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Abstract

This project is present to build the control signal MOSFET of output state for using
in an inverter circuit. We use the control signal come from the pulse width modulation circuit to
switch the full bridge power MOSFET. This control signal is generated from the comparator
circuit and IC TL 494. TL 494 is also used to control MOSFET in half bridge circuit. The
output from the Half bridge circuit is the pulse with vaviaes width. This pulse can be use control

to sinusioldal wave by low pass filter.
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Dusain Switching Times {ns)

TABLE 3 — MESO_.::m mvnmnm Gate Switching Times {ns)
of Varlous TMOS Gate Drives Turn-on Turn-on Turn-off Turn-oft Turn-on Turn-on Turn-oft Turn-oft
Delay Rise Delay Fall Dolay Fall Delay Rise
(Vip ve Vy) Time (Vipvs Vyq) Time {(Via Vs Va2l Time (Viqvs V2! Time
W
vi v
Cireuit 1 1) v
ircuit
2
Simple Puise o 16 85 35 230 25 25 186 0
Transformer
w
6 6MC14049
Circuit 2
Six Paralleled v
CMOS lnverters 30 920 20 130 100 160 80 30
(MC14049U8}
!
7
w
With
Diode 30 1) 220 1250 60 35 840 230
. vi D1 '
Circuit 3 b v
Pulse -
Traansformer 2k
w/Speed-up
Dioda
Without
-, Diode 60 1600 280 1100 220 340 860 230
! 2}}
"o — — s s bk B o ——— o 45 o
AN L I e ] [Pry———
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Gate Switching Times (ns)

Drain Switching Times (ns)

Turn-on
Daelay
(Vipve \4 ..-

Yurn-on’
Rise
Yime

Tuin-off
Delay
{(Vinvs Vq)

Turn-off
-Fall
Time

Turn-on
Deolay
(Vip vs V3l

Turn-on
Fall
Time

Turn-off
. Delay
(Vipve Val

Turn-off
Rise
Time

Circuit 4
Quasi
Push-Pull
Translormer
Drive

85

40

230

30

25

160

35

Circuit 6
Standerd
Opto-Coupling
Circuit

3800

460

1600

140

4000

80

1750

20

Circuit 6

High B.W.
Opto-Coupling
Clrcuit

4N26

Yin

vi v

3700

420

450

120

3800

75

520

20

Circuit 7
High
Pesformance
Push-Pull
Circuit

v2

20

60

25

30

30

20

45

15
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TABLE 3 — Switching Speeds Gate Switching Times (ns) Drain Switching Times (ns)
of Varlous TMOS Gate Drives Anouz-.-:m& Tura-on Turn-on Turn-off Turn-off Turn-on Turn-on Turn-off Tuen-off
Delay Rise Dolay Fall Delay Fall Delay Rise
(Vipva Vq) Timo (Vigve Vy) Time {(Vipva Vo) Time {Vin ve Vo) Time
“asv

Circuit 8
High va .2 60 a5 70 40 26 85 15
Partormance
Push-Puli
Circuit

w

v L
Circuit 9
Low Power 1/8 SN74LSO08
Schotiky v, 128 v2 10 000 60 600 480 1000 375 150
e a >
vi
w
3/6 SN74LS05
Circuit 10 10v
Paralleled
Low Power v nwo_ v2
Schottky w] 7 i1 J 45 1800 30 210 160 310 140 50
m TTLT ]
vi

w
Circuit 11 15V
Paralleled .
SN7407 vi
Buffers with " 25 7m0 30 140 60 60 130 30
Pull-Up Ve
Rasistance Vi

2/8 K407
o - m e = mn e e = ma s o — o ha —— 4w emamn —

s mas w———

. s o —— 3
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235

Acqgs
L
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911 IC 14024

Ch1 Ampl
1.06 V

Ch1 Freq
5.051kHz

18 Mar 1999
09:28:37
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Ch2 Ampl
11.2V
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) HARRIS IRF840/841/842/843
IRF840R/841R/842R/843R

.N-Channel Power MOSFETs

August 1991 Avalanche Energy Rated*
Features Package
TO-220AB
e 7A and 8A, 450V - 500V TOP VIEW
* rps{on) = 0.850 and 1.10
. . DRAIN
¢ Single Pulse Avalanche Energy Rated [o=——=— SOURCE
(FLANGE) O === DRAIN
¢ SOA is Power-Dissipation Limited I === GATE
e Nanosecond Switching Speeds
¢ Linear Transfer Characteristics
* High Input Impedance
Description
The IRF840, IRF841, IRF842, and lRF8f13 are n-chanr?el Terminal Diagram
enhancement-mode silicon-gate power field~effect transis-
tors. IRFE40R, IRF841R, IRFB42R and IRF843R types are N-CHANNEL ENHANCEMENT MODE
advanced power MOSFETs designed, tested, and guaranteed
to withstand a specified level of energy in the breakdown D
avalanche mode of operation. All of these power MOSFETSs are
designed for applications such as switching regulators,
switching converters, motor drivers, relay drivers, and drivers
for high-power bipolar switching transistors requiring high G
speed and low gate-drive power. These types can be operated
directly from integrated circuits.
The IRF types are supplied in the JEDEC TO-220AB plastic s
package.
Absolute Maximum Ratings (T¢ = +250C), Unless Otherwise Specified
IRF840 IRF841 IRF842 IRF843
IRF840R IRF841R IRF842R IRF843R UNITS

Drain-Source Voltage (1) .......ccovevuiviiivinnn. ... Vps 500 450 500 450 v
Drain-Gate Voltage (RGs =20k} (1).ocvvvvnnen.n... VDGR 500 450 500 450 v
Continuous Drain Current

TC=425%C ciiiie ettt fereeeenias ip 8.0 8.0 7.0 7.0 A

TC=41000C .. i e Ip 5. 5.1 4.4 4.4 A
Pulsed Drain Cument (3) ...ovvevrnenininnenennnnennnns Iom 32 32 28 28 A
Gate-Source’Votage .........cccoieveiiinniiinnnnn, vGs =20 =20 =20 =20 v
Maximum Power Dissipatiop

Lokl - e N Pp 125 128 125 125 W
Linear Derating Factor...... 1.0 1.0 10 1.0 w/oC
Inductive Current, Clamped 32 32 28 28 A

(See Figure 14, L = 100yH)
Single Pulse Avalanche Energy Rating (4). .. ....v.u.us.. Eas* 510 510 510 510 mJ
Operating and Storage Junction,‘ .................. TyHTSTG -55t0+150 -5510+150 -5510+150 -55t0+150 °C

Temperature Range .

Maximum Lead Temperature for Soidering ............... TL 300 300 300 300 °oc

(0.063" (1.6mm) from case lor 10s)
NOTES:
1. Ty = +25°C 10 +150°C. 4. Vpp = 50V, starting T) = +259C, L = 14mH, Rgg = 250,
2. Puise Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 8A. Ses Figure 15.
3. Repetiive rating: Pulse width limited by maximum junction lemperature.

See Transient Thermal Impedance Curve (Figure 5).

*R Suffix Types Only

CAUTION: These devices are sensitive 10 etectrostatic discharge. Proper 1.C. handling procedures snould be lollowed. File Number 23 1 2 1
Copyright ® Harris Corporation 1991 )

4-359
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IRF840, IRF841, IRF842, IRF843

IRF840R, IRF84 1R, IRF842R, IRF843R

Electrical Characteristics T¢ = 250C, Unless Otherwise Specified

UuMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Drain-Source Breakdown Voltage BVpss |Vas =0V.ip = 250pA
IRFB840/B42, IRF840R/B42R 500 - - Y
IRF841/843,1IRF841R/B43R 450 - - v
Gate Threshold Voltage VasaH) { VDs = VGs. Ip = 250pA 2.0 - 4.0 \Y
Gate-Source Leakage Forward igss |Vvgs =20V - - 500 nA
Gate-Source Leakage Reverse igss [Vgs=-20V - - ~500 nA
Zero Gate Voitage Drain Current Ipss | VDs = Max Rating,Vgg = 0V - - 250 pA
Vps = Max Rating x0.8,Vgg =0V, - - 1000 pA
Tg=+1250C
On-State Drain Current (Note 2) Io(oN) | Vos > Ip(on) * RoS(ON) Max,Vgg = 10V
IRF840/841,IRF840R/B41R 8.0 - - A
IRFB42/843,IRF842R/843R 7.0 - - A
Static Drain~-Source On-State 'DS(ON) | VGs =10V,Ip = 4.4A
Reslstance {Note 2)

IRFB40/841,IRF840R/B41R - 0.8 0.85 n
IRF842/843,IRFB42R/843R - 1.0 1.1 n
rorward Transconductance (Note 2) Qfs Vps > S0V, 1p = 4.4A 4.9 7.4 - S(UG)
Input Capacitance Ciss VGs =0V,Vps = 25V, = 1.0MHz - 1225 - pF
Output Capacitance Cosg | See Figure 10 - 200 - oF
Reverse Transfer Capacitance CRrss - 85 - pF
Turn-On Delay Time td{ON Vpp = 250V, Ip ~8A,Rg =98.10 - 15 21 ns
Rise Time 1 See Figure 16. {MOSFET switching times _ 21 35 e
! are essentially independent of operating
Turn-Off Delay Time 4(OFF) | temperature) - 50 74 ns
Fall Time Y - 20 30 ns
Total Gate Charge Qq VGs = 10V.Ip = 8A, Vpg = 0.8V Max - 42 63 nC

{Gate~-Source + Gate-Drain} Rating. See Figure 17 for test circuit.
Gate—Source Charge Q (Gate charge is essentially independent of - 70 ” nC
- - as operating temperature.)
Gate-Drain (“Miller”) Charge di - 22 - nC
Internal Drain inductance Lp Measured from the Modified MOSFET - a5 - nH
contact screw on symbol showing the
tab to center of die internal device
inductances.
Measured from the - 4.5 - nH
drain lead, 6mm
(0.25in.) from pack-
age to center of die
internal Source inductance Ls Measured from the - 7.5 - nH
source lead, 6mm
{0.25") from header
and source bonding
pad.
Jurction-to~-Case RgJyc - - 1.0 oc/w
Case—to-Sink Rocs | Mounting surface Hat, smooth and greased - 0.5 - oc/w
Junction~to-Ambient RgJa | Free air operation - - 80 ocw
Source Drain Diode Ratings and Characteristics
Continuous Source Current is Modified MOSFET o - - 8.0 A
(Body Diode) symbol showing the
Puise Source Current ISM integral reverse — - - 32 A
(Body Diode) (Note 3) P-Njunc.rectifier. 8 mf
. bs
Diode Forward Vottage (Note 2) VsD Ty=+250C,ig = 8.0A, VGgg = 100A/us - - 2.0 \
Reverse Recovery Time tr Ty = +250C, IF = 8.0A, dIf/dt = 100A/us 210 475 970 ns
Reverse Recovered Charge QRR Ty = +259C, Ig = 8.0A, dig/dt = 100A/us 2.0 4.6 8.2 uC
Forward Tum-on Time ON {ntrinsic turn-on time is negligible, Turn-on - - - -
speed is substantially controlled by Lg + Lp.

NOTES: 1. T = +25°C 10 +150°C
2. Puise Test Pulse width < 300ys,
Duty Cycie < 2%

3. Repelitive Rating: Pulse width limited by max.
junction temperalure, See Transient Thermal
impedance Curve {Figure 5)

4. Vpp = SOV, Start T = $25°C, L = 14mH,
Rgs = 250, Ippak ™ 8A (See Figure 15)

4-360
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L} Performance Curves
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Performance Curves (Continued)
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B8Vpss

T tp A Vos
—e | i Voo

/ \

—— — -

FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS

T

50
'l'kn

-Vos
ip CURRENT

IG CURRENT
SAMPUNG RESISTOR

SAMPUNG RESISTOR =~

FIGURE 17, GATE CHARGE TEST CIRCUIT




@ HARRIS

L
o nt . sale

—— T
ES

August 1 991

IRFP250/251/252/253

IRFP250R/251R/252R/253R

N-Channel Power MOSFETs
Avalanche Energy Rated*

J—
Features Package
TO-247
» 27A and 33A, 150V - 200V TOP VIEW
* rps(on) = 0.0850 and 0.1200
DRAIN [}
| + Single Pulse Avalanche Energy Rated* (TAB) ~ |[F=———>SOURCE
b « SOA is Power-Dissipation Limited L O [ ———— DRAIN
i * Nanosecond Switching Speeds N\ b GATE
¢ Linear Transfer Characteristics
{ + High Input Impedance
E‘ Description
i The IRFP250, IRFP251, IRF.P252, and IRFP.253 are Terminal Diagram
I n-channel enhancement-mode silicon-gate power field-effect
! transistors. IRFP250R,.IRFP251R, IRFP252R, and IRFP253R N-CHANNEL ENHANCEMENT MODE
' types are advanced power MOSFETs designed, tested, and
i guaranteed to withstand a specified level of energy in the 0
] breakdown avalanche mode of operation. All of these power
MOSFETs are designed for applications such as switching
regulators, switching converters, motor drivers, relay drivers,
] and drivers for high-power bipolar switching transistors G
. requiring high speed and low gate-drive power. These types
can be operated directly from integrated circuits.
E The IRFP types are supplied in the JEDEC TO-247 plastic S
i package.
¢
Absclute Maximum Ratlngs (Tg = +250C), Unless Otherwise Specified
} IRFP250 IRFP251 IRFP252 IRFP253
1 IRFP250R IRFP251R IRFP252R IRFP253R UNITS
b Drain-Source Voltage (1} . .ovvinnieneiniirennniens Vps 200 150 200 150 v Ny
‘ Drain-Gate Voltage (Rgs = 20kf1){1) 200 150 200 150 \Y
; Continuous Drain Current
TE = 4259C 1 vrinenenee it iie et 33 33 27 27 A
' TE=+1000C ccuueneenenenenenns 21 21 17 17 A
: Putsed Drain Current (3) .......... 130 130 110 110 A
Gate-Source VORAQe .....cvvrrvvneenenenrorarnenens *20 =20 =20 v +20 '
Maximum Power Dissipation
TE=+259C L evinincniiinranannes 180 180 180 180 w
Linear Derating Factor 1.44 1.44 1.44 1.44 W/oC
Inductive Current, Clampad c.vvvierevvererannrraesenes LM 120 120 100 100 A
' (See Figure 14, L = 100pH)
¥ Single Pulse Avalanche Energy Rating (4).............n Eas" 810 810 810 810 mJ
i Operating and Storage Junction ........couvvenvas TJ,TSTG -5510+150 -55t0+150 -55t0+150 -551t0 +150 oc
] Temperature Range
i Maximum Lead Temperature for Soidering ..........cooues To 300 300 300 300 oC
{0.063" (1.6mm) from case for 10s)
i NOTES:
1. Ty = +259C 1o +150°C. 3. ReoetRive Rating: Pulse width limited by max. junction temperature. See
) 2. Pulse Tast Puise width < 300us. Outy Cyclo < 2%. Transient Thermal impecance Curve (Figure 5
I 4. Vpp = 50V, starting Ty = +25°C, L = 1.1mH, Rgg = 500,
i ! = 33A. See Figure 15,
3 L’ R Sutfix Types Onty PEAX b

Copyright © Harris Corporation 1991

L L R |

CAUTION: These devices are sensitive lo electrostatic discharge. Proper I.C. handling procedures should be foliowed.

File Number 2330.1
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IRFP250, IRFP251, IRFP252, IRFP253 |RFP250R, IRFP251R, IRFP252R, IRFP253R!
i
Electrical Characteristics Tg = +250C, Unless Othenvise Specified ]
umITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Drain~Source Breakdown Voltage BVpss | VGs=0V.Ip =250pA
IRFP250/252, IRFP250R/252R 200 - - \Y
IRFP251/253, IRFP251R/253R 150 - - v
Gate Threshold Voltage VGsaH) | Vos = VGs. lp = 250pA 2.0 - 4.0 \
Gate-Source Leakage Forward Igss | Vgs =20V - - 500 nA
Gate-Source Leakage Reverse Igss | Vgs =-20v = = -500 nA
Zero Gate Voltage Crain Current lpss Vps = Max Rating, Vgg = 0V - - 250 uA
Vps = Max Rating x 0.8, VGgs = OV, - - 1000 HA
Tg =+1250C
On-State Drain Current (Note 2) lojoN) | VDS > ID(ON) X FDS(ON) Max. VGS = 10V
IRFP250/251,IRFP250R/251R N 33 - - A
IRFP252/253, IRFP252R/253R 27 - - A
Static Drain-Source On-State TDS(ON) {VGsS=10V,lIp =17A
Resistance (Note 2)

IRFP250/251,IRFP250R/251R - 0.07 0.085 N
IRFP252/253, IRFP252R/253R - 0.09 0.120 N
Forward Transconductance (Note 2) Ofs Vps > 50V.ip = 17A 13 19 = S(0)

Input Capacitance Ciss__[VGs=0V.Vps=25V,{=1.0MHz - 2000 - pF
Output Capacitance Coss | See Figure 10 - 800 - oF
Reverse Transier Capacitance Crss X - 300 - pF
Turn-On Delay Time tg(ON) | VDD = 100V.Ip = 30A,RG = 6.201 - 18 30 ns
Rise Time I See Figure 16. (MOSFET switching times - 125 180 ns
are essentially independent of operating
Turn-Off Detay Time J(OFF) | temperature) - 70 100 ns
Fall Time i = 80 120 ns
Total Gate Charge Qg VGs = 10V, ip = 30A,Vpg = 0.8 Max - 79 120 nC
{Gate-Source ~ Gate~Drain) Rating. See Figure 17 for test circuit.
Gate-Source Charge Q (Gate charge is essentially independent of - 12 - nC
n - as operating temperature.)
Gate-Drain ("Mifler”) Charge Qqqd . - 42 - nC
Internal Drain Inductance Lp Measured between | Modified MOSFET - 5.0 - aH
the contact screw on | symbol showing the
header thatis closer | internal device
to source and gate inductances.
pins and center of
center of die.
internai Source Inductance Ls Measured trom the - 12,5 - nH
source lead, 6mm
(0.25") from header
and source bonding R
pad.
Junction-10-Case Rguc - - 0.70 ocw
Case-to-Sink Rocs | Mounting surtace flat, smooth and greased - 0.1 - oc/w
Junction~-to- Ambient Rgya | Free air operadon - - 30 oC/W
Source Drain Diode Ratings and Characteristics e
Continuous Source Current is Modified MOSFET o - - 33 A
{Body Diode) symbol showing the
Pulse Source Current ism | integral reverse — - - 130 A
{Body Diode) {Note 3) s P-Niunc.recifier. 8 | |k &
> S
Diode Forward Voltage {Note 2) Vgp | Ty=+259C.is =33A,Vgs =0V - - 2.0 \Y
Reverse Recovery Time ter Ty =+250C, Ig = 30A, dig/dt = 100A/us 140 - 630 ns
Reverse Recovered Charge ORR Ty =+250C, Ig = 30A, dig/dt = 100A/ps 1.8 - 8.1 uC
Forward Tum-on Time 1ON Intrinsic turn—-on time is negligible. Turn-on - - - -
speed is substanially controlled by Lg + Lp.

NOTES: 1. Tj = +25°C lo +150°C
2. Pulse Test Puise width < 300us.
Duty Cycle < 2%

3. Repetkive Raling: Puise width limited by max.

junction lempaerature. See Transient Thermat
Impedance Curve {Figure §)

4, Vpp = 50V, Start T = +25°C. L = 1.1mH,
RGs = 500, Ippak = 32A (See Figurs 15)
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IRFP250R, IRFP251R, IRFP252R, IRFP253R

80ys PULSE TEST
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS
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11494
TL435

Spectlilcations and Applications
; Information
[ SWITCHMODE
PULSE WIDTH MODULATION
, CONTROL CIRCUITS
3
The "L:Z~ #=2 TLASS are fixed frequency, pulse width modu-
tion oo :'-cu-'s designed primarily for Switchmode sower
2051y ST Thesz devices feature:
Camiz, 212 Puisz Wiath Modulation Control Circuitry
]
Cn-Ce's T lztor With Master Or Slave Operation
CaCsz Zmor Anplifiers
Cr.-C'jE T 2Vz= Bgerence
Adiugzs = Zezd-Time Cantrol
<nzs—— Tz Ougut Transistars For 200 mA Source Or Sink
Sutzh commsae Fer Push-Pull Or Single-2nded Operation
’
~".,‘.--C°' T 32 2% Zener {TL4QS Only)
Juiz .z S:z3- -2 Canirel {TLASS Only}
i
' PIN CONNECTIONS
|
TLAne TL&9E
i
~r" i
— ‘ion inv

— 0t

i
_—
. <l P Pl oo
;_—!- P — it --& __'_4_‘!.-
— T
E ! i H
T . — 23 Viewes

are specified over ©

ne commercial ooerating

o7C The TLa%al295! sre soec
—'C O~.5 C The TLéSéM is s
123°C.

:fied over the in-

cacified over the

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
NTEGRATED CIRCUITS

N SUFFIX
PLASTIC ACKAGE
CASE 843-05

N SUFFIX
M— PLASTIC PACKAGE
s = 1 l] l\:l CASE 707-02
SITEASRARE
‘b it :
gt i
J susx f
CERAMIC PACKAGE
CASE 72501
i o i
: ORDERING INFORMATION :
' .
i ; Temperatuyre !
! Oevice | Range ! Package
PTlaseN | 0T070C [Plasuc 1P
§TLeas { 0 7070°C “Caramic 12§
! Tlacan '-:57085'C  Plasuc 1P i
; TLasay i ~257035°C :Ce,ram,c o i

TLigal ;-ss 0 125°C  , Ceramic DIP

i 9 TeicC Plasnic 1P |
SRR Caramic i .
-3 7 és g Ptasuc SiF
-8 7a 8¢ Carzme DiF




FRGURE 5 —O0PEN LOOP YOLTAGE GAIN AND PHASE
versus FREQUENCY

FIGURE 4 —OSCIULATOR FREQUENCY
versus TIMING RESISTANCE
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ELEGTRICAL CHARACTERISTICS (Ve =35 V, foee = 10 kHz unless otherwise noted.)

For typical values Tp = 25°C, for min‘max vakes TAS ihe cperating ambient temperature range that arplies waless otherwise
noted.
¥

1 TLL94/TL42S
Characteristic Symbol Min i TYp l Wecx. Unit
PYIM' COMPARATOR SECTION (Tes: Cirausit fgure 13
nput:Threshold Voltage ) VTH - 15 45 v

{Zebo duty cycle)

nput Sink Current - 0.3 0.7 ’ - mA
V (Pin 31 = 0.7 V)

DEAD-TIME CONTROL SECTION (Test CircuitFigure 12)

nput Bias Current (Pin 4) g (07 —_ -20 -0 wA
Vid = 0t05.25 V)

Maximum Duty Cycle, Each Output, Push-PuiiMade OCmax
{Vid = 0V, CT = 0.1 uF, RT = 12kQ) 25 8
(Vid = 0V, Cy = 0.001 uF, RT = 20 k) — <5

nput Threshold Voltage (Pin 4) VTH v
(Zefo Outy Cycle} - 2.8

{Maximum Duty Cycle) 1] —_—

JSCILLATOR SECTION
“requency fosc — 29 - Mz
(Cy, = 0.001 uF, RT = 30 k0)
Standiard Deviation of Frequency®
(Cye= 0.001 pF, RT = 30 kQ}

'-'requ'ency Change with Voltage Aase (AV) - 2.1 — %
(VeC = 7.0V 1040V, T4 = 25°C)

%equﬁncy Change with Temperature Mosc (aT) — =10 =20 %
L2TA = TAlgw 19 TAhichl

yu

(]

O'fosc b .0 - *%

TLeSS

s
' |
' Characteristic Symbol l Min ! Typ l M - Unit

TEERING CONTROL

ncut Current Low ) IsTL - -3 -0 2
(Vipin 13) = 0.4 V)
nout (:Zurrenr Hign ISTH w2
W!an 13) = 2.4V) -
Vigin 131 = Veeil -
ENEJ CHARACTERISTICS

Uy an

ener :Sreakdown Voltage vz — 29 _ v
dz ® 2.0 mA)

ink Current iaz — i 0.3 — mA
(V:p{n i51 = 1.0V) i
OTAL DEVICE
Ranc!‘;y Suoply Current
iPin 6 at Viaf, All Other Inputs and Quipasts dpen)

ee = 15 V)
."IPCC = 40 V)

icc

~i

oo u
[

ey

\vzraéc‘Suapiy Current
‘V'tpin 4= 2.G V) {See Figure i2.)
‘Cy »°0.00%, 87 = 12« Voo = 15V)
13

Standard ceviation 15 2 measure of the siatistical Sstndutss 400Ut Tie Mean as Cefived lrom ne lerua. @ «
v

i mA

~

]
5
b
¥

MOTORGLA UNEAR/INTERFACE DEVICE

w

o e

2 o~ a




szct iRICAL SHARACTERISTICS VCC = 15V, fgge = 10 kHz unlessotherwise noted.)
<5 :-i:--:e' ‘2lees T4 = 25°C, for min‘max vaiues T4 is the operzting aamient tenperature range that applies uniess otherwise
xSl §
. TL494 TL494C, 1/TL4SSC, |
E Chanacteristic Symbol Min f Typ | Min I Typ Max Unit
CLTPUT SECTON
Cs +la” C¥-Ste Cuent [ teem | — 120 | 1@ | — 20 | 100 | A
-J-L- 'Vc:ano‘/) ’
E.— =2 O -S:ze Current le(oif) — _ -130 —_ —_ -100 2A
3= LUVC =0V.VeaoY) .
S'+=ss-I T3 Satsation Veltage VsayC) —_— il 15 - m 1.3 v
Si—menZaTter
Viw CV.0 = 20 mA)
-3 i
I-Tiaefoiomer Vsaug) — } s 25 - 1.3 2.5 v
= i2Vie = -200 mA) i
0oz . CenslFin Cument locL —_— 10 —— —_ 10 - A
iza Sizte
VAo s 2.2V
- Suae locH - 102 is5 - 0.2 3.8 mA
s = .’.!f) !
1 Rise Tene (T4 = 257C) te — } 100 i 200 — I 100 .| 200 i ns
—Zer {See Figure 13) : : ! -
S~ =207c zaer (Se=Figure 14) i — 1100 | 200 — | 100 | 200 | s
sm VeRaze Eall Time (T4 = 25°C) t — i 2 | e | — I B4 w0 | oas
C:=hor-Z—~=ar (See Figure i3) L : ! - i
I= T20-F2 dser (See Figure 14) i — t ¢} e | — | 0 | 00 | as |
' 2 TL43ATL4SS | ;
; Characteristic Symbol | M Typ 5 Max | Unit |
RAZ3 AMPUFER SECTIONS ‘
et i H — i I i
g Vio ! | 20 10 !, mv .
i ! - ! X < . :
! N i H t
iohg — i a1 1.0 [ oaa
s ! ‘ ' !
b Vicr | -a3 - Vee-20 v
; i : i :
i avoL . 76 : S — bl g
i . i {
; ! : i :
. f < : [} 1 H
!; c : —_ E 350 - i <Hz !
: i ‘ i i
' om i - i 33 [ — | ceg. j
A= 2.0 ' ! i | ! !
T 2122 Tepection Rauo i CMRR | 55 i 2] i i as |
vrgenv. | ! 5 | I
i PSAR ! — ; 100 | - -
= 15V, 3 = 2.0k i i i i ! ]
iog- 03 : 9.7 ! — PomA
'.\.:\:Jl= :7 vy ! i : : l l'
"2 Shures Cirreny iolg- -2 i -4.9 | — [ ma
N Eu g =25 v ! ! l ! i |
—= I3 !
]
]
_ ]
¥
‘ k
1
3 ' _ e
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TL494, TL495

4
{
I MAXIMUM RATINGS /Full operating ambient 'amoerature range foplies =nless othenvise notad.)
. Rating Symbol |  TL4sast | TlLesatTLésst | TLESACTLA95C | Una
} | Power Swply Voitage Vee | 42 i 42, i 42 iy
Colleczor Dutput Voltage l vey ves | a2 | 42 i 22 v
CollectorQutpur Current {each transistor) | fcricy | 250 | 250 ] 250 I oma
F Amplifiertnput Voltage I Via | Tc+m I Vee - .03 | Vee - .03 v
t|_Power Disipation @ T & 45°C - I 75 1000 i 1000 ! 1090 | mw
Operating Juaction Temperature ooy 150 i 150 ! 150 P
bi Ooerating Ambien Temperatyre Range i TA ! -3510125 ! -25t085 | Ot 70 i <
i_Storage Bmoperawre Range i Tae | -Sto -850 | -6510 =150 | -85t -150 I =
' THERMALCHARACTERISTICS
Characieristics I Symbol | J Sefix Cesamic Package | N Suffix Plastic Package f Unn
“Thermal fesistance. Junction to Ambient | Raja 00 . L] | cw
Power 'Dcnting Factor VagsAa | 0o i2.5 | mwie
t_Derating Ambiem Temperature Ta | =0 . 43 o
{ RECOMNMENDED OPSRATING CONDI(TIONS
i TL4S&4TLLSS ;
Condition/Value Symbol | Mzn | Tyo i Mz ! Uai
Pewer Sumply Velage i vee | 7.0 i 15 i 0 Pov
Callector Quiput Veltage i Ve Vez | - i 30 ! 20 i V‘?
Coliector Cutput Current (eaca transisior} i ict. lez | —_— s — I 200 I oma 5
¢ Amplifier Sput Vakage i Vi -03 | - ! ovee-z20 0 v !
it Current lre Feedtack Terminal Py - ; — i 0.3 e |
' Reference Output Current L leef —_ i — ! Ho! mA i
Timing Resstar i Ar 1.8 i 20 i 300 P
" fiming Cazacitor Poocp 3.¢7 i 10 ; 0000 i aF
o Oscillator Fequency fosc ¢ L i <0 ! %0 <z

'E'LECTFUC‘«L CHARACTERISTICS VCC = 15 V. fage = 10 kMz uniess otherwise noted.}

ose
For typical xatyes TA = 25°C, for min-max values Ts is the ooerating mnbiem emparature range that zoglias uniess gtner~isa

TR 1 R

_jnoted.
{ ' TLSem TLe94C, (TLeSCH
! ' Characieriszic - Symbol Min | Teo ' Max Min | Tyg ! Max ! Unit
REFERENCE SECTION
, Reference \nitage Veei <73 1 29 @ o3zs ST TR K !
Pvtig = 1.0mA) ! : i 5 i
. ;?eierence Voltage Change witn Temperature . Veeb (aT) Po— } ez i 20 — i sz ' L
i TaTy = Mo 1o Max) ; ! i i J ; ! !
i Inout Reguleton . 3eine 0 — ! 20 ¢ 25 - " 0 B oav
i 3Vec = 73Vio0w . ! I : :
, ddiout Aeguation i Regigagq | — j 38 ;. s — {30 ; s av
L - ! = ! ! 1 !
f o = 1.0mA (00 mA) f : ! 1 ' ' .
i Shor-Circuit Outour Current : isc 0, 3 ; @0 —_ iz - 1 mA
{1 Vegi = 0% Ty = 2070)
!
H
i
b
: - e i e mmm e o
E PCT2FOLA LINEAA i zarACz 22 ICES
. 2-322
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494,,TL435

o

b
)escripgion

The TL494/¢95 are fixed-lrecuency pulse width mod-
iation control circuit, incorporating the primary build-
Je ::loci.;s required for the control of a switching power
uoply. (See Fgure 1) An internal-linear sawtooth os-
iiglor is irequency-programmable by two external

omocnénts. At and CT. The oscillator frequency is
ererminded by:

: 1.1

fosc = RTe Cr
Y
utdut pulse width modulation is accomplished oy
)moarison of the positive sawtooth waveform 3Cross
oacitor Cy to either of two control signals. The NOR
tes, which drive output transistors Q1 and Q2, are
abled iny when the flip-flop clock-input line is in its
w siate, This happens only during that portion of time
8n the) sawtooth voltage is greater than the control
;nals. Therefore, an increase in control-signal ampli-
e caus:es a corresponding linear decrease of outsut
Ise width, (Refer :0 the timing gizgram shown in Fig-
s 2.) 1
The con'trpl signals are external inputs that can be fed
O the dead-time control, the error amplifier inputs.
the feedback input. The dead-time conirol comopar.
r has gn effective 120 mv input offset which limits
- minimfum Ooutput dead time to approximately the
t 4%, of the sawtooth-cycle time. This would resuit
s maximum duty cycle on a given output of 26% with
duiout control grounded, and 48% with itconnectad
he referenca line. Additional dead time mey be im-
&d on the output by setting the cead time-control
ut 0 2 fiXed voltage, ranging between 0 1o 3.3 V.
he Sulse width modulstor comoarator provides s
2ns for the error amplifiers (0 adjust the ouiput puise
in .‘.'orn: the maximum percent on-time, 2stablishes
he :ea;d time control input, down to zero, zs ihe

voltzge at the feedback pin varies from 0.5 to 3.5V.30th
erroramplifiers have a common-mode input rangefrom
=03V1to(Vce -2V), and mMay be used o0 sense pawer-
supply output voltage znd current. The error-amplifier
outputs are active high znd are ORed together =t the
non-inverting ingut of the pulse-width modulator cam-
perator. With this configuration, the amplifier that de-
mends minimum output on time, dominates control of
the loop.

VWhen capacitor Cy ig'discharged, a positive puise is
generated on the output of the dead-time comparator,
wiich clocks the pulse-steering flic-flop and inhibits the
ouiput transistors, Q1 and Q2. With the outout—ontrol
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
outgut transistors slternately for push-pull operztion.
The cutput frequency is equal to haii that of the cscii-
lator. Qutput drive can élso be taken from Q1 or Q2,
when single-ended operation with & meximum on<ime
of less than €02, iz r2quirec. This is desirable when the
output trensformer has a ringback wincing with 5 catch
ciodeused for saubbing. ‘When higher outpui-drive cur-
fents are required for single-anded operation, Q1 and
Q2 may be connected in parsilel, and the outoul-mode
pin must be tied 0 greund o dissble the flip-flog. The
duizut frequency wiil now be equal 0 that of the
oscillztor,

The TL494/¢8S has an internal 5.0 v reference cznable
of sourcing up 1o 10 mA ofload current for external biag
zircits. The refarance has €N accuracy of = 5% wwith 3
ermal drift of less than 50 my over an opersting t=m-
=&rature range cf 0 to 7Q°C.

The TL42S cantsins 2n on-chip 28 volt zerer diode for
sigh voltage applications where Yo is greater than 20
volts, end zn output steering control tha: overrides the
izt2rnal control of the pulse-steering flic-flop. (Refar ta
Tie functional table shown in Figure 3.}

P
FIGURE 3 — FUNCTIZRAL TABLE

.
; lnp.uts ! fout |
,{ Output | Steering I -=ut Funcrion ' = !
fE Control | Centrol ' : Is¢c 5
5 : :
Yy Grounged i Oocen i Single-snzeg 7 v \*, 3 Ctanc Q2 i 1 i
. . i * |
;.' Al V.af i Qoen Pusn-out coara:- . 2.5 H
: AV, ¢ YoVicoev ' Single-snzez 7y, 1 C1tonly : ! |

St Vres P Ni>ev Singie-anzed A V0 31 07 onily . i :

— -F— -t

- —




T A | TPl S
E
i FIGURE 1 — BLOCK DIAGRAM
b
i Steering Comtrol Qutput Control Yee
H ¢ ? °
i (3) | 13(14)
T'-‘ T s(g}
616} ! ,__.l | S {
i ; D Q Q1
r % . Oscillator i {_(_>{ 391
"—.L 3(5} F”D- > I
= Cs = 3(5) Dead-Time ' Fiep % L_; | , ! é
= oYY Cemparator —ce T ) [Do_ Q2117 I
I o . l =3
l -~ )
f o i ' ‘ o(nr |
eba e =07 ] >+ i
Zontro '!‘ ] =
¥ ' 12(Q
' r——{«-—}—w— PN — !
— l Comparator ’ l
I =0.7 mA l /: Aeference 5
{ ~egulator 2y
| ! S Qut
2] ——AAA——y
' | | | R
' :ml lzm I 23 1501 71 {25018 (15) 773
! 6 I o vz ¢ GND
Error Amp Feadbaci? W .M. Srror Amp = 2 = Tlice
' 1 Comparator lnput 2 {7} = TLag3
§
f FIGURE 2 — TIMING DIAGRAM

Capacitor Ct
Feedback/P. .M. Como

L

Deac-Time Caatral

3
fiip-Floo
] Cicex Input
¥
b
' Flio-Fiop
§ Q
b
Fiio-Flop
P Q
i
*
Outous C1
Zmecer
Jutpus Q2
¥ Emittar
§
' Outout
: Controi
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