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At the end of the Course, Student will be able to:

CO 1: Outline the fundamental concepts related to MOS and Bi-CMOS Circuits fabrication.

CO 2: Describe the electrical properties of MOS circuits.

CO 3: Make use of design rules for stick and layout diagrams.

CO 4: Construct alternative forms of loads towards effective performance by subsystems.

CO 5: Interpret FPGA and ASIC design approaches for semi custom design.

COB 1: To enable the students learn various fabrication steps of IC and MOS, Bi CMOS processes

COB 2: To enable the students learn basic electrical properties of MOS Transistors in analysis of circuits.

COB 3: To make the students to study MOS technology-specific stick and layout rules

COB 4: To make students to familiar with different architectural issues of Subsystem design process

COB 5: To enable the students to highlight the architecture design issues in the context of IC design

Course objectives

Course outcomes
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Prerequisites

Knowledge On 
STLD/DLD

VLSI Design
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Knowledge on 
Digital IC Design/DSD 

Circuit design concepts
Stick diagram 
Layout Design
DRC,LVS,PEX 

GDSII generation
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Design flow Summary: 

4

Problem

Truth table

Expression

RTL diagram(s)

Schematic(s)

Layout(s)

GDSII file

Fabrication-IC

Testing

Problem statement

Relation between I/O s

Minimum no. of literal

Only NAND/NOR

No. of transistors ?

C,R,,Tr, Tf, & Pd

DRC,LVS & PEX

Info on MASK layers

masks

For faults

Logic families 

Effective stick for 

betterment 
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• Introduction to IC technology, 

• MOS and related VLSI Technology

• MOS Types and symbols , 

• Modes of MOSFET:

 Enhancement mode of nMOS

 Depletion mode of nMOS

• IC Production process,

• IC Fabrication process: 

 NMOS, PMOS and CMOS.

• Bi-CMOS Technology

• Comparison bet’n CMOS and Bipolar Technologies

UNIT-I

Good to go with 

TB 1 for essential 

info. and 

Reference book 3

is more potential
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Introduction
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Aditya Engineering College (A)Basic Electrical Properties of Circuits:

• Ids versus Vds Relationships

• Aspects of MOS transistor: Vt, Gm, Gd, Figure of Merit,

• Transistor switches, 

• Pass Transistor concept , 

• NMOS Inverter, alternative forms of pull ups

• Pull-up to Pull-down Ratio for NMOS Inverter driven by another NMOS inverter,

• Pull-up to Pull-down Ratio for NMOS Inverter driven by another NMOS inverter 
through one or more Pass Transistors. 

• The CMOS Inverter

• Bi-CMOS Inverter, 

• MOS transistor circuit model,

• Latch-up in CMOS circuits and 

• Bi-CMOS Latch-up Susceptibility

UNIT-II

It is enough to go 

with 

Text Book 1. 
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Aditya Engineering College (A)MOS Circuit Design ProcessesUNIT-III

• MOS Layers, 

• Realization of gates using NMOS, PMOS and CMOS technologies

• Stick Diagrams,

• Design Rules,  

 2μm Double Metal, Double Poly, CMOS/Bi CMOS rules

 1.2μmDouble Metal, Double Poly CMOS rules,

• Layout Design:

 Layout Diagrams of  CMOS inverter,

 Layout Diagrams of NAND gates,

 Layout Diagrams of NOR gates,

• General observations on design rules, 

• Symbolic Diagrams-Translation to Mask Form

It is 

recommended 

to go with 

Website

MOSIS.com

Good to go with 

TB 1 for essential info. and 

Reference book 3

is more potential
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Basic Circuit Concepts & Scaling of MOS Circuits
• Sheet Resistance, 

• Sheet Resistance concept applied to MOS transistors and Inverters, 

• Area Capacitance of Layers, Standard unit of capacitance, 

• The Delay Unit

• Inverter Delays, 

• Propagation Delays,

• Wiring Capacitances, 

• Fan-in and fan-out characteristics, 

• Choice of layers, 

UNIT-IV-A

It is enough to go 

with 

Text Book 1. 

Aditya Engineering College (A)
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UNIT-IV-B
• Scaling models, 

• Scaling factors for device parameters, 

• Limits due to sub threshold currents, 

• Current density limits on logic levels and supply voltage due 
to noise. 



Text Book-2

Subsystem Design

• Architectural issues, 

• Switch logic, Gate logic,

• Examples of structured design,

• Clocked sequential circuits

• System considerations, 

• General considerations of subsystem design processes,

• An illustration of design processes

UNIT-IV-B

Aditya Engineering College (A)

P. Bujjibabu, Associate  Professor, ECE5/15/2023 VLSI Design Unit I 9



IC Design & FPGA Design Process

• PLAs, PLDs, FPGA, ASIC, 

• Selection of an Appropriate Method

• VLSI design flow (conventional & low power)

• VLSI Design issues and design trends,

• Mixed Signal design flow

• ASIC design flow

• FPGA design flow

• Basic FPGA architecture,

• FPGA configuration, configuration modes,

• FPGA designs process

• FPGA families.

Xilinx Vertex FPGA.

• FPGA Design Example

Web 

is a good 

reference at this 

point

UNIT-V A

Text Book-2

Aditya Engineering College (A)
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UNIT-I 
Introduction

Gives information on
MOSFET definitions  and 
fabrication, production 

processes

by
Pucknell and 

Sholeh Eshraghian,
Sung-Mo Kang 

UNIT-II 
Basic Electrical Properties of MOS 

and Bi-CMOS Circuits

Gives information on
Modeling parameters of 

MOSFET 

VLSI Design by 
Sung-Mo Kang

Pucknell and  Sholeh Eshraghian
Kamran Eshraghian

UNIT-III 
MOS and Bi-CMOS Circuit Design 

Processes
Basic Circuit ConceptsGives information on

MOS Layers, Stick and 
Layout diagrams

Lambda and Micron rules
Parasitic C,R and delays

by
Pucknell and  Sholeh Eshraghian,

Sung-Mo Kang 

N diff

P diff

Poly

Aditya Engineering College (A)
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UNIT-IV 
Scaling of MOS Circuits

Subsystem Design
Gives information on 

Scaling models
& concepts in Subsystem 

design

by
Pucknell and 

Sholeh Eshraghian,
Sung-Mo Kang 

UNIT-V 
VLSI Design Issues

FPGA Design

Gives information on VLSI 
trends 

Different design & 
Implementation flows 

VLSI Design by 
Sung-Mo Kang

Kamran Eshraghian
KVK Prasad

ASIC by Sebastian Smith

Contact

Metal

Aditya Engineering College (A)
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Consider above cited books for reference only and you may get more

information from some other books and websites

Collect notes from your subject Teacher, if interested.

Note:

http://emicroelectronics.free.fr/onlineCourses/VLSI/toc.html
http://ece-research.unm.edu/jimp/vlsi/slides/c1_itrs.pdf
http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
https://www.tutorialspoint.com/vlsi_design/vlsi_design_useful_resources.htm
https://www.southampton.ac.uk/~bim/notes/cad/
http://www.uta.edu/ronc/4345sp02/lectures/
http://www.ece.utep.edu/courses/web5392/Lab_7.html
http://www.ece.utep.edu/courses/web5392/Notes.html
http://www.ittc.ku.edu/~jstiles/312/handouts/
https://www.mepits.com/tutorial/384/vlsi/steps-for-ic-manufacturing

Useful Web links:

Aditya Engineering College (A)
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http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
http://rti.etf.bg.ac.rs/rti/ri5rvl/tutorial/TUTORIAL/HTML/HOMEPG.HTM
https://www.tutorialspoint.com/vlsi_design/vlsi_design_useful_resources.htm
https://www.southampton.ac.uk/~bim/notes/cad/
http://www.uta.edu/ronc/4345sp02/lectures/
http://www.ece.utep.edu/courses/web5392/Lab_7.html
http://www.ece.utep.edu/courses/web5392/Notes.html
http://www.ittc.ku.edu/~jstiles/312/handouts/
https://www.mepits.com/tutorial/384/vlsi/steps-for-ic-manufacturing
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Unit-I
INTRODUCTION TO IC TECHNOLOGY
• World with digital systems

• IC Trends and advantages of VLSI

• MOS Types and symbols

• MOS fabrication steps(nMOS , pMOS , cMOS & Bi cMOS )

• Oxidation, Lithography, Diffusion, Ion- Implantation, Metallization, 
Encapsulation

• Probe testing

• Integrated resistors and capacitors

Aditya Engineering College (A)
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Electronics   ????
• Provides a system characterized by:      

• reliability, low cost, 

• low power dissipation, 

• extremely low weight and volume, 

• high degree of complexity and sophistication

• In-turn provides : 
Powerful and flexible processors  with 
considerable capacity

Unit-I
INTRODUCTION TO IC TECHNOLOGY

Aditya Engineering College (A)
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World with full of digital systems

• Now a days world with full of digital systems

• System with

• Smart information sensing 

System

low

high

Power
Cost
area

Speed
Density

Self testability
performance

Any of the levels of operation for a digital computer, including the wires and mechanical parts, the logical elements, a

nd the functional units for reading, writing, storing, and manipulating information.

Aditya Engineering College (A)
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Cont’d

• Imaging & intelligent multi-level comm’n 

• Embedded smart sensors for remote applications

• For smart home management

• For agriculture management

• Smart antennas with imp’d comm’n skills

• Health monitoring systems

• System with high degree of complexity

Aditya Engineering College (A)
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IC Trends and advantages of VLSI
• 1947-1950: Tr’r invented

• 1950-1960: invented junction tr’r & diodes

• 1961-1966: SSI(10) planar devices logic 
gates and flip-flops

• 1966-1971:MSI(100-1000) adders, counters &                                    
multiplexers

• 1971-1980:LSI(1000-20,000) 8-bit micro Pro’rs
memories

• 1980-1990:VLSI(20,000-1000,000) 16,32 bit 
microprocessors, DRAM

• 1990-2000:ULSI(1000,000- 10,000,000)special 
processors, virtual machines, smart sensors

• 2000- …….: (10,000,0000)……..

Aditya Engineering College (A)
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VLSI advantages ????

• For a circuit or chip or a system, the following are the advantages:

Size 
Speed
Power consumption
Cost 
Ease of testability 
Density 

Aditya Engineering College (A)
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The First Integrated Circuits

Bipolar logic-1960’s
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Jack Kilby

Robert Noyce
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• First Patents: -1935

• Variable Capacitor Proposed:  -1959

• Silicon MOS:   -1960

• Clean PMOS, NMOS:  Late 1960s, big growth!

• CCDs:  1970s, Bell Labs

• Switch to CMOS:   -1980s

MOS Transistors

• An MOS (metal- Oxide- Silicon)structure is created by 
superimposing several layers of  

- conducting (metal)               
- insulating (oxide)                                                               
- tr’r forming material (semi-conductor)

• These structures are created by series of chemical processing 
steps involving.,

Oxidation of silicon

Diffusion of impurities

Deposition and etching of metal on silicon 

Aditya Engineering College (A)
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MOS classification

MOS
pMOS

nMOS

cMOS

BicMOS

Both pMOS
& nMOS

C MOS +BJT 
available

N-channel

P-channel

Both Bipolar & CMOS

• Metal-Oxide-Semiconductor Field Effect Transistor(MOSFET)
– Which will be the type that we will study in this course.

• Metal-Semiconductor Field Effect Transistor-MESFET

• Junction Field Effect Transistor-JFET

• High Electron Mobility Transistor or Modulation Doped Field Effect Transistor-HEMT or 
MODFET

• Fast Reverse/Fast Recovery Epitaxial Diode-FREDFET

• DNA Field Effect Transistor-The conduction path is through a strand of DNA

Aditya Engineering College (A)
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MOS symbols
• Basic forms

nMOS

pMOS

Depletion 
mode nMOS

Depletion 
mode pMOS

Aditya Engineering College (A)
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Stick rules for the schematics

Polysilicon

n-diffusion

P-substrate

depletion

Aditya Engineering College (A)
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Aditya Engineering College (A)

MOS diagrams

• nMOS enhancement mode

P-Substrate

p-,n-
lightly doped 

P+,n+
heavily 
dopde

p,n
moderately 

doped

P substrate

N+ N+

metal

Oxide 

Polysilicon 

Vgs > Vth

holes

Electrons

e-,e-

Vds> (Vgs-Vth)

Ids> 0
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MOS regions of operation



• Cut-OffRegion

Cut-off region is a region in which the MOSFET will be OFF as there will be no current

flow through it. In this region, MOSFET behaves like an open switch and is thus used when

they are required to function as electronic switches.

MOS regions of operation Aditya Engineering College (A)
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• Ohmic or Linear Region

Ohmic or linear region is a region where in the current IDS increases with an increase in 

the value of VDS. When MOSFETs are made to operate in this region, they can be used as 

amplifiers.

• Saturation Region

In saturation region, the MOSFETs have their IDS constant inspite of an increase in VDS and 

occurs once VDS exceeds the value of pinch-off voltage VP. Under this condition, the device 

will act like a closed switch through which a saturated value of IDS flows. As a result, this 

operating region is chosen whenever MOSFETs are required to perform switching 

operations.

https://www.electrical4u.com/voltage-or-electric-potential-difference/


MOS diagrams cont.,

• nMOS depletion mode

Aditya Engineering College (A)
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MOS diagrams cont.,

• pMOS

n

N substrate

P+ P+

metal

Oxide 

polysilicon

Aditya Engineering College (A)
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Vin

Vss

Vout

VDD

VinVss VDD

Vout

VinVss

Vout

VDDAditya Engineering College (A)

P. Bujjibabu, Associate  Professor, ECE5/15/2023 VLSI Design Unit I 32



Mask Layout and Stick Diagram for a CMOS 

Inverter

Aditya Engineering College (A)
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nMOS fabrication steps:

• Processing is carried on a thin wafer cut from a single crystal of 
silicon(75~150 mm dia & .4 mm thick)

• p-impurities are doped into wafer cut to get a p-substrate(doping 
concentration 10e15 ~ 10e16)

Aditya Engineering College (A)
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• Thick Sio2 is layered over surface of the p-substrate

• Photo-resist is layered over the Sio2 to even 
distribution of thickness

Aditya Engineering College (A)
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• Then the structure is exposed to UV rays through a 
mask

Area exposed to UV rays is hardened & removed and 
remaining area is unaffected 

Aditya Engineering College (A)
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• Thick Oxide and photo resist are etched away to get 
window in oxide

• A thin layer of SiO2(0.1 um) layer is grown over all 
again and then Polysilicon is deposited over thin oxide 
to form gate structure

Aditya Engineering College (A)
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• N type impurities doped after several steps like 
oxidation, masking ,etching…,

Diffusion is achieved by heating the substrate to a high 
temperature and injecting gas form of n-type 
impurities(phosphorus)

Aditya Engineering College (A)
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• Thick oxide is grown all over the surface and again 
masked  with a photo resist etched to expose selected 
areas of the poly-silicon gate, drain and the source for 
connections

Aditya Engineering College (A)
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• The whole chip is then has metal deposited over its 
surface to a thickness of 1 um for contacts 

Aditya Engineering College (A)
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Final nMOS

This layer is then masked and etched to form the required MOS as 
shown bellow 

P substrate

N+ N+

metal

Oxide 

polysilicon

S
D

G
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pMOS fabrication steps

• For pMOS., simply replace the P-substrate with N-substrate, N+ 
diffusion with P+ diffusion in nMOS steps

• To form the depletion mode devices, it is only necessary to introduce 
a masked ion implantation step between 5 and 6 and in practice with 
some more additional steps

Aditya Engineering College (A)
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pMOS device

Few more same diagrams skipped here

N substrate

P+ P+

metal

Oxide 

polysilicon

S
D

G
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CMOS fabrication steps

• CMOS ., there are four approaches 

P-well
N-well
Twin –tub process
Silicon on insulation ---thuuuchh!

Aditya Engineering College (A)
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Cont.,

• Although cMOS is the dominant technology, most of 
the design processes in nMOS because.,

For nMOS design methodology and 
design rules are easy to learn and simple
Provides excellent background for other 

technologies
Allows a relatively easy transition to 

cMOS 

Aditya Engineering College (A)
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Final CMOS

•

P-sub

N-well

PMOS

N-sub

P-well

NMOS

NMOS

PMOS

Vss

Vdd

Vin

Vout

Vss Vdd

Vin

Vout

Aditya Engineering College (A)
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P-well approach.,

• Here ., masking, patterning and the diffusion– process 
is similar to nMOS fabrication important mask 
definitions are presented here:

• Mask 1:  areas for deep p-well diffusions to 
take place 

Aditya Engineering College (A)
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• Mask2: defines the thinox regions where thick oxide is 
removed and thin oxide is grown to accommodate p-, 
n- transistors and diffusion wires to take place 

Aditya Engineering College (A)
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• Mask 3 :used to pattern the poly silicon layer which is 
deposited after the thin oxide

Aditya Engineering College (A)
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• Mask 4: A p+ mask is now used to define all areas 
where p-diffusion is to take place

• Mask 5: performed with –ve form of P+ mask ,defines 
those areas where n-diffusion is to take place 

Aditya Engineering College (A)
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• Mask 6: used to define the contact cuts

• Mask 7: the metal layer pattern is defined by this mask

• Mask 8: an overall passivation (over glass) layer is needed to define the
openings for access to bonding pads

• Note: these are all main steps and is need with many more intermediate
steps to get final MOS as shown

Aditya Engineering College (A)
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• Final cmos in p-well approach:

Vin

VoutVdd
Vss

Aditya Engineering College (A)
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Final cmos in n-well approach

Aditya Engineering College (A)
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Define nmos and pmos active areas

Field and gate oxidations

Form and pattern polysilicon

P+ diffusion

N+ diffusion

Contact cuts(holes)

Deposite and pattern metallization

Formation of n-well regions

Overglass with cuts for bonding pads
N-well 
steps

Aditya Engineering College (A)
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Twin-tub process

Vss

Vout

Vin

Vdd

Epitaxial Layer: 
High purity silicon grown 

with accurately determined 
doping concentrations 

Aditya Engineering College (A)
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Bi-CMOS Fabrication Process 

Evolution of Bi-CMOS from CMOS

Bi-CMOS technologies have tend to evolve from CMOS

processes in order to obtain the highest CMOS performance

possible.

The bipolar processing steps have been added to the core CMOS

flow to realize the desired device characteristics.

Aditya Engineering College (A)
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BiCMOS

• A known deficiency of MOS technology is its limited load driving capabilities (due to
limited current sourcing and sinking abilities of pMOS and nMOS transistors.

• Bipolar transistors have
 higher gain
 better noise characteristics
 better high frequency characteristics

• BiCMOS gates can be an efficient way of speeding up VLSI circuits

• See table for comparison between CMOS and BiCMOS

• CMOS fabrication process can be extended for BiCMOS

• Example Applications
 CMOS - Logic
 BiCMOS - I/O and driver circuits
 ECL - critical high speed parts of the system

Aditya Engineering College (A)
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Advantages of CMOS 
over Bipolar

• Power dissipation

• Noise margin

• Packing density

• The ability to integrate large 
complex functions with high yields

Advantages of Bipolar 
over CMOS

• Switching speed

• Currents drive per unit area

• High noise performance

• Analog capability

• Input/output speed

Aditya Engineering College (A)
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Advantages of BiCMOS Technology

• Improved speed over CMOS

• Lower power dissipation than Bipolar

• Flexible input/outputs

• High performance analog

• Latch up immunity

Aditya Engineering College (A)
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