TGRA_3 is set for initialization of the
TGRA_3 buffer register.

Timer general register B_3 H'FFFE 421A D'1275 For complementary PWM mode, this is the

(TGRB_3) comparison register for PWM output 1, and its
setting determines the PWM duty cycle (initial
output value).

Timer general register D_3 H'FFFE 4226 In complementary PWM mode, the same value

(TGRD_3) setin TGRB_3 is set for initialization of the
TGRB_3 buffer register.
Incremented or decremented value of PWM duty
cycle is set in this register

Timer general register A4 HFFFE 421C D'1275 For complementary PWM mode, this is the

(TGRA_4) comparison register for PWM output 2, and its
setting determines the PWM duty cycle (initial
output value).

Timer general register C 4 H'FFFE 4228 In complementary PWM mode, the same value

(TGRC_4) setin TGRA 4 is set for initialization of the
TGRA_4 buffer register.
Incremented or decremented value of PWM duty
cycle is set in this register.

REJ06B0803-0100/Rev.1.00 December 2008 Page 18 of 24



LENESANS

SH7280 Group

MTUZ2: Output of Complementary Pairs of PWM Signals in Three Phases

(Complementary PWM Mode)

Register Name Address Setting Description
Timer general register H'FFFE 421E D'1275 For complementary PWM mode, this is the comparison
B_4 (TGRB_4) register for PWM output 3, and its setting determines
the PWM duty cycle (initial output value).
Timer general register H'FFFE 422A In complementary PWM mode, the same value set in
D_4 (TGRD_4) TGRB_4 is set for initialization of the TGRB_4 buffer
register.
Incremented or decremented value of PWM duty cycle
is set in this register
Timer dead time data  H'FFFE 4216 D'50 16-bit register used only in complementary PWM mode
register (TDDR) The setting is the offset value (value that determines
the dead time) for TCNT_4 and TCNT_3.
Timer cycle data H'FFFE 4214 D'2500 Register used only in complementary PWM mode
register (TCDR) The setting is the upper limit on the value (1/2 the
carrier cycle) of TCNT_4.
Timer cycle buffer H'FFFE 4222 Register used only in complementary PWM mode
register (TCBR) Buffer register for the TCDR
The setting is the same as that of the TCDR.
Timer output control H'FFFE 420E  H'40 Sets output operation in complementary PWM mode.
register 1 (TOCR1) « PSYE = B'1: Toggled output in synchronization with
the PWM cycle is enabled.
e TOCL =B'0:
Writing to the TOCS, OLSN, and OLSP bits is
enabled.
« TOCS = B'0: Selects use of the TOCRL1 setting
« OLSN = B'0: Selects levels for inverse output in
complementary PWM mode.
Initial output = high, active level = low
« OLSP = B'0: Selects levels for output of positive
signals in complementary PWM mode.
Initial output = high, active level = low
Timer mode register_3 H'FFFE 4202 H'3F Sets operation mode (channel 3).

(TMDR_3)

- BFB=B'1:
TGRB and TGRD are used together (buffered
operation)

e BFA=B'1l
TGRA and TGRC are used together (buffered
operation)

e« MD[3:0] =B'1111:
Complementary PWM mode 3 (transfer at crest and
trough)
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Register Name Address Setting  Description
Timer mode register_4 H'FFFE 4203 — Sets operation mode (channel 4).
(TMDR_4) Note: When channel 3 is set to complementary

PWM mode, settings made for channel 4
are ineffective (operation is automatically
in accord with the settings of channel 3).
No setting is made; the register is left at

its initial value.

Timer output master enable H'FFFE 420A  H'FF
register (TOER)

Specifies enabling or disabling of output through
the MTUZ2 output pins.

OE4D = B'1: MTUZ2 output on the TIOC4D pin
is enabled.
OE4C = B'1: MTUZ2 output on the TIOC4C pin
is enabled.
OE3D = B'1: MTUZ2 output on the TIOC3D pin
is enabled.
OE4B = B'1: MTU2 output on the TIOC4B pin
is enabled.
OE4A = B'1l: MTU2 output on the TIOC4A pin
is enabled.
OE3B = B'1l: MTU2 output on the TIOC3B pin
is enabled.

Timer interrupt enable H'FFFE 4208  H'01
register_3 (TIER_3)

Specifies enabling or disabling of interrupt
requests.

TGIEA = B'1:
Interrupt requests (TGIA) corresponding to
setting of the TGFA bit are enabled.

Timer start register (TSTR)  H'FFFF 4280 H'CO

Selects operation or stoppage of TCNT for
channels 0 to 4.

CST4 =B'1l: TCNT_4 counts
CST3 =B'1l: TCNT_3 counts

Counting by TCNT_2 to TCNT_0 is stopped.
Bit settings for counting by TCNT_4 and TCNT_3
should be made at the same time.
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254 Interrupt Controller (INTC)

Table 10 gives alist of settings for registers of the interrupt controller (INTC).

Table 10 Interrupt Controller (INTC)

Register Name ( Address Setting Description
Interrupt priority registers H'FFFE 0C08 H'00F0 Selects interrupt priority (level 0 to 15).
10 (IPR10) » Bit15to 12 = B'0000:

MTU2 (TGI2A and TGI2B) interrupt level = 0

» Bit 11 to 8 = B'0000:
MTU2 (TCI2V and TCI2U) interrupt level = 0

e Bit7to4=B'1111:

MTU3 (TGI3A to TGI3D) interrupt level = 15
» Bit 3 to 0 =B'0000:

MTU3 (TCI3V) interrupt level = 0
In this sample program, TGI3A interrupt is used.

255 Pin Function Controller (PFC)

Table 11 gives alist of settings for registers of the pin function controller (PFC).

Table 11 Pin Function Controller (PFC)
Register Name Address Setting

Description

Port E control register H'FFFE 3A10 H'6666
L4 (PECRL4)

Specifies functions of multiplexed pins on port E.

»  PE15MD[2:0] = B'110: Specifies the TIOCAD /O (MTU2) for PE15.
»  PE14MD[2:0] = B'110: Specifies the TIOCAC /O (MTU2) for PE14.
«  PE13MD[2:0]=B110: Specifies the TIOC4B /O (MTUR) for PE13.
«  PE12MD[2:0]=B110: Specifies the TIOC4A /O (MTUR) for PE12.

Port E control register H'FFFE 3A12 H'6066
L3 (PECRL3)

Specifies functions of multiplexed pins on port E.

»  PE11MD[2:0] = B110: Specifies the TIOC3D IO (MTU2) for PE11.
»  PE10MD[2:0] = B0OO: Specifies the PE10 /O (port) for PE10.

»  PESOMD[2:0] =B'110: Specifies the TIOC3B /O (MTU2) for PEQ.

» PESMD[2:0] =B'110: Specifies the TIOC3A /O (MTUZ) for PES.

PortE /O register L H'FFFE 3A06 H'FB0O
(PEIORL)

Specifies input and output directions for port E pins.

» PEI15IOR = B'1: Specifies the TIOC4D pin (PE15) for output.

» PE14IOR =B'1: Specifies the TIOCAC pin (PE14) for output.

» PE13IOR =B'1: Specifies the TIOC4B pin (PE13) for output.

* PE12IOR = B'1: Specifies the TIOC4A pin (PE12) for output.

* PE11IOR =B'1: Specifies the TIOC3D pin (PE11) for output.

* PE10IOR =B'0: Specifies the PE10 (port) for input.

* PESIOR =B'1: Specifies the TIOC3B pin (PE9) for output.

» PESIOR =B'l: Specifies the TIOC3A pin (PES) for output.

e PE7IOR to PEOIOR all set to B'0: PE7 to PEO are
input pins.
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3. Documents for Reference

» Software Manua
SH-2A, SH2A-FPU Software Manua (REJO9B0051)
The most up-to-date version of this document is available on the Renesas Technology Website.

» Hardware Manual
SH7280 Group Hardware Manual (REJO9B0393)
The most up-to-date version of this document is available on the Renesas Technology Website.
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Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
csc@renesas.com

Revision Record

Description
Rev. Date Page Summary
1.00 Dec.24.08 — First edition issued

All trademarks and registered trademarks are the property of their respective owners.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

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

© 2008. Renesas Technology Corp., All rights reserved.
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