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此应用手册用来说明半导体器件，计算温度时使用的功率损耗。

产品的温度管理关系到是否可以确保可靠性，故非常重要。 

Figure 1 为 同 步 整 流 DC/DC 转 换 器 的 回 路 图 。          

Figure 2 为开关节点的电压波形与电感电流波形中，损耗发生

的位置。 

IC 的功率损耗主要有如下 5 个因素。 

1. MOSFET 的 ON 电阻造成的导通损耗 �����, ����� 

2. MOSFET 的开关损耗 ��	�� 
3. Deadtime 损耗 �
 
4. MOSFET 的 Gate 电荷损耗 �� 
5. IC 控制回路的工作损耗 ��
 

导通损耗 

导通损耗为 Figure 2 波形中 A区间与 B 区间的部分。A 区间时

高边 MOSFET ON，低边 MOSFET OFF，损耗可由输出电流、ON 电

阻及 ON 占空比算出。B 区间，高边 MOSFET OFF，低边 MOSFETON，

损耗可有输出电流、ON 电阻及 OFF 占空比算出。 

导通损耗 ����� 与 ����� 由下式可算出。 

高边 MOSFET 

����� � ��� � ����� � ��
��� 		��� 

低边 MOSFET 

����� � ��		� � ����� � �1 � ��
����			��� 

��:输出电流		��� 
�����:高边 MOSFET	ON 电阻			�%� 
�����:低边 MOSFET	ON 电阻			�%� 
���:输入电压			��� 
�&:输出电压			��� 
 

 

 

 

 

 

 

 

 

 

开关损耗 

开关损耗为 Figure 2 波形中 C区间与 D 区间的计算。高边、低

边 MOSFET 交替 ON/OFF 时，切换 ON 的过程中，产生损耗。由于

计算 2 个三角形面积与波形上升、下降过程中功率损耗求法近

似，所以该计算可以近似为单纯的图形面积计算。 

开关损耗 ��	�� 如下式求得。 

高边 MOSFET 

��	�� � 1
2 � ��� � �� � ()* + ),- � .�	 			��� 

���:输入电压			��� 
��:输出电流			��� 
)*:高边 MOSFET开通上升时间			�/01� 
),:高边 MOSFET关断下降时间			�/01� 
.�	:开关频率			�23� 

低边 MOSFET，在体二极管通电期间开通，下个一 Gate 信号来

时关断，负载电流沿着体二极管相同方向续流，Drain 电压保持

在低电压。所以开关损耗极少。 

DeadTime 损耗 

高边与低边 MOSFET 同时 ON 的话，VIN－GND 间形成短路，发生

非常大的电流尖峰，所以，设置两 MOSFET 均为 OFF 的死区时间

来防止短路。电感电流继续流动，死区时间内电感电流流经低

边 MOSFET 的体二极管。Deadtime 损耗 �
可用 Figure 2 波形

中 E 区间与 F 区间来计算，由下式可算出。 

 

�
 � �
 � �� � ()
* + )
,- � .�	 			��� 
�
:低边 MOSFET的 

提二极管正向压降			��� 
��:输出电流			��� 
)
*:上升沿时 Deadtime			�/01� 
)
,:下降沿时 Deadtime			�/01� 
.�	:开关频率			�23� 
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功率功率功率功率损损损损耗的耗的耗的耗的计计计计算方法算方法算方法算方法（（（（同步整流型同步整流型同步整流型同步整流型））））    

Gate 电荷损耗 

Gate 电荷损耗是 MOSFET Gate 充电引起的功率损耗。该损耗与

高边及低边 MOSFET 的 Gate 电荷数(亦或 Gate 电容)有关，故

Gate 电荷损耗如下式算出。 

�� � (;<�� + ;<��- � �<= � .�	 			��� 
或 

�� � (><�� + ><��- � �<=			� � .�				��� 
;<��:高边 MOSFET的 Gate 电荷数			�>� 
;<��:低边 MOSFET的 Gate 电荷数			�>� 
><��:高边 MOSFET的 Gate 电容			�@� 
><��:低边 MOSFET的 Gate 电容			�@� 
�<=: Gate驱动电压			��� 
.�	:开关频率			�23� 

 

 

 

 

IC 的工作损耗 

IC 的控制回路造成的功率损耗 ��
 如下式算出。 

��
 � ��� � �

 			��� 

���:输入电压			��� 
�

: IC 的工作电流			��� 

全功率损耗 

IC 的功率损耗 P，将上述损耗全部相加。 

P � ����� + ����� + ��	�� + �
 + �� + ��
 			��� 

�����:导通损耗(高边-		��� 
�����:导通损耗(低边-		��� 
��	��: Switching 损耗(高边-		��� 
�
: Deadtime 损耗		��� 
��: Gate电荷损耗		��� 
��
:ＩＣ的工作损耗		��� 
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Figure 1. 同步整流型 DC/DC 变换器回路图 
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功率损耗的计算方法（同步整流型） 

 

Figure 2. Switching 波形与损耗 

计算例 

计算式 Parameter 结果 

1. 导通损耗 

𝑃𝑂𝑁−𝐻 = 𝐼𝑂
  2 × 𝑅𝑂𝑁−𝐻 ×

𝑉𝑂

𝑉𝐼𝑁
 

𝑃𝑂𝑁−𝐿 = 𝐼𝑂
  2 × 𝑅𝑂𝑁−𝐿 × (1 −

𝑉𝑂

𝑉𝐼𝑁
) 

𝑉𝐼𝑁:输入电压   12 𝑉 

𝑉𝑂:输出电压  5.0 𝑉 

𝐼𝑂:输出电流   3.0 𝐴 

𝑅𝑂𝑁−𝐻:高边 MOSFET ON 电阻   100 𝑚𝛺 

𝑅𝑂𝑁−𝐿:低边 MOSFET ON 电阻   70 𝑚𝛺 

𝑓𝑆𝑊:开关频率   2.0 𝑀𝐻𝑧 

𝑡𝑟:高边 MOSFET 上升沿时间   4 𝑛𝑠𝑒𝑐 

𝑡𝑓:高边 MOSFET 下降沿时间   6 𝑛𝑠𝑒𝑐 

𝑉𝐷:低边 MOSFET 体二极管正向压降   0.5 𝑉 

𝑡𝐷𝑟:上升沿时 Deadtime   30 𝑛𝑠𝑒𝑐 

𝑡𝐷𝑓:下降沿时 Deadtime   30 𝑛𝑠𝑒𝑐 

𝑄𝑔−𝐻:高边 MOSFET 的 Gate 电荷数   1 𝑛𝐶 

𝑄𝑔−𝐿:低边 MOSFET 的 Gate 电荷数   1 𝑛𝐶 

𝐶𝑔−𝐻:高边 MOSFET 的 Gate 电容   200 𝑝𝐹 

𝐶𝑔−𝐿:低边 MOSFET 的 Gate 电容   200 𝑝𝐹 

𝑉𝑔𝑠: Gate 驱动电压   5.0𝑉 

𝐼𝐶𝐶: IC 的消费电流   1.0 𝑚𝐴 

 

375 𝑚𝑊 
367.5 𝑚𝑊 

2. Switching 损耗 

𝑃𝑆𝑊−𝐻 =
1

2
× 𝑉𝐼𝑁 × 𝐼𝑂 × (𝑡𝑟 + 𝑡𝑓) × 𝑓𝑆𝑊 360 𝑚𝑊 

3. Deadtime 损耗 

𝑃𝐷 = 𝑉𝐷 × 𝐼𝑂 × (𝑡𝐷𝑟 + 𝑡𝐷𝑓) × 𝑓𝑆𝑊    [𝑊] 180 𝑚𝑊 

4. Gate 电荷损耗 

𝑃𝐺 = (𝑄𝑔−𝐻 + 𝑄𝑔−𝐿) × 𝑉𝑔𝑠 × 𝑓𝑆𝑊 

𝑃𝐺 = (𝐶𝑔−𝐻 + 𝐶𝑔−𝐿) × 𝑉𝑔𝑠
   2 × 𝑓𝑆𝑊 

20 𝑚𝑊 

5. IC 的工作损耗 

𝑃𝐼𝐶 = 𝑉𝐼𝑁 × 𝐼𝐶𝐶 12 𝑚𝑊 

全功率损耗 
P = 𝑃𝑂𝑁−𝐻 + 𝑃𝑂𝑁−𝐿 + 𝑃𝑆𝑊−𝐻 + 𝑃𝐷 + 𝑃𝐺 + 𝑃𝐼𝐶 1.31 𝑊 

 

MOSFET 的 Gate 电容及体二极管正向压降等，IC 的内部参数一般厂商未必公开。该情况下，使用计算例里的值，可以进行大致的

估算。 
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Notice

ROHM  Customer Support System 
http://www.rohm.com/contact/

Thank you for your accessing to ROHM product informations.  
More detail product informations and catalogs are available, please contact us. 

N o t e s  

The information contained herein is subject to change without notice. 

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety 
measures such as complying with the derating characteristics, implementing redundant and 
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no 
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by 
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are 
provided only to illustrate the standard usage and operations of the Products. The peripheral 
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and 
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly, 
any license to use or exercise intellectual property or other rights held by ROHM or any other 
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of 
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified  
below), please contact and consult with a ROHM representative : transportation equipment (i.e. 
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety 
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace 
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising  from non-compliance with 
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained  in this 
document. However, ROHM does not warrants that such information is error-free, and ROHM 
shall have no responsibility for any damages arising from any inaccuracy or misprint of such 
information.

Please use the Products in accordance with any applicable environmental laws and regulations, 
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a 
ROHM sales office. ROHM shall have  no responsibility for any damages or losses resulting 
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,  
you must abide by the procedures and provisions stipulated in all applicable export laws and 
regulations, including without limitation the US Export Administration Regulations and the Foreign 
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of 
ROHM.

1) 

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)


