LENESAS Application Notes
RX23E-A Group

Example of Thermoelectric Peltier Controller

Summary

This document shows an example of how to control temperature of Peltier module using the Renesas
microcontroller RX23E-A. Measurement, calculation, and control required for the Peltier Controller can be
implemented with a single chip of RX23E-A, and the system can be configured easily.

The appearance and configuration overview of the Peltier Controller and its evaluation results are shown
below.

Based on the evaluation results of the step response characteristics, it is confirmed that the target value can
be achieved in several seconds. In addition, it is confirmed that the Peltier Controller can be controlled in a
resolution of 5m°C or less because it responds to changes in command values in steps of 5m°C.
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RX23E-A Group Example of Thermoelectric Peltier Controller

1. Overview

This document shows an example of how to control the Peltier temperature using the Renesas
microcontroller RX23E-A. The Peltier Controller (hereafter called "this system") consists of the RSSKRX23E-
A board with RX23E-A, the power board, and the Peltier unit.

In this system, temperature is controlled using the Peltier module as an example of implementing
temperature control. Temperature control with the Peltier module is used to keep the characteristics of
devices with high temperature dependency such as laser diodes constant.

This system implements temperature measurement using a resistance temperature detector, PID control
operations, and communication with a single chip of RX23E-A.

1.1 Introduction of Renesas Electronics' Products
Table 1-1 lists the Renesas Electronics' products used in this system.

Table 1-1 List of Renesas Electronics' Products in This System

Part No. Part name Board Quantity
R5F523E6ADFL (RX23E-A) MCU RSSKRX23E-A 1
ISL80410 LDO RSSKRX23E-A 1
ISL3159E RS-422/RS-485 driver RSSKRX23E-A 1
ISL8560 Step-down DC/DC converter Power board 1
ISL2111 Half bridge driver Power board 2
RJK0654DPB N-channel MOSFET Power board 4
READ2302GSP Operational amplifier Power board 2
® RX23E-A

Table 1-2 shows an overview of the specifications of RX23E-A used in this system.

RX23E-A is mounted on the evaluation board for the RX23E-A "Renesas Solution Starter Kit for RX23E-A
(RSSKRX23E-A)". RX23E-A has two channels of the low-noise 24-bit A-2A/D converter (DSAD) that allows
high-precision measurement. DSAD has a programmable gain instrumentation amplifier (PGA) which gain is
selectable from x1, x2, x4, x8, x16, x32, x64, and x128. It also has an analog front-end (AFE) circuit suitable
for sensor measurement of thermocouples, resistance temperature detectors, and strain gauges. Up to 6
channels can be measured by switching the analog multiplexer (AMUX) built in the AFE. In addition, it has
one channel of the successive approximation 12-bit A/D converter (S12AD).

For details about RX23E-A, refer to "RX23E-A Group User's Manual: Hardware". For details about
RSSKRX23E-A, refer to "RSSKRX23E-A User's Manual: Board".

Table 1-2 Overview of the Specifications of RX23E-A

Item Description

Product group RX23E-A

Part No. R5F523E6ADFL

CPU max. operating frequency 32 MHz

Bit count 32 bits

Package/pin count LFQFP/48 pins

ROM 256 KB

RAM 32 KB

Operating temperature range -40°C to +85°C

Storage temperature range -55°C to +125°C
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® |SL80410

ISL80410 is mounted on RSSKRX23E-A. ISL80410 is a low-noise LDO with a wide input voltage range of 6
V to 40 V, variable output voltage of 2.5 V to 10 V, and no-load current consumption of 16 uA. The output
voltage of RSSKRX23E-A is setto 5 V.

® |SL8560

ISL8560 is mounted on the power board. ISL8560 is a step-down DC/DC converter with integrated FETs with
a wide input voltage range of 9 V to 60 V, variable output voltage of 1.21 V to 55 V, and maximum output
current of 2 A. The output voltage of the power board is set to 12.0 V.

® ISL2111

ISL2111 is mounted on the power board. ISL2111 is a half-bridge N-channel MOSFET driver with an on-chip
bootstrap diode that operates at the power supply voltage of 8 V to 14 V and can drive the maximum rail
voltage of 100 V. On the power board, two units of ISL2111 are used to drive the 24 V full bridge circuit for
driving the Peltier module.

® RJK0654DPB
RJK0654DPB is mounted on the power board. RIK0654DPB is an N-channel power MOSFET with 60 V, 30
A, and on-resistance of 8.3 mQ max. On the power board, four units of the full bridge circuit are used.

® READ2302GSP

READ2302GSP is mounted on the power board. READ2302GSP is a CMOS dual operational amplifier with
a high driving capacity, high slew rate, and full-range input/output. It operates with the low voltage single
power supply of 2.5V to 5.5 V, and provided as a small sized 8-pin TSSOP.

R0O1AN5535EJ0100 Rev.1.00 Page 5 of 70
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2. Related Documents

¢ RO1UH0801 RX23E-A Group User’'s Manual: Hardware

e R20UT4542 RSSKRX23E-A User’s Manual

e R20ANO0540 Application Notes RSSKRX23E-A PC Tool Program Operation Manual

e RO01AN4788 Application Notes RX23E-A Group Temperature Measurement Examples Using Resistance

Temperature Detectors

3. Environment for Operation Confirmation

The environment for operation confirmation is given in Table 3-1.

Table 3-1 Environment for Operation Confirmation

Item

Description

Power Board

Thermoelectric Controller Board

MCU Board

RSSKRX23E-A Board (RTKOESXB10C00001BJ)

MCU

RX23E-A (R5F523E6ADFL)
Power supply voltages (VCC, AVCCO0): 5V
Operating frequencies (ICLK): 32 MHz
Peripheral operating frequency (PCLKA): 32 MHz (MTU3, MTU4)
Peripheral operating frequency (PCLKB): 32 MHz (AFE, DSADO,
S12ADE, SCI5)
DSAD operating frequency (for): 4 MHz
DSAD modulator clock frequency (fuop): 0.5 MHz

Peltier Unit

Peltier Unit

Peltier Module

TAISEI CO.,Ltd. UT-7070KA-M

3-wire resistance
temperature detector

CHINO CORPORATION R060-33

IDE

Renesas e? studio 2020-07

Tool Chain

Renesas CC-RX V3.02.00

Emulator

E2 Emulator Lite

RO1AN5535EJ0100 Rev.1.00
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4. System Configuration

Figure 4-1 shows the Configuration of This System, and Figure 4-2 shows the Appearance of This System.
This system consists of the Peltier unit to be controlled, the power board for driving the Peltier unit, and the
RSSKRX23E-A board for temperature/current measurement, control operations, and communication.

In this system, temperature is controlled by controlling the current flowing into the Peltier module. Current
control is implemented by using PWM control of the full bridge circuit. Current is measured by using the 12-
bit successive approximation A/D converter (hereafter called S12ADC) built into RX23E-A. It is synchronized
with current measurement by using the multi-function timer pulse unit (hereafter called MTU), and current is
controlled using PWM output.

The Peltier module temperature is measured by using the 3-wire resistance temperature detector (hereafter
called RTD). The resistance value of RTD is measured by using the 24-bit A-¥ A/D converter (hereafter
called DSAD) built into RX23E-A. RTD measurement usually requires external circuits such as excitation
current sources. However, the excitation current sources of AFE of RX23E-A can be used to perform high-
precision temperature measurement without any external IC.

: Peltier Unit  : :Power Board :
= Cooling Fan H 12V
: LR L 24V
. - _ ISL8560 i Power Supply
H ] HE- Driver .
: Heatsink : Full-Bridge ISL2111 5
: I RJK0654DPB Driver :
: ok R SL2111 :
H Peltier module H . L LA L L L CEEEEEY DL E
: i i| Curent | : oo B : PC Tool
: RTD : | detection | = - : .
E / E E AMP E ISL80410 E E Program
I A . orave IR

H ReAD2302GsP JIH . :

: : : [UsB-Serial, :

: : = | Converter | &

Figure 4-1 Configuration of This System
- g P ——
Peltier Unit |
[ | /;?": .. @
/ " 2| AT g : Power Board
RSSKRX23E-A
Board
Figure 4-2 Appearance of This System
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Transmission of temperature command values and temperature measurement can be performed by using
the Application tab of the PC tool program (hereafter called the "PC tool") of RSSKRX23E-A, as shown in
Figure 4-3. The demo operation that increases/decreases the temperature command value can be turned

on/off with the slide switch.

i Starter Kit for RX23E-A

- X

RENESAS

EEEE
Data.

Counter
W cHo 2507
CH1 2507
cH2 2

cH3 2507
W CHe 2507
M cHs 2507
o cHe.

Temperature
command value
specification

Figure 4-3 Display Example of the PC Tool Program
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4.1 Hardware Configuration

4.1.1 Power Supply Configuration

Figure 4-4 shows the Power Supply Configuration of This System. Table 4-1 shows the Power Supply
Specifications of This System.

CN5
Power board p| Terminal 1t oo gling FAN
Block
RSSKRX23E-A
CN2 DC/DC J1 J1 U2 LDO
i U1 Converter VDRV:12V
DC—jack - | Jumper | Jumper
1SL8560 m d Pin Socket
Current AVCCO: 5V
PGND Sense Amp |
CN1 VBRG: Bridge VAVSSO
ol 24v/1 U2U3 _ Driver U5 OPAMP JP7 JP8 JP7JP8
g 1SL2111 READ2302GSP n Jumper | | Jumper |
; Pin Socket
N-ch
PGND 2 1 Q1°Q4 MOSFET VAVSS0
AVSS0 AVCCO VCC
ol d ol
o BiEE:EE u7 J2J3 J2J3
RJK0654DPB USB-Serial |¥CC: 5V | Jumper Jumper | AVCCO:5
Full Bridge Converter | Pin Socket |
PGND vvss vss AVSs0 v8s

Figure 4-4 Power Supply Configuration of This System

Table 4-1 Power Supply Specifications of This System

Item Symbol | Connector Operating Remarks
voltage
Maximum load current: 5 A
24V Pins 4-6 and Pins 3-5 of JP9 of the power
CN1
System power suppl VBRG Or board are connected.
y P PRy CN2 Maximum load current: 10 A

12V Pins 2-4 and Pins 1-3 of JP9 of the power
board are connected.

Power supply for the bridge driver and air-

. : cooling fan
El:'dgle driver power V(E’/Z)V J1 12V | Input power supply of RSSKRX23E-A
pply Pins 3-4 of JP14 of RSSKRX23E-A are
connected.
Digital power supply VCC ﬁ 5V Output of U2 of RSSKRX23E-A
JP7 Output of U2 of RSSKRX23E-A

Analog power supply | AVCCO JP8 5V (Separated from the digital power supply by
RSSKRX23E-A)

The power supply voltage of this system is 24 V or 12 V. The power is supplied from CN1 or CN2. For 24 V
input, Pins 4-6 and Pins 3-5 of JP9 of the power board are connected.so that U1: DC/DC converter
(ISL8560) generates 12 V power supply (VDRV) for the bridge driver, air-cooling fan, and RSSKRX23E-A.
For 12 V input, Pins 2-4 and Pins 1-3 of JP of JP9 of the power board are connected so that the power is
supplied directly to the bridge driver, air-cooling fan, and RSSKRX23E-A. . The 12 V power is supplied to
RSSKRX23E-A via J1. The 5 V power supply is generated by U2: LDO (ISL80410) mounted on
RSSKRX23E-A. VCC and AVCCO are supplied to U4: Power Current detection amplifier, U5: Op-amp
(READ2302GSP), and U7: USB serial conversion IC of the power board via U1: RX23E-A, J2, J3, JP7, and
JP8. On RSSKRX23E-A, Pins 3-4 of JP14 are connected to use LDO.

In this document, the operation is checked using the input voltage of 24 V.

R0O1AN5535EJ0100 Rev.1.00 Page 9 of 70
Dec.25.20 RENESAS



RX23E-A Group Example of Thermoelectric Peltier Controller

4.1.2 RSSKRX23E-A
(1) Configuration and Appearance

Figure 4-5 and Figure 4-6 show the system block diagram and appearance of RSSKRX23E-A.

Analog Power System Power
Supply Supply UART Communication
RX23E-A RSSK ‘
Terminal | Terminal Through |J1
. Blocks | Blocks Holes
Terrmq_e;lll | CN6
Shield wire —» } 3 g
3 U3 UsB USB Serial
o AVSS0 } A > »  Seral miniB Communication
» - AVGCO | v |U2 Converter
Exciting Voltage ¢ Terminal | LDO
Output Blocks | us J6
VDO - i
CN2 | 4 CAN Pin [€«—>» CAN Communication
LSW | v I Driver Headers
J vd[O[@]O] Vbus *
Sensors —p| [ol®]0] alo u4 J7|
JP14 Z|8 RS-485 Pin RS-485
o . <> o
alola Driver Headers Communication
Analog J2, J3, J4 = 3 é
Terminal Signals X °
> fa)
Reference Voltage —| Blocks P bssive o ’>_< Voo
Filters © oN7
sand Aral LED Universal Emulato
ensor | Analog Through MD/FINED #RES | “MU8%T e o Fq E2 E2Lit
Analog Signal —| Selection Signals‘ Holes »| Connector = ite
Circuits >
CN3 Analog
Signals
Thermocouple gnals |
Thermocouple —| "¢ octor d ;
Y1
| Crystal SW1| User's .,
Analog Plane 1| oscilator Switch Digital Plane

-
LED2‘R56

P3

Ji
—FIRG/BERIN
AINB/RER)P

T R E

JP g
RTO, Connection

AINTT E —— ,

MADE IN JAPAN i
o o o[AVSSO

Figure 4-6 Appearance of RSSKRX23E-A
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(2) Connections with the power board

Table 4-2 through Table 4-4 show the connections between RSSKRX23E-A and the power board. For the
signal names of RSSKRX23E-A, refer to "Appendix 2. Circuit Diagram" in "RSSKRX23E-A User's Manual:
Board". For the signal names of the power board, refer to "Appendix 2 Circuit Diagrams of the Power Board"
in this document.

Table 4-2 Connection Between RSSKRX23E-A and the Power Board (Power Supply)

RSSKRX23E-A Power board
. Reference | Pin Direction | _. Reference | Pin
Signal name . Signal name .
Designator | number Designator | number
VSS J1 1,2 — PGND J1 1,2
Vvd J1 3,4 — VDRV J1 3,4
Table 4-3 Connection Between RSSKRX23E-A and the Power Board (Digital)
RSSKRX23E-A Power board
. Reference | Pin Direction | _. Reference | Pin
Signal name . Signal name .
Designator | number Designator | number
VSS J2 1,3,7,8 — VSS J2 1,3,7,8
PBO J2 5 — PBO/SWA1 J2 5
PB1 J2 6 — V_DET J2 6
VCC J2 2,4 — VCC J2 2,4
PC4/MTIOC3D J2 9 — CTS5# J2 9
VSS J3 1 — VSS J3 1
VCC J3 2 — VCC J3 2
PH1/TXD5 J3 3 — TXD5 J3 3
PHO/RXD5 J3 4 — RXD5 J3 4
P27/IRQ3/SW1 J4 1 — PWM-AH J4 1
P26/TXD1 J4 2 — PWM-AL J4 2
VSS J4 3 — VSS J4 3
P30/RXD1 J4 4 — PWM-BH J4 4
P31/CTS1# J4 6 — PWM-BL J4 6

Table 4-4 Connection Between RSSKRX23E-A and the Power Board (Analog)

RSSKRX23E-A Power board
. Reference | Pin Direction | _. Reference | Pin
Signal name . Signal name .
Designator | number Designator | number
AIN5/REF1P JP3 2 — REF1P JP3 2
AING JP4 1 © AINGB/IEXC1 JP4 1
AIN7 JP4 2 o AIN7/IEXCO JP4 2
AIN10 JP6 1 — Ifo/AN0O4 JP6 1
AIN11 JP6 2 — AVSS0 JP6 2
AVSS0 JP7 1,2,6 — AVSS0 JP7 1,2,6
REFON JP7 3,5 — AVSSO0 JP7 3,5
LSw JP7 4 — AVSS0 JP7 4
AVSS0 JP8 1,2 — AVSS0 JP8 1,2
REFOP JP8 4,6 — AVCCO JP8 4,6
AVCCO JP8 5 — AVCCO JP8 5
RO1AN5535EJ0100 Rev.1.00 Page 11 of 70
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(3) Changes on RSSKRX23E-A
Table 4-5 shows the changes arranged for connecting RSSKRX23E-A to the power board.
Table 4-5 Changes on the RSSKRX23E-A Board

Before change After change
Circuit symbol | Part No. Mounting side Part No. Mounting
side
J1 Not mounted - M20-7830246 Solder side
J2 Not mounted - PPTCO062LFBN-RC | Solder side
J3, J4 Not mounted - M20-7830546 Solder side
JP3, JP4, JP6 | Not mounted - M20-7820246 Solder side
JP7, JP8 M20-9980345 Component side M20-7830346 Solder side
R48~R50 RK73Z1ETTP Component side RK73B1ETTP330J Component
side
R60, R61 RK73B1JTTD103J Component side Not mounted -
R64, R65 RK73B1ETTP330J Component side Not mounted -
R66, R89~R91 | RK73Z1ETTP Component side Not mounted -
R80 RK73B1JTTD472J Component side Not mounted -
R85 RK73B1JTTD101J Component side Not mounted -
car7 CGA2B3X7R1H104K050BB | Component side Not mounted -
C59 CGA3E2X7R1H102K080AA | Component side Not mounted -
RO1AN5535EJ0100 Rev.1.00 Page 12 of 70
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4.1.3 Power Board

4.1.3.1 Configuration and Appearance View

Figure 4-7 shows the System Block Diagram of the Power Board, and Figure 4-8 shows the Appearance
View of the Power Board. For the list of parts of the power board, refer to "Appendix 1 Parts List of the Power
Board". For the circuit diagrams, refer to "Appendix 2 Circuit Diagrams of the Power Board".

Power Board

DC/DC
Converter

CN5
Cooling _
FAN 4—‘ Connector [«
oN3 R32, R31
. Current
Peltier . .
Terminal Detection
Module .
Resistor
__________ v
Current
Sense AMP

READ2302GSP

Terminal

3-Wire
RTD

0O0X3l/LNIV

To RSSKRX23E-A

1SL8560

Bridge Driver
IsL2111
Full-Bridge
RJK0654DPB
(FET)
—a Bridge Driver
| ISL2111
|
|
1
|
|
N\
N
N
N
N
N
N
_____ N e e e e

|
JP6

I\

1AVSSO0

To RSSKRX23E-A

CN1

24V

onnector

L

Power
Supply

-

—> PC

_____ Power Plane
Swi
VCC__ PBO Slide
1 Switch
I >
! ' u7 CN6
2! I~ [cTss# ,
£ | VSS USB-Serial usB
5 : TXD5/RXD5 Converter Mini-B
<}
Sl
|
|
L

~ |
:
| From RSSKRX23E-A

Figure 4-8 Appearance View of the Power Board
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RX23E-A Group Example of Thermoelectric Peltier Controller

4.1.3.2 Descriptions of Circuits
(1) Power supply circuit

Figure 4-9 shows the DC/DC Converter Circuit of the power board.

ut 1SL8560
3
BOOT
VIN LX
EN#

SYNC
PGND FB
COMP
REF
RTCT s
SGND VCC5
PGOOD

PGND SGND SGND

DC/DC Converter

Figure 4-9 DC/DC Converter Circuit

The DC/DC converter ISL8560 is mounted on the power board. The DC/DC converter circuit is used when
24 V is supplied to the system power supply and outputs the 12 V power supply for the bridge driver, air-
cooling fan, and RSSKRX23E-A. When the DC/DC converter is used, Pins 3 to 5 and Pins 4 to 6 of JP9 are
connected.
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RX23E-A Group Example of Thermoelectric Peltier Controller

(2) Full bridge circuit
Figure 4-10 shows the Full Bridge Circuit. Figure 4-11 shows the Operating Modes of the Full Bridge Circuit.

VBRG

Full Bridge Circuit
Bs Q1,02,Q3,Q4: RJK0654DBP
N-ch MOSFET

Shunt Peltier
Resistors Module

C23

Figure 4-10 Full Bridge Circuit

VBRG VBRG

AH BH AH BH
ON OFF OFF ON
Shunt Peltier Shunt Peltier 3
Qat Resistors Module as Qi Resistors Module Q

VAl 2 ez 3 1vB  VA[[Z

AL BL AL BL

OFF C21 C22 ON C21 C22 OFF
I Q4 Q2 I I TCM

Q2
PGND PGND

+—ii

(a) Forward mode (positive side) (b) Reverse mode (negative side)

Figure 4-11 Operating Modes of the Full Bridge Circuit

In the Peltier Controller the current flowing into the Peltier module is controlled with the full bridge circuit
using the N-channel MOSFET, Q1, Q2, Q3, and Q4. In (a) Forward mode, a positive current flows into the
Peltier module when Q1 and Q4 are ON as shown in Figure 4-11. In (b) Reverse mode, a negative current
flows into the Peltier module when Q2 and Q3 are ON. The amount of current is controlled by changing the
ON duration of FET by pulse width modulation (PWM) control. The shunt resistors connected in series to the
Peltier module are inserted to detect the current flowing into the Peltier module. For details about the current
detection circuit, refer to "(4) Current Detection Circuit".

In this system, control is performed using complementary PWM control. In complementary PWM control,
positive-phase PWM signals are applied to Q1 and Q4, and negative-phase PWM signals are applied to Q2
and Q3. As a result, complementary PWM controls the voltages VA and VB and accordingly controls the
current flowing into the Peltier module based on the voltage difference between VA and VB. The operation
around the current value of 0 can be switched successively by using complementary PWM.
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RX23E-A Group Example of Thermoelectric Peltier Controller

Figure 4-12 shows the Filter Portion of the Full Bridge Circuit.

Shunt — —
rois pelier Ry = Rs1//Rsy = 0.028[Q]
| Rs 1 Module R, = 4.0[QT*
1 1 o Ly = L, = Ly = 100[pH]
LYV | lp;i Co = Cy1 = Cpp = 2.2[YF]
VA L | ® Cb LB Cy = Cy3 = 1.O[WF]

R,: Shunt resistor

R,: Peltier module on-chip resistor
* The resistance of the Peltier module on-chip
resistor R, changes depending on the temperature.

E
iﬂ

A
v

Vin

Figure 4-12 Filter Portion of the Full Bridge Circuit

When the input voltage of this filter circuit Vin is the difference between VA and VB and the voltage between
Point A and Point B is Vo, Vin and Vo can be expressed by the following transfer function.

| 1

o= M

Vi B 2 2Ly
Ly (Cq + 2C,)s? + g Rps +1

s indicates the Laplace variable
The relationship between the current flowing into the Peltier module Ip and Vin can be expressed as follows.

2o - @

- 2L
Vi Ret B p(cu 26,057 4 pplems + 1
s T Ry

The transfer function of (1) can be expressed as follows using the general expression for quadratic low-pass
filter circuits.

/A w? 1 1 Ly
o= , wpEr————, (= 3)
Vin 2+ 2{w,s + w? Ly (Cq + 2Cp) Rs+ R, |Cq + 2¢y
Figure 4-13 shows the frequency characteristics of the filter portion of the full bridge circuit. In this system,
the carrier frequency of PWM is set to 100 kHz. The 100 kHz component of the carrier frequency can be
attenuated by -44.6 dB in the filter portion of the full bridge circuit.
20 30
Gain Phase
0 0
-20 -30
go40 4AedB o AN 60 P
S, | S,
-60 i 90 o
O -80 -120 i
-100 : -150
-120 -180
100kHz
-140 ' -210
1 10 100 1000 10000 100000 1000000
Frequency [HZz]
Figure 4-13 Frequency Characteristics of the Filter Portion of the Full Bridge Circuit
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RX23E-A Group Example of Thermoelectric Peltier Controller

(3) PWAM driver circuit
Figure 4-14 shows the PWM Driver Circuit.

u2
ISL2111ABZ

by Power Board
. Curmrent
" Sensing

HI HO
u

Ut
RX23E-A o
R48
P27/MTIOG4A F2AMA— 1 | 1 hd
16 R47 PGND
P26/MTIOCAC |—W\— 2 | 2 Full Bridge Circuit
P30/MTIOC4B 4 AA—| 4 | 4 w Q1,02,3,Q4: RUK0654DBP
1 111ABZ
R13 N-ch MOSFET
p31/MTI0C4D P2 fR— 6 | 6 e VY i pry I v
e — LI HB 2
3|3 _1_%*
| 1 VDD HS 4 IC16 '019
Vss ! vss Lot Rz’(‘i
} PGND Bridge Driver
1
} VSS PGND PGND
|
Figure 4-14 PWM Driver Circuit

The PWM signal is output using MTIOC4 of RX23E-A. MTIOC4 is input to the half bridge driver ISL2111.
ISL2111 drives the N-channel MOSFET Q1, Q2, Q3, and Q4 of the full bridge circuit.
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RX23E-A Group Example of Thermoelectric Peltier Controller

(4) Current Detection Circuit

Figure 4-15 shows the Peltier Module Current Detection Circuit.

Power Board 'RSSKRX23E-A

|
! I
1 ! Board
|
} Shunt |
| Resistors !
: ! v R370Q) I
Peltier Module I_CN3 m !
G iy S |
‘ T Full Bridge [¢— PwMDrive R3O0 Q)3 !
Y b a¥so  READ2302GSP !
2L 1 Bidirectional |
‘l_ Current } Ut
| | RX23E-A
! I
| 8 -~ JP6 | JP6 S12AD
\ N out RIO V512 ¢
| v 1| 1 -W— ANoo4
! \ s c19
I Viin| 3~ NG Vrefl 2|2 g
‘ 3 Avs AVSs0
| . vre2 [ Vs AVCCO !
! N GND Ve |
| Current Sense  aveso Rep23026sP | | 4 T !
| Amplifier v }
L __AssO S —

Figure 4-15 Peltier Module Current Detection Circuit

The current I, flowing into the Peltier module is converted to the voltage Vi, with the shunt resistors (R31 and
R32) and input to the current detection amplifier U4. Vi is amplified by 20 times inside U4, and then output
to Pin 5 as the voltage V. which has range from 0 V to AVCCO, using a half of AVCCO as the middle point
voltage. The operational amplifier of U5 constitutes a quadratic low-pass filter circuit with a cutoff frequency
of 442 Hz. The output of U5 is connected to Pin 1 of RX23E-A via JP6. Pin 1 of RX23E-A is used as S12AD
(ANO04). R19 and C19 in series with S12AD are sampling filters for S12AD. S12AD uses AVCCO as the
positive side reference voltage and AVSSO0 as the negative side reference voltage.

The steady-state relational expressions for each of ,, Vim, Viour, input voltage to S12AD Visz2, and A/D
conversion value of S12AD ADdatas12 are shown below.

The relationship between the current flowing into the Peltier module /, and the input voltage to the current
detection amplifier Vi, is expressed as follows:

R31R32

Vim=1,"R,, Ry=—"— 4
Iin 14 N N R31 +R32 ( )
The output voltage of the current detection amplifier Vio.: is expressed as follows:
AVCCO
Viour = 20 Vi + 5)

Because U5 and the filter with R19 and C19 have a DC amplification factor of 1, the input voltage to S12AD
Visizis expressed as follows:

Visiz = Viour (DC value)
The AD value obtained by S12AD ADdatas12 is expressed as follows:

_ V1512 12 _ (20 ) Ip ) Rs 1) 12
Abdatasi, = 2500627 = \Taveco T2) 2 ®)
Therefore, the conversion formula from ADdatas12 to I, is determined as follows:
AVCCO ADdatag,, — 2'*
Ip = ' (7)
20 - R, 212
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RX23E-A Group Example of Thermoelectric Peltier Controller

(5) 3-wire RTD measurement circuit

Figure 4-16 shows the 3-Wire RTD Measurement Circuit.

_____________ A
Power Board ! RSSKRX23E-A
! Ui Board
! Reference Buffer Ry RX23E-A
| Headroom Resistor 3900 AFE + DSAD
|
Reference W
| -
i C13
Jr3 ! Jp3 Resistor jﬁm ér-_é 43| REFINGAING)  External
CN4 X— 11 R 1 Wv T Reference
:—l RAIOQ) 1, 0.1% 15ppm 374 1024 44| REFIP(AINS) Input
| | JP9 Ri4 cl4y
! o
| | T2 3
| 1
~ | R3%0Q) JP4, JP4 Ris © 551:_\5 45
P | AAA 212 AAA y )\ 46 AIN7 (H) Measurement
\ 4 v VvV 2 4 1
L R40(0Q) | 6 8 R16 va
- . ol
! o|0
: T3 57 JP10
|
: 2 4¢ | g
| oo ﬂ
| o 05 g JP11 ci7
! 13 JExcT R17 0QR) M 47| o
! [ 77 VA IEXC1 (AIN8)  Excitation
| NM C26 Current
! L X008 100 (AIN9)  Output
| JP12 R18 (0Q) NM
: o) Cl18y
: 12 3
|

Figure 4-16 3-Wire RTD Measurement Circuit

The 3-wire RTD is connected to CN4 of the power board. From CN4, it is connected to RSSKRX23E-A via
JP3 and JP4. In the measurement with the 3-wire RTD, the excitation current sources IEXCO and IEXC1 are
output from AIN8 and AIN9. The ratio of the voltage between AIN6 and AIN7 and the voltage between
REF1P and REF1N is measured, and the resistance value of the 3-wire RTD is calculated in the MCU. The
calculated resistance value is converted to temperature using the temperature conversion table.

For details about the measurement circuit, refer to "RSSKRX23E-A User's Manual: Board". For temperature
measurement examples using RTD, refer to "Application Notes RX23E-A Group Temperature Measurement
Examples Using Resistance Temperature Detectors".
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RX23E-A Group Example of Thermoelectric Peltier Controller

(6) USB serial conversion circuit

Figure 4-17 shows the USB serial conversion circuit of this board. In this system, the SCI5 interface of
RX23E-A is used for UART communication. A UART signal is converted to USB by the UART-USB
conversion IC in U3 and then connected to the PC. The USB communication is used to receive command
values from the PC and transmit temperature measurement results to the PC.

RSSKRX23E-A Power Board
Board
J YCC pifferential Imped ONS
FT232RL ifferential Impedance USB mini-B
Zdiff= 90Q +15%
poa/cTsst |28 AMA 9 RTS# voe 2 —veus
:T:c43 ==c45
24 \R3 R ¢
PHO/RXD5 TXD useomE L 21 useom
15 i 3
R4 USBDP O USBDP
PH1/TXDS5 [3ANA——1 RXD
— y 4
vocioft /'Y ? X— ne
CTS# 7 D13 5
= 3V30UT c42 |cat GND
VSs - 1842 e b
USB-Serial Converter _
_g VsSs
Vss

Figure 4-17 USB Serial Communication Circuit
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RX23E-A Group Example of Thermoelectric Peltier Controller

4.1.4 Peltier Unit
Figure 4-18 shows the Structure of the Peltier Unit. Table 4-6 lists the major parts of the Peltier unit.

e

Figure 4-18 Structure of the Peltier Unit

Table 4-6 List of Major Parts of the Peltier Unit

No. Part Part No. Quantity Manufacturer
1 Acrylic cover - 1 SUMITOMO CHEMICAL
COMPANY, LIMITED
2 Sems screw B-0318 4 Hirosugi-Keiki Co.,Ltd.
3 Spacer C-303.5 4
4 3-wire RTD R060-33 1 CHINO CORPORATION
5 Moisture-proof cover | — 4 -
6 Peltier module UT-7070KA-M 1 TAISEI CO.,Ltd.
7 Active heat sink FS10040WM-0D5 (Custom) 1 ALPHA CO., LTD.
RO1AN5535EJ0100 Rev.1.00 Page 21 of 70
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RX23E-A Group Example of Thermoelectric Peltier Controller

4.2 Control Configuration

4.2.1 Principle of Operation

Figure 4-19 shows the control block diagram of this system. In this system, control is performed with dual
loops of temperature PID control and current Pl control to improve the control responsiveness and stability.

Temperature control of this system operates as described below.

- The current command value is calculated from the deviation between the temperature command value
specified by the PC tool and Peltier temperature by using the temperature PID operation.

- The output voltage is calculated from the deviation between the current command value and Peltier current
by using the current Pl operation.

- The output voltage is converted to the PWM duty ratio for driving the full bridge circuit.
- The full bridge circuit is driven by PWM control to control the Peltier current.

- The Peltier current flows into the Peltier module, changing its temperature.

P Temp Control ----------—------————————— -
I I
ettt Current Control -------------- | !
L !
Temp PID Current PI Outp(:’tv\YNcl))ltage Full Bridge Peltier Peltier Peltier Temp
Controller Controller »  Circuit Curre t; »  Module >
Gr | Ge Gh | Gp
! l
} Current }
! Measurement |
I
I
I

Temp
Measurement
Figure 4-19 Control Block Diagram of This System
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RX23E-A Group Example of Thermoelectric Peltier Controller

4.2.2 PID Control

This system consists of the current controller based on PI control and the temperature controller based on
PID control. Figure 4-20 shows the block diagram of the current controller, and Figure 4-21 shows the block
diagram of the temperature controller.

e
| Current PI Controller Gc¢ Cont '” r Back—CaIcuIat(i)on
| ontroller utput
Current Error fe | Output Vpi ) Voltage Ve
+ Saturation ——@—p
| h !
| Proportional : :
| Gain Pl
: Integral | :
|
| 1 !
P I
: Tic-s | :
|
| |l
[ |l

Back—Calculation Gain

Back-Calculation Value Vi

Kbc

| mmmmmm e

Lagged o Back—Calculation :
Derivative + Controller Current |
Temp Error e Tdt-s + Output Ipid ] Command /¢ !
Saturation |
1+7%-s P :

|
Proportional I |
Gain : | :
Integral | : |
[ |
1 L +vy |
] — |
Tit-s I : p( + I
: | o '
| |
_________________________ I I
| |
_____________________________ ] |
Back-Calculation Gain :
Back—Calculation Value /diff |
Kbt :
|

Figure 4-21 Temperature PID Controller
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(1) Control operation formulas

When Var= 0, the operation of the current PI controller can be expressed by the following transfer function.

V..
Gc=ﬂ=1(pc(1+

5 ) ®)

T,:C'S

When /lz= 0, the operation of the temperature PID controller can be expressed by the following transfer
function.

Gy = e _ Ky (1 + Titl' Sty :‘”Tf'ts_ S) ©)
Where;

s: Laplace variables

T;.: Current Pl controller integral time

T;.: Temperature PID controller integral time

T,:: Temperature PID controller derivative time

Ty.: Temperature PID controller lagged derivative filter time

(2) Derivative element

The derivative element used in temperature control contributes to the improvement in the responsiveness of
the Peltier module. The lagged derivative filter limits bandwidth to suppress amplification of unnecessary
noise,

(3) Anti-reset windup

In both current control and temperature control, the output of the controller is limited by a limiter, and the
difference between the controller outputs before and after the limiter is fed back to the integrator to prevent
deterioration in responsiveness due to integration saturation. As a result, input to the integrator is reduced
when the output of the controller exceeds the limit value to prevent the integrator output from keeping
increasing.

The output of each controller when it is limited by anti-reset windup is as follows.

Output of current Pl controller V,,;

1 1
Vpi = Kpc {(1 + Tic ) S) Ie + Tic s - Kbc ) leff} (10)
Output of temperature PID controller I;4
O | P TS PO (11
pid — Bpt Tit .S 1+ Tft .S e Ti .S bt ‘diff )
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4.2.3 Temperature Control Design

The transfer functions of the blocks in Figure 4-19 are shown in Table 4-7. The constants related to control
are shown in Table 4-8.

Table 4-7 Transfer Functions

Item Transfer function Unit
Current PI controller Ge = Kpe (1 + 7 S) VIA
ic’
Temperature PID controller Gr=K, |1+ ! + Ta s A/°C
p ! L pt Tit's 1+Tft's
Full brid ircuit t fer functi Gy = ! @n AN
ull bridge circuit transfer function h = RFR, 7% Zons
K
Peltier module transfer function* Gy = el °C/A
1+ Tps

Note: For the Peltier module transfer function, the temperature response when a current step is input to the
Peltier module is measured, and an approximate value is obtained from the measurement result.

Table 4-8 Constants Related to Control

Symbol Description Value Unit
K. Current controller proportional gain 1.2 | VIA
T; Current controller integral time 1.2x10% | s
Ky, Current controller inverted integral gain 0.8 | AV
Ky Temperature controller proportional gain 3.0 | ArC
Tt Temperature controller integral time 50 |s
Ta: Temperature controller derivative time 10 |s
Tre Temperature controller lagged derivative filter time 0.1 s
Kye Temperature controller inverted integral gain 0.8 | °C/A
Wn Full bridge circuit natural angular frequency w2 = — 48795.0 | rad/s

Lf(Ca+ZCb)

¢ Full bridge circuit attenuation constant ¢ = RsiRp\/Cai:fz% 1.2 | -

Le Full bridge circuit filter inductance 100x106 | H

C, Capacitance between both terminals of the Peltier module 1.0x10% | F

Cp Full bridge circuit capacitance 2.2x10% | F

R, Peltier element internal resistance 40| Q

R, Current detection resistance 0.028 | Q
Kper Peltier temperature gain 15.3 | °C/A
T, Peltier filter time 28 | s
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RX23E-A Group Example of Thermoelectric Peltier Controller

Table 4-9 shows the open loop transfer functions and closed loop transfer functions of current control and
temperature control of this system. Figure 4-22 shows the current control frequency characteristics, and
Figure 4-23 shows the temperature control frequency characteristics.

Table 4-9 Transfer function of the Temperature Control Loop and Current Control Loop

Item Open loop transfer function Closed loop transfer function
Lc
Current control Lc =Ge -Gy, we =77 »
L
Temperature control Ly = Gr - wc - G, wp =—0
1+ L,
40 90

Gain Margin
4dB
0 e - &= ,?\d 0
-3dB P :
= 40 mm—mmm— e === AT 90 P
o . Z,
= Phase Margin 1 o)
'© 95.8deg | &
© 8 Y. -180 £
Loop Gain
120 Closed Loop Gain 270
= = =Loop Phase
Closed Loop Phase 58'§1HZ D
-160 : -360
1 10 100 1000 10000 100000
Frequency[Hz]
Figure 4-22 Current Control Frequency Characteristics
40 90
Loop Gain
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= = =Loop Phase
0 ....................................... Closed Loop Phase 0
— -3dB 2
= =
= -20 45 @
8 ‘ 8
/ 1 ! o
-40 v O T T ST T 90
’ 1 Phase Margin
60 ~~-7 121.3deg | 135
| 3.68Hz
-80 v -180
0.01 0.1 1 10 100 1000 10000
Frequency [HZ]
Figure 4-23 Temperature Control Frequency Characteristics
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4.2.4 Implementation of Temperature Control Operations

Measurement and control operations in temperature control can be performed with RX23E-A. Figure 4-24
shows the control block diagram using RX23E-A.

(1) Current control loop

Current measurement is performed with the successive approximation A/D converter S12AD. Current is
sampled on the A/D conversion start request from MTU in cycles of 10 ys synchronized with PWM.

The mean value is calculated from 50 current measurements and set as the measured current value.
Next, the measured current value and current command value are compared to calculate the current
deviation, and then a Pl operation is performed. The result of the current Pl operation is set as the output
voltage value, which is reflected to the PWM duty ratio.

(2) Temperature control loop

For temperature measurement, the voltage across the 3-wire RTD is measured with DSAD of RX23E-A.
Using 2 channels of the excitation current source of AFE, The resistance of RTD is measured from the ratio
of the RTD voltage to the reference register located between the external reference input pins of RX23E-A.
Using the resistance value of RTD, table data is created based on the reference resistance value for PT100
in IEC60751, and converted to temperature. Temperature sampling is set to 976.563SPS (oversampling
ratio: 512). The mean value of temperature measurement is obtained for every 40 times of current control
(500 us cycle), i.e. in cycles of 20 ms, and set as the measured temperature value. Because temperature
sampling and current sampling are not synchronized, the number of measured temperature value used for
averaging changes based on the timing, which is 19 or 20. The measured temperature value and
temperature command value are compared to calculate the temperature deviation, and then a PID operation
is performed. The result of the temperature PID operation is set as the current command value for current PI.

For details about temperature measurement using RTDs, refer to "Application Notes RX23E-A Group
Temperature Measurement Examples Using Resistance Temperature Detectors".

(3) Method of implementation of the control operations

Current PI operation and temperature PID operation are designed as continuous systems. Discretization is
performed by bilinear Z - transform, and implemented as difference equations.

777777777777777777777777777777777 Temp Gontrol (20ms Period) ------------—-——————————————-

I
I
RX23E-A |mmm————— - Current Control (500us Period) -------- - !
I : .
Temp Temp Current Current Output Voltage . Peltier ' ) '
Temp PID Current PI Full Bridge Peltier Peltier T
c d c t eltier Temp
m_p@ﬂy Controller Controller (PWM) > Circuit Rl »  Module >
! N Gr Ge Gn ! Gy !
} 10ps Sampling } }
I I I
} . Current Detect Current } }
| t  12bitSAR [« Measurement | |
I Circuit } }
o [ Measurementl | @ ] ! |
I

| 976.563SPS }

\ J/0.9095FS
! i Temp Detect !
! /v o A RID  |e !
} Temp ADC !
! Measurement |
| I

Figure 4-24 Temperature Control Block Diagram Using RX23E-A
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5. Sample Program

5.1 Overview of Operation
Figure 5-1 shows the process flow of this sample program.
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—
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Figure 5-1 Temperature Control Process Flow
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The following provides an overview of each process.

¢ |Initialization
The following are performed.

e Initialization of the communication transmit/receive buffers and start of SCI5 operation
¢ Acquisition of the switch status and setting of demo operation

o Start of A/D conversion of S12AD and DSADO

e Start of PWM output. For details, refer to 5.4.

o A/D conversion value acquisition and averaging

A/D conversion values of S12AD and DSADO are obtained by using the respective interrupt processing
function, and the number of times of acquisition is incremented and A/D conversion values are added. In
the main routine, averaging of the A/D conversion values is performed. Averaging is performed when 50
A/D conversion values of S12AD are obtained. A/D conversion values of DSADO are averaged when
averaging of A/D conversion values of S12AD is performed 40 times, and then the temperature update
flag is set.

e Processing depending on the operating mode
Slow startup processing or temperature control processing is performed depending on the operating
mode.

¢ Slow startup processing is performed at startup, and a transition is made to temperature control
processing.

e The temperature control is performed based on temperature command values. Temperature
command values are given using the PC tool. During the demo operation, command values are
updated after temperature control processing.

For details about slow startup processing, refer to 5.5. For details about temperature control processing,
refer to 5.3. For details about the demo operation, refer to 5.6.

¢ Communication control
Communication with the PC tool program is processed. For details, refer to 5.7.

e Switch processing
The status of the slide switch is acquired, and demo operation is switched on/off.

Port PBO is High for On and Low for Off.
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Figure 5-2 shows the timing chart of control processing, and Table 5-1 shows the priority levels of the
interrupts used.

After startup, the operation starts when a connection with the PC tool is established. Processing is performed
for every 50 A/D conversions of S12AD. Slow startup is performed first, followed by temperature control
operation.

In temperature control operation, current Pl control operation is performed by calculating control current from
the mean value of 50 A/D conversion values of S12AD, and then the duty of PWM output is set. In addition,
the current command value is updated by temperature PID control operation using both measured
temperature which the mean of DSAD conversion values of every 40 current control cycles, and command
value of temperature.

Startup sequence 2920msec >
20msec ) « "
0.5msec 0.5msec 2& 0.5msec
Initiali wait 50 samples | slow wait | slow wait | slow wait wait | slow
nitalize S12ADvalue | start | | S12AD | start S12AD | start [ | S12AD S12AD | start
#1 up #2 | up R #40 | up #1 X #2 | up To control
start A/D S12AD S12AD S12AD
conversion averaging averaging and DSADO
averaging
’ 20msec > R
0.5msec 0.5msec « 0.5msec
Control -« > < > <
wait | current wait | current wait | temp | current wait | current wait | temp | current wait | current
S12AD | control S12AD | control S12AD [control| control | | S12AD | control S12AD [control| control | | S12AD | control
#3 #4 S | #40 #1 S #40 #1
<< <
S12AD S12AD S12AD S12AD S12AD S12AD
averaging averaging and DSADO averaging and DSADO averaging
averaging averaging

Figure 5-2 Control Processing Timing Chart

Table 5-1 Interrupt Priority Levels

Priority Peripheral | Cause Reception Processing
level function
15 | SCI5 RXI5 DMACO Receive data transfer
15 | SCI5 TXI5 DMAC3 Transmit data transfer
12 | MTU3 TGIA3 DTC, program
10 | S12AD S12ADIO0 Program S12AD conversion value acquisition
8 | DSADO ADIO Program DSADO conversion value acquisition
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5.2 Peripheral Functions and Pins Used

The peripheral functions used in this sample program are listed in Table 5-2. The pins used are listed in
Table 5-3. The unused pins and their handling are listed in Table 5-4. The conditions for setting each
peripheral function are described together.

The settings for peripheral functions are generated by using the code generation function of Smart
Configurator (hereafter called SC).

Table 5-2 Peripheral Functions Used

Peripheral function | Use

AFE, DSADO Measurement of Peltier module temperature via RTD and A/D conversion

AFE, S12ADE Measurement of Peltier module current and A/D conversion

MTU3,4 PWM control of voltage applied to the Peltier module

DTC Duty value setting with a compare match interrupt of MTU3 as a trigger

SCI5 UART communication with the PC tool program

DMACO Data transfer with a receive data full interrupt of SCI5 as a trigger

DMAC3 Data transfer with a transmit data empty interrupt of SCI5 as a trigger

CMTO Detection of a communication timeout of SCI5

Port PBO Slide switch (between normal mode and demo mode, High for On and Low for Off)

Port PH2 LED, demo operation when it is ON
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Table 5-3 Pins Used

Pin No. Pin name Input/Output | Use

1 AIN10/ANOO4 Input Current measurement with S12ADE

6 P37/XTAL Output 8 MHz crystal oscillator

8 P36/EXTAL Input 8 MHz crystal oscillator

13 P31/MTIOC4D Output PWM output, Peltier current control (B-L) initial value
Low output

14 P30/MTIOC4B Output PWM output, Peltier current control (B-H) initial value
Low output

15 P27/MTIOC4A Output PWM output, Peltier current control (A-H) initial value
Low output

16 P26/MTIOC4C Output PWM output, Peltier current control (A-L) initial value
Low output

22 PH2 Output LED1 ON (demo operation), OFF (not demo operation)

23 PH1/TXD5 Output SCI5 UART transmission

24 PHO/RXD5 Input SCI5 UART reception

28 PC4/CTS5# Input SCI5 CTS input

31 PBO Input Slide switch (between normal mode and demo
operation)

43 AIN4/REF1N Input DSADO negative (-) side reference voltage

44 AIN5/REF1P Input DSADO positive (+) side reference voltage

45 AING Input DSADO negative (-) side input

46 AIN7 Input DSADO positive (+) side input

47 AIN8/IEXC1 Output Excitation current output

48 AIN9/IEXCO Output Excitation current output

Table 5-4 Unused Pins and Their Handlings

Pin No. Pin name Input/Output | Handling of Unused Pin

2 AIN11/ANOO5 Input Connect to GND

12 P35/NMI Input Pull up to VCC

17 P17 Output Low-level output

18 P16 Output Low-level output

19 P15/CRXDO Input Input (reserved for CAN driver)

20 P14/CTXDO0 Input Input (reserved for CAN driver)

21 PH3 Input Pull up to VCC (reserved for CAN driver)
25 PC7 Output Low-level output

26 PC6 Output Low-level output

27 PC5 Output Low-level output

29 PB1 Input Monitoring of voltage applied to full bridge driver
37 REFON Input Connect to AVSSO0 (JP7)

38 REFOP Input Connect to AVCCO (JP8)

39 AINO Input Connect to AVSS0

40 AIN1 Input Connect to AVSS0

41 AIN2 Input Connect to AVSS0

42 AIN3 Input Connect to AVSS0
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5.21 AFE and DSADO

AFE and DSADO are used for measurement of Peltier module temperature via RTD. The settings of AFE and

DSADO are shown in Table 5-5 and Table 5-6.
Table 5-5 AFE Settings

Item Setting

Bias output setting Not used

Excitation Operation mode 2-channel output mode
current output | Excitation current 250 pA

setting IEXCO output pin AIN9

IEXCO disconnect detection assist | Not used

IEXC1 output pin

AIN8

IEXC1 disconnect detection assist | Not used

Low level voltage detection setting Not used
Low-side switch control setting Not used

Table 5-6 DSADO Settings
Item Setting

Analog input channel setting

Channel 0: Enable
Channels 1 to 5: Disable

A% A/D Converter operation voltage setting

3.6 V to 5.5 V (High precision)

AZ A/D Converter operation mode setting

Normal mode

Operation clock setting

PCLKB/8 (4 MHz)

Conversion start trigger setting

Software trigger

Interrupt Enable A% A/D conversion completion Enable
setting interrupt (ADIO)
Priority 8
Enable A% A/D conversion scan completion | Not used
interrupt (SCANENDIO0)
Inter-unit synchronized start setting Not used
Voltage fault and disconnection detection setting Not used
Channel setting Channel 0
Analog input setting | Positive input signal AIN7
Negative input signal AING
Reference input REF1P/REF1N
Positive reference voltage buffer Enable
Negative reference voltage buffer Enable
Amplifier setting Amplifier selection PGA
PGA gain setting x32

A% A/D conversion | A/D conversion mode

Normal operation

setting Data format

Two’s complement

A/D conversion number

Immediate value mode, 1

Oversampling ratio

512 (976.5625 SPS)

Set offset calibration value

Not used (device default)

Set gain calibration value

Not used (device default)

Enable averaging data

Not used

Disconnect detection assist setting

Not used
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5.2.2 S12ADE
S12ADE is used for measurement of Peltier module current. The settings of S12ADE are shown in Table
5-7.
Table 5-7 AFE and S12ADE Settings
Item Setting
Analog input mode setting Not used

Analog input channel setting

ANO0O04: Enable
Others: Disable

Conversion start trigger setting

Compare match between MUT4. TADCORA and
MTU4.TCNT

Interrupt Enable AD conversion end Enable
setting interrupt (S12ADIO0)

Priority 10
Add/Average AD value setting Not used
A/D conversion select High-speed
High-Potential reference voltage setting AVCCO
Low-Potential reference voltage setting AVSS0
Self diagnosis setting Not used
Disconnection detection assist setting Not used

Data registers | Data placement

Right-alignment

setting Automatic clearing Disable automatic clearing
Addition/Average mode select | Addition mode
Addition count 1-time

Data storage buffer setting Disable

Window function setting Disable

Window A/B operation setting Not used

Input sampling time setting | ANO004 0.406 [us]

Event link control setting

On completion of all scans
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5.2.3 MTU3, MTU4, and DTC

MTU3 and MTU4 are used in Complementary PWM mode 2 for PWM control of voltage applied to the Peltier
module. The conversion start trigger of S12AD is issued during counting-up of MTU, and the PWM duty ratio

is updated during the trough of counting down. The PWM counter is set using DTC.
The settings of MTU3 and MTU4 are shown in Table 5-8, and the settings of DTC are shown in Table 5-9.
Table 5-8 Settings of MTU3 and MTU4

Item Setting

Synchronous mode setting Not used

TCNT3 counter | Counter clear source Disabled counter clear

setting Counter clock selection PCLK

PWM output Timer operation period 10 us

setting Enable dead time Enable, 0.5 us
MTU3.TGRB register value 100
MTU4.TGRA register value 16
MTU4.TGRB register value 16

Brushless DC motor control setting Not used

Output setting Enable MTIOCS3A toggle output Not used

Buffer transfer timing of PWM output level setting

Does not transfer data from the
buffer register

V phase: initial output level of MTIOC4A pin
(positive-phase)

Active level: H

V phase: initial output level of MTIOC4C pin
(negative-phase)

Active level: H

W phase: initial output level of MTIOC4B pin
(positive-phase)

Active level: H

W phase: initial output level of MTIOC4D pin
(negative-phase)

Active level: H

Interrupt setting

Enable MTU3/TGRA compare match interrupt
(TGIA3)

Enable

Interrupt skipping count

Disable interrupt skip

Priority

Level 12

Enable MTU3/TGRB compare match interrupt
(TGIB3)

Enable MTU4/TGRA compare match interrupt
(TGIA4)

Enable MTU4/TGRB compare match interrupt
(TGIB4)

Enable MTU4 underflow interrupt (TGIV4)

Not used

Buffer register and synchronous clearing operation setting

Not used

A/D conversion
start trigger
setting

Enable A/D conversion start request on matching of
the counter and cycle register value
(trigger signal of MTU4 TRG4ABN)

Enable

Enable A/D conversion start request on matching of
the counter and cycle set register A value

Enable

A/D trigger request output

On matching of counting up

Initial value of A/D conversion start request cycle
set register A

16

Initial value of cycle set buffer register A

16
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Table 5-9 DTC Settings

Item Setting
Activation Activation source MTUS3 (TGIA3)
source setting Chain transfer Not used
Transfer mode setting Block mode
Transfer data size setting 16 bits

Interrupt setting

An interrupt request to the CPU is generated when specified
data transfer is completed

Block/Repeat area setting

Transfer destination

Transfer
address and
count setting

Source address

0x00000000 (specified by program), Address incremented

Destination address

0x000D0A28 (MTU4.TGRC), Address incremented

Count

1 (specified by program)

Block size

2

RO1AN5535EJ0100 Rev.1.00

Dec.25.20

Page 36 of 70
RENESAS



RX23E-A Group Example of Thermoelectric Peltier Controller

5.2.4 SCI5, DMACO, DMAC3, and CMTO

For communication with the PC tool program, SCI5 is used in asynchronous mode. DMACO is used to obtain
receive data, and DMACS is used to set transmit data. CMTO is used to detect a communication timeout.

The conditions for setting each peripheral function are listed below.
Table 5-10 SCI5 Settings

Item Setting
Start bit edge detection setting Low level on RXD5 pin
Data length setting 8 bits
Parity setting None
Stop bit length setting 1 bit
Transfer direction setting LSB-first
Transfer rate Transfer clock Internal clock
setting Bit rate 3000000 (3 Mbps)
Enable modulation duty correction Enable
SCKS5 pin function SCKS5 is not used
Noise filter setting Not used
Hardware flow control setting CTS5#
Data handling Transmit data handling Data handling by DMAC (DMAC3)
setting Receive data handling Data handling by DMAC (DMACO)
Interrupt setting Enable reception error interrupt (ERI5) Not used
TXIS, RXIS, TEIS, ERIS5 priority Level 15 (highest)
Callback function setting Not used

Table 5-11 DMAC Settings

Item Setting
DMACO0 DMAC3

Activation Source SCI5 (RXI5) SCI5 (TXI5)
Activation source flag control Clear interrupt flag of the activation source
Transfer mode free running mode | Normal mode
Transfer data size 8 bits
Block / Repeat area setting - 1 (specified by program)
Source address | Source address 0008 AOA5h(SCI5.RDR) (specified by program)
setting Fixed Incremented

Specify the transfer source - Enable

as extended repeat area

Extended repeat area Lower 8 bits of the

address (256 bytes)

Destination Destination address (specified by program) 0008 AOA3N(SCI5.TDR)
address setting Incremented Fixed

Specify the transfer Enable -

destination as extended

repeat area

Extended repeat area Lower 8 bits of the

address (256 bytes)
Interrupt setting Not used
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Table 5-12 CMTO0 Settings

Item Setting
Count clock setting PCLKB/512
Compare match interval value 1,000 ms
setting Compare match interrupt (CMIO) Enable
Priority Level 0 (disabled)
5.2.5 Ports

Port PBO and Port PH2 are used. The unused ports shown in Table 5-4 are set to Low output.
Port PBO is used to read the slide switch. Port PH2 is used to turn ON/OFF the LED.
The settings of Ports PB0 and PH2 are shown in Table 5-13.

Table 5-13 PB0 and PH2 Settings

Port Selection | PORTB PORTH
Port PBO PH2
settings In Out
Pull-up: Disable CMOS output
Output 1: Enable (for LED off)
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5.3 Temperature Control
Temperature control consists of temperature PID control and current Pl control.

5.3.1 Temperature PID Control

In temperature PID control, the current command value corresponding to current Pl control is calculated from
the difference between the temperature command value and present temperature measured by the RTD.
The signal flow of temperature PID control is shown in Figure 5-3.
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z1 | z1| 1 l
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i Z-1 Z-1 i
Te: Temperature deviation ! ) 4 Ki h 4 i
(= Temperature command value - : \_€}<_<I_€}<_‘ lc_d .
Present temperature) L !
Ic: Current command value Anti-windup :
Figure 5-3 Temperature PID Control Signal Flow
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5.3.2 Current Pl Control

In current PI control, voltage applied to the Peltier module is calculated from the difference between the
current command value and present current value. The calculated voltage is converted to a PWM duty value,
and set as the PWM output duty. The signal flow of current PI control is shown in Figure 5-4.
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Figure 5-4 Current Pl Control Signal Flow

The PWM duty value is obtained as the ratio of the voltage applied to the Peltier module V- to the system
power supply voltage Vare as shown in the formula below.

Ve
PWM duty =
BRG

If the calculated PWM duty value exceeds the available setting range, it is set as the upper or lower limit
value.

For the upper and lower limits of PWM duty values, refer to the macro definitions in Table 5-17.
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5.4 PWM Control

In this program, current control is performed with complementary PWM output using MTU as described in
"4.1.3.2(2)Full bridge circuit".

Compared to the PWM duty value calculated in current Pl control, resolution of the values set to MTU is
lower. To improve precision, an array of MTU setting values including MTU setting values +1 or -1 is created
so that the mean value of MTU setting values at current control cycles is the target duty value of PWM, and
applied at each cycle of updating MTU setting values. Variations in PWM output duty are averaged by the
low-pass filter effect of the hardware, approximated to the value calculated in current control. In this program,
a 1/50 improvement of precision is expected in theory because the number of MTU setting value update
cycles corresponding to the current control cycle is 50.

Figure 5-5 shows the timing chart of the PWM control operation.

The start of A/D conversion of S12AD is in synchronization with the PWM output cycles of MTU. MTU setting
values are written from the MTU setting value array using DTC as triggered by a compare match of MTU.

Current PI control processing is performed for every 50 A/D conversions of S12AD. For the calculated PWM
duty value, 50 MTU setting values are stored in the array. There are two MTU setting value arrays. The
program stores 50 setting values in the array not used for DTC transfer.

To reserve the processing time required between the detection of completion of 50 A/D conversions of
S12AD and the storage of setting values in the MTU setting value array, the size of the PWM setting value
array is increased at MCU startup to delay the DTC transfer completion timing. In this program, the time
required for processing is reserved by delaying it for 3 cycles of PWM output.
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Figure 5-5 PWM Control Operation Timing Chart
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5.5 Slow Startup Control

Slow startup is performed to start the full bridge circuit as shown in "4.1.3.2(2) Full bridge circuit" at system
startup. In slow startup control, the PWM output duty is changed in the steps shown in Table 5-14 so that the
current applied to the Peltier module becomes 0 A. The PWM output duty is changed at 1%/20 msec.

Table 5-14 Slow Startup Sequence

Sequence PWM output duty setting Voltage
MTIOC4A | MTIOC4B | MTIOC4C | MTIOC4D | Va | Vb

0: Initialization 0% 12V

1: 0% 5% to 95% 12Vto 0OV

2: 5% to 50% 95% to 50% OVto12V

5.6 Demo Operation

The demo operation starts when the slide switch is set to high. In the demo operation, the temperature
command value is changed in specified steps between the upper limit and lower limit temperatures specified
using macros. During the demo operation, no temperature command value is accepted from the PC tool. For
the settings of the demo operation, refer to the macro definitions in Table 5-17.
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5.7 Communication Control

Based on the communication specifications Rev.2.0 of RSSKRX23E-A, the processing with the PC tool
program is performed.

A flow of the communication processing is shown in Figure 5-6.
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Figure 5-6 Communication Processing Flow
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The following provides an overview of each process.

¢ Receive packet processing

Obtains a received packet from the receive ring buffer, and performs processing corresponding to a
command analysis in the packet, then creates and stores a reply packet in the transmit ring buffer. Table
5-15 lists the commands supported by this program and the processes corresponding to the commands. For
an unsupported command, a NACK is returned.

If the reply packet cannot be stored in the transmit ring buffer, communication error processing is performed.
Table 5-15 Packets and Actions

Command Processing

Negotiation Return the software status with a reply packet

Read Return the read value of the specified register with a reply packet

Run Set the measurement result transmission enable flag

Stop Clear the measurement result transmission enable flag

Command Value Update the temperature command value to the received value (not during the
demo operation)

Extra Information Return the output data rate with a reply packet

¢ Measurement data packet creation
If the measurement result transmission enable flag is set and the temperature measurement values are
updated, a reply packet with the temperature command value and temperature measurement values is
created and stored in the transmit ring buffer.

If the reply packet cannot be stored in the transmit ring buffer, communication error processing is
performed.

e Packet transmission processing
If data is not being transmitted and the transmit ring buffer contains un-transmitted data, transmission
starts with DMACS3 and 1-second counting starts with CMTO for timeout detection.

e Communication timeout processing
If transmission is completed, CMTO for timeout detection is stopped.

If transmission is in progress, the timer is checked for a compare match, and if a compare match has
occurred, this is judged as a timeout. If it is judged as a timeout, communication error processing is
performed.

e Communication error processing
If the transmit packet cannot be stored in the transmit ring buffer or a communication timeout occurs,
communication is stopped, and the following processes are performed to make a reconnection possible.

e Stop SCI5 and DMACS3, which are used for transmission
o Clear the transmit buffer and the temperature data transmission enable flag

Each ring buffer used for transmission and reception is for DMAC transmission, therefore, their address is
arranged in the alignment adjusted for each buffer size. In this program, section name is declared as
“‘B_DMAC_REPEAT_AREA” and arrangement is set based on the largest buffer size.
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5.8 Program Configuration

5.8.1 File Configuration
Table 5-16 File Configuration

Folder name, file name

Description

src

smc_gen

- Config_AFE

- Config_CMTO

- Config_ DMACO

- Config_ DMAC3

- Config_ DSADO

- Config_DTC

| Config_MTU3_MTU4

- Config PORT

- Config_S12AD0

- Config_SCI5

- general

-r_bsp

- r_config

- r_pincfg

Smart Configurator generation

- main.c

Main processing

-r_calc_api.c

General-purpose operation program

- r_calc_api.h

General-purpose operation API definition

- r_communication_control_api.c

Communication control program

- r_communication_control_api.h

Communication control API definition

- r_current_api.c

Current measurement-related program

- r_current_api.h

Current measurement-related API definition

- r_current_pi.c

Current PI control operation program

- r_current_pi.h

Current PI control operation API definition

- r_ring_buffer_control_api.c

Ring buffer control program

- r_ring_buffer_control_api.h

Ring buffer control API definition

-r_rtd_api.c

Resistance temperature detector measurement calculation program,
temperature vs. resistance value table

|— r_rtd_api.h Resistance temperature detector measurement calculation API
definition

- r_temp_pid.c Temperature PID control operation program

- r_temp_pid.h Temperature PID control operation API definition
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5.8.2 Macro Definitions
Table 5-17 main.c Definitions

Definition name Value Description
D PRV _PC TOOL _US |1 Communication with the PC tool program is
E 0: Not used

1: Used
D_TIME_BASE 10U S12AD conversion cycle 10 us
D_COUNT_S12AD 50U Number of S12AD conversion value averaging 50
D_COUNT_TEMP 40U Number of DSAD conversion value averaging

cycle based on S12AD cycles

D _TIME_TEMP D_TIME_BASE * Temperature update cycle [ms]
D_COUNT_S12AD *
D_COUNT_TEMP /1000
D_VBRG 24.0F Bridge circuit voltage [V]
D_DUTY_MIN -0.9F PWM duty lower limit value
D_DUTY_MAX 0.9F PWM duty upper limit value
D_PWM_DELAY NUM | 3 Number of delays of PWM setting update in PWM

update cycles

D_DEMO_CYCLE

300U / D_TIME_TEMP

Temperature command value update cycle during
demo operation, numerical part [ms]

/D_SLOW_DIVISOR
/ (float) D_COUNT_TEMP

D _DEMO_STEP 0.1F Temperature command value step during demo
operation [°C]
D_DEMO_TC_MIN 31.0F Temperature command value lower limit during
demo operation [°C]
D_DEMO_TC_MAX 15.0F Temperature command value upper limit during
demo operation [°C]
D CMD_TC_MIN 10.0F Temperature command value lower limit of the PC
tool [°C]
D CMD_TC_MAX 50.0F Temperature command value upper limit of the
PC tool [°C]
D_CMD_TC_INIT 25.0F Temperature command initial value [°C]
D _CMD_IC_MIN -1.0F Current command value lower limit [A]
D_CMD_IC_MAX 1.0F Current command value upper limit [A]
D_CMD_IC_INIT 0.0F Current command initial value [A]
D_SLOW_DIVISOR 100.0F Percentage conversion parameter
D_SLOW_POINT_O 0.0F Slow startup duty initial value, numerical part [%]
/ D_SLOW_DIVISOR
D_SLOW_POINT_1 95.0F Slow startup step 1 duty completion value,
/D_SLOW_DIVISOR numerical part [%]
D_SLOW_POINT_2 45.0F Slow startup step 2 duty completion value,
/D_SLOW_DIVISOR numerical part [%]
D_SLOW_UPDATE 1.0F Slow startup duty change, numerical part [%)]
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Table 5-18 r_current_pi.h Definitions

Definition name Value Description

D TS CURRENT 0.0005F Control cycle [sec]
D_KP_CURRENT 1.2F Proportional gain [V/A]
D_TI_CURRENT 0.0012F Integral time [sec]
D_KB_CURRENT 0.8F Inverted integral gain [A/V]
D_VC_MIN -21.0F Output voltage lower limit [V]
D_VC_MAX 21.0F Output voltage upper limit [V]

Table 5-19 r_temp_pid.h Definitions

Definition name Value Description

D TS TEMP 0.02F Control cycle [sec]
D_KP_TEMP 3.0F Proportional gain [A/°C]
D_TI_TEMP 5.0F Integral time [sec]

D TD TEMP 1.0F Derivative time [sec]
D_TF_TEMP 0.1F Derivative filter time [sec]
D_KB_TEMP 0.8F Inverted integral gain [°C/A]

Table 5-20 r_rtd_api.h Definitions

Definition name Type Value Description

D_RTD_RREF float 5100.0F Rrer resistance value [Q]

D_RTD_PGA_GAIN float 32.0F Gain of PGA for RTD measurement

Grona [X]

D_RTD_CODE_FS uint32_t 16777216 224

D _RTD_DF_GAIN float 1.0F Digital filter gain Gor

D_RTD_GAIN float D_RTD_RREF * 4/ Coefficient for conversion from A/D
(D_RTD_CODE_FS * value to RTD resistance value [Q]
D_RTD_PGA GAIN * ARreF
D_RTD_DF_GAIN) 2% Gpga - Gpr

D_RTD_OFFSET float 0.0F RTD resistance value offset [Q]

D_RTD_TABLE_SIZE uint16_t 302 Number of table elements

D RTD TABLE _TOP float -50.0F Top temperature in the table [°C]

_TEMPARATURE
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5.8.3 Structures and Unions
Table 5-21 main.c Structures

Structure type st_flag_t
name
Description Variables manipulated by the communication receive data analysis function

Member variable

Type Name Description

bool demo_mode Demo operation On/Off
true: On, false: Off

bool tx_run Measurement value transmission enabled
true: Enabled, false: Disabled

float demo_range Demo operation temperature range

Table 5-22 r_current_pi Structures

Structure type st _current_pi_coef t
name
Description Current PI control coefficient

Member variable

Type Name Description

float Kp Proportionality coefficient
float Ali Integral coefficient

float Ki Inverted integral coefficient
float vC_min Voltage value lower limit [V]
float VC_max Voltage value upper limit [V]

Structure type st _current_pi_data_t
name
Description Current PI control internal data

Member variable

float le Previous current deviation value
float Vc d Previous voltage limitation deviation value
float le i fb Previous inverted integral value

Table 5-23 r_temp_pid Structures

Structure type st_temp_pid_coef_t
name
Description Temperature PID control coefficient

Member variable

Type Name Description

float Kp Proportionality coefficient

float Ad Derivative coefficient

float Bd Derivative coefficient

float Ali Integral coefficient

float Ki Inverted integral coefficient

float ic_min Current command value lower limit [A]
float ic_max Current command value upper limit [A]

Structure type st temp_pid data_t
name
Description Temperature PID control internal data

Member variable

float Te Previous temperature deviation value
float Te d Previous derivative output value

float Te_ i fb Previous temperature inversion value
float Ilc_d Previous current limitation deviation value
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Table 5-24 r_ring_buffer_control_api Structures

Structure type st_ring_buf_t

name

Description Ring buffer information

Member Type Name Description
uint8_t * p_buf Pointer to the ring buffer
size t length Ring buffer length
uint32_t r_index Read index
uint32_t w_index Write index

Table 5-25 Config_ MTU3_MTU4 Structures/Unions

Union type name u_mtu_duty t
Description PWM duty setting value of MTU
Member Type Name Description
uint32_t both 32-bit value
uint16_t each.neg Negative phase 16-bit value
uint16_t each.pos Positive phase 16-bit value
Structure type st_mtu_isr_inf_t
name
Description Shared variable structure with the MTU interrupt function
Member u_mtu_duty t* p_ptr Pointer to the PWM duty setting value
array for MTU
uint32_t num Number of array elements
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5.8.4 Functions
Table 5-26 main.c Functions

Return value Argument
Function name/Overview Type Value 110 | Type Variable Description
name
main void - - void - -
main function
stop_operation void - st_ring_buf t* |ary Pointer to the ring buffer
Stops DMAC/SCI, initializes
the ring buffer
generate_packet size_t Packet | uint8_t send_pkt[] |Packet storage array
Creates measurement length | float txdata_ch[] | Transmit data array
value packets I uint16_t tx_flag Transmit channel specification (bit
allocation)
analysis_pakect size t Reply | uint8_t const rcv_pck[] Receive packet storage array
According to the receive packet (0] uint8_t send_pck[] |Reply packet storage array
packet, executes the length 0 float * p_cmd_valu | Pointer to the temperature command
command and stores a e value variable
reply packet. 0 st flag_t * p_flag Pointer to the flag structure variable
For the Run/Stop manipulated by this function
commands, updates the (0] uint8_t * p_mode Pointer to the operating mode variable
measurement result
transmission enable flag.
calc_duty float Duty value |1 float Ve Voltage value
Calculates the PWM duty (-0.90 to | float Vbrg Bridge circuit voltage
corresponding to the +0.90)
voltage value
calc_demo_command_val | float New | float temp Present temperature command value
Calculates the demo temperature
temperature command command
value value
calc_temp_to_demo_comm | float Temperatur || float temp Temperature
and_val e command
Calculates the demo initial value
temperature command
initial value from the
specified temperature
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Table 5-27 r_calc_api Functions

Return value Argument
Function name/Overview Type Value 110 |Type Variable Description
name
R_CALC_BinarySearch uint16_t Index | const float * p_data_table | Pointer to the search table (ascending
Does a binary search from value order)
the search table, and uint16_t table_size Number of elements in the search
returns the index of a recent table
value that does not exceed [ float data Data to search for
the data to search for
R_CALC_Lerp float Linear | float x0 x0 value
Determines y corresponding interpolati | | float y0 yO0 value
to x in the straight line on results |, float x1 x1 value
passing two points (x0,y0) | float v y1 value
and (x1.y1) | float X x value
R_CALC_Limit float Control | float val Target value
Limits the value of val to the result I float min Lower limit value
range between min and | float max Upper limit value
max
Table 5-28 r_communication_control_api Functions
Return value Argument
Function name/Overview Variable
Type Value 1/0 | Type name Description
R_COMM_GetPacket size_t Packet | st_ring_buf t* |[r_buf Pointer to the receive ring buffer
Reads a single packet from length (0] uint8_t r_packet[] Receive packet storage array
the receive ring buffer [Bytes]
Table 5-29 r_current_api Functions
Return value Argument
Function name/Overview Variable
Type Value 1/0 | Type name Description
R_S12adToCurrent float Current [A] | | float s12ad S12AD conversion value
Calculates the current from
the A/D conversion value
Table 5-30 r_current_pi Functions
Return value Argument
Function name/Overview Variable
Type Value /10 |Type Description
name
R_CurrentPI float Voltage | float le Current deviation [A]
Current Pl control operation value | st_current_pi_c | p_coef Pointer to the current PI control
V] oef t* coefficient structure variable
I/O |st_current_pi_d |p_data Pointer to the current PI control internal
ata_t* data structure variable
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Table 5-31 r_temp_pid Functions

Return value Argument
Function name/Overview Type Value 1/10 | Type Variable Description
name
R_TempPID float Current | float Te Temperature deviation [°C]
Temperature PID control command | st_temp_pid_co | p_coef Pointer to the temperature PID control
operation value ef t* coefficient structure variable
(Al /0 |st_temp_pid_da | p_data Pointer to the temperature PID control
ta_t* internal data structure variable
Table 5-32 r_ring_buffer_control_api Functions
Return value Argument
Function name/Overview Type Value /10 Type Variable Description
name
R_RINGBUF_GetData size_t Number of || st_ring_buf t* |ary Pointer to the ring buffer
Reads a specified number of bytes to o] uint8_t datal] Data storage array
bytes from the ring buffer read I size_t len Number of bytes to read
| bool index_update |Index update flag
true: Update
false: Not update
R_RINGBUF_SetData size_t Number of O st_ring_buf t* |ary Pointer to the ring buffer
Writes a specified number of bytes to I uints_t datal] Data storage array
bytes to the ring buffer write I size_t len Number of bytes to write
R_RINGBUF_GetDatalength size_t Number of || st_ring_buf t* |ary Pointer to the ring buffer
Reads a specified number of bytes stored
bytes stored in the ring buffer
R_RINGBUF_SetDatalndex uint32_t Index value | O st_ring_buf t* |ary Pointer to the ring buffer
Updates the index of the ring | uint16_t value Index value
buffer I uint8_t select Target index
0:Read, 1:Write
Table 5-33 r_rtd_api.c Functions
Return value Argument
Function name/Overview Variable
Type Value 1/10 Type Description
name
R_RTD_DsadToTemp float Temperatur |1 float dsad DSAD conversion value
Calculates the temperature from e [C]
the DSAD conversion value
Table 5-34 Config_CMTO User Defined Functions
Return value Argument
Function -
name/Overview Type Value 110 Type Variable Description
name
R_CMTO_IsTimeout | bool false: Counting | bool flag Stop of counting
Returns  information true: Timeout false: Continuation
as to whether a true: Stop
timeout has occurred
R_CMTO_CntClear void - - void - -
Clears the compare
match timer/counter
of CMTO
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Table 5-35 Config_DMACO User Defined Functions

Return value Argument
Function name/Overview Variable
Type |Value 1/10 | Type Description
name
R_DMACO_SetDestAddr void - | void * p_addr |destination address
Sets the DMDAR of DMACO
R_DMACO_GetDestAddr void * | DMDAR value - void - -
Returns the DMDAR of
DMACO (macro function)
Table 5-36 Config_ DMAC3 User Defined Functions
Return value Argument
Function name/Overview Variable
Type |Value 1/0 | Type Description
name
R_DMAC3_SetSrcAddr void - | void * p_addr |source address
Sets the DMSAR of DMAC3
R_DMAC3_SetTxCnt void - uint32_t |cnt transfer count
Sets the DMCRA of DMAC3
Table 5-37 Config_ DSADO User Defined Functions
Return value Argument
Function name/Overview Variable
Type Value 1/10 |Type Description
name
r_Config_DSADO_adiO_interrupt void - - void -
ADIO interrupt handler of DSAD
Obtains the DSAD conversion value,
calculates the cumulative sum, and
increments the cumulative number
Table 5-38 Config_DTC User Defined Functions
Return value Argument
Function name/Overview Variable
Type Value 1/10 | Type Description
name
R_Config_DTC_SetParam void - | void * addr Beginning address of the setting
DTC transfer setting of the PWM duty value array
setting value of MTU uint16_t | num Number of elements to be
transferred
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Table 5-39 Config_MTU3_MTU4 User Defined Functions

Return value Argument
Function name/Overview Variable
Type Value |1/O |Type Description
name
r_Config_MTU3_MTU4_tgia3_interrupt void - - void -
TGIAS interrupt handler of MTU
Starts the next DTC transfer setting and
transfer
R_MTU_SetPort void - uint8_t config Port setting
Sets the PWM output port - 0: Positive Phase/Negative
Phase, fixed at Low
- 1: Positive Phase, fixed at Low,
Negative Phase enabled
- 2: Positive Phase/Negative
Phase enabled
R_MTU_FillPWMArray void - (0] u_mtu_duty_t* array Pointer to setting value array of
Fills the setting value array with posi and MTU
nega | uint16_t posi Positive phase duty setting value
| uint16_t nega Negative phase duty setting
value
| size_t num Number of array elements
R_MTU_MakeFractionalPWMArray void - | float duty PWM duty specification value
Stores the PWM duty setting values of (0] u_mtu_duty_t* array Pointer to setting value array of
MTU corresponding to duty in the array MTU
| size_t num Number of array elements
R_MTU_MakeFractionalPWMArraySSU | void - | float duty PWM duty specification value
Stores the PWM duty setting values of (0] u_mtu_duty t* array Pointer to setting value array of
MTU corresponding to duty during slow MTU
startup in the array size_t num Number of array elements
Table 5-40 Config_PORT User Defined Functions
. . Return value Argument
Function name/Overview : .
Type Value 1/10 | Type Variable name | Description
R_LED1_On void - - void -
Turns LED1 ON (macro
function)
R_LED1_Off void - - void -
Turns LED1 OFF (macro
function)
R_SWITCH_Get uint8_t Switch status (0/1) - void -
Obtains the switch status
(macro function)
R_PORT_KeyScan uint16_t Switch status (0/1) uint16_t | key_current Previous switch status
Obtains the switch status after
chattering absorption
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Table 5-41 Config_S12ADO0 User Defined Functions

Return value Argument
Function name/Overview Variable
Type Value 1/10 | Type Description
name

r_Config_S12ADO0_interrupt void - - void - -
S12ADI0 interrupt handler of S12AD

Obtains the S12AD conversion value,

calculates the cumulative sum, and

increments the cumulative number

Table 5-42 Config_SCI5 User Defined Functions

Return value Argument
Function name/Overview Variable
Type Value 110 | Type Description
name

R_SCI5_IsTransferEnd bool false: Transmission | - void -

Obtains the transmission is in progress

status true: Transmission

is completed

R_SCI5_SendStart MD_STATUS |MD_OK - void -

Instructs to start

transmission

R_SCI5_SendStop MD_STATUS |MD_OK - void -

Instructs to stop

transmission

R_SCI5_ReceiveStart MD_STATUS |MD_OK - void -

Instructs to start reception
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6.

Importing a Project

After importing the sample project, make sure to confirm build and debugger setting.

6.1 Importing a

Project into e? studio

Follow the steps below to import your project into e2 studio. Pictures may be different depending on the

version of e2 studio to

be used.

B workspace - C/C++ - & studio

Select [Existing Projects into Workspace].

Edit Source Refactor Navigste Search Project
ew Alt+Shift+N > B Import
Ppen File... Select “
5 (bt iegeEe: . Create new projects from an archive file or directory. I: - §
Jiose Cir
ose All Ctrl+Shift+W Select an import wizard:
E - type filter text
... | Startthe e?studio, and select !
5 EELE . w (= General ~
ofiean | Menu [File] >> [Import....]. [ Awne e
Rbvert = %lﬂmg Projects into Workspace |\
4 File System
Move.. ¥ HEW Project
Rfname.. F2 5] Preferences
Rtfresh s [ Projects from Folder or Archive
' .
CGhnyert Line Delimiters To 5 P £ Rename & Import Existing C/C++ Project inte Workspace
a# Renesas CS+ Project for CATBKOR{CATEKD
Pnt.. Ctrl+P @ Renesas C5+ Project for CC-RX anfi CC-RL
= C/Ces
itch Workspace = Code Generator
=== rc = Git
(= Install
o Narank 9
g Export
Properties Alt+Enter Sl
Exit y
@ <Back Next > i Cancel

Select [Select root
directory:].

Select [Select root directory:], and specify the
directory which stored the project to import.
(e.g. rx23e-a_tec1)

Each application note has its own project name.

Select [Add project to
working sets] when using
the working sets.

Import Projects —
Select a directory to search for existing Eclipse projects. 7
\. elect root dlrectory:l | C¥download¥an-r01an3956jj0100-rev2-dsp¥ ~ ‘ l Browse... ;l
O Select archive file: Browse...
Projects:
01an3956_por2 (C:¥download¥an-r01an3056j0100-nov2-dsp¥rlilar] | Select All
Deselect All
< > Refresh
Qptions
[[] Search for nested projects
Copy projects into workspacg
[ Hide projects that already exist in the workspace
‘Working sets
[ Add project to working sets New...
Select
@ <Back Nex Cancel

Figure 6-1 Importing a Project into e? studio
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6.2

Importing a Project into CS+

Follow the steps below to import your project into CS+. Pictures may be different depending on the version of

CS+ to be used.

I ™ C5+ for CC - [Start]

Eile Edit View Project Build Debug Tool Window Help

e aa s am o clmsa - L@ A L@
R TG m@aq s
AX &, Stert
s i g@

Drop here to open the project
file("mipi).

Leam About CS+

Start the CS+, and select [Open
Existing e? studio / CubeSuite /
High-performance Embedded
Workshop / PM+ Project]

Open Existing Project
Loads the project of CS+ Can also be opened directly from the following link

Open Existing e* studio/CubeSuite/High-performance Embedded W
The project created with & studio and the old IDE can be converted to the CS+ pr

fdtoa

Favo,
Not!

Recent Projscts
Nothing

|

Support version
e?studio

e read
() Build options also can be converied bebwe i the same compiler
() Only include path and macro options can be converted betwes:

Open Sample Project
Many sample projects that can be built immediately are provided. After selecting
specify the destination folder to copy the selected sample project

FHB50 RL78 RX

RH850_F1L_Tuterial_Analysis
RHB850_F1L_Titoral_Basic_Operation

Go |

Select a project (e.g. rx23e-a_tec1). 3
Each application note has its own project name.

4 ||« an-r01an3g.. > r01an3956_no2 v/ @] Search dlan o
Organize = MNew folder f== + [N 0
an-r01an3956}j0100-nov2-dsp A Name - Date modit
r01an3956_rav2 settings
settings HardwareDebug
HardwareDebug src —
sre | | iD1an3956_mv2.rcpe
G4 Select a .rcpc file, and click
b Music the button [Open].
OneDrive

File name: | r01an3956_nZ.1cpe

Open

B project File for e studio (*.rcpc. v

ancel

Project Convert Settings

[ 17 01an3956 m2

AL Project Convert Settings

\when you press t
place 3s the sele

[Netice]
If you open @ High
each project

Select [Empty Application(CC-RX)] in
[Kind of project:],

and specify [Project name:] and [Place:]

Select [Project File for e? studio (*.rcpc)]

Project settings
New microcantroller

Microcantraller:

Kind of project.

Project name:

Place:

FX ~
Updste.
Product Name:R5F564MLCxFC
On-chip ROM size[KBytes]: 4096
On-chip RAM size[Bytes]:524288
I # R5F5B4MLCKLJ[TDDIH Additional Information:Package=PLQP0176KE-A
i RSF564MLCxLK(145pin)
5 # REF5E4MLD*BEG(176pin)
+ # REF5E4MLDxFE(144pin)
- # REF564MLDx%FC(176pin)
i
Empty Application{CC-RX) ~
r01an3956_mv2
C-workspaceir01an3856_rov2 ~ Browse.

[] Backup the project composition files after convergion

Cancel

Help

Figure 6-2 Importing a Project into CS+
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7. Operations Results with the Sample Program

7.1 Memory Usage and Number of Execution Cycle

7.1.1 Build Conditions
The build conditions of the sample program are shown in Table 7-1. This setting is default setting when
project is generated except for memory allocation to support the PC tool.

Table 7-1 Build Conditions

Item Setting

Compiler -isa=rxv2 -define=D_PC_TOOL_USE=1 -utf8 -nomessage -output=obj -debug
-outcode=utf8 -nologo

Linker -noprelink -output="rx23ea_tec1.abs" -form=absolute -nomessage

-vect=_undefined_interrupt_source_isr -list=rx23ea_tec1.map -nooptimize
-rom=D=R,D_1=R_1,D_2=R_2 -nologo
| Additional section | -start=B_DMAC_REPEAT_AREA_1/02000

7.1.2 Memory Usage
The amount of memory usage of sample program is shown in Table 7-2.

Table 7-2 Amount of Memory Usage

Item Size [byte] Remarks
ROM 12898
Code 9760
Data 3138
RAM 8287 (3295) | Note:
Data 3167
Stack 5120 (128) | Note:

Note: RAM usage for stack is shown in “()".
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7.1.3 Number of Execution Cycles

The number of execution cycles and processing load for each block in “Figure 5-1 Temperature Control
Process Flow” is shown in Table 7-3.

Table 7-3 Number of Execution Cycles, Execution Time, and Processing Load
ICLK=32MHz

Maximum

ltem numbe.r of Processing Condition
execution cycles | load [%]
(Execution time)

Temperature | S12A/D averaging to 567 cycles 3.55 | Including one interrupt
Control temperature PID (17.72 ysec) each for S12A/D and
control/current Pl control DSAD

PWM duty setting array 338 cycles 212
creation (10.56 usec)
S12AD conversion 46 cycles 8.89 | Processing load of 49
completion interrupt (1.44 usec) interrupts
processing
DSAD conversion 47 cycles 0.94 | 1 interrupt
completion interrupt (1.47 psec)
processing
Total 934 cycles 5.84 | Maximum load of
(29.19 psec) temperature control
Up to current PI control + Duty
array creation
System Demo operation 45 cycles 0.29
processing (1.41 ysec)
Communication control 543 cycles 3.40 | Measurement value
(16.97 psec) packet creation
STOP command
reception
Switch processing 63 cycles 1.97
(1.97 ysec)
Total 2977 cycles 18.61 | When temperature
(93.04 psec) control is included in
demo operation
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7.2 Operation Examples

7.2.1 Step Response

Step response when the temperature command value is changed from 25°C to 35°C and change in

temperature when a current of 0.5 A is flowed to the Peltier module without temperature control are shown in
Figure 7-1.

140

Command Temp

Peltier Temp with Temp Control (10°C Step)
Peltier Temp without Temp Control (0.5A Step)

N
N
o

N
o
o

95.0%

(o]
o

63.2%

40

Temarature change [%]
(o))
o

20

3.18s 8.18s | 24.9s 100.9s

20 -10 0O 10 20 30 40 50 ©60 70 80 90 100 110 120 130 140 150
Time[s]

Figure 7-1 Temperature Step Response

Table 7-4 Summary of Temperature Step Response

ltem Temperature control measurement Peltier module response
result (Without temperature control)

63.2% time 3.18 [s] 24.9 [s]

Overshoot None None

15% settling time 8.18 [s] 100.9 [s]

Based on Figure 7-1 and Table 7-4, the temperature response of the Peltier module with temperature control
shortened the time to reach the final value of 63.2% from 24.9 sec to 3.18 sec compared to the response
without temperature control, indicating a significant improvement in responsiveness.
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7.2.2 Control Resolution

The temperature control response when temperature command values are entered to this system in 5m°C
steps is shown in Figure 7-2. This system can perform high-precision temperature measurements with
DSAD. Based on the measurement results, it is confirmed that fine temperature control in 5 m°C steps can
be achieved.

2510

25.09

25.08

25.07
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25.05

25.04

Temperature [°C]

25.03

25.02

—— Command Temperature (5m°C Step)

25.01 Peltier Temperature

25.00
0 5 10 15 20 25 30 35 40 45 50

Time [s]

Figure 7-2 Temperature Control Response (5m°C Steps)

The histogram of deviations from the mean value of 1000 temperature measurement samples when the
temperature is controlled to 25°C in a room temperature environment (25°C) is shown in Figure 7-3. The
RMS value of temperature deviation is 1.94m°C (P-P value: 12.0m°C). Assuming that the sensitivity of the
RTD Pt100 is 385mQ/°C and the excitation current is 250 uA, the temperature sensitivity for input voltage to
RX23E-A is 96.25 uV/°C. Therefore, the input conversion voltage is 186.3 nVrms, 1157.9 nV peak to peak.
The effective resolution and noise free resolution of temperature control calculated from the input conversion
voltage are shown below.

Effective resolution: 1.94m°C (19.71 bits, equivalent to 186.3 nV)

Noise free resolution: 12.0m°C (17.07 bits, equivalent to 1157.9 nV)

Occurences

Temparature Deviation from Average [m°C]

Figure 7-3 Temperature Control Deviations in a Room Temperature Environment
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Appendix 1 Parts List of the Power Board

No. (3:3:::;) Referjaiirl?t:sdl)gnator Reftz{leontc’ao[?;stlegg)ator Description Part Name Manufacturer Part Name(*) Manufacturer

1 1 Ut DCDC converter,2A (6] ISL8560IRZ Renesas

2 2 u2,U3 MOS driver IC ISL2111ABZ Renesas

3 1 u4 Current sense IC AD8418BRMZ ADI

4 |2 Us5,U6 OPAMP (6] READ2302G Renesas

5 1 u7 USB to UART interface IC FT232RL FTDI

6 |4 Q1.02,.Q3,Q4 60V.30A MOS-FET RJK0654DPB Renesas

7 1 Q5 12V,500mA Digital Transistor DTD543ZE Rohm

8 |2 CN1,0N3 2-pin Connector B02P-VL(LF)(SN) JST

9 [1 CN2 DC-Jack,24VDC,8A Connector PJ—-063AH cul

10 |1 CN4 Terminal Block—4 Connector FFKDSA1/H-2,54-4 Phoenix Contact

1 1 CN5 Terminal Block—2 Connector FFKDSA1/H-254-2 Phoenix contact

12 |1 CN6 USB mini-B Connector UB-M5BR-G14-4S JST

13 |2 R31,R32 56mohm(2W) Resistor TLRH3AWTTES6LOF KOA

14 |4 R23,R24,R25,R26 22(1/4W) Resistor CRCW120622ROFKEAC Vishay / Dale

15 |11 R37,R38,R39,R40,R41,R43 0 Resistor RK73Z1JTTD KOA
R44,R53,R54,R63,R65

16 (8 R11,R12,R13R14 51 Resistor RK73H1JTTD51ROF KOA
R15,R16,R17,R18

17 |3 R33,R36,R67 100 Resistor RK73H1JTTD1000F KOA

18 |1 R6 560 Resistor RK73H1JTTD5600F KOA

19 |1 R8 1.2k Resistor RK73H1JTTD1201F KOA

20 |1 R49 1.3k Resistor RK73H1JTTD1301F KOA

21 |1 R9 6.8k Resistor RK73H1JTTD6801F KOA

22 |1 R47 8.2k Resistor RK73H1JTTD8201F KOA

23 |1 R7 9.1k Resistor RK73H1JTTD9101F KOA

24 |1 R48 15k Resistor RK73H1JTTD1502F KOA

25 |1 R46 18k Resistor RK73H1JTTD1802F KOA

26 |7 R19,R20,R21,R22, 10k Resistor RK73H1JTTD1002F KOA
R55,R56,R64

27 | R4 20k Resistor RK73H1JTTD2002F

28 |3 R34,R35,R45 36k Resistor RK73H1JTTD3602F

29 |1 R10 100k Resistor RK73H1JTTD1003F

30 |1 R50 160k Resistor RK73H1JTTD1603F

31 |1 R5 300k Resistor RK73H1JTTD3003F

32 |2 R2.R3 M Resistor RK73H1JTTD1004F

33 |1 R61 0 Resistor RK73Z1ETTP

34 |3 R52,R59,R60 33 Resistor RK73H1ETTP33ROF

35 |4 R27,R28,R29,R30 6.8k(1/4W) Resistor RK73H2BTTD6801F

36 |1 C35 33pF.50V Ceramic capagitor GCQ1555C1H330JB01D

37 12 C25,028 100pF,50V Ceramic_capacitor GCM1555C1H101JA16D

38 |1 C7 470pF,50V Ceramic capacitor GCM1555C1H471JA16D

39 |1 C8 390pF,50V Ceramic_capacitor GCM1555C1H391FA16D

40 |2 C9,C47 30,632 1000pF .50V Ceramic capacitor GRM1555C1H102JA01D

41 |1 C10 3300pF.50V Ceramic_capacitor GCM155R71H332KA37J

42 |3 C11,626,027 C31 0.01uF,50V. Ceramic_capacitor GCM155R71H103KA55D

43 |18 C5,12,C13,C14,C15,C16 C46 0.1uF,50V Ceramic capacitor CGA2B3X7R1H104K050BB
C17,624,C29,C33,C36,C37
C39,640,C41,C42,C43,C45

44 [1 C3 0.1uF,100V Ceramic capacitor C2012JB2A104K125AA TDK

45 [1 C6 1uF,50V Ceramic capacitor GRT188R61H105KE13D Murata

46 |3 C2,034,C38 10uF.50V Ceramic capacitor GCM32EC71H106KA03K Murata

47 12 C18,C19 10uF,50V Electrolytic capacitor |PCX1H100MCL1GS Nichicon

48 |1 C20 22uF .50V Electrolytic capacitor |PCX1H220MCL6GS Nichicon

49 |1 c4 470uF.50V Electrolytic capacitor |UHD1H471MHD Nichicon

50 |1 [¢]] 2200uF.63V Electrolytic capacitor [LLS1J222MELA Nichicon

51 |2 C21,C22 2.2uF,63V Film capacitor B32529D0225J TDK

52 [1 C23 1uF,63V Film capacitor B32529C0105J TDK

53 |1 L4 1uH.455mA Coil NLFV25T-1ROM-EF TDK

54 [1 L1 22uH.2.2A Coil NRS8040T220MJGJ TAIYO YUDEN

55 |2 L2.L3 100uH,10A Coil AIRD-02-101K Abracon

56 (11 D2,03,D4,05D6,D7 30V,500mA Diode RB551VM-30 Rohm
D8,D9D10D11.D12

57 [1 D1 100V.2A Diode B2100-13-F Diodes

58 |1 D13 ESD protection Diode RCLAMP0502BA Semtech

59 [1 J1 HEADER 2X2 Pin header M20-9980245 Harwin

60 (1 J2 HEADER 6X2 Pin header M20-9980645 Harwin

61 |2 J3.J4 HEADER 5X2 Pin header M20-9980545 Harwin

62 |3 JP3,JP4,JP6 JP1,JP2,JP5 HEADER 2 Pin header M20-9990245 Harwin

63 |3 JP7,JP8 JP9 HEADER 3X2 Pin header M20-9980345 Harwin

64 [1 SW1 1 pole.2 positions Slide switch CL-SB-12A-11 NIDEC COPAL

65 |4 TH1,TH2,TH3 TH4 IM3,12mm Through hole tap TH-1.6-12-M3 IMAC8

66 |0 CN7 NotMount (HEADER 4,SMD right angle) Pin header M20-8890445 Harwin

67 [0 R1,R42 R51,R62,R66 NotMounted 1608 Resistor -

68 |0 R57,R58 NotMounted 1005 Resistor -

69 |0 C44 NotMounted 4.7uF,50V Ceramic_capacitor GRM21BC71H475KE11L Murata

70 [0 L5 NotMounted EMI filter Ferrite bead MIO805K400R-10 Laird

M1 |2 Brass, both—sides female spacer Spacer ASB-315E Hirosugi

M2 |2 Brass, M3 6mm Screw B-0306-S1 Hirosugi

M3 |4 Brass, male—female spacer Spacer BSB-315E Hirosugi

M4 (1 4 position, 2.54mm pitch consolidated Jumper socket JS-42060-02 Hirosugi

RO1AN5535EJ0100 Rev.1.00
Dec.25.20

Page 62 of 70
RENESAS



LENESAS

Application Notes

Appendix 2 Circuit Diagrams of the Power Board
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Appendlx 3 Board Diagrams of the Power Board
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Layer 1: Top Side Layer
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Layer 4: Bottom Side Layer (Viewed from the Component Side)
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

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

Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /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 V.
(Max.) and Vi1 (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 Vix (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.

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

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

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any

2.
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
3.
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.
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. ltis 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.

(Note1) “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

Trademarks

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

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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