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We intend to facilitate our students to assimilate the latest technological know-how and to imbibe 

discipline, culture and spiritually, and to mould them in to technological giants, dedicated research 
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ABOUT DEPARTMENT 

 Established in: 2002 

 Course offered  :  B.Tech in Electronics and Communication Engineering 

M.Tech in VLSI 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

DEPARTMENT VISION 

Providing Universal Communicative Electronics Engineers with corporate and social relevance towards 

sustainable developments through quality education. 

DEPARTMENT MISSION 

1) Imparting Quality education by providing excellent teaching, learning environment. 

2) Transforming and adopting students in this knowledgeable era, where the electronic gadgets 

(things) are getting obsolete in short span. 

3) To initiate multi-disciplinary activities to students at earliest and apply in their respective fields 

of interest later. 

4) Promoting leading edge Research & Development through collaboration with academia & 

industry. 

PROGRAMME EDUCATIONAL OBJECTIVES 

PEOI. To prepare students to excel in postgraduate programmes or to succeed in industry / technical 

profession through global, rigorous education and prepare the students to practice and innovate recent 

fields in the specified program/ industry environment. 

PEO2. To provide students with a solid foundation in mathematical, Scientific and engineering 

fundamentals required to solve engineering problems and to have strong practical knowledge required to 

design and test the system. 

PEO3. To train students with good scientific and engineering breadth so as to comprehend, analyze, 

design, and create novel products and solutions for the real life problems. 

PEO4.  To provide student with an academic environment aware of excellence, effective communication 

skills, leadership, multidisciplinary approach,  written ethical codes and the life-long learning needed for 

a successful professional career. 
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PROGRAM OUTCOMES (POS) 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of 

the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities 

with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant 

to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader 

in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give and 

receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 

PROGRAM SPECIFIC OUTCOMES (PSO) 

PSO1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions for Real-

time Problems and to investigate for its future scope. 
 

PSO2: Ability to learn and apply various methodologies for facilitating development of high quality 

System Software Tools and Efficient Web Design Models with a focus on performance 
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optimization. 
 

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software 

products in the domains of Big Data Analytics, Web Applications and Mobile Apps to create 

innovative career path and for the socially relevant issues. 

 

COURSE OUTCOMES 
ECT 301 

 

SUBJECT CODE: EC 308 

COURSE OUTCOMES 

C301.1 Learn about the basic concepts for the circuit configuration for the design of linear 

integrated circuits and develops skill to solve engineering problems. 

C301.2 Develop skills to design simple circuits using OP-AMP. 

C301.3 Gain knowledge about oscillators and multivibrators. 

C301.4 Gain knowledge about PLL. 

C301.5 Learn about various techniques to develop A/D and D/A convertors. 

 

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES 

CO’S PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

C301.1 2 1 3 2  3       

C301.2 1 2 2 1 2 2  2     

C301.3 3 2 2 1 2 1     2 1 

C301.4 2 2 2 2        1 

C301.5 3 3 3 2 2       1 

C301 3 2 2 2 2 1 2 2   2 1 
 

CO’S PSO1 PSO2 PSO3 

C301.1 2 2  

C301.2 2   

C301.3 3   

C301.4 3  2 

C301.5 3 3 2 

C301 3 2 1 

 

 

 

SYLLABUS 
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QUESTION BANK 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE NO: 

1 Compare CMRR and Slew rate of an op-amp.                         CO1 K4 4 

2  
Sketch the neat diagram and explain the  closed 

loop differential amplifier. 

CO1 K3 5 

3 Generate the expressions for gain, input impedance, 

output impedance and frequency response of a 

voltage series feedback circuit. 

CO1 K5 6 

4 Sketch the block diagram of an op-amp and explain 

its necessity and implementation of each block. 
CO1 K3 7 

5 Compare PSRR and Slew rate of an op-amp.                         CO1 K4 8 

6 Sketch the neat diagram and explain the closed 
loop inverting amplifier. 

CO1 K3 9 

7 Generate the expressions for gain, input impedance, 

output impedance and frequency response of a 

voltage shunt feedback circuit. 

CO1 K5 9 

8 Sketch the block diagram of an op-amp and explain 

its necessity and implementation of each block. 
CO1 K3 9 

9 Define the following: 

a. CMRR 

b. Slew rate                      

CO1 K1 10 

10 Sketch the neat diagram and explain the closed 
loop inverting amplifier. 

CO1 K3 10 

 

 

MODULE II 

1 Explain voltage to current converter with a neat 

diagram. 

CO2 K5 11 

2 Sketch the suitable diagram and equation; explain 

how the average of signals can be achieved by using 

an op-amp. 

CO2 K3 12 

3 Explain the working of a practical differentiator CO2 K5 13 
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circuit with the circuit diagram. 

4 Design a Schmitt trigger circuit for different UTP 

and LTP magnitudes.                                

CO2 K5 15 

5 Explain current to voltage converter with a neat 

diagram. 

CO2 K5 16 

6 Sketch the suitable diagram and equation; explain 

how the summing of signals can be achieved by using 

an op-amp. 

CO2 K3 18 

7 Explain the working of a practical integrator 
circuit with the circuit diagram. 

CO2 K5 20 

8 Design a zero crossing detector and explain its 

working.                                 

CO2 K5 21 

9 Design a circuit to obtain an output of –

(V1+2V2+5V3) 

CO2 K5 22 

10 Sketch the suitable diagram and equation; explain 

how the summing of signals can be achieved by using 

an op-amp. 

CO2 K3 23 

 

MODULE III 

1 Sketch the neat diagram and derive the frequency 

of oscillation for RC phase shift oscillator. 

CO3 K3 25 

2 Sketch the neat diagram and derive the frequency 
of oscillation for wien-bridge oscillator. 

CO3 K3 26 

3 Design a second order Butterworth low-pass filter 

with a upper cutoff frequency 1KHz.                       
CO3 K5 28 

4 Explain the working of a triangular wave form 

generator with a neat circuit diagram; Also derive an 

expression for frequency of oscillation. 

CO3 K5 30 

5 Design a second order Butterworth low-pass filter 

with a upper cutoff frequency 2KHz. 
CO3 K2 31 

6 Sketch the first order active low pass filter and derive 

its transfer function. 
CO3 K3 32 

7 Explain the working of a square wave form generator 

with a neat circuit diagram; Also derive an expression 

for frequency of oscillation of sawtooth wave 

generator. 

CO3 K2 33 
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MODULE IV 

1 Discuss in detail any two applications of PLL. CO4 K4 35 

2 Sketch the block diagram of IC 566 VCO and explain 

its operation. 
CO4 K3        36 

3 Explain how a monostable multivibrator can be 

implemented with 555 IC with relevant waveforms 

and functional diagram. Derive a expression for pulse 

width. 

CO4 K5 37 

4 Illustrate the principle of operation of PLL with its 
capture range and lock range.                                

CO4 K2 38 

5 Discuss in detail any two applications of 555. CO4 K2 39 

6 Sketch the block diagram of IC 565 PLL and explain 

its operation. 
CO4 K3 39 

7  Explain how a astable multivibrator can be 

implemented with 555 IC with relevant waveforms 

and functional diagram. Derive a expression for pulse 

width. 

CO4 K3 40 

8 Illustrate the principle of operation of VCO with its 

capture range and lock range.                                

CO4 K5 41 

 

MODULE V 

1 Discuss the specifications of ADC and DAC. CO5 K2 42 

2 Explain the principle of operation of successive 
approximation type ADC. 

CO5 K5 43 

3 Sketch the neat diagram and explain the working 
of a weighted resistor ADC. Discuss how digital 
signal is converted into analog signal in a weighted 
resistor DAC. 

CO5 K3 44 

4 Compare ADC and DAC.                         CO5 K4     45 

5 Explain the principle of operation of flash type 
ADC. 

CO5 K5 46 

6 Sketch the neat diagram and explain the working 
of a R-2R resistor DAC. Discuss how digital signal 
is converted into analog signal in a weighted 

CO5 K3 47 
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resistor DAC. 
 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC PAGE NO: 

1 ADC AND DAC 50 
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. 
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An operational amplifier is a high gain amplifier usually consisting of one or more differential amplifiers 
and usually followed by a level translator and an output stage.
The output stage is generally a push-pull or push-pull complementary stage.

Op-amp is used to amplify ac and dc signals.
It can perform mathematical operations such as addition, subtraction, multiplication, integration etc.
With addition of some feedback components, op-amp can be operated for ac and dc amplification, active 
filters, oscillators, comparators, regulators etc.

Operational amplifier
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Input stage :
The input stage is a dual-input, balanced output differential amplifier. The two input are inverting and 
non-inverting input terminals. This stage provides most of the voltage gain of the OP-AMP and decides 
the input resistance value Ri.

Intermediate stage :
This is usually another differential amplifier. It is driven by the output of the input stage. This stage is a 
dual-input unbalanced output (single ended output) differential amplifier.

Level shifting stage :
Due to the direct coupling between the first two stages, the input of level of shifting stage is an amplified 
signal with some non-zero dc level. Level shifting stage is used to bring this dc level to zero volts with 
respect to ground.

Output Stage :
This stage is normally a complementary output stage. It increases the magnitude of the voltage and raises 
the current supplying capability of OP-AMP.it also provides a low output resistance.

Block Diagram of Op-amp
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IC 741 Op Amp can provide high voltage gain and can be operated over a wide range of 
voltages;  used in integrators, summing amplifiers and general feedback applications.

741 Op-amp
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Infinite Voltage gain•
Infinite input impedance•
Zero output impedance•
Zero output voltage when input is zero•
Infinite Bandwidth•
Infinite CMRR•
Infinite slew rate•

IDEAL OP-AMP CHARACTERISTICS
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Input Offset voltage1.

It is the voltage that must be applied between two input terminals of an op-
amp to null the output.

For 741C op-amp the maximum value of input offset voltage is 6mV dc.

Input offset current2.

The algebraic difference between the currents into the inverting and 
non-inverting terminals is called input offset current

The input offset current for 741C is 200nA maximum

Input bias current3.

It is the average of the currents that flow into the inverting and non-
inverting input terminals of the op-amp

The maximum value for 741C is 500nA

Differential input resistance4.

It is the equivalent resistance that can be measured at either 
inverting or non-inverting input with other terminal connected to 
ground.

For 741C the input resistance is relatively high 2MΩ

Input capacitance5.

It is the equivalent capacitance that can be measured at either 
inverting or non-inverting input with other terminal connected to 
ground.

For 741C the input capacitance is 1.4pF

Common Mode Rejection Ratio6.

It is the ratio of the differential voltage gain to the common mode 
gain.

For 741C  CMRR is typically 90dB

Supply voltage Rejection Ratio7.

The change in an op-amps input offset voltage caused by variations 
in supply voltages is called SVRR.

For 741C, SVRR is 6.31µV/V

Large signal voltage gain8.

For 741C it is typically 200000

Output voltage swing9.

For 741C output voltage swing is -13 and +13V

Typical Parameter values for 741 Op-amp
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For 741C output voltage swing is -13 and +13V

Output resistance10.

It is the equivalent resistance measured between the output and ground.

Typical value for 741C  is 75Ω

Slew rate11.

It is defined as the maximum rate of change of output voltage per unit of time and is expressed in volts 
per microseconds.

One of the drawback of 741C is its low slew rate typically 0.5V/µS

Supply current12.

It is the current drawn by the op-amp from the power supply.

For 741C the supply current is 2.8mA
     

Power consumption13.

It is the amount of quiescent power that must be consumed by the 
op-amp in order to operate properly.
The amount of power consumed by 741C is 85mW.
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Equivalent Circuit of an Op-amp
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Output voltage is plotted against input difference voltage keeping gain A constant.

Output voltage cannot exceed the positive and negative saturation voltages.
These saturation voltages are specified by an output voltage swing rating of the op-amp for 
given values of supply voltages.
Output voltage is directly proportional to the input difference voltage only until it reaches the 
saturation voltages and thereafter output voltage remains constant.

This is known as ideal voltage transfer curve because output offset voltage is assumed to be 
zero.

Voltage transfer curve
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Ideally an op-amp has infinite bandwidth.
This means that if its open-loop gain is 90dB with dc signal its gain should remain same 90dB through 
audio and high radio frequencies.
Practical op-amp gain decreases(roll-off) at higher frequencies.

There must be a capacitive component in the equivalent circuit of the op-amp.
This capacitance is due to the physical characteristics of the device used and the internal construction of 
the op-amp.

For a op-amp with only one break or corner frequency , all capacitor effects can be represented by a 
single capacitor C.

Here there is only one pole due to ROC and a rolloff of -20dB/decade comes into effect.

Frequency response curve
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In the case of amplifiers, the term open loop indicates that no connection exists between 
input and output.
Output signal is not fed back in any form as part of the input signal.

When connected in open-loop configuration, the op-amp simply functions as a high gain 
amplifier.
There are three open-loop op-amp configurations:

Differential amplifier1.
Inverting amplifier2.
Non Inverting amplifier3.

Differential amplifier

Since op-amp amplifies the difference between the input signals, this configuration is called differential 
amplifier.
This amplifier can amplify both ac and dc input signals.
The source resistances Rin1  and Rin2 are normally negligible compared to the input resistance Ri. 
Therefore the voltage drop across these resistors can be assumed to be zero, which implies that v1 =Vin1   
and v2 =Vin2

In open loop configuration the gain A is commonly referred to as open-loop gain.
The polarity of the output depends on the polarity of the input difference voltage.

Inverting amplifier

In the inverting amplifier only one input is applied and that is to the inverting terminal.
The non-inverting terminal is grounded.

Open loop configuration
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The negative sign indicates that the output voltage is out of phase with respect to input by 1800

Non Inverting amplifier

In the non-inverting amplifier only one input is applied and that is to the non-inverting terminal.
The inverting terminal is grounded.

output voltage is in phase with respect to input

When operated in open loop the output voltage is either positive or negative or switches between positive 
and negative saturation levels. So open-loop configurations are not used in linear amplifications.
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The differential amplifier is used to provide high gain to the difference mode signal and cancel the common mode 
signal. 
Thus it is possible to suppress any signal common to both of the input terminals.
The relative sensitivity of an op-amp to a difference signal as compared to common mode signal is called 
common mode rejection ratio (CMRR) and gives the figure of merit of differential amplifier. 
Higher the CMRR, better the op-amp.
Another requirement for op-amp is high input impedance.

A cascade differential amplifier can provide high gain down to zero frequency as it has no coupling capacitor. 
However such an amplifier suffer from the problem of drift of operating point due to temperature dependency of 
ICO, VBE and hfe of the transistor.

This problem can be eliminated by using balanced or differential amplifier.

This circuit has low drift due to symmetrical construction and it can provide high input resistance.
B2 is the inverting input and B1 is the non-inverting input.

It can be used in four different configurations depending upon the number of input signals used and the 
way output is taken.

Differential input differential output or dual input balanced output1.
Differential input single ended output2.
Single input differential input3.
Single input single ended output4.

Differential amplifier
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The dc analysis means to obtain the operating point values i.e. ICQ and VCEQ for the transistors used.

To obtain the operating point (ICQ and VCEQ) for differential amplifier dc equivalent circuit is drawn by reducing 
the input voltages v1 and v2 to zero.

The internal resistances of the input signals are denoted by RS because RS1= RS2.
Since both emitter biased sections of the different amplifier are symmetrical in all respects, therefore, the 
operating point for only one section need to be determined.
The same values of  ICQ and VCEQ can be used for second transistor Q2.

DC  Analysis of Differential Amplifier
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Transfer characteristics of differential amplifier
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AC analysis of Differential amplifier using hybrid π model
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Input and output resistance
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Constant current bias
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Constant Current source(Current mirror)
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Widlar Current mirror
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Wilson Current Mirror
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Closed loop gain of practical non inverting op-amp
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Because the open-loop gain of the op-amp is very high, only the smaller signals having very low 
frequency may be amplified accurately without distortion.
Open-loop gain is not a constant, the voltage gain varies with with changes in temperature and power 
supply and other production techniques.
The bandwidth of most open-loop op-amps is negligible small.
Open loop op-amp is not used in linear applications.

By the use of Feedback, an output signal is fed back to the input either directly or via another network.
If signal fed back is of opposite polarity or out of phase by 180 degree w.r.t the input signal, the feedback 
is known as negative feedback or degenerative feedback. It degenerates the output voltage amplitude and 
in turn reduces the voltage gain.
If the signal fed back is of same phase or in same polarity with the input signal, the feedback is called 
positive feedback or regenerative feedback. Positive feedback is used in Oscillators.

When used in amplifiers, negative feedback stabilizes gain, increases the bandwidth and changes the input 
and output resistances. But voltage gain will be reduced.
It decreases harmonic distortion and reduction in the effect of input offest voltage at the output, reduces 
the effect of variations in temperature and power supply voltage on the output of the op-amp.

Concept of feedback in op-amp
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An op-amp that uses feedback is called a feedback amplifier.
A feedback amplifier is sometimes referred to as a closed loop amplifier.
A feedback amplifier consists of two parts- an op-amp circuit and a feedback circuit.

There are four ways of connecting these two blocks.
These connections are classified according to whether the voltage or current is fed back to the input 
in series or in parallel

Voltage-series feedback1.
Voltage-shunt feedback2.
Current-series feedback3.
Current-shunt feedback4.

Classification

   New Section 3 Page 4    



Voltage- Series Feedback
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VOLTAGE SHUNT FEEDBACK AMPLIFIER
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Virtual ground concept
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Closed loop gain of ideal inverting op-amp

   New Section 3 Page 22    



Closed loop gain of ideal non- inverting op-amp
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Closed loop gain of practical inverting op-amp

   New Section 3 Page 24    



   New Section 3 Page 25    



Summing Amplifier
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Voltage Follower
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An oscillator is a type of feedback amplifier in which output is fed back to the input via a feedback circuit. If feedback is of 
proper magnitude and phase, circuit produces alternating currents or voltages.
Oscillators use positive feedback.

OSCILLATORS
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Phase shift Oscillator
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Wein Bridge Oscillator

   New Section 2 Page 3    



A triangular wave can be obtained by integrating a square wave.
The output of comparator A1 is a square wave of amplitude ±Vsat and is applied to the negative input of the integrator 
A2 producing a triangular wave.
The triangular wave is fed back to the input to the comparator A1 through a voltage divider R2R3.

Let the output of the comparator is at +Vsat. The output of the integrator will be a negative going ramp.
Thus one end of the voltage divider R2R3is at a voltage +Vsat and other at the negative going ramp of A2.
At a time t=t1, when the negative going ramp attains a value of -Vramp, the effective voltage at P becomes slightly less 
than 0V. This switches the output of A1 from positive saturation to negative saturation level -Vsat.

During the time when the output of A1 is at -Vsat, the output of A2 increases in the positive direction.
At instant t=t2, the voltage at point P becomes just above 0V, thereby switching the output of A1  from -Vsat to + Vsat.
This cycle repeats and generates the triangular waveform.

The frequency of square and triangular waveforms remains same.
The amplitude of the triangular wave depends on the RC value of integrator A2 and the output level of A1.

Triangle waveform generator
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The difference between the triangular wave and sawtooth waveform is that the rise time of triangular wave is always equal 
to its fall of time while in saw tooth generator, rise time may be much higher than its fall of time , vice versa.

The triangular wave generator can be converted in to a sawtooth wave generator by injecting a variable dc voltage into the 
non-inverting terminal of the integrator. 

In this circuit a potentiometer is used. Now the output of integrator is a triangular wave riding on some dc level that is a 
function of R4 setting. The duty cycle of square wave will be determined by the polarity and amplitude of dc level. 
A duty cycle less than 50% will cause output of integrator be a sawtooth. With the wiper at the centre of R4, the output of 
integrator is TRIANGULAR wave.

Use of the potentiometer is when the wiper moves towards −VEE, the rise time of the sawtooth become longer than the fall 
time. If the wiper moves towards +VCC , the fall time becomes more than the rise time. 

Sawtooth wave generator
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Astable Multivibrator
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Monostable Multivibrator
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An electric filter is a frequency selective circuit that passes a specified band of frequencies and blocks signals 
of frequencies outside this band.
Active filters are the electronic circuits, which consist of active element like transistors op-amp(s) along with 
passive elements like resistor(s) and capacitor(s).

Elements used in passive filters are resistors, capacitors and inductors.

An active filter offers the following advantages over a passive filter.

Gain and frequency adjustment flexibility. Since the op-amp is capable of providing a gain, the input 
signal is not attenuated as it is in a passive filter. Also, the active filter is easier to tune or adjust.

1.

No loading problem. Because of high input impedance and low output impedance of op-amp, the active 
filter does not cause loading of the source or load.

2.

Cost. Active filters are more economical than passive filters.3.

The most commonly used filters are
Low pass filter1.
High pass filter2.
Band pass filter3.
Band reject filter4.
All pass filter5.

Active filters : Comparison with passive filters
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First order low-pass filter
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Second-order lowpass Filter
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First order High pass filter
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Second order High pass filter
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A bandpass filter has a passband between two cutoff frequencies fH and fL such that fH ˃ fL 

Any input frequencies outside this passband is attenuated.

Two types
Wide bandpass1.
Narrow bandpass2.

Q is a measure of selectivity, higher the value of Q, the more selective is the filter or narrower 
its bandwidth.

Band-pass Filter
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A wide bandpass filter can be obtained by cascading a first order HPF with a first order LPF.

Wide band-pass Filter
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Multiple feedback filter since it has two feedback paths1.
The op-amp is used in the inverting mode.2.

Narrow band-pass Filter
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Also known as Band stop or Band elimination filter

Here frequencies are attenuated in the stopband while they are passed outside this band.

Two types
Wide band reject1.
Narrow band reject2.

Band Reject Filter
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It consists of a LPF, HPF and a summing amplifier.
The low cutoff frequency of the HPF fL must be larger than the high cutoff fH frequency of the LPF.
The pass band gain of both high pass and low pass section must be equal.

Wide band reject Filter
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Also known as notch filter.
Used for rejection of a single frequency such as 60-Hz power line frequency hum.
Commonly used notch filter is twin-T network. This is a passive filter composed of two T-shaped 
networks. One T network is made up of two resistors and a capacitor, while the other uses two capacitors 
and a resistor.
The notch-out frequency is the frequency at which maximum attenuation occurs.

The passive twin-T network has low figure of merit Q.
The Q of the network can be increased if it is used with the voltage follower.

Narrow band reject filter
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The state variable filter uses two op-amp integrators and one op-amp adder to provide simultaneous second 
order lowpass, band pass and high pass filter responses. 

State variable filter
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Second order LPF
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Second order HPF
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The voltage divider network consists of a three 5KΩ resistors that are connected in series between the supply 
voltage Vcc and ground. It provides 2/3 Vcc to the upper comparator and 1/3 Vcc to the lower comparator

•

MODULE 4Timer IC 555: Functional diagram
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Astable Multivibrator using 555 timer
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Monostable Multivibrator
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A voltage-controlled oscillator (VCO) is an electronic oscillator whose frequency is controlled by a voltage 
input. The applied input voltage determines the instantaneous oscillation frequency.

Applications:
FM modulators
FSK modulators
Signal generators

The frequency of oscillation is determined by an external resistor R1 and capacitor C1, and the voltage Vc 
applied to the control terminal 5.

The triangular wave is generated by alternately charging the external capacitor C1 by one current source and 
linearly discharging it by another. The charge and discharge levels are determined by the Schmitt trigger action.
The Schmitt trigger also provides square wave output.

Voltage Controlled oscillator
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Both the outputs are buffered so that output impedance of each is 50 ohm
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A phase-locked loop or phase lock loop is a control system that generates an output signal whose 
phase is related to the phase of an input signal.

The VCO is a free running oscillator and operates at a set frequency called free running frequency. This frequency 
is determined by the external timing capacitor and an external resistor.
The frequency deviation is directly proportional to the dc control voltage and hence it is called voltage controlled 
oscillator.

If an input signal Vs of frequency fs is applied to the PLL, the phase detector compares the phase and frequency of 
the input signal to that of the output Vo of the VCO.
If the two signals differ in frequency and/or phase, an error voltage Ve is generated.

The phase detector is basically a multiplier and produces the sum (fs+fo) and (fs-fo) components at its output.
The high frequency component fs+fo is removed by the LPF and the difference frequency component is amplified 
and then applied as control voltage to VCO.

The signal Vc shifts the VCO frequency in a direction to reduce the frequency difference between fs and fo.
Once this action starts, the signal is in the capture range.

The VCO continues to change frequency till its output frequency is exactly the same as the input signal frequency .
The circuit is said to be locked.

Once locked, the output frequency fo of VCO is identical to fs except for a finite phase difference Φ. This phase 
difference generates a corrective control voltage Vc to shift the VCO frequency from fo to fs thereby maintain the 
lock. Once locked, PLL tracks the frequency changes of the input signal.

PLL goes through three stages
Free running1.
Capture2.
Locked or tracking3.

Lock in range: Once the PLL is locked, it can track frequency changes in the incoming signals.
The range of frequencies over which the PLL can maintain lock with the incoming signal is called the 
lock-in range. The lock range is usually expressed as a percentage of fo, the VCO frequency.

Capture range: The range of frequencies over which the PLL can acquire lock with an input signal is 
called capture range. 
The capture range is also expressed as a percentage of fo, the VCO frequency.

Pull-in time: The total time taken by the PLL to establish lock is called pull-in time.

Phase-Locked Loops (PLL)
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Phase detector
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The output of the XOR gate is high when one of the input signals fs or fo is high. This type of detector is used when 
both the input signals are square waves. The output wave form for fs=fo is shown in fig. In this figure, fs is leading fo by 
Φ degrees.

The maximum dc output voltage occurs when phase difference is π. 
The slope of the curve,

Another type of phase detector is an edge triggered phase detector.

This circuit is useful when fs and fo are both pulse waveforms with duty cycle less than 50percent.
This has better capture range and locking characteristics as the output characteristics is linear upto 360 
degree.

Phase Detector
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degree.
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A Voltage-Controlled Oscillator (VCO) is a circuit that provides a varying output signal (typically of square-
wave or triangular-wave form) whose frequency can be adjusted over a range controlled by an externally applied 
DC voltage.

The VCO provides a linear relationship between the applied voltage and the oscillation frequency. The applied 
voltage is called control voltage. The control of frequency with the help of control voltage is known as voltage 
to frequency conversion. Hence VCO is otherwise known as Voltage to frequency converter.

Practically VCO is available in IC form. IC 566 (LM566/SE566) from Signetics is a popular VCO. IC 566 
contains circuitry to generate both square wave and triangular-wave signals whose frequency is set by an 
external resistor and capacitor and then varied by an applied dc voltage.

A Schmitt trigger circuit is used to switch the current sources between charging and discharging the 
capacitor, and the triangular voltage developed across the capacitor and square wave from the Schmitt 
trigger are provided as outputs through buffer amplifiers.

The Voltage Vc is applied to the modulation input pin which is a control voltage. 

The capacitor C1 is linearly charged or discharged by a constant current source. 

The charging current can be controlled by controlling the voltage Vc at pin 5 or by varying the resistance 
R1 which is external to the IC. 

The charging and discharging levels are determined by the Schmitt trigger 

The output voltage of Schmitt trigger is designed to swing between +V and 0.5V

VCO: LM 566
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For Ra= Rb, the voltage at non-inverting terminal swings between 0.5(+V) to 0.25(+V).

Thus the triangular wave is generated due to alternate charging and discharging of the capacitor C1 in linear 
manner. 

When C1 voltage increases beyond 0.5(+V), the ST output goes low, and the capacitor starts discharging.

When the voltage becomes less than 0.25(+V), the output of the ST goes high. 

Due to similar current sources used for charging and discharging, the time taken by C1 to charge and 
discharge is same. This produces exact triangular wave. 

The output of the ST is step response, which is a square wave output.
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Removes the high frequency components and noise.

It controls dynamic characteristics like capture range, lock range ,bandwidth and transient response  of the PLL.

If filter bandwidth is reduced, response time increases.
Reducing the filter bandwidth reduces the capture range.

The charge on the filter capacitor gives a short time memory to the PLL.

Lowpass Filter
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555 Timer 

 



 

 



 



 

 

 



 





 













 









 

 



 

 



 

 



 

 



 



 

 



 



 

 

 



 

 

 

 



 

 



 

 

 

 
































