ﬁ STDIN60OM2, STPONG60OM2,
’ life.augmented STU9N6OM2

N-channel 600 V, 0.72 Q typ., 5.5 A MDmesh Il Plus™ low Qg
Power MOSFET in DPAK, TO-220 and IPAK packages

Datasheet - production data

Features
Order codes \'I/'Ij:]g eri]sé;n) Ip
DPAK STD9N60M2
STP9N60OM2 650 V 0.78 Q 55A
STU9N60M2

TAB
e Extremely low gate charge
3 5° » Lower Rpgon) X area vs previous generation

e Low gate input resistance

IPAK
e 100% avalanche tested
e Zener-protected
Figure 1. Internal schematic diagram Appllcatlons
D(2,TAB) e Switching applications
O
Description
o These devices are N-channel Power MOSFETs
6(1) € developed using a new generation of MDmesh™
— technology: MDmesh Il Plus™ low Qg. These
revolutionary Power MOSFETs associate a
vertical structure to the company's strip layout to
yield one of the world's lowest on-resistance and
gate charge. They are therefore suitable for the
4 most demanding high efficiency converters.
S<3> AM15572v1
Table 1. Device summary
Order codes Marking Package Packaging
STDI9N60M2 DPAK Tape and reel
STPIN60M2 9N6OM2 TO-220 Tube
STUIN60M2 IPAK Tube
May 2013 DoclD024399 Rev 2 1/21
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STDIN60M2, STPON60M2, STUINGOM?2 Electrical ratings

1 Electrical ratings

Table 2. Absolute maximum ratings

Symbol Parameter Value Unit
Vas Gate-source voltage +25 \'%
Ip Drain current (continuous) at Tg =25 °C 5.5 A
Ip Drain current (continuous) at Tc = 100 °C 3.6 A
Ipm (1) Drain current (pulsed) 22 A
Prot Total dissipation at Tg =25 °C 60 w
dv/dt @ | Peak diode recovery voltage slope 15
dv/dt @ | MOSFET dv/dt ruggedness 50 vins
Tstg Storage temperature - 5510 150 oc
T; Max. operating junction temperature 150

1. Pulse width limited by safe operating area..
2. Igp <5.5A, di/dt <400 Alus; Vps peak < V(BR)DSS: VDD=400 V
3. Vpg< 480V

Table 3. Thermal data

Value
Symbol Parameter Unit

DPAK | TO-220 | IPAK

Rihj-case | Thermal resistance junction-case max 2.08 °C/W
Rinjpco | Thermal resistance junction-pcb max(") 50 °C/W
Rinj-amb | Thermal resistance junction-ambient max 100 | °C/W

1. When mounted on 1 inch2 FR-4, 2 Oz copper board

Table 4. Avalanche characteristics

Symbol Parameter Value Unit

Avalanche current, repetetive or not repetetive
(pulse width limited by Tjmay )

Single pulse avalanche energy (starting T=25°C,

105 mJ
Ip=lar; Vpp=50)

Eas
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Electrical characteristics
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Electrical characteristics

(Te = 25 °C unless otherwise specified)

Table 5. On /off states

Symbol Parameter Test conditions Min. Typ. | Max. | Unit
Drain-source
VERIDSS | preakdown voltage Ip=1mA, Vgs =0 600 v
| Zero gate voltage Vps =600V 1 UA
DSS | drain current (Vgg = 0) | Vpg = 600 V, Te=125 °C 100 | pA
Gate-body leakage
I Vgg=x25V +10 A
GSS current (Vpg =0) GS H
VGS(th) Gate threshold voltage VDS = Ves, lD =250 A 2 3 4 V
Static drain-source
Rbs(on) on-resistance Vgs=10V,Ip=3A 0.72 | 0.78 Q
Table 6. Dynamic
Symbol Parameter Test conditions Min. Typ. Max. | Unit
Ciss Input capacitance - 320 - pF
Coss Output capacitance Vps =100V, f =1 MHz, - 18 - pF
Ves =0
Cres Rever_se transfer _ 0.68 ) oF
capacitance
Coss eq.(1) | EQuivalent output _ _ ) )
capacitance Vps=01t0480V,Vgg=0 88 pF
Ra Intr_|nS|c gate f =1 MHz open drain - 6.5 - Q
resistance
Qq Total gate charge Vpp =480V, Ip =5.5 A, - 10 - nC
Qgs Gate-source charge Vgs=10V - 2 - nC
Qq¢ | Gate-drain charge (see Figure 17) - 5.1 - nC
1. Coss eq. is defined as a constant equivalent capacitance giving the same charging time as Coss when VDS increases from 0 to 80%
VDSS
Table 7. Switching times
Symbol Parameter Test conditions Min. Typ. Max. | Unit
taon) | Turn-on delay time - 8.8 - ns
t, Rise time Vpp =300V, Ip=3A, - 7.5 - ns
: Rg=4.7Q,Vgg=10V
lyom | Tum-off delay time (see Figure 16 and Figure 21) ) 22 ) ns
t Fall time - 13.5 - ns
DoclD024399 Rev 2 1S7;




STDIN60M2, STPON60M2, STUIN60M2 Electrical characteristics

Table 8. Source drain diode

Symbol Parameter Test conditions Min. | Typ. | Max. |[Unit
Isp Source-drain current - 55 A
Ispm (1) | Source-drain current (pulsed) - 22 A
Vgp @ | Forward on voltage lsp=5.5A, Vgg =0 - 16 | V
tr Reverse recovery time - 265 ns
Isp=5.5A, di/dt = 100 A/us
Q Reverse recovery charge . - 1.65 C
T y chare Vpp = 60 V (see Figure 18) H

Irrm | Reverse recovery current - 12.5 A
ty Reverse recovery time lsp = 5.5 A, di/dt = 100 Alus - 377 ns
Q Reverse recovery charge Vpp =60V, T;=150 °C - 2.3 uc
lram | Reverse recovery current (see Figure 18) - | 122 A

1. Pulse width limited by safe operating area.

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

G’ DocID024399 Rev 2 5/21




Electrical characteristics STDI9N60M2, STPON60M2, STUING6OM2

2.1 Electrical characteristics (curves)
Figure 2. Safe operating area for DPAK and  Figure 3. Thermal impedance for DPAK and
IPAK IPAK
) AM15862v1 K GC34360
(A)
TN
10 A —
N Y [ows 10° —
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NN, ‘* 100us 0=0.51— T
1 NoNy 5=0.208 :/
\\ Y [ 1ms 5=0. 1l
v -1 —7 —
| i | 1oms K 7 e
o e ﬁ T ,,
Single pulse ii / 5=0.02 ‘H *pL*
' 5=0.01 -
001 | 1072 - SI_NAGLE PUL_SSE - -
0.1 1 10 100 Vbps(V) 10 10 10 10 107" 1,(s)
Figure 4. Safe operating area for TO-220 Figure 5. Thermal impedance for TO-220
AM15864v1 GC20930
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Figure 6. Output characteristics Figure 7.  Transfer characteristics
b AM15865v1 b AM15866v1
(A) Ves=7,8,9, 10V A Vps=17V
10 10
6V
8 8
6 6
4 sV 4
2 2
0 Al 0
0 5 10 15 20 Vbs(V) 0 2 4 6 8 10 Ves(V)
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STDIN60M2, STPON60M2, STUINGOM2

Electrical characteristics

Figure 8. Gate charge vs gate-source voltage Figure 9.  Static drain-source on-resistance
Vas AM15869v1 RDS(on) AM15868v1
_ Vbs Q
(V) Ip=5.5A v ()
1 | Vos VDD=480V V) 0.760
500 VGs=10A
0.750
10
400
0.740
8
300 0.730
6
0.720
200
4 0.710
2 100 0.700
0 0 0.690
0 2 4 6 8 10 Qg(nC) 0 1 2 3 4 5  Ip(A)
Figure 10. Capacitance variations Figure 11. Output capacitance stored energy
C AM15870v1 Eoss AM15874v1
(pF) (W)
1000
Ciss
2
100
10 Coss
1
1 Crss
0.1 0
0.1 1 10 100 Vbs(V) 0 100 200 300 400 500 600 Vbs(V)

Figure 12. Normalized gate threshold voltage Figure 13. Normalized on-resistance vs

VS temperature temperature
Vas(h) AM15871v1 RDS(on) AM15872v1
(norm) (norm) ID=3 A
25 Vas=10V
ID=250uA 23
11 ’
21
1.9
1.0
1.7
1.5
0.9 1.3
1.1
0.8 0.9
0.7
0.7 0.5
50 25 0 25 50 75 100 125 TJ(°C) 50 25 0 25 50 75 100 125 Ty(°C)

S7
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Electrical characteristics

STDION60M2, STPON6OM2, STUING6OM2

Figure 14. Source-drain diode forward

characteristics

Figure 15. Normalized Vpg vs temperature

VsD AM15873v1 VDS AM15867v1
V) (norm Ib=1mA
1.4 1.1
1.09
1.2 Ty=-50°C 1.07
1.0 —
: g —— 1.05
/A
0.8 - 1.03
0.6 — | Tu=25°C 1.01
: Ty=150°C
oa 0.99
' 0.97
0.2 0.95
0 0.93
0 1 > 3 4 5 IsD(A) 50 25 0 25 50 75 100 125 TJ(°C)
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STDIN60M2, STPON60M2, STUINGOM?2 Test circuits

3 Test circuits

Figure 16. Switching times test circuit for
resistive load

Figure 17. Gate charge test circuit

Vas
- Re '« AD.UT.
| =

AMO01468v1

VbD
12V a} -
Vo 47kQ H 1K
100nF
ﬁ RL 2200 33 T L
F
K HE oo Ic=CONST
— Vb o— f— — — Vi=20V=VGMAX ~

1000 :} D.UT.
Va
—O

AMO01469v1

Figure 18. Test circuit for inductive load
switching and diode recovery times

Figure 19. Unclamped inductive load test circuit

A A ba -
D
FAST L=100uH Vb o———
G D.UT. DIODE 2200 33
s 33 1000 o—r He W Voo
B .
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250 D | - | Voo ID - - -
6 :} T T T o—
|
R s —
T Vi E} DULT.
: T }
Puw in
o AMO1470v1 AMO1471v1
Figure 20. Unclamped inductive waveform Figure 21. Switching time waveform
V(BR)DSS — fon — — loff
Vb — tdon —T tr ] — tdoff tf
90% 90%
Ibm
10%
D 0 10% Vbs
VbD VDD 90%
VGs
AMO1472v1 0 /10% AMO1473v1
G DoclD024399 Rev 2 9/21




Package mechanical data STDI9N60M2, STPIN60M2, STUIN60M2

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.

10/21 DocID024399 Rev 2 G’
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STDI9N60M2, STPIN60M2, STUIN6OM2 Package mechanical data

Table 9. 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
L 1.00 1.50
(L1) 2.80
L2 0.80
L4 0.60 1.00
R 0.20
V2 0° 8°

G’ DocID024399 Rev 2 11/21




Package mechanical data STDI9N60M2, STPIN60M2, STUIN60M2

Figure 22. DPAK (TO-252) drawing
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STDI9N60M2, STPIN60M2, STUIN6OM2 Package mechanical data

Figure 23. DPAK footprint @
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a. All dimensions are in millimeters
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Package mechanical data
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Table 10. 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
op 3.75 3.85
Q 2.65 2.95

DocID024399 Rev 2




STDI9N60M2, STPIN60M2, STUIN6OM2 Package mechanical data

Figure 24. TO-220 type A drawing
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Package mechanical data STDI9N60M2, STPIN60M2, STUIN60M2

Table 11. IPAK (TO-251) mechanical data

mm.
DIM )
min. typ. max.
A 2.20 2.40
Al 0.90 1.10
b 0.64 0.90
b2 0.95
b4 5.20 5.40
B5 0.30
c 0.45 0.60
c2 0.48 0.60
6.00 6.20
E 6.40 6.60
e 2.28
el 4.40 4.60
H 16.10
9.00 9.40
L1 0.80 1.20
L2 0.80 1.00
V1 10°

16/21 DocID024399 Rev 2 G’




STDI9N60M2, STPIN60M2, STUIN6OM2 Package mechanical data

Figure 25. IPAK (TO-251) drawing
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Packaging mechanical data STDI9N60M2, STPIN60M2, STUIN60OM2

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
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STDION60M2, STPON60M2, STUINGOM?2

Packaging mechanical data

Figure 26. Tape
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Figure 27. Reel
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Revision history

Table 13. Document revision history

7 and 8

package

Date Revision Changes
19-Mar-2013 1 First release.
— The part number STFOIN60M2 has been moved to a separate
datasheet.
30-May-2013 5 — Modified: Ipg and Iag values, the entire typical values in Table 4, 6,

— Updated: Section 4: Package mechanical data only for TO-220
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STDIN60M2, STPON60M2, STUINGOM?2

Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.
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document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
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