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Evaluation Board Description

The TMPIM evaluation board supports the evaluation of transfer
molded power modules NXH35C120L2C2SG and
NXHS50C120L2C2ESG working together with NCD57000 gate
drivers when designing a motor control application. This manual
describes the board function, schematics, bill of material, board layout
and operation.

The evaluation board contains a transfer-molded power integrated
module in CIB (converter — inverter — brake) topology. This module
contains a B6 diode rectifier, six IGBTs for inverter and a brake
chopper. The gate driver stage consists of seven NCD57000 high
current galvanically isolated gate drivers. The driver provides 5 kV
insulation between primary and secondary side.

The evaluation board can be connected to an external controller
providing PWM inputs and handling fault signals. Use of an external
sensor for over current and over voltage protection is recommended.

Evaluation Board Operation

The board is designed as ROHS compliant. Design of the board was
not qualified for manufacturing. No tests were made on whole
operating temperature range. No lifetime tests were performed. The
board must be used in lab environment only and must be operated by
skilled personal familiar with all safety standards. Further details of
used components are located in respective datasheets.

Features

® Transfer Molded Power Module in CIB Configuration
® 7 Isolated Gate Drivers with 5 kV Insulation

® Short Circuit Protection

® On Board NTC for Rectifier Protection

® Seclectable PWM Polarity

® Fault Output with Automatic Reset Function

® [ ow Inductance PCB Layout
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Figure 1. Evaluation Board Top and
Bottom View
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APPLICATION INFORMATION

Mechanical Dimensions

Board outline dimensions are 185 mm x 127.25 mm. The
board outline is shown in Figure 3.
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Figure 3. Board Mechanical Dimensions

Electrical Rating

The board is rated to AC voltage input 3 x 400 V/231 V
AC 50 Hz. Nominal voltage in the DC link is 600 V.
Maximum voltage in the DC link is 800 V. There is no
protection for exceeding maximum DC link voltage. While
using external NTC for inrush current limit, current has to be
limited to 10 A rms. For higher current, the user of the
evaluation board must replace the inrush current limit NTC
by higher current version; or must use an AC power source
having a current limit circuit.

WARNING: Inrush current NTC will get very hot during
operation, special caution has to be made to
avoid injuries. When inrush current NTC is
hot its resistance drops to very low values,
turning on the board with heated inrush
current NTC can cause rectifier diode
damage!

Power Supply Connection

For the primary side of the gate drivers, the user must
connect an external regulated voltage of 5 V/1 A to
connector P1.

For the secondary side voltage of the gate driver, there are
three options. The first option is that the user connects
external voltage to the connector P7. This connector
supplies the low side gate drivers, high side gate drivers are
supplied through bootstrap diodes. The second option is that
the user connects an external regulated voltage on 34 pin flat
cable P2. In order to use external supply voltage solder

jumpers SJ2 — SJ6 has to be open (not connected). The solder
jumpers SJ2, SJ3 and SJ4 are located on the bottom side of
the pcb.

The third option is to use the DC-DC board. The DCDC
board is not provided with the application board. But the
schematics and gerber files are located on the
ON Semiconductor webpage. On the DC/DC board the user
must connect an external regulated voltage of 5 V/1 A to
connector PIDCDC.

The DC-DC board consists of four isolated Murata
voltage sources and output capacitors. The board provides
isolated voltage for all gate drivers. DC-DC source
insolation voltage is 5 kV.

Figure 4. DC-DC Voltage Source

Table 1. CONNECTOR P1DCDC - DC-DC SOURCE
POWER CONNECTOR

Pin Name Pin Function Comment
1 GND DC-DC primary ground
N.C. Not connected
+5V Input voltage for DC-DC

sources

Output connector of the DC-DC source P2DCDC follows
the pinout of the connector P2 on the main board, not
connected pins are removed.

Figure 5. Board with Connected DC-DC Source

PWM Active High/Low Setting and Enable

The board can accommodate PWM with active H or active
L, TTL logic levels. Enable pin is needed to run PWM
through the driver, enable pin can also work as active low or
active high. The selection of logic is realized with two XOR
ICs and user selected jumper on connector P4. Table 2 shows
the jumper position and PWM input polarity respectively.

www.onsemi.com
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Table 2. PWM ACTIVE H/L SETTINGS

Pin Con. P5 Pin Name Con. P5 Jumper Position on Connector P4 Polarity
3 PWM TOP U Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
4 PWM TOP V Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
5 PWM TOP W Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
6 PWM BOTTOM U Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
7 PWM BOTTOM V Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
8 PWM BOTTOM W Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
12 BRAKE Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW
13 ENABLE Pin 1-2 ACTIVE HIGH
Pin 2-3 ACTIVE LOW

Fault and Ready Outputs

The NCDS57000 gate driver is equipped with two
protective functions. READY function “RDY”. This fault is
triggered by UVLO at the secondary side of the driver. RDY
is active LOW. RDY fault is cleared when the secondary
voltage becomes >12 V. When operating with the bootstrap
circuit (see power supply connection) the RDY fault is
active high during whole operation. The second protective
function is generated by desaturation protection “DESAT”
and is triggered in case of short circuit/over current. DESAT
is active low. When triggered the signal stays low until reset
pulse is provided to the reset pin of the driver. DESAT and
RDY outputs can be tied together.

Blanking time of DESAT protection tg; ANk and voltage
threshold can be set by an external capacitor Cgp ANk and
series resistance Rg according to equations (eq.1) and (eq.2)

t _c _ Voesar_TH
Bank = Caank - —

lpesat (ea. 1)
Voesat 1 > Rs " Ipesat + Vrdiode T VeEsat iaBT (€q. 2)

Where VpEgsar TH is threshold voltage of DESAT
protection, Ipgsar is charging current, Vggjoqe is forward
drop voltage of DESAT diodes and Vcgsar 1GBT represents

the Vce saturation voltage during overcurrent. Protection
circuit is depicted in Figure 6.
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Figure 6. DESAT Circuit Schematic

The on—chip blanking capacitor is 47 pF giving a blanking
time of ~1.3 us. The desat function is triggered when the
Ic > 275 A. After DESAT is triggered NCD57000 toggles
“soft turn—off” limiting the collector current di/dt so the
power module is not damaged by excessive collector voltage
overshoot.

www.onsemi.com

4


http://www.onsemi.com/

EVBUM2669/D

Short Circuit Behavior

The power integrated module is capable of surviving short
circuit of duration 10 us. Repeated short circuit conditions
could result in thermal overload and destruction of the
module. The on—board desat system can detect and turn off
the short in 4 us. Testing was performed during phase —
ground short circuit at phase U at output connector. DC link
voltage 600 V, 125°C module case temperature. Waveform
is captured in Figure 8.

Vee (V), Io (A)
vge (V), Vdesat{v)

-5.00E-07 5.00E-07 1.50E-06

time (s)

2.50E-06 3.50E-06

Figure 7. Behavior during Short Circuit Event

Auto Fault Resetting Circuit

When there is a fault condition detected by the gate driver
IC, the fault pin is switched to logic 0. Gate driver stays in
the fault condition until there is a falling edge on the reset
pin. To automatically reset the fault pin the board is equipped
with 74VHC123 — Dual Retriggerable Monostable
Multivibrator. 74VHC123 monitors the voltage on the Fault
pin. When there is a logic 0 condition, 74VHC123 generates
a delayed reset pulse. The delay between the fault and the
reset pulse is set by the capacitors C1 and C2. By default the
time is set to 10 ms. Automatic fault reset can be disabled by
disconnecting jumper from terminal P3, but it is
recommended to solder out the 74VHC123 IC. Reset pulse
then must be generated from micro controller.

Brake Chopper

Board is equipped with gate driver controlling module
brake chopper. Braking resistor can be connected to power
terminals MP6 and MP7.

NTC Module Temperature Sensing
Module built-in NTC is monitoring the case temperature
of the module. NTC is connected to terminal P6. When

applying 5 V to PIN1-P6 and GND to PIN2-P6, PIN3-P6
will be triggered active H (3.3 V) when the NTC inside the
module reaches 100°C. The voltage divider circuit can be
bypassed by solder jumper SJ1 for direct NTC sensing

Switching Losses

The switching was tested on the board with double pulse
test. Tested was U phase leg, bottom igbt commuting with
high side diode. The waveform shows no oscillation during
switching and the measured values align with datasheet.

Uge

Vge, Vee, ic, P (%)

-0.5
0.00E+00  1.00E-06 2.00E-06 3.00E-06  4.00E-O€
kA time (s)

Figure 8. a) Turn-on Losses, b) Turn-off Losses,
c) Reverse Recovery Losses, d) Switching
Waveform for XH35C120L2C2SG

Board Usage

For using the board needed equipmnet is 5 V/1 A
laboratory source, 15 V/1 A laboratory voltage source,
3phase mains power supply, PWM generator, DC link,
heatsink and load motor. Connect 5 V to terminal P1 and
connect 15 V to terminal P7. Connect 3 phase mains supply
to terminals MP1, MP2, MP3 (R, S, T), connect the load
motor to terminals MP8, MP9, MP10 (U, V, W). Connect
DC link to terminals MP6 and MP7. Connect PWM
generator to the terminal P5. Select PWM polarity on
terminal P4. Turn on the 5 V power source.Turn on the 15 V
power source. Turn on the mains power source. Start PWM
operation.

www.onsemi.com
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PIN FUNCTION DESCRIPTION

Table 3. CONNECTOR P1 - VCC +5 V POWER

Table 7. CONNECTOR P5 - INPUT PWM

CONNECTOR CONNECTOR
Pin name Pin Function Comment Pin name Pin Function Comment
1 GND 1 +5V
2 +5V 2 GND
3 PWM TOP U
Table 4. CONNECTOR P2 - DRIVER SECONDARY 4 PWMTOP V
VOLTAGE 5 PWM TOP W
1 VEE_LS 18 Neutral_V 6 PWM BOTTOM U
2 Neutral_LS 19 VEE_V 7 PWM BOTTOM V
3 VEE_LS 20 VDD_V 8 PWM BOTTOM W
4 VDD LS 21 N.C. 9 FAULT ACTIVE LOW, DESAT
— TRIGGERED
5 N.C. 22 N.C.
10 RDY ACTIVE LOW, UVLO
6 N.C. 23 N.C. DRIVER SECONDARY
7 N.C. 24 N.C. TRIGGERED
8 N.C. 25 VEE W 11 RESET ACTIVE LOW
9 VEE_U 26 Neutral_W 12 BRAKE
10 Neutral_U 27 VEE_W 13 ENABLE
11 VEE_U 28 VDD _W 14 N.C.
12 vDD U 29 N.C. 15 N.C.
13 N.C. 30 N.C. 16 N.C.
14 N.C. 31 N.C.
15 N.C. 32 N.C. Table 8. CONNECTOR P6 - MODULE NTC
16 N.C. 33 N.C. CONNECTOR
17 VEE_V 34 N.C. Pin name Pin Function Comment
1 VNTC Voltage input for NTC
Table 5. CONNECTOR P3 - AUTO FAULT RESET 2 GND_NTC Ground input for NTC
Pin name Pin Function Comment NTC NTC measurement
1 +5V Voltage for auto fault
reset IC Table 9. CONNECTOR P7 - DRIVER SECONDARY
2 5V VOLATGE
Pin name Pin Function Comment
Table 6. CONNECTOR P4 - PWM MODE 1 GND Voltage for gate driver
SELECTION secondary side
Pin name Pin Function Comment N.C. Not connected
1 GND Jumper position 1 & 2 3 15V Voltsagceo;oc;agrat;ggver
PWM ACTIVE HIGH y
2 SELECT
+5V Jumper position 2 & 3
PWM ACTIVE LOW

www.onsemi.com
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SCHEMATICS
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Figure 10. Gate Driver Schematics
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Power and signals driver primary
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Figure 14. DC-DC Source Schematics

R46
2k2

PWRI1
\\LED GREEN 0805

coamn

N+

D_‘-i

ca
1
U

VEE

U+

cs
1
U

c6

—10

VEE_U

Vi

c1

04—t

cs

VEE_V

W+

c10

bt

VEE_W

www.onsemi.com

9

GND

P2
VEEL [
1o
Fo
VEEU O [0
T__lg oliz U+
o o]
VEEV17T [ 9718 v
9o o200 v+
Lo o]
o o]
VEE_W 25 2 w-
lo of28 W+
o o]
5 oo
B_ [0 ol
Femal pin heades moiied


http://www.onsemi.com/

EVBUM2669/D

LAYOUT

Layout of Main Board
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Figure 16. Bottom Layer
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Figure 18. Signal Layer 2

www.onsemi.com
11



http://www.onsemi.com/

EVBUM2669/D

Figure 19. Top Overlay
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Layout of DC-DC Source

Figure 20. Top Layer

Figure 22. Top Overlay
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BILL OF MATERIAL

Table 10. BILL OF MATERIAL MAIN BOARD

# Value/Name Designator Package Manufacturer
2 LED RED 0805 FLT, RDY 0805 DIALIGHT
13 MMSD301 D7, D8, D9, D10, D11, D12, D19, D20, D21, SOD-123 ON Semiconductor
D22, D23, D24, D28
3 LED GREEN 0805 EN, PWR, PWR1 0805 DIALIGHT
1 150 Q R9 0603 Vishay
9 100 nF/25 V C20, C21, C22, C28, C39, C43, C45, C46, 1206 Kemet
C47
6 100 nF/25 V C23, C24, C48, C49, C50, C64 1206 Kemet
11 100 nF/16 V C4, C5, C6, C10, C32, C33, C34, C58, C59, 0603 Kemet
C60, C61
6 47 pF C14, C15, C16, C36, C37, C38 0603 Kemet
28 47 kQ R13, R14, R15, R16, R17, R18, R19, R20, 0603 Vishay
R21, R25, R26, R27, R28, R29, R30, R31,
R32, R33, R34, R35, R36, R37, R38, R39,
R40, R41, R42, R43
16 20 Q R6, R44, R45, RG1, RGH1, RGH2, RGH3, 0805 Vishay
RGH4, RGH5, RGH6, RGL1, RGL2, RGLS3,
RGL4, RGL5, RGL6
5 10 uF/25 V C26, C27, C51, C52, C53 1206 Kemet
11 10 uF/25V C17, C18, C19, C25, C35, C40, C41, C42, 1206 Kemet
C44, C62, C63
7 10 WF25V C29, C30, C31, C54, C55, C56, C57 0805 Kemet
2 10 uF/16 V C1,C2 0603 Kemet
5 10 nF/16 V C3, C9, C11,C12,C13 0603 Kemet
1 10 kQ R7 SOIC16 Bourns
5 2.2kQ R1, R2, R4, R5, R46 0603 Vishay
8 1 kQ R3, R8, R10, R11, R12, R22, R23, R24 0603 Vishay
1 NXH35C120L2C2SG M1 DIP26 ON Semiconductor
2 CAP_Snub_1200V C7,C8
12 0Q CLAMP1, CLAMP2, CLAMP3, CLAMP4, 0805 Vishay
CLAMP5, CLAMPS, SJ1, SJ2, SJ3, SJ4,
SJ5, SJ6
12 US1MFA D1, D2, D3, D4, D5, D6, D13, D14, D15, SOD-123 ON Semiconductor
D16, D17, D18
3 SSTH112U D25, D26, D27 SMB Vishay
1 SMD Test Point GND S1751-46R HARWIN
7 NCD57000DWR2G IC1, IC2, IC3, IC4, IC5, ICS6, IC7 SOIC16W ON Semiconductor
10 WP-THRBU, 50 A, MP1, MP2, MP3, MP4, MP5, MP6, MP7, 74650074 Wurth
M4x2.5 mm MP8, MP9, MP10
2 WR-WTB 2.54 mm Male P1, P3 61900211121 Wurth
Locking Header, 2p
1 Male Box Header 34 pins P2 612034235121 Wurth
1 Male Locking Header, 3p P4 61900311121 Wurth
1 Male Box Header 16 pins P5 61201621621 Wurth
2 Male Left Angled Header, 3p P6, P7 61900311021 Waurth

www.onsemi.com
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Table 10. BILL OF MATERIAL MAIN BOARD (continued)

# Value/Name Designator Package Manufacturer

3 NTC_2R2 RT1, RT2, RT3 15mm EPCOS

5 Plastic stand M4 SP1, SP2, SP3, SP4, SP5 702942500 Wurth

1 74HC123_0 U1 SOIC16 ON Semiconductor
2 SN74HC86D U2, U3 SOIC16 ON Semiconductor
1 SN74AHCT1G04DBVR U4 SOT-23-5 ON Semiconductor
Table 11. BILL OF MATERIAL DC-DC SOURCE

# Value/Name Designator Package Manufacturer

1 100 nF/16 V Ct 0805 Kemet

9 20 uF/25 V C2, C3, C4, C5, C6, C7, C8, C9, C10 CPOL-EUE2,5-6E Kemet

4 DC-DC MGJ2D051505SC DC-DC1, DC-DC2, DC-DC3, DC-DC4 MGJ2D051505SC Murata

1 Male Locking Header 3p P1 61900311121 Wurth

1 Female Box Header 34 pins P2 Wurth

1 LED GREEN 0805 PWR1 0805 Dialight

1 22Q R1 0805 Vishay

3 Plastic spacer SP1, SP2, SP3 M4 Duratool

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective holders.
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onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A
listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

The evaluation board/kit (research and development board/kit) (hereinafter the “board”) is not a finished product and is not available for sale to consumers. The board is only intended
for research, development, demonstration and evaluation purposes and will only be used in laboratory/development areas by persons with an engineering/technical training and familiar
with the risks associated with handling electrical/mechanical components, systems and subsystems. This person assumes full responsibility/liability for proper and safe handling. Any
other use, resale or redistribution for any other purpose is strictly prohibited.

THE BOARD IS PROVIDED BY ONSEMI TO YOU “AS IS” AND WITHOUT ANY REPRESENTATIONS OR WARRANTIES WHATSOEVER. WITHOUT LIMITING THE FOREGOING,
ONSEMI (AND ITS LICENSORS/SUPPLIERS) HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES IN RELATION TO THE BOARD, ANY
MODIFICATIONS, OR THIS AGREEMENT, WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY AND ALL
REPRESENTATIONS AND WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE, NON-INFRINGEMENT, AND THOSE ARISING FROM A
COURSE OF DEALING, TRADE USAGE, TRADE CUSTOM OR TRADE PRACTICE.

onsemi reserves the right to make changes without further notice to any board.

You are responsible for determining whether the board will be suitable for your intended use or application or will achieve your intended results. Prior to using or distributing any systems
that have been evaluated, designed or tested using the board, you agree to test and validate your design to confirm the functionality for your application. Any technical, applications or
design information or advice, quality characterization, reliability data or other services provided by onsemi shall not constitute any representation or warranty by onsemi, and no additional
obligations or liabilities shall arise from onsemi having provided such information or services.

onsemi products including the boards are not designed, intended, or authorized for use in life support systems, or any FDA Class 3 medical devices or medical devices with a similar
or equivalent classification in a foreign jurisdiction, or any devices intended for implantation in the human body. You agree to indemnify, defend and hold harmless onsemi, its directors,
officers, employees, representatives, agents, subsidiaries, affiliates, distributors, and assigns, against any and all liabilities, losses, costs, damages, judgments, and expenses, arising
out of any claim, demand, investigation, lawsuit, regulatory action or cause of action arising out of or associated with any unauthorized use, even if such claim alleges that onsemi was
negligent regarding the design or manufacture of any products and/or the board.

This evaluation board/kit does not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC,
CE or UL, and may not meet the technical requirements of these or other related directives.

FCC WARNING — This evaluation board/kit is intended for use for engineering development, demonstration, or evaluation purposes only and is not considered by onsemi to be a finished
end product fit for general consumer use. It may generate, use, or radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant
to part 15 of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this equipment may cause interference with radio
communications, in which case the user shall be responsible, at its expense, to take whatever measures may be required to correct this interference.

onsemi does not convey any license under its patent rights nor the rights of others.

LIMITATIONS OF LIABILITY: onsemi shall not be liable for any special, consequential, incidental, indirect or punitive damages, including, but not limited to the costs of requalification,
delay, loss of profits or goodwill, arising out of or in connection with the board, even if onsemi is advised of the possibility of such damages. In no event shall onsemi’s aggregate liability
from any obligation arising out of or in connection with the board, under any theory of liability, exceed the purchase price paid for the board, if any.

The board is provided to you subject to the license and other terms per onsemi’s standard terms and conditions of sale. For more information and documentation, please visit
www.onsemi.com.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:
Voice Mail: 1 800-282-9855 Toll Free USA/Canada Phone: 00421 33 790 2910
onsemi Website: www.onsemi.com Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative
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