ENESAS Application Note

RH850/U2A-EVA Group
A/D Conversion Operation Example using ADCJ Module

Summary

This application notes explains the operation example of RH850/U2A series by using the 12 bits A/D convertor of
successive approximation method (hereinafter called ADCJ).

Aim of this document and software is to provide supplemental information for the function on RH850/U2A. It is not
intended to implement in the design for mass production.

There is no guarantee to update in this document and software to reflect the latest manual, errata, technical update
and development environment. You are fully responsible for the incorporation or any other use of the information of
this document in the design of your product or system, and please refer to latest manual, errata, technical update and
development environment.

Target Device
* RH850/U2A-EVA Group

Target Integrated Development Environment

CS+(from RENESAS Electronics)

Version :v8.07.00

Device File :DR7F702300.DVF
:DR7F702301.DVF
:DR7F702302.DVF

Reference Document
RH850/U2A-EVA User’s Manual: Hardware
For function details and electrical characteristics, please refer to “User’s Manual: Hardware”.
This application note is based on the following manual.
RH850/U2A-EVA User’s Manual (Rev.1.20): ROIUH0864EJ0120

Operation Confirmation Condition

Operation Frequency External Oscillator: 40MHz
CPU clock: 400MHz
CLK_HSB: 80MHz
CLK_LSB: 40MHz

Operation Voltage ANnVREF: 5.0V
AnVCC: 5.0V
AnVSS: GND
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

1. Introduction
This application note explains the ADCJ usage of the RH850/U2A and the software operation example.

11 Use Function
The RH850/U2A hardware functions used in this application note are shown below.

- Successive approximation method 12 Bits A/D Convertor (ADCJ) *!
- General purpose input/output pin (PORT)

- DMA(sDMAC)

- OS Timer (OSTM) ™

- Motor Control Timer (TSG3) ™

*1 The module standby register setting (the setting of the clock supply to the use function) is necessary to perform for
enabling ADCJ, OSTM, and TSG3.
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

2. ADCJ Overview

2.1 ADCJ Operation

211 Virtual Channel and Scan Group

RH850/U2A mounts the 3 ADCJ modules (ADCJ0, ADCJ1, ADCJ2). The each ADCJ modules has the 64 virtual
channels, and Analog channel for which A/D conversion is to be made and accompanying information like a conversion
mode, interrupt are configured for each virtual channel. In addition, ADCJ has 5 scan groups, and each scan group can
independently set the scan contents such as scan mode and input trigger. It is possible to execute the scan that A/D
converts any analog channel in any order to execute the virtual channels indicated by the start virtual channel pointer
and the end virtual channel pointer in order in each scan group.

The following show the allocation example of the physical channel, virtual channel, and scan group.

ADCJ0
Scan Group (SGx) Virtual Channel
Physical Ch | Physical Sub Pin Name
Start Virtual Channel Pointer 0 \ Group Ch
0 Virtual Channel 0 / 1 \ 0 ANO0OO
End Virtual Channel Pointer 2 \ 0 1 ANOO1
Virtual Channel 3 [—————— 3 \ 2 ANO002
Start Virtual Channel Pointer 4 3 ANO003
1 Virtual Channel 10 0 ANO10
End Virtual Channel Pointer 1 1 ANO11
Virtual Channel 13 9 2 ANO12
Start Virtual Channel Pointer 10 3 ANO13
) 11 \ 0 AN020
End Virtual Channel Pointer 12 2 1 ANO21
13 2 ANO022
Start Virtual Channel Pointer 14 3 ANO023
3 0 ANO030
End Virtual Channel Pointer 3 1 ANO31
2 ANO032
Start Virtual Channel Pointer 57 3 ANO033
0 ANO040
4 58
End Virtual Channel Pointer 1 ANO41
59 4
2 ANO042
60
o1 3 ANO043
0 ANO50
62
1 ANO51
63 5
2 ANO052
3 ANO053
0 ANO0GO
6 1 ANOG1
2 ANO062
3 ANO063
Figure 2-1 Virtual Channel and Scan Group Allocation (ADCJO0)
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

2.1.2 Scan End Interrupt Request

The Scan group (SGx) can generate the scan end interrupt request (INTADCJnIx) to the INTC. There are two sources
of this scan end interrupt request: generated “when the scan of the scan group (SGx) is ended” or “when the A/D
conversion of the virtual channel j allocated to the scan group (SGx) is ended”.

The scan end interrupt request enable/disable setting “when the scan of the scan group (SGx) is ended” is performed
by the ADIE (0=disable, 1=enable) in ADCInSGCRXx. The scan end interrupt request enable/disable setting “when the
A/D conversion of the virtual channel j allocated to the scan group (SGx) is ended” is performed by the ADIE
(O=disable, 1=enable) in ADCInVCR;j. The setting of ADIE in ADCInSGCRx and ADIE in ADCJnVCRj are irrelevant.

The following shows the scan end interrupt generation timing when execute the scans of virtual channel 0 and virtual
channel 1 in the scan group 0 (SGO).

Ex.1)  Output INTADCJInIO at the A/D conversion end of virtual channel 0
ADCJINnSGCRO0.ADIE = 0 (Not output INTADCJnIO at the SGO scan end.)
ADCInVCRO.ADIE =1 (Output INTADCJnIO at the end of virtual channel 0 end on SGO.)
ADCInVCR1.ADIE = 0 (Not output INTADCJnIO at the end of virtual channel 1 end on SGO.)

Ex.2)  Output INTADCJInIO at the A/D conversion end of virtual channel 0 and virtual channel 1
ADCJINnSGCRO.ADIE = 0 (Not output INTADCJnIO at the SGO scan end.)
ADCInVCRO.ADIE =1 (Output INTADCJnIO at the end of virtual channel 0 end on SGO0.)
ADCInVCR1.ADIE =1 (Output INTADCJnIO at the end of virtual channel 1 end on SGO0.)

Ex.3) Output INTADCJInIO at the SGO scan end
ADCJInSGCRO.ADIE =1 (Not output INTADCJnIO at the SGO scan end.)
ADCInVCRO.ADIE =0 (Not output INTADCJnIO at the end of virtual channel 0 end on SGO0.)
ADCInVCR1.ADIE =0 (Not output INTADCJnIO at the end of virtual channel 1 end on SGO0.)

- A/D Conversion

Scan group 5@
Cycles 1st 2nd 3rd
Virtual channel Virtual Ch0 Virtual Ch1 Virtual ChO Virtual Ch1 Virtual Ch0 Virtual Ch1
Physical channel ANOOO ANOO1 ANOOO ANOO1 ANOOO ANOO1
A/D conversion| A/D conversion | A/D conversion | A/D conversion | A/D conversion | A/D conversion | A/D conversion
DRO AJD conversion value of virtual channel 0 | A/D conversion value of virtual channel 0 | A/D conversion value of virtual channel 0

DR1 IND conversion value of virtual channel 1 IA.-’D conversion value of virtual channel 1[ND conversion value of virtual channel 1
T T T

Ex.1) I I

INTADCINnIO
(Scan end interrupt) : :

Ex.2)
i i
I |
I I
| '

INTADCInIO
(Scan end interrupt)
Ex.3)
INTADCInIO
(Scan end interrupt)

ﬁn
1

— i~ o e

iﬂ
.n

P | —Tpy T

Figure 2-2 Scan End Interrupt Generation Timing
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3. Operation Overview

3.1 Sequential Scan Conversion of Arbitrary Channel

3.1.1 Specification Overview
This section explains the normal A/D conversion method not using T/H (Track & Hold).

Allocates the 2 virtual channels (AN00O, ANO0O01) to the scan group 0 (SGO0), and performs 1 scan in Multicycle scan
Mode. Stores the ANO0O and ANOO1 conversion values to variable in the scan group end and ends operation.

Scan Group SGO
Cycles 1st
Virtual Cahnnel Virtual ChO Virtual Ch1
Physical Channel ANOOO ANOO1
A/D Conversion | A/D Conversion | A/D Conversion

INTADCIOIO |_|_
(Scan End Interrupt)

Figure 3.1.1 Normal A/D Conversion (Multicycle scan Operation)

3.1.2 Use Function
The used hardware function in this operation example is shown below.

- A/D convertor (ADCJO)

RH850/U2A

ADCJO

—O
ANOOO Output

ANOOL |~ 25V
Output

Figure 3.1.2 System Configuration
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.1.3 Explanation of Operation Example

In this operation example, perform the normal A/D conversion by the 1 scan of the multicycle scan mode that uses
the ANOOO and ANOO1 of the ADCJ0 module.

Allocate the virtual channel 0 (ANOQO) and virtual channel 1 (ANOO1) to the scan group 0 (SGO).
The analog signal inputs 5.0V to AN00O and 2.5V to AN001.

Start by the software trigger SGST, and AN001 is A/D converted after ANOOO is A/D converted.

Enable the scan end interrupt INTADCJOIO0 (when scan group ends), store each A/D conversion result to the variable
in the interrupt processing, and end the operation.

-Register Setting
ADCJOSGCRO Multi cycle scan ADCIO0 Scans
.SCANMD mode SGMCYCRO 1 time
Data Register
SGO Start ADCIOSGVCPRO ADCJOVCRO | .CNVCLS[3:0] .GCTRL[5:0]
a -
Virtual channel pointer VCSP > Virtual cho | Nermal A/D | Physical ch: —»  ADCIODRO
conversion ANOOO
SGO End ADCIOSGVCPRO
Virtual channel pointer VCEP —® ADCJOVCR1 | .CNVCLS[3:0] | .GCTRL[5:0] [—® ADCIODR1
. Normal A/D | Physical ch:
Virtual ch0 conversion ANOO1
-A/D Conversion Operation
Scan SGO
Cycles 1st
Virtual channel Virtual chO Virtual ch1
Physical channel ANOOO ANOO1
A/D conversion A/D conversion A/D conversion

ADCIODRO ] A/D conversion value of virtual chO

A/D conversion value of
ADCIODR1 | virtual chi
ADSTART J_I
INTADCJOIO |_|

(Scan end interrupt)

Store A/D conversion value
of virtual ch0,1 to variable in
interrupt processing

Figure 3.1.3  Example of Normal A/D Conversion (Multicycle scan Mode) Operation
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

3.14 Software Explanation
* Module Explanation

The module list in this operation example is shown below.

Table 3.1.1 Module List

Module Name Label Function
Name
Maine routine main_pmO0 | Perform various setting and application start.
ADCJ initialize routine ADCJ_init Perform ADCJ initialization.
ADCJ interrupt processing INTADCJOI | Store A/D conversion result to variable in virtual scan group
routine 0 end interrupt
Interrupt initialize routine intc2_init Perform ADCJ interrupt initialization.

* Register Setting

The Register setting of each function in this operation example is shown below.
Table 3.1.2 ADCJ Register Setting

Register Name Setting Value Function
ADCJO0ADCR1 0x00 Synchronous suspend
ADCJOADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Not use T&H
ADCJOTHER 0x00 Not use T&H
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0100 End virtual channel: 1

Start virtual channel: 0
ADCJOSGCRO 0x50 Enable ADSTART

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicycle scan mode
ADCJOVCRO 0x00000000 | Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion

Not use multiplexer

Not output VCRj end interrupt

Physical CHO (ANOOO)

RO1AN4754EJ0110 Rev.1.10
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

Register Name

Setting Value

Function

ADCJOVCR1 0x00000001 | Not use upper/lower limit check
Not use wait time table
Not use GTM entry
Not use since GTMENT=0
Conversion type: normal A/D conversion
Not use multiplexer
Not output VCR]j end interrupt
Physical CH1 (ANOO1)
Table 3.1.3 Interrupt Register Setting
Register Name Setting Value Function
EIBD227 0x00000000 | Bind interrupt to PEO
EIC227 0x0040 Table reference/priority level 0

RO1AN4754EJ0110 Rev.1.10
2023.01.13

RENESAS

Page

9 /60



RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Disable interrupt

< INTADCJIOIO >

Store A/D conversion value

Interrupt function
initialization

ADC]J initial setting

Enable interrupt

Yes

SGO idle status?

Start SGO A/D conversion

o

C

RTE

)

Figure 3.1.4 Flowchart
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.2 Synchronous suspend & Resume Operation
3.21 Specification Overview
This section explains the synchronous suspend & resume operation.

Allocate the 3 virtual channels (AN001, AN002, AN00O) to the scan group 0 (SGO) and the virtual channel (AN010)
to the scan group 1 (SG1). (Priority: SG0<SG1<SG2<SG3<SG4)

Start SGO operation, and start SG1 during SGO A/D conversion. Suspend the SGO operation after end of the SGO
virtual channel in processing, and start the SG1 A/D conversion. After end of the SG1 conversion , restart from the
suspended virtual channel of SGO.

Store the conversion value to the variable at SGO scan group end.

Scan group SGO SG1 SGO
Cycles 1st 1st 1st
Virtual channel | Virtual ChO | Virtual Ch1l | Virtual Ch8 | Virtual Ch2
Physical channel AN0O1 ANO002 ANO10 AN00O
A/D conversion | aA/D conversion | A/D conversion | A/D conversion | A/D conversion
A . [ A
Suspend in
processing Resume from
SG1 request T virtual Ch1 suspended virtual Ch2
end
INTADCIOIO
(Scan end interrupt) 1 |_|_
INTADCIOI1 M

(Scan end interrupt)

Figure 3.2.1 Synchronous suspend & Resume Operation

3.2.2 Use Function
The used hardware function in this operation example is shown below.

- A/D convertor (ADCJ0)

RH850/U2A

ADCJ0

ANOOO 5V input
ANOO1
ANO002

ANQ1Q0 ——(O1.25V input

Figure 3.2.2 System Configuration
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.2.3 Explanation of Operation Example

In this operation example, perform the synchronous suspend & resume using AN00O, AN001, AN002, and AN010 of
ADCJO0 module.

Allocate the virtual channel 0 (AN0O01), virtual channell (AN002), and virtual channel 2 (AN0OOO) to the scan group
(SGO0), and allocate the virtual channel8 (AN010) to the scan group 1 (SG1).

Input 5.0V to AN001, AN002, and ANOOQO. Input 1.25 V to ANO10.

Scan end interrupt INTADCJO0I0 of SGO is generated at the end of virtual channel 0 conversion and the end of SGO.
Scan end interrupt INTADCJO0I1 of SG1 is generated at the end of SG1.

At first, set ADCJOSGSTCRO0.SGST, and start SGO. When the virtual channel 0 processing of SGO ends,
INTADCJOIO is generated, ADCJOSGSTCRL1.SGST is set in the interrupt processing, and SG1 is started.

Since the high priority scan group processing is started after waiting for the converting virtual channel end in the
synchronous suspend & resume, in this operation example, suspends SGO operation and starts the virtual channel 8 A/D
conversion of SG1 after the virtual channel 1 of SGO ends.

After SG1 ends, resumes the suspended virtual channel 2 operation of SGO.

Stores each A/D conversion value to the variable by the interrupt processing of the scan end interrupt INTADCJO0I0
generated at end of SGO.

Also, in this operation example, it monitors the Port2_0 and Port2_14 output in order to confirm the synchronous
suspend and resume operations. Port2_0 is for SGO status and Port2_14 is for SG1 status.

Port2_0 output sets High in INTADCJOIO interrupt processing generated at end of the virtual channel 0 of SGO, and
sets Low in INTADCJOIO0 interrupt processing generated at end of the SGO.

Port2_14 sets High in INTADCJOI1 interrupt processing generated at end of the SG1

The synchronous suspend and resume can be confirmed to be performed since the Port2_14 becomes High (SG1
operation ends) during the Port2_0 High period (SGO operation/suspension).

RO1AN4754EJ0110 Rev.1.10 Page 12 /60
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

-Register Setting

ADCJOSGCRO Multi cycle scan ADCIJOSGMCYCRO Scans: 1 time
.SCANMD mode
Data regisetr
SGO start ADCJOSGVCPRO ADCJOVCRO | .CNVCLS[3:0] | .GCTRL[5:0] ADCIODRO
virtual channel pointer .VCSP Virtual Cho l\ég;n\::rls/iko r? PhXS’\I‘%aO lcﬁ:
ADCJOVCR1 | .CNVCLS[3:0] [ .GCTRL[5:0] ADCIODR1
N Normal A/D Physicar ch:
Virtual Cho conversion AN002
SGO end ADCJOSGVCPRO ADCJOVCR2 | .CNVCLS[3:0] | .GCTRL[5:0]
virtual channel pointer .VCEP Virtual ChO Normar A/D PRysical ch: ADCIODR2
conversion ANO0O
SG1 start ADCIOSGVCPR1
virtual channel pointer .vCsp T ADCJOVCR8 | .CNVCLS[3:0] | .GCTRL[5:0]
> - [ Ch Normal A/D PRysIcal ch: — ADCJODR8
SG1 end ADCJOSGVCPR1 J Virtual Ch8 conversion ANO10
Virtual channel pointer .VCSP
-A/D Conversion Operation
Scan group SGO SG1 SGO
Cycles 1st 1st 1st
Virtual channel | Virtual ChO | Virtual Ch1 | Virtual Ch8 | Virtual Ch2
Physical channel ANO0O1 ANO0O02 ANO10 ANOOO
A/D conversion A/D conversion A/D conversion A/D conversion A/D conversion

ADCJIODRO A/D conversiﬁh value of virtual channel 0
ADCIODR1 A/D ¢ pnversion value of virtual channel 1
ADCJIODR2 SUSpe.nd S_GO after //) A/D conversion value of
processing virtual Ch1 virtual channel 2
ADCjODR8 ends | A/D conversion value of virtual channel 8
Resume suspended
ADCJOSGSTCRO SGO from virtual Ch2
sesT |
ADCJOSGSTCR1
.SGST [
INTADCIO0IO
(Scan end interrupt) I_l I_l
INTADCIOI1 | I_l

(Scan end interrupt)

Generate INTADCJO0IO
interrupt when virtual Ch0
ends.

Start SG1 and Port2_0 is set
to High in interrupt
processing.

N Generate INTACIOIO
interrupt when SGO ends.

Store A/D conversion value
to variable and Port2_0 is
set to Low.

Generate
INTADCIOI1
interrupt when SG1
ends. Port2_14is
set to High.

]

Port2_14 |

Port2_0

Figure 3.2.3 Operation Example of Synchronous Suspend & Resume
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.24 Software Explanation
* Module Explanation

The module list in this operation example is shows below.

Table 3.2.1 Module List

Module Name Label Name Function

Maine routine main_pmO Perform various setting and application start.

Port initialize routine port_init Perform port initialization.

ADCJ initialize routine ADCJ _init Perform ADCJ initialization.
- Start SG1 and invert Port 0_0 output after virtual channel of SGO

ADCJ/SGO interrupt ends.

processing routine INTADCJ0I0 « Store A/D conversion result to variable and invert Port 0_0 output
after virtual channel of SGO ends.

ADCJ/SG1 interrupt . . .

. . P INTADCJOI1 | Invert Port O_1 output in scan group end interrupt processing.
processing routine
Interrupt initialize . - . C
.rup initatiz intc2_init Perform ADCJ interrupt initialization.
routine

+ Register Setting

The Register setting of each function in this operation example is shown below.
Table 3.2.2 ADCJ Register

Register Name Setting Value Function
ADCJO0ADCR1 0x00 Synchronous suspend
ADCJOADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Not use T&H
ADCJOTHER 0x00 Not use T&H
ADCJOWAITTRO 0x0000 Unuse since WTTSJ[3:0]=0
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0200 End virtual channel: 2

Start virtual channel: 0
ADCJO0SGCRO 0x50 Enable ADSTART

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicycle scan mode

RO1AN4754EJ0110 Rev.1.10
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

Register Name

Setting Value

Function

ADCJOVCRO

0x00000081

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CHO (ANO0O)

ADCJOVCR1

0x00000002

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH2 (AN002)

ADCJOVCR2

0x00000000

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CHO (ANO0O)

ADCJOSGVCPR1

0x0808

End virtual channel :8
Start virtual channel :8

ADCJOSGCR1

0x50

Enable ADSTART

Multicycle scan mode

Output INTADCJO0IO when SGO ends
Disable HW trigger input to SGO

ADCJOSGMCYCR1

0x00

Scan 1 time in multicycle scan mode

ADCJOVCRS

0x00000004

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH10 (AN010)

Table 3.2.3 Interrupt Register Setting

Register Name Setting Value Function
EIBD227 0x00000000 | Bind interrupt to PEO
EIC227 0x0041 Table reference/priority level 1
EIBD228 0x00000000 | Bind interrupt to PEO
EIC228 0x0040 Table reference/priority level O
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO >
|

Disable interrupt

Port setting

Interrupt function

< INTADCIO0IO >

ADCJO0IO, 1st time?
(End virtual CHO)

YES

NO

Port2_0 High output

Port2_0 Low output

Store SGO: A/D conversion

initial setting Boot SG1 value
ADC]J initial setting
| < RTE >
Enable interrupt
~ < INTADCJOI1 >
SGO idle status?
VES NO |
Port2_14 output High
SGO A/D conversion start
7 Store SG1: A/D Conversion
value
|
< RTE >
Figure 3.2.4 Flowchart
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.3 Interval Conversion using A/D timer

3.3.1 Specification Overview
This section explains the A/D conversion performing method in arbitrary period to use A/D timer.

Allocate 1 virtual channel (ANO0OO) to scan group 3 (SG3), and set A/D timer as the trigger of A/D conversion start.
AJD timer initial phase is 0.05us and the timer cycle is 200us. Start SG3 every cycle, and perform 1 scan by multicycle
scan mode. Store the ANOOO conversion value to the variable at scan group end.

AD timer
-<+— <« -t - > -
0.25us 100us 100us 100us 100us
Scan group SG3 SG3 SG3 SG3
Cycles 1st 1st 1st 1st
Virtual channel Virtual ChO Virtual ChO Virtual ChO Virtual ChO
Physical channel ANO00O ANO00O ANO00O ANO000
A/D conversion conﬁé?sion conégrDsion coné/;zion conét/az;ion

INTADCJOI3 H H H |-|_

(Scan end interrupt)

Figure 3-1 A/D Conversion Operation by A/D timer Trigger
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.3.2 Use Function

The used hardware functions in this operation example are shown below.

Input to ANOOO generates the sine wave by the pulse generator.

+ A/D convertor (ADCJO)

+ Pulse generator

RH850/U2A

ADCIO0

AVAVA

ANOOO |«

Input

Pulse generater

Figure 3-2 System Configuration
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.3.3 Explanation for Operation Example
In this operation example, select A/D timer as the trigger and start the scan group in constant period to use AN0OO of

ADCJ module.
Allocate scan group 3 (SG3) incorporating A/D timer to the virtual channel 0 (AN00O).
Set 0.05us to the initial phase (ADCJOADTIPR3) and 200us to the A/D timer cycle (ADCJOADTPRR3).

When start A/D timer, the initial phase (ADCJOADTIPR3) is loaded to the A/D timer and down-counted. When A/D
timer becomes 0, the A/D timer trigger is outputted and SG3 A/D conversion is started. Also, the A/D timer cycle
(ADCJOADTPRR3) is loaded to the A/D timer and start the down-count, then the A/D conversion is started when the
counter become 0. After that, the A/D timer cycle is loaded, and the A/D conversion operation is repeated.

Enable the scan end interrupt INTADCJO0I3, and store the A/D conversion value to the variable in the interrupt
processing after A/D conversion ends.

-Register Setting

ADCIOSGCR3 | Multi cycle scan ADCIO0 Scans:
.SCANMD mode SGMCYCR3 1 time
SGO start ADCJOSGVCPR3 Data register
virtual channel pointer .VCsP | . [ADCIOVCRO [ .CNVCLS[3:0] [ .GCTRL[5:0]
SGO end > Virtual ChO | A/D conversion Physical ch: > ADCIODRO
virtual channel pointer ADCJOSGVCPR3 J A
ual channel pointe VCEP
+A/D Conversion Operation
ADCIJOADTPRR3 ——
ADCIOADTIPR3 —
-t - po—————
0.05us 200us 200us 200us
AD timer ~ AD timer AD timer AD timer
trigger 3 output trigger 3 output trigger 3 output trigger 3 output
Scan group SG3 SG3 SG3 SG3
Cycles 1 time 1 time 1 time 1 time
Virtual channel Virtual ChO Virtual ChO ceee Virtual Cho Virtual ChO
Physical channel ANOOO ANOOO ANOO0O ANOO0O
. A/D A/D A/D A/D
A/D conversion conversion conversion conversion conversil
A/D conversion A/D conversion A/D conversion
ADCIODRO value of virtual value of virtual value of virtual
channel0 channel0 channel0
ADCJO0.ADTSTCR3.
ADTST J_l
INTADCJOI3 ﬂ ”_ T ”
(Scan end interrupt) \
Store A/D conversion value of virtual
ChO to variable in interrupt
processing

Figure 3-3 A/D timer Operation Value
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A/D Conversion Operation Example using ADCJ Module

3.34 Software Explanation
* Module Explanation

The module list in this operation example is shows below.
Table 3.3.1 Module List

Module Name Label Name Function
Maine routine main_pmO Perform various setting and application start.
ADCJ initialize routine ADCJ _init Perform ADCJ initialization.
ADCJ interrupt processin Store A/D conversion result to variable in virtual scan
routine PP ’ INTADCJOIS group end interrupt
Interrupt initialize routine intc2_init Perform ADCJ interrupt initialization.

* Register Setting

The Register setting of each function in this operation example is shown below.

Table 3.3.2 ADCJ Register Setting
Register Name Setting Value Function

ADCJO0ADCR1 0x00 Synchronous suspend
ADCJ0ADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Not use T&H
ADCJOTHER 0x00 Not use T&H
ADCJOWAITTRO 0x0000 Unuse since WTTS[3:0]=0
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPR3 0x0000 End virtual channel: 0

Start virtual channel: 0
ADCJOSGCR3 0x92 ADTSTART enable

Enable ADSTART

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCR3 0x00 Scan 1 time in multicycle scan mode
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

Register Name Setting Value Function

ADCJOVCRO 0x00000000 | Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multi plexor

Not output VCRj end interrupt

Physical CHO (ANOOO)

ADCJOADTIPR3 0x00000001 | A/D timer 3 initial phase: 0.05us

ADCJOADTPRR3 0x00000FAQ | A/D timer cycle: 200us

Table 3.3.3 Interrupt Register Setting

Register Name Setting Value Function
EIBD230 0x00000000 | Bind interrupt to PEO
EIC230 0x0040 Table reference/priority level 1

+ Operation Flow

The used hardware function in this operation example is shown below.

< main_pmO0 > < INTADCJOI3 >

Disable Interrupt NO

‘ Qz%

YES

Interrupt function initial setting

‘ Store A/D conversion value
cnt++

Stop A/D timer count

ADCJ initial setting

Interrupt enable

A

m= )

SG3 idle status?

Start AD timer

o

Figure 3-4 Flowchart
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.4.1 Specification Overview
This section explains the normal A/D conversion performing method in the addition mode.

Allocate two virtual channels (AN00O, ANO0Q1) to the scan group 0 (SGO0), scan 1 time in the multicycle scan mode,
and set addition 4 times for each virtual channel. Store the conversion value of ANO0O and ANOO1 to the variable at

end of the operation and end the operation.

Scan group SGO
Cycles 1st
Virtual channel Virtual ChO Virtual Ch1
Physical channel ANO0O0O ANOO1
&/d%ii%”nven:zgg) tst | 2nd [ 3rd | ath | 1st | 2nd | 3rd | a4

INTADCJIOIO |_|_

(Scan end interrupt)

Figure 3-5 Normal A/D conversion Operation using Addition Mode

3.4.2 Use Function
The used hardware function in this operation example is shown below.

+ A/D convertor (ADCJ0)

RH850/U2A

ADCJO

ANOOO ———— QO 5Vinput

ANOOL ——(O1.25V input

Figure 3-6 System Configuration Diagram

RO1AN4754EJ0110 Rev.1.10 Page 22 /60
2023.01.13 RENESAS
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3.4.3 Operation Explanation
In this operation example, perform the normal A/D conversion of the addition mode using ANO0O and ANOO1 of

ADCJ module.

Allocate the virtual channel 0 (ANO0O) and virtual channel 1 (AN001) to the scan group 0 (SGO).
For the analog signal, input 5.0V to AN00O and 1.25V to AN001 of ADCJO module.

Start by the software trigger SGST, and perform the AN0OO and AN001 A/D conversion for the number of additions
(4 times). Enable the scan end interrupt (when scan group ends), store the result of adding each A/D conversion 4 times

in interrupt processing to the variable, and end the operation.

-Register Setting

Scans:

ADCIOSGCRO Multi cycle scan ADCIOSGMCYCRO Scans:

.SCANMD mode

ADCIOADCR2.ADDNT Add 4 times

Data register

SGO start ADCJOSGVCPRO ADCJOVCRO | .CNVCLS[3:0] | .GCTRL[5:0]
f ] I _ _ =  ADCIODRO
virtual channel pointer .VCSP Virtual ChO A/D CA%ijifigsr:on + Pf}xsl\"%a[')om
SGO end ADCJIOSGVCPRO ADCJOVCR1 | .CNVCLS[3:0] | .GCTRL[5:0] »|  ADCIODRL
virtual channel pointer .VCEP "1 Virtual ch1 A/D Z%rg/i;gsrjoﬂ + Pfjxsl\i‘%aéfh '
+A/D Conversion Operation
Scan group SGO
Sycles 1st
Virtual channel Virtual ChO Virtual Ch1
Physical channel ANOOO ANOO1
A/D conversion 1st | 2nd | 3rd | 4th 1st | 2nd | 3rd | 4th

ADCIODRO A/D conversion (add 4 times) of virtual channel 0
| A/D conversion (add 4 times) of

ADCJODR1 virtual channel 1

ADCJ0.SGSTCRO. J_I
SGST |—\|

INTADCIOIO
(Scan end interrupt)

Store A/D conversion value of
virtual channel 1 and 2 to
variable in interrupt processing

Figure 3-7 Addition Function Operation Example
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A/D Conversion Operation Example using ADCJ Module

3.4.4 Software Explanation
* Module Explanation

The module list in this operation example is shows below.

Table 3.4.1  Module List
Module Name Label Name Function
Maine routine main_pmO Perform various setting and application start.
ADCJ initialize routine ADCJ_init Perform ADCJ initialization.
ADC?J interrupt processing INTADCJIOI0 Storg A/D conversion result to variable in virtual scan group
routine end interrupt
Interrupt initialize routine intc2_init Perform ADCJ interrupt initialization.

* Register Setting

The Register setting of each function in this operation example is shown below.

Table 3.4.2 ADCJ Register Setting

Register Name Setting Value Function
ADCJ0ADCR1 0x00 Synchronous suspend
ADCJOADCR2 Ox11 Signed integer format

Additions: 4 times
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJO0ODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Not use T&H
ADCJOTHER 0x00 Not use T&H
ADCJOWAITTRO 0x0000 Unuse since WTTSJ[3:0]=0
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0100 End virtual channel: 1
Start virtual channel: 0
ADCJO0SGCRO 0x50 Enable ADSTART
MulticycleMulticycle scan mode
Output INTADCJOIO when SGO end
Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicyclemulticycle scan mode
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A/D Conversion Operation Example using ADCJ Module

Register Name

Setting Value

Function

ADCJOVCRO

0x00002000

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CHO (ANOOO)

ADCJOVCR1

0x00002001

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH1 (ANOO1)

Table 3.4.3 Interrupt Register

Register Nama Setting Value Function
EIBD227 0x00000000 | Bind interrupt to PEO
EIC227 0x0040 Table reference/priority level O
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A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Enable interrupt

Interrupt function initial
setting

ADC]J initial setting

Enable interrupt

SGO idle status?
No

Yes

SGO A/D conversion satrt

u

< INTADCI0IO >

Store A/D conversion value

)

Figure 3-8 Flowchart
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

3.5
351

Specification Overview
This section explains the A/D conversion method using the external analog multiplexer and the normal A/D

conversion w/MPX mode.

A/D Conversion using External Analog Multiplexer

Allocate the six virtual channels to the scan group (SG0). Use the external multiplexer input pin for the physical

channel.

Start DMA (sDMAC) for each virtual channel starts, transfer the MPX value for the external analog multiplexer
control to the 1/0O port, and control the analog multiplexer. Store the conversion value to the variable in the SGO scan

group end.

Scan group
Cycles
Physical channel
Virtual channel
A/D conversion
MPX value

DMA request

PSRO

INTADCJO0IO

(Scan end interrupt)

SGO
1st
ANOO1
Virtual Virtual . . . .

o | e | virtualch2 | virtual Ch3 | Virtual Cha Virtual Chs
A/D A/D . N A/D . A/D . A/D
conversion conversion wait concér.;or\ wait conversion wait conversion wait conversion

Previous | Previous 00H 03H 01H 02H

A A\ A\
v v v v
1 1 1
T T T T
| | | |
L N> = N>

[™ oo [T o3 [T o | 02H |

[lL

Figure 3-9 Operation Example of A/D Conversion using External Analog Multiplexer
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RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

3.5.2

Use Function
The used hardware functions in this operation example are shown below.

The input to ADCJ can be switched to control the external multiplexer by the MPX value transferred to 1/0 port. In
this operation example, after normal 2 times conversions, A/D convert 4 out of 6 external multiplexers

+ A/D convertor (ADCJ0)

- Pin (PORTO)

- DMA (sDMAC)

RH850/U2A

DMA

MPX

ADCIO0

PRI E ADCIOMPXCURR1

0.5v

BM-A- ANOO1
request
Port
MPX
- = vatie P PO_0

PO_1
PO_2

Circuit
Example

3.0v

| input

—— - AO
F———p Al
F———— A2

Multi plexor
—OuUT

MUX_3.0V
I

IN | MUX_0.5Vv

—

VCC5.0V

MUX_3.0V

MUX_2.5V

MUX_2.0V

MUX_1.5V

MUX_1.0V

MUX_0.5V

Figure 3-10 System Configuration

RO1AN4754EJ0110 Rev.1.10

2023.01.13

RENESAS

Page

28 /60




RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.5.3 Explanation of Operation Example

In this operation example, use AN001 of ADCJ0O module and perform the A/D conversion using the external analog
multiplexer.

ADCIJ supports the interrupt for the external analog multiplexer and the DMA request, and it can be generated the
interrupt request generation for INTC and started DMA (sDMAC) when the specified virtual channel starts.

In this operation example, transfer the MPX value to the external analog multiplexer with the 1/0 port.

Allocate the virtual channel 0 to 5 to the scan group (SGO0).

For analog signal, input ANOO1 from the external analog multiplexer.

Set the MPX value transferred to the external analog multiplexer to ADCJOVCRj.MPXV[2:0]of each virtual channel.

When ADCJOVCR]j.CNVCLS[3:0] is 0x5 (normal A/D conversion w/MPX) or 0x6 (addition mode A/D conversion
w/MPX), transfer the MPX value (ADCJOVCRj.MPXV[2:0]) to the MPX current register (ADCJOMPXCURRL1) in the
virtual channel starts, issue the DMA request (ADMPXI0), and start DMA(sDMAC).

For DMA(sDMAC), set ADCIOMPXCURRL1 as the transfer source and PSRO register as the transfer destination. Start
DMA(sDMAC) for each SGO virtual channel start, and transfer the set MPX value from PO_0, PO_1, and PO_2 to the
external analog multiplexer. Control the external multiplexer by the transferred MPX value.

Enable the scan end interrupt INTADCJOIO, and store the A/D conversion value to the variable in interrupt processing
after A/D conversion.
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. ion Im External Ls1 | Internal
Operatio age MPX_Value 3 Ll 1/0 port
PSRO | MPX_Value
N
DMAC
ADCIn | ¥
MPXCURR1 [MPX_Valug
——
_
ADCIn A’

-Register Setting

ADCJOSGCRO Multi cycle scan ADCjOSGMCYCRO Scans: 1 time
-SCANMD mode ADCIOWAITTRO Wait time : 100us
ADCIOWAITTR?7 Wait time : 410us
SGO start
virtual channel pointer
ADCJIOSGVCPRO ADCJIOVCRO .CNVCLS[3:0] .GCTRL[5:0] | MPXV[2:0] [ WTTS[3:0]
VCsP Virtual Cho | ol D PRySical ch: o oH
ADCIJOVCR1 | .onvesa:o] | .GCTRL[5:0] | MPXV[2:0] | WTTS[3:0]
" N I A/D Physical ch:
Virtual Ch1 comersion ANDOL OH OH gar;ka(éontrol
ADCIOVCR2 | .cwvetsz:o] | .GCTRL[5:0] | MPXV[2:0] | WTTS[3:0]
Virtual Ch2 w/MPX P”f’\"%":')fn: OH 1H ADCIOMPXCURCR
ADCJOVCR3 | .cnvelsz:0] | .GCTRL[5:0] | MPXV[2:0] | WTTS[3:0] -MSKCFMT[3:0]
Virtual Ch3 W/MPX Phxs,\i‘%ao'fh: 3H 1H 1 1H
SGO end ADCJOVCR4 .CNVCLS[3:0] .GCTRL[5:0] | MPXV[2:0] | WTTS[3:0] SPI communication
; ) - Phvsical ch: command information
virtual channel pointer Virtual Ch4 wW/MPX XSNOOI : 1H 1H
ADCINnMPXCMDR
ADCJOSGVCPRO ADCJOVCR5 | .CNVCLS[3:0] .GCTRL[S:AOJ MPXV[2:0] | WTTS[3:0] .MPXCMD[7:0]
.VCEP > Virtual Chs W/MPX P or 24 8n || v
Transfer MPXV[2:0] to ADCJOMPXCURRL
+A/D Conversion Operation ADCHOMPXCURR1
Scan group SGO
Cycles 1st
Physical channel ANOO1
virtual channel | Vg2 | vitwaich1 | Virtual Ch2 Virtual Ch3 Virtual Ch4 Virtual Ch5
. A/D A7D . N . N D
A/D conversion convérsion conversion wait conversion wait conversion wait conversion wait coneérs'\on
ADCIOVCRx.MPXV[2:0] OH OH \ OH 5 3H \ 1H X 2H
: 5 - Y \
{ i i o i
DMA request T T T T
ADCIOMPXCURR1 e L i L :
(Set as transfer source ; [ ox00070000 |" 0x00070003 |~ 0x00070001 0x000F0002 |
of sDMAC) : A i N N :
PSRO : e GO N o i
(Set as transfer [ ox00000000 | 0x00000003 | 0x00000001 |~ 0x00000002 |
destination of SDMAC) : : : : : :
ADCIO0SGSTCRO.
SGST J_l
ADCJODRO ‘ zfA/D conversion vfalue of virtual chénnel 0
ADCJODR1 ' ' A/D conversfion value of virtuial channel 1
ADCJODR5 Ve ot
: : : : channel 5
INTADCIOIO0 j ' ' : : N

(Scan end interrupt)

Generate INTADCJIOIO interrupt when
SGO ends. Store A/D conversion value
of the virtual ChO-5 to variable in
interrupt operation processing.

Figure 3-11 Operation Example using External Analog Multiplexer and DMA
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A/D Conversion Operation Example using ADCJ Module

3.54

Software Explanation
* Module Explanation

The module list in this operation example is shows below.
Table 3.5.1 Module List

Module Name Label Name Function
Maine routine main_pmO Perform various setting and application start.
Port initialize routine port_init Perform port initialization.
ADCJ initialize routine ADCJ_init Perform ADCJ initialization.
ADCJ/SGO interrupt Store A/D conversion result to variable in virtual scan grou
processing routinep INTADCJ0I0 end interrupt processing. o
DMA(sDMAC) end INTSDMACOCH | Perform DMA flag clear in virtual scan group end interrupt
interrupt routine 0 processing.
DMA initialize routine sdmac_init Perform DMA initialization.
Interrupt initialize routine | intc2_init Perform ADCJ interrupt initialization.

+ Register Setting

The Register setting of each function in this operation example is shown below.

Table 3.5.2 ADCJ Register Setting
Register Name Setting Value Function

ADCJOADCR1 0x00 Synchronous suspend
ADCJOADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Not use T&H
ADCJOTHER 0x00 Not use T&H
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag

Mask control format:
ADCJOMPXCURCR 0x01 MPXCURR1.MSCK[3:0]=0111
ADCJOMPXINTER 0x01 Enable MPX interrupt
ADCJOMPXCMDR 0x00 Unuse SPI
ADCJOSGVCPRO 0x0500 End virtual channel: 5

Start virtual channel: 0

RO1AN4754EJ0110 Rev.1.10
2023.01.13

Page
RENESAS

31 /60



RH850/U2A-EVA Group

A/D Conversion Operation Example using ADCJ Module

Register Name

Setting Value

Function

ADCJOSGCRO

0x50

Enable ADSTART
MulticycleMulticycle scan mode
Output INTADCJO0IO when SGO end
Disable H/W trigger input to SGO

ADCJOSGMCYCRO

0x00

Scan 1 time in multicyclemulticycle scan mode

ADCJOVCRO

0x00000001

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH1 (ANOO01)

ADCJOVCR1

0x00000001

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH1 (ANOO01)

ADCJOVCR2

0x01002801

Not use upper/lower limit check

Wait time table: ADCJOWAITTRO

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion w/MPX
MPX value: 0

Not output VCRj end interrupt

Physical CH1 (ANOO01)

ADCJOVCRS3

0x01002B01

Not use upper/lower limit check

Wait time table: :ADCJOWAITTRO

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion w/MPX
MPX value: 3

Not output VCRj end interrupt

Physical CH1 (ANOO01)

ADCJOVCRA4

0x01002901

Not use upper/lower limit check

Wait time table: :ADCJOWAITTRO

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion w/MPX
MPX value: 1

Not output VCRj end interrupt

Physical CH1 (ANOO01)
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Register Name Setting value Function
ADCJOVCR5 0x08002A01 | Not use upper/lower limit check
Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
MPX value: 2

Not output VCRj end interrupt

Physical CH1 (ANOO01)
ADCJOWAITTRO O0XOFAO0 Wait time: 100pus

ADCJOWAITTR7 Ox3FFF Wait time: 410 ps.

Table 3.5.3 DMA Register Setting

Register Name Setting Value Function
DMAOCM_O 0x00001C00 | Channel master SPID setting SPID=0x1C (initial value)
Supervisor mode

Written value

DMAOSAR_O on right Transfer source : ADCJOMPXCURRL register
Written value L .
DMAODAR_O . Transfer destination : PSRO register
- on right
DMAOTSR_0 0x00000004 | Transfer size : 4 bytes
DMAOTMR_O 0x00001022 | DMA transfer mode: normal mode

Channel priority

DMA transfer request selection interrupt: hardware DMA
transfer request

Destination address/count direction: fixed
Source address/count destination: fixed
DMA transfer transaction size: 4 bytes
DMA source transaction size: 4 bytes
DMAORS_0 0x00010005 | Transfers per hardware request: 1 time
Transfer upper limit per hardware request

Not use since PLE=0
Disable preload
Disable DRQ initialization

Hardware DMA transfer source selection: (MPX DMA trigger
request (ADMPXI0))

DMAOCHFCR_O 0x0000320F | Clear each flag

DMAOOR 0x0001 Priority: CHO > CH1 > ... > CH14 > CH15
Enable DMA transfer

DMAOCHCR_O 0x0003 Disable descriptor

Disable descriptor

Disable address error naotification

Disable channel address error notification
Disable descriptor step end interrupt
Enable transfer completion interrupt

Enable channel operation
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Table 3.5.4  Port Register Setting
Register Name Setting Value Function
PSRO 0x00000000 | Port set reset: PO_m initial value
PKCPROT O0xXA5A5A501 | Port key code
PWE OXFFFFFFFE | Enable write
PMO 0x00000000 | PO_m output mode
Table 3.5.5 Interrupt Register
Register Name Setting Value Function
EIBD47 0x00000000 | Bind interrupt to PEO
EIC47 0x0040 Table reference/priority level 0
EIBD227 0x00000000 | Bind interrupt to PEO
EIC227 0x0040 Table reference/priority level O
Table 3.5.6 PBG Register
Register Name Setting Value Function
PBGERRSLV20PBGKCPROT | O0xA5A5A501 | PBG key code
PBG21PBGPROTO_4 0x00000143 | Port group21,ch4 register: Enable write
Port group21,ch4 register: Enable write
PBG21PBGPROT1 4 0x10000000 | SPID28: Enable access
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A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Disable interrupt

Interrupt function initial
setting

ADC]J initial setting

sDMAC initial setting

Port initial setting

Counter value initialization

Enable interrupt

SGO idle status?
No

Yes

Boot ADCI0

o

< INTADCJO0IO >

Store A/D conversion value

Increment counter

= )

< INTSDMACOCHO >

Reset sDMAC

Store PO value to variable

Increment counetr

LD

Figure 3-12 Flowchart
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RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.6 Concurrent Track & Hold Operation

3.6.1 Specification Overview
This section explains A/D conversion performing method using T&H(Concurrent Track & Hold).
Allocate 3 virtual channels (AN000, AN001, AN002) to the scan group 1 (SG1), and scan in multicycle scan mode.

As A/D conversion start trigger, it is used TSG30ADTRGO of TSG30. Store the AN000, AN001, and AN002
conversion value to the variable at end of each scan group, and end operation.

T&HO sampling T&HO holding T&HO sampling T&HO holding T&HO sampling
T&H1 sampling T&H1 holding T&H1 sampling T&H1 holding T&H1 sampling
T&H2 sampling T&H2 holding T&H2 sampling T&H2 holding S;ﬁ;ﬁ]g
Scan group SG1 SG1
Syscles 1st 1st
Virtual cahnnel Virtual Ch0 | virtualCht | Virtual Ch2 Virtual Ch0 | Virtual Ch1 | Virtual Ch2
Physical channel AN000 ANOO1 AN002 ANOOO ANO0O1 AN002
A/D conversion ATD A/D A/D ATD AJD_ ATD
conversion conversion conversion conversion conversion conversion
TSG30ADTRGO __[] Hold trigger N Hold trigger
INTADCIOIL I M
(Scan end interrupt)
Figure 3-13 A/D Conversion (Multicycle scan) Operation Using T&H
3.6.2 Use Function
The used functions in this operation example are shown below.
- A/D convertor (ADCJ0)
« Motor control timer (TSG30) *!
- OS timer (OSTM)
RH850/U2A
TSG30 ADCIO
ANOOO QO 5V input
A/D ANOO1l —(0O3.3V input
conversion .
start AN002 ———01.25V input
trigger
Figure 3-14 System Configuration
*1 When operate the sample soft by U2A6 144 pins or 156 pins, use TSG31.
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3.6.3 Explanation of Operation Example
In this operation example, use AN00O, AN001, and AN002 of ADCJ0 module, and perform the A/D conversion
using T&H (concurrent track & hold).

ADCJ contains the track & hold circuit for 4 channels. It supports the concurrent track & hold up to 4 channels.

Allocate the virtual channel 0, 1, and 2 to the scan group 1 (SG1). Input analog signal to AN00O, AN001, and
ANO0O2 . Insert the sampling cycle wait time of the track & hold circuit using OS timer.

Generate A/D conversion start trigger using TSG30.

Start TSG30 count, and A/D convert the hold value. Enable the scan end interrupt INTADCJOI1 (when scan group
end), store the A/D conversion result to the variable in each interrupt processing, and end operation.

-Register Setting

ADCJOSGCR1 Multi cycle scan A
“SCANMD | mode | | ADCJOSGMCYCR1 | Scan time: 1 time
Enable T&HO to 2 ADCJOTHCR Automatic
‘ ADCJOTHER | track&hold | | .ASMPMSK | sampling |
ADCJOTHACR Scan group selection
.SGS[1:0] SG1
Data register
SG1 start ADCJOSGVCPR1 ADCIOVCRO | .CNVCLS[3:0] | .GCTRL[5:0] - ADCIODRO
i i . N Hold value PRySicar cn: -
virtual channel pointer VCSP virtual Cho [ , p%orale 00O
ADCIOVCR1 | .CNVCLS[3:0] | .GCTRL[5:0] ADCIODRY
»
: Hold value Physical chr el
Virtual Ch1 A/D conversion ANOO1
SG1 end ADCJIOSGVCPR1 ADCJOVCR2 | .CNVCLS[3:0] | .GCTRL[5:0] o
; ; - Flold value PRySicaT ch ADCJODR2
virtual channel pointer .VCEP Virtual Ch2 [ , 0% vae 002
-A/D Conversion Operation
T&HO sampling T&HO holding | T&HO sampling T&HO holding T&HO sampling
T&H1 sampling T&H1 holding T&H1 sampling T&H1 holding T&H1 sampling
T&H2 sampling T&H2 holding T&H2 sampling T&H2 holding T&H2 holding
Scan group SG1 SG1
Cycles st st
Virtual channel Virtual Ch0 | Virtual Ch1 | Virtual Ch2 Virtual Ch0 | Virtual Ch1 | Virtual Ch2
Physical channel AN00O AN001 AN002 AN00O AN001 AN002
A/D conversion A/D conversion A/D conversion A/D conversion A/D conversion A/D conversion A/D conversion
ADCJODRO A/D conversion of virtual channel 0 A/D conversion of virtual channel 0
ADCJODR1 : : A/D conversion of
| A/D conversion of virtual channel 1 | virtual channel 1
ADCIODR2 A7D conversion of
virtual channel 2

A/D conversion of virtual channel 2

TSG30h9>4 \/\/\

[|Generate on counter valley

TSG30ADTRGO _menerate on counter valley

INTADCJOI1

I

M

(Scan end interrupt)

Store A/D conversion value of
virtual chO, 1, 2 to variable in
interrupt processing.

Store A/D conversion value of
virtual chO, 1, 2 to variable in
interrupt processing.

Figure 3-15 A/D Conversion Operation Example using T&H Function
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3.64 Software Explanation
* Module Explanation

A/D Conversion Operation Example using ADCJ Module

The module list in this operation example is shows below.

Table 3.6.1  Module List

Module Name Label Name Function
Maine routine main_pmO Perform various setting and application start.
Port initialize routine port_init Perform port initialization.
ADCJ initialize routine ADCJ _init Perform ADCJ initialization.
OSTM initialize routine ostm_init Perform OSTM initialization.
TSG3 initialize routine tsg3_init Perform TSG3 initialization.
Wait processing routine wait Perform wait of 30CLK_ADC.
ADCJ/SGL1 interrupt Store A/D conversion result to variable in virtual scan grou
processing routinep INTADCJOI1 end interrupt o

+ Register Setting

The Register setting of each function in this operation example is shown below.
Table 3.6.2 ADCJ Register Setting

Register Name Setting Value Function
ADCJO0ADCR1 0x02 Not Synchronous suspend
ADCJ0ADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHCR 0x00 Automatic sampling
ADCJOTHER 0x07 T&HO to 2 enable
ADCJOWAITTRO 0x0000 Unuse since WTTS[3:0]=0
ADCJOTHACR 0x30 Hold control

Hold trigger enable

SG1 select
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPR1 0x0200 End virtual channel: 2

Start virtual channel: 0
ADCJOSGCR1 0x51 ADTSTART enable

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCR1 0x00 Scan 1 time in multicycle scan mode
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A/D Conversion Operation Example using ADCJ Module

Register Name

Setting Value

Function

ADCJOVCRO

0x00000800

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: hold value A/D conversion
Not use multiplexer

Not output VCR]j end interrupt

Physical CHO (ANOOO)

ADCJOVCR1

0x00000801

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: hold value A/D conversion
Not use multiplexer

Not output VCR]j end interrupt

Physical CH1 (ANOO1)

ADCJOVCR2

0x00000802

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: hold value A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH2 (ANO02)

Table 3.6.3 Port Register Setting

Register Name

Setting Value

Function

PCR2_0 0x00000000 P2_0 initial value

PCR2_14 0x00000000 P2_14 initial value

PKCPROT O0xA5A5A501 Port key code

PWE OXFFFFFFFE Port write interrupt
Table 3.6.4  Interrupt Register Setting

Register Name

Setting Value

Function

EIBD228

0x00000000

Bind interrupt to PEO

EIC228

0x0040

Table reference/priority level O
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A/D Conversion Operation Example using ADCJ Module

Table 3.6.5 OSTM Register Setting
Register Name Setting Value Function
OSTMOCMP 0x00000041 | Free running mode: compare value
OSTMOTO 0x00 Output level: low
OSTMOCTL 0x02 Disable OSTM interrupt
Counter start value: 0x00000000
Free running compare mode
Disable interrupt when count start
Table 3.6.6  TSG3 Register Setting
Register Name Setting Function
Value
TSG30CTLO 0x01 Output pulse by 8 clock width
Timer mode: HT-PWM mode
TSG30CTL1 0x0000 Not detect various error
TSG30CTL3 0x00 Reload mode
TSG30CTL4 0x00C0 Enable reloaq operation in 18 .blt Founter. valley timing
Enable peak interrupt generation in 18 bit counter valley
timing
TSG30CTLS 0x0100 T.reat 18 bit sub-counter valley timing as A/D conversion
trigger
TSG30CTL6 0x0000 Not generate A/D conversion trigger
TSG30I0CO OX7E Disable TSG3n06-1 control by TSnIOC2 rewrite
TSG30I0C1 0x00 Output up/down count flag of 18 bit counter
TSG30I0C2 OX7E7E Active level: low level
TSG30CMPO 0x1F40 TSG30 compare register 0: PWM cycle 100us
TSG30CMPU O0x0FAO0 Compare register for TSG30 HT-PWM U phase: U phase duty
TSG30CMPV 0x080C Compare register for TSG30 HT-PWM V phase: V phase duty
TSG30CMPW 0x1732 Compare register for TSG30 HT-PWM W phase: W phase
duty
TSG30DTCOW 0x00C8 Dead tlme_ value (between negative phase inactive to positive
phase active)
TSG30DTCIW 0x00C8 Dead tlmg value (between positive phase inactive to negative
phase active)
Table 3.6.7 PIC Register Setting

Register Name

Setting Value

Function

PIC2ADCJOTSEL1

0x00000020

Select TSG30ADTRGO to SG1 trigger source of ADCJO
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A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Disable interrupt

Interrupt function initial
setting
\

ADC]J initial setting
\

Port initial setting

OSTM initial setting

TSG3 initial setting

Enable interrupt

Start T&H sampling

SG1 enable (wait for HW
trigger)

PIC trigger enable

Start TSG30 count

N

< INTADCIO0I1 >

YES

NO Enable INTADCJOI1 output
Enable HW trigger

-]

Store A/D conversion value

cnt++

C

RTE >

Figure 3-16 Flow Chart
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3.7 Sequential Scan Conversion of Arbitrary Channel using DMA Transfer (Scatter
Function)

3.7.1 Specification Overview

This section explains the A/D conversion value storing method to the array variable using DMA transfer (scatter
function).

Allocate the 3 virtual channels (AN00O, AN0O1, and AN002) to the scan group 0 (SGO), and perform the scan in the
multicycle scan mode. Start DMA (SDMAC) by the scan end interrupt (INTADCJO0I0), and store AN00O, AN001, and
ANOO02 conversion value to the array variable.

Scan group SGO
Cycles 1st
Virtual channel Virtual ChO Virtual Ch1 Virtual Ch2
Physical channel ANO00O ANOO1 ANO002
A/D conversion | A/D conversion | A/D conversion | A/D conversion

INTADCJO0IO [
(Scan end interrupt) DMA transfer

Transfer A/D conversion value to array variable

Figure 3.7.1 Operation Example using DMA Transfer

3.7.2 Use Function
The used hardware functions in this operation example are shown below.

» A/D convertor (ADCJ0)
* DMA (sDMACO0)
RH850/U2A
ADCIO0
SsDMACO e——— ANO0OQ }——— 2.5V input
l ANOO1l —— 3.3V input
ANOO2 —— (O 5Vinput
CRAM
Figure 3.7.2 System Configuration
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3.7.3 Explanation of Operation Example

In this operation example, perform the normal A/D conversion in the multicycle scan mode using AN00O, ANO0O1,
and ANO002 of ADCJ module, and store the A/D conversion value to the array variable using the DMA conversion
(scatter function).

Allocate the virtual channel 0 (ANO0OQO), virtual channel 1 (ANO0O1), and virtual channel 2 (AN002) to the scan group
(SGO0). For analog signal, input 2.5V to AN0QO, 3.3V to AN001, and 5V to AN002.

As the start trigger of SDMAC, it is used the scan end interrupt (INTADCJO0I10), and set enable to the scatter function.
Figure 3.7.3 shows the scatter function overview. In the scatter function, the A/D conversion value is possible to
transfer to each array variable in the SDMAC1 channel.

Array variable
Data register smp_data_0[10]
DMA conversion 0 | ANOOO A/D conversion value
1 | ANOOO A/D conversion value

ADCIODRO

ADCIJODR1

MA conversion 8 | AN000 A/D conversion value
9 | ANOOO A/D conversion value

ADCIODR2

smp_data_1[10]
0 | ANOO1 A/D conversion value
DMA conversion 1 | ANOO1 A/D conversion value

8 | AN0O1 A/D conversion value
9 | ANOO1 A/D conversion value

smp_data_2[10]
0 | AN002 A/D conversion value
1 | AN002 A/D conversion value

8 | AN002 A/D conversion value
9 | AN002 A/D conversion value

Possible to transfer A/D conversion value to each array variable

Figure 3.7.3 Scatter Function Overview
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Start A/D conversion by the software trigger ADSTART. Started DMA by the scan end interrupt (INTADCJO0I0), and
store the A/D conversion value to the array variable.

-Register setting

ADCI0SGCRO Multi cycle scan ADCIO0 Scans:
.SCANMD mode SGMCYCRO 1 time

Data register

SGO start

ADCJOVCRO | .CNVCLS[3:0] | .GCTRL[5:0
virtual channel ADCJ?/SCGSYDCPRO - Normal ,E/D ] phys|ca|[ch: ] »  ADCIODRO
pointer : Virtual ChO conversion AN00O
ADCIOVCR1 | .CNVCLS[3:0] | .GCTRL[5:0] > ADCIODRI
X Normal A/D Physical ch:
Virtual Ch1 conversion ANOO1
SGO end . .
ADCIOVCR2 | .CNVCLS[3:0 .GCTRL[5:0
virtual channel | APSIOSCYCPRO : oo L GRS | . ADCIODR2
pointer ' Virtual Ch2 conversion AN002

-A/D conversion operation

Scan group SGO
Cycles 1st
Virtual channel Virtual Ch0 Virtual Ch1 Virtual Ch2
Physical channel ANOOO ANO0O1 ANO002
A/D conversion A/D conversion A/D conversion | A/D conversion
ADCIJIODRO A/D conversion value of virtual channel 0

ADCJODR1 | A/D conversion value of virtual channel 1
ADCIODR2 | A/D conversion value of

virtual channel 2
ADSTART —|

INTADCJOIO M
(DMA transfer start

trigger)

Store A/D conversion value
of virtual channel 0, 1, and
2 in DMA transfer.

Figure 3.7.4 Operation Example using DMA Transfer
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3.74 Software Explanation
* Module Explanation

The module list in this operation example is shown below.
Table 3.7.1 Module List

Module Name Label Name Function
Maine routine main_pmO0 Perform various setting and application start.
ADCJ initialize routine ADCJ _init Perform ADCJ initialization.
sDMAC initialize routine sdmac_init Perform sDMAC initialization.

§DMAC transfer f;omplet.lon INTSDMACOCHO Perform.A/E.) conversion restgrt by sDMAC transfer
interrupt processing routine completion interrupt processing.

+ Register Setting
The Register setting of each function in this operation example is showing below.
Table 3.7.2 ADCJ Register Setting

Register Name Setting Value Function
ADCJO0ADCR1 0x00 Not Synchronous suspend
ADCJ0ADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOWAITTRO 0x0000 Unuse since WTTS[3:0]=0
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0200 End virtual channel: 2

Start virtual channel: 0
ADCJOSGCRO 0x50 ADTSTART enable

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicycle scan mode
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Register Name Setting Value Function
ADCJOVCRO 0x00000000 Not use upper/lower limit check
Not use wait time table
Not use GTM entry
Not use since GTMENT=0
Conversion type: normal A/D conversion
Not use multiplexer
Not output VCRj end interrupt
Physical CHO (ANO0O)
ADCJOVCR1 0x00000001 Not use upper/lower limit check
Not use wait time table
Not use GTM entry
Not use since GTMENT=0
Conversion type: normal A/D conversion

Not use multiplexer

Not output VCRj end interrupt

Physical CH1 (ANOO1)

ADCJOVCR2 0x00000002 Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion

Not use multiplexer
Not output VCRj end interrupt
Physical CH2 (AN002)

Table 3.7.3 sDMAC Register Setting

Register Name Setting Value Function
DMAOCM_O 0x00001C00 Channel master SPID setting SPID=0x1C (initial value)
Supervisor mode

Written value .
DMAOSAR_O on right Transfer source: ADCJODRO register

Written value Transfer destination: Array variable for A/D conversion
on right value data storing

DMAOTSR_O 0x00000006 Transfer size: 6 bytes (2 bytes x 3 times)

DMAOTMR_O 0x00001111 DMA transfer mode: normal mode

Channel priority

DMA transfer request selection interrupt: hardware
DMA transfer request

Destination address/count direction: fixed

DMAODAR_O

Source address/count destination: increment
DMA transfer transaction size: 4 bytes

DMA source transaction size: 4 bytes
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Register Name Setting Value Function
DMAORS_0 0x00030000 Transfers per hardware request: 3 times
Transfer upper limit per hardware request

Not use since PLE=0
Disable preload
Disable DRQ initialization

Hardware DMA transfer source selection: (A/D
conversion completion interrupt (INTADCJO0I0))

Written value .
DMAOSIAI_ O . Inner address increment value:
- on right

smp_data_1[0] address - smp_data_0[0] address
DMAOSGCR_0 0x80020000 Scatter function: enable
Disable Zero fill

Inner loop repetition times: 2 times
Gather function: disable
Unuse since GEN=0

DMAOCHFCR_O 0x0000320F Clear each flag

DMAOOR 0x0001 Priority: CHO > CH1 > ... > CH14 > CH15
DMA transfer enable

DMAOCHCR_O 0x0003 Disable descriptor

Disable descriptor

Disable address error notification

Disable channel address error notification
Disable descriptor step end interrupt
Enable transfer completion interrupt

Enable channel operation

Table 3.7.4 Interrupt Register Setting

Register Name Setting Value Function
EIBD47 0x00000000 Bind interrupt to PEO
EIC47 0x0040 Table reference/priority level O
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A/D Conversion Operation Example using ADCJ Module

* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Disable interrupt

Interrupt function initial
setting

ADCJ initial setting

sDMAC initial setting

Enable interrupt

ADSTART =1

u

< INTSDMACOCHO >

Clear transfer completion flag

Increment transfer completion
counter increment

ransfer completion

ter < 10 ?
counter NO

Reset sDMAC

‘ ADSTART =1 ‘

Store AD conversion
value

Transfer completion
counter initialization

-
-

= )

Figure 3.7.5 Flowchart
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3.8 Sequential Scan Conversion of Arbitrary Channel using DMA Transfer (Gather
Function)

3.8.1 Specification Overview
This section explains the A/D conversion value storing method to the array variable using DMA transfer (gather
function).

Allocate the 3 virtual channels (AN0O0O, AN001, ANQ02) to the scan group 0 (SGO0), and perform the scan in the
multicycle scan mode. Start DMA (SDMAC) by the scan end interrupt (INTADCJO0I0), and store AN0O0O and AN002
conversion value to the array variable.

Scan group SGO
Cycles 1st
Virtual channel Virtual ChO Virtual Chi Virtual Ch2
Physical channel ANO00O ANOO1 ANO002
A/D conversion | A/D conversion | A/D conversion | A/D conversion

INTADCJO0IO [
(Scan end interrupt) DMA transfer

Transfer array variable to A/D conversion value

Figure 3.8.1 Operation Example using DMA Transfer

3.8.2 Use Function
The used functions in this operation are shown below.

 A/D convertor (ADCJ0)
*DMA (sDMAC)

RH850/U2A

ADCIO0

sDMACO <——- ANOOQ [——— 2.5V input

l ANOOl ——0O3.3Vinput

AN002 ——— QO 5Vinput
CRAM

Figure 3.8.2 System Configuration

RO1AN4754EJ0110 Rev.1.10 Page 49 /60
2023.01.13 RENESAS




RH850/U2A-EVA Group A/D Conversion Operation Example using ADCJ Module

3.8.3 Explanation of Operation Example

In this operation example, perform the normal A/D conversion in the multicycle scan mode using AN00O, ANO0O1,
and ANO002 of ADCJO module, and store the A/D conversion value of ANOOO and ANOO2 to the array variable using the
DMA conversion (gather function).

Allocate the virtual channel 0 (ANO0QO), virtual channel 1 (AN0O1), and virtual channel 2 (AN002) to the scan group
(SGO0). For analog signal, input 2.5V to AN0QO, 3.3V to AN001, and 5V to AN002.

As the start trigger of SDMAC, it is used the scan end interrupt (INTADCJO0I10), and set enable to the gather function.
Figure 3.8.3 shows the scatter function overview. In the gather function, the A/D conversion value of the 2 channels is
possible to transfer to each array variable by 1 channel of SDMAC.

Array variable
Data register smp_data[20]

19 | AN002 A/D conversion value
ADCIODR2
18 ANOOO A/D conversion value
DMA t f
ADCIODR1 ranster
ADCIODRO
3 ANO0O02 A/D conversion value
2 ANOOO A/D conversion value
1 ANO0O02 A/D conversion value
0 ANOOO A/D conversion value
Figure 3.8.3 Overview of Gather Function
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Start A/D conversion by the software trigger ADSTART. Started DMA by the scan end interrupt (INTADCJO0I0), and
store the A/D conversion value to the array variable.

-Register Setting

ADCIOSGCRO Multi cycle scan ADCIO0 Scan times:
.SCANMD mode SGMCYCRO 1 scan
Data register
SGO start ADCJOSGVCPRO ADCJOVCRO | .CNVCLS[3:0] | .GCTRL[5:0]
A . - p  ADCIODRO
. Normal A/D Physical ch:
virtual channel pointer .VCSP Virtual ChO convereion ANOOO
ADCJOVCR1 | .CNVCLS[3:0] | .GCTRL[5:0] > ADCJODR1
- Normal A/D Physical ch:
Virtual Ch1 conversion AN001
SGO end ADCJIOSGVCPRO ADCJOVCR2 | .CNVCLS[3:0] | .GCTRL[5:0]
. ! - p  ADCIODR2
. Normarl A/D Physical ch:
virtual channel pointer .VCEP Virtual Ch2 conversion ANOO2
-A/D Conversion Operation
Scan group SGO
Cycles 1st
Virtual channel Virtual Ch0O Virtual Ch1 Virtual Ch2
Physical channel ANOO0O ANOO1 ANO002
A/D conversion A/D conversion A/D conversion | A/D conversion
ADCIODRO A/D conversion value of virtual channel 0
ADCIODR1 | A/D conversion value of virtual channel 1
A/D conversion value
ADCJODR2 | of virtual channel 2
ADSTART j
INTADCIOIO |_|
(DMA transfer start trigger)

Store A/D conversion value
of virtual channel 0 and 2
in DMA transfer.

Figure 3.8.4 Operation Example using DMA Transfer
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A/D Conversion Operation Example using ADCJ Module

3.84 Software Explanation

* Module Explanation

The module list in this operation example is shows below.
Table 3.8.1 Module List

interrupt processing routine

Module Name Label Name Fucntion
Maine routine main_pmO0 Perform various setting and application start.
ADCJ initialize routine ADCJ _init Perform ADCJ initialization.
sDMAC initialize routine sdmac_init Perform sDMAC initialization.
sDMAC transfer completion INTSDMACOCHO Perform A/D conversion restart by sSDMAC transfer

completion interrupt processing.

+ Register Setting

The Register setting of each function in this operation example is shown below.
Table 3.8.2 ADCJ Register Setting

Register Name Setting Value Function
ADCJOADCR1 0x00 Not Synchronous suspend
ADCJ0ADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOWAITTRO 0x0000 Unuse since WTTS[3:0]=0
ADCJOTHACR 0x00 Not use T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0200 End virtual channel: 2

Start virtual channel: 0
ADCJOSGCRO 0x50 ADTSTART enable

Multicycle scan mode

Qutput INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicycle scan mode
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Register Name Setting Value Function
ADCJOVCRO 0x00000000 Not use upper/lower limit check
Not use wait time table
Not use GTM entry
Not use since GTMENT=0
Conversion type: normal A/D conversion
Not use multiplexer
Not output VCRj end interrupt
Physical CHO (ANO0O)
ADCJOVCR1 0x00000001 Not use upper/lower limit check
Not use wait time table
Not use GTM entry
Not use since GTMENT=0
Conversion type: normal A/D conversion

Not use multiplexer

Not output VCRj end interrupt
Physical CH1 (ANOO1)
ADCJOVCR2 0x00000002 Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCRj end interrupt

Physical CH2 (AN002)

Table 3.8.3 sDMAC Register Setting

Register Name Setting Value Function
DMAOCM_O 0x00001C00 Channel master SPID setting SPID=0x1C (initial value)
Supervisor mode

Written value .
DMAOSAR_O on right Transfer source: ADCJODRO register

Written value Transfer destination: Array variable for A/D conversion
on right value data storing

DMAOTSR_O 0x00000004 Transfer size: 4 bytes (2 bytes x 2 times)

DMAOTMR_O 0x00001411 DMA transfer mode: normal mode

Channel priority

DMA transfer request selection interrupt: hardware
DMA transfer request

Destination address/count direction: fixed

DMAODAR_O

Source address/count destination: increment
DMA transfer transaction size: 2 bytes

DMA source transaction size: 2 bytes
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Register Name Setting Value Function
DMAORS_0 0x00020000 Transfers per hardware request: 3 times
Transfer upper limit per hardware request

Not use since PLE=0
Disable preload
Disable DRQ initialization

Hardware DMA transfer source selection: (A/D
conversion completion interrupt (INTADCJO0I0))

DMAOGIAI_O ertte:(‘;/:tlue on Inner address increment value:

Address of ADCJODR2 register - ADCJDRO address
DMAOSGCR_O0 0x00008001 Scatter function: enable

Disable Zero fill

Unuse since SEN=0

Gather function: enable

Inner loop repetition times: 1 time

DMAOCHFCR_O 0x0000320F Clear each flag

DMAOOR 0x0001 Priority: CHO > CH1 > ... > CH14 > CH15
Enable DMA transfer

DMAOCHCR_0O 0x0003 Disable descriptor

Disable descriptor

Disable address error notification

Disable channel address error notification
Disable descriptor step end interrupt
Enable transfer completion interrupt
Enable channel operation

Table 3.8.4 Interrupt Register Setting

Register Name Setting Value Function
EIBD47 0x00000000 Bind interrupt to PEO
EIC47 0x0040 Table reference/priority level 0
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* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO0 >
|

Disable interrupt

Interrupt function initial
setting

ADC]J initial setting

sDMAC initial setting

Enable interrupt

ADSTART =1

o

< INTSDMACOCHO >

Clear transfer completion flag

Increment transfer completion
counter

NO

Transfer completion

counter < 9?

Reset sDMAC

ADSTART =1

Store A/D conversion
value

Initialize transfer
completion counter

A

== )

Figure 3.8.5 Flowchart
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3.9 Wait Time Insert Function between Virtual Channels

3.9.1 Specification Overview
This section explains for the wait time insert function between virtual channels.
Allocate 2 virtual channels (AN00O, ANO0O01) to the scan group 0 (SGO0), scan 1 time in the multicycle scan mode.

Store the conversion value of ANO0O and ANOO1 to the variable and end the operation. In this time, for the normal A/D
conversion, the wait time can be inserted between the virtual channels

Scan group SGO
Cycles 1st
Virtual channel Virtual ChO Virtual Chi
Physical channel ANO000 Wait time ANOO1
A/D conversion | A/D conversion A/D conversion
INTADCJOI0 |_|_

(Scan end interrupt)

Figure 3.9.1 Normal A/D Conversion (Multicycle scan) Operation

3.9.2 Use Function
The used hardware functions in this operation example are shown below.

» A/D convertor (ADCJO0)
* Port
RH850/U2A
ADCJO
ANOOQ ——— 5V Output
ANOO1 | — 2.5V output
Port
P2 14 I p»Output
Figure 3.9.2 System Configuration
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3.9.3 Explanation of Operation Example

In this operation example, perform the normal A/D conversion by the 1 scan of the multicycle scan mode that uses
the ANOOO and ANOO1 of the ADCJ0 module

Allocate the virtual channel 0 (ANOQO) and virtual channel 1 (ANOO1) to the scan group 0 (SGO).
The analog signal inputs 5.0V to AN00O and 2.5V to ANOO1.

Set the wait time between the virtual channels as 400us to ADCJOWAITTRO, and set ADCJOVCR1.WTTS[3:0] to
select the ADCJOWAITTRO.

Start by the software trigger SGST, and A/D convert ANOO1 after the ANOOO A/D conversion.

Enable the scan end interrupt INTADCJO0I0 (when scan group end), store each A/D conversion result to the variable
in the interrupt processing, and end the operation.

Also, in this operation example, use the port (P2_14) as the output port for checking that the wait time is inserted
between the virtual channels.

Set high to P2_14 output when starting the A/D conversion, and set the output to low in the scan end interrupt
INTADCJOIO. It is possible to check that the wait time is inserted between the virtual channels by the high period of
P2 _14.

-Register Setting

ADCIOSGCRO Multi Cycle Scan ADCIO Scan times:
.SCANMD Mode SGMCYCRO 1 time
Wait time between
ADCIOWAITTRO virtual channels:
400us
Data register
SGO start ADCJOSGVCPRO ADCJOVCRO | .CNVCLS[3:0] | .GCTRL[5:0]
) ) - p»  ADCIODRO
N Normal' A/D Ph I ch:
virtual channel pointer .VCSP Virtual ChO A XS’\"%aOOC
SGO end ADCIOSGVCPRO ADCJOVCR1 |.CNVCLS[3:0]| .GCTRL[5:0]
. ) . p  ADCIODR1
. Normal A/D Physical ch:
Virtual channel pointer .VCEP Virtual Ch1 convereion Xl\;OOl
-A/D Conversion Operation
Scan group SGO
Cycles 1st
Virtual channel Virtual Ch0 Virtual Ch1
Physical channel ANOOO Wait time ANOO1
A/D conversion A/D conversion A/D conversion

ADCIODRO A/D conversion value of virtual channelO
ADCIJODR1 | A/D con’l/r?ar?ggli/alue of
ADSTART J

INTADCJIOIO |_|

(Scan end interrupt)

_ ]

P2_14

Figure 3.9.3

Normal A/D Conversion (Wait Insert between Virtual Channels) Operation Example
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3.9.4
* Module Explanation

Software Explanation

The module list in this operation example is shows below.
Table 3.9.1 Module List

Module Name Label Name Function
Maine routine main_pmO0 Perform various setting and application start.
ADCJ initialize routine ADCJ_init Perform ADCJ initialization.
ADCJ interrupt processing routine INTADCIOIO Storg A/D conversion result to variable in virtual scan group
end interrupt
Interrupt initialize routine intc2_init Perform ADCJ interrupt initialization.

+ Register Setting

The Register setting of each function in this operation example is shown below.

Table 3.9.2 ADCJ Register Setting
Register Name Setting Value Function

ADCJO0ADCR1 0x00 Synchronous suspend
ADCJ0ADCR2 0x10 Signed integer format

Disable since CNVCL =0
ADCJOSFTCR 0x00 Disable variable setting
ADCJOVCLMINTERX 0x00000000 | Not use upper/lower limit check interrupt table
ADCJOVMONVDCR1 0x00 Not use divide voltage resistance
ADCJOVMONVDCR2 0x00 Not use divide voltage resistance
ADCJOSMPCR 0x00000000 | Not use buffer amp filter
ADCJOTDCR 0x00 Not perform pin level self-diagnosis
ADCJOODCR 0x0000 Not perform disconnection detection
ADCJOTOCCR 0x00 Not perform trigger overlap check.
ADCJOGTMENTSGER 0x0000 Not GTM entry
ADCJOADENDPO 0x00 Not use A/D conversion monitor
ADCJOTHACR 0x00 Disable hold control

Disable hold trigger

Disable T&H
ADCJOPWDCR 0x00 Disable PWM-Diag
ADCJOSGVCPRO 0x0100 End virtual channel: 1

Start virtual channel: 0
ADCJO0SGCRO 0x50 Enable ADSTART

Multicycle scan mode

Output INTADCJO0IO when SGO end

Disable H/W trigger input to SGO
ADCJOSGMCYCRO 0x00 Scan 1 time in multicycle scan mode
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Register Name

Setting Value

Function

ADCJOVCRO

0x00000000

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCR]j end interrupt

Physical CHO (ANOOO)

ADCJOVCR1

0x01000001

Not use upper/lower limit check

Not use wait time table

Not use GTM entry

Not use since GTMENT=0

Conversion type: normal A/D conversion
Not use multiplexer

Not output VCR]j end interrupt

Physical CH1 (ANOO1)

ADCJOWAITTRO

0x1F40

Waite time: 400us

Table 3.9.3

Interrupt Register Setting

Register Name

Setting Value

Function

EIBD227

0x00000000

Bind interrupt to PEO

EIC227

0x0040

Table reference/priority level O
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* Operation Flow

The flowchart of the operation example in this operation example is shown below.

< main_pmO >

Disable interrupt

Interrupt function initial
setting

< INTADCIO0IO >

1 time A/D conversion?

Yes

Store A/D conversion value

Store A/D conversion value

| (VCR1) (VCRO)
ADC]J initial setting Port2_ 1 output “Low”
Port initial setting -
| ( RTE >
Enable interrupt
SGO idle status?
Yes
Start SGO A/D conversion
P2_14 t put “High”
Figure 3.9.4 Flowchart
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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 /O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or 1/0 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 Vix
(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 Vi (Max.) and Vin (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.



Notice

1. 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.

2. 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.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. 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.

5. 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.

6.  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.

7. 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.

8. 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.

9.  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.

10. 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.

11. 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.

12. Itis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Notel)  “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.
(Note2)  “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

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