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v'"MOS designs are used for making masks for fabrication.

v'"MOS circuits consists of four basic layers
n-diffusion
p-diffusion
polysilicon
metal

v'Stick diagram hides lower level circuit details and electrical parameters
such as current, speed and noise, but comes one step closer to actual
layout.

v'One of the fundamental difficulties in specifying design rules is that the
fabrication processes are undergoing rapid evolutionary changes.



Stick Diagrams

1 \m
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Stick diagram are used to convey layer information through the
use of color code



Stick Diagrams




Stick Diagrams
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Stick Diagrams

VLSI design aims to translate circuit
concepts onto silicon.

stick diagrams are a means of capturing
topography and layer information using
simple diagrams.

Stick diagrams convey layer information
through colour codes (or monochrome
encoding).

Acts as an interface between symbolic
circuit and the actual layout.



Stick Diagrams

Does show all components/vias.
It shows relative placement of components.
Goes one step closer to the layout
Helps plan the layout and routing

A stick diagram is a cartoon of a layout.



Stick Diagrams

= Does not show
» Exact placement of components
* Transistor sizes
* Wire lengths, wire widths, tub boundaries.
* Any other low level detalls such as parasitics..



Stick Diagrams

= Does not show
» Exact placement of components
* Transistor sizes
* Wire lengths, wire widths, tub boundaries.
* Any other low level detalls such as parasitics..






Stick Diagrams — Notations

Metal l I R © = = » o o » &» <o EIeTs e

poly
NAIff ——— e e G .

pdiff
Can also draw

in shades of
gray/line style.

Similarly for contacts, via, tub etc..



Stick Diagrams — Some rules

Rule 1.

When two or more ‘sticks’ of the same
type cross or touch each other that
represents electrical contact.




Stick Diagrams — Some rules

Rule 2.

When two or more ‘sticks’ of different type
cross or touch each other there iIs no electrical
contact.

(If electrical contact is needed we have to show the connection explicitly).

\ |
i +




Stick Diagrams — Some rules
Rule 3.

When a poly crosses diffusion it
represents a transistor.

|
+ +

Note: If a contact is shown then it is not a transistor.




Stick Diagrams — Some rules

Rule 4.

In CMOS a demarcation line is drawn to
avoid touching of p-diff with n-diff. All pMOS
must lie on one side of the line and all
nMOS will have to be on the f[ther side.



How to draw Stick Diagrams
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Stick Diagrams

 Summary:

— What is stick diagram?
— Why stick diagram?

— Conventions and rules related to stick
diagram.

— Drawing stick diagrams.



Stick Diagrams

« Home work:

1. Draw the stick diagram for two input CMOS
NAND gate.

2. Draw the stick diagram for two input NAND
gate using NMOS Logic.

3. Draw the stick diagram for 2:1 MUX using
a) Pass transistors
b) Transmission gates.



COLOR STICK ENCODING LAYERS MASK LAYOUT ENCODING CIF LAYER

n-diffusion
1 E"* ad‘“”] G ND

GREEN I Thinox* e s ”
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B . L | vew | [T i
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BLACK o Contact cut o | NG
GRAY NOT APPLICABLE Overglass l l s
nMOS
ONLY i Implant NI
YELLOVWV
nMOS .
ONLY S Buried
BROWN contact e
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L: W (L: W =
n-type 1 1:1)
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///1/{' s
G s N D

Transistor length to width ratio L: W should be shown. G
LW . ~—— (L:W =
n-type depletion g Lw q B N iy
mode transistor -+_ = = ID l DI o e .:}///;’
MOS only i o s m,. D E%’ L=
n on .
> N

Source, drain and gate labelling will not normally be shown.
1

A

COLOR PLATE 1(a) Encodings for a simple single metal NMOS process. (See Figure 3.1(a)

for NMOS monochrome encoding details.)



CIF LAY
CTOLOR STICK ENCODING LAY ERS MASK LAYOUT ENCODING §
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rnmw; transistor channeils or
REEN 1 (n* active — NA
= l__ Thinox* 1 —_— —gp? —
== 1 Polysilicon i ;
_ReD | Encoding as in | Foy=iEen |} Encod ingasin — — —| — —
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_GRA_Y‘ T ’__ T T _ oy Overglass r coG
i cAA
YELLOW p-difusion =3 o
(STICK) T (p~ active) | CPA
green outline here for
clarnity either or
YELLOW Not shown on P’ mask CPP
diagram
DARK
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BLACK =) VIA E CVA
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p-well edge is shown as P-wel CcrPWwW
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stick diagrams v
m ¥
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Note: p-type transistors are placed above and n-type below the demarcation line S P mask
COLOR PLATE 1(b)

Color encodings for a double metal CMOS P-well process. The same

well encoding and demarcation line is used for an n-well process. For
a p-well process, the n features are in the well. For an n-well process,
the p features are in the well. (See Figure 3.1(b) for CMOS monochrome
encoding details.)



poly. 2 transistor.

Transistor length to width ratio L: W may be shown.
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See Figure 3.13(f)
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r

Additional encodings for a double metal double poly. BiCMOS n-well
The same well encoding and demarcation line as in Figure
-well process. For a p-well process, the n features
See,Color plate 6 for additional BiCMOS color encoding
Eea-d
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COLOR PLATE 1(d) Color stick diagram examples. (See Figure 3.1(d) monochrome stick
diagrams and simple symbolic encoding.)
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STICK ENCODING LAYERS MASK LAYOUT ENCODING CIF LAYER
MONOCHROME MONOCHROME

L n-diffusion
oo || ND
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* Thinox = n-diff. + transistor channeils

- Povsiicon | NNNNNY N
BLUE ﬁ— J_ Metal 1 l””””””””””””I NM

COLOR

BLACK E=) Contact cut . NC
e SR 1
GRAY NOT APPLICABLE Overglass i i NG
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nMOS . ————
ONLY > : Implant . s NI
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nMOS : 5T
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S D
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source, drain and gate labeling will not normally be shown.

: : —— GREEN o —QS‘ -~ (LW =
n-Og,)e,dep /e)f;on = e —=— outline . N o B
modoe transistor i S/ S (COLOR) = 7/
§ G\ . Seeses .
NnMOS ONLY RED line D v
YELLOW (COLOR) L L _
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FIGURE 3.1(a) Encodings for a simple metal nMOS process (see Color plate 1(a) for nMOS

color encoding details).



COLOR STICK ENCODING LAYERS MASK LAYOUT ENCODING CiF LAYER
o ROM A A
— e rmemMe ?r;?.lf;%?:\?gz] * Thinox = n-dl?‘:cjr:fzif.':l tr.’:cj'\sisEtor channels Cor
GREEN = Thinox - o A
== e === 5 T e i ENCODIN — _ r— R .
RED Egclll\?DlNG Polysilicon AS(I:N = CPF
BLUE FIGURE 3—1(a) MASTET 1 FIGURE 3—1(a) ~ CMFE
BLACK Contact cut cC
S —_—— e ——— _— —_— _— —_— —_—— _ ——— —_— e —_ — _— R — - — ——
GRAY Overglass CcCOG
REEN IN . . PT mask CAA
S—o— (MASK) H__ p—d(ﬁuSlOn 5 “““ ef“““*““‘*“““‘s or
e H N ™
YELLOW |=——JF (B activa) Vo A cPA
(STICK) U S S —— :
NOT SHOWN IN TTooTTTTTTT : ceP
NS STICK DIAGRAM p+ mask i !
DARK
BLUE OR NMetal 2 CcMSsS
PURPLE
" E1 cva
BLACK- g = ViA
DEMARCATION LINE e T e S R
BROWN p-well edge is shown as = p-well < ‘ vy
demarcation line in stick N %
diagtfams ¥ s = === = === - - - =
(TFERRD e
BLACK x Voo or Voo = z 3 :ﬁ: n =C
CONTACT g8z E8Bi 1{5\5
FEATURE FEATURE (STICK) FEATURE (SYMBOL) FEATURE (MASK)
(MONOCHROME) (MONOCHROME) (MONOCHROME)
r-tpe DEMARCATION L.IIEI_E
enfriencermerzt : _
mrode rarrs/stor ” : L- W r 3 l:r— GREEN
(as in Figure 3—1(a) ) U = T RED
Transistor length to width ratio L:W may be shown.
M : = ;
p-pe = LW T3 o™ YELLOW : S
ernfrancerrrent S D : T /
rmode rarrsistor U = o = \D i 421 i
——— e ——tass S=—— — G RED 3 S D 3
DEMARCATION LINE s s e NNy s s~
Note: p-type transistors are placed above and n-type transistors below the demarcation line P+t mas (& j

The same well encoding and demarcation line are used for an n-well process.
For p-well process, the n features are in the well. For an n-well process, the p features are in the well.



COLOR STICK ENCODING LAYERS MASK LAYOUT ENCODING | CIF LAYER
MONOCHROM% MONOCHROME
ORANGE - | Potvsilieon 2 AR crs
SEE Bipolar npn
COLOR transistor see Figure 3—13(f) Not applicable
PLATE 1(c)
-baseof | =00l —
PINK Not separately encoded gipolar npn [ A Al Al AT AT CBA
transistor Patan 8lala taln
Buried e RN S
PALE collector of nwel % .
GREEN Not separately encoded bipolar npn \‘ , . CCA
transistor h i T h
FEATURE FEATURE (STICK) FEATURE (SYMBOL) FEATURE (MASK)
(MONOCHROME) (MONOCHROME) (MONOCHRGME)

DEMARCATION LINE

i, ) N
=

n-type enhancerment f-' 5 GREEN
Lo [ =] e

poly: 2 transistor ey

S D S
J G\D S

7

D

ORANGE

G
Transistor‘length to,:vidth ratio L: W may be shown.

— YELLOW '
e > L:w
p-type enhancerment '— ; 3 E_
~_ 7

poly 2 trans/istor L

ORANGE

DEMARCATION LINE
are piacedrabove and n-type transistors below the demarcation line.

Nore: p-type transistors

npr1 bpoiar See Figure 3—13(f)
lransrstor and Color plate 6

The same well encoding and demarcation line as in Figure 3-1(b) are used for an n-well process. For a
¥
p-well process, the n features are in the well. For an n-well process, the p features are in the well.

Additional encodings for a double metal double poly. BICMOS n-well process
(see Color plates 1(c} and 6 for additional CMOS and BiCMOS color encoding

details).

FIGURE 3.1(c)



substrate
connection

p-devices/wires

Simple n-well based BiCMOS Ah . .
inverter (stick diagram) ernative design for an n-well based BiCMOS inverter

Simple symbolic notation v
Do

Transistors

GREEN
Tl (=1 = S

—<hannel YELLOW \%}
os l ———— cutline L s
npn
BiCMOS
Simple n-well ba i i "
WIRES etc., as ior stick diagrams diag?am) sed ?ICMOS inverter (symbolic

COLOR PLATE 1(d) Color stick diagram examples. (See Figure 3.1(d) monochrome stick
diagrams and simple symbolic encoding.)




p devices/wires

4

DEMARCATION
LINE

> ¥

; < Do
substrate
T—— . CONPeCTIon

N devices/wires
(in the p-weil)

1:1
pP-well
GND )( —l—— == | connection
Vs

p-well CMOS inverter

4:1 NMOS inverter

Ves
Simple n-well based BiCMOS Alternative design of an n-well based
inverter (stick diagram) BiCMOS inverter

Voo

SIMPLE SYMBOLIC NOTATION
TRANSISTORS

n-channel GREEN
MOS outline
Von

p—<hannei YELLOW
MOS outline i

i
npn
BiCMOS

Vss
Simple n-well based BiCMOS inverter
Wires etc. as for stick diagrams {symbolic diagram)

Monochrome stick diagram examples
IRE 3.1(d) Stick diagrams and simple symbolic encoding (see also Color plate 1(d)).



(i) Shift register cell

Voo
- GNO
(a) Rails and thinox paths
Voo
»
GNL

(ii) Logic function X=A+ B.C

(b) Pull-up and pull-down structures (polysilicon), implants, and ratios

vP

e ——— - Voo
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: —_ : box
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1 1 /
; 1
. 1
; 1
1
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1
,,,,,,,,,,,,,,,, S SRR g2 !
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! GO
______ . mm—
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VDD
4:1
s 1 :2
1:1 S 1:2
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e -~ v
1 s
i
: o
+ X
1
i i
1 |
i 1
: :
i = : Bus _—

(c) Buses, control signals, interconnections, and ‘leaf-cell’ boundaries

FIGURE 3.3

Examples of "nMOS stick

layout design style.



Do

Demarcation line

g R

(b) n- and p-transistors

(a) Rails and demarcation line

<
3

- v

MR R

Data
UF’_ Data
S . O/P
- - Al .
13 L]
A L]
L] L
L] L}
L}
) L]
: ‘
L] ]
L]
1 ] RV,
Vss Mo T o T it e R o SR e '
¢, o 6, & Vss
1 1 2 2
Bounding box
(c) Metal and diffusion connections (d) Remaining interconnections

Note: The contact crosses in (d) should represent one Vop contact for every four p-transistors and
ane Vgs contact for every four n-transistors.
FIGURE 3.5 Example of CMOS stick layout design style.



Design Rules and Layout

The object of a set of design rules is to allow a ready translation of circuit design
concepts, usually in stick diagram or symbolic form into actual geometry in

silicon.
The design rules basically address two issues:

1. The interactions between different layers.
2. The geometrical reproduction of features that can be reproduced by the mask-making

and lithographical process.

Lambda based Design Rules:
1. The lambda based design rule specify every dimension of a system in terms of

a parameter
A which is subsequently assigned a value, such that the features resulting out

of the design
are supported by the fabrication process.
2. Defining lambda makes design independent of process therefore chip can be

sealed to any
ratio that means today’s design remain usable when line widths are reduced(A)

by advances

in future technology.
3. Under these rules, all dimensions in all layers will be dimensioned in A units and

after that A
IS given an appropriate value acceptable to the feature size of the fabrication

fppt.comnracacc
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2\ Key
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Minimum separation

vha'gt-gnum ) T SR 1 (where specified) Minirmum
) e I B TN

anp_" A E— A _"L s
22 A R EEO-,-,Y | _ 3

2> NI

Polysilicon

Where no separation is specified, wires may overlap or

cross (e.g. metal is not constrained by any other layer). ax
For p-well CMOS, note that n-diffusion wires can only
exist inside and p-diffusion wires outside the p-well. —

a4

*Note: Many fabrication houses now accept 2A diffusion to diffusion
separation and 2A metal 1 width and separation.

Figure 3—6 Design rules for wires (nMOS and CAMOS)

= Minimum size transistors
- 2
6A X 6A
o implant
2 P
- .
nMOS
(enhancement) (enhancement) (depletion)

Extensions and separations Diffusion is not to
decrease in width

< 2A from polysilicon

7.
Z E 22 minimum

%
1
S ’._ i Separation from Polysilicon to extend _gg. g —
a minimum of 22 beyond ! N

2A minimum implant to = | |
q— — A~ — — — another transistor diffusion boundaries
1 (width constant)

Separation from contact cut
to transistor

Implant for an

- / NMOS depletion mode transistor
to extend 2A minimum beyond

channel™ in all directions

("and beyond polysilicon

with buried contact)

Thinox mask = union of n-diffusion. p-diffusion, and channel regions

< = < - [~ Transistor channel
Key: &\\ Polysilicon % n-diffusion z p-diffusion @ (polysilicon over thinox)

FIGURE 3.7 Transistor design rules (NMOS, pMOS and CMOS).



1, Metal 1 to polysilicon or to diffusion /%
| 7l

! 4l LA
{ "’)’:f Lt}
\ \ N 4 :* | V/Vf '//‘Y‘ P
32, minimum N\ : | u " | %
S 7 o ol t
2\ x 2A cut centered ////////A %/ Mini .
on 4 x 4 superimposed g s '”'33&? 'lseegatratnon
areas of layers to be joined L 2}\14 ple cuts

in all cases minimum

2 Via (contact from metal 2 to metal 1 and thence to other layers)

| " 2 minimum separation
v:. |< (if other spacings allow)

Metal 2 | - .

Cut

| Y

\ 4 x 4 area of overlap with
2) x 2A via at center

Metal 1

Via and Cut USed {0 cmmmdiig- 1

connect metal 2 to . ”
diffusion ' Via Cut

§ FIGURE 3.8 Contacts (nMOS and CMOS).
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|
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*Obey separation rule

Special case 77
when used S Z
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for nMOS length
(implant L
not shown) N

a4 B

\ég*' 2. Butting contact

@ %
e \ “ /
Special case NN £ 4A
e.g. pull-up
transistor Channel
L

in nMOS length l . l
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FIGURE 3.9 Contacts polysilicon to diffusion (nMOS only in the main text).
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FIGURE 3.11 Particular rules for p-well CMOS process.
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IGURE 3.12 Further aspects of A-based design rules for contacts, including some factors
contributing to higher yield/reliability.
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FIGURE 3.13(b) Transistor related design rules (Orbit 2 pm CMOS) minimum sizes and overlap:
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Other rules and encodings:

Via overlap of pad 2 pum.

Pad to active separation 20 pm min.

Color encoding for overglass mask . . . Gray

Rules for pad and overglass geometry (Orbit 2 uym CMOS).
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FIGURE 3.13(f) Special rules for BICMOS transistors (Orbit 2 um CMOS).
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FIGURE 3.16 Two I/P nMOS Nor gate.
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