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Amplificador Inversor
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Where will this current go? It cannot go
into the op amp, since the ideal op amp
has an infinite input impedance and
hence draws zero current. It follows
that i, will have to flow through R, to
the low-impedance terminal 3.




PGL = A ; XBW = f
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Amplificador Nao -Inversor
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Seguidor de Tensao
(Buffer)
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Exemplo 1

Loading Effect
Op Amp Buffer
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B Implemente o circuito abaixo em um protoboard. Meca a tensdo V, utilizando um
voltimetro analdgico.

1 MQ

10 VCC ° — °

>

1 MQ

I Repita a medida anterior utilizando um circuito isolador entre o ponto A e o
voltimetro analdgico.
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A Single Op-Amp Difference Amplifier
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Although ideally the difference amplifier will amplify only the differential input
signal v,;, and reject completely the common-mode input signal v, practical
circuits will have an output voltage v, given by

Where A, denotes the amplifier differential gain and A_,, denotes its common-mode
gain (ideally zero). The efficacy of a differential amplifier is measured by the degree
of its rejection of common-mode signals in preference to differential signals. This is

usually quantified by a measure known as the common-mode rejection ratio
(CMRR), defined as:

CMRR =20og lLAd'l
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Aplicagao:

Uso em instrumentagdo
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Teorema

de Miller

The circuit with the connection between node
X and ground removed and the two resistors
R, and R, lumped together.

This simple wiring change dramatically
improves performance !
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Resisténcia de entrada muito alta

Resisténcia de saida menor que a dos amp ops comuns

CMRR superior superior a 100 dB

Ganho de tensao em malha aberta muito superior ao dos
amp ops comuns

Tensao de offset muito baixa

Drift térmico extremamente baixo

LH36 (National)
R, = 300 MQ
R, = 0,50
CMRR =100 dB
1 o V, (offset) = 0,5 mV
= Drift relativamente alto = 10uV/°C
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O estagio seguinte é um amplificador diferencial :

! Vo =(vy =)

Das equacdes (1), (2) e (3), resulta :
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Application of Instrumentation Amplifier

Temperature indicator

4

L Work
Rc; 2?12

Resistive
transducer
/

‘ /

. . 2

Temperature controller

+Vee

Light-intensity meter

Instrumentation Amplifier

R:' p‘
A ————

=13

/

Indicating

meter



Amplificadores de Instrumentacao

Integrados
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INA128 e INA129
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A, Measurement
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CMRR measurement is made in different frequencies !

CMRR = |%
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SEL393- Laboratério de Instrumentacgao Eletronica |

Laboratorio 1 — Amplificadores Basicos com Op Amp
O objetivo do laboratério 1 é a familiarizagdo com o “Kit educacional ME3000

— Module 2” da Dream Catcher e a comparacao de desempenho de amplificadores
diferenciais basicos e de instrumentacao.

Kits Educacionais

Utilize o roteiro experimental “ME3000 - Lab 5 - Practical Op Amp Circuits -
v1.32” e o “Kit educacional ME3000 — Module 2” e implemente um amplificador
inversor, um amplificador somador, um amplificador nao inversor, um amplificador
diferencial basico e um circuito buffer.




Simula¢do em LTSpice

Resposta em Frequéncia

A fig. 1 mostra a resposta em frequéncia do op amp 741 em fungdo do ganho
da malha de realimentagdo.
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Fig. 1 — Resposta em Frequéncia do op amp 741

1.1) Simule um amplificador inversor utilizando os op amps 741, 351 e 318,
LM158, LT1022 e TLO81. Determine a frequéncia de transi¢do (f;) desses op amps
gerando um grafico semelhante ao mostrado na Fig. 1. Compare os valores da

Amplificadores Diferenciais

1.2) Compare o desempenho de amplificadores diferenciais basicos com ganho de

1.3) Compare o desempenho de um amplificador diferencial basico (ganho de 20
dB) implementado com o op amp 741 com um amplificador diferencial de
instrumentacdo (ganho de 20 dB) implementado com o INA114.

1.4) Compare o desempenho de amplificadores diferenciais de instrumentagdo
(ganho de 20 dB) implementados com o INA114 e INA118.




Kits Educacionais
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Op-Amp Module (Module 2)
o 1st Order Active Filter
2nd Order Active Filter

o Buffer
o Inverting/Summing Amplifier
o Non-Inverting Amplifier
o Differential Amplifier
1st Order Active Filter 2nd Order Active Filter

v
Non-Inverting Differential Buffer
Amplifier Amplifier

Figure A2 - ME3000-M2 Op-Amp Module

Inverting/
Summing
Amplifier




1st Order Active Filter 2nd Order Active Filter

Inverting/
Summing
Amplifier

A4y 2amm
AR T

v
Non-Inverting Differential Buffer
Amplifier Amplifier

Figure A2 - ME3000-M2 Op-Amp Module

Connect the
power supply to
the training kit
using the 4-way

power supply
cable. Set the
dual channel

output voltages
to exactly +15V

and -15V,
respectively. Set
both current

limits to 0.5 A.
Turn on the
power supply.
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3.3 Lab Sheets

No Lab Sheet Objective Duration
1 Diode Characteristics "dl'icééjgsderstand the characteristics of 3 Hours

To understand the basic operations of

rectifier circuits 3 Hours

2 Rectifier Circuits

3 BJT Characteristics T_D undgrstand the ::hara::teristics of a 2 Hours
bipolar junction transistor (BJT)

To demonstrate the effects of DC biasing

4 DC Biasing on the AC operation of a common-emitter | 3 Hours
amplifier
To understand the typical configurations

5 Practical Op-Amp Circuits of operational amplifier circuits and their 3 Hours

characteristics

To demonsirate the practical issues in
designing an RF tuned amplifier and
perform AC measurements on a Class A
amplifier

6 RF Class A Tuned Amplifiers 3 Hours

To understand the basic operations of a
555 Timer IC and design astable and
monostable multivibrators using 555
timers

7 555 Multivibrator Circuits 3 Hours

To understand the working principles of
8 Active Filters active filters and design an active low 3 Hours
pass filter
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ME3000 Analog Electronics
Lab 5

Practical Op-Amp Circuits

This courseware product confains scholarly and technical information and is protected by copyright
lzws and international treaties. Mo part of this publication may be reproduced by any means, be it
transmitted, franscribed. photocopied, stored in @ retneval system, or translated inte any language in
any form, without the prior written permission of Agshul Vists Sgn, Bha.

The use of the courseware product and all other praducts deweloped andior distributed by Agehub
\ista Srlg, Ehd are subject to the applicakle License Agreement.

For further information, s=e the Coursewsre Product License Agresment.

Objective
i} Tounderstand typical operational amplfier circuits and their characteristics

Equipment Required
il ME302I-M2 Analog Electronics Training kit
iy  Digital Multimeter, peeommendsfion - Apilent 244054 or V27414
iif} 50 MHz Oscilloscope or equivalent, recommendstinn - Agilent 03010024 80 MHz or
UET01A
iw) 10 MHz Function Generator or eguivalent, recommendation - Agilent 332204 or U2TE14
v)  Dual Output (+- 12V, 0.84) DZ Power Supply, cecommendation - Agilent E36314

Accessories Required
i} 1 x4-way power supply cable
i} 1 xBMNC{m}-ta-grabber clips coaxial cable
in} 6 xjumper cables terminated with grabber clips at both ends
iw) 1 antistatic wrist strap

Caution:

An electrostatic discharge genesrsted by 5 person or an object cpming. it gomfect wih electncsl
components msy dasmage or destroy the training kit To avoid the nsk of elecfrostatic discharge,
please wear the snfistafic wrist sfrap and observe the handlng precautions and recommendations
confained in the EN100015-1 stsndam. Do nof connect or disconnect the device while # is being
energized.

ME3D00 Analog Lab 5-1/7
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1.  Introduction

An operational amplfier {op-amp) is an integrated circuit capable of amplifying the vaoltage difference
betwesn its two input terminals. As shown in Figure 1, a penersl mrpnss gp-amp has two nput
terminals which are the mon-inverding (+) and inwverting (-} inputs, 3 single output ferminal, and fwo
woltage supply terminals (V. and V). Most of the op-amps reguire dual power supplies {+5 VWdc, 215
‘fdc, and so forth), but some op-amps (such as LM3800) may be powered from a single supply.

W
M an-inverting
input Cutput
Invering input
W

Figure 1 — Op-Amp Circuit Symbal

The simplest form of an op-amp comes in an 8-pin IC package, such as the commonly used 741, The
connection diagram for the 741 op-amp is depicted in Figure 2.

offset null ] 1 b [] mot zonnected

inverting input ] 1] pasitive supply

nnn-:;:rlﬂg E & :] eutpul
n:E:;il:e O 11 offset null

Figure 2 — 741 Op-Amp Connection Diagram
An op-amp has the following thres important characternstics:

=+ High open-loop gain
= High input impedance
= Low output impedancs

Different configurations of 3 negative feedback network are used fo reduce voltage gsin of op-amps to
produce practical and linear circuits. |n the following experments, five typical op-amp configurations
are introduced, namely the inverting amplifier, summing amplifier, non-inverting amplifier, differential
amplifier, and buffer.

ME3000 Analog cironics Lab 5 - 27
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Inverting Amplifier

Locste the Inverting!Summing Amplifier section on the ME3000-M2 training kit.
Disconnect all the jumpers located in the Inverting/Summing Amplifier section.
Inzert ump=srs J22 and J24 to0 construct an inverting amplifier circuit shown in Figure 2.

¥ Jzz
Vi Re100k 2 TF3

—
""'IIDIT

—a
GND SHD

Figure 3 — Inverting Amplifier Schematic Diagram

With Wepn = 1.0V, predict Wy using the following egquation:

R«

F:_:nur =—TJ1 r",-'_q , negative [—) sign indicates 3 1807 phase shift

Connect the function generator output using the BNC-to-grabber clips coaxial cable and CH1
probe of the oscillescope to TPT (W.). Connect the CH2 probe of the oscillescope to TPA
W) Connect the instrument references to the GMD terminals.

. Connect the power supply to the training kit using the 4-way power supply cable. Set the dual

channel output voltsges to exsctly +15 ¥V and -15 ¥V, respectively. S=t both cumrent limits to 0.5
A, Turn on the power supply. Refer to Appendix for details.

Apply 3 1.0 peak-to-peak sine wave of 1 kHz to input V.. of the inverting amplfier.

Set the trigger source to CH1. Sat Time/div to display two cycles of the waveforms an the
screen. Set Wolt'div of CH1 and CH2 to clearly display the waveforms. Sketch the waveforms.
Use the multimster to measure Wy (this measured valuz should be close to the predicted
walus) and record the phase shift of Yo, with respect 1o V5, (4. Caloulate the ratio of

Wosivat Vit

). Turn off the power supply and disconnect all the cables from the Inverting/Summing Amplifier

section.

ME3I000 Analog Electronics Lab 5 - 37




dreant

httpeidreamcatcher. asiafow

3. Summing Amplifier
1. The Inwerting Amplifier section on the ME2000-M2 training kit can be madified into a

Summing Amplifier.
2. Insert jumpsr J23 to construct 3 fwo-input summing amplifier circuit shown in Figure 4.

—a
GHD

Figure 4 - Two-Input Summing Amplifier Schematic Diagram

3 With Wy = 2V, pradict Y, when VW, = -1V, 0V, and +1 ¥_using following sguation:
R

V==LV +¥)
R

4. Connect the function generator output using the BNG-to-grabber clips coaxial cable and CHA1
probe of the oscilloscope to TPT (V). Connect the CH2 probe of the oscilloscope to TRE
{Maa). Connect the instrument references te the GND terminals.

5. Connect TR15 (-7.5 W ~ 475\ adjustable OC voltage source) to TPE (W) using the jumper
cable.

d. Connect the power supply ta the training kit using the 4-way power supply cable. Set the dual

channel output voltsges to exacily +15 V and -13 ¥, respectively. 5=t both cumrent limits to 0.5

A. Turn on the pawer supply.

Adjust the potentiometer YR, to obtain Ve = 1.0V, Us=s the multimeter to measure V..

Apply 3 2.0 peak-to-peak sine wawe of 1 kHz to imput V', of the summing amplifier.

Set the frigger source to CH1. Set Time/div to display two cycles of the waveforms on the

screen. Set Volt'div of CH1 and CH2 to clearly display the wawsforms. Sketch the waveforms.

10, Measure Yo when V. = -1%, 0, and +1 V.

11. Slowly adjustV: by turning WR,. Dbseree how Y., changes when Vs is varied between 0V
and 8. Comment on your cheenation.

12. Turn off the power supply and disconnect all the cables from the Inverting/Summing Amplifier
saction.

L= |

ME3DD0 Analog Electronics Lab 5 - 47
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Mon-Inverting Amplifier

Locate the Mon-Inverting Amplifier s2ction on the ME3000-M2 training kit
Disconnect all the jumpers located in the Non-inverting Amplifier s=ction.
Inzert jumpers J25 and J28 to construct a non-inverting amplifier circuit shown in Figure 5.

TP
Woant
GMD

Figure 3 — Mon-Inverfing Amplifier Schematic Diagram
With Wi = 1.0%, predict Yoy using the following eguation:
f R

7= 1et
sy

Cannect the function generator output using the BMC-fo-grabber clips coaxial cable snd CH1
probe of the oscilloscope to TP10 (W.). Connect the CHZ probe of the oscilloscope to TP 11
{Wea). Connect the instrument referencas to the GHND terminals.

Connect the power supply to the training kit using the 4-way power supply cable. Set the dual
channel output voltages to exactly +15 W and -13 ¥, respectively. S=t both current limits to 0.5
A. Turn on the pawer supply.

Apply 3 1.0V peak-to-peak sine wave of 1 kHz to input .. of the inverting amplifier.

Set the frigger source to CH1. Set Time/div o dizplay two cycles of the waveforms on the
screen. Set Vaolt'div of CH1 and CH2 to clearly display the waveforms. Sketch the waveforms.
Measurs Wogi (his measured value should be close to the predicted value) and record the
phase shift of W, with respect to V. (g). Calculate the ratio of Mg Vioep-

!. Turn off the power supply and disconnect all the cables from the Mon-inverting Amplifier

section.

ME2000 Analeg Electronics Lab & - &

=1
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5. Buffer Circuit

Figure 4 — Buffer Schematic Diagram

Locate the Buffer Circuit section on the ME3D00-M2 training kit.

Disconnect all the jumpers located in the Buffer Circuit section.

Caonnect the function generator output using the BNG-fo-grabber clips coaxial cable and CH1

probe of the oscillescope to TP (W.). Connect the CHZ probe of the oscilloscope ta TP1T

M) Connect the instrument references to the GND terminals.

4. Connect the power supply 1o the traiming kit using the 4-way power supply cable. Set the dual
channel output voltsges fo exactly +15 ¥ and -15 ¥V, respectively. S=t both cumrent limits to 0.5
A. Turn on the power supply.

5. Apply 3 1.0 V peak-te-peak sine wave of 1 kHz to mput V.. Measure M., and record the
phase shift of Y, with respect to V. (g). Calculate the ratio of Mg Vs Sketch the V. and
Wog wisveforms.

4. The next expenment tesis the buffer ability to reduce loading effect

7. Disconnect the function generstar and oscilloscope from TP16 and TP1T.

3. Connect the functon generator output and CH1 of the oscilloscope to TP19. The function
generator forms a high impedance source with R13 at TP18.

9. Connect TF1E8 to TP20 using the jumper cable. This connects the high impedance source to

the load zircuit (R20), 35 shown in Figurs 5.

[

[ ———————

1
I TRa R Tpgs TR0 TREA
1
Function |
generatar | Wi
1
1
I GHD

High impe dance
Source
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Figure 3 — Setup to Study the Loading Effect

10. Connect GH2 of the oscilloscope to TP21.

11. Set the frigger source to CH1. Set Time/div fo display two cycles of the waveforms on the
screen. Set Wolt'div of CH1 and CH2 to clearly display the wavsforms. Sketch the Yepeeand
Wi Wiaweforms.

12. Measure Yo

13, Disconnect TP13 from TP20.

14. Connect TP1E fo TP16 [\, of the buffer) and TFZ0 to TP1T (W of the buffer], as shown in
Figure .

15. Using the ascillescope, observe and sketeh the Y, and Y waveforms.

————————— 2

| | TRI7 TPZD  TRa
Trig P10k rpyg TRig
- - ‘i

|
Function |
generator |

High impadance
SOUnGe

Figure & — Buffer Connections to Minimize the Loading Effect

18. Messure Yoy . Comment on your observation.
17. Turn off the power supply and disconnect all the cables from the Buffer Cinzuit section.
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Ganho x Frequéncia

(Fritzing — LT1022)

[ Gain - 111022 f22 - Fritzing - [Visao Protoboard]

Arquivo  Editr  Componente  Visdo  Janela  Roteamento  Ajuda

f Welcome E# Protoboard A Esquematico == PCB <> Codigo

+15V Input Output
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L N e * e " 00 e e o 00 ¢ e o 0 e o 8 0 0 L] L . L R N e e 0 00 e e o 00

15V GND

Roteamento completo

‘Adiclonas uma nota

(cy)=(1.603, 0.411)in
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CMRR

(Fritzing — INA118)

|E CMRR - Diferencial Instrumentag#o.fzz - Fritzing - [Visdo Protoboard]

Arquivo  Editar  Componente  Visio  Janela  Roteamento  Ajuda
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