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Layout 
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Real silicon 
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CMOS Fabrication Process 

• What is a “process” 

– sequence of steps used to form circuits on a wafer 

– use additive (deposition) and subtractive (etching) steps 

• n-well process – starts with p-type wafer (doped with 

acceptors) 

• can form nMOS directly on p-substrate 

– add an n-well to provide a place for pMOS

• Isolation between devices

• thick insulator called Field Oxide, FOX
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Lower CMOS Layers 

• Visible Features
– p-substrate 

– n-well 

– n+ S/D regions 

– p+ S/D regions 

– gate oxide 

– polysilicon gate

• Mask Layers
- n-well 

– active (S/D regions) 

active = not FOX 

- n+ doping 

– p+ doping 

– poly patterning 

gate oxide aligned to gate poly, no oxide mask
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Layout CAD Tools 
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• Layout Editor

– draw multi-vertices polygons which represent physical design 

layers

– Manhattan geometries, only 90º angles

• Manhattan routing: run each interconnect layer perpendicular to each 

other

• Design Rules Check (DRC)

– checks rules for each layer (size, separation, overlap)

– must pass DRC or will fail in fabrication

• Parameter Extraction

– create netlist of devices (tx, R, C) and connections

– extract parasitic Rs and Cs, lump values at each line (R) / node 

(C)

• Layout Vs. Schematic (LVS)

– compare layout to schematic

– check devices, connections, power routing

• can verify device sizes also

– ensures layout matches schematic exactly

– passing LVS is final step in layout
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CMOS Layout Layers 
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• Mask layers for 1 poly, 2 metal, n-well CMOS process

– Background: p-substrate

– nWell

– Active

– Poly

– pSelect

– nSelect

– Active Contact

– Poly Contact

– Metal1

– Via

– Metal2

– Overglass
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Design Rules: Intro 
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• Why have Design Rules

– fabrication process has minimum/maximum feature 

sizes that can be

produced for each layer

– alignment between layers requires adequate 

separation (if layers

unconnected) or overlap (if layers connected)

– proper device operation requires adequate separation

• “Lambda” Design Rules

– lambda, λ, = 1/2 minimum feature size, e.g., 0. 6µm 

process -> λ =0.3µm

– can define design rules in terms of lambdas

• allows for “scalable” design using same rules

• Basic Rules

– minimum layer size/width

– minimum layer separation

– minimum layer overlap
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Design Rules: 1 
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Design Rules: 2 
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Design Rules: 3 
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Design Rules: 4 
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Physical Realization of a MOSFET 
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Substrate/well Contacts 
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Multiple Contacts 
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Design Rules
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• Design rules are an abstraction 
of the fabrication process 
that specify various geometric 
constraints on how different 
masks can be drawn.

• Design rules can be absolute 
measurements (e.g. in nm) or 
scaled to an abstract unit, the 
lambda. Lambda-based designs 
are scaled to the appropriate 
absolute units depending on 
the manufacturing process 
finally used. 
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Design Rules

• Interface between designer and process 

engineer

• Guidelines for constructing process masks

• Unit dimension: Minimum line width

• scalable design rules: lambda parameter

• absolute dimensions (micron rules)
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CMOS Process Layers
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Layers in 0.25 μm CMOS process
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Intra-Layer Design Rules
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Transistor Layout

23
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Vias and Contacts
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Select Layer
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CMOS Inverter Layout
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Lambda-based Design Rules
• One lambda (λ)= one half of the “minimum” mask dimension.

• Typically the length of a transistor channel is 2λ.

• Usually all edges must be “on grid”, e.g., in the MOSIS scalable rules, all edges must be 

on a lambda grid. 
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Layout Editor
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Why Have Design Rules?

• To be able to tolerate some level of 

fabrication errors such as

1. Mask misalignment

2. Dust

3. Process parameters                                                 

(e.g., lateral diffusion)

4. Rough surfaces 31
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max Layer Representation

• Metals (five) and vias/contacts 
between the interconnect levels
– Note that m5 connects only to m4, 

m4 only to m3, etc., and m1 only 
to poly, ndif, and pdif

– Some technologies support 
“stacked vias”

❑ Wells (nw) and other select areas 
(pplus, nplus, prb)

❑ Active – active areas on/in 
substrate (poly gates, transistor 
channels (nfet, pfet), source and 
drain diffusions (ndif, pdif), and well 
contacts (nwc, pwc))
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CMOS Inverter max Layout

VDD

GND

NMOS (2/.24 = 8/1)

PMOS (4/.24 = 16/1)

metal2

metal1
polysilicon

In
Out

metal1-poly via

metal2-metal1 via

metal1-diff via

pfet

nfet

pdif

ndif
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Intra-Layer Design Rule Origins
• Minimum dimensions (e.g., widths) of objects on each layer 

to maintain that object after fab
• minimum line width is set by the resolution of the patterning 

process (photolithography)

• Minimum spaces between objects (that are not related) on 
the same layer to ensure they will not short after fab

0.15

0.15
0.3 micron

0.3 micron
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Inter-Layer Design Rule Origins

1. Transistor rules – transistor formed by overlap of 
active and poly layers
Transistors

Catastrophic 
error

Unrelated Poly & Diffusion

Thinner diffusion,
but still working
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Design Rule Checker

38
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



39
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



40
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



41
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



42
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



43
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



44
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



45
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



46
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



47
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



48
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



49
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



50
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



51
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



52
Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Stick Diagram NAND 
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Stick Diagram NOR 
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Stick Diagrams 
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• Stick Diagram Rules 

– apply to full layout also 

•Poly over Active = tx

nMOS unless in n-well 

(or near top/VDD--mostly) 

•Poly can cross Metal1 and Metal2 

•Metal1 can cross Poly, Active, Metal2 

•Metal2 can cross Poly, Active, Metal1 

•tx S/D Contact must be on Active-

Metal1 

•(poly) Contact must be on Poly-

Metal1 •Via connects Metal1 and 

Metal2
What is this logic function? 
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• CMOS inverter described in other way.

VDD

in

VSS

out

CMOS Inverter Stick Diagrams
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Sticks Diagram
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CMOS Inverter
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Two Inverters
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Stick Diagram

construct a logic graph Identify each transistor and 

connection to the transistor by        

a unique name 61
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See the tutorial 

for further 

details.

- construct one Euler path for both the Pull 

up and Pull down network 
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-Trace two green lines horizontally to represent the NMOS and PMOS devices  

and surround them by n and p-wells

-Trace the number of inputs (5 in this example) vertically across each green 

strip and label them in order.

-Trace blue lines to represent VDD and VSS

-Place the connection labels upon the NMOS and PMOS devices               

. 
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Layout

-Place the VDD, VSS and all output names upon the NMOS and PMOS devices

-interconnect the devices based on Euler path.  
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Future device 
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Layout vs. Schematic 
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Gate Layout Tricks
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Gate Layout Tricks
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Cell Hierarchy and Instancing 
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Cell Concept 
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Instancing
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• Ports

– all signals that connect to higher level cells

– physical locations of the layout cell, typically in Metal1 or Metal2

• Metal1 vs Metal2 ports

– best to keep ports in Metal1 for primitives

– always try to use only the lowest level metals you can

• Building Functions from Primitives

– instantiate one or more lower-level cells to from higher-level 

function
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Cell Pitch 
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Cell Routing 
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Upper CMOS Layers 
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Series MOSFET Layout 
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Parallel MOSFET Layout 
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Inverter Layout 
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Inverter Layout Options 
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Multiple Gate Layouts 
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Complex inter-cell routing 
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