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Reference Design
SiC MOSFET-Based 800 V, 40 A Bidirectional eFuse

FEATURES
e Low TCR shunt for precise current measurement
* Low tracking error voltage divider

¢ Robust I/0O port providing ESD protection and freewheel
capabilities
¢ Fast switching speed

KEY COMPONENTS

e CMBO0207 high pulse load carbon film MELF resistor
e MXP120A045FE SiC MOSFET

e MXP120A250FE SiC MOSFET

LINKS TO ADDITIONAL RESOURCES
* EFUSE-800V40ABI

DESCRIPTION

Electronic fuses (eFuses) are crucial in modern applications, especially in automotives. They are used to enhance overall vehicle
safety by protecting against overcurrent, voltage spikes, and temperature rise. eFuses often comprise a control board and a
power board. Here we focus on providing a complete power board design example that is based on Vishay’s SiC MOSFETSs.

This power board is capable of handling voltages up to 950 V and 40 A current. The circuit can be easily scaled up for high
current ratings. In addition to the eFuse functionality, the circuit benefits from a pre-charge circuit connected in parallel with the
main eFuse switch, which avoids inrush currents into external uncharged capacitors.

The power circuit is fully equipped with all the required feedback signals, including the circuit current - which is measured by
a Vishay low TCR shunt resistor - and the circuit voltage, which is measured by a low tracking error voltage divider.
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Fig. 1 - Overall System Block Diagram
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APPLICATION DESCRIPTION

The eFuse circuit should be able to supply and disconnect the current from the source side to the load side. It also provides a
separate pre-charge path to avoid inrush currents when operating with capacitive loads.

Pre-Charging
During the pre-charge, Q10 and (Q6 - Q9) should be turned on and (Q2 - Q5) should be turned off.

The DC-Link capacitor should be pre-charged first before the main switch is tuned on. In this design the effective pre-charge
resistance is 10 kQ. This is achieved by using two series of ten 2 kQ / 0.4 W resistors connected in parallel.

These resistors can be adjusted by the user to achieve the required pre-charge time according to the specific application.
Considering the existing setup, with a 10 kQ pre-charge resistor and 800 V supply voltage, the initial peak current of the circuit

. 800
will be about 80 mA (10 o ).
Pr = I°xR = (0.08 A)° x 10 kQ = 64 W (peak power)
Each resistor should withstand (g—g ~ 3.2) peak power for a duration equal to

51=5xRxC=5x10kQxC

where C is the capacitance connected to the output of the eFuse.

For the SiC Pre-Charge MOSFET
Assuming Rps(on) = 250 mQ at 80 °C and Vgs = 20 V:
P = I12R = (0.08 A)2 x 250 mQ = 1.6 mW.

Considering the maximum junction to ambient thermal resistance Ry,ya = 43 °C/W, the following simple thermal equation
provides the temperature rise:

Ty=Tomo +dT (1)

Where;
T, is the junction temperature
Tamb is the ambient temperature

dT is the temperature rise due to the energy dissipation. This can be calculated by applying Pioss X Rin, or from the graphs
provided in the datasheet

Ploss is the power loss within the component
Rih is the internal thermal resistance of the component.

Ty=Tggoc+ 1.6 me43WC ~ 80.7 °C
(it indicates that no active cooling is required in this case)

Normal Operation
During normal operation, (Q2 - Q9) should be turned on and Q10 should be turned off.

For the MOSFET, considering Rps(on) = 45 mW at 80 °C and Vgs = 20 V for 40 A divided by four MOSFETs in parallel, each
MOSFET will have 10 A:
P=1’R=(10A° x45mQ =45W

Considering the maximum junction to ambient thermal resistance Rinya = 0.59 °C/W, the following simple thermal equation
provides the temperature rise:

T, =Tgpoc +4.5WX O'SQVVQ ~ 82.665 °C < T 0x. (150 °C)
It indicates that no active cooling is required in this case as well. The user should take care in calculating the actual temperature
rise in the final application.
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PIN CONFIGURATION
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Fig. 2 - Pin Configuration
PIN DESCRIPTION
PIN NUMBER SYMBOL DESCRIPTION
DC+ DC+ Connect with HV DC voltage input; max. 950 V
DC- DC- Connect with reference point for DC input
LOAD DC+ Connect with load; max. 950 V
DC- DC- Connect with reference point for LOAD
J5/1 +DC_SH+ QOutput load shunt positive
J5/3 +DC_SH- Output load shunt negative
J5/5 GATE_SW_ON Input gate switch fuse active high
J5/7 KS_SW_ON Reference for GATE_SW_ON
J5/2 CD_LOAD_SNS_REF Reference for DC_LOAD_SNS
J5/4 DC_LOAD_SNS Output voltage divider for load voltage (950:1)
J5/6 GATE_PRECHARGE Input for gate signal of pre-charge MOSFET- active high
J5/8 KS_PRECHARGE Reference for gate signal of pre-charge MOSFET
RECOMMENDED OPERATING RANGE
PARAMETER MIN. MAX. UNIT
DCLINK+ to DCLINK- 25 950 \
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ABSOLUTE MAXIMUM RATINGS
ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
ELECTRICAL PARAMETER LIMITS UNIT
HV Upg to ref. 950 Vv
Ambient temperature -40 to +125 °C
Storage temperature -40 to +150 °C
Max. power consumption 1500 mw
Max. current consumption 300 mA
Isolation voltage 5 kVRMms
DIMENSIONS in millimeters
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PACKAGE LIST OF THE REFERENCE KIT
e EFUSE-800V40ABI

ADDITIONAL RESOURCES

[1] Thermal Management in Surface-Mounted Resistor Applications
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Disclaimer

1. Vishay Intertechnology, Inc. and its affiliates (“Vishay”) provides the reference design to which this disclaimer is attached
(the “reference design”), and may provide certain products, parts and components to implement the reference design
(each, an “evaluation kit”), solely to assist customers and potential customers (each, a “user”) who, in a research and
development setting, are developing products and applications that incorporate Vishay products. This disclaimer
supplements the terms of and conditions under which the user gains access to the reference design and / or evaluation kit
(the “terms and conditions”). If and to the extent this disclaimer conflicts with the terms and conditions, this disclaimer will
control.

2. Vishay and their respective directors, officers, agents, and employees (collectively, the “Vishay parties”), disclaim any and
all warranties concerning the reference design or evaluation kits, and all liability for any errors, inaccuracies, incompleteness
or other defects in the reference design or evaluation kits. Without limiting the foregoing:

2.1.Users are responsible for (a) using their independent analysis, evaluation and judgment to validate the operating
parameters, including typical parameters, for each component specified by the reference design or included in an
evaluation kit, (b) assuring the safety of the products they develop and the compliance of those products with all
applicable regulations, laws and other applicable requirements, and (c) obtaining any licenses to third party intellectual
property rights that may be necessary for their products.

2.2.Vishay makes no warranty, representation, or guarantee regarding the suitability of the reference design or evaluation
kits for any particular purpose. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any design or product, (ii) any and all liability, including without limitation
special, consequential, or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for
particular purpose, non-infringement, and merchantability. The aggregate liability of all Vishay parties will not exceed
the amount the Vishay parties received in exchange for the reference design or evaluation kit giving rise to the claim.

3. Users acknowledge that (i) the reference design was created under laboratory conditions, and no Vishay party has
conducted any testing other than as may be specifically described in the reference design, (i) any information in the
reference design related to third party components described by a reference design or included in an evaluation kit (“third
party products”) does not constitute a license to use any third party product, or a warranty or endorsement of any third
party product, and use of any such information, products or services may require a license from a third party under patents
or other intellectual property rights and (jii) Vishay may make corrections, enhancements, improvements and other changes
to their respective products and services, reference design, or evaluation kit, and to discontinue any product or service.
Vishay has no obligations and makes no claims, representations, warranties, or guarantees regarding third party products
included in a reference design or evaluation Kkit.

2.4.Statements regarding the suitability of the reference design, evaluation kit, or other Vishay product for certain types of
applications are based on Vishay’s knowledge of typical requirements often placed on Vishay products in generic
applications. Such statements are not binding statements about the suitability of the reference design, evaluation kit,
or other Vishay product for a particular application. It is the customer’s responsibility to validate that a particular
reference design, evaluation kit, or other Vishay product with the properties described in the reference design or
included in the evaluation kit is suitable for a particular application.

2.5.The reference design is not fault-tolerant and is not intended for high risk applications, including without limitation in the
operation of nuclear facilities, aircraft navigation or control systems, air traffic control, life support machines, weapons
systems, or any other application in which the failure of the reference design could lead to death, personal injury, or
severe physical or environmental damages. Any use of the reference design in connection with high risk applications
or any other applications is fully at the user’s own risk. Neither the evaluation kits nor their components are intended
for commercial products or in consumer or household environments.

3. No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or
by any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

4. This disclaimer will be governed by the laws of the Commonwealth of Pennsylvania without reference to conflict of laws
principles. User and the Vishay parties agree that the sole and exclusive jurisdiction for any dispute regarding the reference
design or evaluation kits will be the state and federal courts sitting in Philadelphia, Pennsylvania.
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts.
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website.
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website
or for that of subsequent links.

Vishay products are not designed for use in life-saving or life-sustaining applications or any application in which the failure of
the Vishay product could result in personal injury or death unless specifically qualified in writing by Vishay. Customers using or
selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please contact authorized
Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2026 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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