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This Designer's Manual is specifically dedicated to
International Rectifier's commercial line of HEXFET
surface mount (D-Pak, I-Pak, SOT-89) and DIP
devices. These power MOSFETs are recognized
throughout the world as the industry standard for
ruggedness, low RDS(on)' and consistency of
mechanical and electrical specifications. To locate
the device to fill your specific design needs, see the
Table of Contents and/or Selector Guide section.

The technical data sheets contained in this Volume
II cover all product upgrades, as well as our new
HEXFET III generation of power MOSFETs. You are
invited to contact your local IR field representative
or our home office for additional product data or
applications assistance.

International Rectifier also has Designer's Manuals
covering TO-220, TO-3p, FullPaks, and other
HEXFET devices, as well as separate manuals for
government and space products, and applications
and reliability data. These and other technical
publications featuring IGBTs, power ICs, etc., are
listed in the Available Literature section of this
Designer's Manual. For ordering information, see
page 156.
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HEXFET Power MOSFETs

An Introduction to
HEXFET Power MOSFETs

Since t~e introduction of the HEXFET power MOSFET in 1979, International Rectifier has
become the acknowledged technology and market leader in power MOSFETs worldwide.
HEXFEls set the standard for the industry in device characteristics and ratings, product quality
and reliability, and breadth of line.

HEXFE-- III devices, specially designed for high-volume low-cost manufacture at HEXFET
America, are recognized as the most rugged standard-product power MOSFETs in the industry.
Introduc'3d in late 1986, HEXFET III devices are so rugged that designers can eliminate external
protection circuitry and more readily use HEXFETs in such applications as motor control
and power supplies. International Rectifier provides three key ruggedness ratings on HEXFET
III devic3s:

Single-shot avalanche energy to accommodate occasional high-energy over-
voltage transients.

Dynamic dv/dt capability to withstand harsh conditions in motor control and
similar applications without externally-connected diodes.

HEXFET III cell density has been optimized for each voltage range to provide lower on-
resistani:e per unit area. HEXFET power MOSFETs remain the first choice for the full range
of commercial, industrial, and aerospace/defense power supply and motor control applications.

Producing HEXFET III power MOSFETs at HEXFET America, International Rectifier integrates
design, process, and manufacturing to provide the world's most reliable power MOSFET
at the lowest cost-per-amp.

The information presented in this publication is believed to be accurate and reliable. However, International Rectifier can assume no
responsibility for its use nor any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otlier use under any patent or patent rights of Internationai Rectifier. No patent liability shall be incurred for use of the
circuits or devices (ascribed herein.

International Rectifim does not recommend the use of its devices in life support applications wherein such use may directly threaten life
or injury due to device failure or malfunction. Users of International Rectifier devices in life support applications assume all risks of such
use and indemnifie" International Rectifier against all damages resulting from such use.
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Part Number Page
lRFD014 1
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Selection Guide

Lo
BVoss Drain- RoS(on) Drain- 10 Continuous 10MMax.

to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRLR014 60 0.20 8.5 31 141

IRLR024 0.10 16 64 143

IRLRll0 100 0.54 4.6 18 145

IRLR120 0.27 8.4 31 147

ogle eve (5 volt gate)
BVoss Drain- RoS(on) Drain- 10 Continuous 10M Max.

to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRLD014 60 0.20 1.7 14 133

HD-~

IRLD024 0.10 2.5 20 135

IRLDll0 100 0.54 1.0 8.0 137
IRLD120 0.27 1.3 10 139

Lo
BVoss Drain- Ros(on) Drain- 10 Continuous 10M Max.

to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRLU014 60 0.20 8.5 31 141
IRLU024 0.10 16 64 143

IRLU110 100 0.54 4.6 18 145
IRLU120 0.27 8.4 31 147 I-Pak

TO-251AA

International
II~~RIRectifier



Selection Guide

BVoss Drain- ROS(on)Drain- 10 Continuous 10M Max.
to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (0) (Amps) (Amps) Page Number Case Style

IRFS1Z0 100 2.4 0.90 3.6 131 -SOT-89

BVoss Drain- Ros(on) Drain- 10 Continuous 10M Max.
to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (0) (Amps) (Amps) Page Number Case Style

IRFR014 60 0.20 8.4 34 63

IRFR024 0.10 16 64 69

IRFR110 100 0.54 4.7 19 75

IRFR120 0.27 8.4 34 81 ••IRFR210 200 1.5 2.7 8.0 87

IRFR220 0.80 4.8 18 95

IRFR214 250 2.0 2.2 8.8 89

IRFR224 1.1 3.8 14 97 D-Pak
IRFR310 400 3.6 1.7 5.0 99 TO-252AA

IRFR320 1.8 3.1 11 101

IRFR420 500 3.0 2.4 8.0 103

IRFRC20 600 4.4 2.0 8.0 129

BVoss Drain- ROS(on)Drain- 10 Continuous 10M Max.
to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (0) (Amps) (Amps) Page Number Case Style

IRFR9014 -60 0.50 -5.6 -22 105

IRFR9024 0.28 -9.6 -38 111 ,.IRFR9110 -100 1.2 -3.4 -14 117
IRFR9120 0.60 -6.3 -25 119

IRFR9210 -200 3.0 -2.0 -8.0 125 D-Pak
IRFR9220 1.5 -3.6 -14 127 TO-252AA
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Selection Guide

BVoss Drain- RoS(on) Drain- 10 Continuous 10MMax.
to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRFD014 60 0.20 1.7 14 1 ,IRFD024 0.10 2.5 20 7

IRFD1Z0 100 2.4 0.50 4.0 25

IRFD110 0.54 1.0 8.0 13

IRFD120 0.27 1.3 10 19

IRFD210 200 1.5 0.60 4.8 31 HD-1
IRFD220 0.80 0.80 6.4 37

BVoss Drain- Ros(on) Drain- 10 Continuous 10MMax.
to-Source to-Source On Drain Current Pulsed Drain
Breakdown Resistance 25°C Current

Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRFD9014 -60 0.50 -1.1 -8.8 39 ~
IRFD9024 0.28 -1.6 -13 41 ,-IRFD9110 -100 1.2 -0.70 -5.6 47 HD-/WIRFD9120 0.60 -1.0 -8.0 53

IRFD9210 -200 3.0 -0.4 -3.2 59

IRFD9220 1.5 -0.58 -4.6 61

BVoss Drain- ROS(on)Drain- 10 Continuous 10M Max.
to-Source to-Source On Drain Current Pulsed Drain

Breakdown Resistance 25°C Current
Part Number (Volts) (il) (Amps) (Amps) Page Number Case Style

IRFU014 60 0.20 8.4 34 63

IRFU024 0.10 16 64 69 ---
IRFU110 100 0.54 4.7 19 75

IffIRFU120 0.27 8.4 34 81
IRFU210 200 1.5 2.7 8.0 87
IRFU220 0.80 4.8 18 95
IRFU214 250 2.0 2.2 8.8 89
IRFU224 1.1 3.8 14 97
IRFU310 400 3.6 1.7 5.0 99
IRFU320 1.8 3.1 11 101 I-Pak
IRFU420 500 3.0 2.4 8.0 103

TO-251M

IRFUC20 600 4.4 2.0 8.0 129

International
II~~RIRectifier



I-Pak P-Cilannel
BVoss Drain-

to-Source
Breakdown

(Volts)

-60IRFU9014

IRFU9024

IRFU9110

IRFU9120

IRFU9210

IRFU9220

Selection Guide

ROS(oR) Drain-
to-Source On

Resistance
(Q)

0.50
0.28
1.2

0.60
3.0
1.5

10 Continuous
Drain Current

25°C
(Amps)

-5.6
-9.6
-3.4

-6.3
-2.0
-3.6

10M Max.
Pulsed Drain

Current
(Amps)

-22

-38

-14

-25

-8.0
-14

The HEXFET devices listed in this Designer's Manual
represent International Rectifier's power MOSFET line
as of June, 1991. The data presented in this manual
supersedes all previous specifications.

Page Number

105
111

117
119

125

127



International
I:I:C~RIRectifier IRFD014

• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

0

BVoss 60V

ROS(on) 0.200

s 10 1.7A
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Te=25°C Continuous Drain Current, VGs@10V 1.7

lo@ Te = 100°C Continuous Drain Current, VGs@10V 1.2 A

10M Pulsed Drain Current (j) 14

Po@ Te = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy ~ 130 mJ

dv/dt Peak Diode Recovery dv/dt <J) 4.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Thermal Resistance
Parameter

Junction-to-Ambient, Typical Socket Mount
Max.

120



IRFD014

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 60 --- --- V VGs=OV,lo=250IlA
t.BVoss/t. TJ Temp. Coefficient of Breakdown Voltage --- 0.063 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.20 Q VGs=10V, 10=1.0A@)

VGSlthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250IlA

gfs Forward Transconductance 1.3 --- --- S Vos=25V, los=1.0A@)

loss Zero Gate Voltage Collector Current --- --- 250 IlA Vos=60V, VGs=OV

--- --- 1000 Vos=48V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=20V
Gate-to-Source Reverse Leakage

nA--- --- -SOO VGs=-20V

On Total Gate Charge --- --- 11 10=10A, Vos=48V, VGs=10V
Oos Gate-to-Source Charge --- --- 3.1 nC See Fig 6 and 13@)
Ogd Gate-to-Drain ("Miller") Charge --- --- 5.8

td(on) Turn-On Delay Time --- 10 --- Voo=30V,lo=10A
tr Rise Time --- 50 --- RG=24Q, Ro=2.7Qns
td(of/) Turn-Off Delay Time --- 13 --- See Fig. 10@)
tf Fall Time --- 19 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, D

6mm (0.25in.) 4§"Ls
nH from package,

Internal Source Inductance --- 6.0 --- and center of die LS
contact. s

Ciss Input Capacitance --- 310 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 160 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 37 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.7
MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 14 integral reverse

[Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- 1.6 V T =25°C, Is=1.7A, VGs=OV@)
trr Reverse Recovery Time 34 --- 140 ns TJ=25°C, IF=10A,

°RR ;=teverse Recovery Charge 0.090 --- 0.40 IlC di/dt= 1OOAlIlS@)

ton =orward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + LD)

Notes:

(j) Repetitive rating; Pulse width limited by
max. junct on temperature (See figure 11)

@ Voo=25V, Starting TJ=25°C, L=55mH,
RG=2SQ. Peak IAS=1.7A (See figure 12)

® Iso~1 OA. di/dt~90Allls, Voo~BVoss,
TJ~175°C Suggested RG=24Q

® Pulse width ~ 300lls; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased
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IRFDO"14

VGS = av, f = 1MHz

"- C1SS = Cgs + Cgd' Cds SHORTED
Crss = Cgd

~"- Cass = Cds + Cod
.....•..1'- I

"-
•...•. "C" IIIS

-- -r--
~Ill

Coss
"

~
' ............

I.....•........ .....•• •......•••.•...

CIlr- ~
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U..eo
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~
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g. 200
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VDS. Drain-to-Source Voltage (volts)

Fig 5. T)'pical Capacitance Vs. Drain-
to-Source Voltage
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Fig 7. Typical Source-Drain Diode
Forward Voltage
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SEE FIGURE 13

Qg. Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs. Gate-
to-Source Voltage
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IRFDO'14
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International
IIC)R I Rectifier IRFD024

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

S
n-channel

BVDss GOV
RDS(on) 0.10n

ID 2.5A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 2.5

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 1.8 A

10M Pulsed Drain Current (j) 20

PD@Tc = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAs Single Pulse Avalanche Energy ~ 91 mJ

dv/dt Peak Diode Recovery dv/dt Q) 5.5 V/ns
TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD024

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain·to-Source Breakdown Voltage 60 ._. _.- V VGs=OV,lo=250I!A
.t>BVoss1.t>TJremp. Coefficient of Breakdown Voltage --- 0.061 --- V!°C Reference to 25°C, 10=1mA

RoS(on) matic Drain-to-Source On Resistance --- --- 0.10 Q VGs=10V,lo=1.5A@

VGSrthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250I!A

gls Forward Transconductance 2.7 ... ..- S Vn~=25V, In~=1.5A@

loss Zero Gate Voltage Collector Current .-. --. 250 I!A Vos=60V, VGs=OV

--- --- 1000 Vos=48V, VGs=OV,TJ=150°C
IGss Gate-to-Source Forward Leakage --- --- 500 VGs=20V

Gate-to-Source Reverse Leakage
nA--- --- -SOO VGs=-20V

00 Total Gate Charge --- --- 28 10=14A, Vos=48V, VGs=10V
Oos Gate-to-Source Charge -_. -.. 5.4 nC See Fig 6 and 13@
°od Gate-to·Drain ("Miller") Charge --- --- 13

~(on) 1urn-On Delay Time --- 8.6 --- Voo=30V, 10=14A
tr F:ise Time --- 47 --- RG=18Q, Ro=2.0Qns
td(olQ Turn·Off Delay Time --- 27 .-- See Fig. 10@
tl Fall Time --- 37 ---
Lo Internal Drain Inductance ... 4.0 --- Between lead, 0

6mm (0.25in.) @"Ls
nH from package,

Irternal Source Inductance --- 6.0 --- and center of die lS
contact. s

Ciss Input Capacitance ._- 640 ._. VGs=OV, Vos=25v

Coss Output Capacitance ... 360 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 79 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Clntinuous Source Current ._- ... 2.5
MeSFEr-ymbol ~(Eody Diode)

A showing the
ISM Pulsed Source Current ... ... 20 integral reverse G

(Body Diode) <D p-n junction diode. s

Vso Diode Forward Voltage ... ._. 1.5 V TJ=25°C, Is=2.5A, VGs=OV@
trr Rllverse Recovery Time 49 ... 200 ns TJ",25°C,IF=14A.

ORR Ruverse Recovery Charge 0.22 ._. 0.88 I!C di/dt= 1OOAlI!S@

!cn Fe,rward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

CD Repetitive ra':ing; Pulse width limited by
max. junctioll temperature (See figure 11)

® Voo=25V, St.irling TJ••25°C, L=17.5mH,
RG=25Q, Pe,ik IAS••2.5A (See figure 12)

® IScP14A, di/dt:$;11OAll!s. Voo:$;BVoss•
TJ:$;175°C Suggested RG=18Q

® Pulse width $ 3001!s; duty Cycle $2%

® Mounting surface:
flat. smooth, greased
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IRFD024
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International
~Rectifier IRFD110

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

S
n-channel

BVDss 100V
ROS(on) 0.540

10 1.0A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power H0-1
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGS@10V 1.0

lo@ Tc = 100°C Continuous Drain Current, VGS@10V 0.71 A

10M Pulsed Drain Current (j) 8.0

Po@ Tc = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 140 mJ

JAR Avalanche Current (j) 1.0 A

EAR Repetitive Avalanche Energy (j) 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD110

Parameter Min. Typ. Max. Units Test Conditions

BVoss 01 ain-to-Source Breakdown Voltage 100 --- --- V VGs=OV,lo=250flA

t>BVosslt>TJ Teimp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 25°C, 10=1mA

RoS(on) Static Drain-to-Source On Resistance --- --- 0.54 Q VGs=10V, 10=0.60A®

VGS(lh) Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=250flA

gfs Fc,rward Transconductance 0.80 --- --- S Vns=50V, Ins=0.60A®

loss Zero Gate Voltage Collector Current --- --- 250 flA Vos=100V, VGs=OV
--- --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGss Gate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

Gate-to-Source Reverse Leakage --- --- -500 VGs=-20V

00 Total Gate Charge --- --- 8.3 10=5.6A, Vos=80V, VGs=10V
Oos GCite-to-Source Charge --- --- 2.3 nC See Fig 6 and 13®
°od Gclte-to-Drain ("Miller") Charge --- --- 3.8

td(on) Turn-On Delay Time --- 6.9 --- Voo=50V, 10=5.6A
t, RiHe Time --- 16 --- RG=24Q, Ro=8.4Qns
td(off) Turn-Off Delay Time --- 15 --- See Fig. 10®
tf FalTime --- 9.4 ---
Lo Intl3rnal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Intllrnal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance --- 180 --- VGs=OV, Vos=25v

Coss Ou tput Capacitance --- 81 --- pF f=1.0Mhz

C,ss Re'/erse Transfer Capacitance --- 15 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.0
MOSFEhymbol ~(Body Diode) showing theA

ISM Pul,ed Source Current --- --- 8.0 integral reverse G

(Body Diode) CD p-n junction diode. s

Vso Dioje Forward Voltage --- --- 2.5 V TJ=25°C, Is=1.0A, VGs=OV®

t" Reverse Recovery Time 50 --- 200 ns TJ=25°C, IF=5.6A,

°RR Reverse Recovery Charge 0.22 --- 0.88 flC di/dt= 1OOAlflS®

ton FOl1lVardTurn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. junction ":emperature (See figure 11)

® Iso $ 5.6A, di/dtQ5A1fls, Voo:5BVoss,
TJ:5175°C Suggested RG=24Q

® Mounting surface:
flat, smooth, greased

@ Voo=25V, Stalting TJ=25°C, L=52mH,
RG=25Q, Peal< IAs=2.0A (See figure 12)
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VGS = av, f = 1MHz
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International
I:IC)R I Rectifier IRFD120

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

S
n-channel

BVDss 100V
ROS(on) 0.270

10 1.3A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

~
HD-1

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 1.3

10@ Tc = 100°C Continuous Drain Current, VGs@10V 0.94 A

10M Pulsed Drain Current (j) 10

Po@ Tc = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage +20 V

EAS Single Pulse Avalanche Energy (2) 100 mJ

IAR Avalanche Current (j) 1.3 A

EAR Repetitive Avalanche Energy (j) 0.13 mJ

dv/dt Peak Diode Recovery dv/dt <ID 5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °c

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount
Max.

120



IRFD120

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 --- --- V VGs=OV, 10=25OIlA

ilBVoss/il TJ Temp. Coefficient of Breakdown Voltage --- 0.13 --- V/oC Reference to 25°C, 10=1mA

ROSlon) Static Drain-to-Source On Resistance --- --- 0.27 Q VGs=10V, 10=0.78A®

VGS(thl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250IlA

gts Forward Transconductance 0.80 --- --- S Vn!;=50V, In!;=0.78A®

loss Zero Gate Voltage Collector Current --- --- 250 IlA Vos=100V, Vgs=OV

--- --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

VGs=-20VGate-to·Source Reverse Leakage --- --- -500

On Total Gate Charge --- --- 16 10=9.2A, V os=80V, VGS=1OV
Oos Gate-to-Source Charge --- --- 4.4 nC See Fig 6 and 13®
Ood Gate-to·Drain ("Miller") Charge --- --- 7.7

td(on) Turn-On Delay Time --- 6.8 ._-
Voo=50V, 10=9.2A

t, Flise Time --- 27 --- RG=18Q, Ro=5.2Qns
td(of!) Turn-Off Delay Time --- 18 --- See Fig. 10®
tf Fall Time --- 17 ---
Lo Internal Drain Inductance 4.0 --- Between lead, D_.-

6mm (0.25in.) .Q§"nH from package,
Ls Internal Source Inductance _.- 6.0 --- and center of die lS

contact. s
Ciss Input Capacitance --- 360 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 150 --- pF f=1.0Mhz
C,ss F.everse Transfer Capacitance _.- 34 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.3 MOSFET symbol
D

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 10 'ot""" "',.", ~

(Body Diode) CD p-n junction diode. s

Vso Diode Forward Voltage --- --- 2.5 V TJ=25°C, Is=1.3A, VGs=OV®

t" Reverse Recovery Time 65 -_. 260 ns TJ=25°C, IF=9.2A,

ORA Reverse Recovery Charge 0.33 -_. 1.3 IlC di/dt= 1OOAlIlS®

Ion Fl)rward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

<D Repetitive rc.ting; Pulse width limited by
max. junction temperature (See figure 11)

@ Voo=25V, S:arting TJ=25°C, L=24mH,
RG=25Q, Pe·ak IAs=2.6A (See figure 12)

® IsoS9.2A, di/dtS11 OAills, VoosBV oss'
TJS175°C Suggested RG=18Q

® Pulse width S 300lls; duty Cycle s2%

® Mounting surface:
flat, smooth, greased
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International
IIC~RIRectifier IRFD1 ZO

• Repetitive Avalanche Rated
• Oynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

0

BVoss 100V

ROS(on) 2.40

S 10 O.50A
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin 01P package is a low cost machine insertable case style which can
be stacked in muhiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power H 0-1
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 0.50

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 0.36 A

10M Pulsed Drain Current <D 4.0

Po@Tc=25°C Maximum Power Dissipation 1.25 W
Linear Derating Factor 0.10 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 9.8 mJ

JAR Avalanche Current <D 0.50 A

EA~ Repetitive Avalanche Energy <D 0.13 mJ

dv/dt Peak Diode Recovery dv/dt (J) 5.5 V/ns

TJ Operating Junction and -55 to +175
T!':Tr. Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD1Z0

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 _ .. --- V VGs=OV,lo=250fLA

t>BVosS/~TJ THmp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 25°C, 10=1mA

RoSCon) SI atic Drain-to-Source On Resistance --- --- 2.4 n VGs=10V, 10=0.30A®

VGSlthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs• 10=250fLA

gfs Forward Transconductance 0.60 --- --- S Vos=50V. los=0.30A®

loss lllro Gate Voltage Collector Current --- .-- 250 fLA Vos=100V. VGs=OV

--- --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGSS G ate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

G ate-to-Source Reverse Leakage --- --- -SOO VGs=-20V

00 Total Gate Charge --- --- 1.6
10=0.9A, Vos=80V. VGs=10V

Oes Gate-to-Source Charge --- --- 0.68 nC See Fig 6 and 13®
Oed G.ate-to-Drain ("Miller") Charge .-- --- 0.95

td1on) Turn-On Delay Time --- 7.8 --- Voo=50V, 10=0.9A
tr Rise Time --- 4.5 --- RG=50n. Ro=55nns
td(om Turn-Off Delay Time --- 11 --- See Fig. 10®
tf Felli Time --- 4.7 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) 4§~nH from package,
Ls In1ernal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance -_. 39 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 18 --- pF f=1.0Mhz
Crss RE!verse Transfer Capacitance --- 2.8 --. See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is CClntinuous Source Current --- --- 0.5 MOSFET symbol 4Ei(BJdy Diode) showing theA
ISM Pulsed Source Current --- --- 4.0 integral reverse

(BIJdy Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 1.4 V T.J=25°C. 1~=0.5A. V(',~=OV®

t" Reverse Recovery Time 42 --- 71 ns TJ=25°C. IF=0.9A.

°RR Reverse Recovery Charge 0.14 --- 0.41 fLC di/dt= 1OOAlfLS®

ten Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

CD Repetitive rai ing; Pulse width limited by
max. junctior temperature (See figure 11)

® Iso 5 0.5A, di/dtS25A1fLs, VoosBVoss,
TJS175°C Suggested RG=50n

® Pulse width s 300fLs; duty Cycle s2%

® Mounting surface:
flat, smooth, greased

® Voo=25V, Starting TJ=25°C, L=16mH,
RG=25n, Peak IAs=1.0A (See figure 12)
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International
Il:C~RIRectifier IRFD210

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

D

BVDSS 200V

RDS(on) 1.50

S 10 O.60A
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed. ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

!~
HO-1

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 0.60

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 0.38 A

10M Pulsed Drain Current CD 4.8

Po@ Tc = 25°C Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 79 mJ

IAR Avalanche Current CD 0.60 A

EAR Repetitive Avalanche Energy CD 0.10 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 V/ns

TJ Operating Junction and -55 to +150
TqG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount
Max.

120



IRFD210

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 200 --- --- V VGs=OV,lo=250I1A

6BVoSS/6TJ Temp. Coefficient of Breakdown Voltage --- 0.30 --- V/oC Reference to 25°C, 10=1mA

RoSCon) ~;tatic Drain-to-Source On Resistance --- --- 1.5 Q VGs=10V, 10=0.36A@

VGSlthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=25OI1A

gfs Forward Transconductance 0.10 ... ._. S Vn!';=50V, In!';=0.36A@

loss 2ero Gate Voltage Collector Current --. --- 250 IJ.A Vos=200V, VGs=OV
--. --- 1000 Vos=160V, VGs=OV,TJ=125°C

'GSS Gate-to-Source Forward Leakage ... ... 500 VGs=20V
nA

Gate-to-Source Reverse Leakage --- --- -SOO VGs=-20V

00 Total Gate Charge --- --- 8.2 10=3.3A, Vos=160V, VGs=10V
Oas <:iate-to-Source Charge .-- ..- 1.8 nC See Fig 6 and 13@
Ood Cate-to-Drain ("Miller") Charge --- --- 4.5

tdlon) Turn-On Delay Time --- 8.2 --- Voo=100V,lo=3.3A
t, Rise Time --- 17 --- RG=24Q, Ro=30Qns
td(off) Turn-Off Delay Time --- 14 --- See Fig. 10@
tf Fall Time --- 8.9 ---
Lo Irternal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) 4§~nH from package,
Ls Irternal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance -.- 140 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 53 --- pF f=1.0Mhz
C,ss Reverse Transfer Capacitance --- 15 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is O)ntinuous Source Current --- --- 0.60
MOSFET "mhol ~(Eiody Diode) showing theA

ISM Pulsed Source Current --- --- 4.8 integral reverse G

(Eody Diode) (j) p-n junction diode. s

Vso Diode Forward Voltage --- --- 2.0 V T,=25°C, 1.:::=0.60A,Vr..!';=OV@

t" Roverse Recovery Time 75 --- 310 ns TJ=25°C, IF=3.3A,

°RR Roverse Recovery Charge 0.33 --- 1.4 I1C dildt= 1OOAlI1S@

ton FClrward Turn-0n Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. junctiol1 temperature (See figure 11)

® Iso s 3.3A, di/dt~70All1s, Voo~BV oss'
TJ~150°C Suggested RG=24Q

@ Pulse width ~ 300l1s; duty Cycle ~2%

® Mounting surlace:
flat, smooth, greased

® Voo=50V, Starting TJ=25°C, L=82mH,
RG=25Q, Peak IAS=1.2A (See figure 12)
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International
IIC)R I Rectifier IRFD220

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable

S
n-channel

BVoss 200V
ROS(on) O.BOn

10 O.BOA

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc= 25°C Continuous Drain Current, VGs@1 OV 0.80

10 @ Tc = 100°C Continuous Drain Current, VGs@1 OV 0.50 A

10M Pulsed Drain Current CD 6.4

Po@Tc = 25°C Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy <2l 59 mJ

IAR Avalanche Current CD 5.2 A
EAR Repetitive Avalanche Energy CD 0.10 mJ
dv/dt Peak Diode Recovery dv/dt Q) 5.0 V/ns

TJ Operating Junction and -55 to +150
T~Tr, Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount
Max.

120



IRFD~~20

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 200 --- --- V VGs=OV,lo=250flA

t.BVosslt.TJ Temp. Coefficient of Breakdown Voltage --- 0.29 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.80 Q VGs=10V, 10=0.48A®

VGSlthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250flA

gfs Forward Transconductance 0.60 --- --- S VDs=50V, IDs=0.48A®

loss Zero Gate Voltage Collector Current --- --- 250 flA Vos=200V, VGs=OV

--- --- 1000 Vos=160V, VGs=OV,TJ=125°C

IGss Gate-to-Source Forward Leakage --- --- 500 VGs=20V
Gate-to-Source Reverse Leakage

nA
--- --- -SOO VGs=-20V

Qa Total Gate Charge --- --- 14 10=5.2A, Vos=160V,
Qas Gate-to-Source Charge --- --- 3.0 nC VGs=10V®
Qod Gate-to-Drain ("Miller") Charge --- --- 7.9

td(on) Turn-On Delay Time --- 7.2 --- Voo=100V,lo=5.2A
tr I~ise Time --- 22 --- RG=18Q, Ro=19Q®

Turn-Off Delay Time
ns

td(aff) --- 19 ---
tf Fall Time --- 13 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) @'"Ls
nH from package,

Internal Source Inductance --- 6.0 --- and center of die lS
contact. s

Ciss Input Capacitance --- 260 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 100 --- pF f=1.0Mhz
Crss I~everse Transfer Capacitance --- 30 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 0.80 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 6.4 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 1.8 V T,=25°C, k=0.80A, VGs=OV®

t" Fleverse Recovery Time 75 --- 300 ns TJ=25°C, IF=5.2A,
QRR Fleverse Recovery Charge 0.46 --- 1.8 flC di/dt= 1OOAlflS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive r:lting; Pulse width limited by
max. junction temperature

® Voo=50V, Starting TJ=25°C, L=36mH,
RG=25Q, Peak IAS=1.6A

® Iso:O;5.2A,di/dt:o;95A1flS, Voo:o;BVoss,
TJ:O;150°C Suggested RG=18Q

® Pulse width :0;300fls; duty Cycle :0;2%

® Mounting surface:
flat, smooth, greased



International
~Rectifier IRFD9014

• Repetitive Avalanche Rated
• Oynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

S
p-channel

BVoss -60V
ROS(on) 0.50n

10 -1.1A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGS@-10V -1.1

lo@ Tc = 100°C Continuous Drain Current, VGS@-10V -0.8 A

10M Pulsed Drain Current <D -8.8

Po@ Tc = 25°C Maximum Power Dissipation 1.3 W

Linear Derating Factor 0.0083 W/K®
VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (i) 140 mJ

IAR Avalanche Current <D -1.1 A

EAR Repetitive Avalanche Enerav <D 0.13 mJ

dv/dt Peak Diode Recovery dv/dt Q) -4.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Solderina Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD9014

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -60 --- --- V VGs=OV, 10=-250j.lA

t.BVoss1t. TJ Temp. Coefficient of Breakdown Voltage --- 0.060 --- V/oC Reference to 25°C, 10=-1mA

ROSlon) ~;tatic Drain-to-Source On Resistance --- --- 0.50 n VGs=-10V, 10=-0.66A®

VGS(lh) Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250j.lA

gfs Forward Transconductance 0.70 --- --- S Vos=-25V, los=-0.66A®

loss Zero Gate Voltage Collector Current --- --- -250 j.lA Vos=-60V, VGs=OV

--- --- -1000 Vos=-48V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- -500 VGs=-20V
nA

Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

Qo Total Gate Charge --- --- 12 10=-6.7A, Vos=-48V,
Qos Gate-to-Source Charge --- --- 3.8 nC VGs=-10V®
Qod Gate-to-Drain ("Miller") Charge --- --- 5.1

td(on) Turn-On Delay Time --- 11 --- Voo=-30V, 10=-6.7A
tr Flise Time --- 6.3 --- RG=24n, Ro=4.0n®ns
td(of0 Turn-Off Delay Time --- 10 ---
tf Fall Time --- 31 ---
Lo 11ternal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) @"Ls
nH from package,

11ternal Source Inductance --- 6.0 --- and center of die LS
contact. s

Ciss 11put Capacitance --- 270 --- VGs=OV, Vos=-25v

Coss Output Capacitance --- 170 --- pF f=1.0Mhz

Crss Fleverse Transfer Capacitance --- 31 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -1.1 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- -8.8 integral reverse

(Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- -5.5 V TJ=25°C, Is=-1.1A, VGs=OV®
trr Fleverse Recovery Time 40 --- 160 ns TJ=25°C, If=-6.7A,
QRR Fleverse Recovery Charge 0.048 --- 0.19 j.lC dildt=-100Alj.lS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

Notes:

(j) Repetitive rating; Pulse width limited by
max. junction temperature

® Voo=-25V, Starting TJ=25°C, L=51 mH,
RG=25n, Peak IAS=-2.0A

@ Iso~-6.7A, di/dt~-90A/j.ls, Voo~BVoss,
TJ~175°C Suggested RG=24n

® Pulse width ~ 300j.ls; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased



International
Il:C~RIRectifier IRFD9024

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

S
p-channel

BVoss -6QV
ROS(on) Q .28Q

10 -1.6A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@-1 OV -1.6

lo@ Tc = 100°C Continuous Drain Current, VGs@-1 OV -1.1 A

10M Pulsed Drain Current (j) -13

Po@ Tc = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 140 mJ

IAR Avalanche Current (j) -1.6 A

EAR Repetitive Avalanche Energy (j) 0.13 mJ

dv/dt Peak Diode Recovery dv/dt @ -4.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFDSI024

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -60 -_. _.- V VGs=OV,lo-·250IJ,A

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage _.. 0.056 ... V/oC Reference to 25°C, 10=-1mA

RoSCon) Static Drain·to-Source On Resistance -_. ... 0.28 11 VGs=-10V, In --0.96A@

VGSlthl Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGs,lo=·250IJ,A

gts Forward Transconductance 1.3 ._- --- S Vnr:.=·25V,lnr:.=·0.96A@

loss Zero Gate Voltage Collector Current ... ..- -250 IJ,A Vos=-60V. VGS-OV
._. _.. -1000 Vos=-48V, VGs,.,OV,TJ=150°C

IGss Gate-to-Source Forward Leakage .-- .-- -SOO VGs=-20V

Gate-to-Source Reverse Leakage
nA

VGs=20V... --. 500

Qe Total Gate Charge .-. -.- 19 10=-11A, Vos--48V, VGs=-10V
Qos Gate-to-Source Charge --- --. 5.4 nC See Fig 6 and 13@
Qed Gate-to-Drain ("Miller") Charge ._- _ .. 11

td(on) Turn-On Delay Time --- 13 --- Voo=-30V, 10=.11 A
tr Rise Time ._- 68 .-. RG=1811, Ro=2.511ns
~(off) Turn-Off Delay Time --- 15 --- See Fig. 10@
t, Fall Time .-- 29 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Internal Source Inductance --- 6.0 --- and center of die lS

contact. s
Ciss Input Capacitance --- 570 --- VGs=OV, Vos=-25v

Coss Output Capacitance -.- 360 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 65 .-. See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -1.6 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- -13 integ ral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -6.3 V TJ=25°C, Is=-1.6A, VGs=OV@

t" Reverse Recovery Time 50 ... 200 ns TJ=25°C,IF=-11A,
QRR Reverse Recovery Charge 0.16 ..- 0.64 IJ,C di/dt=100AlIJ,S@

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lol

Notes:

CD Repetitive rating; Pulse width limited by
max. junction temperature (See figure 11)

(2) Voo=-25V, Starting TJ=25°C, L=17mH,
RG=2511. Peak IAS=·3.2A

® Iso:5-11A, di/dt:5-140AllJ,s, Voo:5BVoss, ® Mounting surface:
TJ:5175°C Suggested RG=1811 flat, smooth, greased

@ Pulse width :53001J,s;duty Cycle :52% ® KfIN _ °CfIN
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International
IIC)R I Rectifier IRFD9110

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

s
p-channel

BVDss -100V

ROS(on) 1.2Q
10 -O.70A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

HO-1
Similar to MO-001 AN

Parameter Max. Units

ID@Tc = 25°C Continuous Drain Current, VGS@-10V -0.70

JD@ Tc = 100°C Continuous Drain Current, VGs@-10V -0.49 A

IDM Pulsed Drain Current (j) -5.6

PD@Tc=25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 140 mJ

JAR Avalanche Current (j) -0.70 A

EAR Repetitive Avalanche Energy (j) 0.13 mJ

dv/dt Peak Diode Recovery dv/dt @ -5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD9110

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -100 --- --- V VGs=OV, 10=-250~A

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage --- 0.091 --- V/oC Reference 10 25°C, 10=-1mA

ROSlon) Stalic Drain-Io-Source On Resistance --- --- 1.2 Q VGs=-10V, 10=-0.42A®

VGS(lh) Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGs,lo=-250J.l,A

grs Forward Transconductance 0.60 --- --- S Vns=-50V, Ins=-0.42A®

loss Zero Gate Voltage Collector Current --- --- -250 ~A Vos=-100V, VGs=OV
--- --- -1000 Vos=-80V, VGs=OV,TJ=150°C

IGss Gate-to-Source Forward Leakage --- --- -500
nA

VGs=-20V
Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

00 Total Gate Charge --- --- 8.7 10=-4.0A, Vos=-80V, VGs=-10V
Oas Gate-to-Source Charge --- --- 2.2 nC See Fig 6 and 13®
°ad Gate-to-Drain ("Miller") Charge --- --- 4.1

td(on) Turn-On Delay Time --- 10 --- Voo=-50V, 10=-4.0A
tr Hise Time --- 27 --- RG=24Q, Ro=11Qns
td(ofn Turn-Off Delay Time --- 15 --- See Fig. 10®
tf I=all Time --- 17 ---
Lo Internal Drain Inductance 4.0 Between lead, 0--- --- @::6mm (0.25in.)

nH from package,
Ls Internal Source Inductance --- 6.0 --- and center of die

contact. s
Ciss Input Capacitance --- 200 --- VGs=OV, Vos=-25v

Coss Output Capacitance --- 94 --- pF f=1.0Mhz
Crss Heverse Transfer Capacitance --- 18 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -0.70 MOSFET symbol

~

(Body Diode)
showing theA

ISM Pulsed Source Current --- --- -5.6 integral reverse
(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -5.5 V TJ=25°C, Is=-0.70A, Vr.s=OV®
trr Heverse Recovery Time 41 --- 160 ns TJ=25°C, IF=-4.0A,

°RR Fleverse Recovery Charge 0.075 --- 0.30 J.l,C di/dt= 1OOAlJ.l,S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

Notes:

CD Repetitive I'ating; Pulse width limited by
max. junction temperature (See figure 11)

® Voo=-25V, Starting TJ=25°C, L=53mH,
RG=25Q, Peak IAS=-2.0A (See figure 12)

® Iso~-4.0A, di/dt~-75A/J.l,s, Voo~BVoss,
TJ~175°C Suggested RG=24Q

@ Pulse width ~ 300~s; duty Cycle ~2%

® Mounting suriace:
flat, smooth, greased
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International
IIC~RIRectifier IRFD9120

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

S
p-channel

BVDss -100V

RDS(on) 0.60n
ID -1.0A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin 01P package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

Jo@Tc=25°C Continuous Drain Current, VGs@-10V -1.0

lo@ Tc = 100°C Continuous Drain Current, VGS@-1OV -0.70 A

10M Pulsed Drain Current (j) -8.0

Po@Tc = 25°C Maximum Power Dissipation 1.25 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 140 mJ

JAR Avalanche Current (j) -1.0 A

EAR -, Repetitive Avalanche Eneroy (j) 0.13 mJ
dv/dt Peak Diode Recovery dv/dt (j) -5.5 V/ns

TJ Operating Junction and -55 to +175
T<:Tt': Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Thermal Resistance
Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD9120

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -100 --- --- V VGs=OV, 10=-250~A

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage --- 0.10 --- V/oC Reference to 25°C, 10=-1mA

ROSlon) Static Drain-to-Source On Resistance --- --- O.SO Q VGs=-10V, 10=-O.SOA®

VGSllhl Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250~A

gfs Forward Transconductance 0.71 --- --- S VDS=-SOV, IDs=-O.SOA®

loss i:ero Gate Voltage Collector Current --- --- -250 ~A Vos=-100V, VGs=OV

--- --- -1000 Vos=-80V, VGs=OV,TJ=150°C

IGss Gate-to-Source Forward Leakage --- --- -SOO VGs=-20V
nA

Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

On Total Gate Charge --- --- 18 10=-S.8A, Vos=-80V, VGs=-10V
Oos Gate-to-Source Charge --- --- 3.0 nC See Fig Sand 13®
Oed Gate-to-Drain ("Miller") Charge --- --- 9.0

tdlonl Turn-On Delay Time --- 9.S --- Voo=-50V,lo=-S.8A
t, Flise Time --- 29 --- RG=18Q, Ro=7.1Qns
td(off) Turn-Off Delay Time --- 21 --- See Fig. 10®
tf Fall Time --- 25 ---
Lo Internal Drain Inductance 4.0 Between lead, 0--- ---

Smm (0.25in.) @"nH from package,
Ls Internal Source Inductance --- S.O --- and center of die LS

contact. s
Ciss Input Capacitance --- 390 --- VGs=OV, Vos=-25v

Coss Output Capacitance -_. 170 --- pF f=1.0Mhz

C,ss Fteverse Transfer Capacitance ._- 45 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is C<lntinuous Source Current --- --- -1.0
MOSFET symbol 0

(Body Diode) showing theA
ISM Pulsed Source Current --- --. -8.0 ,,,,••••,,ev.,~ .@

(130dy Diode) (j) p-n junction diode. s

Vso Diode Forward Voltage --- --- -S.3 V TJ=25°C, Is=-1.0A, VGs=OV®
trr Reverse Recovery Time 49 --- 200 ns TJ=25°C, IF=-S.8A,

°RR Reverse Recovery Charge 0.17 -_. O.SS ~C di/dt= 1OOAl~S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + 4»

Notes:

<D Repetitive rating; Pulse width limited by
max. junctic,n temperature (See figure 11)

® IsoS-S.8A, di/dt~-11 OAl~s, Voo~BVoss, ® Mounting surface:
TJ~175°C Suggested RG=18Q flat, smooth, greased

(i) Voo=-25V, Btarting TJ=25°C, L=55mH, @ Pulse width ~ 300~s; duty Cycle ~2% ® Km = °Cm
RG=25Q, Pilak IAs=-2.0A (See figure 12)
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International
IJ:C~RIRectifier IRFD9210

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

S
p-channel

BVDss -200V
RDS(on) 3.0Q

ID -O.4A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin seNes as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

ID@ Tc = 25°C Continuous Drain Current, VGs@-1 OV -0.40

ID@ Tc = 100°C Continuous Drain Current, VGs@-10V -0.26 A

IDM Pulsed Drain Current (j) -3.2

PD@Tc=25°C Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 59 mJ
IAR Avalanche Current (j) -0.40 A

EAR Repetitive Avalanche Energy (j) 0.10 mJ
dv/dt Peak Diode Recovery dv/dt Q) -5.0 V/ns

TJ Operating Junction and -55 to +150
T"'Tt:: Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD9:~10

Parameter Min. Typ. Max. Units Test Conditions

BVoss D 'ain-to-Source Breakdown Voltage -200 --- --- V VGs=OV,lo=-250 •.•.A

6BVoss/6TJ Tllmp. Coefficient of Breakdown Voltage --- n/a --- V/oC Reference to 25°C, 10=-1mA

RoSlon) Slatic Drain-to-Source On Resistance --- --- 3.0 Q VGs=-10V, 10=-0.24A®

VGSlthl G ate Threshold Voltage -2.0 --- -4.0 V VOs=VGs,lo=-250 •.•.A

gfs Fmward Transconductance n/a --- --- S Vos=-SOV,los=-0.24A®

loss Zmo Gate Voltage Collector Current --- --- -250 •.•.A Vos=-200V, VGs=OV

--- --- -1000 Vos=-160V, VGs=OV,TJ=125°C

IGss G,ate-to-Source Forward Leakage --- --- -500 VGs=-20V

Gate-to-Source Reverse Leakage
nA--- --- 500 VGs=20V

00 TCltal Gate Charge ... ... 6.0 10=-2.4A, Vos=-160V,
Oas Gate-to-Source Charge .-- --- 1.2 nC VGs=-10V®

°ad Gate-to-Drain ("Miller") Charge --- --- 3.6

tdlonl TLlrn-On Delay Time --- 8 --- Voo=-100V, 10=-2.4A
t, Rise Time --- 15 --- RG=24Q, Ro=42Q®

TL rn-Off Delay Time
ns

td(off) --- 10 ---
tf Fe,1ITime --- 8 ---
Lo Inlernal Drain Inductance ... 4.0 ... Between lead, 0

6mm (0.25in.) @~
Ls

nH from package,
Internal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance --- 160 --- VGs=OV, Vos=-25v

Coss Output Capacitance --- 50 --- pF !=1.0Mhz

C,ss Reverse Transfer Capacitance --- 12 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Ccntinuous Source Current --- --- -0.4
MOSFET symbol

~

(Body Diode)
A showing the

ISM Pulsed Source Current --- --- -3.2 integral reverse
(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -5.8 V TI=25°C, 1~=-0.4A, Vr>.~=OV®
trr Reverse Recovery Time n/a ..- n/a ns TJ=25°C, IF=-2.4A,

°RR Reverse Recovery Charge n/a --- n/a •.•.C di/dt=-100Al •.•.S®

ton Fo ward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

<D Repetitive rat ng; Pulse width limited by
max. junction temperature

® Iso:s-2.4A, di/dt:s-90A/ •.•.s, Voo:sBVoss,
TJ:S150°C Suggested RG=24Q

® Mounting surface:
flat, smooth, greased

® Voo=-SOV, Starting TJ=25°C, L=140mH,
RG=25Q, Peak IAs=-0.8A



International
IIC)R I Rectifier IRFD9220

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• P-Channel

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
p-channel

BVoss
ROS(on)

10

-200V
1.5Q

-O.58A

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGs@-10V -0.58

10 @ Tc = 100°C Continuous Drain Current, VGs@-1 OV -0.36 A

10M Pulsed Drain Current CD -4.6

Po@ Tc = 25°C Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 39 mJ

JAR Avalanche Current CD -0.58 A
EAJ:l Repetitive Avalanche EnerQY CD 0.10 mJ

dv/dt Peak Diode Recovery dv/dt @ -5.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRFD9~~20

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -200 --- --- V VGs=OV, 10=-250~A

ilBVossf,nJ Te mp. Coefficient of Breakdown Voltage --- nfa --- VfoC Reference to 25°C, 10=-1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 1.5 Q VGs=-10V, 10=-0.35A®

VGSlthl Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250~A

gfs Fe rward Transconductance nfa --- --- S Vos=-25V,ln!':=-0.35A®

loss Ze ro Gate Voltage Collector Current --- --- -250 ~A Vos=-200V, VGs=OV

--- --- -1000 Vos=-160V, VGs=OV,TJ=125°C

IGSS Gate-to-Source Forward Leakage --- --- -SOO VGs=-20V
nA

Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

Qa Total Gate Charge --- --- 13 10=-4.0A, Vos=-160V,
Qos Gate-to-Source Charge --- --- 2.4 nC VGs=-10V®
Qod GCite-to-Drain ("Miller") Charge --- --- 7.6

td(on) Turn-On Delay Time --- 20 --- Voo=-100V, 10=-4.0A
tr Ri:,e Time --- 30 --- RG=18Q, Ro=25Q®

Turn-Off Delay Time
ns

td(off) --- 25 ---
tf Fall Time --- 20 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) @~
Ls

nH from package,
Internal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance --- 340 --- VGs=OV, Vos=-25v

Coss O~ tput Capacitance --- 105 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 25 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -0.58
MOSFET symbol

~

(Body Diode)
A showing the

ISM Pulsed Source Current --- --- -4.6 integral reverse
(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -6.3 V TJ=25°C, 1!,:=-0.6A, Vr,!':=OV®
trr Reverse Recovery Time nfa --- nfa ns TJ=25°C, IF=-4.0A,
QRR Reverse Recovery Charge nfa --- nfa ~C difdt=-1 OOAl~S®

ton FOlward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + le)

Notes:

CD Repetitive rating; Pulse width limited by
max. junction temperature

® Voo=-50V, Starting TJ=25°C, L=41 mH,
RG=25Q, Peak IAs=-1.2A

® Iso$-4.0A, difdtS;-90Af~s, Voos;BVoss,
TJS;150°C Suggested RG=24Q

@) Pulse width S;300~s; duty Cycle s;2%

® Mounting surface:
flat, smooth, greased



International
~Rectifier IRFR014

IRFU014
• Surface Mount (IRFR014)
• Straight Lead (IRFU014)
• Dynamic dv/dt Rated

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
n-channel

BVoss
ROS(on)

10

60V
0.200
BAA

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

O-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc - 25°C Continuous Drain Current, VGs@10V 8.4

10@Tc - 100°C Continuous Drain Current, VGs@10V 6.0 A

10M Pulsed Drain Current (j) 34

Po@Tc-25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W!K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 47 mJ

dv/dt Peak Diode Recovery dv/dt <ID 4.5 V/ns

TJ Operating Junction and -55 to +175
Storaoe Temperature Ranoe °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm\ from case)

Parameter Min. Typ. Max. Units

R9Jc Junction-to-Case --- --- 5.0

Roes Case-to-Sink ® --- 1.7 --- KIW®
R9JA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFRO"14, IRFU014

Parameter Min. Typ. Max. Units Test Conditions

BVoss D 'ain-to-Source Breakdown Voltage 60 --- --- V VGs=OV,lo=250JlA

6BVOSS/6TJ Tump. Coefficient of Breakdown Voltage --- 0.63 --- V/oC Reference to 25°C, 10=1mA

ROSlon) Slatic Drain-to-Source On Resistance --- --- 0.20 Q VGs=10V, 10=S.OA®

VGSCthl G 3.teThreshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=250JlA

gls Forward Transconductance 2.4 --- --- S Vns=25V, Ins=5.0A®

loss Zuro Gate Voltage Collector Current --- --- 250 JlA Vos=60V, VGs=OV

--- --- 1000 Vos=48V, VGs=OV,TJ=1S0°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=20V
Golte-to-Source Reverse Leakage

nA--- --- -500 VGs=-20V

On TCltal Gate Charge --- --- 11 10=10A, Vos=48V, VGs=10V
Oos Gate-to-Source Charge --- --- 3.1 nC See Fig 6 and 13®
Ood Gate-to-Drain ("Miller") Charge --- --- 5.8

tdlon) Tllrn-On Delay Time --- 10 --- Voo=30V,lo=10A
t, Rise Time --- 50 --- RG=24Q, Ro=2.7Qns
td(ofQ Tl rn-Off Delay Time --- 13 --- See Fig. 10®
tf Fall Time --- 19 ---
LD Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) @"nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 300 --- VGs=OV, Vos=2

Coss Output Capacitance --- 160 --- pF f=1.0Mhz

Crss Reverse Transfer Capacitance --- 29 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 8.4
MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 34 integral reverse

(Body Diode) <D p-n junction diode.

VSD DicJde Forward Voltage --- --- 1.6 V T.,=25°C, Is=8.4A, Vr-.s=OV®
trr Re~erse Recovery Time 34 --- 140 ns TJ=2SoC, IF=10A,

°RR Re ~erse Recovery Charge 0.090 --- 0.40 JlC dildt= 1OOAlflS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + lol

CD Repetitive rating; Pulse width limited by
max. junction temperature (See figure 11)

® Iso~8.4A, dildt~90Alfls, VDo~BVoss,
TJ~175°C Suggested RG=24Q

® Mounting surface:
flat, smooth, greased

® Voo=25V, Starting TJ=25°C, L=850JlH,
RG=2SQ, Pea k IAS=8.4A (See figure 12)



I:rORI IRFU014, IRFR014
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IRFRO-14, IRFU014

VGS - av, f - 1MHz
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International
Il:C~RIRectifier

• Surface Mount (IRFR024)
• Straight Lead (IRFU024)
• Dynamic dv/dt Rated

S
n-channel

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR024
IRFU024

BVoss
ROS(on)

10

60V
O.10Q

16A

,.
D-Pak

TO-252AA I-Pak
TO-251AA

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGs@10V 16

lo@ Tc = 100°C Continuous Drain Current, VGS@10V 11 A

10M Pulsed Drain Current CD 64

Po@ Tc = 25°C Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (i) 91 mJ

dv/dt Peak Diode Recovery dv/dt Q) 5.5 V/ns

TJ Operating Junction and -55 to +175
Storaqe Temperature Ranqe °C

Solderinq Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 3.0
Recs Case-to-Sink ® --- 1.7 --- KIW®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFRO~~4,IRFU024

Parameter Min. Typ. Max. Units Test Conditions

BVDSS DI'ain-to-Source Breakdown Voltage 60 ..- ..- V VGs=OV, ID=250~A

t.BVDss/t. TJ Tnmp. Coefficient of Breakdown Voltage --- 0.061 --- V/oC Reference to 25°C, ID=1mA

RDS(on) Static Drain-to-Source On Resistance --- --- 0.10 Q VGs=10V, ID =9.6A®

VGSrthl G.~te Threshold Voltage 2.0 --- 4.0 V VDS=VGS, ID=250~A

gfs Forward Transconductance 6.2 ..- ..- S VDs=25V, IDS=9.6A®
IDSS Zuro Gate Voltage Collector Current --- ..- 250 ~A VDs=60V, VGs=OV

--- ..- 1000 VDs=48V, VGs=OV,TJ=150°C

IGss G;lte-to-Source Forward Leakage --- --- 500 VGs=20V
nA

G;lte-to-Source Reverse Leakage --- --- -SOO VGs=-20V
Qo Total Gate Charge --- --- 28 ID=14A, VDs=48V, VGs=10V
Qos Gate-to-Source Charge --- --- 5.4 nC See Fig 6 and 13®
Qod Gate-to-Drain ("Miller") Charge --- --- 13

td(on) Turn-On Delay Time --- 8.6 --- VDD=30V, ID=14A
tr Rise Time --- 47 --- RG=18Q, RD=2.0Qns
td(ofQ TLlrn-Off Delay Time --- 27 --- See Fig. 10®
tf Felli Time --- 37 ---
LD Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Inlernal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 640 ..- VGs=OV, VDs=2(See figure 12)

Coss Output Capacitance --- 360 --- pF f=1.0Mhz
Crss RElverse Transfer Capacitance --- 79 ..- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is CClntinuous Source Current --- --- 16
MOSFET symbol

~

(Body Diode)
A showing the

ISM Pulsed Source Current --- ..- 64 integral reverse
(Body Diode) CD p-n junction diode.

VSD Diode Forward Voltage ..- ..- 1.5 V TI=25°C, 1!,;=16A, Vr,!';=OV®
trr Reverse Recovery Time 49 ..- 200 ns TJ=25°C, IF=14A,
QRR Reverse Recovery Charge 0.22 --- 0.88 ~C di/dt= 1OOAl~S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive rating; Pulse width limited by
max. junction temperature (See figure 11)

® IsD:>16A, di/dt:>11 OAl~s, VDD:>BVDss,
TJ:>175°C Suggested RG=18Q

@ Pulse width:> 300fls; duty Cycle :>2%

® Mounting surface:
flat, smooth, greased

@ VDD=25V, Starting TJ=25°C, L=450~H,
RG=25Q, Peak IAS=16A (See figure 12)



Ul0..
E
~
E
~ 101

:s
()

c:.~
o
o

20us PULSE WIDTH
Te = 250e

100 101

VOS, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,
Tc = 25°C

;..0-
I .,..,., ~
25°C ./ V .,..,.,V

~
/'

#~ V 1750C

77
7

/ /
'/

I VOS = 25V
20us PULSE WIDTH

Ul0..
E
~
E 101
~•..
::l
()

c:
'(ij•..
0
0

100
4 5 6 8 9

VGS, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

IRFU024, IRFR024

VGS
TOP l!5V

'OV
8.0\'
7.011
6.0V
!S .~v
!5 .011

BOTTOM ".!5V

20us PULSE WIDTH
Te = 1750e

100 101

VOS, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,
Tc = 150°C

IO = 14A

,/

/"

V
~/'

........-; ..-.--
vGS = 10V

Q)

g
eu
iil 2.5
'(ij
Q)a:
c: 2.0
0:0
Q) Q)

~.~5 'iii 1.5
C/)E
'0.9z

C: ~ 1.0O§
o
'2 0.5

&oa:
0.0

-60 -40 -20 0 20 40 60 80 100 120 140 160 180

TJ, Junction Temperature (0C)

Fig 4. Normalized On-Resistance Vs.
Temperature



IRFRO:~4,IRFU024
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IRFU024, IRFR024
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International
~Rectifier

• Surface Mount (IRFR11 0)
• Straight Lead (IRFU11 0)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR110
IRFU110

BVOSS

ROS(on)

10

100V
O.54Q
4.7A

••D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 4.7

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 3.3 A

10M Pulsed Drain Current (j) 19

Po@ Tc = 25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy ~ 100 mJ

IAR Avalanche Current (j) 4.7 A

EA~ Repetitive Avalanche Enerav (j) 3.0 mJ

dv/dt Peak Diode Recovery dv/dt Q) 5.5 V/ns

TJ Operating Junction and -55 to +175
T!':Tr:l Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mml from case)

Parameter Min. Typ. Max. Units

RaJc Junction-to-Case --- --- 5.0

Recs Case-to-Sink ® --- 1.7 --- K/W®
RaJA Junction-to-Ambient, Typical Socket Mount _ .. --- 110



IRFR110, IRFU11 0

Parameter Min. Typ. Max. Units Test Conditions

BVoss Dr,ain-to-Source Breakdown Voltage 100 --- --- V VGs=OV,lo=250J.lA

t>BVosslt>TJ Temp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 25°C, 10=1mA

RoSlon) Static Drain-to-Source On Resistance --- --- 0.54 Q VGs=10V, 10=2.8A®

VGSClh) Gclte Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250J.lA

grs Forward Transconductance 1.6 --- --- S Vn!,;=50V,ln!,;=2.8A®

loss Zero Gate Voltage Collector Current --- --- 250 J.lA Vos=100V, VGs=OV

--- --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGSS Gelte-to-Source Forward Leakage --- --- 500 VGs=20V
nA

Gelte-to-Source Reverse Leakage --- --- -500 VGs=-20V

Qo Total Gate Charge --- --- 8.3 10=5.6A. Vos=80V, VGs=10V
Qos Gelte-to-Source Charge --- --- 2.3 nC See Fig 6 and 13®
Qod GCite-to-Drain ("Miller") Charge --- --- 3.8

tdlon) Turn-On Delay Time --- 6.9 --- Voo=50V, 10=5.6A
tr Ri:;e Time --- 16 --- RG=24Q, Ro=8.4Qns
~(off) Turn-Off Delay Time --- 15 --- See Fig. 10®
tf Fall Time --- 9.4 ---
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 180 --- VGs=OV, Vos=25V

Coss Output Capacitance --- 80 --- pF f=1.0Mhz
Crss RElverse Transfer Capacitance --- 15 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is CClntinuous Source Current --- --- 4.7 MOSFET symbol

~

(Body Diode)
A showing the

ISM PLllsed Source Current --- --- 19 integral reverse
(Body Diode) <D p-n junction diode.

Vso Di xle Forward Voltage --- --- 2.5 V TJ=25°C, Is=4.7A, VG!';=OV®

t" REtverse Recovery Time 50 --- 200 ns TJ=25°C, If=5.6A,
QRR REiverse Recovery Charge 0.22 --- 0.88 J.lC dildt= 1OOAlJ.lS®

ton Fe,rward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

(j) Repetitive relting; Pulse width limited by
max. junction temperature (See figure 11)

® Voo=25V, Starting TJ=25°C, L=7.4mH,
RG=25Q, Peak IAS=4.7A (See figure 12)

® Iso:54.7A. di/dt:575A1J.ls, Vo0:5BVoss,
TJ:5175°C Suggested RG=24Q

® Pulse width :5300J.ls; duty Cycle :52%

® Mounting surface:
flat, smooth, greased
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IRFR1110, IRFU11 0

VGS = av, f = 1MHz
C1SS = Cgs + Cgd, Cds SHORTED
Crss = Cgd
Cass - Cds + Cgd
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International
IIC~RIRectifier IRFR120

IRFU120
• Surface Mount (IRFR120)
• Straight Lead (IRFU120)
• Repetitive Avalanche Rated
• Oynamic dv/dt Rated

S
n-channel

BVoss
ROS(on)

10

100V
0.27Q
8.4A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase. infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO·252AA I-Pak

TO·251AA

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current. VGs@10V 8.4

10@ Tc = 100°C Continuous Drain Current, VGs@10V 6.0 A

10M Pulsed Drain Current (j) 34

Po@ Tc = 25°C Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy <2l 210 mJ

IAR Avalanche Current (j) 8.4 A

EAR Repetitive Avalanche Energy (j) 5.0 mJ

dv/dt Peak Diode Recovery dv/dt <ID 5.5 V/ns
TJ Operating Junction and -55 to +175
T!,;T(:; Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction·to-Case --- ... 3.0
Racs Case-to-Sink ® --- 1.7 --- K/W®
RaJA Junction-to-Ambient, Typical Socket Mount --. ... 110



IRFR1~~O,IRFU120

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 --- _.- V VGs=OV, 10=250~A

~BVoss/.HJ Tl3mp. Coefficient of Breakdown Voltage --- 0.13 ... VloC Reference to 25°C, 10=1mA

ROSCon) S':atic Drain-to-Source On Resistance --- --- 0.27 Q VGs=10V,lo =5.0A®

VGSlthl Gate Threshold Vo~age 2.0 _ .. 4.0 V Vos=VGS, 10=250~A

gfs Fl)rward Transconductance 1.6 ._- --- S Vos=50V, los=5.0A®

loss Z'3ro Gate Voltage Collector Current --- --- 250 ~A Vos=100V, VGs=OV

--- --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

Gate-to-Source Reverse Leakage --- --- -500 VGs=-20V

Qe TI)tal Gate Charge --- _.- 16 10=9.2A, Vos=80V, VGs=10V
Qos Gate-to-Source Charge --- --- 4.4 nC See Fig 6 and 13®
Qed Gate-to-Drain ("Miller") Charge --- --- 7.7

td(on) Turn-On Delay Time --- 6.8 --- Voo=50V, 10=9.2A
tr Rise Time --- 27 --- RG= 18Q, Ro=5.2Qns
td(off) Turn-Off Delay Time --- 18 --- See Fig. 10®
tf Fall Time --- 17 ---
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§~nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 360 --- VGs=OV, Vos=25V
Coss Output Capacitance --- 150 --- pF f=1.0Mhz
Crss B3verse Transfer Capacitance --- 34 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is C>ntinuous Source Current --- --- 8.4
MOSFET symbol

~

(E,ody Diode)
A showing the

ISM Pulsed Source Current --- --- 34 integral reverse
(E:ody Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 2.5 V T,=25°C, 1!':=8.4A, Vr-,!':=OV®

t" R'3verse Recovery Time 65 --- 260 ns TJ=25°C, IF=9.2A,
QRR R'3verse Recovery Charge 0.33 --- 1.3 ~C di/dt= 1OOA!~S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

<D Repetitive rating; Pulse width limited by
max. jundiontemperature (See figure 11)

@ Voo=50V, Slarting TJ=25°C, L=4.4mH,
RG=25Q, Pe ak IAS=8.4A (See figure 12)

® IsoS8.4A, di/dtS11 OA!~s, VoosBV ass,
TJS175°C Suggested RG=18Q

® Pulse width s 300~s; duty Cycle S2%

® Mounting surface:
flat, smooth, greased
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IRFR1:20, IRFU120
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International
IIC)R I Rectifier IRFR210

IRFU210
• Surface Mount (IRFR21 0)
• Straight Lead (IRFU210)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

BVoss
ROS(on)

10

200V
1.5Q
2.6A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25·C Continuous Drain Current, VGS@10V 2.6

lo@ Tc - 100·C Continuous Drain Current, VGs@10V 1.7 A

10M Pulsed Drain Current CD 8.0

Po@ Tc = 25·C Maximum Power Dissipation 25 W
Linear Derating Factor 0.20 W/K®

VGS Gate-to-Source Breakdown Voltage +20 V

EAS Single Pulse Avalanche Energy ~ 64 mJ

IAR Avalanche Current CD 2.7 A

EAR Repetitive Avalanche Energy CD 2.5 mJ

dv/dt Peak Diode Recovery dv/dt Q) 5.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range ·C

SolderinQ Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

ROJc Junction-to-Case .-. --- 5.0

Rocs Case-to-Sink ® --- 1.7 --- K/W®
ROJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR2'10, IRFU210

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 200 --- --- V VGs=OV, 10=25OIlA

6BVoss/6Tu Temp. Coefficient of Breakdown Voltage --- 0.30 --- V/OC Reference to 25°C, 10=1mA

RoSCon) Static Drain-to-Source On Resistance --- --- 1.5 Q VGs=10V, 10=1.6A@)

VGSfthl G ate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250IlA

gts Forward Transconductance 1.2 --- --- S VDs=50V,IDs=1.6A@)

loss Zero Gate Voltage Collector Current --- --- 250 IlA Vos=200V, VGs=OV

--- --- 1000 Vos=160V, VGs=OV,Tu=125°C

IGss G ate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

G ate-to-Source Reverse Leakage --- --- -SOO VGs=-20V

Oa Total Gate Charge --- --- 8.2 10=3.3A, Vos=160V,
Oos Gate-to-Source Charge --- --- 1.8 nC VGs=10V@)

°od G ate-to-Drain ("Miller") Charge --- --- 4.5

td(on) Turn-On Delay Time --- 8.2 --- Voo=100V,lo=3.3A
tr Rise Time --- 17 --- RG=24Q, Ro=30Q@)ns
td(ofQ Turn-Off Delay Time --- 14 ---
tf Fall Time --- 8.9 ---
Lo Irternal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) @'"Ls
nH from package,

Irternal Source Inductance --- 7.5 --- and center of die LS
contact. s

Ciss Ir put Capacitance --- 140 --- VGs=OV, Vos=25

Coss Output Capacitance --- 53 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 15 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 2.7 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 8.0 integral reverse

(Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- 2.0 V T,J=25°C, Is=2.7A, Vr,s=OV@)
trr Reverse Recovery Time 75 --- 310 ns Tu=25°C, If=3.3A,

°RR Reverse Recovery Charge 0.33 --- 1.4 IlC dildt=100AlIlS@)

ton F,)rward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive rating; Pulse width limited by
max. jundio, temperature

® IsoQ·7A, di/dt:QOAllls, Voo~BVoss,
Tu~150°C Suggested RG=24Q

® Pulse width ~ 300lls; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased

® Voo=50V, Starting Tu=25°C, L=16mH,
RG=2SQ. PE,ak 'AS=2.6A

For more information on the same die in a HD-1 package refer to IRFD210.



International
I:rC)R I Rectifier IRFR214

IRFU214
• Surface Mount (IRFR214)
• Straight Lead (IRFU214)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

BVDSS

ROS(on)

ID

250V
2.00
2.2A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TQ-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGs@10V 2.2

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 1.4 A

10M Pulsed Drain Current (j) 8.8
Po@ Tc = 25°C Maximum Power Dissipation 25 W

Linear Derating Factor 0.20 W/K®
VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 61 mJ

IAR Avalanche Current (j) 2.2 A

EAR Repetitive Avalanche Energy (j) 2.5 mJ
dv/dt Peak Diode Recovery dv/dt Q) 2.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °c

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 5.0
Recs Case-to-Sink ® --- 1.7 --- K!W®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR214,IRFU214

Parameter Min. Typ. Max. Units Test Conditions

BVDss Drain-to-Source Breakdown Voltage 2S0 --- --- V VGs=OV,ID=2S0f.LA

t.BV Dssl t.TJ Temp. Coefficient of Breakdown Voltage --- 0.39 --- V/oC Reference to 2SoC, ID=1mA

RDSlonl matic Drain-to-Source On Resistance --- --- 2.0 n VGs=10V, ID =1.3A®

VGSIlhl Gate Threshold Voltage 2.0 --- 4.0 V VDs=VGs,ID=2S0f.LA

gts Forward Transconductance 1.2 --- --- S Vns=SOV,lns=1.3A®
IDss Zero Gate Voltage Collector Current --- --- 2S0 f.LA VDs=2S0V, VGs=OV

--- --- 1000 VDs=200V, VGs=OV,TJ=12SoC

IGss Gate-to-Source Forward Leakage --- --- SOO VGs=20V
nA

Gate-to-Source Reverse Leakage --- --- -SOO VGs=-20V

00 --otal Gate Charge --- --- 8.2 ID=2.7A, VDs=200V,
OgS Gate-to-Source Charge --- --- 1.8 nC VGs=10V®
Ogd Gate-to-Drain ("Miller") Charge --- --- 4.S

td{onl -rum-On Delay Time --- 7.0 --- VDD=12SV,ID=2.7A
tr Hise Time --- 7.6 --- RG=24n, RD=4Sn®ns
td(otn -rum-Off Delay Time --- 16 ---
tt Fall Time --- 7.0 ---
LD Internal Drain Inductance --- 4.S --- Between lead, D

6mm (0.2Sin.) 4§"nH from package,
Ls Internal Source Inductance --- 7.S --- and center of die LS

contact. s

Ciss Input Capacitance --- 140 --- VGs=OV, VDs=2SV
Coss Output Capacitance --- 42 --- pF f=1.0Mhz
Crss Heverse Transfer Capacitance --- 9.6 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 2.2 MOSFET symbol

~

lBody Diode) showing theA
ISM Pulsed Source Current --- --- 8.8 integral reverse

lBody Diode) (j) p-n junction diode.

VSD Diode Forward Voltage --- --- 2.0 V TI=2SoC, k=2.2A, Vr-,s=OV®
trr Heverse Recovery Time 97 --- 390 ns TJ=2soC,lf=2.7A,

°RR Heverse Recovery Charge 0.32 --- 1.3 f.LC di/dt= 1OOAlf.LS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + LD)

Notes:

CD Repetitive rating; Pulse width limited by
max. jundi)n temperature (See figure 11)

® VDD=SOV, .Starting TJ=2SoC, L=21 mH,
RG=2Sn, Peak IAS=2.2A

® IsD:52.2A, dildt:56SAlf.Ls, VDD:5BVDSS'
TJ:51S0°C Suggested RG=24n

® Pulse width:5 300f.Ls; duty Cycle :52%

® Mounting surface:
flat, smooth, greased
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IRFR214,IRFU214

VGS = av, f = 1MHz
Ciss = Cgs + Cgd' Cds SHORTED
Crss = Cgd
Cass = Cds + C d

iL
S 180
Q)
<..>
c
~'(3
C1la.
C1lo

Vos, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs. Drain-
to-Source Voltage

101

(j)a.
E
~
E
~::;
0
c 100.~
0
Q)
<Il
Qi
>
Q)a:
0
<Il

./

ISOOC
....-

./ /'

/" ./
,r //

./
!SOC/

I
I
/

1/ vGS = av
10-10.6 0.8 1.0 1.2

Vso, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

10 = 2 7A T T
Vas = 200V "\Vos = 125V
Vos = 50V_

/,/ f)
/ '/j

/ j'l
~

7

/ '/

I
/
I rOR TEST CIRCUIT

SEE FIGURE 13

Og, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs. Gate-
to-Source Voltage

102

5

(j)a.
E 10~
E
Q)

'-:;
0
c
'«j
'-0
0 5

= " rlT

== OPERATION IN THIS AREA LIMITED
BY RoS (ON)- /

/

"

~ iDOls

--: ,,. ,
lms

T
TC=250C 10mj

TJ=1500C
SINGLE PULSE

Vos, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating AreFl



2.4

2.0

f 1.6
~
'E
~ 1.2
:J
0
c:
.~ 0.8
0
6,...

0.4

...•....•..•
•••......

f'-- ..•..•
.........

"-
"- "- '\.

\
\

IRFU214,IRFR214

Vos
90%

Tc, Case Temperature (0C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

<:>
~

t:!.
<ll
Uc:
0a.
<J)
<lla:
(ij
E 0.1
Q5.c
f-

= ==== --
-- '" ••

0-0.

~

~i0.2

==
0.1 ----

--
0.05 --

I
o.o~ •••• ~G~E PULSE
0.01 (THERMAL RESPONSE)==~ == PDIrLr== ==- --

- -- I~t,-I I
-

__ ~2_

NOTES:
1. DUTY FACTOR. O~t1/t2
2. PEAK Tj=POM x Zthje + Te

10-4 10-3 10-2 O. 1

t1, Rectangular Pulse Duration (seconds)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case



IRFR2'14,IRFU214

j+-tp;

/
/

/
/

/

10
TOP .98A

1. 4A

\ BOTTOM 2.2A

\
\

'\ '"'" \

" " '\
...•.•

"'" ".'"....•.•.• •..........
~ ..•.•..

VOO = 50V -~

S 120.s
>.e>
Q)

tfj 90

Q)
Vl
"5
a. 60
Q)

C>
cen
Ji 30«

W

25 50 75 100 125 150

Starting TJ. Junction Temperature (0G)

Fig 12c. Maximum Avalanche Energy
VS. Drain Current

Current Re.20atorr - - Same Type- --
I as D.U.T.

I
bv .2J!F

I

International
I:I~)RIRectifier



International
IJ:C)R I Rectifier

• Surface Mount (IRFR220)
• Straight Lead (IRFU220)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR220
IRFU220

BVoss
ROS(on)

10

200V
0.80n
4.8A

""O-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc = 25°C Continuous Drain Current, VGS@10V 4.8

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 3.0 A

10M Pulsed Drain Current CD j 18

Po@Tc=25°C Maximum Power Dissipation 42 W

Linear Derating Factor 0.33 W/K®
VGS Gate-to-Source Breakdown Voltage +20 V

EAS Single Pulse Avalanche Energy (2) 130 mJ

IAR Avalanche Current CD 4.8 A

EAR Repetitive Avalanche EnerQY CD 4.2 mJ

dv/dt Peak Diode Recovery dv/dt Q) 5.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °C

SolderinQ Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

RaJc Junction-to-Case --- -_. 3.0

Roes Case-to-Sink ® --- 1.7 --- K/W®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR2:20, IRFU220

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 200 --- --- V VGs=OV,lo=2S0IlA

6BVoss/6TJ T'3mp. Coefficient of Breakdown Voltage --- 0.29 --- V/OC Reference to 2SoC, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.80 n VGs=10V, 10=2.9A®

VGS(lh) Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=2S0IlA

gls FI)rward Transconductance 1.7 --- --- S Vn~=SOV, In~=2.9A®
loss Zl3ro Gate Voltage Collector Current --- --- 2S0 IlA Vos=200V, VGs=OV

--- --- 1000 Vos=160V, VGs=OV,TJ=12SoC

IGss Gate-to-Source Forward Leakage ... ... SOO VGs=20V
nA

Gate-to-Source Reverse Leakage ._. --- -SOO VGs=-20V

On TI)tal Gate Charge _.- --- 14 10=S.2A, Vos=160V,
Oos Gate-to-Source Charge --- --- 3.0 nC VGs=10V®
Oed Gate-to-Drain ("Miller") Charge ._. --- 7.9

td(on) T urn-On Delay Time ..- 7.2 ._-
Voo=100V,lo=S.2A

t, Rise Time --- 22 --- RG=18n, Ro=19n®ns
td(off) T urn·Off Delay Time --- 19 ...
tf Fall Time ._. 13 ---
Lo Internal Drain Inductance --- 4.S Between lead, 0---

4§::6mm (0.2Sin.)
nH from package,

Ls Internal Source Inductance --- 7.S --- and center of die
contact. s

Ciss Input Capacitance --- 260 --- VGs=OV, Vos=2SV

Coss Output Capacitance --- 100 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 30 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 4.8
MOSFET "mbol ~(Body Diode) shOWing theA

ISM Pulsed Source Current --- --- 18 integral reverse G

(Body Diode) (j) p-n junction diode. s

Vso Diode Forward Voltage --- --- 1.8 V ll=2SoC, Is=4.8A, VGS=OV®
trr Reverse Recovery Time 7S ._- 300 ns TJ=2SoC, If=S.2A,

ORR Reverse Recovery Charge 0.46 --- 1.8 IlC dildt= 1OOAlIlS®

ton FI)rward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

Notes:

<D Repetitive rating; Pulse width limited by
max. junction temperature

® Voo=SOV, Starting TJ=2SoC, L=8.SmH,
RG=2Sn, Pnak IAs=4.8A

® Iso<:;4.8A, di/dt<:;9SAllls, Voo<:;BVoss,
TJ<:;1S0°C Suggested RG=18n

® Pulse width <:;300IlS; duty Cycle <:;2%

® Mounting surface:
flat, smooth, greased



International
IJ:C~RIRectifier IRFR224

IRFU224
• Surface Mount (IRFR224)
• Straight Lead (IRFU224)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

BVDSS

RDS(on)

ID

250V
101Q

3.8A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 3.8

10@Tc = 100°C Continuous Drain Current, VGS@10V 2.4 A

10M Pulsed Drain Current (j) 14

Po@ Tc = 25°C Maximum Power Dissipation 42 W
Linear Derating Factor 0.33 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (i) 130 mJ

IAR Avalanche Current (j) 3.8 A

EA~ Repetitive Avalanche Energy (j) 4.2 mJ

dv/dt Peak Diode Recovery dv/dt @ 4.8 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJC Junction-to-Case --- --- 3.0

Roes Case-to-Sink ® --- 1.7 --- KIW®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR2~~4,IRFU224

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 250 --- --- V VGs=OV,lo=250f.lA

t.BV ossl t.TJ TElmp. Coefficient of Breakdown Voltage --- 0.36 --- V/oC Reference to 25°C, 10=1mA

RoSlon) Static Drain·to-Source On Resistance --- --- 1.1 n VGs=10V, 10=2.3A®

VGSlth) Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=250f.lA

gts Forward Transconductance 1.7 --- --- S Vns=5.0V, Ins=2.3A®

loss loro Gate Voltage Collector Current --- --- 250 f.lA Vos=250V, VGs=OV
_.- ..- 1000 Vos=200V, VGs=OV,TJ=125°C

IGss G:ite-to-Source Forward Leakage --. --- 500 VGs=20V
nA

VGs=-20VG.ite-to-Source Reverse Leakage --- --- -500

Qe Total Gate Charge --- .-- 14 10=4.4A, Vos=200V,
QQS G.ite-to-Source Charge --- --- 2.7 nC VGs=10V®
Qed G.ite-to-Drain ("Miller") Charge .-- --- 7.B

td(on) Tllrn-On Delay Time --- 7.0 --- Voo=125V,lo=4.4A
tr Rise Time --- 13 --- RG=1Bn, Ro=2Bn®ns
td(off) Tllrn-Off Delay Time --- 20 ---
tf Fall Time ._- 12 ---
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§~nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 260 --- VGs=OV, Vos=25V

Cess OJtput Capacitance --- 71 --- pF f=1.0Mhz

Crss R'3verse Transfer Capacitance --- 15 ---

Parameter Min. Typ. Max. Units Test Conditions

Is C,)ntinuous Source Current --- --- 3.B MOSFET symbol 4ij(E,ody Diode) showing theA
ISM PlJlsed Source Current --- --- 14 integral reverse

(E,ody Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 1.B V TI=25°C, k=3.BA, Vr,~=OV®
trr R,werse Recovery Time 100 --- 400 ns TJ=25°C, IF=4.4A,

QRR R<3verse Recovery Charge 0.47 --- 1.9 f.lC di/dt= 1OOAlf.lS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

<D Repetitive rating; Pulse width limited by
max. junctiol1 temperature

® Iso~3.BA, di/dt~90Alf.ls, Voo~BVoss,
TJ~150°C Suggested RG=1Bn

® Pulse width ~ 300f.ls; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased

@ Voo=50V, Starting TJ=25°C, L=14mH,
RG=25n, PEtak IAs=3.8A



International
IIC)R I Rectifier

• Surface Mount (IRFR31 0)
• Straight Lead (IRFU310)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase. infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR310
IRFU310

BVoss
ROS(on)

10

400V
3.6Q
1.7A

O-Pak
TO-252AA 1-P ak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 1.7

lo@ Tc = 100°C Continuous Drain Current, VGS@10V 1.1 A

10M Pulsed Drain Current (j) 5.0

Po@ Tc = 25°C Maximum Power Dissipation 25 W
Linear Derating Factor 0.20 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 86 mJ

IAR Avalanche Current (j) 1.7 A

EAR Repetitive Avalanche EnerQY (j) 2.5 mJ

dv/dt Peak Diode Recovery dv/dt @ 4.0 V/ns

TJ Operating Junction and -55 to +150
T!':Tr. Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

RaJc Junction-to-Case --- --- 5.0

Roes Case-to-Sink ® --- 1.7 --- Km®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR310, IRFU310

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 400 --- --- V VGs=OV, 10=250~A

t.BV ossl t.TJ TElmp. Coefficient of Breakdown Voltage --- 0.47 --- V/OC Reference to 25°C, 10=1mA

ROS(onl Static Drain-to-Source On Resistance ._- ._- 3.6 Q VGs=10V, 10=1.0A®

VGSCthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=250~A

grs Forward Transconductance 0.97 --- --- S Vm;=50V, In!,:=1.0A®

loss Zuro Gate Voltage Collector Current --- --- 250 ~A Vos=400V, VGs=OV

--- --- 1000 Vos=320V, VGs=OV,TJ=125°C

IGSS G :ite-to-Source Forward Leakage --- --- 500 VGs=20V
nA

G :ite-to-Source Reverse Leakage --- --- -SOO VGs=-20V

00 Total Gate Charge --- --- 12 10=2.0A, Vos=320V,
°QS G:ite-to-Source Charge --- _.- 1.9 nC VGs=10V®
OQd G:ite-to-Drain ("Miller") Charge ..- --- 6.5

tdronl Turn-On Delay Time --- 7.9 --- Voo=200V, 10=2.0A
t, Rse Time --- 9.9 --- RG=24Q, Ro=95Q®ns
td(off) Turn-Off Delay Time --- 21 ---
tf Fall Time ._. 11 .-.
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) @~nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 170 --- VGs=OV, Vos=25V

Coss Output Capacitance --- 34 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 6.3 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.7 MOSFET symbol 4ij(Body Diode) showing theA
ISM Pulsed Source Current --- --- 4.3 integral reverse

(Body Diode) <D p-n junction diode.

Vso Diode Forward Voltage --- --- 1.6 V TJ=25°C, Is=1.7A, VGs=OV®

t" Reverse Recovery Time 120 --- 540 ns TJ=25°C, IF=2.0A,

°RR Reverse Recovery Charge 0.32 --- 1.6 ~C di/dt= 1OOA!~S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

CD Repetitive rating; Pulse width limited by
max. junction temperature

® Iso:51.7A, di/dt:540A!~s, Voo:5BVoss,
TJ:5150°C Suggested RG=24Q

® Pulse width :5300~s; duty Cycle :52%

® Mounting surface:
flat, smooth, greased

@ Voo=50V, ~,tarting TJ=25°C, L=32mH,
RG=25Q, P'3ak IAS=1.7A



International
IJ:C)R I Rectifier IRFR320

IRFU320
• Surface Mount (IRFR320)
• Straight Lead (IRFU320)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

BVoss
ROS(on)

10

400V
1.80
3.1A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 3.1

lo@ Tc = 100°C Continuous Drain Current, VGs@10V 2.0 A

10M Pulsed Drain Current (j) 11

Po@Tc = 25°C Maximum Power Dissipation 42 W
Linear Derating Factor 0.33 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 160 mJ
IAR Avalanche Current (j) 3.1 A
EAR Repetitive Avalanche Enemy (j) 4.2 mJ
dv/dt Peak Diode Recovery dv/dt Q) 4.0 V/ns

TJ Operating Junction and -55 to +150
T!,;Tr. Storage Temperature Range °c

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 3.0
Recs Case-to-Sink ® --- 1.7 --- KIW®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR3~~O,IRFU320

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 400 --- --- V VGs=OV, 10=2S011A

t>BVossl t>TJ Temp. Coefficient of Breakdown Voltage --- 0.S1 --- V/oC Reference to 2SoC, 10=1mA

ROSlon) Static Drain-to-Source On Resistance ._. --- 1.8 Q VGs=10V, 10=1.9A®

VGS1th) Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=2S011A

gls Fe rward Transconductance 1.S --- --- S Vn",=SOV, In",=1.9A®

loss Ze ro Gate Voltage Collector Current --- --- 2S0 llA Vos=400V, VGs=OV
._- --- 1000 Vos=320V, VGs=OV,TJ=12SoC

IGss Gate-to-Source Forward Leakage ._- --- SOO VGs=20V
nA

Gate-to-Source Reverse Leakage --- --- -SOO VGs=-20V
Qa Total Gate Charge --- --- 20 10=3.3A, Vos=320V,
QQS Gate-to-Source Charge --- --- 3.3 nC VGs=10V®
Qad Gate-to-Drain ("Miller") Charge --- --- 11

tdlon) Turn-On Delay Time --- 10 --- Voo=200V, 10=3.3A
t, Ri:le Time --- 14 --- RG=18Q, Ro-S6Q®ns
td(off) Turn-Off Delay Time --- 30 ---
tf Fall Time --- 13 ---
Lo Internal Drain Inductance --- 4.S --- Between lead,

6mm (0.2Sin.) 4§~nH from package,
Ls Internal Source Inductance --- 7.S --- and center of die LS

contact. s
Ciss Input Capacitance --- 3S0 --- VGs=OV, Vos=2SV
Coss OL tput Capacitance ._. 64 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 8.1 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- .-- 3.1 MOSFET symbol

~

(Body Diode)
A showing the

ISM Pulsed Source Current --- --- 11 integral reverse
(Body Diode) (j) p-n junction diode.

Vso DiclCle Forward Voltage --- --- 1.6 V T.J=2SoC, h:;=3.1A, Vm;=OV®

t" Reverse Recovery Time 120 ... 600 ns TJ=2SoC, IF=3.3A,
QRR Reverse Recovery Charge 0.64 --- 3.0 llC di/dt= 1OOAlllS®

tan FOlward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lol

<D Repetitive rating; Pulse width limited by
max. junction temperature

® Iso~3.1A, di/dt~6SAllls, Voo~BVoss,
TJ~1S0°C Suggested RG=18Q

® Mounting suriace:
flat, smooth, greased

® Voo=SOV, StCirting TJ=2SoC, L=20mH,
RG=2SQ, Peak IAs ••3.1 A



International
IJ:C~RIRectifier IRFR420

IRFU420
• Surface Mount (IRFR420)
• Straight Lead (IRFU420)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

S
n-channel

BVoss

ROS(on)

10

SOOV
3.00
2.4A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

ID@ Tc = 25°C Continuous Drain Current, VGs@10V 2.4

ID@ Tc = 100°C Continuous Drain Current, VGs@10V 1.5 A

IDM Pulsed Drain Current <D 8.0

PD@ Tc = 25°C Maximum Power Dissipation 42 W

Linear Derating Factor 0.33 W/K®
VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 170 mJ

IAR Avalanche Current <D 2.4 A

EAR Repetitive Avalanche Eneroy <D 4.2 mJ

dv/dt Peak Diode Recovery dv/dt <ID 3.5 V/ns

TJ Operating Junction and -55 to +150
Tf;Tc:l Storage Temperature Range °c

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

RaJc Junction·to·Case --- --- 3.0

Recs Case-to-Sink ® --- 1.7 ... KMI®
RaJA Junction-to-Ambient, Typical Socket Mount -.. --. 110



IRFR420, IRFU420

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drclin-to-Source Breakdown Voltage 500 --- --- V VGs=OV,lo=25011A

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage --- 0.59 .-. V/oC Reference to 25°C, 10=1mA

RoSlon) Static Drain-to-Source On Resistance --- --- 3.0 Q VGs=10V, 10=1.4A®

VGS(th) Ga':e Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=25011A

grs Forward Transconductance 1.0 --- -_. S Vos=50V, los=1.4A®

loss Zero Gate Voltage Collector Current --- --- 250 llA Vos=500V, VGs=OV

--- --- 1000 Vos=400V, VGs=OV,TJ=125°C

IGss Ga':e·to-Source Forward Leakage --. --' 500 VGs=20V
nA

VGs=-20VGa':e-to-Source Reverse Leakage --- --- -SOO

Qo Total Gate Charge --- --- 19 10=2.1A, Vos=400V,
QgS Gate-to-Source Charge --- --- 3.3 nC VGs=10V®
Qod Gate-to-Drain ("Miller") Charge ._- ._- 13

tdron) Turn-On Delay Time --- 8.0 --- Voo=250V,lo=2.1A
t, Rise Time --- 8.6 '-- RG= 18Q, Ro= 120Q®ns
td(off) Turn-Off Delay Time --- 33 ---
tr Fal Time ... 16 ---
Lo IntEtrnal Drain Inductance --- 4.5 --- Between lead, D

6mm (0.25in.) 4§~nH from package,
Ls IntElrnal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Inp Jt Capacitance --- 360 --- VGs=OV, Vos=25V

Coss Oul put Capacitance --- 92 ... pF f=1.0Mhz

C,ss Rel/erse Transfer Capacitance --- 37 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 2.4 MOSFET symbol

~

(Body Diode) showing theA
ISM Pul,ed Source Current --- --- 8.0 integ ral reverse

(Body Diode) (j) p-n junction diode.

Vso Dio:Je Forward Voltage --- --- 1.6 V T,=25°C, 1!':=2,4A, Vr-,!':=OV®
trr Reverse Recovery Time 130 --- 520 ns TJ=25°C, IF=2.1 A,
QRR Reverse Recovery Charge 0.35 --- 1.4 llC di/dt= 1OOAlllS®

ton ForNard Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

Q) Repetitive rat ng; Pulse width limited by
max. junction temperature

® IsoS2.4A, di/dtS50Allls, VooSBVoss,
TJS150°C Suggested RG=18Q

® Mounting surface:
flat, smooth, greased

@ Voo=50V, Starting TJ=25°C, L=34mH,
RG=25Q, Peak IAS=2.4A

For more information on the same die in a TO-220 package refer to IRF820.



International
~Rectifier IRFR9014

IRFU9014
• Surface Mount (IRFR9014)
• Straight Lead (IRFU9014)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• P-Channel

S
p-channel

BVoss
ROS(on)

10

-60V
0.50n
-5.6A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D~ ff!
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Te= 25°C Continuous Drain Current, VGs@-1 OV -5.6

10@ Te = 100°C Continuous Drain Current, VGs@-1 OV -3.9 A

10M Pulsed Drain Current CD -22

Po@ Te = 25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 140 mJ

JAR Avalanche Current CD -5.6 A

EAR Repetitive Avalanche EnerQY CD 3.0 mJ

dv/dt Peak Diode Recovery dv/dt @ -4.5 V/ns

TJ Operating Junction and -55 to +175
T!>TG Storage Temperature Range °C

Solderina Temperature, for 10 sec. 30010.063 in. 11.6mm) from case)

Parameter Min. Typ. Max. Units

RaJe Junction-to-Case --- --- 5.0

Roes Case-to-Sink ® --- 1.7 --- KN-/®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9014,IRFU9014

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -60 --- --- V VGs=OV, 10=-2S0IlA

~BVoSS/~TJ Te IIp. Coefficient of Breakdown Voltage --- 0.061 --- V/oC Reference to 2SoC, 10=-1mA

RoS(on) Stcltic Drain-to-Source On Resistance --- --- O.SO Q VGs=-10V, 10=-3.4A®

VGSlthl Gale Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-2S0IlA

gfs FOlward Transconductance 1.4 --- --- S Vos=-2SV,los=-3.4A®

loss Zel·o Gate Voltage Collector Current --- --- -2S0 IlA Vos=-60V, VGs=OV

--- --- -1000 Vos=-48V, VGs=OV,TJ=1S0°C

IGss Gate-to-Source Forward Leakage --- --- -SOO VGs=-20V
nA

Gate-to-Source Reverse Leakage --- --- SOO VGs=20V

Qa Tolal Gate Charge --- --- 10 10=-S.6A, Vos=-48V, VGs=-10V
Qos Gale-to-Source Charge --- --- 2.6 nC See Fig 6 and 13®
Qed Gate-to-Drain ("Miller") Charge --- --- S.7

tdlon) TUln-On Delay Time --- 11 --- Voo=-30V,lo=-S.6A
tr Rise Time --- 40 --- RG=24Q, Ro=4.9Qns
~(off) Turn-Off Delay Time --- 13 --- See Fig. 10®
tf Fall Time --- 17 ---
Lo IntEIrnal Drain Inductance --- 4.S --- Between lead, 0

6mm (0.2Sin.) @"nH from package,
Ls IntElmal Source Inductance --- 7.S --- and center of die LS

contact. s
Ciss Inp 1t Capacitance --- 280 --- VGs=OV, Vos=-2SV

Coss Oul put Capacitance --- 170 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 37 --- See Fig. S

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -S.6 MOSFET symbol 4ij(Body Diode) showing theA
ISM Puhed Source Current --- --- -22 integral reverse

(Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- -S.S V T.l=2SoC, 1~=-S.6A, Vr;~=OV®
trr Re~erse Recovery Time 3S --- 140 ns TJ=2SoC, IF=-S.6A,

QRR Re~erse Recovery Charge 0.049 --- 0.20 IlC di/dt=-100AlIlS®

ton FonlVard Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. junction temperature (See figure 11)

® Isos-S.6A, di/dts-90A/IlS, VoosBVoss,
TJS17SoC Suggested RG=24Q

® Pulse width s 300IlS; duty Cycle s2%

® Mounting surface:
flat, smooth, greased

@ Voo=-2SV, Stating TJ=2SoC, L=S.3mH,
RG=2SQ, Peal( IAs=-S.6A (See figure 12)
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IRFR9014, IRFU9014
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IRFU9014, IRFR9014
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IRFR9014, IRFU9014
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International
~Rectifier IRFR9024

IRFU9024
• Surface Mount (IRFR9024)
• Straight Lead (IRFU9024)
• Repetitive Avalanche Rated
• Oynamic dv/dt Rated
• P-Channel

S
p-channel

BVoss
ROS(on)

10

-60V
0.28Q
-9.6A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
waite soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

,.
O-Pak

TO-252AA I-Pak
TO-251AA

Parameter Max. Units

Io.@ TC = 25·C Continuous Drain Current, VGS@-1OV -9.6

ID @ TC = 1OO·C Continuous Drain Current, VGs@-10V -6.8 A

IDM Pulsed Drain Current (j) -38

PD@ Tc = 25·C Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 300 mJ

IAR Avalanche Current (j) -9.6 A

EAR Repetitive Avalanche Enerqy (j) 5.0 mJ

dv/dt Peak Diode Recovery dv/dt @ -4.5 V/ns

TJ Operating Junction and -55 to +175
T!':Tr. Storage Temperature Range ·C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

RaJc Junction-to-Case --- --- 3.0

Roes Case-to-Sink ® --- 1.7 --- KIW®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9024, IRFU9024

Parameter Min. Typ. Max. Units Test Conditions

BVoss Dr,iin-to-Source Breakdown Voltage -60 --- --- V VGs=OV, 10=-250flA

t.B Voss/ t. TJ Temp. Coefficient of Breakdown Voltage --- 0.056 --- V/oC Reference to 25°C, 10=-1mA

ROSlon) Static Drain-to-Source On Resistance --- --- 0.28 Q VGs=-10V, 10=-5.8A®

VGS(thl Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250flA

gfs Forward Transconductance 3.9 --- --- S Vn5=-25V,ln5=-5.8A®

loss Zero Gate Voltage Collector Current --- --- -250 flA Vos=-60V, VGs=OV

--- --- -1000 Vos=-48V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- -500 VGs=-20V
nA

Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

Oc TO':al Gate Charge --- --- 19 '0=-11 A, Vos=-48V, VGs=-1 OV
Oos Gate-to-Source Charge --- --- 5.4 nC See Fig 6 and 13®
Ogd Gate-to-Drain ("Miller") Charge .-- --- 11

td(on) Tu ·n-On Delay Time --- 13 --- Voo=-30V,lo=-11A
t, Ri~e Time --- 68 --- RG=18Q, Ro=2.5Qns
td(oft) Turn-Off Delay Time --- 15 --- See Fig. 10®
tf Fall Time --- 29 ---
Lo Intornal Drain Inductance 4.5 Between lead, 0--- ---

6mm (0.25in.) 4§"nH from package,
Ls Intornal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 570 --- VGs=OV, Vos=-25V

Coss Output Capacitance --- 360 --- pF f=1.0Mhz

C,ss Re'/erse Transfer Capacitance --- 65 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is COl1tinuous Source Current --- --- -9.6 MOSFET symbol 4ij(Bcdy Diode) showing theA
ISM Pulsed Source Current --- --- -38 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -6.3 V Tl=25°C, 1~=-9.6A, Vr..~=OV®
trr Reverse Recovery Time 50 --- 200 ns TJ=25°C, IF=-11 A,

°RR Reverse Recovery Charge 0.16 --- 0.64 flC dildt=-100AlflS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lv)

CD Repetitive rating; Pulse width limited by
max. junction ':emperature (See figure 11)

® Isos-9.6A, di/dt:s;-140Alfls, VoosBVoss,
TJS175°C Suggested RG=18Q

® Mounting surface:
flat, smooth, greased

<Z> Voo=-25V, Starting TJ=25°C, L=4.0mH,
RG=25Q, Peak IAS=-9.6A (See figure 12)
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IRFR9024, IRFU9024
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IRFU9024,IRFR9024
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IRFR9024, IRFU9024
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International
~Rectifier

• Surface Mount (IRFR911 0)
• Straight Lead (IRFU911 0)
• Repetitive Avalanche Rated
• Oynamic dv/dt Rated
• P-Channel

S
p-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR9110
IRFU9110

BVoss
ROS(on)

10

-100V
1.20

-3.4A

,.
D-Pak

TO-252AA I-Pak
TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@-10V -3.4

10 @ TC = 100°C Continuous Drain Current, VGs@-10V -2.4 A

10M Pulsed Drain Current (j) -14

Po@ Tc = 25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (i) 140 mJ

IAR Avalanche Current (j) -3.4 A

EAR Repetitive Avalanche Ener~:lY(j) 3.0 mJ

dv/dt Peak Diode Recovery dv/dt CID -5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Solderina Temperature, for 10 sec. 300 (0.063 in. !1.6mm\ from case)

Parameter Min. Typ. Max. Units

R(jJc Junction-to-Case --- --- 5.0

Rocs Case-to-Sink ® --- 1.7 --- K!W®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9110,IRFU9110

Parameter Min. Typ. Max. Units Test Conditions

BVoss Dr,lin-to-Source Breakdown Voltage -100 --- --- V VGs=OV, 10=-250fLA

~BVosS/~Tj Temp. Coefficient of Breakdown Voltage --- 0.091 --- V/CC Reference to 25°C, 10=-1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 1.2 Q VGs=-10V, 10=-2.0A@)

VGSlthl Gate Threshold Voltage -2.0 --- -4.0 V VDS=VGS, 10=-250fLA

gfs Forward Transconductance 1.3 --- --- S Vns=-50V, IDS=-2.0A@)

loss Zero Gate Voltage Collector Current --- --- -250 fLA Vos=-100V, VGs=OV

--- --- -1000 Vos=-80V, VGs=OV,Tj=150°C
IGSS Gate-to-Source Forward Leakage --- --- -SOO VGs=-20V

Gate-to-Source Reverse Leakage
nA--- --- 500 VGs=20V

00 TO':al Gate Charge --- --- 8.7 10=-4.0A, Vos=-80V,
Oos Gale-to-Source Charge --- --- 2.2 nC VGs=-10V@)

°od Gale-to-Drain ("Miller") Charge --- --- 4.1

td(on) Tu 'n-On Delay Time --- 10 --- Voo=-50V, 10=-4.0A
t, Ri~e Time --- 27 --- RG=11Q, Ro=24Q@)ns
td(off) Turn-Off Delay Time --- 15 ---
If Fall Time --- 17 ---
Lo Inlornal Drain Inductance --- 4.5 --- Between lead, D

6mm (0.2Sin.) 4§::nH from package,
Ls Intmnal Source Inductance --- 7.5 --- and center of die

contact. s
Ciss Input Capacitance --- 200 --- VGs=OV, Vos=-25V

Coss Ou tput Capacitance --- 94 --- pF f=1.0Mhz
Crss Re·terse Transfer Capacitance --- 18 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -3.4 MOSFET symbol

~

(Bcdy Diode)
A showing the

ISM Pulsed Source Current --- --- -14 integral reverse
(Bcdy Diode) <D p-n junction diode.

Vso Diode Forward Voltage --- --- -5.5 V TJ=2SoC, 1s=-3.4A, V(',~=OV@)

t" Reverse Recovery Time 41 --- 160 ns Tj=25cC, IF=-4.0A,

°RR Reverse Recovery Charge 0.075 --- 0.30 fLC dild!=-100AlfLS@)

ton Forward Turn-On Time Intrinsic turn-Dn time is negligible (turn-on is dominated by Ls + Lo)

Notes:

CD Repetitive rat ng; Pulse width limited by
max. junction ':emperature

® Iso:!>-3.4A,di/<fu;-75A1fLs,Voo:!>BVoss,
Tj:!>17SoC Suggested RG=24Q

® Mounting surface:
flat, smooth, greased

® Voo=-25V, Starting Tj=25°C, L=20mH,
RG=2SQ, Peak IAS=-3.4A

For more inforrr ation on the same die in a HD-1 package refer to IRFD911 O.



International
IIC)R I Rectifier IRFR9120

IRFU9120
• Surface Mount (IRFR9120)
• Straight Lead (IRFU9024)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• P-Channel

S
p-channel

BVDss
RDS(on)

ID

-100V
O.6Q

-6.3A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications. I-Pak

TO·251AA

Parameter Max. Units

10@Tc=25·C Continuous Drain Current, VGs@-1 OV -6.3

lo@ Tc = 100·C Continuous Drain Current, VGS@-10V -4.5 A

10M Pulsed Drain Current (j) -25
Po@ Tc = 25·C Maximum Power Dissipation 50 W

Linear Derating Factor 0.33 WIK®
VGS Gate-to-Source Breakdown Voltage ±20 V
EAS Single Pulse Avalanche Energy (2) 270 mJ

JAR Avalanche Current (j) -6.3 A

EAI'l Repetitive Avalanche EnerQY (j) 5.0 mJ

dv/dt Peak Diode Recovery dv/dt <:ID -5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range ·C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RBJC Junction-to-Case --- --- 3.0

Roes Case-to-Sink ® --- 1.7 --- KIW®
RBJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9120, IRFU9120

Parameter Min. Typ. Max. Units Test Conditions

BVoss C rain-to-Source Breakdown Voltage -100 --- _.- V VGs=OV, 10=-250fLA

LlBVossl LlTJ Temp. Coefficient of Breakdown Voltage --- 0.10 --- V/oC Reference to 25°C, 10=-1mA

RoSlon) Static Drain-to-Source On Resistance --- --- 0.60 n VGs=-10V, 10=-3.SA®

VGS1!h\ Giate Threshold Voltage ·2.0 --- -4.0 V Vos=VGS, 10=-250fLA

gts Forward Transconductance 1.7 --- --- S Vos=-50V, los=-3.SA®

loss Zero Gate Voltage Collector Current --- --- -250 fLA Vos=-100V, VGs=OV

--- --- -1000 Vos=-SOV, VGs=OV,TJ=150°C

IGss Gate-to-Source Forward Leakage --- --- -SOO
nA

VGs=-20V

Gate-to·Source Reverse Leakage --- --- 500 VGs=20V

00 T:>tal Gate Charge --- --- 1S 10=-6.SA, Vos=-SOV, VGs=-10V
Oos Gate-to-Source Charge ._. _.- 3.0 nC See Fig 6 and 13®
Ood Gate-to-Drain ("Miller") Charge --- --- 9.0

tdlonl T Jrn-On Delay Time --- 9.6 --- Voo=-SOV, 10=-6.SA
tr Rise Time --- 29 --- RG=1Sn, Ro=7.1 nns
td(ofn TIJrn-Off Delay Time --- 21 --- See Fig. 10®
tf Fall Time --- 25 ---
Lo Inlernal Drain Inductance 4.5 Between lead, 0--- ---

6mm (0.25in.) 4§'onH from package,
Ls Internal Source Inductance ._- 7.5 --- and center of die LS

contact. s
Ciss Inout Capacitance --- 390 --- VGs=OV, Vos=-25V

Coss a Jtput Capacitance ..- 170 _ .. pF f=1.0Mhz

Crss RHverse Transfer Capacitance -_. 45 --- See Fig. 5

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- _.. -6.3 MOSFET symbol
0

(Body Diode)
A shoWing the

ISM Pliised Source Current --- --- ·25 'ot09'" ••,,"" .@
(Body Diode) (j) p-n junction diode. s

Vso Dkx:le Forward Voltage ._- --- -6.3 V T.J=25°C, 1!';=-6.3A, Vr,!';=OV®
trr RElverse Recovery Time 49 --- 200 ns TJ=25°C, IF=-6.SA,

°RR REtverse Recovery Charge 0.17 --- 0.66 fLC di/dt=-100AlfLS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

Notes:

CD Repetitive rating; Pulse width limited by
max. junction temperature (See figure 11)

® Voo=-25V, S':arting TJ=25°C, L=11 mH,
RG=25n, Peak IAs--6.3A (See figure 12)

® Iso:;-6.3A, di/cfu:;-11OAlfLs,Voo:;BVoss,
TJ:;175°C Suggested RG=1sn

@) Pulse width:; 300fLS; duty Cycle :;2%

® Mounting surface:
flat, smooth, greased
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IRFR9120, IRFU9120
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International
~Rectifier

• Surface Mount (IRFR921 0)
• Straight Lead (IRFU9210)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• P-Channel

S
p-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

IRFR9210
IRFU9210

BVoss
ROS(on)

10

-200V
3.0n
-2.0A

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@-10V -2.0

10@ Tc = 100°C Continuous Drain Current, VGs@-10V -1.3 A

10M Pulsed Drain Current (j) -8.0

Po@ Tc = 25°C Maximum Power Dissipation 25 W
Linear Derating Factor 0.20 WIK®

VGS Gate-to-Source Breakdown Voltage +20 V

EAS Single Pulse Avalanche Energy ~ 41 mJ

IAR Avalanche Current (j) -2.0 A

EAR Repetitive Avalanche Enerav (j) 2.5 mJ

dv/dt Peak Diode Recovery dv/dt CID -5.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units

RaJc Junction-to-Case --- --- 5.0

Recs Case-to-Sink ® --- 1.7 --- KIW®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9~~10, IRFU921 0 IXC)RI-----

Parameter Min. Typ. Max. Units Test Conditions

BVoss D 'ain-to-Source Breakdown Voltage -200 --- --- V VGs=OV, 10=-250j.l.A

L\BVoss/ L\TJ Tump. Coefficient of Breakdown Voltage --- n/a --- V/oC Reference to 25°C, 10=-1mA

ROSlon\ Slatic Drain-to-Source On Resistance --- --- 3.0 n VGs=-10V, 10=-1.2A®

VGSlth\ Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250j.l.A

grs Forward Transconductance n/a --- --- S Vnf;=-50V,lnf;=-1.2A®

loss Zuro Gate Voltage Collector Current --- --- -250 j.l.A Vos=-200V, VGs=OV
... ..- -1000 Vos=-160V, VGs=OV,TJ=125°C

IGSS Gate-to-Source Forward Leakage --- --- -SOO
nA

VGs=-20V
Gate-to-Source Reverse Leakage --- --- 500 VGs=20V

00 Total Gate Charge ..- ... 6.0 10=-2.4A, Vos=-160V •
Oos Gate-to-Source Charge --- --- 1.2 nC VGs=-10V®
Ood Gate-to·Drain ("Miller") Charge ... ._- 3.6

tdlon\ Turn-On Delay Time --- 8 --- Voo=-100V, 10=-2.4A
t, Rise Time --- 15 --- RG=24n, Ro=42n®ns
td(otn TIJrn-Off Delay Time ._- 10 ---
tf Fall Time ._- 8 ---
Lo Internal Drain Inductance 4.5 Between lead, 0--- ---

6mm (0.25in.) @~nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 160 --- VGs=OV, Vos=-25V

Coss Output Capacitance --- 50 --. pF f=1.OMhz

C,ss R3verse Transfer Capacitance --- 12 ---

Parameter Min. Typ. Max. Units Test Conditions

Is O)ntinuous Source Current --- --- -2.0 MOSFET symbol

~

(Eiody Diode) showing theA
ISM PIJlsed Source Current --- --- -8.0 integral reverse

(Eiody Diode) CD p-n junction diode.

Vso D ode Forward Voltage --- --- ·5.8 V TJ=25°C, Is=-2.0A, VGf;=OV®

t" Ri3verse Recovery Time n/a --- n/a ns TJ=25°C, IF=-2.4A,

°RR H3verse Recovery Charge n/a --- n/a j.l.C dildt=-1 OOAlj.l.S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive rating; Pulse width limited by
max. junction temperature

® Iso:!>-2.0A, di/dt:!>-90A/j.l.s, Voo:!>BVoss,
TJ:!>150°C Suggested RG=24n

® Pulse width:!> 300j.l.s; duty Cycle :!>2%

® Mounting surface:
flat, smooth, greased

® Voo=-50V, Starting TJ=25°C, L=15mH,
RG=25n, PEtak IAS=-2.0A



International
I:I:C)R I Rectifier IRFR9220

IRFU9220
• Surface Mount (IRFR9220)
• Straight Lead (IRFU9220)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• P-Channel

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
p-channel

BVDss
ROS(on)

10

-200V
1.512

-3.6A

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGS@-10V -3.6

10@ Tc = 100°C Continuous Drain Current, VGs@-1 OV -2.3 A

10M Pulsed Drain Current CD -14

Po@ Tc = 25°C Maximum Power Dissipation 42 W
Linear Derating Factor 0.33 WIK®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 84 mJ

IAR Avalanche Current CD -3.6 A

EAR Repetitive Avalanche Energy CD 4.2 mJ

dv/dt Peak Diode Recovery dv/dt <ID -5.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range °C

SolderinQ Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
Rwc Junction-to-Case --- --- 3.0
Recs Case-to-Sink ® --- 1.7 --- KIW®
RWA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFR9:220, IRFU9220

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage -200 --- --- V VGs=OV,lo=-250j.lA

t.BV ossf t.TJ Temp. Coefficient of Breakdown Voltage --- nfa --- VfoC Reference to 25°C, 10=-1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 1.5 0 VGs--10V, 10--2.2A®

VGSlthl Gate Threshold Voltage -2.0 --- -4.0 V Vos=VGS, 10=-250j.lA

gfs Forward Transconductance nfa ..- --- S Vns=-SOV,lns--2.2A®

loss Zero Gate Voltage Collector Current --- --- -250 j.lA Vos=-200V, VGs=OV

--- --- -1000 Vos=-160V, VGs=OV,TJ=125°C

IGSS Gate-to-Source Forward Leakage --- --- -SOO
nA

VGs=-20V

Giate-to-Source Reverse Leakage --- --- 500 VGs=20V

00 Total Gate Charge --- --- 13 10=-4.0A. Vos=-160V,
Oos Giate-to-Source Charge --- --- 2.4 nC VGs=-10V®
Ogd Giate-to-Drain ("Miller") Charge --- --- 7.6

td(on) Turn-On Delay Time --- 15 --- Voo=-100V, 10=-4.0A
t, Aise Time --- 35 --- RG= 180, Ro=250®ns
td(ofn Turn-Off Delay Time --- 15 ---
tf Fall Time --- 25 ---
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) @~nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Ir put Capacitance --- 340 --- VGs=OV, Vos=-25V

Coss a utput Capacitance --- 105 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 25 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- -3.6 MOSFET symbol

~

(Body Diode) showing theA
ISM P Jlsed Source Current --- --- -14 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- -6.3 V 1.1=25°C, Is=-3.6A, VGs=OV®
trr R9verse Recovery Time nfa --- nfa ns TJ=25°C, IF=-4.0A,

°RR R 9verse Recovery Charge nfa --- nfa j.lC difdt=-100Alj.lS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. junction temperature

® Iso$-3.6A, difdt$-90Afj.ls, Voo$BVoss,
TJ$150°C Suggested RG=240

® Pulse width $ 300j.ls; duty Cycle $2%

® Mounting surface:
flat, smooth, greased

® Voo=-SOV, ~itarting TJ=25°C, L=9.7mH,
RG=2S0, PElak IAS=-3.6A



International
IIC)R I Rectifier IRFRC20

IRFUC20
• Surface Mount (IRFRC20)
• Straight Lead (IRFUC20)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
n-channel

BVDss
RDS(on)

ID

600V
4.412

2.0A

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25·C Continuous Drain Current, VGs@10V 2.0

10@ Tc = 1OO·C Continuous Drain Current, VGs@10V 1.3 A

10M Pulsed Drain Current (j) 8.0

Po@Tc=25·C Maximum Power Dissipation 42 W

Linear Derating Factor 0.33 W/K®
VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 100 mJ

IAR Avalanche Current (j) 2.0 A

EAR Repetitive Avalanche Energy (j) 4.2 mJ

dv/dt Peak Diode Recovery dv/dt @ 3.0 V/ns

TJ Operating Junction and -55 to +150
TSTG Storage Temperature Range ·C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 3.0

Recs Case-to-Sink ® --- 1.7 --- KNV®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRFRC20, IRFUC20

Parameter Min. Typ. Max. Units Test Conditions

BVoss C rain-to-Source Breakdown Voltage 600 --- --- V VGs=OV,lo=250I!A

t.BVosslt.TJ Temp. Coefficient of Breakdown Voltage --- 0.88 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 4.4 Q VGs=10V, 10=1.2A®

VGSlthl (iate Threshold Voltage 2.0 --- 4.0 V Vos=VGs,lo=250I!A

gfs Forward Transconductance 1.0 --- --- S Vno::=100V,lno::=1.2A®

loss Zero Gate Voltage Collector Current --- --- 250 I!A Vos=600V, VGs=OV

--- --- 1000 Vos=480V, VGs=OV,TJ=125°C

IGss (iate-to-Source Forward Leakage --- --- 500 VGs=20V
nA

(iate-to-Source Reverse Leakage --- --- -SOO VGs=-20V

On Total Gate Charge --- --- 18 10=2.0A. Vos=480V,
Oos (Iate-to-Source Charge --- --- 3.0 nC VGs=10V®
Ood (iate-to-Drain ("Miller") Charge --- --- 8.9

td(on) Turn-On Delay Time --- 10 --- Voo=300V, 10=2.0A
t, Rise Time --- 23 --- RG=18Q, Ro=150Q®ns
td(olt) Turn-Off Delay Time --- 30 ---
tf Fall Time --- 25 ---
Lo Internal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. s
Ciss Input Capacitance --- 350 --- VGs=OV, Vos=25V

Coss Output Capacitance --- 48 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 8.6 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 2.0 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 8.0 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 1.6 V TJ=25°C, Is=2.0A, Vc;s=OV®

t" Reverse Recovery Time 140 --- 580 ns TJ=25°C, IF=2.2A,

°RR Reverse Recovery Charge 0.34 --- 1.3 I!C di/dt= 1OOAlI!S®

ton F:>rward Turn-On Time Int,insic turn-on time is negligible (turn-on is dominated by Ls + Lo)

G) Repetitive rating; Pulse width limited by
max. junction temperature

® Iso~2.0A, di/dt~40All!s, Voo~BVoss,
TJ~150°C Suggested RG=18Q

® Pulse width ~ 3001!s; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased

® Voo=50V, Starting TJ=25°C, L=49mH,
RG=25Q, Pnak IAS=2.0A



International
Il:C~RIRectifier IRFS1 ZO

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• Surface Mount

D

BVoss 100V

ROS(on) 2.4Q

S 10 O.90A
n-channel

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The SOT-89 package is a sub-compact surface mount case style designed
for vapor phase. infra red, or wave soldering production processes. Power
dissipation levels up to 2 watts are possible in SMD applications.

--
SOT-89

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@10V 0.90 .

lo@ Tc = 100°C Continuous Drain Current, VGs@1 OV 0.64 A

10M Pulsed Drain Current (j) 3.6

Po@ Tc = 25°C Maximum Power Dissipation 4.3 W
Linear Derating Factor 0.29 W/K®

VGS Gate-to-Source Breakdown Voltage ±20 V

EAS Single Pulse Avalanche Energy (2) 9.8 mJ

IAR Avalanche Current (j) 0.90 A
EUl Repetitive Avalanche Energy (j) 0.43 mJ
dv/dt Peak Diode Recovery dv/dt Q) 5.5 V/ns

TJ Operating Junction and -55 to +175 °C
T~Tr, Storage Temperature Range

Parameter Min. Typ. Max. Units
Rwc Junction-to-Case --- --- 35
Rocs Case-to-Sink ® --- 5.0 --- KIW®



IRFS1Z0

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 --- --- V VGs=OV, 10=250).1A

liBV ossl li TJ Temp. Coefficient of Breakdown Voltage --- 0.12 --- V/OC Reference to 25°C, 10=1mA

RoSlon) Static Drain-to-Source On Resistance --- --- 2.4 Q VGs=10V, 10=0.54A®

VGSfthl Gate Threshold Voltage 2.0 --- 4.0 V Vos=VGS, 10=250).1A

gls Forward Transconductance 0.24 --- --- S Vos=50V, 10s=0.54A®

loss Zero Gate Voltage Collector Current --- --- 250 ).1A Vos=100V, VGs=OV
... --- 1000 Vos=80V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500
nA

VGs=20V

Gate-to-Source Reverse Leakage --- --- -500 VGs=-20V

QQ Total Gate Charge --- --- 1.6
10=0.90A, Vos=80V,

QQS Gate-to-Source Charge --- --- 0.68 nC VGs=10V®
QQd Gate-to-Drain ("Miller") Charge --- --- 0.95

tdlon) lurn-On Delay Time --- 7.8 --- Voo=50V, 10=0.90A
tr F:ise Time --- 4.5 --- RG=50Q, Ro=55Q®ns
~(off) lurn-01f Delay Time --- 11 ---
tf Fall Time --- 4.7 ---
Lo Internal Drain Inductance --- 2.0 --- Between lead, D

6mm (0.25in.) 4§"nH from package,
Ls Internal Source Inductance --- 3.0 --- and center of die LS

contact. s
Ciss Input Capacitance --- 39 --- VGs=OV, Vos=25V

Coss C utput Capacitance --- 18 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 2.8 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 0.9 MOSFET symbol

~

(Body Diode)
A showing the

ISM P Jlsed Source Current --- --- 3.6 integral reverse
(Elody Diode) (j) p-n junction diode.

Vso o ode Forward Voltage --- --- 1.4 V TJ=25°C, Is=0.9A, Vr;s=OV®

t" H3verse Recovery Time 42 --- 71 ns TJ=25°C, IF=0.9A,
QRR H3verse Recovery Charge 0.14 --- 0.41 ).1C di/dt= 1OOAl).1S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. junction temperature

® Iso~0.9A, dildt~25A1lls, Voo~BVoss,
TJ~175°C Suggested RG=50Q

@ Pulse width ~ 300).1s; duty Cycle ~2%

® Mounting surface:
flat, smooth, greased

® Voo=25V, S1arting TJ=25°C, L=16mH,
RG=25Q, Peak IAS=1.0A



International
~Rectifier

rr
HEXFET@ Power MOSFET

IRLD014

~Dynamic dv/dt Rated
, For Automatic Insertion
• End Stackable
•.Logic Level Gate

Qescription
Ttlird Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
n-channel

BVoss

ROS(on)

10

60V
O.20Q

1.7A

The 4-pin DIP package is a low cost machine insertable case style which can
b~ stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

,
HO-1

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGS@5V 1.7

10 @ Tc = 100°C Continuous Drain Current, VGs@5V 1.2 A

10M Pulsed Drain Current CD 14

Po@Tc=25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

Vr..s Gate-to-Source Breakdown Voltage ±10 V
EAS Single Pulse Avalanche Energy ~ 130 mJ

~v/dt Peak Diode Recovery dv/dt <ID 4.5 V/ns

TJ Operating Junction and -55 to +175
Tsm Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

ermal Resistance
Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRLDO'14

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 60 --- --- V VGs=OV,lo=250flA

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage --- 0.070 --- V/oC Reference to 25°C, 10=1mA

ROS(on) ~;tatic Drain-to-Source On Resistance --- --- 0.20 VGs=5.0V, 10=1.0A@)
Q--- --- 0.28 Vr,<.;=4.0V, In =0.85A@)

VGSlthl Gate Threshold Voltage 1.0 --- 2.0 V Vos=VGS, 10=250flA

gfs Forward Transconductance 1.0 --- --- S Vos=25V,los=1.0A@)

loss Zero Gate Voltage Collector Current --- --- 250 flA Vos=60V, VGs=OV

--- --- 1000 Vos=48V, VGs=OV,TJ=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=10V
nA

Gate-to-Source Reverse Leakage --- --- -500 VGs=-10V

Qo Total Gate Charge --- --- 8.4
10=10A, Vos=48V, VGs=5.0V@)

Qes Gate-to-Source Charge --- --- 2.6 nC

Qed Gate-to-Drain ("Miller") Charge --- --- 6.4

td(on) Turn-On Delay Time --- 9.3 --- Voo=30V,lo=10A
tr Flise Time --- 110 --- RG=12Q, Ro=2.8Q@)ns
td(offl Turn-Off Delay Time --- 17 ---
tf Fall Time --- 26 ---
Lo I,ternal Drain Inductance --- 4.0 --- Between lead, 0

6mm (O.25in.) 4§"Ls
nH from package,

I,ternal Source Inductance --- 6.0 --- and center of die LS
contact. s

Ciss I,put Capacitance --- 400 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 170 --- pF f=1.0Mhz
Crss Fleverse Transfer Capacitance --- 42 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.7
MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 14 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 1.6 V T =25°C, 1<.;=1.7A,VGs=OV@)

t" Fleverse Recovery Time 73 --- 130 ns TJ=25°C, IF=10A,
QRR Fleverse Recovery Charge 0.10 --- 0.65 flC di/dt= 1OOAlflS@)

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive rating; Pulse width limited by
max. juncHJn temperature

® Iso~1 OA, di/dt~90Alfls, Voo~BVoss,
TJ~175°C Suggested RG=12Q

® Mounting surface:
flat, smooth, greased

@ Voo=25V, Btarting TJ=25°C, L=55mH,
RG=25Q, Feak IAs=1.7A



International
Il:C~RIRectifier IRLD024

• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• Logic Level Gate

s
n-channel

BVDSS 60V

RDS(on) 0.10n
ID 2.5A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@5V 2.5

10@ Tc = 100°C Continuous Drain Current, VGs@5V 1.8 A

10M Pulsed Drain Current G) 20
Po@ Tc = 25°C Maximum Power Dissipation 1.3 W

Linear Derating Factor 0.0083 W/K®
VGS Gate-to-Source Breakdown Voltage ±10 V
EAs Single Pulse Avalanche Energy (2) 91 mJ

dv/dt Peak Diode Recovery dv/dt <ID 4.5 V/ns

TJ Operating Junction and -55 to +175
T!';Tr. Storage Temperature Range °C

Solderina Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRLDO:~4

Parameter Min. Typ. Max. Units Test Conditions

BVoss o rain-to-Source Breakdown Voltage GO --- --- V VGs=OV, 10=250flA

t.BVoss/t.TJ Temp. Coefficient of Breakdown Voltage --- O.OGO --- V/oC Reference to 25°C, 10=1mA

RoS(on) Static Drain-to-Source On Resistance --- --- 0.10 VGs=5.0V, 10=1.5A®Q--- --- 0.14 Vr,«=4.0V, In =1.3A®

VGS(thl G,ate Threshold Voltage 1.0 --- 2.0 V Vos=VGs,lo=250flA

grs Forward Transconductance 1.4 --- --- S Vos=25V,los=1.5A®

loss Zero Gate Voltage Collector Current --- --- 250 flA Vos=GOV, VGs=OV

--- --- 1000 Vos=48V, VGs=OV,TJ=150°C
IGss Gate-to-Source Forward Leakage --- --- 500 VGs=10V

nA
G,ate-to-Source Reverse Leakage --- --- -500 VGs=-10V

Qo Total Gate Charge --- --- 18 10=1GA, Vos=48V, VGs=5.0V@)
Qas Gate-to-Source Charge --- --- 4.5 nC

Qod Gate-to-Drain ("Miller") Charge --- --- 12

td(an) Turn-On Delay Time --- 11 --- Voo=30V,lo=1GA
t, Rise Time --- 110 --- RG=9.0Q, Ro=1.7Q®ns
td(arQ Turn-Off Delay Time --- 23 ---
tf Fall Time --- 41 ---
Lo Internal Drain Inductance --- 4.0 --- Between lead, 0

Gmm (0.25in.) @"Ls
nH from package,

Internal Source Inductance --- G.O --- and center of die LS
contact. s

Ciss Input Capacitance --- 880 --- VGs=OV, Vos=25v

Coss C utput Capacitance --- 350 --- pF f=1.0Mhz
Crss Reverse Transfer Capacitance --- 54 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 2.5 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 20 integral reverse

(Body 0 iode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- 1.5 V TJ=25°C, Is=2.5A, VGS=OV®

t" Reverse Recovery Time 70 --- 140 ns TJ=25°C, If=1GA,
QRR Reverse Recovery Charge 0.19 --- 0.78 flC di/dt=100AlflS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn·on is dominated by Ls + La)

<D Repetitive rating; Pulse width limited by
max. juncticn temperature

® Iso:S;17A, dildt:S;140Alfls, Voo:s;BVoss,
TJ:S;175°C Suggested RG=9.0Q

® Pulse width :s;300flS; duty Cycle :s;2%

® Mounting surface:
flat, smooth, greased

@ Voo=25V, Starting TJ=25°C, L=17.5mH,
RG=25Q, Pnak IAS=2.5A

For more info rmation on the same die in a TO-220 package refer to IRLZ24.



International
IIC~RIRectifier IRLD110

• Repetitive Avalanche Rated
• Oynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• Logic Level Gate

S
n-channel

BVoss
ROS(on)

10

100V
0.540
1.0A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@5V 1.0

lo@ Tc = 100°C Continuous Drain Current, VGs@5V 0.70 A

10M Pulsed Drain Current CD 8.0

Po@ Tc = 25°C Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±10 V

EAS Single Pulse Avalanche Energy <2l 140 mJ

IAR Avalanche Current CD 1.0 A

EAR Repetitive Avalanche Energy CD 0.13 mJ

dv/dt ~. Peak Diode Recovery dv/dt Q) 5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 --- --- V VGs=OV, 10=250~A

t.BVoss1t.TJ T'3mp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.54 VGs=5.0V. 10 =0.6A®Q--- --- 0.76 VGs=4.0V. In =0.50A®

VGSlth) Gate Threshold Voltage 1.0 --- 2.0 V Vos=VGs. 10=250~A

gfs Forward Transconductance 0.8 --- --- S Vos=50V, los=0.60A®

loss Zero Gate Voltage Collector Current --- --- 250 ~A Vos=100V, VGs=OV

--- --- 1000 Vos=80V. VGs=OV,TJ=150°C

IGSS <:iate-to-Source Forward Leakage --- --- 500 VGs=10V
nA

Cate-to-Source Reverse Leakage --- --- -SOO VGs=-10V

00 Total Gate Charge --- --- 6.1 10=5.6A. Vos=80V. VGs=5.0V®
0QS Cate-to-Source Charge --- --- 2.6 nC

°od Ciate-to-Drain ("Miller") Charge --- --- 3.3

td(on) Turn-On Delay Time --- 9.3 --- Voo=50V. 10=5.6A
tr Flise Time --- 47 --- RG=12Q. Ro=8.4Q®ns
td(off) Turn-Off Delay Time --- 16 ---
tf Fall Time --- 17 ---
Lo Illternal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.25in.) 4§~
Ls

nH from package,
Internal Source Inductance --- 6.0 --- and center of die lS

contact. s
Ciss 111put Capacitance --- 250 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 80 --- pF f=1.0Mhz

Crss Heverse Transfer Capacitance --- 15 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 5.6 MOSFET symbol 4ij(Body Diode) showing theA
ISM Pulsed Source Current --- --- 18 integral reverse

(Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- 2.5 V T.l=25°C. Is= 1.0A, VGS=OV®
trr I~everse Recovery Time 89 --- 130 ns TJ=25°C, IF=5.6A,

ORR Heverse Recovery Charge 0.35 --- 0.65 ~C di/dt= 1OOAl~S®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

CD Repetitive 'ating; Pulse width limited by
max. junction temperature

® Iso:S:5.6A, di/dt:S:75A1~s, Voo:s:BVoss,
TJ:S:175°C Suggested RG=12Q

® Mounting surface:
flat, smooth, greased

® Voo=25V. Starting TJ=25°C, L=52mH,
RG=25Q. Peak IAS=2.0A



International
IIC)R I Rectifier IRLD120

• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• For Automatic Insertion
• End Stackable
• Logic Level Gate

S
n-charmel

BVDSS 100V

RDS(on) 0.270
ID 1.3A

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The
dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.

Parameter Max. Units
10@Tc=25DC Continuous Drain Current, VGs@5V 1.3

10 @ Tc = 1OODC Continuous Drain Current, VGs@5V 0.94 A

10M Pulsed Drain Current CD 10

Po@ Tc = 25DC Maximum Power Dissipation ; 1.3 W
Linear Derating Factor 0.0083 W/K®

VGS Gate-to-Source Breakdown Voltage ±10 V

EAS Single Pulse Avalanche Energy ~ 100 mJ

IAR Avalanche Current CD 1.3 V

EAR Repetitive Avalanche Energy CD 0.13 mJ
dv/dt Peak Diode Recovery dv/dt Q) 5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range DC

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter

Junction-to-Ambient, Typical Socket Mount

Max.

120



IRLD1 :~O

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 100 --- --- V VGs=OV,lo=2S0JlA

t.BV ossl t.TJ Temp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 2SoC, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.27 VGs=S.OV, 10 =0.78A@Q
--- --- 0.38 Vr;.~=4.0V, In =0.6SA@

VGSllhl G,ate Threshold Voltage 1.0 --- 2.0 V Vos=VGS, 10=2S0JlA

gfs Forward Transconductance 0.92 --- --- S Vos=SOV.los=0.78A@

loss Zero Gate Voltage Collector Current --- --- 2S0 JlA Vos=100V, VGs=OV

--- --- 1000 Vos=80V, VGs=OV,TJ=1S0°C

IGSS G,ate-to-Source Forward leakage --- --- SOO VGs=10V
nA

VGs=-10VGiate-to-Source Reverse leakage --- --- -SOO

Qn Total Gate Charge --- --- 12 10=9.2A, Vos=80V, VGs=S.OV@
Qas Giate-to-Source Charge --- --- 3.0 nC

Qad Giate-to-Drain ("Miller") Charge --- --- 7.1

tdlon) Turn-On Delay Time --- 9.8 --- Voo=SOV, 10=9.2A
t, Rise Time --- 64 --- RG=9.0Q. Ro=S.2Q@, ns
td(off) Turn-Off Delay Time --- 21 ---
tf Fall Time --- 27 ---
lo Internal Drain Inductance --- 4.0 --- Between lead, 0

6mm (0.2Sin.) @~nH from package,
ls Internal Source Inductance --- 6.0 --- and center of die LS

contact. s
Ciss Input Capacitance --- 490 --- VGs=OV, Vos=2Sv

Coss Output Capacitance --- 1S0 --- pF f=1.0Mhz

C,ss Reverse Transfer Capacitance --- 30 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current --- --- 1.3
MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 10 integral reverse

(Body Diode) CD p-n junction diode.

Vso Diode Forward Voltage --- --- 2.S V T =2SoC, 1,,=1.3A, VGs=OV@

t" Reverse Recovery Time 82 --- 140 ns TJ=2SoC, IF=9.2A.
QRR Reverse Recovery Charge 0.64 --- 1.0 JlC di/dt= 1OOAlJlS@

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lo)

<D Repetitive rating; Pulse width limited by
max. junctic,n temperature

® Iso:!>9.2A. di/dt:!>11OAlJls, Voo:!>BVoss'
TJ:!>17SoCSuggested RG=9.0Q

® Mounting surface:
flat, smooth, greased

® Voo=25V, Starting TJ=25°C, l=24mH,
RG=2SQ, P'3ak IAs=2.6A



International
I:I:C)R I Rectifier IRLR014

IRLU014
• Surface Mount (IRLR014)
• Straight Lead (IRLU014)
• Dynamic dv/dt Rated
• Logic Level Gate

S
n-channel

BVDss 60V
RDS(on) 0.200

ID 8.SA

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

D-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@5V 8.5

lo@ Tc = 100°C Continuous Drain Current, VGs@5V 6.0 A

10M Pulsed Drain Current (j) 31

Po@ Tc = 25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W/K®

VGS Gate-to-Source Breakdown Voltage ±10 V
EAS Single Pulse Avalanche Energy ~ 47 mJ

dv/dt Peak Diode Recovery dv/dt Q) 4.5 V/ns

TJ Operating Junction and -55 to +175
T~Tr. Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 5.0
Recs Case-to-Sink ® --- 1.7 --- KIW®
ROJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRLR0114,IRLU014

Parameter Min. Typ. Max. Units Tesl Condilions

BVoss D ·ain-to-Source Breakdown Voltage 60 -_. .-- V VGs=OV,lo=250IlA

~BVoss/~Tj Tump. Coefficient of Breakdown Vollage --- 0.070 --- V/oC Reference 10 25°C, 10=1mA

ROS(on) SI atic Drain-Io-Source On Resistance --- --- 0.20 VGs=5.0V, 10=5.1A®Q_.- --- 0.28 Vr.~=4.0V, In -4.3A®

VGS(lh\ Gale Threshold Voltage • 1.0 --- 2.0 V Vos=VGS, 10=25OIlA

gfs Forward Transconduclance 3.7 --- --- S Vos=25V, los=5.1 A®

loss Zoro Gate Voltage Collector Current --- --- 250 IlA Vos=60V, VGs=OV

--- ..- 1000 Vos=48V, VGs=OV,Tj=150°C

IGSS Gate-to-Source Forward Leakage --- --- 500 VGs=10V
nA

Gate-to-SOl,lTCe Reverse Leakage --- --- -500 VGs=-10V

On Tolal Gate Charge --- --- 8.4
10=10A, Vos=48V, VGs=5.0V®

Oos Gate·lo-Source Charge --- --- 2.6 nC

OQd Gate-to-Drain ("Miller") Charge --- --- 6.4

td(on) Turn-On Delay Time --- 9.3 --- Voo=30V,lo=10A
tr Rise Time --- 110 _.-

RG=12Q, Ro=2.8Q®. ns
td(ofO Turn-Off Delay Time --- 17 ---
If Fall Time --- 26 ---
Lo Internal Drain Inductance --- 4.5 --- Belween lead, 0

6mm (0.25in.) 4§"nH from package,
Ls Internal Source Inductance --- 7.5 --- and center of die LS

contact. 5

Ciss Input Capacitance --- 400 --- VGs=OV, Vos=25v

Coss Output Capacitance --- 170 --- pF f=1.0Mhz

Crss H3verse Transfer Capacitance --- 42 --- -

Parameter Min. Typ. Max. Units Test Conditions

Is O)ntinuous Source Current --- --- 8.5 MOSFET symbol

~

(E:ody Diode)
A showing Ihe

ISM Pulsed Source Current --- --- 31 inlegral reverse
(E:ody Diode) (j) p-n junction diode.

Vso D ode Forward Voltage --- --- 1.6 V T,=25°C, Is=8.5A, VGs=OV®
trr H3verse Recovery Time 73 --- 130 ns Tj=25°C, IF=10A.

ORA R,averse Recovery Charge 0.10 --- 0.65 IlC di/dt= 1OOAlIlS®

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

CD Repetitive rctting; Pulse width limited by
max. junction temperature

® Voo=25V. Starting Tj=25°C. L=850IlH.
RG=25Q, PE,ak IAS=8.5A

® Iso:!>8.5A, di/dt:!>90Allls, Voo:!>BVoss,
Tj:!>175°C Suggested RG=12Q

® Pulse width:!> 300IlS; duty Cycle :!>2%

® Mounting surface:
flat, smooth. greased



International
I:rC)R IRectifier IRLR024

IRLU024
• Surface Mount (IRLR024)
• Straight Lead (IRLU024)
• Dynamic dv/dt Rated
• Logic Level Gate

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
n-channel

BVoss 60V
ROS(on) 0.10n

10 16A

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

O-Pak
TO-252AA I-Pak

TO-251AA

Parameter Max.
. Units

10@Tc=25°C Continuous Drain Current, VGS@5V 16

10@ TC = 100°C Continuous Drain Current, VGs@5V 11 A

10M Pulsed Drain Current CD 64

Po@ Tc = 25°C Maximum Power Dissipation . 50 W
Linear Derating Factor 0.33 W/K®

VGS Gate-to-Source Breakdown Voltage ±10 V
EAS Single Pulse Avalanche Energy ~ 91 mJ

dv/dt Peak Diode Recovery dv/dt (j) 4.5 V/ns
TJ Operating Junction and -55 to +175
T~Tr, Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 3.0

Roes Case-to-Sink ® --- 1.7 --- K/W®
RaJA Junction-to-Ambient, Typical Socket Mount --- --- 110



IRLR02:4, IRLU024

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to-Source Breakdown Voltage 60 --- --- V VGs=OV, 10=250~A

t.BVoss/t. TJ Temp. Coefficient of Breakdown Voltage --- 0.060 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.10 VGs=5.0V, 10=9.6A@Q--- --- 0.14 Vr,~=4.0V, In =8.0A@

VGSrth) Gate Threshold Voltage 1.0 --- 2.0 V Vos=VGS, 10=250~A

gts Fo ward Transconductance 7.9 --- --- S Vos=25V, los=9.6A@
,

loss Ze'o Gate Voltage Collector Current --- --- 250 IlA Vos=60V, VGs=OV
.-- --- 1000 Vos=48V, VGs=OV,TJ=150°C

IGss Gale-to-Source Forward Leakage --- --- 500 VGs=10V
nA

Gale-to-Source Reverse Leakage --- --- -SOO VGs=-10V
Qa Tolal Gate Charge --- --- 18 10=16A, Vos=48V, VGs=5.0V@
Qas Gate-to-Source Charge --- --- 4.5 nC
Qad Gate-to-Drain ("Miller") Charge --- --- 12

td(an) Turn-On Delay Time --- 11 --- Voo=30V,lo=16A
tr Rise Time --- 110 --- RG=9.0Q, Ro=1.7Q@ns
td(am Turn-Off Delay Time -.- 23 ---
tf Fall Time --- 41 ---
Lo Intmnal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§"Ls
nH from package,

Intmnal Source Inductance --- 7.5 --- and center of die LS
contact. 5

Ciss Inp Jt Capacitance --- 880 --- VGs=OV, Vos=25v
Cass Oul put Capacitance .-- 350 ... pF f=1.0Mhz

Crss Reverse Transfer Capacitance --- 54 ---

Parameter Min. Typ. Max. Units Test Conditions

Is Continuous Source Current -_. --- 16
MOSFEToymbol ~(Body Diode)

A showing the
ISM Pul:,ed Source Current --- --- 64 integral reverse G

(Body Diode) (j) p-n junction diode. 5

Vso Diode Forward Voltage .-- .-- 1.5 V T =25°C, 1,,=16A, V,.,,,=OV@
trr Reverse Recovery Time 70 --- 140 ns TJ=25°C, IF=16A,
QRR Re~erse Recovery Charge 0.19 --- 0.78 IlC di/dt= 1OOAlIlS@

tan Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

CD Repetitive rating; Pulse width limited by
max. junction 'temperature

® IsoS16A, di/dtS140Allls, VoosBVoss,
TJS175°C Suggested RG=9.0Q

® Mounting surface:
flat, smooth, greased

@ Voo=25V. Stal1ing TJ ••25°C. L••450IlH,
RG••2SQ, Pealt IAS •• 16A

For more information on the same die in a TO·220 package refer to IRLZ24.



International
I:rC)R I Rectifier IRLR110

IRLU110
• Surface Mount (IRLR110)
• Straight Lead (IRLU11 0)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• Logic Level Gate

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

S
n-channel

BVoss 100V

ROS(on) 0.5411
10 4.6A

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

O-Pak
TO-252AA 1-P ak

TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@5V 4.6

10@Tc• 100°C Continuous Drain Current, VGs@5V 3.3 A

10M Pulsed Drain Current (j) 18

Po@ Tc = 25°C Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 WIK®

VGS Gate-to-Source Breakdown Voltage ±10 V
EAS Single Pulse Avalanche Energy (2) 100 mJ

JAR Avalanche Current (j) 4.6 A

EAR Repetitive Avalanche Energy (j) 3.0 mJ
dv/dt Peak Diode Recovery dv/dt <ID 5.5 V/ns

TJ Operating Junction and -55 to +175
T!':Tr. Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction-to-Case --- --- 5.0

Roes Case·to-Sink <ID ..- 1.7 -_. KIW®
RaJA Junction-to-Ambient, Typical Socket Mount _.. --- 110



IRLR110, IRLU11 0

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain·to·Source Breakdown Voltage 100 _.- ... V VGs=OV, 10=250~A

~BVoss/~TJ Temp. Coefficient of Breakdown Voltage --- 0.12 --- V/oC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to·Source On Resistance ... ... 0.54 VGs=5.0V, 10-2.7A®
n-_. ..- 0.76 VGs=4.0V, 10 =2.3A®

VGSrthl Gs,te Threshold Voltage 1.0 ... 2.0 V VoS-VGS, 10-250~A

gfs Forward Transconductance 2.3 _ .. ..- S Vos=50V, los-2.7A®

loss Zero Gate Voltage Collector Current ... ... 250 ~A Vos=100V, VGS-OV
._. ... 1000 Vos=80V, VGs-OV,TJ-150°C

IGSS Gate·to-Source Forward Leakage ._. ... 500 VGS-10V
nA

Gate-to-Source Reverse Leakage -.- --- -SOO VGs=-10V

On Tolal Gate Charge .-- --- 6.1 10=5.6A, Vos-80V, VGs=5.0V®
Oas Gate·to·Source Charge --- --- 2.0 nC

Ood Gate-to-Drain ("Miller") Charge --- --- 3.3

~fonl Tu ·n·On Delay Time --- 9.3 ._.
Voo-50V, 10-5.6A

tr Ri!,e Time -_. 47 --- RG=12n, Ro=8.4n®ns
tdroll) Tu 'n-Off Delay Time ._. 16 ---
tf Fall Time

, --- 17 ._-
Lo Intllrnal Drain Inductance --- 4.5 --- Between lead, 0

6mm (0.25in.) 4§~nH from package,
Ls Intllrnal Source Inductance --- 7.5 ..- and center of die lS

contact. s
Ciss Input Capacitance --- 250 _ .. VGs=OV, Vos",25v

Coss Ou Iput Capacitance --- 80 --- pF f=1.0Mhz

Crss Re'{erse Transfer Capacitance --- 15 --- J'

Parameter Min. Typ. Max. Units Test Conditions

Is COlltinuous Source Current --- --- 4.6 MOSFET symbol

~

(Bcdy Diode) showing theA
ISM Pulsed Source Current --- --- 18 integral reverse

(Bcdy Diode) <D p·n junction diode.

Vso Diode Forward Voltage --- ._- 2.5 V T =25°C, 1~=4.6A, Vf'.~=OV®
tff Re\/erse Recovery Time 89 --- 130 ns TJ=25°C, IF=5.6A,

°RR Reverse Recovery Charge 0.35 --- 0.65 ~C di/dt-1 OOAl~S®

ton Forward Turn-On Time Intrinsic turn-on time Is negligible (turn-on is dominated by Ls + Le)

Notes:

<D Repetitive rating; Pulse width limited by
max. junction temperature

® IsoS4.6A, di/dtS75A1~s, VoosBVoss,
TJS175°C Suggested RG=12n

® Mounting surface:
flat, smooth, greased

® Voo=25V, Starting TJ=25°C, L=7.4mH,
RG=25n, Peak IAS-4.6A



International
IIC~RIRectifier IRLR120

IRLU120
• Surface Mount (IRLR120)
• Straight Lead (IRLU120)
• Repetitive Avalanche Rated
• Dynamic dv/dt Rated
• Logic Level Gate

S
n-channel

BVDSS 100V
RDS(on) 0.27.0

ID BAA

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,
and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications.

,.
D-Pak

TO-252AA I-Pak
TO-251AA

Parameter Max. Units

10@Tc=25°C Continuous Drain Current, VGs@5V 8.4
lo@ Tc = 100°C Continuous Drain Current, VGs@5V 5.9 A

10M Pulsed Drain Current <D 31

Po@ Tc = 25°C Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®

VGS Gate·to·Source Breakdown Voltage ±10 V
EAS Single Pulse Avalanche Energy <2l 210 mJ

JAR Avalanche Current <D 8.4 A

EAR Repetitive Avalanche Energy <D 5.0 mJ
dv/dt Peak Diode Recovery dv/dt <ID 5.5 V/ns

TJ Operating Junction and -55 to +175
TSTG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Parameter Min. Typ. Max. Units
RaJc Junction·to-Case ..- --- 3.0

Roes Case-to-Sink ® _ .. 1.7 --- KIW®
RaJA Junction·to·Ambient, Typical Socket Mount -_. _.- 110



IRLR1 ~~O,IRLU120

Parameter Min. Typ. Max. Units Test Conditions

BVoss Drain-to·Source Breakdown Voltage 100 --- --- V VGs=OV, lo=250~A

liBV oss/ Ii TJ TE,mp. Coefficient of Breakdown Voltage --- 0.12 --- V/OC Reference to 25°C, 10=1mA

ROS(on) Static Drain-to-Source On Resistance --- --- 0.27 VGs=5.0V, 10-5.0A@)
Q--- --- 0.38 Vr,,,,,-4.0V, In =4.2A@)

VGSIlhl Gate Threshold Voltage 1.0 ... 2.0 V VOS-VGS, lo=250~A

gfs Forward Transconductance 4.8 ... -_. S Vos=50V, los=5.0A@)

loss Zero Gate Voltage Collector Current '-' --- 250 ~A Vos-100V, VGs·OV
..- _.- 1000 Vos-80V, VGs-OV,TJ=150°C

IGSS Gclte-to-Source Forward Leakage ..- ... 500 VGs·10V
Gate-to-Source Reverse Leakage

nA
VGs--10V--- --- -500

00 Total Gate Charge --- --- 12 10-9.2A, Vos=80V, VGs=5.0V@)
Oos Gclte·to·Source Charge --. --- 3.0 nC

°od Gc,te·to·Drain ("Miller") Charge --- --- 7.1

tdlon) Turn-On Delay Time --- 9.8 --- Voo=50V, 10=9.2A
t, RiHeTime --- 64 --- RG-9.0Q, Ro-5.2Q@)ns
tdlom Turn-Off Delay Time --- 21 ---
tf Fall Time --- 27 ---
Lo Int'3rnal Drain Inductance --- 4.5 --- Between lead,

6mm (0.25in.)
~~nH from package,

Ls Intl3rnal Source Inductance --- 7.5 --- and center of die LS
contact. s

Ciss Input Capacitance --- 490 -.. VGs=OV, Vos=25v

Coss Output Capacitance --- 150 --- pF f-1.0Mhz

Crss Re'{erse Transfer Capacitance --- 30 ---

Parameter Min. Typ. Max. Units Test Conditions

Is ColltinuoLls Source Current --- --- 8.4 MOSFET symbol

~

(Body Diode) showing theA
ISM Pulsed Source Current --- --- 31 integral reverse

(Body Diode) (j) p-n junction diode.

Vso Diode Forward Voltage --- --- 2.5 V TI-25°C, 1",,-8.4A, Vr,,,,,-OV@)

t" Reverse Recovery Time 82 --- 140 ns TJ-25°C, IF=9.2A,

°RR Reverse Recovery Charge 0.64 ._- 1.0 ~C dildt- 1OOAl~S@)

ton ForNard Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + La)

CD Repetitive ratilg; Pulse width limited by
max. junction temperature

® Iso:S8.4A, di/dt:S11 OAl~s, Voo:SBVoss'
TJ:S175°C Suggested RG=9.0Q

® Pulse width :5 300~s; duty Cycle :52%

® Mounting surface:
flat, smooth, greased

® Voo=25V, Sta1ing TJ-25°C, L-4.4mH,
RG=25Q, Pea { IAs-8.4A



~pendixA

Fig 14. For N-Channel
HEXFETs

®~:nll
Circuit Layout Considerations

• Low Stray Inductance
• Ground Plane
• Low Leakage Inductance

Current Transformer

• dv/dt controlled by RG
• Driver same type as D.U.T.
• Iso controlled by Duty Factor "0"
• D.U.T.- Device Under Test

+
Voo

D. PW
Period

'I:",,:,:,,:,illl!lil!!iIIIGGS
S 10V'

International
II\~RIRectifier



Fig 14. For ::>-Channel
HEXFETs

Circuit Layout Considerations
• Low Stray Inductance
• Ground Plane
• Low Leakage Inductance

Current Transformer

• dv/dt controlled by RG
• Iso controlled by Duty Factor "D"
o Driver compliment of D.U.T.

(N-Channel)
• D.U.T.- Device Under Test

+
VDD

D= PW
Period

_.~ S',
® D.U.T. I5D Waveform dv/dt

Reverse ;pl." Body Diode Forward"fA
§~r~~~ry ."~---I••··••·•..•·::.:'.••~~i~~~::·'·••••:'•.·••.•·.'·'.·I·'···'··~---I'.

) )
® D.U.T. VD5 Waveform
_ . I Body Diod~ 50rward Drope~l=odhillr'::::)IIIIrr:rri')

I '\ dv/dt

® Inductor Current
~"m""""""'·'·'·'·'·'·m&b ._"."•.,•.•."'81%/'. """"""'r"""""" .""",

l"i~~~~~~~ili·lllllllllliilll·i:i~~·li
• VGS = 5V for Logic Level Devices

International
1:r'~RIRectifier



&mendix B

TO-252AA Outline
Conforms to JEDEC outline TO-252AA
Dimensions in millimeters (inches)
Solder dip max. + 0.16 (0.006) '1~'~:~~:~:

546 (0 215)

521 (0205)

~ 2.38 (0.094)

F
2.19 (0.086)

1.14 (0.045)

0.89 (0.035)

0.58 (0.023)

0.46 (0.018)

fr , 6.45 (0.245)~-=r224

)10.42 (0.410)

9.40 (0.370)

I ~ I 0.51 (0.020)

~j MIN.

j C 0.58 (0.023)

0.46 (0.018)

I
I

~
IlJt 0.89 (0.035)X ..!-'4 (0 045) 3X 0.64 (0.025)

2 076(0030) 1"'1
.w. 0.25(0.010) ®IA®lcl

@-8-(-0-:§ij-0-) ~

2X
-@-4-5-7-(0-,-8-0-)~

1 - GATE

2· DRAIN

3· SOURCE

4· DRAIN

TO-251 AA Outline
Conforms to JEDEC outline TO-251AA
Dimensions in millimeters (inches)
Solder dip max. + 0.16 (0.006) 1

~ni.~3_~CEJ
635 (0 250)

546 (0 215)-----
521 (0205)

1

1.27 (0.050)l
0.88 (0.035) F

e..

2.38 (0.094)

2.19 (0.086)

--t 0.58 (0.023)

I 0.46 (0.018)

f
6.45 (0.245)

5.68 (0.224)

l, .52 (0.060) 6.22 (0.245),:::;+1.!:;==r=:::;==r==;:=?II 6_'9_r~"

1.91 (0.075) I I I 965 (0 380)

I I I~'~'

114 (0045) 't J L
3X 0 76 (0 030) J~[ 0 89 (0 035)

3X 0 64 (0 025)

____ ~025(0010) ®IA®lcl
~2.':~

1 . GATE

2· DRAIN

3· SOURCE

4· DRAIN

1.14 (0.045)

0.89 (0.035)

0.58 (0.023)

0.46 (0.018)

International
I:I(~RIRectifier



~lixB

HD-1 Outline
Similar to JEDEG outline MO-001
Dimensions in millimeters (inches)

CD APPLIES TO SPREAD OF lEADS PRIOR TO INSTALLATION

CD APPLIES TO INSTAllED lEAD CENTERS

.!J..!JQ.044)
0.87 [00<"[ ~

: j-
2.41 (0095) , ,
2:16("O:OO5r I

::: I
Illl0.43 (0.017) ---l

0.34 (0.013) --l

6.29 (0.24~
6.05 (0.238)

5.02 (0.198)
14.78 (0.188)

4X 0.60 (0.024)
0.51 (0.020)

3.40 (0.134)
3.15 (0124)

- , ----f
,I,i'\.

.1·
I \CD -----J O~15;':::

7.62 (0.300) l2x \.0
MIN.

1.14 (0.045)
2X "O~89(0:035)

2.67 (0.105)
2.41 (0.095)

O.E;(0.024) : : :~ : ~:~:1' :.75-~(00--~.00-~579»-"l·o:~~(0."015) 1-r------ -~=-l
1.7 (0.067)

1.4 (0.055)

2.7 (0.107)

2.5- (0.098)
~5 (0.17~

3.7 (0.145)

J__ ____I
J L 0.60 (0.024)- ----

0.35 (0.013)

1.3 (0.052)
"0.'7-(0027)

l--' J-lJ~Lto.6 (0.024)
0.5 (0.02~ .. - " ,)-:4-(0.015)
0.3 (0.012) . 1.6 (0.063)

2X -, '-4 (0.055)
3.2 ~!~6..L. 2X

2.8 (0.110)

International
II(~RIRectifier



Tape & Reel Information ~endix C

J-E- 22.4 (0.880)
MAX.

~---:r--tLL:, ¢ 50.0 (1.968)
~ MIN.

f

International
II(~RIRectifier

0.35 (0.014) r
""0.25 (0.009)

0.35 (0.014) r
""0.25 (O.OOg)

When ordering, indicate the part
number, part orientation, and the
quantity. Quantities are in multiples
of 2,000 pieces per reel for TR and
.multiples of 3,000 pieces per reel
for both TRL and TRR.

e.g., IRFR9014 TRL three-reel order
is 9,000 pieces.



1.6 (0.063)j 1.4 (0.055)

=2,=.

11 0.35 (0.014)
E 0.25 (0.009)

1r 2.0 (0.079)

When ordering, indicate the part
number, part orientation, and the
quantity. Quantities are in multiples
of 1,000 pieces per reel for TR, TRL,
and TRR.

r/
e.g., IRFS120TRL three-reel order
is 3,000 pieces.

I
¢ 50.0 (~.96B)

MIN.

\.-- "'15.5 (0.6" "'1)

~2:5 (0 .••.92)

International
I:I\~RIRectifier



~endix D

TO-252M (D-Pak)

Example: This is an IRFR120 with Assembly International Rectifier First Portion of

Logo IRFR Part Number
Lot Code 9U1P. I R 120

9U 1P Second Portion of
Part Number

Assembly Lot Code

HD-1 (HEXDIP)

International Rectifier
First Portion of

Example: This is an IRFD120 with Assembly Logo
Part Number

Lot Code SA8G. Second Portion of
Assembly Lot Code

First Portion of Second Portion of
Assembly Lot Code Part Number

TO-251 AA (I-Pak)
International Rectifier First Portion of

Example: This is an IRFU120 with Assembly Logo IRFU Part Number
I*R 120Lot Code 9U1 R. 9U 1R Second Portion of

Part Number
Assembly Lot Code

The two numbers on the left hand side of the
device specify the date code.

~/IRFS1Z0

b~
~/IRFS1Z3

/trT1l
Date Code ~ / IRLSOZ4*

~ --~
~ ~ :~./ IRIS9OZ4"

The two letters on the right hand side of the
device specify the part number.

Both sets of characters facing outward
indicate that the SOT·89 is a HEXFET.

* Product not yet available at the publishing
date of this document.

International
II~)RIRectifier



~ldixE

Order No.

GSP-1

HDM-1, Vol. 1

HDM-1, Vol. 2

HDM-1, Vol. 3

HDM-1, Vol. 4

IGBT-2

MGD-I

MPIC-4

PiP-gO

PMD-I

SDM-1

NRPM-2

SHVR-1

FRPM-1

NTPM-2

IPM·1

SFC

Other Catalogs

Description

Government and Space Products - Power Semiconductors Designer's Manual

Application Notes and Reliability Data - HEXFET Designer's Manual

DIPs, D-Paks, I-Paks, Logic Level Devices - HEXFET Designer's Manual

TO-220, TO-247, FullPaks, Current-Sensing Devices - HEXFET Designer's Manual

Power Modules - HEXFET Designer's Manual

Insulated Gate Bipolar Transistors (IGBTs) Designer's Manual

MOS Gate Drivers - Power Integrated Circuits Designer's Manual

Microelectronic Relays Designer's Manual

Power Interface Products Designer's Manual

Power Modules Designer's Manual (Medium and High Power Rectifiers/Thyristors)

Schottky Rectifiers Designer's Manual

Rectifiers, Standard Recovery Type

Rectifiers, Standard Recovery Type - High Power

Rectifiers, Fast Recovery Type

Thyristors, Phase Control Type

Thyristors, Inverter Type

Short Form Catalog - Power Semiconductors Product Digest



Other Surface Mount Devices
Power Integrated Circuits

International
I:IORI Rectifier

Vs
Vss. Vcc lOUTOffset Po Max

Part Supply Output Sinkl Power
Number Voltage VOltage Source Dissipation Description Case Style

(V) (V) (A) (Watts)

IR2110E 10 - 500 10 - 20 2 10 High Vohage Gate Driver LCC
IR2110S 10 - 500 10 - 20 2 1.25 High Voltage Gate Driver 16 PIN DIP

~
IR2125S 10 - 500 10 - 20 lA/2A - Current Limiting High Side MGD 8 PIN DIP
IR2121S 10 - 20 10-20 lA/2A - Current Limiting Low Side MGD 8 PIN DIP
IR8400S 6 - 28 - 1 A per chan - Quad High Side Switch 20 PIN DIP

MGO = MOS GATE DRIVER

SChottky Rectifiers
O.~ - 6.6 Amps

IF(AY) @TC VFM@lfM IFSM IRM@
Part VRRM TJ • 125°C' Max. TJ Case Style

Number TJ = 25°C 50 Hz 60 Hz Rated VRRM
(V) (A) (OC) (V) (A) (A) (mA) (OC)

10MQ040 40 1.1 90 0.55 30 32 50 125 D·64
10MQ06O 60 0.77 110 0.62 10 11 7.5 •10MQ09O 90 0.77 110 0.81 10 11 5.0

15MQ04O 40 1.7 0.55 60 64 50 125

3OWQ03F 30 3.3 109 0.63 40 42 8.5 125 TO·252
3OWOO4F 40 3.3 109 0.63 12.0 D-PAK
3OWQ05F 50 3.3 108 0.71 12.2
3OWQ06F 60 3.3 108 0.71 16.0
30WQ09F 90 3.3 107 0.92 1.75
30WQ10F 100 3.3 107 0.92 2.00

5OWQ03F 30 5.5 97 0.67 45 47 14.1 125

~

50WQ04F 40 5.5 97 0.67 20.0
5OWQ05F 50 5.5 95 0.72 24.0
50WQ06F 60 5.5 95 0.72 30.0
5OWQ09F 90 5.5 95 0.95 2.6
5OWQ10F 100 5.5 95 0.95 3.0

6CWQ03F 30 6.6 101 0.55 45 47 14.1 125
6CWQ04F 40 6.6 101 0.55 20.0
6CWQ05F 50 6.6 98 0.58 24.0
6CWQ06F 60 6.6 98 0.58 30.0
6CWQ09F 90 6.6 98 0.85 2.6
6CWQ10F 100 6.6 98 0.85 3.0

Ultra-Fast Recovery Rectifiers
1 to 6.6 Amps

IF(AY) @ TC VFM@ IFSM RthJC
Part VRWM

TJ = 25°C
DC Max. trr Case StyleNumber IF(AY) 50 Hz 60 Hz

(V) (A) (OCI (V) (A) (A) (OC/W) (ns)

10MF2 200 1 122 0.98 25 28 160 50 D·64 •
30WF10F 100 3.3 104 1.35 30 31.4 8 30 TO·252
3OWF20F 200 3.3 104 1.35 30 31.4 8 30 D-PAK
3OWF3OF 300 3.3 104 1.35 30 31.4 8 30
3OWF40F 400 3.3 104 1.35 30 31.4 8 30

50WF10F 100 5.5 104 1.1 45 47 6 40

~
50WF20F 200 5.5 104 1.1 45 47 6 40
50WF30F 300 5.5 104 1.1 45 47 6 40
5OWF40F 400 5.5 104 1.1 45 47 6 40

6CWF10F 100 6.6 117 0.98 45 47 5 30
6CWF20F 200 6.6 117 0.98 45 47 5 30



International
IIC~RIRectifier

Power M08FETS High Reliability
IRFE Series - N·Channel

BVOSS DnIln ROS(on) 10 Continuous 10M Pul •• Po Mo
PIIt Soun:e On·StalI DnIln Cumnt DnIln Power CIIa Style

Number Voltage Realallnce 250C CIIa Cumnt Olaalpallon
(VoIla) (Ohms) (Amps) (Amps) (WIllI)

IRFE024 60 0.17 8.0 32 20 Lee
IRFEll0 100 0.6 3.5 14 15
IRFE120 100 0.30 6.0 24 20
IRFEl30 100 0.18 8.0 32 25
IRFE210 200 1.5 2.25 9 15

~
IRFE220 200 0.60 3.5 14 20
IRFE230 200 0.4 5.5 22 25
IRFE310 400 3.6 1.25 5.5 15
IRFE320 400 1.8 2.0 8 20
IRFE330 400 1.0 3.0 12 25
IRFE420 500 3.0 1.5 6 20
IRFE430 500 1.3 2.5 10 25

IRFN044 60 0.40 34 136 75 SMD·1
IRFN054 60 0.27 45 180 100
IRFN140 100 0.100 22 88 75
IRFNl50 100 0.073 27 108 100

~

IRFN240 200 0.18 14 56 75
IRFN250 200 0.100 22 88 100
IRFN340 400 0.55 8.0 32 75
IRFN350 400 0.315 11 44 100
IRFN440 500 0.89 6.0 24 75
IRFN450 500 0.415 10.4 41 100
IRFNG40 1000 3.5 3.0 12 75
IRFNG50 1000 2.0 4.5 18 100

IRFE9024 -60 0.28 -6.0 -24 20 Lee
IRFE9110 -100 1.2 -2.6 -10 15
IRFE9120 -100 0.6 -4.0 -16 20

~
IRFE9130 -100 0.3 -6.5 -25 25
IRFE9210 -200 3.0 -1.6 -6.5 15
IRFE9220 -200 1.5 -2.5 -10 20
IRFE9230 -200 0.8 -4.0 -16 25

IRFN Series P-Chtnnel
IRFN9140 -100
IRFN9240 -200 i SMD·' ~ i

Radiation Hard HEXFETs
N-Channel

VD:1 Drain RDS (on) 10 Continuous 10M Pulse Po Max Case
sDurce On·state Drain Currant Drain Power Outline

Part Vultage Resistance 25°C ease Current Dissipation Number
Number Nalls) (Ohms) (Amps) (Amps) (Watts) (2) Notes Case Style

IRHE7110 100 0.6 6 20 20 H22 Lee
~

IRHE8110 100 0.6 6 20
IRHE7130 100 0.18 8 25
IRHE8130 100 0.18 8 25



HEXFET Power MOSFETs

Case Outlines

g:iJ
+--+' t t11.310.0751+--+ 1.75 10.0691 0.9 10.03511.75 10.069) 2.0 10.0791 0.95 10.037)

0.95 (0.037) MIN. 1.7 10.067)
CD Polarity Band 1.3 (0.0511

<V Part Number

OXOR
16.0010.630)157[

11.55(O.4551J
11.31 (O.445)

0.88 10.035)1i0.6<(O.0251
2-PlCS

~

JL04310017)
01810007)

'.----fl 3.8110.150)
~3.31(O.130).....==~

International
I:IC~RIRectifier

6.80 (0.268)
MAX

5.30 (0.2081
., 1 I

26~~02)l III-- 0 50 (0 020)

n
--11-050 10.020)

APPLIES TO RECTifiERS ONLY

Conforms to JEDEC Outline lU-252AA

9.14 (o.360I

L8.6<10.3<0)

12 13 '4 15 16 1.39 (0.055)
r I I I I 1.02{O.0401

~~ PIN 11 & 12

2.03 (O.O8O)~-
LEGEND:
GATE' PINS 4 & 5
DRAIN' PINS 1, 2. 15. 16. 17 & 18
SOURCE: PINS 6. 7. 8. 9, 10, 11, 12 & 13
NO CONNECTION: PINS 3 & 14

Dimensions in Millimeters and (Inches)
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International Rectifier
... around-the-world manufacturing

to serve worldwide needs.

EI SelJundo, California .
• Powur MOSFETs, custom hybrids, rectifiers,

thyriHlors, governmentlmilitary/hi·rel devices,
microelectronic relays

HEXFH:T America
Ranctlo California, California
• Dedi,~ated to power MOSFETs
Tijual1 a, Mexico
• Scholtkys. thyristors, high power rectifiers

@ Ontario, Canada
• High voltage columns, open assemblies, heat

sinks

® Oxted, England
• Power MOSFETs, power modules, alloyed

rectifiers

® Turin, Italy
• Rectifiers, thyristors, diode bridges, power

modules


