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REF68020 : Reference Design Brief

2.5kW LLC Converter, DC390Vin, DC48Vout

REF68020 –Reference Design

SCT4013DR
<Block Diagram>

KM1M7CF

・Full-bridge LLC converters used in a variety of applications

・DC390Vin, Output DC48V, 53A (2.5kW)

・High efficiency (97.3% peak) achieved by using SiC MOSFETs for primary side.               

・This board was developed by Nuvoton Technology. (LLC EVB – Nuvoton Jump to an external website)

<Circuit configuration>

Full bridge LLC Converter

High-resolution PWM with 32-bit MCU(Nuvoton KM1M7CF0)

Controlling the primary and secondary sides with a single MCU

Using SiC MOSFETs for Primary side switching

<Specification>

Input : DC390V

Output : DC48V, 53A

fsw = 125kHz (Normal state)

Efficiency : 97.3%

Feature

＊ For more details about the board, please contact Nuvoton Technology Cooperation Japan.＊Jump to an external website
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https://www.rohm.com/reference-designs/ref68020
https://www.rohm.com/reference-designs/ref68020
https://www.rohm.com/reference-designs/ref68020
https://www.rohm.com/products/sic-power-devices/sic-mosfet/sct4013dr-product
https://www.nuvoton.com/products/microcontrollers/arm-cortex-m7-mcus/km1m7cf-digital-power-control-series/
https://www.nuvoton.com/applications/power-energy/llc-reference-board/
https://www.nuvoton.com/applications/power-energy/llc-reference-board/
https://www.nuvoton.com/applications/power-energy/llc-reference-board/
https://www.rohm.com/products/power-management/linear-regulators/single-output-ldo-regulators?page=1&SearchWord=bd750#featureLDORegulatorFinder
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What is LLC Converter?

LLC converters are power conversion circuits that utilize resonance phenomena, consisting of a primary-side excitation inductance, resonant inductor, resonant 

capacitor, switching element, and secondary-side rectifier circuit. By employing soft-switching technologies such as ZVS (Zero Voltage Switching) (primary-side 

switch) and ZCS (Zero Voltage Switching) (secondary-side switch), switching losses are significantly reduced, achieving high efficiency and low EMI by 

suppressing switching noise. They are applicable to a variety of power conversion circuits.

LLC converters that accept DC 400V input are used in applications where the DC voltage is converted from a commercial AC power input via a PFC (Power 

Factor Correction) and then converted to the voltage required by the system for distribution (server power supplies, industrial power supplies, PV hybrid inverters, 

ESS, UPS, xEV OBC (onboard charger), etc.), as well as for voltage conversion from the 400V battery of xEVs (xEV DC-DC converters, etc.). The secondary-side 

full-bridge rectifier circuit is a topology commonly used for relatively high power (up to several tens of kW) and relatively high output voltage (>48V).

This reference design is a  DC 390V input, 48V output, 2.5kW LLC converter that incorporates Nuvoton Technology's high-resolution 32-bit MCU (KM1M7CF0) 

for power control and uses SiC MOSFETs as the primary switching element.

Data Center / AI Server PSU Industrial PSU

xEV OBC xEV DC-DC
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Reference Designs for Power Supply Unit (PSU)
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: Target application : Sub system : ROHM product category : ROHM product category
(Discrete device)

: ROHM product category
(Contact us)

: Non ROHM product
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REF68020

2.5kW LLC Converter
DC390V

input
DC48V, 53A

Output

DC12V

input

REF67010 : 3.6kW Interleaved PFC

APEVK66001 : 3.6kW Totem Pole PFC

REFACDC025

24W 12Vout

AC-DC Converter

https://www.rohm.com/reference-designs/ref68020
https://www.rohm.com/reference-designs/ref67010
https://www.rohm.com/reference-designs/apevk66001
https://www.rohm.com/reference-designs/refacdc025
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Simulate LLC Converter Circuits (Simulation tools and Demo Circuits)

Reduce design time by utilizing simulation during power electronics circuit design. ROHM provides online tools and  

demo circuits for offline tools, allowing you to immediately perform simulations or obtain simulation circuits via the web.

Contents ROHM Solution Simulator ROHM PLECS Simulator LTSpice®

Demo Circuits

PLECS®

Demo Circuits

Online / For Offline Online simulation available Downloadable circuits for offline tools

Simulation tool PARTQUEST Explore PLECS® LTSpice® PLECS®

Features High analog waveform reproducibility, 

AC analysis possible.

Loss and heat can be verified in seconds. High analog waveform reproducibility, 

AC analysis possible.

Loss and heat can be verified in seconds.

Used for Verify surges, ringing, AC characteristics, 

and so on,  to design for stability and 

safety.

Select devices based on the losses and 

heat generation at the topology circuit.

Verify surges, ringing, AC characteristics, 

and so on,  to design for stability and 

safety.

Select devices based on the losses and 

heat generation at the topology circuit.

LLC

Converter

Simulation

Circuit

ROHM PLECS Simulator

C-014-D : Discrete Package

C-014-DOT : DOT-247 Package

C-014-D4 : Full Bridge LLC, Full Bridge Recti.

TO-247-4L package

C-014-DOT : Full Bridge LLC, Full Bridge Recti.

DOT-247 package

C-014-D : Full Bridge LLC, Full Bridge Recti.

Discrete Package

C-014-DOT : Full Bridge LLC, Full Bridge Recti.

DOT-247 package

C-013. Full Bridge LLC, Diode Recti.

C-012. Half Bridge LLC, Diode Recti. C-012 :  Half Bridge LLC, Diode Recti.

TO-247N package

ROHM PLECS Simulator

C-023-D : Discrete Package

C-023-DOT : DOT-247 Package

C-023-D : Half Bridge LLC, Full Bridge Recti.

Discrete Package

C-023-DOT : Half Bridge LLC, Full Bridge Recti.

DOT-247 Package

https://www.rohm.com/solution-simulator
https://www.rohm.com/simulator/plecs-simulator
https://www.rohm.com/support/ltspice-circuit
https://www.rohm.com/support/ltspice-circuit
https://www.rohm.com/support/plecs-circuit
https://www.rohm.com/support/plecs-circuit
https://www.rohm.com/simulator/plecs-simulator
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014_llc_converter_full_bridge_synchronous_rectification.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014_llc_converter_full_bridge_synchronous_rectification.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014_llc_converter_full_bridge_synchronous_rectification.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014_llc_converter_full_bridge_synchronous_rectification.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014_llc_converter_full_bridge_synchronous_rectification.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014-dot_llc_converter_full_bridge_sr_vin=800v_vout=50v_pout=15kw.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014-dot_llc_converter_full_bridge_sr_vin=800v_vout=50v_pout=15kw.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014-dot_llc_converter_full_bridge_sr_vin=800v_vout=50v_pout=15kw.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014-dot_llc_converter_full_bridge_sr_vin=800v_vout=50v_pout=15kw.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-014-dot_llc_converter_full_bridge_sr_vin=800v_vout=50v_pout=15kw.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-014-DOT_rc.pdf
https://www.rohm.com/solution-simulator/c-013_dcdc_llc_fb_dr_3_6kw
https://www.rohm.com/solution-simulator/c-013_dcdc_llc_fb_dr_3_6kw
https://www.rohm.com/solution-simulator/c-013_dcdc_llc_fb_dr_3_6kw
https://www.rohm.com/solution-simulator/c-012_dcdc_llc_hb_dr_3_6kw
https://www.rohm.com/solution-simulator/c-012_dcdc_llc_hb_dr_3_6kw
https://www.rohm.com/solution-simulator/c-012_dcdc_llc_hb_dr_3_6kw
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-012_dc-dc_llc_buck_converter_vout=12v_io=250a_ltspice.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-012_dc-dc_llc_buck_converter_vout=12v_io=250a_ltspice.pdf
https://fscdn.rohm.com/en/products/library/spice_circuit/application/pdf/c-012_dc-dc_llc_buck_converter_vout=12v_io=250a_ltspice.pdf
https://www.rohm.com/simulator/plecs-simulator
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-D_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-DOT_rc.pdf
https://fscdn.rohm.com/en/products/library/plecs/topology/C-023-DOT_rc.pdf
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Recommended Products for 3kW～5.5kW Power Supply Unit (PSU)
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: Target application : Sub system : ROHM product category : ROHM product category
(Discrete device)

: ROHM product category
(Contact us)

: Non ROHM product
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Totem Pole PFC

Fast Leg : SCT40xxDR(TO-247-4L)

SCT40xxDLL(TOLL)

Slow Leg : R60xxWNZ4(TO-247N)*

R60xxWNJ3(DFN8080)*

Isolated Gate Driver

For SiC : BM61S41RFV-C

For SJ-MOS : BM61M41RFV-C

LLC Converter(Primary)

SJ-MOS

R60xxWNZ4(TO-247N)*

R60xxWNJ3(DFN8080)*

SiC-MOS

SCT40xxDWA(TO-263-7L)

SCT40xxDLL(TOLL)

GaN HEMT

GNP30xxTD-Z(TOLL)*

Gate Driver for SJ-MOS

BM62T40RFU *

Gate Driver for SiC-MOS

BM61S41RFV

Gate Driver for GaN-HEMT

BM6GD11BFJ

LLC Converter(Secondary)

Oring [option]

Si-MOSFET

30V     RS6Exx, RS7Exx

40V     RS6Gxx, RS7Gxx, RH6Gxx

60V     RH6, RH8, RS6L, RG6L, RS7L

80V     RS7N200BH(DFN5060)*

100V   RS7P200CH *

Gate Driver for Si-MOSFET

BD2310G

BD2320EFJ

BM60214FU *

AUX power supply

AC-DC Converter

Built in 1700V SiC : BM2SC Series

AC-DC Controller : BD768x Series
Power Management

LDOs

DC/DC Converter

Flyback DC-DC Converter : BD7Fxx Series

Current & Voltage Sense

Current Sense Amp : BD14xxx Series

Low offset OpAmps

Isolated Amp *

Shunt Resistor : PSR, GMR, PMR, LTR Series

* : Under Development

As Of Apr.2026
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Notice  

 
Important Notes on the Use of Reference Designs 

 

1) The contents of this document are subject to change without notice for the purpose of improvement. 

2) ROHM provides reference designs (including, but not limited to, circuit diagrams, layout data, parts lists, 

reference boards and their evaluation results, etc.) and all materials related to evaluation boards (hereinafter 

collectively referred to as "Reference Designs, etc.") to customers for the purpose of referencing them in the 

development of devices, equipment, software, etc. incorporating ROHM products (hereinafter collectively referred 

to as "Customer Products"). The design, verification, etc. required for the development of the Customer's Product 

shall be done at the customer's responsibility and expense. In no event shall the customer use the Reference 

Designs, etc. for any purpose other than the purpose mentioned above. 

3) Reference Designs, etc. are provided on an "as is" basis. ROHM disclaims all warranties, express or implied, 

including, but not limited to, warranties of usefulness, functionality, accuracy, merchantability, and fitness for a 

particular purpose. In no event shall ROHM be liable for any damages (including, but not limited to, lost profits or 

other incidental, consequential, or punitive damages) arising out of, related to or in connection with the use of or 

application of the Reference Designs, etc. whether in contract or tort. For the avoidance of doubt, ROHM does 

not warrant that the Reference Designs, etc. will work with the Customer’s Product. 

4) When using Reference Designs, etc. be sure to request and verify the latest specifications (including the 

specifications of the products that compose the Reference Design, etc.) separately. 

5) The customer shall be responsible for implementing safety measures such as derating, redundant design, fire 

prevention, backup, and fail-safe measures, etc., to prevent personal injury, fire damage, etc., caused by the 

Customer's Product developed with Reference Designs, etc. ROHM assumes no liability whatsoever for any use 

in excess of the ratings or in case of failure to observe the instructions for use. 

6) The application circuit examples, constants, and other information provided in Reference Designs, etc. are 

intended to illustrate standard operation and usage. Therefore, when designing for mass production, please take 

into account various external conditions. 

7) Reference Designs, etc. are intended to show typical operations and examples of application circuits, etc., and 

do not constitute a license, express or implied, to implement or use any intellectual property rights or any other 

rights of ROHM or any other company. ROHM shall not be liable for any disputes arising from, related to or in 

connection with the use of the Reference Designs, etc. 

8) Please make sure to contact ROHM and obtain ROHM’s consent before using the Reference Designs, etc. for 

the following Customer's Product that requires particularly high reliability. Transportation equipment (in-vehicle, 

ship, railroad, etc.), trunk line communication equipment, traffic signal equipment, disaster and security equipment, 

safety equipment, medical equipment, servers, solar cells, power transmission systems, etc. 

9) Do not use Reference Designs, etc. for the following Customer’s Product that requires extremely high reliability. 

Aerospace equipment, nuclear power control equipment, submarine relay equipment, etc. 

10) Do not use Reference Designs, etc. for military use, such as development of weapons of mass destruction, or 

for any other military purpose. 

11) ROHM does not assume any liability for any accidents or damages caused by non- compliance with the 

descriptions in this document. 

12) The information contained in this document has been carefully prepared to ensure accuracy. However, ROHM 

shall not be liable for any loss or damage incurred by customers due to errors or misprints in this document. 

13) Do not reproduce or duplicate any part of this document in any form or by any means without ROHM’s 

permission. 

 

 
Thank you for your accessing to ROHM product informations. 

More detail product informations and catalogs are available, please contact us. 

ROHM Customer Support System 

http://www.rohm.com/contact/ 

 

http://www.rohm.com/contact
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