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INVERTER

Kritsakorn Rattanajena
Pinyo Yampri
Sanchai Amphutsa
Somsuk  Chearsikun Advisor
2004
ABSTRACT

This project persent a method to build the control signal MOSFET of output state for
using in an inverter circuit. We use the control signal that from the pulse width modulation circuit to
switch the full bridge power MOSFET. This control signal is generated from the comparator circuit
and TL494. TL494 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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P v o d v a a @
719 4.7 naludasnnuFNiuFIEHIN Yizdninmnu PO

100

A uduiinszuinvdszandsarnuazPo

90 -
80

2

70
60

50
40

dszansan

30
20

10

T

9.522 19.044 39.675 79.12 157.55 268.91
Po (W)

i UsednaENIN



59

A v o J ' @
5U94.8 ATIARIANUFUWUTITHILTIAULDEAISLA

AU IURUEFZUINILSIAULLAZNSE IS
us9au (vo)

140
120
100
80 -
60
40 -
20

0.069 0.138 0.2875 0.5742 1.1458 1.96
nszud (lo)

d' [ ) 4 ' I
51N 4.9 pNUEAIANUTUWUTTZ1I19 Po A To

AsTNLERIAINUIURNUSSZUINS Pofiulo

—e—nzualo

nszus(lo)

9.522 19.044 39.675 79.1202 157.552 268.912
Po (w) ‘




60

UNN 5

a d
agﬂuammsmwamﬁmam

]
[ [

' ) [l 3 ) v 4 £ a 1
i]'lﬂﬂ']3‘V]ﬂﬂ'@QW'U']'lffoﬂl']ﬂlﬂ‘lﬂ'lj']\?ﬁ')uuutl\‘]blwﬂu'L“liﬂl FIDTVUNANVTINIIG th

o 9

'
1 @ ) o

¥ ¢
aeInm ansaadyanaiitzii ldarugunediu POWER STAGE iiniinadelszing

o o

v
Y

P v o A vq ¥ o Yt o Y Ao Aa =
ﬂ'l‘WGUE)\‘lL’E)”I“V]“V!G] ﬂ\‘iuuLW@GlWGm'N%SV]NTunlﬂﬂ'ﬂ’Q'ﬂuuﬂ%ﬂ@ﬁuﬁﬂgiy'lﬂ!ﬂ’)‘UﬂNﬂﬂ JUU WU

@

(3 1

Sunindaudifie TLA94 Todiiiaznant yIABIAINAD
_ Fryanausmiluiadi dead time ogudaninled TL494 Tuh iudyapaniugy
yoamnm g B ae Ao UUIIUHALF BRIDGE CONVERTER o3
acvad venlisoiioninadisl woailasouy BRIDGE CONVERTER so0gudn

1 9 v
- ududyauifiaeaiu iy SAWTOOTH 20 kHz - d@awHasi ldsmumsifioy

@ [

a @ A g 4 @ 4 o
Fyanady de dwled LM311 az IRdyapaiiluiad lidhisesdy doild
@ Ao a 3 a o [ @ ]
udertadniiand 50 Hz mintiuled LM741 sz I¥nanuilu acWad uazku
4 @ A g Aa A 2w
FILTER iNeerd1adeyanas SINE #idlu PURE SINE Nillanud 50 Hz wiounsndy

w180 ifiesiy ifivnfiy SAWTOOTH 20 kHz - iieasiusiad lUnaunu v

Y
@ v o KR @

4 @y Aty 3o dynnm PURE SINE 50 Hz 115340 SAWTOOTH 20 KHz GR

% 1

@ Y v o [
=1&dana 2 daymne udsIdesns 4dyana 3919 D-FRmsuaneeniilu 4

o 9

(=]

[

/@ o = y oA &y o
Fayana el lduvemle 4 @1 aaiamualudmiaesil eifenannisuos
a3 £ = d o I 1
double-edge modulate HFPD inverter aawaemwain omnaszsianuiug
v v e d ¢ daw ¢ o a
adufuiian mImod  wuuiizlhieninanivod Me¥nudnuazay  gavne
4
° S| @ _ oA @
aunsom i WuduyanusiNE naselddaens 19 LC FILTER (LOW PASS
FILTER)
A ] ' & A ¥
ifinsnnlumsnansaud lumsnansweazasusenuiyminglassalims
o a @ 1 £ z ] a o A @ ' ~ ' ]
sufiumangavzinuazardn Feluneaisnimnasududuivauiulmillyminmnies w
' d o w ' £ '
s ldiaaesameneiens anudomevogUnssindifAy 1 POWER MOSFET daunay

o o A v 9
Paymaaush ldnsdutiunsaimn



= o\
dafanIsnlsezmea

|Q a J dy Ao g 1 9y do’/’ A ' A
LIYWIUWHUIRUUU mﬁuﬁfﬂqmﬂﬂmmuu ma@m%mmm%’mmaaiu

Y 1 ' 9 o 1A A (R u,/l 4
ATUAINN VDIV AU I’/hEJmaﬂu I@ﬂlﬂ‘WW%@ﬂ’NUQ@WﬂWﬁEJ‘VﬁJﬁﬂ‘hﬂ TIUNNDITY

° a ad a o A ~ o
Usgimadnadanseiindnniiu fldnganlddnTn ez doyaraueiuy

i}
£4

yldlldy o = AdA ' AN Y Yo A
%W@QLH@QTT@Q?]’NN’ETH?%ﬂ]@ﬁiﬂﬁﬁ\?'\ﬂ‘ltlﬂﬂ@ AUND ALY Wllﬂn114ﬂ1luﬂllﬁ$@‘]_lﬁll
v

= Yo w

Y v v
Aven povariumusanislimiddls veveuqauiions AldAwuzihianlasanu

U

_—

o = o

s Yo YR <
ﬂWLiﬁ]@"liJ']@flﬂﬁ%ﬁﬂ\‘lﬂ‘Vl“lﬂ@\‘]“l’J i]\‘i"Uf’]“lJ@iJﬂﬂlflJ”l . Tamﬂu



tda’ 1 ldl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ L% ¥
wnanstluenasianulidmiunisldnuienisfinewingu eugrelihluldusslevimunisén

Laidnsdilag edu Snvisnudilvidawdasilon wasdesgedadadvesenalsynassminisunlules



International
Rectifier

PD-9.512B

IRFP460

HEXFET® Power MOSFET

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Isolated Central Mounting Hole
Fast Switching

Ease of Paralleling

Simple Drive Requirements

Iy = 20A

VDSS = 500V

RDS(on) = 027Q

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commerciak-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

Absolute Maximum Ratings

TO-247AC

Parameter Max. Units
Ip @ T¢=25°C Continuous Drain Current, Vas @ 10 V 20
o @ Tc = 100°C | Continuous Drain Current, Ves @ 10 V 13 A
lom Pulsed Drain Current ® 80
Pp @ Tc=25°C | Power Dissipation 280 w
Linear Derating Factor 2.2 W/°C
Vas Gate-to-Source Voltage +20 \%
Eas Single Pulse Avalanche Energy @ 960 mJ
AR Avalanche Current ® 20 A
Ean Repetitive Avalanche Energy ® 28 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 V/ns
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ- Max. Units
Raic Junction-to-Case — — 0.45
Recs Case-t0-Sink, Flat, Greased Surface — 0.24 —_— °C/W
Raia Junction-to-Ambient — — 40 ]

1025



IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(8r)DSS Drain-to-Source Breakdown Voltage 500 | — — V | Vgs=0V, lo= 250pA
AV(sr)pss/AT.| Breakdown Voltage Temp. Coefficient — | 0.63 | — | V/°C | Reference to 25°C, lp= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — | 027 Q | Ves=10V, Ip=12A ®
Vas(in) Gate Threshold Voltage 2.0 — 4.0 V | Vps=Vas, lp= 250pA
ais Forward Transconductance 13 — — S | Vps=50V, Ip=12A @
Ioss Drain-to-Source Leakage Current o B 4 pA Vps=500V, Vgs=0V
— — | 250 Vos=400V, Vgs=0V, Ty=125°C
fescs Gate-to-Source Forward Leakage — — 100 B Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge ~ = 210 10=20A
Qgs Gate-to-Source Charge — — 29 nC | Vps=400V
Qqd Gate-to-Drain ("Miller") Charge — — 110 Vas=10V See Fig. 6 and 13 ®
td(on) Turn-On Delay Time L. 18 2 Vop=250V
tr Rise Time — 59 — . Ip=20A
to(ott) Tum-Off Delay Time — [ 110 | — Re=4.3Q
Y Fall Time e 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance —_ 5.0 — 2 e:;%e?; zles?: ’)
nH | from package G(:
Ls Internal Source Inductance = | 3= and center of
die contact s
1 Ciss Input Capacitance — 14200 | — Vas=0V
- Coss Output Capacitance — 870 | — pF | Vps=25V
: Crss Reverse Transfer Capacitance — %850 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current p Ve 20 MOSFET symbol o
(Body Diode) A showing the
Ism Pulsed Source Current = [© 80 integral reverse ‘. ‘
(Body Diodé) ® p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V | Tj=25°C, Is=20A, Vgs=0V @
trr Reverse Recovery Time — | /570, ].860 ns | Ty=25°C, lr=20A
Qrr Reverse Recovery Charge — 5.7 8.6 pC | di/dt=100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lb)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=4.3mH

Re=25%, 1as=20A (See Figure 12)

Tus150°C

® 1sp<20A, di/dt<160A/us, Vops<V(8R)DSS,

@ Pulse width < 300 ps; duty cycle <2%.
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)
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Fig 1. Typical Output Characteristics,
Tc=25°C
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Fig 3. Typical Transfer Characteristics
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Fig 4. Normalized On-Resistance
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10000 Vas = OV, f = 1Mz B T
\ giss = Egs + Cgy. Cgs SHORTED = 0 Vg = 400V 3 N
rss = Cgd = VUS = 250V T\
8000 < Coss = Cds * Cgg £ s Vs = 100V N
5 P22
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—
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3 Coss o y7
(&) ~ o 7
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4 ] o SEE FIGURE 13
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Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
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Ip, Drain Current (Amps)

Rp
Vos AN
D.U.T.
20 9
Voo
16 < $iov
\ Pulse Width < 1ps
\ Outy Factor s 0.1%
N A
12 < . My, i § i
N Fig 10a. Switching Time Test Circuit
N
8 Vos
)\ e BN
4 By NN/
| | |
% | I |
0 1079 AT ) f f
25 50 75 100 125 150 Vas [
Tc, Case Temperature (°C) tion) taof) U
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
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S [o-o.5 W] !
3 =
N L
® 0.1 ko2 = ...,/ ot
(2]
(=4
8_ bo.s ==t
v e
[ 3 5
A i 2t
g oo j:/ SINGLE PULSE
S 10 “po.ox: (THERMAL RE.SPONSE) T
£ i g
i
NOTES:
1. DUTY FACTOR, D=ti/t2
2. PEAK Ty=Pgy x 2thjc + Tc
107
1078 1074 0% 1072 0.1 1 10
t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit By 1200 N
a
s3]
VigR)Dss © 80 AN \\
p—"h —’k (';., N
< 400
V. w N~ ‘>
/
Vpp = 50V
Vos———— / \ 4
25 50 75 100 125 150
/ . y
/ \\ Starting T, Junction Temperature(°C)
IAs — — M LW

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms o\ Gurg
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 lntemational
Rectifier
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TOSHIBA

TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor N
|GBT Gate Drive Koit in mm

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

o Input threshold current: IF=5mA(max.)

o Supply current ICC): 11mA(max.)

e Supply voltage (Vce): 10-35V

e Output current (I0): £1.5A (max.)

o Switching time (tpLH/tpHL): 1.5pns(max.)

o Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

o Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)’

it B Lrasase
R
TOSHIBA 11-10C4
Weight: 0.54 g

Schmatic Pin Configuration (top view)
lcc
.L ® O Vcc 1 E :I 8
8
[ (Tr 1)
L 2[] 17
2k 52, Vo =3
7
VE 3 { a [ :I 6
3- — Z Vo [: ]
lo 4
5
LT (Tr2)
° " —O GND 1:N.C
A 0.1pF bypass capcitor must be 5 2 A;m.de
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5: GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
Tr Tr2
Input On On Off
LED off off On
1 2004-06-25



TOSHIBA

TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 Vv
Junction temperature Tj 125 °C
“H’peak output current (P < 2.5ps,f s 15kHz) (Note 2) loPH -1.5
“L"peak output current (Pyy < 2.5ps,f s 15kHz) (Note 2) lopL +1.5 A
(Tas70°C) 35
Output voltage Vo \
5 (Ta=285°C) 24
3 (Ta<70°C) 35
2 Supply voltage Vce \
(Ta =85°C) 24
Output voltage derating (Ta 2 70°C) AVp / ATa -0.73 Vi/°C
Supply voltage derating (Ta 2 70°C) AVcc / ATa -0.73 V/°C
Junction temperature Tj 125 C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr —20~85 *C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py < 1pus, 300pps

Note 2:  Exporenential wavefom

Note 3:
Note 4: It is 2 mm or more from a lead root.
Note 5:
together.
Note 6:

Recommended Operating Conditions

Exporenential wavefom, lopH < —1.0A( = 2.5ps), lopL < +1.0A( = 2.50s)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VF(OFF) 0 —_ 0.8 \%
Supply voltage Vee 15 — 30 20
Peak output current lopH/loPL — — +0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — IF=10mA, Ta=25°C 1.6 1.8 Vv
Temperature coefficient of — _ .
forward voltage AVF/ATa IF=10mA == -2.0 — mV/°C
Input reverse current IR — VR =5V, Ta=25°C _ 10 WA
Input capacitance Cr - V=0,f=1MHz,Ta=25°C — 45 250 pF
wqm IF=10 mA
H” level loPH 3 -0.5 -1.5 —
Vee =30V Vg-6=4V
Output current *1) I A
o F= 0
L" level lopL 2 Ve_s= 2.5V 0.5 2 —
ey Veeq = +15V, VEgq1 =-15V
H” level VoH 4 R = 200Q, If = 5mA 11 12.8 —
Output voltage - v Vv
ur o cc1 =+15V, VEgq = -15V _ _
L" level VoL 5 Ry = 2000, V§ = 0.8V 14.2 -12.5
Vce = 30V, I = 10mA _ 7 _
“H” level IccH — |Ta=25°C
Ve =30V, I = 10mA — — 11
Supply current mA
Vce = 30V, IF = 0mA . 75 .
“L” level lccL — Ta=25°C i
Vce = 30V, IF = 0mA — — 11
Threshold input “Output I Veei = +15V, VEgq = -15V
b FLH = — 1.2
current L—H Ry = 2000, Vg > 0V S g
Threshold input “Output | Vgeq = +15V, VEg1 = -15V
M FHL . 0.8 — —
voltage HoL RL = 200Q, Vg < 0V b
Supply voltage Vce — 10 2 35 Y,
Capacitance c Vg=0,f=1MHz
S oy 4, s 1.0 2.0
(input—output) Ta = 25°C BF
; : Vg =500V, Ta=25°C 12 14
Resistance(input—output) Rs — RH.<60% 1%10 10 — Q

* All typical values are at Ta = 25°C

(*1): Duration of Ip time < 50pus
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 0.5
delay time HoL toHL IF = 8mA (Note 7) — 0.15 05
6 Vce1 = +15V, VEgq1 = -15V s
Output rise time tr R =200Q — — —
Output fall time tf 2 - _
Common mode transient - _
immunity at high level CMH 7 xgg - ggSV'T;F= zgsrﬂ‘é -5000 — — Viuys
output '
Common mode transient - -
immunity at low level CmL 7 xgg ol oot el 5000 - — | Vvips
output '

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA

TLP250

Test Circuit 1:

1

[
al

Test Circuit 3 : IOPH

1

Test Circuit 2 : IOPL

1 [
[
i
+[

LT ]

Test Circuit 4 : VOH

1

{——9¢ @

& =
| lopL
Vg5

0.1pF

Vee

I Veet
T 0.1pF —
IF
NNy

4[]

£

[

loPH

Test Circuit 5 : VoL
1

VE ‘[-[ : RL

4

| Veed

| B Y|
[ 5 oy

= 0.1pF E

I_[_IL_J
—3H
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TOSHIBA

TLP250

Test Circuit 6: tp| H, tpHL, tr tf

d by

1Lk

HF 1 Veer
] e T
R
B |+ Vo
- N
100Q |: ]—0 y
L VEEq
Test Circuit 7: CpmH, CmL
8
1o
1 [ n I
I 0.1puF
sw IF ] L p =
1 Vec
Ao'o B B
[T
[ 1
Vem
A <
md J7
600V
Vem
14 on ol G-
SW :A(IF=8mA) tr (us)
\/ CMH *m\ 480 (V)
Vo /\__ Ay — 26V tr (us)
CHL
SW :B(Ig=0)

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA

TLP250

IF

Forward current

Allowable forward current

Allowable peak output current

IF-VE

100
50

Ta=25°C

30

NN

0.5

0.3

0.1

i
/
J A
#I

0.05

0.03

/

0.01

/

1.0

1

2 14

Forward voltage

1.6 1.8 2.0

VF (V)

IF-Ta

40

30

20

IF (mA)

20

40

60 80 100

Ambient temperature Ta (°C)

loPH, lopL — Ta

PW =25ps, f < 15KHz

lopH, lopL  (A)

0

20

40

60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient AVF/ ATa(mV/°C)

Allowable supply voltage Vg (V)

AVE! ATa-Ig
-2.6
-2.4
-2.2
\\
NN

2.0 [~
-1.8
-1.6
-1.4

0.1 03 05 1 3 5 10 30
Forward current IF (mA)

Vee—-Ta
40
30

N
20
10
0
0 20 40 60 80 100

Ambient temperature Ta (°C)

2004-06-25



TL494, NCV494 |

SWITl.':HMODETM Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.
e Complete Pulse Width Modulation Control Circuitry
e On—Chip Oscillator with Master or Slave Operation
e On—Chip Error Amplifiers
e On—Chip 5.0 V Reference
e Adjustable Deadtime Control
e Uncommitted Output Transistors Rated to 500 mA Source or Sink
e Output Control for Push—Pull or Single-Ended Operation
e Undervoltage Lockout

e NCV Prefix for Automotive and Other Applications Requiring Site

and Control Changes

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

@ SO-16
D SUFFIX

16 .

N ; CASE 751B

-

ON Semiconductor”

http://lonsemi.com

MARKING
DIAGRAMS

16

TL494xD

16
PDIP-16
N SUFFIX TLA5uxN
CASE 648 [o AWLYYWW
1
X =B,Corl
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week

*This marking diagram also applies to NCV494.

ORDERING INFORMATION

Rating Symbol Value Unit
Power Supply Voltage Vee 42 \
Collector Output Voltage Vcei, 42 Y
V2
Collector Output Current Ic1, Ic2 500 mA
(Each transistor) (Note 1)
Amplifier Input Voltage Range VIR -0.3 to +42 Vv
Power Dissipation @ Ta < 45°C Pp 1000 mW
Thermal Resistance, Junction-to—Ambient Rasa 80 °C/W
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0+125 | °C
Operating Ambient Temperature Range Ta °C
TL494B -40to +125
TL494C 0to +70
TL494I -40 to +85
NCV494B -40 to +125
Derating Ambient Temperature Ta 45 °C

1. Maximum thermal limits must be observed.

PIN CONNECTIONS

AN
Noninv Noninv
input ! B ﬁ 16 nput
Inv Inv
Input E vV E Input
Compen/PWN
Comp Input l: oAV E Vet
Deadtime Output
Control L# — 13] Contro
|
Cr E 1_2_] Vee
Oscillator
Rr 6 1] c2
Q2
Ground E E E2
o] 2 e
(Top View)
© Semiconductor Compenents Industries, LLC, 2004 1

April, 2004 — Rev. 5

Package Shippingt
TL494BD SO-16 48 Units/Rail
TL494BDR2 SO-16 2500 Tape & Reel
TL494CD SO-16 48 Units/Rail
TL494CDR2 SO-16 2500 Tape & Reel
TL494CN PDIP-16 25 Units/Rail
TL494IN PDIP-16 25 Units/Rail
NCV494BDR2* SO-16 2500 Tape & Reel

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

*NCV494: Tigy, = —40°C, Thigh = +125°C.
Guaranteed by design. NCV prefix is for
automotive and other applications requiring site
and change control.

Publication Order Number:
TL494/D




TL494, NCV494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vece 7.0 15 40 \Y
Collector Output Voltage Ve1, Vez = 30 40 Vv
Collector Output Current (Each transistor) Ic1y lc2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee - 20 \Y
Current Into Feedback Terminal Ifb - = 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 wF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cy = 0.01 puF, R = 12 kR, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Tx is the operating ambient temperature range that applies, unless otherwise noted.

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

Reference Voltage (Ip = 1.0 mA) Vret 4.75 5.0 5.25 \

Line Regulation (Vgc =7.0V to 40 V) Regjine - 2.0 25 mV

Load Regulation (Ip = 1.0 mA to 10 mA) Regjoad & 3.0 15 mV

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

OUTPUT SECTION

Collector Off-State Current Ic(offy = 2.0 100 nA
(VCC =40V, VCE =40 V)

Emitter Off-State Current IE(offy X . -100 HA
Vcc=40V,VC=4OV,VE=OV)

Collector-Emitter Saturation Voltage (Note 2) \V
Common-Emitter (Vg =0V, Ig =200 mA) Vsat(c) - 1.1 173
Emitter-Follower (Vg =15V, !E =-200 mA) Vsat(g) - ).5 E.5

Output Control Pin Current
Low State (Voc < 0.4 V) locL 2 10 - PA
High State (Voc = Vref) locH = 0.2 3.5 mA

Output Voltage Rise Time t ns
Common-Emitter (See Figure 12) = 100 200
Emitter-Follower (See Figure 13) o 100 200

Output Voltage Fall Time te ns
Common-Emitter (See Figure 12) 7 25 100
Emitter-Follower (See Figure 13) - 40 100

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

http://onsvemyi.‘corh
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cy = 0.01 pF, 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, unless otherwise noted.

r Characteristics | Symbol Min Typ Max ‘ Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio = 20 10 mv
Input Offset Current (Vo (pin 3) = 2.5V) o - 50 250 nA
Input Bias Current (Vo (pin 3) = 25V) s - -0.1 -1.0 pA
Input Common Mode Voltage Range (Vcc =40V, Ta =25°C) Vicr -0.3to Vge-2.0 v
Open Loop Voltage Gain (AVo =3.0V, Vo =05Vt 35V, R =2.0k2) | AvoL 70 95 = dB
Unity-Gain Crossover Frequency (Vo=0.5Vto3.5V,R=2.0kQ) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vo = 0.5V t0 3.5V, R =2.0 kQ) bm - 65 - deg.
Common Mode Rejection Ratio (Vcc =40V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVcc =33V, Vo =2.5 V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin3) = 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) VT1H - 2.5 45 \V;
Input Sink Current (V(pin 3) = 0.7 V) I~ 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin4 =0V to 5.25V) I (DT) 3 -2.0 -10 HA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrax %
(Vpina =0V, Cr=0.01 pF, Ry = 12kQ) 45 48 50
(Vpin 4 =0V, C7=0.001 uF, Ry = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vin \Y;
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 - .
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 kQ) fosd - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, Ry = 30 k) ofosc - 3.0 - %
Frequency Change with Voltage (Vcc = 7.0 Vito 40V, T =25°C) Afgsc (AV) = 0.1 - %
Frequency Change with Temperature (ATa = Tiow to Thigh) Afpsc (AT) = = 12 %
(Ct=0.01yF, Rr = 12kQ)
UNDERVOLTAGE LOCKOUT SECTION
rTurn—On Threshold (Vg increasing, lref = 1.0 mA) Vin 5.5 6.43 7.0 I \Y,
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vref, All other inputs and outputs open) lcc mA
(Vec=15V) = 5.5 10
(Vec =40 V) - 7.0 15
Average Supply Current mA
(Ct = 0.01 uF, Ry = 12 KR, V(pin4) = 2.0 V) - 7.0 -
(Vce = 15 V) (See Figure 12)

~ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o

htfbf/lonsemi.com
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TL494, NCV494
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This device contains 46 active transistors.

Figure 1. Representative Block Diagram
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TL494, NCV494

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:

11
RT'CT

fosc =
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr 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 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—control input to a fixed voltage,
ranging between 0 V t0 3.3 V.

Functional Table

Input/Output g fout
Controls Output Function .f; .
Grounded Single-ended PWM @ Q1 and Q2 1.0

@ Vref Push-pull Operation 05

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 (V¢ —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 tlip—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
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output 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 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.

__500k T A I ——

= I

> = Cr = 0.001 wF - Ve =18V

é 100 k s —

3 < ~

w

o

[ L q

c

2 ik N N

= 10 = =

=

o .

1%} ™

(@] A,

» Y N

B st =

500 — e T
10k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M
Ry, TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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% DC, PERCENT DUTY CYCLE (EACH OUTPUT) AyoL, OPEN LOOP VOLTAGE GAIN (dB)

VCE(sat): SATURATION VOLTAGE (V)

TL494
120 I
10 m .1 v
cc=15V__1 &
100 ——~ AVp=3.0V i
90 ~ R=20kQ— (0 &
80 < 20 3
70 N AvoL 40 5:7
60 AN 60
50 I = 80 o
S wn
40 <L = 100id
30 \ N 12025
20 < 140 o
10 ™ 160
0 180
1.0 10 100 1.0k 10k 100k 1.0M
f, FREQUENCY (Hz)
Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
50
N T
40 \ L Vee=15V —
2 TN Voc = Vret
N 1. Cr=0.01 yF
30 Rr=10kQ
L 2. Cr=0.001 yF
N Rr=30kQ
20 \
\\
10 \\
N
0
0 1.0 2.0 3.0 3.5
Vpr, DEADTIME CONTROL VOLTAGE (IV)
Figure 6. Percent Duty Cycle versus
Deadtime Control Voltage
2.0
1.6
14 //
12
L
18 B2 N
/
08 /,
0.6
0.4
0 100 200 300 400

Ic, COLLECTOR CURRENT (mA)

Figure 8. Common-Emitter Configuration
Output Saturation Voltage versus
Collector Current

, NCV494
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0.001 yF |/
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Figure 5. Percent Deadtime versus
Oscillator Frequency
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500 k
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Ig, EMITTER CURRENT (mA)
Figure 7. Emitter—-Follower Configuration
Output Saturation Voltage versus
Emitter Current
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Figure 9. Standby Supply Current
versus Supply Voltage
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TL494, NCV494

o
Voo = 15V 9
1502 150
2Wo 2w
Vee
Error Amplifier Test | & Deadtime Ci -0 Output 1
o £~ Under Test i ) al
° O—— 1 Feedback =
© y Rr c2 0 Output 2
Feedback [ ;i— Cr E2 1
+—0 Terminal = — (+)
(Pin 3) (-) Error
L i
—L———O—— + = - Hat
= Output e!
Vo O] =
ref Other Error 50k Control nd Out
Amplifier -E
Figure 10. Error-Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
g
|
i_ ______ | Each
| I Output
| Each I Transistor
| Output |
| Transistor L
|
l—_ 58 =)

Gnd

Figure 12. Common-Emitter Configuration Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform Test Circuit and Waveform
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TL494, NCV494

Vo To Output
—> Voltage of

+
Error
Amp

Negative Output Voltage R1
Ry
Vo = Veet R, Vo
To Output
Voltage of
System

Figure 14. Error-Amplifier Sensing Techniques

System
R1
1
+
Error
Amp 8
Vet < =
2
R2 ‘% Positive Output Voltage
L R
= Vo=Veer |1+ R,
Output
Control T “[ é
R
[V 1
Output 3 4
o—Q Dy
Rr Cr Ry
6 si
30k I 0.001
80
Max. % on Time, each output=45- | R
1+ 2

Figure 15. Deadtime Control Circuit

Gl
> Q¢
Output
Control 10 mA}\O
ﬁ‘o‘ Single-Ended 500m
c?
0<Voe<04V #‘ Qy g2
> Qp

Vet Cs
Output 4
o—Q Dy
Rs
Figure 16. Soft-Start Circuit
ct
24V< < <
Voo Vet " g 9 1.0mAto
E! 250 mA
Output —©
Control
Push-Pull
c2
O N
— 1.0mAto
L E2 250 mA

Figure 17. Output Connections for Single-Ended and Push-Pull Configurations
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TL494, NCV494

Vrel

8 | py

5 Master
R _E—_——O_ Cr

"
Vrel
6
Ry Slave
5 (Additional
L—of Cr Circuits)

Figure 18. Slaving Two or More Control Circuits

+Vi, =8.0Vto 20V

Rg Vee ! :
' |
Vi > 40V 12 1
n IN975A & I I
Vz= 30V Il sov |
| Ref |
270 | |
Gnd | ‘ |
T I '

Figure 19. Operation with V;, > 40 V Using

External Zener

o—
129 +Vg = 28V
i y 47 1N4934 lo=0.2A
+ cc VWA~ Pt o
2| L r‘/%p 22 é
M 32 Li k
33k = +
2 Comp TL49%4 ols == 50—
0.01 0.01 T 15| 5 " To| 50 35V g
2 2 | 25v aTkS |
16 _ T~ 50
1% OC Vper DT Cr Rr Gnd E' E2 A Ve 3V
1N4934
13] 14| 4| 5| 6| 7| 9| 10
+{ 240 §
4.7k 10
15k
4.7k é 10k Ofi?n
o— : —0

All capacitors in pF

Figure 20. Pulse Width Modulated Push-Pull Converter

Test

Conditions

Results

Line Regulation

Vi =10 Vo 40V

14 mV 0.28%

L1-35mH@0.3A

Load Regulation

Vip=28V,Ig=1.0mAto 1.0 A

3.0mV 0.06%

T1 - Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG

Output Ripple

Vin=28V,lg=10A

65 mV pp PA.RD.

Core: Ferroxcube 1408P-L00-3CB

Short Circuit Current

Vin=28 Vv, RL=0.1 Q

16A

Efficiency

Vin=28V, |o=1.0A

71%
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TL494, NCV494

1.0mH @ 2A
+Vjp = 10V to 40V Tip 32A o =50V
° N/ °
lo=1.0A
AN
47
150
47k
12 !
T 8 1 0.
1.0M
Voo Cy Cy Comp 3
L2
1 5.1k 5.1k
50 At +—O0—— A
&y T TL494 Vigr {4 |
+
15 4 500 —
-o—pwA A MR850 1w T
16 5.1k
+
Cr Rf DT 0C.Gnd Ef E
6 |4 [13]7 |9 |10 tLos0
1%
g 150
0.001 T 47k
0
% 0.1
o
Figure 21. Pulse Width Modulated Step-Down Converter
Test Conditions Results
Line Regulation Vih=80Vto40V 3.0mV  0.01%
Load Regulation Vin =126 V, o = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin=12.6 V, lp = 200 mA 40mVpp PARD.
Short Circuit Current Vihn=126V,R_.=0.1Q 250 mA
Efficiency Vin =12.6 V, Ig = 200 mA 72%
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General Description

The LF111, LF211 and LF311 are FET input voltage com-
parators that virtually eliminate input current errors. De-
signed to operate over a 5.0V to 15V range the LF111
can be used in the most critical applications. &
The extremely low input currents of the LF111 allows the
use of a simple comparator in applications usually requiring
input current buffering. Leakage testing, long time delay cir-
cuits, charge measurements, and high source impedance
voltage comparisons are easily done.

ﬁNational Semiconductor

November 1994

LF111/LF211/LF311 Voltage Comparators

Further, the LF111 can be used in place of the LM111 elimi-
nating errors due to input currents. See the “application
hints” of the LM311 for application help.

Features

m Eliminates input current errors

| Interchangeable with LM111

m No need for input current buffering

Schematic Diagram

BALANCE/STROSE llki"t(
U S

Rl Ll
b 0

Note: Do Not Groun.d Strobe Pin or
Balance/Strobe Pin. See Note 7.
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Connection Diagram

TL/H/5703-2
Metal Can Package

TL/H/5703-1

Top View
Order Number LF111H, LF111H-MIL or LF311H
See NS Package Number HO8C

©1995 National Semsconductor Corporation TL/H/5703 RRD-B30M115/Printed in U. S. A.



Absolute Maximum Ratings
It Military/Aerospace specified devices are required,

LF111/LF211 LF311
please contact the National Semiconductor Sales Operating Temp.
.Office/Distributors for avallability and specifications. Range
(Note 8) LF111/LF211 LF311 il 55Clo +125°C
LF211 —25°Cto +85°C
1S Voltage 36V 6V
Total Supply Voltage (Va.) 3 LF311 0°C o +70°C
Output to Negative Supply
Voltage (V74) 50V 40V Storage Temp. .
Ground to Negative Supply Range —65°Cto +150°C —65°Cto + 150°C
Voltage (V14) 30V 30V . LeadTemp.
Differential Input Voltage +30V +30V (Soldering,
Input Voltage (Note 1) £15V +15V 10 seconds) 260°C 260°C
Power Dissipation (Note 2) 500mW 500 mW ESD rating to be determined.
Output Short Circuit Duration 10 seconds 10 seconds
Electrical Characteristics (LF111/LF211) (Note 3)
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 4) TA=25°C, Rg < 50k 0.7 4.0 mV
Input Offset Current (Note 4) Ta=25°C, Vom =0 (Note 6) 5.0 25 PA
Input Bias Current TA=25°C, Vcm=0 (Note 6) 20 50 pA
Voltage Gain Ta=25C 40 200 V/mV
Response Time (Note 5) Ta=25C 200 ns
Saturation Voltage VINS —5.0 mV, loyT=50 mA, To=25°C 0.75 1.5 Vv
Strobe On Current Ta=25°C 3.0 mA
Output Leakage Current VINS5.0 mV, Voyr =35V, Tp=25°C 0.2 10 nA
Input Offset Voltage (Note 4) Rg < 50k 6.0 mV
Input Offset Current (Note 4) Vg = 115V, Vom =0 (Note 6) 2.0 3.0 nA
Input Bias Current Vg = £15V, Vop=0 (Note 6) 5.0 7.0 nA
Input Voltage Range —\18.5 +14 13.0 v
Saturation Voltage V+245V,V-=0 0.23 0.4
VINS —6.0 mV, loyT<8.0 mA
Output Leakage Current VinZ5.0 mV, Voyr =35V 0.1 0.5 RA
Positive Supply Current " TpA=25°C 5.1 6.0 mA
Negative Supply Current Tao=25°C 41 5.0 mA

Note 1: This rating applies for + 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures,
devices in the HO8 package must be derated based on a thermal resistance of +65°C/W junction to ambient (in 400 linear feet/min air flow), + 165°C/W junction
to ambient (in static air), or +20°C/W junction to case.

Note 3: These specifications apply for Vg= £ 15V, and the Ground pin at ground, and—55°"C<To< +125°C for the LF111, unless otherwise stated. With the
LF211, however, all temperature specifications are limited to —25°C<Ta < $85°C and for the LF311 0°C< To < +70°C. The offset voltage, offset current and bias
current specifications appty for any supply voltage from a single 5.0V supply up to +15V supplies.

Note 4: The offset voitages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA load. Thus,
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

Note 5: The response time specified (see deﬁnih'ons) is for a 100 mV input step with 5.0 mV overdrive.
Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase—see typical performance curves.

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin to ground;
# should be current driven at 3 to 5 mA.

Note 8: Refer to RETSF111X for LF111H military specifications.




Electrical Characteristics (Lr311) (Note 3)

Parameter Conditions Min Typ Max Units
Input Offset Voltage (Nots 4) Ta=25°C, Rg<50k 2.0 10 mV
Input Offset Current (Note 4) Ta=25°C, Vom=0 (Note 6) 5.0 75 pA
Input Bias Current TA=25°C, Vom=0 (Note 6) 25 150 pA
Voltage Gain Ta=25°C 200 V/mV
Response Time (Note 5) Ta=25°C 200 ns
Saturation Voltage VINS —10mV, loyr=50 mA, Tp=25°C 0.75 1.5 Vv
Strobe On Current Ta=25°C 3.0 mA
Output Leakage Current Vin210mV, Voyr =35V, TA=25°C 0.2 10 nA
Input Offset Voltage (Note 4) Rg <50k 15 mV
Input Offset Current (Note 4) Vs= %15V, Ve =0 (Note 6) 1.0 nA
Input Bias Current Vs =15V, Vo =0 (Note 6) 3.0 nA
Input Voltage Range +14 Vv
—-13.5 \
Saturation Voltage V+245V,V-=0
VINS —10mV, lIoyT<8.0 mA 0.23 0.4 \"
Positive Supply Current Ta=25°C 5.1 7.5 mA
Negative Supply Current Ta=25C 4.1 5.0 mA

Note 1: This rating applies for £15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 2: The maximum junction temperature of the LF111 is 4+150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures,
devices in the HO8 package must be derated based on a thermal resistance of +165°C/W, junction to ambient, or +20°C/W, junction to case.

Note 3: These specifications apply for Vg = £15V and —55°C<Ta< +125°C for the LF111, unless otherwise stated. With the LF21 1, however, all temperature
specifications are limited to —25°C<T, < +85'C and for the LF311 0°C<Ta< + 70°C. The offset voltage, offset current and bias current specifications apply for
any supply voltage from a single 5.0 mV supply up to % 15V supplies.

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA load. Thus,
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

Note 5: The r time ified (see defi
Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase—see typical performance curves.

Note 7: This specification gives the current that must be drawn from the strobe pin to ensure the output is property disabled. Do not short the strobe pin to ground;
it should be current driven at 3 to 5§ mA.

) is for a 100 mV input step with 5.0 mV overdrive.

Auxiliary Circuits

Offset Balancing

R2
3.0k

Increasing Input

Strobing Stage Current*

TTL
STROBE
(NOTE D)

TL/H/5703-15

*Increases typical common
mode slew from 7.0V/us to
18V/pus

TL/H/5703-13

TL/H/5703-14
Note: Do Not Ground Strobe Pin.




Typical Performance Characteristics
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Typical Applications

100 kHz Free Running Muiti
/1 v':50v RS
20k 1.0k

*TTL or DTL fanout of two.

vibrator

-
SQUARE

—P WAVE

ouTPUT®

TL/H/5703-7

Crystal Oscillator
VAR 1Y

R2
100k

OuTPUT

10 Hz to 10 kHz Voltage Controlled Oscillator

TL/H/5703-3

R1
10k
2228
TRIANGULAR
5.0 mV—8= 5.0V R2 WAVE
£ ouTPUT
INPUT AAA,
SO0mVie SOV
al Q2
2N3972 N5019 L 03
NS
Rl
30k
o4
IN751
| SQUARE
> WAVE
ouTPUT
R9
10%
*Adjust for symmetrical squarewave time when Viy = 5.0 mV.
tMinimum capacitance 20 pF. Maximum frequency 50 kHz. :\'l:
AN
1.0k

-15v

TL/H/5703-5




Typical Applications (continued)
Frequency Doubler

vtisov

INPUT
2
7
\Mioe
A ; -
c R2 +
0.01uF 108 A+ YADMIALS
l @ — ouTPUI
RS —
100k -
v
Frequency range:
Input—5.0 kHz to 50 kHz
TL/H/5703-8

Output—10 kHz to 100 kHz

Zero Crossing Detector Driving MOS Switch Zero Crossing Detector Driving MOS Logic

INPUT

TL/H/5703-9
TL/H/5703-10

Driving Ground-Referred Load

QuTPUT
1A
2
[}
2N3740
3
TL/H/5703-11
*Input polarity is reversed when using pin 1 as output.
—
- TL/H/5703-12




Typical Applications (continueq)

Switching Power Amplifier

SR
i 1088
L1}
106
WPUT —=AAA-
Sy ] 1E R4
e A :» L

<
4.
> §10

ouTPUT

2N373S

Switching Power Amplifier

v

0 02
pLERLE] IN3T6)

p——P ouTruT G——4¢

TL/H/5703-16

AAA B
\—
2
=
»
=
—AAA

>
RIS RS
15 S 15
REFERENCE INPUT

TL/H/5703-17




Typical Applications (Continued)
Relay Driver with Strobe

+e

v

INPUTS

Lh *Absorbs inductive kickback of relay
and protects IC from severe voltage
transients on V' * line.

TL/H/5703-18
Note: Do Not Ground Strobe Pin.

Positive Peak Detector

*Solid tantalum TL/H/5703-19

Negative Peak Detector

*Solid tantalum TL/H/5703-20






