RENESAS Application Note

RH850/U2B6
EMU3S ( AD Trigger)

Summary

This application note describes how to use each of EMUS3S features in RH850/U2B6. Although the
examples of tasks and applications listed in this application note have been tested, please be sure to check
the operating environment before actually using them.

Operation confirmation device
RH850/U2B6-FCC (R7F702Z22EDBB)
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RH850/U2B6

EMUS3S (A/D trigger)

1. Introduction

This application note describes the operation of various EMU3S functions in RH850/U2B6-FCC.

The functions described in this application note are listed below.

e A/D trigger generation using TSG3 sub-counters

¢ Delay time setting to angle latch and current value latch of EMU3S
¢ Multiple A/D conversion trigger generation and batch value acquisition in a carrier half cycle
¢ Interrupt thinning function for peak and valley and setting the number of thinnings

1.1 The function to be used

RH850/U2B6 hardware features used in this application note are listed below.

In addition, this application note controls each hardware function from CPUQ.

Table 1-1 Hardware functions used

Hardware function name Symbol

Enhanced Motor control Unit 3 S EMU3S

Motor Control Timer TSG3

Peripheral Interconnect PIC

Resolver to Digital Converter RDC3AL

Analog to Digital Converter ADCK
RO1AN6507EJ0101 Rev.1.01 Page 3 of 29
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RH850/U2B6 EMU3S (A/D trigger)
2. Motor control operation by EMU3S

First, motor control operation using EMUSS is described. EMU3S performs vector control and generates
PWM compare values based on the motor current value and angle information. EMU3S works with ADCK,
RDCS3AL, and TSG3; motor current values are input from ADCK and angle information from RDC3AL. The
PWM compare value generated by EMU3S is sent to TSG3, which outputs a PWM waveform. In this

application note, EMU3S 's angle generation IP, input IP, PI control IP, and PWM IP are used for motor
control.

Figure 2-1 shows the flow of motor control operation in which the EMU3S and each hardware function are
linked.

valley peak valley peak valley
D e EE—
TSG3nCMPOE

setvalue

carrier wave

N AN

TSG3nDTCOW
setvalue

<>
TSG3n0O1 output
TSG3n02 output ' J

4P
TSG3nDTC1W set value
ADCK E A/D conversion !

- Always operating
Angle m (transferring electric angle to input IP) m

generation IP V&" Automatically activated W&”’
Input IP
EMU3S Automatically activated
processing
Pl Contral IP _ _
Automatically activated
\MPWM P
Automatically trans
PWWM compare yalues
Output PVWM waveform
TSG3 D with short-circuit D

prevention time

Figure 2-1 Motor control flow diagram by EMU3S

The following describes the operation of EMUS3S 's angle generation IP, input IP, Pl control IP, and PWM IP.

e The angle generation IP is activated each time the value of the angle data from RDC3AL (the upper 16
bits of RDC3ALNENC1 register) changes. It then adds the offset value (EMU3NANGOFS register) to the
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RH850/U2B6 EMU3S (A/D trigger)

value in RDC3ALNENCI1 register before generating the electric angle. The generated electric angle is
stored in EMU3NTHTEFIX register. Figure 2-2 shows a block diagram of the angle generation IP.

EMU3nANGOFS

Electric angle .
RDC3ALNENCA —:- calculation for motors p| EMU3NTHTEFIX
(Angle data)

Figure 2-2 Block diagram of angle generation IP

The input IP finds the current value of the remaining phase from the motor current values of the two
phases, and then performs a dq conversion based on the obtained current value and the electric angle.
When Bits INIPTRG [1:0] of EMU3nIPTRG register are set to "B'10", the input IP is automatically
activated when A/D conversion is completed. The value stored in EMU3NTHTEFIX register is transferred
to the input IP when the A/D trigger occurs and stored in EMU3NTHTE register. Figure 2-3 shows a block
diagram of the input IP.

Calculation of

/' mator current value B
Offset Correction LSB adjustment
EMU3nADDOFSmO0 EMU3nDIVLSB
EMU3nADDOFSm2 218
Get three-phase
current values EMU3nIVFIX _
EMU3nADmMO EMU3nADFIXm0 T EMU3nIWFIX  dq conversion
EMU3nADm2 EMU3nADFIXm2 — , >,'-< EMU3nIUFIX UVW
(A/D conversion result) ~ UVW EMU3nIDFIX
. / dg EMU3nIQFIX
EMU3NTHTEFIX
(Electric angle from EMU3NTHTE

angle generation IF) +
A/D conversion trigger | EMU3nEARD

Electric angle
response delay

EMU3NIDFIX, EMU3NIGFIX register data format

[s] 15 bits | . | Least significant 16 bits

Figure 2-3 Block diagram of input IP

The PI control IP calculates d and g-axis voltages using the d and g-axis currents (feedback values)
calculated by dq conversion and the d and g-axis current values (command values) set by software.
When PIIPTRG bit of EMU3nIPTRG register is set to "1", the PI control IP is automatically activated when
the input IP processing is completed. Figure 2-4 shows a block diagram of the PI control IP. From the
feedback values stored in EMU3nIDFIX and EMU3nIQFIX registers and the command values set in
EMU3nIDIN and EMU3nIQIN registers, the d and g-axis voltages, which are the operating quantities, are
calculated. As a result, the d-axis voltage is stored in EMU3nVD register and the g-axis voltage in
EMU3nVQ register.
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RH850/U2B6 EMU3S (A/D trigger)

—~ Pl Control
dlq axis /Proportional Proportional \
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- EMU3nGPDO, EMU3nGPQO, EMU3nGPD, EMU3nGPQ, EMU3nGID, EMU3nGIQ, EMU3nVD, EMU3nVQ register formats
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*
- Max/Min control
Example: EMU3nVD = EMU3nVDMAX (EMU3nVDMAX = emvd_tmp)
EMU3nVD = — EMU3nVDMAX (emvd_tmp = — EMU3nVDMAX)
EMU3nVD = emvd_tmp {— EMU3nVDMAX < emvd_tmp <= EMU3nVDMAX)

Figure 2-4 Block diagram of Pl control IP

e The PWM IP uses the d and g-axis voltages calculated by the PI control IP to obtain the output voltages
of the U/V/W phases, and calculates the duty ratio and compare register values for each phase in the
PWM waveform output from these voltage values. When PWMIPTRG bit of EMU3nIPTRG register is set
to "1", the PWM IP is automatically activated when the PI IP process is completed. Figure 2-5 shows a
block diagram of the PWM IP.
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ca’zwarugion || Deadtime | | _/_ EMUSNCARR TSG3
process compensation
Machin TSG3ICMP2E, TSG3ICMP1E
TSG3ICMPGE, TSG3ICMPSE
EMU3NCARR+EMU3NDTT TSG3ICMP10E, TSG3ICMPIE
EMU3nPWMLL TSG3ICMPOE
Figure 2-5 Block diagram of PWM IP
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RH850/U2B6 EMU3S (A/D trigger)

Other hardware features that work with EMU3S are listed below.

R/D converter 3AL (RDC3AL)

Analog signals output from the resolver are digitally converted to calculate angle values (resolver angle)
and angular velocity.

Peripheral interconnection (PIC)

ADCK hardware trigger signal is generated based on the signal output from EMU3S synchronized with
the carrier wave.

A/D converter (ADCK)

The motor current value is converted to A/D and the converted value is input to EMU3S. In this
application note, A/D conversion is started by the trigger generated by the PIC in response to the output
signal from EMU3S.When the trigger is input, ADCKOIO0 converts the current value of phase V,
ADCKOIO1 converts the current value of phase W, and ADCKO0I02 converts the current value of phase U.
The current value of phase W is not used in the process.

Motor control timer 3 (TSG3)

TSG3 outputs three-phase PWM waveforms based on the compare values transferred from EMU3S.
TSG3 generates duty from a compare match between an 18-bit counter and an 18-bit sub-counter (16
bits are used in combination with EMU3S) and outputs a 3-phase PWM waveform with added short-circuit

prevention time.

2.1 Common setting

The following describes common register settings used in this application note.

Table 2-1 ADCK register setting

Register name Set value Function
ADCKO0.VCRO00 0x00002000H T&H assignment of ADCKOIO0O to virtual channel 0
ADCKO0.VCRO1 0x00002001H T&H assignment of ADCKOIOL1 to virtual channel 1
ADCKO0.VCROO 0x00002002H T&H assignment of ADCKOI02 to virtual channel 2
ADCKO0.VCRO03 0x00000004H Assign ADCKaOI10 to virtual channel 3
ADCKO0.SGVCPR4 0x0300H VCSP = 0x00: Output from virtual channel 0
VCEP = 0x03: Ends with virtual channel 3
ADCKO0.SGCR4 0x01H Scan group 4 multi-cycle mode setting
Enable H/W trigger input to scan group 4
ADCKO.ADCR2 0x10H Signed integer
ADCKO.ADCR1 0x02H Asynchronous Suspend
ADCKO.THCR 0x00H T&H Sampling Mode
ADCKO.THER 0x07H TH A 0-2 Permitted
ADCKO.THGSR 0x0000H T&H Group A assignment
ADCKO.THACR 0x33H T&H Group A set, T&H Group A operation permitted
ADCKO.THSMPSTCR 0x01H T&H sampling start

RO1AN6507EJ0101 Rev.1.01
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RH850/U2B6 EMU3S (A/D trigger)

C adck_init )
|

ADCKOVCROO register«—00002000H

(ADCKO0I00 T&H assignment to virtual channel 0)
ADCKOVCRO1 reqgister«—00002001H
_ (ADCKO0I01 T&H assignment to virtual channel 1)
Select analog input channel ADCKOVCRO? register—00002002H

(ADCKO0I02 T&H assignment to virtual channel 2)
ADCKOVCRO3 reqgister«00000004H

(ADCKOI10 assigned to virtual channel 3

Start and end scan group 4 ADCKOSGVCPR4.VCSP bit—00H (Starts at virtual channel 0)
ADCKOSGVCPR4.VCEP bit—03H (Ends at virtual channel 3)

Set virtual channel
|

ADCKOSGCR4 register«—00H
Set suspend mode (Scan group 4 Multi-cycle mode setting)

Set A/D conversion format ADCKOADCR?2 register—10H (Signed integer)
ADCKOADCR1 register<02H (Asynchronous suspend)

ADCKOTHCR register—00H

ADCKOTHGSR register<—0000H (TH Group A Assignment)

T&H setting ADCKOTHACR register<—23H (Group A setting)

ADCKOTHER reqgister<—07H (TH A 0-2 Permitted)

ADCKOTHACR registerHLDTE bit—1H (Group A operation permitted)

|
T&H operation permitted ADCKOTHSMPSTCR register SMPST bit—1 (Sampling start)
|
Waiting for 30 A/D Clock

|
Allows start of A/D conversion ADCKOSGCR4 register TRGMDO bite—1
(H/W trigger input to scan group 4 enabled)

by hardware trigger

I
( return )

Figure 2-6 ADCK Initial Setup

Table 2-2 RDC3AL register setting

Register name Set value Function

RDC3ALO.REF 0x0BOF0400H Excitation signal output 10kHz

RDCS3ALO.PIO 0x00020017H Automatic adjustment

RDC3ALO.PI1 0x00010001H Speed 12bit

RDC3ALO.ATMNTO 0x00240200H Amplitude automatic adjustment setting

RDC3ALO0.DIAGO 0x001A2933H 2 path error 256LSB

RDC3ALO.DIAG1 0xB0010001H Initialization

RDC3ALO.RDSTP 0x00000100H Operation start

RDC3AL0.ADSTD1 0x00010000H ADC calibration start

RDCS3AL0.ROMCOR1 0x00001001H ROM table modification setting

RDC3AL0.DCURO 0x00000000H Digital operation setting
RO1AN6507EJ0101 Rev.1.01 Page 8 of 29
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RH850/U2B6 EMU3S (A/D trigger)

C rdc3al_init )

Select internal excitation signal RDC3ALOREF reqister«——0BOF0400 (Excitation signal output 10kHz)

]
Control cane selection RDC3ALOPIO register«—00020017H (Automatic adjustment)
RDC3ALOPI1 register«—00010001H (Speed 12bit)

Abnormality detection setting

Excitation extraction filter setting
Abnormality detection threshold setting RDC3ALODIAGO register«<—02000000H | 001A2933H
]

Monitor output setting

Forced gain control setting

Automatic amplitude adjustment setting RDC3ALOATMNTO register«00240200H
]

RDC3ALODIAGO register«——02000000H (2 path error 256LSB)
RDC3ALODIAG1 register«——B0000000H

RDC3ALOREF register
PLSNFS bit«—1 (Noise filter available)

RDC3ALORDSTP register
MNTC bit—1 (Monitor output available)

RDC3ALOPI1 reqgister
AGDS bit—1 (Forced gain control)

RDC3ALODCURO register

SYNCSL bit—1 (Synchronous detection setting 1)
RDC3ALODCUR1 register

DCCRSTP bit—1 (DC correction)

Digital arithmetic setting

Analog operation start RDC3ALORDSTP register ANSTP bit—0 (Operation start)
]
Initial setup within RDC3A RDC3ALODIAG1 reqister INIT bit—1 (Initialization)
|
Wait 900 usec

y 3

Confirmation of initialization completion
DC3ALODIAG1 register INIT bit = 0?

RDC AD Calibration Execution RDC3ALOADSTD1 register ADCALST bite—1
1

Wait 2 msec
1 RDC3ALOROMCOR1 register

ROMBSTEN bite— 1

ROM table modification execution

I ROMBST bit— 1
Wait 20 msec
|
Kireset RDC3ALODIAG1 register KIRST bit—1 (Ki reset execution)
]
Wait 5 msec

|
PGA inversion setting

C rdc3al_init )

RDC3ALODCURO register
PGAIVSL bit—0 (Without PGA inversion)

Figure 2-7 RDC3AL Initial Setup
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Table 2-3 PIC register setting

Register name Set value

Function

PIC21.ADCKOTSEL4 0x00300000H

EMU30 selected as trigger source for ADCKO scan group 4

C picl_init )

A/D conversion trigger setting

I
( return )

PIC21ADCKOTSEL4 register
PIC21ADCKOTSEL4211

(Select EMU30 as trigger source for ADCKO scan group 4)
PIC21ADCKOTSEL4201

(Select EMU30 as trigger source for ADCKO scan group 4)

Figure 2-8 PIC Initial Setup

Table 2-4 TSG3 register setting

Register name Set value Function

TSG30.CTLO 0x01H HT-PWM mode

TSG30.DTPR 0x0000H Rewriting allowed

TSG30.DTCOW 0x00000140H Reverse phase to positive phase dead time value 4us
TSG30.DTC1W 0x00000140H Positive phase to reverse phase dead time value 4us
TSG30.CMPOE 0x00001F40H PWM cycle set to 100us

TSG30.CMPUE 0x00000FAOH Phase-U compare value (50%)

TSG30.CMPVE 0x00000FAQH Phase-V compare value (50%)

TSG30.CMPWE 0x00000FAQH Phase-W compare value (50%)

TSG30.CTL4 0x00000080H Set PWM valley reload

RO1AN6507EJ0101 Rev.1.01
May.18.23
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EMUS3S (A/D trigger)

( tsg3_init

D

Set to HT-PWM mode

Dead time setting permission

Dead time set to 4ps

PWM frequency set to 100ps

Set a value that results in a 50% duty
cycle for the initial U/V/W near pair

Set reload conditions

( return

D

TSG30CTLO register
TSG30MD[2:0] bit«—001B (HT-PWM mode)

TSG30DTPR register<—0000H (Rewriting allowed)

TSG30DTCOW register«—0000 0140H

(Reverse phase to positive phase dead time value) (*1)
TSG30DTC1W register«—0000 0140H

(Positive phase to reverse phase dead time value) (*1)

TSG30CMPOE register—0000 1F40H
(PWM cycle set to 100psec) (*1)

TSG30CMPUE register<—0000 OFAOH (U-phase compare value) (*1)
TSG30CMPVE reqister«<—0000 OFAQH (Phase-V compare value) (*1)
TSG30CMPWE register<—0000 OFAOH (W-phase compare value) (*1)

TSG30CTR4 reqgister«—0000 0080H (PWM valley reload)

*1 When operating at 80MHz

Figure 2-9 TSG3 Initial Setup

Table 2-5 EMUSS register setting (1/2)

Register name Set value Function

EMU30.CTR 0x01H EMUS3S launch

EMU30.ANGCTR 0x00H Angle generation IP setting
EMU30.RESRLD 0x01H Resolver axis double angle setting
EMU30.PXR 0x0100H Electric angle generation factor setting
EMU30.ANGOFS 0x0000H Angle offset

EMU30.CTRINMD 0x0025H Input IP setting

EMU30.ADOOFS 0x0800H ADO data offset

EMU30.AD10OFS 0x0800H AD1 data offset

EMU30.AD20FS 0x0800H AD2 data offset

EMU30.DIVLSB 0x00010000H LSB adjustment

EMU30.SR2 0x0000D106H dg conversion factor setting
EMU3O0.PICTR 0x03H PI control IP setting

EMUS30.IDIN 0x00000000H ID input

EMU30.IQIN 0x00000000H 1Q input

EMU30.GPDO 0x00010000H PI control coefficient
EMU30.GPQO 0x00010000H PI1 control coefficient

EMU30.GID 0x00000100H PI control coefficient

EMU30.GIQ 0x00000100H PI control coefficient

RO1AN6507EJ0101 Rev.1.01
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EMUS3S (A/D trigger)

Table 2-6 EMU3S register setting (2/2)

Register name Set value Function

EMU30.GPD 0x00010000H PI control coefficient

EMU30.GPQ 0x00010000H PI control coefficient

EMU30.SUMID 0x00000000H d-axis software settings

EMU30.SUMIQ 0x00000000H g-axis software setting

EMU30.VDMAX Ox7FFFFFFFH d-axis voltage maximum setting
EMU30.VQMAX Ox7FFFFFFFH g-axis voltage maximum value setting
EMU30.GIDMAX 0x00000800H GID maximum value setting
EMU30.GIQMAX 0x00000800H GIQ maximum value setting
EMU30.REFCTR 0x01H PWM IP register value reflection control
EMU30.PWMCTR 0x000102A1H PWM IP setting

EMU30.DECVELG 0x00000000H Incoherent control factor angular velocity value gain
EMU30.DECFLUX 0x00000000H Incoherent control factor flux value
EMU30.DECLD 0x00000000H Incoherent control coefficient Ld value
EMU30.DECLQ 0x00000000H Incoherent control coefficient Lq value
EMU30.VDCRCT 0x00000000H d-axis voltage correction value
EMU30.VQCRCT 0x00000000H g-axis voltage correction value
EMU30.VD2MAX Ox7FFFFFFFH Incoherent control d-axis maximum value
EMU30.VQ2MAX Ox7FFFFFFFH Incoherent control g-axis max.

EMU30.PHI 0x0000H Electric angle offset for PWM IP
EMU30.GTHT 0x00000100H Electric angle adjustment factor for PWM IP
EMU30.SR23 0x0000D106H Three-phase voltage conversion factor
EMU30.PWMK1 0x00800000H Digit matching 1

EMU30.VOLV 0x1000H Input voltage

EMU30.VUOFS 0x0000H U-phase voltage correction value
EMU30.VVOFS 0x0000H V-phase voltage correction value
EMU30.VWOFS 0x0000H W-phase voltage correction value
EMU30.DTUL OX7FFFFFFFH Duty ratio upper limit

EMU30.DTLL 0x80000000H Duty ratio lower limit

EMU30.PWMK2 0x00000100H Adjusting the number of digits 2
EMU30.DTOTH Ox7FFFFFFFH Dead time compensation threshold
EMU30.DTOPV 0x00000000H Dead time compensation positive current addition value
EMU30.DTONV 0x00000000H Dead time compensation negative current addition value
EMU30.PWMUL 0x0003FFFFH PWM upper limit value

EMU30.PWMLL 0x00000000H PWM lower limit value

EMU30.DTT 0x00000140H Dead time setting

EMU30.CARR 0x00001F40H Carrier cycle setting

EMU30.IPTRG OxOEH IP start trigger factor selection
EMU30.ADDCNT 0x00000000H A/D value acquisition delay count setting
EMU30.RDDCNT 0x00000000H Angle information acquisition delay count setting
EMUSO0.INTO 0x00000000H EMUS30 interrupt setting O

EMUSO0.INT1 0x00000000H EMUS30 interrupt setting 1

EMU30.INT2 0x00000000H EMU30 interrupt setting 2

EMU3O0.INT3 0x00000000H EMU30 interrupt setting 3

EMUS3O0.INT4 0x00000000H EMU30 interrupt setting 4

RO1AN6507EJ0101 Rev.1.01
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RH850/U2B6 EMU3S (A/D trigger)

C emu3_init )
I

EMU30PRT register—01H

Unprotect
EMU Permission EMU30CTR register EMUST bit—1 (EMU30 Operation)
Protect Setting EMU30PRT register«<00H

EMU30ANGCTR register<—00H (Uses angle information from RDC3AL)
EMU30RESRLD reqgister«—01H (2-pole)

EMU30PXR register—0100H (Resolver angle: electrical angle = 1:1)
EMU30ANGOFS register——0000H (No angle offset)

Angle generation IP settings

EMU30CTRINMD register«—0025H
INSTCTR[1:0] bit—00B (At end of scan group 4)
CMUVWI[2:0] bit—100B (Measure 2 phases (U-phase and V-phase))
CMES bit—1 (Selected by CMUVW[2:0] bits)
Input IP Settings FREGIN bit—1 (Use value from angle generation IFP)
EMU30ADOOFS register«<—0800H (Offset value according to system)
EMU30AD10FS register<—0800H (Offset value according to system)
operation EMU30AD20FS register«—0001 0000H

i EMU30SR2 register<—0000 D106H (dg-axis current conversion factor)
pa

EMU30PICTR register<03H

FSUMIQ bit—1 (g-axis integral term uses EMU calculation results)
FSUMID bit—1 (d-axis integral term uses EMU calculation results)
EMU30IDIN register«<—0000 0000H(Initialized with 0)
EMU30IQIN register«<—0000 0000H(Initialized with 0)
EMU30GPDO register<—0001 0000H (Proportional gain of d-axis is 1)
EMU30GPQO register«<—0001 0000H (Proportional gain of g-axis is 1)
EMU30GID register<—0000 0100H (Integral gain of d-axis is 1/256)
EMU30GIQ reqgister«<—0000 0100H (Integral gain of g-axis is 1/256)
) EMU30GFD register<—0001 0000H (Proportional gain of d-axis is 1)
PI Control IP Seftings EMU30GPQ register—0001 0000H (Proportional gain of g-axis is 1)
EMU30SUMID register<—0000 0000H (The d-axis integral value Is cleared.)
EMU30SUMIQ register<—0000 0000H (The g-axis integral value is cleared.)
EMU30GIDMAX register<—0000 0800H

(Maximum value of integral term of d-axis)
EMU30GIQMAX register—0000 0800H

(Maximum value of integral term of g-axis)
EMU30VDMAX register—7FFF FFFFH

(Maximum value of operating volume of d-axis)
EMU30VQMAX register«7FFF FFFFH

(Maximum value of operating volume of g-axis)

Figure 2-10 EMU3S Initial Setup (1)
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operation

part

PWM IP Settings

IP Common Settings

C

emu3_init

D

EMU30REFCTR. register—00H (PWM<IP register value reflection prohibited)
EMU30PWMCTR. register«——000102A1H

SETVEL bit—1(Use RDC angular velocity)

PWMSEL bit—1

(Generated from carrier cycle and short-circuit prevention time)

SHIPWM bit«—0(Outputs each set value without shifting)

FLININIP bit—1(Use EMU calculation result for electric angle)

SETPWM bit—1(PWM compare value uses EMU calculation results)
EMU30PWMCTR. register«—000112A1H

(When non-interference control is enabled)

SETDEC bit«—1(Enables non-interference control)
EMU30DTUL register—7FFF FFFFH (Duty ratio upper limit setting)
EMU30DTLL register<—8000 0000H (Duty ratio lower limit setting)
EMU30PWMK1 register<—0080 0000H (Digit matching)
EMU30PWMK2 register«<—0100H (Digit matching)
EMU305R23 reqister«<—0000 D106H (Three-phase voltage conversion factor)
EMU30PHI register<—0000H (Electric angle phase is not adjusted)
EMU30GTHT register<—0100H (Electric angle phase is not adjusted)
EMU30VUOFS reqgister«<—0000H (Phase-U duty ratio offset not added)
EMU30VVOFS register<0000H (Phase-V duty ratio offset not added)
EMU30VWOFS reqgister<0000H (Phase-W duty ratio offset not added)
EMU30VOLV register—1000H (Set according to system)
EMU30PWMU register«—1040H (Phase-U PWM soft input compare value)
EMU30PWIMV register—1040H (Phase-V PWM soft input compare value)
EMU30PWIMW register<—1040H (Phase-W PWM soft input compare value)
EMU30CARR register<—1F40H (Carrier cycle 100usec) (*1)
EMU30DTT register<—0140H (Short circuit protection time 4 usec) (*1)
EMU30PWMUL register«<7FFFH (Upper limit of PWM compare value)
EMU30PWMLL register<—0000H (Lower limit of PWM compare value)
EMU30VD2MAX register—7FFF FFFFH

(Maximum value of d-axis operation amount)
EMU30VQ2MAX register—7FFF FFFFH

(Maximum value of g-axis operation amount)
EMU30DTOTH register—7FFF FFFFH
EMU30DTOPV register<—0000H
EMU30DTONV register«<—0000H
EMU30VDCRCT register«—00000000H (d-axis voltage correction value)
EMU30VQCRCT register<—00000000H (g-axis voltage correctionvalue)
EMU30DECVELG reqister«<—00000000H (Mon-interference control speed gain)
EMU30DECFLUX register<—00000000H (Mon-interference control flux)
EMU30DECLD register<—00000000H (Non-interference control d-axis L)
EMU30DECLQ reqgister<—00000000H (Non-interference control g-axis L)
EMU30REFCTR register—01H (PWM«— Permission to reflect IP register value)

*1:TSG operating frequency set at 80MHz

EMU30IPTRG register—0EH
PWMIPTRG bit—1 (PWM IP is activated on completion of Pl control IP)
PIIPTRG bit—1 (Launch PI Control IP on completion of Input IP)
INIPTRG[1:0] bit—10B (Startup of Input IP at A/D conversion completion)
EMU30ADTRG register«—0000 0002H
CAVALAD bit—1 (A/D startup at valley timing)
EMU30DDCNT register«<—0000 0000H(No A/D RDC delay time)
EMU3O0INTO to 4 reqister«<—0000 0000H (Interrupt disabled)
INTC2EIC56 to 60 reqgister«<00CFH (Interrupt processing prohibited)

Figure 2-11 EMU3S Initial Setup (2)
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RH850/U2B6 EMU3S (A/D trigger)

2.2 A/Dtrigger generation using TSG3 sub-counters

2.2.1 Specifications overview

EMU3S can work with TSG3's HT-PWM mode to generate PWM waveforms for 3-phase synchronous
motors. EMU3S can also work with ADCK to perform A/D conversion at a timing synchronized with the PWM
carrier from TSG3. For the timing of A/D conversion requests, the EMU3S can output conversion requests at
the peak and valley of the sub-counters of the PWM carrier, as shown in Figure 2-12.

Valley of 18 bitcounter Peak of 18 bitcounter

" 18bit counter

Valley of 18 bitcounter Peak of 18 bitcounter

TSG3nCM
—

TSG3nDTT

| I
~N
I

TSG3nO1 :

TSG3n02 —I—i

T T

Valley peak Valley Peak Valley

Y i

| i
1
|

Angle information
acquisition

Figure 2-12 Operation overview

2.2.2 Operating conditions for specification functions

Below are the operating conditions for the A/D trigger function at the peak and valley timings of the sub-
counters. For common settings, see 2.1.
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Table 2-7 Function used

Item Contents

Function used ® Function to perform A/D conversion at the timing of the peak and valley of the
sub-counters of the carrier wave

® No trigger output delay for A/D conversion and R/D conversion

2.2.3 Operation description

In TSG3's HT-PWM mode, a PWM waveform is generated using a counter and a sub-counter. In EMU3S,
A/D conversion request can be generated at the peak and valley of the sub-counters to operate ADCK. To
realize the A/D conversion request function at the peak and valley of the sub-counter timing, EMU3S, TSG3,
and PIC must be set respectively.

The output timing of the A/D conversion request in EMUS3s is set by the EMU3nADTRG register.

The A/D conversion trigger output timing in TSG3 is set by the TSG3nCTL5 register for the carrier peak and
the TSG3nCTLE6 register for the carrier valley.

PIC can set the A/D conversion request to be output to ADCK, which is set in the PIC21ADCKnTSEL4
register.

2.2.4 Operation flow
Figure 2-13, Figure 2-14, and Figure 2-15 show the operational flow of EMU3S, TSG3, and PIC.

C emu3s_init )

| Unprotect |
|
‘ EMU3S permit |

Protect setting

Refer to << Calculation section settings >>
common settings Angle generation IP
Input IP
Pl Control IP
PWM IP

IPTRG setting

ADDCNT and RDDCNT setting

ADTRG setting EMCUI\ﬁSCgngf%ISter 0033H

(Set TSTADT1 signal from TSG3 as carrier valley timing)
CMPMSL bit « 1

(Set TSTADTO signal from TSG3 as carrier peak timing)

Interrupt setting CAVALAD bit « 1
(Enable A/D conversion startup at carrier valley timing)
l CAMOUAD bit « 1
(Enable A/D conversion startup at carrier peak timing)
C emu3s_init )

Figure 2-13 EMU3S operation flow

RO1AN6507EJ0101 Rev.1.01 Page 16 of 29
May.18.23 RENESAS



RH850/U2B6 EMU3S (A/D trigger)

C tsq3_init )
[

| Set to HT-PWIM mode |

| Dead time setfing permission |

| Dead time set to 4ps |

Referto |
common settings |

PWM frequency set to 100ps

Set a value that results in a 50% duty cycle
for the initial U/V/W near pair

Set reload conditions

| TSG30CTRS5 register < 0200H
TSG30ATO9 bit «— 1

SetAD °°""er3".”.‘ trigger generation (Selection of AD conversion trigger generation at 18 bit subcounter peak timing)
conditions TSG30CTR5 register «— 0200H
TSG30AT18 bit «— 1
I (Selection of AD conversion frigger generation at 18 bit subcounter valley timing)

C return )

Figure 2-14 TSG3S operation flow

C picl_init )

EMU3S input selecti PIC24PIC2EMUISELO register
Input selection PIC2EMUISEL003 « 0 (TSG30ADTRG1 selection)
PIC2EMUISEL002 «— 0 (TSG30ADTRGO selection)
Refer to | AD conversion trigger setting |
common seftings

I
C return )

Figure 2-15 PIC operation flow

2.2.5 Software description

Table 2-8, Table 2-9, and Table 2-10 show examples of EMU3S, TSG3, and PIC register settings. Note that
only the relevant portions are described here. For common settings, refer to 2.1.

Table 2-8 Example of EMUSS register setting (relevant part only)

Register name Set value Function

EMU30.ADTRG 0x0033H CMPVSL = 1: Select TSTAD1 signal from TSG3 as carrier
valley timing
CMPMSL = 1: Select TSTADO signal from TSG3 as carrier
peak timing

CAVALAD = 1: A/D conversion start-up at carrier valley
timing enabled
CAMOUAD = 1: A/D conversion start-up at carrier peak
timing enabled

RO1AN6507EJ0101 Rev.1.01 Page 17 of 29
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Table 2-9 Example of TSG3 register setting (relevant part only)
Register name Set value Function
TSG30.CTL5 0x0200H TSG3nAT09 = 1: Selection of A/D conversion trigger
generation at sub-counter peak timing
TSG30.CTL6 0x0100H TSG3nAT18 = 1: Selection of A/D conversion trigger
generation at sub-counter valley timing

Table 2-10 Example of PIC register setting (relevant part only)

Register name Set value Function
PIC24.PIC2EMUISELO | 0x00000000H PIC2EMUISEL003 = 0: Select TSG30ADTRG1
PIC2EMUISELO002 = 0: Select TSG30ADTRGO

RO1AN6507EJ0101 Rev.1.01 Page 18 of 29
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2.3 Delay time setting to angle latch and current value latch of EMU3S

2.3.1 Specifications overview

Based on the A/D trigger generation method and operation example using TSG3 sub-counter described in
2.2 of EMUS3S, this section further explains how to add delay time to A/D conversion trigger output and angle
information acquisition.

Valley Peak Valley Peak Valley
i i i i i

AID conversion delaytime | ) | | |
by ADDCNT register \ A/D conversion i i l i l
. trigger H ! - | .
—> —>! —> —> —>
Angle information acquisition I . . I I I I
felaytime by RODCNTregister l*‘\ngle information  ; l : l : l :
\ - acquisition | | | |

. i — i —
| | | |

Figure 2-16 Operation overview

2.3.2 Operating conditions for specification functions

The following shows the operating conditions for the function to set the delay time for A/D conversion trigger
output and angle information acquisition. Refer to 2.1 for common settings.

Table 2-11 Function used

ltem Contents
Function used ® A/D conversion function with timing of sub-counter peak and valley of carrier
wave

® Trigger output delay of 10us for A/D conversion and R/D conversion

2.3.3 Operation description

EMU3S allows the user to set the delay time for the A/D conversion trigger synchronized with TSG3 PWM
carrier and the latch of the angle value of the R/D conversion result. The A/D conversion trigger delay time is
set in EMU3NADDCNT register. The delay time for acquiring angle information is also set in
EMU3NRDDCNT register. Each delay time can be set individually. EMU3NADDCNT and EMU3NRDDCNT
operate with 80-MHz CCLK. The count value is down-counted by 1 in synchronization with the clock, and a
signal is output when the count value reaches 0x0000.
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2.3.4 Operation flow
Figure 2-17 shows the EMUS3S operational flow. For TSG3 and PIC flows, refer to 2.2.4, as the settings are

the same as in 2.2.
C emu3s_init )

| Unprotect |
[
‘ EMU3S permit ‘

[
| Protect setting ‘

Refer to << Calculation section settings >>
common settings Angle generation [P
Input IP
PI Control IP
PWM IP

IPTRG setting

_ EMU30ADDCNT register « 00000320H (Delay count 800 counts (10us))
ADDCNT and RDDCNT setting EMU30RDDCNT register « 00000320H (Delay count 800 counts (10us))

EMU30ADTRG register — 0033H
ADTRG setting CMPVSL bit < 4
(Set TSTADT1 signal from TSG3 as carrier valley timing)
‘ CMPMSL bit «— 1
(Set TSTADTO signal from TSG3 as carrier peak timing)

Interrupt setting CAVALAD bit «— 1
(Enable A/D conversion startup at carrier valley timing)
l CAMOUAD bit « 1
. (Enable A/D conversion startup at carrier peak timing)
C emu3s_init )

Figure 2-17 EMU3S operation flow

2.3.5 Software description

Table 2-12 shows an example of each register setting. Note that only the relevant parts are explained here.
For common settings, refer to 2.1. Also, for TSG3 and PIC flows, refer to 2.2.5, as the settings are the same
asin2.2.

Table 2-12 Example of EMUSS register setting (relevant part only)

Register name Set value Function

EMU30.ADTRG 0x0033H CMPVSL = 1: Select TSTAD1 signal from TSG3 as carrier
valley timing
CMPMSL = 1: Select TSTADO signal from TSG3 as carrier
peak timing

CAVALAD = 1: A/D conversion start-up at carrier valley
timing enabled
CAMOUAD = 1: A/D conversion start-up at carrier peak
timing enabled

EMU30.ADDCNT 0x00000320H A/D data acquisition delay count
EMU30.RDDCNT 0x00000320H R/D angle information acquisition delay count
RO1AN6507EJ0101 Rev.1.01 Page 20 of 29
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2.4 Multiple A/D conversion trigger generation and batch value acquisition in a
carrier half cycle

2.4.1 Specifications overview

EMUS3S can output multiple A/D conversion requests within one carrier in synchronization with the carrier
managed by TSG3. In addition, EMU3S 's memory transfer function can be used to automatically transfer the
conversion results output by ADCK to a user-specified area in response to an A/D conversion request that is
generated. This application note describes multiple A/D conversion request outputs from EMU3S within one
carrier and transfer of conversion results to memory. In this application note, the destination memory is
assumed to be Cluster RAM (Cluster0).

Valley Peak Valley Pea

AD conversion ‘
trigger

I
Angle information
acquisition

I
I
H
a

Transferto memoryare

Memoryareal =

Memoryarea 2

Memory area
switching interrupt

Figure 2-18 Operation overview
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2.4.2 Operating conditions for specification functions

The operating conditions for the function of generating multiple A/D conversion triggers & batch acquisition
of values in a carrier half cycle are shown below. For common settings, refer to 2.1.

Table 2-13 Function used

Iltem Contents

Function used ® A/D conversion function with peak and valley timing of carrier wave sub-
counters

No trigger output delay for A/D conversion and R/D conversion
Three A/D conversions at peak and valley timing

No offset time for A/D conversion trigger

Three memory transfer times

Forwarded to ClusterRAMO (0xFE001000)

Transfer Completion Interrupt Setting
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2.4.3 Operation description

In EMU3S, the EMU3nADSMTRG register can be used to set the number of A/D conversion trigger outputs
and sampling interval starting from the A/D conversion trigger from TSG3. The EMU3nADSMOFS register
can also be used to set the delay time for the starting A/D conversion trigger. The sampling interval and
delay time operate at 80-MHz CLKC_HSB.

EMUS3S also has a memory transfer function that can transfer the A/D conversion result and angle
information to memory when triggered by the A/D conversion completion signal. The angle information to be
transferred can be selected between resolver angle information and electric angle information by THTSEL bit
of EMU3NADMWCTR register. The memory transfer function is enabled with EMU3NADMW(CTR register.
The number of memory transfers is set by EMU3NADMNCNT register, and the memory transfer destination
is set by EMU3nTBLADR register and EMU3NADMOFS2 register. The memory is divided into Area 1 and
Area 2, which are automatically switched at the timing of the carrier peak and valley. Figure 2-19 shows an
example of memory area settings.

For the memory transfer function, an interrupt signal can be generated at the timing when a transfer occurs
for the count set in the EMU3nADMNCNT register. The interrupt factor is assigned to the SMBIF bit of the
EMU3nINTSD register.

EMU3NTBLADR (write protected) upper lower

Start address of sampling area 1 (area0) offset  16bits 16bits
—_—

°| @1 | @0

| @3 | @2

¢l @1 0

EMU3nADMOFS2 EMU3nADMNCNT

Sampling area 2 start address offset 12

1 @1 | @0

?l 33| @2
2 = Max. 64 KBytes

EMU3NTBLADR + EMU3nADMOFS2 0 @-1 @-0
3= -

EMU3nADMNCNT

12 @_3 @_2

¥l ®1 | ®o0

20 @_3 @_2

Caution
Ensure that the range of sampling area 1 does not overlap with the range of sampling area 2

Figure 2-19 Example of memory area setting
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2.4.4 Operation flow
Figure 2-20 shows the operation flow. Figure 2-21 shows the interrupt control flow.

C emu3s_init )

| Unprotect ‘

[
‘ EMU3S permit |

Protect setting

<< Calculation Section Settings >>

Refer to Angle generation IP
common settings Input IP
PI Control IP
PWM IP
IPTRG setting

ADDCNT, RDDCNT setting

EMU30PRT register — 01H (Unprotect)
EMU30TBLADR register « FE001000H (Cluster RAM (Cluster 0) setting)
TBLADR setting EMU3O0PRT register — 11H (Memory area 0 setting)

EMU3O0PRT register «— 01H (Memory area 0 setting completed)
EMU3O0PRT register — 00H (Protect setting)

EMU30ADMOFS2 register « 0018H

(Select 24 bytes (8 bytes x 3 times) as memory area)
EMU30ADMNCNT register < 0003H
) (Memory transfer frequency is 3 times)
Memory fransfer seftings EMU30ADMWGCTR register « 05H
THTSEL bit — 1 (Electric angle (EMU30THTE register) selection)
MTRGSEL bit — 0 (Select all valid A/D conversion completion signals)
EN bit < 1 (Permission to transfer to memory area)

EMU30ADSMTRG register « 030000A0H
SMNUM bit « 3 (Sampling frequency is 3 times)
SMCNT bit — AOH (Sampling interval is 160 counts (2us))
AID sampling setting EMU30ADSMOFS register «— 00000000H (No sampling offset)
EMU30SMCTR register « 0003H
SMVEN bit < 1 (A/D sampling permitted at carrier valley)
SMMEN bit < 1 (A/D sampling permitted at carrier peak)

EMU30ADTRG register « 0033H
CMPVSL bit « 1
(Set TSTADT1 signal from TSG3 as carrier valley timing)
CMPMSL bit — 1
ADTRG setting C(,;\S\i -II_—?\-IE-)AET—O s1ignal from TSG3 as carrier peak timing)
(Enable A/D conversion startup at carrier valley timing)
CAMOUAD bit 1
(Enable A/D conversion startup at carrier peak timing)

. ) EMU3O0INTS3 register «— 00008000H
interrupt setting (Permit interrupts to occur at memory write area switching timing)
l INTC2.EIC41 register «— 0045H (Interrupt permitted, priority 5)

C emu3s_init )

Figure 2-20 Operation flow
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C INTEMU3O0INT3_SMB >

Clear SMBIF factors

| EMU30INTSD.SMBIFC « 1 (Clear interrupt factors)

|

C INTEMU30INT3_SMB )

Figure 2-21 Interrupt control flow

2.4.5 Software description
Table 2-14 shows an example of each register setting.

Table 2-14 Example of EMUSS register setting (relevant part only)

Register name Set value Function

EMU30.SMCTR 0x0003H SMVEN = 1: A/D conversion sampling permission at carrier
valley
SMMEN = 1: A/D conversion sampling permission at carrier
peak

EMU30.ADSMTRG 0x030000A0H SMNUM = 3: A/D conversion sampling frequency 3 times
SMCNT = 160: A/D conversion request output sampling
interval setting

EMU30.ADSMOFS 0x00000000H SMOFS = 0: No offset time

EMU30.ADMWCTR 0x05 THTSEL = 1: Latch to memory area selects electric angle
(EMU3NTHTE)
MTRGSEL = 0: Set all valid A/D conversion completion
signals
EN = 1: Permission to transfer to memory area

EMU30.TBLADR OxFE001000H DATA = 0xFE001000: Set Cluster RAM (Cluster0)

EMU30.ADMOFS2 0x0018H 24 bytes set as memory area territory

EMU30.ADMNCNT 0x0003H Memory write count 3

EMU30.INT3 0x00008000H Allow interrupts to occur at memory write area switching
timing

INTC2.EIC41 0x0045H Interrupt permitted, priority 5
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2.5 Interrupt thinning function for peak and valley and setting the number of
thinnings
2.5.1 Specifications overview

EMUS3S allows interrupt thinning for interrupt requests at the carrier peak and valley in conjunction with the
TSG3. This section describes interrupt thinning at the carrier peak and valley timing using the interrupt
thinning function.

Valley Peak Valley Pea Valley Peak Valley

1 : |
1 e | | I 1 ]

1 Valleyinterrupt
j(after completion of Peak Interru !
i pt ]
AD conversion) (after completion of : .
i : AD conversion)
i

i
Thin outinterruptsignals generated after

completionof AD conversion atcarrier
peakand valleytiming

Figure 2-22 Operation overview

2.5.2 Operating conditions for specification functions

Below are the operating conditions for the carrier peak and valley timing interrupt thinning function. See 2.1
for common settings.

Table 2-15 Function used

Item Contents

Function used ® A/D conversion trigger output at the timing of sub-counter peak and valley of
carrier wave

Interrupt occurs upon completion of A/D conversion

Interrupt count setting (2 times)

2.5.3 Operation description

Interrupt thinning synchronized to the carrier peak and valley can be set in conjunction with the A/D
conversion request trigger setting. EMU3NTRGGCM register specifies the A/D conversion completion signal
thinning setting and the number of thinning times. The A/D conversion completion signal after thinning out is
then utilized as an interrupt signal.
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2.5.4 Operation flow
Figure 2-23 shows the operation flow. Figure 2-24 shows the interrupt control flow.

emu3s_init

_ C [ )

‘ Unprotect |

[
| EMU3S permit ‘

Protect setting

<< Calculation Section Settings >>

Refer to Angle Generation IP
common settings Input IP
Pl Control IP
PWM IP
[
IPTRG setting

ADDCNT, RDDCNT setting

ADTRG setting

thinning setting

A/D conversion completion signal

Interrupt setting

l

C

emu3s_init

O

EMU30ADTRG register « 0003H
CAVALAD bit « 1
(A/D conversion start-up at carrier valley timing enabled)
CAMOUAD bit « 1
(A/D conversion start-up at carrier peak timing enabled)

EMU30TRGGCM register — 0102H
TRGSEL bit — 00B(ADTRGO signal selection after thinning)
TRGOSEL bit — 1(ADTRGO and ADTRG1 signals combined are selected)
TRG1CNT bit «— 0(ADTRG1 signal thinned out 0 times)
TRGOCNT bit «— 2(ADTRGO signal thinned out 2 times)
EMU30ADENDCTR register «— 00H
ADEND bit «+ 00B(A/D conversion completion selection)

EMUS3OINTO register « 00004000H

(Permit interrupt generation at ADTRGO signal output timing)
EMUSOINT1 register — 00000001H

(Permit interrupts generated at the completion of input IP)
INTC2.EIC38 register « 0046H (Interrupt permitted, priority 6)
INTC2.EIC389 register « 0047H (Interrupt permitted, priority 7)

Figure 2-23 Operation flow

INTEMU3DINTO_MADINT

‘ Clear MADIF factors

INTEMU30INTO_MADINT

| EMU30INTSD.MADIFC « 1 (Clear interrupt factors) |

INTEMUBOINT1_ININT

Clear INIF factors

INTEMUSOINT1_ININT

| EMUS3O0INTSD.INIFC « 1 (Clear interrupt factors)

Figure 2-24 Interrupt control flow
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2.5.5 Software description

Table 2-16 shows an example of each register setting. Note that only the relevant parts are explained here.
For common settings, refer to 2.1.

Table 2-16 Example of EMUSS register setting (relevant part only)

Register name Set value Function
EMU30.TRGGCM 0x0102H TRGSEL = 0: Select ADTRGO signal after thinning out as
the input IP start-up trigger

TRGOSEL = 1: ADTRGO and ADTRGL1 signals are combined
as ADTRGO signal

TRGILCNT = 0: ADTRGL1 signal thinned out 0 times
TRGOCNT = 2: ADTRGO signal thinned out 2 times

EMU30.ADENDCTR 0x00H ADEND = 0: Set A/D conversion completion timing to A/D
conversion completion

EMU30.INTO 0x00004000H Allow interrupts to be generated at ADTRGO signal output
timing

EMU30.INT1 0x00000001H Allow interrupts to be generated at the input IP completion
timing

INTC2.EIC38 0x0046H Interrupt permitted, priority 6

INTC2.EIC39 0x0047H Interrupt permitted, priority 7
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit 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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance 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
the 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of 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.
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(Notel)

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 or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, 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.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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