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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 diagram extraction.

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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MOS and Bi-CMOS Circuit Design Processes

Text Book-1

UNIT-III

• Schematics of Inverter, NAND, NOR gates using NMOS, PMOS, and CMOS technologies

• Stick Diagrams( Inverter, NAND, NOR using NMOS, PMOS, and CMOS 

technologies )

• Layout Diagrams( Inverter, NAND, NOR using NMOS, PMOS, and CMOS 

technologies )

• MOS Layers,

• Design Rules 

• General observations of design rules, 

• 2μm Double Metal, Double Poly, CMOS/BiCMOS rules

• 1.2μm Double Metal, Double Poly CMOS rules,

• Symbolic Diagrams-Translation to Mask Form

Aditya Engineering College (A)
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Schematic diagram

Stick diagram
Layout diagram

After the fabrication
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MASKS or MOS Layers from the Layout
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Aditya Engineering College (A)

 The advances in the CMOS process are generally complex and some what inhibit the

visualization of all the MASK levels that are used in the actual fabrication process and

the design process can be abstracted to a manageable number of conceptual layout

levels that represent the physical features in the final silicon wafer

 All the CMOS processes use the following features:

• Two different substrates

• Doped regions of both p- & n- diffusions

• Transistor gate electrodes

• Interconnection paths

• Inter layer contacts

MOS Layers 
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Logic or logic expression

Schematic(s)

Layout(s)

MASK or MOS layers

IC Fabrication
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Inverter schematic, stick & Layout diagrams 
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Rule to follow when drawing  schematic

Z = (AB+C)D

Indicates 

CMOSProduct terms-pmos –

parallel in pullup n/w

Sum terms-pmos –

series in pullup n/w

Pull down network 

is a dual version of 

pull up network

Aditya Engineering College (A)

5/15/2023
VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE

12



A
B

A

Z

B

2 i/p NAND gate schematics 
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2 i/p NAND gate stick diagrams for CMOS Technology 
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2 i/p NAND gate stick diagrams for CMOS Technology 
Aditya Engineering College (A)

5/15/2023
VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE

15

In CMOS Technology

A B

A

B

Sr

Dr

Dr

Sr

Dr

Sr

A B

A

B

Possible paths for PU network are:

A B which leads   A B       or  A B 
Sr Dr SrDr SrDr Sr Dr

A B which leads   B A       or  B A 
Sr Dr SrDr SrDr Sr Dr

Possible paths for PD network are:

A B leads   A B 
SrDr Dr Sr

B A leads   B A       
Sr Dr DrSr



2 i/p NAND gate stick diagrams for CMOS Technology 
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In CMOS Technology
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2 i/p NAND gate schematics 
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2 i/p NAND gate stick diagrams for CMOS Technology 
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In CMOS Technology
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2 i/p NAND gate stick diagrams for CMOS Technology 
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2 i/p NAND gate stick diagrams for CMOS Technology 
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CMOS Logic

Z = (ABC)

Z

A B C

A
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PUN: P-mos tr’s in parallel for PRODUCT TERMS in the given equation

Wp

Lp

Wp
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CMOS Logic
Z = (A+B+C)

A

B

C

A B C

Z

PUN: P-mos tr’s in series for SUM TERMS in the given equation Aditya Engineering College (A)

5/15/2023
VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE



Z = (AB+C)D

Z = (AB+C)D
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Z = (AB+C)D
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2.CMOS Logic Aditya Engineering College (A)
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CMOS Logic Aditya Engineering College (A)

Z = ?
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Stick diagrams

 A stick diagram is a graphical view of a layout or cartoon of a chip layout.

 This notation indicates only the relative positioning of the various design components

 It is easy to draw because it does not need to be drawn to scale.

 It is because it does not show exact placement, transistor sizes, wire lengths, wire widths and tub

boundaries.

 But it can be as guidance to move the transistor or vias or reroute the wires to minimize the used

of the wire.

 In CMOS process(with EULER’s path), there are seven steps to make the stick diagram:

• Construct a logic graph of the schematic (switch network).

• Construct one Euler path for both the Pull up and Pull down network

• Sketch the lines as references (horizontal and vertical)

• Labeling the transistors as per Euler’s path

• Make the inter connections according to path

• Placing the VDD,VSS input and output ports

• Look for the better one( go for different ways)
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EULER’s path

PMOS
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B DCA
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B DCA
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B DCA
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B DCA

B DCA
D    S          S D           S    D         D S

S        D       S         D       D         S      D        S

Check for unnecessary areas:

Merge the terminals to the possible extend( ensure the functionality but not the DRCs),

and remove unnecessary areas between..
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B DCA

Line of diffusion" rule:

Transistors form a line of diffusion intersected by poly.

Diffusion will be unbroken if identically labeled Euler paths can be found for the p and n trees:

Aditya Engineering College (A)
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Complex gate layout diagram Layout with 
Euler’s path 

Layout with 
Euler’s path 

when optimized 
for area 

Conventional 
layout diagram

Z = (AB+C)D

Aditya Engineering College (A)
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Layout Design Rules

 The physical mask layout of any circuit to be manufactured using a particular process

must conform to a set of geometric constraints or rules, which are generally called

layout design rules.

 These rules usually specify the minimum allowable line widths for physical objects

on-chip such as metal and poly silicon interconnects or diffusion areas, minimum

feature dimensions, and minimum allowable separations between two such features.

 If a metal line width is made too small, for example, it is possible for the line to break

during the fabrication process or afterwards, resulting in an open circuit.

 If two lines are placed too close to each other in the layout, they may form an

unwanted short circuit by merging during or after the fabrication process.

 The main objective of design rules is to achieve a high overall yield and reliability

while using the smallest possible silicon area, for any circuit to be manufactured

with a particular process.

42
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Layout Design Rules

43

Aditya Engineering College (A)

 The Manufacturing processes have their inherent limitations in accuracy. So the need

of design rules arises due to manufacturing problems like –

• Photo resist shrinkage, tearing.

• Variations in material deposition, and oxide thickness.

• Impurities.

• Variations across a wafer.

 These lead to various problems like :

• Transistor problems: leads Variations in threshold voltage:

• Wiring problems: leads capacitance and resistance problems

• Oxide problems: Variations in layers height.

• Via problems: Via may not be cut all the way through.

 This consists of minimum-width and minimum-spacing constraints and requirements

between objects on the same or different layers.

 Apart from following a definite set of rules, design rules also come by experience.
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Types of Design Rules 
 The design rules primary address two issues:

1. The geometrical reproduction of features that can be reproduced by the mask

making and lithographical process ,and

2. The interaction between different layers.

 There are primarily two approaches in describing the design rules.

1. Scalable Design Rules (e.g. SCMOS, λ-based design rules): In this approach,

all rules are defined in terms of a single parameter λ. The rules are so chosen that a

design can be easily ported over a cross section of industrial process ,making the

layout portable .Scaling can be easily done by simply changing the value of λ.

2. Absolute Design Rules (e.g. μ-based design rules ) : In this approach, the

design rules are expressed in absolute dimensions (e.g. 0.75μm) and therefore can

exploit the features of a given process to a maximum degree.

 The fundamental unit in the definition of a set of design rules is the minimum line

width .It stands for the minimum mask dimension that can be safely transferred to

the semiconductor material
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Layout Design Rules
Rule number Description L-Rule

R1 Minimum active area width 3 L

R2 Minimum active area spacing 3 L

R3 Minimum poly width 2 L

R4 Minimum poly spacing 2 L

R5 Minimum gate extension of poly over active 2 L

R6 Minimum poly-active edge spacing (poly outside active area) 1 L

R7 Minimum poly-active edge spacing (poly inside active area) 3 L

R8 Minimum metal width 3 L

R9 Minimum metal spacing 3 L

R10 Poly contact size 2 L

R11 Minimum poly contact spacing 2 L

R12 Minimum poly contact to poly edge spacing 1 L

R13 Minimum poly contact to metal edge spacing 1 L

R14 Minimum poly contact to active edge spacing 3 L

R15 Active contact size 2 L

R16 Minimum active contact spacing (on the same active region) 2 L

R17 Minimum active contact to active edge spacing 1 L

R18 Minimum active contact to metal edge spacing 1 L

R19 Minimum active contact to poly edge spacing 3 L

R20 Minimum active contact spacing (on different active regions) 6 L

Aditya Engineering College (A)
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Design Rules for layout Aditya Engineering College (A)
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General observations on 2um rulesAditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 49



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 50



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 51



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 52



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 53



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 54



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 55



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 56



Aditya Engineering College (A)

5/15/2023 VLSI Design Unit III                                            P. Bujjibabu, Assistant  Professor, ECE 57



Aditya Engineering College (A)

5/15/2023
VLSI Design Unit III                                            P. Bujjibabu, 

Assistant  Professor, ECE
58



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

 The following are the constraints which must be considered for the proper choice of

layers.

 Since the polysilicon layer has relatively high specific resistance (RS), it should not be

used for routing VDD and VSS (GND) except for small distances.

 VDD and GND (VSS) must be distributed only on metal layers, due to the

consideration of Rs value.

 The capacitive effects will also impose certain restrictions in the choice of layers as

follows

i) Where fast signal lines are required, and in relation to signals on wiring which has

relatively higher values of RS.

ii) The diffusion areas have higher values of capacitance to substrate and are harder

to drive.

Choice of layers or General observations



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

 Over small equi-potential regions, the signal on a wire can be treated as being identical

at all points.

 Within each region the propagation delay of the signal will comparably smaller than

the gate delays and signal delays caused in a system connected by wires

 Multiple metals(like. M1, M2 …. so on) will be used when there is need of layout with

high density

 Instead of metal, a poly will be used for the case of input connections

 Multiple poly (like. poly 1, poly 2 … so on)will be used when there is need of layout

with high density

 Ensure that the distance between supply rail & ground rail with respect to the

components must be as minimum as possible( achieved through multiple supply and

ground rails)

 Not possible to design a smallest layout without DRC errors and vice versa… means

that layout with small area will eventually facing the DRC problems

Choice of layers
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