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Silicon Carbide Power MOSFET
E-Series Automotive
N-Channel Enhancement Mode

““M_IFIEI) .

Features Package

*  3rd generation SiC MOSFET technology

*  High blocking voltage with low on-resistance

*  High-speed switching with low capacitances

. Fast intrinsic diode with low reverse recovery (Q,)
*  Halogen free, RoHS compliant

I Halogen-Free
Benefits

e Automotive Qualified (AEC-Q101) and PPAP Capable

*  Higher system efficiency D @
*  Reduce cooling requirements

1 2 3
*  Increase power density
* Increase system switching frequency
G @
Applications @ s
e EVBattery Chargers
e High Voltage DC/DC Converters
9 9 / Part Number Package Marking
E3M0060065D TO-247-3L E3M0060065D
Maximum Ratings (T_= 25 °C unless otherwise specified)
Symbol Parameter Value Unit Note
Vosmax | Drain - Source Voltage 650 \Y
Vesmax | Gate - Source Voltage -8/+19 \Y Note: 1
I Continuous Drain Current, Vgs = 15V A No;ce' 5
Tc=100°C 26 :
Ipgpuise) Pulsed Drain Current, Pulse width t, limited by Tjmax 99 A Fig. 22
e g _ . Fig. 20
PD Power Dissipation, T=25°C, T)=175°C 131 W Note: 2
T,T Operating Junction and Storage Temperature -0to °C
37 lstg P 9 9 p +175
TL Solder Temperature, 1.6mm (0.063") from case for 10s 260 °C
M Mounting Torque , M3 or 6-32 screw ! Nm
d g forque, 8.8 Ibf-in

Note (1): Recommended turn off / turn on gate voltage V - 4V..0V / +15V
Note (2): Verified by design
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Electrical Characteristics (T.=25°C unless otherwise specified)
Symbol Parameter Min. Typ. Max. | Unit Test Conditions Note
Vigripss Drain-Source Breakdown Voltage 650 \Y Ves=0V, o =100 pA
1.8 2.8 3.6 Vv Vbs = Ves, Ip = 3.6 mA
Vasitn Gate Threshold Voltage Fig. 11
2.2 \' Vbs =Vc,5, Ib=3.6 mA,TJ =175°C
Ipss Zero Gate Voltage Drain Current 1 50 pA Vps=650V,Ves =0V
lass Gate-Source Leakage Current 10 250 nA Ves=15V,Vps =0V
60 79 Ves=15V,lb=13.2A Fig. 4
Rosion) Drain-Source On-State Resistance mQ !
83 Ves=15V,Ip=13.2A,T,=175°C 56
9 VD5= 20 V, |D5= 13.2 A
Jfs Transconductance S Fig.7
9 Vps=20V, lps=13.2 A, T, =175°C
Ciss Input Capacitance 1170
Coss Output Capacitance 72 pF | Ves=0V,Vos=0Vto600V |1:|§] 17,
F=1Mh
Ciss Reverse Transfer Capacitance 6 ‘
Vac=25mV
Eoss Coss Stored Energy 14 V] Fig. 16
Cofen Effective Output Capacitance (Energy Related) 85 pF
Ves =0V, Vps = 0... 400V Note: 3
Cottr) Effective Output Capacitance (Time Related) 122 pF
Eon Turn-On Switching Energy (External Diode) 126 Vos =400V, Vs =-4V/15V,1,=13.2A,
w Ryery =25 Q, L= 135 uH, T,=175°C Fig. 26
Eorr Turn Off Switching Energy (External Diode) 25 FWD = External SiC DIODE
Eon Turn-On Switching Energy (Body Diode FWD) 169 Vos =400V, Vs =-4V/15V,1,=13.2A,
w Ryery =25 Q, L= 135 uH, T,=175°C Fig. 26
Eorr Turn-Off Switching Energy (Body Diode FWD) 23 FWD = Internal Body Diode
Tdon) Turn-On Delay Time 10
L Voo =400V, Vs =-4V/15V
tr Rise Time 33 ns Io=13.2 A, Rgexyy = 2.5 Q, Fio. 27
.. . ig.
taorn Turn-Off Delay Time 17 Timing relative to V¢
Inductive load
t Fall Time 8
Raiint) Internal Gate Resistance 4 Q f=1MHz Vac=25mV
s Gateto S Ch
Qq ate to Source Charge 16 Vos = 400V, Ves = 4V/15V
Qga Gate to Drain Charge 13 nC b =132A Fig. 12
Per IEC60747-8-4 pg 21
Qq Total Gate Charge 46 e Pg

Note (3): Coten, a lumped capacitance that gives same stored energy as Coss while Vds is rising from 0 to 400V
Cot, a lumped capacitance that gives same charging time as Coss while Vds is rising from 0 to 400V
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E3M0060065D 3

Reverse Diode Characteristics (T. = 25°C unless otherwise specified)

Symbol | Parameter Typ. Max. Unit Test Conditions Note
4.6 \Y Vi, =-4V, 1 =6.6AT=25°C Fio. 8
Vsp Diode Forward Voltage 9'91'0 ’
4.1 v V =-4V,l =66AT=175°C '
Is Continuous Diode Forward Current 23 A Ves=-4V, Tc= 25°C
Is, pulse Diode pulse Current 99 A Vs =-4V, pulse width t; limited by Tjmax
t, Reverse Recover time 23 ns
V =-4V,l =13.2A,V, =400V
Q, Reverse Recovery Charge 108 nC dif/dt = 1720 A/us, T, = 175 °C
- Peak Reverse Recovery Current 8 A
t Reverse Recover time 30 ns

Ve =-4V, I, =132A,V,=400V

Q Reverse Recovery Charge 97 nC dif/dit = 790 Alps, T, = 175°C

| Peak Reverse Recovery Current 6 A

Thermal Characteristics

Symbol | Parameter Typ. Max. Unit Test Conditions Note

Rosc Thermal Resistance from Junction to Case 1.02 1.14 °C/wW Fig. 21
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E3M0060065D 4

Typical Performance

100 100
Conditions: Vos =15 Conditions: o5 = 15V
Tj=-40°C Tj=25°C Vs = 13V,
tp =< 200 us tp =< 200 us
80 = 80
—_ Vg =13V -
< / / 3 e
- =
S 60 S 60 V=TIV
2 sy 2 / Bk
- /
% / % / / Ves = 9V
o o
o / Voev o 3 g4
L / Ves =7V
/‘ Vgs =7V =
0 0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0
Drain-Source Voltage, Vs (V) Drain-Source Voltage, Vs (V)
Figure 1. Output Characteristics T, = -40 °C Figure 2. Output Characteristics T, = 25 °C
100 2.0
Conditions: Conditions:
Tj=175°C 1.8 4 los=13.2A
tp =< 200 us Ves =15V Ves =15V
80 Ves = 13V 1.6 4 t-<200ms
g / -
-] // Vgs =11V, C:_L,_ 14 /
£ 60 S 12 I
= o T —— e
3 / g 1.0
@ Vgs =9V é
5 40 / 8 os
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‘g / / g s
= o .
s / / &
a 2 S Vog=7V- 0.4
— 0.2
0 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 50 25 0 25 50 75 100 125 150 175
Drain-Source Voltage, Vps (V) Junction Temperature, T; (°C)
Figure 3. Output Characteristics T, = 175 °C Figure 4. Normalized On-Resistance vs. Temperature
140 : 180 :
Conditions: Conditions:
Vgs =15V 160 \ Ips = 13.2A
120 | t, <200 ps t, <200 pus
140 -————\;
2 100 = N
£ — £
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o} T;=175°C_| S W
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%] —__’_——
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=4 f=4
o 2 o
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0 0
(i} 10 20 30 40 50 60 50  -25 0 25 50 75 100 125 150 175
Drain-Source Current, I (A) Junction Temperature, T; (°C)
Figure 5. On-Resistance vs. Drain Current Figure 6. On-Resistance vs. Temperature
For Various Temperatures For Various Gate Voltage
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Typical Performance
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Conditions: 0
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tp <200
50 1 P< ke

T,=1 Vos = '4y /
7 -20
40 Ves =0V
/ Vgs=-2V

/ -40

7
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. / /)
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Drain-Source Current, Iy (A)
Drain-Source Current, I (A)

AN

10
/ / -80
Conditions:
0 —_— T, =-40°C
0 2 a4 6 8 10 12 t, <200 ps 100
Gate-Source Voltage, Vg (V) Drain-Source Voltage V¢ (V)
Figure 7. Transfer Characteristic for ) ) -
gure - Figure 8. Body Diode Characteristic at -40 °C
Various Junction Temperatures
-10 8 6 -4 2 0 -10 8 6 -4 2 0
0 / ’
Ves =Y A 20 20
Ves=0V
Vgs =-2V,
/ < 40 40

Drain-Source Current, Iy (A)
Drain-Source Current, Iy (A)

Conditions: / Conditions:
T,=25°C T,=175°C
t, <200 ps t, <200 ps
- -100 - -100
Drain-Source Voltage Vg (V) Drain-Source Voltage Vi (V)
Figure 9. Body Diode Characteristic at 25 °C Figure 10. Body Diode Characteristic at 175 °C
4.0 : 16 = - - T e T
Conditons Conditions:
3.5 Ves = Vps lps=13.2A /
) Ips = 3.64 mA| lgs = 50 mA
[~ 12 4 |vos=a00v | . [ in A
3.0 T e T,=25°C /
= )
< 2.5 s _——
= e ——— g B - B T T A
g &
E 2.0 £
S 3
S 15 g 4 o / B B S
=] 3 |
£ b
£ 0 P / N ) i IR
= (U]
0.5
| | | | |
i i i i i
0.0 -4 T T T T J
-50 -25 0 25 50 75 100 125 150 175 0 10 20 30 40 50
Junction Temperature T, (°C) Gate Charge, Qg (nC)
Figure 11.Threshold Voltage vs. Temperature Figure 12. Gate Charge Characteristics
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Typical Performance
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Conditions: / Conditions:
T;=-40 °C T;=25°C
t, <200 ps t, <200 ps
2 -100 s -100
Drain-Source Voltage Vg (V) Drain-Source Voltage Vg (V)
Figure 13. 3rd Quadrant Characteristic at -40 °C Figure 14. 3rd Quadrant Characteristic at 25 °C
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- 32 /
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£ -60 S 6 e
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f4 .
-80 2
/ Conditions:
T;=175°C 0
) t <200 s 100 0 100 200 300 400 500 600 700
Drain-Source Voltage Vps (V) i Drain to Source Voltage, Vp (V)
Figure 15. 3rd Quadrant Characteristic at 175 °C Figure 16. Output Capacitor Stored Energy
10000 10000
Conditions: Conditions:
T,=25°C T,=25°C
Ve =25 mV Vac =25 mV
¢ f=1MHz c f=1MHz
- iss iss
1000 . 1000
\\ \
[ X [ \
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= = AN
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Drain-Source Voltage, Vs (V) Drain-Source Voltage, Vs (V)
Figure 17. Capacitances vs. Drain-Source Figure 18. Capacitances vs. Drain-Source
Voltage (0 - 200V) Voltage (0 - 650V)
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Typical Performance
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Figure 19. Continuous Drain Current Derating vs. Figure 20. Maximum Power Dissipation Derating vs.
Case Temperature Case Temperature
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Figure 21.Tran5|er.1t Thermal Impedance Figure 22. Safe Operating Area
(Junction - Case)
100 ‘ : 500
Conditions: Conditions: Erotar
90 |T=25% 450 4{T,=25°C /
Vpp = 400V \;DD =400V ’
Rg(ex) = 2.5Q Rg(ex) =2.5 Q
80 Ty, = 400 +{ Rofery =2- P—
Vgs = -4/+15V ~ on
FWD = E3M0060065D Vos =-4/+15 V / //
70 4|1 =504 uH 350 4] FWD = E3Mo060065D
- - L=135pH /
32 60 3 300
a I Erotal a /
S s - S 250 ~
g — | B 2 //
£ — £ 200 /
: e : e
& 3 2 150 /
20 100 //
e Eo
10 Eo 4 50 s / /
0 0
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Drain to Source Current, I (A) Drain to Source Current, Ig (A)
Figure 23. Clamped Inductive Switching Energy vs. Figure 24. Clamped Inductive Switching Energy vs.
Low Drain Current (V_, = 400V) High Drain Current (V= 400V)
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Typical Performance

350 : 300
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Ips= 13.2A 250 Ry = 2.5Q
Vgs = -4/+15 V Erotal Vgs = -4/+15 V
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Figure 27. Switching Times vs. R,

Rev. 1, JUNE 2022

4600 Silicon Drive | D

Figure 28. Switching Times Definition

urham, NC 27703 | Tel: +1.919.313.5300 | wolfspeed.com/power

© 2022 Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfstreak logo are registered trademarks and the Wolfspeed logo is a trademark of Wolfspeed, Inc.
The information in this document is subject to change without notice.




E3M0060065D 9

Test Circuit Schematic
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Figure 29. Clamped Inductive Switching
Waveform Test Circuit
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Package Dimensions
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SYMBOL | MIN (mm) | MAX (mm) El
A 4.83 521
Al 2.29 2.54
A2 1.91 2.16
b 1.07 133
bl 1.91 2.41 1 GATE
b3 2.87 3.38
c 0.55 0.68 2 DRAIN
D 20.8 21.1
C DI 16.25 17.65 3 SOURCE C
D2 0.95 1.25
E 15.75 16.13 4 DRAIN
El 13.1 14.15
E2 3.68 5.1
E3 1 1.9
E4 12.38 13.43 NOTES:
e 5.44 BSC 1. ALL METAL SURFACES ARE TIN PLATED (MATTE), EXCEPT AREA OF
L 19.81 20.32 CUT.
Ll 4.1 44 2. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994.
@P 3.51 3.65 3. ALL DIMENSIONS ARE LISTED IN MILLIMETERS. ANGLES ARE IN
Q 5.49 6 DEGREES.
S 6.04 6.3 4. BURR OR MOLD FLASH SIZE (0.5 mm) IS NOT INCLUDED IN THE
B T 17.5° REF. DIMENSIONS B
w 3.5° REF.
X 4° REF.
TITLE:
H:—.—!E PACKAGE OUTLINE DRAWING:
A Wolfspeed. TO-247-3L(MOSFET) A
REVISION NO.
Date: 04/13/22 O ] A4
SCALE::1 SHEET 1 OF 1
4 3 2 |
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Recommended Solder Pad Layout
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Revision history

Document Version Date of release Descriptiion of changes

1.0 June-2022 Initial datasheet
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