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Introduction

Here is National’s latest catalog on Linear products. This catalog, and future ones on
our major product lines, Digital TTL & DTL ICs, MOS ICs, and Transistors, will be
updated periodically by new product supplements. To keep current on our growing
product lines, contact a National sales office, representative, or distributor, and ask to
be placed on our mailing list.
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Specifications Are Worst Case Over Operating Temperature Unless Noted.

. Operating
" Prod Input "°'T‘9° Output Voltage Load Reguiation Line Regulation . L lnr?ut-Oun‘aut Temperature Temperature Standby Current
uct Range Range o Ripple Rejection  Differential -~ ) Output Current*
Type No. W) W) (%) It (%Vout/AVN) (%) (typ.) W) Stz(lballty Raonge Drain (mA) Package Type
. " (typ.) (mA) (typ.) " (%) {0°c) (mA)} (typ.)
Min Max Min Max YP ye Min  Max . typ
Min  Max
LM100 85 40 20 30 0.1 12 0.05 0.02 3 30 10 -55 125 10 20 TO-5, Flat Pack
LM200 85 40 . 20 30 0.1 12 0.05 0.02 3 30 10 -25 85 10 20 TO-5, Flat Pack
LM300 85 30 20 20 0.1 12 0.05 0.02 3 20 20 0 70 1.0 20 TO-5, Flat Pack
s g LM105 85 50 45 40 0.02 12 0.015 0.003 3 .30 1.0 -55 125 0.8 20 TO-5, Flat Pack
2 &5 LM205 85 50 45 40 0.02 12 0.015 0.003 3 30 1.0 -25 85 0.8 20 TO-5, Flat Pack
§ E §. LM305 85 40 45 30 0.02 12 0.015 0.003 3 30 1.0 1] 70 08 20 TO-5, Flat Pack
€ LM305A 85 50 45 40 0.02 45 0.025 0.003 3 30 10 0 70 08 45 TO5
LM376 9.0 30 5.0 25 1.0 max 25 0.4 max 0.4 max -3 15 - 0 70 2.5 max 25 DIP (Molded)
LM723 95 40 20 37 0.03 50 0.01 0.02 3 38 27 -85 125 1.3 50 TO-5
‘LM723C 95 40 20 37 0.03 50 0.01 0.02 3 38 10 0 70 1.3 50 TO-5, DIP (Moided)
"
3 -3 § LM104  -50 -8 -40 0 0.01 20 0.1 0.01 2 50 10 =55 125 36 20 TO-5, Flat Pack
fé% 2 wm204 -50 -8 -40 0 0.01 20 0.1 0.01 2 50 1.0 -25 85 36 20 TO-5, Flat Pack
2> g LM304 -40 -8 -30 0 0.01 20 0.1 0.01 2 40 1.0 0 70 3.6 20 TO-5, Flat Pack
. LM109 7 3B 47 53t 0.6 500  0.005 0.005 2 30  04fyp) -55 125 6.0 >1000 o (3lead)
28 i
333 Lmaoo 7 3B 47 53f 06 500  0.005 0.005 2 30  04(y) -25 85 60 >1000 o8 (Sead)
o @ ' :
« LM309 7 35 48 52f 06 500 0.005 0.005 2 30 0.4 (typ.) o 70 6.0 >1000 132 (3tead)
Note: The maximum power dis§ipa(ion for the LM100, LM105 and LM104 regulators is Thermal Resistance  Thermal Resi e “*The put currents given, as welt as the load regutation for the LM100, LM105 and

800 mW. For the LM109, and in most cases for the LM100, LM105 and the LM104,
output current will be limited by maximum junction temperature and thermal resistance

as indicated.

Package
TO-5
Fiat Pack
Solid Kovar TO-5
T0-3

Junction to Air

Junction to Case

150°C/W 45°Cc/wW

185°C/W Mounted

150°C/W 15°C/W
1.5°C/W

35°C/W

LM104 family of regulators can be increased by the addition of external transistors. The
increase will be roughly equal to the composite current gain of the added transistors.

$Can be adjusted to higher voltage by external resistors.
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Industrial Operational Amplifier Guide

Industrial Temperature Range: -25°C to +85°C Commercial Temperature Range: 0°C to +70°C
PARAMETER** LM201A LM202 LM207 LM208 LM208A LM210 LH201 LM201 LM301A LM302 LM307 LM308 LM308A LM310 LM709C LM741C LM748C NHO0001C NH0002C NHO0003C NHO0004C NHO0005C UNITS
Input Offset Voitaget 2 10 2 2 0.5 4 7.5 75 7.5 15 7.5 75 0.5 75 7.5 6.0 6.0 1 100 3 1 3 mv
Drift . * 20 15 5 : . - 30 * 30 30 5 ‘ : N : 4 : : . - uv/°c
Input Offset Current 20 : 20 04. 0.4 " 500 500 50 * 50 1 1 " 500 200 200 20 * 200 20 5 nA
Drift * . 100 25 25 * * * 600 " 600 10 10 * " b * * * " " * pA/°C
Input Bias Current t 75 15 75 2 2 3 1500 1500 250 30 250 7 7 7 1500 500 500 100 10,000 2,000 100 20 nA
Voltage Gain't 25k .999 25k 50k 80k 0.999 20k 20K 25k 0.9985 25k 25k 80k 0.999 25k 20k 50k 10k » 0.95 20k 10k 2k VIV
Bandwidth Ay =1 1 10 1 1 1 20 1 1 1 10 1 1 1 20 1 1 1 1 50 10 05 30 MHz
(tvp.at25°C) p, =10 1 . 0.1 1 1 . 0.1 1 1 . 0.1 1 1 . 1 0.1 1 0.1 - 1 350 . MHz
Ay =-1 10 : 0.5 1 1 . 0.5 0 10 N 05 1 1 . 1 0.5 10 . ’ N N ‘ MHz
Slew Rate Ay =1 05 10 0.5 0.3 0.3 30 05 05 0.5 10 0.5 0.3 0.3 30 0.3 0.5 0.5 0.5 160 70 2 - Vius
o
(typ.at25°C} A =10 5 * 0.5 3 3 - 05 5 5 - 05 3 3 N 3 0.5 5 . M * 30 20 V/us
Ay =-1 15 * 05 0.6 0.6 . 05 15 15 * 0.5 0.6 0.6 * 0.6 0.5 15 * " * " * V/us
Output Current 5 1 5 1 1 1 5 5 5 1 5 1 1 1 5 5 5 4 100 50 6 40 mA
Min. Supply Voltage +3 *12 3 12 +2 5 +3 +3 3 +12 +3 +2 2 5 +9 %3 3 15 15 5 9 +9
Max. Supply Voltage +22 +18 122 +20 +20 *+18 122 +22 +18 *18 +18 +18 18 18 18 +18 +18 +20 20 +20 +40 20
Supply Current® 3 55 3 4 4 55 3 3 3 55 3 0.8 0.8 5.5 6.6 2.9 29 0.09 +6 3 .09 3 mA
Common Mode Range 12 10 12 14 +14 10 +12 *+12 +12 +10 12 14 +14 +10 +8 12 +12 15 20 +38 +38 *15
Diff. Input Voltage +30 * +30 + + * +30 30 +30 * +30 + H . +5 +30 +30 £7 " +7 +7 +15
Compensation Components 1 (4] 0 1 1 0 0 1 1 0 0 1 1 0 4 0 1 2 0 2 1 3
input Protection Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No No No No No
Output Protection Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No No No No No
*Not applicable or not specified. tGuaranteed at 25°C.
**Industrial guaranteed for 16V supplies and -25°C < Tp < 85°C untess otherwise specified. Hinputs have shunt-diode protection. Current must be limited.
Commercial guaranteed for ¥15V supplies and 0°C < Tp < 70°C unless otherwise specified.




Military Temperature Range: ~55°C to +125°C

PARAMETER** LM101 LH101 LM101A LM102 LM107 LM108 LM108A ' LM110 LM709 LM741 LM748 NH0001 NH0002 NH0003 NHO0004 NHOO0O5A NHO0005 UNITS

Input Offset Voltage 6 6. 3 76 3 3 1.0 6 6 6 6 1 100 3 1 3 10 mV
Drift * * 15 * 15 15 5 * * * * 4 * * * 10 20 pv/°C

Input Offset Current 500 500 20 * 20 0.4 0.4 * 500 500 500 20 * 200 20 5 20 nA
Dfift * * 200 * 200 2.5 2.5 * * * * : * * * * * * pA/OC

Input Bias Current 15600 1500 100 100 100 3 3 10 1500 1500 1500 100 10,000 2,000 100 25 50 nA

Voitage Gain't 50k 50k 50k 0.999 50k 50k 80k 0.999 25k 50k 50k 10k 0.95 20k 10k 4k 2k V/V

Bandwidth Ay =1 1 1 1 10 1 1 1 20 1 1 1 1 50 10 .05 30 30 MHz

(typ.at25°C) A, =10 1 0.1 1 * 0.1 1 1 * 1 0.1 1 0.1 * 1 .350 * * MHz
Ay =-1 10° 0.5 10 * 0.5 1 1 * 1 05 10 * * * * * * MHz

Slew Rate . Ay =1 0.5 0.5 0.5 10 0.5 0.3 0.3 30 0.3 0.5 0.5 05 160 70 2 ¥ * V/us

{typ.at25°C) A, =10 5 0.5 5 * 0.5 3 3 * 3 0.5 5 * . * 30 20 20 V/ps
Ay =-1 15 0.5 15 * 0.5 0.6 0.6 * 0.6 05 15 * * * * * * V/us

QOutput Current 5 5 5 1 5 1 1 1 5 5 5 45 100 50 6 50 50 mA

Min. Supply Voltage +3 +3 +3 +12 +3 +2 +2 +5 +0 +3 +3 5 +5 +5 +9 19 +9

Max. Supply Voltage +22 +22 +22 +18 22 +20 +20 +18 +18 +22 +22 +20 +20 +20 +40 +20 +20 \%

Supply Currentt 3 3 3 5.5 3 0.6 0.6 5.5 5.5 2.9 29 0.09 16 3 0.09 3 3 mA

Common Mode Range +12 +12 12 +10 12 +14 +14 +10 +8 +12 12~ #15 +20 10 +38 15 15 \%

Diff. input Voltage. +30 +30 130 * +30 ¥ $ * 5 +30 +30 +7 * +7 +7 +15 *15

Compensation Components 1 0 1 1 0 1 1 0 4 0 1 2 0 2 1 3 3

Input Protection Yes Yes Yes Yes Yes Yes Yes . Yes No Yes Yes No No No No No No

Output Protection ) Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No No No No No No

*Not applicable or not specified. tGuaranteed at 25°C.
**Guaranteed for 215V supplies and -55°C < T a < 125° unless otherwise specified. #Inputs have shunt-diode protection. Current must be limited.
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Voltage Comparator Guide

input .
tput
Temperature P‘;":;“ TTL/DTL g;,":t Offset 'B""i: Input Supply Response \;::’;;e 3‘:" t';;'e Voltage Pr;’; Package
Offset . oy
~ Range No. Fan Out Voltaget V:;Irti:r: Currentt Currentt Voltage Time Range Swing Gain Consumption
vi=4 0V to +5V'
LM106 10 05 mV 5uV/°C 10 A 0.7 pA V- = ;ivto RYYE: 40 ns 5V (+24‘\)/ﬁ 40,000 145 mW TO-5, FLAT
[3)
i +18V to 0V to +5V
™~ © " N
T LM111 8 0.7 mV S5uv/C .06 pA 0.004 uA +5V and GND 200 ns +14V (+50V)§ 200,000 80 mwW TO-5, FLAT, DIP
8 +_
o LM710A 1 0.6 mV 5uVv/°C 13 pA 0.75 A V- _ +;3/V 40 ns 5V -0.5V to +3.2V 1,700 160 mW TO5
8 V.o
7 vt=+12v
LM711 1 - 10mV  5uv/C 25uA 0spA o 40ns 15V -0.5V to +4.2V 1500  230mw TO5
o:; . vt=4+12v 0V to +5V '
P LM206 10 05 mVv 5uV/°C 10 pA 0.7 pA V- =-3Vio-12v t 40 ns +5V (+2av)# 40,000 145 mW TO-5, FLAT
e
o o +18V to . ; 0V to +6V g
°ﬁ| LM211 8 0.7 mV 5uVv/°C .06 pA O.MHA +5V and GND 200 ns +14V (+50v)¥ 200,000 80 mw TO-5, FLAT, DIP
+
. = 0V to +5V
LM306 10 16mV  5av/C 16 pA 18uA :;_ : t;f,\io Lyt 40ms 5V 2 43),{ 40,000 145 mw TO-5, FLAT
N o +18V to 0V to +5V )
o L+ . .
° LM311 8 20mV 5uVvV/°C 0.1 uA 0.006 pA +5V and GND 200 ns +14V (+50v)§ 200,000 80 mwW TO-5, FLAT, DIP
2 v vt=112v
o LM710C 1 1.6 mV 5 uV/OC 16 pA 18puA V- = -6V 40 ns 5V -0.5V to +3.2V 1,500 160 mW TO-5, DIP
(=}
vt=+12v
LM711C 1 1.0mV 5uVv/°C 25 puA 05 uA V™= -6V 40 ns 5V -0.5V to +4.2V 1,500 230 mW TO-5, DIP
tTypical values at +26°C
*Response time is specified for 100 mV step input with 5 mV overdrive.
$Maximum output voltage switching capability.
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Connection Diagram

linear IC connection diagrams (Note: All views are top views except for the LM 109 series)

PRODUCT
TYPE

METAL CAN PACKAGE
(TO-99 or TO-100)

FLAT PACKAGE

CAVITY
DUAL-IN-LINE
PACKAGE

MOLDED
DUAL-IN-LINE
. PACKAGE

LM101
LM201
LM101A
LM201A
LM301A

NOTE Prn 8 connected 10 case

NC
BAL / COMP
INPUT
INPUT

v

NDTE Pin § connected to bottom of package

U

NC 1 e — 14
Ne 7 —i —11
COMP/BAL 3wt — 12

INPUT 4 e b 11
INPUT § = 10
v 5 —f

Lo

NC 7 — ]

" e

e — & cowr

COMP
INPUT 2 =il p— 7 Vv

v

ouTPuT INPUT 3 =g — 6 OUTPUT

BAL

NC v "—l

" LM301AN Oniy

— s BAL

NCTE Pin 6 connected to bottom of package

LH101
LH201
LM107
LM207
LMm307

ouTeyT

NOTE Pin § connected to bottom of packsge

U

1 — —1a
PR —
3 — 12
INPUT ¢ —] p— 11
INPUT 5 =t p— 10
v s—-l ]
7 — —:2

NOTE Pin 6 connected t0 50Mom of package

NC 1 t— 8 NC

INPUT 2 =i pree 7V
v
ouTeyT INPUT 3 = f— 6 OUTPUT
v o4 — =5 NC

LM307N Only

U

LM310

NOTE Pin 4 connected 10 case

NOTE Pin 6 connected to bottom of package.

LM110/210/310 Qaly

LM108 - .
comMp 7 — | —
LM208 . .
P GUARD 3 — —12 cowe
LM308 INPUT INPUT & —d — 11 V*
: LM108A NPUT INPUT 5 ] — 10 oureur
INPUTS
LMZOSA GUARD GUARD § ——df 13 BAL
NOTE Pin 6 cannected to bottom of package Vo7 — -
v
LM308A NOTE Pt ot com
NOTE  Pun 7 connected to bottom of package
LM102 ] .
70— 13
LMZUZ Ne e . 1)
- N ~ . . BAL 3 —ed b—12 saL
LM302 Ne s v ne 4=l 1 v*
LM1 10 INPUT = oureur INPUT 5 et L— 10 outeur
LM21U v J——0 BOOSTER Vo p—y ——3  BOOSTER
NOTE Pin 5 connected to bottom of package 71— L

LM100
LM200
LM300
LM105
Lvi205
LM305
LM305A
LM376

REG
ouTPUT
CURRENT
umiT

BOOSTER
OUTPUT

UNREG
INPUT o

GROUND

NOTE Pin 4 connected to case

LM305A In Metal Can Only

v e - 10 ne
BOOSTER = CURRENT
ouTeU ? 9 b
UNREG 3 . REG
INPUT ouTPYT
cRouno =74  —t
svp‘}\[s; 5 6 [ FeeoeACK

NOTE Pin 8 connected to bottom of package

REG
CURRENT LIMIT  § =g J }—B QUTPUT
BOOSTER , ] l—7 come
outPyuT
[ ae— fom 6 FEEDBACK
INPUT
5 BEF
GROUND 4~ =5 evpass

LM376N Only

LM103

NOTE Pia 2 connected to case

TO-46

weiberq uoigsauuo)



PRODUCT
TYPE

CAVITY
METAL CAN PACKAGE
{T0-99 or TO-100) FLAT PACKAGE DUAL-IN-LINE

PACKAGE

MOLDED

DUAL-IN-LINE
PACKAGE

Connection Diagram

LM104
LM204
LM304

REF 10 [ NC
RE
suPRLY o3 Ao
COMP s 2 GROUND
UNREG REG
NPUT 7 ==3 output
CURRENT
LmiT 6 ) BOOSTER
UNREG NOTE Fin 4 connected to bottom of package.
INPUT

NOTE: Pin 5 connected to can,

LM109
LM209
LM309

INPUT
QUTPUT
— GROUND

TO-5

o
weut ———fO o ouTRUT
1 B
(o] GROUND

TO-3
NOTE: Casa 15 ground.
BOTTOM VIEW

LM106
Lvi206
LM306

NG NE
GROUND T NC
NeuT T NC
[LLTLY w— vt

NOTE Pin 6 connected to bottom of package

NOTE Pin 4 cannected to case

1= U =14
GROUND 2 — =13
INPUT 3 e =12
tll‘\nn;::: INPUT & = > = v
. 5 —y — 10
I.M31 1 Vo 5] e 5 QUTPUT
NOTE: Pin 5 connected to bottom of package. saL 7 — - By
NOTE: Pin 4 connected to case.
NOTE. Pin 6 connected to bottom of package.
- YV L.
2 e b—13
INPUT COMP 3 emreed p=—12 INPUT COMP
LM709 ot 1+ — S
LM7090 INPUT 5= f—10 ouTPUY
VT gy b3 0UTPUT COMP
7] ]
NOTE P10 4 connected to case
LM709CN Only
11— U peee 14
GROUND 2 =g peee 13
(4} INPUT 3 en P12
LM71 UA {-1 INPUT 4 ~— b= 11 sVec ISUPPLY)
LM710C . .
“Vee (SUPPLY) 6 =rp b—19 ourrur
7 nd P—1

NOTE Pin 4 connested 1o case

LM710CN Only




PRODUCT
TYPE

METAL CAN PACKAGE
(TO-99 or TO-100)

CAVITY
FLAT PACKAGE
PACKAGE

DUAL-IN-LINE

MOLDED

DUAL-IN-LINE

PACKAGE

LM711
LM711C

1 —

=) INPUT A" 2
(HINPUT VA" 3

Ve (SUPPLY) 4 =t

U

>
>

1
P— 13 STROBE “A”
12 GROUND

— 11 e isurrLy)

(+} INPUT “B" 5 === == 1¢  QUTPUT
{-HINPUT “B" 6 =g f—— 9  STROBE “B"
. 21— .
NOTE: Pin 5 cannected to case
LMT11CN Only
NC l l
OFFSET NULL 1 ot — 8 NC

OFFSET NULL

Ne §

LM741 OFFSET NULL -INPUT 2 —— — 7 v
INV INPUT OuTPUT
-INPUT {
LM741C ANPUT 3 e — & ouTPUT
NONANY INPUT OFFSETNULL HINPUT d
V]
v A 5 OFFSETNULL
NOTE Pin 8 connected to case
LM741CN Only
wo, U |, OFFsET W, | U 14 OFFSET
INPUT A NULLA INPUT A NULLA
nonvy | v NoNNY , | v
ouTPUT B weura 2 N BV whuta 2 N BV
OFFSET 3 A 12 0UTPUT A OFFSET 3 ] A 12 oUTPUT A
v NULLA NULL A
LM747 5 ,
v- 4 —f —11 ne V- 4 — b—11 ne
(7) -weurs + +
oFrser | oFeser |
LM747 c otte § B 10 DUTPUTB Yo 8 8 10 QUTPUTB
“INPUT B _ 5
nonawy o | P nowny | -
wPure © oV weurs © 8 v
wy o] | g oFFsET we o, | OFFSET
weute 7 ® NoiLe weure 7 |- nuLL g

LM747CN Only

LM748
LM748C

ouTPUT

INPUTS

NOTE Pin d connmted to case

o LI
U INPUT HIGH 1 — 8 NC
DECOUPLING ouTPyuT
LM703L o > ' GROUND 2 —— [——"7 DECOUPLING
INPYT HIGH oko INPUT LOW NPUT LOW 3 N o v
GROUND N 4 — —75 outeur
NOTE Pin d connected to case.
INPUT  § eed ~ =14 Vo
NPUT 14 —13
LM170 3 CONTROLC 3 v e 12
LM270 ouTPUT CONTROL B 4 ~mef —11 outePur
- SQUELCH
SQUELCH 5 —d L o
LM370 THRESHOLD THRESHOLD
saueLcH — b g SQUELCH
o CONTROLA § 9 Guteur
GROUND GROUND 7 e —¢

LM370N Only

LM171
LM271
LM371

ouTPUT
LOW
INPUT BIAS
HIGH Tap
ouTPUT
BIAS ° WIGH
EF INPUT
VOLTAGE o Low
CURRENT CURRENT
SOURCE BIAS SOURCE BASE

GROUND

weibeig uonossuuon



Connection Diagram

PRODUCT ' METAL CAN PACKAGE DUAL ANV INE DURCEDED &
TYPE {T0-99 or TO-100) WP AGKAGH
PACKAGE PACKAGE
U
AcesTAGe || |14 +vec
22— —13
LM1 72 mrﬂ: B t‘:g:s'rl:‘IEY

LM272
LM372

GAIN STAGE , _| | o AUDIO
eyt ° 1" outeut
o ‘ s

GROUND 7— P8 puaenBack
U U
Cexr 1 16 v Cexr 1 —15 v
2 — t— 15 STROBE A 2 —4 o =15 STROBE A
msr< OIFF o~
LM5520 wuTA S 3 t— 14 GATE @ WA ] {—1a cate
|.|V|7 520 REF -a— — 13 OuTPUT O n(r< -4 — t— 13 OUTPUT @
LM5521 wPuTSN L 12 oureur Wt S, g | —
LM7521 e~ §— }— 11 STROBE 8 W;< Bj — 11 sTROBE 8
weute < ; _| 10 GATE @ INPUTE NS [~ 10 GaTe @
v s 9 GROUND (S l— 9 Gcrouno
U U
Cexr 11— 16 v Cext 11— =16 v
27—} {— 15 STROBE A 2] {— 15 STROBE A
LM5522 DIFF DIFF
INPUT & 3— t—14 GATE INPUT A& 3 — — 14 GATE
LM7522 nu< -4 [—13 GROUND2 REF -4 —13  cRouND 2
LM5523 TN - s t—12 OUTRUT ¥ INPUTN . g ] t 12 OUTPUT ¥
WF< 65— P~ 11 STROBE B oIFE " 5 — t— 11 STROBE B
LM7523 INPUT 8 17— 10 & INPUT BTN 5 ] w0 e
v " — — 9 GROUND 1 v — 9 GROUND1
LM7522N and LM7523N Only
U U
Cext 1~ 16 v* Cext 1 = 6oV
LM5524 DIFF L {15 STROBE A OIFF 2 — t— 15 STROBE A
WPUTA ™ 3 — 14 ouTPUT A INPUTA N, 3 {— 14 OUTPUT &
LM7524 ReF " 4 =13 GROUND2 aee - 4 =13 GROUND2Z
LM5525 WPUT S Lu ouTPUT 8 INPUT S L 12 outPuTB
s~ 5= Ln STROBE 8 o - 5 =1 1— 11 STROBE &
LM7525 weute N, Lo nc weute N, Low we
o1 S GROUND1 -8 -9 caouno1
LM7524N and LM7525N Only
U U
. Cexr 11— -1 v+ Cexr 1 % v
TEST TEST
LM5528 ore i 5 o a oiee 27 =% somr A
INPLT A 3 {—14  STROBE A INPUT A 3 - t—14  STROBE A
LM7528 “,<f 44— 5—!3 OUTPUT A REF <- 4 — {— 13 OUTPUT A
LM5529 NPT g E—lz OUTPUT 8 INPUT S5 12 oureuT 8
LM7529 oipf - 8 = — 11 STROBE B Difs - & — — 11 STROBE 8
INPUT B INPUT & TEST
T 1 Imv 8 T A = somte
v o8 [~9 GcRounD v ] — 9 GROUND

LM7528N and LM7529N Only




PRODUCT
TYPE

METAL CAN PACKAGE

FLAT PACKAGE

MOLDED

DUAL-IN-LINE

PACKAGE

NHO0001
NHO001C

wpuT 1 — |— 14 iveuT
CLAMP & COMP
- oureet , __ | |
mvnv=| comp 2 13 NC
ouTPUT .y L, ouTPUT
comp =2 v 3 "2 comp
3
NHO0001A i — ne 1+ —| -
INPUT CLAMP &
cowr —— ouTpuT comp ° [N
CLAMP & ]
comP NG 6 ] — v
INPUT COMP Vour 7—§ L5 nc
POSITIVE BIAS 1 —— }— 10 nC
N H 0002 POSITIVE BIAS 2 aeed p—9 NC
NHﬂuan INPUT 1———{>——5 ouTPYT
NEGATIVE 81AS 4 =t — 1 NC
outeuT NEGATIVE BIAS 5 =] p— & NC

NHO0003
NH0003C

NHO004
NHO004C

NHO0005
NHO005A
NH0005C

weibeig uoilgssuuo)



Connection Diagram

PRODUCT
TYPE

METAL CAN PACKAGE

NH0020

INV INPUT

NH0022

NOTE Pin 4 cannected to case

NH0023

*Tie pownt for opesation
with V= 15V only

Note: For those connection diagrams not listed, refer to the specific device data sheet.
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New Products

LM112/LM212/LM312 micropower operational amplifiers

general description

The LM112, LM212 and LM312 are micropower
operational amplifiers with very low offset-voltage
and input-current errors—for the LM112 and
LM212, at least a factor of ten better than FET
amplifiers over a -55°C to 125°C temperature
range. Similar to the LM108 series, that also use
supergain transistors,” they differ in that they
include internal frequency compensation and have
provisions for offset adjustment with a single
potentiometer.

These amplifiers will operate on supply voltages of
+2V to 20V, drawing a quiescent current of only
300 uA. Performance is not appreciably affected
over this range of voltages, so operation from
unregulated power sources is easily accomplished.
They can also be run from a single supply like the
5V used for digital circuits. Some noteworthy
features are: :

® | ow noise

connection diagrams

BALANCE

NO CONNECTION &

GUARD &

OUTPUT [LT.1T) g v 3
INPUT o]
GUARD £

INPUTS

COMPENSATION

Nots: Pin 4 connected to case.
TOP VIEW

Note: Pin 6 connected 10 bottom of package
TOP VIEW

® Guaranteed drift specifications

® Long term stability typically 3 uV/year

The LM112 series are the first IC amplifiers to
improve reliability by including overvoltage pro-
tection for the MOS compensation capacitor.
Without this feature, IC's have been known to
suffer catastrophic failure caused by short-dura-
tion overvoltage spikes on the supplies. Unlike
other internally-compensated IC amplifiers, it is
possible to overcompensate with an external
capacitor to increase stability margin.

The LM212 is identical to the LM112, except that
the LM212 has its performance guaranteed over a
-25°C to 85°C temperature range, instead of
-55°C to 125°C. The LM312 has its performance
guaranteed over a 0°C to 70°C temperature range.

*Patent pending

- 1
BALANCE 2 =i — 13
>BALANCE GUARD 3 —o b—— 12 BALANCE
v INPUT 4 = — 11 V*
ouTPUT INPUT 5 = >-I 10 ouTPUT

v GUARD § == p===9 COMPENSATION

Vo7 ey o §

Note: Pin 7 connected to bottom of package
TOP VIEW

CLEWT/ZLZINT/CLLINT



LM113,LM565

LM113 reference diode
general description

The LM113 is a temperature-compensated, low-
voltage reference diode. It features extremely-tight
regulation over a wide range of operating currents
in addition to an unusually-low breakdown voltage
and good temperature stability. )

The diode is synthesized using transistors and resis-
tors in a monolithic integrated circuit. As such, it
has the same low noise and long term stability as
modern IC op amps. Further, output voltage of
the reference depends only on highly-predictable
properties of components in the IC; so it can be
manufactured and supplied to tight tolerances.
Qutstanding features include:

connection diagram

TOP VIEW

® | ow breakdown voltage: 1.230V

® Dynamic impedance of 0.3(2 from 500 uA to
20 mA

m Temperature stability typically 1% over —-565°C
to 125°C range

®m Tight tolerance: *5% standard, 2% and 1%
on special order.

The characteristics of this reference recommend it
for use in bias-regulation circuitry, in low-voltage
power supplies or in battery powered equipment.
The fact that the breakdown voltage is equal to a
physical property of silicon—the energy-band-gap
voltage—makes it useful for many temperature-
compensation and temperature-measurement
functions.

NOTE: Pin 2 connected to case.

LM5A65 phase locked loop

general description

The LMG565 phase locked foop (PLL) is a self-
contained, adaptable filter and demodulator for
the frequency range from 0.001 Hz to 500 kHz.
The circuit comprises a voltage-controlled oscil-
lator of exceptional stability and linearity, a phase
comparator, an amplifier and a low-pass filter. The
center frequency of the PLL is determined by the
free-running frequency of the VCO; this frequency
can be adjusted externally with a resistor or a
capacitor. The low pass filter, which determines
the capture characteristics of the loop, is formed
by an internal resistor and an external capacitor.
Features include: )

m Extreme stability of center
200 ppm/°C typ

m Wide range of operating voltage—*5 to 12 volts
with very small frequency drift—100 ppm/°C
typ )

® Very high
put—0.5% typ

m Center frequency programming by means of a
resistor, capacitor, voltage or current

connection diagrams

frequency—

linearity of demodulated out-

CFORVco

RFORVco

PHASE COMPARATOR
Veo INPUT

TOP VIEW

® TTL and DTL compatible square-wave output;
loop can be opened to insert digital frequency
divider

® Highly linear triang!e wave output

m Reference output for connection of comparator
in frequency discriminator

® Bandpass, édjustable from <+1% to >*60%

® Frequency adjustable over 10 to 1 range with
same capacitor

Applications include:

®m Frequency shift keying

® Modems

® Telemetry receivers

® Tone decoders

® SCA receivers

® Wideband FM discriminators
® Data synchronizers

® Tracking filters

® Signal restoration

m Frequency multiplication & division

1 14

V™ ot e NC

PHASE
MP 13
Col L

INPUT
3 — |2
INPUT = b— nc
veo 4] | 0
oUTPUT Veo Ne
PHASE COMPARATOR __5 n_

Vco INPUT l L]

REFERENCE __6 —L 9

ouTPUT | | e B

DEMODULATED __7 i 8
ouTPUT — I

TOP VIEW

EXTERNAL
€forVeo
EXTERNAL
RforVco
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LM723/LM723C voltage regulator

general description

The LM723/LM723C are voltage regulators
designed primarily for series regulator applications.
By itself, they will supply output cufrents up to
150 mA; but external transistors can be added to
provide any desired load current. The circuits
feature extremely low standby current drain, and
provision is made for either linear or foldback
current limiting.

The LM723C is identical to the LM723 except
that the LM723C has its performance guaranteed
over a 0°C to 70°C temperature range, instead of
-55°C to +125°C. Features include:

®m 160 mA output current without external pass
transistors

connection diagrams

CURRENT
LiMIT

FREQUENCY
COMPENSATION

CURRENT
SENSE

INVERTING
INPUT

NON-INVERTING
INPUT

NOTE: Pin 5 is connected to case

TOP VIEW

# Qutput currents in excess of 10A possible by
adding external transistors ’

B Maximum input voltage—40V

Output voltage adjustable from 2V to 37V

® Can be used as either a linear or switching
regulator

Applications include:

Series regulator

u

® Shunt regulator
® Current regulator
n

Temperature controller

U 14

p— N.C.

13 FREQUENCY
COMPENSATION

1
N.C. ot

2
CURRENT LIMIT ===

CURRENT _3] 12+
SENSE ~
4 11
INVERTING INPUT = b—v,
NON-INVERTING __5 | 1o _,
INPUT out
[
VR0gp mmd b—v,
7 8
V= —n.c.

TOP VIEW

LM1303 dual stereo preamplifier

general description

The LM1303 consist of two identical operational
amplifiers constructed on a single silicon chijp.
Intended for amplification of low-level stereo
signals, these devices feature:

connection diagram

B | ow input noise voltage

® High open-loop voltage gain

Large output voltage swing

® Short circuit protection.

1
OUTPUT 2w

outeut 2}
LAG 2

—

INPUT
L2 | _4
NON-INVERTING _5]

INPUT 2
INVERTING _6

INPUT 2
7

V= s

14

b vt

13
= OUTPUT 1

12 ouTPUT
LAG1
1

| weut
LAG 1

[ 9 NON-INVERTING
INPUT 1

8. INVERTING

INPUT 1

TOP VIEW
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LM1304, LM1305,LM1558/LM1458

LM1304, LM1305 FM multiplex stereo demodulator

general description

The LM1304 and LM1305 FM multiplex stereo
demodulators derive the left and right audio infor-
mation from the detected composite-signal. The
device eliminates the need for an external stereo-
channel separation control. The LM1305 is similar
to the LM1304 but permits the use of an external
stereo-channel separation control for maximum
separation. Additional features include:

connection diagram

® Operation practicable over wide power-supply
range—8-14V dc

Built-in stereo-indicator lamp driver
Total audio muting capability
Automatic switchi'ng—stereo-monaural

Monaural squelch capability

18 kHz
FILTER

19 kHz

FILTER
COMPOSITE
SIGNAL INPUT
STEREQ
SWITCH
AUDID

MUTE

LAMP

DRIVER

GND

1O P S P P P

U 14 DOUBLER

[~ DECOUPLING
13 38kHz
? TANK

RIGHT CHANNEL
[ outePut
11 LEFT CHANNEL
= ouTPuT
10 38 kHz

TANK
9 SEPARATION
™= ADJUSTMENT
8

Al

TOP VIEW

LM1558/LM1458 dual operational amplifiers

general description

The LM1558/LM1458 are general purpose dual
operational amplifiers. The two amplifiers share
a common bias network and power supply leads.
Otherwise their operation is completely
independent. -

Features of the LM1558/LM1458 include off-
set nulling, short circuit protection, internal fre-
quency compensation, wide common mode and
differential mode range. Power drain is reduced by
sharing bias resistors. Additional features inciude:

m No frequency compensation required

® Short-circuit protection

connection diagrams

v+
QUTPUT A QUTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT B

TOP VIEW

® Wide common-mode and differential voltage
ranges

B | ow-power consumption
® No latch-up
8-lead TO-5 and 8-lead mini DIP

The LM1458 is identical to the LM1558 except
that the LM1458 has its specifications guaranteed
over the temperature range from 0°C to 70°C
instead of -55°C to +125°C.

T s
OUTPUT A — V"

2 7
INVERTING INPUT A ===y e QUTPUT B

NON-INVERTING _3

INPUT A INVERTING INPUT B

4 5 ___ NON-INVERTING
Vo= INPUT B

TOP VIEW
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LM3028A/LM3028B/LM3053 rf/if amplifier

general description

The LM3028A/LM3028B/LM3053 are monolithic
RF/IF amplifiers intended for emitter-coupled
(differential) or cascode amplifier operation from
dc to 120 MHz in industrial and communications
equipment. The LM3028B is similar to the
LM3028A, but has premium performance with
tighter limits in offset voltage and current, bias
current and voltage gain. The LM3053 is similar to
the LM3028A/LM3028B, but is recommended for
IF amplifier operation with less critical dc param-
eters. The devices are direct plug-in replacements
for their respective CA equivalents. Features
include:

® Controlled for input offset voltage, input offset
current, and input bias current®

m Balanced differential amplifier configuration
with controlled constant-current source to
provide unexcelled versatility

® Single- and dual-ended operation-

*Does not apply to the LM3053

connection diagram

INPUT
HIGH

m Operation from dc to 120 MHz*
® Balanced-AGC capability *

® Wide operating-current range

Applications include:

® RF and IF linear amplifiers, both differential
and cascode

Mixers

Oscillators

Converters in commercial FM
DC, audio and sense amplifiers
Limiting IF amplifiers

Hybrid building block

Emitter-coupled switches

SUBSTRATE INPUT
AND CASE

CURRENT
SOURCE
EMITTER

TOP VIEW

LM3064 TV automatic fine-tuning circuit

general description

The LM3064 TV automatic fine-tuning circuit is
designed primarily for AFC (Automatic Frequency
Control) applications.

The LM3064 is functionally similar to the CA3044
and CA3044V1 but embodies a higher gain input

amplifier which provides a 20 dB improvement in .

sensitivity. The increased sensitivity extends the
application of a proven AFT system to TV

connection diagram

DETECTOR
INPYT

receivers with low level IF amplifiers. Additional
features include:

®m High gain input amplifier—18 mV input for
rated output

® Wide operating temperature range; -40°C to
+85°C

CONTROL VOLTAGE
oUTPUT

TOP VIEW
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LM3065,LH740A/LH740AC

LM3065 television sound system

general description

The LM3065 television sound system is a mono-
lithic integrated circuit which combines a multi-
stage |IF amplifier limiter, an FM detector, an
electronic attenuator, a zener diode regulated
power supply, and an audio amplifier-driver that is
designed to directly drive an NPN power transistor
or high-transconductance tube. Because the circuit
is so inclusive, a minimum number of external
components is required.

The LM3065 provides a high-performance multi-
stage subsystem for the sound system of a tele-
vision receiver. A particular feature is the elec-
tronic attenuator which performs the conventional
volume control function.

connection diagram

Outstanding features include:

m Ejectronic attenuator-replaces conventional
volume controf

m Differential peak detector-requires one single
tuned coil

® [nternal zener diode regulated supply

B |nherent high stability

®m Excellent AM rejection-50 dB typ. at 4.5 MHz

W | ow harmonic distortion

m High sensitivity-200 uV limiting (knee) at
4.5 MHz

8 Audio drive capability-6 mA p-p
B Undistorted audio output voltage-7V p-p

INPUT LOW 1

2 aunio input

(DECOUPLE)
INPUT HIGH -

3
GND

SUBSTRATE _ 4
(GND)

E Lmn( CONTROL
'B 12 :
AUDIO OUTPUT

Ve
(REGUEATED)

VOLUME __6
CONTROL

DE EMPHASIS —

—nc

10 DETECTOR
INPUT

vg—IF OUTPUT

8 _ DETECTOR

ouTRPUT

LH740A/LH740AC FET input operational amplifier

general description

The LH740A/LH740AC are FET input, general
purpose operational amplifiers with high -input
impedance, closely matched input characteristics,
and good slew rates. Input offset voltage is
typically 10.0 mV at 25°C, while input bias current
is less than 100 pA at 25°C. Offset current is
typically less than 40 pA at 25°C.

Features include:

= Internai 6 dB/octave frequency compensation
m Unity gain slew rate in excess of 6 V/us

® Unity gain bandwidth of 1 MHz

® Pin compatible with LM741, LM709, LM101A,
and uA740

connection diagram

OFFSET
ADJUST

® |nput offset is adjustable with a single 10k pot

m Excellent offset current match over tempera-
ture, typically 100 pA

®m QOutput is continuously short-circuit proof

m Excellent open loop gain, typically in excess of
100 dB

® Guaranteed over the full military temperature
range

The LH740A/LH740AC is intended to fulfill a
wide variety of applications requiring extremely
low bias currents such as integrators, sample and
hold amplifiers, and general purpose operational
amplifier applications.

TOP VIEW




NHOO021 operational amplifier
general description

The NHO0021 is a high power differential opera-
tional amplifier with one amp output current
capability. It is available in an 8-pin TO-3 package.
Applications include:

connection diagram

0UTPUT
{CASE)

m Servo drivers
m Hydraulic controls

u Motor drivers

TOP VIEW

NHO022/NH0022C FET input operational amplifier

general description

The NH0022/NH0022C is a FET input, general
purpose operational amplifier with high input
impedance, closely matched input characteristics,
good slew rates. Input offset voltage is typically
20mV for the NH0022 and 4.0mV for the
NH0022C at 25°C, while input bias current is less
than 10 pA at 25°C. Offset current is less than
0.2 pA at 25°C. Other important design features
include:

® [nternal 6 dB/octave frequency compensation
® Unity gain slew rate in excess of 3 V/us

B Unity gain bandwidth of 1 MHz

® |nput offset is adjustable with a single 10k pot

connection diagram

® Pin compatible with LM741, LM709, LM101A,
and uA740,

® Excellent offset current match over temperature,
typically 25 pA

® Qutput is continuously short-circuit proof

m Excellent open loop gain, typically in excess of
100 dB

The NHO0022/NH0022C is intended to fulfill a
wide variety of applications requiring extremely
low bias currents such as integrators, sample and
hold amplifiers, and general purpose operational
amplifier applications.

TOP VIEW
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NH0024 ,NHO0033

NHO0O024 operational amplifier

general description

The NHO0024 is a high speed operational amplifier

which is pin compatible with the LM709,
LM101A, and LM741. it is available in an 8-pin
TO-5 package. Features include:

connection diagram

m Unity gain slew rate of 500 V/us
® Small signal bandwidth of 20 MHz

TOP VIEW

NHOO033 voltage follower

general description

The NHO0033 is a high speed voltage follower with
a FET input and slew rates in excess of 1000 V/us.
It is available in a 12-pin TO-8 package. Additional
features include: '

connection diagram

= |mproved input characteristics
® Adjustable offset voltage

= High open Ioob gain

OFFSET

TOP VIEW
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Voltage Regulators

LM100/LM200/LM300 voltage regulators

genéral description

The LM100, LM200 and LM300 are integrated
voltage regulators designed for a wide range of
applications from digital power supplies to pre-
cision regulators for analog circuitry. Built on a
single silicon chip, these devices are encapsulated
in either an 8-lead, low profile TO-5 header or a
1/4 x 1/4 metal flat package. Outstanding char-
acteristics are:

®m Qutput voltage adjustable from 2V to 30V
(LM300 adjustable from 2V to 20V)

Better than one percent load and line regulation
One percent temperature stability
Adjustable short-circuit limiting

Output currents in excess of BA possible by
adding external transistors

® Can be used as either a linear or high-efficiency
switching regulator.

Additional features are fast response to both load
and line transients, small standby power dissipa-
tion, freedom from oscillations with varying
resistive and reactive loads, and the ability to start
reliably on any load within rating.

The LM100 is specified for operation over the
-55°C to +125°C military temperature range. The
LM200 and LM300 are low cost, commercial-
industrial versions of the LM100. They are identical
to the LM100 except that they are specified for
operation from -25°C to 85°C and from 0°C to
70°C respectively.

schematic and connection diagrams

JUNREGULATED
INPUT

2BOOSTER
ouTPUT

o
® L 02 <
o "0 SR 3 me
Tm\t YL 1 CURRENT
- R R1 Ve LIMIT
20K 14K

[ [ VWA VW

»l

8 REGULATED
ouTPUT

Y 3

a6 | 05

7

Rt
49K
R2

15K 5 REFERENCE

B 3

t A3
(Y > 22K

Y 4GROUND

Pin connections shown are for TO-5 package

typical applications

Basic Regulator Circuit

Vour

VOLTAGE
ADJUST

R3
>

GROUND

Vour

c2t
1uF

@~ GROUND

fSolid Tantalum

Metal Can

current Lmir (1
soosten outeut (2)

unrec INpUT (3 )

GROUND

NOTE: Pin 8 connected to case
TOP VIEW

Flat Package

ne S e
BOOSTER DUTPUT ] [=—"") CURREKT LIMIT
UNREG INPUT T [~ REG OuTPUT
GROUND T ) comp

REF 8YPASS (] [ FeEDBACK

NOTE: Pin 4 connected to battem of package
TOP VIEW

2A Regulator With Foldback Current Limiting

ANA—@-

R3
a7

a1
2N3055

I—w\—e

Solid tantatum

4 60 turns = 20 en Arnold Enginsering
™ A9301572 molybdenum permalioy
core.

*Solid untalum RS
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LM100/LM200/LM300

absolute maximum ratings
Input Voltage

LM100, LM200 : 40V

LM300 35V
Input-Output Voltage Differential

LM100, LM200 40V

LM300 30V
Power Dissipation (Note 1)

LM100, LM200 800 mW

LM300 500 mW
Operating Temperature Range

LM100, LM200 -55°C to +150°C

LM300 0°Cto 70°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (soldering, 10 sec) ’ 300°C

electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Range
LM100/LM200 8.5 40 v
LM300 85 30
Output Voltage Range
LM100/LM200 . 30
LM300 20 20 v
Output-Input Voltage
Differential
-LM100/LM200 30
LM300 3.0 20 v
Load Regulation {Note 3) Rsc = 0,16 <12mA 0.1 0.5 %
Line Regulation Vin = Voutr <5V 0.1 0.2 %/V
Vin = Vour <5V 0.05 0.1 %/V
Temperature Stability ,
LM100 -55°C < To < +125°C 0.3 1.0
LM200 -26°C < T, £85°C 0.3 1.0 %
LM300 0°C< T, <70°C 0.3 2.0
Feedback Sense Voltage 1.63 1.7 1.81 \
Output Noise Voltage - 10Hz < f< 10 kHz
CREF =0 0.005 %
Cger = 0.1 uF 0.002 %
Long Term Stability 0.1 1.0 %
Standby Cu,[fggt Drain
LM100/LM200 Vin = 40V
LM300 Vi = 30V 10 3.0 mA
Minimum Load Current
LM100/LM200 Vin - Vour = 30V
LM300 Vin = Vour = 20V 8 3.0 mA

Note 1: The maximum junction temperature of the LM100 is 150°C, while that of the LM200 is
100°C, and the LM300 is 85°C. For operating at elevated temperatures, devices in the TO-5 package
must be derated based on a thermal 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
a 1/16-inch-thick, epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. Peak
dissipations to 1.0W are allowable providing the dissipation rating is not exceeded with the power
averaged over a five second interval for the LM100 and LM200, and a two second interval for the
LM300.

Note 2: These specifications apply for an operating temperature between -55°C to +125°C for the
LM100, between ~25°C to 85°C for the LM200 and between 0°C to 70°C for the LM300 devices for
input and output voltages within the ranges given, and for a divider impedance seen by the feedback
terminal of 2 k), unless otherwise specified. The load and line regulation specifications are for
constant junction temperature. Temperature drift effects must be taken into account separately when
the unit is operating under conditions of high dissipation.

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of
external transistors. The improvement factor will be roughly equal to the composite current gain of
the added transistors.
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typical performance characteristics
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LM103 regulator diode

general description

The LM103 is a two-terminal monolithic regulator
diode electrically equivalent to a breakdown diode.
The device makes use of the reverse punch-through
of double-diffused transistors, combined with ac-
tive circuitry, to produce a breakdown character-
istic which is ten times sharper than single-junction
zener diodes at low voltages. Breakdown voltages
from 1.8V to 5.6V are available; and, although the
design is optimized for operation between 100 uA
and 1 pA, it is completely specified from 10 uA to
10 mA. Noteworthy features of the device are:

® Exceptionally sharp breakdown

® Low dynamic impedance from 10 uA to 10 mA

Voltage Regulators

® Performance guaranteed over full military tem-
perature range

® Planar, passivated junctions for stable operation
® Low capacitance.

The LM103, packaged in a hermetically sealed,
modified TO-46 header is useful in a wide range of
circuit applications from level shifting to simple
voltage regulation. It can also be employed with
operational amplifiers in producing breakpoints to
generate nonlinear transfer functions. Finally, its
unique characteristics recommend it as a reference
element in low voltage power supplies with input
voltages down to 4V.

schematic and connection diagrams
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absolute maximum ratings

Power Dissipation (note 1)
Reverse Current

Forward Current

Operating Temperature Range
Storage Temperature Range

250 mW
20 mA

100 mA

-55°C to 125°C
-65°C to 150°C

Lead Temperature (soldering, 60 sec) 300°C
electrical characteristics (Note2)
PARAMETER CONDITIONS MIN TYP | MAX | UNIT
Reverse Breakdown Voltage Change 10 uA<lIg <100 nA 60 120 mV
100 A <Ig <1mA 15 50 mV
1TmA<Ig <10 mA 50 150 mV
Reverse Dynamic Impedance {(Note 3) lg =3 mA 5 25 Q
Ig=0.3mA 15 60 SZA
Reverse Leakage Current Vg =Vz-0.2V 2 5 UA
Forward Voltage Drop lg =10 mA 0.7 0.8 1.0 \
Peak-to-Peak Broadband Noise Voltage 10 Hz<f< 100 kHz, Ig = 1T mA 300 uv
Reverse Breakdown Voltage Change 10 uA<Ig <100 A 200 mV
(Note 4) 100 uA<Ig < 1TmA 60 mV
1mA<Ig <10 mA 200 mV
Breakdown Voltage Temperature
Coefficient (Note 4) 100 uA<Ig < 1 mA -5.0 mV/°C

NO]O’E 1: For operating at elevated temperatures, the device must be derated based on a
150°C maximum junction temperature and a thermal resistance of 80°C/W junction to

case or 440°C/W junction to ambient (see curve).

NOTE 2: These specifications apply for T = 25°C and 1.8V <V < 5.6V unless stated
otherwise. The diode should not be operated with shunt capacitances between 100 pF
and 0.01 uF; unless isolated by at least a 5052 resistor, as it may oscillate at somecurrents.
NOTE 3: Measured with the peak-to-peak change of reverse current equal to 10 percent

of the dc reverse current.

NOTE 4: These specifications apply for -55°C< T, < 125°C.
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LM103

guaranteed reverse characteristics
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Voltage Regulators

LM104/LM204 negative regulators

general description

The LM104 and LM204 are precision voltage
regulators which can be programmed by a single
external resistor to supply any voltage from 40V
down to zero while operating from a single
unregulated supply. They can also provide
0.01-percent regulation in circuits using a separate,
floating bias supply, where the output voltage
is limited only by the breakdown of external
pass transistors. Although designed primarily as
linear, series regulators, the circuits can be used as
switching regulators, current regulators or in a
number of other control applications. Typical
performance characteristics are:

® 1 mV regulation no load to full load

® 0.01%/V line regulation

® 0.2 mV/V ripple rejection

% 0.3% temperature stability over military tem-
perature range

The LM104 and LM204 are complements of the
LM100 and LM105 positive regulators, intended
for systems requiring regulated negative voltages
which have a common ground with the unregu-
lated supply. By themselves, they can deliver
output currents to 25 mA, but external transistors
can be added to get any desired current. The
output voltage is set by external resistors, and
either constant or foldback current limiting is
made available.

schematic and connection diagrams
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LM104/LM204

absolute maximum ratings

Input Voltage 50V
Input-Output Voltage Differential 50V
Power Dissipation (Note 1) 500 mW

Operating Temperature Range

LM104
LM204
Storage Temperature Range

-55°C to 125°C
-25°C to 85°C
-65°C to 150°C

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Range -50 -8 \%
Output Voltage Range - -40 -0.015 Vv
Output-Input Voltage lo =20 mA 2.0 50 \%
Differential (Note 3) lo =5 mA 05 50 v
Load Regulation {Note 4) 0<15<20 mA
RSC = 1682 1 5 mV
Line Regulation (Note 5) Vout < —bV
AV|N =01 VIN 0.056 0.1 %
Ripple Rejection Cig=10uF,f=120 Hz
Vi <-15V 0.2 0.5 mV/V
-7V >Vy >-15V 0.5 1.0 mV/V
Output Voltage Scale Factor Ras = 2.4k 1.8 2.0 2.2 V/k§2
Temperature Stability Vo< -1V 0.3 1.0 %
Output Noise Voltage 10 Hz<f< 10 kHz
Vo< -bV,Cig=0 0.007 %
C19 =10 [JF 15 HV
Standby Current Drain IL=56mA, Vg =0 1.7 2.5 mA
Vo = -40V 3.6 5.0 mA -
Long Term Stability Vo <-1Vv 0.1 1.0 %

Note 1: The maximum junction temperature of the LM104 is 150°C, while that
of the LM204 is 100°C. For operating at elevated temperatures, devices in the
TO-5 package must be derated based on a thermal 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 a
1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper
conductors.

Note 2: These specifications apply for junction temperatures between —55°C and
150°C (between —25°C and 100°C for the LM204) and for input and output
voltages within the ranges given, unless otherwise specified. The load and line
regulation specifications are for constant junction temperature. Temperature drift
effects must be taken into account separately when the unit is operating under
conditions of high dissipation. )

Note 3: When external booster transistors are used, the minimum output-input
voltage differential is increased, in the worst case, by approximately 1V.

Note 4: The output currents given, as well as the load regulation, can be
increased by the addition of external transistors. The improvement factor will be
roughly equal to the composite current gain of the added transistors.

Note 5: With zero output, the dc line regulation is determined from the ripple
rejection. Hence, with output volitages between OV and -5V, a dc output
variation, determined from the ripple rejection, must be added to find the
worst-case line regulation.
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typical performance characteristics
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LM304 negative regulator
general description

The LM304 is a precision voltage regulator which
can be programmed by a single external resistor to
supply any volta:e from 30V down to zero while
operating from a single unrégulated supply. It can
also provide 0.01-percent regulation in circuits
using a separate, floating bias supply, where the
output voltage is limited only by the breakdown
of external pass transistors. Although designed
primarily as a linear, series regulator, the circuit
can be used as a switching regulator, a current
regulator or in a number of other control applica-
tions. Typical performance characteristics are:

Volfége Regulators

-m 0.2 mV/V ripple rejection

The LM304 is a complement of the LM300 and
LM305 positive regulatdrs, intended for systems
requiring regulated negative voltages which have a
common_ ground with the unregulated supply. By
itself, it can deliver output currents to 25 mA, but
external transistors can be added to get any de:
sired current. The output voltage is set by external
resistors, and either constant or foldback current

2K
R4

. 1mV . d d limiting is made available. The LM304 is a
mV regulation no load to full loa commercial/industrial version of the LM104 and
B 0.01%/V line regulation LM204.
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absolute maximum ratings

Input Voltage 40V
Input-OQutput Voltage Differential 40V
Power Dissipation (Note 1) . 500 mw
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Note?2)

PARAMETER : CONDITIONS MIN

TYP MAX UNITS
Input Voltage Range -40 -8 \%
Output Voltage Range -30 -0.035 \'%
Output-input Voltage lo =20 mA 2.0 40 \%
Differential (Note 3) lo=5mA 0.5 40 v
Load Regulation (Note 4) 0<Ip<20 mA
RSC = 15Q 1 5 mV
Line Regulation (Note 5) Vout £-5V
AV iN=0.1V |y 0.056 0.1 %
Ripple Rejection Cig=10uF, f=120Hz
Vin <-15V 0.2 0.5 mV/V
-7V >V |y > -15V 0.5 1.0 mvV/V
Output Voltage Scale Factor Ros = 2.4K 1.8 20 2.2 V/KS2
Temperature Stability Vo<-1V,0°C<TA<70°C 0.3 1.0 %
Output Noise Voltage 10Hz<f<10KHz '
’ Vo <-5V,Ci9=0 0.007 %
Cig=10uF 15 uv
Standby Current Drain IL=56mA,Vo=0 1.7 25 mA
Vo =-30V 3.6 5.0 mA
Long Term Stability VoL -1V 0.1 1.0 %

Note 1: For operating at elevated temperatures, the device must be derated based
on an 85°C maximum junction temperature and a thermal resistance of 45°C/W
junction to case or 1560°C/W junction to ambient. Peak dissipations to 1.0W are
allowable providing the dissipation rating is not exceeded with the power averaged
over a two second interval.

Note 2: These specifications apply for junction temperatures between 0°C and
85°C and for input and output voltages within the ranges given, unless otherwise
specified. The load and line regulation specifications are for constant junction
temperature. Temperature drift effects must be taken into account separately
when the unit is operating under conditions of high dissipation.

Note 3: When externall booster transistors are used, the minimum output-input
voltage differential is increased, in the worst case, by approximately 1V,

Note 4: The output currents given, as well as the load regulation, can be in-
creased by the addition of external transistors. The improvement factor will be
roughly equal to the composite current gain of the added transistors.

Note 5: With zero output, the dc line regulation is determined from the ripple
rejection. Hence, with output voltages between 0V and -5V, a dc output varia-
tion, determined from the ripple rejection, must be added to find the worst-case
line regulation.
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LM304

OUTPUT VOLTAGE DEVIATION (mV)

typical performance characteristics
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Voltage Regulators

LM105/LM205/LM305 voltage regulator

- general description

The LM105, LM205 and LM305 are positive volt-
age regulators similar to the LM100, except that
an extra gain stage has been added for improved
regulation. A redesign of the biasing circuitry
removes any minimum load current requirement
and at the same time reduces standby current
drain, permitting higher voltage operation. They
are direct, plug-in replacements for the LM100 in
both linear and switching regulator circuits with
output voltages greater than 4.5V. Important
characteristics of the circuits are: )

® Qutput voltage adjustable from 4.5V to 40V

m Qutput currents in excess of 10A possible by
adding external transistors

® | oad regulaﬁon better than 0.1%, full load with
current limiting

®m DC line regulation guaranteed at 0.03%/V
m Ripple rejection of 6.01%/V

Like the LM100, they also feature fast response to
both load and line transients, freedom from
oscillations with varying resistive and reactive
loads and the ability to start reliably on any load
within rating. The circuits are built on a single
silicon chip and are supplied in either an 8-fead,
TO-5 header or a 1/4” x 1/4" metal flat package.

The LM205 is identical to the LM105 except that
it is specified for operation from -25°C to 85°C.

The LM305 is specified for operation from 0°C to
70°C and for output voltages to 30V.

schematic and connection diagrams
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LM105/LM205/LM305

absolute maximum

input Voltage
LM105, LM205
LM305
Input-Output Voltage Differential
Power Dissipation (Note 1)
LM105, LM205
LM305
Operating Temperature Range
LM105
LM205
LM305
Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

ratings

50V
40V
40V

800 mW

500 mW

0°C to 70°C
-65°C to +85°C
-25°C to +150°C
0°C to 70°C
-65°C to 150°C
300°C

electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Range
LM105, LM205 8.5 50 v
LM305 8.5 40 v
Output Voltage Range
LM105, LM205 45 40 v
LM305 45 30 v
Output-Input Voltage
Differential 3.0 30 v
Load Regulation (Note 3)
LM105 0<1p < 12mA
Rgc = 1882, Ta = 25°C 0.02 0.05 %
Rsc = 1082, Ta = 125°C 0.03 0.1 %
Rsc = 18§, T = -565°C 1 0.03 0.1 %
LM205 0< 1, €12 A
Rsc = 18§, T = 25°C 0.02 0.05 %
Rsc = 10§, To = 85°C ) 0.03 0.1 %
Rsc = 1892, Tp = -25°C 0.03 0.1 %
" LM305 0<Iip <12mA
Rsc = 1882, To = 25°C 0.02 0.05 %
Rgc = 1682, T = 70°C 0.03 0.1 %
Rsc = 18§2. To =0°C 0.03 0.0 %
Line Regulation Vin - Vour < BV 0.025 0.06 %IV
Vin - Vour > BV 0.015 0.03 %/V
Ripple Rejection Crer = 10uF, f= 120 Hz 0.003 0.01 %/V
Temperature Stability
LM105 -65°C < T < 125°C 03 1.0 %
LM205 -25°C < T < 85°C 0.3 1.0 %
LM305 0°C< T £70°C 0.3 1.0 %
Feedback Sense Voltage 1.63 1.7 1.81 \
Output Noise Voltage 10 Hz <f<10kHz
Crer = 0 0.005 %
Crer > 0.1 uF 0.002 %
Standby Current Drain
LM105, LM205 Vin = 40V . 08 2.0 mA
LM305 Vin = 50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %

Note 1: The maximum junction temperature of the LM105 is 150°C, while that for the LM205 is
100°C, and that for the LM305 is 85°C. For operating at elevated temperatures, devices in the TO-5
package must be derated based on a thermal resistance of 1560°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 a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors.
Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power
averaged over a five second interval for the LM105 and LM205, and averaged over a two second
interval for the LM305.

Note 2: These specifications apply for input and output voltages within the ranges given, and for a
divider impedance seen by the feedback terminal of 2 k2, unless otherwise specified. The ioad and
line regulation specifications are for constant junction temperature. Temperature drift effects must be
taken into account separately when the unit is operating under conditions of high dissipation. With the
LM205, however, all temperature specifications are limited to -25°C to 85°C.

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of
external transistors. The improvement factor will be roughly equal to the composite current gain of
the added transistors.
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typical performance characteristics
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LM305A

NN

LM305A voltage regulator
general description

The LM305A is a positive voltage regulator de-
signed primarily for commercial series regulator
applications. By itself, it will supply output
currents up to 45 mA; but external transistors can
be added to provide any desired load current. The
circuit features extremely low standby current
drain, and provision is made for either linear or
fotdback current limiting. Important
characteristics are:

.® 45 mA output current without external pass

transistor

Voltage Regulators

® Qutput currents in excess of 10A possible by
adding external transistors

= Maximum input voltage = 50V
® Qutput voltage adjustable from 4.5V to 40V

® Can be used as either a linear or a switching
regulator

The LM305A is also useful in a wide range of
other applications such as a shunt regulator, a
current regulator or a temperature controller.

schematic and connection diagrams
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absolute maximum ratings

Input Voltage 50V
Input-Output Voltage Differential 40V
Power Dissipation (Note 1) 800 mW
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 60 sec) 300°C

"~ electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Range 8.5 50 \
Output Voltage Range 45 40 Y
Output-Input Voltage 3.0 30 Vv

Ditferential
Load Regulation 0< 15 <45 mA
(Note 3) Rge = 09, To =25°C 0.02 0.2 %
Rgc =09, T, =70°C 0.03 0.4. %
Rge =09, T5 =0°C 003 0.4 %
Line Regulation Vin = VouT <5V 0.025 0.06 %IV
Vin - Vour > 5BV 0.015 0.03 %/V
Ripple Rejection Crer = 10 uF, =120 Hz 0.003 %/V
Temperature Stability 0°C< T, <70°C 0.3 1.0 %
Feedback Sense Voltage 1.55 1.7 1.85 vV
Output Noise Voltage 10 Hz < f< 10 kHz
CREF =0 0.005 %
Crer ~ 0.1 uF 0.002 %
Current Limit Sense Rgc = 102, T4 =25°C, 225 300 375 mV
Voltage (Note 4) Vout =0V
Standby Current Drain Vin =50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %

Note 1: For operating at elevated temperatures, the device must be derated based
on a 150°C maximum junction temperature and a thermal resistance of 45°C/w
junction to case or 150°C/W junction to ambient.

Note 2: These specifications apply for an operating temperature between 0°c
and 70°C, for input and output voltages within the ranges given, and for a divider
impedance seen by the feedback terminal of 2 K2, unless otherwise specified.
The load and line regulation specifications are for constant junction temperature.
Temperature drift effects must be taken into account separately when the unitis
operating under conditions of high dissipation.

Note 3: The output currents given;, as well as the load regulation, can be
increased by the addition of external transistors. The improvement factor will be
roughly equal to the composite current gain of the added transistors.

Note 4: With no external pass transistor.
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LM109/LM209 five-volt regulators

general description

The LM109 and LM209 are complete 5V
regulators fabricated on a single silicon chip. They
are designed for local regulation on digital logic
cards, eliminating the distribution problems associ-
ated with single-point regulation. The devices are
available in two common transistor packages. In
the solid-kovar TO-5 header, it can deliver output
currents in excess of 200 mA, if adequate heat
sinking is provided. With the TO-3 power package,
the available output current is greater than 1A.

The regulators are essentially blow-out proof.
Current limiting is included to limit the peak
output current to a safe value. In addition, thermal
shutdown is provided to keep the [C from
overheating. If internal dissipation becomes too
great, the regulator will shut down to prevent
excessive heating.

Considerable effort was expended to make these
devices easy to use and minimize the number of
external components. It is not necessary to bypass
the output, although this does improve transient

Voltage Regulators

response somewhat. Input bypassing is needed,
however, if the regulator is located very far from
the filter capacitor of the power supply. Stability
is also achieved by methods that provide very good
rejection of load or line transients as are usually
seen with TTL logic.

Although designed primarily as a fixed-voltage
regulator, the output of the LM109 and LM209
can be set to voltages above 5V, as shdyvn below.
It is also possible to use the circuits as the control
element in precision regulators, taking advantage
of the good current-handling capability and the
thermal overload protection.

To summarize, outstanding features of the regula-
tor are:

m Specified to be complete, worst case, with TTL
and DTL

® Qutput current in excess of 1A

®m |nternal thermal overioad protection

m No external components required

schematic di'agranﬁ
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absolute maximum ratings

Input Voltage
Power Dissipation

Operating Junction Temperature Range

Storage Temperature Range

35V
Internally Limited
-55°C to 150°C
-65°C to 150°C

Lead Temperature (Soldering, 10 sec) 300°C
design characteristics (Note 1)

PARAMETER CONDITIONS V MIN TYP MAX UNITS
Output Voltage T,=25°C 4.7 5.05 5.3 Vv
Line Regulation T= 25°C .

7V <V N <25V 4 50 mV
Load Regulation T = 25°C
LM109H 5mA<loutr <0.5A 20 50 mV
LM109K 5mA<ipour<15A 50 100 mV
Output Voltage 7V <V,y <25V
5mA <lout < Imax :
P <Prax 46 5.4 \Y
Quiescent Current 7V <Vy <25V 5.2 10 mA
Quiescent Current Change 7V LV iy <25V 0.5 mA
5mASIOUT§ |max 0.8 mA
Output Noise Voltage Ta=25°C
10 Hz << 100 kHz 40 uv
Long Term Stability 10 mV
Thermal Resistance
Junction to Case (Note 2)
LM109H 15 ‘c/w
LM109K '3 ‘c/w

Note 1: Unless otherwise specified, these specifications apply for —55°C STj < 150°C (-25°C ST;
< 150°C for the LM209), V|n = 10V and IgyuT = 0.1A for the TO-5 package or IgyT = 0.5A for the
TO-3 package. For the TO-5 package, Imax = 0.2A and Ppax = 2.0W. For the TO-3 package,

Imax = 1.0A and P pax = 20W.

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that
of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can

only approach the values specified, depending on the efficiency of the sink.
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LM109/LM209

typical performance
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LM309 five-volt regulator

general description

The LM309 is a complete 5V regulator fabricated
on a single silicon chip. It is designed for local
regulation on digital logic cards, eliminating the
distribution problems associated with single-point
regulation. The device is available in two common
transistor packages. In the solid-kovar TO-b
header, it can deliver output currents in excess of
200 mA, if adequate heat sinking is provided. With
the TO-3 power package, the available output
current is greater than TA.

The regulator is essentially blow-out proof.
Current limiting is included to limit the peak
output current to a safe value. In addition, thermal
shutdown is provided to keep the IC from
overheating. If internal dissipation becomes too
great, the regulator will shut down to prevent
excessive heating.

Considerable effort was expended to make the
LM309 easy to use and minimize the -number of
external components. It is not necessary to bypass
the output, although this does improve transient

Voltage Regulators

response somewhat. Input bypassing is needed,
however, if the regulator is located very far from
the filter capacitor of the power supply. Stability
is also achieved by methods that provide very good
rejection of load or line transients as are usually
seen with TTL logic.

Although designed primarily as a fixed-voltage
regulator; the output of the LM309 can be set to
voltages above 5V, as shown below. It is also
possible to use the circuit as the control element in
precision regulators, taking advantage of the good
current-handling capability and the thermal over-
load protection.

To summarize, outstanding features of the regula-
tor are: :

®m Specified to be compatible, worst case, with.
TTLand DTL

® Qutput current in excess of 1A

® |nternal thermal overload protection

® No external components required

schematic diagram
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LM309

absolute maximum ratings

Input Voltage

Power Dissipation

Operating Junction Temperature Range
Storage Temperature Range

35V

Internally Limited
0°C to 125°C
-65°C to 150°C

Lead Temperature (Soldering, 10 sec) 300°C
design characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
" . Output Voltage T,=25°C 4.3 5.05 5.2 Vv
Line Regulation T= 25°C
7V <V, y< 25V 4.0 50 mV
L.oad Regulation T = 25°C
LM309H EmA<ligyt <0.6A 20 50 mV
LM309K 5mA<IgyT < 1.6A 50 100 mV
Output Voltage VLV )y <28V
5mA < IOUT < ‘max
- - . . \
P<P__ 4.75 5.25
Quiescent Current 7V <V iy <25V 5.2 10 mA
Quiescent Current Change 7V <V <25V 0.5 mA
' smAglou-rSlmax 0.8 mA
Output Noise Voltage Ta = 25°C
10 Hz < £ < 100 kHz 40 uv
Long Term Stability 20 mV
Thermal Resistance
Junction to Case (Note 2)
LM309H 15 °c/w
LM309K 3.0 °c/w

Note 1: Unless otherwise specified, these specifications apply for 0°C <T;<125°C, V| = 10V and
louT = 0.1A for the LM309H or IgyT = 0.BA for the LM309K. For the LM309H, | yax = 0.2A and
Pmax = 2.0W. For the LM309K, I yyax = 1.0A and Pyyax = 20W.
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that -
of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can

only approach the values specified, depending on the efficiency of the sink.
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typical performance
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LM114/LM114A/LM115/LM115A

NN

Voltage Regulators

LM114/LM114A/LM115/LM115A transistor pairs

general description

These devices contain a pair of junction-isolated
NPN transistors fabricated on a single silicon sub-
strate. This monolithic structure makes possible
extremely-tight parameter matching at low cost.
Further, advanced processing techniques yield ex-
ceptionally high current gains at low collector cur-
rents, virtual elimination of “popcorn noise,”’ low
leakages and improved long-term stability., Some
of the major features of these pairs are indicated
by the following specifications:

® Low offset voltage—0.5 mV maximum

® {ow drift—2 uV/°C maximum from -55°C to
125°C

High current gain—500 minimum at 10 yA
Tight beta match—10% maximum

High breakdown voltage—to 60V

Matching guaranteed over a OV to 45V collector-
base voltage range.

.Although designed primarily for high breakdown
voltage and exceptional dc characteristics, these
transistors have surprisingly good high-frequency
performance. The gain-bandwidth product is
450 MHz with 1 mA collector current and 5V
collector-base voltage and 22 MHz with 10 uA col-
lector current. Collector-base capacitance is only
1.3 pF at bV.

connection diagram

TOP VIEW

absolute maximum ratings

LM114 LM115

LM114A  LM115A
Collector-Base Voltage (BV.g0) 45V 60V
Collector-Emitter Voltage (BVceR) 45V 60V
Collector-Collector Voltage 45V 60V
Emitter-Emitter Voltage 45V 60V
Emitter-Base Voltage (BVg o) 6V
Collector Current 20 mA
Total Power Dissipation {Note 1) 1.8W

Operating Junction Temperature
Storage Temperature
Lead Temperature (soldering, 10 sec)

-55°C to 150°C
-65°C to 150°C
300°C

Note 1: The maximum dissipation given is for a 25°C case temperature. For operation under other
conditions, the device must be derated based on a 150°C maximum junction temperature and a ther-
mal resistance of 70°C/W junction to case or 230°C/W junction to ambient.
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electrical characteristics (Note 2)

PARAMETER CONDIT MAXIMUM LIMITS UNITS
IONS TMi14 TM114A iM115 LM115A
Offset Voltage T uA <1< 100 A 20 05 20 0.5 mV
lc =10 A 10 2.0 10 2.0 nA
Offset Current lo= 1A 0.5 0.5 nA
. Ic = 10 uA 40 20 40 40 nA
Bias Current = 14A 30 6.0 nA
Offset Voltage Change OV < Ves < Vinax 15 0.2 20 03 mv
le =10 A
Offset Current Change OV < Vea < Vimax 4.0 1.0 4.0 1.0 nA
. le = 10 A
o o
Offset Voltage Drift -5% C<Ta<125°C 10 2.0 10 2.0 uv/°c
lg = 10uA
o ©
Offset Current ~85°C<Ta<125°C 50 12 50 20 nA
Ic=10pA -
o o
Bias Current -55°C<Tas126°C 150 60 150 150 nA
Ic =10 A
Vee = Vmax
Collector-Base Leakage Cuxrent Ta=25C 50 10 50 10 pA
Ta=125°C 50 10 50 10 nA
Vce = Vmax: Veg =0
Collector-Emitter Leakage Current Ta= 25°C 200 50 200 50 pA
Ta=125°C 200 50 200 50 nA
Vee = Vinax
CoHector-Collector Leakage Current | T, = 25°C 300 100 300 100 PA
Ta=125°C 300 100 300 100 nA

Note 2: These specifications apply for T = 25°C and 0V < Ve < Vimax: unless otherwise specified.

For the LM114 and LM114A, V oy = 30V. For the LM115 and LM115A, V. = 45V.

typical performance
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LM376

NN

LM376 voltage regulator

general description

Voltage Regulators

The LM376 is a positive voltage regulator for use ® Qutput Current 25 mA
in consumer products. The characteristics of the ® | oad Regulation 1%
LM376 are: . ® | ine Regulation 0.4%/V
® Qutput Voltage Range +5 to 27V
simplified schematic and connection diagrams
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typical applications
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absolute maximum ratings

Input Voltage 30V
Input-Output Voltage Differential 30V
Power Dissipation (Note 1) 400 mW
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 sec) : 300°C

electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN

TYP MAX UNITS
Input Voltage Range ' 9.0 30 \%
Output Voltage Range . ) 5.0 27 \Y
Output-Input Voltage 3.0 25 \%
Differential

Load Regulation 0<1y <256 mA

Rgc = 082, T5 =25°C 1.0 %

Rgc =082, To =70°C 1.5 %

Rgc = 082, To =0°C 1.5 %
Line Regulation 0.4 %/V
Ripple Rejection f=120Hz 04 %/V
Standby Current Drain Vin = 30V 25 mA
Reference Voitage 1.72 \%
Current Limit Sense Voltage .325 \%

Note 1: For operating at elevated temperatures, the device must be derated based
on a 100°C maximum junction temperature and a thermal resistance of 187°C/W
junction to ambient.

Note 2:o These specifications apply for an operating temperature between 0°c
and 70
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LM101 operational amplifier
general description

The LM101 is a general-purpose operational ampli-

fier built on a single silicon chip. The resulting close

match and tight thermal coupling gives low offsets

and temperature drift as well as fast recovery from

thermal transients. In addition, the device features:

® Frequency compensation with a single 30 pF
capacitor

Operation from 5V to 220V
Low current drain: 1.8 mA at £20V

Continuous short-circuit protection

Operation as a comparator with differential in-
puts as high as +30V

Operational Amplifiers

® No latch-up when common mode range is ex-
ceeded

®m Same pin configuration as the LM709.

The unity-gain compensation specified makes the
circuit stable for ali feedback configurations, even
with capacitive loads. However, it is possible to
optimize compensation for best high frequency per-
formance at any gain. As a comparator, the output
can be clamped at any desired level to make it
compatible with logic circuits. Further, the low
power dissipation permits high-voltage operation
and simplifies packaging in full-temperature-range
systems.

schematic and connection diagrams
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LM101

absolute maximum ratings

Supply Voltage 22V
Power Dissipation (Note 1) 500 mW
Differential Input Voltage 30V
Input Voltage (Note 2) 15V
Output Short-Circuit Duration (Note 3) Indefinite
Operating Temperature Range -55°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60 sec) 300°C
electrical characteristics (note 4)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Ta=25°C, Rg< 10kQ 1.0 5.0 mV
Input Offset Current Ta=25°C 40 200 nA
Input Bias Current Ta=25°C 120 500 nA
Input Resistance Ta=25°C 300 | 800 kQ
Supply Current Ta=25°C, Vg =20V 1.8 3.0 mA
Large Signal Voltage Gain Ta=25°C, Vg=£15V
Vour = £10V, R > 2kQ2 50 160 V/mV
Input Offset Voltage Rs < 10k§2 6.0 mV
Average Temperature Rs < 5082 3.0 uv/°c
Coefficient of Input Offset
Voltage Rs < 10k 6.0 uv/°c
Input Offset Current Ta=+125°C 10 200 nA
Ta=-55°C 100 500 nA
Input Bias Current Ta=-55°C 0.28 1.5 UA
Supply Current Ta=+125°C, Vg = £20V 1.2 2.5 mA
Large Signal Voltage Gain Vs=21156V, Vout =10V
Ry > 2k§2 25 V/mV
Output Voltage Swing Vs=215V, R = 10k§2 12 \%
R_.= 2k +10 \
Input Voltage Range Vg=115V +12 \%
Common Mode Rejection Ratio Rs <10kQ2 70 90 dB
Supply Voltage Rejection Ratio Rs<10kQ2 70 90 dB

Note 1: For operating at elevated temperatures, the device must be derated based on a
150°C maximum junction temperature and a thermal resistance of 150°C/W junction to
ambient or 45°C/W junction to case for the metal-can package. For the flat package, the
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick,
epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve).

Note 2: For supply voltages less than 15V, the absolute maximum input voltage is equal

to the supply voltage.

Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient

temperatures to +70°C.

Note 4: These specifications apply for -55°C < Ta <125°C, £5V, < Vg < *20V and

C1 = 30 pF unless otherwise specified.
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guaranteed performance
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LM 201
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LM201 operational amplifier
general description

The LM201 is a general-purpose operational ampli-
fier built on a single silicon chip. It is identical to
the LM101 except that operation is specified over
a0to 70°C temperature range. The device features:

® Frequency compensation with a single 30 pF
capacitor

Operation from 5V to +20V
Low current drain: 1.8 mA at 20V
Continuous short-circuit protection

¢ & o o

Operation as a comparator with differential in-
puts as high as +30V

Operational Amplifiers

® No latch-up when common mode range is ex-
ceeded

® L M709 lead configuration in metal cans and
flat-packages.

The unity-gain compensation specified makes the
circuit stable for all feedback configurations, even
with capacitive loads. However, it is possible to

-optimize compensation for best high frequency per-

formance at any gain. As a comparator, the output
can be clamped at any desired level to - make it com-
patible with logic circuits. Further, the low power
dissipation permits high-voltage operation and sim-
plifies packaging.

schematic and connection diagrams
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absolute maximum ratings

Supply Voltage

Power Dissipation (Note 1)
Differential Input Voltage
Input Voltage (Note 2)

Output Short-Circuit Duration (Note 3)

Operating Temperature Range
Storage Temperature Range

22V

250 mW

30V
15V

Indefinite

0°C to +70°C
-65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (note 4)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Ta=25°C, Rg< 10kS2 2.0 7.5 mV
Input Offset Current Ta=25°C 100 500 nA
Input Bias Current Ta=25°C 0.25 15 HA
Input Resistance Ta=25°C 100 400 k2
Supply Current Ta=25°C, Vg= 120V 1.8 3.0 mA
Large Signal Voltage Gain TA=25°C, Vg= 15V :
Vour = %10V, Ry > 2kQ 20 | 150 V/mV
Input Offset Voltage Rs < 10k{2 10 mV
Average Temperature Rs < 5082 6 uv/°c
Coefficient of Input Offset o
Voltage Rs< 10kQ2 10 uv/ Cc
Input Offset Current Ta=+70°C 50 400 nA
Ta= 0°C 150 750 nA
Input Bias Current Ta= 0°C 0.32 2.0 MA
Large Signal Voltage Gain Vg=115V, Voyr =210V
- RL> 2k 15 V/imv
Output Voltage Swing Vg =215V, R = 10k{2 12 14 \%
R_= 2k +10 +13 v
Input Voltage Range Vg=+15V 12 \%
Common Mode Rejection Ratio Rs <10kS2 65 90 dB
Supply Voltage Rejection Ratio Rs < 10k$2 70 90 dB

Note 1: For operating at elevated temperatures, the device must be derated based on a
100°C maximum junction temperature and a thermal resistance of 150°C/W junction to
ambient or 45°C/W junction to case for the metal-can package. For the flat package, the
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick,
epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors {see curve).
Note 2: For supply voltages less than £16V, the absolute maximum input voltage is equal

to the supply voltage.

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and ambient

temperatures to 55°C.

Note 4: These specifications apply for 0°C < T, < 70°C, %5V, < Vg < $20V and C1

= 30 pF unless otherwise specified.
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LM201

guaranteed performance
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