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T<2R R@Chﬁ@f IRFU4104PbFE

HEXFET® Power MOSFET
Features D
e Advanced Process Technology Vpss = 40V
¢ UltraLow On-Resistance
e 175°COperating Temperature

« Fast Switching 5 D} Rbs(on) = 5.5mQ

o Repetitive Avalanche Allowed up to Tjmax
e Lead-Free Ip = 42A

Description
This HEXFET® Power MOSFET utilizes the latest
processing techniques to achieve extremely low on- @
resistance per silicon area. Additional features of this L 3 PR
design are a 175°C junction operating temperature, L3 W\
fastswitching speedandimproved repetitive avalanche
rating . These features combine to make this design

an extremely efficient and reliable device foruseina D-Pak I-Pak
wide variety of applications. IRFR4104PbF  IRFU4104PbF
Absolute Maximum Ratings
Parameter Max. Units

Ip @ Tc =25°C |Continuous Drain Current, Vgs @ 10V (Silicon Limited) 119
Ip @ T = 100°C|Continuous Drain Current, Vgs @ 10V 84 A
Ip @ Tc =25°C |Continuous Drain Current, Vgs @ 10V (Package Limited) 42
Ipm Pulsed Drain Current ® 480
Pp @T¢ =25°C |Power Dissipation 140 W

Linear Derating Factor 0.95 W/°C
Vas Gate-to-Source Voltage +20 \Y
Eas (Thermaly imiteay | SiNGle Pulse Avalanche Energy@ 145 mJ
Eas (Tested) Single Pulse Avalanche Energy Tested Value ® 310
Iam Avalanche Current  © See Fig.12a, 12b, 15, 16 A
Ear Repetitive Avalanche Energy ® mJ
Ty Operating Junction and -55 to+ 175
TsTG Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1Nem)
Thermal Resistance

Parameter Typ. Max. Units

Rosc Junction-to-Case — 1.05
Rosa Junction-to-Ambient (PCB mount) @ __ 40 °G/W
Rosa Junction-to-Ambient — 110

HEXFET® is a registered trademark of International Rectifier.
www.irf.com 1
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International

TSR Rectifier
Electrical Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. [ Units Conditions
V(eRr)pss Drain-to-Source Breakdown Voltage 40 — | — V  |Vgs=0V, Ip =250pA
AV grypss/AT,; | Breakdown Voltage Temp. Coefficient | — | 0.032| — | V/°C |Reference to 25°C, I, = TmA
Rbs(on) Static Drain-to-Source On-Resistance | — | 4.3 5.5 mQ |Vgs =10V, I = 42A ®
Vasiin) Gate Threshold Voltage 2.0 e 4.0 V  |Vps = Vgs, Ip = 250pA
gfs Forward Transconductance 58 — | — S [Vps =10V, Ip=42A
Ipss Drain-to-Source Leakage Current — | — 20 MA |Vps =40V, Vgs = 0V
— | — | 250 Vps =40V, Vgs =0V, Ty = 125°C
lass Gate-to-Source Forward Leakage — | — | 200 nA (Vgs =20V
Gate-to-Source Reverse Leakage — | — | -200 Vgs = -20V
Qq Total Gate Charge — | 59 89 Ip = 42A
Qgs Gate-to-Source Charge — | 19 | — | nC [Vpg=32V
Qqa Gate-to-Drain ("Miller") Charge — 24 — Vgs=10V ®
ta(on) Turn-On Delay Time —_— 17 | — Vpp = 20V
t Rise Time — | 69 | — Ip = 42A
ta(orn Turn-Off Delay Time — | 37 | — | ns |Rg=6.8Q
t Fall Time — 36 — Vgs=10V ®
Lo Internal Drain Inductance — | 45 | — Between lead,
nH [6mm (0.25in.)
Ls Internal Source Inductance — 1 75 | — from package
and center of die contact
Ciss Input Capacitance — | 2950 | — Vas = 0V
Coss Output Capacitance — | 660 | — Vpg = 25V
Cres Reverse Transfer Capacitance — | 370 | — pF |f =1.0MHz
Coss Output Capacitance — | 2130 | — Vgs =0V, Vps=1.0V, f =1.0MHz
Coss Output Capacitance — | 590 [ — Vgs =0V, Vpg =32V, f=1.0MHz
Coss eff. Effective Output Capacitance — | 850 | — Vgs =0V, Vps =0V to 32V @
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. [ Units Conditions
Is Continuous Source Current — | — | 42 MOSFET symbol R
(Body Diode) A |showing the
Ism Pulsed Source Current — | — | 480 integral reverse G
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — | — | 1.3 V [Ty=25°C,lg=42A,Vgs=0V ®
ter Reverse Recovery Time —_— 28 42 ns |[Ty=25°C, I = 42A, Vpp = 20V
Qnr Reverse Recovery Charge — | 24 36 nC |di/dt = 100A/us ®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by LS+LD)

www.irf.com
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TSR Rectifier
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Fig 3. Typical Transfer Characteristics Fig 4. Typical Forward Transconductance
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www.irf.com 3
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TSR Rectifier
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Fig 6. Typical Gate Charge Vs.
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Fig 8. Maximum Safe Operating Area
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TSR Rectifier
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit
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Fig 12b. |Unclamped Inductive Waveforms

Charge ——
Fig 13a. Basic Gate Charge Waveform

Current Regulator

1
b
l
|
|

-

A
puT T.PS
'Y
3mA {J_L
NN\~ ANV ~—
Ic = 1Ip

Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit
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1000 f =+
FDuty Cycle = Single Pulse
= Allowed avalanche Current vs
100 S avalanche pulsewidth, tav
< 0.013 ~— assuming ATj = 25°C due to
= | T— avalanche losses. Note: In no
e 0 0':‘ N case should Tj be allowed to
3 T ——— exceed Tjmax
° 10 ————x- 10 ;
<
: \
©
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Fig 15. Typical Avalanche Current Vs.Pulsewidth
160 Notes on Repetitive Avalanche Curves , Figures 15, 16:
TOP Single Pulse (For further info, see AN-1005 at www.irf.com)
\ BOTTOM 1% Duty Cycle 1. Avalanche failures assumption:
= \ Ip=42A Purely a thermal phenomenon and failure occurs at a
£ 120 N temperature far in excess of Tjnax. This is validated for
> \ every part type.
) \\ 2. Safe operation in Avalanche is allowed as long asTyax is
i not exceeded.
2 80 \ 3. Equation below based on circuit and waveforms shown in
e \\ Figures 12a, 12b.
g \\ 4. Pp (ave) = Average power dissipation per single
z \ avalanche pulse.
- \ 5. BV = Rated breakdown voltage (1.3 factor accounts for
o \ N
< 40 NN voltage increase during avalanche).
w \\ 6. I, = Allowable avalanche current.
\\ 7. AT = Allowable rise in junction temperature, not to exceed
\§ Timax (assumed as 25°C in Figure 15, 16).
0 tav = Average time in avalanche.
25 50 75 100 125 150 175 D = Duty cycle in avalanche = t,, f
Starting T j , Junction Temperature (°C) Zinyc(D, tay) = Transient thermal resistance, see figure 11)
i . PD (ave) = 1/2 ( 13BVIaV) = AT/ ZthC
Fig 16. Maximum Avalanche Energy lay = 2AT/ [1.3:BV-Zy]

Vs. Temperature Eas (aR) = Pp (ave)tav
www.irf.com 7
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Circuit Layout Considerations
e Low Stray Inductance
e Ground Plane
< e Low Leakage Inductance

International

))

IGR Rectifier
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Fig 17. Peak Diode Recovery dv/dt Test Circuit for N-Channel
HEXFET® Power MOSFETs
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TSR Rectifier
D-Pak (TO-252AA) Package Outline

Dimensions are shown in millimeters (inches)

.
T—w% B TOUEATE oS
5 T sl 1.— DIMENSIONING AND TOLERANCING PER ASME Y14.5N-1994
2.~ DMENSION ARE SHDWN IN INCHES [MILLMETERS]
& LEAD DIMENSION UNCCNTROLLED IN L5.
DA DMENSON D1, E1, L3 & b3 ESTABLISH A NINIMUM MOUNTNG SURFACE FOR THERMAL PAD.
< [ 5.~ SECTION C-C DIMENSIONS APPLY TO THE FLAT SECTION DF THE LEAD BETWEEN .005 AND 010

[0.15 AND 0.25] FROM THE LEAD TP.

DIMENSION D & E DO NOT INCLUDE MOLD FLASH. MOLD FLASH SHALL NOT EXCEED .005 [0.13] PER
SIDE. THESE DIMENSIONS ARE MEASURED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY.

/- DINENSION b1 & cI APPLIED TO BASE METAL ONLY.

B\ DATUM A & B TO BE DETERMINED AT DATUM PLANE H.

=B 9.~ QUTUNE CONFORMS TQ JEDEC OUTLINE TO-252AA
S
Y DINENSIONS N
M Q
B | MLLIMETERS INCHES 7
O T | wax | §
A | 218 | 239 || 086 | 084
Ml - | o3 - | 005
b | 064 | 089 | .025 | .035
bl | 065 | 079 || 025 | 031 | 7
bz Q.76 1.14 .030 .045
b3 | 495 | 545 | 195 | 215 | 4
c | 046 | ot o018 | 024
of | 041 | 056 || o016 | 022 | 7
e c2 | 046 | 089 | 018 | .035
o o o0 D | 597 | 622 || 235 | 245 | & LEAD ASSIGNMENTS
o1 | 521 | - 205 | - 4
E| 635 | 673 || .250 | 265 | 6 LEXEET
Bl | 432 | — 170 | - 4
LA o [ 220 BsC 1090 BSC - GATE
H | 940 | 1041 370 | 4fo 2.- DRAIN
THERMAL PAD L] 14 ‘ 178 || 055 ‘ a7n 3.- SOURCE
A L1 | 274 BSG 108 REF, 4. DRAN
e L2 | 051 BSC 020 BSC
SO L3 089 [ 127 || .035] 050 | 4
A J/////Q\E YN Gl oC o2 - ‘040 IGBT & CoPAK
P Ls | 144 | 152 || .045 | 080 | 3 1.- GATE
L, N (&) o o 10" [ 10° 2.- COLLECTOR
N el | D 15 0 15 3.- EMITTER
ﬂ (OATM ) seeron e w2 | 25 | 35 25 | 35 4.- COLLECTOR
VIEW A=A
EXAMPLE: THIS IS AN IRFR120
WITH ASSEMBLY PART NUMBER
INTERNATIONAL
LOT OCDE 1234 RECTIFIER DATE OODE
ASSEMBLED ON WW 16, 2001 LOGO YEAR 1= 2001
INTHE ASSEMBLY LINE "A' WEEK 16
Note: "P"in cssemidy line posifion ASSEMBLY LINE A
indicotes "Lead-Free" LOT CODE

"Pin cssembly line position indicofes
"Lead-Free" qudification to the consumer-level

PART NUMBER
oMo Oy oo
— IRFR1 P = DESIGNATES LEAD-FREE
LOSO TER Pi16A PRODUCT (OPTIONAL)
i P = DESIGNATES LEAD-FREE
PRODUCT QUALIFIED TOTHE
ASSEMBLY
LOr CODE CONSUMER LEVEL (OPTIONAL)
YEAR 1= 2001
WEEK 16
A= ASSEMBLY SITE CODE
Notes:
1. For an Automotive Qualified version of this part pl see http://www.irf.com/product-info/datasheets/

data/auirfr4104.pdf
2. For the most current drawing please refer to IR website at http://www.irf.com/package/

www.irf.com 9




IRFR/U4104PbF
I-Pak (TO-251AA) Package Outline

Dimensions are shown in millimeters (inches)
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<
F—=Jxb
@ (Bl HEA]

LEAD TP
[

DLA

(DATUM A)

BASE METAL

bl b3

N

NSRS

SECTICN B-B & C-C

International
TSR Rectifier

NOTES:
1.~ DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1934

2.- DIMENSION ARE SHOWN IN INCHES [MILLINETERS].

& DIMENSION D & E DO NDT INCLUDE NCLD FLASH. MOLD FLASH SHALL NOT EXCEED .005 [0.13] PER
SIDE. THESE DIMENSIONS ARE MEASURED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY.

/A~ THIRMAL PAD CONTOUR OPTION MTHIN DINENSION b4, L2, E1 & DI.
/A\- LEAD DIVENSION UNCONTROLLED IN L3,

* DIMENSION b1, b3 & ¢1 APPLY TO BASE NETAL ONLY.

7.~ QUTLINE CONFORMS TO JEDEC OUTLINE TO-251AA (Date 05/02).
8.- CONTROLLNG DIMENSION « INCHES.

I-Pak (TO-251AA) Part Marking Information

EXAMPLE: THIS IS AN IRFU120

WITH ASSEMBLY INL%I?CNrﬁle:EORNAL
LOT CODE 5678 LOGO

ASSEMBLED ON WW 19, 2001
INTHE ASSEMBLY LINE "A'

ASSEMBLY
LOT CODE

Nofe: "P" in cssembly line position
indicofes Lecd-Free"

OR

INTERNATIONAL
RECTIFIER
LOGO

ASSEMBLY
LOT CODE

Notes:

IRFU120
IEAR P119A

3 DIMENSIONS N
N ]
B MILLIMETERS INCHES T
DN Tax [ un wax | §
A 2.8 239 086 094
A1 0.83 114 035 045
b 0.64 0.89 025 035
b1 0.65 0.79 025 Q31 [
b2 0.76 114 030 045
b3 0.76 1.04 030 an )
b4 495 546 195 215 4
c 046 0.61 018 0z4
<f 0.4 0.56 ols 022 &
<2 0.46 0.89 018 035
D 597 622 235 245 3
o1 521 - 205 - 4
E 6.35 673 250 265 3
E1 4.32 - 170 - 4
LEAD ASSIGNMENTS
e 2.29 BSC -090 BSC
L 8.80 065 350 380
Lt 191 229 045 090 HEXFET
L2 0.83 127 .035 050 4 1 CATE
L3 | 114 | 152 || .045 | .080 | 5 I DRAN
o0 157 o 9 3.— SOURCE
82 | 25 35 25 35 4.— DRAIN
PART NUMBER
IRFU120 DATE CODE
TR 119A] YEAR 1= 2001
WEEK 19
LINE A

PART NUMBER

DATE CODE

P = DESIGNATES LEAD-FREE
PRODUCT (OPTIONAL)

YEAR 1= 2001

WEEK 19

A= ASSEMBLY SITE CODE

1. For an Automotive Qualified version of this part pl
data/auirfr4104.pdf

see http://www.irf.com/product-info/datasheets/

2. For the most current drawing please refer to IR website at http://www.irf.com/package/

10
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D-Pak (TO-252AA) Tape & Reel Information

Dimensions are shown in millimeters (inches)

TR TRR  TRL
AR 1‘! <P aa <§‘ & %
16.3(.6 16.3 (.64
15.7( .6 157( 19
12.1(.476) (.318)
119 (.469) FEED DIRECTION 79( 312) FEED DIRECTION
NOTES :

1. CONTROLLING DIMENSION : MILLIMETER.
2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS ( INCHES ).
3. OUTLINE CONFORMS TO EIA-481 & EIA-541.

& 13INCH -

16 mmﬂ;{ };,7
NOTES :
1. OUTLINE CONFORMS TO EIA-481.
Notes:
@ Repetitive rating; pulse width limited by @ C,ss eff. is a fixed capacitance that gives the same charging time
max. junction temperature. (See fig. 11). as Coss While Vps is rising from 0 to 80% Vpss -
@ Limited by Tymax, starting Ty=25°C, L =0.16mH ® Limited by Tymax , See Fig.12a, 12b, 15, 16 for typical repetitive
Rg = 25Q, Ias = 42A, Vgs =10V. Part not avalanche performance.
recommended for use above this value. ® This value determined from sample failure population. 100%
® Pulse width < 1.0ms; duty cycle < 2%. tested to this value in production.

@ When mounted on 1" square PCB (FR-4 or G-10 Material) .
For recommended footprint and soldering techniques refer to
application note #AN-994

Data and specifications subject to change without notice.
This product has been designed and qualified for the Industrial market.
Qualification Standards can be found on IR’s Web site.

International
IR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.09/2010
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