1 "MILTI LAYER DEFECTS CALCULATI ON METHOD AND SYSTEM FI ELD OF | NVENTI ON 5
The present invention relates broadly to nulti-layer fabrication processes,
and nore particularly to a nmethod and systemfor nulti-layer defects

cal cul ation. BACKGROUND 10 In multi-layer processes such as sem conduct or
wafer fabrication, it is inportant tg obtain data on process defects in
waf er fabrication processes, which influence the yield of the product.
Such data is used for defect nonitoring and triggering, and may be used
for yield lost prediction and yield forecast. 15 Currently, average defect
count values are used to nonitor for defects in such fabrication
processes. However, it has been recogni sed by the present inventors that
the current approach can be inaccurate and i ndeed statistically wong,

wher o t hehkbk T} BAYER DEFEGES GALGULATION METHQABANDISYSTEM a
specific 20 distribution, as is typically the case in for exanple

sem conduct or wafer fabrication for backend nulti-I|layer processes. SUMVARY
25 In accordance with a first aspect of the present invention there is
provided a nethod for nmulti-layer defects cal cul ation, the nethod

conpri siFiGLDDRINVEYTIGNW defect count data representative of each single
layeg in a nmulti-layer fabrication process; deriving a cunmulative
probability for a non-zero defect event fromthe raw defect count data;
derivi ng an aher pesedtiiraentioo uetatés brodrdly rto nmaktiFlayere fabitatinre pro3sbased on
t he rawa%%frﬁ&te ﬁﬁﬂgﬁlaﬁ&?{oaa n?eQﬁlog 3}18 g{(@ﬁe'mn r%-nuqH-llaty'e'r ldg els cda?élﬁgttio gount value
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BACKGROUND
10
In multi-layer processes such as semiconductor wafer fabrication, it is
important to obtain data on process defects in wafer fabrication processes, which
influence the yield of the product. Such data is used for defect monitoring and
triggering, and may be used for yield lost prediction and yield forecast.
15

Currently, average defect count values are used to monitor for defects in
such fabrication processes. However, it has been recognised by the present
inventors that the current approach can be inaccurate and indeed statistically wrong,
where the nature of the process of the defect event does not follow a specific

20  distribution, as is typically the case in for example semiconductor wafer fabrication
for backend multi-layer processes.

SUMMARY

25 in accordance with a first aspect of the present invention there is provided a
method for multi-layer defects calculation, the method comprising obtaining raw
defect count data representative of each single layer in a multi-layer fabrication
process; deriving a cumulative probability for a non-zero defect event from the raw
defect count data; deriving an average defect couni for the non-zero defect event

- 30 based on the raw defect count data; and calculating a multi-layer defect count value



utilising a binomal distribution probability mass function based on the
non-zero defect event and a zero defect event. The binom al distribution
probability mass function may conprise rNIx=l x(1 px 0 X 5 where N =
total nunber of layers x = nunber of affected |layers p = the cunul ative
probability for the non-zero defect ewent y = average defect count for the
non-zero defect event The binomal distribution probability mass function
may conprise 10 m11 N |y, (N=11-P~1 FxJ~ 71 z=0\ X where N = tota
nunber of layers x = nunber of affected |layers z = 15t 2nd 3'd Mh type of
defect Pz = the cunulative probability of the non-zero defect event for
defect 15 ty z = average defect count of the non-zero defect event

for def é@l'smgp% bznonvﬁé digfipig P natebebilise magsrunciien | kasiedabn ythe areh-zenot her

conpri S%fé’ﬂ?@\,&ﬁ{ér{wazénﬁd&@bpéu&?Ed mul ti-layer defect counts as a
function of tinme he net hod urther conprise correlating the

cal cul at ed mifhs binempi dl%%@ﬂé&pb@i@lmtmw fusctian miag ophwirigeof an associ at ed
sem conductor wafer fabrication process. The nmethod may conprise
nonitoring a defect event rate.
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5 where N = total number of layers
X = number of affected layers
p = the cumulative probability for the non-zero defect event

o

y = average defect count for the non-zero defect event
The binomial distribution probability mass function may comprise

10
M N N x
220 p-p)f T,
z=1 x=0 X
where N = total number of layers
x = number of affected layers
z =1, 2™ 39 | M"iype of defect
p: = the cumulative probability of the non-zero defect event for defect
15 typez

¥: = average defect count of the non-zero defect event for defect type z
The method may be performed periodically, and further comprises monitoring
the calculated multi-layer defect counts as a function of time.
The method may further comprise correlating the calculated multi-layer
20 defect count value to the yield of an associated semiconductor wafer fabrication
process.
The method may comprise monitoring a defect event rate.
The calculated multi-layer defect counts may be used to provide an early
warning relating to the fabrication process.
25 In accordance with a second aspect of the present invention there is provided
a system for executing multi-layer defects calculation, the system comprising an

interface for entering raw defect count data representative of each single layer in a



The cal culated nulti-layer defect counts nmay be used to provide an early
warning relating to the fabrication process. 25 In accordance with a second
aspect of -the present invention there is provided a systemfor executing
mul ti-layer defects calculation, the systemconprising an interface for
entering raw defect count data representative of each single layer in a 3
mul ti-layer fabrication process; a processor unit deriving a cunul ative
probability for a non-zero defect event fromthe raw defect count data,
deriving an average defect count for the non-zero defect event based on
the raw defect count data, and calculating a nulti-Ilayer defect count
value utilising a binomal distribution probability 5 mass function based
on t he nowtijiayes faicationdresrssaadracessos undfdecivingva stimulatiste gmobahility dor unilt
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The binomial distribution probability mass function may comprise
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where N = total number of layers
10 x = number of affected layers
p = the cumulative probability for the non-zero defect event
y = average defect count for the non-zero defect event
The binomial distribution probability mass function may comprise
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15 where N = total number of layers

M=
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- X = number of affected layers

z =1% 2% 39  M"type of defect
p: = the cumulative probability of the non-zero defect event for defect
type z
20 ¥: = average defect count of the non-zero defect event for defect type z
The raw defect count data -repre'sentative of each single layer may be
entered at the interface periodically, and the processor unit may further monitor the
periodically calculated multi-layer defect counts as a function of time.
The processor unit may further derive a correlation of the calculated multi-
25 layer defect count value to the yield of an associated semiconductor wafer
fabrication process for output through the output unit.

The processor unit may further monitor a defect event rate.



z = 1s° 2nd, 3rd Mh type of defect Pz = the cunulative probability of the
non-zero defect event for defect type z 20 y, = average defect count of

t he non-zero defect event for defect type z The raw defect count data
representative of each single layer may be entered at the interface
periodically, and the processor unit may further nonitor the periodically
calculated nulti-layer defect counts as a function of tine. The processor
unit may further derive a correlation of the calculated multi- 25 | ayer
def ect count value to the yield of an associ ated sem conductor wafer
fabrication process for output through the output unit. The processor unit
may further nmonitor a defect event rate. 4 The calculated nmulti-Iayer

def ect count s "PafAlpWatesemultslayes slefret apusty mayvbe nised toepravidegan ceartye
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of the present invention_there i's provi ata storage medi um havi ng
stored t her edf 3gerHIARES With sythireh aspget akihereeent iBvantion tbens isgravidedput er to
execut e datdme f i hoila: ' h
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pr obabi Héth’oé%nﬁri&ﬂg'zero defect event fromthe raw 10 defect count data;
deriving an average defect count for the non-zero defect event based on the
raw def ect cObitiNipgraw defert cavetdaiairagresentative of eseh sitgfeclayecmummultiyl ue
utilisi pepfdirR@ibRbrdliests i bution probability mass function based on the
non-zero defect event and a zero defect 15 event.
- deriving a cumulative probability for a non-zero defect event from the raw

(_} 10  defect count data: _
deriving an average defect count for the non-zero defect event based on the
raw defect count data; and
calculating a multi-layer defect count value utilising a binomial distribution
probability mass function based on the non-zero defect event and a zero defect
15  event.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Embodiments of the invention will be better understood and readily apparent
. to one of ordinary skill in the art from the following written description, by way of
( example only, and in conjunction with the drawings, in which:

Figure 1 shows a plot of defect raw data as a function of processing date.

25 Figure 2 shows a plot of cumulative probability versus defect count, in
accordance with an example embodiment of the present invention.

Figure 3 shows a graph illustrating overall Metal Extra Pattern (MEP) tail
probability trend versus production cycles, in accordance with an example
embodiment of the present invention.

30 Figure 4 shows a graph illustrating vield to backend defect counts correlation,
in accordance with an example embodiment of the present invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Enbodi ments of the invention will be
better understood and readily apparent to one of ordinary skill in the art
fromthe following witten description, by way of exanple only, and in
conjunction with the drawings, in which: Figure 1 shows a plot of defect
raw data as a function of processing date. 25 Figure 2 shows a plot of
cunul ative probability versus defect count, in accordance with an exanple
enbodi ment of the present invention. Figure 3 shows a graph illustrating
overall Metal Extra Pattern (MEP) tail probability trend versus production
cycles, in accordance with an exanple enbodi nent of the present invention.
30 Figure 4 s ows a aph illustrating yield to backend defect counts
correl ation, 9W9a5t§’g‘?‘ﬁ%ﬁd”@mﬁ’@rﬁ“%y tephackend sieifent oouot correlatiorefoe at
i nvent i qitior art dppdékich. S shows a conparative yield to backend defect count
correlation fl_p rior art approach. Figure 6 is a schematic draw ng
illustrating alg'érémﬂﬁt"ér aggehematior drawing effusiratingora oforaputer heybterh for
mul ti -1 gple
ebogi manerREHRAE ofd idthé of Mt lyBEStERNERtaboh. 3 apGEaRET i en,
procéss G?’ﬁ‘"ﬁ’é%@!’@&ﬁ@@%qfH‘%ﬁfﬁahwvenﬂqmbodl ment of the present invention.
DETAILED DESGRE! Pnodd 4 lnoiAenkit S d BRAALSE hdhbrddIfPLER SN olvemt or S,
that fabrication process defect count exarrp i LoREEPEr waf er
f abr i catSTRPHBENLdRe REESAM inventiger processes, do not fol low a specific
distribution. Therefore, in the exanple enbodl ment two possibilities are
assi gned. _Mre sBecificaI Iﬁ a wafer is either 15 defect-free or the wafer
a

H1as def REGAILED PESCRIPTIONayer defects cal cul ation of the
.10

It has been recognised by the present inventors, that fabrication process
defect counts, for example in semiconductor wafer fabrication for backend muiti-
layer processes, do not follow a specific distribution. Therefore, in the example
embodiment two possibilities are assigned. More specifically a wafer is either

15 defect-free or the wafer has defects. In the multi-layer defects calculation of the
example embodiment, as the defect occurrences are independent events with only
two assigned possibilities (defect-free or with defects), the continuous event can be
modelled into discrete probability, using binomial approximation. As a result, a

binomial approximation distribution probability mass function can be applied to
20  calculate the multiple layer defects. |

3 (.__ . In the example embodiment, single-layer defect count raw data {(see plot 100
in Figure 1), is transformed into a cumulative probability plot 200 shown in Figure 2.
From the cumulative probability plot 200, an average defect count of non-zero defect

25  count events is determined, indicated as "y", not to scale, in Figure 1. Also, the
(cumulative) probability of occurrence (indicated as "p" in Figure 1) of the non-zero
defect event for a given period of time is determined.

In the example embodiment, it is assumed that a particular process has N
30 repe'ated layers with two possibilities of events:
’ - event with defects with probability of p
- defect - free event with probability of 1-p.



exanpl e enbodi nent, as the defect occurrences are independent events with
only two assigned possibilities (defect-free or wiwth defects), the
continuous event can be nodelled into discrete probability, using binom al
approximation. As a result, a binom al approxi mation distribution
probability mass function can be appligeed to 20 calculate the nultiple

| ayer defects. In the exanple enbodi nent, single-layer defect count raw
data (see plot 100 in Figure 1), is transforned into a cunulative
‘probability plot 200 shown in Figure 2. Fromthe cunul ative probability
pl ot 200, an average defect count of non-zero defect 25 count events is
determ ned, indicated as "y", not to scale, in Figure 1. Al so, the

(cunul ative) probability of occurrence (indicated as "p" in Figure 1) of
the non-zer o Uneiras nexftof ki eﬁarﬁ?lé%@&!ﬂ‘r%t Ghebé BVehts A€ RIcPefiadnt | N the

exarrple g ”ﬁ { is assumed that a particular process
repeat ed® Qthgr.1that g a,BEesept PV?"teBasof‘Oe‘!}ﬂH‘?%Ge to dhemextieventdaricde s with
pr obabi |pré$brﬂf lajer KRS @R inflenRe BN eile %ngdlfé?ﬁaﬁgéisty Ends Ppirdmidder

t he pode CLﬂof t he exangl e enbodi nent, these events are in e erident of each
ot heP, pbytonprgbakility; calouationscants wsad fos multidayer Id@ferﬁ?@(@al@wammand a
present |ayer has no influence on the subsequent |ayers. Hence, binomal 5
di stribution T%Pgbabl ity calculations can be used for multi-layer defects
cal cul at i ons.ThenRINGMIR) Rrababifityyagss funptign dr the gxample pmbodimant dsngiven

enbodi myt is given by: [NIpxo-Pyx 10 with x the nunmber of affected

| ayers. The total defect count of a wafer for a specific defect type can
then be obtained in the exanple enmbodi ment as: x(1-Prx'xY

(-

- 10 with x the number of affected layers.

The total defect count of a wafer for a specific defect type can then be
obtained in the example embodiment as:

g(ﬂp‘@*p)”” xy

with y the average defect count of non-zero defect event, as described above
- with reference to Figure 2. The multi-layer defect calcuiation can be extended in the
example embodiment to apply for different defect types in a multi-layer process, e.g.

metal layer, via layer, oxide layer, . . ., etc. The total defect count can be obtained it
20  such an embodiment as:

ii( JP( ),

z=1 x=0

15

with z the 1%, 2™, 3 _ . Mth type of defect, p, the probability of non-zero
defect event with defect type z, and y, the average defect count of non-zero defect
event for the type z defect.
25 '



15 with y the average defect count of non-zero defect event, as described
above wth reference to Figure 2. The nulti-layer defect calculation can
be extended in the exanple enbodiment to apply for different defect types
ina nulti-layer process, e.g. netal layer, via |ayer, oxide layer, ...,
etc. The total defect count can be obtmined it 20 such an enbodi ment as: M
N(N I Z X Z~1-P~ X'xY =a x=O X with z the 1st 2nd 3rd.... Mh type of
defect, p, the probability of non-zero defect event with defect type z,
and yz the average defect count of non-zero defect event for the type z
defect. 25 7 It will be appreciated by a person skilled in the art that it
is also possible to express the total defect count of a wafer for a
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then attenpting to control the defect ~count off a Wafer, I Ch TSI

pract i cSl&pGtityRen basgderabinomialprobabiiyimpse imstiondf desired. do not follow the
specific distribution as nentioned above, a defect event rate is

recogni sed as controllable. It is found that it is nore practical to
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L 10 monitoring and triggering, or more accurate yield predictions.

Figure 3 shows an overall Metal Exira Pattemn (MEP) tail probability trend
graph 300. In the graph 300, the p-values and total defect count values are plotted
along the vertical axes, with time as the horizontal axis, in units of working weeks.

15 In the graph 300, the MEP occurrences and total counts are plotted for all metal
layers. It is noted that the total counts in Figure 3 are the totai defect counts as
calculated based on the binomial probability mass function calculations of the
example embodiment.

20 It will be appreciated by the person skilled in the art that the example
embodiment can facilitate yield loss prediction and yield forecast data, which may
for example provide early waming to re-input wafe_rs to meet customer chips
shipment quantity requirements should the yield loss be significant. Figures 4 and 5
show yield to backend defect count correlation graphs 400 and 500 respectively, for

25  abackend defect count in accordance with the example embodiment and a previous
approach, respectively. The data shown in Figures 4 and 5 relate to the same
multi-layer wafer fabrication process. As is evident from a comparison of Figures 4
and 5, the data obtained using an example embodiment of the present invention
shows a stronger correlation. Therefore, a more accurate yield prediction may be

30 obtained in the example embodiment.



| ayers. It is noted that -the total counts in Figure 3 are the total defect
counts as cal cul ated based on the binom al probability mass function

cal cul ations of the exanple enbodinment. 20 It will be appreciated by the
person skilled in the art that the exanple enbodinent can facilitate yield
| oss prediction and yield forecast dat@, which may for exanple provide
early warning to re-input wafers to neet custonmer chips shipnent quantity
requi renents should the yield | oss be significant. Figures 4 and 5 show
yield to backend defect count correl ation graphs 400 and 500 respectively,
for 25 a backend defect count in accordance with the exanpl e enbodi nent and

a previous aﬁ%oach, respectively. The data shown in Figures 4 and 5
rel ate to the &xssamply wrobodimentdaseribethrrevides ra pnathesmticas madadviodent
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(t_ésﬁ@d. bgmemfg%r@%éugﬂgqﬁﬁgd_t he exanpl e enbodi ment can be i npl enent ed
on a ‘conputer system 600, Schematically shown in Figure 6. It may be

I npl emented as software, such as a conputer program being executed within
the conyukemeWcd @AY system of the example embodiment can be implemented on a

computer system 600, schematically shown in Figure 6. It may be implemented as
‘software, such as a computer program being executed within the computer system

15 600, and instructing the computer system 600 to conduct the method of the example
-embodiment. ‘

The computer system 600 comprises a computer module 602, input modules
such as a keyboard 604 and mouse 806 and a piurality of output devices such as a
- 20 display 608, and printer 610.

The computer module 602 is connected to a computer network 612 via a
suitabie transceiver device 614, to enable access to e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN)."

25

The computer module 602 in the example includes a processor 618, a
Random Access Memory (RAM) 620 and a Read Only Memory (ROM) 622. The
computer module 602 also includes a number of Input/Output (//O) interfaces, for
example I/O interface 624 to the display 608, and 1/O interface 626 to the keyboard -

30 604. :



15 600, and instructing the conmputer system 600 to conduct the method of
the exanple enbodinent. The conputer system 600 conprises a conputer
nodul e 602, input nodules such as a keyboard 604 and nouse 806 and a
plurality of output devices such as a 20 display 608, and printer 610. The
conputer nodule 602 is connected to agonputer network 612 via a suitable
transcei ver device 614, to enable access to e.g. the Internet or other
network systens such as Local Area Network (LAN) or Wde Area Network
(WAN). 25 The conputer nmodule 602 in the exanple includes a processor 618,
a = Random Access Menory (RAM 620 and a Read Only Menory (ROM 622. The
conput er nodule 602 al so includes a nunber of Input/Qutput (1/0

i nterfaces, fUe canpams of the aempiiter en@ide 602 ttypicallyspiramnubiBie aiadard O
interfa e ter
et agsRRarker e h n o B S R Do BRSRIRLY

manner KHbwn to the person skilled in the relevant art. 5 The appllcatlon
programis typically supplied to the user of the conputer system 800
encoded on a data storage nmedi um such as a CD-ROM or floppy disk and read
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10 RAM 620.

Figure 7 shows a flow chart 700 of a process in accordance with an example
embodiment of the present invention. At step 702, raw defect count data
representative of each single layer in a multi-layer fabrication process is obtained. At

15 . step 704, a cumulative probability for a non-zero defect event is derived from the
raw defect count data. At step 706, an average defect count for the non-zero defect
event is derived based on the raw defect count data. At step 708, a multi-layer
defect count value is caiculated utilising a binomial distribution probability mass
function based on the non-zero defect event and a zero defect event.

20
It will be appreciated by a person skilled in the art that numerous variations

7 and/or modifications may be made to the present invention as shown in the specific
| embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

25  be illustrative and not restrictive.

30



15 step 704, a cumul ative probability for a non-zero defect event is
derived fromthe raw defect count data. At step 706, an average defect
count for the non-zero defect event is derived based on the raw defect
count data. At step 708, a nulti-layer defect count value is cal cul ated
utilising a binomal distribution probability mass function based on the
non-zero defect event and a zero defect event. 20 It wll be appreciated by
a person skilled in the art that numerous variations and/or nodifications
may be made to the present invention as shown in the specific enbodinents
W t hout departing fromthe spirit or scope of the invention as broadly
descri bed. The present enbodi nents are, therefore, to be considered in al
respectén#HMSQS be illustrative and not restrictive. 30 10 CLAIMS 1. A

method for my ti- wa%rth&ﬁfo?%mtiﬂéve@lde?éét&@alc&i%ﬁmﬁﬁ%@ tHBngJfﬁJi’ig@gr o

obtai ning raw def ect count data representative of each sing

nul ti- | ayer 9PiAPingdawselpetnonnt data igeresgnialive of @aghsingle layeobediniuliy for a
non- zer QaiRFRGHcaBYR Prodds@m t he raw defect count data; deriving an average
defect count for the non-zero defect event based on the raw defect count
data® and caldefivigi aguamHalive probpbilityéarea tharozero defedeevarit| fran rthe aabvi noni al
di stri bifefedd codit dfrgabi ity mass function based on the non-zero defect
event and a zero defect event. 2. The nmethod as clainmed in claim1,
wherein the KiER¥iRgAN averape slefed coupt fawdhe Npryzenm defect reentdrasednpr thees | |

raw defect count data; and
calculating a multi-layer defect count value utilising a binomial distribution
10  probability mass function based on the non-zero defect event and a zero defect
event.
‘ 2. The method as claimed in claim 1, wherein the binomial distribution
probability mass function comprises

iﬁ[ﬁp(l -p)

15  where N = total number of layers
X = number of affected léyers
p = the cumulative probability for the non-zero defect event
y = average defect count for the non-zero defect event
3. The method as claimed in claim 1, wherein the binomial distribution
20  probability mass function comprises:

ii[Npr(l—pi‘ T,

z=t x=0\ ¥

where N = total number of layers
X = number of affected layers
z =19, 2™ 349 . MPtype of defect
25 : p: = the cumulative probability of the non-zero defect event for defect

type z .
Y. = average defect count of the non-zero defect event for defect type z



(NFx"1 pJ Nx 'O x 15 where N = total nunber of |ayers .x = nunber of
affected |l ayers p = the cunul ative probability for the non-zero defect
event 'y = average defect count for the non-zero defect event 3. The nethod
as claimed in claim1l, wherein the binomal distribution 20 probability
mass function conprises: m1l1 ZZ(N~=~44P~1 x'xJ~ z=] s=0 x where N = total
nunber of layers x = nunber of affected layers z = 1st 2nd 3rd Mh type of
defect 25 p~ = the cunul ative probability of the non-zero defect event for
defect type z yz = average defect count of the non-zero defect event for
defect type z 11 4. The nethod as clainmed in any one of the preceding
clainms, wherein the nethod is perforned periodically, and further conprises
nmoni toring tie calheumsthes ﬁﬁlcﬂalmedyle[]amfe@m:pfﬂwpte;:edmgaclémtw@emf time.
5. The h a SAHE, rein

met hod ?ﬁétﬁ%ﬁ@o%r?ﬁ%ﬁr Iatl nglglg’t ﬁaerﬁggﬁﬁﬁé at eﬁp%g? "Toiﬁgf'n%e Ect
count v&lalfé"&t@d m%%'%vﬁéﬂﬁfeéﬁcwnta%@iuacm gitimeonduct or \(/jvafer }‘abrlcatlon
rocess. 6. ecedi ng, cl ai

therei nthe ot hodcometid ad bt 1 3R B prociiylt 5

as cPai meethpd further mmnﬂses Iserpiatiog dhe galculmated multilyer defeft count value to

the yield of an associated semiconductor wafer fabrication process.

nmet hod

6. The method as claimed in any one of the preceding claims, wherein
the method comprises monitoring a defect event rate.

7. The method as claimed in any one of the preceding claims, wherein

10 the calculated multi-layer defect counts is used to provide an early warnhing relating
to the fabrication process. _

8. A system for executing multi-layer defects calculation, the system
comprising

an interface for entering raw defect count data representative of each single

15 layer in a multi-layer fabrication process; _

a processor unit deriving a cumulative probability for a non-zero defect event
from the raw defect count data, deriving an average defect count for the non-zero
defect event based on the raw defect count data, and calculating a multi-layer defect
count value utilising a binomial distribution probability mass function based on the

20  non-zero defect event and a zero defect event; and

an output unit for output of the calculated multi-layer defect count value.

9. The system as claimed in claim 8, wherein the binomia! distribution
probability mass function comprises |

s

25  where N = total number of layers
x = number of affected layers
p = the cumulative probability for the non-zero defect event
y = average defect count for the non-zero defect event



10 the calculated nulti-layer defect counts is used to provide an early
warning relating to the fabrication process. 8 A systemfor executing

mul ti-layer defects calculation, the system conprising an interface for
entering raw defect count data representative of each single 15 layer in a
mul ti-layer fabrication process; a prqgeessor unit deriving a cumul ative
probability for a non-zero defect event fromthe raw defect count data,
deriving an average defect count for the non-zero defect event based on
the raw defect count data, and calculating a nmulti-layer defect count
value utilising a binomal distribution probability mass function based on
the 20 non-zero defect event and a zero defect event; and an output unit
for output of1@he Ehe systene@snelpimed inyelaindf, exheretnutite binbmeal dstribbtiorsyst em
as cl ai nR@bhkig! AaLY Rinchibie ﬁ rik@e binom al distribution probability mass
function conprises N ~px? lEI.'E’)N X Xy X=0 x 25 where N = total nunber of

| ayers x = nunber of affected |layers p = the cunul ative probability for the

non-zero def v nxi y,w-average defect count for the non-zero defect
event 12 1 e dien Bs evaimed in ol ai m 8, wherein the binomi al
lqu’ b

di stributiorf~ ility mass function conprises: 1Z xy~ (N ZII-P 1| x.
=l x=0\ X
where N = total number of layers
5 X = number of affected layers
z =1, 2", 3, .., M" type of defect
pz. = the cumulative probability of the non-zero defect event for defect
type z
¥z = average defect count of the non-zero defect event for defect type z
10 11. The system as claimed in any one of claims 8 to 10, wherein the raw

defect count data representative of each single layer is entered at the interface
periodically, and the processor unit further monitors the periodically calculated multi-
layer defect counts as a function of time.

12.  The system as claimed in any one of claims 8 to 11, wherein the

186 processor unit further derives a correlation of the caiculated multi-layer defect count
value to the yield of an associated semiconductor wafer fabrication process for
output through the output unit.

13.  The method as claimed in any one of claims 8 to 12, wherein' the
processor unit further monitors a defect event rate. ,

20 14, The method as claimed in any one of claims 8 to 13, wherein the
calculated multi-layer defect counts is used to provide an early warning relating to
the fabrication process at the output unit.

15. A data storage medium having stored thereon computer program
code means for instructing a computer to execute a method for multi-layer defects

25  calculation, the method comprising

obtaining raw defect count data representative of each single layer in a multi-
layer fabrication process;

deriving a cumulative probability for a non-zero defect event from the raw
defect count data;



|

where N = total nunber of layers 5 x = nunber of affected |layers z = 1st,
2nd, 3'd, ..., Ml' type of defect pz = the cunulative probability of the
non-zero defect event for defect type z yz = average defect count of the
non-zero defect event for defect type z 10 11. The systemas clained in
any one of clainms 8 to 10, wherein thgqaraw defect count data
representative of each single layer is entered at the interface
periodically, and the processor unit further nonitors the periodically

cal cul ated multi- layer defect counts as a function of tine. 12. The system
as claimed in any one of clains 8 to 11, wherein the 15 processor unit
further derives_a correlation of the cal cul at ed mul ti-layer defect count
val ue to the 48TMnG ap aygragesdniect: eoun & the memezaro dedeat eveabibaseat o thepr ocess
for out,awtdéfgétcamtggg QHfput unit. 13. The nethod as clainmed in any one
of clains 8 to 12, wherein the processor unit further nonitors a defect
event rate. ﬂ?lqulatmme lthigyer defechicontt valuanytilising of biobmiakmigribotices,

wher ei n I t | § r 0 S ro e, an
car |y wdr ot 8 ERCUDR bpsod R N iErerl Ul St ol il SleBhr ot 1
A daPa $V8Phge nedium having stored thereon conputer program code neans
for instructing a conputer to execute a nethod for nulti-layer defects 25
cal cul ation, the nmethod conprising obtaining raw defect count data
representative of each single layer in a nulti- |ayer fabrication process;
deriving a cunul ative probability for-a non-zero defect event fromthe raw
defect count data; 13

-

-



deriving an average defect count for the non-zero defect event based on the
raw defect count data; and calculating a nmulti-I|layer defect count val ue
utilising a binomal distribution probability mass function based on the
non-zero defect event and a zero defect 5 event. 4~ 14 MILTI LAYER
DEFECTS CALCULATI ON METHOD AND SYSTEM14BSTRACT 5 A method for nulti-Iayer
defects cal cul ation, the nmethod conprising obtaining raw defect count data
representative of each single layer; deriving a cunulative probability for
a non-zero defect event fromthe raw defect count data; deriving an

aver age defect count for the non-zero defect event based on the raw defect
count data; and calculatingba mul ti-layer defect count value utilising a

bi nomi al MTI BAYER DEGESESICALCHHATION: METHODAND SYSTEM zer o

defect event and a zero defect event. 15 FIG 2

ABSTRACT
5 A method for multi-layer defects caiculation, the method comprising obtaining
raw defect count data representative of each single layer; deriving a cumulative
probability for a non-zero defect event from the raw defect count data; deriving an
average defect count for the non-zero defect event based on the raw defect count
data; and calculating a multi-layer defect count value utilising a binomial distribution

10 probability mass function based on the non-zero defect event and a zero defect
event.

15 FIG. 2



