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1200V-50A SiC Half-Bridge Module

Rev. C, October 2024

DATASHEET Description

This SiC FET device is based on a unique ‘cascode’ circuit
configuration, in which a normally-on SiC JFET is co-packaged with a
U H BSOSC]‘ 2 E 1 BC3 N Si MOSFET to produce a normally-off SiC FET device. The device’s
silicon-like gate-drive characteristics allows the use of unipolar gate
drives, compatible with Si IGBTSs, Si FETs, SiC MOSFETSs or Si
superjunction devices. Available in the E1B module package, this

device exhibits ultra-low gate charge and exceptional reverse
recovery characteristics, making it ideal for switching inductive loads,

and any application requiring standard gate drive. Advanced Ag
1[:} sintering die attach technology gives the module superior thermal
performance.
}—eo
1[:} Features

+ On-resistance: Rps(on) = 19mQ (typ)

+ Operating temperature: 150°C (max)

+ Excellent reverse recovery: Q,, = 495nC

+ Low body diode voltage: Vigsp= 1.2V

+ Low gate charge: Q¢ = 85nC

¢ Threshold voltage Vg 5V (typ) allowing O to 15V drive
Part Number | Package | Marking * Low intrinsic capacitance

UHB50SC12E1BC3N | E1B | UHB50SC12E1BC3N * ESD protected: HBM class 2 and CDM class C3

Typical applications

Pb . HF * EV chargin
LEAD FREE HALOGEN ging
= ¢ PVinverters

+ Switch mode power supplies

* Power factor correction modules
+ Motor drives

¢ Induction heating
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Maximum Ratings
Parameter Symbol Test Conditions Value Units
Drain-source voltage Vps 1200 \%
Gat it vV DC -20to +20 \
ate-source voltage
& e AC (f > 1Hz) -25t0 +25 Vv
. . 1 Tc =25°C 69 A
Continuous drain current Io
Tc=85°C 50 A
Pulsed drain current 2 Iom Tc=25°C 350 A
Power dissipation per switch Piot Tc=25°C 208 W
Maximum junction temperature T) max 150 °C
Operating and storage temperature T), Tst -55to 150 °C
1. Limited by T} .y
2. Pulse width t, limited by T, .
Thermal Characteristics
. Value .
Parameter Symbol Test Conditions Units
Min Typ Max
Thermal resistance, junction-to-case ‘ Rosc ‘ 0.46 0.6 °C/W
NTC Thermistor Characteristics
Value .
Parameter Symbol Test Conditions Units
Min Typ Max
Rated resistance Rys5 Tnre = 25°C 5 kQ
Resistance value tolerance AR/R Tnte = 25°C -5 5 %
Power dissipation Pys Tnre = 25°C 20 mwW
Ry = Ras exp [Bas/so (1/T; -
B constant B.s/s0 1/(298.15 K))] 3375 K
Module
Parameter Symbol Test Conditions Value Units
Isolation voltage VisoL RMS, f =50 Hz, t = 1 min 3 kv
Internal isolation Al,O4
. Terminal to heatsink 12.7
Creepage distance - - mm
Terminal to terminal 6.3
. Terminal to heatsink 10
Clearance distance - - mm
Terminal to terminal 5
Stray inductance module Loce 11 nH
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SiC FET Electrical Characteristics (T, = +25°C unless otherwise specified)
Typical Performance - Static
. Value )
Parameter Symbol Test Conditions - Units
Min Typ Max
Drain-source breakdown voltage BVps V=0V, Ip=4mA 1200 \%
VDS=12OOV7
Vgs=0V, T,=25°C 16 300
Total drain leakage current Ipss S uA
Vps=1200V, 50
Vgs=0V, T,=150°C
VD5=OV, TJ=25°C,
Total gate leakage current Igss 12 40 pA
VGS='2OV / +2OV
Vgs=12V, 15=50A,
GS ° 19 24
T,=25°C
. . VGS=12Vr |D=5OA,
Drain-source on-resistance Rbs(on) 30 mQ
T,=125°C
Vgs=12V, 15=50A,
GS D 35
T,=150°C
Gate threshold voltage Vaith) Vps=5V, Ip=20mA 4 5 6 \%
Gate resistance Rg f=1MHz, open drain 2.2 Q
Typical Performance - Reverse Diode
Value
Parameter Symbol Test Conditions Units
Min Typ Max
Diode continuous forward current * I Tc=25°C 69 A
Diode pulse current 2 Is puise Tc=25°C 350 A
V=0V, 1s=25A,
s —25ic 1.2 14
J=
Forward voltage VEsp Ves=0V, 1=25A, \%
14
T,=150°C
R h Q Vz=800V, [s=50A, 495 c
everse recovery charge
Y & " Vas=-5V, Rg_gxr=20Q, n
R y . di/dt=4000A/ps, 01
everse recovery time - T)=25°C ns
V=800V, Is=50A,
Reverse recovery charge Q. 465 nC
Vis=0V, Rg_gxr=209,
. di/dt=4000A/ s,
Reverse recovery time t, 22 ns

T,=150°C
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Typical Performance - Dynamic
. Value .
Parameter Symbol Test Conditions - Units
Min Typ Max
Input capacitance Ciss 2930
Output capacit c Vos800V, Vos=0V 187 F
utput capacitance
Pet ap f=100kHz P
Reverse transfer capacitance Crss 3.3
Effective output capacitance, energy Vps=0V to 800V,
Coss(er) _ 240 pF
related V=0V
Effective output capacitance, time Vps=0V to 800V,
Coss(tr) _ 533 pF
related V=0V
Coss stored energy Eose Vps=800V, Vgs=0V 77 wJ
Total gate charge Qg 85
. VD5=800V, |D=50A,
Gate-drain charge Qep 19 nC
Vgs = -5V to 15V
Gate-source charge Qqs 31
Turn-on delay time ta(on) 22
Notes 3 and 4
Rise time t Vps=800V, Ip=50A, Gate 18 .
Turn-off delay time taof Driver =-5V to +15V, 65
. Re_exr=10€,
Fall time ) 1
b inductive Load, 0
Turn-on energy Eon FWD: same device with 843
Turn-off energy Eore | Vos =0V and Rg gxr =100, 139 w
T,=25°C
Total switching energy EtoTaL 982
Turn-on delay time ta(on) 22
Notes 3 and 4
Rise time t Vps=800V, Ip=50A, Gate 16 .
Turn-off delay time taort Driver =-5V to +15V, 67
Ro_exr=104,
Fall time t ) 12
f inductive Load,
Turn-on energy Eon FWD: same device with 805
Turn-off energy Eorr Ves = 0V and R _exr =100, 125 w
T,=150°C
Total switching energy EroraL 930

3. Measured with the half-bridge mode switching test circuit in Figure 23.

4. A bus RC snubber (Rgs = 2.5Q, C5s=200nF) must be applied to reduce the power loop high frequency oscillations.
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Typical Performance - Dynamic (continued)

. Value .
Parameter Symbol Test Conditions - Units
Min Typ Max
Turn-on delay time ta(on) Notes 5 and 6, 32
Rise time t, Vps=800V, I5=50A, Gate 24
. ns
Turn-off delay time tyofn) Driver =-5V to +15V, 40
Fall time t; Turn-on R exr = 202, 20
. A Turn-off Rg gxr=29Q,
Turn-on energy including Rs energy Eon ' 738
inductive Load,
Turn-off energy including Rs energy Eorr FWD: same device with 260
Total switching energy Erora. | Vos = 0Vand Rg =20, RC 998 w
Snubber R duri snubber: Rs=5Q and
nubber Rg energy during turn-on Ers on Co=150pF, 10
Snubber Rg energy during turn-off Ers oFr T,=25°C 5
Turn-on delay time
4 teton) Notes 5 and 6, 30
Rise time t, Vps=800V, |p=50A, Gate 21
. ns
Turn-off delay time taof Driver =-5V to +15V, 41
: Turn-on Rgext = 29,
Fall time tf Turn-off RG,EXT=29v 19
Turn-on energy including Rg energy Eon inductive Load, 655
Turn-off energy including R energy Eorr FWD: same device with 263
Vgs = OV and Rg = 2Q, RC
Total switching energy EroraL snubber: Rg=5Q and 918 wJ
Snubber Rg energy during turn-on Ers_on Cs=150pF, 11
) T,=150°C
Snubber Rg energy during turn-off Ers oFr 55

5. Measured with the chopper mode switching test circuit in Figure 24.

6. In this table, the switching energies (turn-on energy, turn-off energy and total energy) presented include the device RC snubber energy

losses.
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SiC FET Typical Performance Diagrams
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Figure 3. Typical output characteristics at T, = 150°C, Figure 4. Normalized on-resistance vs. temperature at
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Figure 11. 3rd quadrant characteristics at T, = 150°C Figure 12. Typical stored energy in Cossat Vs = OV
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Circuit Diagram and Pin Definitions
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NOTES:

1. All dimensions in millimeters (mm)

2. General tolerance: £ 0.1mm, unless otherwise
specified
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Important Mounting Information

This product is recommended for use with solder pin attach and phase change thermal interface materials, and not recommended for
implementations using press fit and application of thermal grease. Please refer to mounting guidelines and user guide documents

associated with this product for detailed information.

Applications Information

SiC FETs are enhancement-mode power switches formed by a high-voltage SiC depletion-mode JFET and a low-voltage silicon MOSFET
connected in series. The silicon MOSFET serves as the control unit while the SiC JFET provides high voltage blocking in the off state. This
combination of devices in a single package provides compatibility with standard gate drivers and offers superior performance in terms of low
on-resistance (Rpson), output capacitance (C,), gate charge (Qg), and reverse recovery charge (Qrr) leading to low conduction and switching
losses. The SiC FETs also provide excellent reverse conduction capability eliminating the need for an external anti-parallel diode.

Like other high performance power switches, proper PCB layout design to minimize circuit parasitics is strongly recommended due to the
high dv/dt and di/dt rates. An external gate resistor is recommended when the FET is working in the diode mode in order to achieve the
optimum reverse recovery performance. For more information on SiC FET operation, see https://www.qorvo.com/innovation/power-
solutions/sic-power/sic-fet-design-tips.

A snubber circuit with a small Rg), or gate resistor, provides better EMI suppression with higher efficiency compared to using a high R
value. There is no extra gate delay time when using the snubber circuitry, and a small R, will better control both the turn-off V ps) peak
spike and ringing duration, while a high R, will damp the peak spike but result in a longer delay time. In addition, the total switching loss
when using a snubber circuit is less than using high R, while greatly reducing Eorr) from mid-to-full load range with only a small increase in
Eon)- Efficiency will therefore improve with higher load current. For more information on how a snubber circuit will improve overall system
performance, visit the Qorvo website at https://www.qorvo.com/innovation/power-solutions/sic-power/sic-fet-design-tips.

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.


https://www.qorvo.com/design-hub/design-tools/interactive/fet-jet-calculator
https://store.qorvo.com/
https://www.qorvo.com/design-hub/design-tools/interactive/qspice
https://enprod-cm.qorvo.com/support/how-to-buy
https://www.qorvo.com/innovation/power-solutions/sic-power/sic-fet-design-tips

