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IRFP460
IRFP462

N-Channel Power MOSFETs
Avalanche-Energy Rated

Features

® 20A and 17A, 500V

¢ rpg(on) = 0.27Q and 0.350

* Single Pulse Avalanche Energy Rated
* SOA Is Power-Dissipation Limited

¢ Nanosecond Switching Speeds

® Linear Transfer Chargcteristics

¢ High Input Impedance

Description

The IRFP460 and IRFP462 are advanced power MOSFETs
designed, tested, and guaranteed to withstand a specified level
of energy in the breakdown avalanche mode of operation.
These are n-channel enhancement-mode silicon gate power
field-effect transistors designed for applications such as
switching regulators, switching converters, motor drivers, relay
drivers, and drivers for high-power bipolar switching transis-
tors requiring high speed and low gate-drive power. These
types can be operated directly from integrated circuits.

The IRFP-types are supplied in the JEDEC TO-247 plastic
package.

Package

TO-247

TOP

VIEW

DRAIN
(TAB)

<
O

SOURCE
s DRAIN
[y GATE

Terminal Diagram

N-CHANNEL ENHANCEMENT MODE

D

Absolute Maximum Ratings (TC = +2509C), Unless Otherwise Specified

Continuous Drain Current
Tc=+25°C

Pulsed Drain Current (1)
Gate-Source Voltage ............c.ueveeinenonnnnnn. ..
Maximum Power Dissipation

T =+25°C

See Figure 14

Operating and Storage Junction

Temperature Range

Maximum Lead Temperature for Soidering

(0.083" (1.6mm) from case for 10s) i
2 - ) & & e oo T

NOTES: £

1. Repetilive 'rah'ng: Pulse width limited by maximum junction temperature.
See Transient Thermal Impedance Curve (Figure 5).

2. Vpp =50V, starting Ty = +250C, L = 4.3mH, Rgs =250, Peak i = 20,
See Fig. 14. ) =

3. Pulse Test: Pulse width < 300us, Duty Cycie < 2%.

IRFP460

-85t +150

200

-55to+150 <

IRFP462

17

1

63
%20

250

2.0
960

300

UNITS

<>r> >

W/RC

O

O

C»‘«UTION:"These devices are sensilive fo electrostatic discharge. Proper I.C. handing srocedures shouid be foliowea.

Copyright © Harris Corporation 1991
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'ELECTRICAL CHARACTERISTICS At Case Temperature (T,) = 25°

. IRFP460, IRFP462.

C Unless Otherwise Specified

Pecametor - Type Min. Typ Max, Units Test Condtions

BVpgg Drein-to-Source Bvukdo»'m Voltage ALL 500 - - v VGs = 0V, ip = 250 4A

RpS(on) grl:gcm[);o:::?Soqu) IRFP480 |  — 0.24 0.27 a Vgs = 10V.Ip = 11A

IRFP4&2 - 027 0.35
IDjon)  On-State Drain Current @ IRFP460| 20 _ _ A VDS > IDjon) * RDS(on) Max.
IRFP4E2 | 17 Vgs = 10v

VGsih) G#e Threshold Voltage AL | 20 | - 40 V | Vps = Vgs. Ip = 250 uA

Ofs Forward Tiansconductance @ ALL 13 19 - Ryt Vps = 2 50V, Ipg = NA

Ipss Zero Gﬁaln»VoNage Drain Current ALL - - 250 sk Vps = Max. Rating, Vgs = OV

- - 1000 Vps = 0.8 x Max. Rating
Vgs = OV, Tj = 125°C

Igss Gate-1o-Source Leskage Forward ALL - - 500 nA Vgs = 20V

Igss Gate-to-Source Leakage Reverse ALL - - -500 nA Vgs = -20V

Qg Total Gate Charge AL - 1200 |.180 | nC | Vgg = 10V, Ip = 21A

= Vps = 0.8 x Max. Rating

Qgs Gate-to-Source Charge ALL - 18 nC See Fig. 16

%d Gate-to-Drain ("Miller”) Charge ALL - 62 - nC i of ing )

tdlon)  Turn-On Delay Time Al - 23 35 ns | Vpp = 250V, Ip = 21A, Rg = 4.30

1 Rise Time ALL -~ 81 120 ns Rp = 120

tgiof)  Turn-Off Delay Time ALL - 85 130 ns See Fg. 15

1 Fall Time " ALL L - 65 98 ns findependent of operating temperature)

Lp Internal Drain Inductance ALL - 5.0 - nH Measured from the drain Modified MOSFET symbol
lead, 6mm (0.25 in.) om showing the internal
package to center of die inductances

(e

Ls Intemal Source Inductance ALL - 13 - nH Measwed from the sowrce ! \
lead, 6mm (0.25 in.) from \ ‘/
package to source bonding b
pad d

Ciss input Capacitance ALL - 4100 - pF Vgs = OV Vgg = 25V

Coss Output Capacitance ALL - 480 - pF f =10 MHz

Crsa Reverse Transfer Capacitance ALL - 84 - pF See FRg. 10

Renyc  Junction-to-Case ALL - = 050 | scw

Case-10-Sink ALt - 0.10 == “CWw | Mounting surface fist, smooth, end greased

Rehcs g

Rrhaa  Junction-to-Ambient ALL - - 30 °CV¥ | Free air operation

Mounting Torque ALL - - 10 in.ebs] Standard 632 screw

@ Repetitive Rating; Pulse width limited by

junction temp
Refer to curremt HEXFET refisbility report

@ @ Vpp = 50V, Stenting Ty = 25°C,
L = 43 mH, Rg = 250,
Peak I = 20A. See Fig. 14.

{see figure 5)

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

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

.. Parameter Type Min. Typ | Max | unas | Test Condions il
Is Continuous Source Current ALL - -—- 20 A I Modified MOSFET symbol-showing the integral i
{Body Diodel~ Reverse p-n junction rectifier il ]
)
Ism Pulsed Source Current ALL - - 80 A = '/
(Body Diode) ® s
Vsp  Diode Forward Vottage @ PYTH R 18 |V | Ty=25Cig = 214 vgg = OV
ty Reverse Recovery Time ALL 280 580 1200 ns Ty =25°C. Ig = 21A, ir = 100 Alps
Qg Reverse Recovery Charge ALL 38 81 18 xC
ton Forward Turn-On Trne AlL Intrinsic turn-on time is negigitie. Tum-on speed is subsarmtiafly controlled by Ls + Lp

4-534
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Ip. DRAIN CURRENT (AMPERES)

Ip. DRAIN CURRENT (AMPERES)

54

IRFP460, IRFP462

i i 02
L g g Y
10V | 6.0v 80ps PULSE TEST Vpg 2 S0V
8Ovs PULSE TEST
2
32 5 /
g 18 e,
. 7
5 5V 2 e
! ct f
24 " /1]
.
5 [
= € CE1, - 150%c T - 250
= B s
16 S 7"41 1
vgges v I — :
2 c - . ! / ] :
S ___c € i — 1
= "]_'-_i T
4 ‘TV=: p : J ] i ]
j T 1
0 4sav e A I ] 1 $ |
0 50 160 150 250 250 = 3 4 G 5 :c
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) VG5 GATE-T0- SOURCE VOLTAGE (VOLTS)
Fig. 1 - Typical output characteristics, Fig. 2 - Typical transfer characteristics.
]
O _ ’ 0= =Ssisi=
BOps PULSE TEST 10V = 5 OPERATION IN THIS AREA LIMITED
/ 1—5 oV BY Rps (ON)
/' | 2 Lt e 1
§ //' | 152 ) S 0 1 O i
3 /4 | & 102 =IRFP460 ! =L=
/ | < = = 10
74 s 4 ¥ cESRFres2 = +i3
' Z | T r X TE
/, ] 2 MiRrraso 717 < 100
24 s 2 s
IRFP462 N A 1]
w L
g o = sasé—;Es=#é
T ms
v 5 EsoEm
16 £z Pl T
2 A N 10 |
/ Vgg=5.0v & 2, ms 1]
& S ,.'
8 s 1c-25C OoC H
i —1 Ty=150°C
4.5V = 21 SINGLE PULSE
| 3 IR
00 : 3 = g 5.0V =R F 2 S 1w 2 S 102 2 5 102
1 cC
V AIN-T R
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) oS- SRR TS EOR VOLTARE oLt
32GS+4232

Fig. 3 - Typical saturation characteristics.

Fig. 4 - Maximum safe operating area.
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% ! T 1T 1 ?; [ i By i
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Fig. § - Maximum effeclive transient thermal impedance. junction-to-case vs. pulse duration.
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IRFP460, IRFP462.
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Fig. 6 - Typical transconductance vs. drain current.
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Fig. 8 - Breakdown voltage vs. temperature.
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Fig. 10 - Typical capacitance vs. drain-to-source voltage.
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Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS)

Fig. 7 - Typical source-drain diode forward voltage.

DRAIN-TO~-SOURCE ON RESISTANCE
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Fig. 9 - Normalized on-resistance vs. temperature.
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Fig. 11 - Typical gate charge vs. gate-to-source voltage.
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IRFP460, IRFP462
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature.
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Fig. 14a - Unclamped inductive test circuit.
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Fig. 15a - Switching time test circuit. . ' Fig. 15b - Switching time waveforms
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Fig. 16a - Basic gate charge waveform.
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Magnetic parameter Center leg Minirpum cross | Window Ap pféx.
area sectional area area s
e, A, 2. v, A, Amin. A, | Weight
{(mm™) (mm?) | (mm) | (mm?) {(mm?) {mm?) {(mm?) (g/pr.)
2.4057 124 | 297 367 12.6 12.1 L 26.3 1.90
1.1934 25.1 | 300 752 24.9 238 B | 266 3.70
1.8662 189 | 352 663 18.2 18.2 e 4256 3.20
1.7168 231 | 396 915 228 228 g 55.7 458
1.7715 227 |.401 209 22.7 227  LBC 55.9 456
1.9594 26.1 | 512 | 1340 24.4 244" £ 102 | 138
1.2387 398 | 492 | 1960 411 37.1 B 85.6 9.96
11970 | 402 | 481 | 1840 40.3 40.0 B 81.0 103 -
1.1561 426 | 493 | 2100 | = 410 41.0 c 80.5 103
0.52756 110 | 579 | 6360 | - 114 107 L 758 | 322
. 1.1538 573 | 66.1 | 3790 476 476 c 134 20.7
085153 | 821 | €93 | 5780 85.9 79.7 B | 164 | 205
0.54389 142 | 775 | 11000 137 137 c 167 52.0
0.60782 127 | 774 | 9860 114 114 g 178 52.0
0 0.52569 149 | 781 | 11600 155 145 L 178 58.8
=/44 0.66917 145 | 97.2 | 14100 137 137 c 248 7.7
sw 0.54243 180 97.8 | 17600 .180 180 BC 276 86.9
4242200 041512 | 238 | 978 | 23000 235 235  BC | 278 | 118
B3 0.47780 165 | 78.7 | 13000 159 159 c 171 65.0
0.38524 232 | 895 | 20800 243 223 B 206 106
0.42677 226 | 963 | 21700 213 213 c 261 113
: 034989 | 353 | 124 | 43700 352 352 c 400 218
/47A 0.31597 339 | 107 | 36400 382 - 329 B 292 186
8076 | 048137 |/377 | 185 | 69700 | ‘302 352 L | 1480 | 354

e: Minimum cross sectional area B; Back area C: Center leg area L; Side leg area
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PULSE WIDTH MODULATION CO~TAOL CIRCUIT

The SG1526 is a high performance pulse ve:5r » moduiator inte-
grated circuitintended for fixed frequency s« r nivg iequlatersand
other power control applications.

Functions included in this IC are a temuerot e Compensated
voltage reference, sawtooth osciltator, error e b2 puise vadth
modulator, pulse metering and steening log:d «~s Lwa Nign curesnt
totem pole outputs ideally suited for driving th2 rance of power
FETs at high speeds.

Additional protective featuresinclude soit stast 4n¢ undervoliage
lockout, digital current limiting, double pulse 'mhib.t aajusiable dead
time and a data latch for single pulse meicring Al digital control
ports are TTL and B-series CMOS compatible Active1ow logic design
allows easy wired-OR connections for maximun fiexibility. The
versatility of this device enables implementation :n single-enced
or push-pull switching regulators that are transformeriess or trans-
former coupled. The SG1526 is specified over the full military junc-
tiontemperature range of -55°C1o+150°C.The SG25261s specified
over a junction temperature range of -40°C tc »130°C while the
SG3526 is specified over 2 range of 0°C 10 -125°C

@ 8.0 to 35 Volt Operation

5.0 Voit 1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

Dual Source/Sink Current OQutputs: =100 mA
Digital Current Limiting

Programmable Dead Time

Undarvoitage Lockout

Single Puise Metering

Proqramtla_tﬂe Soft Start__

Wide Current Limit Common Mode Range

Guaranteed 6 Unit Synchronization

SG1526
SG2526
SG3526

PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

N SUFFIX
PLASTIC PACKAGE
CASE 707
J SUFFIX
CERAMIC PACKAGE
CASE 726

BLOCK DIAGRAM

Vret o

Under-
17 | Relerence
Vee Regulator P :‘::;"
15
Ground "'_—_'i To internal
= 2 Circuitry
12 "
£ l—o Ve
3,
Output A
18
Outpwt 8

PIN CONNECTIONS

o/
~Error E E Veef
- Error E E Vee
Compansation E E Output 8
Cson-Start E E Ground
Resat E E Ve
-Cs E E Cutput A
e[l ) s
Shutdown E E Rpeadtime
wlE o or
Top View
ORDERING INFORMATION
Junction
Device |Temperature Range Package
SG15264 55t +150°C Ceramic DIP
SG2526J Ceramic DIP
sG2szen |~ H10C | piagiic OIp
SG3s26J Ceramic DIP
SG3526N Oto +325°C | p1stic DIP




e
ELECTRICAL CHARACTERISTICS (Ve = 218 Vde, Ty = Tig to Thigh [Note 4] unless ctherwisa specilied) ’

- SG1526/2528

$G3526

isti Symbol
Characteristic ymbol Min l e l v Min [ Tve l PP Unit

REFERENCE SECTION (Nota 5)

Reference Output Voltage (T = +25°C) Veet 4.95 5.00 5.05 4.90 5.00 5.10 \

Line Regulation Regjine — 10 20 - 10 30 mv
(*8.0V Ve +35V)

Load Regulation, 0 mA < I € 20 mA Regioad - 10 30 - 10 s0 mv

Temperature Stability AViet/ATy - 15 50 - 15 50 mV

Total Relerence Output Voltage Variation AV el 4.90 5.00 5.10 485 5.00 5.18 v
1*B.OVE VCL < +35 V. O mAS I < 20 mA)

Short Ciecuit Current Isc 25 50 100 25 S0 100 mA
Veet 20V

" UNDERVOLTAGE LOCXOUT -

Reseatl Output Voltage - -— 0.2 04 - 0.2 0.4 v
(Vigr=+3.8V) )

Reset Output Vollaga . - 2.4 4.8 - 2.4 4.8 - LV
(Vie(= *4.8 V) ! "

* OSCILLATOR SECTION (Nota 6)

Initial Accuracy (T = +25°C) / = - +30 | 280 - +30 | =80 %

Frequency Stability aver Powsr Supply Range Algse - 0.5 o - 0.5 1.0 %
(+8.0V< Voo < *35V) Avee

Frequency Stability over Temperature algec —_— 7.0 10 _— 3.0 5.0 %
AT = Tigw to Thigh) ATy

Minimum Frequency tmin - - 1.0 _— -— 1.0 Hz
(A7 = 150k (1, Cy = 20 uF)

Maximum Fraquency P fmax 400 - - 400 - - kHz
(R = 2.0 k2, C = 0.001 4F) e =

Sawiooth Peak Voltage VosciPy — 3.0 3s -— 30 35 v
(Vec=+35V)

Sawtooth Valey Voliage - Vosc(v) 0.5 1.0 —_ 0.5 1.0 - v
Vcc=+80V) " '

ERROR AMPLIFIER SECTION (Note 7)

Input Olfsat Voitage Vio - 20 50 - 2.0 10 mV
(Rg < 2.0k10))

Input Bias Current hg — =350 |-1000 — -350 -2000 aA

Input Offset Currant ho — = 100 — 35 200 nA

DC Open Loop Gain Ayl 64 72 - 60 72 - d8 -
(R > 10 M) 2

High Output Voltage VoH 36 42 - 386 J|'e2)| - v
(VPin 1-Vpin 2 3 *150 mV, yource * 100 4A)

Low Output Voltage VoL - 0.2 04 — 0.2 04 v
(VPin 2-VPin 1 2 *150 mV, lgiqx = 100 uA) -

Common Mode Rejection Ratio CMAR 70 94 —_ - 70 94 — d8
g < 2.0k i

Power Supply Rejection Ratio PSRR 66 80 - 68 80 -_— d8
(+12V< Ve S *18 V) )

PWM COMPARATOR SECTION (Note §) .

Minimum Duty Cycte OCmin — —_— 0 - — o %
Veompensation * *0.4 V) -

Maximum Duty Cycle OCmax 45 49 | - 4s 49 s %
(Veompensaticn = *3.6 V)

60



SG1526, SG2526, SG3526

ELECTRICAL CHARACTERISTICS (Coniinued)

Charscresuiic Evmibal $G1526/2826 SG3528 Yl
{13
Y Min ] Typ J Max Min l Typ ] Max .
DIGITAL PORTS (SYNC. SHUTDOWN, RESET)
Qutput Voliage — High Logic Levai Voo 24 4.0 — 24 40 -— v
lsource = 40 uA)
OQuiput Vollage — Low Logic Level VoL - 02 | 04 - 0.2 04 v
Usink = 3.6 mA)
Input Current — High Logic Level hy . ~— -128 -200 —_— -128 -200 HA
(ViH=+24 V) n
Input Cutrent — Low Logic Level iy - =225 -360 —_ --225 -360 HA
Vi =04 V)
CURRENT LIMIT COMPARATOR SECTION (Note B}
Sense Voliage Vsense 90 100 110 80 100 120 mV
{Rg < 501) e
Input Bias Current has - -30 -10 - -3.0 -10 »A
SOFY-STARY SECTION
Error Clamp Voliage — - 0.1 04 - o 0.4 \'
{Resat= «04 V) 1
CSoti-Start Charging Currant ics 50 100 150 50 | 100 150 »A
{Resat = 2.4 V) . 1
OUTPUT DRIVERS )
(Each Output, Ve = +15 Vdc unless otherwise spacilied)
Ouiput High Lavel - VoH v
lsource * 20 mA - 12.5 135 - 125 135 —
Isource * 100 mA 12 13 - 12 13 -
Output Low Level VoL . v
Igink = 20 mA - 02 03 - 0.2 03
Isink * 100 mA : : - 12 20 - 1.2 20
Collecior Leakage. Vo = 140 V ICl1eak) - 50 150 -— 50 150 »A
Rise Time (C_ = 1000 pF) 1 -_ 03 X - 03 0.6 us
Fall Tima (Cy_* 1000 pF) w o - 0.1 02 - 0.1 02 us
Supply Cuunm_ : lec - 18 30 - . 18 30 mA
IShutdown = +0.4 V, Voo = 135 V, ’ . |
AT = 4.12 k1) "
Noes:
4. Tygw * -55°C for SG1526
-40°C lor SG2526
0°C toe $GI526
"“9"' *160°C for SG16526/2626
+128°C lor SGI526 .
" 8. iy 4 0 mA uniess etherwise noted. 4 '
6. Iggc® 40RH2 (Ry s 4.12 000 21%, - . :
Cr=001,F zI% Rps011) ¢ @ . ) :
7.0VE Vo< 82V i

8.0V VoS 12V



SG1526, SG2526, SG3526

. TYPICAL CHARACTERISTICS

FIGURE 1 — SG1526 REFERENCE STABILITY
OVER TEMPERATURE
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S$G1526, SG2526, SG3526

OUTPUT DEADTIME {us)

FIGURE 7 — V¢ SATURATION VOLTAGE AS A

FUNCTION OF SINK CURRENT
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FIGURE 11 — SG1526 UNDERVOLTAGE LOCKOUT
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FIGURE 12 . SG1526 PULSE PROCESSING LOGIC
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The metecing FUP-FLOP is an asyncheonous
aata latch which high 1 Y
oscillatons by allowing only one PWM puise
par oscHlalos cycle.

The y FLIP-FLOP p. double pui-
$ing in 3 push-pullt conliguiation by remem-
bernng whuch oulpul produced the lasi pulse.

63



64

$G1526, SG2526, SG3526

" APPLICATIONS INFORMATION

FIGURE 13 — EXTENDING REFERENCE

FIGURE 14 — ERROR AMPLIFIER CONNECTIONS
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FIGURE 15 — OSCILLATOR CONNECTIONS FIGURE 16 — FOLDBACK CURRENT LIMITING
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FGURE 17 — SG1526 SOFT-START CIRCUITRY FIGURE 18 — DRIVING TMOS POWER FETS
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The totem-pote output dervers of the SG1526

are ideally sused lor driving the inpul capsci-
1ancs of pawes FETs at high speeds.
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FGURE 18 — HALF-BRIDGE FIGURE 20 — FLYBACX CONVERTER
CONFIGURATION WITH CURRENT LIMITING
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in the above circuit, current limiting is sccom-
plished by using the current limit comparator
oulput 1o resst the soft-start capacitor.
FGURE 21 — SINGLE-ENDED CONFIGURATION FIGURE 22 — PUSH-PULL CONFIGUR‘ATlON
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