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Course objectives

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 outcomes

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.
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AnTeA) MOS and Bi-CMQOS Circuit Design Processes

« Schematics of Inverter, NAND, NOR gates using NMQOS, PMOS, and CMOS technologies

« Stick Diagrams( Inverter, NAND, NOR using NMOS, PMOS, and CMOS
technologies )

 Layout Diagrams( Inverter, NAND, NOR using NMOS, PMQOS, and CMOS
technologies )

« MOS Layers,

* Design Rules

 General observations of design rules,

« 2um Double Metal, Double Poly, CMOS/BICMOS rules
* 1.2um Double Metal, Double Poly CMOS rules,

« Symbolic Diagrams-Translation to Mask Form

L]
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Schematic diagram Aditya Engineering College (A)

Vss Vin VDD

(f Vin . I :

ol

Vss A
I . Z = ® ® [ —
= = Vbbp
¢ &
Layout diagram O Vout -
7 Vout Stick diagram
Vs Vi VD _
n Top View
. )
| : L
- | poly metal\u‘w re
b | | -
[ 1
VOUt n+ | | n+ | | P+ | ||:|-+ |
After the fabrication | n well

5/15/2023  VLSI Design Unit IlI P. Bujjibabu, Assistant Professor, Cross Section



............................... e ET

e n-well by

Six masks:

* Metal % ; , %
7

5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 6



Ad it\'la_E.n.g.i.n.e.Q.l:i.n.g. CO"ege (A)

Tob View E e T T ....................... B
N :

3D View

Side View

W TIF-Y I - el 1 P _TYY | 1
VLOT UTOSIEIT UTITU T r. DUjjivduy,

5/15/2023 Assistant Professor, ECE

P. Bujjibabu, Associate Professor, ECE 7



A >8
> E _d p-channel > o =
O— { alo+
I n-channel
[ —i
> 8
Six masks: .
o n-well
* poly siicon ... . J[ 5
o n+ diffusion - _ B
o p+ diffusion .k , 0

* Contact -1 -

7/
Y/ /

///////////
/A

R *
2. l
S ¢ *
>~ — 9.
)
®
| |
n ® <&
(7))
>

VL

g | —
> | |
1 - !
! - |
] ! 5
T | o
! B 4 >
[
7
> | ]

* 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
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= 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
Six masks:

= All the CMOS processes use the following features: « n-wel =
* Two different substrates + poly silicon ... '
» Doped regions of both p- & n- diffusions Lay(  *n+difiusion ‘  l

o p+ diffusion ... 0

 Transistor gate electrodes |
* Contact - -l -5

 Interconnection paths

Metal A
* Inter layer contacts P
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Rule to follow when drawing schematic

Indicates
CMOS

Product terms-pmos —
parallel in pullup n/w

Z = (AB+C)D

Pull down network
Sum terms-pmos — IS a dual version of

series in pullup n/w

pull up network

VLSI Design Unit Il babu, A s Professor, ECE
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Enhancement nMOS as PU Pseudo nMOS as PU
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_ Possible paths for PU network are:
A  B- which leads A B  or=A *B—?
Sr Dr Dr Sr Dr Sr Sr r

A B A B A B- which leads B A orB A
B | \ Sr Dr Dr Sr Dr Sr Sr Dr
x Possible paths for PD network are:
A Dr

A A B~ leads A B $
B Sr Dr Sr Dr S

B

! : : Sr
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2 i/[p NAND gate stick diagrams for CMOS Technology
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_ Possible paths for PU network are:

x A B-> leads e B$
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Dr
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Sr Possible paths for PD network are:

Z
A B- which leads A B orA 13"?
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2 i/[p NAND gate stick diagrams for CMOS Technology

X Using Euler’s path.
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CMOS Logic
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PUN: P-mos tr’s in parallel for PRODUCT TERMS in the given equation
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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)

5/15/2023 VLSI Design Unit 11I P. Bujjibabu, Assistant Professor, ECE 29
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Z = (AB+C)D
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EULER’s path

NMOS
PMOQOS
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Check for unnecessary areas:
Merge the terminals to the possible extend( ensure the functionality but not the DRCs),
and remove unnecessary areas between..

5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 36
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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:

5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 37



Complex gate layout diagram
Z = (AB+C)D

Layout with
Euler’s path

Conventional

N

layout diagra%

Layout with
Euler’s path
when optimized
for area
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2. Logic with depletion nMOS as Pull Up network | Rectangle box with broken lines® v Engineering College (A)
will indicate the depletion MOS
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3.Logic with enhancement nMOS as PU
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5. Pseudo nMOS logic Aditya Engineering College (A)
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= 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.

= |f 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.

= |f 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.

5/15/2023 VLSI Design Unit 11I P. Bujjibabu, Assistant Professor, ECE
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Layout Design Rules

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.



- neering College (A
Types of Design Rules e
* 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, A-based design rules): In this approach,
all rules are defined in terms of a single parameter A. 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 A.

2. Absolute Design Rules (e.g. p-based design rules ) : In this approach, the
design rules are expressed in absolute dimensions (e.g. 0.75um) 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



Layout Design Rules

Rule number
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20

Description

Minimum active area width

Minimum active area spacing

Minimum poly width

Minimum poly spacing

Minimum gate extension of poly over active

Minimum poly-active edge spacing (poly outside active area)
Minimum poly-active edge spacing (poly inside active area)
Minimum metal width

Minimum metal spacing

Poly contact size

Minimum poly contact spacing

Minimum poly contact to poly edge spacing

Minimum poly contact to metal edge spacing

Minimum poly contact to active edge spacing

Active contact size

Minimum active contact spacing (on the same active region)
Minimum active contact to active edge spacing

Minimum active contact to metal edge spacing

Minimum active contact to poly edge spacing

Minimum active contact spacing (on different active regions)

Aditya Engineering College (A)

L-Rule
3L
3L
2L
2L
2L
1L
3L
3L
3L
2L
2L
1L
1L
3L
2L
2L
1L
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COLOR STICK ENCODING LAYERS MASK LAYOUT ENCODING ciF AdityaEngineering College (A)
S N N W
ORANGE Polysilicon 2 S
Bipolar npn See Color plate 6 Not
transistor also Figure 3.13(f) applicable
p-base of
PINK Not separately encoded |bipolar npn CBA
transistor
Buried n-well Ermre
PALE .
Not separately encoded | coliector of s CCA
GREEN pa R4 bipolar npn o
transistor
FEATURE FEATURE (STICK) FEATURE (SYMBOL) FEATURE (MASK)
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n-type = - . Z ':::\\’
enhancement = L ID Z DI 7 7
; o R R o - -, - /
poly. 2 transistor. ERESAT S S—;_D S & D //A';’?fl’!/ 2
2 G s M D
=G é"\\ \.'é
Transistor length to width ratio L: W may be shown. \-(;‘f
p-type #
enhancement %
poly. 2 transistor _f;
. t\
Demarcation line
Note: p-type transistors are placed above and n-type below the demarcation line
bipol ol S Fi 3.13(f)
npn bipolar ee Figure 3.
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Design rules for wires (interconnects) (ORBIT 2 jum CMOS) General Observations on 2Umdl't}l&$gineering College (A)

L — wig{n:\um Z Thinox 5 Min. separation as shown Minirmum
_ __n-diff. (n* active) gt (p* active Metal 1 S
B3wm P S ﬁg/_?m ot doeny > 5 jam
— il Y

Nn-diff. and p-diff. cannot cross or join S = 2.5 am Metal 1165 frhatal = ==
= : parm

swmBZZZ—ZZ"73 s EEZ=—Z— 77— oo, wam 2:5
o G [ —— - parm

T AT SOparation dift /) 1.5 um sepn diff./poly. =

=  ESSSSSSSSSS S SS s ; Motai = it
= 7 : =2 l—-r- Poly. 2 i 3 garm  —— . $ : E 3 3 nm
parvy B N g g e e T e e— e
m\\k\.\\s 2 am sl e A e B— * 4 3= e
mt 1.5 jum min. edge/edge [ 7 —
N \ Tl 1 .S o Mmin. overlap  : 13 1am
\\ \ Ziurm - 3 %\ _____ = ——
NS e D — 14 parm MmN . overiap 3
;\"\“‘\\-'\-" "\*‘J Capacitors poly. 1/poly. = B e e Sl
FPoly. 2 overlapping poly. 1 FPoly. 1 overlapping poly. 2
Otherwise poly. 2 must not be coincident with poly. 1
NOoTer Whiere No soparmtion s spoecifiod ., wires rrmay ovorlap or cross (e, motal may cross any layaor). For powaell CMOS, n-dift
wiress: caan only oxist insidoe and podiff wires outsadoe powaell For nowell € OS5, p o diff wiron caan on erximt insnidoe and n-dift wires

outside nowell

Avoid coincident edges where metal 1 and meral 2 runs follow the same
path: for ~ 25 jarm length (underlap rmetal 7 edges by O.8 jamn).

Transistor related design rules (ORBIT 2 am CMOS)

2 parm Minimum sizes and overlaps 2| —
—— [——-- Il Minimum overlap of
= fypied Minimum overlap of S g-dmug‘ont(p’ et
: —— aates,
;\\X TS n-diffusion (N -+ active) SN $ATXS wyense
3 pam V/:ﬁ/ baeyond gates 3 aam l7/ S %
min. wictth %%/ Mo, wiclth //.‘\’J////
Min. e>xtension = — Poly 1 Min, extension 1.5 am L ——————— Poly. 1
1.5 jam Nn-type enhancement P-type enhancement
2.5 Poly. 7 transistors 2.5
l.un‘ 5 parm
| Minimum overlap of S Minimum overlap
———— S | —— -diffusion (N active) —— 25 | ——— of p-ditffusion
AN M beyond gate. PN am (P~ active)
S i beyond gate
3 garm W % 3 = ,_/f/ > 28 9
min. width _//‘; = | min. widt g
Min. extension 2 ~\\‘* —— oy = Min. extension 2 jam D :‘ —— oly. 2

parm e
Natype enhancement ; p-type enhancement
FPoly. 2 transistors=s
2.5 jam miin. separation — e ——
contact cut to gate and ___— - E
overiap of diffusion i

1.5 am NSNS

Soparm

All devices shown are
Nnaype. The same rules
apply for p-type.

=
VA == =~ O | 2um (B = Esvinn |
* = = I <] I = 2.5 jum min. sepn contact cut to
) SSSaew arm gate and overlap of diff
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__ Aditya Engineering College (A)

<
\ subst-ate

COMMICCtor

P devices/wires

4

et — Demarcaticn lime
| — | ——-

E-vwvesll
crrramesccticon

€ =

CMOS imvartocr

\/‘-. S

B aovavanil

VL)[)

Limpler maovvesll haseact BERhCNMOS
inverterr (shok chagram)

Alternative desiagr for an raowell Dased BICMOS iriverter

5/15/2023.

Color plate 1 ()

Simple symbolic notation

Transistors

YELLOW

l — Couathir e

GREEN

Nn-channe:! -
vathimes

MOS

o -haanmn el
NMOSS

Mgy
BiCMOS

VWIRES ctc., aas /or stick diagraam=s

VLSI Design Unit Il

Vs

Simple aswell based BICMOS invertar (symbto ic
cliamg A )
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Color stick diagram examples. (See Figure 3—1(d) Monochrome stick

diagrams and simple symbolic encodings )
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CMOS inverter I/P & O/P on polysilicon

v(J{:
— 9/?
Demarcanon
PT mask / line
Pt mask
o o~
P-well . < e
Stick diagram g B -wesll e

Voo =
Vaes

< Color fill
Color outline
o =2 3 T0 TS
Lambda L 1 1 1 1
Lamibcda

35%

g 4

o~

o

|

—— T |

Color hatching
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Minimum Thinox Minimum separation
width . ~ (where specified) Minimum
n-diffusion p-diffusion Metal 1 width
a9 """ e
3IA" S

e Y
» MmMDRERERSRS SS, S - ad

2> MRy =

Polysilicon a9

Where no separation is specified, wires may overlap or
cross (e.g. metal is not constrained by any other layer). axr
For p-well CMOS, note that n-diffusion wires can only

exist inside and p-diffusion wires outside the p-well. _

*Note: Many fabrication houses now accept 2A diffusion to diffusion 42
separation and 2A metal 1 width and separation.
Figure 3—6 Design rules for wires (nMOS and CMOS)
Minimum size transistors
—
(enhancement) (enhancement)
Extensions and separations Diffusion is not to

- decrease in width
Separation from contact cut < 22 from lysilicon

to transistor

Ir;‘\j)lant for an

NnMOS depletion mode transistor
to extend 2A minimum beyond
channel® in all directions

("and beyond polysilicon

with buried contact)

o _y_ ——— Separation from Polysilicon to extend =
2A minimum implant to a minimum of 2A beyond ! 1
gq— — g — —— another transistor diffusion boundaries

1 (width constant)

. Thinox mask = union of n-diffusion, p-diffusion, and channel regions
S Z . - [~ Transistor channel
Key: NN Polysilicon % n-diffusion p-diffusion (polysilicon over thinox)

Figure 3—7 Transistor design rules (NnMOS, pMOS, and CMOS)
5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 52
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Ay

s Cr”ﬂﬂ‘”‘"
§ 4
o | 2a] |=2x]

Minimum separation

AR ey

Ay

on 42 x 4A superimposed :
areas of layers to be joined =, Multiple cuts
in@all.cases minimum

2. Via (contact from metal 2 to metal 1 and thence to other layers)
22 minimum separation

Vi-a ! ' . (if other spacings allow)
T— H
Cut
\ 42 x 42 area of overlap with
2A x 2A via at center
Metal 1

Via and cut used to ———fE—

connect metal 2 to
diffusion

Figure 3—8 Contacts (NnMOS and CMOS)

3.3.2 Contact cuts

When making contacts between polysilicon and diffusion in nMOS circuits it
should be recognized that there are three possible approaches — poly. to metal
then metal to diff., or a buried conracr poly. to diff., or a burring conracr (poly. to
diff. using metal). Of the latter two, the buried contact is the most widely used,
giving economy in space and a reliable contact. Butting contacts were widely
used at one time but have been mostly superseded by buried contacts and have
been included here and in the figures for the sake of completeness. In CMOS
designs, poly. to diff. contacts are almost always made via metal.

When making connections between metal and either of the other two layers
(as in Figure 3—8), the process is guite simple. The 2A < 2A contact cut indicates
an area in which the oxide is to be removed down to the underlying polysilicon
or diffusion surface. When deposition of the metal layer takes place the metal is
deposited through the contact cut areas onto the underlying area so that contact is
made between the layers.
When connecting diffusion to polysilicon using the butting contact approach

(see Figure 3—9), the process is rather more complex. In effect, a 2A < 2A contact

| cut is made down to each of the layers te-be joined: The layers are butted together
in such a way that these two contact cuts become contiguous. Since the polysilicon
and diffusion cutlines overlap and thin oxide under polysilicon acts as a mask in

5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 53
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I <

Buried contact: Basically, layvers are joined owver a 232 >x 220 Area withh the buried contact
extending by 12 in all directions arocound thhe contact area except thhat the contact cut extensior
iNncreaed to Z2A in diffusion paths leaving the contact area. T his is to avoid formTming unmnwani
Transistors (see following examples) .

Unrelated polysilicomn or
diffusion | E— |

TObey separation rule

Special case
whemn used
imn pull-up
transistors
for mMmhNNMO S
(Gmplilant

MNot shhowwnmn)

42._& 2 _
S %‘-‘ = Butting contact

CThamnnmel
lemngth
=

Special case
e . g. pull-up
tTransistor

imn NMhNMO S
Grmplant mnot

.

|

sSshown) %§§ Butting contact
zz sSshown wwithout
zz metal lid for
clarnty
Figure 32— 9 <Y ontacts polysilicomn to diffusiomn (NmMANMOS only inmn the rmain tex<t)

the diffusion process, thhe polysilicomn and diffusion Iavers are also butted togse
T he contact betvween the tvwo butting Ilayvers is then mmade by =2 smetal overl:
shovwn in thhe figure. It is hoped that the crTross—-sectional view of the butting co:
in Figurse 33— 1 0(C(b) helps to nmnake the nature of the contact apparent.

The buried contact approach shovwn in Figures 3—9 and 3— 10 is sirmples
contact cut (broken Iine) in thhis case indicating vwhere the thin oxide is
rermoved torTeveal the surface of thhe silicon wafer before polysilicon is depos
Thus, the polysilicon is deposited directly on the underlying ocrystalline w
VW EIE/2diffusion takes place., AShgonbntifties = ill AdiffffijbsheAssionicPragsesffbolysiliccih as we



Aditya Engineering College (A)

Thi Minimum separations
vvndth O as shown

Nn-diffusion (n* active) p -diff. (p* active) Metal 1

R ot 1o e | -

n-diff. and p-diff. cannot cross or join * + S=2.5um

- X4

Igl

Metal 1 tometal1 o_2 5 ,;/m

—BE=
swmlpzZe - Poly. to diff. 1
. 1 pm sep. diff_/poly 1 1.5 pmm separation diff /poly. 2 ——— Mates = -
=1+ SN = = :
— : ) :l
2 =3 Metal 2 to metal 2 |
N — sumfby
- . -
\% — |
=1 1.5 i i ‘ —=
N & M miin. overiap ———aa—
Cepescnore poty. Vg AiNe cowi e oo v i
Poly. 2 overilapping poly.1 Poly. 1 ove.rizapping %%;:,Z’rzaﬁggég’géfx

Otherwise polysilicon 2 must not be coincident with polysilicon 1

Note: Where no separation is specified, wires may overlap or cross (e.g. metal may cross any layer). For p-w
CMOS, n-diff. wires can only exist inside and p-diff. wires outside the p-well. For n-well CMOS, p-dif
can only exist inside and n-diff. wires outside the n-well.

Figure 3—13(@@) Design rules for wires (interconnects) (Orbit 2 pprm CAMOS)

3.6 1.2 pun double metal, single poly. CMOS rules?

As fabrication technology improves, so the feature size reduces and a sej

set of micron-based design rules must accompany each new feature size. In

to open up the possibilities presented by this text, we have included the O

1.2 pum rules in Appendix B together with the relevant electrical paramete
5/15/2023 VLSI Design Unit Il P. Bujjibabu, Assistant Professor, ECE 55
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Rules for contacts anmnd vias (ORI T = tarm ChAaco = >

o pobhy. 1 or pohy. =2

Aditya Engineering College (A)

=2. Meaetal 1 to iy~ or pr active (diff )

NMotal 1 poly. =2 W
i . S

30\

=
-
-

-~
- =
&

A A

Ly “3 zaFvTye S garTy

A 4 h 4

= jpamm
<3 zav¥y

-

4

Srmative color representations

1=

tT=ct cuts

S = =2 parm mMiin. sSeparaation

——-’ S |——— =_ 5 garn

Moet=l 1 07 p™ sasactive

—— =y ——— NP wwidth

ZIITEE

T .5 parm

= garTmy

— T .5 garm

”ﬁ

tive color separations

*
s

.
*

=2 parm Mmiin. space from viaa to 1.5 ;.l.r'r.\ T .5 garm
FPoiy. 1T or =2 or active edge
et=l 2 1o Mmetal 1 and thence to other lavers ¥ .= garrs Wim outside active to active edge
= parmy tmin. wwidth * =.5 * =S parvy rmin. wwicth

m

1l

i

rtH

2;,u—r\rr\ih.l I

=4S 3ty

muoust Not be placed ovesr comntacis._

/‘- = 3
e

=Sctivve
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 edge
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e= for i—well and V5

Aditya Engineering College (A)
= and Vg o contacts (ORBIT 2 aam CMOS processS)

Vs and Voo contacts

To m™
S.S atm =
azlials

Metaal 1 (ha=toching omitted
for Aartty
wype featuures

N —welht

\ 4 patm
e l/j !
Aem QTR
_:__ e o —— Vs o contact
i —— i V=ss
S garm
¢ o contact
to substrate

to n-well.

Note
Tthat edges of well
andad contact Mmay
coincide.

N —wel

N -—well

Rules for pa=ad and overglass geometry

(ORBI'T 2 uum MO S)
\___—,__ 1 OO0 am

——-‘——"\ \—“——— 1 OO amm ——»—\
100 x 100 tamm metal 1
; - ; 5 : 3 ; = : 3 ; 3 : 3 = e = and metal 2
S e — —— = —a—3 = e R e
== E=3 A = =
:—J **: SO arm ==
1 00 1am & S overglass — = 4 OO0 1]am
—3= == opening —— - SO x SO arm
5 = ; : aperture in
S =1 * = & overglass
= =) +— =
o e B s v e+ 3 s 3 e 333 4+t
SO 1 7S aarm rmiin.
\_‘_overg|ass \_‘_—————’—\ 20 parm . \k S arm min. met=al
opening M. . overiap of overglass
r scrice ring J
9157/%@23’(.}185 = erncodings:
Via overtap of paa 2

VLSI Design Unit 1l

O jarm mMiinirmuarm

aravy .
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z
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Do
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= E% (b) (ii) Mask layout
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Input socource through
pass transistors
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VYoo

= (aa) (i) Stick diagram
O/
1= 1= =3
SIND
A <
L l Input from an

E Voo
(b) (i) Stick diagram
o/~
A

(Optionai ) /

demarcation
lime

inmnvertsasr output
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Choice of layers or General observations

)M _ENLIGHTENS THE NESCIENCE <

= 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
1) Where fast signal lines are required, and in relation to signals on wiring which has
relatively higher values of RS.
1) The diffusion areas have higher values of capacitance to substrate and are harder
to drive.



Choice of layers

= QOver 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
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