
MIET/ECE/LINEAR INTEGRATED CIRCUIT LAB 

Objective: To study the various sections of  Analog System Lab kit (ASLK PRO). 

 

Outcome: To understand TI - ASLK Pro kit 

 

About ASLK PRO KIT:  

ASLK PRO Development kit has been produced by mikro Elektronika for Texas 

Instruments. This kit is designed for undergraduate engineering students to perform 

analog lab experiments. The main idea behind ASLK PRO is to provide a cost efficient 

platform or test bed for students to realize almost any analog system using general 

purpose ICs such as OP-Amps and analog multipliers. The Analog System Lab Manual 

describes experiments that can be carried out using the Analog System Lab Kit (ASLK). 

These experiments can be carried out on ASLK Starter or ASLK Pro kit. There are 

experiments related to the following analog sub-systems: Negative feedback amplifiers 

in both inverting and non inverting configuration Instrumentation amplifiers 

Regenerative feedback (Schmitt Trigger) systems Monostable and Astable 

Multivibrators Integrators and differentiators Second-order filters Self-tuned filters 

Voltage-controlled oscillators (VCO) Function generators Phase-locked loop (PLL) 

Automatic gain control (AGC) DC-DC converter Low Drop Out (LDO) regulator. 

Features 

 Provision to connect ±10V DC power supply 

 Compatible with TINA or Pspice for simulation, Filter Pro software for designing 

analogue filters 

 Switcher Pro software is compatible with ASLK PRO for power supply design 

 ASLK PRO board in antistatic bag, Wire jumpers, Transistors, Diodes, User  

manual, Schematic, Graph paper book. 

 

Package Contains 
 

 Damage resistant protective box 

 ASLK PRO board in antistatic bag 

 Manual, Schematic and Graph paper book 

 Wire jumpers, transistors, and diodes 

Major Requirement for ASLK: 

 

1. Oscilloscope having range up to 20 MHz.  

2. Function generator for generate Sine, Square, & Triangular wave & having operating 

 

 

MIET, ECE



MIET/ECE/LINEAR INTEGRATED CIRCUIT LAB 

fig. (a) Circuit diagram of ASLK PRO 

 

range on 1 to 10 MHz.3. Dual power supply having operating voltage ±10V.4. Digital 

Multimeter for basic operations. 

Different Sections of ASLK-PRO: 

The Analog System Lab kit ASLK PRO is divided into many sections mention below & 

shown as Fig.(1) . 

1. Three TL-082 Op-amp. 

2. Three Precision analog multiplier (MPY634) 

3. Two digital to analog converter (DAC7821) 

4. Non-Synchronous DC/DC buck Converter (TPS40200) 

5. Two Transistor socket. 

6. Low dropout Regulator (LDO) 

7. Two 1kΩ Trimmers. 

8.  ±10 V Power Supply. 

9. Two Diode sockets. 

10. General purpose area used as bread board. 
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1. There are Three TL082 OP-Amp ICs Labelled 1, 2, 3 on ASLK PRO. Each of these 

ICs has two amplifiers, which are labelled A and B. Thus 1A and 1B are the two OP-     

amps on OP- amp IC 1, etc. The pin diagram of TL-082 is shown as fig. (2) & the six    

OP-amps are categorized as below.    

 

OP-Amp Type  Purpose 

1A TYPE I Inverting Configuration only 

1B TYPE I Inverting Configuration only 

2A TYPE II Full Configuration 

2B TYPE II Full Configuration 

3A TYPE III Basic Configuration 

3B TYPE III Basic Configuration 

 

 

Thus, the OP-amps are marked TYPE I, TYPE II and TYPE III on the board. The OP-

Amps marked TYPE I can be connected in the inverting configuration only. With the 

help of connectors, either resistors or capacitors can be used in the feedback loop of the 

amplifier. There are two such TYPE I amplifiers. There are two TYPE II amplifiers 

which can be configured to act as inverting or non inverting. Finally, we have two TYPE 

III amplifiers which can be used as voltage buffers. 

 

2. Three analog multipliers are included in the kit. These are wide-bandwidth precision 

analog multipliers from Texas Instruments (MPY634). Each multiplier is a 14-pin IC 

and operates on internally provided ±10V supply. 

 

3. There are two digital-to-analog converters (DAC) provided in the kit, labeled DAC 

I and DAC II. Both the DACs are DAC7821 from Texas Instruments. They are 12-bit, 

parallel-input multiplying DACs which can be used in place of analog multipliers in 

circuits like AGC/AVC. Ground and power supplies are provided internally to the DAC. 

DAC Logic Supply Jumper can be used to connect logic power supplies of both DAC I 

and DAC II to either LDO or DC/DC converter located on the board. Using Tri-state 

switches you can set 12-bits of input data for each DAC to desired value. Click the 

Latch Data button to trigger Digital-to-analog conversion. 

 

4. We have included a Wide-input non-synchronous DC/DC buck converter 

TPS40200 from Texas Instruments on ASLK PRO. The converter provides an output of 

3.3V over a wide input range of 5.5-15V at output currents ranging from 0.125A to 

2.5A. Using Vout SEL jumper you can select output voltage to be either 5V or 3.3V. 

Another jumper allows you to select whether input voltage is provided from the board 

(+10V), or externally using screw terminals. 
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5. We have included Two transistor sockets on the board, which are needed in 

designing an LDO regulator. 

 

6. A specialized Low Dropout Regulator (LDO IC) (TPS7250) has been included on 

the board, which can provide a constant output voltage for input voltage ranging from 

5.5V to 11V. Ground connection is internally provided to the IC. Using ON/OFF jumper 

you can enable or disable LDO IC. Another jumper allows you to select whether input 

voltage is provided from the board (+10V), or externally using screw terminals. 

 

7. There are Two 1kΩ trimmers (potentiometer) in the kit to enable the designer to 

obtain a variable voltage if needed for a circuit. The potentiometers are labeled P1 and 

P2. These operate respectively in the range 0V to +10V, and -10V to 0V. 

 

8. The kit has a Screw terminals to connect ±10V power supply. All the ICs on the 

board are internally connected to power supply. 

 

9. We have included Two diode sockets on the board, which can be used as rectifiers in 

custom laboratory experiments. 

 

10. The top right portion of the kit is a General-purpose area which can be used as a 

proto-board. ± 10V points and GND are provided for this area. 

 

fig. (b) Pin diagram of IC TL-082 

 

Features of IC TL-082 JFET-Input Op-amp: 

 Low Power Consumption 

 Wide Common-Mode and Differential Voltage Ranges 

 Input Bias and Offset Currents 

 Output Short-Circuit Protection 

 Low Total Harmonic Distortion = 0.003% Typically 

 High Input Impedance JFET-Input Stage 

 Latch-Up-Free Operation 

 High Slew Rate = 13 V/μs. 

 Common-Mode Input Voltage Range Includes VCC+ 
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Applications IC TL-082 JFET-Input Op-amp:- 

 Input Buffer 

 High-Speed Integrators 

 D/A Converters 

 Sample And Hold Circuits 

Features of IC MPY634 Wide Bandwidth Analog Precision Multiplier: 

 Wide Bandwidth=10MHz. 

 Low cost 

 Internal wide bandwidth op-amp 

 0.5% Max. four Quadrant Accuracy. 

 Easy to use. 

Applications of IC MPY634 Wide Bandwidth Analog Precision Multiplier: 

 Precision analog signal processing 

 Modulation & Demodulation. 

 Voltage controlled amplifier 

 Video signal processing. 

 Voltage controlled filters & oscillators. 
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Objective: 

Design the following amplifiers: 

 a)  A unity gain amplifier. 

b)  A non-inverting amplifier with a gain of “A”.  

c) An inverting amplifier with a gain of “A” 

Outcome: To Design different amplifiers using OP-AMP 

Apparatus Required:  

Analog System Lab kit (TL-082), Digital Storage Oscilloscope (70 MHz),Function 

Generator (1-10 MHz), Power Supply (±10V DC ), Digital Multimeter, Screw Driver, 

Probes, Connecting wires.  

Theory: The three basic types of closed loop amplifier configuration are:  

1. An Inverting Amplifier  

2.A Non Inverting Amplifier 

3. A Unity Gain Buffer. 
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NON INVERTING AMPLIFIER: 

 

 

A UNITY GAIN BUFFER (also called a unity-gain amplifier) is a op-amp circuit 

which has a voltage gain of 1.This means that the op amp does not provide any 

amplification to the signal. The reason it is called a unity gain buffer (or amplifier) is 

because it provides a gain of 1, meaning there is no gain; the output voltage signal is the 

same as the input voltage. Thus, for example, if 10V goes into the op amp as input, 10V 

comes out as output. A unity gain buffer acts as a true buffer, providing no amplification 

or attenuation to the signal.  

fig. (a) Circuit Diagram of Inverting Amplifier 
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fig. (b) Circuit Diagram of Non Inverting Amplifier 

 

fig. (c) Circuit Diagram of Buffer Amplifier 
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Result: Op-amp IC TL-082 based Inverting, Non-Inverting and Unity gain amplifier are 

designed and their performance is evaluated with following results: 

Plot-1:Vo versus t waveform at the output of Inverting amplifier as shown in fig. a. 

Plot-2:Vo versus t waveform at the output of Inverting amplifier as shown in fig. b 

Plot-2:Vo versus t waveform  at the output of Inverting amplifier as shown in fig. c 

 

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. State the ideal characteristics of Op-amp. 

2. Why differential amplifier is used as an input stage of IC op-amp? 

3. What does operational amplifier refers to? 

4. What causes slew rate? 

5. What is input bias current?  

6. Why is IC741 op-amp not used for high frequency applications? 

7. What is unity gain circuit?  

8. What is the virtual ground concept? 

9. What is CMRR & PSRR? 

10. What is UGB? 
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Objective: Design the Voltage comparator and zero crossing detectors.  

Outcome: After the completition of this practical students will understand about 

operational amplifier analog TL-082 and will be able to analyse and design different 

linear applications of operational amplifiers such voltage comparators.  

Apparatus Required: Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz),Function Generator (1-10 MHz), Power Supply (±10V DC ), Digital 

Multimeter, Screw Driver, Probes, Connecting wires.  

Theory: A comparator is a circuit which compares a signal voltage applied at one input 

of an OPAMP with a known inference voltage at the other input. It is basically an open 

loop OPAMP with  output Vsat . It may be seen that change in output state takes place 

with an increment in input Vi of only 2mV. There are basically two types of 

comparators, non-inverting comparator and inverting comparator. 

Circuit Diagram: 

 

fig. (a) InvertingVoltage Comparator  
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fig. (b) Non-Inverting Voltage Comparator 

 

 

fig. (c) Zero Crossing Voltage Comparator 
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Waveform: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig.(d) 

Voltage Comparator Input Output Waveforms of Inverting, Non Inverting              

& Zero Crossing Detector 
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Result: Every time the input signal changes its polarity, circuit can easily detect and 

produced at the output. The practical and theoretical waveforms are nearly same.  

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. Discuss the characteristics of an ideal comparator. 

2. List the different types of comparators. 

3. What is the meaning of Voltage limiting? 

4. What is window detector? 

5. What is zero crossing detector? 

6. What is Schmitt trigger circuit? 

7. What is time maker generator? 

8. What are the differences between ideal and practical comparator? 

9. What are the applications of comparator? 

10. In which mode the operational amplifier is connected in the comparator circuit. 
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Objective: To Design the Integrator and Differentiator for a given time constant. 

Outcome:To test the integrator-differentiator for a given time constant  

Apparatus Required: Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz),Function Generator (1-10 MHz), Power Supply (±10V DC ), Digital 

Multimeter, Screw Driver, Probes, Connecting wires.  

Theory: 
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fig.(a) Circuit Diagram for Differentiator 

 

fig.(b) Circuit Diagram for Integrator 

Result: Thus an Integrator and Differentiator using op-amp are designed and their 

performance is successfully verified by Input-Output waveforms.  

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4.  Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. Define differentiator 

2. Define integrator 

3. What are the limitations of an ordinary differentiator? 

4. Explain how the practical differentiator will overcome the limitations 

5. What are the limitations of an ideal integrator? 

6. What are the initial conditions of a loss integrator? 

7. What are the differences between integrator and differentiator 

8. State the applications of integrator 

9. State the applications of differentiator 

10. Explain why integrators are preferred over differentiators in analog computer. 
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Objective: To Study and Design the voltage to current and current to voltage converter. 

Outcome:To Design voltage to current and current to voltage converters. 

Apparatus Required: Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz),Function Generator (1-10 MHz), Power Supply (±10V DC ), Digital 

Multimeter, Screw Driver, Probes, Connecting wires.  

Theory: 

Voltage to Current: 

In the circuit shown in figure in which load RL is floating. Since voltage at node ‘a’ is 

vi, therefore, iL = 𝑣𝑖/𝑅1. That is the input voltage vi is converted into an output current 

of 𝑣𝑖 / 𝑅1. It may be seen that the same current flows through the signal source and load, 

therefore signal source should be capable of providing this load current. 

 

fig. (a) Circuit diagram of Voltage to Current Converter 

Current to Voltage:  

A current to voltage converter will produce a voltage proportional to the given current. 

This circuit is required if your measuring instrument is capable only of measuring 

voltages and you need to measure the current output. 

If your instrument or data acquisition module (DAQ) has a input impedance that is 

several orders larger than the converting resistor, a simple resistor circuit can be used to 

do the conversion. However, if the input impedance of your instrument is low compared 

to the converting resistor then the following opamp circuit should be used. 
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fig. (b) Circuit diagram of Current to Voltage: 

To analyse the current to voltage converter by inspection, 

Procedure: 

1 Connect the circuit as shown in figure. 

2. Connect a 10kΩ load resistor at the output pin number 6. 

3. Connect an ammeter in series with RL to measure the load current. 

Observation Table for Voltage to Current converter: 

 

S.No. Input Voltage  (Volts) Output Current (mA) 

1   

2   

3   

 

Observation Table for Current to Voltage Converter: 

 

S.No. Input Current (mA) Output Voltage  (Volts) 

1   

2   

3   
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Result: The graph between input voltage and output current is drawn and verified in 

linear range. 

Precautions: 

1. Connection of all wires should be tight . 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. What are the different applications of voltage to current converter? 

2. Why the op-amp in low voltage DC voltmeter cannot be nullified. 

3. How we can makes the output voltage equals to zero in practical op-amp? 

4. What happens due to mismatch between two input terminals in an op-amp? 

5. What will the condition of op-amp, before applying any external input? 

6. How does a voltage converter work? 

7. What are Hertz - 50 Hz vs. 60 Hz? 

8. The maximum current through the load in all application that uses voltage 

to current converter with floating is 

9. Find the gain of the voltage to current converter with grounded load? 

10. What is the difference between supply voltage and input voltage? 
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Objective: Wien bridge oscillator using operational amplifier.  

Outcome:To Design Wien bridge oscillator using operational amplifier 

Apparatus Required: Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz), Power Supply (±10V DC ), Digital Multimeter , Screw Driver, Probes, 

Connecting wires, Resistance (4.7K, 3.3K), Capacitor(.01μf, 0.1μf). 

Theory: It is the commonly used audio frequency oscillator which employs both 

positive and negative feedback. The feedback signal is connected in the non-inverting 

input terminal so that the amplifier is working in non-inverting mode. The Wien bridge 

circuit is connected between amplifier input terminal and output terminal. The bridge 

has a series RC network in one arm and a parallel RC network in the adjoining arm. In 

the remaining two arms of the bridge, resistor R1 and Rf are connected. The phase angle 

criterion for oscillation is that the total phase shift around the circuit must be zero. This 

condition occurs when bridge is balanced. At resonance, the frequency of oscillation is 

exactly the resonance frequency of balanced Wien bridge and is given by  

 

 

f0 = 1/ (2πRC).  

 

 

Fig. (6.1) Pin configuration of IC-TL-082 
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Fig. (6.2) Wein Bridge Circuit Diagram 

 

 

Fig. (6.3) Output Waveform 
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Design Procedure :  

1.     f = 1/2πRC  Let f =  

R1=R2=3.3KΩ ,C= 0.01μF 

2.     f = 1/2πRC  Let f =  

R1=R2=4.7KΩ ,C= 0.1μF  

 

Observation Table:  

 

Resistance 

(KΩ) 

Capacitor 

(μF) 

Practical 

Frequency(Hz) 

Theoretical 

Frequency(Hz) 
Error in % 

     

     

     

 

Result:  The Wein bridge oscillator is designed & tested using op-amp IC TL-082. 

 

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. State the two condition of oscillations. 

2. Classify the oscillators 

3. What is the phase shift in case of the phase shift oscillator? 

4. Explain how to measure the phase difference of two signals? 

5. In WEIN BRIDGE oscillator what phase shift does the opamp provide? 

6. In what mode the opamp is used in the wein bridge oscillator? 

7. What phase shift is provided by the feedback network? 

8. What is the minimum gain that the inverting opamp should have? 

9. For high frequencies which kind of opamp should be used? 

10. What is the condition for so that the oscillations will not die out? 
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Objective: Mono-stable Multivibrators using IC 555.  

Outcome: To design Multivibrators using IC-555 

Apparatus Required: IC 555, Digital Storage Oscilloscope (70 MHz), Function 

Generator (1-10 MHz), Power Supply (±10V DC ), Digital Multimeter , Probes, 

Connecting wires, Resistance(4.7K, 3.3K), Capacitor(0.01μf, 100μf), Led. 

Theory: It has one stable and one quasi stable state. The circuit is useful for generating 

single output pulse of time duration in response to a triggering signal. The width of the 

output pulse depends only on external components connected to the op-amp. The diode 

gives a negative triggering pulse. When the output is +Vsat, a diode clamps the capacitor 

voltage to 0.7V then, a negative going triggering impulse magnitude Vi passing through 

RC and the negative triggering pulse is applied to the positive terminal. Let us assume 

that the circuit is instable state. The output V0i is at +Vsat. The diode D1 conducts and 

Vc the voltage across the capacitor ‘C’ gets clamped to 0.7V,the voltage at the positive 

input terminal through R1R2 potentiometer divider is +ßVsat. 

Now, if a negative trigger of magnitude Vi is applied to the positive terminal so that the 

effective signal is less than 0.7V.the output of the Op-Amp will switch from +Vsat to –

Vsat. The diode will now get reverse biased and the capacitor starts charging 

exponentially to –Vsat. When the capacitor charge Vc becomes slightly more negative 

than –ßVsat, the output of the op-amp switches back to +Vsat. The capacitor ‘C’ now 

starts charging to +Vsat through R until Vc is 0.7V. 

V0 = Vf + (Vi-Vf) 𝑒𝑡/𝑅𝐶 , ß = R2/(R1+R2) 

If Vsat >> Vp and R1=R2 and ß = 0.5, Then, T = 0.69RC MIET, ECE
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Fig. (7.1) Pin Diagram of IC-555 Timer 

Circuit:  

 

Fig. (7.2) Monostable Multivibrator with output pulse 

Procedure: 

1. Connect the circuit as shown in the circuit diagram. 

2. Apply Negative triggering pulses at pin 2 of frequency 1 KHz as shown in Fig. 

3. Observe the output waveform and capacitor voltage as shown in Figure and measure 

the pulse duration. 

4. Theoretically calculate the pulse duration as Thigh =1.1 RC 

5. Compare it with experimental values. 
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Observation: Trace the time period of the output wave form and compare it with the 

given one. 

Result: The waveform is observed and verified with stated condition. 

Precautions: 

1. Connection of all wires should be tight . 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. Explain the functional block diagram of a 555 timer 

2. Explain the function of reset 

3. What are the modes of operation of timer? 

4. What is the expression of time delay of a monostable multivibrator? 

5. Discuss some applications of timer in monostable mode. 

6. Define duty cycle 

7. Give methods of obtaining symmetrical waveform. 

8. How is an monostable multivibrator connected into a pulse position modulator 

9. How Schmitt trigger circuit is constructed using 555 timer 

10. Draw the pin diagram of 555 timer. 
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Objective: Astable Multivibrators using IC 555.  

Outcome: To design multivibrators using IC-555 

Apparatus Required: IC 555, Digital Storage Oscilloscope (70 MHz), Function 

Generator (1-10 MHz), Power Supply (±10V DC ), Digital Multimeter, Probes, 

Connecting wires, Resistance(4.7K, 3.3K), Capacitor(0.01μf, 100μf), Lead. 

Theory: In the 555 Oscillator above, pin 2 and pin 6 are connected together allowing the 

circuit to retrigger itself on each and every cycle allowing it to operate as a free running 

oscillator. During each cycle capacitor, C charges up through both timing resistors, R1 

and R2 but discharges itself only through resistor, R2 as the other side of R2 is connected 

to the discharge terminal, pin 7. Then the capacitor charges up to 2/3Vcc (the upper 

comparator limit) which is determined by the 0.693(R1+R2)C combination and 

discharges itself down to 1/3Vcc (the lower comparator limit) determined by the 

0.693(R2.C) combination. This results in an output waveform whose voltage level is 

approximately equal to Vcc - 1.5V and whose output "ON" and "OFF" time periods are 

determined by the capacitor and resistors combinations. The individual times required 

completing one charge and discharge cycle of the output is therefore given as: 

t1 = 0.693 (R1+R2)C, t2 = 0.693 R2C, T = t1 + t2 

 

 

Fig. (8.1) Pin Diagram of IC-555 Timer 
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Circuit: 

Fig.(8.2)  Circuit Diagram of Astable Multivibrators 

 

 

Fig.(8.3)  Waveform of Astable Multivibrators 
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Procedure: 

1. Connect the circuit as shown in the figure. 

2. Use potentiometer in case output is not proper. 

Observation: Trace the output waveform and calculate the frequency from the   

                       fundamental period of the wave. 

Result: The waveform was traced and compared with the designed theoretical one. 

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions: 

1. Explain the functional block diagram of a 555 timer 

2. Explain the function of reset 

3. What are the modes of operation of timer? 

4. What is the expression of time delay of a astable multivibrator? 

5. Discuss some applications of timer in astable mode. 

6. Define duty cycle 

7. Give methods of obtaining symmetrical waveform. 

8. How is an astable multivibrator connected into a pulse position modulator 

9. How Schmitt trigger circuit is constructed using 555 timer 

10. Draw the pin diagram of 555 timer. 
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Objective: Design and test a function generator that can generate square wave and 

triangular wave output for a given frequency and cascade a multiplier MPY634KP in 

feedback loop to form VCO.  

Outcome: To design VCO with the help of multiplier MPY634KP in feedback loop. 

Apparatus Required: Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz),Function Generator (1-10 Mhz), Power Supply (±10V DC ), Digital 

Multimeter , Screw Driver, connecting Probes, Jumpers.  

Theory: Function generator generates waveforms such as sine, triangular, square wave 

and so on of different frequencies and amplitudes. The circuit shown in below Fig. is a 

simple circuit which Generates square wave and triangular wave 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 the triangular wave. This 

experiment is about a triangular wave generator using opamp IC. Triangular wave is a 

periodic, non-sinusoidal waveform with a triangular shape. The most important feature 

of a triangular wave is that it has equal rise and fall times . The applications of triangular 

wave include sampling circuits, frequency generator circuits, tone generator circuits etc. 

There are many methods for generating triangular waves but here we focus on method 

using op-amps. This circuit is based on the fact that a square wave on integration gives a 

triangular wave. The circuit uses an op-amp based square wave generator for producing 

the square wave and an op-amp based integrator for integrating the square wave and 

multiplier in feedback circuit. 

Voltage controlled oscillator (VCO), from the name itself it is clear that the output 

instantaneous frequency of the oscillator is controlled by the input voltage. 

MIET, ECE

https://www.electrical4u.com/what-is-an-oscillator/
https://www.electrical4u.com/voltage-or-electric-potential-difference/


MIET/ECE/LINEAR INTEGRATED CIRCUIT LAB 

 

Circuit:Fig. (9.1) Multiplier using VCO. 

 

Fig. (9.2) Multiplier  MPY634KP Pin Diagram  

 

 

Fig. (9.3) Multiplier  MPY634KP 
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The MPY634KP is a wide bandwidth, high accuracy, four-quadrant analog multiplier. Its 

accurately laser-trimmed multiplier characteristics make it easy to use in a wide variety 

of applications with a minimum of external parts, often eliminating all external 

trimming. Its differential X, Y, and Z inputs allow configuration as a multiplier, 

squarer,divider, square-rooter, and other functions while maintaining high accuracy. The 

wide bandwidth of this new design allows signal processing at IF, RF, and video 

frequencies. The internal output amplifier of the MPY634 reduces design complexity 

compared to other high frequency multipliers and balanced modulator circuits. 

 It is capable of performing frequency mixing, balanced modulation, and demodulation 

with excellent carrier rejection. An accurate internal voltage reference provides precise 

setting of the scale factor. The differential Z input allows user-selected scale factors from 

0.1 to 10 using external feedback resistors. 

 

Design Parameters & Calculations: 

X1= Trimmer Voltage 

Y1= O/P of Schmit trigger  

Z1= O/P of  Multiplier 

X2=Y2=Z2= GND 

Vc = Trimmer Voltage,    

Vr = Ref. Voltage  
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f=(1/RC). (R2/R1) 

Procedure:  

1. Check the components.  

2. Connections are given as per the circuit diagram.  

3. + Vcc and - Vcc supply is given to the power supply terminal of the Op-Amp  

4. The square wave form obtained from the output of astable multivibrator is applied to 

the Inverting input terminal of the integrator circuit.  

5. The output voltage is obtained in the CRO and the square and triangular waveforms 

are plotted in a graph sheet.  

 

Observation Table:  

S.N

o. 

Control Voltage Change in Frequency(KHz) 
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Result: Square wave and Triangular wave are generated and the output waveforms are 

observed. 

Precautions:  

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4.  Switch on the supply only after completion of connection on the bread 

board. 
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Questions: 

 

1. List the basic building blocks of a VCO. 

2. Define free running frequency. 

3. Define lock range 

4. Explain the block diagram of IC 566 VCO. 

5. What is the range of modulating input voltage applied to a VCO? 

6. What is the frequency transfer coefficient of VCO. 

7. List the applications of VCO, 

8. Explain about Schmitt trigger circuit. 

9. Explain how VCO is used in PLL. 

10. Explain the operation of constraint current source. 
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Objective: Second order filters using operational amplifier in universal active filter 

topology for Low pass filter. 

Outcome: To design various filters using operational amplifier 

Apparatus Required:  Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz), Function Generator (1-10 MHz), Digital Multimeter, Screw Driver, Probes, 

Connecting wires. Resistance (22K,10K), Capacitor(0.1μf). 

Theory: The high pass filter can be obtained from the low pass by simply interchanging 

the frequency determining resistors and capacitors. The frequency at which the 

magnitude of the gain is 0.707 times the maximum value of gain is called lower cut off 

frequency. Obviously, all frequencies higher than fL are pass band frequencies with the 

highest frequency determined by the closed loop band width of the op-amp. The cutoff 

frequency is given as 

FL =1/2𝜋√𝑅2𝑅3𝐶2𝐶3 

For the sake of simplicity let us take R2 = R3 = R, C2 = C3 = C then 

FL =1/2𝜋𝑅𝐶 

Circuit: 

 

fig. (a) Second order Low Pass Filter Circuit 
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fig. (b) Frequency Response of Second order Low Pass Filter 

 

Design Procedure for Low pass Filter: 

1. Let the cutoff frequency fL =. 

2. Let us take a resistance & capacitor of value 0.01 μF & 10 k. 

                                       f0 = 1/ (2πRC).  

 

Procedure: 

1. Connect the circuit as shown in the figure. 

2. Apply sinusoidal wave of constant amplitude at the input such that op-amp does not  

   go into saturation. 

3. Vary the input frequency and note down the output amplitude at each step as shown in   

    Table. 
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Observation Table: 

 

S.No Input 

Frequency(Hz) 

Input 

Voltage (V) 

Output Voltage 

(V) 

Gain 

=│vo/vi│ 

Gain (dB) = 

20log│vo/vi│ 

1      

2      

3      

4      

5      

6      

7      

8      

 

Result: The frequency response is drawn and is found similar to that of theoretical one. 

Precautions: 

1. Connection of all wires should be tight . 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4.  Switch on the supply only after completion of connection on the ASLK 

Pro. 
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Questions:  

1. Define an electric filter. 

2. Classify filters 

3. Discuss the disadvantages of passive filters 

4. Why are active filters preferred? 

5. List the commonly used filters. 

6. Define pass band and stop band of a filter. 

7. What is roll-off rate of a first order filter? 

8. Why do we use higher order filters? 

9. On what does the damping coefficient of a filter depend? 

10. What is sallen key filter? 
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Objective: Second order filters using operational amplifier in universal active  

filter topology for      

a)  High pass filter of specified frequency 

b) Band Pass Filter with unit gain of specified pass band. 

Outcome: To design various filters using operational amplifier 

Apparatus Required:  Analog System Lab kit (TL-082), Digital Storage Oscilloscope 

(70 MHz), Function Generator (1-10 MHz), Digital Multimeter, Screw Driver, Probes, 

Connecting wires. Resistance (22K, 10K), Capacitor(0.1μf). 

Theory: A LPF allows frequencies from 0 to higher cut of frequency, fH. At fH, the gain 

is 0.707 Amax, and after fH gain decreases at a constant rate with an increase in 

frequency. The gain decreases 20dB each time the frequency is increased by 10. Hence 

the rate at which the gain rolls off after fH is 20dB/decade or 6 dB/ octave, where octave 

signifies a two fold increase in frequency. The frequency f= fH is called the cut off 

frequency because the gain of the filter at this frequency is down by 3 dB from 0 Hz. 

Other equivalent terms for cut-off frequency are - 3dB frequency, break frequency, or 

corner frequency. A band-pass filter, also band pass filter or BPF, is a device that passes 

frequencies within a certain range and rejects (attenuates) frequencies outside that 

range.The cutoff frequency is given as 

FH =1/2𝜋√𝑅2𝑅3𝐶2𝐶3  

For the of simplicity let us take R2 = R3 = R, C2 = C3 = C then 

FH =1/2𝜋𝑅𝐶 
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Circuit: 

 

Fig. (8.1) second order High Pass Filter Circuit 

 

 

Fig. (8.2) Frequency Response of Second order High Pass Filter 
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Fig. (8.3) Frequency Response of Second order Band Pass Filter 

Procedure for High pass Filter: 

1. Let the cutoff frequency fH =……Hz. 

2. Let us take a resistance & capacitor of value 0.01 μF & 10 k. 

Procedure: 

1. Connect the circuit as shown in the figure. 

2. Apply sinusoidal wave of constant amplitude at the input such that op-amp does not  

    go  into saturation. 

3. Vary the input frequency and note down the output amplitude at each step as shown in 

     Table. 

Observation Table: 

 

S.No Input 

Frequency(Hz) 

Input 

Voltage (V) 

Output Voltage 

(V) 

Gain 

=│vo/vi│ 

Gain (dB) = 

20log│vo/vi│ 

1      

2      

3      

4      

5      
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Result: The frequency response is drawn and is found similar to that of theoretical one. 

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4.  Switch on the supply only after completion of connection on the ASLK 

Pro. 
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Questions: 

1. Define Bessel , Butterworth and Chebyshev filters, and compare their response. 

2. What are the important parameters of a band pass filter? 

3. Define Notch filter. 

4. How do we get a notch filter from a band pass filter? 

5. Define state variable filter. 

6. What is switched capacitor ? 

7. Discuss the importance of switched capacitors. 

8. Give the circuit of a switched capacitor low pass filter 

9. Discuss the advantages of active filters 

10. What is the roll-off rate of second order filter? 
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Object: Design a Frequency Phase-Shift Oscillator using Op-ampTL-082. 

Outcome: Student will be able to understand  Design and setup the RC phase shift 

oscillator using Op-Amp TL-082 and (i) Plot the output waveform (ii) Measure the 

frequency of oscillation 

Apparatus: C.R.O, OP-Amp 741,Resistance (33kΩ 3.3k Ω) Port (2M Ω), 

Capacitor (.013μF, 0.1 μF), Bread Board. 

Theory: In fig a Phase Shift Oscillator is shown as fig. Which consists of an op-

amp as the amplifying stage & three RC cascaded networks as the feedback 

circuit. The feedback circuit provides positive feedback voltage from the output 

back to the input of the amplifier. The op-amp is used in the inverting mode; any 

signal that appears at the inverting terminal is shifted by 180
0 

at the output. The 

cascaded RC networks provide an additional 180
0
 Phase Shift required for 

oscillator. Thus the total Phase Shift around the loop is 360
0
 (or 0

0
). At some 

specific frequency when the phase shift of the cascaded RC networks is exactly 

180
0
 & the gain of the amplifier is sufficiently large, the circuit will oscillate at 

that frequency. This frequency is called the frequency of oscillation   

                                

                f0  = 1 / 2  RC√6 

 

This frequency is dependent on R&C component   

At this frequency, the gain Av must be at least 29. That is  

RF=29 R1 

RF / R1  = 29 

A>29 
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Circuit:  

 

 

fig.(a) 

 

fp = 1 / T 

fp measure by CRO. 

 

Observation Table:  

 

R C FP FT 
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Result: 

 

                             ft               f p 

%   error  =                                     x 100 

 ft 

 

Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK Pro. 
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Questions:  

1. What are the advantages of RC phase shift oscillator? 

2. What is RC phase shift? 

3. What is the frequency of RC phase shift oscillator? 

4. Why do we use RC phase shift oscillator? 

5. How does an RC oscillator work? 

6. How oscillations are generated in RC phase shift oscillator? 

7. How does RC phase shift oscillator work? 

8. What is the condition for oscillation? 

9. What are the applications of oscillators? 

10. Why Positive feedback is used in oscillator? 
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Object: - Design an Schmitt Trigger using Op-Amp TL-082.  

Outcome: Student will be able to understand  How to design and setup a 

Schmitt trigger, plot the input output waveforms and measure VUT and VLT.  

Apparatus:-Bread Board, IC 741, Resister (10k) Power Supply, Connecting 

Wires, Function Generator & CRO. 

Theory:- A circuit, which converts an irregular shaped wave formto square 

wave or pulse, is called Schmitt trigger. In Schmitt trigger there is a 

feedback path is used. The input voltage Vin triggers (change the state of) the 

output voltage Vo every time it exceeds certain voltage levels called the 

upper threshold voltage and lower threshold voltage. 

Circuit:- 

 

 

Vo= ±Vsat. 

Vut= R1/R1+R2 (Vsat) 

VLT= R1/R1+R2 (-Vsat) 

 

 

Result:- O/P Waveform will be trace from CRO. 
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Precautions: 

1. Connection of all wires should be tight. 

2. Make sure there is no short circuit. 

3. Use proper values of components to get suitable reading. 

4. Switch on the supply only after completion of connection on the ASLK 

Pro. 
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Questions:  

1. What is Schmitt trigger using op amp? 

2. How do Schmitt triggers work ? 

3. Why is Schmitt trigger called a squaring circuit ? 

4. What are the application of Schmitt trigger ? 

5. What is difference between Schmitt trigger and comparator ? 

6. What is the other name for Schmitt trigger circuit ? 

7. Why Schmitt trigger is used ? 

8. What is hysteresis voltage ? 

9. Why is Schmitt trigger called regenerative repeater ? 

10. What is hysteresis width ? 
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