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Preliminaries — Defects

Yield - fraction of operational ICs manufactured

Yield losses — caused mainly by systematic defects
and random spot defects

Systematic defects — parametric defects, mask misalignments
dealt with during the fabrication process

Random spot defects — result of local contamination
(dust particles) — cannot be eliminated

Their effect can be minimized during the design process

We will focus on spot defects — their statistical
modeling and ways to minimize their harm
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Defect Types _

B Spot defects classification:

e Missing material — may result in open circuits
e Extra patterns — may result in short circuits

e intra-layer defects— missing or extra material
between adjacent wires

e Inter-layer defects — missing or extra material
between two separate layers

B Not all spot defects result in structural faults
B Only defects that turn into faults cause yield losses

m What is the percentage of defects that
become faults?
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Defect vs. Fault

B Assumption — A defect is circle shaped with diameter x
(x is a random variable)

m Other geometrical shapes can be considered

m To become a fault, the defect needs to connect two
disjoint conductors or disconnect a continuous pattern
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Critical Area

B pof —
Probability Of Failure: percentage of defects that cause faults
— depends on the type 2 and diameter x of the defect

B A defect will cause a fault if its center is located “properly”
= Ala) -
the critical area for defects of type 2 and diameter x

the size of the area in which the center of a defect of type 2
and diameter x must fall in order to cause a circuit fault

B Assuming that the centers of the defects are uniformly
distributed over the chip area, then

Af(x)
pofi(z) = —
kﬁm*&%
Achip — area of the whole chip
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Defect Size Distribution

B To compute the yield, critical area must be averaged over all
defect sizes x and defect types 12

m To average over x, fs(x) — the probability density function
of the defect size x, is necessary

B Experimental data shows that f;(x) decreases as 1/xP
between x; — the resolution limit of the lithography process,
and xz,, — the maximum size of a defect

@ p and x, are determined empirically and may depend
on the defect type ¢ (Typically, 2 < p < 3.5)

k/xP if z, <x<xpy

B Therefore, fy(x) = 0 otherwise

where k = (p — 1)zP~lzP 1/ (xP~ ! — 2P~ 1)
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Averaging Critical Areas

B Averaging over defect diameters x:
LM

e pofi = | pofi(z) fa(z) dz

o A — H\M& AS(2) fa(z) da

m Averaging over defect types u:

e d; — type @ defect density —
average number of defects of type 2 per unit area

e )\ — average number of circuit faults
(of all types) on the chip

o
A=Y Achip- d; ﬁobHMk&.nv. d;
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Calculating Critical Areas

m Calculating either pof or critical area of chip —
essential for yield prediction

B Several methods of calculation:

e Geometry-based methods for calculating A¢(x)
e Monte-Carlo methods for calculating pof;(x)

B Geometrical methods — polygon expansion technique, etc.

B DMonte Carlo approach — simulated circles representing defects
of different sizes are placed at random locations in the layout.
The fraction of defects of type ¢+ and diameter x which cause a

fault is an estimate for pof;(x)

m Commercial and academic tools for calculating
critical areas exist
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Critical Area Maps
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Source: I. A. Wagner and I. Koren, “An Interactive VLSI CAD Tool for Yield
Estimation,” IEEE Trans. on Semiconductor Manufacturing, Vol. 8, pp. 130-138,

May 1995.
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Yield Modeling

m )\ — The average number of faults —
main parameter in yield modeling

B In simplistic models — A of the whole chip is used

B In more advanced models — A; for chip component 2
or for chip layer 2

B Yield model — a probabilistic model describing the distribution
of faults over the chip, using the parameter A\ and possibly
additional parameters

m Which probabilistic model should be used?
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Wafer Defect Map
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Defect Maps
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Percentage of Yield | mprovement
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