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A Novel Filtering Method to Extract Three Critical
Yield Loss Components (Gross, Repeated, and
Random) FIMER

Kiyotaka Imaj Member, IEEEand Toru KagaMember, IEEE

Abstract—This paper describes a novel filtering method proposed [10]. It is also shown that FIMER is effective not
(FIMER) to extract three critical yield loss components: gross only for repeated yield loss but also for gross yield loss and for
yield loss from parametric problems or from clustering of defects, random vyield loss [11].

;i%ee:;endd)grildylicsg flrgg,; m;;l:]gegfgrt: cgaf:gg?e“st_h??ﬁ:pgon\?ﬂg& In addition to extracting the t[hree components as q_uantity,

simulation that FIMER is not only superior to the conventional FIMER also shows both gross yield loss and repeated yield loss

windowing method in extracting repeated yield loss but also onawafer map, although mapping of gross yield loss is reported

accurately extracts gross yield loss and random yield loss. The [12]. These features of FIMER help to identify process-related

simulation studies show that the three components are extracted |, 5hjems, Correlation between gross yield loss and parametric

with an error equal to or less than 5% by optimizing threshold L P . .

and filter weights, which are the major parameters in FIMER. values W!|| |dent|f¥ significant parameters.affectlng yield. If re-
peated yield loss is compared between lithography tools, tools

with lithography problems would be listed. To evaluate the im-

pact of random defects on yield, the wafer regions with gross

|. INTRODUCTION and repeated yield loss are excluded.

In this paper, the yield model in FIMER is compared with

t in the windowing method in Section Il. The procedure to

N tract three yield loss components (gross, repeated, random
patterns [1]. For example, plasma processing is often the cays y P (@ P )

f ter | K defect A heckerboard pat FIMER is shown in Section Ill. In Section IV, simulated re-
ot center '0Ss, or mask delects generate a checkerboar pa'%%rl& will be discussed in relation to threshold and filter weights,
on the entire wafer. However, it is not rare to miss these spec

: ) Which are the major parameters in FIMER [13]. Here, the sim-

patter_ns b ecause a probe-tested wafer map is a mixture of Yfthtion studies show that the three components are extracted

lous kinds of yield loss cor_n.ponents. . with an error equal to or less than 5% when threshold and filter
Yield loss has three critical components: gross yield lo eights are optimized. After briefly discussing the application

from parametric problems or from clustering of defect f FIMER to a product wafer in Section V, this paper is con-
repeated yield loss from mask defects or from lithography .4 in section VI '

margin, and random yield loss mainly from particles.

Among the yield models proposed in the past [1]-[6], the
yield models [1], [2] add a constant multipli€F to a simple Il. YIELD MODEL IN FIMER
Poisson model or Murphy model to account for a large-arealn the windowing method, probe yield is given by [8]
yield loss, called gross yield loss in this paper. With these
models, the windowing method [3] has been successfully YV —VsVr 1)
used to extract gross yield loss and random yield loss and has
contributed to improving yield especially from a parametric Yr = exp(—AD) )
point of view [7], [8].

On the contrary, although repeated yield loss also becomggere
crucial as the lithography process becomes more and more imy 5 andy" yield components limited by systematic yield

Index Terms—Filter, simulation, yield improvement, yield loss.

O IDENTIFY process-related problems, itis very ef‘fectiv?h
to extract yield loss components and analyze their spat

portant with shrinkage of device size [9], it has not often been loss (constant multiplie€’ in Section 1) and by
discussed within the context of the windowing method. random yield loss, respectively;

Recently, it has been shown that the windowing method has 4 active area of a die;
difficulty in extracting repeated yield loss because repeatedp) average defect density; Poisson distribution is
yield loss largely contributes to random vyield loss in the assumed for random defects.

windowing method. A new method called FIMER has beefere, systematic yield loss refers to nonrandom spatial distribu-
tion and random yield loss refers to random spatial distribution
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die is defined as a good die only if all of its components are goot the extracied gross yleld biss

dies. This is how the yield of a multiple die is derived. Once the
yield for a multiple die with different size is deriveH s andY'r
are extracted by (1) and (2).
The windowing method has been effectively used for para-
metric analysis [8] because parametric problems often cal¥gere _ _
gross yield loss anif's in (1) has its origin as a multipliertoac- & total number of dies on a combined wafer; _
count for gross yield loss [1]. On the contrary, although repeatedYsg number of dies in the gross yield loss on a combined
yield loss is also systematic yield loss, it has not often been dis- map, o _ .
cussed whether the windowing method extracts repeated yieldYs” number of dies in the repeated yield loss on a combined
loss as systematic yield loss. Recently, it has been shown by sim- map. _
ulation that a large portion of repeated yield loss is extracted adn the windowing method, two yield loss components (gross
random yield loss, not as systematic yield loss [10]. and random) are extracted only as quantity (compllm.ent of yield
Therefore, a new method to separate repeated yield loss frénPonenty’s, Y'r). In FIMER, not only are three yield loss
random vyield loss is needed. In FIMER, to account for gro§&9mponents (gross, repeated, and random) extracted as quantity

yield loss as well as repeated yield loss, probe ylélg given but also gross yield loss and repeated yield loss are shown on a
by [11] wafer map, as in Fig. 2.

Fig. 2. An example of FIMER: edge loss as gross yield loss.

Y =YsgYsrYr (3) [ll. EXTRACTING PROCEDURE BYFIMER

First is the extraction ofsg, which is given by
whereY sg, Ysr, andYr are the yield components limited by

gross yield loss, by repeated yield loss, and by random yield
loss, respectively. As known from (3), in FIMER, it is not nec- ysg = (N —nsg)/N (7)
essary to assume a particular distribution for random defects as

dpne in the windowing method. Using spati.al information on\ﬁherensg is the number of extracted dies as gross yield loss.
binary wafer map (1 for Pass and O for Fail), FIMER extracts The procedure to extrachsg is shown in Fig. 3. By

the three yield loss components by a new filtering technique dﬁﬁoothing, a combined map with binary data (1 for Pass, 0 for
scribed in the following section.

bined map is a binary map in which 1 is assigned for Pass alld, ie is considered as a pixel. Then, by setting an optimum
0 for Fail. Using the combined map, three yield componeni;eqhoid for the analog map [15], a new binary map that only
are extractedysg, ysr, yr) by FIMER, and the extracted com-gp, s the extracted dies as gross yield loss is derived. The

ponents are compared to the original oSy, Y'sr, Y'r) 10 oneration of smoothing and thresholding is defined as filtering
evaluate how accurately FIMER extracts the three yield 10§51ic paper.
cornponepts. The original yield componentSsg, Y'sr, and  pe effect of smoothing is graphically shown in Fig. 4. Before
Y'r, are given by smoothing, it is not possible to separate gross vield loss from
others because the dies in the gross yield loss have the same
_ value (0) with other failed dies, as shown in Fig. 4(a). However,
Ysg =(N — Nsg)/N ) by smoothing, the distribution of analog data for the gross yield
Ysr=(N— Nsg— Nsr)/(N — Nsg) (5) loss is separated from that of others. Therefore, by setting an
Yr=(Y/Ysg)/Ysr (6) optimal threshold, most of the dies in the gross yield loss on
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Binary Data Extracied Gross ¥iedd Exiraciod Aepeaied Yield Loss|rer]
@ Lossinsg] yar = | M-nsgensr N -nsg)
B Dées in the gross yiald lees on a combined map Fig. 6. Extraction of repeated yield loss by FIMER:is the total number of
; dies on awafemsg is the number of extracted dies as gross yield lossyand
|_| Dies not in the gross yield loss on a combined map is the number of extracted dies as repeated yield loss.
Theno In the simulation studies, an optimal threshold is defined as
. Extracted as 1 the threshold that minimizes the extraction erroy&§ (|ysg —
L gross yield loss Y'sg|). This is graphically shown in Fig. 5, in which an optimal
R = i | da | threshold (optimum in Fig. 5) minimizes the extraction error
g lysg — Y sgl.
= Next is the extraction ofisr, which is given by
l | A= | ysr = (N — nsg — nsr)/(N — nsg) (8)
| B I..LI_J]_I:IJF n il . . .
Analog Data wherensr is the number of extracted dies as repeated yield loss.
As shown in Fig. 6nsr is extracted by filtering, as in the case
() of gross yield losgnsg). However, the filter is a 3x 3 shot

Fig. 4. (a) Distributions of binary data for a combined map (binary map): it lter, where the dies belonging to the same field (top left field
not possible to separate the dies in the gross yield loss on a combined map ;[H"Fig 6) in the neighboring shots are used for filtering. Here
| FIg. . ,

others by thresholding. (b) Distributions of analog data for an analog map a Eje . . . .
smoothing: by setting an optimal threshold, most of the dies in the gross yidld€ dies extracted as gross yield loss are excluded from filtering.

loss on a combined map are extracted as gross yield loss for a new binary nigipe concept is to extract the spatial frequency specific to the
shot.

a combined map are extracted as gross yield loss, as shown iAs in the case of the extraction of gross yield loss, threshold

Fig. 4(b). In Fig. 4(b), the overlap between two distributions is adjusted to minimize the extraction error gfr. Also, fil-

one of the major causes of error in extraction. Optimization foering weights have to be optimized to give better separation

filter weights minimizes the overlap and will be discussed ibetween repeated yield loss and others of an analog map de-

Section IV. rived by smoothing.
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Analog Data
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Fig. 8. Distributions of analog data for an analog map after smoothing for the

wherey’ is the yield for the wafer region without the extractedombined map in Fig. 7. The more the overlap, the more the extracted gross
gross yieId loss yield loss deviates from that on a combined map.

IV. SIMULATED RESULTS AND DISCUSSIONS

.D'rl Simw : BB, Wales Size : Xiimm, Shot : 2rowsX2ools |

A. A New Measure for Parameter Optimization: Match Ratio "‘-x ¥r=a7 ¥ = 0.8 ¥r=08

In FIMER, there are two parameters to consider: thresho ¥*8
and a set of filter weights, as seen in Figs. 3 and 6. Thresholc
adjusted to minimize the extraction error of yield componen ¥&
(ysg, ysr), as shown in Fig. 5. However, there is a case whe = i
an extracted map is not what is expected from a combined m | [
even ifysg ~ Ysg (orysr = Ysr). Fig. 7 shows this situation

for gross yield loss, in which Fig. 9. Examples of simulated cases wiflsg = 0.79 (edge loss)Y sr =
0.75,andYr = 0.7, 0.8, 0.9.

——le

Nsg =nsg0 + nsgl (20)
nsg =nsg0 + nsg2 (11) [Die Size : BXBmM?, Waer Size : 200mm, Shot : SrowsX2cals |

where " ¥r = 0.7 ¥r=08 ¥r= 09

nsg0 number of dies in the gross yield loss both on a con :Mq
bined map and on a map by FIMER;

nsgl number of dies in the gross yield loss only on a con ¥&

. =75
bined map; -
nsg2 number of dies in the gross yield loss only ona map k
FIMER.

By setting an optimal threshold, it is possible to make ~ Fig 10. Examples of simulated cases withg = 0.84 (center loss)y sr =
Ysg(nsg ~ Nsg). However, in the casesgl > 0 and/or 0.75,andYr = 0.7, 0.8, 0.9.
nsg2 > 0, the extracted map deviates from what is expected
from a combined map. The source ofgl andnsg2 is the where
overlap of two distributions in the histogram shown in Fig. 8. nsr0 number of dies in the repeated yield loss both on a
Filter weights have to be adjusted to minimize the overlap. Thus, combined map and on a map by FIMER;
as a new measure of optimization for filter weights, match ratio nsr1 number of dies in the repeated yield loss only on a
is introduced. In the extraction of gross yield loss, this is called combined map;
gross match ratid{ ¢ and is given by nsr2 number of dies in the repeated yield loss only on a map
by FIMER.
Mg = nsg0/(nsg0 + nsgl + nsg2). (12)
o ) . .. B. Simulated Cases
As known from (12), optimization for filter weights maximizes ] ] ] ) ]
Mg. Simulation studies deal with two kinds of gross yield loss
Similar to gross match ratio, match ratio for repeated yief§dge loss and center loss) withsr = 0.75, Yr = 0.7, 0.8,
loss Mrp is defined as follows: and0.9, as shown in Figs. 9 and 10. For ed¢h, 25 combined

wafer maps are generated to give different random vyield loss
Mrp = nsr0/(nsr0 + nsrl + nsr2) (13) patterns. In the following section, overall simulated results will
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Fig. 11. Extraction of gross yield loss: Type 1 filter with fixed threshold. The
wafer map shows the gross yield loss extracted by FIMER. () (b)

Fig. 13. Histogram ofisgl andnsg2. (a) Histogram for the wafer map in
Fig. 11, fixed threshold. (b) Histogram for the wafer map in Fig. 12, adjusted

threshold.
L]
£ E 0.8 .: a) Most of the dies are extracted from gross yield loss region
E‘E‘ Vi o (edge)(nsgl = 0).
h o aa gy b) Additional dies are extracted from the region other than
- % Gl the edgensg2 > 0)
Ej 07 | In fact, as shown in Fig. 13;s¢2 > nsgl for the
E ~ ¥sg = 079 fixed threshold. Therefore, as known from (10) and (11),
08 the number of extracted dies as gross yield l0ssg)

becomes larger than the number of dies in the gross yield
: loss on a combined mg@Vsg). As a resultysg < Ysg
Random Yield Yr for Yr = 0.7 in the fixed threshold.
! ) ) ) ) . On the contrary, in the case of the adjusted threshold,
Fig. 12. Extraction of gross yield loss: Type 1 filter with adjusted threshold f h f . . .
(threshold is adjusted fdrr = 0.7, 0.8, and0.9). The wafer map shows the rom the wa (?I‘ map in Fig. 12:
gross yield loss extracted by FIMER. ¢) Not enough dies are extracted from the efiggy1 > 0).
d) Additional dies are extracted from the region other than
be discussed in relation to optimization for threshold and filter ~ the edge as in the case of the fixed threslielsy2 > 0).

0.6 07 OB 09 1

weights in the extraction of gross yield loss. And as shown in Fig. 13:
o e) nsgl = nsg2
C. Optimization for Threshold From e) and (10) and (11), it is known thatsg ~
First, threshold is adjusted to minimize the extraction errorof ~ nsg. AS aresultysg ~ Y sg for the adjusted threshold.
ysg for Yr = 0.8, and this threshold is used fbfr = 0.7 and However, as known from Fig. 13:

Yr = 0.9. This is called fixed threshold, and the result is shown f) nsgl + nsg2 for the fixed threshold< nsgl + nsg2 for
in Fig. 11. From the figure, it is known that threshold has to be  the adjusted threshold

adjusted to extract less dies fBir = 0.7 and to extract more And from a), ), and (10),

dies forYr = 0.9 as gross yield loss, respectively. 9) nsg0 for the fixed threshold> nsg0 for the adjusted
Base on the result shown in Fig. 11, threshold is adjusted for ~ threshold

each level ofY» (0.7, 0.8, 0.9) to minimize extraction error It is known from f), g), and (12) that the adjusted

of ysg (adjusted threshold). The result is shown in Fig. 12.  threshold gives lower gross match ratidg than the

As shown in the figure, improvement igsg is seen for both fixed threshold as shown in Figs. 11 and 12.

Yr = 0.7 andYr = 0.9. In both fixed threshold and adjusted L . .
threshold, the die filter used for the extraction of gross yield [8: OPtimization for Filter Weights
called the Type 1 filter. Too-strong smoothing weakens not only noise but also signal
However, when one of the extracted wafer maps¥fer = and results in a decrease in the signal-to-noise ratio. In the
0.7 is compared between the fixed threshold (Fig. 11) and tiease of a 3x 3 filter, strength of smoothing can be adjusted by
adjusted threshold (Fig. 12), the wafer map for the adjustedrying the center weigh¥’; [14]. The effect of center weight
threshold does not look better than that for the fixed thresholdn smoothing is shown in Fig. 14, in which a smaller center
These results are explained by the wafer maps in the Figs.viéight (stronger smoothing) weakens both noise (yield loss
and 12 with the help of the histogram shown in Fig. 13. other than edge loss) and signal (edge loss).
First, in the case of the fixed threshold, from the wafer map To weaken the smoothing effect compared to Type 1, another
in Fig. 11, we have the following. filter (Type 2), which has a larger center weight than Type 1, is
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Fig. 14. Effect of center weight on smoothing: analog map (larger the square, Threshold
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Fig. 15. Type 1 filter characteristics. An optimal threshold does not maximize
Mg. One of the wafers with edge loss in Fig. 9 is used. o gg B 0g @
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examined. Here, filter weights for Type(@ik = 1 ~ 9) are E =8 g A o *
given by E “ -y
2 _ 1 @ 207 | A 07 8
wy, = Cawy,(m =2, 4, 6, 8) (15) o2 056 | B 5 =
wl =wi(n=1,3,7,9) (16) EL s
i 05 | 055
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wherew?, w? are the center weight (see Fig. 14) for Type 1 and 0.4 == +--- 0.4
Type 2, respectively. In Type 2, as known from (17), filtering Threshold

weight decreases as it goes away from the center.
In this study,C is fixed andC; is adjusted to maximizé/ g ©
for the optimal threshold that minimizes the extraction error &fg. 16. Type 2 filter characteristics. An optimum threshold maximizes.
usg- Fier weight adjustment is explained by Figs. 15 and 16301 ireese ncorte iy peesiesit (s (0)bedtn,
In Type 1, as shown in Fig. 15, the optimal threshold thgfeignt. (c) Type 2: Large Center Weight.
minimizes the extraction error gfsg does not maximize gross
match ratioM ¢g. On the contrary, in Type2, as shown in Fig. 16, )
the optimal threshold also maximizég. From the figure, itis 2djusted threshold improvel g as well asysg compared to
also known thaf\/ g increases as center weigldt; ) increases 1YP€ 1 with fixed threshold in Fig. 11.
until it saturates [Fig. 16(b)]. This saturation point is defined as Comparisons of\/ g between three types of filter/threshold
an optimal center weight, and the filter weights with this optimdbr the whole wafers with edge loss in Fig. 9 and for those with
center weight are defined as optimal filter weights for Type 2center loss in Fig. 10 are shown in Fig. 18. As expected, Type 2
The result for Type 2 with adjusted threshold (for eath)  with adjusted threshold gives the maximuvfy for the whole
is shown in Fig. 17. From Fig. 17, it is known that Type 2 wittwafers.
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It is also known from the figure that/ ¢ decreases with de-
crease irt’r. As random yield loss increases (random yield de-
creases), small or medium size of clustering of failed dies oc-
curs, as seen in the map forr = 0.7 in Figs. 9 and in 10. This
clustering of failed dies is extracted as gross yield loss, as shown
in the wafer maps in Figs. 11 and 12. This is considered to be
the main reason for decreaselifig.

After extracting gross yield loss, repeated yield loss is ex-
tracted by a 3x 3 shot filter with fixed threshold (threshold
is adjusted forY’r = 0.8, and the threshold is also used for
Yr = 0.7 and0.9). As for filter, although a simple & 3 mean
filter is used, it has been confirmed that matching ratio for re-
peated yield losd/rp is high enough (0.9 or more). Optimiza-
tion for filter weight for repeated loss might be needed when re-

Fig. 17. Extraction of gross yield loss. Type 2 filter with adjusted thresholgeated yield loss is localized on a wafer, and will be discussed
(threshold is adjusted fdr'r = 0.7, 0.8, and0.9). The wafer map shows the jn g future paper.
gross yield loss extracted by FIMER.
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The results are summarized in Fig. 19 for the edge loss case
in Fig. 9 and for the center loss case in Fig. 10. As shown in
the the figure, Type 2 with adjusted threshold (for the extraction
of gross yield loss) gives the best results for both edge loss and
center loss with an error equal to or less than 5% for three yield
components.

V. FURTHER DISCUSSIONS

In FIMER, there are two kinds of parameters: threshold and
a set of filter weights. In the simulation studies, threshold is ad-
justed to minimize extraction error gkg for eachYr, and filter
weights are adjusted to maximize gross match rafig. Once
filter weights are optimized}/ g can be used for threshold opti-
mization because the threshold that maximizég minimizes
the extraction error ofsg, as shown in Fig. 16.

When FIMER is applied to a product wafer, a new measure
to optimize threshold is to be introduced becaide is not
calculated from a probe-tested wafer. One of the procedures to
apply FIMER to a product wafer is as follows.

Step 1) Optimize filter weights by simulation.
Step 2) Optimize threshold using a new measure derived
from a probe-tested wafer

For a new measure in Step 2), several candidates are being in-
vestigated and will be presented in a future paper.

VI. CONCLUSION

In this paper, FIMER, a new method to extract three critical
yield loss components (gross, repeated, and random), has been
analyzed in terms of threshold and filter weights, which are the
major parameters to consider. In the analysis on threshold, it has
been shown that threshold has to be optimized for each level of
random yield. As for filter weights, a new measure called gross
match ratio is introduced for optimization. When threshold and
filter weights are optimized, it has been shown that the three
components are extracted with an error equal to or less than 5%.

Fig. 18. Comparisons of gross match ratify. (a) Edge loss case in Fig. 9 To apply FIMER to a product wafer, a new measure replacing
and (b) center loss case in Fig. 10.

Mg has to be introduced. Application of FIMER and further
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case studies with more variation of the size and the type of yield

loss will be discussed in a future paper.
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