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LM158/LM258/LM358, LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems, For example, the LM158 series can be directly operat-
ed off of the standard +5 Vpc power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional £15
Vpg power supplies.

Unique Characteristics

m In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

® The unity gain cross frequency is temperature
compensated.

H The input bias current is also temperature
compensated.

Advantages

m Two internally compensated op amps in a single
package

1 Eliminates need for dual supplies

® Allows directly sensing near GND and Voyrt also goes
to GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

W Pin-out same as LM1558/LM1458 dual operational
amplifier

Features
m Internally frequency compensated for unity gain
m Large dc voltage gain
B Wide bandwidth (unity gain)
(temperature compensated)
m Wide power supply range:
Single supply 3 Vpg to 32 Vpe
or dual supplies +1.5 Vpg to 216 Vpg
W Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage
H Low input offset voltage 2 mVpc
® Input common-mode voltage range includes ground
u Differential input voltage range equal to the power sup-
ply voltage
u lLarge output voltage swing

100 dB
1 MHz

0VpgtoVt — 1.5 Vpg

Connection Diagrams (Top views)

Metal Can Package
v&

QUTPUT A ouTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

GNO

TL/H/7787-1
Order Number LM158AH, LM158AH/883*, LM158H,
LM158H/883*, LM258AH, LM258H, LM358AH or LM358H
See NS Package Number HO8C

*LM158 is available per SMD #5962-8771001
LM158A is available per SMD #5962-8771002

DIP/SO Package

vt

BUTPUT A

2 7
INVERTING INPUT A = — CUTPUT B

NON.INVERTING _ 3

INPUT A INVERTING INPUT B

5__ NON.NVERTING
INPUT B

TL/H/7787-2
Order Number LM158J, LM158J/883*,
LM158AJ, LM158AJ/883" or LM358J
See NS Package Number JOSA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2304N
See NS Package Number NOBE

1-304




S54E D NWH b501Ll24 00?5288 blb EENSCE

LM158/LM258/LM358, LM2904

Q0yw| 21 50 ZL G0 2L S0 A X1 2L S0 gL S0 AS = +A
OAyw| 2 L 4 I 2 ! 2 L g 1 4 1 (A9Z = +A¥062ZWT) ACE = A
sduiy dO JIiy UO o0 = Ty
obuey aumesadwa] )in4 JOA0 waung Alddng
0.62 = Y1 ‘(A9Z = +A YO6ZW) ebuey abeijop
A [S1— +A 0 {5 - +A 0 |gt—+A 0 [gh—+A 0 {6 — +A 0 [§H—+A 0 (2 510N) 007 OF — + A|oPOW-UOWILIOG Jndl]
20yu| o5F ST 05F GF 0EF €7 0EF SF SLF 27 oLF 2% 052 = Y1 ‘A0 = WOA “{=NIj — (+ N[ yueung jespQ induy
(9 810N) ‘A0 = WO
00
wyul 0sz  GF 05z S¥ 05t S¥ 00L  S¥ 08 of 05 02 362 = Y1 (=Nl 1o (+INy|  uung seig 1ndul
O0aw| ¥ 27 LT 27 CEE €T 27 SR 2F LT 0.52 = Y1 ‘(g 810N)| ebeyjop 1espo indu)
xew dAL uiw| xew dAL wn| xew dAL uiw| xew dAL wiw| xew dAL wig| xew dAL uiw
SHUnN suoRpuod lajaweled
PO6ZN1 8SENT 8STW1/8SLINT V8SEWT VESZWT VeSLINT

peiEls esieylo ssajun YA 06 + = +A SJIFSIIORIBYD |eo1)93]]

AOSe A0S (01 910N) @ouBI(0} AST
*$391n9p JUnow asepns Buuep|os jo spoyaw 1eyio 104  ANjiqeley 8

~ 19NpoId U0 19843 118y | PUE SPoLIBy Bununopy saepng,, 0GH-NY 995 2
M 0,022 2,022 (SPU0es 51) paselul
L 0518 2512 (spuoes 0g9) oseyd Jodea
= abeyoed suying |leWS
] 0:092 0.092 (spuooss g}) buuepjog yu o5 YW oS (g @10N)
| abesjoed suri-uj-leng (OdA £'0— > NIA) ueung ndu)
S~ uofjewusoju} Buuep|og snonURUOD SNoNURUOD 0.62 = V1 pued0AGL S LA
- 2.00¢ 2.00¢ (spuooss o} ‘Buepios) 2 a10N) Liayiidwy su)
= uen [elepy ‘eamesadwa ) pes AND 01 HnoJID-LoYS INdino
< 04092 0.092 (spuooes (| 'Bunisplog) Mw 0es MW 0ES (W) ebexoed supno |jews
K dIq ‘eanjesadwa pee MW 055 ueg [eley

_ _ Mu ogs MW 0E8 dia peplow
W 2,051 + 010,59 0,051 + 01 D59 abuey ainfessdwa) ebeiolg (1 210N) UOREISSIC JoMOg

o 0} D.G6—
% S el 90p9z+ 0190n g0~ 99pze+ O190AED - oBeyoA Induj
2 0,58 + 010,07 — 0,04+ 01D.0 8SENT] 20p 92 90pzg 8BeloA Indu| lenuaisyq
” obuey aimeladws | Buneiedg 0dp 92 00p ge +A ‘abeyjjop Aiddng
V8SENT/V8SZNT/VasE 8 /v852| SENT
= YO6ZWA ] Wl Y062 VBSEW1/VEBSCN 1/ Ve
B8GENT/B8SZWT/8SLNT S8SENT/8SCINTT/8SLINT
(6 310N)

‘suopedyoads pue Ajjiqejieae 104 S10iNQUISIA/29110 S2IBS JOJONPUOIIWSS [BUONIEN 3y} 10RIU0D asesld ‘palinbas ale saojAap papivads asedsosay /AN H

sbuney wnuwixep ainjosqy




S4E D WM 6501124 0075289 552 EENSCE

20wu | 005 o 005 OF 008 O 00z O 00l OF 00+ OF (=)Nip 10 (+)N)) weung seig ndu|
0./20yd oL ol ol 00e Ol 002 Ol 00z 0O} wa
o U0 =54 weuno 1esyO ndu|
9Gyu loozT ST osLF 0oL ¥ YES oe T 0EF Ny — THNY [ quenng 1esp0 induy
yua
U
0./ L L L 02 £ gL L TR 00 = Su|  oBeyop 10840 ndul
AW | OLF 6F ¥ GF YT T (5e10N) | ebeyop yesyO indu|
0apGL = 4A
oa
vw | 09 OF 09 OoF 09 ov 08 of 09 oOf 09 of 2 @ION) ‘D.52 = Y1 | punoss o1 unoun woys
QapGL = 4A
*00AW 002 = OA ‘D52 = Vi
OQy 1 1
v 05 @ 05 ¢ 05 2t s 2 s 2 0s 2I 9p0 = +NIA
O0p 1 = _Nip
Opz = OA
Olyws 0z Ol 0z ol 0z 01 0z oL 0z oL 0z Ok D62 = YL UAGE = 1A
D070 = +NIAOOA | = _NIp IS
062 = VL'0UAZ = Op
VAAGL = +A
oa
yw or o2 or 02 or 0z or 02 or 02 or 02 QUpQ = _Nip 0105
DAA L = +NIp weung ndinp
(8 @10N) ‘(pawiejay nduy) Buidnos
& ozt e oz oet ozt ozt 0:52 = Y1 'ZHH0Z 0 zH | = §| sendwy-o)-leydwy
0.5¢ = V1'(Pda 9z 0
ap 00t 0% 00L 59 00L  S9 0oL §9 00L 9 0oL S9 O0A S = +A'vO6ZWT) oney uonosley
O0A 08 01 90A G5 = A DA Alddng semod
O0A G L— + A AD = WOp oney uogosley
ap 0L 0% g8 G9 58 0L 98  G9 58 0L S8 0L ‘052 = Y100 SPOIN-UOWILICD
(PAA L1 0
AU/A 00l 2 00+ S2 00k 0% 00L §2 00L 0§ 00} 0S 90p L =Ops0d)'pMeg 2o ulen
‘.52 = V1*OOAGL = tA| oBeyop reubig abie
xely dAL uin| xew dAL uln| xew dAL uig|xew dAL un | xew dAL uiw|xew dAL wn
suun suojpuos Jajawelsed
$06ZWT 8SENT 8SZWN1/8SLWT VeSEWT V8SZN V8SLW
polels esimiso ssajun ‘v 80N OTA 0'G+ = +A (penunuoD) §a)SLIS1dBIBYY [BI1303]T

$06ZINT ‘8SENT/8SZNT/8SLINT

NATL SEMICOND (LINEAR)

1-306




S54E D HEE 501124 0075290 274 EENSC?

LM158/LM258/LM358, LM2904

~~
14
<t
LJ
=z
)
-
St
4d 00} YU seuas ul U §'1 '|epow Apoq uewnH 04 AON
‘suoneooads Arepiiw 85 ENT 404 X85 HSL13Y 0} pue suoieoyiveds Areliw ¥eS LN 10 XYESLSLIIY Ol JejeY 16 9J0N (=)
‘setausnbey; Jaybil Je sasesisul souryoedens jo adA) SIU) SE pajoalap oq ueo AljeaidAl siy | "sped [euisixe asey) usamiaq souepdedes Aeys eia BugeuiBuo jou st Bulidnoo jey) aunsuy ‘sjusuodwoo [eussixe Jo Alwixoid o} ang g s10N w
"+ A 0 epniubew ey} j0 wapuedepul ‘(F062W1 10} ITA 92 +) sBewep inoyum 20A Zg + o) 06 ued sindu) o
W10q 10 Jeyye Ing {0,952 18) AG'L — +A S! eBue. ofe}|0A epow-uowWo sy} jo pus Jaddn ay] (.52 18) AE'0 Uey) asow Aq aaneBisu of o} pamoie aq 1ou pinoys abeyjoa [eufiis ndul Joyus Jo abeljoa SpoW-UOWIWID Indu! 3y | 32 310N —
“sauy) nduy oy} uo sjsixe vbueyd Buipeo] ou 0s INING By} 4O B1EIS BU) JO JuBpUBdapUl JUBISUOD AjjenUssSa s1 JusND SIYL "eBEls INdul dNd 8yl 01 8NP Df BY) [0 INO §1 JUaMND INdUl BY} JO UCNOBIIP 8y 9 BJON =
"00A 92 01 O0A G Woy 4 A ‘062N 104 "0.62 18 (F9A G 1L — 4 A 01 20 0) efiuer epow-uowwod indul {Iny sy Jeao pue :00A og 03 ITA g wol 1A UM B0 = Sy 'D0A #'1 = OA 6 ajoN Lad
058+ 5 Y1 S 0.0 — O PolW /e SUCIROORS OSSN B PUR ‘D.0L+ S Y1 5 0.0 0) pajiwl are suonedseds <
einjeIedusl VESENT/8SENT Ul ‘D58 + 5 VI 5 D.52— 01 Pallul| aJe suopeoyoads ameiadwa) |2 “YBGZINT/BSSNT Ul UIM VBSLINT/BSLINT 84l 194 0,521+ 5 Y1 5 D.55— OF Pauwl| aJe suopeoyoeds asay) iy 310N
{0052 18) 20A £0— uey) 18jes.b anjea B 0 SuINjos ulebe ‘oalebou sem yoium ‘9Be3joa Indul ey} UsyM UsigBISe-e4 1M S1E1S INAINO [2L1IOU PUB BAIONIISSP 10U ST SIYL "eARBBaU USALIP S1 INdU L. Jey) UoNeINp aWil SYL 10} (SAUPISAD m||_
abuej e 104 puncib o) 10) e8] 8bEYjOA L A BU) 01 0F 0) sdwe do ay) jo sabejjoA INdiNo ay} asheo ue2 uoNSE Jojsisuel) SIYL “dIyo D} Y} UC LUONDE JOISISURS olisered NN [BJa1e]| OS|e SI 8iay} ‘UORJE JpOIP SIyl O} uonippe u| 'sdwejd <
spoip ndur se Buoe Agesoy) pue paselq psemio; Buiwooeq siolsisuel gNd Indul 8y} Jo uogoun| 8seq-10108]100 By} O} anp S| §| “anebsu usaup si spee] Indul ay) o Aue 1e abelo Y1 ueym Jsixe AUO [Iim Jusino Indur Siy] 3¢ BI0N =
-s1aylIdUIE [[8 UO SLOYS SNOBLEBYNWIS WO }NSS) LED UORRISSIP BAIONIISS( "UONONASAP [BNUaAS Bsned pue sbules uoiedissip Jamod au) PaaaXa URD SINJXO-UOYS snonunuod D0A Gi 4 jo ssaoxe w ebejjoa Aiddns Jo senjealy * A
0 spnyubiew ay} jo wapuadapul yw of ARjewxoidde st jusLno INGINO wnuwixew sy} ‘puncid o) sponno poys BuLIBpISUOD UBYA "UONOTLISEP (ENUIAS PUE BUjlEsY SAISSEOXE BSNED UBD 4 A OF INAING By} WO SPNOND OYS ¢ 810N
“WnoAa patesBaju) oy u) paredissip si Yoiym somod oy} 83npal 0} 10 aleInies o} Jayidwe ey mo|le o) ‘siqissod
aJoUM “SI01SISaJ [BUIBIXE BSN—sIayldwE Yiag JO 1210} ay} s1 uonedissip ay | “aimeledwe} uoKoUN| WNWXeW 051 + € U0 peseq pejessp aq Ued Y5 LIN1/8S LW PUB v8SZIN1/852INT Ul Juaiquie Jie jis e u) Buneisdo 'preoq 3o
pejuLd € ul paIap|os B0IASP By} 10} selidde YoIuM M/D.02 | 0 BOUBLSIS3) [EWLIBY)} B PUE sinjeladwa) uoiounl WNWIXew O,5Z ) + € UO pesBq pelBiap eq 1snw yO6ZINT ‘Y8SEW1/85E1 eyl ‘sesmeiedwe) ybiy 1e Buneiado 104 1| ajoN
OD> gL = > ~
Dayw * S
v 8 S 8 g 8 ] 8 ] 8 S S1 0} ©0dp g = 4NIAOOA |+ = _NIp yuig ]
-
OAASE = +A
D0vw +
4 oz o0} 0c Ot 0z Ol 0z ol 0¢ 0t 0c Ol O0p 0 = _NIADOA L+ — 4NIp s01n0g
J0p 2 = OA waun)d Inding
Odaw| 00k S 0z g 02 S VA oz S 0g S UNOL T W VOAS = 4A 0
¢
O0p ve €z 82 L2 8 L2 8z 22 8z [z 8z /2 (PdA 92 = +A'YOBEZNT)
wolzy
2ap 4 92 92 9z 92 92 UAZ =14 VA 08+ = +A HOA
Buimg abeyop Inding
ez y
AUW/A St St S¢ St se Sz (OdA 1L o1 O0A | = Op) ueg
OaAGL+ = +A| ebeyop jeubig ebire
(Odn 92 = + A “PO6ZWT) obuey ebejyon
c— 0 [2—+A 0 |g—+A 0 |2—+A 0 [e—+A 0 |2—+A 0 «
2ap +A + + + + + {2 910N) ‘007 0E = +A | ®POW-uoWWY Indu|
xelw dAL wiN| xew dAL win| xelw dAL ww| xelw dA)L uin| xew dAL ww| xew dAL uiy
spun suonIpuo) Jajawesed
Y06ZWI 8SENWT 8SCW1/8SLIN VBSENT V8SZN1 VesiN
peje)s esImBY1o ssajun ‘v 810N VA 06+ = 4 A (PanupUo)) sol)s1i9)oeiBYD [Bo14)09]|3




LM158/LM258/LM358, LM2904

54E D WW L501124 0075291 100 EENSC?2

Input Voltage Range

B

g
H
3

£V, - INPUT VOLTAGE (£Vpc)

[ 5 10 15
v* OR V" POWER SUPPLY VOLTAGE (£Vpc)

Voltage Gain
160 I !

R = 20ka
T I

R =2ka

B

2

3

AyoL = VOLTAGE GAIN (dB)

[ 10 20 30 40
V* = SUPPLY VOLTAGE (Vpg)

Voltage Follower Pulse
Response

R_2= 2.0k
¥ =15V

Vg = OUTPUT
VOLTAGE (V)

G_N%
| I
N

S e N e e
™
L1

Vi ~ INPUT
VOLTAGE (¥)

3

20 30 “©
t = TINE (p3)

Output Characteristics
Current Sourcing

ol

~ ®

Va
—
\d

@
[
|

-
|

I_l 1 T 1L
INDEPENDENT OF /

T, = +25% 4t
S

Tt i

o~
]
|
T
T

V4 ~ OUTPUT VOLTAGE
REFERENCED T0 V¥ (Vye)

~
T

1
0001 oDt O 1 10 100

lo* = OUTPUT SOURCE CURRENT (mApc)

Iy = INPUT CURRENT (nAgc)

AyoL = VOLTAGE GAIN (dB)

e, = OUTPUT VOLTAGE (mV)

8 8§ B &8 & 8

Vo = OUTPUT VOLTAGE (Vpo)

Typical Performance Characteristics

Input Current

%
Veu =0V,
% (7] D¢
7
vt = #30V,

0 x

! [
50 1
© V= #15Vye
30 |
2 EE
. N

10

0.1

003

0
55-35-15 5 25 45 65 B5 105125

T, — TEMPERATURE (°C)

Open Loop Frequency
Response

N
\\‘\ = =

NN ¥ =30¥y &
\:\\‘55‘%5550125%
V=10 T0 15Vpe :\\\;
55T, =+125%C
ssestis iz NN
10 10 100 1.0k 10k 100k 1.0M 10M
f — FREQUENCY (Hz)

Voltage Follower Pulse
Response {Smali Signal)

X
L.
LY 06F A
- _l_ = 4
| mpurl
OUTPU
Wil
el Ty = #25°%C
V¢ =#30Vpe
01 2 3 4 56 7 8
t = TME (us)
Output Characteristics
Current Sinking
P o
v = 30V i
[aat:
1 H
v*/2 4—‘0_
= Yo
s = L
[/ Ty = 425°C ||
0001 001 01 1 10 100

ip = OUTPUT SINK CURRENT (mApe)

Vg = OUTPUT SWING (V CMRR = COMMON~MODE REJECTION RATIO (B
0 Cpp) (@) Ip = SUPPLY CURRENT DRAIN (minc)

lo* = OUTPUT CURRENT (mAgc)

NATL SEMICOND (LINEAR)

Supply Current

e

4

I
1| Ty, = 0°C TO #125°C oo

-
Ta =l -&'ch—

0 10 ) )
V* = SUPPLY YOLTAGE (Vpe)

“J" ]

Common-Mode
Rejection Ratio
T
100 I
T T
w LI T T — "ll'”
. LI
o 1 Floa
» é hoqay  WR
0 _ = L 1 T i
100 1k 10k 100k ™

f - FREQUENCY {Hz)

Large Signal Frequency
Response

f = FREQUENCY (Hz)

Current Limiting

-S5-35-15 5 25 45 65 BS 105125
75 - TEMPERATURE (°C)
TL/H/7787-4
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Typical Performance Characteristics (continued) (LM2902 only)

Input Current
100

3

T n

&

2

5

g LT = 425G

T2

E

] 1] «u 0
V* - SUPPLY VOLTAGE (Vpc)
Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpe. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V+ without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cal PNP transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain

160 I l
5 T
= }
z
3 # A= 2.040 —]
-]
< W
5
(=3
>
3
§ a8
L]

[] 0 ] E ]

v* - SUPPLY VOLTAGE (Vo)
TL/H/T787-5

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vp¢ to 30 Vpg.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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Typical Single-Supply Applications v+ = 5.0vpo)

Non-Inverting DC Gain (0V Input = 0V Output)

BV | — —— — — — —
17
-
o
(=
=
=
GAIN= 1+ R_Z
R1
R1 *R not needed due to _
10k temperature independent Iy = 101 (AS SHOWN)
= TL/H/7787-6 o Vi (mV)
TL/H/7787-7
DC Summing Amplifier
(Vin's 2 0 Vpc and Vg = 0 Vpe) Power Amplifier
R1
910k
MV

Vo = 0 Vpg for Viy = 0 Vpe
Ay = 10

100k TL/H/7787-8

TL/H/7787-9
Where: Vo = V4 + Vo + Vg + Vg4
(V4 + V) 2 (Vg + Vg) to keep Vo > 0 Vpg

“BI-QUAD” RC Active Bandpass Filter

Rl
100k
AAA-
R2
100k
Vin O—AAA— i
VWA

10M
A v
na$ £2
100k < 330 pF
JL
IRB A6
470k

1/2 LM158
R?

to = 1kHz 100k

Q=50

v+
Ay = 100 {40 dB) a8 e
100k 10F T

TL/H/7787-10
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Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Fixed Current Sources Lamp Driver

vt

Y06ZINT ‘8SENT1/8SCNT/8S LN

TL/H/7787-12

R1* N
VL O
AL
R2
LED Driver 108 =
O
20 mA
/
sz /
NSL102
O v
Vo =
Vo 1A
UM/ 778713 R3 (Increase R1 for I small)
*® VL s vt —av
Driving TTL —

TL/H/7767-14

Pulse Generator

At
™M IN914

TL/H/7787-15

Voltage Follower

TL/H/7787-17
TL/H/7787-16

NATL SEMICOND (LINEAR)
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Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Squarewave Oscillator Pulse Generator

Al INS14

R1
100k
c A" A mas—

TL/H/7787-1B TL/H/7787-18

Low Drift Peak Detector

{POLYCARBONATE OR
POLYETHYLENE) = 2N929"

*hi g AT 100 nA

HIGH Zjn
LOW Zout
2lg
1/2 LM358
AUX AMP
R INPUT CURRENT
™M COMPENSATION
- TL/H/7787-20
High Compliance Current Sink Comparator with Hysteresis
!
Vin O llc‘
O Vo
A1
10k
+Vaer O
TL/H/7787-22
Re
lo = 1 amp/volt Vi 1
(Increase Rg for I smal)
= TUMTTRT-21 (LI NEAR )

NATL SEMICOND

1-312
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Typical Single-Supply Applications v+ = 5.0 vpg) (Continued)

Voltage Controlled Oscillator (VCQ)

0.054F
R | B
100k
4 \
h A4
+c* 1/2 LM358 -
&1k
+ 1/2 LM358
L vtz 5tk
< 8n - O=AAN +
50k
100k

ST

oUTPUT 1

AN

QO OUTPUT 2

*WIDE CONTROL VOLTAGE RANGE: 0 Vpg < V¢ < 2 (V+ —1.5V pg)

AC Coupled Inverting Amplifier

R
100k

Ground Referencing a Differential Input Signal

A1
M

Ve

+Vem

Vo = VR

TL/H/778B7-25

NATL SEMICOND (LINEAR)

TL/H/7787-23

TL/H/7787-24

1-313
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

AC Coupled Non-Inverting Amplifier

R1 R2
100k M

LM158/LM258/LM358, LM2904

TL/H/7787-26

fo = 1 kHz R4
Q=1 100k
Ay =2

TL/H/7787-27

Bandpass Active Fiiter

R1 0.0%:F
380k

1/2 LM358

Vo

fo = 1kHz
Q=25

TL/H/7787-28

NATL SEMICOND (LINEAR)

1-314
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Typical Single-Supply Applications (v+ - 5.0 vpg) (Continued)

High Input Z, DC Differential Amplifier

R2
100k

1/2 LM358

R1 _ R4 (CMRR depends on this TL/H/7787-29

For 22 = Ra resistor ratio match)

R4
Vo=1+=— (Vo -V
(o] s Y2~V
As Shown: Vg = 2 (Vo — Vq)

Photo Voltaic-Cell Amplifier Bridge Current Amplifier

Ry +Vpee
™

AN

feewe l
{CELL HAS OV
ACROSS IT)

- - TL/H/7787-30 Ry

Vo

Foré <<1tandRi>> R
8\ R¢
o (2
o} REF 2/R
- TL/H/7787-33

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

+Vy

V2 O

TL/H/7787-31
If R1 = R5 & R3 = R4 = R6 = R7 (CMRR depends on match)

2R1
Vo=1+"—r (V2 -V
(o} ro V2 1)

As shown Vo = 101 (Vo — Vy)

1-315 NATL SEMICOND (LINEAR)
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

LM158/L.M258/LM358, LM2904

*hi g AT 50 nA

-
-[_Wv—-d Iy
2
ls M
1/2 LM363
-— AUX AMP
o e INPUT CURRENT
) COMPENSATION

TL/H/7787-32

Schematic Diagram gach Ampiitier)

INPUTS

TL/H/7787-3

NATL SEMICOND (LINEAR)
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