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REIN_Inverter_V2

Hardware Design Document

Introduction

This Hardware Design Document serves as a technical blueprint for the Traction Motor Controller Board project. This
document is intended to describe the hardware system architecture and the design details.

Target Device
RH850/C1M-A1
RAA270000KFT
ISL78434
uPC1251AGR
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Figure 1-1 Renesas RH850/C1M-A1 Inverter Board
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1. Architecture

Traction Motor Controller mainly intends to drive motor control for HEV/EV based applications and
these consist of two boards — Controller board which controls motor driver, digital, analog sections and Power
board includes Power MOSFETs for motor drive. The Controller board controls and drives each phase of the
motor windings in Power Board through MOSFET Pre-Driver Stage -ISL78434.

Traction Motor controller includes the RH850/C1M-A1 Microcontroller (R7F701278EAFP QFP), which is
equipped with an RH850 Family G3MH CPU core operating at a frequency of 240MHz, providing high
processing power. Along with the ROM, RAM, and DMA, it includes various timers such as a motor control
timer, various serial interfaces including CAN (CAN FD compatible), a 12-bit A/D converter (ADC), an R/D
converter (RDC3A) that converts the resolver output signal to digital angle data, and a CPU and parallel motor
control unit (EMU3), etc., providing peripheral functions that are ideal for motor control in HEVs/EVs.

The Controller board has three ISL78434 MOSFET Pre-Driver Stage & yPC1251A Op-Amps for Analog & fault
generation circuits, PMIC, LDO, and Power MOSFET Board with RBAZ25N10CHPF. The Power will be 5KW
Continuous Power and 8KW peak Power. The number of MOSFET per phase shall be defined accordingly
with necessary load dump protection.

The MCU in Controller board interacts with external peripherals through System 1/0O connectors (COM, ANA
and DIO), which carries several communication interfaces, analog, and digital I/O signals. It does also include
Intelligent Power Devices (IPD) for additional loads.

Protection for Over-Current, Over-Voltage, Under-Voltage, Over Temperature (Controller and Motor) and its
relevant status and precaution are implemented. Interfaces such as CAN-FD, LIN, SENT, Isolated UART such
as are also integrated in the design.
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Figure 1-1 - Inverter Block Diagram
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2. Hardware Design
The Hardware is categorized based on the function:
Power Supply section
IPD section
System I/0 connections
Microcontroller Function Mapping

Analog Functions

AN o o

Digital Input and Output Functions.
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3. Power Supply Section

The DC power supply input range is limited by the specifications of Step-down DC/DC on-board. The
DC/DC output is regulated at 15.6V and is used to derive other supplies required by the controller and logic
on board.

The DC Supply input is provided via 20.5mm Brass Studs that directly connect to the Power Board inverter
bridge and smaller 6mm studs used for coupling the Power board to control board provide mechanical strength
and connect power from the DC Bus to the DC Link capacitors and Step-down DC/DC converter. The current
requirement for control board is not very high and is easily managed by the M3 screws. Therefore, note that
these screws are active power points on the board when assembled.

The input DC Supply current is monitored by high side current sensor, this current sensor is assembled
on the control board. The DC Bus current sensor is bi-directional and therefore can be used to measure
currents when motoring and when generating.
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Figure 3-1 System Power Tree
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3.1 DC/DC Converter Module

The PDQE20-Q48-S15-D is a DC-DC Isolated converter that provides (15.6V) 15V6 supply to the
controller board. The module has isolation up to 1.5KV (if required) and provides maximum 20W output. The
output voltage of 15V is nominal, which is trimmed to 15V6 by varying the resistor at the trim pin. The module
provides constant output current of 1.333A.

Features:

- Ultra-wide input voltage range (18V~75V).

- 20 W isolated output.

- Single/dual regulated outputs.

- 1500 Vdc isolation.

- Extended temperature range (-40~105°C).

- Input under-voltage protection.

- Output short circuit, over-current and over-voltage protection.

- DIP package.
- Ripple of 100mV.
- Efficiency of 91%.
& & 15V6
DC-DC MODULE - 15.6V, 1.33A D53 i
i 2X) 4 1 R27,,, 62K
GI\D-||I L
DC-PWR - 36V-75V o Clig(’
DC-PWR DC-PWR_PRO T 1%'\1?
, D47 5 F5 - 15 3 U28 _ i
— = CNEVED — VIN +VO
i
SIIOFP  750mA 2214
il B EMERGENCY 1 | . R291,,, 583k
——Clol==c192 o= Cl93—=—C1%4 SRR RIS ——clo8
7TV ssouf [ 47ur 4.7uF [TT330uF 717 100uF
100V 100V 100v"| 100V 25V
A Al - s
GND 0V
R388 A DNP
— TN DC-PWR PDQE20-Q48-S15-D
PGND
@
R227 ., OR
] Q20
DNP
i GND
= a
- PGND RT = (aR2/(R2-a)) - R3
3 | where a =(Vref/(Vo -Vref))* R1
T& INI/EMERGENCY STOP R39L 1 Qa1
DNP I\ DNE As per Table 5 in Datasheet
a For Vo =15V, Vref=2.5V
Rl = 14.494K0. R2=2 87KQ, R3= 17.4KQ
= a=(2.5/(15.6-2.5))*14.494KQ
PG a=2.766KQ

RT = (2.766KQ*2.87TKQ/ (2.87TKQ - 2.766KQ)) -
Figure 3-2 Schematics of PDQE20-Q48-S15-D
Design Consideration for DC/DC Supply Module:

VIN (3) Input supply pin: Followed by reverse voltage protection (D47) and current limiting PTC fuse (F5)-
750mA, input supply DC_PWR is applied to this pin through filter section comprised of capacitors of 330
wE/50 V., 4.7 uF/50 V and inductor of value 2.2uH. As per datasheet recommendation, in design electrolytic
capacitor and ceramic capacitor are used.

CTRL (1): Remote ON/OFF: Used to enabled and disabled. In design, during emergency conditions logic low
from MCU will turn off the module through transistor-based switch circuit, which avoids fault operation and
disconnect supply power to rest circuitry.

TRIM (5): The Output voltage is trimmed through this pin. In design, the voltage is trimmed to 15.6V, which
is the power source for the system.
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The voltage is set as per the following calculation suggested in the datasheet. Figure 6 shows the calculation
formula for Trim Pin.

RT = (aR2/ (R2-a)) - R3
Where a = (Vref/ (VO -Vref))* R1

As per Table 5 in Datasheet
For VO =15V, Vref =2.5V
R1 =14.494KQ, R2=2.87KQ, R3=17.4KQ

a=(2.5/(15.6-2.5))*14.494KQ
a=2.766KQ

RT = (2.766KQ*2.87KQ/ (2.87KQ - 2.766KQ)) - 17.4KQ
RT = 58.9KQ

In design as per application circuit and calculations resistor RT of 58.3kQ2 is used to trim voltage to 15.6V.
Formula for Trim Resistor

aRa s Vref

. = R = —
up: BT g g 3={o - Vret "1
down: RT= aRi =R 6=M' Rz
Ri-a Vref Vo
Note: Value for R1, R2, R3, and Vref refer to Table 5 i
R;: Trim Resistor N ~
a: User-defined parameter, no actual meanings ' :
Vo't The trim up/down voltage ! JF‘n '
Table 5 ,
Vout R1 R2 | R3 | wref ;
(Vdc) (k) (k@) | (ke2) (V) H
3.3 4.829 2.87 15 1.24 :_
5 2.894 | 2.87 10 2.5
12 11.000 | 2.87 17.4 25 1
15 14.494 | 2.87 17.4 25 oV
24 24.872 | 2.87 20 2.5 | Trim up

Figure 3-3 Formula for Trim Resistor and Application Circuit for Trim Pin
+VO (4): Output Voltage: A nominal output voltage of 15V is observed at this pin which is set to 15.6V using
resistor (RT). In design as per datasheet recommendation output voltage is noise filtered using a tantalum
capacitor of 100puF / 50V. Power LED (D53) is provided in design to indicate the generated voltage 15.6V o/p.

The Power Supply is indicated by 2 LED’s on-board, LED D53 indicates 15V6 Supply output and D54
indicates EVCCS5V output as shown below:

EVCC5V
D54 A,
15V6 o 1 g2
w D53 T 1.5K
3% 1 R27,,, 6.2k -

GND'IlI K YVV |

GND

The other voltage levels can be checked by tapping into the on-board test points provided and as per
schematics.
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3.2 Power Management IC: RAA270000KFT (U1)

The RAA270000KFT is a Power Management IC (PMIC) for automotive RH850 microcontroller series.
The RAA270000KFT contains two integrated current mode DC-DC converters, four low dropout linear
regulators (LDOs) and two linear trackers. The switching frequency of the DC-DC converters is typically
2.1MHz. Also, several monitor functions and diagnostic functions such as over-voltage and under-voltage
detection of the regulators and watchdog for monitoring external microcontroller are implemented.

The input voltage of the RAA270000KFT, the output of all regulators, and internal analog voltage
corresponding to temperature can be monitored through ADCs in external microcontroller. Since the
RAA270000KFT includes a power-up/down sequence controller, users can reduce external components for
controlling the target microcontroller power-up/down sequence.

Features
- Input range: 6.0V to 18.5V to perform specified characteristics.
o 5.4V~: Power rails, 5V/3.3V/1.25V and trackers functional (Not detect low voltage)
o 3.9V~: Not issues reset.
- 2 switching regulators,
o For point of load: 5.7V/1000mA
o For MCU core: 1.25V/700mA
- 4 linear regulators
o For MCU: 3.3V/10mA, 5.0V/300mA, 3.3V/160mA, 5.0V/60mA
- 2linear trackers,
o 150mA ability with short protection to battery
- Automatic power sequence
- Watchdog timer
- Analog multiplexer — Used for monitoring the PMIC voltage levels from MCU ADC
- Interrupt request to MCU
- CSI(SPI) Communication with Main MCU.
- Thermal shut down.
- Reset generator.

Design Consideration for PMIC Supply:

For further details on the PMIC please refer the datasheet or contact Renesas Engineer for any clarification.

CAUTION: Care must be taken that excess input voltage is not applied to J1 to avoid damage to the PMIC
IC.
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3.3 LDO: BDOOCOAWFP-CE2 (U3)

The BDxxCOA-C series and the BDxxCOAW-C series are low-saturation regulators. This series feature
variable and fixed voltage output with selectable Shutdown switch (referred to as SW). This series has a built-
in over-current protection circuit that prevents the destruction of the IC due to output short circuits and a thermal
Shutdown circuit that protects the IC from thermal damage due to overloading.

Features

- Output current capability: 1A.

- Output voltage: Variable, 3.3V, 5.0V, 8.0V and 9.0V

- High output voltage accuracy (Ta=25°C, TO252-3/5, HRP5): £1%

- Low saturation with PDMOS output

- Built-in over-current protection circuit that prevents the destruction of the IC due to O/P short circuits.
- Built-in thermal Shutdown circuit for protecting the IC from thermal damage due to overloading.

In Design, the BDOOCOAWFP-CE2 is an independent Power source which is dedicated to generating
5V6VCC — general 5V supply for most of the circuits in the design. In addition to 5V6VCC optional power
supply for CAN Sections and Current sensor are provided in case of shortage of current through diodes. The
output value is set to 5V6 to counter the drop across the series diode used for distributing this supply across
various on-board and off-board supplies requiring typ. 5V0 DC supply.

LDO-1A

ADJ VCC EN R34 OR R35. 33K
[I-xo R3S
P31 R
15V6 . U3 BDOOCOAWEP-CE2 Q svevCe
B o0—{ = R307_,,, OR |
LM\~ 2] vee (2 apr =2
oz N CANVCC1
16V = Z0 P33 rR36 | D8 i R304 ,,, DNP T
TDlo €56 C57 TLC = 2665k o 0 ==css P Wr
Rs110Fp | s0v 25V g O ] 4‘ “\‘,F 0.1uF %1910FP CANVCC2
o 0.1pF | 10pF - 10 50V 2 pr 1 R305 ,,, DNP T
[ R L ST10FP SR
DIl . :
2 pr 1 R306 ,,, DNP T
e ST10FP
GiD R304 ENABLE SUPPLY TO CAN TRANSCEIVER
ADJ INPUT = 0.75V REFERENCE R305 ENABLE SUPPLY TO CAN-FD TRANSCEIVER
SET RESISTOR DIVIDER ACCORDINGLY R307 ENABLE SUPPLY TO ENTIRE 5V NET ON BOARD
RT = RESISTOR BETWEEN VO TO ADJ (PMIC SUPPLY IN-SUFFICIENT)
RB = RESISTOR BETWEEN ADJ TO @D R36 ENABLE ADJUSTABLE VOC REQUIREMENT.
A%e] | 5 | 5v4 | 12 |5v7
RT | S6.6k | 68k | 150k |66.5k
R | 10.0k| 1k | 10k 10k

Figure 3-4 LDO Power Supply On-Board
Design considerations for the LDO supply:

CTL (Pin 1) — Output Control Pin: This pin controls the output voltage and enabled by MCU pin and optional
enable is provided by tying to 3V3 supply with jumper. By default, this pin is pulled low through 33kQ resistor.
Based on requirement MCU may enable and disable this LDO output.

VCC (Pin 2) Input supply. A capacitor greater than 1-uF or larger capacitor with excellent voltage and
temperature characteristics must be connected between VCC and GND for stability. Larger value capacitors
result in better transient and noise performance. Although an input capacitor is not required for stability, when
a 0.1-yF or larger capacitor is placed between VCC and GND, it counteracts reactive input sources and
improves transient and noise performance. Higher value capacitors are necessary if large, fast rise time load
transients are anticipated. In design 10-uF, 25V, X5R and 0.1-uyF, 50V, X7R.

In design current is limited with PTC resettable fuse of maximum current of 20A, hold current of 500mA and
trip current of 2.5A with maximum 16V. Reverse voltage protection is provided with 100V schottky diode.

RO1ANxxxxEJO100 Rev.1.00 Page 10 of 56
Jan.01.21 RENESAS



REIN_Inverter_V2 REIN_Inverter_V2 Hardware Design Document

ADJ (Pin 5) Adjustable Pin: The Output of LDO is set using voltage divider. The reference voltage is 0.75V
and R1 is 10kQ as recommended by datasheet.

VO = ADJ x (R1+R2) / R1

Where VO = 5.7V, ADJ = 0.75

R2=(5.770.75-1) * 10K

R2 = 66.5kQ

VO (4) Output Pin: To prevent oscillation, a capacitor needs to be placed between the output pin and GND
pin. A tantalum capacitor with a capacitance 47uF, 10V is used followed by Ceramic capacitor of 0.1uF, 50V.

CAUTION: As shown in the schematic R38 is mounted connecting the PMIC 5V7 output to 5V6VCC therefore,
this LDO default state on-board is “INACTIVE” by applying “Low”on CTL (Pin 1) of LDO. If user wish to enable
the LDO, it can be done only after unmounting R38, then applying “High” on CTL via MCU through
ADJ_VCC_EN Signal.
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4. IPD Section

In this reference design there are three yPD166033T1U and one yPD166023T1J IPD devices which
drive 12V load connected through J10 connector. These devices are controlled by MCU.

uPD166033T1U is part of 2nd Generation Intelligent Power Devices (IPD). They are N-channel high-
side switches with charge pump, voltage-controlled input, diagnostic feedback with proportional load current
sense and embedded protection function. Family includes up to 14 devices depending on on-state
resistance, package and channel number combination.

pPD166023T1J is part of 2nd Generation Intelligent Power Devices (IPD). This is N-channel high-side
switch with charge pump, voltage-controlled input, diagnostic feedback with proportional load current sense
and embedded protection function. Family includes up to 14 devices depending on on-state resistance,
package and channel number combination.

IPD feature summary:

- Built-in charge pump.
- 3.3V compatible logic interface.
- Low standby current.
- Short circuit protection.
o Shutdown by over current detection.
o Power limitation protection by overload detection (Power limitation: current limitation with
delta Tch control).
o Absolute Tch over temperature protection.
- Built-in diagnostic function.
o Proportional load current sensing.
o Defined fault signal in case of abnormal load condition.
- Loss of ground protection.
- Under voltage lock out.
- Active clamp operation at inductive load switches off.
- Cross current protection in case of H-bridge high side usage.
- Reverse battery protection by turn on the output.

RO1ANxxxxEJO100 Rev.1.00 Page 12 of 56
Jan.01.21 RENESAS



REIN_Inverter_V2 REIN_Inverter_V2 Hardware Design Document

Design consideration for IPD Functions:

IPD devices are powered by external connector (J10) through VBUS_EXT_PIN & optional internal supply
ORING between 12VDC VBUS External and on-board 15V6 (15.6V) through series diode is possible via
mounting of the diode as shown in figure below.

VBUS_EXT PIN

15Ve

TP28

Figure 4-1

IN (Input signal): MCU (U2) enables these devices through control signals EN_IPD_OUT1, EN_IPD_OUT2,
EN_IPD_OUT3 & EN_IPD_OUTA4.

IS (Current sense and Diagnosis output signal): These pins are pulled low by connecting to GND, which
generates voltage drop proportional to load current. MCU (U2) monitors voltage drop through ADC and
analyses current consumption of the load through IPD connector (J10).

Zener diodes are provided at the IS pin, to protect MCU from over voltage, when voltage drop between IS pin
and ground is greater than VCC.

SEN (Sense enable input): VSEN is set to 5V (EVCC) in design. RSEN is set to 4.7kQ.

OUT (Protected high-side power output): The output of IPD devices, OUT1, OUT2, OUT3 & OUT4 are
connected to the IPD connector (J10).

A capacitor of 0.1uF/50V and 12kQ resistor is provided across output pin and connector (J10). TVS diode
(D30) is provided across the output pin, for ESD protection of the device.

TEL22 TPI123
IPD SECTION Q 0
C176 C177
sov sov

50V
0.1uF

ikad al ourt me ouT:
R223 47K SEN (, R224 47K SEN
7 ouTt 7 our2
EN IPD OUT1 RS, 47K o T 1 ] = EN IPD OUT2  R226,,, 47K i T
R277 C178 D30 R278 ——=C179 LDJI
AN PR CS OUT1_ R229, 47K & o 12K 0.1uF 72k SMBII6CD-M3H AN IPD €S OUR2 Ro3p,,, 47K o a 12K 0.1uE K SMBI16CD-M3/H|
z S50V z s0v
& 50V = & 50V
i = y EL-AY C183 o TPDI66033TIU-E1-AY
x it 15 TPDI166033TIU-E1-AY ](Dﬂ s R80
D62 50V ! 100F E—7
10nF
=
R283 OR Dir 1
Ll
S110FP <7
D35 __I_
N —> =
i<
,DNP
R302 DNP| 2!
GND NETWORK S

[

C181

0.1pF

TA - o
w0
£28
TAB

o0V
g 0.1uF i
R0, 47K
u30 = g
R290 47K SEN 083 0[64
F 3 OUT3 " 10 OouUT4
EN IPD OUT3 R292,\\ 47K N 1/ T _L o EN IPD OUT4 Ro86, 4K 4] \L{J( 11 _L &
R294 C196 ¥ o4 R231 c182 Y D33
AN IPD CS OUT3,  R293,,, 47 o 1K o1pF A SMBII6CDMIH g 1K 0 1uE A SMBI16CD-M3H]
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Figure 4-2
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5. System I/0O Connector Details

Controller board has 1 Nos of 12-Pin and 3 Nos. of 34 pin System |/O connectors, which deals with 12V
External Load Drive, Control, Communication & 1/O signals respectively across controller board to external
system. Since these connectors carry all system related signals in and out of the board, these are classified
based on type of signals.

These connectors are named as ANA, COM and DIO in the design, where ANA connector deals with
analog signals such as RDC, temperature sensor, pedal, brake status. COM connector deals with
communication related signals such as classical CAN, CAN-FD, LIN interfaced and UART. DIO connector
deals digital 1/0, Frequency Capture, and interrupts.

12-pin connector details:
- Manufacturer: Molex
- Part Number: 0367831201
- 12 Pin header Connector

- 3.20mm Pitch

- 10.5A maximum current per contact

- 28V DC maximum voltage

- Temperature Range - Operating -40° to +105°C

34-Pin header Connector details:
- Manufacturer: JAE Electronics

- Part Number: MX23A34NF1

- 2.50mm Pitch

- Board Guide

- Low profiled type with board mounting height of 18.3mm and socket connector height of 22.2mm.
- 3A rated current.

- Temperature Range - Operating -40° to +125°C

Following are the system 1/O Connectors
1. IPD Connector — 12V Bus Net High Side Control ports — 4 Outputs Available.
2. ANA Connector — Analog input signal/s interfacing.
3. COM Connector — Communication signal/s interfacing.
4. DIO Connector — Digital I/0 signal/s interfacing.
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5.1 IPD Connector

A 12-pin connector is dedicated for IPD (Intelligent Power Devices), the 4 outputs on the connector
are driven by protected High-side switches working from the 12V Bus Net Power. IPD’s also provide diagnostic
function to monitor the fault conditions occurring on the output or load side.

J10

OUT3 1 7

Note: OQuUT2 2 8

Mating Connector MX23A34SF1 OUT1 3 9
Includes in BOM OUT4 4 10 I

5 11

2

VBUS_EXT PIN} I 6 |2 ]

0367831201 =

VBUS_EXT GND_PIN

Figure 5-1 IPD Connector details

Caution: VBUS_EXT_PIN must be supplied from external 12V DC supply connection only, IPD’s will
not source from Primary Supply of the Inverter Board. The J10 connector outputs can only be used with the
presence of the 12V DC Supply.

Table 5-1 IPD Connector electrical details

:m Signal Name 5V 12V Signal Description

1 OuUT3 x v Qutput Output signal 3 from the IPD Device (U30) to external system

2 ouT2 x v Output Output signal 2 from the IPD Device (U29) to external system

3 ouT1 x v QOutput Output signal 1 from the IPD Device (U26) to external system

4 OouT4 x v QOutput Output signal 4 from the IPD Device (U27) to external system

5 VBUS_EXT_PIN x v Power VBUS_EXT_PIN, 12V supply to IPD devices in the board

6 VBUS_EXT_PIN x v Power VBUS_EXT_PIN, 12V supply to IPD devices in the board

7 VBUS EXT GND PIN - - Ground VBUS EXT GND PIN, connected to IPD device

8 VBUS_EXT_GND_PIN - - Ground VBUS_EXT_GND_PIN, connected to IPD device

9 VBUS EXT GND PIN - - Ground VBUS EXT GND PIN, connected to IPD device

10 VBUS EXT GND PIN - - Ground VBUS EXT GND PIN, connected to IPD device

11 VBUS_EXT_PIN x v Power VBUS_EXT_PIN, 12V supply to IPD devices in the board

12 VBUS _EXT PIN x v Power VBUS_EXT_PIN, 12V supply to IPD devices in the board
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5.2 ANA Connector

ANA Connector provides the analog input interfaces such as Resolver sin/ cos signals, Pedal, Brake
and Temperature sensor inputs. Up to 6 analog inputs are available additionally for the user specific analog
signal interfacing. The connector also provides uni-directional 5V DC Power Supply for sensor interfacing.

DC_RES_SIN _PIN

ANA

18

DC RES COS PIN

T {DC_RES_VS+

RES _S3 PIN

20

RES S1 PIN

21

RES_S4 PIN

22

RES S2 PIN

23

RES R1_PIN

24

RES R2 PIN

25

ANATOG ING

26

ANALOG_INS

27

ANATOG IN4

28

ANALOG_IN3

o5 JANALOG_SENS+

PEDAL SENS IN

30

= |PEDAL_VS+

TEMP SENS2 IN

o {BRAKE VS+

TEMP SENSI IN

- |TEMP_vS2+

ANALOG_IN1

| .
34 ANALOG_INZ PR ¥

MX23A34NF1

SGND

Figure 5-2 ANA Connector details

Caution: The ANA connector signals can be used as Analog inputs only and no digital input can be

interfaced.
Table 5-2 ANA Connector electrical details

Pin # Signal Name 5V 12V | Signal | Description

1 DC_RES_SIN _PIN v x Input Analog signal related to RDC sine from ext. system to ADC of MCU (U2)

2 DC RES COS PIN | v x Input Analog signal related to RDC cosine from ext. system to ADC of MCU (U2)

3 RES S3 PIN x v Input RDC S3 input signal from the external system to RDC of MCU (U2)

4 RES S1 _PIN x 4 Input RDC S1 input signal from the external system to RDC of MCU (U2)

5 RES_S4 PIN x v Input RDC S4 input signal from the external system to RDC of MCU (U2)

6 RES_S2 _PIN x v Input RDC S2 input signal from the external system to RDC of MCU (U2)

7 RES _R1_PIN x v Output | RDC Output R1 from RDC of MCU (U2) to external system.

8 RES R2 PIN x 4 Output | RDC Output R2 from RDC of MCU (U2) to external system.

9 ANALOG _IN6 v x Input Analog input 6 signal from ext. system to ADC of MCU (U2).

10 ANALOG _IN5 v x Input Analog input 5 signal from ext. system to ADC of MCU (U2).

11 ANALOG_IN4 v x Input Analog input 4 signal from ext. system to ADC of MCU (U2).

12 ANALOG_IN3 v x Input Analog input 6 signal from ext. system to ADC of MCU (U2).

13 PEDAL_SENS_IN v x Input Pedal sense input signal from ext. system to ADC of MCU (U2).

14 BRAKE_SENS IN v x Input Brake sense input signal from ext. system to ADC of MCU (U2).

15 TEMP_SENS2 IN v x Input Temperature sense 2 input signal from ext. system to ADC of MCU (U2).

16 TEMP_SENS1_IN v x Input Temperature sense 1 input signal from ext. system to ADC of MCU (U2).

17 ANALOG_IN1 v x Input Analog input 1 signal from external system to ADC of MCU (U2).

18 DC_RES VS+ v x Power | DC_RES VS+, Power supply from board to connector.

19 SGND - - GND Connected to Signal Ground (SGND)

20 SGND - - GND Connected to Signal Ground (SGND)

21 SGND - - GND Connected to Signal Ground (SGND)

22 SGND - - GND Connected to Signal Ground (SGND)

23 SGND - - GND Connected to Signal Ground (SGND)

24 SGND - - GND Connected to Signal Ground (SGND)

25 SGND - GND Connected to Signal Ground (SGND)

26 SGND - - GND Connected to Signal Ground (SGND)

27 SGND - - GND Connected to Signal Ground (SGND)

28 ANALOG_SENS+ v x Power | ANALOG_SENSE+, Power supply from board to connector.

29 SGND - - GND Connected to signal ground

30 PEDAL _VS+ v x Power | PEDAL _VS+, Power supply from board to connector.

31 BRAKE_VS+ v x Power | BRAKE_VS+, Power supply from board to connector.

32 TEMP_VS2+ v x Power | TEMP_VS2+, Power supply from board to connector.

33 TEMP_VS1+ v x Power | TEMP_VS1+, Power supply from board to connector.

34 ANALOG IN2 v x Input Analog input 2 signal from external system to ADC of MCU (U2).
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5.3 COM Connector

COM Connector provides communication interfaces from C1M-A1 for interfacing other ECU, Sensors
and external diagnostic tools. Communication interfaces are available with and without isolation, please see
the details for the isolated interfaces.

e e e i RIS - 3 Nos Non-isolated CAN / CAN-FD
e {CAN_ISO_SV
=== g - I||-('.\N 1SO GND
S 5 - 3 Nos LIN
= CAN P Z
= = - 2Nos SENT
= CANI 25
== CAND T 37 SENTIFIPIN - 2 Nos “Isolated” UART
== CAND N 28 SENTIF2PIN
RXD [PIN 29 i 6 PWR BIN « ”
TR e -1 Nos “Isolated” CAN / CAN-FD
) = e {RLIN VS
. RADOPIN :41 TXDOPIN {UARTO 150 PWR PIN
N fe? MX23A34NEL NA

Figure 5-3 COM Connector details

Caution: “Isolated” interfaces UART & CAN require Power to be provided on the isolated side of the
interface. CAN_ISO_5V, UARTO_ISO_PWR_PIN & UART1_ISO_PWR_PIN must be supplied with 5V DC
externally and respective CAN_ISO_GND, UARTO_ISO_GND_PIN & UART1_ISO_GND_PIN must be
connected to GND separately.

Table 5-3 COM Connector electrical details

Pin # Signal Name 5V | 12V | Signal | Description
1 CAN2_P v x 110 CAN2_P differential pair signal from isolated CAN-FD (U8)
2 CAN2_N v x 110 CAN2_N differential pair signal from isolated CAN-FD(U8)
3 NC - - - No Connection
4 SGND - - GND Connected to Signal Ground (SGND)
5 CAN3_P v x 110 CANS3_P differential pair signal from non-isolated CAN(U7)
6 CAN3_N v x 110 CANB3_N differential pair signal from non-isolated CAN(U7)
7 CAN1_P v x 110 CAN1_P differential pair signal from non-isolated CAN(U6)
8 CAN1_N v x 110 CAN1_N differential pair signal from non-isolated CAN(U6)
9 SGND - - GND Connected to Signal Ground (SGND)
10 CANO_P v x 110 CANO_P differential pair signal from non-isolated CAN(U6)
11 CANO_N v x 110 CANO _N differential pair signal from non-isolated CAN(U6)
12 RXD1PIN v x 110 UART(U11) receiver signal
13 TXD1PIN v | % 1/0 UART(U11) transmit signal
14 RLIN2 x v 110 LIN Transceiver (U9) I/O
15 RLIN1 x v 110 LIN Transceiver (U9) I/O
16 UARTO_ISO_GND_PIN | - - GND Isolated ground for U10
17 RXDOPIN v x 110 UART(U10) receiver signal
18 CAN_ISO 5V v x Power | Power supply to isolated CAN-FD(U8)
19 CAN_ISO_GND - - GND Isolated ground to CAN-FD(U8)
20 NC - - No Connection
21 SGND - - GND Connected to Signal Ground (SGND)
22 SGND - - GND Connected to Signal Ground (SGND)
23 SGND - - GND Connected to Signal Ground (SGND)
24 SGND - - GND Connected to Signal Ground (SGND)
25 SGND - - GND Connected to Signal Ground (SGND)
26 SGND - - GND Connected to Signal Ground (SGND)
27 SENTIF1PIN v x 110 RSENT1 data input from the external system to MCU (U2)
28 SENTIF2PIN v x 110 RSENT2 data input from the external system to MCU (U2)
29 UART1_I1ISO PWR PIN | v x Power | Power supply to isolated UART(U11)
30 UART1_ISO_GND_PIN | - - GND Isolated ground to UART (U11)
31 RLIN_VS x v Power | RLIN_VS, power supply to the COM
32 RLINO x v 1/0 LIN Transceiver (U9) I/O
33 UARTO I1ISO PWR _PIN | v x Power | Power supply to isolated UART(U10)
34 TXDOPIN v | % 1/0 UART (U10) transmit signal.
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5.4 DIO Connector

DIO Connector provides digital input and output signal interfaces. For details refer the schematics to
understand the Active low or Active High input support. Additionally, this connector also provides input for Hall
sensor and Encoder interface for Motor control. The digital inputs are available as logic inputs, interrupts and
frequency capture by selecting right function of the MCU port. The digital outputs can be configured as logic

output or PWM output subject to the port configuration of the MCU.

DIO
OUT4PIN 18  OUT3PIN
IN1PINEMERGENCY STOP 19
ENC IN1 20 OUT2PIN
ENC INO 21
FREQ INOPIN 22  INSPIN
FREQ TNITIN 23 HALL VS PIN
HALL. W PIN 24 HALL VS PIN
HALL V PIN 25 SN
HALL U PIN 26
CON IN2PIN 27 .
INSPIN 28 |
INGPIN 29
IN7PIN 30
IN4PIN 31
IN3PIN 32
IN2PIN 33
INIPIN 34
MX23A34NF1
Figure 5-4 DIO Connector details
:m Signal Name 5V | 12V | Signal | Description
1 OUT4PIN 4 x Output | Digital output 4 signal from MCU (U2) to ext. system
2 /_Iéll\\l/:EPIg\éENCY_STOP v | v Input Emergency signal from ext. system through connector (DIO) to MCU (U2)
3 ENC_IN1 v v Input Encoder input1 signal from ext. system through connector (DIO) to MCU
4 ENC_INO 4 4 Input Encoder input0 signal from ext. system through connector (DIO) to MCU
5 FREQ_INOPIN v | v Input Frequency input0 signal from ext. system to MCU (U2)
6 FREQ_IN1PIN v | v Input Frequency inpu1 signal from ext. system to MCU (U2)
7 HALL W_PIN v v Input ENCAO encoder input 2 signal from ext. system to MCU (U2)
8 HALL V_PIN 4 4 Input ENCAO encoder input 1 signal from ext. system to MCU (U2)
9 HALL_U_PIN v | v Input ENCAO encoder input 0 signal from ext. system to MCU (U2)
10 CON_IN2PIN 4 v Input CON _IN2PIN signal from ext. system to MCU (U2)
11 INSPIN 4 x Input Input 5 signal from ext. system to MCU (U2)
12 INGPIN 4 x Input Input 6 signal from ext. system to MCU (U2)
13 IN7PIN 4 x Input Input 7 signal from ext. system to MCU (U2)
14 IN4PIN 4 x Input Input 4 signal from ext. system to MCU (U2)
15 IN3PIN v x Input Input 3 signal from ext. system to MCU (U2)
16 IN2PIN v x Input Input 2 signal from ext. system to MCU (U2)
17 IN1PIN v x Input Input 1 signal from ext. system to MCU (U2)
18 OUT3PIN v x Output | Output 3 signal from MCU (U2) to ext. system.
19 SGND x x GND Connected to Signal Ground (SGND)
20 OUT2PIN v x Output | Output 2 signal from MCU (U2) to ext. system.
21 SGND x x GND Connected to Signal Ground (SGND)
22 INSPIN v x Input Input 8 signal from ext. system to MCU (U2)
23 HALL_VS_PIN v x Power | Power supply from board to connector.
24 HALL_VS_PIN v x Power | Power supply from board to connector.
25 SGND x x GND Connected to Signal Ground (SGND)
26 SGND x x GND Connected to Signal Ground (SGND)
27 SGND x x GND Connected to Signal Ground (SGND)
28 SGND x x GND Connected to Signal Ground (SGND)
29 SGND x x GND Connected to Signal Ground (SGND)
30 SGND x x GND Connected to Signal Ground (SGND)
31 SGND x x GND Connected to Signal Ground (SGND)
32 SGND x x GND Connected to Signal Ground (SGND)
33 SGND x x GND Connected to Signal Ground (SGND)
34 SGND x x GND Connected to Signal Ground (SGND)
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6. Microcontroller functional Mapping

The Microcontroller used in the reference design is RH850/C1M-A1, part # R7TF701278EAFP is 176-pin
plastic QFP (0.5-mm pin pitch). The CPU is supporting Lock-Step Dual Core (Main Core + Checker Core) and
consists of G3MH core operating at 240MHz and supports FPU (Floating Point Unit) and MPU (Memory
Protection Unit). Additionally, there is support for Internal Peripheral Guard (IPG) and System Error notification
control function (SEG).

Some important safety and security H/W IP provided on-chip are as follows:
- Clock Monitor (CLMA)
- Error Control Module (ECM)
- Error Correcting Coding (ECC)
- Data CRC (DCRA)
- Intelligent Cryptographic Unit E (ICUSE)
- Secure Watchdog Timer A (SWDTA)

Flash Interface

CPU Peripheral

SubCPU (PE3)

System Interconnect

Slave Guard

Peripheral Peripheral Peripheral Peripheral Peripheral
Group 2 Group 1/4 Group 0 Group 3/6 Group 5

CSIHx3 TAUDxX2 SCI3x3 64KB Flash Cgf;zzl Clock
IRS-CANFDx4 TAUJX1 WDTAX1 DataFlash Controller s Controller
S ORI CLMe

—— X i
ErS £ Contolr
PIC1Bx1

PIC2Dx1

Internal Block Diagram of RH850/C1M-A1
Figure 6-1 C1M-A1 Block Diagram

For reference design of inverter, we have mapped the relevant peripherals allowing options to evaluate
almost all the peripheral features of the device relevant for this application. From Top Level, we have mapped
inverter application based on the /O requirements, such as Analog Interfaces, PWM for Motor Drive,
Communication Interfaces (UART, SPI, CAN, LIN and SENT).

For Motor Control Specific H/W IP on-chip include Embedded Motor Unit (EMU3) and resolver to digital
converter (RDC3), these peripherals in conjunction with on-chip ADC and TSG (Timer Module) enable inverter
function for Motor control. For details refer to the User's Manual of RH850/C1M-Ax.
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6.1 Device Functional Mapping Summary:

The RH850/C1M-A1 device functions are mapped based on the following categories:

System functions: Power Pins, System Pins, Debugger Pins & Special Function Pins.
Motor Control Application Pins.

Communication: SPI, UART, CAN, LIN & SENT Interfaces.

Analog Pins: Voltages, Currents, Temperature, and external signal monitoring.
Digital Input / Output functional Pins.

arON -~

Note: Please contact Renesas Support for Pin Mapping Excel for RH850/C1M-A1 for your use.

RO1ANxxxxEJO100 Rev.1.00 Page 20 of 56
Jan.01.21 RENESAS



REIN_Inverter_V2 REIN_Inverter_V2 Hardware Design Document

6.1.1 System Functions
Pin #|Mapped Functions |User Functions |Comment / Remarks
4|A2VREFH A2VREFH -0.3to A2VCC+0.3
5|A2VCC A2VCC 4.5V to 5.5V Power for SAR AD
6|A2VSS A2VSS Analog Ground
7|A1VCC A1VCC 4.5V to 5.5V Power for SAR AD
8|A1VREFH A1VREFH -0.3to A1VCC+0.3
9|A1VSS A1VSS Analog Ground
24)VSS VSS Ground
25|VDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
32|RVCC RVCC 4.5V to 5.5V Power for RDC
33|RVSS RVSS Resolver Ground
44| AOVREFH AOVREFH -0.3to AOVCC+0.3
45|A0VSS AOVSS Analog Ground
47|A0VCC AOVCC 4.5V to 5.5V Power for SAR AD
50(vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
52|VSS VSS Ground
66[VCC VCC 4.5V to 5.5V Power for oscillator, flash programming, and ports
68|VSS VSS Ground
70{vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
82(vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
84|VSS VSS Ground
95|VDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
97|VSS VSS Ground
99|vCC VCC 4.5V to 5.5V Power for oscillator, flash programming, and ports
110|vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
112|VSS VSS Ground
117|VSS VSS Ground
119|vCC VCC 4.5V to 5.5V Power for oscillator, flash programming, and ports
120|VSS VSS Ground
121|SysvccC SYSVCC 4.5V to 5.5V Power for system logic
126|VSS VSS Ground
128|SYSvCC SYSVCC 4.5V to 5.5V Power for system logic
129|vCC VCC 4.5V to 5.5V Power for oscillator, flash programming, and ports
130[VSS VSS Ground
144|vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
146|VSS VSS Ground
164|VCC VCC 4.5V to 5.5V Power for oscillator, flash programming, and ports
166|VSS VSS Ground
172|vDD VDD 1.25V (Typ.) Power for the core (direct power supply) andconnection of the stabilizing capacitor for core power
174|VSS VSS Ground
Figure 6-2 Power Supply Pins
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Pin #|Mapped Functions |User Functions |Comment / Remarks
116|X2 X2 Crystal oscillator connections
118|X1 X1 Crystal oscillator connections
122|MD1 MD1 Operating mode select pin
124|RESET RESET External reset input
125|FLMODE FLMODE Operating mode select pin
127|MDO MDO Operating mode select pin
Figure 6-3 System Pins
Pin #|Mapped Functions |User Functions |Comment / Remarks
83|AUDRST AUDRST AUD Debug
85|AUDCK AUDCK AUD Debug
86| AUDSYNC AUDSYNC AUD Debug
87|AUDATA3 AUDATA3 AUD Debug
88|AUDATA2 AUDATA2 AUD Debug
89|AUDATAL AUDATA1 AUD Debug
90| AUDATAO AUDATAO AUD Debug
108|DCUTDO DCUTDO LPD / NEXUS debug
109| DCURDY DCURDY LPD / NEXUS debug
111|DCUTDI DCUTDI LPD / NEXUS debug
113|DCUTCK DCUTCK LPD / NEXUS debug
114|DCUTMS DCUTMS LPD / NEXUS debug
115|DCUTRST DCUTRST LPD / NEXUS debug
Figure 6-4 Debug Pins
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Figure 6-5 Debugger Connectors
CAUTION: DO NOT PRESS SW1 when DEBUGGER (E1/ E2) is connected to the system.
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6.1.2 Reset Function

The Reset Circuit is a logical implementation with waterfall priority triggering interrupt or system reset.
C1M_RESET is prioritized based on the critical signals on-board that can potentially damage the system if it
continues to function under fault.

Priority |C1M-RESET CAUSE
3 |PMIC_RESET

2 E1 RESET
1 |EMERGENCY_STOP
1 CKT_FAULT
FAULT SECTION
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OCP FAULTS 2 | o E w2c
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- 18 w2D
SN74HCS08QDRQI DCFAULT 12 [, SN74HCS03QDRQI
& N\ 11
couraur 13 | &
CKT FAULT _R386 ,,, OR SN74HCS0SQDRQI
EVCC
T L 238
A 4 wsc
= A \ 6 9 23D
INVEMERGENCY STOP 5 | o v EVCC A AT 12
T B389  E] RESET 10 5 5 1Ll 5332 CIM RESET
SN74HCS08QDRQI 10K - _PMIC RESET 13 | & OR
SN74HCS0SQDRQI

€156 || 0.LuE SOND &' 0.LuF SGND
11500 S0V

U22E
O SN74HCS08QDRQ1

[=]
4
©

~

SGND SGND

Figure 6-6 Fault and Reset Circuit

Design Consideration for Fault Monitoring:

The design implements Over Current and Voltage Monitoring by window comparator functions,
therefore, if the signal falls out of bound of their respective upper / lower limits then trigger is generated notifying
the controller of the fault. OCP_FAULTx are current monitoring for DC Bus and Motor Phase currents.
DC_FAULT is DC BUS monitoring and GDU_FAULT is Gate-driver Supply monitoring output. The
CKT_FAULT is combined fault signal. The Priority of CKT_FAULT is same as EMERGENCY_STOP signal
and is lower than the priority of E1_RESET and PMIC_RESET. C1M_RESET is direct Push-button hard reset
for MCU.

Priority CIM_RESET > PMIC_RESET > E1_RESET > EMERGENCY_STOP == CKT_FAULT.

Unmount R386 to disable the CKT_FAULT reset generation capability, R228 Pull-up will take care of
keeping the EMERGENCY_STOP, E1_RESET and PMIC_RESET functionality in-tact.
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6.2 Motor control
Design Consideration for Motor control functions:

Motor control signaling includes Input (Sensor input / triggers) and output (PWM Signal). Using the on-
chip peripherals there is combination of peripherals that can be deployed for implementing Inverter Motor
control. The ADC, RDC3A & ENCA peripherals are used for sensor and analog interfaces, while TSG and
TAUD timer modules are used for PWM generation.

6.2.1 Encoder Input
Rotor Position Sensor Interface is achieved using digital and analog signals from the sensor in use.
The on-chip peripheral like ENCA provides the functionality to utilize the Encoder input pins to connect
incremental encoder (A, B & Z) as well as Hall sensor signals (HA, HB, HC), the selection is possible
depending on the mode of operation. However, same pins are used from MCU side, therefore, user can
either connect incremental encoder or Hall Sensor.

As you can see below, for ease of use, we have listed Encoder input pins as HALL_U_PIN,
HALL_V_PIN and HALL_W_PIN connecting them to Encoder inputs ENCAOEO, ENCAOE1 and ENCAOEC
pins of MCU, respectively.

HALL SENSOR INTERFACE  gyec

SR85 LR86 Z2RS7
2.2k 22k 2%

TP62 TP63 TPo4

HALL U PIN [ i T
- 14— ‘ WK
S110FP _
! RSS 100R %6
D26 > A T
HALL V PIN | g2 { TR TR ¢ 95| ig—g;mg,lgg
S110FP L RO\, LOOR 1991 po $/ENCAOEC

S110FP S0V ——4 Pl _0/ENCAOTINO

—i=| P1 1/ENCAOTIN1

{ L
1 L
o D27 _L
HALL W PIN 1 K = ——c99 _|_C100 +?101

0.1uF | 0.1uF
EVCC )
SGND R7F701278EAFP
.;RQ] .:R_%ST
Sy 3 n
T Ll TP75 TP73
S110FP T T
ENC INO D28 1 1< 2 [ R93 ,\\LOOR
ENC IN1 D29 1 5> 2 [ R94 ., 1OOR l
S110FP |
== C103
50V 50V
= 0.1uF 0.1pF
ENCODER INTERFACE |
SGND

Figure 6-7 Encoder / Hall sensor Interface

IMPORTANT: When no sensor is connected to these connector pins, then, the pins will show ‘High’ due to
pull-up to EVCC. Logic ‘HIGH’ indicates no motion when using encoder function and invalid pattern when using
Hall-sensors, therefore, this is the safe state. The series diode ensure that only Active ‘Low’ signal is captured
and any voltage above EVCC when applied to these input pins is blocked preventing damage to the MCU pins.
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6.2.2 RDC Input
The R/D (resolver-to-digital) converter 3A converts the analog value (angle information) indicating the rotor
angle of the resolver into a 16-bit (at maximum) digital value. RDC3A allows interfacing VR resolver (e.g.
Tamagawa Seiki), the RDC3A provides option to interface DC resolver with Sin/Cosine signal output for
absolute rotor position sensing. Selection of VR resolver or DC resolver is matter of configuration and
tweaking the Hardware Input circuit to support the DC signaling with correct offset.
SENS Required Sensor Selection Function
Selects the required sensor.
0: Use the DC resolver*!

1: Use the VR resolver (default)
Figure 6-8 Selection of DC or VR Resolver

MCU

)
C
+*VEXT  RDC3ANCOSMNT
or L VCOSMNT, VSINMNT
RDC3An SINMNT L1
o R RDC3AnS1
N RIN2 RIN2  [(RDC3AnS2)
« Error
detection
cN )
)
(§ _L RIN2  RIN/2 RDC3AnS3
et L (RDC3AnS4) VCOM (2.5 V)
l Cc ICC RL
(1,000 pFx2) 1

Note: The input resistance (RIN) tolerance (%) can affect the conversion accuracy (LSB). Approximately 0.3%

corresponds with 1 LSB.

VCOSMNT, VSINMNT: Resolver signal monitor voltage
VCOM: IC internal reference voltage (= RVCC/2)
RF: 21 kQ (typ). Subject to register setting and automatic adjustment function.

Figure 6-9 VR Resolver Signal Input Circuit
RIN: Resolver signal level
Adjust the signal level so that,
VCOSMNT or VSINMNT = (VIN) x (RF / (RIN + 600 Q)) falls within the range from 0.36 x RVCC to 0.64 x RVCC [Vpp].

(where VIN denotes the signal output voltage between resolver pins [Vpp], RIN = 2[kQ])
RH and RL: Determine a resistance value in an 89% to 100% range from the following calculated values:

1. RH = {(RVCC — VCOM) / (22.0 x 10 —s)} — RIN, where VCOM = RVCC/2[V]
2. RL = {VCOM/(22.0 x 10 —6)} — RIN, where VCOM = RVCC/2[V]
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MCU 3
C
RDC3ANCOSMNT
or
RDC3ANSINMNT [ J«
RDC3AnST
) RIN2  RIN2 (RDC3AnS2)

(& RF
Jj\/\/\_[ > Error
Detection
DCSIN

> -

DCCOs

)
« RIN2 ~ RIN/2

RDC3AnS3
(RDC3AnS4) VCOM (2.5 V)

—A

Note: The input resistance (RIN) tolerance (%) can affect the conversion accuracy (LSB). Approximately 0.3%
corresponds with 1 LSB. Differences in input signal conditions and peripheral circuits can affect the RD
conversion accuracy and the error detection function.

Figure 6-10 DC Resolver Input Circuit

CAUTION: The reference design implements the Excitation Voltage Booster Amplifier Circuit (Single Power
Supply) on-board, allowing to interface VR resolver. If the DC resolver must be interfaced via RDC3A pins
RDC3AnS1 (RDC3AnS2) and RDC3AnS3 (RDC3AnS4) then please consult Renesas technical support.

RDC SECTION RCe TP76 Ryaa
R96, ,, 120k
L13
RES S1 PIN 1 2 RI00 . 22K RI0L ,, 22K
1.
NANS =Lcios
RES S3 PIN 1| /A3 0.1yF B
C104 50V 7
ol SRF3216A-601Y s0v < ﬁzgg
vs7 RI0S ., 22K ]| 470F  RI106 ., 22K =

P OSLTIG

{} INUP210SLT1G J 28 1 RDC3A0S1
=—=C106 ==C107 ; i

LR10 21 RDC340S3

1000pF | 1000pF =
50V 50V 120k TP77
i 29
RDC3A082
TP78 o5
=21 RDC3A0S4
SGND R7F70127SEAFP
RVCC

R114 120k

Li4
RES §2 PIN 1 2 RIS ., 2K R119 ,,\ 2K
AN
RES S4 PIN 1| ”R_R~ L3
B C113
SRF3216A-601Y oy
S8 47pF
} INUP210SLT1G R124 . 29K R125 ., 22K
=iy ==y X Ty
& L00OPF | 1000pF T 6_
50V sov. |20k

SGND
Figure 6-11 RDC Input Circuit

IMPORTANT: DC Resolver interface, Unmount the following: R96, R107, R114 and R127. The Applied DC
Resolver SIN/COSINE signal must be applied with 2.5V DC offset for the RDC to compute angle correctly.
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6.2.3 Output: TSG3 for 3 Phase Motor Control

The TSG3n is an 18-bit timer counter with various motor control functions, the counter clock of 80MHz
offers minimum resolution of 12.5nsec. Independent dead-time can be set for positive to inverse phase change
and vice-versa. Forced output stop function allows the Hi-z control of the TSG output pins TSG3nO1~06.
Additionally, ADC Trigger signal generation from the TSG compare match is possible without any software
intervention.

TP61
R370 . A DNP ? GDU ENABLE
R372 w' 10K
l R373 w: 10K
T Ens

P

SGND
GDU EN R327 2]
& 2
LICE R 22| p1_2/TSG3001
VIOP R320 120 R i
WIOP R330 7 | e
: o P1_4/TSG3005
T L ETTRE 142 § b1 5/TSG3002
\’B(.)T R-‘)Sz "N l]!\. T 143 o T /
e Sy M = PLG/TSG3004
=l Wl ] PiT7Ts63006
= — W d b P3_4/TAPA3ESO
TP74 R7F70127SEAFP
R376 0 10K A A, .
R378 ﬁ 10K JEVCC
R380 :v' 10K
= ,.} v L
R382 10K

N

SGND
Figure 6-12 TSG30 PWM Output with TAPA3ESO Hi-z Control
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The HT-PWM mode is commonly used for Inverter control. In this mode, the 18-bit counter (up/down
count by * 2 bits, practically 17 bits) and the 18-bit compare registers (LSB is used to control additional pulse)
are used to generate a 6-phase PWM signal.

1. Set the carrier wave period to TSG3nCMPOE.

2. Set the duty cycle of the voltage data signals of the U phase, V phase, and W phase with
TSG3nCMPUE, TSG3nCMPVE, and TSG3nCMPWE. (The values set to TSG3nCMPUE,
TSG3nCMPVE, and TSG3nCMPWE are reflected immediately to the corresponding
TSG3nCMPmME (m =1, 2, 5, 6, 9, 10)).

The INTTSG3nIPEK interrupt (Peak Intr.) is generated only when TSG3nCTL4.TSG3nPRE = 1.
4. The INTTSG3nIVLY interrupt (Trough Intr.) is generated only when TSG3nCTL4.TSG3nVRE = 1.

The ADC conversion trigger can be enabled from TSG in HT-PWM mode, please refer User's
Manual for details.

18-bit counter Load Load 18-bit sub-counter
{up'down and £ 2 counts) {up/down and £ 2 counts)
v ¥
D

v

T — 1 L X 3
\ielﬂj—][—” TSGANDTCOW register | sEL | TSG3nCMPOE buffer register |:

[ TSGINCMPIETSGHDTCT | | P INTTSG3nIVLY
[

B INTTSG3nIPEK 0000, ST
n
| _m T @ TSGE3n01 (U phase)
i A s
| s
TSGINCMPIETSGINCMP2E buffer 4>E|—' © 7563002 (U phasc)
{U-phass output data) .
y ) R e J—P@ TSG3n03 (V phase)
A A A
B P
4@—»@ TSG3n04 (V phase)
TSGINCMPSETSG3nCMPEE buffer
{\/-phase output data)
‘ﬁ ¢ TSG3nDTT3 countsr |— TGOS TSG3n0S (W phase)
A X J
TSG3INCMPIETSG3nCMP10E buffer 4@—’ © TSG3n0E (W phase)
(W-phase output data)
TSGINDTCOW register TSEINDTCIW register
Figure 6-13 HT-PWM Mode Block Diagram
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The 120-DC Mode: In this mode, PWM output period set to TSG3nCMPOE and timer output (TSG3n0O1
to TSG3n0O6) according to the duty cycle set to TSG3nCMP1E to TSG3nCMP12E are controlled with three
types of pattern inputs (software output control method, pattern switch method, and trigger switch method) to

perform 120-DC control.
1. Setthe PWM period to TSG3nCMPOE.

2. Set the PWM duty to TSG3nCMP1E to TSG3nCMP12E and set the output pattern to TSG3nPATOW

and TSG3nPAT1W.

INTTSG3nIPEK Peak interrupt (generated at the same timing as INTTSG3nI0)
INTTSG3nIWN Warning interrupt = when illegal pattern is detected.

The ADC conversion trigger can be enabled from TSG in HT-PWM mode, please refer User’'s Manual

for details.

INTTSG3nI1,INTTSG3nI3,
INTTSG3nI2,INTTSG3nl4,
INTTSG3nl5,INTTSG3nI7
INTTSG3nl6,INTTSG3nI8,
INTTSG3nlI9,INTTSG3nl11,
INTTSG3nI10,INTTSG3ni12
interrupts  interrupts

TO change trigger

|——© TSG3n01 pin

L © TSG3n02 pin

L © TSG3n03 pin

——@© TSG3n04 pin

| Match selector| Ly TSG3nO1
|
| TSG3NDTTI ﬁ—c°”tr°'
L counter :‘ : TSG3n02
P |Match selector i i control
H i
— TSG3n03
Output pattern Matoh selector}  SGI DTz E control
control signal P 4 [ TTE——
g counter TSG3n04
control
TSG3n05
TsGanDTT3 | L_contrel |
™ counter i .
i i TSG3nO6
4'| Match selector I £ control

TSG3nPTSIO pin @) Edge level |-
TSG3nPTSI1 pin ©pf detection |-
TSG3nPTSI2 pin ©-—»f _ Creut  [H

TSG3nOPCI0, TSG3nOPCI1 signals — M [—» TSG3nPTE signal
—® TSG3nPEC signal

TSG3nOPTO.TSGanPsc — | Pattern decoder

TSG3nOPT0.TSG3nIDC —M B TSG3nSTR1.TSG3nTSF

TSG3nOPTO.TSG3nSTE —W

TSG3nOPTO.TSG3nPSS — b —» TSG3nPUD
TSG3nPATOW —®
TSG3nPATIW —H

TSG3nOPT0.TSG3nPOT TSG3nTRGO.TSG3nTS

(input selection) TSG3nCTLO.
TSG3nMD2-TSG3nMDO

Figure 6-14 120-DC Mode Block Diagram

PIC1B_TSG3n
input selector 1 TSG3n
input selector 1 _ i i .
— >
e TSG3nPTSIO =
ENCAnE1 &———> —> —
TSG3nPTSH
ENCANEC (—> —> I
TSG3nPTSI2

——© TSG3n05 pin

—— © TSG3n06 pin

TSG3nTO1-6
TSG3nUDC
TSG3nDIAG

Figure 6-15 ENCANnEx to TSG3nPTSIx signal via PIC1B
IMPORTANT: The TSG3nPTSIx pin signal shown in Fig 6-13 is connected to ENCAnEXx pin of the MCU. There

is no TSG3nPTSIx pin on the MCU.
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6.2.4 Output: TAUD for 3 Phase Motor Control

The high accuracy triangle wave PWM output function with the dead time is realized by using the
triangle wave PWM output function/one-shot pulse output function of TAUDO and PIC1B in combination. The
following figure shows the block diagram of the high accuracy triangle wave PWM output function with the
dead time.

TAUDn TAUDn
R LRGEEEEEE PICIB_TAUD oo , PIC1B_signal
: 1 input selector : : generator
]
" H ' [
' | cHo2 ' | CH10
' TOUTO2 ; TOLT TOPNU (U phase)
i 3 TIN1O | e ! > R
1 ! ' '
] H 1 "
V ! ' CH12 \
i ' CH13 3
'
i H TINT2! TOUTLS
! 1 ! T TOPnUB (UB phase)
1
! 1 ' cHi4 ' >
1 i - L]
' ' CH15 TOUT15
i : Eq
' 1 TINT4 L H
1 i ! 1
[ H i 1
1 1 ! 1
H ! I H
1 1 1 [
! ' bemssasmsnE == 4 TOPNVB (V phase)
' : One-shot pulse output >
: 1 function
i i
! i
! 1
' 1
' 1
H 1
1
! 1 TOPNVB (VB phase)
! CHoB i s
1 ::
+ | cHoe !
' I
| TouTOo8
v| chos il
1 Ll
H ! TOUTO8
i 0
! iy
£ 1 TOUTO4 TOPnW (W phase)
'
i | — >
i it
| CH09 I
1
i 1
+ | cHor 1
'
[ cros | TOUTO0S
| TouTo? TOPNWB (WB phase)
] —>
. ! TOUTOS
' 1
s
Triangle wave PWM output
function with dead time

Figure 6-16 Block Diagram of High Accuracy Triangle Wave Three-Phase PWM Output with Dead

Time

GDU ENABLE R367 \aa 10K
1 R368 ., 10K
[{ R369 ., 10K
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= M K [@ W R325 a1k WBOT -
PO_15/TAPAOWN [—=- [t eV T ST TP71
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R375 ., 10K

RETT_, 10K

R379 . ' 10K

R381 .., 10K
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Figure 6-17 TAUDO uses TAPAO 3Phase PWM Outputs
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6.2.5 Output: Hi-z Control

Abnormal operation in timer motor-control under CPU control leads to rotation of the externally
connected motor also becoming abnormal. In such a case, this function forcibly sets the motor control output
to the Hi-Z state, independently of control by the CPU.

TAPAS3 connects ESO3 to enable Hi-z control of TSG30 6-phase PWM outputs.
TAPAO connects ESOQO to enable Hi-z control of TAUDO PWM Outputs.
Table 24.84  Setting Value

Register TAPA

to be to be
Register Name Bit5 Bit 4 Bit 3 Bit 0 Controlled Connected
PIC1BHIZCENOO ERROROUTZ — — ESO0 TAUDO TAPAO
PIC1BHIZCENO1 ERROROUTZ — — ESO1 TAUD1 TAPA1
PIC1BHIZCENO2 ERROROUTZ — INTTSG30IER ESO3 TSG30 TAPA3
PIC1BHIZCENO3 ERROROUTZ INTTSG31IER — ESO4 TSG31 TAPA4
PIC1BHIZCEN10*" ERROROUTZ — — ESO2 TAUD2 TAPA2
PIC1BHIZCEN12*! ERROROUTZ — INTTSG32IER ESO5 TSG32 TAPA5

PWM HiZ

R68 4an OR

o CKT FAULT
TP54

Figure 6-18 Circuit Fault Signal Connects to PWM Hi-z Control.
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6.2.6 Motor Control with RDC3A and EMU3

Pin #|Mapped Functions |User Functions |Comment / Remarks

21|RDC3A0COSMNT  |RDC3A0COSMNT |COS-side monitoring signal output Dedicated to RDC3A
23|RDC3AO0SINMNT  |RDC3AOSINMNT |SIN-side monitoring signal output Dedicated to RDC3A
26{RDC3A0S4 RDC3A0S4 Resolver signal input Dedicated to RDC3A
27[RDC3A0S3 RDC3A0S3 Resolver signal input Dedicated to RDC3A
28|RDC3A0S1 RDC3A0S1 Resolver signal input Dedicated to RDC3A
29|RDC3A0S2 RDC3A0S2 Resolver signal input Dedicated to RDC3A
30{RDC3A0RSO RDC3A0RSO Excitation signal input/output Dedicated to RDC3A
31{RDC3A0COM RDC3A0COM Excitation common signal input/output Dedicated to RDC3A
91|RDC3A0_OUT_W  |RDC3A0_OUT_W |RDO_OUT_W Encoder pulse output *-optional

RDC3A0_OUT_V

RDC3A0_OUT V.

RDO_OUT_V Encoder pulse output *-optional

93[RDC3A0_OUT_U RDC3A0_OUT_U |RDO_OUT_U Encoder pulse output *-optional
139|TSG3001 TSG3001 Uphase + TSG PWM Output
140|TSG3003 TSG3003 Vphase + TSG PWM Output
141|TSG3005 TSG3005 Wphase + TSG PWM Output
142|TSG3002 TSG3002 Uphase - TSG PWM Output
143|TSG3004 TSG3004 Vphase - TSG PWM Output
145|TSG3006 TSG3006 Wphase - TSG PWM Output
169|TAPA3ESO TAPA3ESO Emergency Hi-Z request input (for TSG30 PWM)  [H/W Cut-off Trigger Input for PWM Output by TSG30

H/W accelerator

Trigger
¢——|Delay timerld——»lDeIay timi '{
ADCCO I \ calculaon | _
l block >
I IIR filter i o
| Input IP (dq Plcontol P || BYME
| conversion) (PI control) Siciaten : TSG30
| =
RDC3A0 I 3 t+ Angle T
| ion 1P 3
Puise cycle m TGS
meas_ure¥nem : 1
timer i Rec}gngle |
| I .
Resolver angle ! i ‘.J
measurement timer ! Il
: I
| !
N !
__________________ -
Figure 6-19 EMU30 Block Diagram
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Figure 6-20 RDC3A Block Diagram
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6.2.7 Motor Control with ENCA and EMU3

Pin #|Mapped Functions |User Functions |Comment / Remarks

96/|ENCAOEO ENCAOQEQ encoder input 0 (count pluse 0) - TSG30PTSIO

98|ENCAOE1 ENCAOQE1 encoderinput 1 (count pluse 1) - TSG30PTSI1
100|ENCAOQEC ENCAOEC encoder input (clear Pulse) - TSG30PTSI2
137[ENCAOTINO ENCAOTINO Timer /0, Port Encoder Trigger Input
138|ENCAOTIN1 ENCAOTIN1 Timer 1/0, Port Encoder Trigger Input
139|TSG3001 TSG3001 Uphase + TSG PWM Output
140|TSG3003 TSG3003 Vphase + TSG PWM Output
141|TSG3005 TSG3005 Wphase + TSG PWM Output
142|TSG3002 TSG3002 Uphase - TSG PWM Output
143|TSG3004 TSG3004 Vphase - TSG PWM Output
145|TSG3006 TSG3006 Wphase - TSG PWM Output
169| TAPA3ESO TAPA3ESO Emergency Hi-Z request input (for TSG30 PWM)  |H/W Cut-off Trigger Input for PWM Output by TSG30

6.2.8 Motor Control with ENCA and TAUDO — 120 Deg Trapezoidal S/W Control

The ENCAOQEX pins can be used as Hall Sensor Input pins when using 120 Trapezoidal function
using Software control implementation.

Pin #lMapped Functions |User Functions |Comment / Remarks

96|ENCAOE0 ENCAOEQ encoder input 0 (count pluse 0) - TSG30PTSIO TSG3nPTSIOis used as HALL SENSOR Inputs in 120 deg Commutation mode.
98[ENCAOEL ENCAOQE1 encoderinput 1 (count pluse 1) - TSG30PTSI1 TSG3nPTSI1is used as HALL SENSOR Inputs in 120 deg Commutation mode.

100(ENCAOEC ENCAOQEC encoder input (clear Pulse) - TSG30PTSI2 TSG3nPTSI2 s used as HALL SENSOR Inputs in 120 deg Commutation mode.

102(TAPAOUP TAPAQOUP Motor control output U phase (positive) TAUD Output

103(TAPAOUN TAPAOUN Motor control output U phase (negative) TAUD Output

104(TAPAOVP TAPAQVP Motor control output V phase (positive) TAUD Output

105(TAPAOVN TAPAOVN Motor control output V phase (negative) TAUD Output

106( TAPAOWP TAPAOWP Motor control output W phase (positive) TAUD Output

107 TAPAOWN TAPAOWN Motor control output W phase (negative) TAUD Output

170|TAPAOESO TAPAOESO Emergency Hi-Z request input (for TAUDO PWM) |H/W Cut-off Trigger Input for PWM Output by TAUDO
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6.2.9 Motor Control with ENCA and TSG30 — 120DC Mode H/W Control

Pin #|Mapped Functions |User Functions |Comment / Remarks
96/|ENCAOEQ ENCAOQEO encoder input 0 (count pluse 0) - TSG30PTSIO TSG3nPTSIO s used as HALL SENSOR Inputs in 120 deg Commutation mode.
98|ENCAOE1 ENCAOQE1 encoderinput 1 (count pluse 1) - TSG30PTSI1 TSG3nPTSI1is used as HALL SENSOR Inputs in 120 deg Commutation mode.
100|ENCAOQEC ENCAOEC encoder input (clear Pulse) - TSG30PTSI2 TSG3nPTSI2 is used as HALL SENSOR Inputs in 120 deg Commutation mode.
139|TSG3001 TSG3001 Uphase + TSG PWM Output
140|TSG3003 TSG3003 Vphase + TSG PWM Output
141|TSG3005 TSG3005 Wphase + TSG PWM Output
142|T7SG3002 TSG3002 Uphase - TSG PWM Output
143|TSG3004 TSG3004 Vphase - TSG PWM Output
145|TSG3006 TSG3006 Wphase - TSG PWM Output
169| TAPA3ESO TAPA3ESO Emergency Hi-Z request input (for TSG30 PWM)  |H/W Cut-off Trigger Input for PWM Output by TSG30
Time P
Input Input Input Input Input Input Input
pattern 1 pattern 2 pattern 3 pattern 4 pattern 5 pattern 6 | pattern 1
TSG3nPTSI2 pin |
TSG3nPTSI pin
|
TSG3nPTSIO pin
TSG3nTSF flag L
* Pattern |-| n
switch trigger —
18-bit counter
PATOT o PATIT " PAT2T PAT3T PATAT PATST PATOT
TSG3n0O1 pin | " " ” || || ||| II II " ”
PATOB | PAT1IB 1 PAT2B | PAT3B | PAT4B PATSB PATOB
TSG3n02 pin | | | | | | |
PATAT PATST PATOT PATIT PAT2T PAT3T PATAT
TSG3n0O3 pin
PAT4AB PATSB PATOB PAT1B PAT2B PAT3B PAT4B
rsoanoapin | LILIIT UL
PAT2T PAT3T PATAT PATST PATOT PATIT PAT2T
TSG3n05 pin | I | | | | |
PAT2B PAT3B PAT4B PATSB PATOB PAT1B PAT2B
TSG3n06 pin
TSG3nOPF2 to TSG3nOPFO 1,0,1 1,0,0 1,1,0 0,1,0 B %1 0,0,1 1.0, 1
flag
Figure 6-21 Example of 120DC Mode Operation
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6.3 Communication Functions

6.3.1 SPI Interface

SPI Communication is mapped to control PMIC and additional CS is provided to the user via on-board
connector as shown below:

Pin #|Mapped Functions |User Functions |Comment / Remarks
73[CSIHOSI CSIHOSI Serial data input signals
74(CSIHOSO CSIHOSO Serial data output signals
75[CSIHOSC CSIHOSC Serial clock input signal
76{CSIHOCSSO CSIHOCSSO Chip select signals
77(CSIHOCSS1 CSIHOCSS1 Chip select signals

Figure 6-22 SPI Signals

CSIHOCSSO is used as Chip Select for on-board PMIC. The PMIC tracker output required by CAN Transceiver
and other functions are controlled via SPI communication from the processor.

CSIHOCSS1 is mapped to EXT_SPI connector on-board and can be utilized by user for interfacing any other
external communication module such as BT or additional high capacity NOR Flash for logging etc...

EVCC
EXT SPI
T2M DAL PMDI 1 s
P4 11/CSTHOCSS] it Cll\{-\(SIU-bSl PMDI 5 1 _PMDO - P,\[g\ '.: e > o
=i " 76 PMCS CIM-CSI0-SS1 3 ti0g. Gonnec
P4_10/CSIHOCSS0 [—=s— K - P mo 4 | 3-640441-6
P4_9/CSIHOSC -4 N = SGND 3
P4_8/CSIHOSO i - — -
- 7 D K -CSI0-
P4 7/CSTHOSI 3 R39,,36R PMDO PMCK 4 3 CIM-CSI0-SS1 6
R7F701278EAFP SP1001-04XTG 640456-6

SGND
Figure 6-23 SPI Signalling used for PMIC and External SPI

CAUTION: EVCC = 5V is mapped to EXT_SPI, therefore, do not connect module operating at lower voltage
such as 3.0V / 3.3V / 3.6V / 4.2V. If the EVCC is used for powering the external module, then due care to be
taken by user, so that, it does not cause any harm to external module or Inverter control board power supply.
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6.3.2 UART Interface

Pin #|Mapped Functions |User Functions |Comment / Remarks
49|SCIORXD SCIORXD SCIn receive data
51{SCIOTXD SCIOTXD SCIn transmit data
61{SCI2RXD SCI2RXD SCIn receive data
62[SCI2TXD SCI2TXD SCIn transmit data

The 2 Nos of UART Channels are provided to the user for communicating externally. The Signals are isolated

and therefore, require external power to be provided on the isolated side. E.g.,

if UART to USB module is

connected to the Inverter via port then UARTx_ISO_PWR_PIN needs to be powered by 3.0V ~ 5V from the
module side and on the Microcontroller side the isolator is powered by EVCC = 5V as shown in schematic.

Refer COM Connector Detail

for UARTx_ISO_PWR_PIN.

UART INTERFACE SECTION D“
. RXDOPIN 1 2 TXDOPIN
G
EVCC spwm 02ITG
o 51 TXDO
P7_4/SCIOTXD T
. 49 RXDO R360,. Y 4.7K —
7 2/ MW 0
P7_2/SCIORXD TR UARTO_ISO G
R362 7K DAll
' AT ,
bs |5 TXD! RXDIPIN 1 2 TXDIPIN
61 __RXDI
5 Fi, ¥
EAREURRED SPIOO] 027TG
R7F70127SEAFP EVCC
77 110. UART1 ISG_GND_PIN
. “20]\‘[F |> s S
UARTO ISO PWR PIN
U10 'l'
L voI voD2 =
| = | 7 _RXDOPIN
| Y VA =T XDoPIN
-~ VB VOB f=——— -
GND1 GND2 b
ADUMI286CRZ 0.1yF
SGND = =
T4 RXDO 181 ,,, 100R UARTO ISO GND PIN  UARTO ISO GND_PIN
155 1Q— TXD0 __R273 " 100R EVCO
— : RXDL___R2SL " 100R
: =L W
50 TXDI__Ro8s o 100R csl |E_>;\1\ IF DS(“\D
UART1 ISO_PWR PIN
Ull T
L] vopi oo L
7H| ol IS
| VIA XD
- viB VOB f—=— _
GND1 GND2 i
ADUMI286CRZ 0.1yF

SGND

UARTL_ISO_GND_PIN

UART1_ISO_GND_PIN

CAUTION: Without Powering the Isolated side of the ADUM1286CRZ, communication cannot be established.
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6.3.3 CAN Interface
The On-chip RS-CANFD Module support 2 interface modes:

1. Classical CAN mode: Handles only classical CAN frames.

2. CAN FD mode: Handles classical CAN frames and CAN FD frames.

This product supports ISO 11898-1:2015 compatible CAN FD with a new CRC field containing a stuff counter.
It can also support the CRC field that conforms to ISO/CD 11898-1 (2014-08-12 version) when the NIE bit of
the RSCFDnCFDGCRCCFG register is set to 1.

The RS-CANFD module support 320 Buffers in total for details refer User's Manual & ECC is supported.

The reference design provides 4 CAN Channels to the user allowing to fully utilize the RS-CANFD.

Pin #|Mapped Functions |User Functions |Comment / Remarks

67| CANORX CANORX CANm receive data input
69| CANOTX CANOTX CANm transmit data output
71|CAN1RX CAN1RX CANm receive data input
72|CANITX CAN1TX CANm transmit data output
80|CAN3RX CAN3RX CANm receive data input
81|CAN3TX CAN3TX CANm transmit data output

134|CAN2RX CAN2RX CANm receive data input

135|CAN2TX CAN2TX CANm transmit data output

CANQO,1 and 3 provide Non-isolated Classic CAN interface via NCV7351D1ER2G transceiver. EN Pin on
NCV7351D1E Version Allowing Switching the Transceiver to a Very Low Current OFF Mode.

} - CANVCCI
NON-ISOLATED CAN ‘|’
C69 || 0.1uF Zo
1507 2ChD
“ == CANOP
U : J_'—Ls— RS0
CTX0 1 7 1 ] | 50R
TP4 XD E CANH AT 2E D
CBXD 4 3 4l ~~~13 |
TP41°— BAD; A ﬁ_ . [ ﬁ CANO N
CAN ENO__5 < SRF3216A-601Y C70
P3——— I o R4O 1000pF L e
EVCC s CANSO 8| . Z FOTANO N SOR S0V vs2
O o = y Y NUP0SLTIG
| NcvissiDIER2G SGND L 4
CRX0
CTX0
CRX1 N'l
CIx1
EVCC cm_}(m SGND
C73_|[0.1uE ;
1150V 56D
355 TK _CRX? FORCAN 1 P
356 TEK__CIX2 Us I RS3
B, 27K (RO o crx1 1Mo o cana 2 1 2 S9R
B8 4TK T3 < o AN
W - > e
P43 2Ll 4| D canL -Gy 1 A L3 -1
CANENO 5 | oo SRF3216A-601Y C74
————1 o R51 1000pF
—__caNso 8] 2 | SCreaNi1N 59R il
we | NCV3SIDIERG SGND
P4_3/CANORX %
P4_4/CANOTX o
P4_SICANIRX %
P4_G/CANITX e
CANVCC2
P4_IS/CANBTY [ - CAN3P
w 110 R5S .
po 3CATORY, |34 (RO Tras@— I oo o cam 2 1| [—— S0R R CAN3 P
PO_4/CANZTX |22 C0C i " g Z == F [ .
i © 3 : ~ AR CAN3 3
RIFT012/SEAFP b D GAN ==
CANENO 5 | o SRE3216A-601Y Cib
el o RS54 1000pF VS4
CANSO 8| . z == CAN3N SOR 50V Yy ¥ NUP210SLTIG
SRR o i ]
| NcviasiDiERG SGND
|
b o
Figure 6-24 Non-Isolated CAN Interfaces
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CANZ2 provides CANFD isolated interface via ADM3050EBRWZ. The transceiver features support for the
following:

- 1.7V to 5.5V supply and logic side levels

- 45V to 5.5V supply on bus side

- 1SO 11898-2:2016-compliant CAN FD

- Data rates up to 12 Mbps for CAN FD

- 5.7 kV rms signal isolated CAN FD transceiver

ISOLATED CAN FD

CANVCC2

T O.1uE[| €79 |
50V

CAN ISO_s5V

0.1uF

L i cax_1s0_cxp
_ Z= CAN2 P
s L1l SR7 o
= 13 1 SR 2 3I59R = CAN2 P
X2 s a AN
40 - P | ——— | IE] L= cA2 N
p CRX2 3 AL
Pas————— rxD e SRF3216A-601Y L o
NC I IRs6 1000pF vss
= Naa NC X SS0R 50V \ 4 INUP2105LT1G
ZZzZ ZZ% e 4] = cavox = A
e CAN 150_GND Jue
T ~oln| ADMB0SOEBRWZ
=
SG\D =

CAN ISO GND

Figure 6-25 Isolated CANFD Interface

CAUTION: Without Powering the Isolated CAN BUS side of the ADM3050E, communication cannot be
established.
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6.3.4 LIN Interface

LIN communication controller that supports LIN Specification Package Revision 1.3, 2.0, 2.1, 2.2, and SAE
J2602, and automatically performs frame communication and error determination.

Channel 0,1 and 2 of LIN are mapped to the LIN transceiver on-board. Channel 1 of NCV7424 is not mapped.

Pin #|Mapped Functions |User Functions |Comment / Remarks
53|RLIN32RX RLIN32RX RLIN3m receive data input
54|RLIN32TX RLIN32TX RLIN3m transmit data output
55|RLIN31RX RLIN31RX RLIN3m receive data input
56|RLIN31TX RLIN31TX RLIN3m transmit data output
78|RLIN30RX RLIN30RX RLIN3m receive data input
79|RLIN30TX RLIN30TX RLIN3m transmit data output
VBUS_EXT PIN D66 RLIN VS
e 2_gpr 1 RIS, OR
S110FP
EVCC

| R343,,, 47K LIN | RX

R34, 47K LIN 1 TX
R345,,, 47K LIN 2 TX
R346 ” 47K LIN 2 RX

5
rRiN_vs LM\~
50mA =
R347 ,,, 47K LIN 0 RX Cc71 |l 10uF § D14
R348,,, 47K LIN 0 TX o 25v SEND! 16V
R349,.. 47K LIN 3 TX o
R350,,, 47K TLIN 3 RX
C72 ||L_0.1uF
I sov
{2
2F 9
s ooy | LA s LRI T
P5_I/RLIN32TX |— — TR | e > LIN4 - —
. . —_— - RXD3 .
55 J {
PS JRLIN3IRX [~ — -] ™o N3 i3 RLINL
P5_3/RLIN3ITX [— - - FTEETE | oL 1
. g —_— TXm LINI ————@) 1LIN_TP
: .| 78 1IN ORX LIN3 TX 7
PACTZRUINGORX [0 TN 0 TX IN 2 Rx_& | 301 9  RLIN2
P4_13/RLIN30TX [— - - — R N
R7E701278EAFP . LINEN R52 ,,, OR 5 z z
LINEN c L e System ESD on LIN Pin

EN IS NCV7424DBOR2G ~ Exceeding 10 kv,
— No Need for External ESD
PULLED DOWN Protections

14
0

SGND

Figure 6-26 Non-isolated LIN Interfaces

CAUTION: RLIN_VS Power Supply for the LIN Transceiver is derived from the VBUS_EXT_PIN (expected to
be 12V Power Bus Net). The maximum rated current for NCV7424D when transmitting Dominant bit is 28mA
and therefore, Fuse F11 used here is 50mA. Therefore, ensure that RLIN_VS is present when troubleshooting
LIN Communication.

Note the following mapping to avoid confusion while programming or referring LIN channels of MCU and
Transceiver. This mapping was result of the PCB layout tracing.

LIN Channel Mapping MCU & LIN Transceiver

Usage MCU Channel|Transceiver Channel
Used Channel 0 Channel 4
Used Channel 1 Channel 3
Used Channel 2 Channel 2
Unused [Channel 3 Channel 1
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6.3.5 SENT Interface

Single Edge Nibble Transmission module (RSENT) interface supports the following standard specification
(SAE J2716 version JAN2010). Compatible with 3 systems, i.e., SENT standard (1-wire system), SPC
extension (1-wire system), and SPC extension (2-wire system). Bidirectional communication: Between the
sensor and MCU (supported in SPC mode). Data transmission protected with CRC is available. Multiple
sensors can connect to the RSENT channel that has the standard expansion function. Received data from
sensors is detected by software or DMA. Timestamp function: Master can only be set for RSENTO.

Variable data transmission rate
— 24.7 kbps to 64.9 kbps: 3 clock rate 6 nibble data
— 74.1 kbps to 194.7 kbps: 1 clock rate 6 nibble data

Pin # [Mapped Functions |User Functions |Comment / Remarks
163|RSENT2RX RSENT2RX RSENT Input
165|RSENT2SPCO RSENT2SPCO  |RSENT Control Output
171|RSENT3RX RSENT3RX RSENT Input
173|RSENT3SPCO RSENT3SPCO _ |RSENT Control Output

Reference design provides 2 channel SENT interfaces from channel 2 and Channel 3 as shown in the
schematic below:

EVCC
(o) R45,,, 12K
TP36
R46 SENTIFIPIN
W2E 470R
P3_O/RSENT2RX |—33 Ql - fggOPF il 5
P3_1/RSENT2SPCO PDTCI43XTVI| s0v 3
! 1
P3 GRSENT3RX i;i v NUP2105LT1G
P3_7/RSENT3SPCO -

SGND EVCC

R7E701278EAFP R4Z 4, 12K T
B SENTIF2PIN

470R
-
1 Q2 —L c68
DTCI43XTVL | 1000pF
N 50V
SGND
Figure 6-27 RSENT Interface circuit
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6.4 Analog Functions

6.4.1 ADC Functional Mapping:

The C1M-A1 is equipped with 3 Unit of ADCCn, n=0,1 & 2. The ADCC resolution is 12-bit and each
unit has multiple T&H (Track & Hold) inputs. The T&H circuit allows for simultaneous capture of Analog signal
on Trigger. The analog input signals that must be group triggered are mapped to utilize the T&H feature
provided by the ADCCn.

Each unit has 40 Virtual Channels to hold the conversion result. Analog ports on the device are
dedicated pins for analog and no other function is available.

Self-diagnostic
function section

T&H
s--cantl.., \

T&HO - H
circuit : :
T&H3 E
crcut | = H

TaH4 | = :
circuit ¥ 4

T8HS | |}
circuit H H

ADCCDI00 @—.—o——c

Yoot

ADCCOI03 @

J
xS N

ADCCOIT0 @

e e

ADCCOIT @

]

ADCCON2 @

4
joeoroogt

circuit

ADCCOI13

Channel multiplexer

Yooroeet

)
UG 4 s SO ., O
A

¢
ADCCOI20 @ o0 @ -
: ’;{ |ADCCO controlier
ADCCOI23 @ Scan groups 0 to 4 end interrupt m
(ADCCDADImX) =
{
AJD error interrupt INTC
ADC_CUBD @ o= gﬁ H i (ADCCOADEm)
T A/D partty error intermupt
H 5 : (ADCCOADPEM) B
ADCCOI33 @ O x
l;‘ H AJD conversion end signals 0 to 2
,-ﬁ : / (ADCCOADEND_dr0 to 2) 3
E Scan group 4 scan
end signal = Emu
(ADCCOADEND_5g4)
AJD conversion end signals 0 to 2
(ADCCOADDATA_dr0 to 2) 3
i A/D conversion start frigger
R = THC™! 7| (ADCCOSGO_TRG to ADCCOSG4_RTC)
Figure 6-28 ADCCO Block Diagram
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Analog input Design Consideration:

ADCCO-T&HOto 5
ADCC1-T&HOto5
ADCC2-T&HOto3

Figure 6-29 ADCC Input ports with T&H circuit

Pin # |Mapped Functions |User Functions Comment / Remarks

1|ADCC2102 U Phase voltage Sense Optional implementation - required for Functional Safety - phase volatge monitoring
2|ADCC2I01 W Phase voltage Sense Optional implementation - required for Functional Safety - phase volatge monitoring
3|ADCC2I00 V Phase voltage Sense Optional implementation - required for Functional Safety - phase volatge monitoring
10|ADCC1I32 IPD_CS_OUT1 Analog port only - cannot be used as |10

11|ADCC1I23 IPD_CS_OUT2 Analog port only - cannot be used as |0

12|ADCC1I22 IPD_CS_OUT3 Analog port only - cannot be used as |10

13|ADCC1I21 IPD_CS_OUT4 Analog port only - cannot be used as |10

14|ADCC1I20 Analog Input Analog port only - cannot be used as IO

15(ADCC1113 Coolant Temperature Analog port only - cannot be used as |0

16|ADCC1112 Motor Temperature Analog port only - cannot be used as IO

17|ADCC1I111 Pedal Sensor Analog port only - cannot be used as |10

18|ADCC1110 Brake Sensor Analog port only - cannot be used as |10

19(ADCC1103 Sensor Vmonitor On-board Sensor supply voltage monitoring

20(ADCC1102 Pre-Drive Vmonitor On-board pre driver Supply Monitor

22(ADCC1I31 Analog Input Analog port only - cannot be used as 10

34|ADCCO0I21 Analog Input Analog port only - cannot be used as |10

35|ADCCO0I120 Analog Input Analog port only - cannot be used as IO

36|ADCCOI13 Inverter Power Board Temperature 1 |On-Board Temperature sensorl monitoring Power Board temperature

37|ADCCO0I12 Inverter Power Board Temperature 2 |On-Board Temperature sensor2 monitoring Power Board temperature

38|ADCCOI11 DC Resolver Cosine Input DC Resolver Input

39|ADCCOI10 DC Resolver Sine Input DC Resolver Input

40|ADCCO0I03 DC Bus Current DC Bus Current Sensor input

41|ADCC0I02 U Phase Current Sense 25.3.2.53 EMU3n Input IP Control Register (EMU3nCTRINMD) - Refer CAUTION on the Mapping
42|ADCC0I01 W Phase Current Sense 25.3.2.53 EMU3n Input IP Control Register (EMU3nCTRINMD) - Refer CAUTION on the Mapping
43|ADCCO0I00 V Phase Current Sense 25.3.2.53 EMU3n Input IP Control Register (EMU3nCTRINMD) - Refer CAUTION on the Mapping
46|ADCCOI30 VEXT Monitor Analog port only - cannot be used as |0

175|ADCC2I10 PMIC Voltage Monitoring Analog port only - cannot be used as IO

176/ADCC2103 DC Bus Voltage On-board DC Bus Voltage Sensor input

Figure 6-30 Analog Functional Mapping

Motor Phase currents, DC Bus Current and DC resolver Sine and Cosine Input are mapped to ADCCO0 on
the channels that provide T&H circuit.

Gate Driver / Pre-Driver supply, Sensor supply, Brake Sensor, Pedal Sensor and Temperature monitoring
inputs are then mapped onto ADCC1 on the channels that provide T&H circuit.

DC Bus Voltage and 3 Phase Motor voltages are mapped to ADCC2 on the channels that provide T&H
circuit.

This mapping allows programmer to trigger start of conversion for all this inputs in a single instant. This also,
enables formation of Scan Groups to start of conversion on a trigger and store the result in mapped virtual
channel (result register).

IMPORTANT: The analog signals highlighted in “RED” text are fixed by circuit on-board and therefore, do not
offer any generic interface to allow measurement of external analog signals.
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6.4.2 MOSFET Gate Driver

The ISL78434 is Automotive Grade (AEC-Q100 Grade 1) high voltage, high frequency, half-bridge
NMOS FET driver for driving the gates of up to 70V half-bridge topologies.

The ISL78434 has dual independent inputs for controlling the high-side and low-side driver separately.
It has independent sourcing and sinking pins for each gate driver.

Patented gate-sensed adaptive dead time control provides shoot-through protection shoot-through
protection and minimized dead time.

Refer ISL78434 Datasheet for more technical details on the device specifications.

GD_SUPPLY

VB GD_SUPPLY
RS0 0R
Pla
sl
10pF
| 50V UL
4Dt e von |-
j[”?}? R63 100hms 2 | = = ULOE R3g 10 Ohms
75 i i =1 HOH LOH - e
UTOP GAT 0 3 5 2.1 UBOT GAT
i OP GATE R6%. . 10 Ohms St Ten JLOL { R62 " 100mms JBOT GATE
TUTOE SEC A i e
D TBOT
] S U~ eou
=] NC EN
& 3 Urop
AGND g H s
=
o
1SL78434

P37

PGND

Figure 6-31 Typical Gate Driver Circuit
Design Considerations:

In design, MOSFET Pre-Driver stage consists of 3 ISL78434 ICs to drive the U, V & W Phase of the motor.
These drivers are in the controller board, which controls gate signals of half-bridge for each phase in the Power
board.

Controller board and Power board are interfaced through board-to-board connectors J11, J12 & J13, which
carry high side and low side gate control signals for each phase from ISL78434.

These half-bridge drivers are controlled by MCU (U2), which control independently the high side and low side
of the driver circuit. Each phase driver is controlled in accordance with the requirement by MCU.

A common enable signal for each driver is controlled by MCU (U2).

The high-side driver bias is handled by Bootstrap capacitor across the HB and HS pins, which provides proper
gate drive to the high-side FET.

Zener diodes (D15, D16, D17, D21, D22 & D23) with a series current limiting resistor (R243, R247, R251,
R300, R384 & R385) between HB & HS pins and HB & AGND pins provide over-voltage protection against
violation of the electrical specification of the device.

IMPORTANT:

For best thermal performance, connect the driver EPAD to a low thermal impedance ground plane. Use as
many vias as possible to connect the top layer PCB thermal land to GND planes on other PCB layers.
Connect the VSS and AGND pins together through the EPAD to maintain a low impedance connection
between the two pins.

Protection Required:

Voltage on HB (referenced to HS) = min 8V max 18V

Voltage on HB (referenced to VSS) = 86V MAXIMUM

[CAUTION]: Bootstrap related parameters: Average Current in VDD to HB FET is Max 100mA.
Refer Section 5.2 Bootstrap Capacitor design.
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Through 6 pin connectors, the Controller board and Power board are interfaced. As shown in below figure
Half bridge gate control signals, thermistor excitation is done through EVCC (5V) and its feedback is taken
through ANALOG_IN5 and ANALOG_ING6 signals.

n1

UTOP SRC 1 1 3 A UTOP GATE
EVCC ANALOG INS 3 3 1 4
5 = 6 UBOT GATE
5 6
BCS-103-L-D-TE
SGND
J12
VTAOP SRC 1 ) 7 2 VTOP GATE
EVCC ANALOG ING 3 3 1 4
5 = 6 WVBOT GATE
:~ 6
BCS-103-L-D-TE
SGND
J13
WTOP SRC 1 ) 7 2 WTOP GATE
—2 13 4 =
el - 6 WBOT GATE
— 5 6
BCS-103-L-D-TE
SGND

Figure 6-32 Schematic Section of B2B connector

CAUTION: J11, J12 & J13 must not be supplied from external source, the controller board supplies the source
EVCC from on-board power supply.
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6.4.3 Current Sensor

The LEM HC5FW family is for the electronic measurement of DC, AC or pulsed currents in high power
and low voltage automotive applications with galvanic separation between the primary circuit (high power) and
the secondary circuit (electronic circuit).

In this design four current sensors, HC5FW 500-S/SP1 are used to measure current consumption of
DC Bus and each phase of motor individually. The measured signal is in range of OV to 5V. The output of the
sensor is connected to ADC of MCU, and op-amp based Schmitt trigger circuit for triggering fault conditions is
implemented. Similar circuitry is implemented for each current measurement with low and high thresholds
providing hysteresis.
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Figure 6-33 HC5FW 500-S/SP1 Current Sensor Circuit

In design four current sensors are mounted on the control PCB, aligning to Power board through metal
studs. Each current sensor is powered by VSEN (5V). As per datasheet recommendation, a ceramic capacitor
of 4.7nF/50V is connected between VCC & GND pin and VREF pin is terminated to GND through 1nF/50V
ceramic capacitor. GND pins are connected to AGND.
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Figure 6-34 Typical Signal Monitoring circuit

The output of each current sensor is fed to two combined Schmitt trigger configurations with the higher
& lower threshold values to generate the fault condition when it lower or exceeds the set value.

Each output when fault is observed, are handled through Logic gates to reset MCU with other reset conditions.

Similar circuit is implemented for Current sensing; In this design the threshold is set for +450A and -450A for
500A Sensor in use. However, threshold values may be set different for DC Bus current and U, V, W Phase
currents.
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6.4.4 Voltage Sensor
Input DC power supply Monitoring:

In design, Input DC power supply which ranges from 0V to 75V is linearly reduced by voltage divider to 0V to
5V range.

The voltage divider output is fed to Op-Amp based Schmitt trigger circuit for triggering fault condition.

DC-PWR TP30 Input Supply DC Fault Vout=Vi*(R2/(R1+R2])
0
2 D‘(;r 1 R30 j 10K DC BUS INPUT Parameter | Value) Parameter|  Value
SLI0FP A vi 36[v inimum input i s|v imum input
R1| 1.00E+04|0hm R1] 1.00E+04]Ohm |
D6 R2| 5.60E+02|0hm r2| 5.60£+02]0hm
BZX84-A5V1,215 vo|  1slv | vo|  3.98[v
vil| =iy vin| 3slv
Hys 100 mv Hys| 20]mv

Lower and higher threshold levels are given, which are approximately set in the Schmitt trigger circuit as given
below:

Lower Threshold: VIH = ~34.1V and VIL = ~32.0V
Higher Threshold: VIH= ~74.2V and VIL = 72.0V
Output of Schmitt trigger circuit- DC_FAULT is connected to interrupt of MCU (U2) and Fault generator circuit.

DC-P LTAGE MONITOR VOPAMP
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S0V RI85 4 75K -
GluE TP104
) C158” 1000pF
N 50V NF
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Figure 6-35 DC BUS Voltage Monitor
RO1ANxxxxEJO100 Rev.1.00 Page 46 of 56

Jan.01.21 RENESAS



REIN_Inverter_V2

REIN_Inverter_V2 Hardware Design Document

Gate Driver Power Supply Monitoring:

The power supply GD_SUPPLY, which is in range of 15V powers Motor driver ISL78434 is fed to Op-Amp
based Schmitt trigger circuit for triggering fault condition.

Required lower and higher threshold levels are given, which are approximately set in the Schmitt trigger circuit

as given below.

LOWER thresholds: VIH = 11.0V and VIL = 10.0V
HIGHER thresholds: VIH = 16.5V and VIL = 15.9V

Output of Schmitt trigger circuit- GDU_FAULT is connected to interrupt of MCU (U2) and Fault generator circuit.
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Figure 6-36 Gate Driver Unit Supply Monitor
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Motor Phase Voltage Monitoring:

The voltage from HS pin of GDU of each phase is linearly reduced to the range of (5V to 0V) through voltage

divider.

UTOP_SRC
VIOP SRC
WTOP SRC

AR72 SR73 LR74
30.5W $0.5W S0.5W
12K | L2K |12k

IR75  IR76  SRTT
205W 20.5W 30.5W
12K J1.2K

205w 20.5W 205
12K 112K T12K

UTOP_SRC DIV

VIOP_SRC DIV

[ WTOP SRC DIV

LR8I IR82  IRS3

>180R T180R T180R

AAA

PGND

U-PHASE VOLTAGE SENSE

D34

BATS4S.235

UTOP SRC DIV

V-PHASE VOIL TAGE SENSE

D35

BAT545.235

VTOP SRC DIV

UPHASE V MON
. 2.

Cl154
0.1uF
50V

AGND

W-PHASE VOI TAGE SENSE

D36

Eved——4 K—

TP100

BAT54S235

L AGND

WIOP SRC DIV R195

WPHASE V MON

©

1k

TP108

==ci62

0.1yF
50V

AGND

The voltage across the divider circuit is connected to ADC followed by protection circuit and low pass filter.

Each output from the driver is protected from overvoltage and negative voltage through a TVS diode.

The low pass RC filter is designed for frequency of 160Hz.
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Other Analog Input Monitoring:

The board provides facility to interface external analog signals via the 6 Analog interface circuits on-board, the
below figure is typical interface circuit implemented on the board.

The signals are typically pull-down via 10K resistor and therefore, will measure OV when no sensor or
connector pin is open.

Each analog input implements low pass RC filter and uses diode for voltage protection.

ANAT OGINPUT SECTION

SV6VCC _bs ii.NALOG SENS+
Pt D44 BATS4S235
S110EP
. 2 1
EvO—= AGND
o
ANALOG IN1 R0 MCU ANALOG INI_ gy
1k TP112
Lroo7
210K ——Cl66
0.1pF
50V
SGND AGND

Figure 6-37 Typical Analog Input Circuit

CAUTION: Care must be taken that excess voltage is not applied on these input pins to avoid damage to the
microcontroller.

Power Supply 5V6VCC (5.6V) is converted to TEMP_VS1+, BRAKE_VS+, PEDAL_VS+ & TEMP_VS2+
through a schottky diode which is supplied to ANA connector to power up respective sensor circuits in the
external system.

5V6vVCC TEMP VSI+

) D39
S110FP
5V6VCC D51 BRAKE VS+
2 FIL |
S110FP
SV6VCC , D57 | PEDAL VS+

S110FP

5V6vVCC TEMP _VS2+

S110FP

Figure 6-38 Power Supply for external sensors
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6.5 Digital Input / Output Functions

6.5.1 Digital Inputs: Active Low

The following four digital input signals from DIO connector are connected to MCU (U2) followed by a schottky
diode in series with reverse bias condition and pull up resistor. By the circuit implementation below, the signal
applied is detected by ACTIVE LOW logic, hence providing protection against over-voltage at the MCU pin.

_INTPIN/EMERGENCY_STOP, CON_IN2PIN, _FREQ_INOPIN, and _FREQ_IN1PIN
In design 2.2k resistor is tied to EVCC (5V) and 100Q series resistor is connected to MCU (U2).

Fyce
| %] 3
DIGITAL I/O SECTION
1r234 Lross
$22k $22k
S110FP
IN1PIN/EMERGENCY STOP D68 1 > 2 1 Rr23g ... 100R INI/EMERGENCY STOP
CON IN2PIN D01 cq 2 R240 ,,, 100 1 nvcu e
S110FP
=187 =—cC188
50V 50V
10uF 100F
EVCC
Ir233 Lross SGND
222k 22k
S110FP
FREQ TNOPIN D671 g2 1 R237 ... 100R FREQ TNO
FREQ IN1PIN DO 1 g 2 R239 ,,, 100 L FREQ IN1
S110FP
=—C185 ==C186
50V 50V
100F 10nF
SGND

Figure 6-39 Digital Input Circuit

IN1/ EMERGENCY_STORP signal is connected to INTP5 function of the Microcontroller. Also, this signal can
be used to generate system RESET on fault.

CAUTION: By default, the on-board hardware support C1M_RESET generation by trigger to IN1PIN/
EMERGENCY_STORP input pin.

MCU_IN2 signal is connected as Active Low Logic input to port function of the microcontroller. There is
TAUD Input capture function available if required.

FREQ_INOPIN and FREQ_IN1PIN connected as input capture pins using TAUD or TAUJ capture function on
the microcontroller. These pins may also be configured as the Digital Input Pins with Active Low input.
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6.5.2 Digital Inputs: Active High

Total eight digital inputs are received from DIO connector followed by TVS diodes DA7, DA8, DA13 and DA14.
These inputs are connected to base of the transistor followed by Schottky diode and 1kQ resistor.

A Zener diode and 1kQ resistor are provided to protect from over voltage. In circuit pair of 1k resistors will form
as a voltage divider.

In the design Zener diode will clamp voltage across base of the transistor to 4.7V when input signal is above
voltage level of 5V. By default, the voltage observed at MCU will be 5V as the collector pin is pulled high to
EVCC (5V) through a 4.7k resistor.

When active high input is applied it enables switch and make output signal logic low (0V)

DIGITAL INPUT SECTION
N1
= . Dﬁ : v EVCC
S110FP 1k +_R242 4.7K
(a1
o 1l el
215
] N PDTCI43ET.21:
o
B3ty
> 1k
SGND o
N4
. D77 s )
—— — il EVCC
S110FP 1k R254,\\ 47K
o
2 ﬂ 1 1 7 Quo
PDTCI43ET.215
D78 P
ol
R256
ik
SGND A
DA7 Das
DOPINL [ g 2 DOPI DUPINL [y a1 2 INGPIN INS
| SEIOIIEITG | sploo1-027TG
SGND e

Figure 6-40 Typical Circuit for Active High Input

IMPORTANT: Transistors [PDTC143ET] used have built-in biasing resistors and therefore are not shown in
the schematic however, they exist.
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6.5.3 Digital Output:

There are four digital output signals, three signals from MCU (U2) can be configured as PWM or Digital
output which is connected to the DIO connector.

The output of the transistor is connected to the connector and by default it will be of voltage 5V. In presence
of signal from the MCU (U2) it drives the transistor output to GND and pins at connector (DIO) will be pulled
to logic low (0V). Inverted logic is used in this section. A 1k resistor is used at the base of the transistor and
4.7k resistor at collector pin.

DIGITAL OUTPUT SECTION = e
<R274 <R276
47K $47K
INS
| ourzpiv
o e
INZPIN b a6 PWM OD ouTPUT2 R322 1 L~ Q17
PPDTC143ET.215 1k T,
& | PDTCI43ET.215
SGND SGND
EVCC EVCC
Irome SR284
347K 47K
| ourspy | ourapiv
PWM OD OUTPUT3 } qQis PWM OD OUTPUT4 R324 } Q19
ey 1k Iy
| PDTC143ET.215 | PDTC143ET.215
SGND SGND
Figure 6-41 Typical Output Circuit (inverted output)
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6.5.4 High Voltage Open Drain Output for External Loads

Using the Circuit in below figure MCU can control external Load such as Cooling FAN running of the Main
Battery Supply (typ. 48V DC). The MOSFET used is 100V and a free-wheeling diode is also implemented to
allow control of contactor or relay externally.

A discrete MOSFET driver circuit is implemented to support PWM controlled output, this implementation
represents Low side switching and all the 3 terminals of TMS connector are floating and need external
connections to be done with supply and load.

G _SUPPLY
FAN CONTROL 8, BT -] | s
= E U24B _\R\'TS;—\-HDDETB(“; Zi i:|
_K U244 - To make FT compatibility with other make l{gsfet B3PS-VH(LE)(SV)
1

K 2nd pin is made as Source Pin for PCB Layout|ease
L] :l

14
E RBA2SON10QIPF-4UAQ2

o W}r. \:H

PWM OD OUTPUT1 [R271 , 10K

Q13
PMBT3006,235

SCND

Figure 6-42 Open Drain output from 100V MOSFET

CAUTION: The Source of the MOSFET is “floating” on the board, therefore, it is mandatory to connect the Pin3
of the TMS connector externally to Battery -ve terminal to complete the circuit of the load connected across
DC Bus and Drain of the MOSFET.
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7. PCB Details

This section provides information about the PCB design of the REN-INV-V2 board. The physical
dimensions of the PCB are 187mm x 175mm. This 4-layer board has 2 signal layers, 1 GND layer and 1 Power
plane and uses FR4 material.

Description Proto PCB

Size 187mm X 2175mm
Name REN-INV-V2
Thickness 1.64mm

Dielectric FR4 Material
Surface Finish ENIG

ROHS Yes

No. of Layers 4

Controlled Impedance Yes

Below is the Stack-up diagram of the reference design control board PCB.

Layer Name Type Material Thickness [mil) a‘:{:ﬁ;c [C’Iuer:itc:rrlé Pullback [mil) Orientation E::;::zn
Top Qverlay Overlay
Top Solder Solder Mask/Co... |Surface Material |0.787 Solder Resist 35 0
B B B B B B |Toplaye Signal Copper 2756 Top
[ 1 | Dietectric 1 Dielectric Care 6417 FR4 4.2
E 1 |GND Internal Plane Copper 2.756 20
Dielectric 2 Dielectric Prepreg 3937 42
E 1 | rPwrR Internal Plane Copper 2.756 20
[ ]| Dielectric3 Dielectric Care 6417 FR4 42
B B B B E E |potom Layer signal Copper 2.756 Bottom
Bottom Solder Solder Mask/Co... | Surface Material |Q.787 Solder Resist 35 o
Bottom Overlay Overlay

LAYER STACK UP TABLE

[Name | Material | Thickness | Constant | Board Layer Stack |
[Top Overday | | ]

[Top Layer  |Copper ~  [0.070mm | |

[6ND [ Copper [0.070mm | |

[ Dielectric 2 |

Dielectric 2 | [1.000mm [4.2 |
(PR [Copper  [0.070mm | |
[Bottom Layer [Copper [ 0.070mm | |
Bottom Solder |Solder Resist |0.020mm |35 |
11 Bottom Overlay | | [ |

TOTAL BOARD THICKNESS 1.64 MM +,- 104
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8. Acronyms and Abbreviations

Acronym/Abbreviations Explanation

ADC Analog-Digital Converter

CAN Controller Area Network

CAN-FD Controller Area Network-Flexible Data-Rate
CMOS Complementary Metal-Oxide—Semiconductor
DC Direct Current

EMS Electromagnetic Susceptibility

ESD Electrostatic discharge

MOSFET Metal Oxide Field Effect Transistor

FR4 Flame Retardant 4

GDU Gate Driver Unit

IPD Intelligent Power Device

LIN Local Interconnect Network

MCU Microcontroller Unit

MUX Multiplexer

NRZ Non-Return-to-Zero

OP-AMP Operational Amplifier

PCB Printed Circuit Board

PMIC Power Management IC

PTC Positive temperature coefficient

RDC Resolver-to-Digital Converter

LDO Low Drop Out regulator

LED Light Emitting Diode

SENT Single Edge Nibble Transmission

SoC System on chip

SPI Serial Peripheral Interface

UART Universal Asynchronous Receiver Transmitter
ISO_GND Isolated Ground

PGND Power Ground

SGND Signal Ground (System Ground in the board)
TVS diode Transient Voltage Suppressor diode

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

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

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal
elements. Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and V4 (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 ViL (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
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user’'s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

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.
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Corporate Headquarters Contact information

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.

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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