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N-Channel 650 V (D-S)MOSFET

PRODUCT SUMMARY

Vps (V) 650

Ros(on) (©2) Vgs =10V 3.8

Qq (Max.) (nC) 15

Qgs (nC) 3

Qga (NC) 6

Configuration Single
TO-252
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Top View

FEATURES

» Low Gate Charge Qg Results in Simple Drive
Requirement

» Improved Gate, Avalanche and Dynamic dV/dt
Ruggedness

Available

RoHS

 Fully Characterized Capacitance and Avalanche Voltage
and Current

» Compliant to RoHS directive 2002/95/EC
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S

N-Channel MOSFET

ABSOLUTE MAXIMUM RATINGS T = 25 °C, unless otherwise noted

PARAMETER SYMBOL LIMIT UNIT

Drain-Source Voltage Vps 650 Vv

Gate-Source Voltage Vas + 30

Continuous Drain Current® Tc=25°C 2.0

- - Vgsat 10 vV Ip

Continuous Drain Current Tc=100°C 1.6 A

Pulsed Drain Current? Iom 8.0

Linear Derating Factor 0.48 wi/°C

Single Pulse Avalanche Energy? Eas 165 mJ

Repetitive Avalanche Current?® Iar 2 A

Repetitive Avalanche Energy? Ear 4 mJ

Maximum Power Dissipation | Tc=25°C Pp 60 w

Peak Diode Recovery dV/dt¢ dv/dt 2.8 V/ns

Operating Junction and Storage Temperature Range T3 Tsig -55to + 150 o

Soldering Recommendations (Peak Temperature)d for10 s 300

Mounting Torque 6-32 or M3 screw 10 Ibf - in
11 N-m

Notes

Starting T3 =25 °C, L =24 mH, Rg = 25 Q, Ias = 3.2 A (see fig. 12).
Isp < 3.2 A, dI/dt <90 Alus, Vpp < Vps, T3 <150 °C.

1.6 mm from case.

Drain current limited by maximum junction temperature.

paoop

Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
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THERMAL RESISTANCE RATINGS
PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Rihia - 65 W
Maximum Junction-to-Case (Drain) Rihic - 2.1
SPECIFICATIONS T, = 25 °C, unless otherwise noted
PARAMETER SYMBOL TEST CONDITIONS | MmN | TYP. [ max [ uniT
Static
Drain-Source Breakdown Voltage Vps Vgs =0V, Ip =250 pA 650 - - \%
Vps Temperature Coefficient AVps/T; Reference to 25 °C, Ip = 1 mAd - 670 - mV/°C
Gate-Source Threshold Voltage Ves(th) Vps = Vgs, Ip = 250 pA 2.0 - 4.0 \%
Gate-Source Leakage lgss Ves=130V - - + 100 nA
i VDS =650V, VGS =0V - - 25
Zero Gate Voltage Drain Current Ipss HA
VDS =520V, VGS =0V, TJ =125°C - - 250
Drain-Source On-State Resistance Rps(on) Ves =10V Ip=3.1 AP - 38 -
Forward Transconductance Ofts Vps=50V,Ip=3.1A 3.9 - - S
Dynamic
Input Capacitance Ciss Ves=0V, - 330 -
Output Capacitance Coss Vps =25V, - 40 -
Reverse Transfer Capacitance Crss f=1.0 MHz, see fig. 5 - 5.0 - .
p
) Vps=1.0V,f=1.0 MHz - 912 -
Output Capacitance Coss
Ves=0V Vps =520V, f=1.0 MHz - 48 -
Effective Output Capacitance Coss eff. Vps =0V to 520 V¢ - 84 -
Total Gate Charge Qg - - 15
Gate-Source Charge Qgs Ves =10V Ib=32A, Vps =400V - - 3 nC
- see fig. 6 and 13P
Gate-Drain Charge Qqd - - 6
Turn-On Delay Time ta(on) - 14 -
Rise Time % Vpp =325V, Ip=3.2A - 20 -
- Rc=9.1Q,Rp=62Q, ns
Turn-Off Delay Time ta(off) see fig. 100 - 34 -
Fall Time t - 18 -
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current Is MOSFET symbol ° - - 4
showing the
integral reverse . A
Pulsed Diode Forward Current? Ism p - njunction diode . - - 21
Body Diode Voltage Vsp T3j=25°C,Is=3.2A, Vgs=0Vb - - 15 \
Body Diode Reverse Recovery Time ter - 493 739 ns
- T3=25°C, I =3.2 A, dl/dt = 100 A/usP
Body Diode Reverse Recovery Charge Qrr - 2.1 3.2 uc
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by Lg and Lp)

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Pulse width < 300 pus; duty cycle < 2 %.

c. Cygs eff. is a fixed capacitance that gives the same charging time as Cyss While Vpg is rising from 0 % to 80 % Vps.
d. t=60s,f=60Hz.
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TYPICAL CHARACTERISTICS 25 °C, unless otherwise noted
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Fig. 2 - Typical Output Characteristics Fig. 4 - Normalized On-Resistance vs. Temperature
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Fig. 9 - Maximum Drain Current vs. Case Temperature

www.VBsemi.tw

Rp
Vbs
L \D.U.T.
hilk)
4+
T-VoD
)} 10v
Pulse width <1 ps
Duty factor <0.1 %
L

Fig. 10a - Switching Time Test Circuit
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Fig. 10b - Switching Time Waveforms
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Fig. 11 - Maximum Effective Transient Thermal Impedance, Junction-to-Case

Fig. 12a - Unclamped Inductive Test Circuit
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Fig. 12b - Unclamped Inductive Waveforms
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Eas , Single Pulse Avalanche Energy (mJ)

Fig.

V psay + Avalanche Voltage (V)
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12c - Maximum Avalanche Energy vs. Drain Current
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Fig. 13a - Basic Gate Charge Waveform
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Fig. 13b - Gate Charge Test Circuit
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Peak Diode Recovery dV/dt Test Circuit

+ Circuit layout considerations
D.U.T .
— + Low stray inductance
A o . Ground plane
« Low leakage inductance
current transformer
—<-
+
@ |
®
| Lo
n AN
©) 1
A
Rg - dV/dt controlled by Rg |+
+ Driver same type as D.U.T. T_ Vob
« Igp controlled by duty factor "D"
« D.U.T. - device under test
©) Driver gate drive
Period D= P.W.
l—— P W—— Period
t
Vgg =10 V¥
(C '
))
@) D.U.T. Igp waveform (C
))
Reverse
recovery Body diode forward
current | current
di/dt
® D.U.T. Vg waveform .
Diode recovery \ —
dvidt t
YDD
Re-applied | (C L
voltage Body diode fdrivard drop
@ Inductor crurent
—
Ripple <5 % Isp
v

* Vgs =5 V for logic level devices

Fig. 14 - For N-Channel
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TO-252AA CASE OUTLINE

Cc2

:

gage plane height (0.5 mm)
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MILLIMETERS INCHES
DIM. MIN. MAX. MIN. MAX.
A 2.18 2.38 0.086 0.094
Al - 0.127 - 0.005
b 0.64 0.88 0.025 0.035
b2 0.76 1.14 0.030 0.045
b3 4.95 5.46 0.195 0.215
C 0.46 0.61 0.018 0.024
C2 0.46 0.89 0.018 0.035
D 5.97 6.22 0.235 0.245

D1 5.21 - 0.205 -
E 6.35 6.73 0.250 0.265
E1 4.32 - 0.170 -

H 9.40 10.41 0.370 0.410

e 2.28 BSC 0.090 BSC

el 4.56 BSC 0.180 BSC
L 1.40 1.78 0.055 0.070
L3 0.89 1.27 0.035 0.050
L4 - 1.02 - 0.040
L5 1.14 1.52 0.045 0.060

ECN: X12-0247-Rev. M, 24-Dec-12
DWG: 5347

Note
e Dimension L3 is for reference only.
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