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OnepauinHmm niacuatoBad (OI, aHrn. operational amplifier - «op amp») - ue
niAcuNoBaY NOCTIMHOIO CTPYMY 3 BEJIMKMM KOoeiliEHTOM NiACUNEHHSA, AKMM Ma€E
AndepeHLianbHuM BXij i, AK npaBMi0, OAMH CRifibHMM BMXiA. Ha3Ba «onepauimHum
niAcunioBaYy» iCTOPMYHO 3B’A3aHa 3 NPU3HAYEHHSM nNepwmnx cxem. OnepauitHum
niacunioBay 6yB cnpoekToBaHMM Yy 30-i pOKM Ha laMnax A1 BUKOHAHHS MaTeMaTUYHUX
onepauin LWIAXOM BUKOPUCTAHHS Hanpyru sk aHasoroBoi BE/IMYMHM 419 MOAENOBAHHS
6a30BUX MaTeMaTHMYHMX onepaLin (A4oAaBaHHSA, BiAHIMAHHSA, iHTErpyBaHHA,
AndepeHUitoBaHHS Ta iHWMX). Y cyyacHin eneKTpoHHiM TexHili onepauinHi nigcuatoBayi
3aCTOCOBYHOTb HaA3BMYAMHO LUMPOKO AK 6araTouisiboBi e1leMeHTU ANs nNoby10BM
anapaTtypu pisHOro npusHadeHHA: nigcuaioBadiB, reHepaTtopiB CUHYCOIAHUX Ta
iMNYyIbCHMX CUrHanNiB, cTabinizaTopis HaNpyru, akTMBHMX QinbTpiB i T.M.

CyuyacHi Ol - ue mikpocxemun. MNMpUHLMNOBI CXEMM peasibHUX onepaLliMHKX nigcuaoBadiB
iHKO/IM HABOAATbCA B AOBiAHMKAX, ane, AK NpaBm/Io, Y MPaKTUYHMX 3aCTOCYBaHHAX
MOXHa KopucTtyBaTtuca Mikpocxemoto Ol Ak okpeMuM HaniBnpoBigHMKOBUM

NpuNagoM, He LiKaBaYMCh T 6y40BOI0.

OnepauimHi ni
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CTPYKTYpM onepaLiMHuX niacmaoBadiB pisHMX MapoK Biapi3HAOTbCA, asie OCHOBU
nobyaosu ogHaKoBi. binbwictb Ol BUKOHYIOTb TPMKACKaaHMMM 3 6e3nocepeHiMu
3B’A3KaMM MiXX Kackagamu. e Tpu pyHKLiOHaNnbHi 6/10KU:

1. BXiAHWM KacKaj, SKMM BUKOHYETbCA 3a CXEMOM AudepeHL,iasibHoro niacmaoBava i
3abe3neyvyye BUCOKMM BXiZIHMM onip Nnpuaagy Ta nNiagcMneHHsa Ha PoHi Manmx wymis. Ol
MAE ABa BXOAM - NPAMUM (HEiHBEPTYOUYMM) i iHBEPCHUM (IHBEPTYIOYMM) i OAMH BUXiA.
2. MiacmnnoBay Hanpyru, KUK MaE ay:Ke BeNMKMM KoedilieHT niacMneHHs 3a
Hanpyroto.

3. Buxianuu niacunioBad, AKMK 3a3BMYaM BUKOHYETbHCS 3a CXEMOK EMIiTEPHOro
NMOBTOPIOBaYa, L0 3a6e3MeYye NiICUIEHHA 3a NOTYXKHICTIO, MaIMK BUXiAHUM onip Ta
BMCOKY HaBaHTa)XyBaJIbHY 3[aTHICTb 32 CTPYMOM.

3 pO3BUTKOM iHTerpasibHoi TexHonorii Ol ctanu BUroToBNAATU ABOKACKagHMMM 6e3
nigCcMaoBaya Hanpyru. +E

AAna nonerweHHA BUAINEHHA 3MIHHOMO CMrHaJly Ha BUXOAi
Ol }XMBNEHHA CXeMU BUKOHYIOTb ABOMNOJIAPHUM K
nocnigoBHe 3’€4HaHHA ABOX AXKepen 3 3a3eMJ/IEHOI0 “aad

cepeHbOo TOYKOK (po3wenneHe ¥ueseHHsa). Ol 3aaTtHi “ormx
npaytoBaTH y LUMPOKOMY Aiana3oHi Hanpyr gxepen e -

YXMBJIEHHA 3 TUMNOBMMM 3HAYEHHAMU A4 3arajibHOro

3acTocyBaHHA Big + 1,5 (B) go + 18 (B). -E

OnepauinHi nigcnnios
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|neanbHmn Ol € di3nyHOK0 abCcTpaKLie, TOBTO HE MOXKE peasibHO iCHyBaTH, NpoTe Ja€
3MOry CYTTEBO CMPOCTUTU PO3rNaa poboTH CXeM, 40 CKAaay AKMX BXOAATb peanbHi Ofl.

1. HeckiH4YeHHO BeNMKMM KoedilieHT NiACKMIEHHA 3a Hanpyrow A58 BCbOro YacTOTHOMO
Aiana3oHy:
Ky (f) = const

KU—> 00

2. HeckiH4yeHHO BeNMKMM BXigHMM onip 060x BXxoAiB Ol (iHWKMMKM cnoBamM, CTPYM, LLO
NpoTiKae yepes Ui BXoAM, AOPiBHIOE HYHO):

Ry — o
iy —0
3. HynboBum BuxigHum onip Ol (To6To AN18 HAcTynHoro Kackaay Ol € ineanbHMM

JI’KEPEJIOM Hanpyru):
Royr — 0
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4. HecKiH4YeHHO Be/MKa WBMAKICTb HApOCTaHHA Hanpyru Ha suxoai Ofl.
5. CMyra nponycKaHHs: Bij, NOCTIMHOro CTPyMy A0 HECKiHYEHOCTI.

3 BMLIE3a3HAYEHMX XapPaKTEPUCTHK iaeanbHoro Ol BUXOAUTb HaMBaXKAMBILLA
BJIaCcTMBICTb iaeanbHoro Ol1, oxonneHoro aHKoK HeraTMBHONrO 3BOPOTHOIMO 3B’ A3KY:
ineanbHmM Ol, oxonaeHMM HeraTMBHUM 3BOPOTHMM 3B'A3KOM, MiATPUMYE OJIHAKOBY
Hanpyry Ha CBOIX BXoZax:

Ui+ — Uiy- =0

Y pasi nopyLweHHA Uuboro

cniBBigHOWEHHA AndepeHuyiasibHa R
Hanpyra nigcunoerbca Ol i

nepegaeTbca vYepes naHKy H33, wo VN

3MEHLUYE iCHYIYY pi3HMuto. | Tak 4o R

TUX Nip, NOKKU PiBHICTb He Gyae
BMKOHAHO.
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PARAMETER NAME PARAMETERS SYMBOL VALUE
Input current IiN 0
Input offset voltage Vos 0
Input impedance ZIN oo
Output impedance Zout 0
Gain a oo
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B34aT0 3 KHUIMM Op Amps For Everyone - Bruce Carter, Ron Mancini (2017)
(https://web.archive.org/web/20100216070704/http://focus.ti.com/lit/an/slod006b

/slod006b.pdf )

resulting change in input offset voltage.

PARAMETER ABBV | UNITS DEFINITION INFO
Bandwidth for 0.1 dB flat- MH The range of frequencies within which the gain is £ 0.1 dB of
ness % | the nominal value.
Case emperature for 60 oC Usualiy specified as an ansolue maximuam — TS meant 1o
seconds be used as guide for automated soldering processes.
Common-mode input ca- Input capacitance a common-mode source would see to
. Cic pF 11.3.71
pacitance ground.
Common-mode input im- Z O The parallel sum of the small-signal impedance between each
pedance e input terminal and ground.
E;::emmnn-mode input volt- Vic V | The average voltage at the input pins. 11.3.3
The ratio of differential voltage amplification to common-mode
— CMRR e = -
Common-mode rejection ra- or dB voltage amplification. Note: This is measured by determining 1139
tio K the ratio of a change in input common-mode voltage to the e
CMR
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PARAMETER ABBV | UNITS DEFINITION INFO

Usually specified as an absolute maximum. It is the power
that can be dissipated by the op amp package, including the
load power. This parameter may be broken down by ambient
temperature and package style in a table.

Continuous total dissipation mwW

The ratio of the change in output voltage of a driven channel
Crosstalk X1 dBc | to the resulting change in output voltage from another channel
that is not driven.

The change in ac gain with change in dc level. The ac signal
is 40 IRE (0.28 Vpk) and the dc level change is +100 IRE
(£0.7 V). Typically tested at 3.58 MHz (NTSC) or 4.43 MHz
(PAL) carrier frequencies.

Differential gain error Ap %

Differential input capaci-

tance Cic pF (see common mode input capacitance) 11.3.7.1

The small-signal resistance between two ungrounded input

Differential input resistance g Q .
terminals.

The voltage at the noninverting input with respect to the in-

Differential input voltage Vip \ verting input.

The change in ac phase with change in dc level. The ac sig-
nal is 40 IRE (0.28 Vpk) and the dc level change is =100 IRE
(£0.7 V). Typically tested at 3.58 MHz (NTSC) or 4.43 MHz
(PAL) carrier frequencies.

Differential phase error &p ¢
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PARAMETER ABBV | UNITS DEFINITION INFO
leferentlal voltage amplifi- Avp dB (see open loop voltage gain) 11.3.6
cation
. The time required for an output voltage step to change from
Fall time t NS [90% to 10% of its final value.
Duration of short-circuit cur- Amount of time that the output can be shorted to network
rent ground — usually specified as an absolute maximum.
The range of common-mode input voltage that, if exceeded,
Input common-mode volt- may cause the operational amplifier to cease functioning
Vicr Vv 11.3.3
age range properly. This is sometimes is taken as the voltage range over
which the input offset voltage remains within a_set limit
The amount of current that can be sourced or sinked by the
Input current I mA | op amp input — usually specified as an absolute maximum
rating.
. pA~ | Theinternal noise current reflected back to an ideal current
Input noise current In — . X . . 11.3.13
/Hz |sourcein parallel with the input pins.
Input noise voltage v, nVv_ | The mte.:rnal noise uioltage rreﬂectn_ad back to an ideal voltage 11313
J/Hz |source in parallel with the input pins.
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PARAMETER ABBV | UNITS DEFINITION INFO

Gain bandwidth product GBW MHz The prcduct of the open-loop voltage gain and the frequency 11313

at which it is measured.
. . The reciprocal of the open-loop voltage gain at the frequency

Gain margin Am dB where the open-loop phase shift first reaches —180°.

High-level output voltage Vo Vv 'I_'he hlghgst positive op amp output voltage for the bias condi- 1135
tions applied to the power pins.

. The average of the currents into the two input terminals with

Input bias current s HA  |the output at a specified level. 1.3.2

Input capacitance ¢i OF The capacitance between the input terminals with either input 11371
grounded.
The difference between the currents into the two input termi-

Input offset current lio HA nals with the output at the specified level. 1.3.2

Input offset voltage Vip, mV The dc voltage that must be elapplled between the input termi- 11.3.1

Vos nals to cancel dc offsets within the op amp.

Input offset voltage long- Y The ratio of the change in input offset voltage to the change 1131

term drift month | time. It is the average value for the month. e

Input resistance r MO The dc resistance between the input terminals with either 11371
input grounded.
The range of input voltages that may be applied to either the

Input voltage range V) Vv IN+ or IN— inputs 11.3.15

Onepauiivi niacumosavi, Ocwosu gy
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PARAMETER ABBV | UNITS DEFINITION INFO
Large-signal voltage amplifi- Ay dB | (see open loop voltage gain)
cation
Lead temperature for 10 or oC Usually specified as an absolute maximum. It is meant to be
60 seconds used as guide for automated and hand soldering processes.
The current into an output with input conditions applied that
Low-level output current loL mA | according to the product parameter will establish a low level
at the output.
The smallest positive op amp output voltage for the bias con-
Low-level output voltage VoL Vv ditions applied to the power pins. 11.3.5
Maximum k outout volt- The maximum peak-to-peak output voltage that can be ob-
'm pea P Voms V tained without clipping when the op amp is operated from a 11.3.5
age swing bi
ipolar supply.
Maximum peak-to-peak out- V V The maximum peak-to-peak voltage that can be obtained
put voltage swing O(PP) without waveform clipping when the dc output voltage is zero.
The range of frequencies within which the maximum output
Maximum-output-swin voltage swing is above a specified value or the maximum
bandwidth P E Bowm MHz | frequency of an amplifier in which the output amplitude is at 11.3.15
the extents of it's linear range. Also called full power band-
width.
. The ratio of the total noise power at the output of an amplifier,
Noise figure NF dB referred to the input, to the noise power of the signal source.
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Open-loop transimpedance

MQ2

In a transimpedance or current feedback amplifier, it is the
frequency dependent ratio of change in output voltage to the
frequency dependent change in current at the inverting input.

Open-loop transresistance

MQ2

In a transimpedance or current feedback amplifier, it is the
ratio of change in dc output voltage to the change in dc cur-
rent at the inverting input.

Open -loop voltage gain

AoL

dB

The ratio of change in output voltage to the change in voltage
across the input terminals. Usually the dc value and a graph
showing the frequency dependence are shown in the data
sheet.

Operating temperature

Output current

°C

mA

‘lemperature over which the op amp may be operated. Some
of the other parameters may change with temperature, lead-
ing to degraded operation at temperature extremes.

The amount of current that is drawn from the op amp output.
Usually specified as an absolute maximum rating — not for
long term operation at the specified level.

Output impedance

The frequency dependent small-signal impedance that is
placed in series with an ideal amplifier and the output termi-
nal.

11.3.8

Output resistance

The dc resistance that is placed in series with an ideal amplifi-
er and the output terminal.
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PARAMETER ABBV | UNITS DEFINITION INFO

The ratio of the largest deviation of the output voltage from its
Overshoot factor - - final steady-state value to the absolute value of the step after
a step change at the output.

The absolute value of the open-loop phase shift at the fre-

quency where the open-loop amplification first equals one. 11.3.15

Phase margin D, °

The absolute value of the ratio of the change in supply volt-
ages to the change in input offset voltage. Typically both sup-
ply voltages are varied symmetrically. Unless otherwise
noted, both supply voltages are varied symmetrically.

Power supply rejection ratio | PSRR dB 11.3.10

The time required for an output voltage step to change from

Rise time b nsS 10% to 90% of its final value.

With a step change at the input, the time required for the out-
Settling time ts ns put voltage to settle within the specified error band of the final
value. Also known as total response time, ti,;

The maximum continuous output current available from the
amplifier with the output shorted to ground, to either supply, or
to a specified point. Sometimes a low value series resistor is
specified.

Short-circuit output current los mA

The rate of change in the output voltage with respect to time

Slew rate SR Vius | or a step change at the input.

11.3.12

Temperature over which the op amp may be stored for long
periods of time without damage.

Storage temperature Tg °C
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PARAMETER ABBV | UNITS DEFINITION INFO
The current into the Voe+/Vpp+ or Veoc/Vpp- terminal of the
Supply current lccflop | MA op amp while it is operating.
Supolv current (shutdown IICCJ mA The current into the Vee+/Vpp+ of Vee/Vpp_ terminal of the
PPl ( ) DD- amplifier while it is turned off.
SHDN
| Supply rejection ratio ksvr dB__ | (see power supply rejection ratio) 11.3.10
Ksvs:
e AVees, The absolute value of the ratio of the change in input offset
Supply voltage sensitivity AVpps+, ds voltage to the change in supply voltages. 11.3.10
or AVip
Veo! Bias voltage applied to the op amp power supply pin(s). Usu-
Supply voltage Vop v ally specified as a + value, referenced to network ground.
Temperature coefficient of The ratio of the change in input offset current to the change in
_empe alio uA/°C | free-air temperature. This is an average value for the speci- 11.3.2
input offset current
fied temperature range.
. The ratio of the change in input offset voltage to the change in
Temperature coefficient of . . - .
i oVio | uV/°C | free-air temperature. This is an average value for the speci- 11.31
input offset voltage
fied temperature range.
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PARAMETER ABBV | UNITS DEFINITION INFO

Maximum current that can be supplied to the positive power
terminal of the op amp — usually specified as an absolute
maximum.

Total current into Vet/

VDD-!-

Maximum current that can be drawn from the negative power
Total current out of Vpp_ mA | terminal of the op amp — usually specified as an absolute
maximum.

The ratio of the RMS voltage of the first nine harmonics of the
fundamental signal to the total RMS voltage at the output.

The ratio of the RMS noise voltage and RMS harmonic volt-
THD+N dB | age of the fundamental signal to the total RMS voltage at the | 11.3.14
output.

Total harmonic distortion THD dB

Total harmonic distortion
plus noise

The total dc power supplied to the device less any power
Total power dissipation Pp mW | delivered from the device to a load. Note: At no load: Pp =
Vees %1 or Pp=Vpps+ X1
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PARAMETER ABBV | UNITS DEFINITION INFO
Tum-on voltage (shutdown) ViH- Vv The voltage required on the shutdown pin to turn the device
SHDN on.
Tumn-off voltage (shutdown) V- Vv The voltage required on the shutdown pin to turn the device
SHDN off.
The time from when the turn-on voltage is applied to the shut-
Turn-on time (shutdown) tEN us down pin to when the supply current has reached half of its
final value.
The time from when the turn-off voltage is applied to the shut-
Turn-off time (shutdown) tnis us down pin to when the supply current has reached half of its

Unity gain bandwidth

MHz

final value.

The range of frequencies within which the open-loop voltage
amplification is greater that unity.

11.3.15
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