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OBJECTIVES :

e To construct and test inverting, summing, and difference amplifiers using op-amps.
e To construct and test an op-amp comparator and Schmitt Trigger.

PARTS AND EQUIPMENT:

e DC Power Supply

e Oscilloscope

e Function Generator
e LM 741 Op-amp

e Resistors

e Protoboard

e LEDs

THEORY:

Op-amp operations are classified into two: linear applications of op-amp and non-linear
applications of op-amp. The output voltage or current is directly proportional to either input
voltage or current are called linear op-amp circuits. A non-linear op-amp is one in which the
output signal is not directly proportional to the input signal.

Op-amp is a very high gain amplifier with inverting and non-inverting inputs. One of the
most important ideas in electronics incorporates the idea of feedback, where a portion of the
output is returned to the input. If the return signal tends to decrease the input amplitude, it is
called negative feedback. On the other hand, if the return signal tends to increase the input
amplitude, it is called positive feedback.

In linear applications, op-amp works in amplifier mode which is obtained by a negative
feedback to the op-amp. Examples of linear application of op-amp are inverting amplifiers,
summing amplifiers, and difference amplifiers. In non-linear applications, op-amp works in
switching mode which is obtained by a positive feedback or without feedback to the op-amp. Non-
linear operation occurs when the op-amp output reaches either positive saturation or its negative
saturation. Examples of non-linear application of op-amp are voltage comparators and Schmitt
triggers.

PRE-LAB

Note:
i.  This pre-lab must be done before lab session and will be collected in the beginning of
lab session.
ii. For the simulation work, use LM741 or AD825 or COMPARATOR_VIRTUAL if OP-AMP
741 not available

PART 1: Inverting Amplifier

For the inverting amplifier circuit of Figure 3.1, derive the output equation, v,, for the two extreme
cases of Rx.
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Figure 3.1
PART 2: Inverting Summing Amplifier

For the inverting summing amplifier circuit of Figure 3.2,
a) Derive the output equation, vo.

b) Getthe mathematical expression for the output waveform, v, given in Figure 3.3.
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+12V
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Figure 3.2
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-7.55

Figure 3.3
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c) Determine the value of Ry and R, when Rris equal to 100 kQ and v; is a sine wave or square
wave of 1 Vpk with a frequency 1 kHz and V; is a DC voltage of 5V. (Hint: Use answer in (b)).

d) Based on the values obtained in part (c), generate the output voltage waveform, v, for the
circuit of Figure 3.2 using Multisim. Print out the instrument connection and curve plot as a
function of voltage (V) against time (t). Highlight the important measurement readings.

PART 3: Non-Inverting Summing Amplifier

For the non-inverting summing amplifier circuit of Figure 3.4,

a) Simulate the circuit using Multisim or of any equivalent software. Set the vi to 8 Vpk sine
waveform at 1 kHz and v, to 1 Vpk sine waveform at 50 kHz.

b) Generate the output voltage waveform using Multisim. Set the timebase scale to 200 ps/Div
and the channel scale to 5 V/Div. Print out the instrument connection and the curve plotas a
function of amplitude against time.

c) Discuss the effect of different frequencies used.

d) Save the circuit for later use in Part 5 and Part 6.

1kQ
M

1k,
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" @ 1kQ -12V

Vi

= Figure 3.4

PART 4: Difference Amplifier

For the difference amplifier circuit of Figure 3.5,

a. Derive the output equation, v,

b. Generate the output voltage waveform using Multisim if v, is a sine wave or a square-wave
of 1 Vpk, and V; is a DC voltage of 5 V. Print out the instrument connection and the curve
plot as a function of amplitude against time. Highlight the readings that could verify your
answer in part (a).
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PART 5: Comparator

For the comparator circuit of Figure 3.6,

+12V
R1=10 kQ Q
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1 kHz
)
= [
-12V
(Note: pp stands for peak-to-peak)
Figure 3.6

a. Simulate the circuit in Multisim or of any equivalent software. The purpose of potentiometer,
R3 is to set a variable reference voltage between + V¢ and - V¢ that can be applied as Vrer to
the op-amp. Note that changing the setting (%) of the potentiometer changes the voltage on
the associated terminal.

b. Setthe signal generator (vs) in Figure 3.6 for a 1 V,, triangle waveform at 1 kHz. Set the value
of Vrer for 3 positions of the potentiometer (0%, 50%, and 100%). Print out the vsgand vou
as a function of time waveforms for the 3 different potentiometer settings. For each setting
of potentiometer, print out the tranfer curve (vou vs vs) for the comparator by clicking B/A
on the oscilloscope. Mark the transition points (vsig that causes vou to change state) and
record the reference voltage (Vef).

c. Remove vsin Figure 3.6 and replace it with v, (from Figure 3.4).

4
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d. Set the potentiometer around 50% and observe the output waveform, v,. Print out the
instrument connection and the curve plot as a function of amplitude against time. Discuss
your observation.

PART 6: Schmitt Trigger
For the schmitt trigger circuit of Figure 3.7,

a. Derive the equation for Vyrp and Virp of the given circuit in Figure 3.7.

b. From the given values of Upper Threshold Point, Vyrr and Lower Threshold Point, Virp in
Figure 3.8, determine the values of R1 and Rz if the sum of R; and R:is equal to 68.8 k) and
VREr = 5V.

c. Simulate the circuitin Figure 3.7 using Multisim if the input voltage, vsis the output waveform
of Figure 3.4 and Vger is a DC voltage of 5V. Print out the curve plot as a function of voltage
(V) against time (t) and the transfer curve (vo vs vs) by clicking B/A on the oscilloscope.

d. Discuss your observation on the output waveform.
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Figure 3.7
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Figure 3.8
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IN-LAB PROCEDURES

Part 1: Inverting Amplifier

1. Construct the circuit in Figure 3.1.

2. Settheinput voltage, vs to 2 Vi« (sine wave) with a frequency of 1 kHz.

3.  Adjust the potentiometer from minimum to maximum values. Observe the output
waveform.

4.  Measure and record the output voltage for 3 different values of potentiometer (minimum,
middle, and maximum values).

5.  Discuss what you observed in this experiment.

Part 2: Inverting Summing Amplifier

1. Construct the circuit in Figure 3.2 with the values of R; and R; obtained from your pre-lab.

2. Settheinput voltage, vs to 1 Vi (sine wave) with a frequency of 1 kHz.

3.  Record the output voltage, v, and observe the phase difference between the input and
output. (Note the DC level in the output)

4.  Compare your simulation with the experimental results.

Part 3: Difference Amplifier

1. Construct the circuit in Figure 3.5.

2. With vs adjusted to produce a 1 V peak sine wave at 1 kHz, observe the output voltage vo
(and vs to note the phase relationship) on an oscilloscope set to dc input coupling.

3. Record the output voltage waveform. Be sure to note the dc level in the output.

Part 4: Comparator

a. Construct the circuit in Figure 3.9.

b. Vary R; while observing the output of the comparator. Measure and record the output
voltage when the red LED is on and then when the green LED is on. Measure and record V..
at the threshold.
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Figure 3.9
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Part 5: Schmitt Trigger

1. Construct the circuit in Figure 3.7 with the values of R; and R; obtained from your pre-lab.

2. Set the input voltage, vs to 8 Vi (sine wave) with a frequency of 1 kHz and observe the
output waveform on an oscilloscope. Use V. = 5V. (Note: The input coupling of both
channels should be set to DC)

3. Sketch the input, vs and output voltage, v, in Table 3.1 (Note the level of vs at which the
output voltage, vo changes level (Vyrp and Virp)).

4. Identify the transition points (Vyre and Virp).

U1

Compare your simulation with the experimental results
6. Repeat steps 2 & 3 with input voltage, vs values of 4V and 1V and record your results in
Tablel.



Group No.:

Table 3.1
Vs(pi) = 8V Vspk) = 4V Vspiy = 1V
Vo and vs
Transfer
Curve
SUPERVISOR’s NAME
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