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INTRODUCTION

One unique characteristic of onsemi Gen 3 SiC Cascode
JFETs is that its switching losses and Qrr decrease at
elevated temperature, making the device more efficient once
it heats up. This paper explains in detail the reason behind
this characteristic.

One characteristic of the onsemi Gen 3 SiC Cascode JFET
is that its switching losses and Qrr decreases at elevated
temperatures. As shown in Figure 1, the measured Eon, Eoff,
and Qrr of the 1200 V 35 m SiC Cascode JFETs
UF3C120040K4S decreased with increasing temperature
and flattened out around 100 °C [1].

Figure 1. Eon, Eoff and Qrr vs Temperature of UF3C120040K4Sr
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The reason is that the Gen 3 SiC Cascode JFET switching
became faster at elevated temperature. The SiC Cascode
JFET consists of SiC JFET and Si MOSFET connected in
the cascode configuration, as shown in Figure 2. The overall
switching speed of SiC JFET is affected by both SiC JFET
internal Rgj, and the Si MOSFET external gate resister
Rg, ext. The Rg, ext can be selected by the user to achieve

the desired switching speed, and the recommended Rg,ext
values can be found in onsemi SiC JFET User Guide [2].

The SiC JFET internal Rgj inherently decreases by a small
amount with temperature and stabilizes above 100 °C,
which is related to the increase in conductivity of p-type SiC
in the gate region of the JFET. The decrease in Rgj leads to
faster switching and lower losses.

Figure 2. The Internal Cascode Structure of onsemi SiC FET
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Using SPICE simulations, we can better understand how
JFET Rgj affects the switching speed of the SiC FET.
Simulated switching waveforms of two cases with high and
low JFET Rgj were overlapped in the same plots for easy
comparison. The higher Rgj value represents the JFET Rgj
at room temperature, and the lower Rgj represents elevated
temperature.

The turn-off IDS and VDS waveforms were shown in
Figure 3. With lower JFET Rgj at elevated temperature, the
turn-off dv/dt was faster, which resulted in smaller rise
time (tr) and shorter overlapping time of IDS and VDS. As
a result, the turn-off switching loss Eoff was lower.

Figure 3. Turn-Off Waveforms of IDS and VDS of Two SiC FETS with High and Low JFET Rgj
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The turn-on IDS and VDS waveforms were shown in
Figure 4. With lower JFET Rgj at elevated temperature, the
turn-on di/dt was about the same, but the dv/dt was faster.
The faster dv/dt reduced the overlapping time of IDS and

VDS, which reduced the turn-on switching loss Eon. It can
be seen from Figure 4 that the lower JFET Rgj at higher
temperature reduces the IRM and QRR.

Figure 4. Turn-On Waveforms of IDS and VDS of Two SiC FETS with High and Low JFET Rgj

VDS, high Rgj

IDS, high RgjIDS, low Rgj

VDS, low Rgj

http://www.onsemi.com/


AND90321/D

www.onsemi.com
3

REFERENCES:
[1] UF3C120040K4S − Data Sheet
[2] UM70114/D − SiC Cascode JFET & Module User Guide

onsemi,  , and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as−is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION
TECHNICAL PUBLICATIONS:
Technical Library: www.onsemi.com/design/resources/technical−documentation
onsemi Website: www.onsemi.com

ONLINE SUPPORT: www.onsemi.com/support
For additional information, please contact your local Sales Representative at
www.onsemi.com/support/sales

◊

http://www.onsemi.com/
https://www.onsemi.com/download/data-sheet/pdf/uf3c120040k4s-d.pdf
https://www.onsemi.com/download/user-s-manual/pdf/um70114-d.pdf
https://www.onsemi.com/site/pdf/Patent-Marking.pdf
https://www.onsemi.com/design/resources/technical-documentation
https://www.onsemi.com/
https://www.onsemi.com/support?utm_source=techdocs&utm_medium=pdf
https://www.onsemi.com/support/sales

