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SWITCHING POWER SUPPLY FOR MICROWAVE GENERATOR

WAVE GUIDE AND SIGNAL MEASUREMENT

UDOMSAK CHOWALIT

SITTIKORN JUNCHOO

ASSOC. SOMSAK CHEARSIRIKUN advisor
2004

ABSTRACT

This project was a design of switching power supply for microwave generator. The
supply will be used as a source of a magnetron tube to radiate microwave signal into a wave
guide. The supply consists of many electronic circuits. The main part is a half bridge
converter controlled by TL494 which is a switching controller of the power MOSFET.

AC signal from the switching power MOSFET is sent to a resonance circuit and pass
to a high frequency transformer. To increase the output voltage up to high level the secondary
is coiled many laps. After that it is fed to a microwave generator or a magnetron tube.

The magnetron tube will creates 2.45 GHz microwave signal and send it to a wave
guide. The wave guide comprises 3 partitions, first partition is directly connected to
magnetron tube, second partition is a signal detector and last partition is a wave guide cavity
adjustable. After passing through this wave guide the output signal is radiated into a regular

microwave oven.
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CORETYPE  Afem) 4Afem) V()  S(mm)
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3.2.3 @ulAsdmAes3a (Hyteresis Curve)
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@ MOTOROLA

SWITCHMODE™ Pulse Width

Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply control.

Complete Pulse Width Modulation Control Circuitry

On—Chip Oscillator with Master or Slave Operation

On—Chip Error Amplifiers

On-Chip 5.0 V Reference

Adjustable Deadtime Control

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single-Ended Operation

Undervoltage Lockout

Order this document by TL494/D

TL494

PULSE WIDTH MODULATION

SWITCHMODE

CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

»

D SUFFIX
PLASTIC PACKAGE
CASE 7518
(SO-16)

N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

\J
Noninv Noninv
fopon | 16
MAXIMUM RATINGS (Full operating ambient temperature range applies, i B} @ i Input
b Inv Inv
unless otherwise noted.) Ioput E 4 E input
Ratin Symbol | TL494C | TL494l | Unit Compen/PWN 50V
et 3 CgmplnputE b o1 Evref
Power Supply Voltage Vee 42 Vv Deadime 1 _, y 37 Output
Control :l Control
Collector Output Voltage Ve, 42 \"
ve2 " gf g 2] Voc
Oscillator
Collector Output Current Ic1, Ic2 500 mA Rr|6 E] c2
(Each transistor) (Note 1) L‘é:
Ground @ E2
Amplifier Input Voltage Range VIR -0.3 to +42 V .
. - c1[8] [9] E1
Power Dissipation @ Tp < 45°C Pp 1000 mw
Thermal Resistance, RoJA 80 °C/W (Top View)
Junction-to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL494C 0to+70 Device Temperature Range|  Package
—25to +85
o TL494CD e o et TS SO-16
0 i 0 = 0+
Derating Ambient Temperature TA 45 C TL494CN A Plastic
NOTE: 1. Maximum thermal limits must be observed.
TL494IN TA =— 25° to +85°C Plastic

© Motorola, Inc. 1996

Rev 1



RECOMMENDED OPERATING CONDITIONS

TL494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \
Collector Output Voltage Ve, Voo o 30 40 v
Collector Output Current (Each transistor) Ic1. Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Veec-2.0 \Y
Current Into Feedback Terminal Ify - = 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 30 500 kQ
Timing Capacitor Ct 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz
ELECTRICAL CHARACTERISTICS (Vgg = 15V, C1 = 0.01 uF, RT = 12 k€, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol | Min I Typ l Max l Unit ]
REFERENCE SECTION

Reference Voltage (I0 = 1.0 mA) Vref 4.75 5.0 5.25 \Y

Line Regulation (Vcc =7.0Vto 40 V) Regjine - 2.0 25 mvV

Load Regulation (Io = 1.0 mA to 10 mA) Regjoad - 3.0 15 mv

Short Circuit Output Current (Vpef = 0 V) Isc 15 39 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) - 2.0 100 LA
(Voo =40V, VCeg =40V)

Emitter Off-State Current IE(off) e ] 100 A
Voc=40V,Vc=40V,VE=0V)

Collector-Emitter Saturation Voltage (Note 2) v
Common-Emitter (Vg = 0V, Ig = 200 mA) Vsat(C) 7 14 13
Emitter—Follower (Vg = 15V, | = —200 mA) Vsat(E) - 1.5 28

Output Control Pin Current
Low State (Vo <0.4V) locL = 10 o ik
High State (VOC = Vref) loCH - 0.2 35 mA

Output Voltage Rise Time tr ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time t ns
Common-Emitter (See Figure 12) = 25 100
Emitter—Follower (See Figure 13) = 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA




TL494

Figure 1. Representative Block Diagram

Output Control Voo
—————————————————— — ——
o |
T : Oscillator
=
Ry Ct If | Deadtime Flop
— | Comparator = i
= P ck Q 1
) { 012V A - =
o— | T 10
4 | L |
Deadtime | 0.7v |
Control { /_{\} = ! 12 =
- i T o—
[ N PWM Tl a9v | Vec
] = 07mA Comparator uv = |
| Lockout o=, Reference |
| a7 Regulator |
| ]z |
| 35V = |
Ll g | === orey=- W _ =fg" PN\ . ¥, I
1 16 14 #
iGnd
Error Amp Feedback PWM Error Amp Ref.
1 Comparator Input 2 Output -
This device contains 46 active transistors.
Figure 2. Timing Diagram
Capacitor CT
FeedbackPWM COmp.E: f / A 7[ % _/é—/z L//L—//F]‘ 7‘&/_ 7< /
Deadtime Control — V— F—+ L2 ]
il -I_—LL_I_—L—L_L_L_L_L —I__I_
Clock Input | I
Flip-Flap
Q
Flip-Flop
Q
Output Q1
Emitter | | | | |
Output Q2
Emitter
i -
Output
Control
4 MOTOROLA ANALOG IC DEVICE DATA



TL494

Figure 21. Pulse Width Modulated Step—Down Converter

1.0mH @ 2A
p mMM — o
N/ Io =1.0A
M-
47
150
47k
12
T 8 1 L
1.0M
Vee G4 G Comp 3
|2
1 > 5.1k 5.1k
50 _J._+ + —0 AN ——0O
sov T TL494 VP N
15 500 —
5 ~—0—«—'%/\1/QA ? MR850 10V
L |18 :
Ct Ry DT 0.C.Gnd E1 Ep
N
4 9 {10 - 0
5 6 1317 = o
? 150
0.001 T 47k
O
% 0.1
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Test Conditions Results
Line Regulation Vin=8.0Vto40V 3.0mV  0.01%
Load Regulation Vin=12.6V, o= 0.2 mAto 200 mA 50mV  0.02%
Output Ripple Vin=12.6V, lp =200 mA 40mVpp PARD.
Short Circuit Current Vih=126 VR =0.1Q 250 mA
Efficiency Vin =126V, 10 =200 mA 72%

10 MOTOROLA ANALOG IC DEVICE DATA
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IRFP450

N - CHANNEL 500V - 0.33Q - 14A - TO-247

PowerMESH™

MOSFET

TYPE
IRFP450

= TYPICAL Ros(on =0.33 Q

« EXTREMELY HIGH dv/dt CAPABILITY

« 100% AVALANCHE TESTED

= VERY LOW INTRINSIC CAPACITANCES
« GATE CHARGE MINIMIZED

Vpss Rps(on) Ip
<04Q 14 A

DESCRIPTION

This power MOSFET is designed using the
company'’s consolidated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS
s HIGH CURRENT SWITCHING
= UNINTERRUPTIBLE POWER SUPPLY (UPS)

TO-247

INTERNAL SCHEMATIC DIAGRAM

s DC/DC COVERTERS FOR TELECOM, Wity A
INDUSTRIAL, AND LIGHTING EQUIPMENT.
(1)
s(3)
SC07580
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vps Drain-source Voltage (Ves = 0) 500 \V
Vper |Drain- gate Volitage (Ras = 20 kQ) 500 \Y/
%'\7@5 Gate-source Voltage 7 + 20 \Y
Io Drain Current {continuous) at T¢ = 25 °C 14 A
Io Drzin Current {continuous) at T¢ = 100 °C 8.7 A
lom{e) |Drzin Current {pulsed) 56 A
Pwt | Total Dissipation at T = 25 °C 190 wW
Derating Factor 1.5 w/°c
dv/dt(1) |Peak Diode Recovery voltage slope 3.5 V/ns
Tstg Storage Temperature -65 to 150 °c
Wd}‘vl', Max. Operating Junction Temperature 150 °c

(¢) Pulse width limited by safe operating area

August 1998

(1) fsp <14 A, di/dt < 130 A/pS, Voo < V(BR)Dss, Tj < Timax

1/8




IRFP450

THERMAL DATA

Rinj-case | Thermal Resistance Junction-case Max 0.66 °C/W l
Rinj-amb | Thermal Resistance Junction-ambient Max | 30 oC/W |
Rinc.sink | Thermal Resistance Case-sink Typ | 0.1 °C/W ’
L T Maximum Lead Temperature For Soldering Purpose | 300 %€ !
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
1AR Avalanche Current, Repetitive or Not-Repetitive 14 A
(pulse width limited by T; max)
Eas Single Pulse Avalanche Energy 800 mJ
(starting Tj = 25 °C, Ip = Iar, Vop = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
V(eRrypss |Drain-source Ip=250 yA Ves=0 500 Vv
Breakdown Voltage
Ipss Zero Gate Voltage Vps = Max Rating | uA
Drain Current (Vgs = 0) | Vps = Max Rating T.=125°C 50 uA
less |Gate-body Leakage  |Vas =+ 20 V £100 | nA |
Current (Vps = 0)
ON ()
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ves(th) |Gate Threshold Vbs|=Wes. lip= 250 0A JILRY 4 v
Voltage
Rps(on) |Static Drain-source On |Vgs =10V Ip=8.4 A 0.33 0.4 Q
Resistance _ - .
lp(on) On State Drain Current {Vps > Ip(on) X Ros(on)max 14 A
Ves =10V
DYNAMIC
Symbol Parameter | Test Conditions Min. ' Typ. | Max. | Unit
grs (¥) |Forward {VDs > lIpion) X Rosenimax  i0=8.4A| 9.3 13 S
Transconductance i
Ciss Input Capacitance ‘Vps=25V f=1MHz Vze=0 ' 2600 pF
Coss |Output Capacitance 330 | pF
Crss Reverse Transfer 40 pF
Capacitance B !
2/8 ‘y,




IRFP450

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
ta{on) Turn-on Time ‘Vop=250V Ip=T7A 24 ns
te Rise Time ‘Re=4.7Q Vgs = 10 V 14 ns
| (see test circuit, figure 1)
Qg Total Gate Charge Vpp =400V Ip=14A Ves=10V 75 nC
Qqs Gate-Source Charge 13.5 nC
Qg4 Gate-Drain Charge i 27 nC
SWITCHING OFF
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
trvorny  Off-voltage Rise Time Vpp=400V Ip=14 A 15 ns
ts Fall Time Rg=47Q Vgs=10V 25 ns
te Cross-over Time |(see test circuit, figure 3) 35 ns
SOURCE DRAIN DIODE
|
Symbol Parameter | Test Conditions Min. | Typ. | Max. | Unit
Iso Source-drain Current 14 A
Ispm(e)  Source-drain Current 56 A
. (pulsed)
Vsp (*) |Forward On Voltage Isb=14A Ves=0 1.4 \Y,
ter Reverse Recovery lsp =14 A di/dt = 100 A/us 680 ns
Time Voo =100V Tj= 150 °C
Qrr 'Reverse Recovery (see test circuit, figure 3) 9 uC
Charge
IRRM Reverse Recovery 26 A
Current
(*) Pulsed: Pulse duration =300 s, duty cycle 1.5 %
() Pulse width limited by safe operating area
Safe Operating Area Thermal Impedance
GC77430 GC1846
154} =08 | i -
s 10 =U.0 | 1 (111
! ‘ AT 0.2 a8
z_f_‘,_:*]‘c)!: ’4‘\‘ e = 1-- ’»' :
0 e A NS o T T |
b Gl X 100 us 0.058 '
€ [ ~<° . A Eﬁ v
J & AN N PR pRiI e diiili
A i AN 7} A 0.01
J T NN 1ms % I Zm= K Rynse
i P ! N -
c CIINISN L W fsineLe puise 6=to/7
10 X 10
. e 10ms 7 i m
: S Rt
D.C. OPERATION I %
LI T At AT
10 2 2 4 68 2 4 B8 2 2 4 €68 10-5 !
10 10 10 Vos (V) 107 107 107 1072 107 t,.(s)

&r
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Output Characteristics
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Transfer Characteristics
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Normalized Gate Threshold Voltage vs Nommalized On Resistance vs Temperature
Temperature
GCB1630 GCE1641
VC-S('h) T RDS(nn) T
(norm) ! (norm){ | | L
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lDZZbO#A :‘D:SAA
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B I T o N | i / - i
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| i
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Source-drain Diode Forward Characteristics

GCE1680
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: =
// ~
‘ T 25°%
0.8 / e
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4 s
. e
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IRFP450

Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 1: Unclamped Inductive Waveform
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Fig. 3: Switching Times Test Circuits For Fig. 4: Gate Charge test Circuit
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Fig. 5: Test Circuit For Inductive Load Switching
And Diode Recovery Times
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IRFP450

TO-247 MECHANICAL DATA

mm inch
DIM.

MIN. TYP. MAX. MIN. TYP. MAX.
A 47 5.3 0.185 0.209
D 22 2.6 0.087 0.102
E 0.4 0.8 0.016 0.031
F 1 14 0.039 0.055
F3 2 24 0.079 0.094
F4 3 3.4 0.118 0.134

10.9 0.429
H 15.3 15.9 0.602 0.626
L 19.7 20.3 0.776 0.779
L3 14.2 14.8 0.559 0.413 0.582

L4 34.6 1.362

L5 55 0.217
M 4 3 0.079 0.118
Dia 3155 3.65 0.140 0.144

L3
7 . 3
L D
L4
L5

P025P

)
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

DESCRIPTION

PIN CONFIGURATION

The LM124/SA534/.M2902 series consists of four independent, D.F. N Pack

high-gain, internally frequency-compensated operational amplifiers r ackages

designed specifically to operate from a single power supply over a S

wide range of voltages. OUTPUT 1 ‘Z‘ 14 | OUTPUT 4

UNIQUE FEATURES aveurs [ ] 2] et a

In the linear mode, the input common-mode voltage range includes

ground and the output voltage can also swing to ground, even v+ E 1___1f GND

though operated from only a single power supply voltage.

+INPUT 2 E E +INPUT 3
The unity gain crossover frequency and the input bias current are ¢_
temperature-compensated. —INPUT 2 E 3 9 | -INPUT 3
OUTPUT2 | 7 8 | OUTPUT3
FEATURES
£ . TOP VIEW

@ |nternally frequency-compensated for unity gain SL0006S

® Large DC voltage gain: 100dB Figure 1. Pin Configuration

® Wide bandwidth (unity gain): 1TMHz (temperature-compensated)

® Wide power supply range Single supply: 3Vpc to 30Vp¢ or dual
supplies: £1.5Vp¢ to +15Vp¢

® Very low supply current drain: essentially independent of supply

voltage (1mW/op amp at +5Vpc)

@ | ow input biasing current: 45nApc (temperature-compensated)

@ [ow input offset voltage: 2mVpg and offset current: 5nApc

® Differential input voltage range equal to the power supply voltage

® Large output voltage: 0Vpc to Vge-1.5Vpe swing

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #

14-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C LM124N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C LM124F 0581B
14-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM224N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) © -25°C to +85°C LM224F 0581B
14-Pin Plastic Small Outline (SO) Package -25°C to +85°C LM224D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) 0°C to +70°C LM324N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) 0°C to +70°C LM324F 05818
14-Pin Plastic Small Outline (SO) Package 0°C to +70°C LM324D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) 0°C to +70°C LM324AN SOT27-1
14-Pin Plastic Small Outline (SO) Package 0°C to +70°C LM324AD SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SA534N SOT27-1
14-Pin Ceramic Dual In-Line Package (CERDIP) -40°C to +85°C SAS534F 05818
14-Pin Plastic Small Outline (SO) Package -40°C to +85°C SA534D SOT108-1
14-Pin Plastic Small Outline (SO) Package -40°C to +125°C LM2902D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP) -40°C to +125°C LM2902N SOT27-1

1995 Nov 27
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Philips Semiconductors

Product specification

Low power quad op amps LM124§§54§%$22§£
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 320r+16 Vpe
ViN Differential input voltage 32 Vpc
Vin Input voltage -0.3to +32 Vbc
Maximum power dissipation,
Po TA=25°C (still-air)!
N package 1420 mwW
F package 1190 mw
D package 1040 mwW
Output short-circuit to GND one amplifier? g
Vee<15Vpe and Ta=25°C RQptinuous
Iin Input current (Vn<-0.3V)3 50 mA
Ta Operating ambient temperature range
LM324/A 0to +70 °C
LM224 -25to +85 °C
SAS534 -40 to +85 °C
LM2902 -40 to +125 °C
LM124 -55 to +125 °C
TsTG Storage temperature range -65 to +150 °C
TsoLD Lead soldering temperature (10sec max) 300 °C
NOTES:

1. Derate above 25°C at the following rates:
F package at 9.5mW/°C
N package at 11.4mW/°C

D package at 8.3mW/°C
2. Short-circuits from the output to Vcc+ can cause excessive heating and eventual destruction. The maximum output current is approximately

40maA, independent of the magnitude of Vcc. At values of supply voltage in excess of +15Vp¢ continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction.
3. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the
input PNP transistors becoming forward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic
transistor action on the IC chip. This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large
overdrive) during the time that the input is driven negative.
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Philips Semiconductors

Product specification

LM124/224/324/324A/
Low power quad op amps SAB34/LM2902
DC ELECTRICAL CHARACTERISTICS
V=5V, Ta=25°C unless otherwise specified.
o PARAMETER TEST CONDITIONS LM124/LM224 LM324/SA534/LM2902
SYMBOL Min Typ Max Min Typ Max UNIT
- tage! Rs=0Q 2 +5 +2 +7
Vos set voltage Rg=0Q, over temp. +7 +9 L
AVps/AT Temperature drift Rs=0€, over temp. 7 7 uv/eC
o ” Iin() or Iin(-) 45 150 45 250
S DpEt eupes II(*) of (), over temp. 20 300 40 500 nA
Algias/AT | Temperature drift Over temp. 50 50 pA/°C
Offset ¢ Iin(H-hinG) 3 +30 5 +50
los setcumen I )-i(), Oover temp. 100 150 B
Alos/AT Temperature drift Over temp. 10 10 pA/°C
Common-mode voltage Vee<30V 0 Vee-1.5 0 Vee-1.5
\Y
Vem range3 V<30V, over temp. 0 Vee-2 Vee-2
CMRR | Sommon-mode reloction Ve=30V 70 | 85 65 | 70 B
: R=2kQ, V=30V,
Vourt Output voltage swing over temp. 26 26 \
; R <10k, Vc=30V,
VoH Output voltage high over temp. 27 28 27 28 \%
R <10kQ,
VoL Output voltage low over temp. 5 20 5 20 mV
R =e, Vo=30V, 15 3 15 3
over temp.
lcc Supply current =) mA
over temp. 0.7 1.2 0.7 1.2
Vece=15V (for large Vo
swing), R, 32kQ 50 100 25 100
AvoL Large-signal voltage gain V=15V (for large Vo v/imV
swing), Ry >2kQ, 25 15
over temp.
Amplifier-to-amplifier f=1kHz to 20kHz,
coupling® input referred s 720 dB
PSRR Power supply rejection ratio Rs<0Q 65 100 65 100 dB
Output current Vint=+1V, ViN-=0V,
source Vcc=15V % (R 20 40
Vint=+1V, Vi-=0V,
V=15V, over temp. - il 10 20
mA
Vin-=+1V, Vin+=0V,
lout Output current Vee=15V 10 20 10 20
. ViN-=+1V, V|n+=0V,
shls V=15V, over temp. s 8 & &
Vin-=+1V, Vi +=0V,
Vo=200mV 12 50 12 50 HA
Isc Short-circuit current? 10 40 60 10 40 60 mA
GBW Unity gain bandwidth 1 1 MHz
SR Slew rate 03 0.3 Vius
VNOISE Input noise voltage f=1kHz 40 40 nVAHz
VDIFF Differential input voltage3 Vee Vee Y
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Philips Semiconductors

Product specification

Low power quad op amps LM124/82,,;‘2;§%@223$/
DC ELECTRICAL CHARACTERISTICS (Continued)
V=5V, Ta=25°C unless otherwise specified.
LM324A
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Rg=0Q +2 +3
Vos Offset voltage' Yoy sy = mv
AVs/AT Temperature drift Rg=0¢2, over temp. 7 30 uv/ec
. lin(+) o Iin(-) 45 100
lsias Ingat cumentt Iin(#+) or Iin(-), over temp. 40 200 A
Algias/AT Temperature drift Over temp. 50 pA/°C
hn(H)-linG) 5 +30
los Offset current P). over temp. 75 nA
Alps/AT Temperature drift Over temp. 10 300 pA/°C
Vem Common-mode voltage range3 Vecs30V 0 Vee-1.5 v
V<30V, over temp. 0 Vee-2 \Y%
CMRR Common-mode rejection ratio V=30V 65 85 dB
Vout Output voltage swing RL:Z(:{?} :;?:;30\/' 26 Vv
VoH Output voltage high Ry £10kQ, Vc=30V, over temp. 27 28 \Y%
Vou Output voltage low c?/fr1t2:'(r\%. 5 20 mv
lcc Supply current Ry =e=, Vcc=30V, over temp. 1.5 3 mA
Ry =<e, over temp. 0.7 T2 mA
AvoL Large-signal voltage gain V=15V (for large Vg swing), R; 22kQ 25 100 V/imV
Vee=15V (for large Vg swing), R 22
og ( ozrte%p. g), R 22k, 15 —_—
Amplifier-to-amplifier coupling® &:nk;ui :Zég':;z' -120 dB
PSRR Power supply rejection ratio Rs<0Q 65 100 dB
O”stgl:‘:c‘;”"em Vipt=+1V, Vin-=0V, Veo=15V 20 40 mA
Vint+=+1V, V=0V, V=15V, over temp. 10 20 mA
louT Qutput current Vin=+1V, Vjn+=0V. V=15V 10 20 mA
sink Vine=+1V, Vin+t=0V, V=15V, over temp. 5 8 mA
Vinr=+1V, Vin+=0V, Vo=200mV 12 50 HA
Isc Short-circuit current? 10 40 60 mA
VDirr Differential input voitage® Vee Vv
GBW Unity gain bandwidth 1 MHz
SR Slew rate 0.3 V/us
VNOISE Input noise voitage =1kHz 40 nVAHz
NOTES:

1. Vg = 1.4Vpc, Rs=0Q with V¢ from 5V to 30V and over full input common-mode range (OVpc+ to Ve -1.5V).

2. The direction of the inout current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of
the output so no loading cnange exists on the input lines.

3. The input common-moce voitage or either input signal voltage shouid not be aliowed to go negative by mare than 0.3V. The upper end of the

common-mode voltage range s Ve -1.5. but either or both inouts can go to +32V without damage.

4. Shori—circuits from the output to Vg can cause excessive heating and eventual destruction. The maximum output current is approximately
40mA independent of e magnitude of Vcc. At values of supoly voltage in excess of +15Vpc, continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

5. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This
typically can be detected as this type of coupling increases at higher frequencies.
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Philips Semiconductors Product specification

LM124/224/324/324A/
SA534/LM2902

Low power quad op amps

EQUIVALENT CIRCUIT

OouTPUT

SLOO066

Figure 2. Equivalent Circuit
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/

SA53

4/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS

Output Characteristics
Supply Current Current Sourcing
4 8 1 O 1
$ w o
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z 55
: S 3
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2 w
2 28
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g 2 -
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[} 1 1 ( 1
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+
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0P05460S
QOutput Characteristics
Voltage Gain Current Sinking
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Large-Scale Voltage-Follower
Frequency Response s Pulse Response Input Voltage Range
4
20 w T T T T 15
Vbc Q RL<2KV* = 15vpc ~
F 3 Q
~ 3 N e
a s >
L1 £ 2 / \ !
2 2 w
) = @10
z = y g NEGATIVE /
S ° 3
& 10 b S
5 s 5 POSITIVE
S w 3 E
= Q Z5
[e]
5 s 2 | /
b N 3 i
s el 2
) -
0 [~ g o
1K 10K 100K ™ zZ o0 10 20 30 40 0 5 10 15
FREQUENCY (Hz) TIME (uS) — POWER SUPPLY VOLTAGE (+ Vpc)
vt oRv-
= Voltage-Follower Pulse
input Current $ Common-Mode Rejection Ratio Response (Small-Signal)
) 500
90 £ 120 T—T% & 1
80 Vem=0Vpc b
- Z 100 s
o 2 450
8 - = E E
z v¥=1+30vpc Ia G w sopF
£ &0 1 2 80 e Vi I [\
[ u < ==
= A e 2 £
w s0 Y W s = v
o VT =+15Vpc a > |
g E 5 INPUT
| 350
5 30 5 E
g g = OUTPUT
T 20 vt=45vpe 3 o 300 AN
O A
2 40 i i i 1 K \J Tp = +25°C
o E 250 V7 =+30Vpc
-55 35-15 5 25 45 65 85 105 125 s 100 1K 10k 100k ™ 0 1. 2 3 4 5 6 71 8
o
Ta — TEMPERATURE (C°) f — FREQUENCY (Hz) L — TIME (uS)
SL00068
Figure 4. Typical Performance Characteristics (cont.)
TYPICAL APPLICATIONS

Single Supply Inverting Amplifier

Non-Inverting Amplifier

Input Biasing Voltage-Follower
SL00069
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Figure 5. Typical Applications



intersil IRF9540, RF1S9540SM
~EEE—

Data Sheet July 1999 File Number 2282.6

19A, 100V, 0.200 Ohm, P-Channel Power Features
MOSFETs . 19A. 100V

These are P-Channel enhancement mode silicon gate
power field effect transistors. They are advanced power
MOSFETs designed, tested, and guaranteed to withstand a - Single Pulse Avalanche Energy Rated
specified level of energy in the breakdown avalanche mode - SOA is Power Dissipation Limited
of operation. All of these power MOSFETSs are designed for
applications such as switching regulators, switching
convertors, motor drivers, relay drivers, and drivers for high < Linear Transfer Characteristics
power bipolar switching transistors requiring high speed and
low gate drive power. They can be operated directly from
integrated circuits. * Related Literature
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

* IpS(ON) = 0.200Q

« Nanosecond Switching Speeds

= High Input Impedance

Formerly Developmental Type TA17521.

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D

IRF9540 TO-220AB IRF9540

RF1S9540SM TO-263AB RF1S9540 -

NOTE: When ordering, use the entire part number. Add the suffix 9A to

obtain the TO-263AB variant in the tape and reel, i.e., RF1S9540SM9A. <

Packaging

JEDEC TO-220AB JEDEC TO-263AB
DRAIN
=" (FLANGE)
GATE
SOURCE
4-15 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

http:/iwww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRF9540, RF1S9540SM

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

IRF9540,
RF1S9540SM UNITS
Drainto Source Voltage (Note 1) . .. ... o e Vps -100 Vv
Drain to Gate Voltage (Rgs=20kQ) (Note 1) . .. ... ... VDGR -100 Vv
Continuous Drain CUITENt . . ... ... .. Ip -19 A
Tio= 1009 . . vcis o35 e o a5 s o s s oS 5 FUAF 5 BRI E 55 0 Albunee n s commorn o 5 & s o & ¢ s o ¢ 2 e Ip -12 A
Pulsed Drain Cumrent (Note 3) . . ... ... ..o Ipm -76 A
Gateto-Source VORAGE s s ¢ 3 simm 1 s 5t 3 3 SI8EEE 5 BE00 5 8 F FHARAI 23 6 5 73 b adi a3 b aam 8756 Vas +20 Vv
Maximum Power Dissipation (Figure 1) . . ... . ...t Pp 150 w
Linear Derating Factor (Figure 1). . .......... ... . i 1 w/ec
Single Pulse Avalanche Energy Rating (Note4). ........... ... ... ... ................. Eas 960 mJ
Operating and Storage Temperature . .. ............................ ... ... ... Ty TeTG -55t0 175 oc
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10S. ... o, ccuow v s wmumins s s s s s mimm v s @ wms o 5 5 5o T 300 o°c
Package Body for 108, See TechbrieF 334 . . ccv v v v« v s s s« smves 5 ¢ 3 mime s 8 8 wrw & 5 5 s Tpkg 260 °c

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty =25°C to 150°C.

Electrical Specifications  T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss | Ip =-250pA, Vgg = OV (Figure 10) 100 N " v
Gate to Threshold Voltage Ves(tH) | Ves = Vps. Ip = -250pA -2 - -4 Vv
Zero Gate Voltage Drain Cumrent Ipss Vps = Rated BVpgg, Vgs = 0V - - -25 HA
Vps = 0.8 x Rated BVpgs, Vgs = 0V, T¢ = 125°C - - -250 pA
On-State Drain Current (Note 2) Ipiony | Vos > Ipon) X 'ps(oN) max: Vas = -10V -19 - - A
Gate to Source Leakage Current Igss Vgs =120V S B +100 nA
Drain to Source On Resistance (Note 2) s©ON) |!p=-10A, Vgg = -10V (Figures 8, 9) - 0.150 | 0.200 Q
Forward Transconductance (Note 2) Ofs Vps > Ip(oN) X 'DS(ON) MAX: |p = -6A 5 7 - S
(Figure 12)
Turn-On Delay Time tyoN) | VoD =-50V, Ip=19A, Rg = 9.1Q, R =2.3Q. - 16 20 ns
z " Vgs =-10V, (Figures 17, 18)
t GS g - 65 100
Rpeilime : : MOSFET Switching Times are Essentially ns
Turn-Off Delay Time 4(OFF) | Independent of Operating Temperature 5 47 70 ns
Fall Time tf - 28 70 ns
Total Gate Charge Qqqrom) | Vs =-10V,1p =-19A, Vpg = 0.8 x Rated BVpgs. - 70 90 nC
(Gate to Source + Gate to Drain) lg(REF) = -1.5mA (Figures 14, 18, 20)
Gate to Source Charge Bos Gate C_harge is Essentially Independent of 4 14 N nC
Operating Temperature ; |
Gate to Drain “Miller” Charge Qqqg - 56 . nCc |
Input Capacitance Ciss |Vps=-25V,Vgg =0V, f = 1MHz L. 11100 - 1 pF i
Output Capacitance Coss |(Figure 1) | - | 550 - | pF |
Reverse Transfer Capacitance Crss . - | 280 | - . pF
Internal Drain Inductance Lp Measured From the ! Modified MOSFET - 35 | - . nH
Contact Screw on Tabto | Symbo! Showing the !
the Center of Die Intemnal Devices ‘
Measured From the Drain | Inductances - 45 - 1 onH |
Lead, 6mm (0.25in) from i ‘
Package to the Center of
Die
Internal Source Inductance Ls Measured From the - 75 - | nH
Source Lead, 6mm \ | ‘
(0.25in) From Package to L {
Source Bonding Pad | }
Thermal Resistance Junction to Case Rguc | . R 1 oc/w
Thermal Resistance Junction to Ambient Rgua Typical Socket Mount - - 625 | °cw
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IRF9540, RF1S9540SM

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX |UNITS
Continuous Source to Drain Current Isp Modified MOSFET Symbol o - - -19 A
Pulse Source to Drain Current Ispm \?:r:‘zmg the Integral Re- - - 76 A
(gtes) P-N Junction Diode
S
Source to Drain Diode Voltage (Note 2) Vsp Tc= 25°C, Isp = -19A, Vgg = 0V (Figure 13) - - -1.5 \
Reverse Recovery Time tr Ty =150°C, Igp = 19A, digp/dt = 100A/us - 170 = ns
Reverse Recovery Charge QRrRr Ty =150°C, Igp = 19A, digp/dt = 100A/us - 0.8 - uC
NOTES:
2. Pulse test: pulse width < 300us, duty cycle <2%.
3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 25V, starting T = 25°C, L = 4mH, Rg = 25Q, peak Iag = 19A. (Figures 15, 16).
Typical Performance Curves uness Otherwise Specified
1.2 -20
i
E 1.0 ¢ &2
c <
g 0.8 ™ E \\
- \ W15 ==
3 NG o« T~
E 06 2 \
<
& \\ Z 10 N
1]
o 04 N ] \\
[ \ 5
w = -5
g 02 \
o
0 0
0 25 50 75 100 125 150 175 25 75 125 175

Tc, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE

s | :

g [os =
Sw [
CER) 0.2 - ¥
22 [T j oy ]
28 L oa Pom
= 01t p—
Q &1 50.05 — = H
'35 £ 0.02 = —#* t4 ; ‘T_

w L 0.01 —-? —= 2 - i

E =T |SINGLE PULSE NOTES:

DUTY FACTOR: D = t4#t, 1
0.01 PEAKTJ=PDMXR6JC+TC
" 108 1074 103 1072 10-1 1

t1, RECTANGULAR PULSE DURATION (s)

FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
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IRF9540, RF1S9540SM

Typical Performance Curves uniess Otherwise Specified (Continued)

Ip, DRAIN CURRENT (A)

Ip, DRAIN CURRENT (A)

rps(oN), DRAIN TO SOURCE ON

500

200
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N — ~ Ct 10us
N 100us
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1L 1T
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FIGURE 6. SATURATION CHARACTERISTICS
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NOTE: Heating effect of 2us pulse is minimal.

FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRAIN CURRENT
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IRF9540, RF1S9540SM

Typical Performance Curves unless Otherwise Specified (Continued)
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IRF9540, RF1S9540SM

Test Circuits and Waveforms
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REQUIRED PEAK Ias
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

FIGURE 17. SWITCHING TIME TEST CIRCUIT
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FIGURE 19. GATE CHARGE TEST CIRCUIT
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Al Intersil semiconductor products are manufactured, assembled and tested under 1ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
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i - IRF540N
intersil.

Data Sheet

March 2000 File Number 4842

33A, 100V, 0.040 Ohm, N-Channel Power MOSFET

Packaging Features
JEDEC TO-220AB » Ultra Low On-Resistance
SOURCE - ps(oN) = 0.040Q, Vgg =10V
DRAIN

GATE » Simulation Models

- Temperature Compensated PSPICE™ and SABER®
Electrical Models

- Spice and SABER® Thermal Impedance Models
- www.intersil.com

(FLANGE) ¢ Peak Current vs Pulse Width Curve
» UIS Rating Curve
Symbol Ordering Information
/ PART NUMBER PACKAGE BRAND
IRFS40N TO-220AB IRFS40N
G
s

Absolute Maximum Ratings T¢ =25°C, Unless Otherwise Specified

IRF540N UNITS
Drain to Source Voltage (Note 1) .. ... .ottt i i it Vpss 100 Vv
Drain to Gate Voltage (Rgg =20kQ) (Note 1) . ....... ... oL, VDGR 100 Vv
Gateto Source VOItagE . . . ... oo vttt e e Vas +20 Vv
Drain Current
Continuous (Tg=25°C, Vgs = 10V) (Figure 2) . ............oiiieiiinnn ... 1) 33 A
Continuous (Tg=100°C, Vgg = 10V) (Figure 2) .. ....o..oiiiniiiinn. .. Ip 23 A
Pulsed Drain CUITENt . . . ..ottt e e et e e e e e Iom Figure 4
Pulsed AvalancheRating .............. ... ... .. oot e JR-H B R LR uIs Figures 6, 14, 15
Power Dissipation . ....... ... .. i e Pp 120 w
Derate ABOVE 25°C . o o oot 0.80 wrc
Operating and Storage Temperature . . ... ..ot . T4 TsTG -55to 175 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10s. .. ......................oouo... T 300 oc
Package Body for 10s, See Techbrief TB334. . ............ ... ... .. ... ... Tpkg 260 °c

NOTES:
1. T =25°C to 150°C.

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

1 CAUTION: These devices are sensitiveto electrostatic discharge, Follow proper ESD Handling Procedures -
SABER® is a Copyright of-Analogy.-Inc. PSPICE® is a registered trademark of MicroSim Corporation
1-888-INTERSIL or 321-724-7143 | Intersil and Design is a trademark of Intersil Corporation. | Copyright © Intersil Carporation 2000



IRF540N

Electrical Specifications T¢=25°C, Unless Otherwise Specified

PARAMETER SYMBOL I TEST CONDITIONS | MIN | TYP | MAX ] UNITS
OFF STATE SPECIFICATIONS
Drain to Source Breakdown Voltage BVpss Ip = 250uA, Vgs = 0V (Figure 11) 100 - . Vv
Zero Gate Voltage Drain Current Ipss Vps = 95V, Vgg = OV - : 1 HA |
Vps = 90V, Vgs = OV, Tc = 150°C - - 250 uA
Gate to Source Leakage Current Igss Vgs = 120V = = +100 nA
ON STATE SPECIFICATIONS
Gate to Source Threshold Voltage Ves(tH) |Ves = Vpsip =:250pA (Figure 10) 2 - 4 v
Drain to Source On Resistance rps(oN) | Ip =33A, Vg = 10V (Figure 9) - 0.033 | 0.040
THERMAL SPECIFICATIONS
Thermal Resistance Junction to Case Reyc TO-220 - 3 1.25 oc/w
Thermal Resistance Junction to Reya g . - 62 oc/w
Ambient
SWITCHING SPECIFICATIONS (Vgg = 10V)
Turn-On Time ton Vpp = 50V, Ip = 33A - - 100 ns
Turn-On Delay Time t4(oN) \égz z ;0:/9 . 9.5 : ns
Rise Time tr (Figures 18, 19) - 57 _ ns
Turn-Off Delay Time t4(OFF) . & 40 3 ns
Fall Time tg - 55 - ns
Tumn-Off Time torr = L 145 ns
GATE CHARGE SPECIFICATIONS
Total Gate Charge Qqrom) | Vas =0V to 20V Vpp = 50V, - 66 79 nC
Gate Charge at 10V Qq(10) Vgs = 0V to 10V :g(;:;i’ 1.0mA N 35 42 nC
Threshold Gate Charge QqrH) |Ves=0Vto2V Yy (Figures 13, 16, 17) - 2.4 29 nC
Gate to Source Gate Charge Qgs - 54 i nC
Gate to Drain "Miller" Charge Qgd 3 13 5 nC
CAPACITANCE SPECIFICATIONS
Input Capacitance Ciss Vpg =25V, Vgs = 0V, - 1220 - pF
Output Capacitance Coss 22;(?:::2) 4 295 R pF
Reverse Transfer Capacitance Crss = 100 s pF
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Source to Drain Diode Voltage Vsp Igp = 33A - B 1.25 V
Isp=17A - - 1.00 v
Reverse Recovery Time ter Igp = 33A, digp/dt = 100A/us T . 112 ns
Reverse Recovered Charge QRrR Isp = 33A, dlgp/dt = 100A/us - - 400 nC

2 intersil



IRF540N

Typical Performance Curves

POWER DISSIPATION MULTIPLIER
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FIGURE 1. NORMALIZED POWER DISSIPATION vs FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENTvs
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001 |/ [ R L {111l
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FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
600 T
Te =25°C ——— -}
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FIGURE 4. PEAK CURRENT CAPABILITY
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IRF540N

Typical Performance Curves (Continued)
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FIGURE 7. TRANSFER CHARACTERISTICS
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FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE

200 T T T TTT77 T T T T TTTTT T T T T 17177

KR=0
< tav = (L)(Ias)/(1.3*"RATED BVpss - Vpp)
= KR=0
Z 100 tav = (LUR)In[(Ias*R)/(1.3*RATED BVpss - Vpp) +11
&
= N
o N
i STARTING T, = 25°C [T
[&]
=z \ N
é . STARTING T, = 150°C \\ N
2 v NN
7 NS
_2 ~\. \\
\ \N
10 N
0.001 0.01 0.1 1

tay TIME IN AVALANCHE (ms)

NOTE: Refer to Intersil Application Notes AN9321 and AN9322.

FIGURE 6. UNCLAMPED INDUCTIVE SWITCHING
CAPABILITY
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FIGURE 8. SATURATION CHARACTERISTICS
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FIGURE 10. NORMALIZED GATE THRESHOLD VOLTAGE vs
JUNCTION TEMPERATURE
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IRF540N

Typical Performance Curves (Continued)
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FIGURE 11. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE

FIGURE 13. GATE CHARGE WAVEFORMS FOR CONSTANT GATE CURRENT
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NOTE: Refer to Intersil Application Notes AN7254 and AN7260.
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IRF540N

Test Circuits and Waveforms
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FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT
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FIGURE 16. GATE CHARGE TEST CIRCUIT
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FIGURE 18. SWITCHING TIME TEST CIRCUIT
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IRF540N

PSPICE Electrical Model
.SUBCKT IRF540N 2 13 ; rev 19 July 1999

CA 12 8 1.95e-9
CB 15 14 1.90e-9
CIN 68 1.12e-9

DBODY 7 5 DBODYMOD
DBREAK 511 DBREAKMOD o e LDRAIN
DPLCAP 10 5 DPLCAPMOD LE DRAIN

wn

< RLDRAIN

EBREAK 117 17 181128
EDS 14 8 5 81 L Ist DBREAK
EGS 13 8 6 81 RSLC2g Lt

ESG61068 1 ESLC -
EVTHRES 621198 1

EVTEMP 20 6 18 22 1 50 +

17
ESG C% SRORAN. pocenc (J3) A oBoDY
EVTHRES

+ 16 -
+7/19\ - 21 P—]

LDRAIN 2 5 1.0-9 LGATE EVTEMP T 1 MWELR

LGATE 1 96.19¢-9 GATE RGATE , /.
LSOURCE 3 72.18e9 1 O_Em—w_@
o) 20

w MMED
[r—l I—3
MMED 16 6 8 8 MMEDMOD RLGATE MSTRO|

IT817 1

o

MSTRO 16 6 8 8 MSTROMOD CIN LSOURCE
MWEAK 16 21 8 8 MWEAKMOD 8 7 SOURCE
p—~ p 4 AV~AV 3

RSOURCE

RBREAK 17 18 RBREAKMOD 1
RDRAIN 50 16 RDRAINMOD 2.00e-2
RGATE 9 20 1.77

RLDRAIN 2 5 10

RLGATE 19 26

RLSOURCE 37 11

RSLC1 5 51 RSLCMOD 1e-6 RVTEMP
RSLC2 5 50 1e3 o
RSOURCE 8 7 RSOURCEMOD 6.5¢-3 m CD .
RVTHRES 22 8 RVTHRESMOD 1

RVTEMP 18 19 RVTEMPMOD 1 +
S1A 6 12 13 8 S1AMOD 8 " |22
S1B 13 12 13 8 S1BMOD

S2A 6 15 14 13 S2AMOD RVTHRES
S28 13 15 14 13 S2BMOD

RLSOURCE

RBREAK
17 18

VBAT 2219 DC 1
ESLC 51 50 VALUE={(V(5,51)/ABS(V(5,51)))"(PWR(V(5,51)/(1e-6"71),3.5))}

.MODEL DBODYMOD D (IS = 1.20e-12 RS = 4.2e-3 XTIl =5 TRS1=1.3e-3 TRS2=8.0e-6 CJO=1.50e-9 TT =7.47e-8 M = 0.63)
.MODEL DBREAKMOD D (RS =4.2e-1 TRS1 = 8e-4 TRS2 = 3e-6)

.MODEL DPLCAPMOD D (CJO = 1.45e-9 IS = 1e-30 M = 0.82)

.MODEL MMEDMOD NMOS (VTO=3.11KP=5IS=1e-30N=10TOX=1L=1uW =1L RG = 1.77}
.MODEL MSTROMOD NMOS (VTO=3.57 KP=33.51S=1e-30N=10TOX =1L = 1u W = 1u}

.MODEL MWEAKMOD NMOS (VTO =268 KP=0.091S=1e-30N=10TOX=1L="_UW=1uRG=177)
.MODEL RBREAKMOD RES (TC1 =1.05e-3 TC2 = -5e-7)

.MODEL RDRAINMOD RES (TC1 = 9.40e-3 TC2 = 2.93e-5)

.MODEL RSLCMOD RES (TC1 = 3.5e-3 TC2 = 2.0e-6)

.MODEL RSOURCEMOD RES (TC1 =1e-3 TC2 = 1e-6)

.MODEL RVTHRESMOD RES (TC1 =-1.8e-3 TC2 = -8.6e-6)

.MODEL RVTEMPMOD RES (TC1 = -3.0e-3 TC2 =1.5e-7)

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON = 6.2 VOFF=-3.1}
.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.1 VOFF=-52)
.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.0 VOFF=0.5)
.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF =0.1 VON =0.5 VOFF=-1.0)

.ENDS

NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global
Temperature Options; IEEE Power Electronics Specialist Conference Records. 1991, written by William J. Hepp and C. Frank Wheatley.
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IRF540N

SABER Electrical Model

REV 19 July 1999

template IRF540N n2,n1,n3

electrical n2,n1,n3

1

var i iscl

d..model dbodymod = (is = 1.20e-12, cjo = 1.50e-9, tt = 7.47e-8, xti =5, m = 0.63)
d..model dbreakmod = ()

d..model dplcapmod = (cjo = 1.45e-9, is = 1e-30, m = 0.82)

m..model mmedmod = (tvpe=_n, vto=3.11, kp = 5, is = 1e-30, tox = 1)

m..modei mstrongmod = (type=_n, vto = 3.57, kp = 33.5, is = 1e-30, tox = 1)
m..model mweakmod = (type=_n, vto = 2.68, kp = 0.09, is = 1e-30, tox = 1)

sw_vcsp..model siamod = (ron = 1e-5, roff = 0.1, von = 6.2, voff = -3.1) DPLCAP 5 LDRAIN SRAIR
sw_vcsp..model sibmod = (ron =1e-5, roff = 0.1, von = -3.1, voff = -6.2) It - 2
sw_vcsp..model s2amod = (ron = 1e-5, roff = 0.1, von = -1.0, voff = 0.5) 10 "
sw_vcsp..model s2bmod = (ron = 1e-5, roff = 0.1, von = 0.5, voff = -1.0) SRsLCA RLDRAIN
ccani2n8 = 1.95e-9 21 ROBREAR. =
¢b n15n14 = 1.90e-9 Ralte 72
ccon = 1.90e-!
ccinnén8=1.12e-9 ¥) iscL ROBODY
DBREAK
d.dbody n7 n71 = model=dbodymod - S0 y
d.dbreak n72 n11 = model=dbreakmod esc( & RDRAIN 11 71
d.dpicap n10 n5 = model=dplcapmod 8 Lvets '_l
+ 16
: - - 124
Litn8n17 =1 LGATE EVTEMP lsg {|‘_0MWEAK
GATE RGATE . /7a\- | 6 DBODY

I.ldrain n2 n5 = 1e-9 1 7 - {,‘ MMED | EBREAK
ligate n1 n9 = 6.19¢-9 9 20 [Il-— o IR ps
lIsource n3 n7 = 2.18e-9 RLGATE %7;

LSOURCE
m.mmed n16 n6 n8 n8 = model=mmedmod, I=1u, w=1u T 8 7 SOURCE

- - o AAA 3

m.mstrong n16 n6 n8 n8 = model=mstrongmod, I=1u, w=1u RSCM&CE
m.mweak n16 n21 n8 n8 = model=mweakmod, I=1u, w=1u r_l RLSOURCE
res.rbreak n17 n18 = 1, tc1 = 1.05e-3, tc2 = -5.0e-7 y % g REREAK

res.rdbody n71 n5 = 4.2e-3, tc1 = 1.30e-3, tc2 = 8.0e-6
res.rdbreak n72 n5 = 4.2e-1, tc1 = 8.0e4, tc2 = 3.0e-6
res.rdrain n50 n16 = 2.00e-2, tc1 = 9.40e-3, tc2 = 2.93e-5
res.rgate n9 n20 = 1.77

res.idrain n2 n5 = 10

res.rigate n1 n9 = 26

res.risource n3 n7 = 11

res.rsic1 n5n51 = 1e-6, tc1 = 3.5e-3, tc2 = 2.0e-6
res.rsic2 n5n50 = 1e3

res.rsource n8 n7 = 6.5e-3, tc1 = 1e-3, tc2 = 1e-6
res.vtemp n18n19 =1, tc1 =-3.0e-3, tc2 = 1.5e-7
res.rvthres n22 n8 =1, tc1 =-1.8e-3, tc2 = -8.6e-6

spe.ebreak n11 n7 n17 n18 =112.8
spe.eds n14 n8 n5 n8 = 1

spe.egs n13n8n6 n8 = 1
spe.esgn6n10n6 n8 =1
spe.evtemp n20 n6 n18 n22 =1
spe.evthres n6 n21 n19n8 =1

sw_vcsp.sia nb n12 n13 n8 = model=s1amod
sw_vesp.s1b n13 n12 n13 n8 = model=s1bmod
sw_vcsp.s2a né n15 n14 n13 = model=s2amod
sw_vcsp.s2b n13 n15 n14 n13 = model=s2bmod

v.vbat n22 n19 = gc=1
=quations {

1 (n51->n50) +=1sct
sci: vin51.n50) = ({v(n5,n51)/(1e-9+abs(v(n5,n51))))*((abs(v(n5,n51)*1e6/71))** 3.5))

8 intersil
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SPICE Thermal Model

REV 26 July 1999 th JUNCTION

IRFS40NT

CTHERMT1 th 6 2.60e-3

CTHERM2 6 5 8.85e-3

CTHERM3 5 4 7.60e-3 RTHERM1
CTHERM4 4 3 7.65¢e-3

CTHERMS5 3 2 1.22e-2

CTHERMS 2 tl 8.70e-2 "

CTHERM1

RTHERM1 th 6 9.00e-3 1

RTHERM2 6 5 1.80e-2

RTHERM3 5 4 9.15e-2 RTHERM2 CTHERM2
RTHERM4 4 3 2.43e-1

RTHERMS5 3 2 3.10e-1

RTHERMS 2 ti 3.21e-1 5

SABER Thermal Model =y K RrI
SABER thermal model IRF540NT

template thermal_model th ti
thermal_c th, tl

{

ctherm.ctherm1 th 6 = 2.60e-3
ctherm.ctherm2 6 5 = 8.85e-3

RTHERM =

ctherm.ctherm3 5 4 = 7.60e-3 1 R THERMA
ctherm.ctherm4 4 3 = 7.65e-3
ctherm.ctherm5 3 2 = 1.22e-2
ctherm.ctherm6 2 tl = 8.70e-2

rtherm.rtherm1 th 6 = 9.00e-3
rtherm.rtherm2 6 5 = 1.80e-2

; RTHERM5 = RM
rtherm.rtherm3 5 4 = 9.156-2 j THERMS

rtherm.rthermd4 4 3 = 2.43e-1
rtherm.rtherm5 3 2 = 3.10e-1
rtherm.rtherm6 2 tl = 3.21e-1

2
}
RTHERM6 % =  CTHERMS
t CASE

3
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TO-220AB

3 LEAD JEDEC TO-220AB PLASTIC PACKAGE
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INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
A 0170 | 0180 | 4.32 457 :
Aq 0048 | 0052 | 1.22 1.32 -
b 0030 | 0034 | 077 0.86 3.4
by 0045 | 0.055 1.15 139 2.3
0014 | 0019 | 036 0.48 2,34
D 0590 | 0.610 | 14.99 15.49 R
D, - 0.160 - 4.06 .
E 0395 | 0410 | 10.04 10.41 -
E4 - 0.030 - 0.76 -
e 0.100 TYP 254 TYP 5
eq 0.200 BSC 5.08 BSC 5
Hyq 0235 | 0255 | 597 6.47 :
Jp 0.100 | 0110 | 254 2.79 6
L 0530 | 0550 | 1347 13.97 .
L1 0130 | 0150 | 3.31 3.81 2
oP 0149 | 04153 | 3.79 3.88 -
Q 0102 | 0.112 | 260 2.84 .

NOTES:

1.

[S2 0~ SV N ]

These dimensions are within allowable dimensions of Rev. J of
JEDEC TO-220AB outline dated 3-24-87.

. Lead dimension and finish uncontrolled in L1.

. Lead dimension (without solder).

. Add typically 0.002 inches (0.05mm) for solder coating.

. Position of lead to be measured 0.250 inches (6.35mm) from bot-

tom of dimension D.

. Position of lead to be measured 0.100 inches (2.54mm) from bot-

tom of dimension D.

. Controlling dimension: Inch.
. Revision 2 dated 7-97.

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

intersil sericonductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design andjor specifications at arny time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
refiable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may resutt

from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com

Sales Office Headquarters

NORTH AMERICA

Intersil Corporation

P. O. Box 883, Mail Stop 53-204
Melbourne, FL 32902

TEL: (321) 724-7000

FAX: (321) 724-7240

EUROPE

Intersil SA

Mercure Center

100, Rue de la Fusee
1130 Brussels, Belgium
TEL: (32) 2.724.2111
FAX: (32) 2.724.22.05

ASIA

Intersil (Taiwan) Ltd.

7F-6, No. 101 Fu Hsing North Road
Taipei, Taiwan

Republic of China

TEL: (886) 2 2716 9310

FAX: (886) 2 2715 3029
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Argentina: see South America

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,

Tel. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213,

Tel. +43 160 101 1248, Fax. +43 160 101 1210

Belarus: Hotel Minsk Business Center, Bld. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773
Belgium: see The Netherlands

Brazil: see South America

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor,

51 James Bourchier Blvd., 1407 SOFIA,

Tel. +359 2 68 9211, Fax. +359 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381, Fax. +1 800 8943 0087

China/Hong Kong: 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel. +852 2319 7888, Fax. +852 2318 7700

Colombia: see South America

Czech Republic: see Austria

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,

Tel. +45 33 29 3333, Fax. +45 33 29 3905

Finland: Sinikalliontie 3, FIN-02630 ESPOO,

Tel. +358 9 615 800, Fax. +358 9 6158 0920

France: 51 Rue Camot, BP317, 92156 SURESNES Cedex,
Tel. +33 1 4099 6161, Fax. +33 14099 6427

Germany: Hammerbrookstrafie 69, D-20097 HAMBURG,
Tel. +49 40 2353 60, Fax. +49 40 2353 6300

Hungary: see Austria

India: Philips INDIA Ltd, Band Box Building, 2nd fioor,
254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,
Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia: PT Philips Development Corporation, Semiconductors Division,

Gedung Philips, JI. Buncit Raya Kav.98-100, JAKARTA 12510,
Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 794 0080

Ireland: Newstead, Clonskeagh, DUBLIN 14,
Tel. +353 1 7640 000, Fax. +353 17640 200

Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +372 3 649 1007

italy: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel. +39 02 67 52 2531, Fax. +39 02 §7 52 2557

Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku,
TOKYO 108-8507, Tel. +81 3 3740 5130, Fax. +81 3 3740 5057

Korea: Philips House, 260-199 Itaewon-dong, Yongsan-ku. SEOUL.
Tel. +82 2 709 1412, Fax. +82 2709 1415

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA. SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79305
Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087

Middle East: see italy

For all other countries apply to: Philips Semiconductors
Intemational Marketing & Sales Communications. Buiiding f
5600 MD EINDHOVEN, The Netherlands. Fax =31 40 27 24825

© Philips Electronics N.V. 1999

a worldwide company

Netheriands: Postbus 30050, 5600 PB EINDHOVEN, Bldg. VB,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +64 9 849 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,
Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips Semiconductors Philippines Inc.,
106 Valero St. Salcedo Village. F.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474

Poland: Ul. Lukiska 10, PL 04-123 WARSZAWA,
Tel. +48 22 612 2831, Fax. +48 22 612 2327

Portugal: see Spain
Romania: see Italy

Russia: Philips Russia, Ul. Usatcheva 35A. 118048 MOSCOW,
Tel. +7 095 755 6918, Fax. +7 095 755 6913

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762,
Tel. +65 350 2538, Fax. +65 251 6500

Slovakia: see Austria
Slovenia: see Italy

South Africa: S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114,
Tel. +27 11 471 5401, Fax. +27 11 471 5398

South America: Al. Vicente Pinzon, 173, 6th floor,
04547-130 SAO PAULO, SP, Brazil,
Tel. +55 11 821 2333, Fax. +55 11 821 2382

Spain: Balmes 22, 08007 BARCELONA,
Tel. +34 93 301 6312, Fax. +34 93 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,
Tel. +46 8 5985 2000, Fax. +46 8 5985 2745

Switzeriand: Allmendstrasse 140, CH-8027 ZURICH,
Tel. +41 1 488 2741 Fax. +41 1 488 3263

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2886, Fax. +886 2 2134 2874

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,
209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,
Tel. +66 2 745 4090, Fax. +66 2 398 0793

Turkey: Yukari Dudullu, Org. San. Blg., 2.Cad. Nr. 28 81260 Umraniye,
ISTANBUL, Tel. +90 216 522 1500, Fax. +90 216 522 1813

Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel. +44 181 730 5000, Fax. +44 181 754 8421

United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800 234 7381, Fax. +1 800 843 0087

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD,
Tel +381 11 625344, Fax.-381 11 63 5777

internet http//www.semiconductors.philips.com
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