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Silicon Carbide (SiC) Combo JFET - EliteSiC,
Power N-Channel, TO-247-4L, 750 V, 5.3 mohm
Rev. C, January 2025

Description

Qorvo's UG4SC075006K4S "Combo-FET" integrates both a 750V
SiC JFET and a Low Voltage Si MOSFET into a single TO-247-4L
package. This innovative approach allows users to create circuitry
that would enable a normally-off switch while leveraging the
benefits of a normally-on SiC JFET. These benefits include ultra-low
on-resistance (Rps(on) to minimize conduction losses and the
exceptional robustness characteristic of a simplified JFET device
structure, making it capable of handling the high-energy switching
required in circuit protection applications. For switch-mode power
conversion application, this device provides separate access to the
JFET and MOSFET gates for improved speed control and ease of

paralleling multiple devices.

Features

+ Single digit Rps(on)
Normally-off capability
* Improved speed control
$ Improved parallel device operation (3+ FETs)
+ Operating temperature: 175°C (max)
+ High pulse current capability
+ Excellent device robustness
+ Silver-sintered die attach for excellent thermal resistance
* Short circuit rated
+ AECQ Qualified

Typical applications

+ Solid State / Semiconductor Circuit Breaker
+ Solid State / Semiconductor Relay

+ Battery Disconnects

* Surge Protection

¢ Inrush Current Control

+ High power switch mode converters (>25kW)
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Maximum Ratings
Parameter Symbol Test Conditions Value Units
Drain-source voltage Vps 750 \%
DC -30to +3 Y,
JFET Gate (JG) to source voltage \Y,
ve) & Jos AC? 30t0+30| V
DC -20to +20 Y,
MOSFET Gate (G) to source voltage Y
©) & e AC (f > 1H2) 25t0+25| V
Continuous drain current 2 Ip Tc < 125°C 120 A
Pulsed drain current * lom Tc=25°C 588 A
Single pulsed avalanche energy * Eas L=15mH, l5s = 6.5A 316 m)J
Power dissipation Piot Tc.=25°C 714 W
Maximum junction temperature T max 175 °C
Operating and storage temperature T, st -55to 175 °C
Max. lead temperature for soldering, T, 250 °C
1. +30V AC rating applies for turn-on pulses <200ns applied with external Rg > 1Q.
2. Limited by bondwires
3. Pulse width t, limited by T, .
4. Starting T, = 25°C
Thermal Characteristics
Value
Parameter Symbol Test Conditions Units
Min Typ Max
Thermal resistance, junction-to-case ‘ Roic ‘ 0.16 0.21 °C/W
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Electrical Characteristics (T, = +25°C and V 55 = OV unless otherwise specified)

Typical Performance - Static

. Value .
Parameter Symbol Test Conditions Units
Min Typ Max
Drain-source breakdown voltage BVps Vgs=0V, V 5s=0V, Ip=1mA 750 V
Vps=750V, Vgs=0V,
DS _GS ) 6 130
. Vies=0V, TJ_25 C
Total drain leakage current Ipss uA
VDS=750V! VG5=OV, 45
V,gs=0V, T,=175°C
Total JFET gate leakage current licss Vies=-20V, Vgs=12V 0.1 100 pA
Total MOSFET gate leakage current lgss Vgs=-20V / +20V 6 20 pA
Vies=2V
T25°C 5.3
Vgs=12V —9EKo
Drain-source on-resistance Rbsion) IGiBOA T,=25°C 5.9 7.5 mQ
b” T,=125°C 9.8
T,=175°C 12.9
JFET gate threshold volt v Vos™V, Vs =12V, 8.3 6.0 37 Vv
ate threshold voltage -8. -6. -3.
g g JGith) Ip=180mA
VD5=5V, VJGS=OV,
MOSFET gate threshold voltage Vaith) 4 4.7 6
l5=10mA
JFET gate resistance Rig f=1MHz, open drain 0.8 Q
MOSFET gate resistance Re f=1MHz, open drain 0.8 Q
Typical Performance - Reverse Diode
- Value )
Parameter Symbol Test Conditions Units
Min Typ Max
Diode continuous forward current * I Tc <125°C 120 A
Diode pulse current 2 ls puse Te=25°C 588 A
Ves=0V, V,5s=0V,
e e 1.03 1.16
Forward volta \Y ls=50A, T,725%C \%
orward voltage FSD Ves=0V, V,cs=0V,
1.06

l5=50A, T,=175°C

R h Q VDS=4OOV, |s=80A, VGS=OV¥ 377 C
everse recovery charge n
" VJGS=OV’ RJG=O.7Q,

di/dt=2400A/ps,

Reverse recovery time t 70 ns
Y " T,=25°C
VD5=4OOV, |5=8OA, VGS=OV,
Reverse recovery charge Q. V,es=0V, R,c=0.7Q 427 nC

di/dt=2400A/ps,
Reverse recovery time - T,=150°C 78 ns
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Typical Performance - Dynamic with MOSFET gate as control terminal and V ;=0V

. Value )
Parameter Symbol Test Conditions Units
Min Typ Max
MOSFET input capacitance : 8374
Output 5 it $ g N Vo540V, Vos=OV, 362 F
utput capacitance
put cap : oss f=100kHz P
Reverse transfer capacitance Crss 4
Effective output capacitance, energy
Coss(er) _ 475 pF
related Vps=0V to 400V,
Effective output capacitance, time Vgs=0V
C:oss(tr) 950 pF
related
Coss stored energy Eoss Vps=400V, Vgs=0V 38 u
Total Gate charge
& Qs Vps=400V, 15=80A, 164
Gate-drain charge Qcp Vs = OV to 15V 24 nC
Gate-source charge Qecs 46
Turn-on delay time ta(on) Notes 5 and 6 30
Rise time tr VD5=4OOV, |D=80A, 116
. VGS=OV to +15V, IJ,S
Turn-off delay time torn 148
Re_on=19Q, Re_orr=109,
Fa” tlme tf RJG_ON=O'7Q’ RJG_OFF=109’ 120
Turn-on energy Eon Inductive Load, 2185
T P E FWD: same device with 1690 W
urn-off ener;
&Y OFF Vgs = 0V, Rg=10Q,
Total switching energy Eror R on =0.7Q, T,=25°C 3875
Turn-on delay time td(on) Notes 5 and 6 28
. . Vps=400V, 15=80A,
Rise time t, bs ° 124
Vs=0V to +15V, us
Turn-off delay time td(off) Rg on=1Q, Rg orr=10Q, 156
Fall time tf RJG_ON=O-7Qv RJG_OFF=1OQ, 103
Turn-on energy Eon Inductive Load, 2377
FWD: same device with
Turn-off energy Eoee Vee = OV. R-=100 1569 w
GS ~ » NG™ )
Total switching energy Etor Rjc.on =0.7Q, T,=150°C 3946

5. Measured with the half-bridge mode switching test circuit in Figure 23.
6. Devices are driven with the ClampDRIVE method as descriped in the section "Recommended Gate Drive Approach: ClampDRIVE
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Typical Performance - Dynamic with JFET gate as control terminal and Vgg=+12V
Value .
Parameter Symbol Test Conditions - Units
Min Typ Max
jEEI |np1ut (Jc:apaC|t:i1tnce ((:: Jiss Voemd00V, V,cee-20V, 3306248 -
output capacitance ' oss £ 100KHz p
JFET reverse transfer capacitance Cres 360
JFET total gate charge 400
gae chars Us Vps=400V, 15=80A,
JFET gate-drain charge Qe 270 nC
VJGS =-18V to OV
JFET gate-source charge Qyes 60
Typical Performance Diagrams - MOSFET gate as control terminal and V,5s=0V
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Drain-Source Voltage, Vp (V)

Figure 1. Typical output characteristics at T, = - 55°C,

tp < 250ps

tp < 250ps

Drain-Source Voltage, Vp (V)

Figure 2. Typical output characteristics at T, = 25°C,
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Figure 3. Typical output characteristics at T, = 175°C,
tp < 250us
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Figure 6. Typical transfer characteristics at Vps = 5V
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Figure 9. 3rd quadrant characteristics at T, = -55°C
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Figure 10. 3rd quadrant characteristics at T, = 25°C
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Figure 14. DC drain current derating
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Figure 23. Schematic of the half-bridge mode
switching test circuit with ClampDRIVE method.

Typical Performance Diagrams - JFET gate as control terminal and Vgs=+12V
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Figure 24. Typical output characteristics with JFET Figure 25. Typical output characteristics with JFET

gate as control at T, = - 55°C, t, < 250us gate as control at T, = 25°C, t < 250us
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Recommended Gate Drive Approach: ClampDRIVE method

Since both JFET gate and MOSFET gate are accessible, more parameters and approaches can be used to control the switching behavior of
the device and make the device suitable for a wide range applications from solid state circuit breakers requiring ultra-high current turn-off
capability to motor drives requiring well controlled switching speed. The recommended gate drive approach is the ClampDRIVE method,
with which the desired turn-on speed, turn-off speed and reverse recovery performance can be achieved at the same time. The main idea
of this method is to dynamically tune the JFET gate resistor value R,g such that, in the off-state, R); is small enough not to cause a reverse
recovery issue, and during turn-off transient, R is set to a higher value for the desired turn-off performance. This method can be easily
implemented using a commercial off-the-shelf gate driver with miller clamp pre-driver output, as illustrated in Figure A. VIN is the gate
driver input signal. VO is the gate driver output and CLAMPDRYV is the gate driver miller clamp pre-driver output. M2 is the clamp
MOSFET used to control the JFET gate resistance. The MOSFET M2 is directly controlled by the CLAMPDRY signal.

In the on-state, CLAMPDRY is low which turns the MOSFET M2 off, thus, the effective JFET gate resistance is R)g ofr. During the turn-off
transient, CLAMPDRY is kept low until the device is fully off. This means the JFET gate resistance is R ofr during the turn-off process, and
Re,_orrF can be used to effectively control turn-off speed. After the device is fully off, CLAMPDRY is changed to high level, which turns the
MOSFET M2 on.

In the off-state, CLAMPDRYV is high and the clamp MOSFET M2 is in on-state. The effective JFET gate resistance is equal to the parallel
combination of Ryg ofr and Ry on- Rig_on €an be selected small enough to prevent the reverse recovery issue. During the turn-on transient,
the JFET gate current may flow from the cascode source through the body diode of the MOSFET M2 and R, oy into the JFET gate, so, the
turn-on process is also determined by Ryg on-

In summary, the optimum switching performance of the SiC cascode FETs can be realized with the ClampDRIVE method by selecting
proper JFET gate resistors R)g on and Rg ofr

D on-state 1 1 off-state | 1 on-state

RJG on 1 | [}
s VIN 1 ] [}
, vV P .
Gate Driver M2 JG Pt !
veez — & . |

) i3 O\ i A
CLAMPDRV o A '
‘K} 1 ' 1

1 1
vo vV G| I+ ! :
— VIN Ra H ! ‘ '
GND2 CLAMPDRV — :
M2 OFF M2 ON M2 OFF
Turn-off with R _orr Reverse-recovery
S with Rc_onllRue_orr

Figure A. Circuit schematic and timing diagram of the ClampDRIVE method
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Important notice

The information contained herein is believed to be reliable; however, Qorvo makes no warranties regarding the information contained
herein and assumes no responsibility or liability whatsoever for the use of the information contained herein. All information contained
herein is subject to change without notice. Customers should obtain and verify the latest relevant information before placing orders for
Qorvo products. The information contained herein or any use of such information does not grant, explicitly or implicitly, to any party any
patent rights, licenses, or any other intellectual property rights, whether with regard to such information itself or anything described by
such information. THIS INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE PRODUCTS DESCRIBED
HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH PRODUCTS WHETHER EXPRESS
OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE, INCLUDING THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Without limiting the generality of the
foregoing, Qorvo products are not warranted or authorized for use as critical components in medical, life-saving, or life-sustaining

applications, or other applications where a failure would reasonably be expected to cause severe personal injury or death.
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TO-247-4L PACKAGE
OUTLINE, PART MARKING
AND TUBE SPECIFICATIONS

PACKAGE OUTLINE
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DIM INCHES MILLIMETERS
MIN MAX MIN MAX
A 0.185 0.209 4.7 5.31
Al 0.087 0.102 2.21 2.59
A2 0.059 0.098 1.5 2.49
b 0.039 0.055 0.99 1.4
b2 0.065 0.094 1.65 2.39
C 0.015 0.035 0.38 0.89
D 0.819 0.845 20.8 21.46
D1 0.515 - 13.08 -
D2 0.02 0.053 0.51 1.35
E 0.61 0.64 15.49 16.26
e 0.100 BSC 2.54 BSC
el 0.19 0.21 4.83 5.33
El 0.53 - 13.46 -
E2 0.14 0.16 3.56 4.06
L 0.78 0.8 19.81 20.32
L1 - 0.177 - 4.5
oP 0.14 0.144 3.56 3.66
oOP1 0.278 0.291 7.06 7.39
Q 0.212 0.244 5.38 6.2
S 0.243 BSC 6.17 BSC
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PACKING TYPE

ANTI-STATIC TUBE

QUANTITY /TUBE : 30 UNITS

DISCLAIMER

United Silicon Carbide, Inc. reserves the right to change or modify any of the products and their inherent
physical and technical specifications without prior notice. United Silicon Carbide, Inc. assumes no
responsibility or liability for any errors or inaccuracies within.

Information on all products and contained herein is intended for description only. No license, express or
implied, to any intellectual property rights is granted within this document.

United Silicon Carbide, Inc. assumes no liability whatsoever relating to the choice, selection or use of the
United Silicon Carbide, Inc. products and services described herein.

http://www.unitedsic.com Rev A Sales@unitedsic.com
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onsemi, ONSEML, 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: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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