ﬁ STD11INM65N, STF11INM65N,
’ lite.augmented STFITINM65N, STP11NM65N

N-channel 650 V, 0.425 Q typ., 11 A MDmesh™ Il Power MOSFET
in DPAK, TO-220FP, I2PPAKFP and TO-220 packages

Datasheet - production data

Q Features
TAB
’ Order codes Vbss @ | Ros(on) Io
1 Timax max
PPAK STD11NM65N
TO-220FP STF11NM65N
710V <0.455 Q 1A
STFI11NM65N

STP11NM65N

TABO
I'\«\\S e 100% avalanche tested

e Low input capacitance and gate charge

I*PAKFP T0-220 e low gate input resistance
Figure 1. Internal schematic diagram Applications
e Switching applications
D(2, TAB)O
Description
. These devices are N-channel Power MOSFETs
il developed using the second generation of
G(1) — MDmesh™ technology. This revolutionary Power
MOSFET associates a vertical structure to the
company’s strip layout to yield one of the world’s
lowest on-resistance and gate charge. It is
S® 0O therefore suitable for the most demanding high
efficiency converters.
AMO01475v1
Table 1. Device summary
Order codes Marking Packages Packaging
STD11NM65N DPAK Tape and reel
STF11NM65N TO-220FP
11NM65N
STFI11NM65N I2PAKFP Tube
STP11NM65N TO-220
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STD11INMG65N, STF11INM65N, STFIZTINM65N, STP11NMG65N Electrical ratings

1 Electrical ratings

Table 2. Absolute maximum ratings

Value
Symbol Parameter 10.220. DPAK TO-220EP Unit
’ I2PAKFP
Vps | Drain-source voltage 650 \
Vgs | Gate-source voltage +25 \'
I Drain current (continuous) at T = 25 °C 1 11 (M A
I Drain current (continuous) at T¢ = 100 °C 7 7 A
Ipm @ | Drain current (pulsed) 44 44 (M A
Pror | Total dissipation at Tg =25 °C 110 25 W
Inm Avalancr_]e cu_rre_:nt, repetitive or not-repetitive 3 A
(pulse width limited by T; max)
Single pulse avalanche ener:
Eas (sta%ting T,=25°C, Ip = |AR,g\)//DD =50 V) 147 mJ
dv/dt @) | Peak diode recovery voltage slope 15 V/ns
Insulation withstand voltage (RMS) from all three
Viso |leads to external heat sink 2500 v
(t=1s; Tc=25°C)
Tstg Storage temperature - 5510 150 °C
T; Max. operating junction temperature 150 °C

Limited by maximum junction temperature.
Pulse width limited by safe operating area.
Isp < 11 A, di/dt < 400 A/us; Vpeak < V(BR)DSS, Vpp £ 80% V(BR)DSS

Table 3. Thermal data

Value
Symbol Parameter Unit
DPAK | TO-220FP | I?PPAKFP | TO-220

Rihj-case | Thermal resistance junction-case max 1.14 5 1.14 | °C/W
Thermal resistance junction-ambient o

Rihj-amb max 62.5 C/w

Rithj-pcb (") | Thermal resistance junction-pcb max 50 °C/W

1. When mounted on 1inch2 FR-4 board, 2 oz Cu

)
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Electrical characteristics STD11INMG65N, STF1INM65N, STFILIINM65N, STP11INM65N

2 Electrical characteristics

(Te = 25 °C unless otherwise specified)

Table 4. On /off states

Symbol Parameter Test conditions Min. Typ. | Max. | Unit
Drain-source
VERIDSS | preakdown voltage Ip=1mA, Vgs =0 650 v
| Zero gate voltage Vpg =650V 1 UA
DSS | drain current (Vgg = 0) | Vpg = 650 V, Te=125 °C 100 | pA
Gate-body leakage
I Vgg=+25V +100 | nA
GSS current (Vpg =0) as = * *
VGS(th) Gate threshold voltage VDS = Ves, lD =250 A 2 3 4 V
Static drain-source on-
RDS(on) | resistance Vgs=10V,Ip=55A 0.425 | 0.455 | Q
Table 5. Dynamic
Symbol Parameter Test conditions Min. Typ. | Max. | Unit
pF
Ciss Input capacitance - 800 - pF
Vps =50V, f=1MHz, pF
Coss Output capacitance Vgs=0 - 50 - pF
Reverse transfer
Crss capacitance ) 29 ) PF
(1) | Equivalent output _ _ i )
Coss eq. capacitance Vps=01t0520V, Vgg =0 133 pF
Rg Intr.|n3|c gate f=1 MHz open drain - 4.2 - Q
resistance
Qq Total gate charge Vpp =520V, Ip = 11 A, - 29 - nC
Qgs Gate-source charge Vgs=10V - 3.9 - nC
Qq¢ |Gate-drain charge (see Figure 19) - 16 - nC

1. Cogs eq. IS defined as a constant equivalent capacitance giving the same charging time as Cygs When Vpg
increases from 0 to 80% Vpgg

3
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STD11NMG65N, STF11INM65N, STFITINM65N, STP11NMG65N

Electrical characteristics

3

Table 6. Switching times

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
t Turn-on delay time - 15.5 - ns
d (on) Y Vpp =325V, Ip=5.5 A,

t, Rise time Rg=47Q, Vgg=10V - 10.8 - ns
tyory | Turn-off delay time (see Figure 20 and - 1 - ns
- Figure 23)
t Fall time - 47 - ns
Table 7. Source drain diode
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Isp Source-drain current 11 A
Ispm (1 | Source-drain current (pulsed) 44 | A
Vgp @ | Forward on voltage Isp =11 A, Vgg =0 - 16 | V
ty Reverse recovery time - 418 ns
Isp =11 A, di/dt = 100 A/us
Reverse recovery charge - 4.4 C
Qr y charg Vpp =60 V (see Figure 23) H
IrRrm | Reverse recovery current - 21 A
tr Reverse recovery time lsp = 11 A, di/dt = 100 Alys - 530 ns
Qy Reverse recovery charge Vpp =60V, Tj=150 °C - 5.6 ucC
lram | Reverse recovery current (see Figure 23) - 21 A

1. Pulse width limited by safe operating area

2. Pulsed: pulse duration = 300 us, duty cycle 1.5%

Doc ID 13476 Rev 4
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Electrical characteristics STD11INMG65N, STF1INM65N, STFILIINM65N, STP11INM65N

2.1 Electrical characteristics (curves)
Figure 2. Safe operating area for DPAK Figure 3. Thermal impedance for DPAK
b AM13041v1 K CC20460
(A) Tj=150°C
Tc=25°C
N /] AN Single pulse
\ N\ N
/ N 10K 10°
10 o 3 N = 3 =S
r&wtb(;@ \ A —6=0.5 e D i —
N4 AN N TTTT A 11
< &/ NN\ 100us [l A TA
N [ 0.2 I+ Zin = K Rinye
S5 N o 6= to/7
EEERY v N 1ms 107 =Ty
A 10ms LT 0.01 t,l—
“/|SINGLE PULSE -
01 02 HH\ 1 A A
0.1 1 10 100 Vbs(V) 1073 0% 107 1072 107" . (s)

Figure 4. Safe operating area for TO-220FP and Figure 5. Thermal impedance for TO-220FP and

ZPAKFP ZPAKFP
Ip AM13040v1 K == - ‘ £C20940
@) 1500 SEPREsi=E
SRy Te=25°C T ==
5 P S Single pulse 0.2 L2 =
N A
10 Ct = \\ O’/r,—"_ —
& RS 107" ==l
& S N AN =
o"(\i@“q}/ ININCN 10 Z 0.05
& SIE p b — U.
(L \ W[ 100us - 0.02
EOQ,\&\‘\‘ === M-0.01 Zih = kK Rinyo
— 1\ N

Y, _ SINGLE PULSE
7 ims 102

S=1p/T
\ 10ms
0.1
—r]
T

001 TR
0.1 1 10 100  Vbs(V) 107* 107 1072 10~ (s)
Figure 6. Safe operating area for TO-220 Figure 7. Thermal impedance for TO-220
GC20930
Io AM13039vt O e e ==
(A) Tj=150°C T B
c Tc=25°C 6=0.5 I z
A AN Single pulse ¥
|/ NN g
/11 N \ Lt 7,
10 AN N 22 ailll7,
& N 10ps A
;\'Q\@ Q‘Q 0.1 il /://:
' & NN 100us 107" 505 //5/,,
q}z{,‘\\ 8@;// \\ =l . 5 KR
SIS . 0.027 th = thd—o
] Oo@/ N 1ms S 6= 1, /7
et T
N vy
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4 Vv 1
/ gl
0.1 102
0.1 1 10 100  Vbs(V) 107° 107* 107® 1072 107" . (s)
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STD11NMG65N, STF11INM65N, STFITINM65N, STP11NMG65N

Electrical characteristics

Figure 8. Output characteristics

Figure 9. Transfer characteristics

AM13042v1
ID

ID

AM13043v1

(A) (A)
Vaes=10V Vbs=21V
20 20
Y, /
15 / 15
10 10
5V
5 5
0 0 —
0 5 10 15 20 25 Vbps(V) 0 2 4 6 8 Vas(V)
Figure 10. Gate charge vs gate-source voltage Figure 11. Static drain-source on resistance
AM13044v1 AM13045v1
oy 1 Vos o T ]
1o LS VDD=520V V) Vas=10V
Io=11A
\ 500 0.440
10
400
8 0.430
\ 300
6 \ 0.420
R
]
0.410
5 100
0 / | o 0.400
5 10 15 20 25 30  Qg(nC) 0 2 4 6 8 10 ID(A)
Figure 12. Capacitance variations Figure 13. Output capacitance stored energy
C : : AM13046v1 Eoss AM13047v1
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5 /
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100 3
Coss 2
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1
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Electrical characteristics STD11INMG65N, STF1INM65N, STFILIINM65N, STP11INM65N

Figure 14. Normalized gate threshold voltage vs Figure 15. Normalized on-resistance vs
temperature temperature
VGS(th) AM13048v1 RDS(on) AM13049v1
(norm) |D=250[JA (norm) ID=5.5A
1.10 2.1
1.00 1.7 /
0.90 1.3
0.80 0.9
0.70 05"
-50 25 0 25 50 75 100 TJ(°C) -50 25 0 25 50 75 100 TJ(°C)
Figure 16. Source-drain diode forward Figure 17. Normalized Bypgg VS temperature
characteristics
Vsp AM13050v1 VDS AM09028v1
T
V) Tu=-50°C (norm) Ib=1mA P
1.10 7
12 1.08 //
//J’ 1.06 /
Ty=25°C )4
1.0 1.04 /
p—
) %
0.8 ,/, y 1.00
0.98
4150"0 N
0.6 —/ 0.96 /
/|
0.94 /
0.4 0.92
0 2 4 6 8 10  Isp(A) 50 25 0 25 50 75 100 Ty(°C)
8/21 Doc ID 13476 Rev 4 Kys




STD11INMG65N, STF11INM65N, STFIZTINM65N, STP11NMG65N

Test circuits

3

Test circuits

Figure 18. Switching times test circuit for
resistive load

Figure 19. Gate charge test circuit

5.

Vb o—
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i} D.UT.
“

2200

AMO01468v1
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v 47kQ "
100nF
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VbD

1kQ

Ic=CONST

1000 :} D.UT.
Va
—O

AMO01469v1

Figure 20. Test circuit for inductive load
switching and diode recovery times

Figure 21. Unclamped inductive load test circuit

A A ba -
D
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Figure 22. Unclamped inductive waveform Figure 23. Switching time waveform
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D 0 10% Vbs
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Package mechanical data STD11INM65N, STF1INM65N, STFILINM65N, STP11INM65N

4 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK is an ST trademark.

Table 8. DPAK (TO-252) mechanical data

mm
Dim.

Min. Typ. Max.
A 2.20 2.40
A1 0.90 1.10
A2 0.03 0.23
b 0.64 0.90
b4 5.20 5.40
c 0.45 0.60
c2 0.48 0.60
D 6.00 6.20

D1 5.10
E 6.40 6.60

E1 4.70

e 2.28
el 4.40 4.60
H 9.35 10.10
1 1.50

L1 2.80

L2 0.80

L4 0.60 1
R 0.20
V2 0° 8°
10/21 Doc ID 13476 Rev 4 ‘Y_I




STD11NMG65N, STF11INM65N, STFIZTINM65N, STP11NM65N Package mechanical data

Figure 24. DPAK (TO-252) drawing

THERMAL PAD

GAUGE FLANE

[N
J
L
v,
o
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Ltz L4

0068772_1|

Figure 25. DPAK footprint@®
6.7 1.8 3

6.7

AMO08850v1

a. All dimension are in millimeters

3
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Package mechanical data STD11INM65N, STF1INM65N, STFILINM65N, STP11INM65N

Table 9. TO-220FP mechanical data

mm
Dim
Min. Typ. Max.

A 44 4.6
B 25 2.7
D 25 2.75
E 0.45 0.7
F 0.75 1
F1 1.15 1.70
F2 1.15 1.70
G 4.95 5.2
G1 24 2.7
H 10 10.4
L2 16

L3 28.6 30.6
L4 9.8 10.6
L5 2.9 3.6
L6 15.9 16.4
L7 9 9.3
Dia 3 3.2

12/21 Doc ID 13476 Rev 4 "_l




STD11NMG65N, STF11INM65N, STFIZTINM65N, STP11NM65N Package mechanical data

Figure 26. TO-220FP drawing
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Package mechanical data STD11INM65N, STF1INM65N, STFILINM65N, STP11INM65N

Table 10. I’PAKFP (TO-281) mechanical data

mm
Dim.
Min. Typ. Max.
4.40 4.60
B 2.50 2.70
2.50 2.75
D1 0.65 0.85
E 0.45 0.70
0.75 1.00
F1 1.20
4.95 - 5.20
H 10.00 10.40
L1 21.00 23.00
L2 13.20 14.10
L3 10.55 10.85
L4 2.70 3.20
L5 0.85 1.25
L6 7.30 7.50
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STD11NMG65N, STF11INM65N, STFIZTINM65N, STP11NM65N Package mechanical data

Figure 27. I2PAKFP (TO-281) drawing
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Package mechanical data STD11INM65N, STF1INM65N, STFILINM65N, STP11INM65N

Table 11. TO-220 type A mechanical data

mm
Dim.
Min. Typ. Max.
A 4.40 4.60
b 0.61 0.88
b1 1.14 1.70
0.48 0.70
D 15.25 15.75
D1 1.27
E 10 10.40
e 2.40 2.70
el 4.95 5.15
F 1.23 1.32
H1 6.20 6.60
J1 2.40 2.72
L 13 14
L1 3.50 3.93
L20 16.40
L30 28.90
P 3.75 3.85
Q 2.65 2.95

3
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STD11NMG65N, STF11INM65N, STFIZTINM65N, STP11NM65N Package mechanical data

Figure 28. TO-220 type A drawing
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Packaging mechanical data STD11NM65N, STF1INM65N, STFIZTINM65N, STP11NM65N

5 Packaging mechanical data

Table 12. DPAK (TO-252) tape and reel mechanical data

Tape Reel
mm mm
Dim. Dim.
Min. Max. Min. Max.
A0 6.8 7 A 330
BO 10.4 10.6 B 1.5
B1 121 C 12.8 13.2
D 1.5 1.6 D 20.2
D1 1.5 G 16.4 18.4
E 1.65 1.85 N 50
7.4 7.6 T 22.4
Ko 2.55 2.75
PO 3.9 41 Base qty. 2500
P1 7.9 8.1 Bulk qgty. 2500
P2 1.9 2.1
40
T 0.25 0.35
W 15.7 16.3
18/21 Doc ID 13476 Rev 4 ‘,_l




STD11NMG65N, STF11INM65N, STFIZTINM65N, STP11NM65N

Packaging mechanical data

Figure 29. Tape

10 pitches cumulative
tolerance on tape +/- 0.2 mm

Top cover

Tl tape

L E
’
B . ® @ ® ©) E
For machine ref. only P1 D1
including draft and
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User direction of feed
(% 9% % % o[ F[® &% S
8 | | | | | | | 8
> Bending radius
User direction of feed
AMO08852v1

Figure 30. Reel

REEL DIMENSIONS
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Revision history

Table 13. Document revision history

Date Revision Changes
01-Jun-2007 1 First release.
. . 2 ; . i
03-Oct-2007 5 Ad(_iet_j device in DPAK and updated Figure 12: Capacitance
variations
Document status promoted from preliminary to production data.
20-Jul-2012 3 Updatet_j Section 4:_Package mechanical data and Section 5:
Packaging mechanical data.
Minor text changes.
15-Jul-2013 4 Updated Table 1: Device summary and Section 4: Package

mechanical data.
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