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Reference Design
1 kW DC/DC Converter, 48 VDC to 12 VDC

LINKS TO ADDITIONAL RESOURCES

DESCRIPTION
As dual board net systems (vehicles with both a 12 V and 
48 V bus) increase in popularity, high power, bidirectional 
48 V to 12 V DC/DC converters have become key building 
blocks in the architecture of today’s automobiles. To 
optimize overall vehicle efficiency, energy must be 
transferred in either direction between the 12 V and 48 V 
batteries, depending on the vehicle’s electrical demands 
and the state of the batteries’ health, which can be achieved 
with this converter design.

This 1 kW, 48 V to 12 V buck-boost converter features two 
modular power stages capable of 500 W each. Symmetrical 
interleaving of both phases reduces the current ripple, while 
each phase is equipped with protection MOSFETs that can 
isolate the phase in case of failure and limit inrush current. 
The converter can automatically switch between buck and 
boost operation, while its switching frequency of 185 kHz 
leads to a compact form factor.

FEATURES
• Bidirectional 48 V to 12 V converter

• 2-phase interleaved operation

• Automatic buck and boost selection

• Voltage and current regulation

• Inrush current control

• Overvoltage protection

• Overcurrent protection

KEY COMPONENTS
• IHDM-1107BB-x0 inductor

• SQJQ112E MOSFET

• SQJA90EP MOSFET

• SQJQ140E MOSFET

• WSLP2726 shunt

• IHLP-6767GZ-5A inductor

• 182 CPHZ capacitor

• T51 vPolyTan™ capacitor

APPLICATIONS
• Automotive

• Industrial and server computing

• Networking, telecom, and base station power supplies

• EV test environment

Reference
Designs
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PIN CONFIGURATION

The DC/DC converter uses three screw terminals to connect the dual bus system and two connectors to supply auxillary power 
and communication.

To reduce the stress on the 48 V facing protection MOSFETs while operating in boost mode, it must be ensured that the 48 V 
load does not force high currents when starting or automatically restarting the converter while the 48 V rail is still below the 
12 V rail. To achieve this, the voltage of the electronic load must be set above 20 V, or if a resistive load is used, the resistance 
must be higher than 2.5 . These operating conditions are automatically met if using batteries, but need to be taken care of if 
using electronic loads.

 

PIN DESCRIPTION
PIN NUMBER TERMINAL SIZE SYMBOL DESCRIPTION

1 M4 +48 V Connect to 48 V battery

2 M6 GND Common ground

3 M6 +12 V Connect to 12 V battery

+48 V
pin 1

GND
pin 2

+12 V
pin 3

Power
ST2

Optional user control
ST1

http://www.vishay.com
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ST1 CONNECTOR
The ST1 connector enables the DC/DC converter to be controlled by an optional controller. The 16-bit I2C bus I/O expander 
(PI4IOE5V6416Q2LEX) is used to control the converter and read its state. In addition, an I2C EEprom (BR24T04NUX-WTR) 
stores a serial number and configuration used by the user-controlled interface. A 16-bit SPI ADC (ADS8867IDGSR) is connected 
to an 8-channel multiplexer.

(DQG4051EEQ-T1-GE4) can be used to measure input voltage, output voltage, input currents, output currents, and 
temperatures.

ST2 LOGIC POWER CONNECTOR
The GND pin on ST1 and ST2 is used as a reference for logic signals and logic power only. Due to the internal connection of all 
GNDs, an isolated power supply must be connected to ST2. Alternatively, +V_IN shall be referenced to the GND screw terminal 
and no connection to GND on ST2 pin 4 shall be made.

PIN DESCRIPTION
PIN NUMBER SYMBOL DESCRIPTION

1 +5 V +5 V power supply delivered from the DC/DC converter

2 +5 V +5 V power supply delivered from the DC/DC converter

3 I_LIM_SW If pulled up, the current limit is used from the I2C DAC

4 NC Not connected

5 +3.3 V +3.3 V must be provided for the EEPROM and ADC

6 NC Not connected

7 I2C_SCL I2C serial clock line

8 I2C_SDA I2C serial data line

9 SPI_SCLK SPI serial clock

10 SPI_/CS SPI slave select of the ADC (active low)

11 SPI_MISO SPI master in, slave out

12 SPI_MOSI SPI master in, slave in

13 GND Ground; it is internally connected to the GND cable and GND ST2

14 GND Ground; it is internally connected to the GND cable and GND ST2

PIN DESCRIPTION
PIN NUMBER SYMBOL DESCRIPTION

1 +V_IN 12 VDC to 56 VDC logic power input

2 /Enable Connect to GND to enable the converter, leave unconnected to disable

3 /Boost Connect to GND for boost mode, pull up for buck mode, leave unconnected for auto mode

4 GND Ground for logic power input; it is internally connected with GND terminal and GND ST1

http://www.vishay.com
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RATINGS

Logic Power Connector

Buck Mode

Boost Mode

FUNCTIONAL RATINGS (TA = 25 °C, unless otherwise noted)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT

DC logic power +V_IN 12 15 56 V

Converter ON /Enable 0 - 2 V

Converter OFF (internal pull-up 5 V) /Enable 4.5 - 56 V

Forced buck mode /Boost 8 15 56 V

Forced boost mode /Boost 0 - 0.5 V

FUNCTIONAL RATINGS (TA = 25 °C, unless otherwise noted)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT

48 V supply range +48 V 36 48 56 V

48 V undervoltage detection +48 V 35 36 37 V

12 V output voltage +12 V 10 12 13 V

Output current limit +12 V 79 83 85 A

Input current limit +48 V 26 29 32 A

FUNCTIONAL RATINGS (TA = 25 °C, unless otherwise noted)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT

12 V supply range +12 V 9 12 15 V

12 V undervoltage detection +12 V 8 9 10 V

48 V output voltage +48 V 46 48 51 V

Output current limit +48 V 18 21 23 A

Input current limit +12 V 89 92 95 A

ABSOLUTE MAXIMUM RATINGS (TA = 25 °C, unless otherwise noted)
ELECTRICAL PARAMETER LIMITS UNIT

+48 V 0 to 56 V

+12 V 0 to 16 V

Logic power voltage +V_IN (pin 1 ST2) 0 to 56 V

/Enable voltage (pin 2 ST2) 0 to 56 V

/Boost voltage (pin 2 ST2) 0 to 56 V

Maximal allowed load in buck mode (minimal allowed resistance value) 0.15 Ω

Minimal output voltage in buck mode (electronic load CV mode) 8 V

Maximal allowed load in boost mode (minimal allowed resistance value) 2.5 Ω

Minimal output voltage in boost mode (electronic load CV mode) 35 V

Ambient temperature -25 to +40 °C

Heatsink temperature (active cooling might be required depending on use case) -25 to +60 °C

Storage temperature -25 to +80 °C

Power dissipation 70 W

http://www.vishay.com
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PRINCIPLE DIAGRAM
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OPERATIONAL DESCRIPTION

The 1 kW, 48 VDC to 12 VDC converter is a synchronous two-phase buck / boost converter. The two power stages are located 
on the bottom PCB. This PCB is a FR4 with six layers of 2 oz copper thickness, while the top PCB is four layers and 1 oz. For 
good thermal connection and electric isolation, the bottom PCB is interfaced to the housing using thermal interface material.

The converter uses two interleaved phases to reduce overall ripple. Each phase is controlled by one LT8228 that is driven by 
clock signals derived off of an MIC1557 oscillator. To further reduce the ripple on the 48 V side, a 4.7 μH IHLP-6767 inductor is 
placed between the +48 V terminal and the two phases. A 2.2 μH IHLP-1212 inductor with a 100 m resistor in series is added 
in parallel to the IHLP-6767 to shape the transfer function.

Each phase has a pair of protection MOSFETs on each side to isolate the phase in the event of a fault condition. These are also 
used to limit the inrush current to the DC-Link capacitors. A continuous current of over 40 A per phase can occur on the 12 V 
side, so a low RDS(on) is essential to minimize losses. For this purpose, the SQJQ140E with a typical RDS(on) of 0.44 m is 
selected. On the 48 V side the currents are lower and the RDS(on) is less important. Instead, the inrush current to the DC-Link 
capacitors must be considered, and the wide safe operating area makes the SQJQ112E a good choice.

A small Miller capacitance is important for the switching MOSFETs in the half bridge in order to reduce the switch-on and 
switch-off losses. To achieve this, four SQJA90EPs are placed in parallel to reduce the conduction losses.

To compensate the high ripple currents on the 48 V side, the DC-Link consists of 10 22 μF, 63 V MAL218297802E3 capacitors. 
This hybrid conductive polymer aluminum capacitor has a very low ESR of 80 m and is rated for a ripple current of 1.5 ARMS
with a small footprint of 6.3 mm x 6.3 mm. In addition, there are four 10 μF MLCCs placed near the MOSFETs. The 220 μF 
MAL214699808E3 with a 300 m resistor in series is used for damping. On the 12 V side, five 47 μF, 25 V, 60 m, 2.7 ARMS
T51D476M025C0060 vPolyTan polymer capacitors and one 470 μF aluminum electrolytic capacitor are used for the DC-Link.

The main inductor of the converter is the 5.4 μH inductor from the IHDM-1107BB series.

A 2 m WSLP2726 Power Metal Strip® resistor is used for the current measurement on the 48 V side and a 1 m one on the 
12 V side.

http://www.vishay.com
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FRONT PANEL

GUICK START GUIDE

Use cables of at least 16 mm2 for the 12 V connection and 4 mm2 for the 48 V connection. Connect the ground cables of both 
the 12 V and 48 V rails near or on the GND terminal of the converter to ensure that large current changes on the 12 V side do 
not cause voltage changes on the 48 V side due to resistance or inductance of the ground cable.

Ensure that the power supplies are protected against reverse current and can handle the full voltage range.

Ensure enough airflow over the heatsink to keep the temperature below 60 °C at all times.

Under light load conditions, the converter can switch to discontinuous operation mode or cycle between buck and boost modes 
if in automatic mode. This can trigger the fault LEDs due to a light rise in output voltage, but will not affect the operation of the 
converter.

LED DESCRIPTION
COLOR LABEL DESCRIPTION

Green Phase1 Phase 1 is enabled

Green Phase2 Phase 2 is enabled

Yellow Buck Buck mode is selected

Yellow Boost Boost mode is selected

Red Fault Ph.1 Fault status on phase 1

Red Fault Ph.2 Fault status on phase 2

+48 V

GND

+12 V

1kW-48VDC-12VDC

Electronic
load

Voltage
source

Electronic
load

Voltage
source

http://www.vishay.com
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BUCK MODE START GUIDE
1. Connect the +V_IN pin on ST2 to a voltage source between 12 V and 56 V

2. Connect the /Boost pin on ST2 to a voltage source between 8 V and 56 V to force the buck mode

3. Connect the +48 V terminal to a power supply with a voltage between 35 V and 56 V that can deliver at least 26 A

4. Connect the +12 V terminal to an electric load; set the voltage to at least 8 V and the current to 1 A

5. Enable first the load and than the power supply

6. Connect /Enable pin on ST2 to GND to switch the converter on

7. Now the current in the load can be increased

When the converter reaches its current limits, the controller switches from constant voltage to constant current mode. In this 
mode the output voltage can fall to the 8 V CV voltage set in the load.

BOOST MODE START GUIDE
1. Connect the +V_IN pin on ST2 to a voltage source between 12 V and 56 V

2. Connect the /Boost pin on ST2 to GND to force the boost mode

3. Connect the +12 V terminal to a power supply with a voltage between 8 V and 15 V that can deliver at least 90 A

4. Connect the +48 V terminal to an electric load; set the voltage to at least 35 V and the current to 1 A

5. Enable first the load and then the power supply

6. Connect /enable pin on ST2 to GND to switch the converter on

7. Now the current in the load can be increased

When the converter reaches its current limits, the controller switches from constant voltage to constant current mode. In this 
mode the output voltage can fall to the constant voltage level (36 V) set on the load.

http://www.vishay.com
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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.

2.3.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, (ii) 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 (iii) 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 kit.

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.

http://www.vishay.com
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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, (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.

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.

© 2024 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED

http://www.vishay.com

