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VLSI Systems
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Photolithografy
Oxidation

Layer deposition
Etching
Diffusion
Implantation
Tape-out to Fab

Process Instabilities
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Mask

Basic Concept
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PHTOLITHOGRAPHY ik

Photolithography using positive
photoresist

Photoresist
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PHTOLITHOGRAPHY

Photolithography using negative
photoresist
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Photoresist
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(a)

OXIDATION

Oxidation of the silicon surface
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OXIDATION

Oxidation through a window in the
oxide
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(a)

OXIDATION

Selective SiO, growth using local Oxide pad |

oxidation (b)
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LAYER DEPOSITION

Deposition of a thin solid layer

vapor phase
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(a)

LAYER DEPOSITION
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Thin layer of material in three
different crystallographic forms
deposited on single-crystal silicon
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LAYER DEPOSITION

Physical Vapor Deposition (PVD)
and
Chemical Vapor Deposition (CVD)

High
temperature
Atom of
evaporated
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LAYER DEPOSITION

Epitaxy is a special case of CVD
where a single-crystal silicon layer
is deposited on a single-crystal
silicon substrate

Q

T T AL Ty YT R T T T i e
:-0.-0.-).6:#-1:&:0.4- Q:Q-.Q.Q:Q‘Q:‘:Q.
, ont aut Sl S Sl Sl Sl St Sl Sl el el el
4 AN I

éé éé ééé

-

L

)

6 I 0 0 M0 M0 M M I M W
L

0. .Q.Q.¢.¢.¢.¢.¢.¢.¢'¢-¢-¢-¢-¢-¢-‘¢- 4.4.4.‘-.‘-

e o
.‘.’.’.’.’.’.’.’.“. ’(J
e’e’e’e’e’a’e’e’s’e" s
'000909,8,9,9,9,0 29
o'e’e'e’ele’s’e’s’ /e’
14 9,9,0,8,0,9.9 1 0.9
1 8.0,8.0.8.9 000
900000, 0 00" "'l¢ L)
OOTOCOOOOO0
000 008 0'e" . a'ese's s'e'se’s'e" s

L
LI )
L L + oe's

4
clefelctelcl meamndioam
Eﬁﬁﬁ&&ﬁ?ﬁ%ﬁ%ﬁﬁ*%ﬁ
o'e’e'e’e’e'ss"e"s'e’s

& b,
Vetetrate
tate’ate’a’e avate e e e e e e e a e rata e

- "‘. s g e




(a)

ETCHING

Etching is the removal of material
from areas unprotected by
photoresist.

Wet Etching
An isotropic process using liquid
chemicals.
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ETCHING

Dry Etching
Using gas under reduced pressure.
Anisotropic
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DIFFUSION

The processing step to introduce
dopants into the semiconductor
substrate.
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{a)

DIFFUSION

Diffusion of dopants through a
window in the SiO, layer.
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{a)

DIFFUSION

Silicon
Source
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Diffusion with constant source
concentration.
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IMPLANTATION

lon implantation of dopants
through a window in the SiO, layer.
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To remove the damage created in the
crystal lattice by the ion implantation,
the wafer has to be annealed at a
proper temperature and time period.
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IMPLANTATION

Effects of process variables in ion
implantation.
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LAYOUT TO FAB
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Layout of an nMOS inverter.
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{a) "

LAYOUT TO FAB = -
|
Photolithographic Masks. : . : I
Design mask transformation. B = Il -
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LAYOUT TO FAB

|IC Manufacturing Process.

Manufacturing wafer.

Manufacturing wafer
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Location of the edge of
the diffusion region in
the IC design

PROCESS INSTABILITIES

Opaque regiun\. Transparent region

Errors in the location of the B Mask

diffusion region boundary. l_! correction of
lithography errors

Resist exposure and
development errors

Nitride over-etching
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Displacement of the
4 diffusion reqgion
boundary in the actual IC

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr




DESIGN ACTUAL 1T

PROCESS INSTABILITIES

Mask misalignment.

Ideal metal-poly

contact Faulty metal-poly

contact

aaaaaaaaaaaaaaaa

Avanew

I_‘: I\Edge in the —*

metal

LR R LR

mask HMetal % o . L
mask e }EJ
cogo n ne EI90 0 00 misovmnmanc | rolgmosk
polysilicon %5 Contact %914
mask mask
misalignment

25 veclor



PROCESS INSTABILITIES

Variations of the oxide thickness
among and within IC chips at
different locations of the wafer.
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PROCESS INSTABILITIES peeion ACTUAL IC

Process-Design Relationship.

Discrepancies between concepts
used in the design and the actual
elements of the IC: a) metal line, (b}

b) contact cut and c) diffusion
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PROCESS INSTABILITIES

Geometrical Design Rules.

The minimal spacing between
edges of two regions is determined
by the fluctuations in the location
of their boundaries in the actual IC.
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PROCESS INSTABILITIES

(n) (c)
A set of geometrical design rules . 23
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