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Wolfspeed.

CAB650M17/HM3 v, 1700V

ls 650 A
1700V, 650 A, Silicon Carbide, Half-Bridge Module
V+
Technical Features .
1
e Ultra-Low Loss “ Mid
e High Frequency Operation
e Zero Turn-Off Tail Current from MOSFET NTC1
e Normally-Off, Fail-Safe Device Operation % "
NTC2
V-
Applications System Benefits
e Railway, Traction, and Motor Drives e Enables Compact, Lightweight Systems
e EVChargers e Increased System Efficiency, due to Low Switching
e High-Efficiency Converters / Inverters & Conduction Losses of SiC
*  Renewable Energy e Reduced Thermal Requirements and System Cost
e Smart-Grid / Grid-Tied Distributed Generation
Maximum Parameters (Verified by Design)
Parameter Symbol | Min. | Typ. | Max. | Unit | Test Conditions Note
Drain-Source Voltage Vs 1700
Gate-Source Voltage, Maximum Value Vs max -8 +19 v Transient, <100 ns
Fig. 33
Gate-Source Voltage, Recommended Vesop -4 +15 Static
916 VGS= 15 V, Tc=25 OC, T\U <175°C
DC Continuous Drain Current Ip Fig. 20
694 VGS =15 V, Tc =90 OC, T\U <175°C
593 A Ves=-4V, Tc=25°C, Ty, =175°C
DC Source-Drain Current (Body Diode) lspep
382 VGS='4V, TC=90 OC, TVJ <175°C
. Tomay liMited by Tyjmax
Pulsed Drain Current Ib (putsed) 1300 Vo= 15V, Te=25°C
Virtual Junction Temperature Twop -40 175 °C Operation
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CAB650M17HM3 2

MOSFET Characteristics (Per Position) (T,, = 25 °C unless otherwise specified)

Parameter Symbol | Min. | Typ. | Max. | Unit | Test Conditions Note
Drain-Source Breakdown Voltage Vigrpss | 1700 Ves=0V, T, =-40°C
1.8 2.5 3.6 V V[)s = VGS’ |[) =305 mA
Gate Threshold Voltage Vastn)
2.0 V[)s = VGS’ |[) =305 mA, TVJ =175°C
Zero Gate Voltage Drain Current Ipss 12 500 Ves =0V, Vps=1700V
HA
Gate-Source Leakage Current lgss 0.012 3 Ves =15V, Vps=0V
Drain-Source On-State Resistance 142 | 186 Vos =15V, 1,=650 A Fig. 2
(Devices Only) Roston) mo Fig.3
3.26 VGS: 15 V, |D:650 A, TVJ =175°C :
553 Vps=20V, Ip =650 A
Transconductance s S Fig. 4
561 V[)s:20 V, |D:650 A, TVJ: 175°C
Turn-On Switching Energy, Ty, =25 °C 38.8
Ty=125°C Eon 44.0 Vpp =900V
Ty=175°C 50.8 lp=650A, .
mJ | Ves=-4V/15V, E;g. E
Turn-Off Switching Energy, Ty, =25 °C 25.6 Reiorr = 1.5 Q, Reon = 1.5 Q, &
Ty=125°C Eof 26.2 L=14pH
Twy=175°C 27.6
Internal Gate Resistance R (in) 0.62 Q | f=1MHz,Vic=25mV
Input Capacitance Ciss 97.3
nF
. VGS=0V, V[)s= 1200V .
Output Capacitance Coss 2.3 Vac= 25 mV, £ = 100 kHz Fig.9
Reverse Transfer Capacitance Crss 63 pF
Gate to Source Charge Qcs 960
Vps = 1200V, Vgs = -4 V/15 V
Gate to Drain Charge Qo 840 nC | I,=1100A
Per IEC60747-8-4 pg 21
Total Gate Charge Qs 2988
FET Thermal Resistance, Junction to Case Rinsc 0.054 °C/W Fig. 17
Diode Characteristics (Per Position) (T,, =25 °C unless otherwise specified)
Parameter Symbol | Min. | Typ. | Max. | Unit | Test Conditions Notes
. 5.4 Ves=-4V, Isp =650 A ]
Body Diode Forward Voltage Vsp \Y Fig. 7
4.7 VGS =-4 V, ISD =650 A, T\/_j =175°C
Reverse Recovery Time trr 83 ns
V65:-4 V, ISD:650 A, VR:900V .
Reverse Recovery Charge Qrr 24 pc di/dt =13 A/ns, Ty = 175°C Fig. 32
Peak Reverse Recovery Current Irem 420 A
Reverse Recovery Energy, Ty, =25 °C 0.9 Vop =900V, Ip=650A,
T\U =125°C ERR 5.3 mJ VGS =-4 V/15 V, Rg(ON)z 1.5 Q, Fig. 14
Tw=175°C 9.2 L=14 pH
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CAB650M17HM3 3

Module Physical Characteristics

Parameter Symbol | Min. | Typ. | Max. | Unit | Test Conditions
Package Resistance, M1 (High-Side) R, 106.5 a Tc=125°C, Note 1
U
Package Resistance, M2 (Low-Side) R, 126.3 Tc=125°C, Note 1
Stray Inductance Lstray 49 nH Between DC- and DC+, f=10 MHz
Case Temperature Te -40 125 °C
3 4.5 5 Baseplate, M6 bolts
Mounting Torque Ms N-m -
0.9 1.1 1.3 Power Terminals, M4 bolts
Weight w 167 g
Case Isolation Voltage Vi 4 kV | AC, 50 Hz, 1 minute
Comparative Tracking Index CTI 600
13.07 Terminal to Terminal
Clearance Distance
6.00 Terminal to Heatsink
mm
. 14.27 Terminal to Terminal
Creepage Distance - -
12.34 Terminal to Heatsink

Note:

!Total Effective Resistance (Per Switch Position) = MOSFET Rosion ™ Switch Position Package Resistance

on)

NTC Characteristics (Ty;c = 25 °C unless otherwise specified)

Parameter Symbol Min. Typ. Max. Unit Notes
Resistance at 25°C Ras 4700 Q

Tolerance of Rys +1 %

Beta Value for 25°C to 85°C Bas/ss 3435 K

Beta Value for 0°C to 100°C Bo/100 3399 K

Tolerance of Bysgs +1 %

Maximum Power Dissipation Pax 50 mwW

Steinhart & Hart Coefficients for NTC Resistance & NTC Temperature Computation (T in K)

RY_ B ,c.D 1_ R 2 (L) 3 (i)
In (st) A+ T + T2t T3 7= A; 4+ B;In (st) +C;ln o +D;1In o
A B C D A, B, c, D,
-1.289E+01  4.245E+03 -8.749E+04 -9.588E+06 3.354E-03 3.001E-04 5.085E-06 2.188E-07
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CAB650M17HM3

Typical Performance
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Figure 1. Output Characteristics for Various Junction
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Figure 2. Normalized On-State Resistance vs. Drain Current for
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Figure 3. Normalized On-State Resistance vs. Junction
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Figure 4. Transfer Characteristic for Various Junction
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Figure 5. 3 Quadrant Characteristic vs. Junction
Temperaturesat V =15V
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Figure 6. 3 Quadrant Characteristic vs. Junction
Temperatures at V=0V (Body Diode)
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CAB650M17HM3

Typical Performance
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Figure 7. 3 Quadrant Characteristic vs. Junction

Figure 8. Typical Capacitances vs. Drain to Source Voltage
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Figure 9. Typical Capacitances vs. Drain to Source Voltage

Figure 10. Threshold Voltage vs. Junction Temperature
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Figure 11. Switching Energy vs. Drain Current (V_ ;=900 V) Figure 12. Switching Energy vs. Drain Current (V_ = 1200V)
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CAB650M17HM3 6

Typical Performance
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Figure 13. MOSFET Switching Energy vs. Junction Figure 14. Reverse Recovery Energy vs. Junction Temperature
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CAB650M17HM3 7

Typical Performance
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Figure 23. NTC Resistance vs. NTC Temperature
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CAB650M17HM3

Timing Characteristics
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Figure 25. dv/dt and di/dt vs. Source Current
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Figure 27. dv/dt and di/dt vs. Junction Temperature
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Figure 24. Timing vs. Source Current
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Figure 26. Timing vs. Junction Temperature
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Figure 28. Timing vs. External Gate Resistance
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Figure 29. dv/dt and di/dt vs. External Gate Resistance
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CAB650M17HM3 9

Definitions

al 90% Vs

Gate - Source Voltage, Vs (V) Gate - Source Voltage, Ves (V)

toff

e ty(off) ——P1¢ ti ! )
' Drain - Source Voltage, Vos (V)

td(om

90% Is

(40% Vps to 60% Vps) dV/dtore -
4—di/dtorr (40% s to 60% ls)
4

1
(40% 15 to 60% Is) di/dtoy— §—dV/dtox (40% Vosto 60% Vos)

Drain - Source Voltage, Vos (V)

10% Vos A 10%]s 10% ls —— 10% Vos
24—»“ Eorr = Vosx s ‘_'E Eon=] Vosxls
Figure 30. Turn-off Transient Definitions Figure 31. Turn-on Transient Definitions

Reverse Recovery Current, lgs (A) Gate - Source Voltage, Vs (V)
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— t = 15V ——— e — — N/\_—
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600/0 (lF - |RRM) E E E
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Figure 32. Reverse Recovery Definitions Figure 33. V_ Transient Definitions
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CAB650M17HM3 10

Schematic and Pin Out

1
PIN OUT SCHEME
PIN LABEL
Ol
2 [Mid 4
® |v- 5
(@) |G1, Top row pins (2) ——02
@ K1, Bottom row pins (2)
(6) |G2, Top row pins (2) —e 8
(7 |K2, Bottom row pins (2) 6
o
NTC1 7 -t
@ |NTC2
9
3
. .
Package Dimension (mm)
. o o DIMENSION TABLE
o o AL MARKINGS SHALL SYMBOL [ DIMENSION] TOLERANCE
i A6 | CONFORM TO PRC-00786 A1 | 11000 | =060
A2 | 109.25 +0.60
D2 D3 —A (A5 —
A3 65.00 +0.60
— — A4 64.25 £0.60
L A5 3.25 £0.30
DATE — A6 11.45 +0.60
CoDE > B1 93.00 £0.30
 PART i B2 48.00 £0.30
NUMBER [ 11.30 0.40
c2 13.84 +0.40
c3 | 24.00 +0.40
c4 | 3416 0,40
_—9x M4 POWER TERMINAL c5 | 3670 0,40
CONNECTION POINTS 9x 4.25 MAX BOLT Cc6 1.71 +0.40
PENETRATION DEPTH o 730 %0
c8 2.54 £0.30
c9 0.64 £0.30
c1o0 | 1016 0.40
D1 23.75 +0.50
——DM CODE D2 | 2313 +0.50
D3 | 2413 +0.50
D4 12.20 +0.50
D5 | 71.00 £0.30
D6 10.75 £0.30
3 SURFACES
4% (6.6:0.25 \—‘4XO12\

(3 ROB ‘DG-‘ FDB-‘ [-DG-‘ %
L T
(OS]
\ C9 -~
DETA\LA
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CAB650M17HM3 11

Supporting Links & Tools

Evaluation Tools & Support

« CAB650M17HM3 PLECS Model

+  SpeedFit 2.0 Design Simulator™

«  Technical Support Forum

+  Dynamic Characterization Evaluation Tool for the High Performance 62mm (HM) Module Platform

Dual-Channel Gate Driver Board

+ CGD1700HB3P-HM3: Wolfspeed Gate Driver Board
«  CGD12HBOOD: Differential Transceiver Daughter Board Companion Tool for Differential Gate Drivers

Application Notes

+  CPWR-AN35: 62mm Thermal Interface Material Application Note
+  CPWR-AN39: KIT-CRD-CIL12N-HM User Guide
+  PRD-04814: Design Options for Wolfspeed® Silicon Carbide MOSFET Gate Bias Power Supplies
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https://www.wolfspeed.com/tools-and-support/power/speedfit/
https://forum.wolfspeed.com/
https://www.wolfspeed.com/products/power/evaluation-kits/kit-crd-cil12n-hm3
https://www.wolfspeed.com/products/power/gate-driver-boards/cgd1700hb3p-hm3
https://www.wolfspeed.com/cgd12hb00d
https://assets.wolfspeed.com/uploads/2020/12/CPWR-AN35_62mm_TIM.pdf
https://assets.wolfspeed.com/uploads/2020/12/CPWR-AN39.pdf
https://assets.wolfspeed.com/uploads/dlm_uploads/2021/12/wolfspeed_prd-04814_design_options_for_gate_power.pdf

