PA3AHCKUNA rOCYOAPCTBEHHbIV PAOUOTEXHUYECKUA YHUBEPCUTET

OnepaunoHHbIe yCcunuTenu

Jlekumna Ne
OnepaunoHHbIe yeunuTenmu



nnutenu. NocnepoBaTenbHOCTb YCTPOUCTB ANA

00pabOTKU CUTHE

\‘ anos. OHM ycUNUBAaOT BXOAHOW CUrHamn mMarnor aMnnuTyadbl HACTONbKO, YTOObI
6ecneuynBan MyHKLUNMOHNPOBaHME YCTPOWCTBA, CNeayoLLLEro 3a YCUNUTENEM.

B HacToswee Bpemsa ons obpaboTkm M aHanusa CNOXHbIX CUrHaroB BCe LUMpe
NPUMEHSAITCA LUPPOBLIE YCTPOUCTBA B BUAE MUKPOMNPOLLECCOPOB UNU LNJPOBBLIX
curHaneHbIX npoueccopos (LICI1), uenb obpaboTkn curHanoB oObIMHO OOpasyloT
crefywoLine 3BeHbda U Kackagbl:

Yewnntenb AHanoro-
cnabwbix LM POBOWA
Jarumk cuUrHanos npeobpasoBaTtens
duanyeckan [:>
e ] o
BENM4YMHA
Lindbposon
npoueccop
CUrHanoB
NcnonHurtensHein  Lindpo-ananorossin Yeunutens
MEXaHN3M npeobpas3osarenb MOLLIHOCTW
Dduanyeckas
—~——— - - —
BeNMYMHa

[TocnegoBaTenbHOCTb YCTPOUCTB A51st 06paboTkm 2

OIATLIAONAD



TemnepaTtypy (TepMoanemMmeHT), cBeT  (oTroguon) wmnwu
HanpPs»XXeHHOCTb 3NIEKTPOMAarHMTHOro nons (NpMemMHas aHTeHHa), B ANeKTpuYecKum
curHan.

2. OOnH nnn HeCKonbKO Kackaaos, KOTOpPblEe YCUITNBAKOT U CbI/IJ'IpryI-OT CUTrHanbl.

3. AHanoro-undpoBon npeobpasoBartesib ANg nepesoga cUrHana n3 aHanorosou B
LicppoByto popmy.

4. Mwkponpoueccop, UCI wnn pgpyrme umgpoBble YCTPOMUCTBA, CMOCOOHbLIE
obpabaTtbiBaTb OLUPPOBaHHbLIN CUrHaT.

5. Undpo-aHanoroeein npeobpasoBaTtenb, Ha BbIXO4e KOTOPOro hopMmpyeTcs
aHanoroBbIW cUrHarn.

6. OOMH U HECKONBKO YCUNUTENen, KOTopble YCUNMBatoT U OUNbTPYIOT CUrHarbI
HaCTOmMbKO, YTOObI X MOXHO ObINO NOAAaTh HA UCMONMHUTENBHbIN 3NIEMEHT.

7. A\cnonHUTENbHbIN 3r1eMEHT, Npeobpasyowmin curHan B onsnyeckyto BeNnymnHy,
HanpuMep B [aBneHue (rPOMKOroBopuUTESb), Temnepartypy (HarpeBaTenbHbIN
9N1eMEeHT), CBEeT (namMna HakanuBaHuA) UNU HanpPAXeHHOCTb 3NEeKTPOMAarHUTHOro
nonga (nepenatroLlas aHTeHHa).
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CnocoObl CBA3U 1 YaCTOTHbIE XapPaKTePUCTUKN

a) ' Al

A f

Cnocobbl CBAA3U M YaCTOTHbIE XapaKTepuUCTUKMN ycunuternen: a — NnOCTOAHHOro
TOKa; 6 — nepeMeHHOro Toka,; B — Y3KOINOJIOCHOIO YCUITNTESTA

HacToTHbIN guanasoH CryXUT BaXKHeNLlen XapakTepuCcTUKoM ycunutens. HukHen rpaHndHom
4acToTOW f, XapakTepu3ytTCs YCUNMTENN NePEMEHHOIO TOKa, BEPXHEN rPaHNYHOM YacToTow f, —
HW3KOYaACTOTHbIE N BbICOKOYACTOTHbIE YCUITUTESNN, @ NO 3HAYEHUIO LUMPUHBI NOSTOChI NPOMyCcKaHWA
B = f; — f, Ux noApasfensiioT Ha LWMPOKO- M y3KOMonocHble. OT BEPXHEN FPaHWMYHOW 4acToTbl
3aBUCUT NPUHAOJIEXHOCTb YCTPOMCTBA K yCUnuTenam 3ByKOBOM 4Yactotbl (Y34 wnm YHY),
BUOEOYCUNNTENAM, YCUIUTENAM NpOoMeXyToyHOW YacToThl (YT14) nnu pagmnodacTtotHeiM (YPY).
PasgeneHne Ha ycunutenu noCTOSIHHOIMO UMY NepeMeHHOro Toka onpeaesnisieTcs X CXeMHbIM
peleHnemMm M CBA3bID Mexay uensaMu no MOCTOSAHHOMY WM NepeMeHHOMY HanpﬂmeHmo
[lerneHune Ha HU3KO- U BbICOKOYACTOTHbIE YCTPOUCTBA HeonpeaeneHHo.



OnepaunoOHHble YCUNTUTENU - TUNDI

npeobpasoBaTensix HanpsiKeHne-ToK, TOK-HanpsiXkeHne u T.4.

Haunbonee 4acTto npuMmeHsitotcs crnegyrowme knaccol OY:

- QY obuiero npumMeHeHus (MHaycTpmanbHble LM324, LM358);

- OY c ogHONONAPHLIM NUTAHMEM,;

- OY ¢ wWnpoknm gmnanasoHOM BbIXOAHOIrO HaMpsXXeHns — yCunuTenu Tak
Ha3bIBAaeMOro Krnacca rail-to-rail (R2R).

V- HEMHBEPTUPYIOLWNIA BXOA (+);

Vi
Vv, _+\>Vout V - MHBEPTUpPYOLLNK BXOA (-);
V —_
=" |2 V_ .- BbIxoA (out);
Vs.
YcnosHoe 0603HaveHne Vs,» Vg - BbIBOLbI NUTAHWS.
ornepaLmoHHOTo

ycunmnrtens



OnepaunoOHHble YCUNTUTENU - TUNDI

oY 741
Yer.0[1 U 8]
MHBepcHbIN BXoa[2] 7 |MuTaHue +
Mpsawmoin BxoA 3] 6 1Bbixoa
MuTaHue - [4] 5] VYeT.0

LlokoneBka MUKpocxeMmbl
QY - npumep

UToObl obecneunTts BO3MOXHOCTb pPaboTbl OnepaumMoHHOro YCUnuTensa Kak cC
NONMOXWUTENbHBLIMWU, TaK U C OTpULATENbHLIMU BXOAHLIMW CUrHanNamu, cnegyet
NCNONb30BaTb ABYXMNONAPHOE HaANPsKeHME NMUTaHUS

+U

VinpepTupyowma
MHBEpTMRYIOWMA MHBeDTHRYIOWMA BXOQ l [>e Bexon
exoa BXOA —_—
HeuwxsepTupyowmin HeuxeepTrpylowwa HewssepTwpyiowna +U b—
oxon BXOA 8xoA
U U—




OnepaunoHHbIe YCUNUTEeNnu —
oTpuuaTernibHas oopaTHasa CBg

@Q@%\ipm OTCYTCTBMM OBpaTHOM CBA3W HanpsXeHue Ha Bbixoge V. B

atematndyeckm wunaeansHom QY cBA3aHO C HanpsbkeHMem Ha BXxoae
cneayowmm obpasom:

Vour = V4 —V_) Ky
rae:
V.t — HanpaxkeHue Ha sbixoae OY;
V, — HanpAXeHue Ha HEMHBEPTUPYIOLLLEM (+) BXOAE;
V_— HanpAxeHue Ha uHBepTUpytoLwwem (-) Bxoae;
Ky - KO3pdnumMeHT ycnneHma c pasoMKHyTOM NeTnén obpaTHOM CBA3MW.

Pa3HOCTb BXOAHbIX HANPAXKEHUMN:
Vp =Wy —=V_)
Ha3blBaeTcA AudPepeHUnanbHbIM BXOAHbIM HAaNPAXKEHUEM.

[Tonycymma BXO4HbIX
HanpPsKEHWIA Vi-=V.)

VS - 2
Ha3blBaeTCA CMH{a3HbIM BXOAHLIM HaMPAXKEHNEM.




OnepaunoHHbIe YCUNUTEeNnu —

oTpuuaTernibHas oopaTHasa CBg

{i “xema HEVHBEPTUPYIOLLIETO YCUNUTENS;
- CXeMa MHBEPTUPYIOLLIETO YCUNUTENS;
- cxema andopepeHumanbHOro yeunmTens.

Bbixogq ycunutena  4epe3  uerb

Vn */\o ou— Vour obpatHoM cBA3N C KO3PPUUMEHTOM
Kv nepegadun B (B<1) cBdA3aH C e€ro
BXOLOM.
Liens oB6paTHoi cBA3u HanpsaxeHune, nofiy4eHHOe Ha Bbixoae
BVour a Lilenn obpaTHOW CBSA3WN, BblYMTaAETCH U3
MpyHUMN OTpULaTENBHOK 06paTHOW BXOLAHOTO HaMNPAXKEHNA
CBSI3U (oTpuuaTenbHasa obpaTHasa cBs3b) :

Vour = KvVp = Ky(Vin=BVour)

Pa3spelwB 370 ypaBHEHWE OTHOCUTENbHO V., MOMyYUM BbIpaXeHue Ans
KoadhdomumeHTa ycuneHma cxemMol C 00paTHOU CBA3LIO:

Mpon3sseneHme BK, HOCUT Ha3BaHKe NETNEBOrO KOAMMULIMEHTA YCUTTEHUSI.



OnepaunoHHbIe YCUNUTEeNnu —

oTpuuaTernibHas oopaTHasa CBg

& pakTuke K, >> 1 (4eCATKM 1 COTHU ThiCAY), @ 3Ha4YeHne 3 NeXuT B npeaenax
®...1. Torga BK, >> 1 1 ko3ppuUMEHT ycuneHuss OY, oxBayeHHOro obpaTHou
CBA3bl0) COCTaBUT:
K~1/8

3 9TOro COOTHOLWEHUA criegyeT, 4YTO KO3IAMUUMEHT YCUMEHUA CXeMbl C
oTpuuarenbsHom obpaTHOW CBA3LKD B OCHOBHOM onpeaenserca CBOWMCTBaAMU
BHELLHEWN Lienn obpaTHOM CBSA3W U MNPaKTUYECKU HEe 3aBUCUT OT NapamMeTpoB

CaMoro ycununresnd.

B npocTenwem cny4vae uenb obpaTHOM CBA3W NpeacTaBnsieT cobomn pe3NCTUBHbLIN
aenutenb Hanpsbkenuda. lNpn atom cxema ¢ QY paboTaeT Kak JIMHEWHbIN
ycunutenb, KOIPMUUMEHT YCUITIEHMA  KOTOPOro ornpegenderca  TOSbKO
kKoadhdmumeHToM ocnabneHunsa uenn obpaTHOM CBSA3N.

10



OnepaunoHHbIe YCUNUTEeNnu —
JKBMUBaNeHTHas CXE

JKBMBaneHTHas cxema OY 3aBUCUMOCTb BbIXOOHOIo
HanpsbkeHnss OY 6e3 OC ot
PasHOCTU BXOAHbIX

Hanps»XeHUn
11



OnepaunoHHbIe YCUNUTEeNnu —
JKBMUBaNeHTHas CXE

JKBMBaneHTHas cxema OY 3aBUCUMOCTb BbIXOOHOIo
HanpsbkeHnss OY 6e3 OC ot
PasHOCTU BXOAHbIX

Hanps»XeHUn
12



\ \V/
in R2 Vout In Vout
| I
L1 L "1 L
R2
Vout= Vin (1 £3 m) Vout = Vin

KoadbpuuneHT ycuneHma bonblue KoappumumeHT ycuneHus paseH
eanHnUbI eanHuue

ﬂpemmymeCTBa CXeMbl HENHBEPTUPYHOLLETo YCUINNTENTA ABIAETCA :
- BbICOKO€E BXO4HO€E COrpoTuBIieHne;
- OTCYTCTBUE MHBEPCUN CUTHAIA.

13



Vout

1 1L L

R2

Vou’t= - Vin ( R1

KoadpdumumeHT ycuneHma mMoxet ObiTb
oonblle eauHULUbl, MEHbLUEe eAUHWULbI,
paBeH eanHuLEe

In \,
Vref out
i L
R1+R2 R2
Vout = Vier R1 ~ Vinﬁ

Cxema c OononHUTENbHbIM
«OMOPHbIM» HaNPAXeHNEM

14



Cxema andhdepeHUnanbLHOro ycunutens

. Cxema auddepeHumnansHOro ycunutens
B Ha OY ycunuBaeT pasHOCTb Mexay
Vint © ? :l>—"_® BXOAHbIMW  HanpshkeHnamu.  BxopgHoe
Ving &1 COMPOTUBIIEHNE  CXEM  onpeaensieTcs
Vout  pe3nctopoM R1 ans Bxoga 1 M CymMMOW
[ 2 _[® COMpPOTUBMEHMWIA R1’ 1 R2’ ans Bxoza 2. B

OAaHHOW CcXemMe nepecTaHoBKa BXOAHbIX
CUrHanoB MecTaMn U3MeHsIeT pesynbraT —

Vout:\,m(%)-vm% BbIXOAHOE HanpskeHve. W nuwb npwu
pPaBEeHCTBE COMPOTURFIEHIA PE3NCTOPOB:
Cxema R1 =R1
anpdepeHunanbHoro

BbixogHoe HanpsikeHne

PaBHO: R?
Vour = Vinzg = Vin1) ﬁ

yCUnuTens

15



Bba3oBble cBOUCTBa

- BbICOKMM KO3(DPULIMEHTOM YCUMNEHNSA NO HAMPSKEHN0, B TOM YMucne 1 B obnactu
HYNEBbIX YACTOT; MarbliM HaNpPsKeHNEM CMeLLEeHUsT HyIs;

- ManbIM1 BXOAHbIMW TOKamu rno obomnm Bxoaam;

- BbICOKMMUW BXOA4HbLIMU COMPOTUBIIEHNAMI N0 0O0UM BXO4aM;
- HM3KUM BbIXOOHbIM COMPOTUBIIEHNEM;

- Manoe cmeuleHue Hynga OY;

- aMMNNUTYOHO-YaCTOTHOW XapaKTEPUCTUKOM C HAKMOHOM B 06nacTtu BbICOKUX
4acToT - 20 Ab/Aek BNoTh 40 YacTOoTbl EAUHNUYHOTIO yeuneHus f.

16



Mpumep datasheet-a

onepaunoHHOro ycunurtensa — LM358

LM158 A-LM258.A
K’lo LM358.A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED
B LARGE DC VOLTAGE GAIN: 100dB

Hl WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated) %
B VERY LOW SUPPLY CURRENT/OP (500pA)
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE N
Hl LOW INPUT BIAS CURRENT: 20nA DIP8
(temperature compensated) (Plastic Package)
Bl LOW INPUT OFFSET VOLTAGE: 2mV
Bl LOW INPUT OFFSET CURRENT: 2nA
B INPUT COMMON-MODE VOLTAGE RANGE - E
INCLUDES GROUND
B DIFFERENTIAL INPUT VOLTAGE RANGE D&S
EQUAL TO THE POWER SUPPLY VOLTAGE SO8 & miniSO8
B LARGE OUTPUT VOLTAGE SWING 0V TO (Plastic Micropackage)
(Vee - 1.5V)
DESCRIPTION ‘
These circuits consist of two independent, high
gain, internally frequency compensated which o
were designed specifically to operate from a sin- TSSOPS
gle power supply over a wide range of voltages. (Thin Shrink Small Outline Package)
The low power supply drain is independent of the

magnitude of the power supply voltage.
Application areas include transducer amplifiers, =~ ORDER CODE

dc gain blocks and all the conventional op-amp

circuits which now can be more easily implement- N Part Tonaonm Pationge

ed in single power supply systems. For example, - N]|S|]D|P
these circuits can be directly supplied with the LM158 A 55°C. +125°C | =
standard +5V which is used in logic systems and LM258 A 40°C +105C | =1 o
will easily provide the required interface electron- TM358 A 0°C +70°C = = =
ics without requiring any additional power supply. Example : LMM'

Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from

N=
g:SMM«PM )-nhouulnhn:ﬂ::.mmf 17
only a single power supply voltage. -1



[MpumMmep datasheet-a

onepaunoHHoro ycunurtensd — LM358

i TEXAS fui) OTHomrenye Toka | OTHOLIeHMe
| INSTRUMENTS LM158-N, LM258-N, LM2904-N, LM358-N HITH HATPDKeHHMA MOLTHOCTH
SNOSBT3I - JANUARY 2000—REVISED DECEMBER 2014 0 1,000 1,000
LMx58-N Low-Power, Dual-Operational Amplifiers ol Lo Lo
‘1 Features 3 Description 03 1,035 1,072
« Available in 8-Bump DSBGA Chip-Sized Package The LM158 series consists of two independent, high 0.4 1,047 1,006
(See AN-1112, SNVA009) ’ gain, internally frequency compensated operational 0,5 1,059 1,122
=40 v E : c for Unity Gai amplifiers which were designed specifically to operate 0,6 1,072 1,148
nternally Frequency Compensated for Unity Gain from a single power supply over a wide range of 02 1096 1202
+ Large DC Voltage Gain: 100 dB voltages. Operation from split power supplies is also 1.0 1.122 1,259
+  Wide Bandwidth (Unity Gain): 1 MHz possible and the low power supply current drain is 15 1120 1413
(Temperature Compensated) independent of the magnitude of the power supply 2,0 1,239 1.5%5
) voltage. 2 > .
* Wide Power Supply Range: e ) ) 2,5 1,334 1,778
~ Single Supply: 3V to 32V Appication. aress. Inchide Naneducer ampiiers,. dc 3.0 1413 1,995
o gain blocks and all the conventional op-amp circuits 35 1406 7730
- Or Dual Supplies: £1.5V to £+16V which now can be more easily implemented in single T 7353 5313
* Very Low Supply Current Drain (500 power supply systems. For example, the LM158 4’ s 1’ 79 2’8 e
pA)—Essentially Independent of Supply Voltage series can be directly operated off of the standard 5’0 1’778 3’162
« Low Input Offset Voltage: 2 mV 3.3-V power supply voltage which is used in digital > : :
systems and will easily provide the required interface 6,0 1,995 3981
* Input Common-Mode Voltage Range Includes electronics without requiring the additional +15V 70 2,239 5012
Ground power supplies. 20 2,512 6,310
i e o e e The LM358 and LM2904 are available in a chip sized 20 2218 73
ower SURRY.Voimge package (8-Bump DSBGA) using TlI's DSBGA i 162 10.000
+ Large Output Voltage Swing package technology. 11 3,55 12,6
+ Unique Characteristics: = 12 398 159
— In the Linear Mode the Input Common-Mode Device iformation 13 447 200
Voltage Range Includes Ground and the PART NUMBER |PACKAGE | BODY SIZE (NOM) 14 201 2,1
Output Voltage Can Also Swing to Ground, LM158-N TO-CAN(8) |9.08 mm x 9.09 mm 15 5,62 316
even though Operated from Only a Single CDIP (8) 10.16 mm x 6.502 mm 16 6,31 39,8
Power Supply Voltage. LM258-N TO-CAN (8) | 9.08 mm x 9.09 mm 18 7.94 63,1
— The Unity Gain Cross Frequency is DSBGA (8) | 1.31 mmx 1.31 mm gg ;?’2 110000600
Temperature Compensated. LM2904-N SOIC (8) 4.90 mm x 3.91 mm o 106 . 104:
— The Input Bias Current is also Temperature PDIP (8) 9.81 mm x 6.35 mm 30 3 6,0 0
Compensated. TO-CAN (8) |9.08 mm x 9.09 mm &0 10’3 0%
* Advantages: LM3BEN DEBOAD) | 103 mmxiSi 70 3160,0 17
- Two Internally Compensated Op Amps SoiC 8) 4.90 mm x 3.91 mm 20 10% 10°
- Eliminates Need for Dual Supplies PR ® 9.51 mm x 6.35 mm 50 3,16*10 10°
- Allows Direct Sensing Near GND and Vour (1) For all available packages, see the orderable addendum at 100 10° 107

Also Goes to GND
-~ Compatible with All Forms of Logic
—~ Power Drain Suitable for Battery Operation

the end of the datasheet.

Voltage Controlled Oscillator (VCO)

e
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[MpumMmep datasheet-a
onepauvoHHoro ycunurtens — LM358

PIN CONNECTIONS (top view)

1 - Output 1

HE L BE 2 - Inverting input

3 - Non-inverting input
2] 7 4-Vec

5 - Non-inverting input 2
3|: :]s 6 - Inverting input 2

7 - Output 2
a [ (15 8-Vee'

19



[MpumMmep datasheet-a

onepaunoHHoro ycunurtensd — LM358

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM158,A LM258,A LM358,A Unit
Vce | Supply voltage +/-16 or 32 \"
Vi Input Voltage -0.3to +32 Vv
Vig Differential Input Voltage +32 Vv

Piot | Power Dissipation " 500 mW

Output Short-circuit Duration 2) Infinite

lin Input Current 3 50 mA
Toper | Opearting Free-air Temperature Range -55t0 +125 | -40to +105| Oto +70 °C
Tsig | Storage Temperature Range -65 to +150 °C

1. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.

Short-circuits from the output to Vo can cause excessive heating if Vo > 15V. The maximum output current is approximately 40mA independent
of the magnitude of V. Destructive dissipation can result from simultaneous short-circuit on all amplifiers.

3. This input current only exists when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistor becoming forward biased and thereby acting as input diodes clamps. In addition to this diode action, there is also NPN parasitic action on
the IC chip. this transistor action can cause the output voltages of the Op-amps to go to the V¢ voltage level (or to ground for a large overdrive)
for the time duration than an input is driven negative.

This is not destructive and normal output will set up again for input voltage higher than -0.3V.

20



Mpumep datasheet-a

onepaunoHHoro ycunutens — LM358

LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
Ve =45V, V= Ground, V= 1.4V, T, = +25°C (unless otherwise specified)

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
Input Offset Voltage - note ")
Tamp = +25°C 1 3 2 7
V. LM158, LM258 5 —
= LM158A 2
Trin < Tamb < Trnax 4 9
LM158, LM258 7
Input Offset Current
lio Tamp = +25°C 2 10 2 30 nA
Trin < Tamb < Trax 30 40
Input Bias Current - note 2
lip Tamb = +25°C 20 50 20 150 nA
Tmin s Tamb 3 Tmax 100 200
Large Signal Voltage Gain
Ve = +15V, R, = 2kQ, V, = 1.4V to 11.4V
Ad | m=e25C 50 | 100 50 | 100 vimy
Tm‘n s Tamb s Tmax 25 25
Supply Voltage Rejection Ratio (Rg < 10kQ2)
Vee' =5V to 30V
SVR | 1 =s25°C 65 | 100 65 | 100 ¢
Tmin <€ Tamb < Tmax 65 65

21



[MpumMmep datasheet-a
onepauvoHHoro ycunurtens — LM358

Supply Current, all Amp, no load

lcc Tmin < Tamb < Tmax Vee = +5V 0.7 1.2 0.7 1.2 mA
Tooin S Tamb S Timax Vee = +30V 1 2
Input Common Mode Voltage Range
Vee = +30V - note ¥
Viem T:,:b = +25°C 0 Vee'-15( 0 Vec' 150V
Trmin < Tamb < Tmax 0 Veet-2 | 0 Vee' -2
Common Mode Rejection Ratio (Rs < 10kQ)
CMR Tamp = +25°C 70 85 70 | 85 dB
Tmin < Tamb < Tmax 60 60
TR Output Current Source ok
Vee = +15V, Vg = +2V, Vig = +1V 20 40 60 20 40 60
Output Sink Current (Viy = -1V)
bk Vee = +15V, V, = +2V 10 | 20 10 | 20 mA
Vee = +15V, V, = +0.2V 12 50 12 50 pA
Output Voltage Swing ( R; = 2kQ)
Vopp | Tamb = +25°C 0 Vee' 15| 0 Vee'-1.5
Tmin < Tamb < Tmax 0 Vee*r2 | O Veet -2

22



Mpumep datasheet-a

onepaunoHHoro ycunutens — LM358

LM158,A-LM258,A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Output Voltage (Vo' = 30V)
= +25° = 2kQ
Vv Tamb & i 26 | 27 26 | 27 v
OH Trin < Tamb < Trmax 26 26
Tamp = +25°C Ry = 10kQ 27 | 28 27 | 28
Trin < Tamb < Tmax 27 27
Low Level Output Voltage (R, = 10k<2)
VoL Tamb =+25°C 5 20 5 20 mV
Slew Rate
SR Vee =15V, V; = 0.5t0 3V, R = 2kQ, Vius
C_ = 100pF, unity Gain 03 | 06 03 | 06
Gain Bandwidth Product
GBP Vee = 30V, f =100kHz,Vj, = 10mV, R = 2kQ, MHz
C_ = 100pF 07 | 11 07 | 11
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, Ry = 2kQ, Vo = 2V, %
C, = 100pF, Vo = 2Vpp 0.02 0.02
o Equivalent Input Noise Voltage nV
n f = 1kHz, Rg = 1009, V¢ = 30V 55 55 JAz
DV,, |Input Offset Voltage Drift 7 15 7 30 uv/rec
Dljip  |Input Offset Current Drift 10 200 10 300 pA/°C
Channel Separation - note 4
VorlVoz | ™7 < f < 20kHZ 120 120 o

1. Vo=14V,Ry=0Q,5V<Vge' <30V,0<V, <Vee'-15V

The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading change
exists on the input lines.

3.  Theinput common-mode voltage of ejther input signal voltage should not be allowed to go negative by more than 0.3V. The r end of the
comm%?l' mode voltage rangtealgs Vccﬂ-‘ \?"&n%mr or both inputs can go to +32V wgnhoutg damagz wee

4. Due to the proximity of external components insure that coupling is not originating via stray capacitance between these external parts. This typicall 23
can be dagcted ::Y this type of capacitance increases at h:ghe? lrequeno% ’ o typicaly
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onepauvoHHoro ycunurtens — LM358

Vo = OUTPUT

Viy - INPUT

4 1 1
— = 2.0k
S 3 L i
= VF = 15 Vg
2
S / \
<3 1
s -
0
o “x
. 3
Z
w2
)
=
= 1
)
=
0 10 20 30 40
t = TIME (us)

Figure 7. Voltage Follower Pulse Response

500 T T L) |
T 450 ﬂ%
§ €in T 50 pF
= 400 1 — “
o —
= =
b | INPUT
= 350 1
5 OUTPUT
o
' 300 }\,-L
& T, = +25°C
vt =430V,
250 L 0C
0 1 2 3 4 5 6 7 8
t = TIME (us)
Figure 8. Voltage Follower Pulse Response (Small Signal)
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onepaunoHHoro ycunutens — LM358

TYPICAL APPLICATIONS (single supply voltage) Ve = +5V .

AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER

NON-INVERTING DC AMPLIFIER DC SUMMING AMPLIFIER
e, 100k
A=1+ 232
2 (As shown Ay = 101) 4
o wv o
Fy o) 100
| S €; 100k
" s
R1 o
10k ©
Q ey 100k
O—f=__1—
0 e, (mv) ?‘_ e +ey-e3
1
to féié%}%%) 2Gyred
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[MpumMmep datasheet-a

onepaunoHHoro ycunutens — LM358

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

—O€o

if R1 = R5 and R3 = R4 = R6 = R7
€=[1+ 2R1]((e2+eq)
R2

] " Input t tio
As shown e, = 101 (e, + e4) —_— B [ nput current compensation
HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER LOW DRIFT PEAK DETECTOR
Ig )
ol
Jcl |2 %
+e, 0 1 ’F’ l B
z I k‘ =
2N 9293.0.001 F
2
ifR1=R5and R3=R4 =R6 =R7 'B\ —
e=[1+ 2R1 1((ez+ey) " @
R2 I|:]— Input current
'B compensauon
As shown e, = 101 (e; + e4)
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onepaunoHHoro ycunurtensd — LM358

[ ] Source current
% L GND
LED
LED On | LED Off Q Errorfrom
input offset voltage
o Input offset voltage
v P
+5VDC
R
] Sink current
V lB-
AA—] Ig = (lg+ + 1g.)/2 IN

AN ’
Rsink X I, Vour
LED Off| LED On I 4 E 5VDC IOS = IB# - lB- V|N+ I
B+
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BHYTpeHHAA cXxeMOTexXHMKa

onepaunoHHbIX YCUITUTES

Bx.1 o—— AuddepeH- R-|r R
LMaNbHBIA Yeunutens Ycunutens Bhix. Knucb ” B cifc " C ,
Bl eRRTENE HanpsXeHus MOLLHOCTH : Arg+(1+P)rg]  2rg
K Xe
Ay I
Brnok-cxema 2R +rg
Oy K = K.'l" ~ E_E
o0e Kcnmb rg ’
O +Vg

R
c Beixon

Cxema guddepeHumansHoro CXeMbl TOKOBbIX
YCUMUTENBHOTO Kackaaa 3epKar
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BHYTpeHHAA cXxeMOTexXHMKa

YnpoLieHHas cxema
aByxkackagHoro OY pA741

BanaHcuposka
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BHYTpeHHAA cXxeMOTexXHMKa

onepaunoHHbIX YCUITUTES

f. - yacTota eanHM4HOrO yeunexus (K =

1
) Kyfn = fr-

Bbigo0dbi
yacmomHou
Koppekyuu

Unum &

G~) CobcmeeHHas
- AYX OV

105“ (2:)

AYX QY c OOC

WHeepmu-
pyrowutd —]
8x00

-3dE

: Bbixo00

Heuneepmu-
pyrowuis — +
8x00 |
L I |

Bb1800b1
KoMneHcayuu
Ucm

BHeLwHW KoHOeHcaTop Ans
Koppekumn A4X

TunuyHaa JIAYX onepaunoHHoro ycunmtensd
6e3 OOC nc O0C

31



Tunbl onepaunoHHbIX yCUNUTENen

> BLIas YacTb HoMeHknaTypbl OY oTHOCUTCH K yeunutensam obLiero HasHa4yeHus.
Q7@ OelleBble yCUNUTENN cpefHero GbICTPOOAEeNCTBMS, HEBLICOKOW TOYHOCTU M
anoun BbIxogHou MolHocTU. ObblYHbIE napameTpbl: K, = 20000...200000; V. =

\ OFF
0.1...20 mB; f_=0.1...10 MI'u. Tunn4dHble npegctasutenu: 140YL6, 140¥Y8, 153Y/16,

Eéll%:%boueﬁcmvromme YCUNUTENWU NMPU CpedHnX TOYHOCTHLIX MapamMeTpax UMeIoT
BbICOKME AMHAMUYECKME xapakTtepmctukn (fT = 20...1000 MI'u, o = 10...1000 B/MKc).

[Mpeumn3noHHbIE YCUNUTENN UMEIOT BbICOKMU AndodpepeHumanbHbin KOSPPULNEHT
YCUNEHNS Mo HaNpsHKeHUto, Marnble HanpsXXeHns CMeLLeHNs Hyns, Manble BXO4Hble
TOKN N, Kak NpaBunIio, HN3KOe BbICTpoaencTBmE.

MWKPOMOLLHbIE YCUNUTENWN NUCMOSMb3YITCA B Npubopax, nonydyarwmx nuTaHne ot
ranbBaHMYECKUX WUIN aKKyMynATOpHbIX 6aTtapen. 9T ycunutenun notpednstoT
OYeHb Marsbl TOK OT UCTOYHUKOB NuTaHna (Hanpumep, OY MAX406 noTpebnsaeT Tok

He bonee 1.2 MKA). Bce apyrue napameTpbl (0COOEHHO ObICTPOAENCTBME) Y HUX
0ObIYHO HEBLICOKME.

Ecnn  WCTOYHMK curHana —  OAdHOMOMSIPHbLIA  (Hanpumep, doTtoaunon),
LleriecoobpasHo MCMorb30BaTh ONEPALMOHHBLIN  YCUNUTENb C  OAHOMONSPHbIM
nMTaHneM. OTO MO3BONMUT NUTaTb YCUNUTEnb OT oAHOW Gartapen unu paxe
arnemMeHTa, HanpuMmep OT NIMTUEBOro 3NeMeHTa HanpsixeHnew 3 B. 32




Tunbl onepaunoHHbIX yCUNUTENen

Ofi[Hble 1 BbICOKOBOMIBTHbIE ONepaLoHHble younutenu. bonbwnHetso Tunos OY

#lero nNpMMeHeHns paccyuTaHbl Ha HanpshkeHue nutaHua +15 B, HekoTopble
[0MNycKaloT NMTaHMe OT UCTOYHWUKOB BMNMOTh A0 +22 B. OgHako aToro coBepLUeHHO
HeOJoCTaTodHO  ANnA  ynpaBsneHus,  Hanpuwvep,
npeobpasoBaTens MW, KOTOpble MPUMEHAIOTCA
bronoruyecknx nccnegoBaHun.

NbEe303NeKTPNYECKUMM
B psge uU3MYECKUX U
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Tunbl onepaunoOHHbIX YyCUNUTENen

>

Hble 1 BbICOKOBOIMbTHbIE OnepaunoHHble yeunurenu. bonblwmHcTeo Tunos OY

oblero NPUMEHEHMS paccyYMTaHbl Ha HanpskeHne nutaHusa +15 B, HekoTopble

O0nycKatT NnTaHMe OT UCTOYMHMKOB BNMOTb A0 22 B. OgHako 3TOoro coBepLUEHHO
HeQOCTaTOMHO  ANs  yNpaBreHus, Hanpumep,
npeobpasoBatens MW, KoTopble

BronorMyecknx nccnegoBaHuUin.

Nbe303MNEKTPUYECKMMMU
NMPUMEHSAIOTCA B psge  OU3MYECKUX WU
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ONnHHBbIN psg mogenen OY C¢ BXOOHbIMM Kackagamu Ha cynepberta n none.biX
TpaH3NCTOpax, BXOAHblE TOKM KOTOPbLIX COCTaBMAT O0Nn HA, a Ans HEKOTOPbIX
T™mnos — ponu nA. [ns ycnewHoro npumeHeHns Takmx QY cregyetr pewnTb
nNpobnembl, CBsA3aHHbIE C YTEYKOM TOKOB MO NOBEPXHOCTU NeYaTHOW nNnaTbl.

i
By e %
Bxop o—L ; 0—
: : Ry
KONbLLO ; i
\ OxpaHHoe Konsuo .l.—‘
a) 6)

P

e ey
[ =1 i > Oxpattoe | 4
1 ’_o
Bxon ?_ H KOﬂbuO—"?—
' Il Bxoa -

......

OxpanHoe S
KONnsuo
8) r
OxpaHHOoe KornbLo: a — Tononorusi, 6 ... r — cnocobbl ero NOAKMNIYEHUSA
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3 g | Meuarnas
nnara

\

BxoaHble BHBOA:
2 - AN MHBEPTHP. BKA.
3 - A HEMHBEPTUP. BKN.

Mogsoa exoa-
. 8 | worocurnana
@ 2

—

®roponnacrosas CToMKa

Cnoco6 Noaknto4YeHMst BHELLHUX Lienen HeNocpeaCcTBEHHO K
BXoAHOMY BbiBoAy OY Onsi CHXKEHNSA TOKOB YTEYKM
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Cxembl 3awmTtbl OY:

a — cxema amoaHom cbopku BAVI9,

0 — 3awuTa oT K3 Ha BbIxoae,

B — 3alluTa OT CMHMA3HOro nepeHanpsikeHns,
[ — 3alyMTa OT NepeHanpsiKeHns NMTaHns,

O — 3auwmTa OT NepeHanpsiXXeHns Ha Bbixoae
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NMoBbIiwWeHue BbixoaHoro Toka OY

Ry =0+
R
0 -Vg
YBenuyeHune BbixogHoro Toka QY ¢

NOMOLBbKO SMUTTEPHOIO NMNOBTOPUTENA
Ha KOMIMJIEMEHTAPHbIX TPAH3NCTOPAax

_VS

Cxema, B KOTOPOW BHELLIHME YMOLLIHAOLLIME
TpaH3ucTopbl 06pa3ytoT C TpaH3McTopamu
BbIXxoAHOro kackaga OY koMmnnemMeHTapHble

cxembl [JapfiMHrtToHa .



VD1

N B
|/| | I |
R
= | I |
N
Q + P
VD2
V. Vout
" L
L
S Vout = 1 Vjp | _E®
i L

Cxema npeLm3rMoHHOro AByXnonynepmoaHoro
BbINPSAMUTENS YCUNUTENS (€ANHWUYHBIA KO3 PULIMEHT
ycuneHus, R — BHyTPEHHe Harpy3o4Hoe ConpoTUBIIEHNE,
BbIOMpPaeTCcs B COOTBETCTBUM ¢ napameTpamu OY)
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: nyn OA
"+" OA -+ 4
+ G l * > ® I L @ >
+
rR1 —Xc1 R1 ~. _1* &1
Il0l| + Q “0“
B o
Power supply I @ } sy Power OA Power supply / L d —> J:- Power OA
<L . - +
R2 —Ltc2 R2 2] L+ co
"o Il_" OA
' OA -
R I * > Q I ® . >
||+II OA
ts : s >
R1 ~ Lt C1
o VT1
+ OA R3 non
Power supply @ =>---, Power OA
= o
R2 ] VT2 [ Lt 52
_ l Il-ll OA
Q * . >

CxeMbl hopMUPOBaHNSA BUPTYanbHOIO HynNs

(MCKYCCTBEHHAsA cpeaHssa Touka) AN NUTaHus

onepaunoHHbIX yCUII nTenen
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MaTtemaTnuyeckme pyHKUUU HaA

onepaunoHHbIX YCUITUTES

BbIMUTATENb

MHBEPTUPYHOLLIIA HEWHBEPTUPYHOLLIIA CYMMATOP
YCHUMNUTENDb YCUNMTEND
(2 U e R..
A V— o —
U d;cfi
U i1 U, R
= l _______ ' oy B oo 0
; il v
tht 4 Uy
i LA + R
5 o L 7
=1e gt | | U U R ()
1 Balx R, e R, Vel RoMax oY~ Vi B4R R, =3
WHTEMPATOP NAPSEPEHLWMATOP BKCMOHEHUMANBHBIA DABOBPALLIATENb
. FEHEPATOP
s By R, R
| | | ‘ i TN ! = —
ICI; : 5 i i l | S
" L1 i 1L R
' P - y t VT [ oo
[ I ; A‘ P oo >
' e E E ; l:i Q_E..L "1
il = e v | e % ] _| J } I
. 1 2 Uy - .. l Moy s
l ™ =] "nr;\ l g =] ey, uJ Tc
o B Q o - Q o _ﬂ ; -L )
U=~ s |t - pp B Uz =l3RonC 2 (=-2arctg{(R,C)
BeX RC U x= dt [..,-0BpaTHbIi TOK 3MUTTEPA (= 0°+180°
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[TpumMepbl UCNONb30BaHUA

éq NHBEPTUPYHOLLINIA

cyMMaTop

R1 Roc
U1 Q—
R2 l
OP
U2 8 R - UBbIX
R3 0
U3 o o /
Ry (R, R, R R,
U, Q— Ugx = (R1 U +— R, “U, + — R, “Us + - +— R UN)
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[TpumMepbl UCNONb30BaHUA

HelAHBepPTUPYIOLWLMI

cymmaTtop

R1 Roc R4
U1 ®:2LL L L I

R2

OP1
U2 Q B R3
- OP2 UGbIX
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[TpumMepbl UCNONb30BaHUA

R3
U o— 1o Ugpix = Uy Ky + UKy + - + UyKy
R R R
R5 Kl:R_S'KzzR_S""’KNzR_S
UN RN 2 3 N
S+ R,

—=K1-|—K2+...+KN
Rl
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[TpumMepbl UCNONb30BaHUA

R1'
Vin2 Q 1
Vout
Iy A
Rl |

Uar,l o 1
— &

Uex.2° L T o Uan'
ooy ((R2+R1)R2')_V R2 7 & —
out = Vinz { (RIFRT)RA/ MR azo— 1} :

Uex.4° {1

[ﬂ&

Uy =-U, 20— By B quBoyiy 5 0By oy vau, vat, +a,U,
R Ry R + R, Ry Ry + & R
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[TpumMepbl UCNONb30BaHUA

HTerpmpyrwwimne uenn npegHadHadYeHbl OJ14 UHTerpmnpoBaHUA BO BpPEMEHU

ANEKTPUNYHECKNX BXOAHbLIX CUTHAlOB. BennunHa BXogHOro curHana B obuiem
Bnae onncbliBaetTcAd ypaBHEHUNEM: t

Vot (6) = Vo (0) + K f Vi (©) dt

0
——1+— 4
\v [nsa RC-
1
Usx ——C .. LEnoYKu: t
Vout(t) = VIN_max(1 —€ RC)
# —
I Owmnbka NHTerpmpoBaHns UMeeT
A BMA: 2
Usxe A S'D'_ VIN_max tu
p 2 12
s [TfpocTeniune RC-UEenOoYKM Mano npUMEHAKT Aand
n “ TOYHOIO NMHTErPUPOBAHNS BXOOHbIX CUTHAIOB.
s
// \<
>t




[TpumMepbl UCNONb30BaHUA

) MHTerpaTop Ha onepaLmMoHHOM
' cunurene
Uy
IR - IC IR = f
R C
Uro——1—¢ ” =40 _tdl
dt dt
Tomo]
. CdUBbIX — Ul
Ug=0 ¢ dt R
Um:x 1
AUgyx = RC U,dt
[Mocne NHTErpnpoBaHunS
nonyyaem:
UBle = Uldt

" RC
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[TpumMepbl UCNONb30BaHUA

§A§ ,
ND - U Uxx

t ta t2 ta ta ts +
t°| til
-U I |
| | Uz
| /\ /
| | te ta
t1 ts ts t
| | £
to t1

[MTpmep paboTbl UHTErpaTopa Ha onepaumoHHOM
yeunurene
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[TpumMepbl UCNONb30BaHUA

‘ ndodepeHumaTop Ha onepaLmoHHOM
‘ cunutene
Uy

C
Ui0 ”

IR - IC IR = f
R

° _dQ _ cdU;
CTdat T dt
U . CdUl — UBle

Q dt R
dU,
UBbIX = —RC——
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[TpumMepbl UCNONb30BaHUA

:‘ e UB UB
1 -

0 | =
U 'tBo ti t2 | | | | 1 | t

BEDK ] Usecc | | : | : :

44+ | | I | | |

' | |

31 | | |

1+ 0 | N !

0 t £
_,|Eo t1 t2
-21 =
Useo
...4 S ——

I'Igmmeg Qa6OTbI QMQQGQGHQMGTOQH Ha onepaunoHHOM
YoumnuTene
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[TpumMepbl UCNONb30BaHUA

l > -
Ui - —
R R,
2 ——3 )
[ Rgain +
——

g
2
[MpenmyuiectBa cxembl:
* Marioe BXOOHOE CMELLEHUE;
e Marsbl TeMnepaTypHbln opend;
* Manbl COGCTBEHHbIN LLYM;
* BbICOKU KOO MPULMEHT yCUNeHus.;
* perynuposka KoadppuumneHTa ycuneHnss ogHMM pe3mcTopom;
* BbICOKMI KO3 PULUMEHT ocrnabneHmnsa cMHasHoro curHana;
* BbICOKME BXOAHblE COMPOTUBIIEHNA (ManbI BXOAHOW TOK).

n KU=<1+
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