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INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Standard Speed CoPack

Features

» Switching-loss rating includes all 'tail' losses
+ HEXFRED™ soft ultrafast diodes
» Optimized for line frequency operation (to 400HZ)

Description

Co-packaged IGBTs are a natural extension of

C
Vces =600V
VCE(SAT) < 2.4V
] @Vee = 15V, Ic = 10A
n-channel

International Rectifier's well-known IGBT line. They
provide the convenience of an IBGT and an ultrafast
recovery diode in one package, resulting in
substantial benefits to a host of high-voltage, high-
current, motor control, UPS and power supply

applications.
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TO-220AB
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \%
lc@ Tc =25°C Continuous Collector Current 19
lc @ T¢c =100°C Continuous Collector Current 10
lcm Pulsed Collector Current ©® 76 A
ILm Clamped Inductive Load Current @ 38
IF @ Tc=100°C Diode Continuous Forward Current 7.0
IEm Diode Maximum Forward Current 32
Vee Gate-to-Emitter Voltage +20 \%
Pp @ Tc =25°C Maximum Power Dissipation 60 w
Pp @ Tc =100°C | Maximum Power Dissipation 24
Ty Operating Junction and -55 to +150
Tste Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
QD Parameter Min Typ. Max. Units
L T Junction-to-Case-I1IGBT | -=eem | mmeee- 2.1
| BEC Junction-to-Case - Diode | eeeeee | e 3.5 °CIW
Z% Case-to-Sink, flat, greased surface @~ |  ------ 050 | @ ------
& | RajA Junction-to-Ambient, typical socket mount | = ----- | ----- 80
Wt weight | .- 2007 | = —-eae- a (oz)
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Electrical Characteristics @ T ; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |[Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® 600 | ---- | ---- \% Vee =0V, Ic = 250pA
AVrices/AT; | Temperature Coeff. of Breakdown Voltage| ---- [0.75 | ---- | V/°C | Vgg =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | ---- | 1.8 | 2.4 Ic = 10A Vee = 15V
- 24 | - |V Ic = 19A
- [ 1.9 ] ---- Ic =10A, T; = 150°C
VGE(th) Gate Threshold Voltage 30 |---1]55 Vce = Vag, Ic = 250pA
AVGEe(th)/ AT Temperature Coeff. of Threshold Voltagg ---- | -11 | ---- |mV/°C| VcE = VGE, Ic = 250pA
Ofe Forward Transconductance @ 20 [ 58 | ---- S Vce = 100V, Ic = 10A
Ices Zero Gate Voltage Collector Current --- | === | 250 | MA | Ve =0V, Vce = 600V
--=- | ---- | 1700 Vee = 0V, Vg = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop ---- | 1.4 | 1.7 \% Ic =8.0A
---- 1.3 | 1.6 Ic =8.0A, T;=150°C
lceES Gate-to-Emitter Leakage Current ---- | ---- [#100| nA | Vg = +20V
Switching Characteristics @ T j = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
Qq Total Gate Charge (turn-on) ---- 116 | 26 Ic = 10A
Qge Gate - Emitter Charge (turn-on) ---- 12340 nC | Vcc = 400V
Qqc Gate - Collector Charge (turn-on) ---- | 7.0 | 12
td(on) Turn-On Delay Time - | 72 | ---- Ty;=25°C
tr Rise Time ---- | 69 | ---- ns | Ic = 10A, Vcc = 480V
td(off) Turn-Off Delay Time ---- 1820 | ---- Ve = 15V, Rg = 5.0Q
tf Fall Time ---- 1910 | ---- Energy losses include "tail" and
Eon Turn-On Switching Loss ---- [0.70 | ---- diode reverse recovery.
Eoff Turn-Off Switching Loss ---- [ 3.9 | ---- mJ
Eis Total Switching Loss ---- | 4.6 | ----
td(on) Turn-On Delay Time - | 78 | ---- T;=150°C,
tr Rise Time ---- 190 | ---- ns
td(off) Turn-Off Delay Time ---- (1100 ---- Vee = 15V, Rg = 50Q
I FallTime ---- 11800 ---- Energy losses include "tail* and
Eis Total Switching Loss - | 7.0 | ---- mJ | diode reverse recovery.
Lg Internal Emitter Inductance ---- | 7.5 | ---- | nH | Measured 5mm from package
Cies Input Capacitance ---- | 360 | ---- Vee = OV
Coes Output Capacitance ---- | 36 | ---- pF | Vcc = 30V
Cres Reverse Transfer Capacitance ---- | 5.2 | ---- f =1.0MHz
ter Diode Reverse Recovery Time ---- | 37 55 ns | T;=25°C
---- | 55 | 90 T;=125°C I =8.0A
Irr Diode Peak Reverse Recovery Current | ---- | 3.5 | 5.0 A | Ty=25°C
---- | 45 | 8.0 T;=125°C VR = 200V
Qn Diode Reverse Recovery Charge ---- | 65 [ 138 | nC | T;=25°C
---- | 124 | 360 T;=125°C di/dt 200A/ps
di(recym/dt Diode Peak Rate of Fall of Recovery ---- | 240 | ---- | Alus| T3=25°C
Durind tw e 210 | === T,=125°C
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Fig. 3 - Typical Transfer Characteristics



IRGBC20SD2 Infernational

TR Rectifier

40 2.5
N Ve = 15V Vee = 15V -—LLI_I_
NG < 80us PULSE WIDTH
— =
< N < T [ Ic = 40A
- L A
c NG =4 1
L 30 N = e
= = |~
S > =T
O \\ ~ 20
5 AN £
S =
o N E
= 20 AN n Ic = 20A T
3 N 2
8] S
a \\ g 15
e =
S 10 ) Ic =10A
S N o
= \ ~
(3] L
= o
>
0 1.0
25 50 75 100 125 150 -60 -40 -20 0 20 40 60 80 100 120 140 160
Tc , Case Temperature (°C) Ty, Junction Temperature (°C)
Fig. 4 - Maximum Collector Current vs. Fig. 5 - Collector-to-Emitter Voltage vs.
Case Temperature Junction Temperature
1 | I
| I
"
-
‘ﬂ
G D =050 L~
£ ———-"/
[l " = g
a L 12
g O.TO -// ’f
S 01 ==
2 0.10 * .
g I - 7// Pom
—_ v
= [ o005 e’ ]
— y ’/ ’ql 1
= T _~ SINGLE PULSE t,
= 0.02/// (THERMAL RESPONSE)
'/ } Notes:
0.01, 1.Duty factorD = 11/12
| 2.PeakT\]:PDMXZ[hJCJrTC
0.01
0.00001 0.0001 0.001 0.01 0.1 1 10

t1 , Rectangular Pulse Duration (sec)

Fig. 6 - Maximum IGBT Effective Transient Thermal Impedance, Junction-to-Case



Internationall IRGBC20SD2

IGR Rectifier

20

4000 =
Vee=0V,  f=1MHz \fCE _248/2V
Cies =Cge +Cgc, Cce SHORTED = c =
Cres =Cygc -
Coes=Cce + Cqc glﬁ
— ) s ,
L 2000 _Cles\ £ »
- >
8 \\ EB 12 /
s Rans = /
= 1S3
% 2000 \\ I.IIJ
= Coes 2 y
O AN @
R ~N =
5 N g
1000 Cres ~ - /
\\\ (LBJ 4
NN s |/
i \
0 \ 0
0 20 40 60 80 100 120

1 10 100

VcE, Collector-to-Emitter Voltage (V) Qg. Total Gate Charge (nC)

Fig. 7 - Typical Capacitance vs. Fig. 8 - Typical Gate Charge vs.
Collector-to-Emitter Voltage Gate-to-Emitter Voltage
1.8 10

Vcc =480V RG =10Q

Ve = 15V Vee =15V

Tc =25°C . Vce =480V
= lc, =20A 2 = ]
E E Ic—‘ 40A
7] n -———'-
3 /| 2 LT
é’ / 3 __.-- IC = 2%’

]
2 14 21 —
5 p S lc =10A
%) / [7p] P e il -
T 12 / c_g L
° — LT
—”
1.0 0.1
0 10 20 30 40 50 60 -60 -40 -20 0 20 40 60 80 100 120 140 160
Rg, Gate Resistance (Q) Ty, Junction Temperature (°C)
Fig. 9 - Typical Switching Losses vs. Gate Fig. 10 - Typical Switching Losses vs.

Resistance Junction Temperature



IRGBC20SD2 Infernational

ISR Rectifier
5.0 1000
Rg =10 Q Vgg = 20V
T¢ =150°C T, =125°C
Ve =480V / =
= 40 |Vge =15V =
e // =
= P Y/
- =
[ = 100
a2 / = [SAFE OPERATING AREA |
b= 7 E 7
S 20 / 2 /
*; : Y/ =
= // S 10 /
— a |
g 0 / s H
st 4 5 Il
0.0 1
0 10 20 30 40 50 1 10 100 1000
Ic . Collector-to-Emitter Current (A) Vg Collector-to-Emitter Voltage (V)
Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA
Collector-to-Emitter Current
100
A
< /|
=
I
B
(@)
°
10
s 7
© /AW
L
g /Ay, —T,= 150°C
2 J 1"
(]
c { T,= 125°C
© J
S //J%L T,= 25°C
wiiis
=
L

0.8 1.2 1.6 2.0 2.4
Forward Voltage Drop - Vgy (V)

Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current



International
IGR Rectifier

100
[ | [ |
V= 200V
T,=125°C == H
-\ TJ=25°C -
80 F~=< \‘
-
‘.“s \>
S \\\‘\
~ S~
. N
— S |F=30A/<'~_ N
14 ‘\‘ ~ N
= o -~
= Sso |z 15A T
- "\ ‘\!
A Y
u‘~. \\\\
e ——— N
40 >
\ \7‘4&‘0\,
I =5.0A ~
\L
[
—
L
20
100 1000

di fldt - (Alis)

Fig. 14 - Typical Reverse Recovery vs. dif/dt

800 |
Vg = 200V
} 7,=125°C === x
Ty=25°C =—— /]
L’
600
’
4
’
IF = 30A ~—_
— > -
5 QR
= " L’
! (' ” L
400 L4
& Ip = 15A - -’ >’/
F= N ’ 7
IF = 5.0A\\’ 'r' »
o’ / 4-
200 e \> Jar ™
Rt ="
:" ___--‘ ></
=" rair, T
/
/__/___/""
0
100 1000

dig /dt - (Alps)

Fig. 16 - Typical Stored Charge vs. dig/dt

lirRrM - (A)

di(rec)M/dt - (A/us)

IRGBC20SD2

100 r
1
[ ve = 200v
H T, = 125°C ===
HT,=25°C ——
|;:— 30A‘\ L o
\(? ’}0
,"o‘;sf.)’
IF = 15A 3 R d
10 F — el - > -1
“")"K/'
-
22 A7
;i" s
5882~
U et

1000

dif /dt - (Alps)
Fig. 15 - Typical Recovery Current vs. digdt

1000

Fig. 17 - Typical digecym/dt vs. dig/dt

dif /dt - (Alus)

I ' J:
Vg = 200V #
H 1, =125°c === f %l
|1, = 25°¢ — r 7] 4
5,
l' ’
a4
'4 K4
(R 4
4
/)
I = 5.0A
4 4
Ig = 15A AL ‘s
’ ' X4
¢ X4
|F=30A7<' A0
l’ ¢, 2
[ X4
(4
4
L4
’
1000



IRGBC20SD2 Infernational

TR Rectifier
[
N 90% Vge
+Vge
| A
Same type
DU.T. 4
g i 90% Ic
e 10% Vc§ f o
= = 4304F \‘ : 5% Ic
80% = i
of Voce D.U.T Y e’ { : /
o td (off)—wt  ft—  l—if —
N
14518
/ Eoff :fVce icdt
tl
Fig. 18a - Test Circuit for Measurement of 4 R
ILM» Eon, Eoff(diode), trr Qrry lrry taon)s tr taoffy tt —!
t1 ©
Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eoff, ta(ofr), t
A trr
GATE VOLTAGED.UT. e - tr = or :fid dt
] Y | x
10% +Vg Vg \ /—\! ___/_ Y
i Y tx , e .
; 10% Ve i 10% tre
[} d Vee
[ v DUT VOLTAGE ;
e AND CURRENT Vpk : v
Irr R e
10% Ic i ’ J
vee . §\90% Ic AP
' \ i DIODE RECOVERY
. i ‘ WAVEFORMS
E— A eeee Y
td(on) tr i
: 2
; Eon :‘/\‘/ce ie dt t4
i t1 Erec :f/d id dt
------- 3
11 tio DIODE REVERSE
; : RECOVERY ENERGY -
t3 t4 B

Fig. 18c - Test Waveforms for Circuit of Fig. 18a, Fig. 18d - Test Waveforms for Circuit of Fig. 18a,
Defining Eon, tdon), tr Defining Evec, trr, Qrr Iy



Internationall IRGBC20SD2

IGR Rectifier

e Vg GATE SIGNAL
DEVICE UNDER TEST

N\

CURRENTD.U.T.

?
=

VOLTAGE IND.U.T.

\ CURRENT IN D1

<

Demaaas

S
N

Figure 18e. Macro Waveforms for Figure 18a's Test Circuit

L L DUT. VA
1000V Vg N " 4Xlc@zse
- c 0- 480V
il A 7 4 > L
50V = o T T
6000yF
100V
Figure 19. Clamped Inductive Load Test Figure 20. Pulsed Collector Current

Circuit Test Circuit



IRGBC20SD2 Infernational

TR Rectifier
Notes:
® Repetitive rating: ¥g=20V; pulse width limited by maximum junction temperature
@V cc=80%(Vces), Vge=20V, L=10pH, R=50Q
® Pulse widths 80us; duty factog 0.1%.
@ Pulse width 5.0us, single shot.
Case Outline — TO-247AC
NOTES:
15.90 (626) Qgggéijg; % 5.30 (.209) 1 DIMENSIONS & TOLERANCING
1556 (602) 55 (. 470 (185) PER ANSI Y145M, 1982.
[P 0.25 (.010) @[ p[B W] 2 CONTROLLING DIMENSION : INCH.
“A- = i:géggg% 3 DIMENSIONS ARE SHOWN
: . MILLIMETERS (INCHES).
_‘ '/4 4 CONFORMS TO JEDEC OUTLINE
[ ay, TO-247AC.
20.30 (.800) —1_ 550(217)
18704779 g 450 (.177) LEAD ASSIGNMENTS
1-GATE
2-COLLECTOR
_" 3-EMITTER
4-COLLECTOR
* ijgg 2:23; 430(170) LONGER LEADED (20mm)
. . * mm
3.70 (145) VERSION AVAILABLE (TO-247AD)
TO ORDER ADD "-E" SUFFIX
2.40 ( 094)_) _ 140 (.056) . 0.80 (031) TO PART NUMBER
2.00 (.079) 3X 1,00 (.039) 0.40 (.016)
s [@T025 (010) @ [c[A O] | 2.60 (.102)
5 (.215) |=— -
= [o340(133 2.20 (.087)
X 3.00(.118)

CONFORMS TO JEDEC OUTLINE TO-247AC (TO-3P)
Dimensions in Millimeters and (Inches)
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WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 278, Tel: (905) 475 1897

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H BIdg., 2F, 3-30-4 Nishi-lkeburo 3-Chome, Toshima-Ki, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371
htto://www. irf. com/ Data and specifications subjiect to chanae without notice. 9/96



