UNIT-2

INTRODUCTION:

Stick diagrams and lavout diagrams are used for the representation  of different
components and circuits in VLSI. All these aspects are explained in this chapter.

VLSI DESIGN FLOW
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MOS LAYERS
MOS circuits are formed from four basic layers — n-diffusion, p-diffusion, polysilicon

and metal. They are 1solated from each other with thinox (thin sihcon dioxide) lavers.
When polysilicon and thinox regions cross one another a transistor 1s formed. Layers are

Joined together to form contacts.

The actual circuit in silicon is represented by simple diagrams which convey both laver

information and topology.
STICK DIAGRAM

Stick diagrams are used to convey laver information though the use of color code. In the

case of nMOS design:-
— Green — n-diffusion
— Red -polysilicon
—.. Blue-metal
_' Yellow-implant
—.: Black-contact areas

Monochrome encoding of the lines is used to represent the diagrams in black and

white.
The simple set required for a single metal nMOS design 1s set out n first figure,

For double metal cmos p-well process, encodings are in second figure.

N-MOS DESIGN STYLE:-

The layout of nMOS involves the color encoding given
previously and a transistor is formed wherever polysilicon crosses n-diffusion (red over

green)

All diffusion wires (inter connections) are n-type (green)



mmmmp Iirst step is to draw the metal (blue) Vipp and GND rails with enough space between
them

B Thinox (green) paths may be drawn between the rails for inverters.

mmmp A depletion mode transistor is connected between output point to Vpp and a pull down
structure of enhancement mode are suitably connected between output point and ground.

W Long signal paths require metal buses (blue)
Examples of nMOS stick layout design style.
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CMOSdesign style:
CMOS representations are extension of NMOS approach.

Yellow in cmos design is used to
identify p-transistors and wires, as depletion mode devices are not used.

P-type (red over vellow)

N-type (red over green)

|:D> First the Vpp and Vss rails are drawn and then demarcation hine 18 drawn

[ > P and n transistors are drawn

I:D> Metal and diffusion connections are made

I:E} Remaining interconnections are made



Examples of cmos stick lavout design stvle.

{Using a 1-bit shift register stage as an example)
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METAL AND DIFFUSION CONNECTIONS




stick diagram for n-mos inverter

Vion
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DESIGN RULES AND LAYOUT

The aim 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.

LAMBDA-BASED DESIGN RULES:-

Design rules and lavout methodology based on the concept of & provide a process and
feature size independent way of setting out mask dimensions to scale. All paths in layers
are dimensioned in . units and subsequently A can be allocated an appropriate value
compatible with the feature size of the fabrication process.



Design rules for wires (nMOS and CMOS)

Minimum width minimum separation (where
specified)
Thinox

N-diffusion p-diffusion metal |
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Where no separation is specified, wires may overlap or cross (e.g. metal is not
constrained by any other laver) for p-well cmos note that n-diffusion wires can only exist
inside and p-diffusion wires out side the p-well.
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Polysilicon

Note: many fabrication houses now accept 24 metal 1 width and separation.

Transistor design rules (nMOS, pMOS mos and CMOS)
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n MOS (enhancement)
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metal 1 to polysilicon or to diffusion .

3 minimum

—_— | 4 minimum separation multiple
cuts

2k minimum

2h.%2% cut centered on 4&x4A superimposed area of layers to be joined in all cases

Via (contact from metal 2 to metall and hence to other layers)

2i minimum separation (if other spacing’s allowed)

= . 4hx43, arca of overlap with

Metal 2

2h=2% via at center

Vietal |

Via and cut used

to connect metal 2 )
to diffusion

Contacts (nMOS and CMOS)

CONTACT CUTS



When making contacts between polysilicon and diffusion in nMOS
circuits it should be recognized that there are three possible approaches polv to metal to
diffusion or a buried contact poly to diffusion
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CMOSLAMDA BASED DESIGN RULES



Cmos fabrication 1s much more
complex than n-mos fabrication. These rules form the abstract of the exact manufacturing

process. To n-type features

Metal (hatching
3| omitted for s :__
! clarity) 2
7 ‘ g ’
Vi E
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p-well (24x2% cut i
on 4hx4k overlap /'E

area)

To p-type features

Each of the above arrangements can be merged into single ‘split’ contacts.

il =1L

NOTE: split contacts may ;
also be made with separate |




4
P-well and p° mask rules
5=2% minimum for wells at same potential

S=6x mimimum for wells at different potentials
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Mininmum /
_____________________________ :  spacing to *«*s?;} -
P-well must overlap all enclosed thinox 7
by minimum as shown .thinox must not %

cross well boundary

Minimum width=4%

pM CMOS DESIGN RULES

The encoding is compatible with that already described where as following extension
are made: n-well brown —

Poly 1— red; poly 2 — orange: diff (n-active) — green; p Diff (p-active) —»
yellow.

For BICMOS the following are
added: buried n” sub collector- pale green: p-base--pink.

Minimum width Maximum separation

Minimum
Thin~x as shown
.
N-diffusion (n+ active) S s-difr_ (P13 dTin Metal |
ez, N+~
A — LA
N-diff .and p-diff. cannot cross or join S=2.51 Metal 1 to §=2.5 um
um 2
lum sep. difffpoly. S 1.5 um separation d ff, kel
2um W/ /‘,//_'/’,7/“ % 3pum
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1.5 pm
min.edge to
edge

1.5 pm mun,
overlap

Poly 1 Overlapping
poly.2

1.5pm min.

overlap

capacitors poly.
Poly. 2 overlapping poly.| 1/poly.2

AVOID COINCIDENT EDGES WHERE METAL I
AND METAL 2 RUNS FOLLOW THE SAME PATH
FOR =25um LENGTH (UNDER LAP METAL 1

Design rules for wires (interconnects) (orbit 2um CMOS)

2um DOUBLE METAL, SINGLE POLY CMOS RULES

The orbit ™ |.2um rules provide

improved feature size. A separate set of micro based design rules accompany them

Design rules for wires (interconnects) (orbit 1.2 pm CMOS)

Minimum width Th_mu Minimum separation as Minimum width
*’ ’ l shown
~diffusi IV 5 diff.(p+ 2.2ur
5 n-diff .and p-diff. cannot cross or
: §=1.2um Melal 1 ln
i, I
0.4 um separation Diff. /polv Paly to diff 2.2ur
Polvsilicon .8um Polyo oy - Ay
metal2 1.6 um
1.2pm
2 um

Avoid coincident edges where metal 1 and metal2 mns follow the same path
for=25um length (under lap metal 1 edges by 0.8 um).
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MASK LAYOUT OF A CMOSNOR GATE:

STICK DIAGRAM LAYOUT

N-WELL AND ACTIVE AREA MASKS POLY MASK-> DEFINE NMOS AND
PMOS
TRANSISTORS



METAL MASK FOR Vpp, GND AND OUTPUT CONNECTIONS
TRANSISTOR AND STICK DIAGRAM REPRESENTATION :
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SCALING OF MOS CIRCUITS

Scaling means to reduce the feature size and to achieve higher packing density of
circuitry on a chip, Many figures of merit such as minimum feature size, number of gates
on one chip, power dissipation, maximum operational frequency, die size, production
cost can be improved by shrinking the dimensions of transistors, interconnections and the
separation between features, and by adjusting the doping levels and supply voltages.

SCALING MODELS AND SCALING FACTORS:

The most commonly used
models are the constant electric field scaling models and the constant voltage scaling
model. One more model called as combined voltage and dimension scaling model is
presented recently. The following figure indicates the device dimensions and substrate
doping level which are associated with the scaling of a transistor.

e
b B R R L B

o g o e e

Two scaling factors /o, 1/ are
used. 1/p 1s chosen as the scaling factor for supply voltage Vpp and gate oxide thickness
D, and 1/u is used for all other linear dimensions, both vertical and horizontal to chip
surface.



SCALING FACTORS FOR DEVICE PARAMETERS:
GATE AREA AG :
Ag=L.W

Where L and W are the channel length and width respectively, both are scaled by 1/a. So
Ag is scaled by 1/of®

GATE CAPACITANCE PER UNIT ARE Co OR Cox:

C.,=Eox/D

Where Eqx is the permittivity of the gate oxide (thinox) (=E;..Eo) and D is the
gate oxide thickness which is scaled by 1/

Thus Co is scaled by 1/1/p=p
GATE CAPACITANCE C;:

C;=Co L.W

Thus C, is scaled by p.1/a’=p/o’
PARASITIC CAPACITANCE Cy:

Cx 1s proportional to Ax/d.

Where d is the depletion width around source or drain which is scaled by 1/a and Ay is
the area of depletion region around source or drain which is scaled by 1/a,. 1/1/a =1/a

CARRIER DENSITY IN CHANNEL Q,,
Qon=C,.Vy
Where Qon is the average
charge per unit area in the channel in the ‘on’ state. C, is scaled by 8 and V, is scaled by

1/B.
Thus Q. is scaled by 1.
CHANNEL RESISTANCE R,
Ron=L/W.Qqn.pt

Where p is the carrier mobility in the channel and is assumed constant, Thus R, is
scaled by 1/a.1/1/a=1.



GATE DELAY T,

Td is proportional to R,,.C,,

Thus Ty is scaled by p*/a’
MAXIMUM OPERATING FREQUENCY Fq:
F , =W/L *nCoVpp/Cg
Or f, is inversely proportional to delay T4. Thus f; is scaled by 1/p/a’ =a’/p
SATURATION CURRENT lpss:
Liss=Con/2.W/L. (Vg=Vy)’

Nothing that both V, and V, are
scaled by 1/p,we have I is scaled by [( 1/B)’=1/p.

CURRENT DENSITY J:

J=lae/A

Where A is the cross sectional area of the channel in the
' R 2
‘on’ state which is scaled by 1/a

So, I is scaled by 1/p/1/a’=a’/p.
SWITCHING ENERGY PER GATE E:

Eg=C,/ 2-(“11})2

So Eg is scaled by p/a’. 1/p*=1/a’p
POWER DISSIPATION PER GATE P,:

P, comprise two components such that
Where the static component

Pgsz (VBD) IIRﬂn



And the dynamic component
Pgd:EEﬁ,

It will be seen that both P, and P,y are scaled by I.f[i2
POWER DISSIPATION PER UNIT AREA:

P. =P,/A,
So Pa is scaled by 1/p/1/o’=c’/p?
POWER-SPEED PRODUCT Py
Pr=P,.T4

So PT is scaled by 1/B* pla’=1/o’p

LIMITATIONS OF SCALING

Scaling may cause a problem which prevents further
miniaturization.

Substrate doping: -

The built-in (junction) potential Vg, 1s small compared with Vpp.
(a) Substrate doping scaling factors:

As the channel length of a MOS transistor is reduced, the depletion
region widths must also be scaled down to prevent the source and drain depletion regions

Ng 15 thus maintained at a
satisfactory level in the channel region and thus problem is reduced. But depletion width
d and built in potential Vi will impose limitations on scaling.



We have Eqe =2V/d

Where E,.x is the maximum electric field induced in one-sided
step junction

When Ng is increased by a and if V=0, then Vjp is increased

by In @ and d is decreased by )\/ In o/a.

There E is increased by inverse of this factor and reaches
E’I;,Ti.l
Limits of miniaturization

The minimum size of transistor is determined by both process
technology and the physics of the device itself.
Transistor size is defined in terms of channel length L. L can be decreased as long as
there is no punch through i.e. The depletion region around source should not come closer
to that around the drain. So L must be at least 2d from meeting. Depletion region width d
for the junctions is given by

D=\2E4E,V/qNg
Where
Eq= relative permittivity of silicon (~12)
Eo= permittivity of free space (=8.85x10"-14)
V=effective voltage across the junction
V=V.Vg
g=clectron charge
Ng=doping level of substrate.

V.= (maximum value =Vpp)=applied voltage

Vg=built-in (junction) potential



And Vg =KT/q. In (NpNp/n:)

Where Np, is the source or drain doping and n;
is the intrinsic carrier concentration in silicon.

Depletion width

When Np is increased, the depletion width decreases and V,
increases which is not desirable.

We have Vgin =pE
Vain 18 the carrier drift velocity and L=2d
Transit time T =L/Vanr =2d/pE

Limits due to interconnect and contact resistance

Since the width, thickness and spacing are scaled by 1/a, cross-section area
must be scaled by 1/a” . Thus R is increased by @ and 1 is scaled by 1/a. so IR drop
remains constant, Thus driving capability and noise margins are degraded.

The propagation delay T, along a
single aluminum interconnect can be calculated from the following equation
Tp=RimCint+Z-3(Rancint+RonCL+Rintcl_)

Tp # (2.3R,u+Rip).Cint
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MODEL OF METAL INTERCONNECT

Inter connect



Now
Ru=pL/HW
e 0.222
Cint =Eox| 1.15W/t,,+2.28(H/t,,) | L
Where R, is the ON resistance of the transistor.
Riu 18 the resistance of the inferconnect
Ciy 1 the capacitance of interconnect
tox 18 the thickness of dielectric oxide.

p is the resistivity of interconnect L,W,H are the length, width and height of
the interconnect.



