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About Volume II

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

An Introduction to
HEXFET Power MOSFETs

Foreword

Since tre 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.

HEXFE lll devices, specially designed for high-volume low-cost manufacture at HEXFET
America, are recognized as the most rugged standard-product power MOSFETSs in the industry.
Introduczd 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
Il devicss:

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 Ill 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 cescribed herein.

International Rectifior 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.
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Selection Guide

Logic Level D-Pak (5 volt gate)

BVpss Drain- | Rps(en) 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
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(en) 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
IRLDO14 60 0.20 17 14 133 T\
IRLD024 0.10 25 20 135
IRLD110 100 0.54 1.0 8.0 137
IRLD120 0.27 1.3 10 139
Logic Level I-Pak (5 volt gate)
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
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 I-Pak
TO-251AA
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Selection Guide

SOT-89
BVpss Drain- | Rps(on) Drain- | Ip Continuous lpm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Number (Volts) () (Amps) (Amps) Page Number Case Style
IRFS1Z0 100 2.4 0.90 3.6 131 @
SOT-89
D-Pak 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) () (Amps) (Amps) Page Number Case Style
IRFRO14 60 0.20 8.4 34 63
IRFR024 0.10 16 64 69
IRFR110 100 0.54 4.7 19 75
IRFR120 0.27 8.4 34 81 Pl
IRFR210 200 15 27 8.0 87 [zeRj]
IRFR220 0.80 48 18 95 4
IRFR214 250 2.0 2.2 8.8 89
IRFR224 1.1 3.8 14 97 D-Pak
IRFR310 400 3.6 17 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(en) 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
IRFR9014 -60 0.50 -5.6 -22 105 o
IRFR9024 0.28 -9.6 -38 111
IRFR9110 -100 1.2 -3.4 -14 1 74
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- | 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
IRFDO14 60 0.20 S 57 14 1
IRFD024 0.10 25 20 7
IRFD1Z0 100 24 0.50 4.0 25
IRFD110 0.54 1.0 8.0 18
IRFD120 0.27 1.3 10 19
IRFD210 200 S 0.60 4.8 3
IRFD220 0.80 0.80 6.4 37
DIP P-Channel
BVpss Drain- | Rps(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
IRFD9014 -60 0.50 -1.1 -8.8 39
IRFD9024 0.28 -1.6 -13 41
IRFD9110 -100 12 -0.70 -5.6 47
IRFD9120 0.60 -1.0 -8.0 53
IRFD9210 -200 3.0 -0.4 -3.2 59
IRFD9220 15 -0.58 -4.6 61
I-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
IRFUO14 60 0.20 8.4 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 2.0 2.2 8.8 89
IRFU224 i 3.8 14 97
IRFU310 400 3.6 1.7 5.0 99
IRFU320 1.8 3.1 11 101 I-Pak
IRFU420 500 3.0 2.4 8.0 103 L i
IRFUC20 600 4.4 2.0 8.0 129
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|-Pak P-Channel

Selection Guide

BVpss Drain- | Rpg(on) Drain- | Ip Continuous Ipm Max.
to-Source to-Source On | Drain Current | Pulsed Drain
Breakdown Resistance 25°C Current
Part Numbe- (Volts) (Q) (Amps) (Amps) Page Number Case Style

IRFU9014 -60 0.50 -5.6 -22 105
IRFU9024 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 y
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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IRFD0O14

HEXFET® Power MOSFET

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

Description

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

o

n-channel

S

BVpss 60V
RDS(on) 0.209
b 1.7A

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 @ Tg =25°C | Continuous Drain Current, Vgs@10V .7
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.2 A
Iom Pulsed Drain Current ® 14
Pp@ 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 @ 130 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.5 Vins
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 Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KwW®




IRFD014

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 | --- |0.063| --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - --- 10.20 Q | Vgg=10V, Ip =1.0A®
Vasith) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ofs Forward Transconductance 1.3 - - S | Vps=25V, Ips=1.0A®
Ipss Zero Gate Voltage Collector Current - -~ | 250 | pA |Vpg=60V, Vgs=0V
- --- | 1000 Vps=48V, Vgs=0V, T ;=150°C
lgss Gate-to-Source Forward Leakage --- --- | 500 oA Vgs=20V
Gate-to-Source Reverse Leakage - --- | -500 Vgs=-20V
Qq Total Gate Charge == -~ 11 Ip=10A, Vps=48V, V=10V
Qg Gate-to-Source Charge - - | 31 nC See Fig 6 and 13®
Qqq. Gate-to-Drain ("Miller") Charge == -- | 58
td(on) Turn-On Delay Time - 10 --- Vpp=30V, Ip=10A
1, Rise Time . - 50 - ns |Ra=24Q, Rp=2.7Q
td(of) Turn-Off Delay Time - 13 --- See Fig. 10®
t Fall Time --- 19 | -
Lp Internal Drain Inductance — | 40 | - Between lead, ?
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 80 | - T far:?cZi(t::?g?’die g s
contact. s
Ciss Input Capacitance - | 310 | --- Vgs=0V, Vpg=25v
Cons Output Capacitance --- | 160 | --- pF | f=1.0Mhz
Cras Reverse Transfer Capacitance --- 37 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - 17 7 D
(Body Diode) " noovsv::g:gmb”
Ism Pulsed Source Current - - 14 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- --- 1.6 Vv T,=25°C, Ig=1.7A, Vgs=0V®
te Reverse Recovery Time 34 -~ | 140 ns |Ty=25°C, Ie=10A,
QrR Reverse Recovery Charge 0.090| -- | 0.40 | pC |di/dt=100A/uS®
ton ~orward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

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

@ Igp<10A, di/dt<90A/us, Vpp<BVpss,

T, <175°C Suggested Rg=24Q

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

® Mounting surface:
flat, smooth, greased

® KW =°C/w
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Ip, Drain Current (amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix D: Part Marking Information
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IRFD024

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

* For Automatic Insertion

« End Stackable

Description

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

o

n-channel

S

BVpss 60V
RDS(on) O.1OQ
Ib 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

Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@10V 25
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 1.8 A
Iom Pulsed Drain Current ® 20
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 @ 91 mdJ
dv/dt Peak Diode Recovery dv/dt ® 5.5 V/ns
il 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 60 V | Vgs=0V, Ip=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- [0.061| -- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) $tatic Drain-to-Source On Resistance - --- {0.10 Q  |Vgg=10V, Ip =1.5A®
Vasith) (Gate Threshold Voltage 2.0 -- | 4.0 V | Vps=Vas, Ip=250pA
Os Forward Transconductance 27 | - S | Vps=25V, Ips=1.5A®
Ipss Zero Gate Voltage Collector Current --- --- | 250 | pA |Vps=60V, Vgs=0V
- --- | 1000 Vps=48V, Vgs=0V,T,;=150°C
lgss (ate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Giate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Q, Total Gate Charge - | 28 Ip=14A, Vps=48V, Vgs=10V
1Qqs Ciate-to-Source Charge - - | 54 nC See Fig 6 and 13®
Qg Ciate-to-Drain ("Miller") Charge - 13
td(on) T\ljrn-O‘n Delay Time 8.6 Vpp=30V, Ip=14A
t Fise Time - 47 ns |Re=18Q, Rp=2.0Q
ta(ofy) Turn-Off Delay Time - 27 --- See Fig. 10®
t Fall Time - | 37 | -
Lp Irternal Drain Inductance - | 40 | — Between lead, P
6mm (0.25in.) o
Ls Irternal Source Inductance 6.0 T ;rrc:(rjn czilt:zragfe;iie e -
contact. s
Ciss Input Capacitance === | 640 | --- Vas=0V, Vpg=25v
Cosi Output Capacitance --- | 360 | --- pF | f=1.0Mhz
Crss Rsverse Transfer Capacitance 79 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is C«:ntinugus Source Current 25 MOSFET symbol D
{Rady Diccie) A | showing the
Ism Pulsed Source Current --- 20 integral reverse €
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - | - 115] V |T,=25°C, Ig=2.5A, Vgs=0V®
b Reverse Recovery Time 49 --- | 200 ns |Ty=25°C, le=14A,
Qpn Reverse Recovery Charge 022 | --- | 0.88| pC |di/dt=100A/uS®
Kn Fcrward 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 Ips=2.5A (See figure 12)

©) Isp<14A, 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




IRFD024

Ip, Drain Current (amps)

Ip, Drain Current (amps)

109800 | ihv =
-
R 77 B
BOTTOM 4.5
F L
%
A
) A
101 <
v
7,%4p%
/P4
794 \
1,;; jont 4.5V
#
100 // 20us PULSE WIDTH
= Tc = 25°C
1071 100 101
Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,
Tc =25°C
I
I i
/
250¢C a 1
A
15
101 /
W i
/,
/
Vps. = 25V
100 20us PULSE WIDTH

5

6

7 8

9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Rbs(on), Drain-to-Source On Resistance

n

(Normalized)

-

TOP 185v P
10v
8.0V L
7
JeorTon il:v ,1
= A o
o v/~
§
= Ho?
= VA
[ 7
S =
o 4 4.5V
£ s
«
a /4
= 4
100
20us PULSE WIDTH
Tc = 1759C
1071 100 10!

Vps, Drain-to-Source Voltage (volts)

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

0
Ip = 14A

Vgg = 10V

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

Ty, Junction Temperature (°C)

Fig 4. Normalized On-Resistance Vs.
Temperature




IRFD024

4 Vos = OV, f = 1Mz
Ciss = Cgs * Cgds Cds SHORTED
\ Crss = Cqd
1000 Coss = Cds * Cgd
=3 )
ic
o
< 7 %":sts
- i
s
&= Coss
& 500
o
©
O \\ \\\
N
250 - =~
\\“Crss
U T
0
100 10!

Isp, Reverse Drain Current (Amps)

Vps, Drain-to-Source Voltage (volts)

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

! ——
///
1750C /
101 1/'
Z- 7 250
— ~ 25°C
7 4
J
100 !/
= am— ’ .
y . L
1 1
I L
| |
)(
l VGS = QV
1074
0.4 0.8 12 1.6 2.0

Vsp, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Vas, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)

0.

20
In = 14A I
Vpg = 48V
16 Vg =i, 30V N
/(
12 //,!,
)74
8 /Iy
a4
FOR TEST CIRCUIT
. SEE FIGURE 13
0 6 12 18 24 30

Qg, Total Gate Charge (nC)

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

102

OF’ THIS AFIEA LIMITED

S (ON)

. RATIOE ED
A

10

(M

1

/

\

Al

To=25°C
T,=175%C

n

SINGLE PULSE

012 5

1

2

5

10

2 6 1022 8§ 403

Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area

10



IRFD024

Ip, Drain Current (amps)
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International

IGR

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,

o

n-channel

S

BVpss 100V
RDS(on) O.54Q
Ip 1.0A

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 @ Tg =25°C | Continuous Drain Current, Vgs@10V 1.0
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 0.71 A
lom Pulsed Drain Current ® 8.0
Pp@ Tg =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 @ 140 mJ
lar Avalanche Current ® 1.0 A
Ear Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 59 V/ns
Ty Operating Junction and -5510 +175
Ts1g Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.0683 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Roua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD110

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  [Vgs=10V, Ip =0.60A®
Vasith) Gate Threshold Voltage 2.0 -- | 4.0 V | Vps=Vgs, Ip=250pA
Ois Forward Transconductance 080 | -- - S | Vps=50V, Ips=0.60A®
Ipss Zero Gate Voltage Collector Current --- --- | 250 RA | Vps=100V, Vgs=0V
--- | 1000 Vps=80V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage - --- | 500 A Vgs=20V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Qg Total Gate Charge ==x -~ | 83 Ip=5.6A, Vps=80V, V=10V
Qqs Gete-to-Source Charge 23 nC See Fig 6 and 13®
Qg Gete-to-Drain ("Miller") Charge --- -- | 3.8
td(on) Turn-On Delay Time - 6.9 --- Vpp=50V, Ip=5.6A
tr Rise Time . == 16 = ns |Ra=24Q, Rp=8.4Q
td(ofy Turn-Off Delay Time e b i See Fig. 10®
tf Fall Time - | 9.4 | -
Lp Internal Drain Inductance — | 40 | - Between lead, P
6mm (0.25in.) b
Ls Internal Source Inductance --- 6.0 --- . ;rgg\ cZ?\(tje(?g?,die = »
contact. s
Cias Input Capacitance - | 180 | --- Vgs=0V, Vpg=25v
Cone Output Capacitance --- 81 --- pF | f=1.0Mhz
Cree 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 D
(Body Diode) ] gﬁiﬂgﬁﬁg ol
Ism Pulsed Source Current - -5 0780 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- - 2.5 Vv T,=25°C, Is=1.0A, Vgs=0V®
Ty Reverse Recovery Time 50 --- | 200 ns |T;=25°C, Ig=5.6A,
Qpr Reverse Recovery Charge 022 | -- | 088| RC |di/dt=100A/uS®
oh Forwvard Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
@ Repetitive rating; Pulse width limited by ® Igp < 5.6A, dildt<75A/us, Vpp<BVpss, @ Mounting surface:
max. junction ‘emperature (See figure 11) Ty<175°C Suggested Rg=24Q flat, smooth, greased

® Vpp=25V, Staiting T;=25°C, L=52mH, @ Pulse width < 300ps; duty Cycle <2%  ® K/W = °C/W
Rg=25%, Peak Ips=2.0A (See figure 12)
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International

1¢R| Rectifier

PD-9.385G

IRFD120

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,

o

S

n-channel

BVpss 100V
Rps(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 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 1.3
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 0.94 A
Iom Pulsed Drain Current ® 10
Pp@ Tg =25°C | Maximum Power Dissipation 1¢8 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
EaR Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 55 Vins
iy 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 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  |Vgs=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, lp=0.78A®
| Vasitn) (Gate Threshold Voltage 20 | - | 4.0 V | Vps=Vas, Ip=250puA
Ofs FForward Transconductance 080 | --- S | Vpg=50V, Ips=0.78AD
Ipss Zero Gate Voltage Collector Current -~ | 250 | pA |Vpg=100V, Vgs=0V
- --- (1000 Vps=80V, Vgg=0V,T;=150°C
lass (Gate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
(3ate-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Qg Total Gate Charge see s 16 Ip=9.2A, Vpg=80V, V=10V
1Qgs (Gate-to-Source Charge - | 44 nC See Fig 6 and 13®
Qqq Gate-to-Drain ("Miller") Charge - | 7.7
td(on) Turn-On Delay Time il e Vpp=50V, Ip=9.2A
t F?ise Time : — | 27 ] — ns | Ra=18Q, Rp=5.2Q
ta(ot) Turn-Off Delay Time s io 481 s See Fig. 10®
t Fall Time - | 17 | -
Lp Internal Drain Inductance R P [ Between lead, P
6mm (0.25in.) ‘{: Lo
nH |from package,
Ls Internal Source Inductance 6.0 and cgntergf die @ .
contact. s
Ciss Input Capacitance - | 360 | --- Vgs=0V, Vpg=25v
Cois COutput Capacitance -~ | 150 | --- pF | f=1.0Mhz
Cras Feverse Transfer Capacitance 34 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 1.3 MOSFET symbol D
(Body Diode) A | showing the
Ism Pulsed Source Current - 10 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - | 25 V_ |T;=25°C, Is=1.3A, Vgs=0V®
e Reverse Recovery Time 65 --- | 260 ns [T =25°C, Ig=9.2A,
Qprr Reverse Recovery Charge 033 | -- | 1.3 | uC |di/dt=100A/uS®
faii Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
@ Repetitive rzting; Pulse width limited by ® Igp<9.2A, di/dt<110A/us, 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=24mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Peak Ias=2.6A (See figure 12)
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IRFD120
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IRFD120
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International

ICR

Rectifier

PD-9.380H

IRFD1Z0

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
« Dynamic dv/dt Rated

» For Automati
» End Stackab

Description

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

c Insertion
le

o)

S

n-channel

BVpss 100V
RDS(on) 2.4Q
Ip 0.50A

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 @ Tg =25°C | Continuous Drain Current, Vgs@10V 0.50
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.36 A
Ipm 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 +20 Vv
Eas Single Pulse Avalanche Energy @ 9.8 mJ
lar Avalanche Current ® 0.50 A
Ear Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.9 Vins
iy 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 KwW®
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IRFD1.20

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 - | 24 Q | Vgg=10V, Ip =0.30A®
Vas(h) Gate Threshold Voltage 20 | - | 4.0 V | Vps=Vas, Ip=250pA
Os Forward Transconductance 0.60 | --- S | Vps=50V, Ips=0.30A®
Ipss Zero Gate Voltage Collector Current --- -~ | 250 | pA |Vps=100V, Vgg=0V
--- | 1000 Vps=80V, Vgs=0V,T;=150°C
IGSS Gate-to-Source Forward Leakage --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Q, Total Gate Charge — - | 1.6 Ip=0.9A, Vps=80V, Vgg=10V
Qg Gate-to-Source Charge --- --- 1068 | nC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller") Charge --- --- 1 0.95
td(on) Turn-On Delay Time - | 7.8 | - Vpp=50V, Ip=0.9A
t Rise Time -~ | 45 | - ns | Ra=509, Rp=55Q
td(ofy Turn-Off Delay Time --- 11 --- See Fig. 10®
t Fall Time - | 47 | -
Lp Internal Drain Inductance - | 40 | - Between lead, P
6mm (0.25in.) Lo
Ls Infernal Source Inductance --- 6.0 - o farg:;n cii?e(racg)?,die e "
contact. s
Ciss Input Capacitance --- 39 --- Vas=0V, Vps=25v
o 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 g:\;ingguc? Source Current --- - 0.5 MOSFET symbol D
y Diode) A | showing the
Ism Pulsed Source Current 4.0 integral reverse G
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage --- === 1.4 V | T,=25°C, Is=0.5A, Vgs=0V®
ter Reverse Recovery Time 42 --- 7 ns |Ty=25°C, Ig=0.9A,
QR Reverse Recovery Charge 0.14 | -- | 0.41 | pC |di/dt=100A/LS®
tan 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 < 0.5A, di/dt<25A/us, Vpp<BVpss,

max. junctior| temperature (See figure 11)

@ Vpp=25V, Starting T;=25°C, L=16mH,

Rg=25Q, Peak Ips=1.0A (See figure 12)

T, <175°C Suggested Rg=50Q

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

® Mounting surface:
flat, smooth, greased

® KW =°C/w
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Capacitance (pF)
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Ip, Drain Current (amps)
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International
zer|Rectifier

PD-9.386F

IRFD210

HEXFET® Power MOSFET

» Repetitive Avalanche Rated D

* Dynamic dv/dt Rated

« For Automatic Insertion BVpss 200V

« End Stackable - Rpsn) 1.5Q
& Ip 0.60A

Description f-ehannel

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
Ip @ T¢ =25°C | Continuous Drain Current, Vgs@10V 0.60
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 0.38 A
lom Pulsed Drain Current ® 4.8
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 @ 79 mJ
laR Avalanche Current ® 0.60 A
Ear Repetitive Avalanche Energy ® 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.0 V/ns
iy 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 Max. Units
Rgua 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 [Vgs=0V, Ip=250uA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.30 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Sitatic Drain-to-Source On Resistance - - | 15 Q  |Vgs=10V, Ip =0.36A®
Vasith) Ciate Threshold Voltage 2.0 - | 4.0 V | Vps=Vas, Ip=250pA
Ofs Forward Transconductance 010 | - | -- S |Vps=50V, Ipg=0.36AD
Ipss Zero Gate Voltage Collector Current - - | 250 | pA |Vpg=200V, Vgs=0V
- --- | 1000 Vps=160V, Vgs=0V, T ;=125°C
lgss Ciate-to-Source Forward Leakage --- | 500 ik Vgs=20V
Ciate-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Qg Total Gate Charge - — | 8.2 Ip=3.3A, Vps=160V, Vgs=10V
Qg Ciate-to-Source Charge --- --- 1.8 nC See Fig 6 and 13®
Qg Ciate-to-Drain ("Miller") Charge -- | 45
td(on) TL.Jrn-C?n Delay Time == 8.2 | e Vpp=100V, Ip=3.3A
t, Rise Time : 17 | - ns | Ra=24Q, Rp=30Q
td(ofh Turn-Off Delay Time --- 14 See Fig. 10®
t Fall Time -~ | 89 | --
Lp Irternal Drain Inductance - 4.0 - Between lead, p
6mm (0.25in.) Lp
Ls Irternal Source Inductance - | 60 | - e :z;nc‘;:iz?gfeaie g "
contact. s
Ciss Input Capacitance --- | 140 | --- Vgs=0V, Vpg=25v
Coss Output Capacitance 53 pF | f=1.0Mhz
Cras Reverse Transfer Capacitance 15 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is OE?ntinuc_)us Source Current - --- | 0.60 MOSFET symbol 3}
(Eody Diode) A | showing the
Ism Pulsed Source Current - - | 48 integral reverse &
(Eody Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- -- | 2.0 V| T,=25°C, Is=0.60A, Vgs=0V®
I Roverse Recovery Time 75 - | 310 ns |[Ty=25°C, [g=3.3A,
Qpr Reverse Recovery Charge 033 | -- | 1.4 | pC |di/dt=100A/LS®
1 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=82mH,
Rg=25Q, Peak las=1.2A (See figure 12)

©) Isp < 3.3A, di/dt<70A/us, Vpp<BVpss,

T,<150°C Suggested Rg=24Q

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

® Mounting surface:
flat, smooth, greased

® KW = °C/W
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IRFD210
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International

ICR

Rectifier

PD-9.417E

IRFD220

HEXFET® Power MOSFET

« Repetitive Avalanche Rated
« Dynamic dv/dt Rated

» For Automati
» End Stackab

Description

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

c Insertion
le

(0]

D
BVpss 200V
RDS(on) O.8OQ
- Ip 0.80A
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 @ Tg =25°C | Continuous Drain Current, Vgs@10V 0.80
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.50 A
Ipm Pulsed Drain Current ® 6.4
Pp@ Tg =25°C | Maximum Power Dissipation 1.0 W
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 V
Eas Single Pulse Avalanche Energy @ 59 mdJ
lar Avalanche Current @ 5.2 A
Ear Repetitive Avalanche Energy @ 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® 5i0 Vins
Ty Operating Junction and -55to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Reua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFDZ

20

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
ABVpsg/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.29 | --- | V/°C |Reference to 25°C, Ip=1mA
Rbs(on) Static Drain-to-Source On Resistance --- (0.80 Q | Vgs=10V, Ip =0.48A®
Vas(th) Gate Threshold Voltage 20 | - | 40 V | Vps=Vas, Ip=250pA
s Forward Transconductance 060 | -- - S | Vps=50V, Ips=0.48A®
Ibss Zero Gate Voltage Collector Current --- -—- | 250 RA [ Vps=200V, Vgs=0V
--- | 1000 Vps=160V, Vgg=0V,T,;=125°C
lass Gate-to-Source Forward Leakage --- --- | 500 ~ Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qg Total Gate Charge - | 14 Ip=5.2A, Vps=160V,
1Qqs (Gate-to-Source Charge . -- | 3.0 nC | Vgs=10V®D
Qg4 (Gate-to-Drain ("Miller") Charge - - 7.9
td(on) Turn-On Delay Time --- 7:2 --- Vpp=100V, Ip=5.2A
t, [Rise Time - 22 - ns | Rg=18Q, Rp=19Q®
td(ofy Turn-Off Delay Time 19
t [~all Time 13
Lp Internal Drain Inductance EER T Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - 6.0 - o :g:incii‘t::?g?;ji & g i
contact. s
Ciss Input Capacitance -- | 260 | --- Vgs=0V, Vpg=25v
Cois Output Capacitance --- | 100 | --- pF | f=1.0Mhz
Cies Reverse Transfer Capacitance = 30 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current --- | 0.80 D
(Body Diode) ﬁoojfnﬂ:g i
lsu Pulsed Source Current - |- .}.64 & integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - 1.8 \ T,=25°C, I5=0.80A, Vgs=0V®
Tt Reverse Recovery Time 75 --- | 300 ns |Ty=25°C, Ig=5.2A,
Qrr Reverse Recovery Charge 046 | -~ | 1.8 | WC |di/dt=100A/uS®
T 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

@ VDD=50V- Starting TJ=25°C, L=36mH,

Rg=25Q, Peak Ips=1.6A

® ISDSS.ZA, di/dtsQSA/us, VDDSBVDSSv
Ty<150°C Suggested Rg=18Q

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

® Mounting surface:
flat, smooth, greased

® KW = °C/w
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International

1¢:R] Rectifier

PD-9.696

IRFD9014

HEXFET® Power MOSFET

« Repetitive Avalanche Rated
» Dynamic dv/dt Rated

 For Automatic Insertion

» End Stackable

e P-Channel

Description

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

D
BVpss -60V
= Rpsn) 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 @ Tg =25°C | Continuous Drain Current, Vgs@-10V -1.1
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -0.8 A
Iom Pulsed Drain Current © -8.8
Pp@ Tg =25°C | Maximum Power Dissipation 143 W
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 140 mJ
lar Avalanche Current ® -1.1 A
Ear Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® -4.5 V/ns
Ty Operating Junction and -55to +175
Tsta Storage Temperature Range %
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
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 -- [0.50 Q  |Vgs=-10V, Ip =-0.66A®
Vas(ih) Gate Threshold Voltage 20| - | -4.0 V| Vps=Vgs, Ip=-250pA
Jis Forward Transconductance 070 | --- S | Vpg=-25V, Ipg=-0.66A®
Ibss Zero Gate Voltage Collector Current - --- | -250 | pA |Vpg=-60V, Vgs=0V
--- |-1000 Vps=-48V, Vgs=0V,T,=150°C
lass (Gate-to-Source Forward Leakage - --- | -500 - Vgs=-20V
(Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qq Total Gate Charge - - 12 Ip=-6.7A, Vpg=-48V
Qgs (Gate-to-Source Charge --- - 3.8 nC | Vgg=-10V®
Qg4 (Gate-to-Drain ("Miller") Charge --- --- 5
td(on) Turn-On Delay Time --- 11 --- Vpp=-30V, Ip=-6.7A
t, Rise Time - 6.3 ns | Rg=24Q, Rp=4.00®
td(ofh Turn-Off Delay Time --- 10
t Fall Time - | 31
Lp Internal Drain Inductance — | 40 | - Between lead, P
6mm (0.25in.) LD
Ls Internal Source Inductance - | 60 | - ik gg?cii(t::ragfe’die g -
contact. s
Cise Input Capacitance - | 270 | --- Vas=0V, Vpg=-25v
Gt Output Capacitance - | 170 | --- pF | f=1.0Mhz
Cies Reverse Transfer Capacitance - 8i ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is ()ontinuc?us Source Current - - | -14 MOSFET symbol D
(Body Diode) A | showing the
Ism Pulsed Source Current --- | -8.8 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- --- | -5.5 Vv T,=25°C, Ig=-1.1A, Vg5=0V®
1 Reverse Recovery Time 40 --- | 160 ns |T,=25°C, Ig=-6.7A,
Qpp Reverse Recovery Charge 0.048| - | 0.19 | WC |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<-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/W

RG=259, Peak IAS='2-0A

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

40



International
zerR|Rectifier

PD-9.698

IRFD9024

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,

o

S
p-channel

BVpss -60V
Rpson) 0.28Q

Ib -1.6A

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¢g =25°C | Continuous Drain Current, Vgs@-10V -1.6
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@-10V -1.1 A
Iom Pulsed Drain Current ® -13
Pp@ T =25°C | Maximum Power Dissipation 13 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 mJ
dv/dt Peak Diode Recovery dv/dt ® -4.5 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 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, lp=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.056| --- | V/°C |Reference to 25°C, lp=-1mA
Rps(n) Static Drain-to-Source On Resistance - --- |1 0.28 Q  |Vgg=-10V, Ip =-0.96A®
VGS(th) Gate Threshold Voltage -2.0 Sae -4.0 \" VDS=VGS- |D=-250p.A
Ofs Forward Transconductance 13 | - S | Vps=-25V, Ipg=-0.96A®
Ipss Zero Gate Voltage Collector Current - - |-250 | pA |Vpg=-60V, Vgs=0V
- --- |-1000 Vpg=-48V, Vgg=0V,T;=150°C
lass Gate-to-Source Forward Leakage - --- | -500 ek Vgs=-20V
Gate-to-Source Reverse Leakage - --- | 500 Vgs=20V
Qg Total Gate Charge --- --- 19 Ip=-11A, Vpg=-48V, Vgg=-10V
Qgs Gate-to-Source Charge - | 54 nC See Fig 6 and 13®
Qqq Gate-to-Drain ("Miller") Charge 11
td(on) Turn-On Delay Time =) BTN e Vope-30¢. hm-11A
t, Rise Time .- 68 - ns |Ra=18Q, Rp=2.5Q
td(ofh) Turn-Off Delay Time --- 15 --- See Fig. 10®
t Fall Time - | 29 | -
Lo Internal Drain Inductance — | 40 | -- Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 6.0 | -- R gﬁg‘ czerl:::?gfe,die @ s
contact. s
|Ciss Input Capacitance - | §70 | -- Vas=0V, Vpg=-25v
Coes Output Capacitance --- | 360 | --- pF | f=1.0Mhz
E; 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 D
(Body Diode) s miﬁ‘i:z Pl
Ism Pulsed Source Current - - | -13 integral reverse g
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - --- | -6.3 Vv T,=25°C, Ig=-1.6A, ve_ssov@)
o8 Reverse Recovery Time 50 --- | 200 ns [T =25°C, lg=-11A,
QrR Reverse Recovery Charge 0.16 | - | 0.64 | RC |di/dt=100A/uS®
Yon 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<-11A, di/dt<-140A/us, 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=17mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/wW
RG=2SQ, Peak |A3=-3.2A
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“28 50 75 100 125 150 175

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Rp
Vbs >———AAA~——
D.UT.
= Vpp
+

Pulse Width < 1us
Duty Factor < 0.1%

E 2

Fig 10a. Switching Time Test Circuit

" taon) tr taofy 1
Gs
10% —\ l |
| |
| | |
| |
90%
G %

Fig 10b. Switching Time Waveforms

102 == = "
11
i |

102 =
—_ bD=0. 5 ==SSSss
% jlr 1K

L0 .2 L1
N’ | e ==
® 10 B2 '
g £0.053 E'I === 2
T T n
% :ro]z:::' H'
(o 5] 0. 01+H =T //’
s 2 ==
E T Il 1t gL~
a_, [ rroy b T p&
£ mas FHNEREACYREEpoNSE) Il .
/ jo=t ye
0.1 %ﬁ i I
it NOTES:
[l 1. DUTY FACTOR, D=ty/ts
258 2. PEAK Ty=Ppy X Zgnge + T
1075 1074 1073 1072 0.1 1 10 102 103

ty, Rectangular Pulse Duration (seconds)

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

45



IRFD9024

L 400 —
Vary tp to obtzin Vop <o~ TP -1.34
required peak I -2.3A

|,_ D.U.T. L BOTTOM -3.2A
Rs :> 2
:‘_’L~ - £ 300
T Voo =4
o
= l (3]
o[ |k g \
to T 0.01Q @ 200
e AN
Fig 12a. Unclamped Inductive Test Circuit 2 N )
S 100 NI
L i) > W R
S ep— @
\ / hi - \\\
\
Vbs — \\ | 7 VDD‘= :25v ’\§§
\ y VDD a5 50 75 100 125 150 175
e tp—j Starting T, Junction Temperature (°C)
BVpss Fig 12c. Maximum Avalanche Energy
vs. Drain Current
Fig 12b. Unclamped Inductive Waveforms
—_ CurrentRegulator
I iy |
l asD.U. 1. |
[ [ 50K I 39I
l12v wFe | N |
I T r .3uF I
PSR o e s s~ open o — - -
p.uT. T Vos
\ 4
Vas I;:L
-3mAL [
0 Charge — la Ip
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
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International
I¢R|Rectifier

PD-9.389G

IRFD9110

HEXFET® Power MOSFET

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

 For Automatic Insertion

* End Stackable G
¢ P-Channel

Description

p-channel

s Ip

-100V
1.2Q
-0.70A

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

and low on resistance.

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

dissipation levels up to 1 watt.

Absolute Maximum Ratings

Similar to M0-001AN

Parameter Max. Units
Ip @ T¢ = 25°C Continuous Drain Current, Vgs@-10V -0.70
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -0.49 A
Iom Pulsed Drain Current ©® -5.6
Pp@ T¢ =25°C | Maximum Power Dissipation 18 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 Vins
Ty Operating Junction and -55to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 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 -100 | --- --- V| Vgs=0V, Ip=-250pA
ABVpgg/AT, | Temp. Coefficient of Breakdown Voltage | --- |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®
Vas(h) (3ate Threshold Voltage 20| - | -4.0 V' |Vps=Vgs, Ip=-250pA
Os IForward Transconductance 060 | -- S | Vpg=-50V, Ipg=-0.42A®
Ipss JZero Gate Voltage Collector Current --- -~ | -250 | pA |Vpg=-100V, Vgs=0V
--- |-1000 Vps=-80V, Vgs=0V,T,=150°C
lgss (3ate-to-Source Forward Leakage --- - | -500 A Vgs=-20V
(3ate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qq Total Gate Charge - --- 8.7 Ip=-4.0A, Vps=-80V, Vgs=-10V
Qg (ate-to-Source Charge 2.2 nC See Fig 6 and 13®
Qgq (3ate-to-Drain ("Miller") Charge --- --- 41
td(on) Turn-On Delay Time i 10 -~ Vpp=-50V, Ip=-4.0A
1 Rise Time == | BT i - ns | Ra=24Q, Rp=11Q
td(ot Turn-Off Delay Time - 15 --- See Fig. 10®
t I7all Time 17
Lp Internal Drain Inductance - | 40 | - Between lead, 2
6mm (0.25in.) Lo
Ls Internal Source Inductance - 6.0 --- ! gzcrinc:\(t::?g?’die g -
contact. s
Cise Input Capacitance --- | 200 | -- Vas=0V, Vpg=-25v
Coss (Output Capacitance --- 94 - pF | f=1.0Mhz
Ciss Reverse Transfer Capacitance --- 18 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is :?:Jing?:je?ource Current --- |-0.70 MOSFET symbol D
y A | showing the
Ism Pulsed Source Current --- --- | -5.6 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- | -5.5 \" T,=25°C, Ig=-0.70A, Vgs=0V®
tir Reverse Recovery Time 41 -- | 160 ns |Ty=25°C, Ig=-4.0A,
Qpn IReverse Recovery Charge 0.075| -- | 0.30 | nC |di/dt=100A/uS®
tan IForward 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=53mH,

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

® ISDS-4.0A, di/dtS-75A/}LS, VDDSBVDSS-
Ty<175°C Suggested Rg=24Q

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

® Mounting surface:
flat, smooth, greased

® KW = °C/wW
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Internatlonal

»R|Rectifier

PD-9.331H

IRFD9120

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

S
p-channel

BVpss -100V
RDS(on) O-6OQ
Ip -1.0A

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 @ Tgc =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@ T¢ =25°C | Maximum Power Dissipation 125 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 )
Eas Single Pulse Avalanche Energy @ 140 mdJ
lar Avalanche Current @ -1.0 A
Ear Repetitive Avalanche Energy ® 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.5 V/ns
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®
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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, Ip =-0.60A®
Vasiih) Gate Threshold Voltage 20| - | -40 V | Vps=Vas, Ip=-250pA
Ofs Forward Transconductance 0.71 | --- S |Vps=-50V, Ipg=-0.60A®
Ipss Zero Gate Voltage Collector Current -~ |-250 | pA |Vpg=-100V, Vgs=0V
--- |-1000 Vps=-80V, Vgs=0V, T ;=150°C
lass (Gate-to-Source Forward Leakage --- | -500 - Vgs=-20V
Gate-to-Source Reverse Leakage --- --- | 500 Vgs=20V
Qg Total Gate Charge - | 18 Ip=-6.8A, Vps=-80V, Vgg=-10V
Qgs Gate-to-Source Charge -- | 3.0 nC See Fig 6 and 13®
Qgq (ate-to-Drain ("Miller") Charge .- - [ 9.0
td(on) 'I'L.Jrn-O.n Delay Time - | 9.6 - Vpp=-50V, Ip=-6.8A
t FFISG Time s 29 o= oS RG=1 8Q, RD=7-1 Q
td(ofp Turn-Off Delay Time - 21 - See Fig. 10®
t Fall Time - | 25
Lp Internal Drain Inductance — | 40| - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 6.0 | - o g:;“ J;‘:gragfeaie Q s
contact. s
Ciss Input Capacitance -~ | 390 | -- Vgs=0V, Vpg=-25v
Ciea Qutput Capacitance -~ | 170 | --- pF | f=1.0Mhz
Crss Fleverse 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 MOSFET symbol D

(13ody Diode)

A | showing the

lsm Pulsed Source Current - | -8.0 integral reverse G

(Body Diode) ©® p-n junction diode. s
Vsp Ciode Forward Voltage - | -6.3 \" T,=25°C, lg=-1.0A, Vgs=0V®
te Reverse Recovery Time 49 --- | 200 ns |T;=25°C, |g=-6.8A,
Qrr Reverse Recovery Charge 017 | -- | 066 | WC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

O Repet.itive _rating; Pulse width limited by ® Igp<-6.8A, di/dt<-110A/us, Vpp<BVpss, ® Mounting surface:
max. juncticn temperature (See figure 11) T,<175°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=-25V, $tarting T;=25°C, L=55mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Poak Ipg=-2.0A (See figure 12)

54



IRFD9120

-Ip, Drain Current (amps)

-Ip, Drain Current (amps)
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-Ip, Drain Current (amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B: Package Outline Mechanical Drawing

Appendix D: Part Marking Information International
zer|Rectifier
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International
xR Rectifier

Target Data Sheet PD-9.387G

IRFD9210

HEXFET® Power MOSFET

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

« 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,

le

9}

S
p-channel

BVpss -200V
Rpsen) 3.0Q
Ib -0.4A

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
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@-10V -0.26 A
Ipm Pulsed Drain Current ©® -3.2
Pp@ T¢ =25°C | Maximum Power Dissipation 1.0 1

Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 59 mJ
AR Avalanche Current @ -0.40 A
Ear Repetitive Avalanche Energy @ 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.0 Vins
Ty Operating Junction and -55 to +150
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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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 | --- | n/a | --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance sirtlit — || 8.0 Q  |Vgs=-10V, Iy =-0.24A®
Vasith) Gate Threshold Voltage 20 ( - | -4.0 V | Vps=Vags, Ip=-250pnA
Ois Forward Transconductance nfa | -- S | Vpg=-50V, Ipg=-0.24AD
Ipss Zero Gate Voltage Collector Current --- -~ | -250 | pA |Vps=-200V, Vgs=0V
--- (-1000 Vps=-160V, Vgs=0V,T;=125°C
lass Gate-to-Source Forward Leakage --- | -500 Al Vgs=-20V
Gate-to-Source Reverse Leakage --- | 500 Vas=20V
Qq Total Gate Charge e S == 1] 160 lp=-2.4A, Vps=-160V,
1Qqs Gate-to-Source Charge 1.2 nC | Vgg=-10V®
Qqq Gate-to-Drain ("Miller") Charge - | 36
td(on) T%Ifﬂ-O.n Delay Time .- 8 Vpp=-100V, Ip=-2.4A
it Rise Time 15 ns |Rg=24Q, Rp=420®
ta(ot Turn-Off Delay Time --- 10 ---
t Fzll Time 8
Lp Internal Drain Inductance R T Between lead,
6mm (0.25in.) Lo
7 nH |from package, a
s Internal Source Inductance 6.0 and-canter-of die e
contact. s
Ciss Input Capacitance === | 160 | --- Vgs=0V, Vpg=-25v
Coss Output Capacitance - 50 --- pF | f=1.0Mhz
Cnia Reverse Transfer Capacitance 12
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Ccntlnuc?us Source Current - | -0.4 MOSFET symbol D
(Body Diode) i
A | showing the
Ism Pulsed Source Current --- | -3.2 integral reverse €
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - --- | -5.8 Y T,=25°C, lg=-0.4A, Vgs=0V®
Lo Reverse Recovery Time na | --- n/a ns [T =25°C, Ir=-2.4A,
QpR Reverse Recovery Charge na | -- | na | MC |di/dt=-100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive rat ng; Pulse width limited by ® Igps-2.4A, 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=140mH, @ Pulse width < 300ps; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Pezk las=-0.8A

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

ICR

Rectifier

Target Data Sheet PD-9.439B

IRFD9220

HEXFET® Power MOSFET

« Repetitive Avalanche Rated
* Dynamic dv/dt Rated

* For Automatic Insertion

» End Stackable

e P-Channel

Description

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

9}

p-channel

D
BVpss -200V
Rpson) 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

Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@-10V -0.58
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@-10V -0.36 A
Iom Pulsed Drain Current ® -4.6
Pp@ T¢ =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 @ 39 mJ
lar Avalanche Current ® -0.58 A
Ear Repetitive Avalanche Energy @ 0.10 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.0 V/ns
T Operating Junction and -55to +150
Tsta Storage Temperature Range c
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Max. Units
Raua Junction-to-Ambient, Typical Socket Mount 120 KwW®
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IRFD9220

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 | --- n/a --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - 15 Q | Vgg=-10V, Ip =-0.35A®
Vasith) Gate Threshold Voltage 20| - | -4.0 V| Vps=Vgs, Ip=-250pA
9ts Fcrward Transconductance na | -- S | Vps=-25V, Ipg=-0.35A®
Ibss Zero Gate Voltage Collector Current --- | -250 | pA |Vpg=-200V, Vgs=0V
--- |-1000 Vps=-160V, Vgg=0V,T,;=125°C
IGSS Gate-to-Source Forward Leakage - --—- | -500 A Vgs=-20V
Gate-to-Source Reverse Leakage --- -- | 500 Vgs=20V
Qg Total Gate Charge --- --- 13 Ip=-4.0A, Vps=-160V,
1Qqs Gate-to-Source Charge --- - | 24 nC | Vgg=-10V®
Qqq Gate-to-Drain ("Miller") Charge == - 7.6
td(on) Turn-On Delay Time - 20 - Vpp=-100V, Ip=-4.0A
t, Rise Time 30 ns | Rg=18Q, Rp=25Q®
td(ofn Turn-Off Delay Time - 25 -
t Fall Time - | 20 | -
) Internal Drain Inductance 407 e Between lead, ?
6mm (0.25in.) Lo
Ls Internal Source Inductance — | 8.0 | - i g:? czarlwf:?g?’die a ol
contact. s
Ciss Input Capacitance - | 340 | --- Vas=0V, Vpg=-25v
Cois Output Capacitance -~ | 105 | --- pF | f=1.0Mhz
Cria Reverse Transfer Capacitance - 25
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is ?Bc::l;inuc_)us Source Current --- | -0.58 MOSFET symbol D
y Diode) :
A |showing the
Ism Pulsed Source Current - | -4.6 integral reverse
(Body Diode) ©® p-n junction diode. s
Vsp Diode Forward Voltage --- - | -6.3 \' T,=25°C, lg=-0.6A, Vgs=0V®
o Reverse Recovery Time na | -- n/a ns |T;=25°C, Ig=-4.0A,
QgR Reverse Recovery Charge nfa | - | nfa | nC |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<-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 < 300us; duty Cycle <2%  ® KW = °C/W
Rg=25%Q, Pezk |A5=-1.2A

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

Rectifier

PD-9.701

IRFRO14

HEXFET® Power MOSFET

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

Description

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

IRFUO14

(9}

n-channel

S

BVpss
F‘DS(on)
Ip

60V
0.20Q
8.4A

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
through hole mounting applications. Power dissipation levels up to 2 watts

4 2 e TO-252AA -
are possible in SMD applications. TIO-ESa{L(A
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg = 25°C | Continuous Drain Current, Vgs@10V 8.4
lp @ Tc = 100°C | Continuous Drain Current, Vgs@10V 6.0 A
Ipm Pulsed Drain Current ©® 34
Pp@ T¢ =25°C | Maximum Power Dissipation 30 W
Linear Derating Factor 0.20 W/K®
\Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 47 mJ
dv/dt Peak Diode Recovery dv/dt @ 4.5 V/ns
Ty 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
Reyc Junction-to-Case 5.0
Rocs Case-to-Sink ® = 1.7 KW®
Reoua 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
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.63 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Siatic Drain-to-Source On Resistance --- | 0.20 Q  |Vgs=10V, Ip =5.0A®
Vasith) Gate Threshold Voltage 20 | - | 40 V | Vps=Vags, Ip=250pA
Ofs Forward Transconductance 24 |i-== == S |Vps=25V, Ips=5.0A®
Ipss Zero Gate Voltage Collector Current - --- | 250 | pA |Vpg=60V, Vgs=0V
- --- | 1000 Vps=48V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qg Total Gate Charge - ] 11 Ip=10A, Vps=48V, Vgs=10V
Qg Gate-to-Source Charge - | 3.1 nC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller") Charge --- | 5.8
tdon) Turn-On Delay Time s (IO Vpp=30V, Ip=10A
t Rise Time : - | 50 | -- ns | Rg=24Q, Rp=2.7Q
td(off) Turn-Off Delay Time 13 See Fig. 10®
t Fell Time 19 ---
Lo Internal Drain Inductance SR T R Between lead, ?
6mm (0.25in.) LD
Ls Internal Source Inductance - 7.5 - s gﬁ?cﬁ?ﬁgﬁhie & ol
contact. s
Ciss Input Capacitance - |1 300 [ -- Vgs=0V, Vpg=2
Caxt 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 Continugus Source Current --- --- 8.4 MOSEET svymbol D
(Body Diode) A | showing thg
Ism Pulsed Source Current - | 34 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Dicde Forward Voltage - --- 1.6 Vv T,=25°C, Ig=8.4A, V5s=0V®
1. Reverse Recovery Time 34 --- | 140 ns |T,=25°C, I=10A,
Qpr Reverse Recovery Charge 0.090| -- | 0.40 | HC |di/dt=100A/uS®
ton Foiward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
® Repetitive raling; Pulse width limited by @ Igp<8.4A, di/dt<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=850uH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Pezk lp5=8.4A (See figure 12)
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IRFUO14, IRFR0O14
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Ip, Drain Current (amps)

-
o
-

-
Q
o

Top 15y ad

1ov

2.ov

s par’ -
|sorTom i:gv //

A
A
Y/
9%
77/ -
04
49%
77
LA

// A
7
V77 7

20us PULSE WIDTH
4 TC - 250C
1071 100 101

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

Tc =25°C
e
/
f”‘::::”"—"‘
10! =
b~
/
|7
1 4Ee
A
] 250¢C
100 b~
7
/
I VDS = 25V
20us PULSE WIDTH
4 5 6 7 8 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Rps(on) Drain-to-Source On Resistance

Ip, Drain Current (amps)

10

(Normalized)

TOoP s
égzv ///‘
& oy A
5.5V L
1igo'rmn 3:23 ///
'IIl
777
777
Y/
v/
7
¥
/A A’
A — 4.5v—
///—
100 A
A
20us PULSE WIDTH
Tg = 175°C
1071 100 101

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Tc = 150°C
3.0
Ip = 10A
2.5
2.0 L
/
1.5 a
,//
=
1.0 e
l/
-
0.5
VGS = 10V
0

.0
-60 -40 -20 0 20 40 60 B0 100 120 140 160 180

Ty, Junction Temperature (°C)

Fig 4. Normalized On-Resistance Vs.
Temperature

65



IRFRO14, IRFUO14
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Ip, Drain Current (amps)
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Appendix D: Part Marking Information
68

International

ICR

Redctifier



International
x¢r|Rectifier

PD-9.702

IRFR024

HEXFET® Power MOSFET

» Surface Mount (IRFR024)
« Straight Lead (IRFU024)
» 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,

IRFUO024

o

n-channel

S

BVpss 60V
RDS(on) 0.1 OQ
Ilp 16A

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. TRRRERAT P ak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 16
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 11 A
Iom Pulsed Drain Current ® 64
Pp@ Tg =25°C | Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 V
Eas Single Pulse Avalanche Energy @ 91 mJ
dv/dt Peak Diode Recovery dv/dt ® 55 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
Rauc Junction-to-Case - - 3.0
Rocs Case-to-Sink ® e 1.7 KW®
Raua 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=250pnA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.061| --- | V/°C |Reference to 25°C, Ip=1mA
Rpston) Static Drain-to-Source On Resistance — | — 010 | Q [Vgg=10V, Ip=9.6A®
Vasiih) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ofs Forward Transconductance 62 | -- --- S | Vps=25V, Ipg=9.6A®
Ipss Zero Gate Voltage Collector Current - -~ | 250 | pA |Vpg=60V, Vgg=0V
o e 1000 VDs=48V, VGs=0V,TJ=1 50°C
lass Gate-to-Source Forward Leakage --- --- | 500 ak Vgs=20V
Gate-to-Source Reverse Leakage - --—- | -500 Vgs=-20V
Qq Total Gate Charge - — | 28 Ip=14A, Vps=48V, Vgg=10V
Qgs Gate-to-Source Charge = | = | 54| nC |goFi g6 and 13®
Qqq Gate-to-Drain ("Miller") Charge - --- 13
td(on) Turn-On Delay Time - 8.6 .= Vpp=30V, Ip=14A
t Rise Time : = 47 == e RG=1 8Q, RD=2.0Q
td(ofy) Turn-Off Delay Time 27 See Fig. 10®
t Fzll Time --- 37
Lp Iniernal Drain Inductance - 4.5 £ Between lead, D
6mm (0.25in.) Lp
Ls Infernal Source Inductance - | 75 | -- - farrc::\ cgict::ftg)fe'die ! "
contact. s
Ciss Input Capacitance -~ | 640 | --- Vas=0V, Vps=2(See figure 12)
Cdce Output Capacitance --- | 360 | --- pF | f=1.0Mhz
Crso Reverse Transfer Capacitance i 79 - See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
) - -— D
Is %:(;;ngci):;e?ource Current 16 MOSFET symbol
A showing the
Ism Pulsed Source Current --- 64 integral reverse
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- 1.5 V | T,=25°C, Is=16A, Vgs=0V®
i Reverse Recovery Time 49 --- | 200 ns |T;=25°C, lg=14A,
Qrr Reverse Recovery Charge 022 | -- | 088 | uC |di/dt=100A/pS®
Ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

O Repetitive rating; Pulse width limited by @ Isp<16A, 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=450uH, @ Pulse width < 300ps; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Peak Ipg=16A (See figure 12)
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IRFU024, IRFR024

Ip, Drain Current (amps)

Ip, Drain Current (amps)
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IRFR024, IRFU024
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IRFUO24, IRFR024

Ip, Drain Current (amps)
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IRFR024, IRFU024
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International

zeRrR|Rectifier

PD-9.524C

IRFR110

HEXFET® Power MOSFET

» Surface Mount (IRFR110)

« Straight Lead (IRFU110)

- 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,

IRFU110

(0]

n-channel

S

BVpss 100V
RDS(on) 0.54Q
Iy 4.7A

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 mounting applications. Power dissipation levels up to 2 watts D-Pak ik
are possible in SMD applications. ol [ S
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =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@ Tg =25°C | Maximum Power Dissipation 30 w
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 100 mJ
lar Avalanche Current ® 4.7 A
Ear Repetitive Avalanche Energy ® 3.0 mJ
dv/dt Peak Diode Recovery dv/dt ® 55 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
Roeuc Junction-to-Case --- --- 5.0
Recs Case-to-Sink ® 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount 110
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IRFR110, IRFU110

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 | --- | 0.12 | --- | V/°C | Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - - 1054 | Q |Vgg=10V, Ip=2.8A®
Vasith) Gzte Threshold Voltage 20 | -- | 40 V | Vps=Vags. Ip=250pA
Ois Forward Transconductance 16 | - - S |Vps=50V, Ips=2.8A®
Ipss Zero Gate Voltage Collector Current - --- | 250 RA  |[Vps=100V, Vgg=0V
— | - |[1000 Vps=80V, Vgg=0V, T,=150°C
lgss Gate-to-Source Forward Leakage - -- | 500 A Vgs=20V
Gate-to-Source Reverse Leakage - --- | -500 Vgs=-20V
Qg Total Gate Charge -~ | - |83 Ip=5.6A, Vps=80V, Vgs=10V
Qg Gate-to-Source Charge - - | 23 nC See Fig 6 and 13®
|Qqq Gate-to-Drain ("Miller") Charge -- | 3.8
td(on) Turn-On Delay Time - | 69 | - Vpp=50V, Ip=5.6A
t Rise Time == 16 e fg RG=24Q- RD=8.4Q
td(ofh Turn-Off Delay Time - 15 See Fig. 10®
t Fzll Time - | 94 | -
Lp Internal Drain Inductance — | 45 | - Between lead, P
6mm (0.25in.) Lo
L I I i3 75 nH |from package, e
s nternal Source Inductance : and.center of die e
contact. S
Ciss Input Capacitance - | 180 | --- Vas=0V, Vpg=25V
Cails Output Capacitance -—- 80 --- pF | f=1.0Mhz
Cisa Reverse Transfer Capacitance 18 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current 4.7 D
(Body Diode) MOSFET symbol
A | showing the
Ism 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, Vgs=0V®
ter Reverse Recovery Time 50 --- | 200 ns |Ty=25°C, Ig=5.6A,
Qpr Reverse Recovery Charge 022 | -- |0.88| pC |di/dt=100A/uS®
ton Fcrward 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)

® VDD=25V, Staning TJ=25°C, L=7.4mH,

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

@ Igp<4.7A, dildt<75A/us, Vpp<BVpss,
T <175°C Suggested Rg=24Q

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

® Mounting surface:
flat, smooth, greased

® KW = °C/wW
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IRFU110, IRFR110
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IRFR110, IRFU110
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IRFU110, IRFR110

Ip, Drain Current (amps)
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IRFR110, IRFU110
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International

1¢:R|Rectifier

PD-9.523C

IRFR120

HEXFET® Power MOSFET

» Surface Mount (IRFR120)

« Straight Lead (IRFU120)

« 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,

IRFU120

D
BVpss 100V
G RDS(O n) 0 .27Q
" Ip 8.4A
n-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 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 @ Tg =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 50 W
Linear Derating Factor 0,33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 210 mdJ
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 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case 3.0
Rocs Case-to-Sink ® 1.7 KW®
Roua 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=250pA
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.13 | -—- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) S:atic Drain-to-Source On Resistance - - |1 0.27 Q | Vgs=10V, Iy =5.0A®
Vasith) Gate Threshold Voltage 2.0 -- | 4.0 V | Vps=Vas, Ip=250pA
Ofs Forward Transconductance 16 ||~ - S | Vps=50V, Ips=5.0A®
Ipss Zero Gate Voltage Collector Current -~ | 250 [ pA |Vps=100V, Vgs=0V
--- | 1000 Vps=80V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage --- | 500 ok Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qq Total Gate Charge ans - | 16 Ip=9.2A, Vps=80V, Vgg=10V
Qgs Gate-to-Source Charge - | 44 nC See Fig 6 and 13®
Qg Gate-to-Drain ("Miller") Charge - | 7.7
td(on) Turn-On Delay Time =] '88 | == Vpp=50V, Ip=0.2A
t Rise Time ! m— 27 — s RG=1 8Q, RD=5'2Q
td(ot) Turn-Off Delay Time el otk e See Fig. 10®
t Fall Time - | 17 | -
Lp Internal Drain Inductance R i o [ Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 75 | - et padmge. g
and center of die Ls
contact. s
Ciss Input Capacitance - | 360 | --- Vgs=0V, Vpg=25V
G Output Capacitance -- | 150 | --- pF | f=1.0Mhz
s Raverse Transfer Capacitance 34 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 8.4 MOSFET symbol D
(Body Dincel A | showing the
Ism Pulsed Source Current 34 integral reverse ¢
(Eody Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage --- --- 2.5 \" T,=25°C, Ig=8.4A, Vgs=0V®
tor Reverse Recovery Time 65 --- | 260 ns [T =25°C, Ig=9.2A,
Qpr Reverse Recovery Charge 033 | - | 1.3 | 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 ® Igp<8.4A, di/dt<110A/s, Vpp<BVpss, @ Mounting surface:
max. junction temperature (See figure 11) T,<175°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=50V, Starting T;=25°C, L=4.4mH, @ Pulse width < 300ys; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Peak Ip5=8.4A (See figure 12)
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Ip, Drain Current (amps)
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PD-9.526B

International
1¢R|Rectifier IRFR210

HEXFET® Power MOSFET IRFU210

« Surface Mount (IRFR210) D

« Straight Lead (IRFU210)

* Repetitive Avalanche Rated BVpss 200V

« Dynamic dv/dt Rated Rpsen) 1.5Q
Ipb 2.6A

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 g

are possible in SMD applications. i TB_ES%A

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@10V 2.6
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 1.7 A
Iom Pulsed Drain Current @ 8.0
Pp@ Tg =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
lar Avalanche Current ® 27 A
Ear Repetitive Avalanche Energy @ 2.5 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
Rouc Junction-to-Case --- 5.0
Rocs Case-to-Sink ® 1.7 KW®
Roua 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 | --- | 0.30 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - - 1.5 Q | Vgs=10V, Ip =1.6A®
VGS(th) Cate Threshold Voltage 2.0 ] 4.0 \' VDS=VGSr ID'_'ZSOP'A
Ots Forward Transconductance 12 | — | - S |Vps=50V, Ipg=1.6A®
Ipss Zero Gate Voltage Collector Current --- | 250 | pA |Vpg=200V, Vgs=0V
-~ | -~ [1000 Vps=160V, Vgg=0V,T,=125°C
lass Cate-to-Source Forward Leakage --- | 500 ak Vgs=20V
Cate-to-Source Reverse Leakage --- | -500 Vgg=-20V
Qq Total Gate Charge - |.82 Ip=3.3A, Vps=160V,
Qqgs Cate-to-Source Charge 1.8 nC | vgs=10V®D
Qqqg Cate-to-Drain ("Miller") Charge - | 45
td(on) Turn-On Delay Time - 8.2 - Vpp=100V, Ip=3.3A
1 Rise Time 17 ns | Ra=24Q, Rp=300®
td(ofy Turn-Off Delay Time - 14 -
t Fall Time - | 89 | -
Lp Irternal Drain Inductance LU 45 el Between lead, P
6mm (0.25in.) Lo
Ls Irternal Source Inductance - 7.5 - Wi | rasupashage. . g
and center of die Ls
contact. s
Ciss Input Capacitance -- | 140 | --—- Vgs=0V, Vps=25
Caet Qutput Capacitance --- 53 --- pF | f=1.0Mhz
Cse Reverse Transfer Capacitance = 15 -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuqus Source Current 2.7 MOSFET symbol D
(Body Diode) % showing the
Ism Pulsed Source Current 8.0 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - 2.0 \" T,=25°C, Ig=2.7A, Vgs=0V®
1 Reverse Recovery Time 75 --- | 310 ns |[T,=25°C, Ig=3.3A,
QgR Reverse Recovery Charge 033 | -- | 1.4 | uC |di/dt=100A/uS®
o 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/us, 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=2SQ, Peak lAS=2~6A

For more information on the same die in a HD-1 package refer to IRFD210.
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PD-9.703

IRFR214

HEXFET® Power MOSFET

« Surface Mount (IRFR214)

« Straight Lead (IRFU214)

« 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,

IRFU214

9}

n-channel

S

BVpss 250V
b 2.2A

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. TECRAR 1Pak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 2.2
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@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 \i
Eas Single Pulse Avalanche Energy @ 61 mJ
lar Avalanche Current ® 22 A
Eag Repetitive Avalanche Energy ® 25 mJ
dv/dt Peak Diode Recovery dv/dt ® 2.0 V/ns
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Royc Junction-to-Case 5.0
Recs Case-to-Sink ® 1.7 KW®
Roya 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
ABVpgs/AT, | Temp. Coefficient of Breakdown Voltage | --- | 0.39 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance - - | 2.0 Q | Vgs=10V, Ip =1.3A®
VGS(lh) (Gate Threshold Voltage 2.0 = 4.0 \'} VDS=VGS- |D=250P'A
Ofs Forward Transconductance 12 | - S |Vps=50V, Ips=1.3A®
Ipss Z’ero Gate Voltage Collector Current - - | 250 | pA |Vps=250V, Vgg=0V
- --- | 1000 Vps=200V, Vgs=0V,T;=125°C
lgss (3ate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
(Gate-to-Source Reverse Leakage - --- | -500 Vgg=-20V
Qg Total Gate Charge - - | 82 Ip=2.7A, Vps=200V,
1Qqs (Gate-to-Source Charge --- -— 1.8 nC | Vge=10V®
Qqq (3ate-to-Drain ("Miller") Charge -- 4.5
td(on) Turn-On Delay Time - | 7.0 Vpp=125V, Ip=2.7A
t Rise Time - | 7.6 | - ns |Ra=24Q, Rp=45Q®
td(of) Turn-Off Delay Time 16
t Fall Time — | 7.0 | -
Lp Internal Drain Inductance s | - Between lead,
6mm (0.25in.) Lo
Ls Internal Source Inductance - 7.5 - o ;rg;nc;;ict:le(ragfeaie e s
contact. s
Ciss Input Capacitance -- | 140 | -- Vags=0V, Vps=25V
Cse Qutput Capacitance --- 42 --- pF | f=1.0Mhz
Ciss Reverse Transfer Capacitance ~% 9.6 -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is (Continuous Source Current --- - | 22 D
(Body Diode) A noovSvE:\EgT;:ey s
lsm Pulsed Source Current - w188 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage 2.0 Vv T,=25°C, Ig=2.2A, Vgs=0V®
fie IReverse Recovery Time 97 --- | 390 ns |Ty=25°C, lg=2.7A,
Qrr Reverse Recovery Charge 032 | -~ | 1.3 | KC |di/dt=100A/uS®
= IForward 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, 3tarting T;=25°C, L=21mH,

R6=25ﬂ, Peak IAS=2'2A

® Isp<2.2A, di/dt<65A/us, Vpp<BVpss,
T,<150°C Suggested Rg=24Q

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

® Mounting surface:
flat, smooth, greased

® Kw =°C/w
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International
1eR|Redctifier

PD-9.525C

IRFR220

HEXFET® Power MOSFET I R F U 220
« Surface Mount (IRFR220) D
« Straight Lead (IRFU220)
* Repetitive Avalanche Rated BVbss 200V
« Dynamic dv/dt Rated & Rpsn) 0.80Q
2 Ip 4.8A
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. T iPak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 4.8
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 3.0 A
lom Pulsed Drain Current ® 18
Pp@ Tg =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 @ 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
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
Rocs Case-to-Sink ® = 7 e KW®
Roua 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 | --- | 0.29 | --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Static Drain-to-Source On Resistance --- [0.80 Q | Vgs=10V, Ip =2.9A®
VGEmh) Gate Threshold Voltage 2.0 e 4.0 \Y Vps=Vas, Ip=250pA
Ois Forward Transconductance 1.7 ¢ == == S | Vps=50V, Ips=2.9A®
Ibss Zaro Gate Voltage Collector Current --- | 250 A | Vps=200V, Vgs=0V
--- | 1000 Vpg=160V, Vgg=0V,Tj=125°C
lass Gate-to-Source Forward Leakage --- | 500 o Vgs=20V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-20V
Qq Total Gate Charge 14 Ip=5.2A, Vps=160V,
Qg CGate-to-Source Charge - | 3.0 nC | Vgg=10V®
Qgq Gate-to-Drain ("Miller") Charge 7.9
td(on) Turn-On Delay Time 7.2 Vpp=100V, Ip=5.2A
t, Rise Time 22 ns | Rg=18Q, Rp=19Q®
td(ofh) Turn-Off Delay Time 19
t Fall Time - 18 | -
Lo Internal Drain Inductance — | 45 | - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance 7.5 nb e padegs, : ‘{:
and center of die is
contact. s
Ciss Input Capacitance - | 260 | -- Vgs=0V, Vpg=25V
Coes Output Capacitance --- | 100 | -~ pF | f=1.0Mhz
Cres 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 the
Ism Pulsed Source Current 18 integral reverse @
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage 1.8 Y T,=25°C, I5=4.8A, Vgs=0V®
te Reverse Recovery Time 75 --- | 300 ns |Ty=25°C, Ig=5.2A,
(@ Reverse Recovery Charge 046 | - | 1.8 | puC |di/dt=100A/uS®
toi Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)

Notes:

@ Repetitive rating; Pulse width limited by ® lgp<4.8A, 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=8.5mH, @ Pulse width < 300ps; duty Cycle <2%  ® K/W = °C/W
RG=259, Peak |A3=4.8A
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International

eR]|Rectifier

PD-9.600

IRFR224

HEXFET® Power MOSFET

» Surface Mou

« Straight Lead (IRFU224)
* 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,

IRFU224

nt (IRFR224) D
BVpss 250V
G RDS(on) 1 .1 Q
: Ip 3.8A

n-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 hole mounting applications. Power dissipation levels up to 2 watts D-Pak
are possible in SMD applications. e 1Pak
TO-251AA

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 3.8
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 2.4 A
lom Pulsed Drain Current ® 14
Pp@ T¢ =25°C | Maximum Power Dissipation 42 w

Linear Derating Factor 0.33 W/K®
V_es Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 130 mJ
AR Avalanche Current @ 3.8 A
Ear Repetitive Avalanche Energy ® 4.2 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.8 V/ns
Ty 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 Min. Typ. Max. Units
Reuc Junction-to-Case -- --- 3.0
Recs Case-to-Sink ® 1.7 e KW®
Roua 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 N Q | Vgg=10V, Ip =2.3A®
Vasith) Gate Threshold Voltage 20 | - | 4.0 V | Vps=Vas, Ip=250pA
Ofs Forward Transconductance 17 [§— S |Vps=5.0V, Ips=2.3A®
Ipss Zero Gate Voltage Collector Current -~ | 250 | pA |Vps=250V, Vgs=0V
--- | 1000 Vps=200V, Vgs=0V,T;=125°C
lgss Gate-to-Source Forward Leakage --- | 500 A Vgs=20V
Gate-to-Source Reverse Leakage - | -500 Vgs=-20V
Qq Total Gate Charge 14 Ip=4.4A, Vps=200V,
1Qgs Gate-to-Source Charge - | 27 | nC |vgie=10V®D
Qg Gate-to-Drain ("Miller") Charge 7.8
td(on) Turn-On Delay Time - | 7.0 Vpp=125V, Ip=4.4A
Y Rise Time 13 ns |Ra=18Q, Rp=28Q®
td(of) Turn-Off Delay Time 2 |20 D=
t Fall Time 12
Lp Internal Drain Inductance — | 45 | -- Between lead, P
6mm (0.25in.) Lo
nH |from package,
Ls Internal Source Inductance 7.5 and cpentergf die g .
contact. s
Ciss Input Capacitance - | 260 | --- Vgs=0V, Vpg=25V
Coes Output Capacitance 77 pF | f=1.0Mhz
Cres Reverse Transfer Capacitance 15
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Cuntinugus Source Current 3.8 MOSFET symbol D
(Eady Diods) A | showing the
Ism Pulsed Source Current - | 14 integral reverse &
(Eody Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage 1.8 Vv T,=25°C, 1g=3.8A, Vgs=0V®
T Reverse Recovery Time 100 | --- | 400 ns |Ty=25°C, Ig=4.4A,
Qrr Reverse Recovery Charge 047 | -- | 1.9 | uC |di/dt=100A/uS®
sk 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. junctioin temperature

@ Vpp=50V, Starting T;=25°C, L=14mH,
RG=259, Peak |As=3.8A

® Isp<8.8A, 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

1¢R|Rectifier

PD-9.597

IRFR310

HEXFET® Power MOSFET

» Surface Mount (IRFR310)
« Straight Lead (IRFU310)
* Repetitive Avalanche Rated

IRFU310

» Dynamic dv/dt Rated G

Description

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

S

n-channel

BVpss 400V
b 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 mounting applications. Power dissipation levels up to 2 watts TB_'ZIZS& I-Pa
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 156
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 11 A
lom Pulsed Drain Current ©® 5.0
Pp@ Tc =25°C | Maximum Power Dissipation 25 W
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 86 mJ
IaR Avalanche Current ® 1.7 A
E, Repetitive Avalanche Energy ® 25 mdJ
dv/dt Peak Diode Recovery dv/dt ® 4.0 V/ns
Ty Operating Junction and -55to +150
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
Reuc Junction-to-Case - 5.0
Recs Case-to-Sink ® 17 3 KW®
Roua 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
Rps(on) Static Drain-to-Source On Resistance - - | 3.6 Q | Vgs=10V, Ip =1.0A®
Vasith) Gate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ofs Forward Transconductance 097 | -- S | Vps=50V, Ipg=1.0A®
Ipss Zero Gate Voltage Collector Current --- | 250 HA | Vpg=400V, Vgg=0V
--- | 1000 Vps=320V, Vgs=0V,T,;=125°C
lgss Gate-to-Source Forward Leakage - | 500 o Vgs=20V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Qg Total Gate Charge — | 12 Ip=2.0A, Vps=320V,
Qg6 Gate-to-Source Charge - | 1.9 nC |Vgs=10V®
Qg Gate-to-Drain ("Miller") Charge - - 6.5
td(on) Turn-On Delay Time 7.9 Vpp=200V, Ip=2.0A
ty R se Time - | 9.9 ns |Rg=24Q, Rp=95Q®
tdcoy Turn-Off Delay Time 3wy 12
t Fall Time - | 11 --
Lp Internal Drain Inductance — | 45 | - Between lead, P
| 6mm (0.25in.) Lo
Ls Internal Source Inductance - | 75| - o :sg‘ cf:tje(?gfe'die Q s
contact. s
Ciss Input Capacitance - | 170 | --- Vgs=0V, Vps=25V
Gl Output Capacitance 34 pF | f=1.0Mhz
Cras Reverse Transfer Capacitance - 163 -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 1.7 MOSFET symbol D
R L A | showing the
Ism Pulsed Source Current - | 43 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - - 1.6 Vv T,=25°C, Is=1.7A, Vgs=0V®
ty Reverse Recovery Time 120 | --- | 540 ns |T;=25°C, [g=2.0A,
Qrr Reverse Recovery Charge 032 | -- | 1.6 | RC |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<1.7A, dildt<40A/us, Vpp<BVpss, ® Mounting surface:
max. juncticn temperature T,<150°C Suggested Rg=24Q flat, smooth, greased

® Vpp=50V, Starting T;=25°C, L=32mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/wW
RG=259, Pezak IAS’=1 7A
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PD-9.598

International
1¢R|Rectifier IRFR320

HEXFET® Power MOSFET IRFU320

 Surface Mount (IRFR320) D

» Straight Lead (IRFU320)
« Repetitive Avalanche Rated BVpss 400V

» Dynamic dv/dt Rated
15°.3.1A

9}

S
n-channel

Description

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

The D-Pak is designed for surface mounting using vapor phase, infra red, or
wave soldering techniques. The straight lead version (IRFU series) is for
through hole mounting applications. Power dissipation levels up to 2 watts D-Pak /
are possible in SMD applications. TO-252AA  |-Pak

TO-251AA

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tgc =25°C | Continuous Drain Current, Vgs@10V 3.1
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@10V 2.0 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
lar Avalanche Current ® 3.1 A
E Repetitive Avalanche Energy ® 4.2 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.0 V/ns
Ty Operating Junction and -55 to +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
Reuc Junction-to-Case 3.0
Recs Case-to-Sink ® 17 K/W®
Reua 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 Voltage 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 e ~— | 1.8 Q | Vgs=10V, Ip =1.9A®
Vas(th) Gate Threshold Voltage 20 | - | 4.0 V | Vps=Vgs, Ip=250pA
Ots Fcrward Transconductance 15 | — | - S | Vps=50V, Ips=1.9A®
Ipss Zero Gate Voltage Collector Current -~ | 250 | pA |Vpg=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 Tctal Gate Charge = |~ | 20 Ip=3.3A, Vps=320V,
Qgs Gate-to-Source Charge -- | 33 nC |vge=10V®
Qgq Gate-to-Drain ("Miller") Charge 11
td(on) Turn-On Delay Time i i L s Vpp=200V, Ip=3.3A
3; Rise Time 14 ns |Rg=18Q, Rp=56Q®
td(of) Turn-Off Delay Time sy |30 i ==
t Fall Time — | 18 | -
Lp Internal Drain Inductance - | 45 | - Between lead,
6mm (0.25in.) Lp
Ls Internal Source Inductance - 7.5 .- L ;rs(rin ci?x?e(ragfe'die e e
contact. s
Cisa Input Capacitance -~ | 350 | --- Vags=0V, Vpg=25V
Cota Ovutput Capacitance 64 pF | f=1.0Mhz
Crss Reverse Transfer Capacitance -~ | 81
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 3.1 MOSFET symbol D
(Body Diods) A |showing the
Ism Pulsed Source Current 11 integral reverse @
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage 1.6 Vv T,=25°C, lg=3.1A, Vgs=0V®
Y Reverse Recovery Time 120 | --- | 600 ns |T;=25°C, Ig=3.3A,
Qrr Reverse Recovery Charge 064 | -~ | 30 | 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 ® Igp<3.1A, di/dt<B5A/us, Vpp<BVpss, & Mounting surface:
max. junction temperature Ty<150°C Suggested Rg=18Q flat, smooth, greased

® Vpp=50V, Starting T;=25°C, L=20mH, @ Pulse width < 300ps; duty Cycle <2%  ® KW = °C/W
Rg=25Q, Pezk Ips=3.1A

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

PD-9.599

IRFR420

HEXFET® Power MOSFET

» Surface Mount (IRFR420)

« Straight Lead (IRFU420)

* 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,

IRFU420

o

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. il o o
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg = 25°C | Continuous Drain Current, Vgs@10V 24
lp @ Tc = 100°C | Continuous Drain Current, Vgs@10V 1.8 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 Vv
Eas Single Pulse Avalanche Energy @ 170 mJ
laR Avalanche Current ® 2.4 A
Ear Repetitive Avalanche Energy ® 4.2 mJ
dv/dt Peak Diode Recovery dv/dt ® 3.5 V/ns
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case 3.0
Rocs Case-to-Sink ® 1.7 KW®
Roya 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 Dreiin-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
Rps(on) Static Drain-to-Source On Resistance - - | 3.0 Q | Vgs=10V, Ip =1.4A®
VGS(th) Ga'e Threshold Vohage 2.0 i 4.0 Vv VDS=VGS' |D=250}1A
Ots Forward Transconductance 10 | - | - S | Vps=50V, Ipg=1.4AD
Ipss Zero Gate Voltage Collector Current - --- | 250 | pA [Vps=500V, Vgs=0V
- --- | 1000 Vps=400V, Vgs=0V,T;=125°C
lass Ga'e-to-Source Forward Leakage --- --- | 500 - Vgs=20V
Gae-to-Source Reverse Leakage --- --- | -500 Vgs=-20V
Qq Total Gate Charge — |j— | 18 Ip=2.1A, Vps=400V,
Qs Gale-to-Source Charge --- -- | 33 nC |Vgs=10V®D
Qqq Gate-to-Drain ("Miller") Charge 13
tdon) Turn-On Delay Time 8.0 Vpp=250V, Ip=2.1A
T Rise Time -~ | 86 | -- ns | Ra=18Q, Rp=120Q®
td(ofy Turn-Off Delay Time 33
t Fal Time — | 16 | -
Lp Internal Drain Inductance — | 45 | - Between lead, P
émm (0.25in.) io
Ls Internal Source Inductance - | 75 | - o :231 c‘;?\‘t:le(ragfe’die 9 s
contact. s
Ciss lnp Jt Capacitanoe — 360 wee VGS=0V- VDS=25V
Cois Ouiput Capacitance --- 92 --- pF | f=1.0Mhz
Cras Reverse Transfer Capacitance 37
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Cominuc_xus Source Current - | 24 MOSFET symbol D
{Bay Unecks) A |showing the
Ism Pulsed Source Current - - | 8.0 integral reverse S
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - 1.6 \ T,=25°C, Ig=2.4A, Vgs=0V®
R Reverse Recovery Time 130 | -- | 520 ns |T;=25°C, lg=2.1A,
Qpr Reverse Recovery Charge 035| - | 1.4 | puC |di/dt=100A/uS®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

@ Repetitive rat ng; Pulse width limited by ® Igp<2.4A, di/dt<50A/us, Vpp<BVpss,  © Mounting surface:
max. junction femperature T,<150°C Suggested Rg=18Q flat, smooth, greased

@ Vpp=50V, Starting T;=25°C, L=34mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RG=259, Peak lAS=2-4A

For more information on the same die in a TO-220 package refer to IRF820.
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PD-9.654

International

10R]| Rectifier IRFR9014
HEXFET® Power MOSFET | R F U 90 1 4
» Surface Mount (IRFR9014) =

- Straight Lead (IRFU9014) :

. Rézftitivee:valanche Rated BVDSS 60V

» Dynamic dv/dt Rated 2 RDS(on) 0.500Q
e P-Channel g o 5.6
Description p-channel

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

and low on resistance.

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

f

through hole mounting applications. Power dissipation levels up to 2 watts D-Pak
are possible in SMD applications. RN -hak
TO-251AA

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@-10V -5.6
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -3.9 A
Iom Pulsed Drain Current ® -22
Pp@ T¢ =25°C | Maximum Power Dissipation 30 w

Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 140 mJ
lar Avalanche Current ® -5.6 A
Ear Repetitive Avalanche Energy ® 3.0 mJ
dv/dt Peak Diode Recovery dv/dt ® -4.5 V/ns
Ty Operating Junction and -5510 +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
Rauc Junction-to-Case 5.0
Rocs Case-to-Sink ® 1.7 KW®
Roua 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  [Vgs=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.061| --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - 10.50 Q  |Vgg=-10V, Iy =-3.4A®
VGS(th) Gate Threshold Voltage -2.0 il -4.0 \' VDS=VGSr |D=-250}1A
Jis Forward Transconductance 14 | -- . S | Vpg=-25V, Ipg=-3.4A®
Ipss Zero Gate Voltage Collector Current -~ | -250 | pA |Vps=-60V, Vgs=0V
--- |-1000 Vps=-48V, Vgg=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 10 Ip=-5.6A, Vps=-48V, Vgs=-10V
Qg Gate-to-Source Charge - | 26 nC See Fig 6 and 13®
Qgq Gate-to-Drain ("Miller") Charge --- - 5.7
td(on) Tuin-On Delay Time welt] 1 Vpp=-30V, Ip=-5.6A
P Rise Time . --- 40 - ns | Ra=24Q, Rp=4.9Q
ta(ot) Tuin-Off Delay Time - 13 - See Fig. 10®
t Fall Time — | 17 | -
Lo Internal Drain Inductance | 45 | - Between lead, p
6mm (0.25in.) Lp
Ls Internal Source Inductance --- 7.5 --- a Zsén c%?)?:ragfe;iie q s
contact. S
Ciss Input Capacitance - | 280 | --- Vgs=0V, Vpg=-25V
Coss Oulput Capacitance - | 170 | --- pF | f=1.0Mhz
Cres 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 D
(Body Diode) 2 ;‘fgf;g:gmm'
Ism Pulsed Source Current — | -] 22 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - --- | -565 V| T;=25°C, Ig=-5.6A, Vgs=0V®
tr Reverse Recovery Time 35 --- | 140 ns |T;=25°C, lg=-5.6A,
Qrr Reverse Recovery Charge 0.049| --- | 0.20 | nC |di/dt=-100A/uS®
ton Forwvard Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:
@ Repetitive rating; Pulse width limited by ® Igp<-5.6A, di/dt<-90A/us, Vpp<BVpss, @ Mounting surface:
max. junction temperature (See figure 11) T, <175°C Suggested Rg=24Q flat, smooth, greased

@ Vpp=-25V, Sterting T;=25°C, L=5.3mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Rg=25Q, Pealc Ip5=-5.6A (See figure 12)
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IRFU9014, IRFR9014
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IRFR9014, IRFU9014
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International
1¢R| Rectifier

PD-9.655

IRFR9024

HEXFET® Power MOSFET

IRFU9024

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

* Repetitive Avalanche Rated
» Dynamic dv/dt Rated

* P-Channel

Description

o

S
p-channel

BVnis G0
RDS(on) 0.289
Ib -9.6A

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
wawe 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. el 0
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip@ T =25°C | Continuous Drain Current, Vgs@-10V -9.6
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@-10V -6.8 A
Iom Pulsed Drain Current ® -38
Pp@ T¢ =25°C | Maximum Power Dissipation 50 W
Linear Derating Factor 0.33 W/K®
|Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 300 mJ
IaR Avalanche Current ® -9.6 A
Ear Repetitive Avalanche Energy ® 5.0 mJ
dv/dt Peak Diode Recovery dv/dt @ -4.5 V/ns
T Operating Junction and -55to +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 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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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, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.056| --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - | 0.28 Q  [Vgg=-10V, Iy =-5.8A®
vGS(th) Gzte Threshold Voltage -2.0 N -4.0 \' Vps=Vas, |D=-250,J.A
s Forward Transconductance 39 | - | - S | Vps=-25V, Ips=-5.8A®
Ipss Zero Gate Voltage Collector Current --- --- [ -250 | pA |Vpg=-60V, Vgg=0V
--- --- |-1000 Vps=-48V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage --- --- | -500 ak Vgs=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qg Toal Gate Charge 4 —~ |19 Ip=-11A, Vps=-48V, Vgg=-10V
Qg Gate-to-Source Charge - - | 54 nC See Fig 6 and 13®
Qqq Gate-to-Drain ("Miller") Charge 11
td(on) Turn-On Delay Time 13 Vpp=-30V, lp=-11A
t Rise Time . == 68 T fe RG=1 8Q, RD=2.SQ
ta(ofy Turn-Off Delay Time --- 15 --- See Fig. 10®
t Fall Time — | 29 | --
Lp Internal Drain Inductance — | 45 | - Between lead, P
6mm (0.25in.) Lp
T ind 7 nH |from package, o
s Internal Source Inductance - 5 --- arid center of die -
contact. s
Ciss Input Capacitance - | 570 | --- Vags=0V, Vpg=-25V
Cosd Output Capacitance --- | 360 | --- pF | f=1.0Mhz
Cra Reverse Transfer Capacitance --- 65 --- See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is gigln;?:jjource Current - | -9.6 MOSFET symbol D
y A | showing the
Ism Pulsed Source Current - | -38 integral reverse ¢
(Bedy Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - | -6.3 V | T,=25°C, Ig=-9.6A, Vgs=0V®
| 58 Reverse Recovery Time 50 - | 200 ns |T,=25°C, lg=-11A,
QrR Reverse Recovery Charge 0.16 | -- | 0.64 | nC |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 @ Igp<-9.6A, di/dt<-140A/us, Vpp<BVpss, @ Mounting surface:
max. junction 'emperature (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 Ipg=-9.6A (See figure 12)
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International

PD-9.519D

I¢R|Rectifier IRFR9110
HEXFET® Power MOSFET l R FU9 1 1 O
+ Surface Mount (IRFR9110) =

» Straight Lead (IRFU9110) 4

. R;::agtitivee?\valanche Rated BVpss -100V
» Dynamic dv/dt Rated & Rp S(on) 1.20

» P-Channel . B B4R
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 watts D-Pak =,
are possible in SMD applications. bt it - oS
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc =25°C | Continuous Drain Current, Vgs@-10V -3.4
Ip @ Tc = 100°C | Continuous Drain Current, 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 +20 )
Eas Single Pulse Avalanche Energy @ 140 mdJ
lar Avalanche Current ® -3.4 A
Ear Repetitive Avalanche Energy @ 3.0 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.5 V/ns
Ty Operating Junction and -55to +175
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
Rouc Junction-to-Case --- --- 5.0
Rocs Case-to-Sink ® 1.7 KW®
Rgua 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 Voltage -100 | --- V | Vgs=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.091| -- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - 1.2 Q  |Vgg=-10V, Iy =-2.0A®
Vasith) Gzte Threshold Voltage 20| - | -4.0 V | Vps=Vgs, Ip=-250pA
Ofs Forward Transconductance 1.3 | [ S |Vps=-50V, Ipg=-2.0A®
Ipss Zero Gate Voltage Collector Current --- - |-250 | pA |Vps=-100V, Vgs=0V
--- |-1000 Vps=-80V, Vgg=0V, T ;=150°C
lgss Gate-to-Source Forward Leakage - --- | -500 ik Vgs=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qg Toal Gate Charge — | 8.7 Ip=-4.0A, Vps=-80V,
Qqs Gate-to-Source Charge 2.2 nC Vgs=-10V®
Qqq Gate-to-Drain ("Miller") Charge --- - | 441
td(on) Tl.J"n-c).n Delay Time s 10 > VDD='50V1 ID='4~0A
i1 Rise Time 27 ns | Ra=119, Rp=24Q®
ta(of) Turn-Off Delay Time - 15 ---
t Fall Time 17
Lp Internal Drain Inductance — | 45 | == Between lead, p
6mm (0.25in.) Lp
L I S0 | 75 nH |from package, o
s nternal urce Inductance . and center of die o
contact. s
Cies Input Capacitance --- | 200 | --- Vgs=0V, Vpg=-25V
Cote Output Capacitance --- 94 --- pF | f=1.0Mhz
Cree Reverse Transfer Capacitance --- 18 -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is (Cl);)cxzmgci):;jource Current - | -3.4 MOSFET symbol D
y A |showing the
Ism Pulsed Source Current - — | -14 integral reverse €
(Bedy Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage --- - | -85 Vv T,=25°C, Ig=-3.4A, Vgs=0V®
b Reverse Recovery Time 41 --- | 160 ns |T;=25°C, Ig=-4.0A,
QpR Reverse Recovery Charge 0.075| -- | 0.30 | WC |di/dt=-100A/uS®
ten 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<-3.4A, di/dt<-75A/us, Vpp<BVpss, ® Mounting surface:
max. junction 'emperature T,<175°C Suggested Rg=24Q flat, smooth, greased

@ Vpp=-25V, Starting T;=25°C, L=20mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/w
RG=2SQ, Peak |A3=-3.4A

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

1¢:R|Rectifier

PD-9.520D

IRFR9120

HEXFET® Power MOSFET

» Surface Mount (IRFR9120)
» Straight Lead (IRFU9024)
* Repetitive Avalanche Rated

IRFU9120

» Dynamic dv/dt Rated G

* P-Channel

Description

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

S

p-channel

BVpss -100V
RDS(on) O.GQ
Ilp -6.3A

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

: : et TO-252AA 2

are possible in SMD applications. T!)_Ese}lg .
Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@-10V -6.3
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V -4.5 A
Iom Pulsed Drain Current ©® -25
Pp@ Tg =25°C | Maximum Power Dissipation 50 W

Linear Derating Factor 0.33 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 270 mJ
lar Avalanche Current ® -6.3 A
Ear Repetitive Avalanche Energy @ 5.0 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.5 V/ns
T,y 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
Rouc Junction-to-Case --- 3.0
Recs Case-to-Sink ® il K/W®
Roua Junction-to-Ambient, Typical Socket Mount 110
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IRFR9120, IRFU9120

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

Parameter Min. | Typ. | Max. | Units Test Conditions
BVpss Crain-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  [Vgg=-10V, Iy =-3.8A®
Vasith) Ciate Threshold Voltage 20| - | -40 V | Vps=Vgs, Ip=-250pA
Ofs Forward Transconductance 1.7 | -- - S | Vps=-50V, Ips=-3.8A@
Ibss Zero Gate Voltage Collector Current -~ | -250 | pA |Vpg=-100V, Vgg=0V
- --- |-1000 Vps=-80V, Vgg=0V, T ;=150°C
lgss Cate-to-Source Forward Leakage --- | -500 e Vgs=-20V
Cate-to-Source Reverse Leakage --- --- | 500 Vgs=20V
Qg Total Gate Charge - 18 Ip=-6.8A, Vps=-80V, Vgg=-10V
Qg Gate-to-Source Charge - -- | 3.0 nC See Fig 6 and 13®
Qg4 Gate-to-Drain ("Miller") Charge - | 9.0
td(on) Turn-On Delay Time - | 96 | -- Vpp=-50V, Ip=-6.8A
A Rise Time ' — 12 | - | o |Rs=18Q, Rp=7.1Q
td(oth) Turn-Off Delay Time --- 21 --- See Fig. 10®
tf Fall Time — | 25 | -
Lp Internal Drain Inductance — | 45| - Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 75 i ;rg(rjn czi‘t::rag?:iie G s
contact. s
Ciss Inout Capacitance -~ | 390 | --- Vas=0V, Vps=-25V
Cois Output Capacitance - | 170 | --- pF | f=1.0Mhz
Crsa Reverse Transfer Capacitance 45 See Fig. 5
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is (&Bréing?::e?ource Current - | -6.3 MOSFET symbol D
y A | showing the
Ism Pulsed Source Current - | -25 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Dinde Forward Voltage - | -6.3 V_ |T,=25°C, lg=-6.3A, Vgg=0V®
R Reverse Recovery Time 49 --- | 200 ns |Ty=25°C, |g=-6.8A,
Qrr Reverse Recovery Charge 017 | -- | 0.66 | KC |di/dt=-100A/LS®
Lori 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/us, Vpp<BVpss,  ® Mounting surface:
max. junction temperature (See figure 11) T,y<175°C Suggested Rg=18Q flat, smooth, greased

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

-Ip, Drain Current (amps)
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Fig 9. Maximum Drain Current Vs.
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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

ICGR

Rectifier

Target Data Sheet PD-9.521C

IRFR9210

HEXFET® Power MOSFET

« Surface Mount (IRFR9210)
» Straight Lead (IRFU9210)

« 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,

IRFU9210

o

p-channel

S

Bitiee 20
RDS(on) 3.0Q
Ip -2.0A

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. e 1iPak
TO-251AA
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
Ipm Pulsed Drain Current ® -8.0
Pp@ Tg =25°C | Maximum Power Dissipation 25 W
Linear Derating Factor 0.20 W/K®
Vas Gate-to-Source Breakdown Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 41 mJ
lar Avalanche Current ® -2.0 A
Ear Repetitive Avalanche Energy ® 2.5 mJ
dv/dt Peak Diode Recovery dv/dt ® -5.0 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range %€
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
Racs Case-to-Sink ® 1.7 e 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. |Vgs=0V, Ip=-250pA
ABVpgss/AT, | Temp. Coefficient of Breakdown Voltage | --- | n/a | --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance - - 3.0 Q  |Vgg=-10V, Ip =-1.2A®
Vasith) Gate Threshold Voltage 20| - | -4.0 V | Vps=Vas, Ip=-250pA
Ofs Forward Transconductance nfa | -- S |Vpg=-50V, Ipg=-1.2A®
Ipss Zoro Gate Voltage Collector Current --- | -250 [ pA |Vpg=-200V, Vgs=0V
- [-1000 Vpg=-160V, Vgs=0V, T =125°C
IGSS Gate-to-Source Forward Leakage - --- | -500 nA Vgs=-20V
Gate-to-Source Reverse Leakage --- | 500 Vgs=20V
Qg Total Gate Charge --- --- | 6.0 Ip=-2.4A, Vps=-160V,
Qgs Gate-to-Source Charge 1.2 nC |Vgg=-10V®
Qqgq Gate-to-Drain ("Miller") Charge - | 3.6
td(on) Turn-On Delay Time - 8 --- Vpp=-100V, Ip=-2.4A
t, Rise Time --- 15 -—- ns | Ra=24Q, Rp=420®
td(ofy Turn-Off Delay Time - 10 -
t Fall Time 8
Lo Internal Drain Inductance — | 45 | - Between lead, P
6mm (0.25in.) Lp
Ls Internal Source Inductance - 7.8 - i fargg\ czi?:fgfe,die a .
contact. s
Ciss Input Capacitance - | 160 | --- Vas=0V, Vpg=-25V
Chas Output Capacitance 50 pF |f=1.0Mhz
Crse Raverse Transfer Capacitance --- 12 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is g:)nc;in[u)gu; Source Current --- | -2.0 MOSFET symbol D
lody Diode) A |showing the
Ism Pulsed Source Current - | - | -8.0 integral reverse G
(Eody Diode) ® p-n junction diode. s
Vsp D ode Forward Voltage -- | -5.8 V| T,=25°C, lg=-2.0A, Vgg=0V®
o Rzverse Recovery Time n/a n/a ns |T;=25°C, lg=-2.4A,
QrR Raverse Recovery Charge nfa | -~ | nfa | pC |di/dt=-100A/uS®
7 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<-90A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature T,<150°C Suggested Rg=24Q flat, smooth, greased

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

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

ICR

Redctifier

Target Data Sheet PD-9.522C

IRFR9220

HEXFET® Power MOSFET

« Surface Mount (IRFR9220)
« Straight Lead (IRFU9220)

- 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,

IRFU9220

0}

p-channel

S

BVpss -200V
RDS(on) 1.SQ
Ib -3.6A

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 :
b Nerei TO-252AA  |-Pak
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@-10V -3.6
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@-10V 2.3 A
Iom 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 Vv
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 Vins
Ty Operating Junction and -55to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case - - 3.0
Recs Case-to-Sink ® 17 = K/W®
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 Crain-to-Source Breakdown Voltage -200 | --- --- V| Vgs=0V, Ip=-250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- | n/a | --- | V/°C |Reference to 25°C, Ip=-1mA
Rps(on) Static Drain-to-Source On Resistance --- - 1.5 Q | Vgs=-10V, Ip =-2.2A®
| Vas(th) Ciate Threshold Voltage 20| - | -4.0 V | Vps=Vas, Ip=-250pA
Jis Forward Transconductance nfa [ --- S [Vpg=-50V, Ipg=-2.2A®
Ipss Zero Gate Voltage Collector Current -~ |-250 | pA |Vpg=-200V, Vgg=0V
- |-1000 Vps=-160V, Vgs=0V,T;=125°C
IGSS Ciate-to-Source Forward Leakage --- | -500 nA Vgs=-20V
Ciate-to-Source Reverse Leakage - - | 500 Vgs=20V
Q, Total Gate Charge - - | 13 Ip=-4.0A, Vps=-160V,
Qg Ciate-to-Source Charge - | 24 nC |Vge=-10V®
Qg Ciate-to-Drain ("Miller") Charge 7.6
td(on) Turn-On Delay Time TH Vpp=-100V, Ip=-4.0A
t, Rise Time 35 ns |Ra=18Q, Rp=25Q®
ta(oty Turn-Off Delay Time --- 15 ---
t Fall Time -~ | 25 | --
Lp Irternal Drain Inductance - | 45 | - Between lead, ?
6mm (0.25in.) Lo
Ls Irternal Source Inductance - | 75 | - o Z:‘T cF:\f:?g?'die : e
contact. s
Cisa Irput Capacitance -~ | 340 | --- Vgs=0V, Vpg=-25V
Cha Cutput Capacitance -- | 105 | --- pF | f=1.0Mhz
Craa Reverse Transfer Capacitance 25
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current --- - | -3.6 MOSFET symbol D
(Body Diadie) A | showing the
Ism Pulsed Source Current - | -14 integral reverse €
(Blody Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - | -6.3 Vv T,=25°C, Ig=-3.6A, Vgs=0V®
e Raverse Recovery Time nfa | -- n/a ns |T,=25°C, Ig=-4.0A,
QgR Raverse Recovery Charge nfa | - | n/a | HC |di/dt=-100A/uS®
B 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<-3.6A, 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=9.7mH, @ Pulse width < 300ps; duty Cycle <2%  ® KW = °C/wW
Rg=25Q, Peak Iag=-3.6A

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

Rectifier

PD-9.637B

IRFRC20

HEXFET® Power MOSFET

« Surface Mount (IRFRC20)

« Straight Lead (IRFUC20)

* 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,

IRFUC20

o

n-channel

S

BVpss 600V
RDS(on) 4.4Q

Ip

2.0A

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

=

i

through hole mounting applications. Power dissipation levels up to 2 watts D-Pak
e Sagif TO-252AA  |-Pak
are possible in SMD applications. TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@10V 2.0
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@10V 1.3 A
Ipm Pulsed Drain Current ® 8.0
Pp@ Tg =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
IaR Avalanche Current @ 2.0 A
Ear Repetitive Avalanche Energy ® 4.2 mJ
dv/dt Peak Diode Recovery dv/dt ® 3.0 V/ns
Ty Operating Junction and -55t0 +150
Tsta Storage Temperature Range «©
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 ® - o - 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 Crain-to-Source Breakdown Voltage 600 | -- V| Vgs=0V, Ip=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®
Vas(th) Ciate Threshold Voltage 20 | - | 40 V | Vps=Vgs, Ip=250pA
Ots Forward Transconductance 10 | — | - S [Vps=100V, Ips=1.2A®
Ipss Zero Gate Voltage Collector Current - - | 250 | pA |Vps=600V, Vgg=0V
- --- | 1000 Vps=480V, Vgs=0V,T,=125°C
lgss Ciate-to-Source Forward Leakage - --- | 500 nA Vgs=20V
Ciate-to-Source Reverse Leakage --- | -500 Vgg=-20V
Q Total Gate Charge == Jj == | 18 Ip=2.0A, Vps=480V,
Qgs Ciate-to-Source Charge = | -~ [ 380 | nC |yge=10V®
299 Ciate-to-Drain ("Miller") Charge - 8.9
t(on) Turn-On Delay Time il oL e Vpp=300V, Ip=2.0A
t Fise Time 23 ns | Ra=189, Rp=150Q®
ta(ofy) Turn-Off Delay Time 224 Y13l gy =
t Fall Time — | 25 | -
Lo Internal Drain Inductance — | 45 | - Between lead, .4
6mm (0.25in.) LD
Ls Internal Source Inductance --- 7.5 --- ok | jla package, . e
and center of die is
contact. s
Cies Input Capacitance - | 350 [ --- Vas=0V, Vpg=25V
Coel Cutput Capacitance 48 pF | f=1.0Mhz
Cose Reverse Transfer Capacitance - | 86 | -
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is (;?rginggus Source Current - | 20 MOSFET symbol D
(Body Diode) A |showing the
lsm Pulsed Source Current — P =80 integral reverse &
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - - 1.6 Vv T,=25°C, Ig=2.0A, Vgs=0V@®
e Reverse Recovery Time 140 | --- | 580 ns |Ty=25°C, Ig=2.2A,
Qpr Reverse Recovery Charge 034 | - | 1.3 | pC |di/dt=100A/uS®
tan 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=49mH,

Rg=25Q, Peak lAS=2-0A

® Isp<2.0A, di/dt<40A/us, Vpp<BVpss,
T <150°C Suggested Rg=18Q

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

® Mounting surface:
flat, smooth, greased

® Kw =°C/w
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Redctifier

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,

9}

S

n-channel

BVpss 100V
RDS(on) 2.4Q
Ip 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.

Absolute Maximum Ratings

Parameter Max. Units
Ip @ T =25°C | Continuous Drain Current, Vgs@10V 0.90
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@10V 0.64 A
Iom Pulsed Drain Current ©® 3.6
Pp@ T¢ =25°C | Maximum Power Dissipation 4.3 w

Linear Derating Factor 0.29 W/IK®

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 ® 55 V/ns
i Operating Junction and -55to +175 °C
Tsta Storage Temperature Range
Thermal Resistance

Parameter Min. Typ. Max. Units
Reuc Junction-to-Case --- --- 35
Recs Case-to-Sink ® 5.0 K/W®

131




IRFS1Z0

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) Sitatic Drain-to-Source On Resistance - | 24 Q | Vgs=10V, Ip =0.54A®
Vasith) Ciate Threshold Voltage 2.0 - | 4.0 V | Vps=Vas, Ip=250pA
Ofs Forward Transconductance 024 | - | -- S | Vps=50V, Ips=0.54A®
Ipss Zero Gate Voltage Collector Current -~ | 250 | pA |Vps=100V, Vgs=0V
--- | 1000 Vps=80V, Vgg=0V,T;=150°C
IGSS Giate-to-Source Forward Leakage --- | 500 nA Vgs=20V
Giate-to-Source Reverse Leakage - --- | -500 Vgs=-20V
Q, Total Gate Charge - | 1.6 Ip=0.90A, Vps=80V,
Qg Ciate-to-Source Charge - | -~ |068| nC |y s=10V®
Qg Ciate-to-Drain ("Miller") Charge --- | 0.95
tdon) Turn-On Delay Time 7.8 Vpp=50V, Ip=0.90A
t, Fiise Time -~ | 45 --- ns  |Ra=50Q, Rp=55Q®
ta(of) Turn-Off Delay Time - 11 ---
t Fall Time — | 47 | -
Lo Internal Drain Inductance — (20| - Between lead, P
6mm (0.25in.) b
Ls Internal Source Inductance - | 3.0 | -- i gzchi?Z?g?aie N i
contact. s
Ciss Irput Capacitance 39 Vags=0V, Vps=25V
Cass Cutput Capacitance 18 pF | f=1.0Mhz
Cre Reverse Transfer Capacitance - 2.8 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Cantinugus Source Current 0.9 MOSFET symbol D
(Body Diode) X
A |showing the
Ism Pulsed Source Current --- - | 3.6 integral reverse €
(Blody Diode) ® p-n junction diode. s
Vsp D ode Forward Voltage 1.4 V| T,=25°C, Is=0.9A, Vgs=0V®
1 Raverse Recovery Time 42 71 ns |T,=25°C, Ig=0.9A,
Qgrr Reaverse Recovery Charge 0.14 | -- | 0.41| 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 ® Igp<0.9A, di/dt<25A/us, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=50Q flat, smooth, greased

® Vpp=25V, Starting T;=25°C, L=16mH, @ Pulse width < 300us; duty Cycle <2%  ® K/W = °C/W
Re=250Q, Peak Ips=1.0A

For more information on the same die in a HD-1 package refer to IRFD1Z0.
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International
1¢:R] Rectifier

PD-9.628

IRLDO14

HEXFET® Power MOSFET

+ Dynamic dv/dt Rated D

¢ For Automatic Insertion

« End Stackable BVpss 60V

« Logic Level Gate = Rps(n) 0.20Q
“ Ip 1.7A

Description il o

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 @ Tg =25°C | Continuous Drain Current, Vgs@5V 1.7
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@5V 12 A
_ID_NL Pulsed Drain Current ® 14
Pp@ Tc =25°C | Maximum Power Dissipation 1.8 W
Linear Derating Factor 0.0083 W/K®
|\Vas Gate-to-Source Breakdown Voltage +10 \
Eas Single Pulse Avalanche Energy @ 130 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.5 V/ns
T, Operating Junction and -551t0 +175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
‘ Parameter Max. Units
Roua Junction-to-Ambient, Typical Socket Mount 120 Kw®

133



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=250pA
ABVpss/AT, | Temp. Coefficient of Breakdown Voltage | --- |0.070| --- | V/°C |Reference to 25°C, Ip=1mA
Rps(on) Sitatic Drain-to-Source On Resistance - --- | 0.20 Q Vgs=5.0V, Ip =1.0A®
- 028 Vgs=4.0V, Ip =0.85A®
VGS(!h) Ciate Threshold Voltage 1.0 - 2.0 \" Vps=Vas, |D=250}LA
Os Forward Transconductance 1.0 | - - S  |Vps=25V, Ipg=1.0A®
Ipss Zero Gate Voltage Collector Current --- --- | 250 | pA |Vps=60V, Vgg=0V
--- --- | 1000 Vps=48V, Vgs=0V,T,=150°C
IGSS (Gate-to-Source Forward Leakage - - | 500 SR Vgs=10V
(Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Q, Total Gate Charge - | 84 Ip=10A, Vps=48V, Vs=5.0V®
Qg (3ate-to-Source Charge 2.6 nC
Qqq Gate-to-Drain ("Miller") Charge - - | 6.4
td(on) Turn-On Delay Time == | 88 | ~ Vpp=30V, Ip=10A
1 Rise Time - | 110 | --- ns |Ra=129Q, Rp=2.80®
ta(ofp Turn-Off Delay Time --- 17 ---
1 Fall Time — | 26 | --
Lp Internal Drain Inductance - 4.0 - Between lead, P
6mm (0.25in.) Lp
Ls Internal Source Inductance - 6.0 - iy farg;n c‘;i‘t::?g?;ii & < .
contact. s
Cis Input Capacitance - | 400 | --- Vas=0V, Vps=25v
Coss Qutput Capacitance - | 170 | - pF |f=1.0Mhz
Gt Reverse Transfer Capacitance 42 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuqus Source Current 157 MOSFET symbol )
\Sody ke A |showing the
Ism Pulsed Source Current --- --- 14 integral reverse G
(Body Diode) ©® p-n junction diode. s
Vsp Diode Forward Voltage 1.6 Vv T,=25°C, Ig=1.7A, Vgs=0V®
| Reverse Recovery Time 73 --- | 130 ns |Ty=25°C, lg=10A,
Qpn Reverse Recovery Charge 010 | -- | 0.65| WC |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<10A, di/dt<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=55mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RG=259, Feak |A5=1-7A
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International

1¢R]| Rectifier

PD-9.629

IRLD024

HEXFET® Power MOSFET

» Dynamic dv/dt Rated D

» For Automatic Insertion

 End Stackable BVpss 60V

* Logic Level Gate 3 Rpsn) 0.10Q
. Ip 2.5A

Description oA

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 @ Tg =25°C | Continuous Drain Current, Vgs@5V 2.5
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@5V 1.8 A
lom Pulsed Drain Current ® 20
Pp@ Tg =25°C | Maximum Power Dissipation 13 W
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +10 Vv
Eas Single Pulse Avalanche Energy @ 91 mdJ
dv/dt Peak Diode Recovery dv/dt ® 4.5 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 Max. Units
Roua 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  |Vgs=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 it = 1,0.10 o [Ves=5.0V,Ip=1 .5A®
b == 0.14 VQ5=4.0V, ID =13A@
VGS(th) Ciate Threshold Voltage 1.0 i 2.0 \") VDS=VGS: |D=250p.A
Ofs Forward Transconductance 14 | -- S |Vps=25V, Ips=1.5A®
Ipss Zero Gate Voltage Collector Current --- -~ | 250 | pA |Vpg=60V, Vgg=0V
--- | 1000 Vps=48V, Vgs=0V,T,=150°C
lgss Ciate-to-Source Forward Leakage - --- | 500 - Vgs=10V
Ciate-to-Source Reverse Leakage --- | -500 Vgs=-10V
Qq Total Gate Charge 18 Ip=16A, Vps=48V, Vs=5.0V®
Qg Cate-to-Source Charge - | 45 nC
Qqq Cate-to-Drain ("Miller") Charge 12
td(on) Turn-On Delay Time == | 11 Vpp=30V, Ip=16A
L Rise Time = | 110 | --- ns  |Ra=9.0Q, Rp=1.7Q®
ta(ofy Turn-Off Delay Time - 23 ---
t Fall Time - | # -
Lp Irternal Drain Inductance - 4.0 - Between lead, D
6mm (0.25in.) b
Ls Irternal Source Inductance - | 60 | — i g:glc‘;i(t:z?gfe'di . T "
contact. s
Ciss Irput Capacitance --- | 880 | -- Vgs=0V, Vpg=25v
Coss Cutput Capacitance -~ | 350 | --- pF | f=1.0Mhz
G Reverse Transfer Capacitance 54 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - | 25 MOSFET symbol D
(Body Diode) A |showing the
Ism Pulsed Source Current — | -] 20 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- - S V| T,=25°C, Ig=2.5A, Vgs=0V®
) (98 Reverse Recovery Time 70 - 140 ns |Ty=25°C, lg=16A,
Qrr Reverse Recovery Charge 019 | -- |0.78| MHC |di/dt=100A/pS®
o 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. juncticn temperature

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

RG=2SQ, Peak lAS=2-5A

® Isp<17A, di/dt<140A/us, Vpp<BVpss,
T <175°C Suggested Rg=9.0Q

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

® Mounting surface:
flat, smooth, greased

® K/w = °C/w

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

1¢R| Rectifier

PD-9.635

IRLD110

HEXFET® Power MOSFET

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

» End Stackable 5

* Logic Level Gate

Description

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

n-channel

D
BVpss 100V
RDS(on) 0.54Q
= Ip 1.0A

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 @ T¢ = 100°C | Continuous Drain Current, Vgs@5V 0.70 A
Iom Pulsed Drain Current ©® 8.0
Pp@ Tg =25°C | Maximum Power Dissipation T3 w
Linear Derating Factor 0.0083 W/K®
Vas Gate-to-Source Breakdown Voltage +10 Vv
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
il Operating Junction and -55to +175
Ts1e 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 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
Rps(on) Static Drain-to-Source On Resistance - --- | 0.54 Q Vas=5.0V, Ip =0.6A@
- .| 0.76 Vgs=4.0V, Ip =0.50A®
Vasiih) Cate Threshold Voltage 1.0 - 2.0 V  |Vps=Vgs, Ip=250pA
Jis Forward Transconductance 08 | -- --- S | Vpg=50V, Ipg=0.60A®
Ipss Zero Gate Voltage Collector Current - -~ | 250 | pA |Vps=100V, Vgs=0V
--- | 1000 Vps=80V, Vgs=0V,T;=150°C
IGSS Ciate-to-Source Forward Leakage --- | 500 nA Vgs=10V
Ciate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Qg Total Gate Charge - | 64 Ip=5.6A, Vps=80V, Vgs=5.0V®
Qgs Ciate-to-Source Charge - | 26 nC
Qqq Giate-to-Drain ("Miller") Charge -~ | 83
td(on) Turn-On Delay Time o 9.3 -— Vpp=50V, Ip=5.6A
& Flise Time - 47 - ns  |Ra=12Q, Rp=8.4Q®
td(ot) Turn-Off Delay Time - 16 -
tf Fall Time - 17 | -
Lp Internal Drain Inductance -~ | 40 | -- Between lead, P
6mm (0.25in.) Lo
Ls Internal Source Inductance - 6.0 --- nH :r?:inczi(t::ragfe;iie a .
contact. s
Ciss Input Capacitance --- | 250 | --- Vgs=0V, Vpg=25v
Cois Qutput Capacitance 80 pF | f=1.0Mhz
Cres Reverse Transfer Capacitance 15 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current - --- 5.6 MOSFET symbol D
(Body Diods) A | showing the
lsm Pulsed Source Current --- --- 18 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage --- --- 2.5 Vv T,=25°C, lg=1.0A, Vgs=0V®
Y Reverse Recovery Time 89 --- | 130 ns |T;=25°C, |g=5.6A,
Qpr Reverse Recovery Charge 035| - |0.65| HC |di/dt=100A/uS®
fon IForward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg + Lp)
Notes:

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

® Vpp=25V, Starting T;=25°C, L=52mH,
Rg=25Q,

Peak I55=2.0A

©) Isp<5.6A, di/dt<75A/us, Vpp<BVpss,
T, £175°C Suggested Rg=12Q

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

® Mounting surface:
flat, smooth, greased

® KW =°CwW
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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 HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching speed, ruggedized device design,

D
BVpss 100V
G RDS(on) 0.27Q
s Ip 1.3A
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 113
Ip @ T¢ = 100°C | Continuous Drain Current, Vgs@5V 0.94 A
Iom 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 \"
Eas Single Pulse Avalanche Energy @ 100 mJ
IaR Avalanche Current ® 1.3 V'
Ear Repetitive Avalanche Energy @ 0.13 mdJ
dv/dt Peak Diode Recovery dv/dt ® 9.9 Vins
Ty Operating Junction and -551t0 +175
Tstg 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 Kw®

139



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=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 --- --- [ 027 a Vas=5.0V, Ip =0.78A®
- 1038 Vgs=4.0V, Ip =0.65A®
Vas(th) Ciate Threshold Voltage 1.0 - | 20 V  |Vps=Vags, Ip=250pA
Ofs Forward Transconductance 092 | -- S | Vpg=50V, Ipg=0.78A®
Ipss Zero Gate Voltage Collector Current --- --- [ 250 | pA [Vps=100V, Vgs=0V
- --- | 1000 Vps=80V, Vgs=0V,T,;=150°C
IGSS Ciate-to-Source Forward Leakage --- | 500 nA Vgs=10V
Ciate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Q, Total Gate Charge 12 Ip=9.2A, Vps=80V, Vgs=5.0V®
Qg Ciate-to-Source Charge e il . e 11
Qg4 Ciate-to-Drain ("Miller") Charge 74
td(on) Turn-On Delay Time - | 98 | .- Vpp=50V, Ip=9.2A
L X4 e = | 84 | = | g |Re=9.00, Rp=5.200
ta(ofn Turn-Off Delay Time - 21 ---
t Fall Time — | 27 | -
Lp Internal Drain Inductance — | 40 | - Between lead, P
6mm (0.25in.) Lp
Ls Internal Source Inductance - 6.0 --- oK :gg‘ cf:l(t:'e(?gfe'di 5 G o
contact. s
Ciss Input Capacitance -~ | 490 | --- Vgs=0V, Vpg=25v
Coss Cutput Capacitance --- | 150 | --- pF | f=1.0Mhz
Cica Reverse Transfer Capacitance 30
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current 1.3 MOSFET symbol D
(Body Diode) A showing the
Ism Pulsed Source Current 10 integral reverse 9
(Body Diode) ©® p-n junction diode. s
Vsp Diode Forward Voltage - | 25 V. [T,=25°C, Is=1.3A, Vqs=0V®
T Reverse Recovery Time 82 --- | 140 ns |[Ty=25°C, Ig=9.2A,
Qrn Reverse Recovery Charge 064 | -- | 1.0 | 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
max. juncticn temperature

® Vpp=25V, Starting T;=25°C, L=24mH,

RG=2SQ: Peak |As=2.6A

® I1gp<9.2A, di/dt<110A/us, Vpp<BVpss,
T,<175°C Suggested Rg=9.0Q

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

® Mounting surface:
flat, smooth, greased

® KW =°C/W
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International
1¢R|Rectifier

PD-9.624

IRLRO14

HEXFET® Power MOSFET I R LU O 1 4

» Surface Mount (IRLR014) B

» Straight Lead (IRLU014)

- Dynamic dv/dt Rated BVpss 60V

* Logic Level Gate e RDS(on) 0.200
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 BelPgk, =T ¥ |
are possible in SMD applications. T anlak
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@5V 8.5
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@5V 6.0 A
Iom Pulsed 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 V
Eas Single Pulse Avalanche Energy @ 47 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.5 V/ns
i Operating Junction and -55to0 +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min Typ Max. Units
Reuc Junction-to-Case --- - 5.0
Recs Case-to-Sink ® 17 KW®
Reua 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
Rps(on) Static Drain-to-Source On Resistance --- | 0.20 a Vas=5.0V, Ip =5.1A®
- |0.28 Vas=4.0V, Ip =4.3A®
VGS(th) Gate Threshold Voltage 1.0 e 2.0 Vv VDS=VGSn |D=250}J,A
Ofs Forward Transconductance 37 || -~ | = S |Vps=25V, Ipg=5.1A®
Ibss Zero Gate Voltage Collector Current --- | 250 | pA |Vps=60V, Vgs=0V
== == 1000 VDs=48V, VGs=0V,TJ=1 50°C
IGSS Gate-to-Source Forward Leakage --- | 500 ik Vgs=10V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-10V
Qq Total Gate Charge -- | 84 Ip=10A, Vps=48V, Vgs=5.0V®
Qgs Gate-to-Source Charge - | 26 nC
Qg4 Gate-to-Drain ("Miller") Charge ~er --- 6.4
td(on) Turn-On Delay Time - 193 | - Vpp=30V, Ip=10A
1 Rise Time 110 | == ns |Ra=129, Rp=2.80®
ta(of Turn-Off Delay Time - 17 -
t Fall Time - | 26 | --
Lp Internal Drain Inductance - | 45 | - Between lead, 7
6mm (0.25in.) Lp
Ls Internal Source Inductance - | 75 | - e fars?c’;i(t::?gfe'di . .
contact. s
Citt Input Capacitance - | 400 | --- Vas=0V, Vpg=25v
Cica Output Capacitance - | 170 | --- pF | f=1.0Mhz
Crsé Raverse Transfer Capacitance 42
Source-Drain Diode Ratings and Characteristics ;
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - == 8.5 MOSFET symbol D

(Elody Diode)

A | showing the

Ism Pulsed Source Current 31 integral reverse €

(Elody Diode) @ p-n junction diode. s
Vsp D ode Forward Voltage --- --- 1.6 V| T,=25°C, Ig=8.5A, Vgg=0V®
£ Raverse Recovery Time 73 --- | 130 ns [T =25°C, Iz=10A,
Qgn Raverse Recovery Charge 010 | -- [065| HC |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 ® Igp<8.5A, di/dt<90A/us, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=12Q flat, smooth, greased

@ Vpp=25V, Starting Ty=25°C, L=850pH, @ Pulse width < 300ps; duty Cycle <2%  ® KW = °C/wW
Rg=25Q, Peak |pg=8.5A
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International

1¢R| Rectifier

PD-9.625

IRLR024

HEXFET® Power MOSFET IRLU024

+ Surface Mount (IRLR024) D

« Straight Lead (IRLU024)

* Dynamic dv/dt Rated BVDSS 60V

+ Logic Level Gate * Rps(n) 0.10Q
A b 16A

Description f-criange)

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 'y
through hole.mounting appliqations. Power dissipation levels up to 2 watts TB_;':SJZ p '
are possible in SMD applications. T0's SE}AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@5V 16
Ip @ Tc = 100°C | Continuous Drain Current, Vgs@5V 11 A
lom Pulsed Drain Current ® 64
Pp@ T¢ =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 @ 91 mJ
dv/dt Peak Diode Recovery dv/dt ® 4.5 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
Rouc Junction-to-Case - 3.0
Rocs Case-t0-Sink ® 1.7 KW®
Roua Junction-to-Ambient, Typical Socket Mount --- 110
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IRLROZ24, 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, 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 - --- | 0.10 a Vas=5.0V, Ip =9.6A®
- |0.14 Vgs=4.0V, Ip =8.0A®
Vas(ih) Gate Threshold Voltage 1.0 =ea 2.0 v Vps=Vas, Ip=250pnA
Ois Foward Transconductance 79 | - - S |Vps=25V, Ipg=9.6A®
Ipss Zero Gate Voltage Collector Current --- -- | 250 | pA |Vps=60V, Vgs=0V
--- | 1000 Vps=48V, Vgs=0V,T;=150°C
lgss Gate-to-Source Forward Leakage --- | 500 ok Vgs=10V
Gate-to-Source Reverse Leakage --- | -500 Vgs=-10V
Q, Tolal Gate Charge 18 Ip=16A, Vps=48V, Vgs=5.0V®
Qgs Gate-to-Source Charge - - | 45 nC
Qqq Gate-to-Drain ("Miller") Charge 12
td(on) Turn-On Delay Time - 11 e VDD=3OVt |D=1 B8A
t, Rise Time - | 110 | --- ns |Ra=9.0Q, Rp=1.70®
ta(ot) Tuin-Off Delay Time - 23
t Fall Time - | 41 | -
Lp Internal Drain Inductance - | 45 | - Between lead, ?
6mm (0.25in.) Lo
Ls Internal Source Inductance - | 75 | - L farg:jnc‘;:?:?g?;ji " g o
contact. st
Ciss Input Capacitance --- | 880 | --- Vags=0V, Vps=25v
Coss Ouiput Capacitance -~ | 350 | --- pF | f=1.0Mhz
|Crss Reverse Transfer Capacitance 54 ---
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
——- - D
Is %o;gyg?::e?ource Current 16 MOS!:ET symbol
A | showing the
Ism Pulsed Source Current 64 integral reverse ¢
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage - 1.5 V| T;=25°C, Ig=16A, Vgs=0V®
b Reverse Recovery Time 70 - | 140 ns |Ty=25°C, le=16A,
Qmn Reverse Recovery Charge 019 | -- [0.78 | KC |di/dt=100A/LS®
tan 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<16A, dildt<140A/us, Vpp<BVpss, @ Mounting surface:
max. junction temperature T,<175°C Suggested Rg=9.0Q flat, smooth, greased

@ Vpp=25V, Starting T =25°C, L=450uH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RGEZSQ, Peal¢ IAS-1 B6A

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

144




International

IGR

Rectifier

PD-9.633

IRLR110

HEXFET® Power MOSFET

« Surface Mount (IRLR110)
« Straight Lead (IRLU110)
* Repetitive Avalanche Rated

IRLU110

* Dynamic dv/dt Rated G

* 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) 0.54Q
Ib 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

are possible in SMD applications.

Absolute Maximum Ratings

I-Pak
TO-251AA

TO-252AA

Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@5V 4.6
Ip @ T = 100°C | Continuous Drain Current, Vgs@5V 3.3 A
Iom Pulsed Drain Current ® 18
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 @ 100 mJ
lar Avalanche Current ® 4.6 A
Ear Repetitive Avalanche Energy ® 3.0 mJ
dv/dt Peak Diode Recovery dv/dt ® 919 V/ns
Ty Operating Junction and -55to +175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rauc Junction-to-Case 5.0
Rocs Case-to-Sink ® --- T - KW®
Roua 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=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 a |Vgs=5.0V, Ip =2.7A®

- | 0:76 Vgs=4.0V, Ip =2.3A®
l/§§_(m) Gete Threshold Voltage 1.0 &= 2.0 Vv Vps=Vas, ID'ZSOPLA
Ots Forward Transconductance 23 | -~ | - S [Vpg=50V, Ips=2.7A®
lpss Zero Gate Voltage Collector Current --- | 250 | pA |Vpg=100V, Vgg=0V

--- (1000 Vps=80V, Vgg=0V,T;=150°C
IGSS Gate-to-Source Forward Leakage --- --- | 500 nA Vgs=10V

Gate-to-Source Reverse Leakage --- | -500 Vgg=-10V
Qg Total Gate Charge - | 61 Ip=5.6A, Vps=80V, Vgs=5.0V®
1Qgs Gate-to-Source Charge - | 2.0 nC ‘
1Qgq Gate-to-Drain ("Miller") Charge - | 3.3
td(on) Turn-On Delay Time 9.3 Vpp=50V, Ip=5.6A
t Rise Time . - 47 - ns |Ra=129, Rp=8.4Q®
td(oft Turn-Off Delay Time --- 16

t Fall Time - 17| -
Lp Internal Drain Inductance - | 45 | - Between lead,
6mm (0.25in.) to
Ls Internal Source Inductance — | 75| - i ::(T ci?:t::ragfe'die Q -
contact. s
Ciss Input Capacitance === | 250 | --- Vgs=0V, Vpg=25v
Coss Output Capacitance 80 pF | f=1.0Mhz
Crea Reverse Transfer Capacitance --- 15
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - | 4.6 D

(Bcdy Diode) i 2’:83:;?;:;’ i
lsm Pulsed Source Current 18 integral reverse &

(Bcdy Diode) @ p-n junction diode. s
ﬁo Diode Forward Voltage 2> \' T,=25°C, Ig=4.6A, Vgs=0V®
T Reverse Recovery Time 89 --- | 130 ns |T;=25°C, |g=5.6A,

Qpn Reverse Recovery Charge 0.35| - |065| wC |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<4.6A, di/dts75A/s, Vpp<BVpss,  ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=12Q flat, smooth, greased

@ Vpp=25V, Starting T;=25°C, L=7.4mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/w
RG=259, Peak IAS’4'6A
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PD-9.636

IRLR120

HEXFET® Power MOSFET

» Surface Mount (IRLR120)

« Straight Lead (IRLU120)

« Repetitive Avalanche Rated
* Dynamic dv/dt Rated

* Logic Level Gate

Description

Third Generation HEXFETs from International Rectifier provide the designer

IRLU120

D
BVpss 100V
G RDS(on) O.27Q
. Ip 8.4A
n-channel

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. T ek
TO-251AA
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg =25°C | Continuous Drain Current, Vgs@5V 8.4
Ip @ Tg = 100°C | Continuous Drain Current, Vgs@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 Vv
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 -551t0 +175
Tsta Storage Temperature Range G
Soldering Temperature, for 10 sec. 300 (0.068 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case 3.0
Recs Case-to-Sink ® = {7 KW®
Roua 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' |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 - |0.27 Q | Vas=5.0V, Ip =5.0A®
- 10.38 Vas=4.0V, Ip =4.2A®
VGS(th) Gate Threshold Vo|tage 1.0 S 2.0 Vv VDS=VGSv 'D’250P'A
Ots Fcrward Transconductance 48 | -~ | - S |Vps=50V, Ips=5.0A®
Ipss 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 A Vgs=10V
Gate-to-Source Reverse Leakage --- --- | -500 Vgs=-10V
Qg Total Gate Charge - - 12 Ip=9.2A, Vps=80V, Vgs=5.0V®
Qgs Gete-to-Source Charge .- -- | 3.0 nC
Qqq Gete-to-Drain ("Miller") Charge - 74
td(on) Turn-On Delay Time —~ | 98 | - Vpp=50V, Ip=9.2A
i Risglns v iprBd Drsten b7 005 HE S o). WEES R0
ta(ofn Turn-Off Delay Time 21
t Fall Time - | 27
Lp Internal Drain Inductance - | 45 | -- Between lead,
6mm (0.25in.) Lo
Ls Internal Source Inductance 75 ! Lr:(rj'n c’:\?:?gfe;iie 2 "
contact. s
Ciss Input Capacitance - | 490 | --- Vas=0V, Vpg=25v
Cois Output Capacitance -- | 1580 | --- pF [f=1.0Mhz
Crie Reverse Transfer Capacitance - 30 —
Source-Drain Diode Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current -- | 84 D
(Bcdy Diode) A :/rlmoo?vﬁgl;:g ot
Ism Pulsed Source Current - | 31 integral reverse &
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage - --- 25 \ T,=25°C, Ig=8.4A, Vgs=0V®
I Reverse Recovery Time 82 --- | 140 ns [T =25°C, Ig=9.2A,
Qgr Reverse Recovery Charge 064 | -- | 1.0 | wC |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<8.4A, di/dt<110A/us, Vpp<BVpss, ® Mounting surface:
max. junction temperature T,<175°C Suggested Rg=9.0Q flat, smooth, greased

@ Vpp=25V, Stating T;=25°C, L=4.4mH, @ Pulse width < 300us; duty Cycle <2%  ® KW = °C/W
RG=259, Peac IAs=8.4A
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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 i » Ground Plane
HEXFETs m_ ® » Low Leakage Inductance
Current Transformer
<
+
4 “{ ®
‘ LT
Driver (K Vet
@ .
Ra I | « dv/dt controlled by Rg 5
* Driver same type as D.U.T. -+ Vob
* Igp controlled by Duty Factor "D" 3
* D.U.T.- Device Under Test

@ D.U.T. Isp Waveform

Reverse o
Recovery | Y Body Diode Forward
Current Current /
dv/dt
® D.U.T. Vps Waveform  po4e Recovery
dvidt N\

Re-Applied
Voltage | Body Diode’ ‘Forward Drop

@ Inductor Current

* Vgs = 5V for Logic Level Devices

internationa
o
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Appendiix A Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
» Low Stray Inductance
Fig 14. For P-Channel ::— ® —E}roucd 'P;Ianelnd
’  Low Leakage Inductance
HEXFETs [ K Current Transformer

ot Lol

\e

Driver

RRES

« dv/dt controlled by Rg &
* Igp controlled by Duty Factor "D" = Voo
* Driver compliment of D.U.T. 3
(N-Channel)
* D.U.T.- Device Under Test

® Driver Gate Drive D = Perlod

Vas = 10V*

4()()
@ D.U.T. Isp Waveform dvidt
Reverse Body Diode Forward
Recovery

Current

® D.UiT. Vps Waveform
Re-Applied Body Diode Forward Drop
Voltage ]

Vop

Diode Recovery/
dv/dt

@ Inductor Current

Vgs = 5V for Logic Level Devices

International
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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)

TO-251AA Outline

1.02 (0.040)

1.64 (0.025) \l

6.73 (0.265)
6.35 (0.250)

5.46 (0.215)

5.21 (0.205)

V)

1.27 (0.050)
{ 0.88 (0.035)

Appendix B

2.38 (0.094)
2.19 (0.086)
1.14 (0.045)
0.89 (0.035)
0.58 (0.023)
pt—  ———————
-‘ 0.46 (0.018)

6.22 (0.245)
5.97 (0.235)

10.42 (0.410)

o T

6.45 (0.245)
5.68 10.224)

9.40 (0.370)

i

1.62 (0. 060)
1.15 (0.045)

1.14 (0.045)
0.76 (0.030)

(2250w |

2X

Conforms to JEDEC outline TO-251AA
Dimensions in millimeters (inches)
Solder dip max. + 0.16 (0.006)

1.91 (0.075)

1.52 (0.060)

1.15 (0.045) "l

s

6.73 (0.265)

R

0.89 (0.035)
0.64 (0.025)

[@] 025010 @[A@ﬂ

4.57 (0.180)

3]

5.46 (0.215)
'5.21 (0.205)

' 6.35 (0.250)

1.27 (0.050)
{ 0.88 (0.035)

2.28 (0.090)

1.14 (0.045)
0.76 (0.030)

2.28 (0.090) |—==

2X

T \
6.22 (0.245)
5.97 (0.235)
1 2. Tuip
9.65 (0.380)
8.89 (0.350)
| | |
e = -
0.89 (0.035)
— == X 55i0.025) o
[®] 0250100 W[A®]c]
T ]

International
[zer|Rectifier

0.51 (0.020)
] MIN.

J L_ 0.58 (0.023) 023)

0.46 (0.018)

1- GATE
2 - DRAIN
3 - SOURCE
4 - DRAIN

2.38 (0.094)
2.19 (0.086)
0.58 (0.023)
0.46 (0.018)

i

6.45 (O 245)
5.68 (0.224) (0.224)

]

f

- GATE

- DRAIN
- SOURCE
- DRAIN

p O N =

L_ 1.14 (0.045)

0.89 (0.035)

0.58 (0.023)
0.46 (0.018)
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Appendix B

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

;

Package Qutline

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

1.1 (0.044) 6.29(0.248) 5.02(0.198)
0.87 (0.034) 6.05 (0.238) l* | ’l 4.78 (0.188)
i 3.40(0.134)
[ AR 457 (0.180
]( BTy Tz’%? Eo 120}
241(0.095) | . | h ' _
216(0085) - 4.06 (0.160)
. l \, 3.56 (0.140)
a4 » e
[ | 1.14 (0.045) ! !
\ i ik 1 [ <
g'—;i-:g%% I @ %= 2 589003 - J | 4 060(0024)
Sl ﬂ_l 7.62 (0.300) x (1 26700105 _| [ 051 (0.020)
MIN. 2.41(0.095)
SOT-89 Outline
Dimensions in millimeters (inches) 1.7 (0.067)
e 27 £0:1.859 TR - = 1.4 (0.055)
0.6 (0.024) g {1 B
0.4 (0.015) 1 __‘ ~———t 3 5 oser
e TR T A _,,E
279D X ) 4.5 (0.178)
2.5 (0.098) : 3.7 (0.145)
l L J g
1.849.902) 1 2 3
0.7 (0.027) ' ' ! Y.
* ,\ l._ 0.60. (O=1)
0.6 (0.024) 0.35 (0.0 )

0.5 (0.020)
0.3 (0.012)
2%

" 0.4 (0.015)

1.6 (0.063)

1.4 (0.055)

3.2 (0.126)
2.8 (0.110)

international

152

2X

1 - GATE
2 - DRAIN
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Tape & Reel Information

1.85 (0.073)

Appendix C

4.1(0.162) | ® oo
3.9 (0.153 { i
2.1 ((0.827)) A1.85 (0.073) 0.35 (0.014)
TR 1.9 (0.074) | 1.65 (0.064) 0.25 (0.009) o =
L RN SRR o worwmw
/ 7.4 (0.291) AN 16.3 (0.642)
— D— s9.(9. | 757 (0.618)
b— ‘\ ( & 6.8 (0.260)
12.1 (0.477) \_ 2.6 (0.103) 2.75 (0.109 Ll
FEED DIRECTION  12:1 (0.477) -—)-pi@eeuos 20004 e
e
1.85 (0.073]
Sy e e ¢ imGaa
3.9 (0.153 . "
27 ((0.527) 1.85 (0.073) 0.35 (0.014) i
= T 075 = ‘#— 1.65 (0.064) 0.25 (0.009) "
7.6 (0.300)
7.4 (0.291) 16.3 (0.642)
) o jos 4l | 1 757(08618)
b m 10.4 (0.409)
FEED DIRECTION 8.1 (0.319) \_ @ 281010 2.75 (o.1ia)
_— 7.9 (0.311) = 32 oong) 2.55 (0.100) -
4.1 (0.162) @88 10,0737
3.9 (0.153) | 1.65 (0.084)
2.1 (0.827) 1.85 (0.073) 0.35 (0.014) 1
TR 15 (0.074) 1 +_ 1.65 (0.064) ©.25 (0.009) ||
oo ¥ fi =
7.8 (0.300)
7.4 (0.291)
LA wsoam | | t22em
z b1 v 10.4 (0.409) S
FEED DIRECTION e.1 (0.319) \__ gy 2:010.109), 2.75 (o.is)
—— 7.9(0.311) e 1.5 (0.059) 2.55 (0.100) -

@ 13.0 (0.52)

22.4 (0.880
B RO |

és 50.0 (1.968)
IN.

TO-252AA Tape & Reel

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

e.g., IRFR9014 TRL three-reel order
is 9,000 pieces.
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Appendlx C Tape & Reel
4.1 (0.162) 1 ()} —:—i—{%gg;
3.0(0.153) = = 1.6 (0.063)
2.05 (0.081) 1.4 (0.08S)
1.95 (0.076) ~ | | | J' ]
—@—O kb VAN W AN $ AN W
| I ! TV b Y g : ¢ 5.7 (0.225) *
: 5.6 (0.220)
D00 ’_‘ Jj 21 4.6 (0.182)
I i JJiujJ j( <D -~ ¢ 4.4 (0.173)
= j
TRL TRR / / %
FEED DIREGTION
o 7 Silaaeia dal=ied
8.1 (0.319) =
5.0 (0.197) =) = 7. (0.311)
4.8 (0.188) =
2.6 (0.103)
@ Za (0004
4.1 (0.162 ? :6,(0:009)
3.9 (0.153) e 1.4(0.0859 1.6 (0.063)
2.05 (0.081 1.4 (0.055)
1.5 (0.076) " l —]
| ! *
o (oTFEoo w\ |
! ( 5.7 (0.225)
— 56 (o 220) —
-
1B ot e e SR e e
-] D Y 7 { (0-188)
L —d 1
R 4 r
FEED DIRECTION
e
8.1 (0.319) -
4.6 (0.182 == =" 79 (0.311)
4.4 (0.173) <
2.6 (0.103)
@ 2.4 (0.00a)

SOT-89 Tape & Reel

When ordering, indicate the part
number, part crientation, and the
quantity. Quantities are in multiples
of 1,000 pieces per reel for TR, TRL,
and TRR.

e.g., IRFS120TRL three-reel order
is 3,000 pieces.
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176 (6.929)

, 180 (7.087)

3.5 (0.532)

12.5 (0.492)

|

o

Information

0.35 (0.014)
0.25 (0.009)

12.2 (0.481)
11.8 (0.464)

jee2.0 (0.079)
1.8 (0.070)

0.35 (0.014)
0.25 (0.009)

12.2 (0.481)
11.8 (0.464)

=20 (0.079)
1.8 (0.070)

2.0 (0.079)

_______ o

@ 50.0 (1.968)
MIN.

N

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 9U1P.

International Rectifier
Logo

Assembly Lot Code

c——— ___—First Portion of

THR 120 Part Number
1P| —Second Portion of
Part Number

g

HD-1 (HEXDIP)

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

International Rectifier

Logo

First Portion of
Assembly Lot Code

=

1205 Assembly Lot Code

First Portion of
_—"Part Number

L——'Seoond Portion of

Second Portion of
Part Number

TO-251AA (I-Pak)

International Rectifier

r——— __—First Portion of

Example: This is an IRFU120 with Assembly Logo T¥R 120 Part Number
Lot Code SU1R. 1R| Second Portion of
Part Number
Assembly Lot Code
SOT-89
The two letters on the right hand side of the / IRFS1Z0
device specify the part number.
The two numbers on the left hand side of the
device specify the date code. [ Nl _~IRFS1Z3
Both sets of characters facing outward
indicate that the SOT-89 is a HEXFET. Date Cod <
ateCode ___[£ g|.~IRLS0Z4
* Product not yet available at the publishing W
date of this document. S| 8 IRLS90Z4

international
zerR|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-I 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-1 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

Iinternational
[zor]Rectifier

Vs
Ofiset Ves, Vce lout Pp Max
Part Supply Output Sink/ Power
Number Voltage Voltage Source Dissipation Description Case Style
\)) W) (L) (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
IR2125S 10 - 500 10 - 20 1A2A - Current Limiting High Side MGD | 8 PIN DIP
IR2121S 10 - 20 10 - 20 1A2A - 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
- Fa @Tc | Vrm @ IFm IFsm . Irm @
n J=125°C &
Number | VARM Ty=25C | 50Hz | 60Hz | Rated Vapm | - 1 Case Style
W) (A | (0 V) (A) (A) (mA) (°C)
10MQO40 40 |11 90 0.55 30 32 50 125 D-64
10MQO60 60 | 077 | 110 0.62 10 1 75
10MQ090 % | o077 | 110 0.81 10 1 5.0 .
15MQ040 0 |17 0.55 60 64 50 125
30WQO3F 30 |33 109 0.63 40 42 85 125 T0-252
30WQO4F 4 |33 109 0.63 12.0 D-PAK
30WQOSF 50 |33 108 0.71 122
30WQ06F 60 | 33 108 0.71 16.0
30WQO9F %0 |33 107 0.92 1.75
30WQ10F 100 | 3.3 107 0.92 2,00
50WQO3F 30 |55 97 0.67 45 47 14.1 125 =
50WQ04F 40 |55 97 0.67 20.0
50WQO5F 50 |55 95 0.72 240 /
50WQO6F 60 | 55 95 0.72 300 y/
50WQO9F 9 |55 95 0.95 26
50WQ10F 100 |55 95 0.95 30
6CWQO3F 30 |66 101 0.55 45 47 14.1 125
6CWQO4F 40 | 66 101 0.55 20.0
6CWQOS5F 50 | 66 98 0.58 24,0
6CWQO6F 60 | 6.6 98 0.58 30.0
6CWQO9F % |66 9 0.85 26
6CWQ10F 100 | 6.6 98 0.85 30
Ultra-Fast Recovery Rectifiers
110 6.6 Amps
IFav) @ Tg VFM @ IFsm Rihyc
Part | vawm s Pl Dc Max. 1 Case
Number IF(AV) 50 Hz | 60 Hz " i
V) M | (0 V) (A) (A) (°CIW) (ns)
10MF2 200 1 122 0.98 25 28 160 50 D-64
30WF10F 100 33 104 1.35 30 314 8 30 10-252
30WF20F 200 33 | 104 1.35 30 314 8 30 D-PAK
30WF30F 300 33 104 1.35 30 314 8 30
30WF40F 400 33 104 1.35 30 31.4 8 30
50WF10F 100 55 104 1.1 45 47 6 40
50WF20F 200 55 104 11 45 47 6 40
50WF30F 300 5.5 104 1.4 45 47 6 40
50WF40F 400 55 | 104 11 45 47 6 40
6CWF10F 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
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IRFE Series — N-Channel
BVpgg Drain Rns«m) Ip Continuous Ipm Pulse Pp Max
Part Source On-State Drain Current Drain Power Case Style
Number Voltage 25°C Case Current Dissipation
(Volts) (Ohms) (Amps) (Amps) (Watts)
IRFE024 60 0.17 8.0 32 20 LCcC
IRFE110 100 0.6 3.5 14 15
IRFE120 100 0.30 6.0 24 20
IRFE130 100 0.18 8.0 32 25
IRFE210 200 1.5 2.25 9 15
IRFE220 200 0.80 3.5 14 20
IRFE 200 0.4 5.5 22 25
IRFE310 400 36 1.25 5.5 15
IRFE320 400 1.8 2.0 8 20
IRFE330 400 1.0 3.0 12 25
IRFE420 500 3.0 185 6 20
IRFE430 500 1.3 2.5 10 25
IRFN Series — N-Channel
IRFN044 60 0.40 34 136 75 a
IRFN054 60 0.27 45 180 100 SMD-1
IRFN140 100 0.100 22 88 75
IRFN150 100 0.073 27 108 100
IRFN240 200 0.18 14 56 75
IRFN250 200 0.100 22 88 100
IRFN340 400 0.55 8.0 32 75
IRFN350 400 0.315 1 44 100
IRFN440 500 0.89 6.0 24 75
IRFN450 500 0.415 10.4 41 100
IRFNG40 1000 35 3.0 12 75
IRFNG50 1000 2.0 4.5 18 100
IRFE Series — P-Channel
IRFES024 -60 0.28 -6.0 -24 20 Lce
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 -6.5 15 @
IRFES220 -200 1.5 -2.5 -10 20
IRFE9230 -200 0.8 -4.0 -16 25
IRFN Series P-Channel
IRFN9140 -100 0.20 -17 -68 75
IRFNS240 -200 0.51 -8 -32 75
Radiation Hard HEXFETs
N-Channel
Vp;3 Drain Rps (on) Ip Continuous | Ipp Pulse Pp Max Case
Source On-State Drain Current Drain Power Outline
Part Voltage Resistance 25°C Case Current Dissipation | Number
Number (VVolts) (Ohms) (Amps) (Amps) (Watts) (¥4] Notes Case Style
IRHE7110 100 0.6 6 20 20
IRHE8110 100 0.6 6 20 ol s
IRHE7130 100 0.18 8 25
IRHE8130 100 0.18 8 25
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H EXF ETPower MOSFETs

Case Outlines

6.80 (0.268) 26 (0.102)
MAX MAX.
5.30 (0.208)
00 _.1 0.50 (0.020)
2,00 (0.79)
: MAX.
4.7 (0.185) 1
43(0.169) 0.05 (0.002) I
5.5 (0.217) 5.70 (0.225)
5.0 (0.197) e 28 (0.110) 1.00 (0.040) 5,30 (0.208) 160 (0.062)
24 (0.094) .80 (0.031) 1.40 (0.055)
\ { { 4 |
1 L 4
2.25 (0.089
2,90 (0.115)
| 1,85 (0.073) J |_
2.70 (0.108
' (0.106) J ¥
| 1.3 (0.075 T 0750030
175 gnAoss)J 2.0 (0.079) 1.75 10-069_)T l'—"' 0.9 (0.035) 0.60 (0.023) —.I Io—oso 0.020)
0.95 (0.037) MIN. 0.95 (0.037) oB0 8 e ™. S
17 (0.067) .
@ Polarity Band 13 (0.051) .
@ Part Number
o
APPLIES TO RECTIFIERS ONLY 1 3
IR Case Style D-64 Conforms to JEDEC Outline T0-252AA
0.88 (0.035) 4.31 (0.170) 1.27 (0.050) 9.14 (0.360)
064 (0.025) =" 707 ©0.160) ooy gm0 = 2.16 (0085)
s ” 20105 107 (0.040)& 864 (0.340) r
121314 15 16
e Y ¢ LN0En
sounce| | oare 5.20 (0.205) 2 :&2 (0.040)
S =T | 15XPIN 114 12
7.62 (0.300) —18
16.00 (0.630) 712(0280) g 0.76 (0.030)
15.75 (0.620) 8 3 051 (0.020)
9.27 (0.365) T
BRAI 302 (0.35) (0 iy
T g
1.39 (0,055 .08 (0.
15 :0045;_" - 18X 2.03 (0.080)
L_ 18X 1.65 (0.065) 0.43 (0.017) 1.78 (0.070)
1155 (0.455) 0.43 (0.017) 1.27 (0.050) T30 (0055 0.18 (0.007)
1131 0485 —H" 538 (0.00) 1.02 (0.040) e & >
2-PLCS o
LEGEND:
GATE: PINS 4 & 5 —
I 381 (0.150) DRAIN: PINS 1, 2, 15, 16, 17 & 18
z 331 (0.130) 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 LCcC
LEEEEELE!
e
10.98 @232 —os caen
SEY S .80 (0.0 ®)
o anm
= L _—"..-. @100
SR = gy Ry
ssens St |
OCEEXTETTNC) o] s cooe
16 Pin Surface Mount Package

Dimensions in Millimeters and (Inches)
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International Rectifier

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

(1) El Segundo, California , (@ 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
e Dedicated to power MOSFETs @ Turin, Italy
@ Tijuana, Mexico ¢ Rectifiers, thyristors, diode bridges, power
* Schottkys, thyristors, high power rectifiers modules
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