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Defect-Limited Yield Difference Model
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Abstract This paper propose a novel yield difference model according to layout. modification. The difference
of average number of faults by layout modification to increase or decrease spaces between geometries is
formulated for short faults and open faults. Complex modification including wire bending with jogs is also
modeled by dividing patterns into segments and redefining spaces and widths. This model can help to monitor
the yield change and to generate a cost function of defect-limited yield quickly.
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1. INTRODUCTION the area of self intersection of a polygon shrunk by an
amount equal to the defect radius. However, a simple
The critical area of a VLSI design reflects the polygon shrink will underestimate this area, since it not
sensitivity of the layout to defect occurring and it has only shrinks across the width of the conduct as required,
been used to predict the yield of a VLSI circuit. The  but also along its length as well. The critical area
critical area is defined as the region of the circuit layout associated with the contacts should be combined with the
in which the center of a circular defect has to fall in order region generated from the conductor itself to give the
to generate a circuit fault[1]. Defects are caused by  total critical area.
particles such as dust and other contaminants in material In this study, we propose a simple yield calculation
and equipment. There are two types of defects: "extra  method according to layout modification.
material" defects causing short between two separate
electrical nodes and "missing material” defects causing

open circuit.[2] The extraction of critical area for both 2. YIELD DIFFERENCE MODEL

extra material defects and missing material defects cause

the main computational bottleneck in yield prediction There are a number of yield models reported in the
methodology. literature relate fault probability to chip yield. A Poisson
The extraction mechanism originally proposed to model which is often used with excellent results, since

determine missing critical area involved the extraction of many fabrication processes have many layers and faults
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associated with each layer are largely independent.[3] The

total defect-limited yield is defined as

Yror = YoITh, e~ NF W) o

where Y; is factor which acts as an adjustment to take
into account any non-random defects and ANF(j) is the
average number of faults of type j. For single layer breaks

and short{4], the expected value of ANF is defined as

max(r)
ANF(j)y= [ A(r)D{r)dr
min(r) )

where A(r) denotes the area in which a defect of radius
r causes circuit failure, and min(r) and max(r) represent
smallest defect size and largest defect size of defect type
J» respectively[5-8]. D(r) is the defect density function of
the defect size which is also defined as 1. P is a fall
power (usually of the order 2-3).

In this section, we

propose  the model  with

40 =

yield difference layout

(&)

max {(2r—38)1.0}
max {(2r—W)I1,0}

max {(2r—$)7,0}
max {(2r — W)1,0}

modification. We have studied two kinds of layout
modifications such as simple modification and complex
modification. For simple modification, layout geometries
move to increase(or decrease) spaces between geometries
for short fault. Layout geometries also expand itself to
increase width of geometry for open fault. Complex
layout modification includes bending of geometries as
well as

changes of space and width of simple

modification.

2.1 Simple Layout Modification

In simple layout modification, we suppose that the
layout geometries simply move horizontal or vertical
direction without bending of geometry. Given a layout L,
let S and W be spacing and width. After modification of
the layout, S’ and W' are new spacing and width as shown
in Figure 1. Let A(r) and 4'(r) be critical areas of layout
L and L', respectively. Since the critical area should be
larger than zero, 4 and A’ of layouts L and L’ is as

follows.

for short fault,
for open fauit. (3)

for short fault,
for open fault. (4)

(o)

[Figure 11 An example of simple layout modification: solid and- dotted lines are a original layout and modified layout,

respectively.
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Since the defect-limited yield depends on the area
causing average number of fault, the difference of yields

directly associates the difference of ANF = L"L (DANF)

¢ S/2
" 0D(r)dr
min(r)
s/
J (8=2r)ID(r)dr

DANF (short) = { 5/

572

[ @r—SHID(r)dr
/2
max{r)

I (§=S8)D(r)dr
572

However, due to limited area for layout modification,
we expand the above formula to a new layout

modification with bending wire and jogs. In addition,

( w2

[ OD(r)dr

min(r)

w /2

[ (W =2r)ID(r)dr
DANF (open) = < ’;’:/22
| @r—=W"ID(r)dr
w2
max(r)

w2

2.2 Complex Layout Modification

Complex layout modification generates optimum
layouts geometries for given a limited area of layout and
thus uses wire bending technique. Geometries may have
jogs after modification. For formulation of complex
layout modification, we divide a pattern into vsegments
and then define spaces and widths according to the
segment. Given a layout L, let S and W be sets of
spacings. between segments and widths of segments,
respectively. After modifying the layout, S’ and W' are

also defined as sets with modified spacings and widths of

1616

[ (W —w)ID(r)dr

between two layouts geometries. The difference of ANF
with respect to the short fault is generated by equation
(3) and (4).

S>2rand § > 2r,
S<2rand 8 > 27,
S>2rand 8" < 2r,

S<2rand § < 2r 6))

note that 2nd and 4th equations have negative value.
Similarly, The difference of ANF with respect to the

short fault is formulated as follows.

W >2rand W' >2r,
W <2rand W' >2r,

W >2rand W' < 2r,

, 6
W <2rand W' <2

the new layout L' »n denotes the number of segments of
a given layout.

Shape of critical area in complex modification is
changed at bending point of wire, as shown in Figure 2.
Thus, the formulations for difference of ANF are divided
in terms of the bending point. L; in Figure 2(b) and L,
and Ls in Figure 2(c) follows the same formulation as the
simple layout modification since the shape of critical
area is not a polygon but a rectangular, i.e. no bending
point in shape of critical area. The critical area had

complex shapes as S’ < S%. For example, critical area
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in L of Figure 2(b) is divided by two intervals such as can be newly generated depending on Si+i and S%. We
[bi, 7] and [r, Liv]. The critical area in b; to » of L is show an example in conditions of {S;Sw} < 2r and
the same as the result in L; The critical area in [r,Lin] {S',S1} < 2r.

L,'l
L"\

b,
by L,

b,
L

L,

S E oy N

[Figure 2] An example of compiex layout modification for short fault: (a) layout and critical area after layout modification,
(b) layout and critical area before layout modification with one bending and (c) layout and critical area after
layout modification with two bending.

maxir} » LL
I (Si=SOLD(Fydr+ [ (8= SH(r)D(r)dr+ .]"(.S',H =8 M(rD(r)dr it S < S, .
DANF(shory={ ™" e ’ p
(St = Sy MDY+ [ (Sie1 = S OIIDEYr 4 [(8; = SHADr S S, 1%
St /2 Sia/? "

Here, we assume that S'; is greater than S;. Similarly, jog pattern and thus ANF difference increases if the
critical area of Figure 2(c) is divided by three parts of number of jog increases. We show an example in
Ly, L2 and Ls. conditions of {W, Wi} < 2r , {JYiJX;} < 2r and

For formulation of DANF with respect to open fault, {W', W'} < 2r in Figure 3. The yield difference after
we also generate segments and then calculate critical area layout modification is given as equation (9).
for each segment. We can add the critical area caused by

max( ry max{r} max{r) .
DANF(O})(’I?) = I (W; — [’V/)L,D(})dl‘*{- ] (Wigy — W’,’..{ )L,;[D{)")dl‘%‘ J (JY; —2r) (J,X, - 27‘\)D(\7‘)d?‘

w2 Wl /2 JY; ®
DY =DY(open)xDY(short) = —e 4NForen) INANF (open) x —e~4NF ko) INANF (short) ©)
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[Figure 3] An example of complex layout modification for open fault: (a) layout and critical area before layout
modification, (b) layout and critical area after layout modification with one bending and (c) layout and critical
area after layout modification with two bending.

3. CONCLUSION AND FUTURE WORK

We propose a novel yield difference in complex layout
modification so that yield change is quickly monitored
during layout modification, and finally improve critical
area robustness and manufacturing yield. This model
helps to generate a cost function of defect-limited yield
as we device a new layout modification methodology to

fix lithography related hotspot.
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