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ABSTRACT

This thesis is presented about Walt Meter {io show

item ot digital whicl, is Lhe Lool Lo measurehthe power

the

of 220 volt electricsl objects.Tﬁe'measuerPnh és in the
vatt .it and have the range from 0.1 - 2000 watt . The
rest ofthe measurement ;ill chow in digital syst.em. The
us e af this too0l is that can be inspectednhow propriate
of electrical power.
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CONSTANT Y CONSTANT X
INPUT X (V) 1.00 2,00 3.00 4,00 4,00 k.00 4,00 4,00
WPUTY CV) 2.00 2.00 2,00 2,00 1.00 2.00 3.00 4,00
output 2 (wvy | 137 262 391 532 267 532 802 1054
X €Y 2 4 6 8 4 8 12 16
(X %Y)/z(¥) ‘114.63 15.26 | 15.34 | 15.55 |14.98 [15.03 | 14.96 |15.18

5.2 733509005 17U
Turqasugangaul

. 4' 3 ¢ ¥
Oscillator davheueroldas
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Z (wmv) Z (mv)
§
CONSTANT ¥ 4 CONSTANT X
;4
500 1 1000 -
400 4 x 800 1
3004 600
X x
200 1 400 -
x *x
100 A 200
o - T v —> X+Y - + X#Y
2 4 6 8 o 4 8 12 16
sU 5.1 (n) sU 5.1 (%)

(x+Y)/z (V)
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Cy = 0.001 uF €, = 0.0047 MF ¢, = O.01MF

(2) Vi L Vo (V) Fo(ﬂz) Viv) | Vo (V) | fo(H2) Vi) 1 Ve (V) | £, (H2)

1.5 7.4 | 690 1.5 7.4 {435 1.5 7.4 294

" 2.0 7.4 | 667 2,0 7.4 tht17 2.0 7.4 1286

2.5 7.4 | 645 2.5 7.4 1400 2.5 7.4 278

3.0 7.4 1625 3.0 7.4 1385 3.0 b | 270

1.5 7.4 | 172 1.5 74 86 1.5 7.4 50

2.0 7.4 1167 2.0 7.4 83 2.0 7.4 kg
10K

2.5 7.4 1161 2.5 7.4 81 2.5 744 46

3.0 7.4% | 156 3.0 7.4 78 3.0 7.4 Ly

1.5 7.4 98 1.5 7.4 48 1.5 7.4h 27

2.0 7.4 gk 2.0 7.4 46 2.0 7.4 26
20K

2.5 7.4 g1 2.5 7.4 44 2.5 7.4 25
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TYPES TLOBO THRU Tl.085 TLOBOA THRU TLOS84A,
TLO81B, TLG82B, TLOBAB
JFET-INPUT OPERATIORAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1877~REVISED OCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

LINEAR
INTEGRATED
CIRCUITS

o. L ow Power Consumption ¢ High Input Impedance . . . JFET-Input
e Wide Common-Mode and Differential Stage
Voltage Ranges ¢ Internal Frequency Compensation (Except

TLO8O, TLOBOA)
e Latch-Up-Free Operation

¢ | ow Input Bias and Offset Currents
e Output Short-Circuit Protection

¢ High Slew Rate.

.13 V/us Typ

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation op'tions are available within the TLO81 Family.

Device types wnth an *M” suffix are characterized for operation over the full mmtary temperature range of -55°C to
125°C, those with 8n “1” suffix are characterized for operation from —25°C to 85 C, and those with a ““C"” suffix are
characterized for operation from 0°C to 70°C.

TLOS0, TLOBOA
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLOB1, TLOS1A, TLOBIB
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO82, TLOS2A, TLO82B
JG OR P DUAL-IN-LINE ~
PACKAGE (TOP VIEW)

O"SH OFESET
NULL T NULL W
COMP Vo PU' N2} =\ 5 NC o Vecs PUT IN2I vc¢4 ru’l INPUY lWV
sijrijelist \ sll7]l6]ls r
'8 : R, il
N iD e = REBiEhD | z -
Sty RS Y ST W ~.sc Ve
COMP INPUT - ——— . w— INtY eyt —_ ——— -
INT} i o
TLOB4, TLOB4A, TLO84B
TLOB3, TLOS3A J OR N DUAL-IN-LINE TLOSS

J OR N DUAL-IN-LINE

TOR'W FLAT PACKAGE

N DUAL-IN-LINE

PACKAGE (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW)
orrseT oreseY PVERT MOV SouNTREAT- vERT. wom ' ORI wvERT.
"W Veor oUTRIT me out Voo OUTRUT INPUT WPUT Vo WRUT  INUT OUTRUT oy WeUT. A Vees BT RAUT ooy

AT, NONIN- OF FSET Veo— OFFBEY NOWMN. INVERT.

TG VERTING NULL WULL VERTING ING
weuT wnT wa W WeUT et

PINS 8 AND 13 ARE INTERNALLY INTERCONNECTED

[w]{o] fo] [n] [w] [+] [e]

e I

AMPLIFIER NO. 4 AMPLIFIER NQ. 3

AMPLIFIER 80,3

FE;

ecr NOW INVERT. OUTAUT
VERTING
WA T

AMPLIFIER NO. 1

J |-

QUTPUT INVERT. NONIN. V
ING  VERTING
INPUT INPUT

"E AMPLIFIER mul:@
o4 »0.3

AMPLIFIER
o2

AMPLIFIER
w1

INVERT NONIN oute wosn BNERT: Vg
e vewtma AN R VERTIG
NPT NPUT weut

NC—No internal connection

Copyright © 1979 by Texas Instruments [ncorporated
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TYPES TLOSO THRU TLOBS, TLOSOA THRU TLOBAA,
TL081B, TLO82B, TLOB4B
JEET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vees o-————j _____—T -
S— b

NONINVERTING 4

INPUT

INVERTING CL

bl ouTPUT
an
OFFSET NULLICOMP (N1} 0———— ===~

I
oy
-y

)
L

COMP Omm —|———— =" —

TLOSG ONLY OFFSET NULL IN2) &= ——e T

af.
9

r— _{1"‘11

|
1 $weon 10800
|
Vee- T 3
. OFFSET OFFSET
':x:')“ NULL i« 18 pF ON TLO81, TL0B2, TLO3, TLOBS, AND TLOSS ONLY.
) GOMPONENT VALUES SHOWN ARE NOMINAL ¥

TLOS1 AND TLOB3 ONLY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

P TLOB_C
TLOS_M TLOB_! TLOB_AC | UNIT
TLO8_BC
Supply voltage, VCC+ (see Note 1) 18 18 18 \'
Supply voitage, VCC— (see Note 1) -18 —18 —18 \Y
Differential input voltage (see Note 2) +30 30 230 v
Input voltage {see Notes 1 and 3} +15 +15 15 v
Duration of output short circuit (see Note 4) Unlimited Unlimited | Unlimited
Continuous total dissipation at {or below) 25°C free-ais temperature (See Note 5) 680 680 680 mW
Operating free-air temperature range —5510 125 —25to 85 01070 °c
. Storage temperature range —65 to 150 6510 150 | —65to 150 °c
¥ Lead temperature 1/16inch (1,6 mm) {rom case for 60 seconds | J,JG, or W package 300 300 300 °c
Lead temperature 1/16 inch {1,6 mm]) from case for 10 seconds | N or P package 260 260 °c
NOTES: 1. Alivoltags values, axcept differential vottages, are with respect to the midpoint betwseen Vs and Vee-
2. Diffarential voltages are 81 the nonlnverting input terminal with respect 1o the inverting input torminal,
3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, vyhichevor is loss,
4, The output meay be shorted to ground of 10 sither supply. Temperature and/or supply volieges must be limited to ensure tha
the dissipation rating is not exceeded.
6. For operation above 25°C tree-alr temperature, refer to Disslpation Derating Table. in the J snd JG packages, TLOB_M chig
are siloy-mounted; TLOS_I, TLOB.C, TLOB_AC, and TLO8_BC chips are giass-mounted.
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOF]
RATING FACTOR Ta DEVIGE TYPES, SUFFIX VERSIONS, AND PACKAGES
J {Alloy-Mounted Chip) 680 mW 11.0mW/C 88°C
3 (Gass-Mounted Chip) 680 mW 8.2 mWrC 67°C Tioso  Tloss  Tiosz Toes  TLos4  TLOW
G {Alloy-Mounted Chip} 680 mW 8.4 mwW/C 69°C TLOB_M 96 16 6 J LW ¢
G (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C TLOB. JG.P G, P JG.P 4N LN .
N 680 mW 9.2 mwW/C 76°C TLOB_.C 4G, P JG, P JG, P N I, N N
; P 680 mW, 8.0 mWIC 65°C TLOB_AC JG,P JG,P JG,P 4N N .
) w 680 mW 8.0mWIC 65°C TLOB_BC . JG,P JG,P . 3N .
Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet,
—
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLOB4A,
! TLOB1B, TLO82B, TLO84B
i
|
! electrical characteristics, Voc: =215 V
TLO8..C
TL M TLOB_I TLO8_AC
PARAMETER TEST CONDITIONS? 08 UNIT
TLOB_BC
: . MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
‘80,'81,'82,'83,'85¢ 3 6 3 6 5 15
Rg = 50 02, TLO084 3 9 3 6 [ 15
Ta=25°C TLOS_A 3 6
‘81B,'82B,'848 2 3
, . v
Vio Input offset voltage "80./81,82 83,651 3 3 20 m
Rg=501, TLO8B4 15 9 20
T = full range [ TLOB_A 75
‘81B,'828,'848 5
Temperature coefficient
= = v/ e
VIO ot input offset voltage Rg =50 &, Ta = full range 10 10 10 M
TLO8. .3 5 100 5 100 5 200
™ hra=25°c [TLOB_A 5 100 pA
) Input offset & § ‘818,'82B,'848 5 100
10 nput offset current TLOS_§ 50 0 5
Ta = full range | TLOB_A 3 nA
‘818B,'82B,'848B 3
TLOB_t 30 200 30 200 30 400
Ta=25°C TLOB_A 30 200] pA
! Input bia rent§ ‘81B,'828,’84B 30 200
18 grpPies Ssen TLOB_ % 50 20 « 10
Ta = full range | TLOB_A 71 nA
‘818,'828,'84B 7
Common-mode input TLOS_ 11 212 11 112 +10 11
VICR  oronmoce MPut  Ira=25°c [TLOB_A 111 212 v
B i '81B,'828, 848 11 212
Ta=25C Ry =10kQ 24 27 24 27 24 27
toutvoltage swing [T = fullrange g =55 20 24 20 24 20 74
RL > 2kQ, TLO8_% 25 200 50 200 25 200
Vo =210V, TLOB_A 50 200
A Large-signal differential [Tp = 25°C ‘81B,°828B,'848B 50 200 V/imV
VD oitage smplification  [RL > 2 k%2, | TLOB_ 15 25 15
Vo=:10V, |[TLOS_A 25
Ta = full range | ‘818B,'82B,'848 25
Bq Unity-gain bandwidth Ta=25C 3 3 3 MHz
T Input resistance Ta=25°C 10'? 10'? 1012 Q
) TLOS_t X 80 86 80 86 7076
CMRR ic:irzmon-mode rejection :S z;_g":;n' TLOE A 80 86 dB
) "81B,'828, 546 80 86
Supply voltage rejection |Rg > 10 kR, TLOB_ 1 0. €6 g0 86 70 76
KSVR  ratio (aVees/aVig) - [Ta=25°C |LLOB=A 5086 a8
cc/2v10 A ‘818,328,848 80_ 86
Supply current No load, No signal,
lce {per amplifier) A= 25°C 14 28 14 28 14 28| mA
. V1/Vo2 Chennel separation Ayp~*100, Ta=25C 120 120 120 dB
T AN characteristics aré specified under open-iocop conditions unless otherwise noted, Full rengs for Ta is ~55°C to 125°C for TLOS_M;
~25°C 10 85°C for TLOS_I; and 0°C to 70°C for TLOB_C, TLOB_AC, and TLOS_BC.
1 Types TLO85! and TLOSS5M are not defined by this data sheet,
§ Input blas currents of & FET-Input operational smplifier ere normal junction reverss currents, which are temperzture sensitive as shown in
Figure 18, Pulse techniques must be used that will maintain the junction temperature as close to the embient temperature as is possible.
;|P9 - -
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TYPES TLO8O THRU TL085, TLOBOA THRU TLOB84A,
TLOB1B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCCt =15 V,Ta=25°C

TLOB_M ALL OTHERS ] -
PARAMETER TEST CONDITIONS UNIT
. MIN  TYP MAX | MIN TYP  MAX
V=10V, Ry =2k,
SR Slew rate at unity gain ! L ) 8 13 13 Vius
CL =100 pF, See Figure 1
t Rise time Vi =20mV, RL =2k, 0.1 0.1 us
Overshoot factor C = 100 pF, See Figure 1 10% 10%
V, Eguivalent input noise voltage | Rg=100 £, f=1kHz 25 . 25 nV/J/Hz

PARAMETER MEASUREMENT INFORMATION

>

10k

Vi O—

—0
]
1 CL- Ry =
| L
100 pF 2k8

+
|
'..-.K.J
S
Cc=12pF 9
for TLOBO d
and TLOBOA - _ L

FIGURE 1—UNITY-GAIN AMPLIFIER

A
Vi

FIGURE ZTGAINOF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUITS

TLOSO

FIGURE 3

O Vee-
FEED-FORWARD COMPENSATION

FIGURE 4 FIGURES
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TYPES TLO8B0 THRU TLO85, TLOBOA THRU TLOB4A,
TLO81B, TLOB2B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

Vimv

Voltsge

Avp-Di

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

v
> FREQUENCY
1 30 T
-4 Ve = 215V Ry = 10k
2 r Ta=25°C
2 25 — |7 See Figure 2
2
5
o 2 |4 2
x vees =210 vl
& .5
e sl Ll L]
% ]
&
£ W0} 1llliVees =25V | 8 .
g g =
H
3 51 44 4 {44 -
5oLl
£ oL |

100 Tk W0k 100k

f—Frequency—Hz

"™ 1OM

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
v
FREE-AIR TEMPERATURE

> 30 ——

& Ry = 10Kk

% 5 RL= 2k

> 2 P | |
i,

s

g 5

)

)

& s

§ 10

£

= “I'vece =218

& See Figure 2

O — 1

> _75 -50 ~25 ©0 25 50 75 100 126

Ta—Free-Air Temperature—"C

FIGURE 8

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vi
FREE-AIR TEMPERATURE

1000
700 F=3
400
200 {3~ ——
100 M-
70
a0
20
10
p==" =
4 - Veor =215V
[ vo=siov
2FRL=2k0
1 le
-75-60 ~25 0 25 S0 75 100 125

Ta~Free-Air Temperature—*C

FIGURE 12

TYPICAL CHARACTERISTICST

VOpPp—Maximum Peak-to-Peak Output Voltage—-V

Vopp—Maximum Peak-to-Peak Output Voltage—V

Ayp-Ditfarential Vottage Ampli

M2XIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vi

FREQUENCY
JOF—- 1
25| 1 {LIIVec: =215V
A
20
Vee: = 210V
15 1H
10
Vees = 25 V| [ill
[ -
s}
o_h
100 1% 10k 100k 1M 10M

f-Frequency—Hz

FIGURE 7

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

v
LOAD RESISTANCE
Vees =318V ]
Ta=25'C
251~ See Figure 2

—

//

01 02 04 071 2 4 710

RL~Load Resistance—k$}

FIGURE 10

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

vi
FREQUENCY
-3
g Vees =25V 10215 V]
RL = 10k82
5 Ta=25°C <

AN DIFFERENTIAL | o°
N VOLTAGE

\ \AMPLIFICATION

— 45"

10 \ \ {left scale)
102 \\ 90"
PHASE SHIFT N .
10 tright scate) 135
1 l I N 180°
110 100 1k 10k 100k 1M 10M

{—Frequency—Hz

FIGURE 13

compensation capacltor is used with TLOB0O and TLOBOA,

Phase Shift

VOpp—Maximum Pesk-to-Pesk Output Voltage—-V

Vopp—Maximum Peak-to-Peak Output Voltage—V

Ay p-Ditferenial Voltage Amplification

25

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

v
FREQUENCY
30 USSREAR Y
T Yocs 515V
- Ry =2k
25 —LTA=25C e e 21
20
Tp = -55°C
15 »
Ta=125°C
10 ...
) y
[
10k 40k 100k 400k 1M 4M 10M

{-Frequency-Hz

FIGURES

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
v
SUPPLY VOLTAGE

R =10k
Tae25°C

© 2 4 6 B 10 12 14 16
Vet l-Supply Voltage~-V

FIGURE 11

TLOBO, TLOBOA
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY WITH FEED-FORWARD COMPENSATION
6

Voo 215V
C2=3pF

10/ Ta=28'C —
See Figure 3

104 \

103 =

102

10

10 1k 0k 100k 1M 10M

t—Frequency—Hz

FIGURE 14

tData at high and low temperetures are applicable only within the rated opersting free-sir temperature ranges of the various devices. A 12-pF
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TYPES TLO8O THRU TLO085, TLOBOA THRU TLO84&A,
TL081B, TLO8B2B, TLOB4B
TYPICAL CHARACTER isTicSt
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
v ve v
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
250 20 20—
Veg: = 115V Vees =215V Ta-26°C
225 No signat 18 No signal 181 o signat
= 200 R No load ‘5\ No load 1.6} No load
a M < ¥
§ —— l l £ ™~ E
T 178 I o4 i 14
H P~_TLO84, TLOBS 3 ™~ £ 1T
-2 150 4 £ 1.2 £ 12 -
S o
‘; 125 S 10 ‘i 10
g I
] 08 08
o F———]__TL082, TLO83 4 H
-  E— S
R 3 06 8 08
[ | R— © o
& 50 TLO0BO, T1.081 0.4 = 04
o em—
2% 0.2 02
o | 0 o
.75 -50 -25 0 26 50 75 100 125 _J5 56 -25 0 25 80 75 100 125 [ 2 4 13 8 10 12 14 16
Ta-Free-Air Temperature~"C Ta—Free-Alr Temperature~"C IVCctl-Supply Voltage—V
FIGURE 15 FIGURE 16 FIGURE 17
INPUT BIAS CURRENT OUT'UT\;’OUAGE
. v VOLTAGE-FOLLOWER ELAPSED TIME
LARGE-SIGNAL PULSE RESPONSE »
Vcez = 215 w
T Ry = 2k2 %
>; 4 CL=100pF Lo_\fgngom'
E < H Ta®25°C >
. < 2 ouTPUT \ a2 Jox
- % 2 f
s H > £
§ : /
i 0 zn
] 2 /
i t 2 / g
H AN ®
[3 £ INPUT 4
< -4 10%. vees =25V
\ 0 Ry =2k
F—r Ta=25°C
6 - I
05 1 15 2 25 3 35 o 01 02 03 04 05 08 07
N 1-Time—us -
Ta—Free-Air Temperature=~ C / 1=Time—us
FIGURE 18 FIGURE 19 FIGURE 20
ALL EXCEPT TLOB_C
COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION
v v vs
FREE-AIR TEMPERATURE FREQUENCY FREQUENCY
B9 r—T— T = 70 T 1=
] Vege =15V % | \ VEee = 216 V| Evece =215V i
1 R <1082 2 bt Avp - 10 w o4l AVO"l i
3 88 4 Rg= 1000 _15 [ VitRms) = € V-
« T = 26 FTa=25C
s g 50 A= 26°C g |
H 87 > g 0.1 g==
3 ® 40 A : =
-4 ‘B -
1"3 86 P E E 0.04
b3 g 30— H h I
: £ 2
85 = w
E Ts‘ 2 E 0.01 Sz
q H 2 0.00¢ —
84 | | So.
E b 10 £
3
3w 5 . i
75 50 25 0 25 0 75 10012 10 40100 400 1k 4k 10k 40k100K 0010 400 1k 4k 10k 40k 10
Ta—Free-Air Temperature—"C 1—Freguency—Hz {—~Frequency—Hz
FIGURE 21 FIGURE 22 FIGURE 23
tData at high and low temperatures are applicable only within the rated operating {ree-gir temperature ranges of the various devices. A 12-¢
compensation capacitor is used with TLOSO and TLOBOA.
p—
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLOB4A,

TLOB1B, TLO8BZB, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RE =100 kQ
OUTPUT
INPUT
3
CF=3.3HFT 1 kA
>
= R1=R2=2R3=15Mn
3.3kQ c3
] < Cil=C2=— =110 pF
fo ———— < 9.1k 2
2n Rg CF 1
fo =—————= 1 kHz
‘-];L 0% ormici
FIGURE 24-0,5-Hz SQUAREWAVE OSCILLATOR FIGURE 25—-HIGH-Q NOTCH FILTER
1M
AAA- b——O OUTPUT A
vee+
1,“; TLOB4t >
INPUT O 1< +
Vee— b——OOUTPUT B
< <
100k S 3100 ko
) 100 kQ
v O Vee+
RGN .
100 yF < 100 k2
| JL TLo84T >&——OOUTPUTC
I\ Ovee-
t or TLOBS -
°r FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER
6 sin wt 1N4148 18 k2 {See Note A)
? —Ht—m—o -5V
18 pF <
i ! 18 pF :f 1kQ
]
0———1H<
OVecH
88.4‘I:n S Vees

=Y 6 cos wt
y 1 -0
88.4 k2 OVee— TLO82
. +
18 pF 1 Vee- 1kQ
’
I +15V

1N4148 18 k2 {See Note A)

88.4kQ

AV

Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 27-100-kHz QUADRATURE OSCILLATOR
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LM194/LM394

-

National
Semiconductor

LM194/LM384 supermatch pair--

- “e T F

general description

The LM194 and LM394 ere junction isolated ultra
well-matched monolithic NPN transistor pairs with an
order of magnitude improvement in matching over con-
ventional transistor pairs. This was accomplished by
advanced linear processing and a unique new device
structure,

Electrical characteristics of these devices such as drift
versus initial offset voltage, noise, and the exponential
relationship of basé-emittér voltage to collector current
closely approach those of a theoretica! transistor. Extrin-
sic emitter and base resistances are much lower than
presently - available pairs, either monolithic or discrete,
giving extremely low noise and theoretical operation over
a wide current range. Most parameters are’ guaranteed
over a current range of 1A to 1 mA and OV up to 40V
collector-base voltage, ensuring -superior performance
in nearly all applications.

To guarantee long term stability of matching parameters,
internal clamp diodes have been added across the emitter-
base junction of each transistor. These prevent degrada-
tion due to reverse biased emitter current—the most
common cause of field failures in matched devices. The
parasitic isolation junction formed by the diodes also
clamps the substrate region to the most negative emitter
to ensure complete isolation between gievices.
¢

Transistor/Diode Arrays

The LM194 and LM394 will provide a considerable im-
provement in performance in most applications requiring
a closely matched transistor pair. In many cases, trim-
ming can be eliminated entirely, improving reliability
and decreasing costs. Additionally, the low noise and
high gain make this device attractive even where match-
ing is not critical.

The LM194/LM194C and LM394/1.M394B/LM394C are
available in an isolated header 6-lead TO-5 metal can
package. The LM194 is iderftical to the LM394 except
for tighter electrical specifications and wider tempera-
ture range.

features

® Emitter-base voltage matched to 50uV

Offset voltage drift less than 0.1uV/°C

Current gain (hgg) matched to 2%

Common-mode rejection ratio greater than 120 dB
Parameters guaranteed over TuA to 1 mA collector
current .
Extremely low noise

Superior ‘10gging characteristics compared to comfen;
tiona! pairs

Plug-in replacement for presently available devices

typical applications  °* | Y

Low Cost Accurate'Squsro ‘Rool Cireuit

tour = 1072 - /IOViy

® T
) SN
B Vi SHIOV

-5V

. ]
tow Cost Accurate Squaring Circuit N
tour= 106 (Ving)

INPUT
DS Vi < 410V

3100k
s
$x

150k
%

~15v
REGULATED
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absolute maximum ratings

Collector Current 20mA Collector-Coliector Voltage 40V
Collector-Emitter Voltage VMAX LM194C/LM394C 20V
Collector-Emitter Voltage 40V Base-Emitter Current 110 mA
LM194C/LM394C 20v Power Dissipation 500 mW
Collector-Base Voltage a0v Junction Temperature
LM184C/LM394C 20V LM194/LM184C ~55°C 10 +125°C
Collector-Substrate Voltage - 40v LM394/LM384B/LM394C -25°C10+85°C
LM194C/1LM394C 20V Storage Temperature Range ~65°C 10 +150°C
. Lead Temperature {Soldering, 10 seconds) 300°C
electrical characteristics (1,=25°C)
LM194/LM184C tM394 LM384B/LM394C
PARAMETER CONDITIONS UNITS
. MIN TYP MAX MIN TYP | MAX | MIN TYP | MAX
Cursent Gain (heg) Vee = 0V to Vmax (Note 1)
lc=1mA 500 700 300 700 225 500
e = 100uA 400 550 250 550 200 a00
fc = 10uA 300 450 200 450 150 300
fc = 1A 200 300 150 300 100 200
Current Gain Match (hye Match) Vee = 0V to Viax
_ Joo [81g] [heeminy] tc = 10uA t0 1 mA 0.5 2 05 4 10 [ %
e 1o = 1uA 1.0 1.0 2.0 %
Emitter-Base Offset Voltage Veg =0 25 50 25 150 50 200 nv
' lc = TeAt0 1 mA
Change in Emitter-Base Offset {Note 1) * 10 25 10 50 10 100 nv
Voltage vs Collector-Base Ic =1uAto 1 mA, £
Voltage (CMRR) Ves =0V to VMAX
Change in Emitter-Base Offset Ve =0V, 5 25 5 50 5 50 av
Voltage vs Collector Current fc = 1gA10 0.3 mA
Emitter-Base Offset Voltage Ic = 10uA to 1 mA {Note 2}
Temperature Drift Ica = lea 0.08 0.3 0.08 1.0 0.2 1.5 uvre
Vos Trimmed to 0 at 25°C 003 | 01 003 | 03 003 | 05 7]
Logging Conformity Ic = 3nA 10 300uA, Vg =0, 150 150 150 av
{Note 3)
Collecior-Base L.eakage Ves = VMAX 0.05 0.25 0.05 0.5 0.05 0.5 nA
Coflector-Collector Leakage Vee = VMAX - 0.1 2.0 0.1 5.0 0.1 5.0 nA
Input Voltage Nolise I = 1004A, Vg = OV, 18 1.8 1.8 aVA/HI
{ = 100 Hz 10 100 kHz
Collector to Emitter Saturation e =1mA, Ig = 10pA 0.2 0.2 0.2 v
Voltage e = 1mA, Iz = 100uA 0.1 0. y- 0.1 v

Note 1: Collector-base voltage is swept from 0 to Viyax-8t a collector current of 1uA, 10;4A, 100uA, end 1 mA,
Note 2: Offset voltage drift with Vgg = 0 at Tp = 25°C is valid onty when the ratio of Ic1 to I¢2 is adjusted to give the initial zero offset. This
ratio must be held to within 0.003% over the entire temperature range. Measurements taken a1 +25°C and temperature extremes.

Note 3: Logging conformity is messured by computing the best 1it 1o 2 true exponential and expressing the ‘error a$ a base-emitter voltage

deviation,

typical applications {(con‘t)

Fast, Accurate Logging Amplifier, Viy =10V to 0.1 mVorljy =1 mAto 10n

A

AAA

*Tel Labs type Q81 +0.3%/°C
! Vin B

Vout = —log10 VRer

V= Vnes
(]

1]
L]
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LM194/LM394

typical applications (con’t)

Valtage Controlled Varigble Gain Amplifier

<15V

pLEL

r_.._._

A A T S | . JJ&MI

[
1N48)

a1

7

*R8 — R10 and D2 povide a temperature
independent gain control.
G = —336 V1 (dB)

WaF e
: L
S R2
S vi =
< ne*
w0 S
Sus
b2
was? 10
25
b AAA— 15V

Distortion < 0.1%
Bandwidth = 1 MHz
100 dB gain range

Precision Low Drift Operational Amplifier

+15¢

Common-mode range = + 10V
181AS < 26 nA M
los < 05nA

Vos luntrimmed} < 125pV
{AVQs/AT) < 0.2uV/°C
CMRR > 120 d8

JAvoL > 2,500,000

*C = 200 pF {for unity gain
C = 30 pF for Ay = 10
C=5pF for Ay =100
C = 0tor Ay > 1000




typical applications (con‘t)

High Accuracy One Quadrant Multiplier/Divider

m°}j‘
T

1 GAIN TRIM

<
(a—
Vour

PEENT/P6LNT

1M194

R
0
"

—AAA—{_] @

- 2 B 4

50k
"
LY IRPUT

AA
v

H 100 ¢
¥
] (X) {Y)
2 - Vour = -~ ; positive inputs only.
. {Z)
3 *Typical linearity 0.1%
H
F
- Righ Performance Instrumentation Amplifier
g - .
q
3 4l
k-
N .
E
3 Performance Characteristics
E N G=10,000 G~1000 G=100 G=10
3 Linearity of Gain {10V Output) & <001 <£0.0% <£0.02 <0.05 %
4 o Common-Mode Rejsction Ratio {60 Hz) >120 2120 2110 290 dB
4 Swmo Corhmon-Mode Rejection Ratio {1 kHz} 2110 =110 L 90 270 ds
3 < Power Suppty Rejection Ratio .
1 - + Supply >110 >110 >0 > 110 dB
f ~Supply > 10 >110 > 90 > 70 dB
. & N Bandwidth (-3 dB) 50 50 50 s0 kHz
= wo
83 - Slew Rate 03 0.3 03 0.3 Vius
5 ; Offset Voliage Drift** <025 <04 <2 <10 wvre
; . Common-Mode Input Resistance >10° > 109 > 109 > 109 a
3 ;a Differential Input Resistance >3x108 >3x10% >3x108 >3x108 I
- 3 = tnput Referred Nolse (100 Hz S f < 10kHz) 5 [ =12 —~=- 70
k Input Bias Current 7% 75 7% 7%
™ Input Offset Current 15 15 15 "s
E Common-Mode Range 11 N 11 210
3 Output Swing [R{_ = 10 kf} 213 213 113 13
9
3 **Assumes < B ppm/° C tracking of resistors
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typical performance characteristics

Smal! Signal Cutrent Gain vs
Collector Current

1000 ey
= | veersv
< T 1= 100 s
L
e .
= ) "—
= ﬂ‘
£ s -
>3 =1
2 th

.
S
H
3
F
3 200
3
¥
I |
0001 o 04 1 10

Ic - COLLECTDR CURRENT {mA)}

Offset Voltage Drift vs Initial
Offset Voltage

WoglaT ¥/ )
-

-08 1= 25
" gt
-200 -160 [ ] 100 200

INITIAL OFFSET VOLTAGE oV}

Small Signa! Output Conductance
vs Collector Current

100

Ve = 5V

0t

hog = OUTPUT CONDUCTANCE {smhos)

0.0t J
800 u 2 1 A

Tc — COLLECTOR CURRENT (mA)

Base Current Noise vs Frequency

100
Ver "6V
3 Tj=25"C
N
F
C Ie = 10 mA
g +
= ] lc® TmA
.E LR -
& A (L —T1c - t00uA
g o 1
sl' [A] o= 18,47
» T T 17
> ==
I- = 1uA 1]
LX) Loeen f 1
(Y] 01 ] 1] 180

- FREQUENCY (kHD)

Varron — BASE-EMITTER ON VOLTAGE (V) heg UIC CURRENT GAIN

Veemars ~ COLLECTOR EMITTER
SATURATION VOLTAGE (V)

MF - ROISE FIGURE (iB)}

1400

1200

1000

o
a
4

-
=1
=3

200

DC Current Gain vs Temperature

e
L 1oma £
—1mA < VA
[ 100.a p/1
L 10,4 Z ]
b A <
>4 7
=& 7 y
>
[ el ol Voo = 5V
e jn‘

~7% =25 5 75 126 s

e?

0E

85

04

¥, - JUKCTIOK TEMPERATURE (*C)

Base-Emitter On Voltage vs
Collector Current

LR

Vee = 5V
| 1,=25°C

%
v
7
Jl
Pa
U
%

V1
/
001 001 [X] 1 “ae

1c — COLLECTOR CURRENT {mA)

Collector-Emitter Saturation Voltage
vs Collector Current

1
7
; T
‘-" < _AA
L]
Xt maal "n’r ’/
A
o = I o & 1 B
te/ o =B
W
om
[Y TR X LI ¥ 1 10

1 —COLLECTOR CURRENT (mA)

Noise Figure vs Collector Current

il MBI
\ t=1 nu!
A Rg = 1k
Ry
N
N Rg =
-y

001 131} 31 1

Ic ~ COLLECTOR CURRENT (mA)

Cec - CAPACITARCE (pF)

1000 -
180 2
- y
5
4
E o v -
L
W
1 /)
[ A}
0.00t on 0 1 0
e ~ COLLECTOR CURRENT (mA)
Small Signal
Input Resistance {hje)
vs Collector Current
1] ™
Ve =5V
= 1= 100 Hz ]
£
w1 B
o
=
<
-
7]
8 o AN
=
-
g N
=
[ X =
w
P
6.001
apn 0ot 81 1 W
te - COLLECTOR CURRENT {(mA}
Input Voltage Noise vs
Frequency
100
J Ve = BV
= [~ Rg = 10002
>
=
E Ie = Wk
g 1
5 +H
g ic = 10,4
1 T3
z —Tin
ad 4 Ic = 1004A
. N 1 fle<tma
o0 01 1 ° 16

Unity Gain Frequency (fy) vs
Collector Current

1~ FREQUENCY {kH1)

Collector to Collector
-Capacitance vs Reverss -

Bias Voltage
a0 T T
te | —
3 -]
AN 3
AN .
20 S
S —
4
° -
¢ 10 20 k] o 0

COLLECTDR TD COLLEI:TUR)IDLTAEE m
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typical performance characteristics {con’t)

Collector to Collector Capacitance Emitter-Base Capacitance vs

Collector-Base Capacitance vs

LM394BH ot LM3B4CH
See NS Package HO6C

vs Coflector-Substrate Voltage Reverse Bias Voltage Reverse Bias Voltage
30 v Y 60 .o
— Vg = 0—— -
I‘ - .
2 -] - N -
g %V“ -1 s s 2
— -
g . AN : B
= : £ " < £ .
S X g g
R £ . [~—— S w0
$ . ° °
—
- a0 -
[} 10 20 30 40 50 0 6y 02 03 04 05 06 [} 10 20 30 o0 50
COLLECTOR T0 SUBSTRATE VOLTAGE (V) REVERSE BIAS VOLTAGE (V) REVERSE RIAS VOLTAGE (Vcg)
Collector-Base Leakage vs Coli to Coll Lezk Offset Voltage Long Term
Temperature . vs Temperature Stability at High Temperature
108 ===y 100 1 T
[ Veg* 20V J 3 T,=125¢C
i / 2 I~ 1 = 60,4
T w0 — gz e — 2 5 VeerdV
p = =
z z /| z S S —
< = s
€N — AL w 0
< 7 K Z 120V g
P -
8 8 7’ 1 2
£ g =0t 4 U E + W
. 3 o
o 8
= ) &
h (=3
0.01 oo L 1 e A
i H 15 100 125 25 50 75 100 125 ] 200 400 . 60D 800 100D
T, - JUNCTION Temperatore { £} T, - JUNCTION TEMPERATURE ( L} TIME (HRS) '
Emitter-Base Log Conformity > .Low Frequency Noise of Differential Pair®_
.5
ol 3
04 }—Vea = OV
: 03
fw i ) K
@ e
S o 7 ) 3 .
S e Ly s
£ -1 ) &
£ 02 5 s
e e
= -3 >
-
~04 %
2
08 . s
10t 107 10wt 1t a0? ,
I¢ - COLLECTOR CURRENT (A) o
- El -
TIME (SEE GRAPH)
. _ _ ____*Unit must be in still air environment so thst_
- - " - T ditferentisl lead temperature is heid to less
. . R o
connection diagram than 0.0003°C.
Metal Can Package ’
- S ks
1]
2 B
. TOPVIEW —
L T _
: N T Order Number LM194H, LM154CH, LM394H
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LM566/LM566C

National

Industrial/Automotive/Functional

Semiconductor Blocks/ Telecommunications

v ‘v

LM566/LM566C voltage controlled oscillator

general description

The LM566/LMS66C are general purpose voltage
controlled oscillators which may be used to gener-
ate square and triangular waves, the frequency of
which is a very linear function of a contro! volt-
age. The frequency is also a function of an external
resistor and capacitor.

The LM566 is specified for operation over the
-55°C to +125°C military temperature range. The
LM566C is specified for operation over the 0°C
to +70°C temperature range.

features

= Wide supply voltage range: 10 to 24 volts _
& Very linear modulation characteristics

High temperature stability
Excellent supply voltage rejection_
10 to 1 frequency range with fixed capacitor

Frequency programmabie by means of current,
voltage, resistor or capacitor.

applications

FM modulation

Signal generation
Function generation
Frequency shift keying
Tone generation

schematic and connection diagrams

wnbutaven  tamp  Taser Yevant mave
Wt MeTes  csanien vt

Ver
| 8 ls -

a4

vt

typical application

1 kHz and 10 kHz TTL Compatible
Voltage Controlled Oscillator

s ion
Pty

TheTaoy e rAse
inTew

T pwasantunt

Meta! Can Package

Too view

Order Number LM566H or LM566CH
See NS Package HQSC

Duasl-In-Line Package

L IR Ry _[j
=

7 emrf
r-
nun.::':: 1—<] m — o Tians nrarstoh

[ 7 THuNC cArACITOR

bl S B

¢ WosuiaTION
WAVE OUTPUY eut

Ter vitw
Order Number LMS66CN
See NS Package NOBB

applicatioris information :

- ¢ .
The LM566 may be operated from either a single supply
as shown in this test circuit, or from a split (2} power
supply. When operating from a split supply, the sguare
wave output {pin 4) is TTL compatible (2 mA current
sink}) with the addition of a 4.7 k%2 resistor from pin 3 to
ground. z .

A 001 uF capacitor is connected between pins 5 and 6
to prevent parasitic oscillations that may occur during
VCO switching.

v -V,
g .
2K<R <206 T T T
and Vg is voltage between pin 5 and piri 1

(=]

9-40.
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absolute maximum ratings

Power Supply Voltage
Power Dissipation (Note 1)
Operating Temperature Range

Lead Temperature {Soldering, 10 sec)

N

26V

300 mW

LM566 -55°C to +125°C
LM566C 0°C t0 70°C
300°C

electrical characteristics v =12V, T4 = 25°C, AC Tést Circuit

PARAMETER CONDITIONS LMS66 LM586C ’ UNITS
y B MIN TYP MAX MIN TYP -MAX
Maximum Operating Frequency RO =2k 1 1 MHz
C0=2.7 pF -
Input Voltage Range Pin & * 3/4 Voo - ‘Vcc 3/4 vee Vcc
Average'Temperature Coefficient 100 200 ' ppm/°C
of Operating Frequency |
i 0 5
SupplyVoltage Rejection 10-20v - 0.1 .| a0\ 2 ——=%/V
Input Impedance Pin 5 05 1 05 1 mMa
VCO Sensitivity For Pin 5, From 64 -6.6 6.8 6.0 6.6 72 kHz/V
: 8-10V, fo = 10 kHz g N

FM Distortion +10% Deviation T 02 075 02 15 %
Maximum Sweep Rate 800 1 500 1 MHz
Sweep Range 10:1 10:1
Output Impedance

Pin 3. k - 50 50 2

Pin4 < 50" " 50 4]
Square Wave Output Level Ry = 10k 50 54 50. 54 Vpp
Triangle Wave Output Level Rp2 = 10k 20" 2.4 2.0 24 .- Vpp

» . , . .
Squére Wave Duty Cycle 45 50 55 40 50. -1 60 %
Square Wave Rise Time K , 20 1o ns
Square Wave Fall Time 50 50 ns
:I’rianglg Wave Linearity . +1V Segment at 02 075 - 9.5 1 * %
i A 12vee.

Note 1: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C
is 100°C. For operating at elevated junction temperatures, devices in the TO-5 package must be

derated based on a thermal resistance of 150°C/W. The thermal

is 100°C/W.

of the dual-i

package
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LM566/LM566C

typical performance

Operating Frequency as a
Function of Timing Resistor

characteristics

Opserating Frequency as 2
Function of Timing Capacitor

Normalized Frequency as »
Function of Control Voltage

100K . 1 — 0 Ty
Yo 25°C \ Tar25°C Ta=25°¢C A
AC TEST CIRCUIT . \ AC TEST CIRCUIT > AC TEST CIRCUIT /
]
N = \ £ 1
g N 3 3 //
- o 1 \ K] P
] ! g N - g :
8 ux s a w
= =y = \ ~
5 AN s o s A
& H N 3 ”
w N < I3 ™
« N < o \\ 2 .
L
19K 0001 \
(A} 10 ] LA LI [ L T T O [ 0 410 5 20 25 20
NORMALIZED FREGUENCY FREQUENCY (Hz) CONTROL VOLTAGE Ny - Vy t{V}
b b,
Power Supply Current % Temperature Stability VCO Waveforms
- 1
T T i AC TEST CIRCUIT = 1
N 20 1 Ecs
~ L MAXIMUM 4 B : 2Bz
g A > 3 2 = E \ / :
£ A P 2 19 < ALl 2 4
g " V.4 E A ] Tar25°C
g » » g 3 ] = VVL' 3 i AC TEST CIRCUIT
5 z TyRcALL £ 0 B w
3 7 e = s = HS +10
%z wl o Tt = zZZ= £33
H 11 & 0 gEn w
£ — 14k z = 22
Tor25°C e ]
AC TEST CIRCUIT 2.0 It
" RE NN 25 ¥
10 15 20 25 <75 <50 <25 0 25 S0 75 100 125 [T - S ™
SUPPLY VDLTAGE (V) TEMPERATURE {°C) . ot
Frequency Stability vs Load ~
Resistance (Square Wave Frequency Stability vs Load Square Wave Outgut
Qutput} Impedance (Triangle Output) Characteristics
7T 20 T TV
- AC TEST CIRCUIT 2 AC TEST CIRCUIT
To=25°C 'l : - Tas25°C
§ Ry = 10K £ ’ pes ] &0 .
6 { =z ]
2 . z R’ ped -
3 R y g
> > 03 . [T 1 ;
e} 2 Y. o i
z L& -0a S .
2 - - / [ -
g « A g s 9
& & AC TEST CIRCUIT 4
£ ~—- £ 08 2
, mull Ta=25°C S
] o 1 Ry = 10K 2
i 20
100 *® 10n ! 100 T 10 s 190 w o, "
R.s PIK 3T0 GROUND (22) Rz PIN & TO GROUKD () Ry PIK 370 GROUND (2}
Triangle Wave Output . . .
Characteristics - ac test CI(CUIt N
24 a
3
2
-
T
=
-
H
: u . . im
s |
E 21 |
s AC TEST CIRCUIT
< Ta=25°C -
28 1 1 11dt l'l
108 *® 1
Ry PIN4TO GROUND (9)
942




absolute maximum ratings

Total Supply Voltage {Vgs) 36V
Output to Negative Supply Voltage (V44) 40V
Ground to Negative Supply Voltage (V, 4) 30V -
Differential Input Voltage 130V
Input Voltage {Note 1) . 2 1) 2
Power Dissipation (Note 2) 500 mw
Qutput Sport Circyi; Duration 10 sec . -
Operating Temperature Range v 0°C 10'70°C ¢
Storage Temperature Range ’ -65°C10 150°C .
Lead Temperature {soldering, 10 sec}) c, 3QO°C !
Voltage at Strobe Pin .. vtosv v .
electrical characteristics (Note 3) ‘
PARAMETER .- CONDITIONS MIN . TYP MAX UNITS
Input Offset Voltage (Note 4) .| T, = 25°C, R < 50k ' 2.0 7.5 mV
Input Offset Current (Note 4) Ta'=25°C =)/ g 6.0 50 nA
AInput Bias Current Ta=25C . 100 250 nA
Voltage Gain Ta=25°C . 40 200 C | vimv
Response Time {Note's) T Ta=28°C o ) g N © 200° - ns
Saturation Voltage - 1 Vin<=10mV, 1547 = 50mA - 0.75 15, |7 v
. Maf= 25560\ '\ [ =/
Strobe ON Current Ta=25°C — A 30 mA
Output Leakage Current Vin 2 10mV, Vgt = 35V 02 50 nA
Ta =25°C, Isrrone =3MA .
Input Offset Voltage (Note'd)’  Rg <50k __ Dy 4 P |\ 170" T mv
Input Offset Current (Note 4) Y ‘1 . 70 nA
Input Bias Clrrrent - IS : Ay & ,3000 | na
Input Volisge Rangs ~ " | " . T -5 {138-147 | w180 \
Saturation Voltage yt>4sv,v-=0 - - ' 0,23 ‘04 |
s . N V- S Yin £ 510 mV Agjig <8 mA - 1
Positive Supply Current . | T, 225°%C 7 51 | 75 | . ma
| Negative Supply Current Ta=25C ~ - b 41 5.0 mA
d

ae WYL .».

Note _1: This rating applies for 216V suppfies.:rhe positive.inputvoltage limit is 30V _above the negative supply. The negative
input voltage limit is equa! 'tq the negative supply voltage or 30V below the positive supply, whichever is less.

Note 2: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperatures, devices in the
TO-5 package must be dereted based on a therma! resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case, For the
flat package, the derating is based on a thermal resistance of 185°C/W when mounted on 8 1/16-inch-thick epoxy glass board with
ten, 0.03-inch-wide, .2-ounce copper ‘conductors. The thermal resistance of the dual-in-line package is 100°C/W, Junction( to

ambient. ' i : - > R .
"Note 3: These specifications a;ply for Vg = 15V and the Ground pin st ground, and 0°C~ Ta < +70°C, unless otherwise
specified. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply
‘up to 215V, supplies, .- - 3 w > M T,

Note 4: The bffset voltages and offsst currents given are the maximum values required té drive the output within' a volt of either
supply with 1 mA foad. Thus, thes; parameters define an error band and take into account the worst-case effects of voltage gain
.end input impedance.” - i L = "

Note 5: “The response time specified {see definitions} is for 2100 mV input step with § my overdrive, * .

LLENT

e &<

Note 6: Do notshort the strobe pin to ground: it should be current driven at 3 to SmA. . ’ LS . .
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

.

switching characteristics, Vcc+ = 15V, Vec—==—-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
! . .
R low-to- - ! 115 ns
; esponse time, low to-high-leve! output Rg=500 0105V, C_=5pF, SeeNote?7
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for 8 100-mV input step with 5mV overdrive and Is the Interval between the input step function and
the instant when the output crosses 1.4 V.

TYPICAL CHARACTERISTICS

G rararan g Tt

40V (LM311)
1 ki

"INPUT OFFSET CURRENT INPUT BIAS CURRENT
s vs vs
i FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
: 20 et 500 7
\ Veee =215V Veee =215V

- 18 N Vo=1Vio 14V 450 LM311 Vo =1V 1014 V1
’ < 16 |—N See Note 8 400 ™~ See Note 8
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VOLTAGE TRANSFER CHARACTERISTICS

60
Vee: =215V ILMl 1 iadiadd
Ta=25°C t

B, LM211 .

, é, % LM311 ;
o
£ EMITTER OUTPUT
> 2l RL=6002 |/ _coLLEcToR COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
3 QUTPUT TEST CIRCUIT FOR FIGURE 2
5 RL=1kQ Vees =30V
?
o
>

.l N ,_
J

i 0

i -1 -05 0 05 1

¥ V)p~Differential Input Voltage—mV

. FIGURE 3 .

; EMITTER OUTPUT TRANSFER CHARACTERISTIC

H TEST CIRCUIT FOR FIGURE 3

¥ TDats at high and low temperstures are spplicable only within the rated operating free-alr temperature ranges of the verious devices,

NOTE 8: Conditlon 1 Is with the balance and balance/strobe terminals open, Condition 2 is with the balance and balance/strobe terminals
connected to Vccs.
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TYPES LM, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

Differential

Vo-0utput Voltage-V

Difterential

Vo-0uput Voliage-v

= s wm

10—Output Current—mA

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

$ |
§ ; 1 I()m:lY
é Veee =215V
- RC=500Q2t 5V
Ta=25°C
5
4
) 6m 2m
2p— 20m \77/
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t-Time—ns
FIGURE 4
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
ST Il
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FIGURE 6
OUTPUT CURRENT and DISSIPATION
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OQUTPUT VOLTAGE
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FIGURE 8

TYPICAL CHARACTERISTICS

PO-Output Dissipation—mw

Icca—Supply Current from Voge-mA

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

5 (VI
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100 mv
Vees =18V sV 32 Jroom
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TEST CIRCUIT FOR FIGURES 4 AND 5 FIGURE S
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
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TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7
SUPPLY CURRENT FROM Vs SUPPLY CURRENT FROM Ve
vi vi
SUPPLY VOLTAGE Ve SUPPLY VOLTAGE Veo—
v -6 T T T
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1 7 I No load
Vip = ~10 mv_|L—"T1 8 o loa
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Vee+=Positive Supply Voltage—V

FIGURE 9

Vec——Negative Supply Voltage-V

FIGURE 10
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES
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TYPICAL APPLICATION DATA

Vees

SQUARE WAVE

ouTRUT
- {Fan-out to two
Series 54 gates
P or equivalent)
<
i 2 mj
i =
f
13
FIGURE 11-100-kHz FIGURE 12
{ FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING
, 7 82k02 S 2@
i K0 3
1 e B ouTPUT
TOTTL
{

V-
l <
b4 <47 k2§
: $ b4
B 82x1 4

tResistor values shown are for a 0-t0-30-V iogic swing and a
15-V threshold.
May be edded to control speed and reduce susceptibility
to nolse spikes.

FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vees
5V
\ 100 kE1 2 kst
[ VW———4
] 100 kHz 10 pF
S2kn 401—9 l———o
) __outeur re=171--3
TOTTL [ .
$ ! N
W0k S
I»——I (‘*H"Cl e
0.1 pF
MAGNETIC
TRANSDUCER
=
FIGURE 16—DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17-100-kHz CRYSTAL OSCILLATOR

FROM D/A NETWORK

ANALOG
INPUT

TTL STROBE

Typical Input current Is 50 pA with inputs strobed off.
FIGURE 18—COMPARATOR AND SOLENOID DRIVER FIGURE 19—STROBING BOTH INPUT AND

OUTPUT STAGES SIMULTANEOUSLY
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TYPES LML, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Veee 8V

vcee
380 00 3

AAA AAA
W VWA

ouTPUT

mnn
Vee- =10V
FIGURE 20-LOW-VOLTAGE FIGURE 21— ZERO-CROS&ING
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC
Vees =8V "wsY
"'..:;? Vegs=8V
1' l»
"o 21 602
Imn.'._ ——— e Tivioz (W3 sl r———--—--—--—-—i 31w
|
: ¢ ouTeuT \ T b— ot
! wee W/ i) From 1000 1k 1
| FROM . el !
— e YT i 1ALy RERT °‘"T ws L —~
< W b
g0 & Y L
Sa22kn =
~l— Kl
'Ad]un to set clamp level.
FIGURE 22 -PRECISION SQUARER FIGURE 23-DIGI,TAL TRANSMISSION ISOLATOR
"
)
Vees =5V
Vees =BV
——TT |
. 1M r ;
240 |
INPUT A Ap—] |
b— ouTPUT | RSP IR
Vego=—18V
FIGURE 24~ POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR
[
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-~ mevccvey emevemut, LIFISI]
R DIFFERENTIAL COMPARATORS WITH STROBES
TYPICAL APPLICATION DATA
Vecs =5V
- Vee+
\ A
—0
¢ A
' 1k82
' INPUTS '
3
— outhuT
t
TTL
STROBE
2N3708
2N2222 Tk§2
i = =
+
f TR1 sets the comparison level. At comparison, the photo- tr 2 ; a1
diode has less than 6 mV scross it, decreasing dark current rensient voltage and inductive kickback protection.
by an order of magnitude.
FIGURE 26-PRECISION PHOTODIODE COMPARATOR FIGURE 27—-RELAY DRIVER WiTH STROBE
4 vees 9 Vees
Ar— €205 %
30 k1
5~ k= TE ¥ TIP30
: Tirze 1 I é__
i 300wy | es 'l s2ou
'{' 00 kit |
TIP29
100 kit <D ncE 6 kit : : ‘:zlo
M — T ‘J'/ L fYee §= *—
\i 022.F T V outeuTs
i 510 4
01,7 A an RO [ 16wt | —J
[ 3039
— Ve , =
TiIrze
r
il 39w 620 11
§ TIP30
P 300 ki1
¢ €0 u
N FIGURE 28—SWITCHING POWER AMPLIFIER FIGURE 29-SWITCHING POWER AMPLIFIERS
¥
.
i
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