
Half-bridge DC-DC Converter 

Scheme Shrinks Power in 

Data Centers 
To reduce power consumption, data centers 

are embracing new rack architectures based 

on 48 V bus voltages. Learn how to design a 

half-bridge DC-DC converter to implement 

such a 48 V system. 

The pressure on to scale up and build new data centers (Figure 1) to 

meet the increasing demands for data storage. This expansion is 

ultimately resulting in greater power consumption, along with 

demands for reducing the power loss. 

One highly effective way of reducing the power consumption of a data 

center is to use the 48 V bus voltage for server racks. That said, such 

architectures are only practical by using carefully selected highly 

efficient MOSFETs. 



 

 

 

Figure 1. Data centers invariably require an immense amount of power, but 48 V bus 

systems are a proven way to reduce power losses—when designed correctly.  

  

How Open Rack Architecture 
Addresses Power Loss 
To achieve better efficiency, power losses must be dealt with. The Open 

Rack architecture proposed by the Open Compute Project 

(OCP)  addresses loss of power by using 48 V bus lines rather than 

conventional 12 V bus lines.  

To understand how this works, start by recalling that the power loss 

caused by a power line is calculated using I2R, where R is the power line 

resistance, and I is the power line current. Based on this simple 

relationship between current and resistance, a lower current leads for 

the same level of resistance will lead to less power loss and more 

efficiency. 

https://www.opencompute.org/blog/introducing-the-open-rack
https://www.opencompute.org/blog/introducing-the-open-rack


 

 

In the case of Open Rack architecture, consider the power loss when 

the same amount of power is supplied to server racks through 12 V bus 

lines vs. 48 V bus lines: the current that passes through a 48 V bus line 

is only 1/4 the current that passes through a 12 V bus line. Therefore, 

assuming the 48 V and 12 V bus lines have the same level of resistance, 

the 48 V bus will lose 1/16 the power of the 12 V one. 

  

Open Rack Using a Half-Bridge DC-DC 
Converter 
To go beyond the theory and to the practical application of Open Rack 

architecture, consider using a half-bridge DC-DC converter such as that 

shown in Figure 2. Such a converter can efficiently step down the 48 V 

bus line voltage to 1.2 V and reduce total system power consumption.  

  

 

Figure 2. Simplified half-bridge DC-DC converter.  

 

Elements of power loss due to MOSFET operation on the half-bridge 

DC-DC converter are gate drive loss, output capacitance loss, diode 

reverse recovery loss, and conduction loss in addition to switching loss. 

Each element impacts DC-DC converter efficiency. 



 

 

To simplify the consideration, we use non-isolated buck DC-DC 

converter which is configured with two MOSFETs as shown in Figure 3 

instead of the half-bridge DC-DC converter. When the power loss of 

half-bridge DC-DC converter is considered, the high-side MOSFET in 

Figure 3 corresponds to the primary side MOSFETs in Figure 2 (TR1, 

TR2) and the low-side MOSFET in Figure 3 corresponds to the 

secondary MOSFETs in Figure 2 (TR3, TR4).  

The power losses shown in Figure 3 are generated on each MOSFET of 

the non-isolated buck DC-DC converter. These losses can be reduced 

drastically by using an appropriate MOSFET. 

  

 

Figure 3. Sources of losses in a non-isolated buck DC-DC converter.  

 

 

  

 

 



 

 

  

Our Approach 
We have developed a reference design of half-bridge DC-DC converter 

which supports the 48 V bus system and have investigated the most 

effective and practical power MOSFETs needed to achieve the highest 

efficiency level on the 48 V bus system.  

Table 1 shows specification of the half-bridge DC-DC converter and 

Figure 5 shows a block diagram of the converter.  

By using appropriate MOSFETs, the half-bridge DC-DC converter 

achieves total efficiency of 92.8 % (Vin = 54.5 V, 30 % load) with just 

160 mm x 100 mm board size. 

 

 

Figure 4. A half-bridge DC-DC converter reference design supporting the 48 V bus 

system.  

https://toshiba.semicon-storage.com/ad/semiconductor/design-development/referencedesign/detail.RD040.html?utm_source=website&utm_medium=article&utm_campaign=jp_2312_dcdc


 

 

Table1: Specifications of the half-bridge DC-DC converter shown in Figure 2. 

 

  

 

Figure 5. Block diagram of a 1.2 V / 100 A output isolated DC-DC converter for direct 

conversion of 48 V bus voltage to 1.2 V.  

 

Although the smaller input capacitance MOSFET the better in switching 

loss, which has a big impact on the primary side, standpoint, an impact 

of conduction loss cannot be ignored because average of around 3 A 

current flows at the maximum load. Therefore, we have 



 

 

selected TPN1200APL which has good balance of input capacitance 

value and drain-source on-resistance. 

On the secondary side, the built-in diodes will operate before the 

MOSFETs turn on, making conduction losses dominant. Therefore, we 

have selected TPHR6503PL which has the lowest drain-source on-

resistance of 0.41 mΩ among our 30 V MOSFET lineup. 

  

All About Reducing Power 
Consumption 
The Open Rack architecture proposed by OCP uses 48 V lines to reduce 

power consumption and improve efficiency. The half-bridge DC-DC 

converter supporting the 48 V bus system is one approach to efficient 

implementation. 

 

DC-DC converters require careful selection of MOSFETs to be effective. 

We have selected TPN1200APL for the primary side MOSFET and 

TPHR6503PL for the secondary side MOSFET on the compact and highly 

efficient DC-DC converter reference design. 

 

We offer high-quality and highly efficient MOSFETs with VDSS ranging 

from 30 V to 250 V, as well as various drain-source on-resistance types 

in each VDSS class, so engineers can find the right MOSFET when 

designing a DC-DC converter. 

 

 

 

 

More detailed information such as block diagrams, board information, 

usage instructions, etc. can be found below. 

Reference Design：1.2 V/100 A Output DC-DC Converter Compliant with 48V Bus Voltage 

 

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TPN1200APL.html
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TPHR6503PL.html?utm_source=website&utm_medium=article&utm_campaign=jp_2312_dcdc
https://toshiba.semicon-storage.com/ad/semiconductor/design-development/referencedesign/detail.RD040.html?utm_source=website&utm_medium=article&utm_campaign=jp_2312_dcdc


 

 

Restrictions On Product Use 
 
Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 
Hardware, software and systems described in this document are collectively referred to as “Product”. 

• TOSHIBA reserves the right to make changes to the information in this document and related Product without 
notice. 

• This document and any information herein may not be reproduced without prior written permission from 
TOSHIBA. Even with TOSHIBA’s written permission, reproduction is permissible only if reproduction is without 
alteration/omission. 

• Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. 
Customers are responsible for complying with safety standards and for providing adequate designs and 
safeguards for their hardware, software and systems which minimize risk and avoid situations in which a 
malfunction or failure of Product could cause loss of human life, bodily injury or damage to property, including 
data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate 
the Product into their own applications, customers must also refer to and comply with (a) the latest versions of 
all relevant TOSHIBA information, including without limitation, this document, the specifications, the data 
sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA 
Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be 
used with or for. Customers are solely responsible for all aspects of their own product design or applications, 
including but not limited to (a) determining the appropriateness of the use of this Product in such design or 
applications; (b) evaluating and determining the applicability of any information contained in this document, or 
in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and 
(c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR 
CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS. 

• PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE 
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF 
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS 
PUBLIC IMPACT 
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use 
includes, without 
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life 
supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic 
signalling equipment, equipment used to control combustions or explosions, safety devices, elevators and 
escalators, and devices related to power plant.  IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA 
ASSUMES NO LIABILITY FOR PRODUCT.  For details, please contact your TOSHIBA sales representative  or 
contact as via our website. 

• Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in 
part. 

• Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is 
prohibited under any applicable laws or regulations. 

• The information contained herein is presented only as guidance for Product use. No responsibility is assumed by 
TOSHIBA for any infringement of patents or any other intellectual property rights of third parties that may result 
from the use of Product. No license to any intellectual property right is granted by this document, whether 
express or implied, by estoppel or otherwise. 

• ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS 
OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO 
LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR 
INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF 
OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS 
OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, 
INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, 
ACCURACY OF INFORMATION, OR NONINFRINGEMENT. 



 

 

• Do not use or otherwise make available Product or related software or technology for any military purposes, 
including without limitation, for the design, development, use, stockpiling or manufacturing of nuclear, 
chemical, or biological weapons or missile technology products (mass destruction weapons). Product and 
related software and technology may be controlled under the applicable export laws and regulations including, 
without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration 
Regulations. Export and re-export of Product or related software or technology are strictly prohibited except in 
compliance with all applicable export laws and regulations. 

• Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS 
compatibility of Product. Please use Product in compliance with all applicable laws and regulations that regulate 
the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA 
ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH 
APPLICABLE LAWS AND REGULATIONS. 


