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ABSTRACT

The thesis presents ac power control by using a haif-bridge phase-shift control.
Output voltage waveforms of the inverter is an AC-Square wave which is used to supply
high frequency RLC resonant induction cooker. The output power and the 50-Hz input
voitage and current waveforms are also used to calculate the input power and finally the
ratio of output power to input power can determine the efficiency of the whole system
consisting T} rectifier and inverter. All the experimental resuits obtained in the thesis are

also verified by Pspice simulation , it is obvious that the two results are almost the

same
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Philips Semiconductors

Product specification

PowerMOS transistors
Avalanche energy rated

FEATURES

SYMBOL.

IRFP460

QUICK REFERENCE DATA

* Repetitive Avalanche Rated

* Fast switching

» Stable off-state characteristics

« High thermal cycling performance
» Low themmal resistance

Vpss = 500 V

Ip =20 A

GENERAL DESCRIPTION

PINNING

SOT429 (TO247)

N-channel, enhancement mode

PIN DESCRIPTION

field-effect power transistor,
intended for use in off-line switched
mode power supplies, T.V. and
computer monitor power supplies,
d.c.tod.c. converters, motor control
circuits and general purpose
switching applications.

The IRFP460 is supplied in the
SOT429 (TO247) conventional
leaded package.

1 gate
2 drain
3 source

tab |drain

LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL | PARAMETER CONDITIONS MIN. MAX. | UNIT
Vpss Drain-source voltage =25"'Cto150°C - 500 Vv
Viar Drain-gate voitage 'IJ 25 ‘C to 150°C; Rgs = 20 kQ - 500 N
Ves Gate-source voitage - +30 \
Ip Continuous drain current Tow= 26°C; Vge =10V - 20 A
Tm=100 .C, VGS=1OV = 12.4 A
| Pulsed drain current T =26 °C - 80 A
Py Total dissipation The = 25 °C : 250 w
T Tag Operating 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, 1,5 = 20 A; - 1300 mJ
energy = 0.2 ms; T, prior to avalanche = 25" C;
vD <50 V: Rog = 50 Q; Vg = 10V
Ear Repetitive avalanche energy’ =20 A; t,, =2.5 us; T, prior to - 32 mJ
avalanche 25'C; Rgg=50Q; Vgs =10V
lass Yar Repetitive and non-repetitive - 20 A
avalanche current
1 puise width and repetition rate limited by T, max.
September 1999 1 Rev 1,000



Philips Semiconductors

Product specification

PowerMOS transistors IRFP460
Avalanche energy rated
THERMAL RESISTANCES
SYMBOL | PARAMETER | CONDITIONS MIN. | TYP. | MAX. | UNIT
Ryt Thermal resistance junction - - 0.5 | KW
to mounting base
Rita Thermal resistance junction |SOT429 package, in free air | - 45 - KW
to ambient
ELECTRICAL CHARACTERISTICS
T, = 25 "C unless otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Verpss | Drain-source breakdown Ves=0V; Ip =0.256 mA 500 - - \Y
voltage
AV gryss / | Drain-source breakdown Vps = Vesi Ip = 0.25 mA - 0.1 - %/K
AT, voltage temperature
coefficient
Rosion Drain-source on resistance |Vgs=10V;15=10A - 02 (027 | Q
6s0) Gate threshold voltage VDs = Vgs: Ip=0.25 mA 20 | 3.0 | 4.0 \%
Forward transconductance =30V;ip=10A 13 18 - S
bss Drain-source leakage current | Vyg = 500 V Vgs=0V - 2 50 uA
Vos-400V Ves=0V; T,=125°C - 100 { 1000 | pA
lass Gate-source leakage current |Ves = £30 V; V =0V - 10 | 200 | nA
Qoo Totai gate charge Ip=20A;Vpp=400V; V=10V - 147 | 190 | nC
Q,, Gate-source charge - 12 18 nC
| Qpo Gate-drain (Miiler) charge - 78 | 100 | nC
taom) Tum-on delay time Vpp =250 V; Rp = 12 Q; - 23 - ns
t Tum-on rise time Rs=39Q - 72 - ns
taiom Turn-off delay time - 150 - ns
" Tum-off fall time : - 75 - ns
Lg Internal drain inductance Measured from tab to centre of die - 3.5 - nH
Ly Internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
L, Internal source inductance | Measured from source lead to source - 7.5 - nH
bond pad
Chs Input capacitance Vas=0V; Vps=25V;f=1MHz - 3000 - pF
Coas Output capacitance - 480 pF
Crs Feedback capacitance - 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
T, = 25 "C unless otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Is Continuous source current |T,,, =25°C - - 20 A
(body diode)
lsm Pulsed source current (body |T,,, =25C - - 80 A
diode)
Vsp Diode forward voltage Is=20A;Vgg=0V - - 1.5 \Y
t, Reverse recovery time s =20 A; Vg =0V, di/dt = 100 A/us - 900 - ns
Q, Reverse recovery charge - 15 - pC
September 1999 2 Rev 1.000
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Fig.1. Normalised power dissipation.
PD% = 100 Py/Pp 25 ¢ = {(Trms)

Pulse width, tp (s)

Fig.4. Transient thermal impedance.
Zy, 1 = f(t), parameter D = t /T
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Fig.2. Normalised continuous drain current.
ID% = 1001Iy/lp 25 ¢ = f(T,); conditions: Vs 2 10 V.

Drain Current, ID (A) PHW20NSOE
18 LT1=25¢C ves=1dv 7
16 1%\[
18 e
12 // 5V
10
/ 43TV
» ’V[ a6V
8 rvay
4 TV
= —— 4V
o .

2 3 4 ;

Drain-Source Voltage, VDS (V)

Fig.5. Typical output characteristics.
Ip = {(Vps); parameter Vss

100 Peak Puised Drain Cusrent, IDM (A) PHW20NS0E
tp= 10 us=
= -
YA =~ 1T
- K ~— ~ LI
10 L ~ by ~ 41ﬂolﬂ~
e = T matE
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Fig.3. Safe operating area. T, =25 'C
Ip & Ipm = f{(Vbs), Iow Single pulse; parameter t,

Drain-Source On Resistance, RDS{on) (Ohms) PHW20NS0E

ST av | asv 1l Tj=psc
44V ] a8V |5V
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0.35 1
I T //}/’ VGS =6V
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Fig.6. Typical on-state resistance.

Rosiony = f(lo); parameter Vs
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Fig.7. Typical transfer characteristics. Fig.10. Gate threshold voltage.
Ip = f{(Vss); parameter T, Vesao) = (1); conditions: Iy = 0.25 mA; Vips = Vs
D/A SUB-THRESHOLD CONDUCTION
op Jransconductance, gfe (5) PHW20NSOE == ——=———— =
VDS > ID X RDS{ON
:: i T=25¢] ___——
14 /// 150
12 e N7 IS oot
10 //, =
8 y st
6
J A
‘7
0 : i 1 7
0 5 10 15 20 25 30 1E-06 ‘ L /
Drain current, ID (A) 0 I vas(o™ | 4
Fig.8. Typical transconductance. Fig.11. Sub-threshold drain current.
gs = f(lp); parameter T, Iy = (Vs conditions: T,= 25 'C; Vpg = Vs
a Normalised RDS(ON) = {T])
, P sooop S2PecHances, Clas, Coss, Cras (pF) PHW20NS0E
/ - - .
a A = | Ciss
\\~ ™
, il 1000 “%\
T
1 i -
P Coss |||
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Fig.9. Normalised drain-source on-state resistance. Fig.12. Typical capacitances, C,,, C,.p Cpe
a = RpsonyRosionzs ¢ = (1) In = 10A; Vs =10V C = f(Vps); conditions: Vg =0V, = TMHz
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MECHANICAL DATA

Plastic single-ended through-hole package; heatsink mounted; 1 mounting hole; 3-lead TO-247 S0T429
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Fig.19. SOT429; pin 2 connected to mounting base

Notes

1. Observe the general handling precautions for electrostatic-discharge sensitive devices (ESDs) to prevent
damage to MOS gate oxide.

2. Refer to mounting instructions for SOT429 envelope.

3. Epoxy meets UL34 VO at 1/8".

September 1999 6 Rev 1.000
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DEFINITIONS

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
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5.6A, 100V, 0.540 Ohm, N-Channel Power
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETS are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmentai type TA17441.

January 2002

Features

* 5.6A, 100V

* Ips(ONy = 0.540Q

» Single Pulse Avalanche Energy Rated
* SOA is Power Dissipation Limited

« Nanosecond Switching Speeds

» Linear Transfer Characteristics

e High input Impedance

* Related Literature
- TB334 “Guidelines for Soldering Surface Mount

Components to PC Boards”
Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
iRF510 TO-220AB IRF510
NOTE: When ordering, include the entire part number.
G
s
Packaging
JEDEC TO-220AB
SOURCE
DRAIN
GATE

YA

DRAIN (FLANGE)

€2002 Fairchild Semiconductor Corporation
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IRF510

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

Drain to Source Voltage (Note 1) ... ...............
Drain to Gate Voltage (Rgg = 20kQ) (Note 1) . .. ... ..

Continuous Drain Current
Te = 100°C

Gate to Source Voltage

Maximum Power Dissipation . ....................
- LinearDeratingFactor..........................
Single Puise Avalanche Energy Rating (Note 4) .. ....

Operating and Storage Temperature Range
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s.......
Package Body for 10s, See Techbrief334 .........

Puised Drain Current (Note 3). . ..................

IRF510

100
100
5.6
4
20
120
43
0.29
19

-55to 175

300
260

2
a

c‘)’é§2<>>><<

°c
o°c

CAUTION: Siresses 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. T = 25°C to 150°C.

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

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss | Vgs = 0V, Ip = 250pA, (Figure 10) 100 - - v
Gate to Threshold Voltage VasaH) |Vas = Vps, Ip = 250pA 2.0 - 4.0 v
Zero-Gate Voltage Drain Current lpss Vps =95V, Vgs = OV - 2 25 WA
Vpg = 0.8 x Rated BVpgg, Vgg =0V, T = 150°C - - 250 pA
On-State Drain Current (Note 2) 'boN) | Vs > Ip(oN) x 'osioN)Max: Vas = 10V (Figure 7) 5.6 - - A
Gate to Source Leakage Current lgss Vgs = 20V - - +100 nA
Drain to Source On Resistance (Note 2) | rpgion) | Vas = 10V, Ip = 3.4A (Figures 8, 9) - 04 0.54 Q
Forward Transconductance (Note 2) Ofs Vgs =50V, Ip = 3.4A (Figure 12) 1.3 20 - S
Tum-On Delay Time 4(ON) Ip = 5.6A, Rgg = 24Q, Vpp = 50V, R = 9Q, - 8 12 ns
Rise Time 1y Vpp =50V, Vgs = 10V ] 25 | 63 | ns
MOSFET switching times are essentially independent
Tum-Off Delay Time '4(OFF) | of operating temperature - 15 7 ns
Fall Time t - 12 59 ns
Total Gate Charge Qqrom) | Vas =10V, Ip = 5.6A, Vpg = 0.8 x Rated BVpgs, - 5.0 30 nC
(Gate to Source + Gate to Drain) lg(REF) = 1.5MA (Figure 14)
Gate to Source Charge Qgs Gate charge is essentially independent of operating % 2.0 - nC
temperature.
Gate to Drain “Miller” Charge Qgq - 3.0 - nC
Input Capacitance Ciss Vas = 0V, Vpg = 25V, { = 1.0MHz (Figure 11) - 135 - pF
Qutput Capacitance Coss - 80 - pF
Reverse-Transfer Capacitance Crss - 20 - pF
Intemnal Drain Inductance Lp Measured From the Modified MOSFET - 35 - nH
Contact Screw On Tab To | Symbol Showing the
Center of Die Intemal Devices
Measured From the Drain | /nductances . 45 - nH
Lead, 6mm (0.25in) From
Package to Center of Die
Internal Source Inductance Lg Measured From The - 7.5 - nH
Source Lead, 6mm
(0.25in) From Header to
Source Bonding Pad
Junction to Case Rajc - - 35 °cw
Junction to Ambient Rgya Free air operation - - 80 o'cw
©2002 Fairchild Semiconductor Carporation IRF510 Rev. B
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Source to Drain Diode Specifications

PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 56 A
N Symbol Showing the
Pulse Source to Drain Current Ispm - - 20 A
Note 3) Integral Reverse
( P-N Junction Diode G
S
Source to Drain Diode Voltage (Note 2) Vsp Ty =25°C, igp = 5.6A, Vgg = OV (Figure 13) - - 25 v
Reverse Recovery Time tr T4 =25%C, Igp = 5.6A, digp/d) = 100A/us 46 | 96 200 ns
Reverse Recovered Charge QRR T4=25°C, Igp = 5.6A, digp/dy = 100A/us 017 | 04 0.83 uC
NOTES: ’
2. Pulse test: pulse width < 300us, duty cycle < 2%.
3. Repetitive rating: pulse width limited by max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 25V, stant T = 25°C, L = 910pH, Rg = 250, peak Ipg = 5.6A.
Typical Performance Curves unless Otherwise Specified
12 10
g
1.0
2 N
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§ o8 it
£ 6
§ \\ :: =
0.6 o *-L
g N z —
§ 0.4 N 8 —
;4 \\ —n- 1)
o ) Y N
0 0
0 25 50 75 100 125 150 175 50 75 100 125 150 175

Tc, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Te, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
10 =+ o= |
J: i v N S i i o 8 |
5 » 0.5
E 1} =
§0.2 3
é § Eo 1 —Y— e
z . Ppm R
[ g | 0.054 1
335 o4h 00242 s
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3 NOTES: ]
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FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typical Performance Curves uniess Otherwise Specified (Continued)
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FIGURE 6. SATURATION CHARACTERISTICS
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Typical Performance CUrves uniess Otherwise Specified (Continued)
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FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
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Test Circuits and Waveforms
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L
VARY tp TO OBTAIN .
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

HIE

Vas
FIGURE 17. SWITCHING TIME TEST CIRCUIT
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FIGURE 19. GATE CHARGE TEST CIRCUIT
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FIGURE 20. GATE CHARGE WAVEFORM
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ® OPTOLOGIC™ SMART START™ VCXT;‘|
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E:CMOS™ LitleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UMraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Datasheet |dentification Product Status Definition
Advance Iinformation Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Fuil Production This datasheet contains final specifications. Fairchild

Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product

that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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@ MOTOROLA

SWITCHMODE™ Pulse Width

Modulation Control Circuit

Order this document by TL4S4/D

TL494

The TL494 is a fixed frequency, pulse width modulation control circuit SWITCHMODE
designed primarily for SWITCHMODE power supply control. PULSE WIDTH MODULATION
CONTROL CIRCUIT
® Complete Pulse Wldﬂ:\ 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
o Qutput Control for Push—Pull or Single~Ended Operation 16 pLA(S:I\ISCEP"IAg;AGE
¢ Undervoitage Lockout U (S0O-16)
N SUFFIX
16 PLASTIC PACKAGE
. CASE 648
PIN CONNECTIONS
Noninv E
MAXIMUM RATINGS (Full operating ambient temperature range applies, ' g
unless otherwise noted.) inpot 2]
Rating Symboil | TL4S4C | TL4S4l | Unit Compen/PWN Y
Comp input
Power Supply Voitage Vcc 42 v Deadtime
Collector Output Voltage Ve, 42 \
vez cr 3]
Collector Output Current Ic1. lc2 500 mA Rr (8]
(Each transistor) (Note 1)
Ground [ 7
Amplifier input Voltage Range VIR -0.3 to +42 \ >
Power Dissipation @ Ta < 45°C Pp 1000 mw 2 E% Bl E
Thermal Resistance, RoJA 80 °C/W
Junction—to—Ambient (Top View)
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg ~5510 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL484C 0to +70 Device Temperature Range Package
TL494} -2510 +85
: TL494CD Ta = 0° to +70°C SO-16
Derating Ambient Temperature TA 45 C TL494CN A Plastic
NOTE: 1. Maximum thermai limits must be observed.
TL494IN TA =~ 25° to +85°C Plastic

© Motorola, Inc. 1996 Rev 1



TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 A
Collector Output Voltage Vg1, Vo2 - 30 40 v
Collector Output Current (Each transistor) lc1. Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Ve -20 \
Current into Feedback Terminal ' - - 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcg = 15 V, CT = 0.01 uF, Ry = 12 kQ, unless otherwise noted.)
For typical values T = 25°C, for min/max values Tp is the operating ambient temperature range that applies, uniess otherwise noted.

Characteristics symbol [ Min | Typ | Max | ume |
REFERENCE SECTION

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

Line Regulation (Vcc =7.0V to 40 V) Regiline - 20 25 mvV

Load Regulation (Io = 1.0 mA to 10 mA) ‘ Regjoad - 30 15 mv

Short Circuit Output Current (Vyef = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(ofm - 2.0 100 pA
(Vcc =40V, Vcg=40V)

Emitter Off-State Current IE(off) - - -100 HA
Vee =40V, Vo =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \}
Common—Emitter (Vg = 0V, Ic =200 mA) Vsat(C) - 1.1 1.3
Emitter—Follower (VG = 15V, Ig = 200 mA) Vsat(E) 2| 15 25

Output Control Pin Current
Low State (Vo 0.4 V) locL - 10 - - pA
High State (Voc = Vref) loCH - 0.2 3.5 mA

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

Output Voitage Fall Time tf ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

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

2 MOTOROLA ANALOG IC DEVICE DATA



TL494

ELECTRICAL CHARACTERISTICS (Vce = 15V, Ct = 0.01 uF, RT = 12 k£, unless otherwise noted.)
For typical values T = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics [ Symbol Min Typ Max | Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio - 20 10 mVv
Input Offset Current (Vo (Pin 3) = 2.5 V) o - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) B ~ ~-0.1 -1.0 BA
input Common Mode Voltage Range (Vo = 40 V, Ta = 25°C) VICR -0.3to V2. \
Open Loop Voltage Gain (AVo=3.0V,V0=05V1to 3.5V, R =2.0kQ) AvoL 70 95 - dB
Unity—-Gain Crossover Frequency (VO =0.5V1to 3.5V, R =2.0kQ) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vo =0.5V 10 3.5V, R =2.0 kQ) om - 65 - deg.
Common Mode Rejection Ratio (Vo =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVe =33V, Vo =25V, R =2.0kQ) PSRR - 100 - dB
Output Sink Current (VO (pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (VQ (Pin 3) = 3.5V) o+ 290 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voitage (Zero Duty Cycle) VTH - 25 45
Input Sink Current (V(pin 3) = 0.7 V) - 0.3 07 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0V t0 5.25 V) B (OT) - -2.0 -10 pA
Maximum Duty Cycle, Each Output, Push~Pull Mode DCmax %
(VPin4=0V, CT=0.01 uF, RT = 12kQ) 45 48 50
(VPin 4 =0V, C1=0.001 uF, RT = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vih Vv
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (C1 = 0.001 uF, Rt = 30 kQ) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 pF, Rt = 30 kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Voc = 7.0V 1040V, Ty, = 25°C) Afpse (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tiow to Thigh) Afpge (AT) - - 12 %
(CT=0.01 uF, Ry = 12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Tum-On Threshold (V¢ increasing, Irgf = 1.0 mA) Vih 5.5 6.43 7.0 l v
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vyef, All other inputs and outputs open) Icc mA
(Vcg=15V) - 55 10
Vee=40V) - 70 15
Average Supply Current mA
(C1 =0.01 uF, RT =12 kQ, V(pin 4) = 2.0 V) - 70 -
(Vce = 15 V) (See Figure 12)
* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢
MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

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 oscillator frequency is determined by:

fronn_ 1.1
ose= RrLGr

For more information refer to Figure 3.

Output pulse width 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 puise width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs 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~cycle
time. This would result in a 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—contro}
input to a fixed voltage, ranging between 0 V to 3.3 V.

Functional Table
Input/Output fout _
Controls Output Function E—s—; =
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-time, established 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
modulator 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 flip-flop directs the
modulated pulses to each of the two output transistors
altemately 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 intemal 5.0 V reference capable of
sourcing up to 10 mA of load 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
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

Figure 5. Percent Deadtime versus
Oscillator Frequency
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Figure 7. Emitter—Follower Configuration
Figure 6. Percent Duty Cycle versus Output Saturation Voltage versus
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Figure 10. Error-Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform
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Figure 14. Error—Amplifier Sensing Techniques
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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. Puise Width Modulated Push-Pull Converter
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Figure 21, Pulse Width Modulated Step-Down Converter
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Philips Semiconductors Product specification
PowerMOS transistors IRFP460
Avalanche energy rated
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Fig.13. Typical tum-on gate-charge characteristics. Fig.16. Source-Drain diode characteristic.
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Fig.14. Typical switching times; tyony by tyomy & = f(Rs)
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Fig.17. Maximum permissible non-repetitive
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unclamped inductive load
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