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Course Information

• Course page:  

http://www.facweb.iitkgp.ac.in/~ashismaity/Analog_Signal_Processing_Autumn_2020.html

• References:

1. Linear Integrated Circuits by D. Roy Choudhury and Shail B. Jain, New Age International Publisher

2. Analog Integrated Circuit Design, (2nd Edition) by Tony Chan Carusone, David Johns, Kenneth Martin, Wiley

3. Design with Operational Amplifiers and Analog Integrated Circuits by Sergio Franco (Fourth Edition), 

McGraw Hill Education

4. Analog Filter Design by Rolf Schaumann, Haiqiao Xiao, Mac Van Valkenburg, (Second Indian Edition), Oxford 

University Press

5. Fundamental of Microelectronics by Bezad Razavi, Wiley

6. Microelectronic Circuits by Sedra and Smith, (Fifth Edition), Oxford Indian Edition

7. CMOS Analog Circuit Design by Allen and Holberg, Oxford Indian Edition

8. Design of Analog CMOS Integrated Circuits by Bezad Razavi, Tata McGraw-Hill

• Register yourself in Moodle.
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Tentative Systematic Evaluation Criteria

1. Try yourself: 30%

 Meet the strict deadlines: Every Saturday by 11:59 PM. 

 Those who have internet connectivity issue, plan to submit early.

2. Class Tests on Each Module: 40%

 After completion of each module, one class test will be conducted.

3. Class Test on Whole Syllabus: 30%

 At the end, one class test on whole syllabus will be conducted.

This is a tentative plan. Based on pandemic situation, it may change.
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Course Introduction

1. Course Objective:

 Provides a system level (not IC level) perspective of Analog Signal Processing

 Study different blocks involved in signal processing except DSP.

 After this course, the students will be able to design the whole chain in system level 

except the processing in digital domain. Such processing are taught in DSP class. 

2. Course Name: Analog Signal Processing

3. What is signal?

4. Why analog signal?

5. Why do we need processing?
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Example of simple system and its basic building blocks 

Signal Processing
Sound Signal 

(20 Hz-20 kHz)

Microphone Loud 

Speaker
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Brief contents of the course

• Module-1: Signal processing using operational amplifier

• Module-2: Analog and switched capacitor filters

• Module-3: Data converters

• Module-4: Oscillator and Phase locked loop

• Module-5: Noise
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Module-1: Signal processing using operational amplifier
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Operational amplifier

VO

+VCC

-VCC

VP

VN

• The symbols of a comparator and an op-amp are the same

• Is there any fundamental difference in operation?

 Op-amp operates in closed loop whereas the comparator 

operates in open-loop configuration. Exception: Schmitt trigger

 Their region of operations are different. Op-amp operates in 

small signal domain whereas the comparator in large signal.
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Operational amplifier

VO

+VCC

-VCC

VP

VN

• Properties of an ideal op-amp:

• Infinite dc (open-)loop gain, Av(0)=∞

• Infinite loop bandwidth, fBW=∞

• Infinite input impedance, Ri=∞

• Zero output impedance, Ro=0

Ideal op-amp does not exist! Then, what is the significance?

• Different non-idealities in op-amp:

• Input bias current, Input offset current, Input offset voltage: Mostly affect the DC 

performance

• High dc (open-)loop gain, High loop bandwidth, High input impedance, Low 

output impedance: Mostly affect the AC performance
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Non-idealities: Input bias current

• Assumption: Bias currents are equal, i.e., IB
(+)=IB

(-)

• How much output offset is getting created?

 If vi=0, vo=+IB
(-)Rf

 Example: Rf=1 MΩ, IB
(-)= 500 nA, vo= 500 mV

• How to compensate the output offset due to input bias current?
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Conceptual development 
Practical implementation

Try yourself!

RC=R1||RF

Hint: R1 will carry current 

vi vo
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vo
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Rf
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Non-idealities: Input offset current

• Assumption: Bias currents are equal, i.e., IB
(+)≠IB

(-) and |IOS|=IB
(+)−IB

(-)

• How much output offset is getting created?

 vC=IB
(+)RC,

 I1=vC/R1=IB
(+)RC/R1

 I1+If=IB
(-)

 Try yourself! 

vO=RfIOS
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Non-idealities: Input offset voltage

• Input offset voltage can arise for different reasons:

 Input pair mismatch

 Output transistors mismatch

• How to quantify?

 Differential input voltage between inverting and non-inverting terminal.

 Voltage to be applied to make output zero. 

• What is its implication at the output?
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Op-amp with input offset voltage with any polarity

Non-inverting amplifier and calculation of output voltage due to input offset  

Try yourself!

Calculate the output voltage 

due to input offset of 

an inverting amplifier



Dr. Ashis Maity, Electrical Engineering, Indian Institute of Technology Kharagpur

Calculation of total output offset voltage

• Total offset voltage due to input bias current, input offset current and input offset voltage

 If compensating resistance Rc is not used:

 Assumption: input offset current IOS < input bias current IB

 Depending on the polarity of VOS, the associated term could be positive or negative

 If compensating resistance is used:

 As IOS < IB, the use of RC reduces the offset voltage.
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Try Yourself: Tutorial Problems

1. For the non-inverting amplifier as shown in the figure, 𝑅1= 1 KΩ, 𝑅𝑓= 10 KΩ.

a) Calculate the maximum output offset voltage due to 𝑉𝑖𝑜𝑠 and 𝐼𝐵. Assume 

the op-amp has 𝑉𝑖𝑜𝑠= 10 mV, 𝐼𝐵= 300 nA and 𝐼𝑜𝑠= 50 nA.

b) Calculate the value of 𝑅𝑐𝑜𝑚𝑝 needed to reduce the effect of 𝐼𝐵.

c) Calculate the maximum output offset voltage if 𝑅𝑐𝑜𝑚𝑝 as calculated in (b) 

is connected in the circuit.

2. In an inverting amplifier 𝑅1= 100 KΩ, 𝑅𝑓= 10 MΩ and 𝑉𝑖𝑜𝑠= 6 mV and 𝐼𝐵= 500 

nA.

a) Calculate maximum output offset voltage caused by input offset voltage 

𝑉𝑖𝑜𝑠.

b) Calculate maximum output offset voltage caused by input bias current 𝐼𝐵.
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Offset Voltage Compensation

• When offset compensation 

pin is available:

16

Offset compensation 

network in 741 op-amp

External offset compensation 

network in an inverting amplifier

• When no offset null pins are available:

External offset compensation 

network in a non-inverting amplifier

 R4<<R3

 Example: R4=100 Ω, R3=100 kΩ, V=15 V, then -15 mV ≤VOS ≤ +15 mV
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Thermal Drift

1. IB, IOS, VOS are not constant for a given op-amp. Rather, they can vary:

a) Over temperature

b) Over supply voltage

c) Over time

2. Temperature causes most serious issues.

3. Thermal drift is defined as the average rate of change of a particular quantity per unit 

change in temperature. For examples: ΔIB/ΔT (pA/OC), ΔIOS/ΔT (pA/OC), ΔVOS/ΔT (µV/OC), 

4. It is not a constant value and usually non-uniform/non-linear over temperature range.

5. So, a circuit nulled at 25OC, may not remained nulled at other temperature.

6. Datasheet usually specify the average or maximum thermal drift.
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Power Supply Rejection Ratio (PSRR)

1. Op-amp output is sensitive to the power supply voltage.

2. Power Supply Rejection Ratio (PSRR)=Change in Supply voltage/Change in output 

voltage.

3. PSR=20log10(PSRR)

4. Datasheet gives DC PSR as well as AC PSR performance.

Try Yourself: Consider an op-amp with PSR of 90 dB. When the op-amp is operated with a 

power supply gets a voltage step of 0.5 V, find out the change at the output of the op-amp.
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