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• MOSFET Transistors

– Structure

– Regions of Operation

– Current-Voltage Characteristics

– DC Analysis of MOSFET

• Channel Length Modulation
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Course Plan

• Instructor: Dr. Mohamed Refky (Part 1)

Dr. Ahmed Hussein (Part 2)

• TA: TBA

• Grading:

– 40% Final exam

– 60% term work 

• Office Hours: Appointments are set by email
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Midterm 20 %

Project 15%

Quizzes 15%

Assignments 10%



Course Contents
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Week Lecture Quizzes

1 MOSFET

2 Single-Stage Amplifier

3 Differential Pair – Part I

4 Differential Pair – Part II Quiz (1)

5 Frequency Response

6 Feedback Amplifier – Part I Quiz (2)

7 Feedback Amplifier – Part II

8 Midterm 

9 Current Sources

10 Advanced Current Sources

11 Digital Logic – Part I Quiz (3)

12 Digital Logic – Part II

13 Digital Logic – Part III Quiz (4)

14 Digital Logic – Part IV



Course Activities
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Some of the assignments and the project will require the use of 

simulation tools such as Cadence Spectre, Mentor Graphics Calibre, 

and Synopsis tools.

The late penalty is -20% per day (or part of a day) for 

which the assignment or a project milestone is late.

Assignments and Project



Course Objectives
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The objective of this course is to analysis and design analog 

and digital CMOS integrated circuits through:

• Simple modelling techniques are used to gain a 

better understanding of the functions of the circuits.

• Intuitive design methods, quantitative performance 

measures and practical circuit limitations are 

emphasized.

• Circuit performance is predicted by means of both 

hand calculations and computer simulations.



Textbook & References

• Textbook:

– Behzad Razavi, Design of Analog CMOS Integrated Circuits, 

McGraw Hill, 2000.

– Adel S. Sedra, Kenneth C. Smith, Microelectronic Circuits, 8th

Edition, Oxford University Press, 2019.

• Reference:

– Paul R. Gray, Paul J. Hurst, Stephen H. Lewis, Robert G. Meyer, 

Analysis and Design of Analog Integrated Circuits, 5th Edition, 

Wiley, 2009.

– Tony Chan, David Johns, Kenneth Martin, Analog Integrated 

Circuit Design, 2nd Edition, Wiley, 2011.
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Introduction
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Although digital signal processing (DSP) has replaced most of the 

analog processing blocks since 1980s, some of critical blocks of the 

system are still analog blocks

Signal sensing and signal conditioning demands high performance 

analog design.

Importance of Analog Circuits



Introduction
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Analog circuits usually consume most of the power in any system.

Analog to digital converter (ADC) and digital to analog converters 

(DAC) are considered main building blocks in many systems.

Importance of Analog Circuits



Introduction
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In the electronics society, the 

majority of published papers are 

belong to analog design.

The challenges in the analog 

circuits design include

▪ Transistor imperfections

▪ Declining supply voltages

▪ Power consumption

▪ Circuit complexity

▪ PVT variations

Importance of Analog Circuits



MOSFET Transistor

The MOSFET stands for Metal Oxide Semiconductor Field

Effect Transistor.
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Device Structure
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The MOSFET stands for Metal Oxide Semiconductor Field

Effect Transistor.

MOSFET Transistor
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Device Structure

MOSFET is usually known to be a three terminal device (G S 

D) although it is really a four terminal device (G S D B)



The basic parameters of the MOSFET are:

MOSFET Transistor
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MOSFET Parameters



MOSFET Transistor
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MOSFET Channel 

In this case, only reverse-leakage current flows from the source 

to drain.



MOSFET Transistor

Dr. Mohamed Refky

MOSFET Channel 



The value of the vertical field gate (generated from the gate 

voltage) controls the amount of charge in the channel, and thus it 

determines the channel conductivity. This is the origin of the 

name “field-effect transistor” (FET).

MOSFET Transistor
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MOSFET Channel 



If the gate voltage is small to cause an inversion at the

semiconductor surface, the MOSFET is consider off.

When the gate voltage is enough to form a channel between the

source and the drain, the MOSFET is considered on.

MOSFET Transistor
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Regions of Operation
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Regions of Operation



MOSFET Transistor

Dr. Mohamed Refky

Current-Voltage Characteristics

Linear Region 
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MOSFET Transistor
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Current-Voltage Characteristics

Saturation Region 



MOSFET Transistor
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Cut off

Linear 

Saturation

Cut off

Linear 

Saturation

Current-Voltage Characteristics



Circuit Symbols

In both symbols the source is distinguished by an arrowhead.
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DC Analysis of MOSFET



DC Analysis of MOSFET

DC Analysis steps
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DC Analysis of MOSFET

Example (1)
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DC Analysis of MOSFET

Example (2)
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MOSFET Transistors

Channel Length Modulation
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Channel Length Modulation
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