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Introduction

This application note describes the setting method of the complementary PWM output function, gives an overview of
the operation of the sample code, and explains its use.

Target Device
V850E2/MN4 microcontrollers
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V850E2/MN4

Complementary PWM Output Function

1. Outline

1.1 Application System

The system (sample code) uses a target board designed for a V850E2/MN4 microcontroller. Please contact a Renesas
Electronics sales representative or agent with regard to obtaining or receiving technical support for the target board.

1.2 Development Environment

121 Software Development Environment
Integrated development environment: CubeSuite+

C compiler: CX

Hardware environment

Multi (Green Hills software)
IAR Embedded Workbench (IAR Systems)

On-chip debugging emulator: QB-V850MINI
Target board: QB-V850E2MN4DUAL-TB
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Figure 1.1 V850E2/MN4 Target Board
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V850E2/MN4 Complementary PWM Output Function

2. System Overview

This section provides an overview of the system.

2.1 Hardware Configuration

The hardware configuration is shown below.

TAUAO

Complementary PWM
output

TAUAOTOUT7 )

TAUAOTOUT6 >

TAUAOTOUTS = Complementary PWM output
Duty ratio: 50%

TAUAOTOUTS ==

TAUAOTOUTS et—)

TAUAOTOUT2 —
TAUAOINT1
Carrier interrupt
(50 ps)
Port13 7
LED1 on/off <<

Figure 2.1 Hardware Configuration
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V850E2/MN4 Complementary PWM Output Function

2.2 Hardware Specifications

221 Interface
The user interface elements of the system are listed below.

Table 2.1 User Interface

Item Interface Element Function

LED1 Orange LED During PWM output: On, off (50 us period)

A V850E2/MN4 pin interface listing for the system is shown below.

Table 2.2 Pin Interface

Pin Name Function

P136/INTP4/CAN1TXD/TXD5/SCL5/SCK5 LED1 on/off control

P82/S D18/TAO_I2/TA0_O2/TEO0_TI Complementary PWM output (U-phase high side)
P83/S_D19/TAQ_I3/TAO0_O3/ Complementary PWM output (U-phase low side)
P84/S_D20/TAQ_I4/TAO_O4/TEQ_TA Complementary PWM output (V-phase high side)
P85/S_D21/TAQ_I5/TAO0_O5/ Complementary PWM output (V-phase low side)
P86/S_D22/TA0_I6/TA0_O6/TEO_TB Complementary PWM output (W-phase high side)
P87/S_D23/TAQ_I7/TA0_O7/ Complementary PWM output (W-phase low side)
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V850E2/MN4 Complementary PWM Output Function

2.2.2 Peripheral Functions
The peripheral functions used by the system are listed below.

Table 2.3 Peripheral Functions

Peripheral Function Control System Function

Timer array unit AO (TAUAQ) Complementary PWM output (Six: TAUAOTOUT2 to TAUAOTOUT7)

(1) Timer Array Unit A0 (TAUAO)
Complementary PWM output

Complementary PWM output is implemented on channels 0 to 7 by means of modulation using the six-phase triangle
PWM output function and real-time output function of the timer array unit. The carrier modulation method of the six-
phase triangle PWM output function is triangle wave modulation.

In addition, for the control period (50 ps) of the system, the channel 1 interrupt is used as a real-time trigger interrupt
(synchronized with the PWM period).

TAO_O2 | |

<> <>
TAO_03 — Dead time Dead time
TAO_O4

<> <+
TAO_O5 — Dead time Dead time pr——
TAO_O6

<> <>
TAO0_O7 =Y Dead time Dead time I_

Figure 2.2 Complementary PWM Output Waveforms (PWM Output with Dead Time)
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V850E2/MN4 Complementary PWM Output Function

The correspondences between the timer array unit TAUAO functions mentioned above and the channels used are shown
below.

Table 2.4 Timer Array Unit Channels Used

Number Control System Function
Channel 0 PWM output period setting
Channel 1 Real-time trigger setting
Channel 2 U-phase duty value setting
Channel 3 U-phase dead time value setting
Channel 4 V-phase duty value setting
Channel 5 V-phase dead time value setting
Channel 6 W-phase duty value setting
Channel 7 W-phase dead time value setting
2.2.3 Interrupt

The system uses the following interrupt.

Table 2.5 Interrupt Used

Interrupt Function
INTTAUAOI Real-time trigger interrupt (control period: 50 ps)
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V850E2/MN4 Complementary PWM Output Function

2.3 Basic Specifications of Software

231 Basic Specifications of Software
The basic specifications of the system’s software are shown below.

Table 2.6 Basic Specifications of Software

Setting Function Complementary PWM output

Carrier frequency (PWM) 20 [kHZz]

2.3.2 Abbreviated Software Flowcharts
Abbreviated flowcharts of the system’s software are shown below.

main

cg_initial();
Clock generator initial
settings

hbus_initial(); Turn LED1 off
H bus area initial settings ‘

port_initial();
Port initial settings

‘ No
board_initial();

LED1 and LED?2 initial Yes
settings (all off)

‘ Turn LED1 on

user_initial(); P
User initial settings -

@terrupt processing end >

user_initial();

def_init();
Band variable initial value
settings

\
pwm_int_init();
PWM period sync interrupt
initial settings
[TAUAO 0 to TAUAO 7]

Figure 2.3 Abbreviated Software Flowcharts (Main, PWM Period Sync Interrupt)
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V850E2/MN4 Complementary PWM Output Function

3. Peripheral Functions

This section describes the peripheral functions used by the system.

(1) Timer Array Unit AO
Complementary PWM output: Six-phase triangle PWM output (PWM with dead time) and real-time output

3.1 Timer Array Unit A (TAUA) Functions

Timer array unit A (TAUA) comprises four 16-bit timer units, each of which has 16 channels. Each channel has a 16-bit
counter and 16-bit data register. The 16-bit timer units can be used independently, and multiple 16-bit timers can be
combined to implement sophisticated timer functions.

PCLK __.| Prescaler I
gz

oo INTTAUARIO
TAUARTTING (©) _&E Channel 0 I_::@ TAUARTTOUTO

INTTAUANH
TAUARTTINT (@) _g Channel 1 I—::© TAUARTTOUT!
TAUARTTINZ (D) == Channel 2 | :@INTﬂAﬁﬂ::'Irzoun
TAUARTING ©) == Channel 3 I__* (@;"T"Aﬂ::_'r:’oun
TAUANTTING (©) _ﬁ Channel 4 I__‘ INTnAﬁ::‘ouu
TAUARTTING (5) = Channel 5 I_:@INTHAAU;I::':'SOUTS

= Channel 6 I__’ INTTAUARIS
TAUARTTING (©) (@ TAUARTTOUTE
TAUANTTIN? (©) _:! Channel 7 FH@;NTHAAUA?:::DUW
TAUARTTING (©) _51' Channel 8 r:@m'rﬂ;u.\lf::':aoum
TAUANTTING (©) _:' Channel 9 r:@;nzﬁ::goun
TAUARTTINGD (©) = Channel 10 I__b@m-rﬂ,qnuﬂ::'lrﬁu-r1c
TAUARTTINIT (5 = Channel 11 1 INTHAﬁﬂ::'IrEUTH
TAUARTTINGZ (©) _E' Channel 12 I_:(;Tﬂ,qﬂ::':gUTu
TAUARTTINGG () _g Channel 13 r:@mﬂﬂ::-rgu-m
TAUANTTINGG () = Channel 14 I_:@;N'rﬂ,qnuﬂ::'lrﬁmu
TAUARTTINIS (G} | Channel 15 r:éNﬂﬂ:$1§u11s

Figure 3.1 TAUA I/O Signals
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The system uses TAUAO to generate complementary PWM output. The correspondences between the channels used by
the system and the control functions are shown below.

Table 3.1 Timer Array Unit Channels Used and Control Functions

Number Control System Function | Timer Operating Mode

Channel 0 PWM output period setting | Six-phase triangle PWM output function

Channel 1 Real-time trigger Interrupt culling function (the system uses a culling count of 1)
PWM control period

Channel 2 PWM output Six-phase triangle PWM U-phase duty value setting

Channel 3 output function U-phase dead time value setting

Channel 4 V-phase duty value setting

Channel 5 V-phase dead time value setting

Channel 6 W-phase duty value setting

Channel 7 W-phase dead time value setting

RO1AN0927EJ0100 Rev.1.00
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V850E2/MN4 Complementary PWM Output Function

3.1.1 Complementary Modulation Output Function

The complementary modulation output function uses a six-phase triangle PWM output function and a linked real-time
output function to generate six PWM with dead time (complementary PWM) outputs, three high arm and three low arm.
The PWM period of the system is set at 20 kHz (50 ps). The basic timing of the complementary modulation output is
shown below.

TAUANTS.TAUANTSm

TAUANTE.TAUANTEm

TAUANCNTm
0000k

TAUANCDRm — X 5

TAUANTTOUTm

INTTAUANIM -I
A Master

B

€—a+ 1 —>ie— a+ 11—t b+ 1> b+ 1
; Slave 1 i¢— Down '—pig-~ Up -—pi« Down: hq Up “»
2 Slave 2 i
TAUANTS.TAUANTSm

-]

L,

TAUANTE.TAUANTEm

TAUANCNTm DomH\ >

\ B .
TAUANCDRm ' o X ' r
INTTAUANIm I | 1
A €« e >« P ¢ Pie—Ple——>le—>
Slave 2 (a+1-e)*2 f (b+1-)2 f

’ Slave 3

TAUANTS.TAUANTSm |

TAUANTE.TAUANTEm

TAUANCNTm
0000k

TAUAnCDRm f

INTTAUAnIm I | | 1 L.

¥Slave3 g+1 g+1 g+1 g+1 g+1
) TAUARTTOUTm Slave 2, 3

TAUANTTOUTm TAUANTDL=0,

Slave 2 TAUANTOL.TAUANTOLm=0

TAUARTTOUTM _ — =

Slave 3 TAUANTDL=0,
TAUAATOL. TAUARTOLm=1

Figure 3.2 Basic Timing Example of Complementary Modulation Output
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The settings of channels 0 to 7, which are used by the complementary modulation output function, are listed below.

Table 3.2 Complementary Modulation Output Function Settings

Channel Item Description
Channel 0 | Source clock CKO
(master) Count clock frequency 66.6 MHz
Interrupt period 25 us (PWM period of 50 us not used)
Channel data register 0 (TAUAOCDRO) setting value | 1666 (25 ps (for triangle wave))
Channel 1 | Source clock CKO
Count clock frequency Master interrupt (INTTAUAOIO)
Interrupt period 50 us
(control period: same as PWM period)
Channel data register 1 (TAUAOCDR1) setting value | 1
Channel 2 | Source clock CKO
Count clock frequency 66.6 MHz
Channel data register 2 (TAUAOCDR?2) setting value | 833 (modulation factor: 50%)
Channel 3 | Source clock CKO
Count clock frequency 66.6 MHz
Dead time value 2 us
Channel data register 3 (TAUAOCDR3) setting value | 132 (2 us)
Channel 4 | Source clock CKO
Count clock frequency 66.6 MHz
Channel data register 4 (TAUAOCDRA4) setting value | 833 (modulation factor: 50%)
Channel 5 | Source clock CKO
Count clock frequency 66.6 MHz
Dead time value 2 us
Channel data register 5 (TAUAOCDRS) setting value | 132 (2 us)
Channel 6 | Source clock CKO
Count clock frequency 66.6 MHz
Channel data register 6 (TAUAOCDRS®) setting value | 833 (modulation factor: 50%)
Channel 7 | Source clock CKO
Count clock frequency 66.6 MHz
Dead time value 2 us
Channel data register 7 (TAUAOCDRY7) setting value | 132 (2 us)
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V850E2/MN4 Complementary PWM Output Function

3.1.2 From Modulation Factor to PWM Duty Setting

The duty setting of the complementary modulation output is accomplished with multiple channels functioning in a
linked manner. The period is set on one channel and the duty and dead time are set on the others. The system uses fixed
values for period and dead time, and the duty of the U, V, and W phases is controlled by the channel data registers of
channels 2, 4, and 6.

In contrast to the other PWM functions, the function for generating complementary PWM output uses a smaller channel
data register value to produce a larger duty value. Therefore, when the channel data register value is reduced the duty
value decreases. The expressions for calculating the values (when dead time is ignored) are shown below.

e PWM period = (setting value of channel 0 channel data register (TAUAOCDRO) + 1) x 2 x count clock period

Duty [%] = {(setting value of channel 0 channel data register (TAUAOCDRO) +1 — setting value of TAUAOCDRn) /
(setting value of channel 0 channel data register (TAUAOCDRO) + 1)} x 100

0% output =  setting value of TAUAOCDRN 2 setting value of channel 0 channel data register (TAUAOCDR 0) + 1)

100% output = TAUAOCDRnN = 0000H

Remark:n=2,4,6

The method of calculating the setting value of the channel data register (the PWM duty) from the modulation factor,
described above, is such that when the modulation factor is a value of 0% to 100%, the relationship between the
modulation factor and the setting value of the channel data register is as shown below.

Modulation factor
100 ) 0000H

50 Setting value of TAUAOCDRO / 2

¥ Setting value of TAUAOCDRO + 1

Figure 3.3 Relationship between Modulation Factor and Channel Data Register

The following expression shows this relationship between the value of the channel data register (TAUAOCDRn), which
sets the duty, and the modulation factor.

Setting value of TAUAOCDRnN = TAUAOCDRO — (modulation factor x TAUAOCDRO)

Remark:n=2,4,6

The system sets the modulation factor of all TAUAOCDRn registers to 50%.

Setting value of TAUAOCDRn = TAUAOCDRO — (0.5 x TAUAOCDRO)
= 1666 — (0.5 x 1666)
= 833

Remark:n=2,4,6
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3.1.3 Settings of Complementary Modulation Output Function
The system makes initial settings to the channels used for six-phase triangle PWM as described below.

(1) TAUAO Channel Stop Trigger Register 2 (TAUAOTT)

This register stops operation on the individual channels of TAUAO. The bits corresponding to the channels used by the
complementary PWM output function (channels 0 to 7) are set to 1.

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TAUAOTT [ 0 | o [ o J o [ oo oo 1+ ] 1 [ 1] 1] 1] 1] 1]
. —
——
TAUAO channels 0 to 7

(2) TAUAO Prescaler Clock Select Register (TAUAOTPS)

This register selects among 16 types of prescaler output (FCLK/2° to fCLK/2"%). The system sets CK0 to CK3 to fCLK
(66.6 MHz).

15 14 13 12 11 10 9

5 1
TauaoTPs [ 0 [ o [ o J o J o oo oo o] of]o]o]ol]o]

- N\ AN U\ _J

Rl e e YT
CK3 CK2 CK1 CKO

(3) TAUAO Channel Mode OS Register 0 (TAUAOCM ORO0)

This register sets the operating mode of the timer channel. The timer channel is used to control the PWM period of 50
ps. The system selects CKO (66.6 MHz) as the count clock , so TAUAOCKS (bits 15 and 14) is set to 00. Since
TAUAOCMORO functions as a timer channel, TAUAOMAS (bit 11) is set to 1.

15 14 13 12 11 10

TauaocMoro | 0 [ o [ o J o [ 1 o] o oo ]o]o]of[o]o]o]

(4) TAUAO Channel Mode OS Register 1 (TAUAOCMOR1)

This register sets the real-time trigger as the control period (interrupt culling function). This function requires that the
control period be the same as the PWM period. In addition, the source clock setting and the TAUAOCKS (bits 15 and
14) value must be the same for the timer channel and slave channels. TAUAOCCS (bits 13 and 12) is set to 11 to select
the timer channel interrupt INTTAUAOIO) as the timer count clock. Also, TAUAOMD (bits 4 to 1) is set to 0011 to set
the operating mode to event count mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TaUAoCMORT | 0 [ o | 1 [ 1 J o[ oo o|lof]o|lof]o]o] 1] 1]

(5 TAUAO Channd Mode OS Registers 2, 4, and 6 (TAUAOCMOR2, TAUAOCM OR4, and TAUAOCM OR®)

These registers set the operating mode of slave channel n (n = 2, 4, 6). This setting controls the duty of the PWM output
from TAUAOTTOUTn / TAUAOTTOUTn + 1. The source clock setting and the TAUAOCKS (bits 15 and 14) value
must be the same for the timer channel and slave channels. TAUAOCCS (bits 13 and 12) is set to 00 to select the count
clock selected for the timer channel as the timer count clock. The timer channel up/down output trigger signal is
selected as the timer state trigger, so TAUAOSTS (bits 10 to 8) is set to 111. In addition, TAUAOMD (bits 4 to 1) is set
to 1001 to set up/down count mode as the operating mode. Bit 0 is cleared to 0 to prevent generation of an interrupt at
timer-start.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TAUAOCMORn | 0 [ o | o [ o J o[ 1 |1 [ 1 oo |lo]1]o]o] 1]

Remark:n=2,4,6
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(6) TAUAO Channel Mode OS Registers 3, 5, and 7 (TAUAOCM OR3, TAUAOCM ORS5, and TAUAOCM OR7)

These registers set the operating mode of slave channel n (n =3, 5, 7). This setting controls the dead time of the PWM
output from TAUAOTTOUTn / TAUAOTTOUTn — 1. The TAUAOCKS (bits 15 and 14) value must be the same for the
timer channel and slave channels. TAUAOCCS (bits 13 and 12) is set to 00 to select the count clock selected for the
timer channel as the timer count clock. The dead time trigger is selected as the timer state trigger, so TAUAOSTS (bits
10 to 8) is set to 110. In addition, TAUAOMD (bits 4 to 1) is set to 0100 to one count mode as the operating mode. Bit 0
is set to 1 to enable the dead time trigger (start trigger) interrupt during counting.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TAUAOCMORn | 0 [ o o [ o Jo [ 1 | 1o oo |lof]o]1]o]o]

Remark:n=3,5,7

(7) TAUAO Channel Data Register 0 (TAUAOCDRO)
This register sets the PWM period. It is set to 1666 to specify a carrier frequency of 20 kHz (50 ps).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TauAocbRO | 0 [ o o [ o Jo [ 1 [ 1o | 1]o]o]o]o] o] 1

(8 TAUAO Channel Data Register 1 (TAUAOCDR1)

This register sets the interrupt culling count. The setting value is used as the triangle wave interrupt period, so it must be
an odd value (1, 3, or 5). Since the value should be the same as the PWM period, a setting of 1 is used.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TauAocORt | 0 [ o [ o [ o J o oo o] oo o]o]o]ol]o]

(9 TAUAO Channel Data Registers2, 4, and 6 (TAUAOCDR2, TAUAOCDR4, and TAUAOCDRS®)

These registers set the PWM duty. The system uses a duty ratio of 50%, so a setting of 833 is used. In a motor control
program it is necessary to update the setting values in TAUAOCDR2, TAUAOCDR4, and TAUAOCDRG6 each time a
PWM period interrupt occurs.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TaUAOCDRn | 0 [ o J o [ o J o[ o | 1 [ 1 ]o]1]of]o]o]ol]o]

Remark:n=2, 4,6

(10) TAUAO Channel Data Registers 3, 5, and 7 (TAUAOCDR3, TAUAOCDR5, and TAUAOCDRY?)
These registers set the dead time value. The system maintains a dead time of 2 ps, so a setting of 132 is used.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TAUAOCDRn | 0 [ o | o [ o ool o o | 1]o]lof]o]o] 1] o]

Remark:n=3,5,7

(11) TAUAO Channel Real-Time Output Control Register (TAUAOTRC)
This register sets the real-time trigger of slave channel 1. Each bit in TAUAOTRC corresponds with a channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TaUAOTRC | 0 [ o J o [ o oo |lofo|]of]o|lof]o]o]ol]1]

(12) TAUAO Channel Output Enable Register (TAUAOTOE)

This register enables timer output on pins TAO_O0 and TAO 02 to TAO_O7. Each bit in TAUAOTOE corresponds with
a channel.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TaUAOTOE | o [ o J o[ o oo flofJo| 1] 1 [ 1] 1] 1] 1] o]
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(13) TAUAO Channel Output Mode Register (TAUAQTOM)

This register sets the output mode of each channel. The timer channel (channel 0) is cleared to 0, and the slave channels
(channels 2 to 7) are set to 1. The output mode of the slave channels is determined by this register and the output
operating mode setting of the channel output configuration register (TAUAOTOC).

15 14 13 12 11 10 9 8 7 6 5 4 3 2

TauoToM | o [ o J o[ oo o loJo | 1]t ][ 1] 1] 1]1]o0]

(14) TAUAO Channel Output Configuration Register (TAUAQTOC)

This register sets the output mode of each channel. For triangle wave modulation, each slave channel is set to 1. The
timer channel is cleared to 0, and the slave channels (channels 2 to 7) are set to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Tauaotoc | o [ o J oo oo oo |11 1] 1] 1]1]o0]

(15) Timer Output Level Register 0 (TAUAOTOL)

This register sets the output logic of each channel, controlling the forward and reverse phases. The system uses the
TAUADO channel real-time output register (TAUAOTRO) to logically invert the real-time output, so all bits in this
register are cleared to 0.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TauaotoL [ o [ o J o[ o oo ]ofJo|]of]o|[o]o]o]ol]o]

(16) TAUAO Channel Dead Time Output Enable Register (TAUAQOTDE)

The bits corresponding to the channels on which triangle PWM with dead time is generated are set to 1. Each pair of
even/odd slave channels must have the same setting. (This setting takes effect only when the corresponding bits in
TAUAOTOEn, TAUAOTOMn, and TAUAOTOCn are set to 1.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TaUATDE | 0 [ o J oo oo lo o |11 |11 ] 1]1]o0]

Remark:n=2to 7

(17) TAUAO Channel Dead Time Output Mode Register (TAUAOTDM)

The timing for adding dead time is set to 0 (at detection of duty cycle of higher even channel). Each pair of even/odd
slave channels must have the same setting. (This setting takes effect only when the corresponding bits in TAUAOTOEn,
TAUAOTOMn, TAUAOTOCn, and TAUAOTDEn are set to 1.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TausooM | o [ o J o [ o J ool ofJo oo o]o]o]ol]o]

Remark:n=2to 7

(18) TAUAO Channel Dead Time Output Level Register (TAUAOTDL)

The phase for adding dead time is set to 1 (reverse phase). (This setting takes effect only when the corresponding bits in
TAUAOTOEn, TAUAOTOMn, TAUAOTOCn, and TAUAOTDEn are set to 1.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

TauaoroL [ o [ o J o[ o oo lofJo | 1]o[1]o]1]o] o]

Remark:n=2to 7
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(19) TAUAO Channel Real-Time Output Enable Register (TAUAOTRE)

The bits corresponding to the channels on which the real-time output function is enabled are set to 1. The system
generates real-time output (including modulation) on slave channels 2 to 7, so bits 2 to 7 are set to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2
TAaUAOTRE | o [ o JoJ o oo |lofJo| 1] 1] 1] 1] 1]1]o0o] o]

(20) TAUAO Channel Real-Time Output Register (TAUAOTRO)

This register is a timer output buffer for the real-time output function. It is set to the output value of the timer of each
channel. To control forward and reverse phases, the bits in TAUAOTRO that correspond to (TAUAOTO2, TAUAOTO3),
(TAUAOTO4, TAUAOTOS), and (TAUAOTO6, TAUAOTO7) must be set exclusively. Caution is necessary, because
the same waveforms will be output from (TAUAOTO2, TAUAOTO3), (TAUAOTO4, TAUAOTOS), and (TAUAOTOG,
TAUAOTQ?7) if they are set to the same value.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TauAoTRO | 0 [ o J o [ o oo oo ]o]1]o]1]o]|1]o0o] o]

(21) TAUAO Channel Real-Time Output Control Register (TAUAOTRC)

The bit corresponding to the channel on which the real-time output trigger is generated is set to 1. The system uses
channel 1 as the real-time output trigger generation channel, so bit 1 is set to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TauAOTRC | 0 [ o J oo ool ofJo]oJo]o]o]o|o] 1] o]

(22) TAUAO Channel Modulation Output Enable Register (TAUAOTME)

This register enables/disables the PWM and real-time output modulation function. The setting changes each PWM
period according to the Hall effect sensor value, so the setting shown below applies to the initial period only. The
system sets bits 7 to 2 to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TauAoTME | 0 [ o J o [ o oo oo | 1] 1] 1] 1] 1]1]o0o]o]

3.14 Starting Operation of Complementary Modulation Output Function
To start complementary modulation output, the bits in timer channel start register 0 (TS0) corresponding to channels 0
to 7 are set to 1. This starts PWM (three channels each of forward phase and reverse phase) output.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Tauaors | o ol oo |ofJo oot 1] 1] 1] 1]1]1]

This is a trigger register, so when read the value of each bit is always 0. Whether timer operation is enabled or not can
be checked by reading timer channel enable status register 0.

15 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0
TAUAOTE | o [ o | o [ o |ww[mw 1w ][ |[1w]|w]|[ww]|ww]|ww]|ww]|w]|1um]

For details of register functions and important notes, see V850E2/MN4 User’s Manual [Hardware] (RO1UHOO11EJ).
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

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 LSI is not guaranteed if they are accessed.

4. Clock Signals

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

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

stabilized.

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

5. Differences between Products

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

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.




Notice

be disclosed by Renesas Electronics such as that disclosed through our website.

others.

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

use of these circuits, software, or information.

prohibited under any applicable domestic or foreign laws or regulations.

personal electronic equipment; and industrial robots.

designed for life support.

use of Renesas Electronics products beyond such specified ranges.

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

o

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.
1

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

1. 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 sales office. Also, please pay regular and careful attention to additional and different information to

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

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

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

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 measurement equipment; audio and visual equipment; home electronic appliances; machine tools;

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

"Specific": Aircraft; P equipment; st ible r 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

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.

. 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

. 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.

Because the evaluation of microcomputer software alone is very difficult,
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