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+FET

D3S099N65

650V, 99mQ, 33.6 A Super Junction Power MOSFET

Ordering Information

Part Number Package Option
D3S099N65B-U TO-220
D3S099N65D-U TO-247
D3S099N65E-T TO-263
D3S099N65F-U TO-220 FullPak

°

TO-263

TO-220
\

«%e

TO-247

TO-220 FuIIPakJ

Description

+FET™ is an advanced Super Junction Power MOSFET offering

excellent efficiency through low Rds-ON and low gate charge. Gate

+FET™ is a rugged device with precision charge balance (Pin 1)

implementation designed for demanding uses such as enterprise Source
power computing power supplies, motor control, lighting and \. (Pin 3) J

other challenging power conversion applications.

Features

e LOW Rpgon)

. FAST SWITCHING

e HIGH Ejq

. REL TEST SPEC: JESD-22

. LOW OUTPUT CAPACITANCE

Table 1 Key Performance Parameters

(Device Schematic
Drain (Pin 2, Tab)

Benefits

HIGH EFFICIENCY

Applications

° INVERTERS

Parameters Value Unit
Vos @ T3 max 710 %
RDS(on),max <99 mQ
Qg typ 56 nC
Ib @ 25¢ 33.6 A
Coss 72 pf

. MOTOR CONTROL

LOW CONDUCTION LOSSES

EXCELLENT AVALANCHE PERFORMANCE

° POWER FACTOR CORRECTION
° SERVER POWER SUPPLIES
. TELECOM POWER SUPPLIES
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@ T, = 25°C ,unless otherwise specified

Table 2 Maximum ratings

Values
Parameter Symbol Max Unit Note/Test Condition
Min. Typ. |220, 263
8247 220FP
33.6 15.9 To=25°C
Continuous drain current(1) ) A
21.3 10.1 T =100°C
Pulsed drain current(2) Ip,pulse 135 63.8 A To=25°C
Avalanche energy,single pulse Eas 534 534 mJ Ip=6.6A, Vpp=50V
Avalanche energy,repetitive EAr 1.34 1.34 mJ Ip=6.6A, Vpp=50V
Avalanche current, repetitive V=S 6.6 6.6 A
MOSFET dv/dt ruggedness dv/dt 50 50 Vins | Vpg=...480V
-30 30 30 static
Gate source voltage VGS \%
-30 30 30 AC (f> 1HZ)
Power dissipation for TO-220 Piot 272 61 w To=25°C
Operating and storage temperature TJ- Tstg -55 150 150 °C
Mounting toraue 60 Nem M3 and M3.5 screws
gtorq 50 M3 screws
Continuous diode forward current Is 33.6 15.9 A To=25°C
Diode pulsed current Is,pulse 135 63.8 A Te=25°C
Reverse diode dv/dt(3) dv/dt 15 15 V/ns Vps=...480V, lsp<Ip
Maximum diode commutation speed| dif/dt 500 500 Alus Ty=25°C
Table 3 Thermal characteristics
Values
Parameter Symbol Max Unit Note/Test Condition
Min. [Typ.[220, 263
& 247 220FP
Thermal resistance, Junction-case Rthac 0.5 2.25 °C/W
Thermal resistance, Junction-ambient Ry,ja 43.4 46 °C/W Leaded
Soldering temperature,
Wwavesoldering Tsold 260 260 °C 1.6mm form case for 10s
only allowed at leads
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Table 4 Static characteristics

Values
Parameter Symbol Unit Note/Test Condition
Min. Typ. Max.
Drain to source breakdown voltage |V gr)pss| 650 \% Vgs=0V, Ip=1mA
Gate threshold voltage Vasrh) 2.3 3.2 4.5 \% Vps=Vgs, Ip=194uA
1 Vps=650V, Vgg=0V, T, = 25°C
Zero gate voltage drain current Ipss UA
40 Vps=650V, V=0V, T, = 150°C
Gate to source leakage current less 100 nA Vgs=120V, Vpg=0V
94 99 mQ | Vgs=10V, I5=16.8A, T, = 25°C
Drain-source on-state resistance | Rpg(op)
190 mQ  [Vgs=10V, 15=16.8A, T, = 150°C
Gate resistance Rg 1 Q Scaf-F
Table 5 Dynamic characterristics
Values ] o
Parameter Symbol Unit Note/Test Condition
Min. Typ. Max.
Input capacitance Ciss 2222 pF
Output capacitance COSS 72 pF VGS=0V’ VDszloov, f=1MHz
Reverse transfer capacitance Cies 13 pF
Effective output capacitance,
put cap Cogen 105 PF | Vps=0...480V, Vge= OV

energy related 1

Effective output capacitance, C, ) 331 F Ip=constant, Vp5=0...480V,
time related 2 P Vo= 0V
Turn on delay time td(on) 18 ns
Rising time t o5 ns | Vop=400V, I5=16.8A, R=1.0Q,
Turn off delay time td(off) 41 ns
Fall time t; 22 ns
Table 6 Gate charge characteristics
Values ) o
Parameter Symbol Unit Note/Test Condition
Min. Typ. Max.
Total gate charge Qq 56 nC
Gate-source charge Qgs 14 nc  [Yopo=480V, Vgs=01010V
1p=16.8A
Gate-drain charge Qgd 23 nC
Gate plateau voltage Viateau 5.0 \
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Table 7 Reverse diode characteristics

Values
Parameter Symbol Unit Note/Test Condition
Min Typ Max
Diode forward voltage Vgp 0.87 0.96 VvV [Ig=33.6A, Vgs=0V, T, = 25°C
Reverse recovery time t, 452 ns
I-=33.6A,dI/dt=100A/us
Reverse recovery charge Qn 8.0 uC
Peak reverse recovery current lrm 36 A
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Table 8 Thermal Performance

Power dissipation (T0O220, TO263 & TO247)

Max. transient thermal impedance
(T0O220,TO263 & TO247)
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2 Duty Factor D=T1/T2

-
<
[
1
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T1,Square Wave Pusle Duration(Sec)
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o

Pu=f(Tc)

Zy5c=f(tp);parameter: D=t/ T

Power dissipation (TO220F)

Max. transient thermal impedance (TO220F)
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Table 9 Output Characteristics

Typical output characteristics T;= 125°C

60 I I I
Motes:
1. 250ps Pulse Test sy |10.20
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Typical output characteristicsT;= 25°C
80 T I I
1 Notes
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Ip=f(Vps ); T; = 25°C ;parameter:Vgg

Ip=f(Vps ); T; = 125°C ;parameter:Vgg

Table 10 Drain Source Resistance

Typical drain-source on-state resistance

Drain-source on-state resistance
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Roson=f(Ip); Tj= 25°C parameter:Vgg

Roson=f(T; ); Ip= 12.8A :V55=10V
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Table 11 Safe Operating Area

Safe operating area T.= 25°C (T0220, TO263 &
TO247)

Safe operating area T.= 80°C (T0220, TO263 &
TO247)

- Operation In
77 This Area Is Limited By Roson
107 N : e
10'
<
<]
10°
. otes:
10" 3= 1 Max Tj=150T
= 2 Single Pulse
10°

10°
VDS(V)

Toooio-oieo-ooo-oisooooanmssomioooooooisotIzasn

-- Operation In

~" This Area Is Limited By Roson
LN

ID(A)

’ otes
107 %= 1.Max Tj=150T
21 2.Single Pulse

10°

10 10° 10°

VDS(V)

I5=f(Vps ); Tc= 25°C ;D=0;parameter:tp

I5=f(Vps ); Tc = 80°C ;D=0;parameter:tp

Copyright@ D3 Semiconductor. All rights reserved.

Safe operating area T.= 25°C (TO220F) Safe operating area T.= 80°C (TO220F)
103 B
== Operation |
" This Area Is Limited By Rpson
) N I [ S S I 1 N S i e D I N
10°
<
S ORORRN SO T 18 S O U N 00 P S
10° 0 o S
By Roson
17 *Notes: 10" 4= *Néles‘ o
107 4= 1 Max Tj=150C 7 1 Max Tj=150T
I 2.Single Pulse 7 2.Single Pulse
107 - 10° '
10° 10 10° 10° 10° 10' 10° 10°
VDS(V) VDS(V)
I5=f(Vps ); Tc= 25°C ;D=0;parameter:t, I5=f(Vps ); Tc = 80°C ;D=0;parameter:t,
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Table 12 Capacitances and Gate Charge

Typical Capacitances

Typical Gate charge

10°

,,,,,,,, S
* VGS=OV, f=1IMHz B
- Ciss=Cgs+Cgd, Cds SHORTED -r
- " Crss=Cgd o
"5_ '104 ds+Cgd
e
S
3
c 10
1]
=
- 2
a 10
5]
QT
1
O 10
10

10 100
Vos,Drain-to-Source Voltage (V)

—
[\]

-
o

VDS=120V

/

0]

VDS=480V

N\

Vis,Gate To Source Voltage(V)
[o)]

0 5 101520 25 30 35 40 45 50 55 60 65 70
Q,, Total Gate Charge (nC)

Vgs=0v, Freq.= 1IMHz

I5=f(Qgate ); I = 16.8A pulsed; parameter:Vpp,

Table 13 Diode Characteristics and Avalanche Energy

Forward characteristics of reverse diode

Avalanche energy
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I==f(Vsp); parameter:T, Eas=f(T; ); I = 6.6A ; Vppp = 50V
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Table 14 Breakdown Voltage and Transfer Characteristics

Drain-source breakdown voltage

Transfer Characteristics
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° 0 25[C
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Verpss)=f(Tj ); Ip=1mA I5=f(Vss); Vos | >2llp|RpsonmacParameter:T,
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Table 15 Diode Recovery Characteristic

Test Circuit For Diode Recovery Test Waveform For Diode Recovery
DUT Vss (DRIVER) Vas(in)
le (DUT) / \/di""‘“
.
Same type Vo= ‘R”r
asDUT ~_ | " Diode reverse current
l |.._} v
o M‘v \'__ — Diade recovery dv/dt
VGSl_in_: | | | | Re [ \ L
Vpe (DUT) l Ve Voo
L= Y
*_dy/dt controlled by Rs TBody diode forward valtage drop
* Is controlled by pulse period
Table 16 Switching Time Characteristic
Test Circuit for Switching Time Test Waveform for Switching Time
R. _‘90 Yo 3 _L—

10%

o
Vin J_l_ é DUT

1cI (off) >

torr

Copyright@ D3 Semiconductor. All rights reserved. Jan. 2019. Rev. 3.0  11/17



% ) D3 SEMICONDUCTOR®

+FET

D3S099N65

Table 17 Gate Charge Characteristic

Test Circuit For Gate Charge

Test Waveform For Gate Charge

Same type
as DUT

DUT

Ves
« Qs
0V |-------=-"=""="=-"-"-"="-"---"-"----
Qs Qgp—»

Charge(nC)

Table 18 Unclamped Inductive Characteristic

Test Circuit For Unclamped Inductive

Test Waveform For Unclamped Inductive

v L DRIVER
DS o
Rg D.U.T

[+
e A - Voo
. TL |'As
o0V 5
tp
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4a3) TO-220
o= E a
. E1 = A=
- ey — = Al
T 1 H\“‘x/’ ‘[
R i
1 lI |
N "
= ‘ _ —
o
2 [
T~ ]
\n_,:
' l | L —H
1 | ) I
i\ i} iL—;
! ! a
! I
b2 -
i i 7
! |
! !
! !
| ! ] A2
L L N O
b1 .l
b 2x C
TO-220 3L
sYmBoL| MIN MAX
A 4.20 4.60
Al 1.20 1.40
A2 2.20 2.60
b 0.65 0.85
b1 0.95 1.15
b2 0.15
C 0.40 0.60
D 9.05 9.45
D1 12.95

D2 15.35 15.95
D3 16.50 17.10

E 9.80 10.20
El 9.70 10.10
E2 8.50

e 2.46 2.54
F 2.60 3.00
L 13.00 14.00
L1 4.35 4.75
L2 0.90 1.10
P 3.55 3.85

Copyright@ D3 Semiconductor. All rights reserved. Jan. 2019. Rev. 3.0  13/17



Qns SEMICONDUCTOR" +FET

D3S099N65
4b) TO-263
E E A
* E1 c2 —-—l——-—
jr = o O - /’E

D1

g T

I
|
1
3 | 10
tDU i Pt

T0O-263 (D2PAK)

2x b2 SYMBOL MIN. MAX.

e— xb A 4.36 4.56
Al 0 0.25

b 0.7 0.9

% ‘;ﬁ'ﬁg bl 0.51 0.89
S b2 1.2 1.46
L b3 1.17 1.37
} “L_J [ c 0.38 0.694
a L, > c1 0.38 0.534
P Q2 1.19 1.34

D 8.6 9

D1 6.9 7.5
E 10.15 10.55

E1 8.1 8.7

PLATING—T~b1. b3~ BASE T T
GEE— H 15 15.6

b L 1.9 25
o % L1 - 1.65

| 2 ] 1.78

S 13 0.25 TYP
(b, b2)— L4 4.78 5.28
n 2.56 2.96
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4d) TO-220 FullPak

E e Lz
5 - A — O
ATAZT.\ I ]
,f/i\ ! _7}_ i _.’./4‘\
L [ ] N
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=
[
Pl s
] |
< 1= ‘i H !{ {‘—-——————“\1 H
00 e
| ‘ ‘ |
| | ‘ O
(Il
| | ‘
(Il
It ¢ YARRY
T lr | ] 0 SYMBOL| MIN MAX
bgz c+ A 4.30 4.70
b1 —-Q Al 1.80 2.10
. A2 2.50 2.90
oy | e == b 0.54 0.84
b1l 0.99 1.29
b2 0.56 0.93
b3 0.24 0.55
c 0.49 0.79
D 14.70 15.30
gy D2 2.66
; \ e 2.29 2.79
L8 0 ' E 9.70 10.30
‘.‘ G 6.70 7.10
| Ho 28.00
L 12.50 13.50
L1 0.70 0.90
N 2.86
oP 3.05 3.40
2P1 3.40
Q 3.10 3.30
Q1 2.70 3.30
s 7.00
01 3 deg.
02 5 deg.
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Revision History

Revision Release Date Comments

1.0 1-Nov-2016 Preliminary Datasheet Draft

2.0 1-July-2017 Update tables and package detail
2.5 20-Nov-2017 Added TO247 Package

2.6 11-Dec-2017 Added Test Circuits

3.0 2-Jan 2019 Updated/update tables and charts
Resources

www.d3semi.com

Patents, Copyrights and Trademarks

U.S. and Foreign Patents Pending.

The following are trademarks and service marks owned by D3 Semiconductor:

D3 Semiconductor®, “Flying D” , +FET, Defining Precision Power . All Trademarks
[

are property of their respective % rs. © D3 Semiconductor 2016. All rights reserved

Legal Disclaimer

The information in this document is provided solely regarding D3 Semiconductor (“D3") products. The
information is not a guarantee of performance or characteristics. D3 Semiconductor reserves the right
to modify, change, amend, improve or make corrections to this document, and its products, at any time
and its sole discretion without prior written consent or notice. No license to any intellectual property
rights is granted or implied under this document. D3 Semiconductor disclaims warranties and liabilities
of any kind including non-infringement of intellectual property rights of any third party. D3
Semiconductor products may be used in applications such as automotive, military, aerospace, medical
or other applications where failure or malfunction may result in personal injury, death or severe
property or environmental damage only with express written approval from D3 Semiconductor. Sale of
D3 Semiconductor products are subject to D3 Semiconductor’s standard terms and conditions. Products
not purchased through D3 Semiconductor’s authorized distributors, agents or sales representatives are
void of warranty.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




