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AMPLIFICADOR OPERACIONAL IDEAL
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- Sin limite en los valores de las tensiones
- Sin limite de Potencia

- Parametros independientes de Temperatura

- Como A, — cualquier valor de v, # 0 provoca una indeterminacion en el valor de v,



MODELO DEL
AMPLIFICADOR OPERACIONAL IDEAL
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Amplificador No Inversor
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AMPLIFICADOR OPERACIONAL REAL

Vg =Vin—Vi,
V+
lps Vme= (Vin+ V) /2
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Viy=Vy=0 — v,#0 — V,,: Offset de tension

l,, # I, # 0 — I ;: Offset de corriente

AB —— 10%Hz



Modelo del AMPLIFICADOR OPERACIONAL

Off-set de tension Vg

Off-set de corriente l5g

Corriente de polarizacion de entrada Igzs
Resistencia de entrada R,

Resistencia de salida R,
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ESPECIFICACIONES DE LOS AMP. OP.
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MAXIMOS ABSOLUTOS XX741

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 6)

Supply Voltage
Power Dissipation (Note 2)
Differential Input Voltage
Input Voltage (Note 3)
Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range
Junction Temperature
Solderning Information
N-Package (10 seconds)
J- or H-Package (10 seconds)
M-Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM741A
22V
500 mwWw
T30V
gy LAY
Confinuous
—55°C to +125°C
—65°C to +150°C
150°C

260°C
300°C

215°C
215°C

LM741E
+22V
500 mw
30V
15V
Continuous
0°C to +70°C
—-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

LM741
22V
500 mwWw
T30V
15V
Continuous
—55°C to +125°C
—65°C to +150°C
150°C

260°C
300°C

215°C
215°C

LM741C
+18V
500 mW
T30V
158V
Continuous
0°C to +70°C
-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering

surface mount devices.
ESD Tolerance (Note 7)

400V

400V

400V

400V



ESPECIFICACIONES DE LOS AMP. OP.
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Caracteristicas Eléctricas

e * R

d;lo « Max Excursion de v,

Iio = |Ib1 - Ibzlmax * lomax

dlio « CMRR

ar  Relacion de Rechazo de fuente
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A av,

« Slew Rate (

dt )max



Relacion de Rechazo de Modo Comun (RRMC) —— pRpM(C = 20 lngi
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CARACTERISTICAS ELECTRICAS DEL XX741

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rs < 10 k2 10 | 50 20 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
Tanin = Ta € Tamax
Rs < 50Q 40 mY
Rs = 10 kQ2 6.0 75 mY

Average Input Offset 15 wirc

Voltage Drift

Input Offset Voltage T, =25C, Vg = 220V +10 +15 +15 mY

Adjustment Range

Input Offset Current Ta = 25C 3.0 30 20 | 200 20 | 200 nA
Tarmun € Ta € Tapax 70 85 | 500 300 nA

Average Input Offset 05 nASC

Current Drift

Input Bias Current T =25C 30 80 80 | 500 80 | 500 nA
Tanan = Ta = Tappax 0.210 1.5 08 PA

Input Resistance T =25°C, Vg = 220V 1.0 6.0 D3] 20 03] 20 MO
Tarin = Ta £ Tamax, 0.5 MQ
Vg = 220V

Input Voltage Range Ts=25C 12 | £13 vV
Tanan = Ta £ Tamax 12 | £13 Y




CARACTERISTICAS ELECTRICAS DEL XX741

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R 22 k02
Vg = 220V, Vg = 215V 50 VimV
Ve = 215V, Vg = 210V 50 | 200 20 | 200 VimV
TAMIN = TA = TAMAXI
R =2 kQ,
Vg = 220V, Vg = 215V 32 VimV
Vg = 2158V, Vg = 210V 25 15 VimV
Vg = 26V, Vg = 22V 10 VimV
Output Voltage Swing Vg = 220V
R =10 kQ +1 vV
R.z2kQ * vV
Vg = 215V
R, =10 kQ 12 ] £14 1 14 vV
R z2kQ +10 | 213 * +13 V
Output Short Circuit Ta=25°C 10 25 35 25 25 mA
Current Taram = Ta = Tappax 10 40 mA,
Common-Mode Tapam = Ta = Tapax
Rejection Ratio Re < 10 k2, Ve = 212V 70 90 70 90 dB
Rg = 500, Ve, = 212V 80 95 dB
Supply Voltage Rejection Tapm = Ta = Tapmax,
Ratio Vg = X220V to Vg = 5V
Rs = 500 86 96 dB
R = 10 kQ2 77 96 7 96 dB




CARACTERISTICAS ELECTRICAS DEL XX741

Transient Response T, = 25°C, Unity Gain
Rise Time 0.25 08 03 0.3 Hs
Overshoot 6.0 20 5 5 %
Bandwidth (Mote 5) Ts =25°C 0437 | 15 MHz
Slew Rate T, = 25°C, Unity Gain 0.3 o7 05 05 Vips
Supply Current Ta = 25C 1.7 | 28 1.7 | 28 mA,
Fower Consumption Ta =25C
Vg = 220V 80 150 mwW
Vg = 215V 50 85 50 85 mwW
LMT741A Vg = 220V
Ta = Tammn 165 mwW
Ta = Tamax 135 mwW
LM741E Vg = 220V
Ta = Tapmn 150 mwW
Ta = Tamax 150 mwW
LM741 Vg = 215V
Ta = Tapn 60 | 100 mwW
Ta = Tamax 45 75 mwW

INVERTING INFUT 9

HON=INVERTING INPUT

Kl~#~ 5 | REATAAL] 50 =

OFFSET NULL

Metal Can Package

NC

DE00a341-2

Al bl e IKASSOCANMO4AMAd

+ OFFSET MULL =

Ceramic Dual-In-Line Package

_/

NC =—11 14 = NC
NC — 2 13— NC

3 12 = NC
=IN=— 4 1= V+
+IN=—5 10 = 0UuT
V- =8 9 = - OFFSET MULL
NC =t 7 8= NC




CIRCUITO INTERNO DEL XX741
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ESQUEMA DEL AMPLIFICADOR OPERACIONAL
XX741
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Polarizacion y Proteccion
Diferencial Ganancia Salida Polarizacion Proteccion
« Q1-Q2 . Q15- Q17 .« Q14 - Q20 « Q8-Q9-0Q10 - Q15-Q22
- Q3-0Q4 « R11 - R12 « R10 *« Q11-Q12-Q13 + R9-RI11
« Q5-Q6-0Q7 « R4—R5

* R1-R2-R3



Corrientes de polarizacion XX741
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Circuito simplificado para calculo Ri Av AB
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Ganancia del XX741
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RESPUESTA EN FRECUENCIA DEL XX741

elOURURD

[erouaisyiq
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Cada polo atrasa 90° Total atraso polos 270° Entre v, y v, la fase es 180°

Fase total entre v,y v, 450°

Si cuando la fase entre v,y v, s 360° A, > 1 I:> Inestabilidad

Para hacer estable el circuito |:> Cuando la fase entre vy y Vo
sea 360° hacer A, <1

Encontramos la frecuencia o para la cual 6 = 360° Esta frecuencia es oy,

Hacemos que A (») <1 para » = a,



Respuesta en Frecuencia

A, (o)) <1 ‘ ESTABLE
A

Av 20 dB

dec

‘\\\\\\\\\\\\\\\ \\\\\\\dec
N\ a B
dec
A, (o) >1
\\ N
O Py P2 P @) log e
o — |INESTABLE
1

- 180°

log w

> 0(wy) = 360°

- 360° -

- 450°




COMPENSACION DEL AMP. OP. XX741

Ce
IL
Bk
Vo
H Vo (@) = 5 v, (@)
T’o(w)
Av(w) =
T’l(w)
g?’ﬂ,
A,(w) =
v(w) 20C,
dB Im
20— Av(w 1)) = o1, C =1
1) ™~¢
Im I
Cc= 2 m —
m[l] 2UT
®34B ‘D(D

log



Slew Rate




Ancho de banda de potencia

R,
AR — 1 ‘|‘ R_z
ﬂfg
/ dt [MA}C. -
/
* ;,’/\.,} 7
NN
R2 4— Vo cuando o<,y
A\
dv — dv .
70 AgV.w cos wt Cuando coswt = 1 (—ﬂ) = ApgV.w
dt dt max

Onda senoidal maxima pendiente en el cruce por cero (punto de inflexion)

(dvﬂ) SR [_» A= SR > Omar = -
- — S- w = S- max — e
dt /pax o ARV




Limite del Slew - Rate

Il _ gm Il Il
S—R=— CC_Zm,:U S-R=y S—R=2w) —
m
¢ /2{0[1] Im
Para mejorar el S-R:
(!)(1) ﬂ |1/ Om ﬂ
Cuando la etapa de entrada se implementa con TBJ’s
_ Iy I
Im — Z—IJT g— = ZUT = cte. S—R = 4UT{{J|:1]
m
Cuando la etapa de entrada se implementa con JFET
[ =1 (1 Vas)z B ZIDSS 1 Vs Iy — Ve — Ves)
1= Tpss\ 2Ty o Im = V—P( _V—P) I 2
(I_l) _ E (I1)max = Ipss ~cuando Vg = 0 S—R=Vpw(
Im max

Relacion del S-R de entrada JFET a entrada TBJ

§ — R[,'FETJ _ Vp
S — RI:TB'_” 4:UT




CARACTERISTICAS ELECTRICAS AMP-OP-LF411

DC Electrical Characteristics (note 4)

Symbol Parameter Conditions LF4T1A LF411 Units
Min | Typ |[Max| Min | Typ Max
Vos Input Offset Voltage Rg=10 ki, Ty =25°C 0.3 0.5 0.8 2.0 mv
AVpg/AT | Average TC of Input | Rg=10 kil (Note 5) 2 10 2 20 RV
Offset Voltage (Mote 5)
log Input Offset Current | Vg= £ 15V Tj=25°C 25 100 25 100 pA
(Notes 4, 6) Tj=70°C 5 5 nA
Tj=125°C 25 25 nA
Ig Input Bias Current Wg= 15V Tj=25"C 50 200 50 200 pA
(Notes 4, 6) Tj=70°C 4 4 nA
T=125C 50 50 nA
Rin Input Resistance Tj=25C 1012 1012 Q
AvoL Larlge Signal Voltage | Vg= £15V, Vo= £ 10V, 50 200 o5 200 VimV
Gain RL=2k, Ty=25C
Over Temperature 25 200 15 200 VimV
Vo Output Voltage Swing | Vg= £ 15V, B =10k +12 | £135 +12 | £13.5 W
Viem Input Common-Mode +16 | +19.5 +11 | +14.5 v
Voltage Range 16.5 1.5 v
CMAR gzg;lzzh;;’;’j Rs=10k 80 | 100 70 | 100 dB
PSAR giﬁﬁ}ﬂﬁi (Note 7) 80 | 100 70 | 100 dB
Ig Supply Current 1.8 2.8 1.8 3.4 mA
AC Electrical Characteristics (note 4
Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min | Typ | Max
SR Slew Rate Vg=+18V, Ty =25C 10 15 8 15 Vs
GBW Gain-Bandwidth Product Vg= %215V, Ta=25C 3 4 2.7 4 MHz




CARACTERISTICAS ELECTRICAS AMP-OP-TL081

DC Electrical Characteristics (Note 3)

TLO81C

Symbol Parameter Conditions Units
Min Typ Max
Vs Input Cffset Voltage Bg = 10 ki}, Ty = 25°C 5 15 mV
Over Temperature 20 mV
AVpe/AT A TC of Input Offset B 10 kil
0s verage TC of Inpu se 5 10 WV/°C
Woltage
los Input Cffset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
T = 70°C 4 nA
Ig Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj= 70°C B nA
Bin Input Resistance T; = 25°C 1012 {1
AvoL Large Signal Voltage Gain Vg = 215V, Ty = 25°C 25 100 V/mV
Vo = £10V, R = 2k
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg = £15V, R = 10kl +12 +135 W
Ve Input Common-Mode Voltage . . 15 A
Range Vs = =15V =1 12 W
CMRR Common-Mode Rejection Ratio Bg = 10k 70 100 dB
PSRR Supply Voltage Rejection Ratio (Mote &) 70 100 dB
Ig Supply Current 18 2.8 mA
AC Electrical Characteristics (note3)
Symbol Parameter Conditions TLO81C Units
Min Typ Max
SR Slew Rate Vg = 15V, Ty = 25°C 13 W/ s
GBW Gain Bandwidth Product Vg 18V, Ta = 25°C 4 MHz




XX741 COMPENSACION OFF-SET

08 Q6
OFFSET NULL 5 _OFFSET
NON=INVERTING > 0z JL2 NVERTING NULL
INPUT Q1 INPUT R?
1K
Q3
A I\ 4
Q7 IS
~ ™ .
Q6
OFFSET NULL 5_OFFSET
OFFSET NULL 5 OFFSET NULL
NULL R?
R2 1K
1K

\_




Polarizacion de Q, Vrs = Vpg1,2 + 100A X Ry 5

|_ VR3 = 07 V
......... Ves
......... [, = — 14 uA
RBT5oga H
Ipz = Ic7
Region | | Region II ‘ Region IlI

| | | | l -[(.
1 1A 10puA 100 pA 1 mA 10 mA




XX741 PROTECCION

VBe1s = lo X25

[, x25=0.7V

[ci5 #0
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