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Electronic Circuits Design Laboratory
Lab. Course EL —491
Experiment No. 01 (Quadrature Oscillator)

Object:- Design and Experimentally Verify an Opamp-based Quadrature Oscillator for a
frequencyof ............. Hz

Circuit Diagram:-

R, R,
C, f\N\ﬂM\/\/\/f
M =
/1
R1
V1 '_J\/\/\/_ - Rz 4‘ VO
AAAY, 1t
+ Vz
—\AWN—
= 1 R
/\CZ 5

Theory:- On analyzing the circuit of the quadrature oscillator, shown above, the condition

R, R
of the oscillation may be written as : —+ = —> (1)
R3 R2
R
1+ -
R,
And the frequency of oscillation can be expressed as (0° = RR,CC, "
or, f= )
Taking R3 = R4 and C; = C, = C _ ! 2 (2)
& e 22C |RR,
Design:-
For design frequency (given), assume appropriate values of R1 & C,
and calculate Ro = ................ KQ,

Corresponding to the nearest available value of the resistor, calculate f by back calculations.
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Observations:-
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Use a pot of 10 KQ for (R; + Ry4) and adjust it to get the output waveform Vo. Once the

output Vo is obtained corresponding to the particular values of R; and R,, replace R; by a few

discrete values of resistors such as 2.2 KQ, 3.3 KQ, 4.7 KQ etc., and measure the frequency

of V, corresponding to each of these values and verify that the frequency is changing but the

phase difference between V, and V; is always 90°.

R; (KQ) | Time period Practical value of Theoretical value of
(ns) frequency (KHz) frequency (KHz)
Sample Calculations:
Designed frequency = -------- KHz
Measured frequency = -------- KHz

%age error = ----- %

Plot a curve between R; & f.
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Electronic Circuits Design Laboratory
Lab. Course EL —491
Experiment No. 02 (Switch Capacitor)

Object:- Design and Experimentally Verify a first-order low pass switched capacitor section for
a cut-off frequency of .............. Hz

Theory:-
= V. ¢1 ¢2

W, W e sV,
A S S,

.1
ICD > le

Fig.1 Fig. 2

The resistor R, in figure 1 can be simulated by a capacitor C, connected between two
switches S; and S, turning ON and OFF by the two non-overlapping pulses ¢; and ¢, at the
switching frequency fc as shown in figure 2.

The transfer function of the above low-pass section is given by the expression:

Vo (1/RC,) L 1
— = ———— | which gives ®;= —— ,
Vi s+(/RC,) RC,
Therefore, fo = ! (D)
27RC,
With reference to figure 1 & 2, the current through R is €= Csd_V = C ViV, _ ViV, .
dt T R
T
Therefore, R = —& = ! e (2),
CS CS fC
Substituting the value of R obtained from equation ( 1) into equation ( 2 ) yields
£, Csfc
C
o2 ()
. C, .
Take —% = (2 to 30),
fO
Design: For your design frequency fy = ------ Hz, (given), Choose C,= --------- uF,
Now using f. = 30 f,, Calculate Cs = ... , Take Cg = -------- uF, & calculate fc = ----
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The practically used values are [ — nF
Cs=---—-- nF
fo = ——- KHz
fo = - KHz

Note:- Use a NAND gate (TTL IC 7400) as an inverter (NOT gate), to get non-overlapping
pulses and a CMOS IC, CD 4066 for the two switches. (Ref:- Pin configurations of the two

ICs), where ¢; is the clock pulse of freq. = f;

0, > - 9

Inverter
Observations:- AV —— mV,and f, = - KHz,

S. No. S‘gf:“(‘i{fzr)eq' Vo O/fm‘{;’)“age Gain = (V,/ V)
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Plot the frequency response curve (gain versus frequency),

Result:-

Practical value of the cut-off frequency obtained from the graph plotted is 490 Hz.
Designed value (given) = ------ Hz.

Hence, the percentage error = -------- %.
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Experiment No. 03 (OTA Multi-function Filters)

Object Analyze, design and experimentally verify the OTA — ¢ multi-function filters for the

LP, HP, BP and BE responses for a cut-off ( pole ) frequency of ...... KHz & Q=1.
Circuit Diagram:- v
47 K
pA J+
Meg-Ohms
pot.
| 2]
31,
Vl
Theory and Assumptions:-
SV, +5 gcf“v2 " %M%"”vl
V, = - - 3.1
24 g9m | Gm Ymo
C, C C,
BW =&= gm2 C . = gmlgmz (32)
Q ¢, " \cg,
gm1C2 IB
= ; o =0, =——=19.23I 33
Q 0..C, I = Ima . B (3.3)
Assumptions:- gml = Em = gm='TB=19.23|B, Ci =G =¢C, Q=1
2 T
The cut-off (pole) frequency is given by:-
19.231
fo= 12" = 3062 s (1)
272C C

The Band-width (BW) = % = 2nf,
Hup=Hrp = Hpp =Hpgg - 1,

MHAK /190707



Page 7 of 15
Operating Conditions:-
For LPF:- V=V, & V,=V;3;=0
For HPF:- V;=V;, & V,=V,=0
For BPF:- Vi=V,, & V;=V3=0
For BEF:- V;=V ;= V3, & V,=0
Adjustment of Iy by Ry

Rt = (R + R), where Ry = variable resistor and R = fixed resistor
Rt (KQ) 100 | 150 200 300 600
Total Iy (nA) | 150 | 100 75 50 25

DC Biasing Supply range = Symmetrical dual (+/- 6 to 18) volts
DC Biasing Supply used = Symmetrical dual (+/- 15) volts

Design:-
Given fy = ---—--- KHz, Assumelz = ----- LA
Calculate C = ------- uF, BW =(874.1x10°1; ) Hz,
Test the circuit band-width for I =25 pA, 50 pA and 100 pA.
Observations :-
Vog=--—-- mV and I = ----- LA,
1. Readings for LPF:- V; =20 mV
f; Vo Gain (A) = 2. Readings for HPF:- V; =20 mV
5. Ne- (KHz) | mV) | V,/V; < No. f; V, | Gain (A)
1. 0.1 (KHz) | (mV) |=V,/V;
2. 0.2 1. 0.1
3. 0.5 2. 0.2
4. 1.0 3. 0.5
5. 1.5 4. 1.0
6. 1.9 5. 1.5
7. 2.5 6. 1.9
8. 3.2 7. 2.5
9. 4.2 8. 3.2
10. | 5.0 9. 4.2
11. |55 10. |5.0
12. | 7.0 11.

Similarly take observations for BPF and Band Elimination (Notch) filters.
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Plot the frequency response curves for LPF, HPF, BPF & BEF.

Report:- 1. Derive the expressions for the operating conditions.
2. Comment on the frequency responses obtained.

Testing an OTA (CA3080)

Connect the OTA under test as shown in the following circuit diagram:-

1. Apply a sinusoidal signal of amplitude 50 mV,_, and frequency 2.0 KHz at Vi.

2. Observe the output signal.

3. If it is of opposite phase of the input and its amplitude is increasing by adjusting the variable
resistance, then the OTA under test is all right.

4. If no signal is observed at the output, or the amplitude does not change by variable

resistance, then the OTA is defective.

sk sk sk ok sk ke s skeosk skok skok
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E1 491 (Electronics Circuit Design Laboratory)

Experiment No. 04 (Precision Rectifier)

Object:- Design and experimentally verify the Full-wave and the Half-wave precision
rectifier using bi-phase amplifier. Plot the output DC voltage versus input RMS

voltage for the input signal between 0 volt and 1 volt.

Circuit Diagram:-

Vo=- Vi, when Qis ON,

Vo =+ Vin, when Q is OFF

Typically, Vi, = 0.2 Volt,, / 1.0 KHz Sine wave.

For Half-wave rectification, replace R1 by a short-circuit between pins # 2 and 6 of the IC-1.
1. Find the minimum input signal level for proper rectification at f =200 Hz.
». Find the maximum signal frequency for proper rectification at Vi, = 1.0 Volt,.,
3. Trace the output waveforms for half-wave and full wave rectifiers.

Components Used:-
1) Opamp 741 (IC-1 & (IC-2)
2) NPN Transistor (Q) BC 147
3) Resistors:
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E1491 (Electronics Circuit Design Laboratory)

Experiment No. 5 (CFA)

Object:- Design an all pass section using CFA (AD844) for a pole frequency o, (= ®,) = 2 af,
(fo= gp-no KHz). Plot the frequency response of the designed AP section (magnitude
and phase of Vo, with respect to V; versus frequency).

Circuit Diagram:-

V 1
S =—1, e e 1
v ()
1
S - —
Vo _ R,C, @
V. 1
ios+
RICI
The pole frequency @, = @, = ! - - (3)
R,C,

(R=10KQ, R; =22KQ)
(Vi=0.4 V,,, / 1.5 KHz Sine wave may be used for initial testing of the designed circuit).

Ratings of AD844 (60 MHz, 2000 V/us Monolithic Op Amp):-

Wide-range of Biasing Power Supplies: £ 4.5V to = 18 V; Capable of high o/p drive of £ 50 mA 050 Q;
Low offset voltage: 150 pV; Low Quiescent current: 6.5 mA; Large BW : 60 MHz at Gain of -1;

Pin Connections:- S-Lead PDII* (M) and
CERDIP ((}) Packages

S
MULL[1] » AD844 [*]NULL

-IN ) [z = HE
+IN(¥) [3 + [+ JouTPuT

_ TOP VIEW
Vs (2] ot 1o Seale) | T2
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Experiment No 06 (Opamp based Multi-function filter)

Object:- Analyze, design and experimentally verify

the OPAMP based

multifunction filter to realize low pass, high pass, band pass and band
elimination responses for given cutoff (pole) frequency f, = ..... KHz.

Circuit Diagram:-

VO
R,
AV
R,
V, VW c _L -741
Vsu—» +
Vv

Theory and Analysis:-

On analyzing the circuit, the expression for V, can be written as:

52V+SV—Z+V3 B
RC  RC
Sz+£[l+i]+i
C'R R RC

V():

; (D)

where B = unity-gain band width of the opamp.

Wy = B , Q = R] N BCR2
R,C

" R +R,

1 /8B
2r\|R,C

Design:- Expression for f, =

) 2

Note:- For Opamp 741, select B in the range (0.4 — 1.5) MHz.

MHAK / 170707



Page 12 of 15
Operating Conditions:
With reference to the eqn (1) above, the circuit will be working as a multi function filter under

the following conditions:

For Low pass filter:- Vi=V,=0, and V3 = Vj,
For High pass filter:- V3=V, =0, and V| = Vj,
For Band pass filter:- Vi =V3;=0, and V, = Vj,
For Band Elimination filter:- V, =0, and V|, = V3 = Vi,

where 0 stands for grounded and Vi, for the input signal.

Observations:

Given fy= ........ KHz

Take R1 = R2 = --—-—-KQ

Calculate C = ----- nF, Use the nearest available value of C = -------- uF,
By back calculation, =

Vip = -=-—-—-- volts

(i) Readings for low pass filter:-

<

S.No. | Freq. of Vi, (Hz) Amplitude of V., (mV) | Gain, A= —=%

<

Similarly tabulate:-

(i1) Readings for high pass filter:-
(ii1) Readings for band pass filter:-
(iv) Readings for band elimination filter:-

Measure fj from the frequency-response curve.

Report:- Plot frequency response of each filter on the same semi-log graph paper and verify the
designed cutoff frequency f, . Also give your comments on the results and carry out circuit

analysis.

sk sk sk ok s ke sk sk ok sk sk keosk sk
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APPENDIX -1

Some Common Precautions

Care should be taken to observe the following Precautions while performing experiments ON

the circuits employing Electronic Devices:-

1.

Before connecting the device into the circuit, always ensure that the device is perfectly
working; that is, it should have already been tested separately in its test-circuit.

Always connect the device/IC carefully and correctly into the circuit being assembled
on the Breadboard to avoid any loose or incorrect connection leading to the damage of
the device.

While connecting the device into the circuit on the breadboard, ensure that no DC
supply or signal is connected to that circuit. (Keep power supplies and signal generators
OFF).

When the device has been correctly connected into the circuit, only then turn ON the
DC supply and the signal generators in this order:- “Firstly turn ON the Power Supply;
then turn ON the signal generator”.

Don’t forget to check the output voltage of the DC power supply before connecting it to
the circuit, and adjust it to proper value conforming to the device specifications.

Don’t forget to adjust the amplitude of the signal to be connected to the device, to its
proper value, always below the maximum signal level specified in the device data sheet,
to avoid the consequent damage to the device already checked and found OK.

Take extra care while using the costly and sensitive devices like OTAs and Current
conveyers, that is, read thoroughly their specifications given in their datasheets, and
never violate any rating of the device.

Before replacing any device or component on the bread-board, turn-OFF the signal
generator first and then turn-OFF the power supplies connected to the circuit, and then
replace the device or component; and after replacement, switch ON the power supply

first & then switch ON the signal generator.

sk ok s sk sk sk sk sk ok s sk sk skosk skok skok
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APPENDIX —I1

Pin Connections and the Specifications of the ICs : CD 4066 and OTA CA 3080

CD4066BM/CD4066BC Quad Bilateral Switch

Features

B Wide supply voltage range av o 15Y

® High noise immunity .45 Voo (typ.)

B Wide range of digital and +7.5 Vpeak
analog switching

B "ON" resistance for 15V operation 8O0

B Matched "ON" resistance ARy =511 (typ)
ower 15V signal input

m "OM" resistance flat over peak-to-peak signal range

| High "ON"/"OFF" 65 dB (typ.)
output voltage ratio & fi3=10 kHz, R =10 kit

B High degree linearty 0.1% distortion (typ.)
High degree linearty & fig=1 kHz, Vis=5Vpp,
High degree linearty Voo —Veg=10V, RL=10 ki1

Schematic Diagram:-

EANTROL

Absolute Maximum Ratings (Notes 1&2)

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

Supply Voltage (Vpp) —0.5V 10 +18V
Input Voltage (Vpy) ~0.5V 10 Vpp+ 0.5V
Storage Temperature Range (Ts) —85°Cto +150°C
Power Dissipation (Pg)

DuakIn-Line 700 mwW

Small Outline 500 mW
Lead Temperature (T )

(Soldering, 10 seconds) 300°C

Dual-In-Line Package

.
—_ f.n
13

iguT ml

3

ourN

=ih

INQUT —

CONTREL &

12
= CONTHOL B

g

1
ARTOUT

8

CONTROL & L —IIIE' auTe

L] ]
CRNTROL [ == p=— DUTN

i

1 ]
L =i 041

Top View

T
1lx

auTN

Recommended Operating
Conditions (note 2)

Supply Voltage (Vpp) Vo 15V
Input Violtage (Vin) 0V to Vpp
Operating Temperature Range (Ty)
CD4066BM —565"C1o +125°C
CD4066BC —40"Cto +85°C

For further details, refer to the manufacturer’s Datasheet

M. Hadi Ali Khan

Electronics Engineer
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CA 3080
2MHz, Operational Transconductance Amplifier (OTA)

Features Pinouts
. . CA3080
+ Slew Rate (Unity Gain, Compensated) ... ...... 50V/ius (PDIP, SOIC)
« Adjustable Power Consumption ............ 10uW to 30uW TOP VIEW
L] i u
Flexible Supply Voltage Range ............ 2 to +15Y Ne E . El -
= Fully Adjustable Gain.................01t0 gyuRy Limit INV.
Tiaht aur Spread NPUT |2 . [7]ve
= Tight gy Spread: HOM-INV. +
o CERBOBD, v S g 8 NPUT L [&] outpur
e . % v. [4] 5] BiAe LT
» Extended gy Linearity .. ................. 3 Decades
Absolute Maximum Ratings
Supply Voltage (Betweaen Y+ and V- Tarminal). . ... ........ 2BY
Differential Input Valtage ... ... ... o o 5 )
Input Valtage . .. ... V+toW- Take Ip < SOO“A & Vi<100 mV
Input Signal Cument. . .. ... ... ... .. TmaA
Amplifier Bias Current {lape). ..o oo oo 2mA
Cutput Short Circuit Duration (Mote 13, ... ... ... .. Mo Limitation

The CA3080 and CA3080A types have differential input and a single-ended, push-pull,
class-A output. In addition, these types have an amplifier bias input which may be used either
for gating or for linear gain control. These types also have a high output impedance and their
transconductance (gM) is directly proportional to the amplifier bias current (Iapc).

The CA3080 and CA3080A types are notable for their excellent slew rate (50V/us),
which makes them especially useful for multiplexer and fast unity-gain voltage followers. These
types are especially applicable for multiplexer applications because power is consumed only
when the devices are in the “ON” channel state.

For further details, refer to the manufacturer’s Datasheet

Compiled by:- M. Hadi Ali Khan

B. Sc. Engg. (Alig.); Ex-MIEEE (USA); Ex-AMIETE (India); Ex-MSSI (India)
Electronics Engineer:;

Department of Electronics Engineering, AMU, Aligarh — 202 002
Res:- 5-B, Zakaullah Road, Tar Bangla, AMU, Aligarh-202 002
Email:- hadialikhan@gmail.com

Phone & Fax No:- (0571) -2721148

NB:- This laboratory manual can be downloaded from the site :- http://hadialikhan.tripod.com/lab491.pdf
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