ENESANS APPLICATION NOTE

RX62T RO1ANO750ET0100

] ] Rev.1.00
GPT Asymmetric Triangle-Wave Complementary PWM July 11, 2011
Introduction

The RX62T Group has a general PWM timer (GPT) ctimgj of a four-channel 16-bit timer, the GPT

operates at a maximum of 100 MHz. This applicatimte is going to show the setting of three-phase
asymmetric triangle-wave complementary PWM outpith vautomatic dead time setting by using GPT
function.
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RX62T GPT Asymmetric Triangle-Wave Complementary PWM

1. Specification

* 16 bit x 4 channels

» Counting up or counting up and down selectableefmh counter.

» Clock sources independently selectable for eachraia

» Two input/output pins per channel.

» Two output compare/input capture registers per icblan

» For the two output compare/input capture regisbérsach channel, four registers are provided afebuf
registers and are capable of operating as compamgpsters when buffering is not in use.

* In output compare operation, buffer switching canab crests or troughs, enabling the generation of
laterally asymmetric PWM waveforms.

* Registers for setting up frame cycles in each cébfwith capability for generating interrupts ateoilow
or underflow).

» Synchronically operation of the several counters

» Modes of synchronized operation (synchronized ispldced by desired times for phase shifting).

» Generation of dead times in PWM operation.

* Through combination of three counters, generatibthi@e-phase PWM waveforms incorporating dead
times.

» Starting, clearing, and stopping counters in respda external or internal triggers.

» Internal trigger sources: output of the internal parator, software, and compare match.

Fig. 1-1 is the block diagram of General PWM Tir{@PT).
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Figure 1-1 Block diagram for GPT
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GPT Asymmetric Triangle-Wave Complementary PWM

Table 1-1 Specifications of General PWM Timer (GPT) Register

GTSTR General PWM timer software start regi:
General PWM timer hardware source start cor
GTHSCR register
General PWM timer hardware source clear cor
GTHCCR register
General PWM timer hardware start source s¢
GTHSSR register
General PWM timer hardware stop/clear sot
GTHPSR select register
GTWP General PWM timer wril-protection registe
GTSYNC General PWM timer sync regis
General PWM timer extnal trigger input interrug
GTETINT register
General PWM timer buffer operation disa
GTBDR register
GTIOR General PWM timer 1/O control regis
General PWM timer interrupt output setti
GTINTAD register
GTCR General PWM timer control regis
GTBER Geneal PWM timer buffer enable regis
GTUDC General PWM timer count direction regit
GTITC General PWM timer interrupt and A/D conver
start request skipping setting
GTST General PWM timer status regis
GTCNT General PWM timer counter val
GTCCRA General PWM timer compare capture regist
GTCCRB General PWM timer compare capture regist
GTCCRC General PWM timer compare capture regist
GTCCRD General PWM timer compare capture regist
GTCCRE General PWM timer compare capture regiE
GTCCRF General PWM timer compare capture regis
GTPR General PWM timer cycle setting regis
GTPBR General PWM timer cycle setting buffer regi
General PWM timer cycle setting dou-buffer
GTPDBR register
GTADTRA A/D converter start reque¢ timing register #
GTADTBRA ﬁ/D converter start request timing buffer regis
A/D converter start request timing dou-buffer
GTADTDBRA register A
GTADTRB A/D converter start request timing registe
GTADTBRB A/D converter start request timing fer register |
A/D converter start request timing dou-buffer
GTADTDBRB register B
GTONCR General PWM timer output negate control reg
GTDTCR General PWM timer dead time control regi
GTDVU General PWM timer dead time value regi
GTDVD Gereral PWM timer dead time value regit

RO1ANO750ET0100 Rev.1.00
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RX62T GPT Asymmetric Triangle-Wave Complementary PWM

2. Three-Phase Asymmetric Triangle-Wave Complementary PWM Output with
Automatic Dead Time Setting

2.1 Example of Triangle-Wave PWM Mode 3 Operation

The procedure of setting three-phase asymmetangle-wave complementary PWM output with automatic
dead time setting is same as triangle-wave PWM n3pdaéhich is a mode that PWM waveforms are output
with the change point at up-counting set to GTCC&® the change point at down-counting set to
GTCCRD for the GTIOCNA pin (positive-phase wavef@rand with the change point at up-counting set to
GTCCRE and the change point at down-counting s T&€CRF for the GTIOCnhB pin (negative-phase
waveform).

A negative-phase waveform with dead time basedheréad time value registers GTDVU and GTDVD can
be output from the GTIOCnB pin.

Fig. 2-1 shows an example of Triangle-Wave PWM MB8dmperation.

At .,,%\ : i
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GTCCRF s X B3 :l A+ BS iX’ BT 4
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GTCCRE 4 ED X jpet X B X B3 X B4 X p5 2
GTIOCAA output E s
GTIOCHE output L (A O
Figure 2-1 Example of Triangle-Wave PWM Mode 3 operation
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GPT Asymmetric Triangle-Wave Complementary PWM

2.2 Example of Procedure for Setting Triangle-Wave PWM Mode 3
Fig. 2-2 shows an example of the procedure fomggeTtriangle-Wave PWM Mode 3.

C

Operation
selection

)

Y

Select counter clock

A 4

Set operating mode

:

Set GTIOC pin function

:

Set cycle

:

Set buffer value

Set forcible butter
transfer

:

Set buffer value

:

Start count operation

Set buffer value for each
cycle

Figure 2-2 Example of Procedure for Setting Triangle-Wave PWM Mode 3
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RX62T GPT Asymmetric Triangle-Wave Complementary PWM

3. General PWM Timer Software Register Setting
General PWM Timer Control Register (GTCR):

GTCR controls GTCNT.
GTCR should be set while GTCNT operation is stopped

When synchronized clearing is selected, synchrdnikearing is handled equally to clearing by therder's
overflow or underflow in saw-wave mode. The outputhanged while compare match and buffer transfer
performed. However, the overflow flag and underflitarg are not changed.

b14

b15 b13 b2 bi1 b10 b9 ba b7 b b5 b b3 b2 b1 b0

|—|—|CCLR[1:C‘]|—| —|TPCS[I:C']| —| —|—|—|—|
Value after resett 0 o [1] o o o o 1] 1] i) a 0] o 1] 1] a

Bit Symbol
b2tob0 MD[2-0)

Bit Name
Mode Select

Description

b2Bo

0D I Saw-wawe PWM mode [single buffer or double buifer
possible)

00 1: Saw-wave one-shot pulse mode (fixed buffer operation)

0 1 0: Setting prohibited

0 1 1: Setting prohibited

10 0: Triangle-wave PWM maode 1 (16-bit transfer at crest) (single
buffer or double buffer possible)

10 1: Triangle-wave PWM maode 2 (16-bit transfer at crest and
trowgh) {single buffer or double buffer possible)

1 1 0: Trangle-wave PWM mode 3 (32-bit transfer at trough)) fixed
buffer operation]

1 1 1: Setting prohibited

bTtob3 —
ba, 5@  TPCS[1:0]

(Reserved) These bits are read as 0. The write value should be 0

Timer Prescaler Select bE B3
oo
o1
10

1 1: ICLK/S {systemn clock)

CLK (system clock)
ICLK2 {systemn clock)
CLK4 [systemn clock)

b1, bi0 —
b13, 12 CCLR[1:0]

(Reserved)

Counter Clear

These bits are read as 0. The write value should be 0

b3 D12

0 D: Controlled only by GPTn.GTPR.

0 1: GPTN.GTCNT cleared by GPTn.GGTCCRA input capture
10: GPTN.GTCNT cleared by GPTn.GTCCRE input capture
Cleared by counter clearing in another channel performing

synchronized clearing'synchronized operation

B13, b1 (Reserved] These bits are read as 0. The write value should b= 0

Figure 3-1 GTCR Setting

General PWM Timer I/O Control Register (GTIOR):

GPTn.GTIOR sets the functions of the GTIOCnA and@InB pins. Each channel has one GTIOChA pin
and one GTIOCnB pin.

b15 b4 b13 b12 b1 b10 bg b8 b7 b& b5 bd b3 b2 b1 b0
OBH | OBD OAH | OAD
o LT GTIOB[5: 0] D FLT GTIOA[5: 0]

Value afterreset: 0 0 o] o 0 o] o 0 0 0 o] o o 0 o] o]
Bit Symbol Bit Name Description RW
b5to b0 GTIOA[S:0] GTIOCNA Pin Function Select See table 17.5. RW
b6 OADFLT Output Value at GTIOCnA Pin Count Stop Cutput value is specified. RAW
b7 OAHLD Qutput Retain at GTIOCnA Pin Count 0: Register setting is used RMW

Start/Stop 1: Output is retained
b13fo b8 GTIOB[5:0] GTIOCNE Pin Function Select See table 17.5. RAW
b4 OBDFLT Qutput Value at GTIOCnB Pin Count Stop Output value is specified. RW
b15 OBHLD Output Retain at GTIOCnB Pin Count 0: Register setting is used RMAW
Start/Stop 1: Qutput is retained

Figure 3-2 GTIOR Setting
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GPT Asymmetric Triangle-Wave Complementary PWM

General PWM Timer Cycle Setting Buffer Register RBR):

The first have to set the counter cycle from GTEgiater and the GTPBR is the buffer for GTPR.

General PWM timer compare capture regist¢ GCCCRC):

Set the compare match value.

General PWM timer dead time control regisTDTCR):

GTDTCR enables automatic setting of a negative-@has/eform with dead time.

In this register, the TDE have set to 1, comparemealue of a negative-phase waveform with Deaue tis

automatically set to GPTn.GTCCRB and TDFER is alsbtol, TDBUE and TDBDE is also set to 1 that

buffer operation enable.

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
TDF TOB | TDB
— | — — — — — — — — — — — | TDE
ER DE | UE
Value afterreset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description RW
b0 TDE Negative-Phase Waveform Setting 0: Normal operation RW
1: Compare match value of a negative-phase waveform with
dead time is automatically set to GPTn.GTCCRB
b3 to b1 — (Reserved) These bits are read as 0. The write value should be 0. RMW
b4 TDBUE  GTDVU Buffer Operation Enable 0: GPTn.GTDYU buffer operation is disabled RMW
1: GPTn.GTDVU buffer operation is enahled
b5 TDBDE  GTDVD Buffer Operation Enable 0: GPTn.GTDVD buffer operation is disabled RMW
1: GPTn.GTDVD buffer operation is enabled
b7, b6 — (Reserved) These bits are read as 0. The write value should be 0. RMW
b8 TDFER  GTDVD Setfing 0: Normal operation RMW
(GPTN.GTDVU and GPTn.GTDVD operate separately)
1: The value written to GPTn.GTDVU is set to GPTn.GTDVD
p15tobhd — (Reserved) These bits are read as 0. The write value should be 0. RMW
Figure 3-3 GTDTCR Setting
General PWM timer dead time value regigtef DVU):
Set the dead time value.
General PWM timer dead time buffer regig@im DBU):
This register is GTDVU buffer.
RO1ANO750ET0100 Rev.1.00 Page 7 of 11
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RX62T GPT Asymmetric Triangle-Wave Complementary PWM

General PWM timer buffer enable regist&TBER):

GTBER makes settings for buffer operation.
GTBER should be set while GTCNT operation is stappe

Writing 1 to the CCRSWT bit forcibly performs trdes by buffer operation of GPTn.GTCCRA and
GPTn.GTCCRB. After transfer has finished, this dnittomatically returns to 0. When this bit is re#d,
returns 0. This bit is valid only when countingtepped with compare match operation specified.

4157 CCRSWT GTCCRA and GTCCRB Forcible Buffer Writing 1 to this hit forcibly performs transfer by buffer R
Dperation operation of GPTN.GTCCRA and GPTn.GTCCRB. This bit
automatically returns to 0. (When this bit is read, it retums 0.)
b7 — {Reserved) This bit is read as 0. The write value should be 0. R
b9 b8  ADTTA[1:0] GTADTRA Buffer Transfer Timing Select  + Trangle waves RN
b £&

0 G: No transfer

0 1: Transfer at crest

1 0: Transfer at trough

1 1: Transfer at both crest and rough

s Saw waves

b b8

0 0: No transfer

For values other than 0 0, transfer is performed at an

underflow (in down-counting) or overflow {in up-counting).

Figure 3-4 GTBER Setting

General PWM Timer Output Negate Control RegisteFQBICR):
GTONCR controls negate of the GTIOCnA pin outpud &T1OCnB pin output.

In this register, the OAE and OBE bits should e€t,tGTIOCnA and GTIOCnB pin output enable.

b15 b14 b13 b12 b1t  b10 bg b8 b7 b6 b5 b4 b3 b2 b1 b0
‘ OBE‘ OAE‘ — SWN‘ — ‘ — ‘ — ‘ NFV‘ NFS[3:0] ‘ NVB ‘ NVA‘ NEB‘ NEA‘
Value afterreset: 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Figure 3-5 GTONCR Setting
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4. Experiment Result
Using Triangle-Wave PWM mode 3, we can get theetimiease asymmetric triangle-wave complementary
PWM output. Fig. 4-1 to Fig. 4-3 thg, is 20 KHz. Dead_time i8 us and1 us.

Fig. 4-1 is GPTO for 25% duty;
Fig. 4-2 is GPT1 for 50% duty;
Fig. 4-3 is GPT2 for 75% duty;

Tek Stop | [
L A T T T A 40.0mY

i S LI : : J@: 10.0mv
Apitmrn whal awids gl aws Saws R 1A: 500kHz
8 3 : ; : : J@: 5.00MHz

] ez : 3 1 Ch1 Period
. . . . . VE . . . . ] 530.00us
ST SR NN - SR U . - W W iiiiooo o1 Low signal

L : : : amplitude

A T8 TR AT Y ChI:GTIOCOA output
Ch3[5.00V | oo v' Ch2:GTIOCOB output

Figure 4-1 GPTO output for 25% duty
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Figure 4-2 GPT1 output for 50% duty
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Figure 0-1 GPT2 output for 75% duty

Fig. 4.4 shows the GPT1 and GPT2 result at the $iamee

L <L ——

Al 100my

E : ; g : : ; : @ 0.00V
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) : : ; 3 : : : 5 @ 500KHZ

Ch1 +Duty
50.00%

Low signal
amplitude

Ch2 Period
50.00s
Low signal
amplitude

Ch3 +Duty
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: ; E Lows signal

S : : : amplitude

—

B[ 5.00v  |chz[ 5.00V  |M[10.0us| A Chi S5 2.40V|

Ch3[ 5.00V Chd4| 5.00V
[50.00%

Figure 0-4 GPT1 and GPT2 result

5. Conclusion

From experimental result, we can use General PWMeTifor three-phase asymmetric Triangle-Wave
Complementary PWM Output with automatic dead tiettisg by RX62T GPT.
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Website and Support

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

Inquiries
http://www.renesas.com/inquiry
All trademarks and registered trademarks are tbpepty of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

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

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

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

that the change will not lead to problems.

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




Notice

1. Allinformation 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 sales 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.

2. 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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

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

5. 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. You 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.

6. 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.

7. 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 i audio and visual equipment; home electronic appliances; machine tools;

personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety i and medical 1t not

designed for life support.

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

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

9. 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 nor I with i laws and
11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please 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.

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