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Duty cycle: 50%
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Gate drive as specified
sink
J

Power Dissipation =       W

60% of rated
         voltage

I

Ideal diodes

Square wave:

"#

��	
�
�
���������"�������#������������� ��	
���
��������������$����#�������������

0.1

 1

 10

 100

 1  10

V     , Collector-to-Emitter Voltage (V)

I  
 , 

 C
ol

le
ct

or
-t

o-
E

m
itt

er
 C

ur
re

nt
 (

A
)

CE

C

V      = 15V
20µs PULSE WIDTH

GE

T  = 25  CJ
o

T  = 150  CJ
o

0.1

 1

 10

 100

5 10 15

V     , Gate-to-Emitter Voltage (V)

I  
 , 

 C
ol

le
ct

or
-t

o-
E

m
itt

er
 C

ur
re

nt
 (

A
)

GE

C

V      = 50V
5µs PULSE WIDTH

CC

T  = 25  CJ
o

T  = 150  CJ
o



���������	
��


4 www.irf.com

��	
���
�%�&�'�'�($$������������������#��'����'���������)�������
��
����

��	
���
������������������
��
('������������*�
��
�)����������'��������

��	
���
�%�&�'�'���������������������
�����
��'��������

-60 -40 -20 0 20 40 60 80 100 120 140 160
1.0

2.0

3.0

4.0

T   , Junction Temperature (  C)
V

   
  ,

 C
ol

le
ct

or
-t

o-
E

m
itt

er
 V

ol
ta

ge
(V

)

J °
C

E

V      = 15V
80 us PULSE WIDTH

GE

I   =       A8C

I   =       A16C

I   =       A32C

�	�


�
�2�7����
������%�	���	��:����;
25 50 75 100 125 150

0

5

10

15

20

T   , Case Temperature (  C)

M
ax

im
um

 D
C

 C
ol

le
ct

or
 C

ur
re

nt
(A

)

C °

0.01

0.1

 1

 10

0.00001 0.0001 0.001 0.01 0.1  1  10

Notes:
1. Duty factor D = t   / t
2. Peak T =P x  Z + T

1 2

J DM thJC C

P

t

t

DM

1

2

t  , Rectangular Pulse Duration (sec)

T
he

rm
al

 R
es

po
ns

e 
(Z

   
   

  )

1

th
JC

0.01

0.02

0.05

0.10

0.20

D = 0.50

SINGLE PULSE
(THERMAL RESPONSE)



���������	
��


www.irf.com 5

��	
���
���������+,���#��*����������
�-���
.���������

��	
����
���������+,���#��*����������

)����������'��������

0 10 20 30 40 50
1.00

1.10

1.20

1.30

1.40

1.50

R    , Gate Resistance (Ohm)

T
ot

al
 S

w
itc

hi
ng

 L
os

se
s 

(m
J)

G

V      = 480V
V      = 15V
T      = 25   C
I       = 16A

CC
GE
J
C

°

-60 -40 -20 0 20 40 60 80 100 120 140 160
0.1

 1

 10

T  , Junction Temperature (  C )

T
ot

al
 S

w
itc

hi
ng

 L
os

se
s 

(m
J)

J °

R      = Ohm
V      = 15V
V      = 480V

G
GE
CC I   =       A32C

I   =       A16C

I   =       A8C

��Ω

 1��2�3����1��
�������:�Ω )

��	
���������������������������

���������
��
('�����������*�

��	
���
���������-�����#��*����

-���
��
('�����������*�

0 20 40 60 80
0

4

8

12

16

20

Q   , Total Gate Charge (nC)

V
   

  ,
 G

at
e-

to
-E

m
itt

er
 V

ol
ta

ge
 (

V
)

G

G
E

V = 400V
I = 16A
CC
C

 1  10  100
0

300

600

900

1200

1500

V     , Collector-to-Emitter Voltage (V)

C
, C

ap
ac

ita
nc

e 
(p

F
)

CE

V
C
C
C

=
=
=
=

0V,
C
C
C

f = 1MHz
+ C

+ C

C      SHORTED
GE
ies ge gc , ce
res gc
oes ce gc

Cies

Coes

Cres

�	�




���������	
��


6 www.irf.com

 1

 10

 100

 1  10  100  1000

V      = 20V
T      = 125  C

GE
J

o

SAFE OPERATING AREA

V     , Collector-to-Emitter Voltage (V)
I  

 , 
 C

ol
le

ct
or

 C
ur

re
nt

 (
A

)
CE

C

0 8 16 24 32 40
0.0

1.0

2.0

3.0

4.0

5.0

I    , Collector-to-emitter Current (A)

T
ot

al
 S

w
itc

hi
ng

 L
os

se
s 

(m
J)

C

R      = Ohm
T      = 150  C
V      = 480V
V      = 15V

G
J
CC
GE

°

��	
��
�
�����
"$$�+"�

��	
����
�%�&�'�'� ��,���������*��/������
��������������� ��,�����������

��	
��������������+,���#��*����������

���������
��
('�������������

1

10

100

0.4 0.8 1.2 1.6 2.0 2.4

FM

F
In

st
a

n
ta

n
e

o
u

s 
F

o
rw

a
rd

 C
u

rr
e

n
t 

- 
I 

  
 (

A
)

 Forward Voltage Drop - V      (V)

T  = 150°C

T  = 125°C

T  =   25°C

J

J

J

��Ω



���������	
��


www.irf.com 7

��	
����
���������.�������.����������
����0�� ��	
����
���������.������������������
����0��

��	
����
���������+�������#��*����
����0�� ��	
����
���������������	
0�����
����0��

0

200

400

600

100 1000
fdi  /dt - (A/µs)

R
R

Q
  

  
  

 -
  

(n
C

)

I   = 6.0A

I   = 12A

I   = 24A

V  = 200V
T  = 125°C
T  = 25°C

R

J

J

F

F

F

10

100

1000

10000

100 1000
fdi  /dt - (A/µs)

d
i(

re
c)

M
/d

t 
 -

  
(A

/µ
s)

I   = 12A

I   = 24A

I   = 6.0A

F

F

F

V  = 200V
T  = 125°C
T  = 25°C

R

J

J

0

40

80

120

160

100 1000
fdi  /dt - (A/µs)

t 
  

 -
  

(n
s)

rr

I   = 24A

I   = 12A

I   = 6.0AF

F

F

V  = 200V
T  = 125°C
T  = 25°C

R

J

J

1

10

100

100 1000
fdi  /dt - (A/µs)

I 
  

  
  

  
- 

(A
)

IR
R

M

I   = 6.0A

I   = 12A

I   = 24AF

F

F

V  = 200V
T  = 125°C
T  = 25°C

R

J

J



���������	
��


8 www.irf.com

Same type
device as
D.U.T.

D.U.T.

430µF80%
of Vce
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t1

Ic

Vce

t1 t2

90% Ic
10% Vce

td(off) tf

Ic

5% Ic

t1+5µS

Vce ic dt

90% Vge

+Vge

∫Eoff = 
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∫ Vce ie dt
t2

t1

5% Vce

Ic
IpkVcc

10% Ic

Vce

t1 t2

DUT VOLTAGE
AND CURRENT

GATE VOLTAGE D.U.T.

+Vg
10% +Vg

90% Ic

trtd(on)

DIODE REVERSE
RECOVERY ENERGY

tx

Eon =

∫Erec =
t4

t3
Vd id dt

t4t3

DIODE RECOVERY
WAVEFORMS

Ic

Vpk

10% Vcc

Irr

10% Irr

Vcc

trr ∫Qrr =
trr

tx
 id dt
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Vg GATE SIGNAL
DEVICE UNDER TEST

CURRENT D.U.T.

VOLTAGE IN D.U.T.

CURRENT IN D1

t0 t1 t2

D.U.T.

V *c

50V

L

1000V

6000µF
 100V

Figure 19. Clamped Inductive Load Test Circuit Figure 20. Pulsed Collector Current
Test Circuit

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

0 - VCC

RL
ICM
VCC

=

480µF
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Data and specifications subject to change without notice.

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.06/2010

TO-220AB Full-Pak Package Outline
Dimensions are shown in millimeters (inches)

TO-220AB Full-Pak Part Marking Information
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TO-220AB Full-Pak package is not recommended for Surface Mount Application.
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