ADVANCED 600V 31A 0.100Q
POWER APT31N60BCS APT31N60SCS

TECHNOLOGY ° APT31N60BCSG* APT31N60SCSG*

*G Denotes RoHS Compliant, Pb Free Terminal Finish.

COOLMOS#c Super Junction MOSFET
Power Semiconductors
e Ultra Low RDS(ON)
* Low Miller Capacitance
¢ Ultra Low Gate Charge, Qg
¢ Avalanche Energy Rated D
* Extreme dV/q; Rated G
* Popular TO-247 or Surface Mount D® Package
S
MAXIMUM RATINGS All Ratings: TC = 25°C unless otherwise specified.
Symbol | Parameter APT31N60B_SCS(G) | UNIT
Vpbss | Drain-Source Voltage 600 Volts
| Continuous Drain Current @ T, = 25°C 31
D
Continuous Drain Current @ T = 100°C 19 Amps
lom Pulsed Drain Current @ 93
VGS Gate-Source Voltage Continuous +30 Volts
P Total Power Dissipation @ T =25°C 255 Watts
Linear Derating Factor 2.00 W/°C
TJ,TSTG Operating and Storage Junction Temperature Range -55to 150 o
TL Lead Temperature: 0.063" from Case for 10 Sec. 260
dv/4 | MOSFET dv/dt Ruggedness (Vpg = 480V) 50 V/ns
lag Avalanche Current @ 11 Amps
E,r | Repetitive Avalanche Energy @ 1.2 m
EAS Single Pulse Avalanche Energy ® 800
STATIC ELECTRICAL CHARACTERISTICS
Symbol | Characteristic / Test Conditions MIN TYP MAX | UNIT
V(BR)DSS Drain-Source Breakdown Voltage (Vg =0V, I, =250pA) 600 Volts
RDS(OH) Drain-Source On-State Resistance® (VGS =10V, ID =18A) 0.100 | Ohms
| Zero Gate Voltage Drain Current (VDS =600V, VGS =0V) 10
DSS HA
Zero Gate Voltage Drain Current (VDS =600V, VGS =0V, TC =150°C) TBD
lass Gate-Source Leakage Current (Vo = +20V, Vo = 0V) +100 nA
VGS(th) Gate Threshold Voltage (Vg =Vg, Iy =1.2mA) 2.1 3 3.9 Volts

-

tﬁ[m CAUTION: These Devices are Sensitive to Electrostatic Discharge. Proper Handling Procedures Should Be Followed.
(APT Website - http://www.advancedpower.com)
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"COOLMOS™ comprise a new family of transistors developed by Infineon Technologies AG. "COOLMOS" is a t
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DYNAMIC CHARACTERISTICS

APT31N60B_SCS(G)

Symbol | Characteristic Test Conditions MIN TYP MAX | UNIT
iss Input Capacitance Vg =0V 3055
oss Output Capacitance Vpg =25V 3260 pF
Crss Reverse Transfer Capacitance f=1MHz 28
9 Total Gate Charge © Vgg =10V 65 85
Qgs Gate-Source Charge Vpp =400V 14 nC
Qgq Gate-Drain ("Miller") Charge o =184 @ 25°C 22
td(on) Turn-on Delay Time RES'S"\-/'VE s‘:vs"\';c""NG 10
t ; ; GS ~
r Rise Time Vs - 400V 5 ns
td(off) Turn-off Delay Time I = 18A @ 25°C 110
t Fall Time Rg = 3.3Q 5
INDUCTIVE SWITCHING @ 25°
Eon Turn-on Switching Energy © L:,(;D - 430\,3 (\:,GS 31(2\, e 290
E ¢ Turn-off Switching Energy Ip = 18A, Rg = 4.3Q 125 uJ
E . ® INDUCTIVE SWITCHING @ 125°C
on Turn-on Switching Energy Vpp = 400V, Vg = 15V 170
E ¢ Turn-off Switching Energy Ip = 18A, Ry = 4.3Q 100
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
Symbol | Characteristic / Test Conditions MIN TYP MAX UNIT
IS Continuous Source Current (Body Diode) 18
Amps
|3M Pulsed Source Current ® (Body Diode) 93
VSD Diode Forward Voltage ® (VGS =0V, IS =-18A) 1.2 Volts
t., Reverse Recovery Time (lg =-18A, dlg/dt = 100A/us) 450 ns
Q rr Reverse Recovery Charge (IS =-18A, dIS/dt = 100A/us) 12 uC
“, | Peak Diode Recovery /4@ 4 V/ns
THERMAL CHARACTERISTICS
Symbol | Characteristic MIN TYP MAX | UNIT
Rosc Junction to Case 0.5
R - - °C/W
oJa | Junction to Ambient 62

@ Repetitive Rating: Pulse width limited by maximum junction

temperature

(@ Repetitive avalanche causes additional power losses that can

be calculated as PAV = EAR*f

@ Starting Tj =+25°C, L = 33.23mH, Ry, = 25Q, Peak | = 11A
@ Pulse Test: Pulse width < 380us, Duty Cycle < 2%
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® See MIL-STD-750 Method 3471
® Eon includes diode reverse recovery. See figures 18, 20.
@ We do not recommend using this CoolMOS™ product in topologies
that have fee wheeling load current conducted in the body diode that is
hard commutated. The current commutation is very "snappy", resulting in
high di/dt at the completion of commutation, and the likelihood of severe
over-voltage transients due to the resulting high dv/dt.
APT Reserves the right to change, without notice, the specifications and information contained herein.

RECTANGULAR PULSE DURATION (SECONDS)
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FIGURE 1, MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION



Typical Performance Curves

Case temperature. (°C) —>

FIGURE 2, TRANSIENT THERMAL IMPEDANCE MODEL

Ip» DRAIN. CURRENT (AMPERES)

I, DRAIN CURRENT (AMPERES)

FIGURE 6, MAXIMUM DRAIN CURRENT vs CASE TEMPERATURE

DRAIN-TO-SOURCE ON RESISTANCE
(NORMALIZED)

Rps(ony

RC MODEL
Junction _,
temp. (°C) J-
0.283
Power
(watts) t
0.216 _|_
-

35

100 T T T T
Vos> Inon X Roson MAX.
90H  250pSEC. PULSE TEST
@ <0.5 % DUTY CYCLE
80 ,
60
40
30 t t
T 4= +25°C ‘//
20 t
T y= +125°C—
10 f f /
0 ‘ ‘ —
0 1 2 3 4 6 7 8

Vas? GATE-TO-SOURCE VOLTAGE (VOLTS)
FIGURE 4, TRANSFER CHARACTERISTICS

30

25

20

AN

AN

\

0
25

50 75

100

125 150

TC’ CASE TEMPERATURE (°C)

25
ID:18A
VGS:1OV

/

15

1.0

0.5/

0

-50 50 75 100 125 150

FIGURE 8, ON-RESISTANCE vs. TEMPERATURE

25 0 25
T, JUNCTION TEMPERATURE (°C)

0.00355

0.727

I, DRAIN. CURRENT (AMPERES)

APT31N60B_SCS(G)
o /i—15 & 10V
5 / [ sV
o /4
60 // 6V

50

100

40 5.5V
30
20 2y

1or

0

45V |

0 5 10 15 20
Vos' DRAIN-TO-SOURCE VOLTAGE (VOLTS)

FIGURE 3, LOW VOLTAGE OUTPUT CHARACTERISTICS

RDS(ON), DRAIN-TO-SOURCE ON RESISTANCE

DRAIN-TO-SOURCE BREAKDOWN
VOLTAGE (NORMALIZED)

DSS’

BV

(TH), THRESHOLD VOLTAGE
(NORMALIZED)

Ve

1.40 T
NORMALIZED TO
VGS =10V @ 18A
1.30
1.20
1.10
Vas=1 OV>//
1.00
L — _—T % v =20v
0.90
0.80
0 10 20 30 40 50

I, DRAIN CURRENT (AMPERES)
FIGURE 5, RDS(ON) vs DRAIN CURRENT

v

1.05 /

1.00

0.95 /

0.90
50 26 0 25 50 75 100 125 150
TJ, JUNCTION TEMPERATURE (°C)

FIGURE 7, BREAKDOWN VOLTAGE vs TEMPERATURE
1.15

1.10\

N

1-2006

0.75 \\
0.70

50 26 0 25 50 75 100 125 150
To CASE TEMPERATURE (°C)

FIGURE 9, THRESHOLD VOLTAGE vs TEMPERATURE
wywe.DataSheetdl. conk

7238 Rev A



1-2006

050-7238 Rev A

|5, DRAIN. CURRENT (AMPERES)

VGS’ GATE-TO-SOURCE VOLTAGE (VOLTS)

93 | OPERATION HERE L’7L77 N

|- LIMITED BY Ry (ON)
50 DS N \

LA NN AN
/4/ \\ \\\ \\\
N
10 \\ A AN
<€«— 100uS
5 AN
AN
LNERAN
N \\
N
1 \\\ N<—1mS
|«— 10mS
|| T, =+25°C
| [T, =+150°C
SINGLE PULSE

1 I

1 10 100 600

Vpg+ DRAIN-TO-SOURCE VOLTAGE (VOLTS)
FIGURE 10, MAXIMUM SAFE OPERATING AREA

16|EAEI

14

12

10

0
0 10 20 30 40 50 60 70 80 90 100
Qg, TOTAL GATE CHARGE (nC)

FIGURE 12, GATE CHARGE vs GATE-TO-SOURCE VOLTAGE

td(on) and td(off) (ns)

SWITCHING ENERGY (mJ)

180

160 .

140 et
T—

120 H

100 |

80 [H

60

40

20 td(on)

0

0 5 10 15 20 25 30
Ip (A)
FIGURE 14, DELAY TIMES vs CURRENT
500

VDD =400V

Rg =430 /

400 [Ty=125°C /l

L =100pH
Eon includes
300 /
200 / /

diod .
iode reverse recovery. Eon /

100 /

v

0 —

0 5 10 15 20 25 30
I ()

FIGURE 16, SWITCHING ENERGY vs CURRENT

C, CAPACITANCE (pF)

t and t (ns)

SWITCHING ENERGY (mJ)

Ipps REVERSE DRAIN CURRENT (AMPERES)

APT31N60B_SCS(G)

20*
10* \
N CiSSE
AN
10% A \
3 \
\
AN ]
102 \ Coss
S
N\
\
10° s
C —
N Cos |
10°
0 50 100 150 200

Vpg+ DRAIN-TO-SOURCE VOLTAGE (VOLTS)
FIGURE 11, CAPACITANCE vs DRAIN-TO-SOURCE VOLTAGE

200 /
100 l/
,/
7/
TJ:+150;7/
/ / TJ:+25°C
10 ya /
y A f
] I
J I
/ I/
/ I/
I/
11
0.3 05 0.7 0.9 1.1 1.3 1.5

Ve, SOURCE-TO-DRAIN VOLTAGE (VOLTS)

SD’
FIGURE 13, SOURCE-DRAIN DIODE FORWARD VOLTAGE
45
40 //
35 //
s t/'
25
Vpp =400V //
20 Ry =430 /
15 |T,=125°C | /]
L=100iH |/ =
10 —
5 I/
0
0 5 10 15 20 25 30
Iy (A)
FIGURE 15, RISE AND FALL TIMES vs CURRENT
400 —
350 Eou —
— /
L P
300
/
250 % S
200 A~
/ E,
Wl
150 / Vpp = 400V
/ I, = 18A
100 Db
/ T,=125°C
L = 100uH
50 Eon includes
0 diode reverse recovery.
0O 5 10 15 20 25 30 35 40 45 50

Rg: GATE RESISTANCE (Ohms)

FIGURE 17, SWITCHING ENERGY VS. GATE RESISTANCE

wwwe.DataSheetdl.com



APT31N60B_SCS(G)

1-2006

7238 Rev A

Tek 1.00GS5/s 6964 Acqs
1 e 1
o {a:384v T 0w 7 {as17.6v
A 40.5ns -‘ 90% <A 172ns
i @20V D e e S e e hesihe oty ommis Shwi b @0V
Gate Voltage - M1 Area M1 Area
g 1 290.6uVVs . ' it . X 1 126.3uVVs
T 12550 3 : i g Gate Voltage | 125!;‘(:
............ dJ 24 sile sl & = ; ] J
i b e :
sy Drain Current SRR L
| . IR e | |
5% 4 E p ‘ E ol Y P
. : : : il ; 5 0 Drain Current
..... [ i :
Switching Energy : : i al ; %
| - Switching Energy -
My WA : oo M e Ssis
Ch2 10,0 V& 25.0ns Ch1 7 560mV 22 Nov 2005 Ch2 10.0Ve M50.0ns Ch1 S  5S60mV 22 Nov 2005
200V Ca% 100V 09:46:46 chz 200V 10.0 V 09:44:12
Mathi 25.0kVV 25.0ns e Math1 25.0kvv 30.0ns e
Figure 18, Turn-on Switching Waveforms and Definitions Figure 19, Turn-off Switching Waveforms and Definitions
A APT15DQ60
Voo = @:D @
—
A p
\ G
D.U.T
Figure 20, Inductive Switching Test Circuit
. 3 .
TO-247 Package Outline D PAK Package Outline
@D SAC: Tin, Silver, Copper 100% Sn
4.69 (.185) = (.196) 15.95 (.628] 13.41 (.528
5.31 (209) < 15.49 (610) 5. ¥ (200) 16.05({632)) g ~ 1351 ({532))*
S 149 (059) 16.26 (1640) ‘ & . (058) 1.04 (.041)
| <77 2149 (0og) . 12 £% (:062) | ¥1.15(.045)
il co —
= 6.15 (.242) BSC 2385313; i | T ] il L
7 _ — I 13.79 (543 11.51 (.453)
£ | (e O NO | 13299(?’551 )) 11.61 (457)
e i | 3.50(.138)
| 3.81(.150) v
j .018) o E— X
_ {3 Plcs}
L v ?ii:) [P (.050) R
4.50 (.177) Max. +[ [ 287(118) (007) 140(055) 3.81 (-150)j
| 3.12(.128) || |<_ 1.98 (.078) 4.06 (.160)
040 (016) Iy Ml 165 (0s5) > ]?gg 1.22 (048) 2.08 (.082) (Base of Lead)
<079 (031) ;g,g; :,;gg; ‘ 2.13 (.084) 1.32 (.052) Heat Sink (Drain)
’ : I «—>+——5.45 (.215) BSC and Leads
1o se [~ Gate 2 P\c(s.) ) are Plated
|~ Drain
|*— Source
>l 2.21(.087)
<—2559(102) > <
2-Ples.
Dimensions in Millimeters and (Inches) Dimensions in Millimeters (Inches)
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