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AIM:
Measure op-amp parameters and compare with the specifications.
OBJECTIVE:





Measure input bias current, input offset current and input offset voltage.
Measure slew rate (LM/UA741C and LF356)
Measure CMRR
Compare the result with datasheet of corresponding Operational amplifier.

APPARATUS:
DC power supply, Bread Board, Function Generator, IC741 operational amplifier
THEORY:
Input Offset Voltage (Voi): This is the voltage that must be applied to one of the input pins of
an operational amplifier to give a zero output voltage provided the differential input voltage is
zero. Remember that operational amplifiers are differential amplifiers above all they're supposed
to amplify the difference in voltage between the two input connections and nothing more. When
that input voltage difference is exactly zero volts, we would (ideally) expect to have exactly zero
volts present on theoutput. Remember, for an ideal operational amplifier, input offset voltage is
zero.
However, in the real world this rarely happens. Even if the operational amplifier in question has
zero common-mode gain, the output voltage may not be at zero when both inputs are shorted
together. This deviation from zero is called offset. A perfect operational amplifier would output
exactly zero volts with both its inputs shorted together and grounded.
Offset voltage will tend to introduce slight errors in any op-amp circuit. So how do we
compensatefor it? There are usually provisions made by the manufacturer to trim the offset of a
packaged operational amplifier.
Usually, two extra terminals on the operational amplifier package are reserved for connecting an
external “trim” potentiometer. These connection points are labelled offset null.
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Input Bias Current (Ib): This is the average of the currents flowing into both inputs. Operational
amplifiers are designed so that the two input bias currents are nearly equal and nearly zero.
Inputs on an operational amplifier; have extremely high input impedances. That is, the input
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currents entering or exiting an operational amplifier's two input signal connections are extremely
small. For most purposes of operational amplifier circuit analysis, we treat them as though they
don't exist at all. We analyze the circuit as though there was absolutely zero current entering or
exiting the input connections. This idyllic picture, however, is not entirely true. Operational
amplifiers, especially those operational amplifiers with bipolar transistor inputs, have to have
some amount of current through their input connections in order for their internal circuits to be
properly biased. These currents, logically, are called bias currents. Under certain conditions,
operational amplifier bias currents may be problematic. Another way input bias currents may
cause trouble is by dropping unwanted voltages across circuit resistances.
We expect a voltage follower circuit to reproduce the input voltage precisely at the output. If
there is any bias current through the non inverting (+) input at all, it will drop some voltage
across Rin, thus making the voltage at the non-inverting input unequal to the actual Vin value.
Bias currents are usually in the micro-ampere range, so the voltage drop across Rin won't be
very much, unless Rin is very large.
Input Offset Current (Ios): This is the difference of the two input bias currents when the output
voltage is zero.
Input Voltage Range (Vcm): The range of the common-mode input voltage (i.e., the voltage
common to both inputs and ground).
Slew Rate (SR): The time rate of change of the output voltage of the operational amplifier circuit
having a voltage gain of unity (1.0).
Common-Mode Rejection Ratio (CMRR): A measure of the ability of the operational amplifier
to reject signals that is simultaneously present at both inputs. It is the ratio of the common-mode
input voltage to the generated output voltage, usually expressed in decibels (dB)
The term operational amplifier or "op-amp" refers to a class of high-gain DC coupled
amplifierswith two inputs and a single output.
Some of the general characteristics of the IC version are:
- High gain, on the order of a million
- High input impedance, low output impedance
- Used with split supply, usually +/- 15V
CIRCUIT DIAGRAM:

Input offset voltage
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Input Bias current
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Slew rate

CMRR

OBSERVATIONS:

Sr
No.
1.

Parameters

4.

input bias
current
input offset
current
input offset
voltage
slew rate

5.

CMRR

2.
3.

Values

RESULT:
Sr
No.
1.

Parameters

4.
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current
input offset
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5.
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Practical
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AIM: Design, build and test integrator.
OBJECTIVE:





Design Integrator for given fa.
Verify practical and theoretical frequencies fa and fb.
Observe output waveform at fa and fb for Sine and Square wave input.
Plot frequency response for integrator.

APPARATUS:
Op-Amp(LF 356), DC power supply, CRO, BreadBoard, Function Generator, Resistors of
various values, capacitor, CRO Probes.
THEORY:

Practical Integrator circuit
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The operational amplifier integrator is an electronic integration circuit. Based on the
operational amplifier (op-amp), it performs the mathematical operation of integration with
respect to time; that is, its output voltage is proportional to the input voltage integrated over
time. The circuit operates by passing a current that charges or discharges the capacitor Cf
during the time under consideration, which strives to retain the virtual ground condition at the
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input by off-setting the effect of the input current. Referring to the above diagram, if the op-amp
is assumed to be ideal, nodes v1 and v2 are held equal, and so v2 is a virtual ground. The input
voltage passes a current
through the resistor producing a compensating current flow
through the series capacitor to maintain the virtual ground. This charges or discharges the
capacitor over time. Because the resistor and capacitor are connected to a virtual ground, the
input current does not vary with capacitor charge and a linear integration of output is achieved.
The circuit can be analyzed by applying Kirchhoff's current law at the node v2, keeping ideal opamp behaviour in mind.

in an ideal op-amp, so:

Furthermore, the capacitor has a voltage-current relationship governed by the equation:

Substituting the appropriate variables:

in an ideal op-amp, resulting in:

Integrating both sides with respect to time:

Page5

If the initial value of vo is assumed to be 0 V, this results in a DC error of:
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Frequency response

The frequency responses of the practical and ideal integrator are shown in the above figure. For
both circuits, the crossover frequency

The 3 dB cutoff frequency

, at which the gain is 0 dB, is given by:

of the practical circuit is given by:
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The practical integrator circuit is equivalent to an active first-order low-pass filter. The gain is
relatively constant up to the cutoff frequency and decreases by 20 dB per decade beyond it.
The integration operation occurs for frequencies in the range
, provided that
.
This condition can be achieved by appropriate choice of
and
time constants.
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Design:
Design an integrator that integrates a signal whose frequencies are between1 KHz and10 KHz.
fb=1/2R1Cf
the frequency at which the gain is 0 dB.
fa=1/2RfCf
fa: Gain limiting frequency,
The circuit act as integrator for frequencies between f a and fb Generally fa<fb [Ref. Frequency
response of the integrator] Therefore choose fa=1KHz
Fb=10 KHz Let C f = 0.01 F Therefore R1=1.59k
Choose R1=1.5 K Rf =15 K
Procedure:
1. Connect the integrator circuit shown in Fig.Set the function generator to produce a square
wave of 1Vpeak-to-peak amplitude at 500Hz.View simultaneously output Voand Vi.
2.Slowly adjust the input frequency until the output is good triangular waveform.
3. Measure the amplitude and frequency of the input and output waveforms.
4.Verify the following relationship between R1Cf and input frequency for good integration f>fa &
T<R1C1
Where R1Cf is the time constant
5.Now set the function generator to a sinewave of 1Vpeak-to-peak and frequency 500Hz.
Adjust the frequency of the input until the output is a negative going cosine wave. Measure the
frequency and amplitude of the input and output waveforms.
OBSERVATIONS:
1. Vin=_________ Vp-p
Sr. No.

I/P Freq(Hz)

O/P Voltage(V)

Gain
(Prac.)

Gain(DB)
(Prac.)
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AIM: Design, build and test differentiator.
OBJECTIVE:





Design differentiator for given fa.
Verify practical and theoretical frequencies fa and fb.
Observe output waveform at fa and fb for Sine and Square wave input.
Plot frequency response for differentiator.

APPARATUS:
Op-Amp(LF 356), DC power supply, CRO, BreadBoard, Function Generator, Resistors of
various values, capacitor, CRO Probes.
THEORY:

Page8

The input signal to the differentiator is applied to the capacitor. The capacitor blocks any DC
content so there is no current flow to the amplifier summing point, X resulting in zero output
voltage. The capacitor only allows AC type input voltage changes to pass through and whose
frequency is dependant on the rate of change of the input signal.
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At low frequencies the reactance of the capacitor is “High” resulting in a low gain ( Rƒ/Xc ) and
low output voltage from the op-amp. At higher frequencies the reactance of the capacitor is
much lower resulting in a higher gain and higher output voltage from the differentiator amplifier.
However, at high frequencies an op-amp differentiator circuit becomes unstable and will start to
oscillate. This is due mainly to the first-order effect, which determines the frequency response of
the op-amp circuit causing a second-order response which, at high frequencies gives an output
voltage far higher than what would be expected. To avoid this the high frequency gain of the
circuit needs to be reduced by adding an additional small value capacitor across the feedback
resistor Rƒ.
Ok, some math’s to explain what’s going on!. Since the node voltage of the operational amplifier
at its inverting input terminal is zero, the current, i flowing through the capacitor will be given as:

The charge on the capacitor equals Capacitance x Voltage across the capacitor

The rate of change of this charge is

but dQ/dt is the capacitor current i
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from which we have an ideal voltage output for the op-amp differentiator is given as:
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Therefore, the output voltage Vout is a constant -Rƒ.C times the derivative of the input voltage
Vin with respect to time. The minus sign indicates a 180o phase shift because the input signal is
connected to the inverting input terminal of the operational amplifier.

Input output waveforms of Differentiator

CALCULATIONS:
Design a differentiator to differentiate an input signal that varies in frequency from10Hz to 1 kHz.
fa=1/2RfC1
fa=1 kHz, the highest frequency of the input signal
Let C1=0.01 F, Then Rf = 15.9 k
Therefore choose Rf=15.0 k
Fb=1/2R1C1
Choose: fb =20x fa=20 KHz
Hence R1=795
Therefore choose R1=820
Since R1C1=RfCf(compensated attenuator) Cf=0.54 nF
Therefore choose Cf = 0.5nF
PROCEDURE:
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1. Connect.the.differentiator.circuit.as.shown.in.fig1..adjust.the.signal.generator.to producea.5
volt.peak.sinewave.at100 Hz.
2Observe input Vi and Vo simultaneously on the oscilloscope measure and record the peak
value of Vo and the phase angle of Vo with respect to Vi.
3.Repeat step2 while increasing the frequency of the input signal. Find the maximum frequency
at which circuit offers differentiation. Compare it with the calculated value of fa Observe &
sketch the input and output for square wave.
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OBSERVATIONS:
1. Vin=_________ Vp-p
Sr. No.

I/P Freq(Hz)

O/P Voltage(V)

Gain
(Prac.)

Gain(DB)
(Prac.)
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AIM:
Design, build and test three Op-amp instrumentation amplifier for typical application (Ex: temperature
measurement)
OBJECTIVE:
 Implement Wheatstone bridge and balance for null condition.
 Calibrate bridge for 0ºC and room temperature.
 Set gain of IA amplifier to calibrate circuit for variation in temperature.
APPARATUS:
Op-Amp(IC 741C), Instrumentation amplifier, Thermistor.
THEORY:
An instrumentation (or instrumentational) amplifier is a type of differential amplifier that has
been outfitted with input buffer amplifiers, which eliminate the need for input impedance
matching and thus make the amplifier particularly suitable for use in measurement and test
equipment. Additional characteristics include very low DC offset, low drift, low noise, very high
open-loop gain, very high common-mode rejection ratio, and very high input impedances.
Instrumentation amplifiers are used where great accuracy and stability of the circuit both short
and long-term are required.
Although the instrumentation amplifier is usually shown schematically identical to a standard
operational amplifier (op-amp), the electronic instrumentation amp is almost always internally
composed of 3 op-amps. These are arranged so that there is one op-amp to buffer each input
(+,−), and one to produce the desired output with adequate impedance matching for the
function.
The Wheatstone Bridge:
To convert the change in resistance of the strain gauge into a voltage output, we
use a Wheatstonebridge. Three resistors in this circuit have the same resistance as th
e nominal (unstrained) value of the strain gauge, so the output will be
approximately proportional to the change in resistance ΔR arising from the fourth
one
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Important features of Instrumentation amplifier:
• High gain accuracy
• High CMRR
• High gain stability with low-temperature Co-efficient
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• Low dc-offset
• Low output impedance
Applications:
Measurement & control of temperature, humidity light intensity, waler flow .. .etc.
CIRCUIT DIAGRAM:

Procedure:
1. Design the circuit & connect it as shown in circuit diagram.
2. Vary the Temp & measure the voltage & respective resistance
3. Note observation & plot the graph.

OBSERVATIONS:
Sr No.

Temperature

Output Voltage(V0)
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AIM:
Design build and test precision half & full wave rectifier.
OBJECTIVE:





To understand the concept of super diode.
To implement inverting and non- inverting half wave rectifier.
To implement inverting and non- inverting full wave rectifier
Plot input output waveforms.

APPARATUS:
Op-Amp(741C), Diode IN 4001, DC power supply, CRO, BreadBoard, Resistors, capacitor,
CRO Probes, Connecting wires, CRO.
THEORY:
The major limitation of ordinary diodes is that it cannot rectify voltage below 0.6v,the cutin
voltage of the diode.The precision rectifier, which is also known as a super diode, is a
configuration obtained with an operational amplifier in order to have a circuit behaving like an
ideal diode & rectifier. It can be useful for high-precision signal processing.
a) Half Wave Precision Rectifier:
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A half- wave rectifier is an electronic circuit. The rectifier circuit takes alternating current (AC)
from the wall outlet and converts it into a positive direct current (DC) output. The particular
electronic device that accomplishes this task is a semiconductor called a diode. The diode like
all semiconductors is a material which has a resistance in between that of a condor wire and an
insulator like that of a plastic.
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Circuit diagram of Half wave precision Rectifier

Design :
Given A =5/0.5=10=Ra/R
Assume R = 1K Ω ∴Ra = Rb = 10K Ω
The above design is applicable to half wave, full wave (positive precision & negative precision)
rectifier.
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b) Full Wave Precision Rectifier
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Circuit Diagram (Positive Full Wave Rectifier Circuit):
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Procedure :
1. Connections are made as shown in the circuit of fig 1.
2. A signal generator is connected to the input. A sinusoidal input voltage of amplitude less than
0.7 V with frequency of 1 KHz is applied and the input and output waveforms at points A & B
are observed on CRO.
3. The CRO is then set to X-Y mode and its transfer characteristics are observed.
4. The values of R a and / or R b are changed and change in the slope of transfer curve is
observed.
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5. The minimum input voltage, which can be rectified, is measured.
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6. The step 2 to 5 is repeated for full wave rectifier circuits shown in fig 2.
WAVEFORM OF HALFWAVE AND FULLWAVE PRECISION RECTIFIER:
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AIM:
Design, build and test Comparator and Schmitt trigger.
OBJECTIVE:








Design of Schmitt trigger circuit for given specifications.
Implementations of Schmitt trigger using Op-Amp (LF356).
Without external reference voltage.
With external reference voltage source.
With clamped output.( using Zener diodes; without external reference voltage)
Verification of effect of Vref on output waveforms and hysteresis.
Observe voltage waveforms and hysteresis.

Calculate UTP, LTP and hysteresis theoretically and practically.
APPARATUS:
Op-Amp(LF 356), DC power supply, CRO, BreadBoard, Resistors, capacitor, CRO Probes,
Connecting wires, CRO
COMPARATOR:
A comparator is a circuit which compares a signal voltage applied atone input of an
op-amp with a known reference voltage a the otherinput. It is basically an open loop op-amp
with output ±Vsat as in the ideal transfer characteristics.
It is clear that the change in the output state takes place with an increment in input Vi of
only2mv.Thisistheuncertaintyregionwhereoutputcannotbedirectly defined There are basically
2 types of comparators.
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1. Non inverting comparator and.
2. Inverting comparator.
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The applications of comparator are zero crossing detector ,window detector, time marker
generator and phase meter.
Schmitt trigger.
THEORY:
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Circuit shows an inverting comparator with positive feedback. This circuit converts an irregular
shaped waveform to square wave or pulse. This circuit is known as Schmitt trigger or
Regenerative comparator or Squaring circuit. The input voltage Vin triggers (changes the state
of ) the output Vo every time it exceeds certain voltage levels called Upper threshold voltage,
VUT and Lower threshold voltage, VLT. The hysteresis width is the difference between these
two threshold voltages i.e. VUT – VLT. These threshold voltages are calculated as follows. VUT
= (R1/R1+R2) Vsat when Vo= Vsat VLT = (R1/R1+R2) (-Vsat) when Vo= -Vsat The output of
Schmitt trigger is a square wave when the input is sine wave or triangular wave, where as if the
input is a saw tooth wave then the output is a pulse wave.
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PROCEDURE:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Apply the input sine wave using function generator.
4. Connect the channel–1 of CRO at the input terminals and Channel-2 at the output terminals.
5. Observe the output square waveform corresponding to input sinusoidal signal.
6. Overlap both the input and output waves and note down voltages at positions on sine wave
where output changes its state. These voltages denote the Upper threshold voltage and the
Lower threshold voltage (see EXPECTED WAVEFORMS below).
7. Verify that these practical threshold voltages are almost same as the theoretical threshold
voltages calculated using formulas given in the THEORY section above.
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8. Sketch the waveforms by noting down the amplitude and the time period of the input Vin and
the output Vo.
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OBSERVATIONS:
Observation table for comparator:
Voltage input

Vref

Observed
amplitude

square

wave

Observation table for Schmitt Trigger:
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AIM:
Design, build and test Sample and hold circuit
OBJECTIVE:
 Design sample and hold circuit for given specifications.
 Implementation S &H using Operational amplifier (i.e.IC 741, IC356 or IC
LF398).
 Plot original signal, S&H signal, and Capacitor droop.
 Observe the effect of increase in input frequency on sampled output.
APPARATUS:
DC power supply, Bread Board, Function Generator, IC741 operational amplifier
THEORY:
As the name indicates, a sample and hold circuit is a circuit which samples an input signal and
holds onto its last sampled value until the input is sampled again. Sample and hold circuits are
commonly used in analogue to digital converts, communication circuits, PWM circuits etc. The
circuit shown below is of a sample and hold circuit based on uA 741 operational amplifier, nchannel E MOSFET BS170 and few passive components.
In the circuit MOSFET BS170 (Q1) works as a switch while operational amplifier uA741 is wired
as a voltage follower. The signal to be sampled (V in) is applied to the drain of MOSFET while
the sample and hold control voltage (Vs) is applied to the source of the MOSFET. The source
pin of the MOSFET is connected to the non inverting input of the operational amplifier through
the resistor R3. C1 which is a polyester capacitor serves as the charge storing device. Resistor
R2 serves as the load resistor while preset R1 is used for adjusting the offset voltage.
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During the positive half cycle of the Vs, the MOSFET is ON which acts like a closed switch and
the capacitor C1 is charged by the Vin and the same voltage (Vin) appears at the output of the
operational amplifier. When Vs is zero MOSFET is switched off and the only discharge path for
C1 is through the inverting input of the operational amplifier. Since the input impedance of the
operational amplifier is too high the voltage Vin is retained and it appears at the output of the
operational amplifier.
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The time periods of the Vs during which the voltage across the capacitor (Vc) is equal to Vin are
called sample periods (Ts) and the time periods of Vs during which the voltage across the
capacitor C1 (Vc) is held constant are called hold periods (TH). Taking a close look at the input
and output wave forms of the circuit will make it easier to understand the working of the circuit.
CIRCUIT DIAGRAM:

OBSERVATIONS:
Sr No.
1.
2.
3.
4.
5.
6.
7.

Frequency

Output Voltage

CALCULATIONS:

RESULT:
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AIM:
To design, build and test Phase Lock Loop (PLL) and any one of its application.
OBJECTIVE:
 To study the PLL IC565, its pin diagram and block diagram.
 To find the free running frequency.
 To find lock range and capture range.
APPARATUS:
DC power supply, CRO, Bread Board, Function Generator, Resistors,Capacitorsand IC 565.
THEORY:
Phase locked loop operation:

Page26

The basic concept of the operation of the PLL is relatively simple, although the
mathematicalanalysis and many elements of its operation can become more complicated. The
Voltage Controlled Oscillator, VCO, within the PLL produces a signal which enters thephase
detector. Here the phase of the signals from the VCO and the incoming reference signalare
compared and a resulting difference or error voltage is produced. This corresponds to thephase
difference between the two signals.The error signal from the phase detector passes through a
low pass filter which governs manyof the properties of the loop and removes any high frequency
elements on the signal. Oncethrough the filter the error signal is applied to the control terminal
of the VCO as its tuningvoltage. The sense of any change in this voltage is such that it tries to
reduce the phasedifference and hence the frequency between the two signals. Initially the loop
will be out oflock, and the error voltage will pull the frequency of the VCO towards that of the
reference,until it cannot reduce the error any further and the loop is locked.When the PLL,
phase locked loop, is in lock a steady state error voltage is produced. Byusing an amplifier
between the phase detector and the VCO, the actual error between thesignals can be reduced
to very small levels. However some voltage must always be present atthe control terminal of the
VCO as this is what puts onto the correct frequency.The fact that a steady error voltage is
present means that the phase difference between thereference signal and the VCO is not
changing. As the phase between these two signals is notchanging means that the two signals
are on exactly the same frequency.The 565 is available as a 14-pin DIP package.
TheoutputFrequency of the VCO can be rewritten as
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fO= (0.25/ RTCT) Hz
Where RT and CT are the external resistor and capacitor connected to pin 8 and pin 9. Avalue
between 2 kΩ and 20 kΩ is recommended for RT. The VCO free running frequency isadjusted
with RT and CT to be at the centre fo, the input frequency range.

CIRCUITDIAGRAM:

PROCEDURE:
1) Connect the circuit using the component values as shown in the figure
2) Measure the free running frequency of VCO at pin 4 with the input signal V in set = zero.
Compare it with the calculated value = 0.25/ RT CT
3) Now apply the input signal of 1Vpp square wave at a 1kHz to pin 2
4) Connect 1 channel of the scope to pin 2 and display this signal on the scope
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5) Gradually increase the input frequency till the PLL is locked to the input frequency. This
frequency f1gives the lower ends of the capture range. Go on increase the input frequency,
till PLL tracks the input signal, say to a frequency f 2. This frequency f2 gives the upper end
of the lock range. If the input frequency is increased further the loop will get unlocked.
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6) Now gradually decrease the input frequency till the PLL is again locked. This is the
frequency f3, the upper end of the capture range. Keep on decreasing the input frequency
until the loop is unlocked. This frequency f4 gives the lower end of the lock range
7) The lock range ∆fL = (f2 – f4) compare it with the calculated value of (±7.8fo/12). Also the
capture range is ∆fc = (f3 – f1). Compare it with the calculated value of capture range.
∆𝑓𝑙

∆fc = 2π×3.6×103×xc
8) To use PLL as a multiplier, make connections as show in fig. The circuit uses a 4-bit binary
counter 7490 used as a divide-by-5 circuit.
9) Set the input signal at 1Vpp square wave at 500Hz
10) Vary the VCO frequency by adjusting the 20KΩ potentiometer till the PLL is locked.
Measure the output frequency
11) Repeat step 9 and 10 for input frequency of 1 kHz and 1.5 kHz.
OBSERVATIONS:
fo =
fL =
fC =
CALCULATIONS:
∆fL = (f2 – f4) = (±

7.8𝑓𝑜
12

)

∆𝑓𝑙

∆fc = 2π×3.6×103×xc
RESULT:
fo =
fL =
fC =
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AIM:
Design and Implement 2 bit DAC and 2 bit ADC.
OBJECTIVE:
A) Design and implement 2bit R-2R ladder DAC.
 Measure and verify output voltage practically and theoretically.
 Calculate resolution, step size and few more specification.
B) Design and implement 2bit flash type ADC
 Verify operation of comparators and priority encoder individually.
 Calculate no. of comparator, resolution, full scale voltage range etc.
APPARATUS:
DC power supply, Bread Board, Function Generator, IC741 operational amplifier
THEORY:
Most of the real world physical quantities such as voltage current temperature
pressure are available in analog form. It is very difficult to process the signal in analog form,
hence ADC and DAC are used. The DAC is used to convert digital signal into analog and hence
the functioning of DAC is exactly opposite to that of ADC. The DAC is usually operated at the
same frequency as the ADC. The output of the DAC is commonly staircase. This staircase like
digital output is passed through a smoothing filter to reduce the effect of quantization noise.
There are three types of DAC techniques:
(i) Weighted resistor DAC.

(ii) R-2R ladder.

(iii) Inverted R-2R ladder.

Wide range of resistors is required in binary weighted resistor type DAC. This can be avoided by
using R-2R ladder type DAC where only two values of resistors are required it is well suited for
integrated circuit realization.
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The process of converting an analog voltage into an equivalent digital signal is known
as Analog to Digital Conversion, abbreviated as ADC. An ADC is an electronic circuit which
converts itsanalog input to corresponding binary value.The output depends up on the coding
scheme followed in the ADC circuit. For example Analog value may convert to Gray code,
excess 3 code and so on.
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Analog to Digital converter ICs are also available to do this operation which reduces the circuit
complexity
such
that
a single
IC capable
of
doing
Analog
to
Digital
Conversion.A potential divider network and some combinational circuits are used for making this
simple ADC. LM324 best suited for Analog to Digital Converters because it has four embedded
operational amplifiers, it require Vcc (5V) and ground only. No need of Vcc like 741 operational
amplifier.
CIRCUIT DIAGRAM :

PROCEDURE:
1. Set up the circuit shown in Fig. With all inputs (d0 to d3) shorted to ground, adjust the 20
kΩ pot until the output is 0V. This will nullify any offset voltage at the input of the
Operational amplifier.
2. Measure the output voltage for all binary input states (0000 to 1111) and plot a graph of
binary inputs vs output voltage.
3. Measure the size of each step and hence calculate resolution
4. Calculate linearity
OBSERVATIONS:
Output Voltage

=

____________

Size of each step

=

____________

Resolution

=

____________

Linearity

=

____________

=

VR / 2 = VFS / 2

CALCULATIONS:

Resolution (in volts) =

VFS / (2n–1) = 1 LSB increment.
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RESULT:
Output Voltage

=

____________

Size of each step

=

____________

Resolution

=

____________

Linearity

=

____________
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AIM: Design, build and test square & triangular wave generator.
OBJECTIVE:
 Design of Square wave generator for given specifications.
 Implementation of circuit using Op-Amp for different duty cycles (LF356).
 Verification of effect of slew rate on output waveforms.
 Observe voltage waveforms of output and timing capacitor.
 Calculate frequency of output waveform theoretically and practically.
APPARATUS:
Op-Amp(IC 741C), DC power supply, CRO, BreadBoard, Resistors, capacitor, CRO Probes,
Connecting wires, CRO.
Theory:
Function generator generates waveforms such as sine, triangular, square waves and so on of
different frequencies and amplitudes. The circuit shown in Fig1 is a simple circuit which
generates square waves and triangular waves simultaneously. Here the first section is a square
wave generator and second section is an integrator. When square wave is given as input to
integrator it produces triangular wave.
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CIRCUIT DIAGRAM:
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Design:
Square wave Generator:
T= 2R fC ln (2R 2 +R 1/ R 1)
Assume R 1 = 1.16 R 2
Then T= 2R Fc.
Assume C and find R f
Assume R 1 and find R 2 Integrator:
Take R 3 Cf >> T
R3 Cf = 10T
Assume C f find R 3
Take R 3Cf = 10T
Assume C f = 0.01 µf
R3 = 10T/C
= 20K Ω
Procedure:
1. Connect the circuit as per the circuit diagram shown in Fig 1.
2. Obtain square wave at A and Triangular wave at Vo as shown in fig (a) and (b).
3. Draw the output waveforms as shown in fig (a) and (b).
Model Calculations:
For T= 2 m sec
T = 2 R fC
Assuming C= 0.1 µf Rf = 2.10 -3/ 2.01.10 -6
= 10 K Ω
Assuming R1 = 100 K
R2 = 86 K Ω Sample readings:
Square Wave:
Vp-p = 26 V(p-p)
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T = 1.8 msec
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Triangular Wave:
Vp-p = 1.3 V
T= 1.8 msec
Wave Forms:

OBSERVATION TABLE:
PARAMETER

THEORETICAL VALUE

PRACTICAL VALUE

Frequency of square
wave
Frequency of Triangular
wave

Page34

CONCLUSION:

