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1.  碳化硅(SiC) MOSFET 动态性能测试板 

瑞能 SiC MOSFET 动态性能测试板是用来评估瑞能第一代 SiC MOSFET 高速开关性能

的平台。该平台可用来评估 TO-247-3 和 TO-247-4 两种封装的 SiC MOSFET 产品。平台的

电路拓扑结构为两个 MOSFET 开关器件构成的半桥结构， 也可以通过外接电感和负载构成

buck, boost 等连续运行的变换器拓扑。除此之外，该平台还具有的特点包括： 

• 为高压母线设计，最高母线电压可达 800V 

• 驱动信号侧与高压侧实现 3000V 电气隔离 

• 10nH 一下的主回路杂散电感 

• 同轴分流器高带宽电路测量 

• 门极驱动电压可调，调整范围为-10V - +25V 

 

Fig. 1. SiC MOS 动态性能 测试板 
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2. 待测器件及其他主要元件 

测试板上的待测器件(DUT)为： 

器件类型 器件型号 额定导通电阻或电流 电压等级 

SiC MOS WNSCM80120W 

WNSCM160120W 

80mΩ@20A, 25℃ 

160mΩ@20A, 25℃ 

1200V 

SiC Diode WNSC2D101200W 10A 1200V 

 

测试板上的其他主要元件为： 

器件类型 器件型号 器件功能 

门极驱动 UCC23513 or Si826x 4A-6A 门极驱动 IC 

正负双向稳压器 LDO  TPS7A39 将 ±24V 电压源转换为所需的

门极驱动电压 

隔离驱动电源 E2424S-2WR3 ±24V 电压源 

同轴分流器 SDN-414-010 测量半桥下管电流波形 

高压薄膜电容 MKP1848S 20uF 1000V 母线电容 
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3. 测试板原理图及所需设备 

  

    

Fig. 2. SiC MOS 动态性能原理图 

测试设备 设备功能 

高压直流电源 提供高达 800V 的母线电压 

低压直流电源 提供驱动信号电源， 一般为 12-15V 

多通道高带宽示波器 记录 Vgs, Vds 及 Id 等波形 

信号发生器 可调门极脉冲或连续高频信号 
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4. 测试步骤 

• 在 HVDC 和 GND 端口之间接入 800V 电源, 在 12Vin 和 SGND 端口之间接入 12V

电源, 在 HVDC 和 Phase 端口之间接入电，J7 端口处接入下管驱动信号。示波器通道

接好所要测试的信号。 

• 打开 12V 电源， 通过 R34 和 R36 可调电阻调节所需要的门极驱动电压值，可在负压

-10V-0V， 正压+15-+24V 之间调节至任意所需电压。建议调节至负压-5V, 正压

20V。最大电压不超过为-10V-+25V。 

• 在待测器件位置，插入 SiC MOS WNSCM80120W 和 SiC 二极管

WNSC2D101200W。 

• 打开 800V 电源，将示波器调至触发模式， 手动触发信号发生器双脉冲信号。这样就

可以得到一组双脉冲波形了。 

 

5. 动态双脉冲测试波形 

双脉冲波形为衡量 SiC MOSFET 及其他功率开关器件的重要方法。从双脉冲波形中我们

可以得到的信息有： 

• 给定电流下的开关过程中， 门极电压 Vgs 和漏极电压 Vds 的震荡情况 

• 开通和关断过程中，因漏极电压与电流交叉产生的开关损耗 

• 续流二极管（可为肖特基二极管或 MOSFET 体二极管）的反向恢复电流大小 
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       在母线电压 Vbus=800V, 漏极电流 Id=20A 情况下，根据不同的门极电阻 Rg， 得出的

开关损耗情况及门极震荡电压的最大最小值如图 Fig.3 所示。门极驱动电压 Vgs 的震荡情况

很大程度上影响 SiC MOSFET 使用上的可靠性，如果瞬时震荡超过额定值可能会导致门极氧

化层的击穿。瑞能 SiC MOSFET 从设计上降低了门极电压 Vgs 的震荡情况，Fig.6 所示为与

某主要 SiC MOSFET 厂家在相同测试条件下的震荡情况对比（测试条件为 Rg=5Ω, Id=20A, 

Vds=800V，Vgs=-5-+20V）。 

 

 

Fig.3. 开关损耗及门极电压震荡值 

 

 

 

 

 

 

推荐门极电阻值 
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   Fig.4. WNSCM080120W 开通过程波形（Rg=5Ω） 

 

Fig.5. WNSCM080120W 开通过程波形（Rg=5Ω） 
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Fig.6. WNSCM80120W SiC MOS 和竞品开通过程中的 Vgs 震荡对比 

 

 

6. 影响 SiC MOS开关性能的其他因素 

1) TO-247-3 和 TO-247-4 封装 

       与 TO-247-3 相比，TO-247-4 的封装会大幅提升高压高功率 SiC MOSFET 器件的开关

性能。如图 Fig.7 中所示， TO-247-4 中由于 Kelvin Source 脚的加入，门极信号回路大大

缩小且与主回路电流解耦。带来的好处包括门极电压震荡的减小，开关速度加快以及开关损

耗大幅降低， 所以对于新设计来说，推荐使用带有 kelvin source 的 TO-247-4 封装。两种

封装具体开关参数对比如下所示： 
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Fig.7. WNSCM80120W 3pin 与  WNSCM80120R 4pin 封装对比 

 

2) 驱动电压 Vgs 

        瑞能 SiC MOSFET 的门极电压最大值为-10-+25V,  推荐使用正压为 18-20V， 负压为 

-5-0V。由于碳化硅器件沟道载流子迁移率较低，推荐尽量使用正压 20V 驱动，来获得最佳

的导通电阻 Rds(on)。除此之外，驱动电压的大小也会影响到开关过程中的损耗。其原理可

见 Fig.8，驱动电压除以驱动回路的总电阻即为开关过程中的门极充放电电流 Ig，想要获得

较大的充放电电流 Ig， 就要尽量增大电平 Vcc 的大小。这样可以加快开关速度，以获得相

对小的开关损耗。Fig.9 是不同驱动电压开关损耗的比较。 
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                    Fig.8. SiC MOSFET 开关过程充放电电流 Ig 

 

 

                   Fig.9. 驱动电压对开关损耗的影响 
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3) 器件结温 

        相比以上两点，器件结温对于 SiC MOSFET 开关损耗影响较小。结温影响开关损耗的

主要原因是 SiC MOSFET 阈值电压会随结温而变化。当结温升高时，阈值电压略微减小，而

阈值电压的降低会使 MOSFET 开通过程略微加快，关断过程略微减慢。Fig.10 为同一个 SiC 

MOSFET 器件在不同结温条件下的开关损耗表现。 

 

Fig.10. 器件结温对开关损耗的影响 
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Contact information 
For more information or require engineering sample,  

 please visit: http://www.ween-semi.com or contact our sales team representative bean.qiu@ween-semi.com 
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7. Legal information 

Definitions 

Draft — The document is a draft version only. The content is still under 

internal review and subject to formal approval, which may result in 

modifications or additions. WeEn Semiconductors does not give any 

representations or warranties as to the accuracy or completeness of 

information included herein and shall have no liability for the consequences of 

use of such information. 

Disclaimers 
Limited warranty and liability — Information in this document is believed 

to be accurate and reliable. However, WeEn Semiconductors does not give 

any representations or warranties, expressed or implied, as to the accuracy 

or completeness of such information and shall have no liability for the 

consequences of use of such information. WeEn Semiconductors takes no 

responsibility for the content in this document if provided by an information 

source outside of WeEn Semiconductors. 
In no event shall WeEn Semiconductors be liable for any indirect, incidental, 

punitive, special or consequential damages (including - without limitation - 

lost profits, lost savings, business interruption, costs related to the removal 

or replacement of any products or rework charges) whether or not such 

damages  

are based on tort (including negligence), warranty, breach of contract or any 

other legal theory.  
Notwithstanding any damages that customer might incur for any reason 

whatsoever, WeEn Semiconductors’ aggregate and cumulative liability 

towards customer for the products described herein shall be limited in 

accordance with the Terms and conditions of commercial sale of WeEn 

Semiconductors. 
Right to make changes —WeEn Semiconductors reserves the right to make 

changes to information published in this document, including without 

limitation specifications and product descriptions, at any time and without 

notice. This document supersedes and replaces all information supplied 

prior to the publication hereof. 
Suitability for use — WeEn Semiconductors products are not designed, 

authorized or warranted to be suitable for use in life support, life-critical or 

safety-critical systems or equipment, nor in applications where failure or 

malfunction of an WeEn Semiconductors product can reasonably be 

expected to result in personal injury, death or severe property or 

environmental damage. WeEn Semiconductors and its suppliers accept no 

liability for inclusion and/or use of WeEn Semiconductors products in such 

equipment or applications and therefore such inclusion and/or use is at the 

customer’s own risk. 
Applications — Applications that are described herein for any of these 

products are for illustrative purposes only. WeEn Semiconductors makes no 

representation or warranty that such applications will be suitable for the 

specified use without further testing or modification.  
 

 

 

 

 

 

 

 

 

 

 

 

Customers are responsible for the design and operation of their applications 

and products using WeEn Semiconductors products, and WeEn 

Semiconductors accepts no liability for any assistance with applications or 

customer product design. It is customer’s sole responsibility to determine 

whether the WeEn Semiconductors product is suitable and fit for the 

customer’s applications and products planned, as well as for the planned 

application and use of customer’s third-party customer(s). Customers should 

provide appropriate design and operating safeguards to minimize the risks 

associated with their applications and products.  
 

WeEn Semiconductors does not accept any liability related to any default, 

damage, costs or problem which is based on any weakness or default in the 

customer’s applications or products, or the application or use by customer’s  

third-party customer(s). Customer is responsible for doing all necessary testing 

for the customer’s applications and products using WeEn 

Semiconductors products in order to avoid a default of the applications and the 

products or of the application or use by customer’s third-party customer(s). 

WeEn does not accept any liability in this respect. 
Export control — This document as well as the item(s) described herein may be 

subject to export control regulations. Export might require a prior authorization 

from competent authorities. 
Evaluation products — This product is provided on an “as is” and “with all 

faults” basis for evaluation purposes only. WeEn Semiconductors, its affiliates 

and their suppliers expressly disclaim all warranties, whether express, implied 

or statutory, including but not limited to the implied warranties of non-

infringement, merchantability and fitness for a particular purpose. The entire 

risk as to the quality, or arising out of the use or performance, of this product 

remains with customer. 
In no event shall WeEn Semiconductors, its affiliates or their suppliers be liable 

to customer for any special, indirect, consequential, punitive or incidental 

damages (including without limitation damages for loss of business, business 

interruption, loss of use, loss of data or information, and the like) arising out the 

use of or inability to use the product, whether or not based on tort (including 

negligence), strict liability, breach of contract, breach of warranty or any other 

theory, even if advised of the possibility of such damages.  
Notwithstanding any damages that customer might incur for any reason 

whatsoever (including without limitation, all damages referenced above and all 

direct or general damages), the entire liability of WeEn Semiconductors, its 

affiliates and their suppliers and customer’s exclusive remedy for all of the 

foregoing shall be limited to actual damages incurred by customer based on 

reasonable reliance up to the greater of the amount actually paid by customer 

for the product or five dollars (US$5.00). The foregoing limitations, exclusions 

and disclaimers shall apply to the maximum extent permitted by applicable law, 

even if any remedy fails of its essential purpose. 
Translations — A non-English (translated) version of a document is for reference 

only. The English version shall prevail in case of any discrepancy between the 

translated and English versions. 

Trademarks 
Notice: All referenced brands, product names, service names and trademarks 

are the property of their respective owners. 
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