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Abstract
This project was designed of switching power supply which 3 kV 150 mA. It advantages is

a small power supply and over effective.

This project had many sub electronics circuit .The mam of circuit was a half bridge converter.
1ts controlled by TL494 that controlled switching power mosfet.

Pulse signal from switching power mosfet was sent to resonance circuit and passed to high

frequency transformer. Then it had many laps of coil in the secondary for high output voltage.
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F (KHz) Vo(v) 10(mA)
63.28 1100.2 56.0
60.24 1260.9 63.1
58,13 1395.0 69.7
56.17 1558.7 77.9
54.34 1640.0 82
52,08 1762.0 88.1
50.00 1800.4 90.3
48.07 1980.0 90.02
46.29 2154.6 100
44.24 2265.9 113
42.01 2340.5 117
40.65 2435.0 121.7
38.46 2567.9 128.3
36.23 2732.0 136.7
34.48 2810.5 140.5
31.35 2950.0 147.5
30.67 2897.6 144.8
28.9 2678.3 134

M9 5.2 HanInaasamanens iy T ganuuaiadss
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Order this document by TL494/D

@ MOTOROLA
-
SWITCHMODE™ Pulse Width |
Modulation Control Circuit
The T1.494 is a fixed frequency, pulse width modulation contral circuit SWITCHMODE
designed primarily for SWITCHMODE power supply contral. PULSE WIDTH MODULATION
CONTROL CIRCUIT
¢ Complete Pulse Width Modulation Control Circuitry SEMICONDUCTOR
® On-Chip Oscillator with Master or Slave Operation TECHNICAL DATA
* On-Chip Error Amplifiers
* On-Chip 5.0 V Reference
® Adjustable Deadtime Control
¢ Uncommitted Output Transistors Rated to 500 mA Source or Sink D SUFFIX
¢ Output Control for Push-Pull or Single—-Ended Cperation PLA%::;:EPTA;';AGE
* Undervoltage Lockout 1 (80-16)
N SUFFIX
PLASTIC PACKAGE
CASE 548
PIN CONNECTIONS
Nani ~ Mani
oniny ] 15 oniny
MAXIMUM RATINGS (Full operating ambient temperature range applies, Input[: %} ﬂ g Ineut
unless otherwise noted.) m:ﬁ (2] v 15] :2\{,”(
Rati Symbaol | TL494C | TL4941 | Unit CompeniPWN
'ng ymbo : Cgmp InpulE oty 14] Vi
Power Supply Voltage vee 42 v Deadtime ({1 ) Output
Contral Control
Collector Output Voltage Ve, 42 v
Vo crsH [12] vee
Oscilalor
Collector Output Current Ic. oz 500 mA rr [6] 1] c2
(Each transistor) (Note 1} ng
Ground [ 7 10] E2
Amplifier Input Voltage Range VIR -0.3 to +42 A
— ci s o 9] E1
Power Dissipation @ Ta <£45°C Pp 1000 mw
Thermal Resistance, Reja a0 °CIw {Top View)
Junction-to-Ambient
Operating Junction Temperature T 125 °C
Storage Temperature Range Tstg -5510 +125 “C ORDERING INFORMATION
Operating Ambient Temperature Range Ta “C Operating
TL494C Cio +7C Device Temperature Range Package
TL494] —2510 +85
> o8 TL494CD o SO-16
Derating Ambient Temperature Ta 45 “C TL494CN Ta=0%to +70°C Plastic
NOTE: 1. Maximum thermal limits musi be observed. -
TL494IN Ta =— 25° to +85°C Plastic

© Molorola, Inc. 1996 Rev 1



RECOMMENDED OPERATING CONDITIONS

TL4%4

Characteristics Symbol Min Typ Max Unit
FPower Supply Voltage vVeo 7.0 15 40 v
Collector Output Voltage Ve, Voo - 30 40 v
Colector Output Current (Each transistar) les1. 902 - - 200 mA
Amplified Input Voltage Vin 03 - Ve -2.0 v
Current Into Feedback Terminal Ity - - 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistar Rt 18 30 500 k(2
Timing Capacitor Ct 0.0047 0.001 10 uF
Oscillator Frequency fose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vo = 15 V, C7 = 0.01 uF, RT = 12 k€, uniess otherwise noted.)
For typical values Ta = 25°C, for min/max vaiues Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol { Min ] Tyvp | Max I Unit I
REFERENCE SECTION

Reference Valtage {Ig = 1.0 mA) Vigf 4.75 5.0 525 %

Line Regulation (Voo =7.0Vio 40 V) Reglina - 2.0 25 my

Load Regulation {io = 1.0 mA to 10 mA) Reglaad - 3.0 15 my

Short Circuit Qutput Current (Vigf = 0V) Isc 15 35 75 mA

OUTPUT SECTICN

Collector Off-State Current lciofh) - 2.0 100 HA
Voo =40V Vo =40V)

Emitter Off-State Current IE{off) - - -100 HA
Voo =40V Ve =40V, VE = 0 V)

Collector-Emitter Saturation Voltage (Note 2) v
Common-Emitter (VE =0V, g = 200 mA} Vsal(C) - 1.1 1.3
Emitter-Follower (V¢ = 15V I = -200 mA) Vsal(E) - 1.5 25

Output Control 8in Current
Low State (Vgg £0.4 V) locL - 10 - uA
High State {(Voc = Vref) locH - 0.2 35 mA

Output Voltage Rise Time te ns
Commuon-Emitter {See Figure 12} - 100 200
Emitter-Follower (See Figure 13) - 100 200

Qutput Voltage Fall Time tf ns
Common-Emitter {(See Figure 12} - 25 100
Emitter—Follower {(See Figure 13) - 40 100

NOTE; 2. Low duty cycle pulse teghniques are used during lesi 1o maintain junction temperalure as close 1o ambient temperature as possibe.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Ve = 15 V. CT = 0.01 uF, RT = 12 k€2, unless atherwise noted.)

For typical vaiues Ta = 25°C, for min/max values Tp is the operating ambient terperature range that applies, unless otherwise noted.

Characteristics | Symbol Min Typ Max [ Unit [
ERROR AMPLIFIER SECTION
Input Offset Voltage (VO (pin 3y = 2.5 V) VIO - 2.0 10 mv
Input Offset Current (Vo) (Pin 3)= 25V) o - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) B - -1 -1.0 A
Input Common Mode Veltage Range (Ve = 40 V, Ta = 25°C) ViCcR ~03toVge-20 A
Cpen Loop Voltage Gain (AVo = 3.0V, Vo =05VIc 3.5V RL = 2.0 k) AyoL 70 35 - dB
Unity-Gain Crossover Frequency (Vo = 05VIo 35V, R = 2.0 k) fo= - 350 - kidz
Phase Margin at Unity-Gain (Vo = 0.5V 1o 3.5V, R| = 2.0 k&) Om - 65 - deg.
Common Made Rejection Ratia (Ve = 40 V) CMRR 65 90 - dB
Power Suppiy Rejection Ratio {AVec =33 V. Vo =25V, R =2.0kQ) PSRR - 100 - dB
Output Sink Current (Vg (pin 3) = 0.7 V) lo— 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lo+ 2.0 —4.0 - mA |
PWM COMPARATOR SECTION (Test Circuit Figure 11}
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 4.5 v
Input Sink Current (Vpin 3} = 0.7 V) I- 03 07 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11}
Input Bias Current (Pin 4) (Vpin 4 =0V 105.25 V) B (DT) - -2.0 -10 HA
Maximum Duty Cycle, Each Cutput, Push-Pull Mode DCmax %
(VPing =0V, C1=0.01pF, RT =12 k£2} 45 48 50
{Vpin4=0V, C1=10.001 uF, RT = 30 kQ2} - 45 50
Input Threshold Voltage (Pin 4) Vih \
{Zero Duty Cycle) - 2.8 33
{Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = C.001 pF, RT = 30 k2) fose - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 uF, RT = 30 k{2) afosc - 3.c - %
Frequency Change with Vollage (Vo = 7.0 Vio 40 V, T = 25°C) Afgsc (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tiow 10 Thigh) Afage (AT) - - 12 %
(CT=001pF RT=12 &}
UNDERVOLTAGE LOCKOUT SECTION
Tumn-On Threshold (Vg increasing, lref = 1.0 MA) Vin 5.5 6.43 o | v
TOTAL DEVICE
Standby Supply Current (Pin & at Ve, Al other inputs and outputs open) lce mA
Mcc=15V) - 55 10
{(Vec=40V) - 7.0 15
Average Supply Current mA
(C1 =001 pF. Ry = 12kQ. V(pin 4) = 2.0V} - 7.0 -
{Vcc = 15 V) (See Figure 12}
* Slandard deviation ts a measure of the slatistical distribution about the mean as derived from the farmuia, o
3
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Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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APPLICATIONS INFORMATICN

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. {See
Figure 1.) An internal-linear sawtooth oscillator is frequency—
programmable by two external components, RT and CT. The
approximate osciflator frequency is determined by:

1.1

f =
0sC RT«CT

For more information refer to Figure 3.

Output pulse widih modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inpuis that can be fed into
the deadtime control. the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycte
time. This would result in 2 maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between 0 V10 3.3 V.

Functional Table

f
Input/Output Output Function Jout =
Controls fosc
Grounded | Single—ended PWM @ Q1 and Q2 1.0
@ Vref Push-pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—lime, estabiished by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from -0.3 V to (Vg - 2V), and

may be used to sense power-supply output voltage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—-width
madulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse-steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse-steering fip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Qutput drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of ioad current for external bias circuits.
The reference has an internal accuracy of +5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

120
2110 I I
4 Voo =18V in
= 100 cC — in
690-——____‘ AV =30V 0 E
w RL=20k0 |
2 8 \\ A 20 E
a7 N AVOL 40 o“"?
=
o 60 80 <
[} ~ T
¥ S-S
z 1000
i ~ [&]
& % ™ ™~ 120
520 \ -
= ~ 140
Z10 \ 160
0 180
1.0 10 100 1.0k 10k W00k  10M
f, FREQUENCY [Hz)
Figure 6, Percent Duty Cycle versus
_ Deadtime Control Voltage
f
> 50
NNEE EEEE
g 40 k\ 1 Voo =15V —
2 2 VOC = Vref
w 1 Cr=001pF 7
2 a0 Rr=10k2 .|
g 2 CT=0.001pF
E’ RT=30kQ
2 20
= \\
. N
o \\
&
2 ¢
® 0 10 20 30 15
VpT. DEADTIME CONTROL VOLTAGE (IV)
Figure 8. Common—Emitter Configuration
Output Saturation Voltage versus
Collector Current
20
=
1B
2
=16
g A
Zz 14 -
o
5 12 /4/
2
< 10
e
7]
Fo8 el
4]
Oos
0.4 +
a 100 200 300 400

I, COLLECTOR CURRENT (mA)

YCE(saty: SATURATION VOLTAGE (V) % DT, PERCENT DEADTIME {EACH OUTPUT)

lcg . SUPPLY CURRENT (mA)

Figure 5. Percent Deadtime versus
Oscifllator Frequency

20 T

C = 0001 F

10k 100k
fosc, OSCILLATOR FREQUENCY (Hz)

500k 1.0k 500k

Figure 7. Emitter—Follower Configuration
Output Saturation Voltage versus
Emitter Current

18
18

17

16
15
14
13

12
11

¢ 100 200 Joo0 400

lg EMITTER CURRENT (mA)

Figure 9. Standby Supply Current
versus Supply Voltage

a0
80
70
6.0
5.0
40
3.0

20 /

10

—
-h-_-‘.

0 50 10 15 2 2% 3¢ 35 40
Voo, SUPPLY VOLTAGE (v)

MOTOROLA ANALOG IC DEVICE DATA



TL494
Figure 10. Error-Amplifier Characteristics
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vi, > 40 V Using
External Zener
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Figure 20. Pulse Width Modulated Push—Pull Converter
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, ) — L1-35mH@03A
Line Regulation Vin=10Vio40V 14 mv 0.28% T4 - Primary: 207 C.T #28 AWG
Regulati Vih=28V. lo=10mAtc 1.0A | 3.0mV 0.06% Secondary. 1207 C.T. #36 AWG
Load Regulation n = ° Core: Fermoxcube 1408P-L00-3CB
Qutput Ripple Vin=28V lp=10A 65 mV pp PARD.
Short Circutt Current Vin=28V,R =010 16A
Efficiency Vin=28V, lg=10A 1%
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Figure 21. Pulse Width Modulated Step—Down Converter
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Short Circuit Current Vip=126V, R =010 250 mA
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE NOTES:
- {-A-} > CAI?;ESEBI;OB 1. DIMENSIGNING AND TOLERANCING PER ANSH
Y1450 1982,
o d o 2. CONTROLLING DIMENSIGN, INCH,
16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH,
) 3 i 5 ROUNDED CORNERS OPTIGNAL.
LI I LI LI LT INCHES | MILLIMETERS
o e T TR
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PLASTIC PACKAGE
CASE 751B-05
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ISSUE . wores
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lllﬁgﬁﬁ_qlL_ F"f
D 1sPL

(@ o2s000@[T[8 O[AG)]

L-*——1!31—%——?
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. DIMENSIONING AND TOLERANCING PER
ANS! Y14 5M, 1982,

2. CONTROLLING DIMENSION: MILLIMETER

3. DIMENSIONS A AND B DC NOT INCLUDE
MOLD PROTRUSION

& MAX/MUM MOLD PROTRUSION 0.15 {0.006)
PER SIDE.

5 DIMENSION D DOES NOT INCLUDE CAMEAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
N EXCESS OF THE D DIMENSION AT
WAXIMUM MATERIAL CONDITION.

[ MILLMETERS | INCHES
| DM WIN ] NAX | MM | MAX |
A | ago [10.00 [ 0386 | 0383
B | 380 | 400 | 0150 | 0.157
C | 135 | 175 0054 ) D068
D | 035 | 049 | 0014 | 0.018
F | 040 | 125 | 0416 | 0.049
G 1.27 BSC 0.050 BSC
J | o048 | 025 | G.ooa | 0009
W | cio | 025 | 0004 | D009 |
M 9° 7™ 0° 1°
P | SBC | 620 | D229 [ 0244
A [02s | 050 ] oo1e | 0019
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Data Sheet

18A, 100V, 0.200 Ohm, P-Channel Power
MOSFETs

These are P-Channel enhancement mode silicon gate
power field effect transistors. They are advanced power
MOSFETSs designed, tested, and guaranteed to withstand a
spacifiad level of energy in the breakdown avalanche mode
of operation. All of these power MOSFETs are designed for
applicalions such as switching regulators, swilching
converlors, motor drivers, relay drivers, and drivers for high
power bipolar swilching transistors requiring high speed and
low gate drive power. Thay can be operated directly from
integraied circuits.

Formerly Developmental Type TA17521.

Ordering Information

PART NUMBER PACKAGE BRAND
IRF9540 TO-220AB IRFO540
RF1595405M TD-263AB RF159540

NOTE: When ordering, use the entire part number. Add the suffix 9A to
obtain the TO-263AB variant in the tapa and reel, i.6., RF1S95405M9A

IRF9540, RF1S9540SM

o=}
o
o

Jurly 1 File Number 22826

Foatures
« 19A, 100V

* rDS(ON) = 0.200Q

+ Single Pulse Avalanche Energy Rated
» SOA is Power Dissipation Limitad

= Nanosecond Switching Speeds

+ Linear Transfer Characteristics

« High Input Impedance

+ Related Literatura

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging

JEDEC TO-220AB

JEDEC TO-263A8

DRAIN
‘@ = (FLANGE)
GATE

S0URCE

4-15 CAUTION: Thase devices are sensitive to elactrostatic discharge: follow proper ESD Handling Proced ures,

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



IRF9540, RF159540SM

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

Drainto Source Valtage (NOte 1) . . . ... ... ... . e Vps
Drain to Gate Vollage (Rgg =20kQ) (Note 1) . .. ....... .. ... ... ... .. ... ... ... ........ VDGR
Continuous Drain Current . . ... .. ... e Ip

T =000 . Ip
Pulsed Drain Current (Note 3) . . .. ... ... e ipm
Gateto Source Voltage . . . ... ... .. . e Vgs
Maximum Power Dissipation (Figure 1). . .. ... ... ... Pp
Linear Derating Factor (Figure 1). . . .. ... .. L e e
Single Pulse Avalanche Enamgy Rating{Nate4). . .. ........ ... ... .. . i, Eag
Operating and Storage Temperature . ... ........................................ T4 Ts1G
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm)fromCasefor10s. . .. .......... ... ... . .. . i, L

Package Body for 105, See Techbrief 334 .. . ... ........... ... ... ... ...l Tpkg

IRF9340,
RF1595408M

-55 to 175

300
260

CAUTION: Strassas above thoss ksted in “Absolute Maximum Ratings” may cause permanent damape (o the devics. This is a siress only rating and opesation of the
device at thesa or any other conditions above those indicalad in the aperational sections of this specification is nof impied.

NOTE:
1. T, = 25%C 1o 150°C.

Electrical Specifications

T = 259C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drein to Source Breakdown Voltage BVpss |Ip = -250pA, Vgs = OV (Figure 10) -100 - - v
Gate to Threshold Voltage VasmH) |Vas = Vps. Ip = -250pA -2 - 4 v
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgs, Vgg =0V - - -25 PA
Vps = 0.8 x Rated BVpgg, Vgg = OV, T = 125°C - - 250 | pA
On-State Drain Current (Note 2) Ipjony | VDS > Ip(oN) X FpS(oN) MAX: Vas =-10V -19 - - A
Gate to Source Leakage Current lass Vg =220V - - +100 nA
Drain to Source On Resistance (Note 2) psioN) | Ip=-10A, Vgg = -10V (Figures 8, 9) - 0.150 | 0.200 Q
Forward Transconductance (Note 2) s VDs > 'D(ON) X 'DS{ON) MAX: ID = -BA 5 7 - S
{Figure 12}
Tum-On Delay Time taoNy | Vop = -50V. Ip ~19A, Rg = 9.10, Ry =230, - 16 20 ns
Rise Time 3 Vag = -10V, (Figures 17, 18) , - 85 | 100 | ns
- MOSFET Swilching Times are Essentially
Tum-Off Detay Time '4(OFF) | independent of Operating Temperature - a1 | 70 s
Fall Time Yy 28 70 ns
Total Gate Charge QgroT) [Vas =-10V, Ip = -18A, Vpg = 0.8 x Rated BVpss, - 70 90 nC
{Gate to Source + Gate to Drain) '(g(REF) =-1.5mA (Figures 14, 19, 20}
Gate to Source Charge Qgs ate C_harga is Essentially iIndependent of i 14 N nc
Operating Temperature
Gate to Drain “Miller” Charge Qya - 56 nC
Input Capacitance Ciss Vpg =-25V, Vgs =V, = 1MHz - 1100 pF
Output Capecitance Cosg | (Figure 11) f 550 pF
Reverse Transfer Capacitance Crss - 250 - pF
Intemal Drain Inductance Lp Measured From the Modified MOSFET - 3.5 - nH
Contact Screw on Tab to | Symbol Showing the
the Centar of Die Intemnal Devices
Measured From the Drain | Inductances 0 - 45 - nH
Leed, 8mm (0.25in) from
Package to the Center of
Die
internal Source Inductance Lg Measured From the - 7.5 - nH
Source Lead, 6mm
{0.25in} From Package to
Source Bonding Pad
Thermal Resistance Junction to Case Rauc - - 1 oY
Thermal Rasistance Junction to Ambient RgJa Typical Socket Mount - - 625 | °cw

4-16
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IRF9540, RF159540SM

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX (UNITS
Continuous Source to Drain Current Isp Modified MOSFET Symbol b - - -18 A
Pulse Source to Drain Current tSDM Showing the Integral Re- - - 76 A
(Note 3) verse ! ,
P-N Junction Diode
1]
B
Sourca to Drain Diode Voltage (Note 2) Vsp Te = 259C, Igp = -19A, Vgg = OV (Figure 13) - - -1.5 v
Reverse Recovery Time tr T, =150°C, Igp = 194, digp/dt = 100A/s - 170 -
Reverse Recovary Charge Qrr T, =150°C, Igp = 19A, digp/dt = 100A/s . 08 - uc
NOTES:
2. Pulse test: pulse width s 300ps, duty cycle € 2%.
3. Repstitiva raling: pulse width limited by maximum junction temperature. See Transient Thermal impedance curve (Figura 3).
4. Vpp = 25V, starting T, = 25°C, L = 4mH, Rg = 25(), peak lag = 19A. (Figures 15, 16).
Typical Performance Curves unless Otherwise Specified
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Typical Performance Curves uriess Otherwise Specified (Continued)
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Typical Perforrnance Curves uniess Otherwise Specified (Continued)
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Test Circuits and Waveforms
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Philips Semiconductors

Low power quad op amps

Product specHication

LM124/224/324/324A]

SA534/LM2902

DESCRIPTION

The LM124/SAS34AM2902 series consists of four independent,
high-gan. intemally frequency-compensated operational amplifiers
designed specifically 1o operate from a single power supply over a
wide range of votages.

UNIQUE FEATURES

in the linear mode, the input commorn-mode voltage range includes
ground and the output voltage can also swing to ground, aven
hougl operated from only a single power supply voltage.

The unity gain crossover frequency and the input bias current are

PIN CONFIGURATION

D, F, N Packages

4 | OUTPUT 4

g
% é 12| NpPuT 4

12 | vINPUT 4

1 | o0
10 | #*MNPUT

femperature-compensated. -INPUT 2 E -INPUT 3
OUTPUT 2 El OUTPUT 3
FEATURES
& internally frequency-compensated for unity gain ToPview SLOO0GS
® Lamge DC voltage gain: 100dB Figure 1. Pin Configuration
& Wide bandwidth (unity gain): 1MHz (temperature-compensated)
® Wide power supply range Single supply: 3Vpe 1o 30Vpe or dual
supplies: +1.5Vp¢ to +15Vpg
® Vaiy low supply curvent drain: essentially independent of supply
voltage {1mW/op amp at +5Vpc)
® Low inpui biasing current: 45nAne (temperature-compenseted)
® Low input offset voltage: ZmVpe and offset cumrent SnApc
# [ifferential input voltage range equal to the power supply voltage
© Large: oulput voltage: 0Vpe 1o Vee-1.5Vpe swing
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin $*ast Dual in-Line Package (DIF) -55°C o +125°C LM124N SOT271
14-Pin Ceramic Dual In-Lins Package (CERDIP} -55°C to +125°C LM124F 0581B
14-Pin Flastk: Jual in-Line Package (DIP) -25°C to +85°C LMZ24N SOT27A1
14-Pin Lerami: Duat in-Line Package (CERDIP) -25°C to +85°C LM224F 05818
14-Pin Plastic Small Cutline (SO) Package -25°C to +85°C LM2240 S0T108-1
14-Pin Plastic Duat lg-Line Package (DIP) 0°C to +70°C LM324N S0T271
14-Pin Ceramic Duad In-Line Package (CERDIP) 0°C to +70°C LM324F 0581B
14-Pinn Plastic Smali Outtine (SO) Package 0°C to +70°C LM324D S0T108-1
14-Pin Plastic Dual in-Line Package (DIF) 0°C to +70°C LM324AN SOT271
14 Pin Plastic Small Qutline (SO) Package 0°C to +70°C LM324A0 S0T108-1
-1 Pl 1Dual wLine Package (DIP) -40°C to +85°C SAS534N S0T271
14 #4in Ceruniic Dual In-Line Package (CERDIP) -40°C to +85°C SAS34F 05818
14-Fin Plastic Small Cutline (SO) Package -40°C to +85°C SAS34D 50T108-1
14-Pin Plasiic Small Outline (SO) Package -40°C to +125°C LM29020 SOT108-1
14-Pin Plastic Dual In-Line Package (DIF) -40°C to +125°C LM2902N S0T27-1
1995 Nov 27 853-0929 16050



Philips Semiconductors

Product specification

Low power guad op amps LM 24?&;5‘?3322;01\2/
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 32 or 16 Vpe
Vin Differential input voliage 32 Voo
Vin Input voltage 0.3 +32 Vpe
P Maximum power dissipation,
D Ta=25°C {stilk-air)’
N package 1420 mw
F package 1190 mw
D package 1040 mW
Output short-cireuit to GND one amplifier .
Continuous
Vee<15Vpe and Tp=25°C
™ Input curmrent (Viyy<0.3v)? 50 mA
Tp Operating ambient temperature range
LM3zZ4/A 0to +70 °C
LM224 -2510 +85 °C
SA534 401to +85 °C
LMZ2902 40t +125 °C
LM124 ~55 to +125 °c
Tsta Storage temperature range 65 to +150 G
Tsoup Lead soldering temperature (10sec max) 300 oC
N;TES:;

i {heae above 25°C at the following rates:
F package at 9.5mWrFC
N package at 11.4mWC
[} package al 8. 3ImWFrC
2. Short-cieurs from the outpul to Vee+ can cause excessive heating and eventual destruction. The maximum output current is approximatety
40, itwtependent of the magnitude of V. At values of supply voltage in excess of +15V ¢ continuous short-circuits can exceed the
powe: dissipalion ratings and cause eventual destruction.
3 This nptr 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
mpwt PN ransssturs becoming forward biased and thereby acting as inpul bias clamps. In addition, there is also lateral NPN parasitic
sransBsy stion on the 1C chip, This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large
overg v | dimig he time that the input is driven negative.

1995 Nov 27



FR101 tvru FR107
( FR10-005 THRU FR10-10)

1.0 AMP FAST RECOVERY RECTIFIERS

FEATURES

* Low forward voitage drop

* High current capability

* High reliability

* High surge curmrent capability

MECHANICAL DATA

* Case: Molded plastic

* Epoxy: UL 94V-0 rate flame retardant
* Lead: Axial leads, solderable per MIL-5TD-202,

method 208 guranteed

* Polarity: Cotor band denotes cathode end

* Mounting position: Any
* Weight: 0.34 grams

VOLTAGE RANGE
50 to 1000 Volts

CURRENT
1.0 Ampere
DO-41
Aoren [ f

080(2.0)
DiA, 1.0(25.4)
M |"— MIN.
) .205(5.2)
" 1864 2)
Tt
10(25.4)
034(.8) MiIN.
028(T)
DiA.

v

Dimensions in inches end {milimelers)

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Rating 25°C ambient temperature uniess otherwies specified.
Singte phase half weve, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

TYPE NUMBER FR101 | FR102 |FR103 | FR104| FR105 | FR106 | FR107 |UNITS
Maximum Recurrent Peak Reverse Vollage 50 100 200 400 600 BOO [ 1000 v
Maximum RMS Voltage 35 70 140 280 420 560 700 v
Maximum DC Blocking Voltage 50 100 200 400 600 800 | 1000 \
Maximum Average Forward Rectified Current

.375"(9.5mm) Lead Length at Ta=75'C 1.0 A
Peak Forward Surge Current, 8.3 ms single half sine-wave

supenmposed on rated load (JEDEC method) 30 A
Maximum Instantaneous Forward Voltage at 1.0A 13 )
Maximum DC Reverse Current Ta=25"C 5.0 A
at Rated DC Blocking Voltage Ta=100C 100 A
Maximum Reverse Recovery Time (Note 1) 150 | 250 | 500 nS
Typical Junction Capacitance (Note 2) 15 pF
Operating and Storage Temperature Range Ty, Tera =55 +150 c

NOTES:

1. Reverse Recovery Time test condition: IF=0.5A, IR=1.0A, IRR=0.25A

2. Measured at iMHz and applied reverse voltage of 4.0V D.C.




RATING AND CHARACTERISTIC CURVES (FR101 THRU FR107)

FIG.1-TYPICAL FORWARD
CHARACTERISTICS

—
[=
i

|

1

il

|1

L

: ]
|'~l QLI
I
LN

w
=}

=
-

INSTANTANEOUS FORWARD CURRENT,(A)
(=]

.

i0 12 14 16 18 20
FORWARD VOLTAGE. (V)

.01

6 8

FIG.3- TEST CIRCUIT DIAGRAM AND REVERSE
RECCOVERY TIME CHARACTERISTICS

50 10
NOMINDUGTIVE NONINDUGTIVE
A o
wy o
i {7
L osvac ¥ oUT. o8
T (aprox GENERATO
: \ ! (NOTE 2)
[C]
L1 CSCLLISCOPE
S NON-
FnoucTve (NoTE 1)
3

NOTES: 1. Risa Thma= 7ns max., i impedanees 1 mpgehm 23pF .
2. Riter Tiner= 4 0N man., Sowrrs IMpediarnce= 5 obars.

e o
+0.58 T 7 E 1 !
il
a ‘
ozma |-—4— _—‘
\ J N -
1.0m i
_.{ 1em ‘I"‘"
BET TWE BASE FOR

507 1008/ om

AVYERAGE FORWARD CURRENT{A}

PEAK FORWARD SURGE CURRENT.(A)

JUNCTION CAPACITANCE.{pFj

FIG.2-TYPICAL FORWARD CURRENT DERATING CURVE

™~

Or inductive Load

et ¥ T
“-Ejﬂ&sﬂﬂ Loa

24

12

a5

20 40 B0

ao 100 120

AMBIENT TEMPERATURE.{'C)

FIG.4-MAXIMUM NON-REPETITIVE FORWARD

SURGE CURRENT
T { ‘I l !
_ e o Wk’“
. 1 ri
| 8.3ms Single Halt
— - 4 Elrn; Wa:a o “LI
i ! JEDEC method
Mmﬂm_T_ ;
4 5 1‘0 50 . 100
NUMBER OF CYCLES AT 60Hz
FIG.5-TYPICAL JUNCTION CAPACITANCE

N

T

i

_!

i
|
|

i

N
i
w
] L]

alll

b
T
-

REVERSE YOLTAGE.(V)




Philips Semiconductors Product specification

X
PowerMOS transistors IRFP460
Avalanche energy rated

FEATURES SYMBOL QUICK REFERENCE DATA
» Repetitive Avalanche Rated d

» Fast switching Vpss = 500V

s Stable off-state characteristics |

» High thermal cyding performance b=20A

» Low thermal resistance

GENERAL DESCRIPTION PINNING S0T429 (TO247)
N-channel, enhancement mode PIN DESCRIPTION 5 5
field-effect power transistor, g O
intended for use in off-line switched 1 |gate {
mode power supplies, T.V. and T
computer monitor power supplies, 2 drain
d.c.iod.c. convertars, motor control
circuits and general purpose 3 sourca
switching applications.
tab |drain
The IRFP460 is supplied in the Ways
S0T428 (TO247) conventional
laaded package.
LIMITING VALUES
Limiting values in accordance with the Absoiute Maximum System (|[EC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. | UNIT
Vpss Drain-source voltage T =25"'Cto150°C - 500 v
Voon Drain-gate voliage T =25 'Cto 150°C; Rgs = 20 k2 - 500 Vv
Vas Gate-source voltage - +30 vV
by Continuous drain current Tw=25°C, Vgg=10V - 20 A
T =100 C as =10V - 12.4 A
" Pulsed drain currant Tw=25°C - 80 A
3 Total dissipation T.=25°C - 250 W
T Teyg Qperating junction and -55 150 'C
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX, | UNIT
E.s Non-repetitive avalanche Unclamped inductive load, l,5 = 20 A, - 1300 mJ
energy tp 0.2 ms; T, prior to avalanche 25" C;
Vi €50 V; 5“500 V.:,g- 10V
E.r Repetitive avalanche energy' | Lz = 20 A; t, = 2.5 us; T, prior to - 3z md
avalanche = 25' C, RGS = 50 Q Vgs=10V
bas: lag Repetitive and non-repatilive - 20 A
avalanche current

1 pulse width and repetition rate limited by T, max.

September 1599 1 Rev 1.000



Philips Semiconductors Product specification

PowerMOS transistors IRFP460
Avalianche energy rated

THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
R jome Thermal resistance junction - - 05 | kw
1o mounting base
Rinsa Tharmal resistance junction |S0OT429 packags, in free air - 45 - Kw
to ambient

ELECTRICAL CHARACTERISTICS
T, = 25 "C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vigripsa | Drain-source breakdown Vs =0V; Ip=0.25 mA 500 | - - \
voltage
AV{BH)DBSI Drain"source bmakdown VDS = VGS; ‘D = 0.25 mA - 01 - %ifK
AT, voltage temperature
coefficient
Rosony | Drain-source on resistance  {Vgs=10V;Ip =10 A - 02 1027 | Q
Vosro) Gate thrashold voltage Vpg = Vig; Ip = 0.25 mA 20 ] 30 | 40 v
Forward transconductance [Vpe=30V;Ip=10A 13 18 - S
pes Drain-source leakage current \Jf,,,s = 500 V; Vgg =0 V - 2 50 | pA
VDS-400VV =0V;T,=125°C - 100 | 1000 | pA
lzes Gate-source leakage current |Vgs =130V, Vs =0V - 10 | 200 | nA
Total gate charge Ib=20 A; V=400 V; Vg =10 V - 147 | 190 [ nC
g:(!m (ate-source charge ° o e - 12 18 nC
EE‘— Gate-drain (Miller) charge - 78 | 100 | nC
taiony Turn-on delay time Vpo = 250 V; Rp = 12 Q; - 23 - ns
t Turn-on rise time R=39Q - 72 - ns
by Turn-off delay time - 150 - ns
t Turn-off fall time - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 35 - nH
L Internal drain inductance Measured from drain lead to centre of die - 45 - nH
L, Internal source inductance | Measured from source lead to source - 7.5 - nH
bond pad
Cis Input capacilance Ves =0V, Ve =25V;1=1MHz - | 3000 - pF
Coss Output capacitance - 480 - pF
Crn Feedback capacitance - 270 - pF

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
T; = 25 "C unless otharwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Is Continuous sourca current [T, =25°'C - - 20 A
|(_; y diode)

lam L(l)l;ed source current {(body [T, =25°C - - 80 A
diode

Vsp Diode forward voltage Is=20A;Ves =0V - - 1.5 v

t Reverse recovery time s = 20 A; Ve = 0 V; dlidt = 100 Adus - 800 - ns

Q, Reverse recovery charge - 15 - uc

September 1999 2 Rev 1.000
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