Laboratorium Elektroniczne WFilS A-3. Wzmacniacz operacyjny

A-3. Wzmacniacz Operacyjny - parametryzacja i zastosowanie
wersja 10’2019

1. Zakres ¢wiczenia

Wyznaczenie  stalopradowych  funkcji  przenoszenia, amplitudowych charakterystyk
czestotliwo$ciowych, niektérych statopradowych parametréw wzmacniacza operacyjnego 0raz
parametréw czasowych:

1. wtérnika napigciowego

2. wzmacniacza nieodwracajacego o wzmocnieniu +11V/V

3. wzmacniacza odwracajacego o wzmocnieniu -10V/V

4. wzmacniacza odwracajgcego o wzmocnieniu -100V/V

5. wzmacniacza odejmujacego o wzmocnieniu +10V/V

6. wzmacniacza. sumujacego (wzm -10V/V jednego wejscia, wzm. -2V/V drugiego wejscia)

7. pomiar wejSciowego napigcia niezrownowazenia Vos, pomiar dryfu temperaturowego tegoz
napigcia Vos

8. pomiar wejSciowego pradu polaryzacji Ig, pomiar wejsciowego pradu niezréwnowazenia los

Przyktadowe wykorzystanie wzmacniacza operacyjnego w uktadach nieliniowych zaprezentowane zostanie
na przyktadzie uktadow:

1. generatora funkcyjnego,
2. wzmacniacza logarytmicznego.

2. Wstep teoretyczny

2.1 Podstawowe parametry wzmacniaczy operacyjnych

Wzmacniacz operacyjny jest elektronicznym elementem aktywnym z symetrycznym wejsciem
réznicowym oraz niesymetrycznym wyjsciem. Symbol wzmacniacza operacyjnego przedstawiony
jest na rysunku 1. Wejscie oznaczone symbolem -” jest wejsciem odwracajacym, za$ wejscie
oznaczone symbolem ”+” jest wejsciem nieodwracajagcym faze napiecia wyjSciowego wzgledem
wejsciowego. Wzmacniacze operacyjne charakteryzuja si¢ duzym wzmocnieniem w otwartej petli
oraz przeznaczone s3 do pracy z ujemnym sprzezeniem zwrotnym, ktére stabilizuje ich prace,
zwigksza zakres dynamiczny, poprawia liniowo$¢ 1 poszerza pasmo przenoszenia. Podstawowe
parametry idealnego wzmacniacza operacyjnego zebrane sg w tabeli 2.1.

W celu oceny na ile dany wzmacniacz operacyjny jest bliski idealnemu, okresla si¢ kilka
podstawowych parametrow:

1. wzmocnienie réznicowe kUR, zwane tez wzmocnieniem w otwartej petli (ang. open loop
gain), definiowane jako stosunek zmiany napigcia wyjSciowego do wywotujacej ja zmiany

. .. o ouU : : .
réznicowego napigcia wejsciowego: K,z = WWY dla zakresu nienasycenia wzmacniacza. Na
R

rysunku 1 pokazana jest charakterystyka przenoszenia dla wzmacniacza idealnego (linia ciggta) 1
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rzeczywistego (linia przerywana). Nachylenie charakterystyki w zakresie liniowym odpowiada
wzmocnieniu réznicowemu. Typowy liniowy zakres zmian napigcia wyjsciowego, zalezy od
konfiguracji uktadowej, napig¢ zasilajacych 1 wewnetrznej architektury samego wzmacniacza
operacyjnego.

Ly

Jlimicnary

W

Rysunek 1. Symbol graficzny wzmacniacza operacyjnego i jego charakterystyka przenoszenia

2. wejSciowe napiecie niezr6wnowazenia VOS - jest to napigcie rdéznicowe jakie nalezy
przytozy¢ na wejsciu wzmacniacza rzeczywistego, aby na jego wyjsciu uzyska¢ napigcie rowne
zeru (patrz rys.1). Typowo jest ono rzedu kilku 4V do kilku mV i w zaleznosci od zastosowan
mozna je poming¢ lub skompensowac do zera.

3. temperaturowy dryf wejsciowego napiecia niezrownowazenia - definiowany jest jako
stosunek zmiany wejsciowego napigcia niezrOwnowazenia do wywotujace] ja zmiany
temperatury. Typowe warto$ci tego wspdtczynnika sg rzedu kilku do kilkudziesieciu zV/°C.

4. wzmocnienie sygnalu wspolnego - podajac na oba wejScia wzmacniacza identyczny sygnat
(tzw. sygnat wspolny Us) w przypadku wzmacniacza idealnego spodziewamy si¢, ze napiecie
wyjsciowe bedzie rowne zeru. Dla wzmacniaczy rzeczywistych obserwujemy rézne od zera
oU

U,
Wiasciwosc¢ tg opisuje wspotezynnik thumienia sygnatu wspolnego CMRR (ang. Common mode
rejection ratio), definiowany jako stosunek wzmocnienia réznicowego do wzmocnienia sygnatu

napiecie wyjsciowe, co oznacza niezerowe wzmocnienie sygnatu wspolnego: Kk s =

wspoOlnego: CMRR = kU—K , gdzie kyr - wzmocnienie réznicowe, kys — wzmochienie sygnatu

Us
wspolnego. Widzimy stad, ze dla wzmacniacza idealnego oczekujemy CMRR — o« W
rzeczywistych wzmacniaczach operacyjnych CMRR jest rzedu 80 - 120 dB.

5. wspolczynnik PSRR (ang. power supply rejection ratio) - wspotczynnik okreslajacy

odpornos¢ wzmacniacza na zmiany napiec¢ zasilajacych, definiowany jako stosunek zmiany
napiecia niezrownowazenia do zmiany napiecia zasilania.
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Rysunek 2: Schemat zastepczy wzmacniacza operacyjnego z uwzglednieniem rezystancji wejsciowych.

6. rezystancja wejSciowa: na rys.2 przedstawiony jest schemat zastgpczy wzmacniacza
operacyjnego z uwzglednieniem wejsciowej rezystancji roznicowej rg (mierzonej migdzy
koncowkami wejsciowymi wzmacniacza z otwarta pe¢tla) oraz wspolnej rs (mierzonej miedzy
jednym z wejs$¢ a masa).

7. do wejs¢ wzmacniacza operacyjnego wplywaja niezerowe prady polaryzujace jego stopien
wejsciowy. W zaleznosci od technologii wzmacniacza wartosci tych pradow wahajg Si¢ w
granicach od kilku fA do kilku nA, a w przypadku szybkich wzmacniaczy 1-2 pA. Wejsciowe
prady polaryzujace sa przyczyna btedow wzmacniacza, gdyz mimo braku napiecia wejsciowego
powoduja zmiany napig¢cia na wyjsciu. Roznica wejsciowych pradéw polaryzujacych jest
nazywana wejsciowym pradem niezrownowazenia 10s.

W ponizszej tabelce, w ramach podsumowania, zestawione sg Wybrane parametry wzmacniacza operacyjnego
idealnego i rzeczywistego:

Tabela 1: Wybrane parametry wzmacniacza idealnego i rzeczywistego.

Wybrane parametry Idealny WO Rzeczywisty WO
wzmocnienie roznicowe ) 10°- 10’

pasmo przenoszenia od 0 do «© kilka MHz
napigcie niezrownowazenia 0 kilka uV — Mv
CMRR 0 80-120dB

PSRR . 50- 100 dB
rezystancja wejsciowa © kilka MO
rezystancja wyjsciowa 0 kilkadziesiat do kilkaset Q
prad polaryzujacy 0 kilka fA - nA

2.2 Przykladowe wykorzystanie wzmacniaczy operacyjnych w ukladach nieliniowych

Generator funkcyjny
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Rysunek 3. Generator funkcyjny i jego charakterystyka.
. . .. UR . . . L
Dla Uywe = 0 diody sa odcigte napigciem AL R I nachylenie charakterystyki wyjsciowo -
+

wejsciowej wynosi — ?F Jesli jedna z diod zacznie przewodzi¢, to nachylenie wzrosnie dwukrotnie

co do wartosci bezwzglednej, bowiem Uy _ Re . Zajdzie to w przypadku, gdy potencjat

du,. RJ|R
katody gornej diody zblizy sie do zera po wartosciach dodatnich, albo tez gdy potencjat anody dolne;j
. S . : : U U -

diody zblizy sie do zera po wartosciach ujemnych, to jest gdy —2=| = R Zaklada sig¢ tutaj idealng
charakterystyke diod jako zaworow.

Wzmacniacz logarytmiczny

U
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Rysunek 4. Wzmacniacz logarytmiczny i charakterystyka diody.

Y
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Zasada dzialania wzmacniacza logarytmicznego opiera si¢ na nieliniowej charakterystyce pradowo-

u Uy
napi¢ciowej diody, tutaj spolaryzowanej w kierunku przewodzenia: i = I{e'7UT —1} ~l,e™ (dlau

> 4Ur), gdzie:
U, = kT (przy 20°C Ur=25mV),
q

k- stata Boltzmana

T -temperatura w [K]

q — fadunek elektronu.

1 - czynnik skalujacy z zakresu 1 - 2

3. Uwagi do éwiczenia

1. Uklady sa badane przy zastosowaniu:
a) regulowanego zrodta napigcia stalego do wyznaczania charakterystyk przejsciowych,
b) generatora sinusoidalnego w celu wyznaczenia charakterystyk cze¢stotliwosciowych,
C) generatora przebiegu prostokatnego i trojkatnego w celu zaobserwowania odpowiedzi
na skok jednostkowy i napigcie narastajgce liniowo.
2. Wielko$ci zmierzone nalezy poréwnac z wyliczonymi teoretycznie na podstawie schematdéw
lub z zamieszczonymi w nocie katalogowej producenta.
3. Charakterystyki czgstotliwosciowe rysowaé w typowym uktadzie: wzmocnienie w dB,
czestotliwos$¢ w skali logarytmiczne;.

Literatura
1. Kulka Z., Nadachowski M.: Liniowe uktady scalone i ich zastosowanie.
2. Tietze U., Schenk Ch.: Uktady pétprzewodnikowe.
3. Zumbahlen H.: Linear Circuit Design Handbook.
4. Low Power, Precision Rail-to-Rail Output Operational Amplifier AD8622 — data sheet:

http://www.analog.com/static/imported-files/data sheets/AD8622 8624.pdf
5. Dual Low-Power JFET-Input General-Purpose Operational Amplifier TL062 — data sheet:
http://www.ti.com/lit/ds/symlink/t1062.pdf
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4. Program ¢wiczenia
1. Wtérnik napieciowy:

oS
v

-0
O—o
u2
u1
Gen. T
T oo
%{D =lI;HI]

UWAGA: pomiary zmienno-pradowe wtornika napigciowego na wzmacniaczu U20 wykonaé
poprzez dopasowany bufor separujacy U10

a) wyznaczy¢ U,=f(U;) dla napigcia statego, znalez¢ nachylenie kyy, (tj. wzmocnienie dla
zerowej czestotliwosci),

b) znalez¢ odpowiedz na skok napigcia dla sygnatu matego (kilkaset mV), podaé czas
narastania,

€) znalez¢ odpowiedz na skok napiecia dla sygnatu duzego (kilka volt), poda¢ szybko$¢ zmian
napi¢cia na wyjsciu,

d) wyznaczy¢ amplitudowsg charakterystyke czestotliwosciowa k,.=f(f) dla matych sygnatow,
podac¢ czestotliwos¢ graniczng, poréwnac z wartoscig katalogowa,

e) porownaé Kyy i Kys.

2. Wzmacniacz nieodwracajacy o wzmocnieniu +11V/V

e

—

I

20 uz20
_g: n
“GhD
[+
T uz

o—
U1 T
T )
=0
a) wyznaczy¢ U,=f(U,) dla napigcia statego, okresli¢ nachylenie charakterystyki kyj,
b) wyznaczy¢ k,.=f(f), okresli¢ czgstotliwos¢ graniczng.
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3. Wzmacniacz odwracajacy o wzmocnieniu -10V/V

R22 (R23)
10k (100k)

R20 uz20

u1

_—
El;

9=R20|[R22 [RJ?&RRJT
4 (990)

“GND

i

ND “Gno

al

a) wyznaczy¢ Up,=f(U,) dla napigcia statego, okresli¢ nachylenie charakterystyki Ky,
b) wyznaczy¢ ky.=f(f), okresli¢ czgstotliwos¢ graniczng, wyznaczy¢ pole wzmocnienia

4. Wzmacniacz odwracajacy o wzmocnieniu -100V/V
a) wyznaczy¢ Ko-=f(f), okresli¢ czgstotliwosé graniczng, wyznaczy¢ pole wzmocnienia

5. Wzmacniacz odejmujacy o wzmocnieniu +10V/V

—
lﬁ?u uzo
o ] =
-0
+ Tua
uz R26
10k
o oo D o

a) wyznaczy¢ Usz=f(U,-U,) dla napig¢ statych przy statej wartosci U,=1V, okresli¢ nachylenie
charakterystyki k.. Napiecie U; zmienia¢ w zakresie od 0 do +2V.

6. Wzmacniacz sumujacy (wzmocnienie -10V/V jednego wejscia, wzmocnienie -2VIV
drugiego wejscia)
e
I 1
—_

uzo

R24=R20||R21||R22
770

“ Lﬁ% i

L L

“GND

\
L

a) wyznaczy¢ Uz=f(U;+U,) dla napie¢ statych przy statej wartosci U,=1V, okresli¢ nachylenie
charakterystyki ky). Napigcie U; zmienia¢ w zakresie od 0 do +1.5V
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7. Pomiar wejSciowego napiecia niezréwnowazenia Vos, pomiar dryfu temperaturowego
tegoz napigcia AV /AT

R34
100k
R31 u3o
100R
glll R33 -0
o 100R
+
Uwyj
Tt
“GND “GND

a) wyznaczy¢ warto$¢ wejsciowego napigcia niezrOwnowazeni Vog Ze WZOru:

V. = U :Uwyj
[1+ RM} 1001
R31

Poréwna¢ wynik z warto$cig katalogowa.
b) zmierzy¢ poziom dryfu Vos W funkcji temperatury,

Podczas pomiaru Vos jak poprzednio celem wyznaczenia dryfu AV, /AT podiaczy¢ do

zaciskow GRZALKA zasilacz napigcia statego (HP E3631A, dekada: +25V), a w miejsce
TEMEPRATURA miernik napigcia. Zmienia¢ powoli napiecie na zaciskach GRZALKA od
wartosci +2V do +12V jednoczes$nie odczytujac Uyyj i napigcie VremperaTura Na zaciskach
TEMPERATURA.

Warto$¢ temperatury obliczy¢ ze wzoru:

VTEMPERATURA [mV] —424mV

6.25{ mv}
C

Tabela pomiarowa:

T[°C]=

VTEMPERATURA [mV] UWyj [mV] TEMPERATURA [OC] VOS [/UV]

Przedstawi¢ graficznie zalezno$¢ Vos=f(Temp). Wyznaczy¢ AV /AT , pordwnac z warto$cia
katalogowa.
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c) korekta wejSciowego napigcia niezrownowazenia,

R32
100k
Ak
LI
R31 u3o
100R
T S,
o T -
R32 -0
ui 100k
+
uz
ik
“GND “GND “GhD
+2.5 2.5V

fok
Przy U1=0 oczekujemy zerowego napi¢cia U2 na wyjsciu. Korekte nieidealnosci dokonac
potencjometrem P30. Po korekcie zmierzy¢ warto$¢ napigcia na suwaku potencjometru P30.
Poréwna¢ wynik z pomiarem Vs.

8. Pomiar wejsciowego pradu polaryzacji g, pomiar wejSciowego pradu

niezrownowazenia log,
I |$l?ll'fcer
Rodr Rtk U40A
| I | !1114&{ U40B

2I|I R4D R42
o 100R 100k
R
Dworka | +
Il ll
s GND

M
N
T

£

el

[
I
<L

Uwy]

—

||||—o

(]
-_=
(=]

a) wyznaczy¢ warto$¢ wejsciowego pradu polaryzacji Ig,

Zwierajac obie zworki (JMP40 1 IMP41) zmierzy¢ Uy, obliczy¢ napiecie Vos:
U i U

V. = wyj wyj

o {1+ R%} 1001

40

Zwierajac zworke JMP40 przy rozwartej] IMP41 wejsciowy prad polaryzacji Ig. ptynie przez

duza rezystancje R43 powodujac dodatkowy spadek napigcia (1g-*R43) doktadajacy si¢ do

wczesniej wyznaczonego napigcia niezrownowazenia Vos. Warto$¢ napigcia na wyjsciu wynosi:
R

Ui s :V051001—{1+ ﬁ}IBR43

Zwierajac zworke JMP41 przy rozwartej IMP40 wejsciowy prad polaryzacji Ig+ ptynie przez

duza rezystancje R42 powodujac dodatkowy spadek napigcia (Ig+*R42) doktadajacy si¢ do

wczesniej wyznaczonego hapiecia niezrownowazenia Vs, Warto$¢ napigcia na wyj$ciu wynosi:
R

U =V1001 + {1+ ﬁ} ls. Ry,

wyj_ B+
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Wyliczy¢ warto$¢ wejSciowego pradu polaryzacji Ig= (|lg+]| + |15-])/2. Wynik poroéwnac¢ z
warto$cig katalogowa.

b) wyznaczy¢ wartos¢ wejsciowego pradu niezrownowazenia los

Rozwierajac obie zworki JMP40 i JMP41 zmierzy¢ napigcie na wyjsciu Uyyj. Wyliczy¢
wejsciowy prad niezrownowazenia los Ze Wzoru:
Uwyj .
0s
Lo = (1. — 1) = 1002 —

os
R42

Wynik poréwna¢ z wartoscig katalogowa.

9. Generator funkcyjny

a) wyznaczy¢ statyczng charakterystyke przejsciowg U2=f(U1) dla danej wartosci Ur (np.
15V),

b) okresli¢ punkty zatamania charakterystyki, podac jej nachylenie,

c) dla wejsciowego sygnatu trojkatnego zaobserwowac znieksztalcenie przebiegu napigcia na
wyjsciu spowodowane zatamaniem charakterystyki.
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A-3. Wzmacniacz operacyjny
10. Wzmacniacz logarytmiczny
§%
D60 :_
Iﬂﬁ Ue1
Rg0 U0 g -
U1 o
+

Uwy2
Uwy1

%"||‘|
o —>
o —»

al
L=

NI

al
L=

N

a) wyznaczy¢ charakterystyke Uwy2=f(U1) dla napigcia stalego w przedziale zmiennosci Ul

pokrywajacego co najmniej 3 dekady (np. 10mV.. +10V); napigcie wejSciowe podaé na
wykresie w skali logarytmicznej,

b) oszacowac doktadnosc¢ logarytmowania i poda¢ gtowne zrodta ewentualnego dryfu.
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Dodatek A:

Parametry katalogowe wzmacniacza operacyjnego TL062:
(http://www.ti.com/lit/ds/symlink/tl062.pdf )

/
INSTRUMENTS TLO61, TLOB1A, TLOG1B
TL062, TLO62A, TL062B, TLO64, TLO64A, TLOG4B
wiwrw i com 1{339?8}4 —ND\.'E&EIEH lﬂ?B—HEgSED JAMUARY 2014
TLO06xx Low-Power JFET-Input Operational Amplifiers
Check for Samples: TLOG1, TLOG1A, TLOG1E, TLOGZ, TLOG2A, TLOG2B, TLOG4, TLOG4A, TLOG4E

FEATURES DESCRIPTION

*  Very Low Power Consumption The JFET-input operational amplifiers of the TLOSx

series are designed as low-power versions of the

* Typical Supply Current: 200 UA (Per Amplifier) TLO8x series amplifiers. They feature high input

*  Wide Common-Mode and Differential Voltage impedance, wide bandwidth, high slew rate, and low
Ranges input offset and input bias currents. The TLOGx series
+ Low Input Bias and Offset Currents features the same terminal assignments as the TLOTx

and TLO8x series. Each of these JFET-input

* Common-Mode Input Voltage Range operational amplifiers incorporates  well-matched,

Includes Vec, high-voltage JFET and bipolar transistors in an
* Qutput Short-Circuit Protection integrated circuit.
* High Input Impedance: JFET-Input Stage The C-suffix devices are characterized for operation
* Internal Frequency Compensation from 0°C to 70°C. The I-suffix devices are

. : : characterized for operation from -40°C to 85°C, and

L._atchup Free Operation the M-suffix devicepse are characterized for operation
* High Slew Rate: 3.5 Vips Typ over the full military temperature range of -55°C to
* On Products Compliant to MIL-PRF-38535, 125°C.

All Parameters Are Tested Unless Otherwise

Noted. On All Other Products, Production

Processing Does Not Necessarily Include

Testing of All Parameters.

TLOG1, TLOB1A .. . D, P, OR PS PACKAGE TLOE2. .. D, JG, P, PS, DR PW PACKAGE TLOG4.. . D, J, N, NS, PW, OR W PACKAGE
TLOG1E .. . P PACKAGE TLOG2A . .. D, P, OR PS PACKAGE TLOG4A, TLOBIE ... D OR N PACKAGE
(TOP VIEW) TLOGZB .. .D OR P PACKAGE (TOF VIEW)
» (TOP VIEW) )
OFFSETN1 [] 1 e[l NC J 10Ut [ 1 14]]40UT
IN-[] 2 7[] Vees 10UT []1 8l Vees 1N-[] 2 13[] 4IN-
N+ [] 3 sl out 1IN- ] 2 7[] 20uT 1IN+ [] 2 1z[] 41N+
Vee [] 4 5[] OFFSET N2 1+ [ 3 6] 2IN- Vees o 1[Vee-
Vee- [14 5[] 21M+ 2IN+ [} 5 10[] 3IN+
2AN-[] & af] 3IN-
20uT[7 &[] 3ouT
NC — Mo internal connection
TLOEZ . .. FK PACKAGE TLOG4 .. . FK PACKAGE
(TOP VIEW) (TOP VIEW)
- N =
= | Q L2 = 1
22¢ 9 23992

321 2019
NC B[ NC 1IN+
1IN- [] 5 a7 []2ouT NG
NC 16 18 NG Viegs
1N+ 7 15[] 2IN- NG
NG []& 14| NC

810 11 12 13 I: 2INs

208:z%2
$%%

2IN-
3IM-

Please be aware that an important notice conceming availability, standard warmranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA Information |s cument as of publication date. i
Praducis. conform. o spachization e '.E|'T"IE of e Texas Copyright & 1878-2014, Texas Instruments Incorporated

5
Instuments standand waTanty. Prﬁ:ﬂ:ﬂ processing doee niot
necassarty Incuds 1esIng of all parameters.
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TLO61, TLOG1A, TLOG1B U oo —
TL062, TLO62A, TL062B, TLO64, TLO64A, TLOG4B
SLOS078K —NOVEMBER 1378—-REVISED JANUARY 2014 www.ti.com
Symbols

N —— M 1 + out

- ———— - I

f OFFSET N1  OFFSET N2 |
Offs et NulliCom pensation |

_ TLO&1 Only ]
Schematic (Each Amplifier)
Vees
ey
ey ~
iy
‘/'
IN+
IN-
(1=
_ .
I |
I |
I |
I I
I I
OFFSET N1 OFFSET N2 out Vee-

TLOG1 Only

C1 =10 pF on TLOG1, TL0O62, and TLOG4
Component values shown are nominal.

2 Submit Documentation Feedback Copyright © 1978-2014, Texas Instruments Incorporated
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Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(

TLOG_C
TLOG_AC TLOG_I TLOG_M UNIT
TLO&_BC
W - 18 18 18
—CE* | Supply voltage @ v
Ve -18 -18 -18
Wy  Differential input voltage ) 30 £30 +30 v
V) Input voltage /) +15 +15 +15 v
Duration of output short circuit'®) Unlimited | Unlimited | Unlimited
D package (& pin) a7 g7
D package (14 pin) 88 88
M package 80 80
. [ MS package T8 78
Ba Package thermal impedance®)) “CW
P package 85 85
PS package a5 95
PW (8 pin) package 149 149
PW (14 pin) package 113 113
FK package 561
. P J package 15.05
8, Package thermal impedance!®® “CIW
- JG package 14.5
W package 14 85
T, Operating virtual junction temperature 150 150 150 °C
Case temperature for 80 seconds FK package 280 i
Lead temperature 1,6 mm {1/16 inch) from °
case for B0 seconds J, JG, U, or W package 300 C
Lead temperature 1,6 mm (116 inch) from N
case for 10 seconds D, N, N5, P, PS, or PW package 280 2860 C
Tsljg Storage temperature range —B5 to 150 | 55 to 150 | —B5 to 150 i

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond these indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-marimum-rated conditions for extended periods may affect device reliability.

(2) Al voltage values, except differential voltages, are with respect to the midpoint between Vg, and Vep-.

(3) Differential voltages are at IN+, with respect to IN-.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 W, whichever is less.

(3) The output may be shorted to ground or to either supply. Temperature andfor supply voltages must be limited to ensure that the
dissipation rating is not excesded.

(6) Maximum power dissipation is a function of Timax, 814, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T jjmax) — Tal/8us- Operating at the absolute maximum T, of 150°C can affect refiability.

(7) The package thermal impedance is calculated in accordance with JESD 51-7.

(8) Maximum power dissipation is a function of T jmay. 8,c, and Tz, The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T jjmax) — TcW8,c. Operating at the absolute maximum T, of 150°C can affect reliability.

(9) The package thermal impedance is calculated in accordance with MIL-STD-883.

Copyright & 18722014, Texas Instruments Incorparated Submit Documentation Feedback 3
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Electrical Characteristics
WVeee = #15 WV (Unless otherwise noted)

TLOBIC TLOB1AC
TLOB2C TLOBZALC
PARAMETER TEST CONDITIONS ™ TLOG4C TLOG4AC UNIT
MIN TP A MIN TP MAX
Ta=25°C 3 15 3 [
Vi Input offset voltage Wo=0 Rg=500 /'
Ta = Full range 20 7.5
. Temperature cosficient of - - v T = e
Tig input offset voltage Vo =0, Rg =500, Ty =Full rangs 10 10 [T e
Ta=25°C 5 200 5 100 pé
lig Input offset current Vo=0
Ta = Full range 5 3 nA
i . Ta=25°C 30 400 k) 200 pé
g Input bias current’® Wa=0
Ta = Full range i0 T nA
. -12 -1z
Viw  Common-mode input Ta=25°C 11 © +11 o v
voltage rangs 15 15
Ven Maximum peak output RL= 10k, Ty =25°C =10 135 10 £13.5 v
voitage swing Ry 2 10 kX, Ts = Full range 10 +10
A, Large-signal differential Vg =£10V, Ta=25"C 3 B8 & iy
= volizge amplification Rz 2kl T = Full range 3 4
By Unity-gain bandwidth R =10k, To=25°C 1 MHz
5 Input resistance Ta = 25°C 1012 102 0
~ Caomman-mode rejection Wiz = Vigemin,
CMRR ratio o= 0, Fe = 50 00, Ta = 25°C TO e6 20 a8 dB
Supply-voltage rejection _
T ratio E ‘D*QRV_‘DSE‘E “'T casc 70 g5 20 85 )
(AN oo V) ‘ AT IS AT
Po Total power dissipation |y, No joad, Ty = 25°C e 75 8 75 mw
(each amplifier)
Supply current _ R
lee {each amplifier) Wo=10. Noload. Ty = 25°C 200 250 200 250 )
VeiWoz  Crosswalk attenuation Ay =100, Ty =25°C 120 120 dB

(1) Al characteristics are measured under open-loop conditions with zero common-mede input voltage unless otherwise specified. Full

range for Ty iz 0°C to 70°C for TLOExC, TLOSxAC, and TLOExBC and —40°C to 85°C for TLDGExI.

(2) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 15. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.
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TLO061, TLO61A, TL061B
TL062, TLO62A, TL062B, TL064, TLOG4A, TL064B

SLOSDTEK —NOVEMBER. 1878—REVISED JANUARY 2014

Electrical Characteristics
WVeee = #15 WV (Unless otherwise noted)

TLOE1BC TLOE
TLOGZBC TLOGH
PARAMETER TEST CONDITIONS ™ TLOG4BC TLOG4! UNIT
MIN TP A MIN TP MAX
Ta=25°C 2 3 3 [
Vi Input offset voltage Wo=0 Rg=500 /'
Ta = Full range 5 a
. Temperature cosficient of - - v T = e
Tig input offset voltage Vo =0, Rg =500, Ty =Full rangs 10 10 [T e
Ta=25°C 5 100 5 100 pé
lig Input offset current Vo=0
Ta = Full range 3 10 nA
i . Ta=25°C 30 200 k) 200 pé
g Input bias current’® Wa=0
Ta = Full range T 20 nA
. -12 -1z
Viga Commar-mode: input Tp= 25°C 11 o 11 to v
voltage rangs 15 15
Ven Maximum peak output RL= 10k, Ty =25°C =10 135 10 £13.5 v
voitage swing Ry 2 10 kX, Ts = Full range 10 +10
A, Large-signal differential Vg =£10V, Ta=25"C 4 B8 & iy
= volizge amplification Rz 2kl T = Full range 4 4
By Unity-gain bandwidth R =10k, To=25°C 1 MHz
5 Input resistance Ta = 25°C 1012 102 0
~ Caomman-mode rejection Wiz = Vigemin,
CMRR ratio o= 0, Fe = 50 00, Ta = 25°C 80 e6 20 a8 dB
Supply-voltage rejection _
T ratio E ‘D*QRV_‘DSE‘E “'T casc 80 g5 20 85 )
(AN oo V) ‘ AT IS AT
Po Total power dissipation |y, No joad, Ty = 25°C e 75 8 75 mw
(each amplifier)
Supply current _ — =Es
lee {each amplifier) Wo=10. Noload. Ty = 25°C 200 250 200 250 )
VeiWoz  Crosswalk attenuation Ay =100, Ty =25°C 120 120 dB

(1) Al characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full
range for Ty iz 0°C to 70°C for TLOExC, TLOSxAC, and TLOExBC and —40°C to 85°C for TLDGExI.

(2) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 15. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.

Copyright & 18782014, Texas Instruments [ncorparated
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Electrical Characteristics
WVeee = #15 WV (Unless otherwise noted)

TLOETM
TLOG4M
PARAMETER TEST CONDITIONS ™ TLOG2MM uNIT
MIN TYP MAX MIN TYP LA
Ta=26°C 3 g 3 a
Vig Input offset voltage Vo=0,Re=300 |T,= 55Cto m
1250 a 15
. Temperature cosficient of | V=0, Rg=5010, -
o input offset voitage Ta = —55°C o 125°C 1o 1o wire
Ta=26°C L] 100 5 100 A
o Input offset current Vg=0 Ta=-565°C 2048 2p™ "
Ta=125°C 20 20
Ta=26°C 30 200 a0 200 pA
e Input bias current!® V=0 Tp=-55°C 504 B2 A
Ta=125°C 50 50
- -1z -1z
Common-mode input .
Viea Ta=25°C 11 to +11 to v
voltage range 15 15
v Masimum pesk output R = 10k, Ty = 25°C 0 #1328 10 #135 v
o voltage swing R, 2 10 ki, Ty =-B5°C to 125°C 10 +10
Large-signal differential | Vg =10V, Ta=25°C 4 B 4 8
rge-signal differan a= . — .
Huro voltage amplification ALz 2k0 TSZEE5“ = 4 4 Vi
B, Unity-gain bandwidth R, = 10k, Ty = 25°C MHz
n Input resistance Ta = 25°C 10" 107 [s]
~ Caomman-mode rejection Wiz = Viggmin,
oMRR Vom0 Bt B0, T, = 25°C 80 56 20 ] d8
Supply-voltage rejection - =
kevm ratio Vee! DthU-‘DE?E VT I 80 g5 20 o5 )
(AN oo V) 0= e TS T
Total power dissipation _ R
Fa {each amplifer) g =0, No load. Ty = 25°C B 75 8 75| mw
Supply current = =250 5
loz {=ach amplifier) Vo =0, Mo load, T, =25°C 200 250 200 250 A
ViV Crosstalk attenuation By = 100, Ty = 25°C 120 120 d8

(1) Al characteristics are measured under open-loop conditions, with zero eommen-mode voltage, unless otherwise specified.

(2) This parameter is not production tested.

(3)  Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 15. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.

Operating Characteristics

Veee = 215V, Ta= 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
; (1) Vi=10V, Cy =100 pF,
SR Slew rate at unity gain R. = 10k, See Figure 1 15 35 Vips
t Rise-time V=20V, C, = 100 pF, 0.2 us
Owershoot factor Ry =10 k0, See Figure 1 10 %
Vi Egquivalent input noize voltage Rs=200 f=1kHz 42 n\ViNHE

(1) Slew rate at -55°C to 125°C iz 0.7 Wps min.
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Parametry katalogowe wzmacniacza operacyjnego LM741.:
(http://www.ti.com/lit/ds/symlink/Im741.pdf)

Product Sample & Technical A Tools & Suppor &
ri |==r:“kmurL -‘1!- Buy D‘:;;urr:nb ' s‘al;aa Community
i3 Texas
INSTRUMENTS LM741
SHOSC250 —MAY 1898 —REVISED OCTOBER 2015
LM741 Operational Amplifier

1 Features 3 Description

- Overload Protection on the Input and Output The LM741 series are general-purpose operational

amplifiers which feature improved performance over
industry standards like the LM7039. They are direct,
plug-in replacements for the 708C, LM201, MC1439,
and 748 in most applications.

The amplifiers offer many features which make their

- No Latch-Up When the Common-Mode Range is
Exceeded

2 Applications

- Comparators application nearly foolproof: overload protection on
= Multivibrators the input and output, no latch-up when the common-
- DC Amplifiers mode range is exceeded, as well as freedom from

oscillations.

The LM741C is identical to the LM741 and LM741A
) i except that the LM741C has their performance
- Active Filters ensured over a 0°C to +70°C temperature range,
instead of -55°C to +125°C.

- Summing Amplifiers
- Integrator or Differentiators

Device Information!"

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-99 (8) 9.08 mm x 9.08 mm

LM741 CDIP (8) 1016 mm x 6.502 mm
PDIP (8) 9.81 mm = 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

\F&
+Vsupply
R1
MN - v
= LM/741 m— Qutput
Vinput + Y

~Vsupply

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property maiters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

LMC Package MAB Package
8-Pin TO-99 8-Pin CDIP or PDIP
Top View Top View
hy
OFFSET NULL—1 £ S
BVERTING WPUT—] 2 T
HON=INVERTING —] 5 & - ouTRUT
IHPUT
v =] s 5 |=CFFSET NULL
LM741H is available per JM38510010101
Pin Functions
PIN
e} DESCRIPTION
MAME MO.
INVERTING ) - .
INPUT 2 | Inverting signal input
MNC ] N/A | Mo Connect, should be Ieft floating
MONINVERTING ) ) : ;
INPUT 3 | Moninverting signal input
OFFSET NULL ) - .
1,5 | COffset null pin used to eliminate the offset voltage and balance the input voltages.
OFFSET NULL
OUTPUT B o] Amplified signal output
Ve T | Puositive supply voltage
V- 4 | MNegative supply voltage

Copyright @ 1888-2015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)!213

MIN MAX UNIT
Supnly volt LM741, LM7414 #22 "
u voltage v
=Hpply el LM741C 18
Power dissipation 4] 500 mw
Differential input voltage #30 V
Input voltage 15) 15 v
Output short circuit duration Continuocus
o - w LM741, LM7414 -50 125 o
rating temperature
pe . oe LM741C 0 70
i LM741, LM741A 150
Junction temperature *C
LM741C 100
PDIP package (10 seconds) 280 °C
Soldering information
CDIP or TO-99 package (10 seconds) 300 °C
Storage temperature, Tey —B5 150 *C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) For military specifications see RETS741X for LM741 and RETS7T41AX for LMT414.

(3) If Military/Aerospace specified devices are reguired, please contact the Tl Sales Office/Distributors for availability and specifications.

(4) For operation at elevated temperatures, these devices must be derated based on thermal resistance, and 'I'l max. (listed under “Absclute
Maximum Ratings®). T = Ta + (814 Pp).

(5) For supply voltages less than 15 VY, the absolute maximum input voliage is equal to the supply voltage.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSIESDAMEDEC J5-001(" +400 v

Viespy  Electrostatic discharge

(1) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that S00- HBM allows
safe manufacturing with a standard ESD conirol process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN HNOM MAX UNIT
. LMT41, LM7414A +i0 +15 22
Supply voltage (VDD-GMND) v
LMT41C +i0 +15 +18
LM7T41, LM7414 -5 125
Temperature *C
LM741C o 70
6.4 Thermal Information
LM741
THERMAL METRIC ™ LMC (TO-99) MAB (CDIP) P (PDIP) UNIT
8 PINS 8 PINS 8 PINS
Raja Junction-to-ambisnt thermal resistance 170 100 100 “Crw
Rescimpy  Junction-fo-case (top) thermal resistance 25 — — “CIW

{1} For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Meirics application

report, SPRASS3.
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6.5 Electrical Characteristics, LM741"

PARAMETER TEST CONDITIONS MIN Yp MAX | UNIT
Ta=25C 1 S mv
Input offset voltage Rs =10 kQ
Tamin = Ta = Tamax 6] mv
Input offset voliage — cee v — 3
adjustment range Ta=25C, Vg =220V 15 my
Ta=25C 20 200
Input offset current n&
Tanin € Ta = Tamax 85 500
. Ta=25C 80 500 na
Input bias current - -
Tanin = T = Tamax 15] upA
Input resistance Ta=25°C, Vg =220V 0.3 2 MO
Input voltage range Tanin = Ta = Tamax +12 +13 A\
o= Vo= =22 | Ta=25°C 50 200
Large signal voltage gain Vg=2153V, Vo =210V, R =2 | A Wi
k0 Tamim = Ta = Tapax 25
i Rz 10 kQ *12 14
Cutput voltage swing Vg =215V A
RL.22kQ +10 *13
Output short circuit cument Ta=25°C 25 ma
Commeon-mode rejection ratio |Rg =10 O, Ve = 212V, Taum = Ta = Tapax &0 95 dB
Supply voltage rejection raio | Vs =220V 1o Vs =25V, Rs £ 10 O, Tapm = Ta = Tapax 85 96 dB
Transient Rise time I 0.3 us
Ta = 25°C, unity gain
response Overshoot | Vo 5%
Slew rate Ta = 25°C, unity gain 05 Vius
Supply current Ts = 25°C 1.7 28 mia
Tp=25°C 50 85
Power consumption Vg =#15V Te=Taamn 60 100 mw
Ta = Taax 45 75
{1} Unless ctherwise specified, these specifications apply for Vg = 153V, =55°C = Ty = +125°C (LM741/LM741A). For the
LM741C/LMT41E, these specifications are limited to 0°C = Ty = +70°C.
6.6 Electrical Characteristics, LM741A"
PARAMETER TEST CONDITIONS MIN  TYP  MAX| UMIT
Ty =25°C 0.8 3| mV
Input offset voltage R =500
Tanan = Ta = Tapax 4] mv
A\!'erage input offset voltage 15| wvrc
drift
Input offset voltage e _
adjustment range Ta=25°C, Ve =220V 10 mV
Ts =25°C 3 30
Input offset current - - na
Tasnn = T € Tameax n
Average input offset
current drift 05| narc
) Ta=25"C 30 80| nA
Input bias current - -
Tamin = T = Tamax 021 pa
. Ta=25°C, Vs =220V 1 &
Input resistance - - MO
Tamin = Ta & Tagax, Vs =220V 0.5
Vg =420V, Vg=215V R 22 [Ta=25°C 50
Large signal voltage gain k0 Tanan = Ta < Tamax 32 Vimy
Ve =45V, Vo=#2V R 22 kQ, Taam € Ta S Tapax 10
(1} Unless otherwise specified, these specifications apply for Vg = 153V, —=55°C = Ty = +125°C (LM741/LM7414). For the
LM741C/LM741E, these specifications are limited to 0°C = T, = +70°C.
Copyright @ 1088-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics, LM741A" (continued)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
i R, 210 kQ2 +16
Output voltage swing Vg =420V W
R 22kQ +15
L Ta =25°C 10 25 35
Output short circuit current md
Tasnn = T € Tameax 10 40
Common-mode rejection ratio | Re = 50 O, Ve = 212V, Taym € Ta = Tamax 80 95 dB
Supply voltage rejection ratio | Vg =+20Vto Ve =35V, Re = 50 O, Tapum = Ta = Tapax g8 96 dB
i Rise time 025 0.8 5
Transient Ta = 25°C, unity gain !
response Overshoot % 20%
Bandwidth Ty = 25°C 0437 15 MHz
Slew rate Ta = 25°C, unity gain 0.3 0.7 Vius
Ta =25°C 80 150
Power consumption Vg =220 Ta = Taum 185 mwW
Ta = Tauax 135
{2) Caleulated value from: BW (MHz) = D_35/Rise Time (us).
6.7 Electrical Characteristics, LM741Ct™"
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ta=25"C 2 B mV¥
Input offset voliage Rs = 10 kx
Tamin £ Ta = Tamax 75 m¥
Input offset voltage A, oy = 3
adjustment range Ta=25"C, V=220V *15 mY
Ty =25C 20 200
Input offset current - - nA
Tamin = T = Tamax 300
) Ta=25"C 80 500 na
Input bias current - -
Tamin = T = Tanax 0.8) pA
Input resistance Ta =25°C, Vg =220V 0.3 2 MO
Input voltage range Ta=25C 12 +13 \
.= Vi = Ta=25°C 20 200
Large signal voltage gain \‘:‘-é k;—;ﬁ ViVo =10V, Ry A Wim
= Tanum = Ta = Tamax 15
i R =10 kQ +12 +14
Output voltage swing VMg =213V W
R 22kQ +10 +13
Cutput ghort circuit curent Ta=25C 25 ma
Common-mode rejection ratio Re= 10 KO, Ve =212V, Tapan = Ta = Tapax 70 90 dB
Supply voltage rejection rafio Weg=220WVioWVe =25V R =100, Tapn = Ta = Tapax 77 96 dB
- ent Rise time Th = 25°C Unity Gai 0.3 us
ransient response = , Un ain
po Overshoot A ftY 5%
Slew rate Ta = 25%C, Unity Gain 05 Vius
Supply current Te=25°C 1.7 28 ma
Power consumption Wg=#15W, Ty =25°C 50 85| mwW

(1) Unless ctherwise specified, these specificaions apply for Vg = #15V, -55°C = Ty < +125°C (LM741/LM741A). For the

LM741C/LMT41E, these sp

ecifications are limited to 0°C = Ty = +70°C.

-]
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7 Detailed Description

7.1 Overview

The LM74 devices are general-purpose operational amplifiers which feature improved performance over industry
standards like the LM709. It is intended for a wide range of analog applications. The high gain and wide range of
operating voltage provide superior performance in integrator, summing amplifier, and general feedback
applications. The LM741 can operate with a single or dual power supply voltage. The LM741 devices are direct,
plug-in replacements for the 709C, LM201, MC1439, and 748 in most applications.

7.2 Functional Block Diagram

+ vt

E:ou

¥ 2 |NVERTHG
HOM=IHYERTING
o o < RS
HPUT BFLUT :' K
R7 OIED_-
Lo 45K
a3 EaLl < g
04 T.5K :: 5
V- [ S oueur
ar o8

e 210

50

o
o6 010 ~
a5 ol m:,.-l a0
OFFSET HULL — 3_DFFSET
HULL
R BE € R2 fed B2 T Rt
1K 50K 21K 5K 50K € 50

o

7.3 Feature Description

7.3.1 Overload Protection

The LM741 features overload protection circuitry on the input and output. This prevents possible circuit damage
to the device.

7.3.2 Latch-up Prevention

The LM741 is designed so that there is no latch-up occurrence when the common-mode range is exceeded. This
allows the device to function properly without having to power cycle the device.

7.3.3 Pin-to-Pin Capability

The LM741 is pin-to-pin direct replacements for the LM709C, LM201, MC1439, and LM748 in most applications.
Direct replacement capabilities allows flexibility in design for replacing obsolete parts.

Copyright @ 1088-2015, Texas Instruments Incorporated Submit Documentation Feedback T
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7.4 Device Functional Modes

7.4.1 Open-Loop Amplifier

The LM741 can be operated in an open-loop configuration. The magnitude of the open-loop gain is typically large
thus for a small difference between the noninverting and inverting input terminals, the amplifier output will be
driven near the supply voltage. Without negative feedback, the LM741 can act as a comparator. If the inverting
input is held at 0V, and the input voltage applied to the noninverting input is positive, the output will be positive.
If the input voltage applied to the noninverting input is negative, the output will be negative.

7.42 Closed-Loop Amplifier

In a closed-loop configuration, negative feedback is used by applying a portion of the output voltage to the
inverting input. Unlike the open-loop configuration, closed loop feedback reduces the gain of the circuit. The
overall gain and response of the circuit is determined by the feedback network rather than the operational
amplifier characteristics. The response of the operational amplifier circuit is characterized by the transfer function.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not wamant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation fo confirm system functionality.

8.1 Application Information

The LM741 is a general-purpose amplifier than can be used in a variety of applications and configurations. One
common configuration is in a noninverting amplifier configuration. In this configuration, the output signal is in
phase with the input (not inverted as in the inverting amplifier configuration), the input impedance of the amplifier
is high, and the output impedance is low. The characteristics of the input and output impedance is beneficial for
applications that require isolation between the input and output. No significant loading will occur from the
previous stage before the amplifier. The gain of the system is set accordingly so the output signal is a factor
larger than the input signal.

8.2 Typical Application

R2 =4.7k
Wy
+Veupply
R1=4.7k
J_ ‘N! - W
= LM741 Output

Uinput — V-

~Vsupply
Figure 1. LM741 Noninverting Amplifier Circuit

8.2.1 Design Requirements

As shown in Figure 1, the signal is applied to the noninverting input of the LM741. The gain of the system is
determined by the feedback resistor and input resistor connected to the inverting input. The gain can be
calculated by Equation 1:

Gain = 1+ (R2/R1) (1)

The gain is set to 2 for this application. R1 and R2 are 4.7-k resistors with 5% tolerance.

8.2.2 Detailed Design Procedure

The LM741 can be operated in either single supply or dual supply. This application is configured for dual supply
with the supply rails at £15 V. The input signal is connected to a function generator. A 1-Vpp, 10-kHz sine wave
was used as the signal input. 5% tolerance resistors were used, but if the application requires an accurate gain
response, use 1% tolerance resistors.

Copyright @ 1088-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
Product Folder Links: LM747

Strona 25 z 28



Laboratorium Elektroniczne WFilS A-3. Wzmacniacz operacyjny

i3 TExas
INSTRUMENTS
LM741
SNOSC25D —MAY 1898—REVISED OCTCOBER 2015 www._ti.com

Typical Application (continued)
8.2.3 Application Curve

The waveforms in Figure 2 show the input and output signals of the LM741 non-inverting amplifier circuit. The
blue waveform (top) shows the input signal, while the red waveform (bottom) shows the output signal. The input
signal is 1.06 Vpp and the output signal is 1.94 Vpp. With the 4.7-kQ resistors, the theoretical gain of the system
is 2. Due to the 5% tolerance, the gain of the system including the tolerance is 1.992. The gain of the system
when measured from the mean amplitude values on the oscilloscope was 1.83.

I
I |

Figure 2. Waveforms for LM741 Noninverting Amplifier Circuit

9 Power Supply Recommendations

For proper operation, the power supplies must be properly decoupled. For decoupling the supply lines, a 0.1-pF
capacitor is recommended and should be placed as close as possible to the LM741 power supply pins.
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Dodatek C: Schemat funkcjonalny ptytki pomiarowej (wersja 1)
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Schemat funkcjonalny plytki pomiarowej (wersja 2):
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