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CoolWatt @I IGBT

650V60A LS HiYIRE R E

B ¥ 5i/Features

® CoolWatt@ I y4 1 i 37#k 1k 3 AR/CoolWatt@ Il Trench-FS technology

©® {KAUFN L B#/Low Veesat

® {3 451 #E/Low switching losses

® S H UK E M /With anti-parallel fast recovery diode

® 1E & & %/Positive temperature coefficient

® = Al SE 1 /High reliability

m 4 /Applications

® HiJF 2 /Power

2¢C

33E

® PVI (RS, °
® /45 Hl/Industrial welding
TO-247
5 /Part ID Vee(V) lcnom(A) Vcesat@zsc(V) | #4%/Package 22 E1/Marking
HCKWG60N65BF2 650 60 1.70 TO-247 K60F65B2
m B K2 E/Maximum Rated Values
fiine) S8 A {1 L2 DA
Symbol Parameter Condition Value Unit
B MR- RS AR L .
Vces Ty=25C 650 \Y
Collector-emitter voltage
| B SR B A Tc=25C 120 A
¢ DC collector current Tc =100TC 60
A F T A o o
Icpuls T,<£150°C 180 A
Pulse collector current
R I A ]
VRRM T,=25C 650 \%
Repetitive peak reverse voltage
| TIRE RS H R Tc=25C 120 A
] Diode continuous forward current Tc=1007TC 60
R T M L ]
IFpuIs i TV]S1 50 C 180 A
Diode pulse current
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Vee SO BRI T4=25C 20 Vv
Gate-emitter voltage
AR E
Prot Tc=25C 428 w
Power dissipation
Al TARSS IR
Ty -40~+175 T
Operating junction temperature
fE AR ]
Tstg -50~ +150 C
Storage temperature
ZEAAE
M M3 0.6 Nm
Mounting torque
B #&H/Thermal Characteristic
Ziae) RAE L
Symbol Parameter Maximum Unit
Rinsc-ieeT IGBT it 1 B 4 FH IGBT thermal resistance junction-case 0.35 K/wW
MRS R B AR FABH
Rihsc-FrD 0.40 K/wW
FRD thermal resistance junction-case
Rinsa O BIFRIE#BE Thermal resistance junction-ambient 40 K/w
B H 545 /Electrical Characteristic
i {EValue .
Ziae) ¥ PR %A YA RETRET AL
Symbol Parameter Test conditions Unit
Min. Typ. | Max.
B HR- R Wt 7 L Vee =0V,
V(BR)CES ) ] 650 _ _
Collector-emitter breakdown voltage 1c=0.25mA,T\=25C
v B MR- S SR AR AT s e Vee=15V, Ic=60A, T,=25C — 1.70 1.90
oRtean Collector-emitter saturation voltage T,=150C — 2.15 — v
IR TT S H A8 A .
VGE(th) Vee= Vcg,lc=1.5mA,T,=25C 5.00 5.70 6.25
Gate-emitter threshold voltage
v R IR A S8 R B Vee= 0V,Ir=60A, T\=25C — 1.60 210
- Diode forward voltage T,=150C — 1.45 —
IR - S AU HL U
lees Vee=30V,Vce=0V — — 200 nA
Zero collector voltage gate current
| B HR- N W FE Vce =650V, Vee=0V, T,=25C — — 0.50 A
m
oss Zero gate voltage collector current T,=150C — — 1.00
AR AR B BE
Rain — — 0 — Q
Integrated gate resistor
Cies i\ FLZ¥ Input capacitance Vee = 0V,Vce= 30V, — 3830 — pF
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Coes 1 F1. 2% Output capacitance f=1MHz, T,=25C — 247 _
S a2
Cres — 32.0 —
Reverse transfer capacitance
Qq I JH% Hi & Gate charge — 111 —
Qge I TH-% S 4% # & Gate-emitter charge | VeE=0/15V,Vec=400V,|c=60A, — 32.2 — nC
5 = T,=25C
I IHR-SE AR F i '
Qqc — 40.9 —
Gate-collector charge
KPP 6 lc =60A,Vce=520V,
Vee(pl) — 9.10 — \Y
Gate-emitter plateau voltage Vee=0/15V,T,=25C
B Z5%E/Dynamic Characteristic (With inductive load)
. fEValue .
e B WA o s [E] M
Symbol Parameter Test conditions Unit
Min. Typ. Max.
IGBT %#4_25C/IGBT Characteristic_25C:
Td(on) FH & ZEIR T [E] Turn-on delay time — 94.6 _
T - JHitE] Rise time — 126 —
s N ) Vcec=400V,Ic=60A, ns
Ta(oft K PALEIR I A] Turn-off delay time — 231 —
- Ron=20 @, Roff=20 Q,
tr N &[] Fall time — 78.0 —
= IO T Cge=0nF,Vee=0/15V, 270
on yi#E Turn-on ener — . _
> a N ‘H - 9 Lload=60UH,TVj=25°C
Eoff YR A HFE Turn-off energy — 1.88 — mJ
Etotal ik AR FE Total switch energy — 4.58 —
IGBT %#4_150°C/IGBT Characteristic_150C:
Ta(on) FFJ5 ZEIR K ] Turn-on delay time — 83.1 —
T Tt} E] Rise time — 130 — ns
RS N ) Vce=400V,Ic=60A,
Taof) e PFEIR I [A] Turn-off delay time — 249 —
N Ron=20Q, Roff=20 Q,
ts T BT ] Fall time — 90.7 —
= IO ERET Cge=0nF,Vee=0/15V, n?
on { i urn-on ener — . _
AARE il Lioag=60uH, T,=150°C
Eoff YR A FE Turn-off energy — 2.27 — mJ
Etotal kb S5 FE Total switch energy — 6.98 —
& RE_25°C/Diode Characteristic_25C:
AR A5
Erec — 194 — ud
Reverse recovery energy
R R A S I (]
trr — 133 — nS
Diode reverse recovery time
T S R R R IF =60A,Vr=400V,
Qrr — 956 — nC
Diode reverse recovery charge Vee =0/15V,Ron=20Q ,T,;=25C
2 Iv) PR VA FLIAR
Irrm — 14.4 — A
Diode peak reverse recovery current
RN R R NG e
dir/dt Diode peak rate of fall of reverse — 305 — A/uS
Recovery current during tr
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& RE_150C/Diode Characteristic_150C:

AR5
Erec — 824 — ud
Reverse recovery energy
R R RS T
trr — 269 — nS
Diode reverse recovery time
TR R R
Qrr IF=60A,Vr=400V,Vce=0/15V, — 4147 — nC
Diode reverse recovery charge
: Ron=20Q,T=150C
SR 1A Wk 2 U A HL R
Irrm — 29.6 — A
Diode peak reverse recovery current
RN R R = NG e Y A
dir/dt Diode peak rate of fall of reverse — 167 — A/uS
Recovery current during t
YA . .
m j&{F#iZk/ Characteristic Curve
450 120 -
(o = T T
400 ! -
\ 100 L
350 ‘\
300 N 80
= 250 \
% \ %/60 ....... 9V
o %00 N = ee 11V
\ - 13V
150 N 40
\\ -- 15V
100 \ .17\
20 == 19V
50 AN
Te(°C) Vee(V)
Y )
25 50 75 100 125 150 175 0 1 2 3 4 5
FEHLTh =R 10 7 /Py, @s a function of it 45 25°C/ Typical Output
case Temperature Characteristic_25°C
120 100 7
25°C 15p°C
tj=15Q" /
100 0
y
80 ',’
60 h
S = f
40 ,'
/
_,-". ’ 20 Il
20 / : V4
< /’1 ge(v)
0 = o =
0 1 2 3 4 5 0 2 4 6 8 10 12
S i 45 _150°C/ Typical Output ;
Sstlic

Characteristic_150C
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a4
—30A H---- 607 ----[120A
3.5 Lo
3 — =z
25 " .
= A B B e
3 2 SIS S
& .
R
1.5 ]
5 T—
1
0.5
tj(°C)
0
25 50 75 100 125 150
RN -8 4974/ Vcesat as a function
of temperature
15
— Qg(ph0)
12
Vcc—4IOOV,Ic—60A,tj—2}°Q/
9
=
o)
(ee)
=
6
3
Qs(nC)
(0]
o] 30 60 20 120
' 1#% B2 &/ Typical gate charge
5
eeece EoN(M)) == e = Epff(mJ) Esw(mJ)
4.5 -
4 . o,
Rg=20 4 ,Ic=60A,Vige= 1j=25C
3.5 /'
3
= L~
=
725 ] e
= 2 - peestt
.-"... —-_——
15 — - —— -
-'_..‘.—’ -
1
0.5
Vee (V)
0
200 250 300 350 400

BASWFE- L EFRFE/Typical switching
losses of Vi
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100

C(nF)

Ploss(mJ)

2 eseeeesteee

Ploss(m)J)
IN
\
\

(1 MHz|V gd4=(

o o0
o

1 10 100
25 4E HB%¥/Capacitance as a function of
Vce

secece EON(IN)) == @m @ EHF{(IM)) emm—tem Es\y(mJ)

1
/

Vee=400[V,Ic=60A,Yge=0/15Vjtj=25.C -« *

eec*®
....'... -
L -

L ’—_—
-

- S

i
-— -
—

R; (Q)

10 20 30 40 50
BNASTAFE-T T8 H PEAS £/ Typical
switching losses of Rg

- = o En(ml)eeelee Eoff(])) Bsw(mJ)

eoe
ceeepoceccccpeccs

Vee=4POV,Ic=60A,R¢=10 Q ,Vge=0/15V

5(CH

25 50 75 100 125 150
AT FE—IR S ERF M /Typical switching

losses of t;
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5 180
o= e @ EFon(MmJ)eeeee EQff(m)) ==t Esw(mJ)
4.5 y, — tdon - e ot _
/ 160 /o'
a o "".— /
Vee=400Y,R6=20 Q ,N ge=0/15V[1##225C --1 ~
3.5 0 S = /
120 == —
3
= j _100 //
Z25 - 2
é "” = 20 //
2 >
- -7 e 60
1.5 -~ = I = . o
- 20 Vee=400V,Ic=60A.,Vge=0/15W,tj=25°C
* - wee )
L L
0.5 freaes=t 20
Ic(A) R, (Q))
(0] 0]
20 30 40 50 60 10 20 30 40 50
NESETFE- AT /Typical switching F e i TE] =1 8K B PEASE 4/ Typical
losses of I switching times as a function of Rg
1000 700
)
-
aorrT |  vvveE® T \\\.\
600 ~<_
// \~~s
" -
500 = ~y
100 E 2asss e ~~~
L 400
—~——
o =l
ol Vee=400VY,Ic=60A,Vige=0/15V,tj=25C Vee=400V,Ic=60A,Y ge=0/15Vtj=25C
200
100
di/fit_ on e= esledj/dt_off
Re(Q) Rs (Q
1 0]
10 20 30 40 50 10 20 30 40 50
K P ) THY FLBEAS 1/ Typical LA (- TR HL B/ Typi cal
switching times as a function of Rg di/dt as a function of Rg
14 120
| Vec=40QV,Ic=60A[Vge=0/15Yg=25C | | " 25C ——s0¢C
12

N 100
N
N
10 ‘\
\ 80 ::

dv/dt (V/nS)
/
If(A)
3

\ - 40

VE(V)

dV/dt_on == ==« dV/dt_off

Ro (Q
0 0
10 20 30 40 50 0 0.5 1 1.5 2
LR AR A 5~ [ TR HE BELAS 4/ Ty pical

dv/dt as a function of Rq

T4 R B/ Typical I as a function of Vg
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250
e [E e C (U )
200 \\\
150 \\
3 \
o
=100
Vee=4Q00V,If=60A,Vge=0/15V,tj=25°C
50
RG<Q D)
0
10 20 30 40 50
Sz )P S AR T B FE BH AR 1/ Typical Eggc
as a function of Rg
180
—— e C(NS)
160 —’—“—’—’— A_,,———"’
"
140 —
120
=100
80
Vee=400V,If=60A,V ge=0/15V,tj=25C
60
40
20
R(; ( Q )
(6]
10 20 30 40 50
S AP S I ) =1 A AL B AR 4/ Typical
tree as a function of Rg
18
et |1 (A)
16
. \\
12 \\
\
__10
<
= 8
Vee=40QV,If=60A,V ge=0/15V,tj=25°C
6
4
2
R, (Q)
0
10 20 30 40 50

S5 T P S AR AU — I DA PR BELARS 12

/Typical Irr as a function of R
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300
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e
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L~
100
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0
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as a function of tJ
35
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30

e

2 S
/
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1200
F(nC)

1000

800

Qrr (HQ

Vee=400V,If=60A,V|ge=0/15V,{j=25C

400

Qrr (nC)

200

Re(Q)

0
10 20 30 40
S A B - 1 TAR L BHAEE / Typical

Qrr as a function of Ry

50

4500

Qrr(nC) y

yd
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/|
7

3000
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—

Vee=400V,1f=6(

1000
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500

tj('C)
0

25 50 75 100 125 150
SR s i BEARE R /Typical Qrr as

a function of t;

AN - -
m  #2E1{Z E/Marking Information
#Jk Logo
HC:Technology Cool-Watt e :
\ D
“K” :IGBT+FRD; “60” :Hifi 60A; “F” Pk 41 ; I|26C0F6SB§ |
“65” :HLJE 650V; “2” :CoolWatt@[] 1t =
LOTY##
“LOTY## 7 ity & AR 1D [ ]
|
B To-247 R~F##E/TO-247 Package Outline Data SWWEDLT WIN T NOW [ WX
i . A Al 231 | 2.41 | 251
—— £ : —— s AZ 190 | 200 | 210
a 0 - 0.5
(! L ¢ ﬂj = o o T-T0i5
2 - b 116 | - 1.26
%?y : L | = b1 115 | 1.2 1.22
‘Eﬁ b2 1.96 | — 2.06
%, b3 1.95 | 2.00 | 2.02
b4 296 | - 3.06
ol oe | & b5 2.95 | 300 | 3.02
i 155 1§ || b6 = = 2.25
v = Lty { b7 = - 3.25
L [: i ne c 0.59 | - 0.66
b6 <Hb7 I ¢ cl 0.58 0.60 0.62
L] D 20.90 | 21.00 | 21.10
D1 16.25 | 16.55 | 16.85
D2 1.05 | 1.20 | 1.35
E 15.70 | 15.80 | 15.90
E1 13.10 | 13.30 | 13.50
wo 1] i i1 E2 4.90 | 500 | 5.10
E3 2.40 | 2.50 | 2.60
BASE METAL e 5.34 5.44 5.54
[——b1b3p5——) WITH PLATING L 19.80 | 19.92 | 20.10
P 350 | 360 | 3.70
P1 - = 7.40
bb2b4 P2 240 | 250 | 2.60
Q 560 | - 6.00
BAL:mm/Unit:mm 2 %_%50 Ak 1%2250
U 6.00 | - 5.40
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