X . Price: $10.00

REXIFET

Power MOSFET

= et e

IVNNVIN S.HINDISIA 13AXTIH

Designer's

Mlanual

DIPs

: D-Paks
: @ |1-Paks

e
Rectifier




About Volume II

This Designer’s Manual is specifically dedicated to
International Rectifier’s commercial line of HEXFET
surface mount (D-Pak, |-Pak, SOT-89) and DIP
devices. These power MOSFETs are recognized
throughout the world as the industry standard for
ruggedness, low Rpgen, 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.

DATA SHEETS

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

OTHER PUBLICATIONS

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.

HEXFET is a trademark of International Rectifier
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HEXFET Power MOSFETs

1M

An Introduction to
HEXFET Power MOSFETs

Foreword

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

HEXFET Il devices, specially designed for high-volume low-cost manutacture at HEXFET
America, are recognized as the most rugged standard-product power MOSFETs in the industry.
Introduced in late 1986, HEXFET Ill 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
Ili devices:

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

Repetitive avalanche energy to eliminate external protection circuitry.

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

HEXFET Il cell density has been optimized for each voltage range to provide lower on-
resistance 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 Il 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 other use under any patent or patent rights of International Rectifier. No patent liability shall be incurred for use of the
circuits or devices described herein.

International Rectifier 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 indemnifies International Rectifier against all damages resulting from such use.

Copyright 1991, International Rectifier Corporation, El Segundo, CA. All rights reserved.
Reproduction or use of editorial or pictorial content without express permission in writing is prohibited.



HEXFET Power MOSFETs

Table of Contents

HEXFET Power MOSFETs Page
Alpha-Numeric Index ................... ... . ... ... ... iv
Product Selection Guide ............................. .. v

Package Styles, Channel

DIP, N-Channel ............... ... .. . .. .. . .. ... .. P 1
DIP, P-Channel .......... ... ... .. .. ... . . . . . . . . .. ... 39
D-Pak and |-Pak, N-Channel ................. ... .. ... .. 63
D-Pak and I-Pak, P-Channel ........................... .. 105
SOT89 ... 131

DIPs . 133
D-Paksand I-Paks .......... .. ... ... ... ... ........... 141
Appendices
Appendix A: Peak Diode Recovery dv/dt Test Circuit ........ 149
Appendix B: Package Outline Mechanical Drawings . ........ 151
Appendix C: Tape and Reel Information ................... 153
Appendix D: Part Marking Information .......... e 155
Appendix E: Other Available Literature ................... 156
Other Surface Mount Products .......................... ... 157
Worldwide Operations . ......................... ... .. Back Cover



Part Number

121010} VSRR 1 IRFR224/U224..................
IRFDO24 ... 7 IRFR310/U310....ccoceeeeeecnnenns
121= 51 B Lo JE 13 IRFR320/U320......cocceeeeerenss
121 5 1210 19 IRFR420/U420........ccomeeerrenss
IRFD1Z0.eeeeeeeeeeeeeeeenenns 25 IRFR9014/U9014................
IRFD210...eeieeeeeeeeeereeeenns 31 IRFRO024/U9024.................
IRFD220.....ccoeeeeeeeeereereenns 37 IRFRO110/U9110......eevvennenn.
IRFDOO01 4. 39 IRFR9120/U9120..........c......
IRFDO024........eeeeeeeeereeennns 41 IRFR9210/U9210................
IRFDO110. . eeeeeeeeeeeeeeeeeeneas 47 IRFR9220/U9220................
IRFDO120.....eeceeeeeeeeveeernes 53 IRFRC20/UC20.........coveun....
IRFDO210.....eceeeeeeeereieneenns 59 1= o S
IRFDO220......ceeeeeeeeeereeens 61 IRLDOT 4o,
IRFRO14/U014.....c.een. 63 IRLDO24.....ceeeeeeeeeeeeeceereenens
IRFR024/U024.........ocennee.. 69 [=TH 0} & 1o T
IRFR110/U110....ccceereeneee. 75 IRLD120... . cceeeeeeeeeeeeeereevenne
IRFR120/U120....ccorcueee. 81 IRLRO14/U014 ..o
IRFR210/U210....ccccveeeeee 87 IRLR0O24/U024........ocreeene..
IRFR214/U214........ocoe... 89 IRLR110/U110. e
IRFR220/U220..........cc...... 95 IRLR120/U120...cc.eereereennnen.
Intemational
zer]Rectifier

Alpha-Numeric Index

Page Part Number



Selection Guide

Logic Level D-Pak (5 volt gate)

BVpss Drain- | Rpg(on) Drain- | Ip Continuous lom Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number | Case Style
IRLRO14 60 0.20 8.5 31 141
IRLR024 0.10 16 64 143
IRLR110 100 0.54 46 18 145
D-Pak
IRLR120 0.27 8.4 31 147 TO-252AA
Logic Level DIP (5 volt gate)
BVpss Drain- | Rpg(on) Drain- | Ip Continuous lom Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number | Case Style
IRLDO14 60 0.20 1.7 14 133
IRLD024 0.10 25 20 135
IRLD110 100 0.54 1.0 8.0 137 HD-1 [
IRLD120 0.27 1.3 10 139
Logic Level |-Pak (5 volt gate)
BVpsg Drain- | Rpg(on) Drain- | Ip Continuous Ipm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number | Case Style
IRLUO14 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

TO-251AA
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Selection Guide

SOT-89
BVpss Drain- | Rps(on) Drain- | Ip Continuous Ipm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number Case Style
IRFS1Z0 100 24 0.90 3.6 131 @
SOT-89
D-Pak N-Channel
BVpss Drain- | Rpg(on) Drain- | Ip Continuous Ipm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number | Case Style
IRFRO14 60 0.20 8.4 34 63
IRFR024 0.10 16 64 69
IRFR110 100 0.54 47 19 75
IRFR120 0.27 8.4 34 81
IRFR210 200 1.5 27 8.0 87
IRFR220 0.80 4.8 18 95
IRFR214 250 2.0 22 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
D-Pak P-Channel
BVpss Drain- | Rps(on) Drain- | Ip Continuous lpm Max.
to-Source to-Source On | Drain Current | Puised Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (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 -34 -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

vi
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Selection Guide

DIP N-Channel
BVpss Drain- | Rpg(on) Drain- | Ip Continuous lpm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number [ Case Style
IRFDO14 60 0.20 1.7 14 1 N
IRFD024 0.10 2.5 20 7
IRFD1Z0 100 24 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 48 31
IRFD220 0.80 0.80 6.4 37
DIP P-Channel
BVpss Drain- | Rpg(on) Drain- | Ip Continuous lom Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) (Q) (Amps) (Amps) Page Number | Case Style
IRFD9014 -60 0.50 -1.1 -8.8 39 NS
IRFD9024 0.28 -1.6 -13 41
IRFD9110 -100 1.2 -0.70 -5.6 47
IRFD9120 0.60 -1.0 -8.0 53
IRFD9210 -200 3.0 -0.4 -3.2 59
IRFD9220 1.5 -0.58 -4.6 61
I-Pak N-Channel
BVpss Drain- | Rpg(on) Drain- | Ip Continuous lom Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) Q) (Amps) (Amps) Page Number | Case Style
IRFUQ14 60 0.20 84 34 63
IRFU024 0.10 16 64 69
IRFU110 100 0.54 4.7 19 75
IRFU120 0.27 8.4 34 81
IRFU210 200 1.5 2.7 8.0 87
IRFU220 0.80 4.8 18 95
IRFU214 250 20 22 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 24 8.0 103 TO-251AA
IRFUC20 600 4.4 2.0 8.0 129
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|-Pak P-Channel

Selection Guide

BVpss Drain- | Rps(on) Drain- | Ip Continuous Ipm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) (Q) (Amps) (Amps) Page Number Case Style
IRFU9014 -60 0.50 -5.6 -22 105 &
IRFUS024 0.28 -9.6 -38 111
IRFU9110 -100 1.2 -3.4 -14 117
IRFU9120 0.60 -6.3 -25 119
IRFU9210 -200 3.0 2.0 -8.0 125 J |-Pak
IRFU9220 1.5 -3.6 -14 127 TO-251AA

viii

Data Sheets

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.

In the interest of product improvement, International Rectifier

reserves the right to change specifications without notice.
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IRFDO14

HEXFET® Power MOSFET
* Dynamic dv/dt Rated D
* For Automatic Insertion BV 60V
* End Stackable DSS
RDS(on) 0.2OQ
s Ip 1.7A
i n-channel
Description
Third Generation HEXFETSs 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc = 25°C | Continuous Drain Current, Vgs@10V 1.7
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 1.2 A
Iom Pulsed Drain Current ® 14
Pp@ Tc =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
Vi Gate-to-Source Breakdown Voltage 120 Vv
Eas Single Pulse Avalanche Energy @ 130 mJ
dv/dt Peak Diode Recovery dv/dt @ 45 Vins
Ty Operating Junction and -5510 +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KwW®




IRFD0O14

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 - - V | Vgs=0V, Ip=250pA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- 0.063| --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance --- [ 0.20 Q  |Vgs=10V, Ip =1.0A®
Vas(th) Gate Threshold Voltage 20 | - | 4.0 V  |Vps=Vas, Ip=250pA
Ofs Forward Transconductance 13} — | - S | Vps=25V, lps=1.0A®
Ibss Zero Gate Voltage Collector Current - - 1250 | pA |Vps=60V, Vgg=0V
- | - |1000 Vps=48V, Vgg=0V,T,=150°C
lgss Gate-to-Source Forward Leakage - --- | 500 nA Vas=20V
Gate-to-Source Reverse Leakage .- --- | -500 Vgs=-20V
Qg Total Gate Charge - | - N Ip=10A, Vpg=48V, Vgs=10V
Qs Gate-to-Source Charge - - 1341 nC See Fig 6 and 13®
Qgg Gate-to-Drain ("Miller") Charge - - | 5.8
ta(on) Turn-On Delay Time == 10 - Vpp=30V, Ip=10A
t, Rise Time ‘ = 180 | - | & |Re=24Q, Rp=27Q
td(ofh Turn-Off Delay Time - 13 - See Fig. 10®
t Fall Time -] 19 | -
Lp Internal Drain Inductance — | 40 | - Between lead,
emm (0.25in.) Lo
nH [from package,
Lg Internal Source Inductance — | 60 | - and c%ntergf die g s
contact. s
Ciss Input Capacitance - | 310 | --- Vas=0V, Vpg=25v
Coss Output Capacitance - | 160 | - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 37 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current .- 1.7 D
(Body Diode) A mvsvﬁgﬂ:g mbol
Ism Pulsed Source Current — | - | 14 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 1.6 V  |T;=25°C, lg=1.7A, Vgs=0V®
ter Reverse Recovery Time 34 - | 140 ns |T;=25°C, lg=10A,
Qpn Reverse Recovery Charge 0090| - | 040 | pC |di/dt=100A/nS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)
Notes:

@ Repetitive rating; Pulse width limited by

max. junction temperature (See figure 11)

® Vpp=25V, Starting T,=25°C, L=55mH,
Rg=25%, Peak Ipg=1.7A (See figure 12)

® 'SDS1 0A, dl/dtSQOA/P.S, VDDSBVDSSx
T,£175°C Suggested Rg=24Q

@ Pulse width < 300ps; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/w
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lp, Drain Current (amps)
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IRFD024

HEXFET® Power MOSFET

« Repetitive Avalanche Rated
» Dynamic dv/dt Rated

« For Automatic Insertion

« End Stackable

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of tast switching speed, ruggedized device design,

n-channel

BVpss
RDS(on)
S Io

60V
0.10Q
2.5A

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.

Absolute Maximum Ratings

HD-1

Parameter Max. Units
lp @ Tc =25°C | Continuous Drain Current, Vgs@10V 2.5
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.8 A
| lom Pulsed Drain Current ® 20
Pp@ Tg =25°C | Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®
Vas CGate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 91 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
T, Operating Junction and -55to +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 Kw®




IRFD024

Electrical Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 .- - V | Vgs=0V, Ip=250uA
ABVpgss/AT, | Temp. Coefficient of Breakdown Voltage | --- ]0.061| - | V/°C |Reference to 25°C, Ip=1mA
Ropsion) Static Drain-to-Source On Resistance - --- 10.10 Q |Vgg=10V, Ip =1.5A®
Vasi(h) Gate Threshold Voltage 2.0 --- 4.0 V | Vps=Vgs, Ip=250pA
Ois Forward Transconductance 27 | - | -~ S | Vpg=25V, Ipg=1.5A®
Ipss Zero Gate Voltage Collector Current - - | 250 | pA |Vpg=60V, Vgg=0V
- | -- |1000 Vps=48V, Vgg=0V,T,;=150°C
lass Gate-to-Source Forward Leakage --- --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage - --- | -500 Vgs=-20V
Qq Total Gate Charge -~ | - | 28 Ip=14A, Vps=48V, V=10V
Qgs Gate-to-Source Charge - -- | 54 | nC See Fig 6 and 13®
Qgg Gate-to-Drain ("Miller”) Charge e- == 13
td(on) Turn-On Delay Time -~ | 86 | -- Vpp=30V, Ip=14A
t Rise Time , - 47 - ns RG=18.Q, RD=2.0.Q
tacofy Turn-Off Delay Time - 27 .- See Fig. 10®
t¢ Fall Time - | 37 | -
Lp Internal Drain Inductance - | 40| - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 60| nH ;r::’n c‘:rl::? gfe;iie Q s
contact. s
Ciss Input Capacitanoe == 640 - Vgs=0V, Vpg=25v
Coss Output Capacitance - | 360 | -- pF | f=1.0Mhz
Ciss Reverse Transfer Capacitance - 79 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | 25 ]
(Body Diode) . Mo
Ism Pulsed Source Current - - | 20 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage = | = 15| V [T,=25°C, Ig=2.5A, Vgg=0V®
ty Reverse Recovery Time 49 | - | 200 | ns [T ;=25°C, lg=14A,
Qrn Reverse Recovery Charge 022 | - [0.88| uC |didt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T=25°C, L=17.5mH,
Rg=25Q, Peak 155=2.5A (See figure 12)

@ Igp<14A, dildi<110A/us, Vpp<BVpgs,

Ty<175°C Suggested Rg=18Q

@ Pulse width < 300ps; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/W




TGR IRFD024
] I oe i8y =
é?;v ;?XV A
7.0V 7.0V /
8.0v pd ERM Y
BOTTOM N po BOTTOM iﬁ:v Vil
—~ == P A
a /48 2 7
£ 74 g 74
& P 7/
~— / )
27 ~ 101
1 %5 - > —
g 1wt 2 5 -
5 5
cg [ o ol 4.5
‘& A k= 1
5 2% S 4
- 4.5V o
_9 /A / 4"”‘ 1 a /
4 / -
// 100
WL 20us PULSE WIDTH 20us PULSE WIDTH
7 T = 25°C Te = 175°C
1071 100 10 1071 100 101
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Te =25°C Tc =150°C
1 3.0
l o ID = 14A
7 (1]
259 P Q
/’ 8 25
(%]
) 2
Q. 0
g / 1759C E 2.0
= 1o -] ,//
2 2 e8is -
5 3 ®© 7
o y4 & E 4~
c 7/ 55 ~
‘s 7 ‘E €10 B
3 & —
=] a
2 05
S
VDS = 25V 8
100 20us PULSE WIDTH| o Vgg = 10V
4 5 6 7 8 9 10 '~60-40-20 0 20 40 60 80 100 120 140 160 180

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Ty, Junction Temperature (°C)

Fig 4. Normalized On-Resistance Vs.
Temperature




IRFD024

1250\ Vgs = OV, f = IMHz 20 Ip = 14A I I
Ciss = Cgs + Cgq. Cds SHORTED
Crss = Cgd ) Vpg = 48V
1000 Coss = Cds * Cgd 9 16 Vog = 30V N
3 2
— T~ o
s Qb S 1 %
~ 750 ‘-:sts > / D
8 N 3 y/4
m T T
S Coss 3 /y
@ 500 >, (/.) 8
% \ Py l/
O o N &
\ © y
250 C 4
N A
\‘Cr‘ss\ S FOR TEST CIRCUIT
[ —
' “ — o SEE FIGURE 13
0
0% ol 0 6 12 18 24 30
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Drain- Fig 6. Typical Gate Charge Vs. Gate-
to-Source Voltage to-Source Voltage
T —_— 102 T yp—— T
OF’ERATIOE IHDTH S AREA LIMITE H
. 5 Y, Fos (oN)
» ] r i 1
= L~
E 1750 ] / = 2 | iR 1
< . 2 At T14 | Im
g) ,II Ill 250¢ s 10 ! ==u’ ,
5 A—17 put
O / g °
[]
£ i £ M
g 3 NEl i}
a / c / \
o 100 p—f— 4 & 1 b
e i T s 10,
] 7 1 o
3 [ | s s
i 1 =
=) To=asoc
K7 | 27 =175%
y l Vgs = OV 0.1 LSINGLE PULSE " h
W) 0.8 1.2 1.6 2.0 042 5 4 2 5 402 5 1022 5 4¢3
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage

10



IRFD024

Ip, Drain Current (amps)

Tc, Case Temperature (°C)
Fig 9. Maximum Drain Current Vs.

R
Vs >t AAA—
D.U.T.
3 .
=+ Voo
N -
\ ~ Pulse Width < 1ps
Duty Factor £ 0.1%
T
N . A . N
Fig 10a. Switching Time Test Circuit
Vbs
90% AW AN
| |
| X
10%
%5 50 75 100 125 150 175 Vas A ~ I I

taeny taery

Fig 10b. Switching Time Waveforms

Case Temperature

103

102

10

Thermal Responce (Z ¢yc)

FEEEE!
1Y
LD=0.5 —_—— p——
1 L
¥ =
RO . 1 _—-:q -
bo . 05 e
— i
-0 ot
.c.orx ™ /’
11 1 ll=
i i +
I SINGLE P 2
L ﬂthgALUhESPOPSE) T
¥ ~te|
[t
1y "[-H'%
NOTES:
1. DUTY FACTOR, D=t /t,
[ﬂ 2. PEAK Ty=Pgy X Zgnge * T¢
1075 1074 1073 1072 0.1 1 10 102 103

t4, Rectangular Pulse Duration (seconds)

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

11



IRFD024

L 250

Vary tep(;o obtain VDS 4 m TOP 1.;2
i K || R
roquredpeak D.U.T. = 200 BOTTOM é,g:

9 : E7TY
T Voo g N
5 ol L)
L 2 50
T L
52| 3 N
* & 100N
Fig 12a. Unclamped Inductive Test Circuit -] \\
(=
BV, @ 50 \\
t bss 2 \\‘\ N
— p——; w — \‘
/ Voo o [0 - 25v \§.§
VDS // \\ 25 50 75 100 125 150 175
// \ Starting T, Junction Temperature (°C)
S “_____ Fig 12c. Maximum Avalanche Energy
vs. Drain Current
Fig 12b. Unclamped Inductive Waveforms
— _Current Regulator =
Same Type |
! as D.U.T. — |
| I 3 s0a ' 79]
lav wF$ | NCX|
| I £ 3uF |
Q T T PP 2V
ovfi———=C8——== JouT. T VoS
I - Qas Qep Vas ::L‘)
Vg 3maf L
‘VIAVAv .F ‘VA'VA
Charge —— le] D
Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix D: Part Marking Information International
1eR|Rectifier

12



International

TR

Rectifier

PD-9.328J

IRFD110

HEXFET® Power MOSFET

» Repetitive Avalanche Rated
» Dynamic dv/dt Rated

« For Automatic Insertion
 End Stackable

Description

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

D
BVpss
Rps(on)
s I
n-channel

100V
0.54Q
1.0A

and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style whichcan
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.

Absolute Maximum Ratings

HD-1

Parameter Max. Units
lp @ Te = 25°C | Continuous Drain Current, Vgs@10V 1.0
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.71 A
Iom Pulsed Drain Current ® 8.0
Pp@ T =25°C | Maximum Power Dissipation 13 W
Linear Derating Factor 0.0083 W/K®
|Vas Gate-to-Source Breakdown Voltage +20 vV
Eas Single Pulse Avalanche Energy @ 140 mJ
Iar Avalanche Current ® 1.0 A
Eag Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Ty Operating Junction and -5510 +175
Ts1a Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Roua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD110 IOR
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units | Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | --- V| Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - [ 0.12 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance -- | 0.54 Q  |Vgg=10V, Ip =0.60A®
Vasiih) Gate Threshold Voltage 2.0 - | 4.0 V | Vps=Vas, Ip=250pA
Ots Forward Transconductance 080 | -- | -- S [Vpg=50V, Ipg=0.60A®
Ibss Zero Gate Voltage Collector Current --- -~ | 250 | uA |Vpg=100V, Vgg=0V
— | -~ [1000 Vpg=80V, Vgs=0V,T,=150°C
lass Cate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage - --- | -500 Vgs=-20V
Q Total Gate Charge -~ | - 183 Ip=5.6A, Vps=80V, Vgs=10V
Qgs Gate-to-Source Charge | = 128 | nC |geFi g6 and 13@
Qgqg Gate-to-Drain ("Miller") Charge - | 38
td(on) Turn-On Delay Time - 6.9 - Vpp=50V, Ip=5.6A
t Rise Time : --- 16 === ns RG=24Qv RD=8.4Q
ta(oty Turn-Off Delay Time --- 15 --- See Fig. 10®
t Fall Time —- | 94 | -
Lp Internal Drain Inductance — | 40 | - Between lead, p L
6mm (0.25in.) D
Ls Internal Source Inductance - | 80 | - nH :221 c:a?:?gfe'die g s
contact. s
Ciss Input Capacitance --- | 180 | --- Vgs=0V, Vpg=25v
Coss Output Capacitance - 81 pF | f=1.0Mhz
Cres Reverse Transfer Capacitance --- 15 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - | 1.0 MOSFET symbol D
(Body Diode) A | showing the
Ism Pulsed Source Current — | - | 80 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 25 V. {T;=25°C, Ig=1.0A, Vgg=0V®
tr Reverse Recovery Time 50 -- | 200 ns |T;=25°C, Ig=5.6A,
Qrn Reverse Recovery Charge 022 | -- | 0.88| nC |didt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + L)
Notes:

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

@ Vpp=25V, Starting T;=25°C, L=52mH,

Rg=25Q, Peak I5s=2.0A (See figure 12)

©) Isp < 5.6A, di/dt<75A/us, Vpp<BVpss,
T <175°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °Cw
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IRFD110
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IRFD110
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IRFD110

Ip, Drain Current (amps)

R
Vps >—p—AAA—
D.UT
. 9 )
\\ = Voo
Y
\ Pulse Width < 1us
Duty F: <0.1%
\‘ uty Factor <0 T
Fig 10a. Switching Time Test Circuit
\ 0% A\
| |
| |
10% I I
. v |
25 50 75 100 125 150 175 GS
Tc, Case Temperature (°C) t"“’“’ b oM t'
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms

Case Temperature

3
10 i i = 5 =
102 .

) [0=0.5 = H

2 % - I
N 0 . 2 port
8 10 o 1 g
c bo . 0535 === i
8 ] 304l i T
(7] :m‘:::::
D 1 —— f
1 " L0 .01 et A
= === :
E T i i

5 N HHT PCJ S T Jii | Pg.
‘_-C_ 3 ﬂu?hﬁn h;EPONSE) i

0.1 // ég- m -tie)

23 o toe
i i
NOTES:
1. DUTY FACTOR, D=t /t,
10-2 m 2. PEAK Ty=Ppy X Zinge * T
1075 1074 1073 1078 0.1 1 10 102 103

t1, Rectangular Pulse Duration (seconds)

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

17



IRFD110
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International

1or|Rectifier

PD-9.385G

IRFD120

HEXFET® Power MOSFET

« Repetitive Avalanche Rated D

» Dynamic dv/dt Rated

« For Automatic Insertion BVpss 100V

« End Stackable G RDS(on) 0.27Q
s ~p 1.3A

Description 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.

Absolute Maximum Ratings

Parameter Max. Units
Ib @ Te =25°C | Continuous Drain Current, Vgs@10V 1.3
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 0.94 A
lom Pulsed Drain Current ® 10
Pp@ T =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 100 mJ
lar Avalanche Current ©® 1.3 A
Eap Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.5 Vins
T Operating Junction and -5510 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD120

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 [ - --- V | Vgg=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.13 [ - | v/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - - 027 | Q |Vgg=10V, Ip =0.78A®
Vasith) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, lp=250uA
Ots Forward Transconductance 080 | --- S [Vpg=50V, Ipg=0.78A®
loss Zero Gate Voltage Collector Current - - | 250 | pA | Vps=100V, Vgs=0V
- --- [ 1000 Vps=80V, Vgg=0V,T;=150°C
lass Gate-to-Source Forward Leakage - --- | 500 nA. Vas=20V
Cate-to-Source Reverse Leakage - -~ | -500 Vgs=-20V
Qg Total Gate Charge b - 16 ID=9'2Av VDS=8ovv VGS=1 ov
1Qgs Gate-to-Source Charge - | 44 nC See Fig 6 and 13®
|Qgd Gate-to-Drain ("Miller") Charge - - | 77
tdton) Turn-On Delay Time - | 68 | -- Vpp=50V, Ip=9.2A
t Rise Time - 27 - ns R6=1BQ, RD=5-29
ta(ot Turn-Off Delay Time - 18 --- See Fig. 10®
4 Fall Time - 17 | -
Lo Internal Drain Inductance - | 40 | - Between lead, P L
6mm (0.25in.) D
Lg Internal Source Inductance - | 6.0 | -- nH ::? cg?::ragfe;iie ¢ s
contact. ) s
Ciss Input Capacitance -} 360 | -- Vags=0V, Vpg=25v
Coss Output Capacitance --- | 150 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 34 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - 1.3 D
(Body Diode) A iﬁiﬁgﬁ! mbol
Ism Pulsed Source Current - 10 integral reverse = ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | - | 25 V| T=25°C, Ig=1.3A, Vgg=0V®
te Reverse Recovery Time 65 - | 260 ns [T,=25°C, Ig=9.2A,
Qnr Reverse Recovery Charge 033| -- | 1.3 | uC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp).
Notes:

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

@ Vpp=25V, Starting Ty=25°C, L=24mH,

Rg=25Q, Peak I5s=2.6A (See figure 12)

©)] Isp<9.2A, difdt<110A/ps, Vpp<BVpss,
Ty<175°C Suggested Rg=18Q

@ Pulse width < 300ys; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/w
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IRFD120
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IRFD120
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IRFD120
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IRFD120
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International

1oR| Rectifier

PD-9.380H

IRFD1Z0

HEXFET® Power MOSFET

- Repetitive Avalanche Rated D

 Dynamic dv/dt Rated

« For Automatic Insertion BVpss 1 0oV

* End Stackable G RDS(on) 2.4Q
s Ip 0.50A

Description 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings

Parameter Max. Units
lp @ Tc =25°C | Continuous Drain Current, Vos@10V 0.50
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 0.36 A
Iom Pulsed Drain Current ® 4.0
Pp@ Tg =25°C | Maximum Power Dissipation 1.25 w

Linear Derating Factor 0.10 W/K®
Vas Gate-to-Source Breakdown Voltage 120 \
Eas Single Pulse Avalanche Energy @ 9.8 mJ
AR Avalanche Current @ 0.50 A
EaR Repetitive Avalanche Energy © 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Ty Operating Junction and -55t0 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Thermal Resistance

Parameter Max. Units
Reua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD1Z0

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | -- .- V| Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.12 | --- | V/°C {Reference to 25°C, Ip=1mA
Rpston) Static Drain-to-Source On Resistance - e 2.4 Q  Vgg=10V, Ip =0.30A@
Vasitn) Gate Threshold Voltage 20 | - [ 4.0 V | Vps=Vags, Ip=250pA
Ois Forward Transconductance 060 | - | - S |Vps=50V, Ipg=0.30A®
Ibss Zero Gate Voltage Collector Current - - | 250 | pA |Vps=100V, Vgg=0V
- -~ {1000 Vps=80V, Vgg=0V, T ,=150°C
IGSS Gate-to-Source Forward Leakage - --- | 500 A Vgs=20V
Gate-to-Source Reverse Leakage - --- | -500 Vag=-20V
Qg Total Gate Charge - | = 118 Ip=0.9A, Vps=80V, Vgg=10V
Qgs Gate-to-Soyrce Charge = | - 068} nC |qooF 96 and 13®
Qg Gate-to-Drain ("Miller") Charge - | 0.95
ta(on) Turn-On Delay Time - | 78 | -- Vpp=50V, Ip=0.9A
P S Il i
d(off) urn elay Time See Fig. 10®
t Fall Time - | 47 | -
Lp Internal Drain Inductance — | 40| - Between lead, P
émm (0.25in.) Lo
Ls Internal Source Inductance — | 8.0 | -- nH ::?czif:?g?hie € s
contact. s
Ciss Input Capacitance 39 - Vas=0V, Vpg=25v
Coss Output Capacitance 18 --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 2.8 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 0.5 MOSFET symbol D
(Body Diode) A | showing the
lsm Pulsed Source Current — | - | 40 integral reverse €
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 14 V| T,=25°C, I5=0.5A, Vgs=0V®
tr Reverse Recovery Time 42 - | 7 ns |T;=25°C, Ig=0.9A,
QR Reverse Recovery Charge 0.14 | -- | 0.41 | pC |di/dt=100AS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T;=25°C, L=16mH,
Rg=25Q, Peak Ipng=1.0A (See figure 12)

® Igp < 0.5A, dildt<25A/us, Vpp<BVpss,

T <175°C Suggested Rg=50Q

@ Pulse width < 300ys; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °CW
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Ip, Drain Current (amps)
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International

PD-9.386F

1¢R|Rectifier IRFD210
HEXFET® Power MOSFET
« Repetitive Avalanche Rated D
 Dynamic dv/dt Rated
« For Automatic Insertion BVpss 200V
» End Stackable G RDS(on) 1.50Q
< I 0.60A
Description 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

HD-1

dual drain pin serves as a thermal link to the mounting surface for power
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
b @ Tc =25°C | Continuous Drain Current, Vgs@10V 0.60
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 0.38 A
Iom Puised Drain Current ® 4.8
Pp@ T¢ =25°C | Maximum Power Dissipation 1.0 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 79 mJ
Iar Avalanche Current ® 0.60 A
Eag Repetitive Avalanche Energy ® 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® 50 Vins
Ty Operating Junction and -551to0 +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Rausa Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD210

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 200 | --- - V | Vag=0V, lp=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.30 | --- | V/°C |Reference to 25°C, lp=1mA
Rbs(on) Static Drain-to-Source On Resistance -~ ee 1.5 Q Vgg=10V, Ip =0.36A®
lG_S_(th) Gate Threshold Voltage 2.0 === 4.0 \ Vps=Vas. |D-2501.I.A
Ot Forward Transconductance 010 | == | -- S | Vpg=50V, Ipg=0.36A®
Ipss Zero Gate Voltage Collector Current - | - | 250 | HA |Vpg=200V, Vgg=0V
.- --- | 1000 Vps=160V, Vgs=0V,T ;=125°C
lass Gate-to-Source Forward Leakage o --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- - | -500 Vgs=-20V
Q, Total Gate Charge -~ | -~ ] 82 Ip=3.3A, Vpg=160V, Vggm=10V
Qs Gate-to-Source Charge -- - |18 | nC See Fig 6 and 13®
1Qgd Gate-to-Drain ("Miller") Charge - - | 45
|tdton) Turn-On Delay Time - |1 82| - Vpp=100V, Ip=3.3A
t Rise Time - 17 b ns RG‘24Q: RD-30.Q
ta(oty Turn-Off Delay Time - | 14 | - See Fig. 10®
t Fall Time --- 8.9 .-
Lp Internal Drain Inductance - | 40| - Between lead,
émm (0.25in.) to
Ls Internal Source Inductance - | 60 | - nH :::1 cgé:t::ra gfe'die q s
contact. s
Ciss Input Capacitance -~ | 140 | -- Vas=0V, Vpg=25v
Coss Output Capacitance --- 53 -ee pF | f=1.0Mhz
Crss Reverse Transfer Capacitance --- 15 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. [ Max. | Units Test Conditions
Is Continuous Source Current - - | 0.60 D
(Body Diode) A :‘hoof,ﬁ,?;:z mbol
Ism Pulsed Source Current — | - | 48 integral reverse &
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage --- 2.0 VvV  [T,=25°C, I5=0.60A, Vgg=0V@®
ty Reverse Recovery Time 75 - { 310 ns |T;=25°C, |g=3.3A,
Qpg Reverse Recovery Charge 033 | - | 1.4 | pC |di/dt=100A/pS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by ® Isp s 3.3A, di/di<70A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature (See figure 11) T,<150°C Suggested Rg=24Q flat, smooth, greased

@ Vpp=50V, Starting T;=25°C, L=82mH, @ Puise width < 300us; duty Cycle <2%  ® KW = °C/w
Rg=25Q, Peak Ixs=1.2A (See figure 12)

32




IRFD210
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Ip, Drain Current (amps)
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PD-9.417E

]
¢rR|Rectifi IRFD220
ISR ler
HEXFET® Power MOSFET
» Repetitive Avalanche Rated D
« Dynamic dv/dt R
ynamic dvidt Rated BVpss 200V
« For Automatic Insertion
« End Stackable G Rps(on) 0-80Q
s Ip 0.80A
g n-channel
Description
Third Generation HEXFETs from Internationa! 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 0.80
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.50 A
Iom Pulsed Drain Current ® 6.4
Pp@ Tc =25°C | Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 W/K®
|Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 59 mJ
laR Avalanche Current ® 5.2 A
EaR Repetitive Avalanche Energy © 0.10 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
T Operating Junction and -55t0 +150
Tsta Storage Temperature Range ) °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Reua Junction-to-Ambient, Typical Socket Mount 120 Kw®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 200 | --- --- V | Vgs=0V, lp=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.29 | - | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance — | -~ 1080 Q |Vgg=10V, Ip=0.48A@
VGS(th) Gate Threshold Vonage 2.0 - 4.0 \ VDS=VGSv |D=250,,lA
Ois Forward Transconductance 0.60 | --- - S | Vpg=50V, Ipg=0.48A®
Ipss Zero Gate Voltage Collector Current - -~ | 250 | pA |Vps=200V, Vgs=0V
; - | - |1000 Vps=160V, Vgg=0V,T,;=125°C
lass Gate-to-Source Forward Leakage --- --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- -- | -500 Vgs=-20V
Qq Total Gate Charge - | - ] 14 Ip=5.2A, Vps=160V,
Qgs Gate-to-Source Charge -- | 30 nC  [vgg=10V®
Qgg Gate-to-Drain ("Miller”) Charge - - 179
taon) Turn-On Delay Time - | 72| - Vpp=100V, Ip=5.2A
t Rise Time --- 22 - ns |Ra=18Q, Rp=190®
td(oft Turn-Off Delay Time - | 19 | - '
t Fall Time — | 18 | -
) internal Drain Inductance — | 40 | - Between lead,
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 80 | -- nH farﬁgn cga:l?e‘?gfe’die g s
. contact. S
Ciss Input Capacitance === 260 —— Vas=0V, Vps=25v
Coss Output Capacitance - | 100 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 30 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current --- 1 0.80 MOSFET symbol D
(Body Diode) A | showing the
lsm Pulsed Source Current — | - | 64 integral reverse @
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - 1.8 Vv T,=25°C, 15=0.80A, VG_$=°V©
1y Reverse Recovery Time 75 --- | 300 ns [T =25°C, lg=5.2A,
QgR Reverse Recovery Charge 046 | -- | 1.8 | uC |di/dt=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by ® Isp<5.2A, di/dt<95A/us, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,£150°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=50V, Starting T;=25°C, L=36mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/wW
RG=259, Peak |As=1.6A
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Internatlonal

R|Rectifier

PD-9.696

IRFD9014

HEXFET® Power MOSFET

» Repetitive Avalanche Rated
 Dynamic dv/dt Rated

« For Automatic Insertion

« End Stackable

* P-Channel

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

D
BVpss -60V
. Rps(en) 0.50Q
] b _1.1A

p-channel

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.

Absolute Maximum Ratings

Parameter Max. Units
Ip @ T¢ =25°C | Continuous Drain Current, Vgs@-10V -11
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -0.8 A
lom Pulsed Drain Current ® -8.8
Pp@ T¢ =25°C | Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®
,lG.S Gate-to-Source Breakdown Voltage +20 \'
Eas Single Pulse Avalanche Energy @ 140 mJ
lar Avalanche Current ® -1.1 A
Ean Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ -4.5 Vins
Ty Operating Junction and -55t0 +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter »  Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter. Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 | - --- V' |Vgs=0V, Ip=-250pA
ABVpgg/AT, | Temp. Coefficient of Breakdown Voltage | -~ [0.060| --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance --- 10.50 Q  [Vgg=-10V, Ip =-0.66A®
Vas(h) Gate Threshold Voltage 20| - | -4.0 V [ Vps=Vas, Ip=-250pA
Ots Forward Transconductance 070 | - | -- S |Vpg=-25V, Ipg=-0.66A®
Ibss Zero Gate Voltage Collector Current -~ |-250 [ pA | Vpg=-60V, Vgs=0V
=== --- [-1000 VDs='48V, VG3=0V,TJ=1 50°C
lgss Gate-to-Source Forward Leakage --- | -500 nA Vgg=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qq Total Gate Charge --- --- 12 Ip=-6.7A, Vps=-48V,
Qg Gate-to-Source Charge --- -- | 38 nC | Vgg=-10V®
Qg4 Gate-to-Drain ("Miller") Charge - - 5.1
taton) Turn-On Delay Time - 11 - Vpp=-30V, Ip=-6.7A
t, Rise Time - 6.3 - ns |Rg=24Q, Rp=4.00®
Lot Turn-Off Delay Time --- 10 ---
t Fall Time - | 31 —
Lp Internal Drain Inductance — | 40 | - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance -~ | 80 | -- nH gﬁgcl:?\?;g?bie & s
contact. s
Ciss Input Capacitance - | 270 | - Vgs=0V, Vpg=-25v
Coss Output Capacitance - {170 | -- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 31
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuqus Source Current - - | 141 MOSFET symbol D
(Body Diode) A |showing the
Ism Pulsed Source Current - - | -88 integral reverse <
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -55 V | T;=25°C, Ig=-1.1A, V5s=0V®
tr Reverse Recovery Time 40 - | 160 ns |T;=25°C, Ig=-6.7A,
QgR Reverse Recovery Charge 0.048| - | 0.19 | uC |di/dt=-100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
@ Repetitive rating; Pulse width limited by ® 15p<-6.7A, di/dt<-90A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature . T,<175°C Suggested Rg=24Q flat, smooth, greased
@ Vpp=-25V, Starting T,;=25°C, L=51mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/wW

Rg=25Q, Peak lag=-2.0A

For more information on the same die in a TO-252AA package refer to IRFR9014.
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’R|Rectifier

PD-9.698

IRFD9024

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
* Dynamic dv/dt Rated

« For Automati
» End Stackab
* P-Channel

Description

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

c Insertion
le

D
BVpss -60V
Rpsen) 0.28Q
. b -1.6A
p-channel

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.

Absolute Maximum Ratings

Parameter Max. Units
Ip @ T¢ = 25°C | Continuous Drain Current, Vgs@-10V -1.6
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -1.1 A
Iom Puised Drain Current ® -13
Po@ T =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \'
Eas Single Pulse Avalanche Energy @ 140 mJ
lar Avalanche Current ©® -1.6 A
Ear Repetitive Avalanche Energy ©® 0.13 mdJ
dv/dt Peak Diode Recovery dv/dt @ -4.5 V/ns
Ty Operating Junction and -55t0 +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KW®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -60 | - - V | Vgs=0V, Ip=-250uA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voitage | --- 0.056( -- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance | - ]028| Q |Vgg=-10V, Ip =-0.96A®
Vasith) Gate Threshold Voitage 20| -~ | -40 V | Vps=Vgs, lp=-250pA
Ots Forward Transconductance 1.3 | - | - S |Vpg=-25V, Ipg=-0.96A®
Ipss Zero Gate Voltage Collector Current -e- - [-250 | pA |Vpg=-60V, Vgg=0V
-~ | -- |-1000 Vpg=-48V, Vgg=0V,T,=150°C
lass Gate-to-Source Forward Leakage - -- 1-500 A Vgs=-20V
Gate-to-Source Reverse Leakage - --- | 500 Vgg=20V
Qg Total Gate Charge - | -] 189 Ip=-11A, Vpg=-48V, Vgg=-10V
Qgs Gate-to-Source Charge — | = [ 54 nC |g.q Fig 6 and 13®
Qg4 Gate-to-Drain ("Miller") Charge - - 11
| tdton) Turn-On Delay Time -~ | 13 | - Vpp=-30V, lp=-11A
1 Rise Time --- 68 - ns RG=1 8Q, RD=2-5Q
ta(0t Turn-Off Delay Time - | 15 | - See Fig. 10®
] Fall Time — | 29 | -
tp Internal Drain Inductance - | 40 | -- Between lead,
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 60 | - nH Z:Eczifsfg?hi e € s
contact. s
Ciss Input Capacitance -~ | 570 | - Vgs=0V, Vpg=-25v
Coss Output Capacitance - | 360 | -- pF | f=1.0Mhz
|Crss _ Reverse Transfer Capacitance 65 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. { Max. | Units Test Conditions
Is Continuous Source Current --- - | -1.6 )
(Body Diode) R ﬁ%ﬁﬂzﬁﬁg mbol
lsm Pulsed Source Current - | -] -13 integral reverse @
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -6.3 V| T;=25°C, Ig=-1.6A, Vgg=0V®
trr Reverse Recovery Time 50 --- | 200 ns |Ty=25°C, lg=-11A,
Qpr Reverse Recovery Charge 016 | -~ | 0.64 | pC |di/dt=100AS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)

Notes:

@ Repetitive rating; Pulse width limited by @ Igp<-11A, difdts-140A/us, VppsBVpss, © Mounting surface:
max. junction temperature (See figure 11) T,<175°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=-25V, Starting T;=25°C, L=17mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
RG-25‘2, Peak 'AS"3-2A
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-lp, Drain Current (amps)

'025 50 75 100 125 150 175

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Pulse Width s 1ps

Duty Factor $0.1%
¥

Fig 10a. Switching Time Test Circuit
v td(on) t td(off) t
o —N_| /1

| I |

| | |

| |

90%
Vos —7 \ 7\

Fig 10b. Switching Time Waveforms

3

10 === 5 ﬂ

102
o~ LD=0 . Sl
[$]
2 — o
\N, J ‘I u ! ﬂ

10 = . =

§ R0 05 = = o BE
8 T T nEN
[7:) TJ!‘ ==
(] i ot ’/
o' ' Lo.01 5
©
£ t iy
5] - U ' "
< LU T 3HNERRAC hEBronse) :

0.1 petd] | |

. to
NOTES:
1. DUTY FACTOR, D=t,/t
10-2 2. PEAK Ty=Ppy X Zgpye *+ T

10°5 1074 1073 1072 0.1

1 10 102 103

t1, Rectangular Pulse Duration (seconds)

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

45



IRFD9024

L 400 .
I
Vary tp to obtain Vos >—p————y Top 1.3
ired k| -2.
redredpeRL D.UT. — | soTToM ~§4g:
y vl
9 Ly E 0
T, Voo g \
2
I 2
o AN
T 0‘.019 9 200
M: = \
o N
Fig 12a. Unclamped Inductive Test Circuit g N h
\ c% 100 N \\
L ——— -_——— & N
\ / uff \\ \\
Vbs Nl N %
\\ I VDD 25 50 75 100 125 150 175
L—tp—) Starting T, Junction Temperature (°C)
BVpss Fig 12c. Maximum Avalanche Energy
vs. Drain Current
Fig 12b. Unclamped Inductive Waveforms
__ _CurrentRegulator ¢~
r Same Type |
| as D.U.T. | |
| [ 50K I 19I
|12vT 24FP SF\_/ |
f i
O N S B el T
qovi=—= - Qg ———y —our. T, Vos
l - Qas Qcp Vas { | !9
Vg Smaf 1l
0 Charge — la I
Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix D: Part Marking Information Imernatiqnal
1or|Rectifier

46




International
1¢R|Rectifier

PD-9.389G

IRFD9110

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

« For Automatic Insertion

+ End Stackable G
» P-Channel

p-channel

S

BVpss -100V
RDS(on) 1.2Q
Ip -0.70A

Description

Third Generation HEXFETSs 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.

Absolute Maximum Ratings

Similar to MO

HD-1

-001AN

Parameter Max. Units
lp @ Tg = 25°C | Continuous Drain Current, Vgs@-10V -0.70
lp @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -0.49 A
Iom Pulsed Drain Current ® -5.6
Pp@ Tc =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 140 mJ
AR Avalanche Current ©® -0.70 A
Ear Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.5 V/ins
Ty Operating Junction and -55t0 +175
Ts1a Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Rasa Junction-to-Ambient, Typical Socket Mount 120 KW®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -100 | -- - V | Vgs=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voitage | -—- [0.091| -- | V/°C | Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance --- --- 1.2 Q  |Vgg=-10V, Ip =-0.42A®
Vasin) Gate Threshold Voltage 20| - |-40 V | Vps=Vas Ip=-250pA
Ofs Forward Transconductance 060 | - | - S | Vpg=-50V, Ing=-0.42A®
lpss Zero Gate Voltage Collector Current - |-250 | pA |Vpg=-100V, Vgg=0V
- -~ {-1000 Vps=-80V, Vgs=0V,T;=150°C
lass Gate-to-Source Forward Leakage --- - | -500 nA Vgs=-20V
Gate-to-Source Reverse Leakage - - | 500 Vgs=20V
Qq Total Gate Charge o - | 87 Ip=-4.0A, Vpg=-80V, Vgg=-10V
Qqs Gate-to-Source Charge — | = 22| nC |g kK g 6 and 13®
Qgd Gate-to-Drain ("Miller") Charge - - ] 41
td(on) Turn-On Delay Time - | 10 | - Vpp=-50V, Ip=-4.0A
t, Rise Time - 27 - ns  |Re=24Q, Rp=11Q
tdtofy Turn-Off Delay Time -~ | 15 | - See Fig. 10®
Y Fall Time - |17 ) -
Lp Internal Drain Inductance - | 40 | - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance - | 6.0 | - nH ;nr::jncz?\?:?g?aie ! s
contact. S
Ciss Input Capacitance - | 200 | --- Vags=0V, Vpg=-25v
Coss Output Capacitance 94 pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 18 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current --- |-0.70 ]
(Body Diode) A ma&asgmm'
lsm Pulsed Source Current - | -5.6 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -5.5 V  |T,=25°C, Ig=-0.70A, Vgs=0V®
1, Reverse Recovery Time 41 - | 160 ns [T =25°C, ig=-4.0A,
Qpr Reverse Recovery Charge 0.075| -- [ 030{ uC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)
Notes:

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

@ Vpp=-25V, Starting T;=25°C, L=53mH,
Rg=25%Q, Peak Iag=-2.0A (See figure 12)

® Igp<-4.0A, difdt<-75A/ s, Vpp<BVpss,

T,<175°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °CwW
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International

PD-9.331H

IRFD9120

n
1¢R| Rectifier
HEXFET® Power MOSFET
« Repetitive Avalanche Rated D
« Dynamic dv/fjt Rateq BVpsg -100V
» For Automatic Insertion
. IIinctzzihStacklable G Rps(on) 0-60Q
 P-Uhanne
s Ip -1.0A
T -channel
Description P
Third Generation HEXFETS from International Rectifier provide the designer
withthe 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
I @ Tc =25°C | Continuous Drain Current, Vgs@-10V -1.0
Ip @ T = 100°C | Continuous Drain Current, Vgs@-10V -0.70 A
Iom Pulsed Drain Current ® -8.0
Pp@ Tc =25°C | Maximum Power Dissipation 1.25 w
Linear Derating Factor 0.0083 W/K®
L\_/Qs Gate-to-Source Breakdown Voltage +20 v
Eas Single Pulse Avalanche Energy @ 140 mJ
laR Avalanche Current ©® -1.0 A
Ear Repetitive Avalanche Energy ©® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.5 Vins
Ty Operating Junction and -55t0 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
. Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KW®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. [ Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -100 | -- - V | Vgs=0V, Ip=-250pA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.10 | -— | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - -- | 0.60 Q  |Vgs=-10V, I =-0.60A®
VGS(th) Gate Threshold Voltage -2.0 - -4.0 v VDS=VGS- |D=-250].1A
Ofs Forward Transconductance 071 | -- --- S | Vpg=-50V, Ipg=-0.60A®
Ipss Zero Gate Voltage Collector Current --- - | -250 | pA |Vpg=-100V, Vgg=0V
- -~ |-1000 Vps=-80V, Vgg=0V, T =150°C
lgss Gate-to-Source Forward Leakage - | -500 nA Vgs=-20V
Gate-to-Source Reverse Leakage - --- | 500 Vgs=20V
Q Total Gate Charge = | - ] 18 lo=-6.8A, Vpg=-80V, Vgg=-10V
Qgs Gate-to-Source Charge = | - 80 ] nC g0 Fig 6 and 13®
Qgq Gate-to-Drain ("Miller") Charge -ee - | 90
taton) Tl.Jm-C?n Delay Time - | 9.6 - Vpp=-50V, Ip=-6.8A
18 Rise Time . --- 29 ns  |Ra=18Q, Rp=7.1Q
Loty Turn-Off Delay Time - 21 - See Fig. 10®
t Fall Time - | 25 | --
Lp Internal Drain Inductance — | 40 | - Between lead, ?
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 60 | - nH far:Ln cpeic::ragfe'die g s
contact. s
Ciss Input Capacitance -~ | 390 | -- Vgs=0V, Vps=-25v
Coss Output Capacitance - 1170 | --- pF | f=%.0Mhz
Ciss Reverse Transfer Capacitance 45 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | -1.0 D
(Body Diode) A ﬁgiﬁg:g mbol
lsm Pulsed Source Current --- | -8.0 integral reverse €
(Body Diode) @ p-n junction diode. s
Vso Diode Forward Voltage - - | -6.3 V. |T=25°C, Ig=-1.0A, Vgg=0V®
ter Reverse Recovery Time 49 | - | 200 | ns |[T;=25°C, |p=-6.8A,
Qrn Reverse Recovery Charge 017 | - | 0.66 | nC |di/dt=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=-25V, Starting T;=25°C, L=55mH,

Rg=25Q, Peak Ipg=-2.0A (See figure 12)

@ Pulse width < 300us; duty Cycle <2%

® Igp<-6.8A, difdt<-110A/us, Vpp<BVpss, @ Mounting surface:
Tys175°C Suggested Rg=18Q

flat, smooth, greased

® Kw = °Cw
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-lp, Drain Current (amps)

-Ip, Drain Current (amps)
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-Ip, Drain Current (amps)

0.6

0.2

0.0

25 50 75 100 125 150 175

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Rp
VDS >—.
D.U.T.
A
S R
T Voo
+

Pulse Width < 1us
Duty Factor < 0.1%

T
Fig 10a. Switching Time Test Circuit
v tdony tr taom b
GS
10% —\ :

90%

e J\N__7 \|

Fig 10b. Switching Time Waveforms

103 vy ==z3:
5 102 -
3 5= =, ==a
N = ati i i
8 0.2, 1
5 L -
% 10 .o“L u =352
&) 3_6:‘51 f Tr l{:
g 02t -
g ! e A LT
Lo.01 - o™
|'S 1 pa —f=t-H ==z U
-t 1) '
i | tae
- |
- .
f TR hEBeonse) T oy FACTOR, D=t;/t,
0.1 L4 [ l” Wl 2. PEAK Ty=Ppy X Zinye *+ Tc
1075 1074 1073 1072 0.4 1 10 102 103

t1, Rectangular Pulse Duration (seconds)

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

57



IRFD9120

L 350 —
Vary tp to obtain Vos > B \ TP -. é%n
i k|| -1.
required peak i D.U.T. — 300 \ BOTTOM —é.g: 1
4 | 2 ‘\
T Voo >, 250
g’ \
L G 200 \
T 0.01Q 2 DN N
+ S 150 \\\
Fig 12a. Unclamped Inductive Test Circuit 2 P <
£ 100 INE W N
IL —— — ————— 033 Q\ \\
\ I S50 ~N
\ / RNaN
VDS \ l o vpp = ~.25V
\\ f Voo 25 50 75 100 125 150 178
— tp___) Starting Ty, Junction Temperature (°C)
BVpss Fig 12c. Maximum Avalanche Energy
vs. Drain Current
Fig 12b. Unclamped Inductive Waveforms
—_ _CurrentRegulator
Same Type |
| asD.U.T. I I
| 50KQ 59]
l12v '[—4=.2m= |
l =.3uF |
- = —
AQVI——— BG_ Ep—— I D.U.T. 'r VDS
- Qas ~+— Qap Vas : | !9
VG -3mA[U-
0 Charge —— la Ib
Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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International
1oR|Rectifier

Target Data Sheet PD-9.387G

IRFD9210

HEXFET® Power MOSFET

« Repetitive Avalanche Rated
 Dynamic dv/dt Rated

» For Automatic Insertion

« End Stackable

« P-Channel

(0]

S
p-channel

BVpss -200V
RDS(on) 3.0Q
Ib .0.4A

Description

Third Generation HEXFETSs 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.

Absolute Maximum Ratings

Parameter Max. Units
Ip@ T¢ =25°C | Continuous Drain Current, Vgs@-10V -0.40
Ilp @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -0.26 A
Iom Pulsed Drain Current ® -3.2
Pp@ Tc =25°C | Maximum Power Dissipation 1.0 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 59 mJ
laR Avalanche Current ® -0.40 A
E Repetitive Avalanche Energy @ 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.0 Vins
Ty Operating Junction and -5510 +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Rosa Junction-to-Ambient, Typical Socket Mount 120 Kw®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 200 | - | - V | Vgs=0V, Ip=-250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- n/a --- | V/°C [Reference to 25°C, Ip=-1mA
Rosion) Static Drain-to-Source On Resistance --- -- | 8.0 Q  |Vgg=-10V, |p =-0.24A®
| Vasqh) Gate Threshold Voltage 20| - |[-40 V  |[Vps=Vgs, Ip=-250nA
s Forward Transconductance na | - | -- S |Vps=-50V, Ips=-0.24A®
Ibss Zero Gate Voltage Collector Current - - |-250 | pA |Vpg=-200V, Vgg=0V
--- --- {-1000 Vps=-160V, Vgs=0V,T;=125°C
lcss Gate-to-Source Forward Leakage - - | -500 nA Vgs=-20V
Gate-to-Source Reverse Leakage - - | 500 Vgs=20V
Qg Total Gate Charge -~ | - | 60 Ip=-2.4A, Vpg=-160V,
Qs Gate-to-Source Charge — [ 12| nC | yge=-10V®
Qg Gate-to-Drain ("Miller") Charge .- - | 3.6
Lt_d_(gnl Turn-On Delay Time - 8 =e VDD=‘100V, ID--2.4A
i Rise Time 15 --- ns |Ra=24Q, Rp=42Q®
Yoty Turn-Off Delay Time - 10 ---
t Fall Time - 8 -
Lp Internal Drain Inductance -- 1 4.0 - Between lead, p
6mm (0.25in.) Lo
nH |[from kage,
Lg Internal Source Inductance -~ | 8.0 | -- and c,:ct:er gf die ¢ s
contact. S
Cigs Input Capacitance - | 160 | --- Vgs=0V, Vpg=-25v
Cogs Output Capacitance - | 50 - pF | f=1.0Mhz
Crae Reverse Transfer Capacitance 12 | ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is %méin;gu: Source Current - | -0.4 MOSFET symbol )
ody Diode) A |showing the
Ism Pulsed Source Current --- - | -8.2 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage = | - 1681 V |T,=25°C, Ig=-0.4A, Vgs=0V®
tre Reverse Recovery Time nfa | - | nfa ns [T;=25°C, lp=-2.4A,
Qga Reverse Recovery Charge nfa | - | n/a | uC [di/dt=-100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

® Repetitive rating; Pulse width limited by @ Igps-2.4A, di/dt<-90A/us, Vpp<BVpgs, ® Mounting surface:
max. junction temperature T,£150°C Suggested Rg=24Q tlat, smooth, greased

® Vpp=-50V, Starting Ty=25°C, L=140mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RG=25Q, Peak |As=~0.8A

Target Data Sheet: Specification Pending; Contact Factory for Update
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International

IR

Rectifier

Target Data Sheet PD-9.439B

IRFD9220

HEXFET® Power MOSFET

+ 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,

9}

p-channel

S

BVpss -200V
Rpspn) 1.5Q
Ib .0.58A

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.

Absolute Maximum Ratings

HD-1

Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@-10V -0.58
Ib @ T = 100°C | Continuous Drain Current, Vgs@-10V -0.36 A
| oM Pulsed Drain Current ® -4.6
Pp@ T¢ =25°C | Maximum Power Dissipation 1.0 w o
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage 120 A
Eas Single Pulse Avalanche Energy @ 39 mJ
AR Avalanche Current ©® -0.58 A
EaR Repetitive Avalanche Energy © 0.10 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.0 V/ins
Ty Operating Junction and -5510 +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Rasa Junction-to-Ambient, Typical Socket Mount 120 Kw®
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. { Units Test Conditions
BVpss Drain-to-Source Breakdown Volitage -200 | --- V | Vgs=0V, Ip=-250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | n/a | -~ [ V/C |Reference to 25°C, Ip=-1mA
Rpsion) Static Drain-to-Source On Resistance - 1.5 Q  |Vgs=-10V, Ip =-0.35A®
Vas(h) Gate Threshold Voltage 20 - | -4.0 V | Vpg=Vgs, Ip=-250pA
Jts Forward Transconductance na | - | -- S | Vpg=-25V, Ips=-0.35A®
Ibss Zero Gate Voltage Collector Current - {-250 | pA [Vpg=-200V, Vgg=0V
- | -~ [-1000 Vps=-160V, Vgg=0V, T =125°C
IGSS Gate-to-Source Forward Leakage - -- | -500 nA Vgg=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qq Total Gate Charge y 13 Ip=-4.0A, Vpg=-160V,
Qg Gate-to-Source Charge - | 24 nC | vgg=-10V®
Qgq Gate-to-Drain ("Miller") Charge --- - | 786
td(on) Turn-On Delay Time --- 20 - Vpp=-100V, Ip=-4.0A
t, Rise Time - 30 --- ns |Rg=18Q, Rp=25Q®@
tatof) Turn-Off Delay Time --- 25 ---
t Fall Time - | 20 | -
Lo Internal Drain Inductance - | 40| - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 60 | - nH ::21 czi‘t::?gfe’die g s
contact. s
Ciss Input Capacitance - | 340 | -- Vgs=0V, Vpg=-25v
Coss Qutput Capacitance - [ 105 | --- pF | f=1.0Mhz
Cres Reverse Transfer Capacitance --- 25
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is ?Bontinuc?us Source Current -~ |-0.58 MOSFET symbol D
ody Diode) .
A |showing the
Ism Pulsed Source Current - - | -4.6 integral reverse €
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage | - | 63| V. |T,=25°C, Ig=-0.6A, Vgs=0V®
tr Reverse Recovery Time nfa | -- | nfa ns |T;=25°C, lg=-4.0A,
Qrn Reverse Recovery Charge nfa | -~ | nfa | pC |di/dt=-100A/LS@
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

® Repetitive rating; Pulse width limited by @ Igp<-4.0A, di/dt<-90A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature T,<150°C Suggested Rg=24Q flat, smooth, greased

@ Vpp=-50V, Starting T,=25°C, L=41mH, @ Pulse width < 300pus; duty Cycle <2%  ® KW = °CAW
Ra=250, Peak Ipg=-1.2A

Target Data Sheet: Specification Pending; Contact Factory for Update
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1oR| Rectifier

PD-9.701

IRFRO14

HEXFET® Power MOSFET

» Surface Mount (IRFR014) D
- 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.

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

IRFUO14

S
n-channel

BVpss 60V
Rpsien) 0-20Q
Ip 8.4A

D-Pak

through hole _mounting agpliqations. Power dissipation levels up to 2 watts T0252AA  |-Pak
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
lo @ Tc = 25°C | Continuous Drain Current, Vgs@10V 8.4
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 6.0 A
lom Pulsed Drain Current ® 34
Pp@ Tg =25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
|Vas Gate-to-Source Breakdown Voltage +20 v
Eas Single Pulse Avalanche Energy @ 47 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 Vins
Ts Operating Junction and -55to +175
Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case --- --- 5.0
Racs Case-to-Sink ® - 1.7 - Kw®
Raua Junction-to-Ambient, Typical Socket Mount - - 110
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IRFRO14, IRFUO14

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 - V. {Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | -— [ 0.63 | -~ | v/°C |Reference to 25°C, Ip=1mA
Rbson) Static Drain-to-Source On Resistance - -~ [0.20 Q  |Vgs=10V, Ip =5.0A@
Vas(th) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ofs Forward Transconductance 24 [ - | - S | Vpg=25V, Ipg=5.0A®
Ibss .| Zero Gate Voltage Collector Current - | 250 | pA | Vpg=60V, Vgg=0V
--- | 1000 Vps=48V, Vgs=0V,T,=150°C
lass Gate-to-Source Forward Leakage - - | 500 nA Vgs=20V
Cate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qq Total Gate Charge - | -1 Ip=10A, Vpg=48V, Vgg=10V
Qg Gate-to-Source Charge e A nC lgee Fig 6 and 13®
Qqq Gate-to-Drain ("Miller") Charge - | 58
td(on) Turn-On Delay Time - | 10 | -- Vpp=30V, Ip=10A
t Rise Time - | 50 | -- ns |Ra=24Q, Rp=2.7Q
ta(of) Turn-Off Delay Time .- 13 --- See Fig. 10®
f Fall Time - | 19 | -
Lo Internal Drain Inductance — | 45 | - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance {75 = | ™ :&T czi(t::ragfe’die g s
contact. S
Ciss Input Capacitance --- | 300 [ --- Vgs=0V, Vpg=2
Coss Output Capacitance - | 160 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 29 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current 8.4 D
(Body Diode) A nooiﬁgl;:g meo!
Ism Pulsed Source Current | | 34 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | - 116 V| T,=25°C, Ig=8.4A, Vgs=0V®
t Reverse Recovery Time 34 - | 140 ns |T,=25°C, Iz=10A,
Qrg Reverse Recovery Charge 0.090| -- | 040 | pC [di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T,;=25°C, L=850pH,
Rg=250Q, Peak Ixg=8.4A (See figure 12)

® Isp<8.4A, di/dt<90A/us, Vpp<BVpss,

Ty<175°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/W
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IRFUO14, IRFRO14
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IRFRO14, IRFU014

Capacitance (pF)

Isp, Reverse Drain Current (Amps)
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IRFUO14, IRFRO14

Ip, Drain Current (amps)
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IRFRO14, IRFU014

Vary tp to obtain
required peak I

Fig 12a. Unclamped Inductive Test Circuit
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix C: Tape & Reel Information

Appendix D: Part Marking Information
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International
10R| Rectifier

PD-9.702

IRFR024

IRFU024

HEXFET® Power MOSFET
« Surface Mount (IRFR024) D
« Straight Lead (IRFU024)
« Dynamic dv/dt Rated
G
s
n-channel

BVpss

60V
0.10Q
16A

Description

Third Generation HEXFETSs 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  |-Pak

TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ T¢ =25°C | Continuous Drain Current, Vgs@10V 16
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 11 A
Iom Pulsed Drain Current ® 64
Pp@ Tc =25°C | Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®
\Vas Gate-to-Source Breakdown Voltage 120 \
Eas Single Pulse Avalanche Energy @ 91 mJ,
dv/dt Peak Diode Recovery dv/dt @ 5.5 V/ns
Ty Operating Junction and -55t0 +175
Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rayc Junction-to-Case - 3.0
|Recs Case-to-Sink ® - 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount -- 110
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IRFR024, IRFU024

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 V| Vgs=0V, Ip=250uA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.061| --- | V/°C |Reference to 25°C, Ib=1mA
Rps(on) Static Drain-to-Source On Resistance --- - 1010 Q | Vgs=10V, Ip =9.6A®
Vasin) Gate Threshold Voltage 20 | - | 40 V| Vps=Vgs, Ip=250pA
Ots Forward Transconductance 62 [ - | -- S | Vpg=25V, Ips=9.6A®
Ipss Zero Gate Voltage Collector Current - == | 250 | pA | Vpg=60V, Vgg=0V
- - 11000 Vps=48V, Vgs=0V, T =150°C
lgss Gate-to-Source Forward Leakage -~ | 500 nA Vas=20V
Gate-to-Source Reverse Leakage --- | -500 Vas=-20V
Q, Total Gate Charge - - | 28 Ip=14A, Vpg=48V, Vgg=10V
Qgs CGate-to-Source Charge --- 54 nC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller") Charge 13
taon) Turn-On Delay Time 8.6 Vpp=30V, Ip=14A
t, Rise Time 47 ns |Ra=189Q, Rp=2.0Q
taiofy Turn-Off Delay Time 27 - See Fig. 10®
t Fall Time - | 37 | -
Lp Internal Drain Inductance — | 45 | - Between lead, p
6mm (0.25in.) Lo
Ls Internal Source Inductance ~ 75| = | ™ Zﬁg‘ c’;ﬁ:ﬁgfebie g s
contact. S
Ciss Input Capacitance --- | 640 | --- Vgs=0V, Vps=2(See figure 12)
Coss Output Capacitance - | 360 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance --- 79 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. [ Units Test Conditions
Is &rggwg?:;e?ource Current --- 16 MOSFET symbol D
A | showing the
lsm Pulsed Source Current --- 64 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage 1.5 V | Ty=25°C, lg=16A, Vgs=0V®
ter Reverse Recovery Time 49 --- ] 200 ns | T;=25°C, Ig=14A,
Qpa Reverse Recovery Charge 022 | -- | 0.88| pC |di/di=100A/US®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive rating; Pulse width limited by

max. junction temperature (See figure 11)

@ Vpp=25V, Starting T;=25°C, L=450pH,

Rg=25Q, Peak IAS=1 BA (See figure 12)

©) Isp<16A, di/dt<1 10A/us, VDDSBVDSS:

T £175°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® K/W = °C/W
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IRFU024, IRFR024

Ip, Drain Current (amps)

Ip, Drain Current (amps)
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IRFRO24, IRFU024
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IRFU024, IRFR024

Ip, Drain Current (amps)
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IRFR024, IRFU024

Vary tp to obtain
required peak I

Fig 12a. Unclamped Inductive Test Circuit
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International
IoR|Rectifier

PD-9.524C

IRFR110

HEXFET® Power MOSFET

« Surface Mount (IRFR110)
« Straight Lead (IRFU110)

« Repetitive Avalanche Rated

 Dynamic dv/dt Rated

IRFU110

Description

Third Generation HEXFETSs 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

[
n-channel

BVpss 100V
RDS(on) O.54Q
I 4.7A

through hole mounting applications. Power dissipation levels up to 2 watts D-Pak /
are possible in SMD applications. To252AA - |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T¢ = 25°C | Continuous Drain Current, Vgs@10V 4.7
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 3.3 A
Iom Pulsed Drain Current ® 19
Pp@ Tc =25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
’Xﬁi Gate-to-Source Breakdown Voltage +20 \i
Eas Single Pulse Avalanche Energy @ 100 mJ
laR Avalanche Current ® 4.7 A
Ear Repetitive Avalanche Energy © 3.0 mJ
dv/ct Peak Diode Recovery dv/dt @ 5.5 V/ns
Ty Operating Junction and -55t0 +175
Tsra Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min, Typ. Max. Units
Rauc Junction-to-Case - 5.0
Recs Case-t0-Sink ® 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount 110
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IRFR110, IRFU110

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. [ Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | -- V  [Vgs=0V, lp=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.12 | - | VrC |Reference to 25°C, Ip=1mA
Rpsion) Static Drain-to-Source On Resistance --- -~ | 0.54 Q | Vgs=10V, I =2.8A@
Vasith) Gate Threshold Voltage 20 | - | 40 V  [Vps=Vgs, Ip=250pA
grs Forward Transconductance 1.6 { -~ | - S |Vpg=50V, Ips=2.8A®
Ipss Zero Gate Voltage Collector Current .- -~ {250 | pA [Vpg=100V, Vgg=0V
-~ | == 11000 Vps=80V, Vgs=0V,T,;=150°C
lgss CGate-to-Source Forward Leakage - -—- | 500 nA Vgg=20V
Gate-to-Source Reverse Leakage - | -- |-500 Vgs=-20V
Q Total Gate Charge -~ | - 183 Ip=5.6A, Vps=80V, Vgs=10V
Qgs Gate-to-Source Charge -~ | 23 nC See Fig 6 and 13®
Qgq Gate-to-Drain ("Miller”) Charge - | - | 38
tdton) Turn-On Delay Time -~ | 69 | -- Vpp=50V, Ip=5.6A
t, Rise Time .- 16 R ns HG=24Q' RD=8.4Q
ta(otn Turn-Off Delay Time --- 15 - See Fig. 10®
t Fall Time - | 94 | -
Lo Internal Drain Inductance — | 45 | - | Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance - | 75 | - nH Lr:gn CF::::? gfe'die Q s
contact. s
Ciss Input Capacitance == 180 === V(33=0V, VDSSZSV
Coss Output Capacitance - | 80 | -- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 15 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - - | 47 MOSFET symbol D
(Body Diode) A | showing the
lsm Pulsed Source Current 19 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 25 V| T;=25°C, Ig=4.7A, Vgg=0V®
b, Reverse Recovery Time 50 - 200 ns |T;=25°C, Ig=5.6A,
Qpg Reverse Recovery Charge 022 -- |0.88| pC |didi=100ALS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes: .
@ Repetitive rating; Pulse width limited by @ Igp<4.7A, di/dt<75A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature (See figure 11) T,<175°C Suggested Rg=24Q2 flat, smooth, greased
@ Vpp=25V, Starting T;=25°C, L=7.4mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/'W

Rg=25Q, Peak Ipg=4.7A (See figure 12)
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IRFU110, IRFR110

Ip, Drain Current (amps)

In. Drain Current (amps)

P o
e.ov /Vﬁ ]
10! oy e
5.5
Eor}un a8
4
100 7%
A
4.5V
>
Z
¢ 20us PULSE WIDTH
Tc = 25°C
1071 100 10l
Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,
Tc =25°C
10 ] .
250¢ i =
3 g
y
2 1750
100 ,/ #
V4
7
717
10‘1é Vpg = 50V
| o 20us PULSE WIDTH
4 5 6 8 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Rpsqon), Drain-to-Source On Resistance

lp, Drain Current (amps)

VGS
TOP 15V
101 %oy
7.0V
6.0V
5.5V
5.0V
Eormn 4.5V L4
100 /44
4.5V
/4
20us PULSE WIDTH
Tc = 175°C
1071 100 10!

Vps, Drain-to-Source Voltage (volts)

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

3.0

ID = 5.6A

2.5

n
o

in
\

(Normalized)

\\

o VGS = 10V
'-60-40-20 0 20 40 60 80 100 120 140 160 180
T,, Junction Temperature (°C)

Fig 4. Normalized On-Resistance Vs.
Temperature

77



IRFR110, |

RFU110
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IRFU110, IRFR110

Ip, Drain Current (amps)
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International

1¢R|Rectifier

PD-9.523C

IRFR120

HEXFET® Power MOSFET | R F U 1 20

» Surface Mount (IRFR120) D

» Straight Lead (IRFU120)

* Repetitive Avalanche Rated BVDSS 100V

« Dynamic dv/dt Rated G Rpsn) 0.27Q
. Ip 8.4A

Description n-channel

Third Generation HEXFETSs 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 D-Pak J
are possible in SMD applications. TO-252AA  |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc =25°C | Continuous Drain Current, Vgs@10V 8.4
Ip @ T = 100°C | Continuous Drain Current, Vgs@10V 6.0 A
Iom Pulsed Drain Current ® 34
Pp@ T¢ =25°C | Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 210 mdJ
AR Avalanche Current ® 8.4 A
Ear Repetitive Avalanche Energy @ 5.0 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 V/ns
Ty Operating Junction and -55t0 +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min Typ Max. Units
Reuc Junction-to-Case -- 3.0
Recs Case-to-Sink ® 1.7 KW®
Reua Junction-to-Ambient, Typical Socket Mount - --- 110
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IRFR120, IRFU120

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | -~ - V | Vgs=0V, Ip=250puA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.18 | --- | V/°C |Reference to 25°C, Ip=1mA
Ros(on) Static Drain-to-Source On Resistance - - 10.27 Q  |Vgg=10V, Ip =5.0A@
' Vasin) Gate Threshold Voltage 20 | -~ | 4.0 V' |Vps=Vas, Ip=250pA
Ots Forward Transconductance 16 | — | -~ S |Vpg=50V, Ipg=5.0A®
Ipss Zero Gate Voltage Collector Current - - 1250 | pA [Vpg=100V, Vgg=0V
— | - 1000 Vps=80V, Vgg=0V,T,=150°C
lass Gate-to-Source Forward Leakage --- -- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage - -- | -500 Vgs=-20V
Qq Total Gate Charge - | -~ | 16 Ip=9.2A, Vpg=80V, Vgg=10V
Qqe Gate-to-Source Charge = | = |44 ] nC |geeFi 9 6 and 13®
Qqa Gate-to-Drain ("Miller") Charge - | 77
tdton) Turn-On Delay Time - | 68 | -- Vpp=50V, Ip=0.2A
t Rise Time -—- 27 --- ns RG=1 8Q, RD=5~29
ta(otty Turn-Off Delay Time - | 18 | -- See Fig. 10®
t Fall Time - 17 | -
Lo Internal Drain Inductance - | 45 | - Between lead, N
8mm (0.25in.) D
Ls Internal Source Inductance - | 75 | - nH ;r::in cF:\‘t:'e(?gfe;iie e "
contact. S
Ciss Input Capacitance - | 360 | - Vgs=0V, Vpg=25V
Coss Output Capacitance -~ | 150 [ --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 34 == See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | 84 o
(Body Diode) A :fg%i:g mbol
Ism Pulsed Source Current - - | 34 integral reverse €
(Body Diode) ©® p-n junction diode. s
Vsp Diode Forward Voltage --- - | 25 V| T,=25°C, Ig=8.4A, Vgs=0V®D
ty Reverse Recovery Time 65 - | 260 ns |Ty=25°C, lg=9.2A,
Qgr Reverse Recovery Charge 033 | - | 1.3 | pC |di/dt=100A/uS®
&n Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

®@ Vpp=50V, Starting T;=25°C, L=4.4mH,
Rg=25Q, Peak Iag=8.4A (See figure 12)

® Isp<8.4A, di/dt<110A/us, Vpp<BVpss,

T,<175°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® Kw = °Cw
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International

IGR

Rectifier

PD-9.526B

IRFR210

HEXFET® Power MOSFET

« Surface Mount (IRFR210)

« Straight Lead (IRFU210)

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRFU210

o

S

n-channel

BVpss 200V
RDS(on) 1 .SQ
2.6A

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. TO-252AR T!)'_ES?KA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg = 25°C | Continuous Drain Current, Vgs@10V 26
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 1.7 A
iom Pulsed Drain Current ©® 8.0
Pp@ T¢ = 25°C | Maximum Power Dissipation 25 w
Linear Derating Factor 0.20 W/K®
| Vas Gate-to-Source Breakdown Voltage +20 \'
Eas Single Pulse Avalanche Energy @ 64 mJ
Iar Avalanche Current @ 2.7 A
Ean Repetitive Avalanche Energy @ 25 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 V/ns
Ty Operating Junction and -55to +150
TsTg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case 5.0
| Rocs Case-to-Sink ® - 1.7 - KwW®
Rasa Junction-to-Ambient, Typical Socket Mount .- 110
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IRFR210, IRFU210

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 200 | - - V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.30 | --- | V/°C |Reference to 25°C, Ip=1mA
Rbs(on) Static Drain-to-Source On Resistance --- 1.5 Q | Vgg=10V, Iy =1.6A@
Vas(n Gate Threshold Voltage 20 | - | 40 V| Vps=Vgs, Ip=250pA
dts Forward Transconductance 12 | - S | Vpg=50V, Ips=1.6A®
Ipss Zero Gate Voltage Collector Current - --- | 250 A | Vpg=200V, Vgg=0V
--- 11000 Vps=160V, Vgg=0V,T,=125°C
lass Gate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage -~ | -500 Vgs=-20V
Qq Total Gate Charge - | - |82 Ip=3.3A, Vps=160V,
Qgs Gate-to-Source Charge - - 1.8 nC Vgs=10V®
Qgd. Gate-to-Drain ("Miller") Charge - | 45
td(on) Turn-On Delay Time - 8.2 Vpp=100V, Ip=3.3A
i Rise Time 17 ns |Rg=24Q, Rp=30Q®
ta(ofy Turn-Off Delay Time - | 14 | -
ts Fall Time - | 89 | --
Lp internal Drain Inductance — | 45 | - Between lead, y
6mm (0.25in.) LD
Ls Internal Source Inductance — | 75| - nH far:?czz‘::?gfe;ii o g s
contact. s
Ciss Input Capacitance -~ | 140 | --- Vgs=0V, Vps=25
Coss Output Capacitance --- 53 - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 15 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current --- - | 27 D
(Body Diode) . gﬂiﬁ,’;ﬂ:g mbol
Ism Pulsed Source Current — | - | 80 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -] 20 V | T,=25°C, Ig=2.7A, Vgs=0V®
ty Reverse Recovery Time 75 - | 310 ns [T,=25°C, Ig=3.3A,
Qrr Reverse Recovery Charge 033 | -~ | 1.4 | uC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by @ Igp<2.7A, di/dt<70A/s, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,<150°C Suggested Rg=24Q flat, smooth, greased

® Vpp=50V, Starting T;=25°C, L=16mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Peak IAS=2'6A

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

IGR

Rectifier

PD-9.703

RFR214

HEXFET® Power MOSFET

+ Surface Mount (IRFR214)

» Straight Lead (IRFU214)

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

Description

Third Generation HEXFETs from International Rectifier provide the designer
withthe best combination of fast switching speed, ruggedized device design,

RFU214

0]

S

n-channel

BVpss 250V
Rosn) 2.0

Ip 2.2A

and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave solderii g techniques. The straight lead version (IRFU series) is for

through hole mounting applications. Power dissipation levels up to 2 watts D-Pak
are possible in SMD applications. To-252AA |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ib @ Tc =25°C | Continuous Drain Current, Vgs@10V 2.2
Ip @ Tc = 100°C | Continuous Drain Current, V@10V 1.4 A
Iom Pulsed Drain Current ® 8.8
Pp@ Tc =25°C | Maximum Power Dissipation 25 w
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \'
Eas Single Pulse Avalanche Energy @ 61 mJ
laR Avalanche Current ©® 2.2 A
Ear Repetitive Avalanche Energy @ 25 mJ
dv/dt Peak Diode Recovery dv/dt @ 2.0 V/ns
Ty Operating Junction and -55 to +150
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reyc Junction-to-Case .- 5.0
Recs Case-to-Sink ® - 1.7 — KW®
Raya Junction-to-Ambient, Typical Socket Mount --- 110
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Parameter Min. | Typ. | Max. [ Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 250 | -~ - V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.39 | -- V/°C | Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance --s - | 20 Q  |Vgg=10V, Ip =1.3A®
Vasi(th) Gate Threshold Voltage 20 | - | 40 V | Vps=Vas: lp=250uA
Ofs Forward Transconductance 12 | -- S | Vpg=50V, lpg=1.3A®
lbss Zero Gate Voltage Collector Current --- - | 250 | pA |Vpg=250V, Vgg=0V
— | - |[1000 Vps=200V, Vag=0V,T;=125°C
lass Gate-to-Source Forward Leakage --- --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgg=-20V
Qq Total Gate Charge - | - | 82 Ip=2.7A, Vpg=200V,
Qs Gate-to-Source Charge = | = (18 | nC | yge=10V®
Qg4 Gate-to-Drain ("Miller") Charge --- - | 45
td(on) Turn-On Delay Time -~ 170 | - Vop=125V, Ip=2.7A
t Rise Time == 7.6 === ne RG=2491 RD=459®
Lot Turn-Otf Delay Time - | 16 -ee
t Fall Time - | 70 | -
Lo Internal Drain Inductance - | 45 | - Between lead, L
émm (0.25in.) D
Ls Internal Source Inductance - | 75| - nH 2221 czz:t::ragofebie e ls
contact. s
Ciss Input Capacitance - | 140 | -~ Vas=0V, Vps=25V
Coss Output Capacitance - | 42 | - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - | 96 | --
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. [ Max. | Units Test Conditions
Is Continuous Source Current - | 22 o
(Body Diode) R ;1,23{;37,:3 mbol
lsm Pulsed Source Current .- -~ | 88 integral reverse @
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 2.0 V| T=25°C, Ig=2.2A, Vgg=0V®
tr Reverse Recovery Time 97 --- | 390 ns |[T;=25°C, lg=2.7A,
QmR Reverse Recovery Charge 032 | - | 1.3 | wC |di/dt=100AuS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive rating; Pulse width limited by
max, junction temperature (See figure 11)

® Vpp=50V, Starting T;=25°C, L=21mH,

Rg=25Q, Peak 15g=2.2A

® lsps2.2A, di/dt<65A/us, Vpp<BVpss,
T,<150°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °CW
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IRFR214, IRFU214
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International

IOGR

Rectifier

PD-9.525C

IRFR220

HEXFET® Power MOSFET

« Surface Mount (IRFR220)
» Straight Lead (IRFU220)
* Repetitive Avalanche Rated

IRFU220

* Dynamic dv/dt Rated G

Description

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

S

n-channel

BVpss 200V
Ropsion) 0.80Q
Ip 4.8A

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 D-Pak '
are possible in SMD applications. TO-252AA - |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@10V 4.8
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 3.0 A
Iom Pulsed Drain Current ® 18
Pp@ T¢ =25°C | Maximum Power Dissipation 42 w
Linear Derating Factor 0.33 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 130 mJ
lar Avalanche Current ® 4.8 A
Ear Repetitive Avalanche Energy ® 4.2 mdJ
dv/dt Peak Diode Recovery dv/dt ® 5.0 V/ns
Ty Operating Junction and -55 to +150
Ts1a Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case -~ 3.0
Rocs Case-to-Sink ® - 1.7 KwW®
Resa Junction-to-Ambient, Typical Socket Mount - 110
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 200 | --- V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 029 | -- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance --- - 10.80 Q  |Vgs=10V, Ip =2.9A@
VGS(th) Gate Threshold Voltage 2.0 - 4.0 \ VDS=VGS- |D=250|,I.A
Ofs Forward Transconductance 1.7 | - S | Vpg=50V, Ipg=2.9A®
lpss Zero Gate Voltage Collector Current - -~ | 250 | pA |Vpg=200V, Vgg=0V
-- 11000 Vps=160V, Vgs=0V,T,=125°C
lgss Gate-to-Source Forward Leakage - -- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qq Total Gate Charge - - 14 Ip=5.2A, Vpg=160V,
Qqs Gate-to-Source Charge -- | 3.0 nC | Vge=10V®
Qg4 Gate-to-Drain ("Miller") Charge “ee - | 79
td(on) Turn-On Delay Time 7.2 --- Vpp=100V, Ip=5.2A
t, Rise Time 22 .- ns |Ra=18Q, Rp=190®
Lot Turn-Off Delay Time 19
t Fall Time - | 13 | -
Lp Internal Drain Inductance - | 45 | - Between lead, ? L
gmm (0.25in.) D
Ls Internal Source Inductance — | 75| - nH :2? cz?s:?gfe,die E s
contact. s
Ciss Input Capacitance -- | 260 | --- Vgs=0V, Vpg=25V
Coss Output Capacitance --- | 100 | - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 30
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 4.8 MOSFET symbol D
(Body Diode) A | showing 1hg
Ism Pulsed Source Current - | 18 integral reverse ¢
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage --- 1.8 \ T,=25°C, ls=4.8A, vﬁgov@
ty Reverse Recovery Time 75 - | 300 ns |T;=25°C, Ig=5.2A,
Qgmn Reverse Recovery Charge 046 | -~ | 1.8 | nC |di/dt=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lgs + Lp)
Notes:
@ Repetitive rating; Pulse width limited by @ Igp<4.8A, di/dt<95A/ps, Vpp<BVpss, ® Mounting surface:
max. junction temperature T,<150°C Suggested Rg=18Q flat, smooth, greased

® Vpp=50V, Starting T;=25°C, L=8.5mH, @ Pulse width < 300us; duty Cycle 2%  ® Kw = °C/W
Re=25Q, Peak |zg=4.8A
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International
or| Rectifier

PD-9.600

IRFR224

HEXFET® Power MOSFET

IRFU224

» Surface Mount (IRFR224)

« Straight Lead (IRFU224)

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated G

S

n-channel

RDS(on) 1 .1Q
Ib 3.8A

Description

Third Generation HEXFETSs 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  |-Pgk

TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ib @ Tc =25°C | Continuous Drain Current, Vgs@10V 3.8
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 2.4 A
Iom Pulsed Drain Current ® 14
Pp@ Tc =25°C | Maximum Power Dissipation 42 w
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage 120 v
'Eas Single Pulse Avalanche Energy @ 130 mJ
laR Avalanche Current ® 3.8 A
E Repetitive Avalanche Energy © 4.2 mdJ
dv/dt Peak Diode Recovery dv/dt @ 4.8 V/ns
Ty Operating Junction and -55 to +150
Tsra Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rauc Junction-to-Case --- 3.0
Rocs Case-t0-Sink ® - 1.7 — KW®
Roya Junction-to-Ambient, Typical Socket Mount --- 110
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IRFR224, IRFU224

Electrical Characteristics @ T = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 250 | --- V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.36 | -—- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance --- 1.1 Q  |Vgg=10V, Ip =2.3A®
Vas(in) Gate Threshold Voltage 20 | - | 40 V  |Vps=Vas: Ip=250pA
Ois Forward Transconductance 170 - | - S  |Vpg=5.0V, Ipg=2.3A®
Ipss Zero Gate Voltage Collector Current - | 250 | pA |Vps=250V, Vgg=0V
— | -- [1000 Vps=200V, Vgg=0V,T;=125°C
lass Gate-to-Source Forward Leakage --- - | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage - -~ | -500 Vgg=-20V
Qg Total Gate Charge - | - | 14 Ip=4.4A, Vpg=200V,
Qgs Gate-to-Source Charge - | 27 nC  |Vge=10V®
Qg Gate-to-Drain ("Miller") Charge --- - | 7.8
td(on) Turn-On Delay Time 7.0 --- Vpp=125V, Ip=4.4A
t, Rise Time 13 --- ns | Ra=18Q, Rp=28Q®
td(oth Turn-Off Delay Time - | 20 | --
t Fall Time — | 12 | -
Lp Internal Drain Inductance -- | 45 Between lead,
6mm (0.25in.) Lo
Ls Internal Source Inductance -} 75 | - nH ggg‘ cF;ar:zragfe'die e s
contact. s
Ciss Input Capacitance - | 260 | -- Vgs=0V, Vpg=25V
Coss Output Capacitance 77 - pF |f=1.0Mhz
Ciss Reverse Transfer Capacitance 15
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. { Max. | Units Test Conditions
Is Continuc?us Source Current - | 3.8 MOSFET symbol D
(Body Diode) A |showing thz
lsm Pulsed Source Current - 14 integral reverse @
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage — | - | 1.8 | V |T;=25°C, Ig=3.8A, Vqs=0V®
ter Reverse Recovery Time 100 | -- | 400 ns |T;=25°C, |g=4.4A,
QR Reverse Recovery Charge 047 | - | 1.9 | pC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=50V, Starting T;=25°C, L=14mH,
Rg=25Q, Peak Ipg=3.8A

©) 15p<3.8A, di/dt<90A/us, Vpp<BVpss,

T,<150°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/W
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International

IGR

Rectifier

PD-9.597

IRFR310

HEXFET® Power MOSFET

» Surface Mount (IRFR310)

« Straight Lead (IRFU310)

* Repetitive Avalanche Rated
* Dynamic dv/dt Rated

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRFU310

o

S
n-channel

BVpss 400V
RDS(on) 3.6Q
Ip 1.7A

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 .mouming applications. Power dissipation levels up to 2 watts TB_;ES& I-Pak
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ib @ T¢ = 25°C | Continuous Drain Current, Vgs@10V 1.7
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.1 A
Iom Pulsed Drain Current ® 5.0
Pp@ T¢ =25°C | Maximum Power Dissipation 25 w
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 86 mJ
lar Avalanche Current ® 1.7 A
Eag Repetitive Avalanche Energy ® 2.5 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.0 V/ns
Ty Operating Junction and -55 to +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reyc Junction-to-Case --- 5.0
Rocs Case-to-Sink ® 1.7 KW®
Roya Junction-to-Ambient, Typical Socket Mount 110
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IRFR310, IRFU310

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 400 | --- V  |Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- 0.47 | - | v/°C |Reference to 25°C, Ip=1mA
Rbsion) Static Drain-to-Source On Resistance - | - | 38 Q | Vgs=10V, lp =1.0A®
VGS(th) Gate Threshold Voltage 2.0 == 4.0 \' V05=VGs, |D=250}LA
Ots Forward Transconductance 097 -- S | Vpg=50V, lpg=1.0A®
Ipss Zero Gate Voltage Collector Current --- - | 250 | pA |Vps=400V, Vgs=0V
--- | 1000 Vps=320V, Vgs=0V,T,=125°C

lass Gate-to-Source Forward Leakage -~ | 500 nA Vgs=20V

Gate-to-Source Reverse Leakage --- -~ | -500 Vgs=-20V
Qq Total Gate Charge - | - 112 Ip=2.0A, Vpg=320V,
Qgs Gate-to-Source Charge - 119 nC |vge=10V®
Qqq Gate-to-Drain ("Miller") Charge .- - | 65
td(on) Turn-On Delay Time - 7.9 Vpp=200V, Ip=2.0A
t Rise Time - | 99 | -- s | Rg=24Q, Rp=950®
ta(oth Turn-Off Delay Time 21
t Fall Time - 1 -
Lp Internal Drain Inductance - | 45 | - Between lead, ? L

6mm (0.25in.) D
Lg Internal Source Inductance — | 758 | - nH 2221 czarl:t:le(?gfebie g s
contact. s
Ciss Input Capacitance — 170 | - Vas=0V, Vps=25V
Coss Output Capacitance - | 34 | - pF | f=1.0Mhz
|Crss Reverse Transfer Capacitance - | 63 | --
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. [ Units Test Conditions

Is Continuous Source Current - - 1.7 D

(Body Diode) A i‘hﬁiﬁiﬂﬁl mbol
Ism Pulsed Source Current - | 43 integral reverse ¢

(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - | 1.6 V| T=25°C, Ig=1.7A, Vgg=0V®
te Reverse Recovery Time 120 | -- | 540 ns |T,=25°C, lg=2.0A,
Qpg Reverse Recovery Charge 032 | - | 1.6 | nC |didt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)
Notes:

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

@ Vpp=50V, Starting T =25°C, L=32mH,

Rg=25Q, Peak lAS=1 A

® Igp<1.7A, di/dt<40A/us, Vpp<BVpss.
Ty<150°C Suggested Rg=24Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/W
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PD-9.598

International
16R| Rectifier IRFR320

HEXFET® Power MOSFET IRFU320

« Surface Mount (IRFR320) D

« Straight Lead (IRFU320)
» Repetitive Avalanche Rated BVpss 400V
RDS(on) 1 .SQ

 Dynamic dv/dt Rated
b 3.1A

o

S
n-channel

Description

Third Generation HEXFETSs 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 D-Pak
are possible in SMD applications. TO-252AA - |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T¢ =25°C | Continuous Drain Current, Vgs@10V 3.1
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 20 A
Iom Pulsed Drain Current ©® 11
Pp@ T¢ =25°C | Maximum Power Dissipation 42 w
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 160 mJ
AR Avalanche Current ® 3.1 A
Ear Repetitive Avalanche Energy @ 4.2 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.0 V/ns
Ty Operating Junction and -55to +150
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case - 3.0
Recs Case-to-Sink ® 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount --- 110
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IRFR320, IRFU320

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voitage 400 | - V  [Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.51 | -—- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - | 1.8 Q  |Vgg=10V, Ip =1.9A®
Vasith) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ots Forward Transconductance 15| - | - S [Vps=50V, Ips=1.9A®
Ibss Zero Gate Voltage Collector Current -- | 250 | MA |Vpg=400V, Vgg=0V
--- {1000 Vpg=320V, V5s=0V,T,;=125°C
lass Gate-to-Source Forward Leakage --- --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage - - | -500 Vgs=-20V
Qq Total Gate Charge —- | - 120 Ip=3.3A, Vps=320V,
Qgs Gate-to-Source Charge - | 33 nC Vgg=10V®
Qqq Gate-to-Drain ("Miller") Charge 11
ta(on) Turn-On Delay Time = | 10 | - Vpp=200V, 1p=3.3A
t, Rise Time 14 ns |Rg=18Q, Rp=560®
td(ott) Turn-Off Delay Time --- 30
Y Fall Time | 18 | -
Lo Internal Drain Inductance — | 45 | -- Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance — | 75| — nH :::(T cZict:{e(?gfe'die Q s
contact. s
Ciss Input Capacitance - 350 | - Vas=0V, Vps=25V
Coss Output Capacitance - 64 pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - | 8.1
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | 3.1 D
(Body Diode) A 211003221;: g mbol
tsm Pulsed Source Current - - 11 integral reverse &
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - - | 1.6 V| T=25°C, Ig=8.1A, Vgs=0V®
tr Reverse Recovery Time 120 | - | 600 ns |T;=25°C, |g=3.3A,
Qnr Reverse Recovery Charge 064 | - | 3.0 | uC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=50V, Starting T;=25°C, L=20mH,

Rg=259, Peak |A5=3.1A

® Isp<3.1A, di/dtsSSA/ps, VDDSBVDSSY
Ty4<150°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °CW

For more information on the same die in a TO-220 package refer to IRF720.
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Internatlonal

’R|Rectifier

PD-9.599

IRFR420

HEXFET® Power MOSFET

« Surface Mount (IRFR420)

« Straight Lead (IRFU420)

- 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,

IRFU420

(0}

n-channel

S

BVpss 500V
RDS(on) 3.0Q
Ip 2.4A

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

D-Pak

through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications. To-252A%  |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc = 25°C | Continuous Drain Current, Vgs@10V 24
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.5 A
lom Pulsed Drain Current ©® 8.0
Pp@ T¢ =25°C | Maximum Power Dissipation 42 w
Linear Derating Factor 0.33 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 v
Eas Single Pulse Avalanche Energy @ 170 mJ
lag Avalanche Current ©® 2.4 A
EaR Repetitive Avalanche Energy ® 4.2 mJd
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
Ty Operating Junction and -55 to +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rauc Junction-to-Case - 3.0
Rocs Case-to-Sink ® 1.7 - KW®
Reua Junction-to-Ambient, Typical Socket Mount ~-- 110
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IRFR420, IRFU420

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. { Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 500 [ --- - V' {Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.59 [ - | v/ C [Reference to 25°C, Ip=1mA
Rbs(on) Static Drain-to-Source On Resistance - | - |30 Q  [Vgs=10V, Ip =1.4A®
|Vasgny | Gate Threshold Voltage 20 | - | 40 V | Vps=Vas, Ip=250uA
Ofs Forward Transconductance 1.0 - S Vps=50V, Ipg=1.4A®
Ibss Zero Gate Voltage Collector Current - | 250 | A |Vpg=500V, Vgg=0V
- - 11000 Vpg=400V, Vgg=0V,T,;=125°C
lass Gate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage .- --- | -500 Vgs=-20V
Qq Total Gate Charge -~ | - | 19 Ip=2.1A, Vpg=400V,
Qqs Gate-to-Source Charge -- - | 33 nC Vgs=10V®
Qqq Gate-to-Drain ("Miller") Charge - 13
tdton) Turn-On Delay Time —-- | 80 | -- Vpp=250V, Ip=2.1A
t, Rise Time -~ | 86 | -- ns |Rg=18Q, Rp=1200®
td(oft) Turn-Off Delay Time 33 ---
t Fall Time | 16 | -
lp Internal Drain Inductance | 45 | - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance - | 75| - nH far:gl czi(t::ragfe‘die e s
contact. s
Ciss Input Capacitance —-- | 360 | - Vgs=0V, Vpg=25V
Coss Output Capacitance --- 92 - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 37
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - | 24 MOSFET symbol D
(Body Diode) A | showing the
Ism Pulsed Source Current - - | 8.0 integral reverse €
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voitage - | - | 16 V_ | Ty=25°C, Ig=2.4A, Vs=0V®
tr Reverse Recovery Time 130 | - | 520 | ns |[T;=25°C, g=2.1A,
Qgn Reverse Recovery Charge 035| -- | 1.4 | pC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=50V, Starting Ty=25°C, L=34mH,

RG=259, Peak las=2.4A

®@ Igp<2.4A, di/dt<50A/s, Vpp<BVpss,
T <150°C Suggested Rg=18Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °CwW

For more information on the same die in a TO-220 package refer to IRF820.
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International

PD-9.654

1oR|Rectifier IRFR9014
HEXFET® Power MOSFET I R F U 90 1 4
» Surface Mount (IRFR9014) 5

» Straight Lead (IRFU9014

. Rtéglegtit}vee;a(lancheOF:at)ed BVpss -60V

« Dynamic dv/dt Rated G Rps (o) 0.50Q
« P-Channel i ID 5.6A
Description p-channel

Third Generation HEXFETSs 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 walts D-Pak
are possible in SMD applications. TO-252AA  |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ T¢ =25°C | Continuous Drain Current, Vgs@-10V -5.6
ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -3.9 A
oM Puised Drain Current ® -22
Pp@ T¢ =25°C | Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W/IK®
Vas Gate-to-Source Breakdown Voltage +20 Vv
|Eas Single Pulse Avalanche Energy @ 140 mJ
IaR Avalanche Current © -5.6 A
Ear Repetitive Avalanche Energy @ 3.0 mJ
dv/dt Peak Diode Recovery dv/dt ® -4.5 Vins
Ty Operating Junction and -55t0 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rosc Junction-to-Case - 5.0
Recs Case-to-Sink ® 17 KW®
Reua Junction-to-Ambient, Typical Socket Mount - 110
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IRFR9014, IRFU9014

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -60 | --- V | Vas=0V, Ip=-250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Volitage | - [0.061] - | V/°C |Reference to 25°C, Ip=-1mA
Rbsion) Static Drain-to-Source On Resistance = ] 1050 ] Q |Vgg=-10V, Ip =-3.4A@
VGS(th) Gate Threshold Voltage 20| -~ |-4.0 V'  |Vps=Vas, Ip=-250pA
Os Forward Transconductance 14 | — | -- S | Vps=-25V, Ipg=-3.4A®
lbss Zero Gate Voltage Collector Current - |-250 | pA |Vpg=-60V, Vgg=0V
--- [-1000 Vps=-48V, Vgg=0V, T =150°C
lgss Gate-to-Source Forward Leakage --- [ -500 nA Vgs=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Q Total Gate Charge - - 10 Ip=-5.6A, Vpg=-48V, Vgg=-10V
Qqs Gate-to-Source Charge - | 26 nC See Fig 6 and 13®
Qgy Gate-to-Drain ("Miller") Charge - | 57
td(on) Turn-On Delay Time - | 1 Vpp=-30V, Ip=-5.6A
t Rise Time = |40 | - 1o |Rg=24Q, Rp=4.9Q
tatoty Turn-Off Delay Time 13 --- See Fig. 10®
t Fall Time - 17 ] -
Lp Internal Drain Inductance - | 45 | - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance - |75 | - nH ;r:(rjn cziifg?hie ¢ "
contact. s
Ciss Input Capacitance - | 280 | --- Ves=0V, Vpg=-25V
Coss Output Capacitance -~ [ 170 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 37 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | -5.6 MOSFET symbol D
(Body Diode) A |showing the
Ism Pulsed Source Current --- - | -22 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage -~ | - | -55 V_ |Ty=25°C, Ig=-5.6A, Vgs=0V®
tr Reverse Recovery Time 35 - | 140 ns |T,=25°C, lg=-5.6A,
Qgn Reverse Recovery Charge 0.049] - | 020 | pC |di/dt=-100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)

Notes:

@ Repetitive rating; Pulse width limited by @ Igp<-5.6A, dildi<-90A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature (See figure 11) T,<175°C Suggested Rg=24Q flat, smooth, greased

® Vpp=-25V, Starting T,=25°C, L=5.3mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak |A8='5-6A (See figure 12)

106




IRFU9014, IRFR9014

-Ip, Drain Current (amps)

=
C J
M v
10! s 8 2
=5.0v 1
BOTTOM -4 5V ,
y.
A
P
/4 B
/ 1
100 = -
JRER
T
Eh
’—
"
// 20us PULSE WIDTH
1071 Tg = 1759C

— T 5
TOP -15V
=N A
-6.0V! L1
10! -s:sy .
BOTTOM -4
a I/I
g- 722
o a //
:_.c’ Ve 7
7,744 vl
g /;///’
3 ©° » afy:
£
[
o -
£ /44 -4 5V =1
7 ad il
101 = 20us PULSE WIDTH
i Tc = 25°C
101 100 10!

-Vps. Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

n

[

(Normalized)

-

Rosien), Drain-to-Source On Resistance

Tec =25°C
10!
]
- T 25?9/' 1750¢
=%
£
8
€ 400
g 10
g: 7
3 Va4
a3 7
/
£
©
& |
s 1/
"0t
F
I Vpg = —25V
20us PULSE WIDTH
4 5 6 8 9 10

-Vgs, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

1071 100 10!

-Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Tc = 150°C

.0

Ip = -5.6A
.5
0
5 ‘/

”
P
0
/

‘_‘-ﬂ"

.5
Vgg = -10V

'960 -40-20 0 20 40 60 80 100 120 140 160 180
T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance Vs.
Temperature

107



IRFR9014, IRFU9014
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Internatlonal

'R|Rectifier

PD-9.655

IRFR9024

HEXFET® Power MOSFET

« Surface Mount (IRFR9024)
« Straight Lead (IRFU9024)

» 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,

IRFU9024

9]

p-channel

D
BVpss -60V
RDS(on) 0 -2SQ
. b -9.6A

and low on resistance.

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wape soldering techniques. The straight lead version (IRFU series) is for

il

f

through hole mounting applications. Power dissipation levels up to 2 watts Bzzgl’; -Pak
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@-10V -9.6
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -6.8 A
lom _ Pulsed Drain Current ® -38
Po@ Tc =25°C | Maximum Power Dissipation 50 w
Linear Derating Factor 0.33 W/K®
Vgs Gate-to-Source Breakdown Voltage 120 v
Eas Single Pulse Avalanche Energy @ 300 mJ
lag Avalanche Current ©® -0.6 A
Eap Repetitive Avalanche Energy © 5.0 mJ
dv/dt Peak Diode Recovery dv/dt ® -4.5 V/ns
Ty Operating Junction and -55t0 +175
Ts1g. Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Royc Junction-to-Case --- 3.0
Recs Case-t0-Sink ® - 1.7 — KW®
Reua Junction-to-Ambient, Typical Socket Mount .- 110
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IRFR9024, IRFU9024

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 | - - V| Vgs=0V, lp=-250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.056]| -- | V/°C |Reference to 25°C, Ip=-1mA
Rosion) Static Drain-to-Source On Resistance - -~ 10.28 Q | Vgs=-10V, Iy =-5.8A®
Vngm) Gate Threshold Voltage 20 - | -40 V' {Vps=Vgs, Ip=-250puA
Ot Forward Transconductance 39 | - | - S |Vps=-25V, Ipg=-5.8A®
Ipss Zero Gate Voltage Collector Current - == |-250 | pA | Vpg=-60V, Vgg=0V
- | - [-1000 Vps=-48V, V=0V, T,=150°C
lass Gate-to-Source Forward Leakage .- --- | -500 A Vgs=-20V
Gate-to-Source Reverse Leakage - -~ | 500 Vgs=20V
Q, Total Gate Charge = | - 119 Ip=-11A, Vpg=-48V, Vgg=-10V
1Qge Gate-to-Source Charge --- -~ 1 54 nC See Fig 6 and 13®
Qgg Gate-to-Drain ("Miller”) Charge --- 11
taton) Tt-.\rn-C?n Delay Time = | 13 | - Vpp=-30V, Ip=-11A
tr Rise Time ' - | 68 | -- ns | Re=18Q, Rp=2.5Q
140t Turn-Off Delay Time --- 15 --- See Fig. 10®
t Fall Time - | 29 | --
Lp Internal Drain Inductance — | 45 | - Between lead, P L
6mm (0.25in.) D
nH |from package, o
Ls Internal Source Inductance - | 75 [ --- and center of die ls
contact. s
Ciss Input Capacitance - | 570 | - Vgs=0V, Vpg=-25V
Coss Output Capacitance -~ | 360 [ --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 65 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - | -9.6 MOSFET symbol D
(Body Diode) A | showing the
lsm Pulsed Source Current - | -38 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- - | -6.3 V| Ty=25°C, Ig=-9.6A, Vgs=0V®
tr Reverse Recovery Time 50 -- | 200 ns |Ty=25°C, le=-11A,
Qpn Reverse Recovery Charge 0.16 | -- | 0.64 | pC |di/dt=-100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Lp)
Notes:
@ Repetitive rating; Pulse width limited by ® I5p<-9.6A, di/di<-140A/s, Vpp<BVpss, @ Mounting surface:
max. junction temperature (See figure 11) T,£175°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=-25V, Starting T;=25°C, L=4.0mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak 155=-9.6A (See figure 12)
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International

IR

Rectifier

PD-9.519D

IRFR9110

HEXFET® Power MOSFET

« Surface Mount (IRFR9110)
» Straight Lead (IRFU9110)

* Repetitive Avalanche Rated
 Dynamic dv/dt Rated

* P-Channel

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRFU9110

0]

p-channel

D
BVpss -100V
RDS(on) 1.29
. b -3.4A

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

D-Pak

through Ijole .mounting appliqations. Power dissipation levels up to 2 watts T0252AA  |-Pak
are possible in SMD applications. TO-D5AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tg =25°C | Continuous Drain Current, Vgs@-10V -3.4 ¥
Ip @ Tc = 100°C | Continuous Drain Cutrent, Vgs@-10V -2.4 A
Iom Pulsed Drain Current ® -14
Pp@ T¢ = 25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
\Vas Gate-to-Source Breakdown Voltage 120 v
|Eas Single Pulse Avalanche Energy @ 140 mJ
AR Avalanche Current © -3.4 A
Ean Repetitive Avalanche Energy @ 3.0 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.5 V/ns
Ty Operating Junction and -55t0 +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)_
Thermal Resistance
Parameter Min. Typ. Max. Units
Rayc Junction-to-Case --- 5.0
Recs Case-to-Sink ® 1.7 KW®
Reua Junction-to-Ambient, Typical Socket Mount 110
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IRFR9110, IRFU9110

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. [ Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voitage -100 | --- V  [Vgs=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- [0.091] --- [ V/°C |Reference to 25°C, lp=-1mA
Rbsion) Static Drain-to-Source On Resistance = | |12 ] Q [Vgg=10V, |p =-2.0A®
Vas(th Gate Threshold Voltage 201 - |-4.0 V  |Vps=Vgs, lp=-250uA
Ofe Forward Transconductance 13 | -~ | - S | Vpg=-50V, Ipg=-2.0A®
Ibss Zero Gate Voltage Collector Current --- -~ | -250 | pA |Vpg=-100V, Vgg=0V
- | -- ]-1000 Vpg=-80V, Vgg=0V,T,;=150°C
lgss Cate-to-Source Forward Leakage --- --- | -500 nA Vagg=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Q, Total Gate Charge - | - |87 Ip=-4.0A, Vpg=-80V,
1Qgs Gate-to-Source Charge e - | 22 nC Vgg=-10V®
Qgq Gate-to-Drain ("Miller") Charge - - | 4.1
taton) Turn-On Delay Time 10 Vpp=-50V, Ip=-4.0A
t, Rise Time 27 ns |Ra=11Q, Rp=240®
ta(ot) Turn-Off Delay Time - 15
Y Fall Time - | 17 | -
Lo Internal Drain Inductance - | 45 | - Between lead, P
6mm {0.25in.) o
Lg internal Source Inductance 75 | - nH far:&n c’:?:ragfe’die E s
contact. s
Ciss Input Capacitance - | 200 | -- Vgs=0V, Vpg=-25V
Coss Output Capacitance 94 --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 18
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - - | -34 MOSFET symbol D
(Body Diode) A |showing the
Ism Pulsed Source Current - - | -14 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | -55 V_ [T;=25°C, Ig=-3.4A, Vgs=0V®
te Reverse Recovery Time 41 --- | 160 ns | Ty=25°C, Ig=-4.0A,
Qgrr Reverse Recovery Charge 0.075| - | 0.30| pC |di/dt=-100ALS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=-25V, Starting T,=25°C, L=20mH,

Rg=259, Peak IAS='3'4A

® Isp<-3.4A, dildt<-75A/ps, Vpp<BVpss,
Ty<175°C Suggested Rg=24Q

@ Pulse width < 300yus; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® K/W = °C/W

For more information on the same die in a HD-1 package refer to IRFD9110.

118




International
1¢R|Rectifier

PD-9.520D

IRFR9120

HEXFET® Power MOSFET

« Surface Mount (IRFR9120)
« Straight Lead (IRFU9024)

« Repetitive Avalanche Rated
» Dynamic dv/dt Rated

» P-Channel

IRFU9120

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

[}

D
BVpss -100V
Rpsn) 0.6Q
s Ip -6.3A
p-channel

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 r‘lole‘mounting applicgtions. Power dissipation levels up to 2 watts Tlg_‘zgza‘& 1-Pak
are possible in SMD applications. TO-2561AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc = 25°C | Continuous Drain Current, Vgs@-10V -6.3
Ip @ T = 100°C | Continuous Drain Current, Vgs@-10V -4.5 A
lom Pulsed Drain Current ® -25
Pp@ T¢ =25°C | Maximum Power Dissipation 50 w
Linear Derating Factor 0.33 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 270 mJ
laR Avalanche Current ® -6.3 A
EaR Repestitive Avalanche Energy ©® 5.0 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.5 V/ns
Ts Operating Junction and -55t0 +175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rayc Junction-to-Case --- 3.0
Recs Case-10-Sink ® - 1.7 . KW®
Raua Junction-to-Ambient, Typical Socket Mount 110
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -100 | --- V  [Vgs=0V, Ip=-250uA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | - | 0.10 | --- | V/°C |Reference to 25°C, Ip=-1mA
Rbs(on) Static Drain-to-Source On Resistance - - (060 Q [Vgg=-10V, Ip=-3.8A®
Vastth) Gate Threshold Voltage 20| - | -4.0 V | Vpg=Vgs, Ip=-250pA
Ots Forward Transconductance 17| — | - S | Vpg=-50V, Ipg=-3.8A®
Ibss Zero Gate Voitage Collector Current -~ |-250 | pA |Vpg=-100V, Vgg=0V
- | - [-1000 Vpg=-80V, Vgg=0V,T,=150°C
lass Gate-to-Source Forward Leakage = | o 500} |Ves=-20V
Gate-to-Source Reverse Leakage - - 1 500 Vags=20V
Qq Total Gate Charge o | |18 Ip=-6.8A, Vpg=-80V, Vgg=-10V
Qgs Gate-to-Source Charge - | [ 80} nC g0 Fig 6 and 13®
Qgq Gate-to-Drain ("Miller") Charge - 1 9.0
td(on) Tyrn-(?n Delay Time b 9.6 .- VDD='50V1 |D='6.8A
t Rise Time . == 29 == ns RG=1 8Q, Rp=7.1Q
ta(off Turn-Off Delay Time 21 See Fig. 10®
t Fall Time -~ | 25 | -
Lo Internal Drain Inductance - | 45 | - Between lead, P
6mm (0.25in.) to
Ls Internal Source Inductance - | 75 | - nH :g;n c:(t::?gfe’die E s
contact. s
Ciss Input Capacitance -- | 390 | -- Vgs=0V, Vpg=-25V
Coss Output Capacitance - | 170 | --- pF [ f=1.0Mhz
Crss Reverse Transfer Capacitance - 45 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Conﬁnuc_:us Source Current -- | -6.3 MOSFET symbol ]
(Body Diode) A | showing the
lsm Pulsed Source Current - - {25 integral reverse %
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage -~ | - | -6.3 V| Ty=25°C, Ig=-6.3A, Vgs=0V®
tr Reverse Recovery Time 49 --- | 200 ns |T;=25°C, Iz=-6.8A,
QrR Reverse Recovery Charge 017 | -- | 066 | uC |di/dt=-100A/uSD
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive rating; Pulse width limited by ® Igp<-6.3A, di/dt<-110A/s, Vpp<BVpss,  ® Mounting surface:
max. junction temperature (See figure 11) T,<175°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=-25V, Starting T;=25°C, L=11mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak Ixg=-6.3A (See figure 12)
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IRFU9120, IRFR9120

-Ip, Drain Current (amps)
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Fig 9. Maximum Drain Current Vs.
Case Temperature
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IRFR9120, IRFU9120

Vary tp to obtain
required peak I

Fig 12a. Unclamped Inductive Test Circuit
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix C: Tape & Reel Information

Appendix D: Part Marking Information
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International
or]Rectifier

Target Data Sheet PD-9.521C

IRFR9210

HEXFET® Power MOSFET IR F U 92 10
« Surface Mount (IRFR9210) D
. Straight Lead (IRFU9210) BVpss -200V
« Repetitive Avalanche Rated
. Bycnﬁmic dlv/dt Rated G Rpsn) 3.0Q
s P-Channe
s Ip -2.0A
g -channel
Description P
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 Tg';i'ﬁ I-Pak
o . . . - - a
are possible in SMD applications. TO259 AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@-10V -2.0
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -1.3 A
lom Pulsed Drain Current ® -8.0
Pp@ Tc =25°C | Maximum Power Dissipation 25 w
Linear Derating Factor 0.20 W/K®
\Vas Gate-to-Source Breakdown Voltage 20 \
Eas Single Pulse Avalanche Energy @ 41 mJ
m Avalanche Current © -2.0 A
Ear Repetitive Avalanche Energy ® 25 mJ
dv/dt Peak Diode Recovery dv/dt @ -5.0 Vins
Ty Operating Junction and -55 to +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rauc Junction-to-Case - --- 5.0
Rocs Case-to-Sink ® - 1.7 Kw®
Reua Junction-to-Ambient, Typical Socket Mount - - 110
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IRFR9210, IRFU9210

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -200 | --- --- V  {Vas=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | -—- | n/a | - | V/°C |Reference to 25°C, Ip=-1mA
Rbs(on) Static Drain-to-Source On Resistance - - | 30 Q  |Vgs=-10V, Iy =-1.2A®
Vasth) Gate Threshold Voltage 20 ( - | -4.0 V | Vps=Vgs, Ip=-250uA
Ots Forward Transconductance nfa | - | -- S | Vps=-50V, lpg=-1.2A®
Ibss Zero Gate Voltage Collector Current - 1-250 | pA | Vpg=-200V, Vgg=0V
- -~ |-1000 Vps=-160V, Vgs=0V,T ;=125°C
IGSS Gate-to-Source Forward Leakage - -~ | -500 A Vas=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Q Total Gate Charge --- --- | 6.0 Ip=-2.4A, Vpg=-160V,
Qg Gate-to-Source Charge - | 1.2 nC  |Vgg=-10V®
Qgd Gate-to-Drain ("Miller") Charge - - | 3.6
td(on) Turn-On Delay Time haad 8 == VDD=-1OOV, 'D='2'4A
t, Rise Time --- 15 - ns |Ra=24Q, Rp=42Q®
tacofy Turn-Off Delay Time 10
5 Fall Time - 8
Lp Internal Drain Inductance — | 45 | - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance — | 75| - nH farscr’n cza:t:sragfe'die ! s
contact. s
Ciss Input Capacitance -=- | 160 | --- Vgs=0V, Vpg=-25V
Coss Output Capacitance 50 -ee pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 12
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | -20 D
(Body Diode) A Qf,?jﬁgﬂ,fg mbol
Ism Pulsed Source Current - | - | -80 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - -~ | -5.8 V_ [T,=25°C, Ig=-2.0A, Vq5=0V®
ty Reverse Recovery Time nfa { - | n/a ns |[T,=25°C, lg=-2.4A,
Qrg Reverse Recovery Charge nfa | -- | nfa | pC |dildt=-100A/S®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by @ Igps-2.0A, di/di<-90A/s, Vpp<BVpgs,  ® Mounting surtace:
max. junction temperature T;<150°C Suggested Rg=24Q flat, smooth, greased

® Vpp=-50V, Starting T;=25°C, L=15mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RG=259, Peak IAS='2-0A

Target Data Sheet: Specification Pending; Contact Factory for Update
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1¢R|Redctifier

Target Data Sheet PD-9.522C

IRFR9220

HEXFET® Power MOSFET

- Surface Mount (IRFR9220) D
» Straight Lead (IRFU9220) _
* Repetitive Avalanche Rated B-VDSS 200V
« Dynamic dv/dt Rated G Rpsn) 1.5Q
. P- |

P-Channe . Ib -3.6A
Description p-channel

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRFU9220

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

D-Pak

through hole mounting applications. Power dissipation levels up to 2 watts
are possible in SMD applications. TO-252AA  |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T¢ =25°C | Continuous Drain Current, Vgs@-10V -3.6
lp @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -2.3 A
lom Pulsed Drain Current ® -14
Pp@ T¢ =25°C | Maximum Power Dissipation 42 W
Linear Derating Factor 0.33 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 v
Eas Single Pulse Avalanche Energy @ 84 mJ
lar Avalanche Current ® -3.6 A
Ear Repetitive Avalanche Energy @ 4.2 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.0 V/ns
Ty Operating Junction and -55to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Resc Junction-to-Case - 3.0
Recs Case-to-Sink ® 17 KW®
Roua Junction-to-Ambient, Typical Socket Mount --- 110
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IRFR9220, IRFU9220

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. { Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage -200 | --- V  {Vgs=0V, Ip=-250pA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- n/a --- | V/°C [Reference to 25°C, Ip=-1mA
Rbs(on) Static Drain-to-Source On Resistance - - |15 Q  |Vgs=-10V, Ip =-2.2A@
Vasith) Gate Threshold Voltage 20| -- | -4.0 V  |Vps=Vags, lp=-250pA
Ore Forward Transconductance , nla | - | - S | Vpg=-50V, Ipg=-2.2A®
lbss Zero Gate Voltage Collector Current --- - |-250 | pA |Vpg=-200V, Vgs=0V
- --- [-1000 Vpg=-160V, Vgs=0V,T;=125°C
1GSS Gate-to-Source Forward Leakage - | - | -500 nA Vas=-20V
Gate-to-Source Reverse Leakage - | 500 Vgs=20V
Q Total Gate Charge 13 Ip=-4.0A, Vps=-160V,
Qs Gate-to-Source Charge - - | 24 nC  |Vgg=-10V®
1Qqa_ Gate-to-Drain ("Miller") Charge - - 1 76
td(on) Turn-On Delay Time - | 15 | - Vop=-100V, Iy=-4.0A
t Rise Time 35 --- ns |Rg=18Q, Rp=25Q®
taor Turn-Off Delay Time 15 ---
t Fall Time - 25 | -
Lp internal Drain Inductance — | 45 | - Between lead,
6mm (0.25in.) o
Ls Internal Source Inductance — [ 75 | - nH ;r:(r’n c%i?efragfe,die @ s
contact. s
Ciss Input Capacitance -~ | 340 | --- Vgs=0V, Vpg=-25V
Coss Output Capacitance - | 105 | --- pF [ f=1.0Mhz
Crss Reverse Transfer Capacitance - | 25 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - - | -38 ]
(Body Diode) . ﬁoof;g;g meol
Ism Pulsed Source Current - | -14 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -6.3 vV [T 4=25°C, lg=-3.6A, Vgs=0V®
ter Reverse Recovery Time nla | - | nfa ns |Ty=25°C, lg=-4.0A,
Qrg Reverse Recovery Charge nfa [ -~ | nia | pC |di/dt=-100A/S®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by ® Igps-3.6A, difdt<-90A/us, Vpp<BVpgs, © Mounting surface:
max. junction temperature T <150°C Suggested Rg=24Q fiat, smooth, greased

@ Vpp=-50V, Starting T;=25°C, L=9.7mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak Ipg=-3.6A

Target Data Sheet: Specification Pending; Contact Factory for Update
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PD-9.637B

IRFRC20

I¢R|Rectifier
HEXFET® Power MOSFET | R F U C 20
« Surface Mount (IRFRC20) D
» Straight Lead (IRFUC20)
- Repetitive Avalanche Rated BVpss 600V
« Dynamic dv/dt Rated G Rpson) 4.4Q
. Ip 2.0A
Description n-channel

Third Generation HEXFETSs 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  |-Pak

TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T¢ = 25°C | Continuous Drain Current, Vgs@10V 20
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.3 A
Iom Pulsed Drain Current ® 8.0
Pp@ T =25°C | Maximum Power Dissipation 42 w
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 \'
Eas Single Pulse Avalanche Energy @ 100 mJ
lar Avalanche Current ® 2.0 A
Ear Repetitive Avalanche Energy @ 4.2 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.0 Vins
T Operating Junction and -55 to +150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. {1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case - 3.0
Recs Case-to-Sink ® - 17 KW®
Reua Junction-to-Ambient, Typical Socket Mount 110
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IRFRC20, IRFUC20

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 600 | --- - V | Vgs=0V, lp=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.88 | -- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - | - | 44 Q  |Vgs=10V, Ip =1.2A®
VGS(I:h) Gate Threshold Voltage 2.0 --- 4.0 Vv Vps=Vgs, Ip=250pA
Ots Forward Transconductance 1.0 --- S |Vpg=100V, Ips=1.2A®
Ipss Zero Gate Voltage Collector Current -~ | 250 | MA |Vpg=600V, Vgg=0V
-~ | -- [1000 Vps=480V, Vgg=0V,T,=125°C
lgss Gate-to-Source Forward Leakage - | -~ | 500 A Vgs=20V
Gate-to-Source Reverse Leakage --- - | -500 Vgs=-20V
Q, Total Gate Charge - | - | 18 Ip=2.0A, Vps=480V,
Qgs Gate-to-Source Charge = | 30 | nC |yge=10V®
Qg Gate-to-Drain ("Miller") Charge - - | 89
tdton) Turn-On Delay Time - [ 10 | - Vpp=300V, Ip=2.0A
i Rise Time = | 2 | s |Re=180, Rp=15000
taoty Turn-Off Delay Time - | 30 } -
t Fall Time -~ | 25 | --
Lp Internal Drain Inductance - | 45 | - Between lead, P
6mm (0.25in.) to
Ls Internal Source Inductance — | 75 | - nH g:: c’;?::ragfeaie ¢ s
contact. s
Ciss Input Capacitance - | 350 | --- Vgs=0V, Vps=25V
Coss Output Capacitance --- | 48 pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - | 86 | --
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - 1 20 ]
(Body Diode) A ::123::5';:3[ mee!
[y Pulsed Source Current — | -] 80 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage < | - 1168 VO IT=25°C, Ig=2.0A, Vgg=0V®
ter Reverse Recovery Time 140 | --- | 580 ns |T;=25°C, Ig=2.2A,
Qra Reverse Recovery Charge 034 | -~ | 1.3 | uC |dildt=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
@ Repetitive rating; Pulse width limited by ® Igp<2.0A, di/dt<40A/us, Vpp<BVpss,  ® Mounting surface:
max, junction temperature T,£150°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=50V, Starting T =25°C, L=49mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak Ips=2.0A
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Rectifier

PD-9.438C

IRFS1Z0

HEXFET® Power MOSFET

+ Repetitive Avalanche Rated
« Dynamic dv/dt Rated
« Surface Mount

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

0]

S

n-channel

BVpss 100V
RDS(on) 2.4Q
I, 0.90A

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
Absolute Maximum Ratings

Parameter Max. Units
Ip @ T¢ =25°C | Continuous Drain Current, Vgs@10V 0.90
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 0.64 A
lom Pulsed Drain Current ® 3.6
Pp@ Tc = 25°C | Maximum Power Dissipation 43 W

Linear Derating Factor 0.29 W/K®

|Vas Gate-to-Source Breakdown Voltage +20 \
Eas Single Pulse Avalanche Energy @ 9.8 mJ
AR Avalanche Current ©® 0.90 A
Ear Repetitive Avalanche Energy ©® 0.43 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.5 V/ns
T, Operating Junction and -5510 +175 °C
Tsta Storage Temperature Range
Thermal Resistance

Parameter Min. Typ. Max. Units
Rosc Junction-to-Case --- 35
Recs Case-10-Sink ® - 5.0 KW®
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IRFS120

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

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

@ Vpp=25V, Starting T=25°C, L=16mH,

RG=2SQ, Peak ‘AS=1 .0A

For more information on the same die in a HD-1 package refer to IRFD1Z0.

@ 15p<0.9A, di/dt<25A/us, VppsBVpss,
T <175°C Suggested Rg=500

@ Pulse width < 300us; duty Cycle <2%

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | - - V' |Vgs=0V, 1p=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.12 | - | V/°C | Reference to 25°C, Ip=1mA
Rpston) Static Drain-to-Source On Resistance - - | 24 Q  |Vgg=10V, Ip =0.54A®
| Vasith) Gate Threshold Voltage 20 | - | 40 V | Vpg=Vgs, Ip=250pA
Ots Forward Transconductance 024 | - | --- S [Vpg=50V, Ipg=0.54A®
Ipss Zero Gate Voltage Collector Current - 1250 | pA |Vpg=100V, Vgg=0V
--- --- | 1000 Vps=80V, Vgs=0V,T,;=150°C
IGSS Gate-to-Source Forward Leakage - -~ | 500 nA Vags=20V
Gate-to-Source Reverse Leakage --- - [ -500 Vas=-20V
Q Total Gate Charge - | - 118 Ip=0.90A, Vpg=80V,
Qqs Gate-to-Source Charge -- 1068 nC Vgs=10V®
Qqd Gate-to-Drain ("Miller") Charge - 10.95
taton) Turn-On Delay Time - | 7.8 | - Vpp=50V, Ip=0.90A
t, Rise Time 4.5 - ns | Rg=50Q, Rp=55Q®@
td(oth) Turn-Off Delay Time - 11
t Fall Time - | 47 | -
Lp Internal Drain Inductance — 20 | - Between lead, L
émm (0.25in.) D
Lg Internal Source Inductance o Y e L ::;1 c’:i?;? gfe;ﬂie g s
contact. S
Ciss Input Capacitance - | 89 | - Vgs=0V, Vps=25V
1Coss Output Capacitance — | 18 | - | pF |f=1.0Mhz
Crss Reverse Transfer Capacitance - | 28 | --
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - - | 09 MOSFET symbol D
(Body Diode) A | showing the
lsm Pulsed Source Current - - | 3.6 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -] 14 V_ [T,=25°C, I5=0.9A, Vgs=0V®
tre Reverse Recovery Time 42 - 7 ns | T;=25°C, Ig=0.9A,
Qe Reverse Recovery Charge 014 | - | 041 | pC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

® Mounting surface:
flat, smooth, greased

® KW = °Cw

132




International

PD-9.628

LY .
IoR]| Rectifier IRLDO14
HEXFET® Power MOSFET
» Dynamic dv/dt Rated D
* For Automatic Insertion BV 60V
* End Stackable DSS
* Logic Level Gate G Rps(on) 0.20Q
. Ip 1.7A
_— n-channel
Description
Third Generation HEXFETSs 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
lp @ Tg =25°C | Continuous Drain Current, Vgas@5V 1.7
Ip @ T¢ = 100°C_| Continuous Drain Current, Vas@5V 1.2 A
lom Pulsed Drain Current @ 14
Pp@ Tg = 25°C | Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®
|Vas Gate-to-Source Breakdown Voltage +10 A
Eas Single Pulse Avalanche Energy @ 130 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 Vins
Ty Operating Junction and -5510 +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Thermal Resistance

Parameter

Max.

Units

Raya

Junction-to-Ambient, Typical Socket Mount

120

Kw®
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IRLDO14

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 --- .- V  [Vgs=0V, Ip=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.070| --- | V/°C |Reference to 25°C, lp=1mA
Ropsion) Static Drain-to-Source On Resistance -~ | - 1020 o [|Yes=5.0V,lp=1.0A®
- - 10.28 Vas=4.0V, Ip =0.85A®
Vasith) Gate Threshold Voltage 10| - | 20 V  [Vps=Vas, Ip=250puA
9ts Forward Transconductance 10 | -~ | - S |Vpg=25V, Ipg=1.0A®
Ipss Zero Gate Voltage Collector Current - - | 250 | pA |Vpg=60V, Vgg=0V
— | -~ [1000 Vpg=48V, Vgg=0V,T,=150°C
IGSS Gate-to-Source Forward Leakage --- --- | 500 nA Vags=10V
Gate-to-Source Reverse Leakage - --- | -500 Vgs=-10V
Q, Total Gate Charge - - | 84 Ip=10A, Vpg=48V, Vgg=5.0V®
Qgs Gate-to-Source Charge -~ | - | 26| nC
Qg4 Gate-to-Drain ("Miller") Charge - - | 6.4
td(on) Turn-On Delay Time .- 9.3 - Vpp=30V, Ip=10A
t Rise Time - | 110 | - ns |Rg=120Q, Rp=2.80®
td(ot) Turn-Off Delay Time -~ | 17 | -
t Fall Time - | 26 | --
Lp Internal Drain Inductance — | 40 | -- Between lead,
, 6mm (0.25in.) Lo
Ls Internal Source Inductance --- 6.0 nH :gg‘ ci?:t:'e(ragfe,die a s
contact. S
Ciss Input Capacitance — | 400 | -- Vas=0V, Vps=25v
Coss Output Capacitance - | 170 | -- pF | f=1.0Mhz
Cres Reverse Transfer Capacitance - 42
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current 1.7 D
(Body Diode) N mf,ﬁg,fg mbol
Ism Pulsed Source Current — | - | 14 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage -e- - 1.6 V_ | T,=25°C, Ig=1.7A, Vgs=0V®
ty Reverse Recovery Time 73 | - | 130 [ ns [T =25°C, Ie=10A,
Qrn Reverse Recovery Charge 010 | -- | 065 | uC |di/di=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T;=25°C, L=55mH,

Rg=25Q, Peak Iag=1.7A

® Igp<10A, difdts90A/us, Vpp<BVpss,
T,£175°C Suggested Rg=12Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °C/W
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International

PD-9.629

IRLD024

LY .
oR|Rectifier
HEXFET® Power MOSFET
* Dynamic dv/dt Rated D
* For Automatic Insertion BV 60V
« End Stackable DSS
* Logic Level Gate G Rps(on) 0.10Q
3 Ip 2.5A
. n-channel
Description
Third Generation HEXFETSs 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 HD-1
dissipation levels up to 1 watt.
Absolute Maximum Ratings
Parameter Max. Units
lp @ Tc = 25°C | Continuous Drain Current, Vgs@5V 2.5
lp @ Tg = 100°C | Continuous Drain Current, Vgs@5V 1.8 A
lom Pulsed Drain Current @ 20 ‘
Pp@ Tc =25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
|Vas Gate-to-Source Breakdown Voltage +10 \Y
Eas Single Pulse Avalanche Energy @ 91 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 Vins
T, Operating Junction and -55to +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
RoJa Junction-to-Ambient, Typical Socket Mount 120 Kw®
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IRLD024

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. [ Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 - V' 1Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | - |0.060| --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - -- 10.10 Q Vgs=5.0V, Ip =1.5A®
- -~ 1014 Vag=4.0V, I =1.3A®
Vasth) Gate Threshold Voltage 10 | - | 20 V  |Vps=Vgs, Ip=250pA
Ots Forward Transconductance 14 | — | - S |Vps=25V, Ipg=1.5A@
Ipss Zero Gate Voltage Collector Current --- --- | 250 | pA [Vps=60V, Vgs=0V
- --- | 1000 Vpg=48V, Vgg=0V,T;=150°C
lass Gate-to-Source Forward Leakage - -~ | 500 nA Vgs=10V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-10V
Qq Total Gate Charge --- 18 Ip=16A, Vps=48V, Vgs=5.0V®
Qgs Gate-to-Source Charge - - | 45 | nC
Qg Gate-to-Drain ("Miller”) Charge - | - 12
taon) Tt.Jrn-On Delay Time --- 11 - Vpp=30V, Ip=16A
t Rise Time = | 110 | - ns  |Re=9.0Q, Ry=1.70®
ta(of) Turn-Off Delay Time 23
t Fall Time - | 41 | -
Lp Internal Drain Inductance - | 40 | - Between lead, P
6mm (0.25in.) Lo
Ls internal Source Inductance - | 60 | - nH Z::cpei‘t::?gfe,die g s
contact. s
Ciss Input Capacitance - | 880 | --- Vgs=0V, Vpg=25v
Coss Output Capacitance - 1350 | -- pF |f=1.0Mhz
Crss Reverse Transfer Capacitance 54 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. [ Units Test Conditions
Is Continuous Source Current - - | 25 D
(Body Diode) N ;ﬁ,ﬁifn';ﬁ;g mbol
Ism Pulsed Source Current — | - | 20 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage -~ - | 1.5 V| T,=25°C, Ig=2.5A, Vgs=0V®
t, Reverse Recovery Time 70 --- | 140 ns |Ty=25°C, Ig=16A,
Qar Reverse Recovery Charge 019 | - [ 078 | pC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T;=25°C, L=17.5mH,

Rg=25%Q, Peak Ips=2.5A

@ Igp<17A, dildi<140A/s, Vpp<BVpgs,
T,<175°C Suggested Rg=9.0Q

@ Pulse width < 300ps; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW =°Cw

For more information on the same die in a TO-220 package refer to IRLZ24.
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International

1oR| Rectifier

PD-9.635

IRLD110

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
 Dynamic dv/dt Rated

* For Automatic Insertion

« End Stackable

» Logic Level Gate

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

D
BVpss 100V
G RDS(on) O.54Q
s Ib 1.0A
n-channel

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.

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@5V 1.0
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@5V 0.70 A
lom Pulsed Drain Current ® 8.0
Pp@ Tc =25°C | Maximum Power Dissipation 1.3 W
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +10 v
Eas Single Pulse Avalanche Energy @ 140 mJ
lar Avalanche Current @ 1.0 A
Ear Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
T Operating Junction and -55to0 +175
Tsta Storage Temperature Range °C
Solidering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Reua Junction-to-Ambient, Typical Socket Mount 120 Kw®

137



IRLD110

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | --- V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.12 | - [ V/°C [Reference to 25°C, Ip=1mA
Ros(on) Static Drain-to-Source On Resistance --- --- 1054 Q Vgs=5.0V, Ip =0.6A®
- -~ |0.76 Vgs=4.0V, Ip =0.50A®
Vasih) Gate Threshold Voltage 1.0 | - | 20 V  [Vps=Vgs, Ip=250uA
Ots Forward Transconductance 08 | -- - S  |Vpg=50V, Ipg=0.60AD
Ipss Zero Gate Voltage Collector Current - | 250 | pA  |Vpg=100V, Vgg=0V
=== --- 1000 Vps=80V, Vgs=0V,T,=150°C
IGSS Gate-to-Source Forward Leakage - --- | 500 nA Vgs=10V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Q Total Gate Charge - - | 6.1 Ip=5.6A, Vpg=80V, Vgg=5.0V®
Qus Gate-to-Source Charge -~ | 26 nC
Qg Gate-to-Drain ("Miller") Charge - | 33
td(on) Turn-On Delay Time - | 98 | -- Vpp=50V, Ip=5.6A
t, Rise Time 47 ns  |Ra=12Q, Rp=8.40®
ta(oty Turn-Off Delay Time - 16 -
¥ Fall Time — | 17 | -
Lp internal Drain Inductance — | 40 | -- Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance ~leo [ = | ™ :2:;?::?2?& 6 '
contact. s
Ciss Input Capacitance - | 250 | --- Vgs=0V, Vps=25v
Coss Output Capacitance --- 80 .- pF | f=1.0Mhz
1Crss Reverse Transfer Capacitance 15
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current --- --- 5.6 D
(Body Diode) . Qfgiﬁaﬁg mbol
Ism Pulsed Source Current 18 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- - 2.5 \" T,=25°C, Is=1.0A, Vgs=0V®
tye Reverse Recovery Time 89 --- | 130 ns |T,=25°C, Ie=5.6A,
QrR Reverse Recovery Charge 035| -- | 0.65| HC |di/dt=100A/uSD
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by @ I5p<5.6A, di/dt<75A/us, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=12Q flat, smooth, greased

@ Vpp=25V, Starting T;=25°C, L=52mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
RG=25Q, Peak IAS=2-0A
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International

1¢R|Rectifier

PD-9.634

IRLD120

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated
* For Automatic Insertion

» End Stackable &

* Logic Level Gate

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

n-channel

S

BVpss 100V
RDS(on) 0 .27Q

I 1.3A

and low on resistance.

The 4-pin DIP package is a low cost machine insertable case style which can
be stacked in muitiple 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.

Absolute Maximum Ratings

HD-1

Parameter Max. Units
Ip @ Tg = 25°C | Continuous Drain Current, Vgs@5V 13
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@5V 0.94 A
lom Pulsed Drain Current ® 10
Pp@ T¢ = 25°C | Maximum Power Dissipation 1.3 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +10 Vv
Eas Single Pulse Avalanche Energy @ 100 mJ
AR Avalanche Current ® 1.3 \
Ear Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
T, Operating Junction and -55to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 Kw®
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IRLD120

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | - - V' |Vgs=0V, Ip=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.12 [ --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - - | 027 Q |Vas=5.0V, Ip =0.78A®
— | - o038 Vag=4.0V, Ip =0.65A®
Vasiih). Gate Threshold Voltage 10 | - | 20 V  |Vps=Vgs, Ip=250pA
Ots Forward Transconductance 092 | - | - S |Vps=50V, Ipg=0.78A®
Ibss Zero Gate Voltage Collector Current - -~ ] 250 | pA |Vpg=100V, Vgs=0V
— | - [1000 Vps=80V, Vgs=0V,T,=150°C
IGSS Gate-to-Source Forward Leakage --- | 500 nA Vgs=10V
Gate-to-Source Reverse Leakage - -- | -500 Vgs=-10V
Qq Total Gate Charge 12 Ip=9.2A, Vps=80V, Vas=5.0V®
Qg Gate-to-Source Charge - {30 nC
Qgd Gate-to-Drain ("Miller") Charge A
td(on) Turn-On Delay Time --- 9.8 - VDD=50vv |D=9'2A
i Rise Time = 1 84 | | ¢ |Rg=9.00, Rp=5.200
td(om Turn-Off Delay Time - 21 -
t Fall Time — | 27 | -
Lp Internal Drain Inductance — | 40 | - Between lead, P
6mm (0.25in.) to
Ls Internal Source Inductance — | 8.0 | - nH ::?cﬁzrag?ai o s
contact. s
Cies Input Capacitance — | 490 | -- Vas=0V, Vpg=25v
Coss Output Capacitance - {150 | --- pF |f=1.0Mhz
(Crss_ Reverse Transfer Capacitance --- 30
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current 1.3 D
(Body Diode) A gwooiigl;:g mee!
lsm Pulsed Source Current 10 integral reverse a
{Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage 25 \ T,=25°C, Is=1.3A, Vgs=0V®
Y Reverse Recovery Time 82 - | 140 ns | T;=25°C, Ig=9.2A,
Qrg Reverse Recovery Charge 064 | -~ | 1.0 | pC |di/di=100A/LSD
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + L)

Notes:

@ Repetitive rating; Pulse width limited by @ I5p<9.2A, difdt<110A/us, VppsBVpgs, ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=9.0Q flat, smooth, greased

@ Vpp=25V, Starting T;=25°C, L=24mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak ixg=2.6A
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International

1¢R|Redctifier

PD-9.624

IRLRO14

HEXFET® Power MOSFET

« Surface Mount (IRLR014)
« Straight Lead (IRLU0O14)
 Dynamic dv/dt Rated

* Logic Level Gate

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

IRLUO14

9}

S

n-channel

BVpss 60V
RDS(on) O.20Q
I, 8.5A

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

R
D-Pak ! |

I-Pa

S s TO-252AA
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@5V 8.5
Ib @ T¢ = 100°C | Continuous Drain Current, Vgs@5V 6.0 A
Iom Puised Drain Current @ 31
Pp@ T =25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +10 \
Eas Single Pulse Avalanche Energy @ 47 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 Vins
T, Operating Junction and -55t0 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case -- 5.0
Rocs Case-10-Sink ® - 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount 110
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IRLRO14, IRLUO14

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 - --- V  [Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- [0.070[ -- | V/°C |Reference to 25°C, Ip=1mA
Roston) Static Drain-to-Source On Resistance - - |0.20 Q Vgs=5.0V, Ip =5.1A®
== - 0.28 V, =4.0V, lD -4.3A@
Vas(ih Gate Threshold Voltage 1.0 - 2.0 V  |Vps=Vgs, Ip=250pA
Ofs Forward Transconductance 3.7 | - - S |Vps=25V, Ipg=5.1A®
Ibss Zero Gate Voltage Collector Current - - | 250 | pA |Vpg=60V, Vgg=0V
- | -~ |1000 Vps=48V, Vgs=0V,T;=150°C
IGSS Gate-to-Source Forward Leakage - | 500 A Vgs=10V
Gate-to-Source Reverse Leakage - --- | -500 Vgg=-10V
Qq Total Gate Charge - | — | 84 Ip=10A, Vpg=48V, Vgs=5.0V®
1Qgs Gate-to-Source Charge - -~ | 26 nC
Qgy Gate-to-Drain ("Miller") Charge --- - | 6.4
td(on) Turn-On Delay Time - 193 | - Vpp=30V, Ip=10A
t, Rise Time -~ [ 110 | - ns  |Re=12Q, Rp=2.80®
tdoty Tumn-Off Delay Time - |17 | -
1 Fall Time - | 26 | -
Lp internal Drain Inductance — | 45 [ Between lead, P
émm (0.25in.) Lo}
Ls Internal Source Inductance - | 75| - nH gch czar::s?gfe'die ¢ s
contact. s
Ciss Input Capacitance - | 400 | --- Vags=0V, Vps=25v
Coss Output Capacitance - [ 170 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - | 42
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuc_ms Source Current - | 85 MOSFET symbol ]
(Body Diode) A | showing the
Ism Pulsed Source Current - - 31 integral reverse ¢
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - | -] 18 V_ |T,=25°C, Ig=8.5A, Vgs=0V®
ty Reverse Recovery Time 73 | - | 130 | ns |T;=25°C, Ie=10A,
Qrg Reverse Recovery Charge 010 | -~ | 065 | pC |did=100A/LS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

® Repetitive rating; Pulse width limited by @ Igp<8.5A, dildt<90A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=12Q flat, smooth, greased

@ Vpp=25V, Starting T,=25°C, L=850uH, @ Pulse width < 300pus; duty Cycle <2%  ® KW = °C/W
RG=259, Peak |As=8.5A
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International

1oR| Rectifier

PD-9.625

IRLR024

HEXFET® Power MOSFET IRLU024
« Surface Mount (IRLR024) D
« Straight Lead (IRLU024)
« Dynamic dv/dt Rated BVpss 60V
« Logic Level Gate G Rps(on) 0.10Q
s Ip 16A
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 pole .mounting appliqations. Power dissipation levels up to 2 watts T'gj:g& 1-Pak
are possible in SMD applications. 102 5311 A
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T¢ = 25°C | Continuous Drain Current, Vgs@5V 16
lp @ T = 100°C | Continuous Drain Current, Vgs@5V 1 A
lom Pulsed Drain Current ©® 64
Pp@ Tc =25°C | Maximum Power Dissipation 50 w
Linear Derating Factor 0.33 W/K®
Ves Gate-to-Source Breakdown Voltage +10 \'
Eas Single Pulse Avalanche Energy @ 91 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 Vins
T, Operating Junction and -55to +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Thermal Resistance

Parameter Min Typ Max. Units
Rauc Junction-to-Case .- — 3.0
Recs Case-to-Sink ® --- 1.7 KW®
Rasa Junction-to-Ambient, Typical Socket Mount - - 110
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IRLR024, IRLU024

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 60 - V. |Vgs=0V, I5=250pA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voitage | - [0.060| --- | V/°C |Reference to 25°C, Ip=1mA
Rpsion) Static Drain-to-Source On Resistance - 10.10 Q Vgs=5.0V, Ip =9.6A®
—- |0.14 Vas=4.0V, Ip =8.0A®
Vasith) Gate Threshold Voltage 1.0 | - [ 20 V| Vps=Vgs, Ip=250uA
Ofs Forward Transconductance 79 | - | - S [Vps=25V, Ipg=9.6A®
Ipss Zero Gate Voltage Collector Current - 1250 | pA | Vpg=60V, Vgg=0V
-~ | 1000 Vps=48V, Vgg=0V,T;=150°C
lgss Gate-to-Source Forward Leakage --- | 500 nA Vags=10V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Qq Total Gate Charge - - 18 Ip=16A, Vps=48V, Vgs=5.0V®
Qg Gate-to-Source Charge - - | 45 nC
Qgq Gate-to-Drain ("Miller") Charge - 12
td(on) Turn-On Delay Time = | 1 - Vpp=30V, Ip=16A
t, Rise Time -~ | 110 | --- ns  |Ra=9.0Q, Ry=1.70®
) Turn-Off Delay Time --- 23 -
t Fall Time - | 4] -
Lp Internal Drain Inductance — | 45 | Between lead, ? L
6mm (0.25in.) D
Ls Internal Source Inductance {75 | = | ™ g::? czi(t:z?g?'die ¢ s
contact. s
Ciss Input Capacitance — | 880 | - Vas=0V, Vpg=25v
Coss Output Capacitance -~ | 350 | --- pF | f=1.0Mhz
Cres Reverse Transfer Capacitance 54 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 16 MOSFET symbol D
(Body Diode) A | showing the
Ism Pulsed Source Current 64 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 15 V| T=25°C, Ig=16A, Vgg=0V®
ty Reverse Recovery Time 70 -- | 140 ns |Ty=25°C, Ir=16A,
Qrr Reverse Recovery Charge 0.19] -- | 0.78 | pC |di/dt=100A/4S®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T,=25°C, L=450uH,

RG=2591 Peak lAS=16A

@ ISDS1 BA, dl/dtS14OA/pS, VDDSBVDSS»
T,<£175°C Suggested Rg=9.0Q

@ Pulse width < 300us; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW =°Cw

For more information on the same die in a TO-220 package refer to IRLZ24.
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International

IR

Rectifier

PD-9.633

IRLR110

HEXFET® Power MOSFET

« Surface Mount (IRLR110)

« Straight Lead (IRLU110)

« 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,

IRLU110

o}

S

n-channel

BVpss 100V
RDS(on) 0.54Q
Ip 4.6A

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

D-Pak ! { |
[-Pak

. . N TO-252AA
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@5V 4.6
Ip @ T = 100°C | Continuous Drain Current, Vgs@5V 33 A
Iom Pulsed Drain Current ® 18
Pp@ Tc =25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +10 \')
Eas Single Pulse Avalanche Energy @ 100 md
laR Avalanche Current @ 4.6 A
Ear Repetitive Avalanche Energy © 3.0 md
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Ty Operating Junction and -55to +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case - 5.0
Recs Case-to-Sink ® - 1.7 KwW®
Reya Junction-to-Ambient, Typical Socket Mount 110
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IRLR110, IRLU110

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | -- V| Vgs=0V, Ip=250uA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | - [0.12 | - | V/°C |Reference to 25°C, Ip=1mA
Roson) Static Drain-to-Source On Resistance - 1 0.54 Q Vgs=5.0V, Ip =2.7A®
- | - |0.76 Vgs=4.0V, Ip =2.3A®
Vasith Gate Threshold Voltage 1.0 | - [ 20 V | Vps=Vgs, Ip=2501A
Os Forward Transconductance 23 | - | - S |Vps=50V, Ipg=2.7A®
Ibss Zero Gate Voltage Collector Current - = 1250 | pA |Vpg=100V, Vgg=0V
- | -- 11000 Vps=80V, Vgs=0V,T,=150°C
IGSS Gate-to-Source Forward Leakage - --- | 500 nA Vas=10V
Gate-to-Source Reverse Leakage - -~ | -500 Vgs=-10V
Q, Total Gate Charge - | - | 6.1 Ip=5.6A, Vps=80V, Vig=5.0V®
Qg Gate-to-Source Charge - - | 20| nC
Qg Gate-to-Drain ("Miller") Charge - - | 33
td(on) Turn-On Delay Time - 9.3 - Vpp=50V, Ip=5.6A
L Rise Time = L 47 1 | ns |Ra=120, Rp=8.400
ta(ott Turn-Off Delay Time 16 -
t Fall Time - | 17 | -
Lo Internal Drain Inductance — | 45 | - Between lead,
6mm (0.25in.) Lo
Lg Internal Source Inductance - [ 75 | - nH farzg c‘:::f gfe;iie e s
contact. s
Ciss Input Capacitance -- | 250 } --- Vags=0V, Vpg=25v
Coss Output Capacitance --- 80 - pF | f=1.0Mhz
Crss Reverse Transfer Capacitance 15
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - | 46 D
(Body Diode) A 2:83::121;:9)‘ ool
lsm Pulsed Source Current --- 18 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 25 V.  {T,=25°C, Is=4.6A, Vgg=0V®
tr Reverse Recovery Time 89 -- | 130 ns [T;=25°C, Ir=5.6A,
Qpn Reverse Recovery Charge 035] -- | 065| uC |[di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T,=25°C, L=7.4mH,
Rg=259, Peak |As=4.6A

@ Igp<4.6A, di/dt<75A/us, Vpp<BVpgs,

T,<175°C Suggested Rg=12Q

@ Puise width < 300ys; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °Cw
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International
1¢R| Rectifier

PD-9.636

IRLR120

HEXFET® Power MOSFET

IRLU120

« Surface Mount (IRLR120)

« Straight Lead (IRLU120)

» Repetitive Avalanche Rated
« Dynamic dv/dt Rated G
« Logic Level Gate

S

n-channel

BVpss 100V
RDS(on) 0.27Q
Ip 8.4A

Description

Third Generation HEXFETSs 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

D-Pak

through hole mounting applications. Power dissipation levels up to 2 watts '
are possible in SMD applications. TO-252AA  |-Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ T¢ = 25°C | Continuous Drain Current, Vgs@5V 8.4
Ip @ T¢ = 100°C | Continuous Drain Current, Vas@5V 5.9 A
Iom Pulsed Drain Current ©® 31
Pp@ Tg =25°C | Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +10 v
Eas Single Pulse Avalanche Energy @ 210 mJ
lar Avalanche Current @ 8.4 A
Ear Repetitive Avalanche Energy @ 5.0 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 V/ns
Ty Operating Junction and -55to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. {1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rogc Junction-to-Case --- --- 3.0
Rocs Case-to-Sink ® 1.7 — KW®
Roya Junction-to-Ambient, Typical Socket Mount -- - 110
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IRLR120, IRLU120

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Drain-to-Source Breakdown Voltage 100 | --- - V. |Vas=0V, Ip=250pA
ABVpgg/AT, | Temp. Coefficient of Breakdown Voltage | -~ | 0.12 | --- | V/°C |Reference to 25°C, Ip=1mA
Rbs(on) Static Drain-to-Source On Resistance - - 027 Q | Vag=5.0V, Ip =5.0A®
T == 0.38 \/§§=4.0V, ID =4.2A@
Vasith) Gate Threshold Voltage 10 | - | 20 V| Vps=Vgs, Ip=250uA
Ots Forward Transconductance 48 | - | - S [Vps=50V, Ipg=5.0A®
Ipss Zero Gate Voltage Collector Current e - [ 250 | pA |Vpg=100V, Vgg=0V
- --- | 1000 Vps=80V, Vgs=0V,T,;=150°C
IGSS Gate-to-Source Forward Leakage - --- | 500 nA Vgs=10V
Gate-to-Source Reverse Leakage - - | -500 Vgs=-10V
Q. Total Gate Charge — 12 Ip=9.2A, Vps=80V, Vs=5.0V®
Qs Gate-to-Source Charge - | 3.0 nC
Quq Gate-to-Drain ("Miller") Charge - 7.1
td on) Turn-On Delay Time i 9.8 - VDD=50V, lD=9‘2A
L Rise Time = 181 | s |Re=9.00, Ry=5.200
) Turn-Off Delay Time - |21 -
t Fall Time - | 27 | -
Lp Internal Drain Inductance - 1 45| - Between lead, P L
6mm (0.25in.) D
Ls Internal Source Inductance --- 7.5 nH :: (T cga:‘::?gfe'di o E ls
contact. s
Ciss Input Capacitance -~ | 490 | --- Vas=0V, Vpg=25v
Coss Output Capacitance - | 150 | --- pF | f=1.0Mhz
Crss Reverse Transfer Capacitance - 30 -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is ContinUQUS Source Current 8.4 MOSFET symbol D
(Body Diode) A showing the
Ism Pulsed Source Current - 3 integral reverse @
(Body Diode) ® P-n junction diode. s
Vsp -| Diode Forward Voltage - | —-1]25 V_ [T=25°C, Ig=8.4A, Vga=0V®
by Reverse Recovery Time 82 --- | 140 ns |Ty=25°C, lg=9.2A,
Qrg Reverse Recovery Charge 064 | - | 1.0 | uC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

@ Vpp=25V, Starting T,=25°C, L=4.4mH,

RG=259, Peak |A5=8.4A

@ 15p<8.4A, di/dt<110A/s, Vpp<BVpss,
T,<£175°C Suggested Rg=9.0Q

® Putse width < 300ys; duty Cycle <2%

® Mounting surface:
flat, smooth, greased

® KW = °Cw
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Peak Diode Recovery dv/dt Test Circuit Appendix A

D.U.T. —+ Circuit Layout Considerations
. —3 « Low Stray Inductance
Fig 14. For N-Channel * « Ground Plane
HEXFETS : ! | ® « Low Leakage Inductance
Current Transformer
-
+.
@ H

' R O

Driver

@ I——ﬁ
Rg : I « dv/dt controlled by Rg +

« Driver same type as D.U.T. - Vop
« Igp controlled by Duty Factor "D” -
* D.U.T.- Device Under Test

1l

@ Driver Gate Drive D = Beriod

® D.U.T. Igp Waveform

Reverse JA..
Recovery
Current

dv/d
® D.U.T. Vpg Waveform  p 46 Recovery
dv/dt \
Re-Applied
Voltage | Body Diode’ ‘Forward Drop

@ Inductor Current

* Vs = 5V for Logic Level Devices
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Appendix A

Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
. * Low Stray Inductance
Fig 14. For P-Channel * Ground Plane
YERE + Low Leakage Inductance
HEXFETs
Current Transformer
D.U.T. .
+,
@ ll

« dv/dt controlled by R J +
» Isp controlled by Duty Factor *D"
» Driver compliment of D.U.T.
(N-Channel)
* D.U.T.- Device Under Test

_ _Pw
~ Period

@ Driver Gate Drive

Period

@ D.U.T. Isp Waveform dv/dt
" Body Diode Forward
ggzg\r/se?y e Current
Current ~ [/
® D.UiT. Vps Waveform
Re-Applied Body Diode; Forward Drop
Voltage :

Diode Recovery/
dv/dt
@ Inductor Current

* Vgs = 5V for Logic Level Devices

interationa
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Package Outline

TO-252AA Outline

Conforms to JEDEC outline TO-252AA
Dimensions in millimeters (inches)
Solder dip max. + 0.16 (0.006)

———
5.21 (0.205)

6.73 (0.265)
.73 (9:209)
6.35 (0.250)

5.46 (0.215)
1.27 (0.050)

0.88 (0.035)
4

1.02 (0.040)

Appendix B

5]
2.38 (0.094)

—)1 e ——————————
2.19 (0.086)

1.14 (0.045)
0.89 (0.035)
0.58 (0.023)
0.46 (0.018)

10.42 (0.410)

I

6.45 (0.245)
5.68 (0.224)

1.64 (0.025)

6.22 (0 245)
5.97 (0.235)
1

e T

1.15 (0. 045)

1.14 (0.045) .
0.76 (0.030)

_2,28 (0.090)

2X

TO-251AA Outline

&l
'JUL

0.89 (0.035)
0.64 (0.025)

9.40 (0.370)

0.51 (0.020)
{ MIN,
__‘ D 0.58 (0.023)

0.46 (0.018)

[@] 0250010 W[~ ®[¢]

1-GATE

4.57 (0.180)

673 0265, | A |

Conforms to JEDEC outline TO-251AA .35 (0.250)
Dimensions in millimeters (inches)
Solder dip max. + 0.16 (0.006) | ses0215) |
5.21 (0.205) 1.27 (0.050)
0.88 (0.035)
1.52 (0.060) 6.22(0.245)
1.15 (0.045) 5.97 (0.235)
* 1 2 3
100758 8.89 (0.350)
| ! )
ax 1.14 (0.045) L_
0.76 (0.030) 0.89 (0.035)
- X 564 (0.025)

2.28 (0.090) |-

2X

‘q; 0.25 (0.010) (W A@®|c

2 - DRAIN
3 - SOURCE
4 - DRAIN

2.38 (0.094)
2.18 (0.086)

0.58 (0.023)

_’1 I‘— 0.46 (0.018)

6.45 (0.245)
5.68 (0.224)

ot

1-GATE

2 - DRAIN
3 - SOURCE
4 - DRAIN

1.14 (0.045)
0.89 (0.035)

S

0.58 (0.023)
= oae (0.018)
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Appendix B

HD-1 Outline
Similar to JEDEC outline MO-001
Dimensions in millimeters (inches)

D|f

Package Outline

@ APPLIES TO SPREAD OF LEADS PRIOR TO INSTALLATION
(2) APPLIES TO INSTALLED LEAD CENTERS

1.11(0.044) 6.29(0.248)
0.87(0.034) 6.05 (0.238) r |
340 (0.134)
3.15(0.124)
241(0.095) '
2.16 (0.085) \
~r s
) 1.14(0.045)
g;j%g%% J L @ ~,.1 0%5° % 0,89 (0.035)
7.62 (0.300) (D 267 (0.105)
MIN. 2.41(0.095)
SOT-89 QOutline
Dimensions in millimeters (inches)
4.7 (0.185) -

4.4 (0. 173)

5]

1.7 (0.067)

1.5 (0.059)

5.02(0.198)

’I 4.7810.188)

457 (0.180)

T[] s

4.07(0.160)

4.06 (0.160)
l '3.56 (0.140)

0.60 (0.024)

0.51(0.020)

1.7 (0.067)
1.4 (0.055)

i | 78)
i | 45)

0.6 (0.024)
0.4 (0.015) 1 )_1
e
T (
27 ©107) :
2.5 (0.098) ‘
& L 3
1.3 (0.052) - a3

O 7 (0.027)

[

0.5 (0.020)

0.3 (0.012)
2X

0.6 (0.024)

|

3.2 (0. 126) .

2.8 (0.110)

0.4 (0.015)
1.6 (0.063)

1.4 (0.055)
2x

0.60 (0.024)

0.35 (0.013)

A

1 - GATE
2 - DRAIN

3 - SOURCE
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Tape & Reel Information

FEED DIRECTION
—_—

TRR

FEED DIRECTION
—_— e

TRL

FEED DIRECTION
_—

375.0

@ 13.0 (0.52)

4.1 (0.162)
3.9 (0.153)
2.1 (0.827)
1.9 (0.074)

1.85 (0.073)

t ? e (0.064)
1.85 (0.073)
t 1.65 (0.064)

¢ %

oo o9

7.6 (0.300)

Appendix C

0.35 (0.014)
0.25 (0.009) “

— TN

/

7.4 (G.291)

16.3 (0.642)

7.0 (0.276)

o

12.1 (0.477)
11.9 (0.468)

4.1 (0.162)
3.9 (0.153)
2.1 (0.827)
To©0Ta

f:/

'é\- 4

1.85 (0.073)
765 (0.064)
1.85 (0.073)

1.5 (0.059)

26(0.109)

+

15.7 (0.618)
6.8 (0.260)

2.75 (0.109)
2.55 (0.100)

0.35 (0.014)

V 1.65 (0.064)

¢

7.6 (0.300)
7.4 (0.291)
» - oD
\ | W
A
\ 2.6 (0.103)
8.1 (0.319) @ 22 :o 122
7.9 (0.311) = . -
4.1 (0.182) 1.8S5 (0.073) .073)
3.9 (0.153) | .65 (0.064)
2.1 (0.827) 1.85 (0.073)
1.9 (0.074)

1L
0.25 (0.009) ‘

| -

10.6 (0.418)
10.4 (0.409)

2.75 (O.L)
2.55 (0.100)

16.3 (0.642)
1.1 7857 (ceTe)y

—

0.35 (0.014) IL

‘5— 1.65 (0.064)

¢

7.6 (0.300)

5

T

8.1 (0.319)
7.9 (0.311)

2.6(0.103)
1.5 (0.059)

P&

i

X

(14.77)

1

N

ey

zer|Rectifier

7.4 (0.291)

j<— 22.4 (0.880)
MAX.

@ 50.0 (1.968)
MIN.

0.25 (0.009) "

eoms | | J22E2E
10.4 (0.409) ) .
2.75 (0.1,ﬁ9) |
2.55 (0.100) =

TO-252AA Tape & Reel

When ordering, indicate the part
number, part orientation, and the
quantity. Quantities arein multiples
of 2,000 pieces per reel for TR and
multiples of 3,000 pieces per reel
for both TRL and TRR-

eg., IRFRO014 TRL three-reel order
is 9,000 pieces.
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Appendix C

Tape & Reel Information

1.6 (0.063
4.1 (0.162) 1 [")] Ti—%cﬁs—si
3.9 (0.153) ’ 1.6 (0.083)
1.4 (0.055
f.g: (0.081 \[ ¢ ) 0.35 (0.014)
.95 (0.076) = 0.25 (0.009)
DD VAV R WA NN ¢ 3
DA W U I |
i ! 5.7 (0.225)
- — 5.6 (0.220) =1 12.2 ©0481)
l L I = Vs 4.6 (0.182) 11.8 (0.464)
. Ll v, 4.4 (0.173)
- INIn ) N~/ N - L]
TRL TRR Z Z } r
FEED DIRECTION
——————ee
8.1 (0.319) el | 2.0 (0.079)
5.0 (0.197) — =— Fs (0311) 1.8 (0.070)
4.8 (0.188) 1 —
2.6 (0.103)
@ Z4 (0.004)
1.6 (0.063
s.1(.182) ) 233 20.055;
3.0 (0.153) 1.6 (0.063)
1.4 (0.055
f.g: (0.081 lr ¢ ) 0.35 (0.014)
'95 (0.076) —= ©.25 (0.009)
[ | N w —
.e)_' ' A R, N N N
@ 7 VTV
i ! 57(0 225
56(0 220) ] 12.2 (0.481)
Ve Ve Ve 5.0 (0.197) T W&T«T)
( 4.8 (0.188)
| N v K .8 (0.
TR @ l—
FEED DIRECTION
—_——
8.1 (0.319 —] .0 (0.079
—"4 € 7.5 (0.311) 1.8 (0.070)

4.6 (0.182) |
4.4 (0.173)

SOT-89 Tape & Reel

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.

eg., IRFS120 TRL three-reel order

is 3,000 pieces.
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176 (6.929)

2.6 (0.103)

180 (7.087)

@ 54 (0.004)

13.5 (0.532)

12.5 (0. 492)

‘.I;.F 2.0 (0.079)

i

¢# 50.0 (1.968)

Z—- ;MIN.
“F
- 15.5 (0.611)

12.5 (0.492)



Part Marking Information

TO-252AA (D-Pak)

Appendix D

Example: This is an IRFR120 with Assembly
Lot Code SU1P.

International Rectifier
S~

Logo

Assembly Lot Code

____——First Portion of

| FI;F1R20 Part Number

oU 1P | ————Second Portion of
o Part Number

g- 4

HD-1 (HEXDIP)

, Example: This is an IRFD120 with Assembly
Lot Code 5A8G.

International Rectifier
Logo

First Portion of
Assembly Lot Code

First Portion of
Part Number

Second Portion of
Assembly Lot Code

Second Portion of
Part Number

TO-251AA (I-Pak)

International Rectifier

——— __—First Portion of

device specify the part number.

The two numbers on the left hand side of the
device specify the date code.

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.

i

Example: This is an IRFU120 with Assembly Logo \tl';F,'Uzo Part Number
Lot Code SU1R. oy 1R Ng::ioﬂg r:g:rion of
Assembly Lot Code
SOT-89
The two letters on the right hand side of the / IRFS120

/ ; _IRFS123

Date Code

~_[ g|.~RLsoz#*
U

B o]~ IRLS0zZ4*

international
[zor]Rectifier
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Appendix E

Other Catalogs
Order No. Description
GSP-1 Government and Space Products - Power Semiconductors Designer’s Manual

HDM-1, Vol. 1 Application Notes and Reliability Data - HEXFET Designer's Manual
HDM-1, Vol. 2 DIPs, D-Paks, I-Paks, Logic Level Devices - HEXFET Designer’s Manual
HDM-1, Vol. 3 T0-220, TO-247, FullPaks, Current-Sensing Devices - HEXFET Designer's Manual

HDM-1, Vol. 4  Power Modules - HEXFET Designer’s Manual

IGBT-2 Insulated Gate Bipolar Transistors (IGBTS) Designer’s Manual
MGD-| MOS Gate Drivers — Power Integrated Circuits Designer's Manual
MPIC-4 Microelectronic Relays Designer’s Manual

PIP-90 Power Interface Products Designer’s Manual

PMD-| Power Modules Designer’s Manual (Medium and High Power Rectifiers/Thyristors)
SDM-A1 Schottky Rectifiers Designer’s Manual

NRPM-2 Rectifiers, Standard Recovery Type

SHVR-1 Rectifiers, Standard Recovery Type - High Power

FRPM-1 Rectifiers, Fast Recovery Type

NTPM-2 Thyristors, Phase Control Type

IPM-1 Thyristors, Inverter Type

SFC Short Form Catalog - Power Semiconductors Product Digest
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Other Surface Mount Devices
Power Integrated Circuits

international
zor|Rectifier

Vs
Offset Vas. Vee lour Pp Max
Part Supply Output Sink/ Power
Number Voltage Voltage Source Dissipation Description Case Style
(U] U] (A (Watts)
IR2110E 10 - 500 10-20 2 10 High Voltage Gate Driver LcC
IR2110S | 10 - 500 10 - 20 2 1.25 High Voltage Gate Driver 16 PIN DIP
IR21258 | 10 - 500 10 - 20 1A2A - Current Limiting High Side MGD |8 PIN DIP
IR2121S 10- 20 10-20 1A/2A - Current Limiting Low Side MGD | 8 PIN DIP
IR8400S 6-28 - 1 A per chan - Quad High Side Switch 20 PIN DIP
MGD = MOS GATE DRIVER
Schottky Rectifiers
0.7 - 66 Amps
Fayy@Tc | Vim @ IFM IFSM . IRM @
Pant 1-125°C&
Number | VRRM Ty=25 |50z | G0 Rz | Rated Vppm | M- N Case Style
W) (A) (°C) ) (A) (A) (mA) (°C)
10MQ040 40 |11 90 0.55 30 32 50 125 D-64
10MQO60 60 | 077 | 110 0.62 10 1 75
10MQ090 9 |07 | 110 0.81 10 1 5.0 @
15MQ040 0 |17 0.55 60 64 50 125
30WOQO3F 3 |33 | 100 0.63 40 42 85 125 | T0-252
30WQO04F 40 |33 | 100 0.63 120 D-PAK
30WOQOS5F 50 |33 [ 108 0.71 122
30WQO06F 60 |33 | 108 07 16.0
30WQ09F 9 |33 | 107 0.92 175
30WQ10F | 100 | 33 | 107 0.92 2.00
50WQO3F 30 |55 97 0.67 45 47 14.1 125
50WQ04F 4 |55 97 0.67 20.0
50WQO5F 5 |55 9 0.72 240 /
S0WQO6F 60 |55 95 0.72 300
50WQO09F % |55 9% 0.95 26
sowatoF | 100 | 55 95 095, . v 30 .
6CWQO03F 30 |66 | 101 055 wsali 47, 181 = !
SCWQO4F 0 |66 | 101 0.55 t n mn '| . 0
6CWQOSF 50 | 66 98 0.58 L 4.0
BCWQOGF 60 | 66 98 0.58 i 300
6CWQOSF % |66 98 0.85 26
6CWQIOF | 100 | 6.6 %8 0.85 30
Ultra-Fast Recovery Rectifiers
1t0 6.6 Amps
IFav) @ Te M@ * Igsm Rthic
Pat | vawm Ty = 25°C i Dc Max. trr Case Styl
Number IF(av) 50 Hz | 60 Hz 30 Style
W) (R) (°C) (U] (A) (A) (°C/W) (ns)
10MF2 200 1 122 0.98 25 28 160 50 D-64
i
30WFI0F | 100 | 33 | 104 1.35 30 314 8 30 T0-252
sowr2oF | 200 | 33 | 104 1.35 30 31.4 8 30 D-PAK
30WF30F | 300 | 33 | 104 1.35 30 314 8 30
3owraor | 400 [ 33 [ 104 1.35 30 | 314 8 30
S0WFIOF | 100 | 55 | 104 1.1 45 47 6 40
50WF20F | 200 | 55 | 104 1.1 45 47 6 4
50WF30F | 300 | 55 | 104 1.1 45 a7 6 40
50WF40F | 400 | 55 | 104 1.1 45 47 6 40
BCWFIOF | 100 | 66 | 117 0.98 45 47 5 30
6CWF20F | 200 | 66 | 117 0.98 45 47 5 30
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Power MOSFETS High Reliability

IRFE Series — N-Channel
BVpgs Drain Rps(on) Ip Continuous Ipm Pulse Pp Max
Part Source On-State Drain Current Drain Power Case Style
Number Voltage Resistance 25°C Case Current Dissipation
(Voits) (Ohms) (Amps) (Amps)
IRFE024 60 0.17 8.0 32 20 LCcC
IRFE110 100 0.6 35 14 15
IRFE120 100 0.30 6.0 24 20
IRFE130 100 0.18 8.0 32 25
IRFE210 200 15 2.25 9 15
IRFE220 200 0.80 35 14 20
IRFE230 200 0.4 55 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 25 10 25
IRFN Series — N-Channel
IRFN044 60 0.40 k) 136 75 =
IRFN054 60 0.27 45 180 100 SMD-1
{RFN140 100 0.100 22 88 75
IRFN150 100 0.073 27 108 100
1RFN240 200 0.18 14 56 75
IRFN250 200 0.100 22 88 100
{RFN340 400 0.55 8.0 32 75
IRFN350 400 0.315 11 4 100
IRFN440 500 0.89 6.0 24 75
IRFN450 500 0.415 10.4 41 100
IRFNG40 1000 3.5 3.0 12 75
R 1000 20 45 18 100
IRFE Series — P-Channel
IRFES024 -0 0.28 -6.0 -24 20 LCC
IRFE9110 -100 1.2 -2.6 -10 15
IRFE9120 -100 0.6 -4.0 -16 20
IRFE9130 -100 0.3 -6.5 -25 25
IRFES210 -200 3.0 -1.6 -8.5 15
IRFE9220 -200 15 -25 -10 20
1RFE9230 -200 0.8 -40 -16 25
IRFN Series P-Channel
IRFN9140 -100 0.20 -17 -68 7%
IRFNS240 -200 0.51 -8 -32 75
Radiation Hard HEXFETs
N-Channel
Vps Drain Rps (on) Ip Continuous | Ipyy Pulse Pp Max Case
Source On-State Drain Current Drain Power Outline
Part Voltage Reslstance 25°C Case Current Dissipation | Number
Number (Volts) (Ohms) (Amps) (Amps) (Watts) 2 - | Notes Case Style
IRHE7110 100 0.6 6 20 20 H22 L
IRHE8110 100 0.6 6 20 oe
IRHE7130 100 0.18 8 25
IRHE8130 100 0.18 8 25
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H EX F ETPower MOSFETs

Case Outlines

zor|Rectifier

4 | sosonn

T dleamges

L e 0omm
3T
BEr= Geom @)

Tex

Tax

©.30 (0.012)
3% (0.008)

16 Pin Surface Mount Package

26 (0.102)
6.80 (on 268) MAX. ——{ le—
QI le— 0.50 (0.020)
2.00 (0.79)
| MAX.
4.7 (0.185) |
N 430189 005 (0.002 ‘
5.5 (0.217) 5.70 (0.225)
5.0(0.197) 2.8 (0.110) 1.00 (0.040) 5.30 (0.208) 160 (0.062)
2.4 (0.034) .80 (0.031) 1.40(0.085)
—F + ) N )
% (g‘m] 290 (0.115)
Sy J l_ zmpie | f
1.3 (0.075) T 075 (0.030)
175 (0.069) 2.0 (0.079) ¢ 175 (o.ossﬁ le—nl}- 13 007 ‘
0.95 (0.037) s T 0.95 (0.037) 09 {0.035) 0,80 (0.032) L 060 (0.025) —»l |~—050 (0.020)
) 1.7 (0.067) MAX. TYP.
© polry Band 130061 )
@ Part Number
APPLIES TO RECTIFIERS ONLY 9 3
IR Case Style D-64 Conforms to JEDEC Qutline T0-252AA
0.88 (0.035) 431 (0.170) 1.27 (0.050) 914 (0.360)
—_— . - 18 .00 = 2.1
mem T[] e
2131415 1.39 (0.055) _-‘ r
source| | aave 520 (0.205) A~ - 122 000, .
495 (0.15) S -1 f 15X PIN 11 & 12
s RS 7.62 (0.300) — 18
16.00 (0.630) 71200280 9 0.76 (0.030)
1575 (0.620) 027 0.365) 8 7 051 (0.020)
DRAN C 502 0.35) b
T [ 0.33 0013 o
1.39 (0.055)_.‘ ‘.__ 0.08 (0.003)
.15 (0.045) 18X 203 (0.080)
18X 1.65 (0.065) 0.43 (0.017) R 1.78 (0.070}
L_11A55 (0.455) ] 0.43 (0.017) 1.27 (0.050) 144010_055_) 0.18 (0.007)
11.31 (0.45) 0.18 (0.007) 102 (0.040) &
2.PLCS
LEGEND:
GATE: PINS 4 8 5
3.81 (0.150) DRAIN: PINS 1, 2, 15, 16, 17 & 18
331 Eo.mi SOURCE: PINS 6, 7, 8,9, 10, 11, 12 & 13 3.30 (0.130)
NO CONNECTION: PINS 3 & 14 3.05 (0.120)
SMD-1 LCC
».08 (0.08
By
10,00 0.0m1)
10,40 0.2 Bryon
o @see oo oo
e
L [T mos 01000
_[ ; ; —a R | Z.7a(c.08%)

Dimensions in Millimeters and (In

ches)
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International Rectifier

...around-the-world manufacturing
to serve worldwide needs.

(1) El Segundo, California 4 (4 Ontario, Canada
* Power MOSFETs, custom hybrids, rectifiers, ¢ High voltage columns, open assemblies, heat
thyristors, government/military/hi-rel devices, sinks
microelectronic relays @ Oxted, England
@ HEXFET America ¢ Power MOSFETs, power modules, alloyed
Rancho California, California rectifiers
¢ Dedicated to power MOSFETs @ Turin, italy
@ Tijuana, Mexico ¢ Rectifiers, thyristors, diode bridges, power
® Schottkys, thyristors, high power rectifiers modules
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WORLDWIDE OPERATIONS

World Headquarters
El Segundo, CA 90245
233 Kansas Street
Tel: (213) 772-2000 Telex: 66-4464 FAX: (213) 772-9028

NORTH AMERICAN OPERATIONS

Canada

101 Bentley Street

Markham, Ontario, Canada L3R 3L1

Tel: (416) 475-1897 Telex: 069-66650 FAX: (416) 475-8801

California

Gilroy, CA 95020

8339 Church Street, Suite 204

Tel: (408) 848-8467 FAX: (408) 848-8501

El Segundo, CA 90245
200 Kansas Street
Tel: (213) 607-8886 FAX: (213) 607-8903

Florida

Kissimmee, FL 34743

800 Office Plaza Blvd., Suite 401

Tel: (407) 933-2383 FAX: (407) 933-2293

lllinois

Palatine, IL 60067

2401 Plum Grove Road, Suite 204

Tel: (708) 397-0002 FAX: (708) 397-0114

New Jersey

Palisades Park, NJ 07650

71 Grand Avenue

Tel: (201) 943-4554 FAX: (201) 943-5754

New York

Fishkill, NY 12524

2 Summit Court, Suite 104A

Tel: (914) 896-4262 FAX: (914) 896-4277

North Carolina

Greensboro, NC 27407

2303 W. Meadowview Road, Suite 13
Tel: (919) 299-4762 FAX: (919) 292-6452

Ohio

Northfield, OH 44067

P.O. Box 687

Tel: (216) 467-0852 FAX: (216) 467-1865

Wisconsin

Brookfield, WI 53005

165 Bishops Way, Suite 122

Tel: (414) 784-2480 FAX: (414) 784-0744

EUROPEAN AND ASIAN OPERATIONS

European Headquarters

International Rectifier Company (Great Britain) Ltd.

Hurst Green, Oxled, Surrey RH8 98B, England

Tel: (44) 883 713 215 Telex: 95219 FAX: (44) 883 714 234

France

123 rue de Petit Vaux

91360 Epinay sur Orge

Tel: (33) 164 548 329 Telex: 600943 FAX: (33) 164 548 330

Germany

Saalburgstrasse 157

D-6380 Bad Homburg

Tel: (49) 6172 37066 Telex: 410404 FAX: (49) 6172 37065

Italy

Via Privata Liguria 49

10071 Borgaro, Turin

Tel: (39) 470 1484 Telex: 221257 FAX: (39) 470 4290

Via Zucca 8
20017 Rho Milano
Tel: (39) 02 9350 3650 FAX: (39) 02 9350 3655

Via Ao 1
40139 Bologna
Tel: (39) 051 49 3307 FAX: (39) 051 49 5480

Sweden

Box 86, 5-162 12

Villingby 1, Stockholm

Tel: (46) 887 0035 Telex: 13164 FAX: (46) 887 4242

Japan

K&H Building, 30-4 Nishi-lkebukuro 3-Chome
Toshima-Ku, Tokyo 171

Tel: (81) 3083 0641 FAX: (81) 3983 0642

Singapore
HEX 10-01 Fortune Cenire
190 Middle Road, Singapore 0718

Tel: (65) 336-3922/2024, 338-5986 Telox: 35620 FAX: (65) 337 4692

Hong Kong

202 Peter Building

60 Queens Road Central

Tel: (85) 252 36355 FAX: (85) 284 52908
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International
zrR|Rectifier

U.S. WORLD HEADQUARTERS: 233 KANSAS ST, EL SEGUNDO, CA 90245, US.A. (213) 772-2000, FAX 213-772-9028
CANADIAN HEADQUARTERS: 101 BENTLEY STREET, MARKHAM, ONTARIO L3R 3L1, CANADA, (416) 475-1897, FAX 416-475-8801
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED SURREY RH8 9BB, ENGLAND (0883) 713215, FAX 883-714-234
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