Analog Electronics
Unit 6

Real Operational Amplifier




ANALOG ELECTRONICS — Unit 6. Real Operational Amplifier

Table of contents

6.1 Introduction

6.2 Offset error

6.3 Gain error

6.4 Dynamic Specifications of the OA. SR, GBP.



ANALOG ELECTRONICS — Unit 6. Real Operational Amplifier

6.1 Introduction

Definition:
Voltage amplifier with the following real features:

‘ Very high voltage gain (A = 10°~1019)

Very high input impedance (1 MQ ~1GQ).
Differential input.

%Very low output impedance (5 Q ~1kQ)
\Bandmdth 0 Hz...20 kHz (aprox).
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6.1 Introduction

Symbology:

Non inverter input: Input ] +

Output

Inverter input: Input 2 -

Transfer function: [|Vo=Ag ®(V,-V)

Electrical Characteristics, LM741C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
= = Ta =25°C 20 200
Large signal voltage gain ZSZ k;15 ViVo =£10V, R A VimV
= Tamin = Ta = Tamax 15
_ R, = 10 kQ £12 +14
Output voltage swing Vg =215V V
RLz2kQ 10 13




ANALOG ELECTRONICS — Unit 6. Real Operational Amplifier

6.1 Introduction
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6.1 Introduction

Initial differential stage Intermediate amplification stages  Final power stage

(1,6,8,14)
-Input D—I(JG1

+InpLt

(2.5.913)
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6.1 Introduction

Cuadripole ideal model of the OA:

Boylestad: 10.5
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6.1 Introduction

Real OA
A=10° V/V
V.=V, =15V

+V

sat

»
»

1
1
'
[ ]
1

R Linear input range?
éSaturation?
éVariability of the gain,
Predictable output?
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6.1 Introduction

Negative Feedback of the OA

Ue Us

T

¢Fdt?
Vce=x15V
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6.1 Introduction

Advantages of negative feedback:

e The gain is predictable and depends on the external
components (resistors).

Ex: -10 V/V (20 dB)
* The gain is smaller— The input linear range increases

W Ex: £+14V/10=+1.4V
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6.1 Introduction

Procedure to analyze circuits with negative
feedback of OA:

1. We know that: V+~V- ; i+=i-= 0 ; i0???

2. Analysis:

- Computation of known voltages (Voltage
divider or Millman...)

- Currents definition and 15t Kirchoff ‘s law.

3. Calculation of:

- G=Vo/V, = V =f(V)

- Z = V.=f(l)
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6.1 Introduction

Inverter amplifier: W
Vi — A W————
G —_ VO — —& : Op-amp I SN
V; R, f+
Noninverting Amplifier: v +




ANALOG ELECTRONICS — Unit 6. Real Operational Amplifier

6.1 Introduction

Unity Follower: V, =V,

Any amplifier with no gain or loss is called a unity gain amplifier.
The advantages of using a unity gain amplifier:

e \ery high input impedance
e \Very low output impedance
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6.1 Introduction

Calculation of ZZ (NON differential amplifiers)

Vcc
e v |
Ug ﬁ : |_
Z,
Q|
< A4
Zi = Ug/lg Non differential amplifier system
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6.1 Introduction

Calculation of Z, (differential amplifiers)

Vcc
Ig v |
U, — -1
Zy
,\) T
<|> | T
g J
Y

Zd — Ug/lg Differential amplifier system
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6.1 Introduction

Effect of negative feedaback on input impedance

/. ~R A Ve \
o o-AO Ao  mmm) .
Electrical Characteristics, LM741C("
‘ PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
Input resistance Tp=25°C, Vg=120V 0.3 2 MQ
Input voltage range Tp =25°C +12 +13 \%
= = Tp =25°C 20 200

Large signal voltage gain l/sz kéw ViVo =210V, R A V/mV

= Tamin = Ta = Tamax 15
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6.1 Introduction

Effect of negative feedaback on input impedance (Z,)

0 P27 Vs==+15V, Ta = 25°C, unless otherwise noted.

OP27A/0OP27E OP27G
Parameter Symbol Test Conditions Min Typ Max | Min Typ Max | Unit
LARGE SIGNAL VOLTAGE GAIN Avo RLz2kQ,Vo=£10V 1000 1800 700 1500 V/mV
RL.=600Q,Vo=+10V 800 1500 600 1500 V/mV
OPEN-LOOP OUTPUT RESISTANCE Ro Vo=0,lo=0 70 70 Q
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6.2 Offset error

DC Offset Parameters

Even when the input voltage is zero, there can be an
output offset. The following can cause this offset:

e |nput offset voltage
e |nput offset current
e |nput bias current
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6.2 Offset error

It is the output value when the Vs (V)
input is null (E ) ’ /
Ve=0 E
e_ offset —/ > Ve (V)
/ Eoffset
_é_

In systems with Oas, E . depends on 2 parameters of the
OA.

1) Vo, Vos, input offset voltage)
2) Polarizing currents at the input (l,g, input bias current; |5,
input offset current)
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6.2 Offset error

The offset error measured in a particular system is a specific
value (with sign), ex: +50 mV, —-80 mV

On the contrary, if it is not measured but estimated from the
OA features, the value is given by a range

Vs (V)
Ve Vs = Ve G £ E e /
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6.2 Offset error

Input Offset Voltage (V,o, Vos)

Small voltage that has to be applied at the input of the OA to
achieve an output of OV.

It can be modelled as a voltage source in series with the
Inverter or non-inverter input.

: N
Vio \ O
S //
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6.2 Offset error

Input Offset Voltage (V,, Vos)

Chopper Stabilized Op Amps: <1pV

General Purpose Precision Op Amps: 50-500pV | ow offset
Best Bipolar Op Amps: 10-25uV

Best JFET Input Op Amps: 100-1,000pV (V|O<500HV)
High Speed Op Amps: 100-2,000pV

Untrimmed CMOS Op Amps: 5,000-50,000pV

DigiTrim™ CMOS Op Amps: <100uV-1,000pV

Find in the datasheets the typical value for V, of the following OAS:

741A (bipolar general purpose)
TLO81C (JFET general purpose)
OPZ27A (bipolar precision)
LT1055 (JFET precision)
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6.2 Offset error

Input Offset Voltage (V,o, Vos)

Electrical Characteristics, LM741C("

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ty =25°C 2 6 mV
Input offset voltage Rs =10 kQ
TAMIN < TA < TAMAX 75 mV
Input offset voltage Ta = 25°C, Vg = 20 V +15 mV
adjustment range

\"

SUPPLY
Dispersion
/
OFFSET NULL=—1 8 —NC

RyuLL Only for a
INVERTING INPUT =4 2 7=Vt Temperatu re
NON=INVERTING —{ 3 6 = O0UTPUT ° -

INPUT
V- —14 5 p—=O0FFSET NULL
—+
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6.2 Offset error

Input Offset Voltage (V,o, Vos)

‘ ' I_I”'EAD LT1055/LT1056
TECHNOLOGY Precision, High Speed, Distribution of Input Offset Voltage

JFET Input Operational Amplifiers (H Package)
: g 140 TS I"o —
Dispersion U= 1ot | 50% TO <60
FGHTUBGS 120 | 634 UNITS TESTED
FROM THREE RUNS |
® Guaranteed Offset Voltage: 150pV Max 2 | 1S
—-55°C to 125°C: 500pV Max = 80
é 60 o
= 4

20 r J-L
JT n

O | m—

=
-400 -200 0 200 400
INPUT OFFSET VOLTAGE (pV)
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6.2 Offset error

Impact of V,; on the output

Estimate the maximum offset error at the output of the circuit (at 25°C).
The OA is a 741C with a supply voltage of #15 V (R2=10 k2, R1=1k«)

R2
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6.2 Offset error

Impact of V,; on the output

The effect of this input offset voltage on the output can be
calculated with:

Rl + Rf
Vo(offset) = Vio

R,
_l_—W\'Tr—— R4
1% A

Boylestad: ex. 10.8
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6.2 Offset error

Correction of the error due to V|,

R2
/\A/
R1 l
VIN O—AN _
/_

Vour

Find the minimum value of
Vs to compensate the error
due to V5 (at 25°C) in the
circuit if the OAisa TL0O81C
supplied at #15 'V

(R2=10 k@2, R1=1k«))

Design the circuit with a
potentiometer P=100 (2 and
the supply voltage for Vg
15V
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6.2 Offset error

Temperature drift of the offset voltage (TCV,,, ayo)

Electrical Characteristics, LM741C("

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Tp = 25°C 2 6 mV
Input offset voltage Rg =10 kQ
Tamin = Ta = Tamax 75 mV

Input offset voltage

adjustment range Ta=25°C, Vg =220V +15 mV
Temperature
MIN MAX UNIT
TLO8XM -55 125
. TLO8XQ 40 125
Ta Ambient temperature °C
TLOSXI —40 85
TLO8xC 0 70

C (Commercial) | (Industrial) M(Militar)
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6.2 Offset error

Temperature drift of the offset voltage (TCV,,, ayo)

Vs=+15V, =55°C < Tx £ 125°C, unless otherwise noted.

OP27A
Parameter Symbol Min Typ Max Unit
INPUT OFFSET VOLTAGE!' Vos 30 60 0
AVERAGE INPUT OFFSET DRIFT TCVos?
TCVosy? 0.2 0.6 HV/°C
Vs=+15V, Ta = 25°C, unless otherwise noted.
OP27A/0OP27E
Parameter Symbol Min Typ Max
INPUT OFFSET VOLTAGE!' Vos 10 25 Y

Estimate the typical offset error at the output of an inverter amplifier
based on an OP27A (G=-50 V/V) for a temperature range of 0 and 50°C
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6.2 Offset error

Temporal drift of the offset voltage

Vs=+15V, Ta = 25°C, unless otherwise noted.

OP27A/OP27E OP27G
Parameter Symbol Min Typ Max | Min Typ Max | Unit
INPUT OFFSET VOLTAGE!' Vos 10 25 30 100 1\
LONG-TERM Vos STABILITY? 3 Vos/Time 0.2 1.0 0.4 2.0 HV/Mo
6
¢ - Estimate the typical variation of the
< 2
z u{‘}‘b_ offset error at the output of a non-
2 P _.,___v,_\/___\”.__\\/ . . g
5T ~—T—1 [ inverter amplifier based on a
e - —— .
= ek 1 OP27A (G=100 V/V) in 12 months
»
% [ VA G P
T ]
R D S e N B S
-4
_60 1 2 3 4 5 6 7

TIME (Months)

Figure 14. Long-Term Offset Voltage Drift of Six Representative Units
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6.2 Offset error

Bias current (I,;)

The Bias current (I;) is the average current of the input currents in the
OA (polarizing currents)

— +
‘IIB + IIB

JIpn,
.LER’L S

Offset currents in the input (I,,)
It is the difference of the polarizing currents in the input terminals of
the OA

Amplificador
v operacional real
I T
I,=1_ +-'2
- 1B 1B
[,=]|I,—1 2
IO T IB IB Ve v | ificador
I I_Bp> operacional ideal
I =lg — -2
B B
2

Boylestad: ex. 10.11
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6.2 Offset error

lg, input bias current; |5, input offset current

Compare the typical values of |5 and |, of the following OAs

JFET

741C TLO81C
OP27A LT1055
R3 S$R4
% . \:OSA[%._;;W 7k 7k
' NULL [
ata] are] [aze aza —] 5 U6 |—
NONINVERTING

INPUT ) © " AL ~INPUT[2

INVERTING
+INPUT|3 —1 U1 12 [

INPUT (-)

® 1 '
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6.2 Offset error

Output Offset Voltage Due to Input Polarizing Currents

Vo =Ry Ly —Ryy 15,

I
I1322113‘|'II—O IBl:IB_17O

1 1
\£ :RTh-([B _%)_RTh+(IB +#0

A
x| Vi = [B‘RTh- _RTh+‘ + IIO(RTh+ +RTh—)/2
P ES n vy
v, *L 7
B R, +R
R% __ Vo(offset) = Vg 1R—1f

Boylestad: ex. 10.9




g — Input Bias Current — nA
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6.2 Offset error

The bias and offset currents depend on temperature. The drift with
temperature should be taken into account when the operation
happens at elevated temperatures. The data of these drifts are given

in the data sheets.

Deriva térmica de Ig:
Deriva termica de Ips:

100

- Vegs =15V TLO81-
/
10 //
II
7
//
1 /
/,I
/
/
0.1 ,'/
-~

0.01
-50 -25 0 25 50 75

Ta - Free-Air Temperature - C

100

125

INPUT BIAS CURRENT (nA)

50

40

30

20

10

AIg/AT (pA/°C)
Alos/AT (pA/°C)

oP27

Vg = 15V

opP27C

/
[

OP27A

0 25 50 75

TEMPERATURE (°C)

100

125

150
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6.2 Offset error

Total Offset Due to V,; and |,;and I

Op-amps may have an output offset voltage due to both factors
V|, and Polarizing currents. The total output offset voltage will be
the sum of the effects of both:

V (offset) = V_(offset due to V,;) + V (offset due to I; and I,;)

Boylestad: ex. 10.10
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6.2 Offset error

500 kQ
Estimate _tﬁe total Vi, opset) dug to
the polarizing currents at the input y 5kQ
of OA (741C), and due to the input '
offset voltage (V,y) of the OA. —a v,
Assume T=25°C.
5kl
Electrical Characteristics, LM741C("
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ty =25°C 2 6 mV
Input offset voltage Rg =10 kQ
Tamin = Ta = Tamax 75| mv
acjusiment range Ta= 25°C, Vs = 420V 415 y
Tp=25°C 20 200
Input offset current nA
Tamin = Ta = Tamax 300
_ Ta = 25°C 80 500 nA
Input bias current
Tamin = Ta = Tamax 08| pA




ANALOG ELECTRONICS — Unit 3. Characterization of analog processing systems

6.2 Offset error

Systematic Errors
Offset error (additive, absolute error)

Vo

Vi System Vo = Vi-G + Eo

Offset Error

E 0 ( RTO ) Eo (RTO)

Vi

Error (RTI) = Error (RTO) / G
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6.2 Offset error

Systematic Errors
Offset error in multistage systems

, Stage 1 Stage 2
Vi

Offset Error Offset Error

Eo, (RTO) Eo, (RTO)

Offset Error (RTO) = #[|Eo, | |G, |+|E0,]]

Offset Error (RTI) = £[Eo,/G;+E0,/(G,G,)]
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6.2 Offset error

Estimate the V. due to the offset voltage of the OAs and due to their
polarizing currents at the input (Temperature is 25°C)

100 kQ
741C ﬁ—'\/s/v—[m A

r
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6.2 Offset error

Estimate the V. due to the offset voltage of the OAs and due to their
polarizing currents at the input (Temperature is 25°C)
R~=10 k2, R,=1 k), R,=2 k), R;=5 kQ

R, Ry R;
——AMW——— ———AW———— ————AAN————
R
-I: ) R, R,
- OP27 AN op27 —+am— 0OP27 — Vs

|7+ J7+ [+
Ve A,
L <
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6.2 Offset error

Estimate the Ve due to the offset voltage of the OA (LM358) and
due to its polarizing currents at the input (Temperature is 25°C)

R¢
100k
Cin R1
10k
Co
* 1/2 LM358 ’
Vin 0
Re
—— 10k
- R2

100k
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6.2 Offset error

Accuracy ACCURACY:

Vs Difference between
the real value and
the ideal value of
the output signal

|deal Curve

Real curve

Vo real
measured ~
| aximum ERROR
Vo ideal - (maximum discrepancy)
theoretical

Ve
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6.2 Offset error

Errors Formulation:

ABSOLUTE ERROR =
| Real value - ideal value |

RELATIVE ERROR(%) =

Real value - ideal value

100
ideal value
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6.3 Gain error

Systematic Errors

Gain error (multiplicative, relative error)
Vo

System Vo =Vi-Gr

Vl Gain Error

Eg (RTO)

*The relative error is constant in all the range.
Regardless of Vi

V.G, - V.G,
VG

E — Gi _Gr

g(rel) —

100 = 100

I
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6.3 Gain error

Systematic Errors
Gain error (multiplicative, relative error)

Vo =Vi-Gr

Vo

_ System
Vl Gain Error

Eg (RTO)

*The absolute error is maximum in the range limits

Eg(abs) — VZGZ _VZGI"
V.G —V,G B =G
(GG =V g(abs i
Eg(re[) — | i =100 100
VGi _
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6.3 Gain error

Systematic Errors
Gain error in multistage systems

_ Stage 1 Stage 2
Vl Gain Error Gain Error
G1, Eg, (%) G2, Eg,(%)
E ey = ViGliG2i _ViGerzr 100 = GTi _GTr 100
¢ ViGliGzi Ti
. Eg(rel)

E =——VG,
g(abs) IOO i = Ti
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6.3 Gain error

Impact of the gain error on design

VM Estimate the gain error of the
amplifier if the resistors have a
tolerance of 5%




ANALOG ELECTRONICS — Unit 6. Real Operational Amplifier

6.3 Gain error

Impact of the gain error on design

Estimate the gain error of the current to voltage converter
10M

1%

LTC6090 Vourt

PHOTODIODE
SFH213



P11. (1/2)

El registro de las vibraciones es de gran Iimportancia no SoOlo para
aplicaciones en sismologia, sino por efemplo para monitorizar las incidencias
en un envio de mensajeria.

Para poder registrar vibraciones se puede hacer uso de un acelerometro.

Se necesita montar un sistema para registrar

vibraciones usando un acelerometro

(rango £0.5 G salida £2 mV). Para convertir la

senal del sensor en una senal de 2 V,

se decide conectar en cascada dos modulos amplificadores

1 MOdulo1 | Médulo2
6 mV 5mV

100 (40 dB) 10 (20 dB)
40+0.02 dB 20+0.018 dB
15 pv 10 pv

500 mA 700 mA

2 nF 1 nF
+15V +15 V

1.5A 1.8A

10 kHz 15 kHz



P11. (2/2)

Una vez conectados en serie, se desea valorar cual sera la exactitud del
sistema completo, asi como otras caracteristicas de funcionamiento.

1) Calcular la ganancia (sensibilidad) del acelerometro.

2) Calcular la exactitud del circuito completo de amplificacion expresada
como unidades de aceleracion. Calcular el valor exacto del error para el caso
de no aceleracion (0 G) y para el fondo de escala.

3) Representar la funcion de transferencia ideal del sistema amplificador
completo.
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6.4 Dynamic Specifications of the OA

Frequency Parameters

An OA is a wide-bandwidth amplifier. The following affect the
bandwidth of the OA:

e Gain Band width product
e Slew rate

Boylestad: 10.7
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6.4 Dynamic Specifications of the OA. GBP _

Gain Bandwidth Product

Thg QAS hlgh frequenFy r?sponse GPB = Gsys x BW, | = ] x fT
is limited by internal circuitry. The
plot shown is for an open loop A,

gain (Ag,_ or A,p). This means that |
the OA is operating at the highest
possible gain with no feedback
resistor.

In the open loop, the OA has a
narrow bandwidth. The
bandwidth widens in closed-loop
operation, but then the gain is
lower.

= Frequency
(log scale)

Boylestad: ex. 10.12
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6.4 Dynamic Specifications of the OA. GBP

3

High cut off frequency: Effect of the GBP

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

GxBW = f;is provided in the vs

FREQUENCY
OA data sheet. == T T T
100 Vee+ =15V
: : o0 [N Ve hov T
It is equivalent to the ) e
m\ Ta = 25°C

-]
(=]

frequency where A, ;=0 dB

/#’

w
o
7

i!'

Voltage Amplification — dB

fmax-GxBW = GxBW / G

system

Ayp - Open-Loop Signal Differential

20 \,\

e AO741 — 1 MHz TLO81 — 4 MHz ~10

N

1 10 100 1k 10k 100k 1M 10M
f— Frequency — Hz
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6.4 Dynamic Specifications of the OA. GBP ’

Product G e BW del OP27

Ex: for a follower circuit
based on OP27 (G=1)
[3VVQS?

GBP=G,,*BW,, = f;

130

110

90

VOLTAGE GAIN (dB)
w o ~
o o o

=Y
o

N
<)

\\ 0P2T-
K
K
BN
oK
N\
N

FREQUENCY (Hz)
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6.4 Dynamic Specifications of the OA. GBP 55

The bandwidth of a system based on an OA with negative
feedback is the ratio between the GBW of the OA and the
modulus of the gain of the system.

f max—GBW G
Calculate the bandwidth of a system syst

based on an inverter amplifier based on (40
an OA LT1086AM (R1=1 k2, R2 = 50 k<) . 1S oae

R2 IR

'y 80 AN
=y N
R1 = 0 AN
AWy J \ ® 4 105 N
Y
LT1056 ® oV \

= —_— 110 100 1k 10k 100k 1M 10M100M
FREQUENCY (Hz)
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6.4 Dynamic Specifications of the OA. GBP _

Calculate the maximum value of R2 so that the amplifier has a minimum
BW of 300 kHz (R1=1 k2, R3 = 1 kQ)

R 106 T T T
2 Vec:=1t5Vto 15V
RL=2kQ
= 10° \\ Ta=25C
R £
v 1 S < N\ ‘ ‘
! EE 10t \ \ Differential
= &= \ Voltage
@ £ A
TLO81 Vo .-_% g_ 103 Ampilification
< N\
3 \
o)
3s . \
+ S 102
(]
> .
R < Phase Shift N\
3 \ \
1 AN

- 1 10 100 1k 10k 100k 1M 10M
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6.4 Dynamic Specifications of the OA. GBP _

Calculate the bandwidth and represent the bode diagram of the amplifier
based on 2 stages

100 kQ
741C ﬁ—«/wi” v

r
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6.4 Dynamic Specifications of the OA. SR

High cut off frequency: Effect of the Slew rate

Maximum variation rate with respect to the time of the output signal of the system:

aused by:
SR=|dV,/dT | .| (V/us) S—
e Maximum output current

eLoad capacitances SR=1_., /C.q

TLO081, TLO81A, TLO81B, TL082, TLO82A
TLO082B, TL084, TL084A, TL084B

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V=10V, R.=2kQ, C_= 100 pF, g 13
See Figure 19
SR Slew rate at unity gain V, =10V, R_=2kQ, C_ =100 pF, V/ius
Ta = - 55°C to 125°C, 5(1)
See Figure 19
LTT1055/LT1056
GLGCT"“CHL CHﬂﬂ HCTGBISTKS Ta =25°C. Vs =15V, Ve = OV unless otherwise noted.t
LT1055M/LT1056M
LT1055AM/LT1056AM LT1055CH/LT1056CH
LT1055AC/LT1056AC LT1055CN8/LT1056CN8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP  MAX | UNITS
SR Slew Rate LT1055 10 13 7.5 12 Vips
LT1056 12 16 9.0 14 Vipis
GBW Gain Bandwidth Product f=1MHz LT1055 5.0 4.5 MHz
LT1056 6.5 55 MHz
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6.4 Dynamic Specifications of the OA. SR

S|

High cut off frequency: Effect of the Slew rate

Required
waveform Maximum frequency

of a sinusoidal wave
that the OA can

Sed p.rowd.e without
waveform distortion

f = SR / (m-Max excursion of output signal)

max-SR

SR
f — A is the peak amplitude of the output signal

max-SR
2TA
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6.4 Dynamic Specifications of the OA

Impact of the Slew Rate (SR) on the system BW

The value of f_, sg does NOT depend on the gain of the system, but on
the maximum excursion of the output signal of the OA

15 CHHHE 1 T
Calculate the bandwidth due to > RL=2k0
the SR of the TL0O81 if the o 125 Vees = +15V Ta=25°C
excursion of the output signal is + g
15V 5 0
S Vees = +10 V
Repeat the calculation for E £7-5
excursions of + 10 Vand +5V E ;
E i Vecr =45V
:5: +2.5 \
0 N
100 1k 10 k 100 k 1M 10M

f - Frequency — Hz
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6.4 Dynamic Specifications of the OA

The GBP (GBW) parameter of the OA allows the estimation
of the bandwidth of the system for small signal (small
amplitudes of the output signal) GBW,

max-GBW — G
sistema

... Where as the SR of the OA allows the estimation of the
bandwidth of the system for big signals (big amplitudes of
the output signal) SR
f —
max-SR 27TA
The BW of the system will be the most restrictive (the
smallest one) of both estimations.
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6.4 Dynamic Specifications of the OA

Estimate the maximum processing frequency of the system based on 3
OAs OP27A if the input voltage varies between 300 mV

2.2 kQ 3.3kQ 1.5 kQ
1 kO

[ YW 1kQ |~ 1kQ [~

i OP27 ANA op27 —+—ama— OP27 —Vs
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6.4 Dynamic Specifications of the OA

High cut off frequency: Concomittant effect in
OA based systems

BW-= f_f.

CS 'Ci

1ccs = minimum {fmax—SRl fmax-GxBWl fmax-RC}

f.. = maximum {f_ -}

Capacitors present in the system can introduce high cut-off
frequencies (f..rc)
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6.4 Dynamic Specifications of the OA

Estimate the minimum and the maximum processing frequency of the system
based on an OA TL081 if the input voltage varies between 500 mV

Represent the Bode —A\N— ANN
diagram of the system | 1k 10 kQ
- V4
TLO81 :
1kQ Vs

1
)
T
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6.4 Dynamic Specifications of the OA

Estimate the minimum and the maximum processing frequency of the system
based on an OA 741C (supplied with 15 V) if the input voltage varies
between 2 V

Represent the Bode — AAA
diagram of the system L TkQ 5 kQ
——\
100 KO 741C S
Ve ( +

10 uF
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6.4 Dynamic Specifications of the OA

Design the values of R1, R2, C1, C2, RB and RA to achieve a gain of 12 dB
and a bandwidth of 20 Hz — 20 kHz

Check whether this bandwidth is possible using OAs OP27 (supplied with
+15 V) and Ve varies between +2 V

1 A A
? A A RA RB
RA

RB

—+—\/s

R2
Ve { == C2

R1 .
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6.4 Dynamic Specifications of the OA

Calculate the bandwidth and represent the Bode Diagram (amplitude).
The OA is LT1065AM. Input voltage £2,5 V.

Estimate the Ve due to the offset voltage of the OA.

What is the effect of the polarizing currents of the OA on the offset error at

the output of the OA?

<

ouT

C, Rg Rp

| AN . A
Vin 10 nF 10 kQ 10 kQ
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