; hi e3eOLI . 6T5<) MULTI LAYER DEFECTS CALCULATI ON METHOD AND S¥STEM FI ELD OF
| NVENTI ON 5 The present invention relates broadly to multi-I|ayer

fabrication processes, and nore particularly to a net hoql“mmmmmmm for

mul ti-layer defects cal culati on. BACKGROUND 10 In mnulti - ses
such as sem conductor wafer fabricatioh, it is i nportant to .ebf«@i n data on
process defects in wafer fabrication processes, which influ ield
of the product. Such data is used for defect nonitoring Iﬁmmﬂmm F g, and
may be used for yield lost prediction and yield for ecast

average defect count values are used to nonitor for defects tG80¢tich
fabrication processes. However, it has been recogni sed by the present

ctactsti o MOF TR CAYER BRFECTS EAL B, ATIDN WETHO AND STRTEM. o1

does not follow a specific 20 distribution, as is typically the case in for
exanpl e sem conductor wafer fabrication for backend multi-|ayer processes.
SUMVARY 25 In accordance with a first aspect of the present invention there

IS provi i mul ti-layer defects cal cul ation, the nethod
conpri si ﬂ:ggbﬁtcg?mr]ﬁ'g”?%def ect count data representative of each single
| ayersin a nmulti-layer fabrication process; deriving a cunul ative
probability f defect event fromthe raw defect count data;

a non-zero
deriving an a\%‘reaa'@sGB? EB’F“H%ﬁF'aF‘%"r braadh, i multi-ayge fakiication Rrogessessed on
the raw deberéreqsuHidulad @ a MethstPard/bysitéMdoemiiilibied dufedts éalcBmtiorount val ue

2 utilising a binomal distribution probability mass function based on the
non-zero defect event and a zero defect event. The binom al distribution
pr obabi | iBACRKBROUNDCti on may conprise N x x~I _P~N x.~" x=0 5 where N =
total nunber of layers x = nunber of affected |layers p = the cunul ative
probégl lity for the non-zero defect event y = average defect count for the

non-zero def egh muﬂlﬂbyé'ﬂ'l@)r&&e%ﬁgi aéuoﬂi %brgautdoﬁauétbpwsi I thyridElioh, fnun§ti on
may conprise 10 z~| -Pz~, YZ z=~ ? ere N = total nunber of Zers X =
nurber Ofmaplft%rgttgaoqtagpeq%ta on process de ects |n wafer fabrication processes, wh|

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 count for the non-zero defect event

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



z =1St, 2nd 3rd) . , ., Mn type of defect pl = the cunulative
probability of the non-zero defect event for defect 15 type z yz = average
defect count of the non-zero defect event for defect type z The method may
be perforned periodically, and further conprises nonitoring the cal cul ated
mul ti-layer defect counts as a functioB of tinme. The nmethod may further
conprise correlating the calculated nulti-layer 20 defect count value to
the yield of an associ ated sem conductor wafer fabrication process. The
met hod may conprise nonitoring a defect event rate. The cal cul ated

mul ti-layer defect counts may be used to provide an early marning rel ating

to the fa |cat| es C dance th a sec spect of the
present UG &gt SRkryan; RSty 3R, btk 63567 i 1A oTrRyer
defects w@ileaénmdéherosdgéarg\,@anprl sing an interface for entering raw
def ect count r epr ent ive ch si layer ina 3 nulti-layer
fabrication p?@@&gofgﬁ?a 'QBrpr‘S}?ﬂbt'" 813§ ﬁ’g&? P PAPPURR probabi lity for
a non-zero defect event fromthe raw defect count data, deriving an average
def ect count for t he non-zero defect event based on the raw defect count
data, and calg ti ng a multi-layer defect count value utilising a binom al

di stribution :{;)v—XS ss function based on the non-zero defect event
and a zero deéfigot) eve an output unit for output of the cal cul ated

mul ti gl aweréief ect county V%t'dﬁwurﬂgb‘? oPia 99,@ al distribution probability nass
function may conprise x ~1- P~n~-Xx . x=0 where N = total nunber of

| ayers 10 x = nunber of XaFfieetbedof affestes layerst he cunul ative probability for
t he non-zero defect eve I =Mhe c%@%%ﬂ?&ﬁ%f&%@@oﬁ Qérotd%?ec'f'gverﬁero def ect

event The binom al distribution pr mass function may conprise z
1-Pz .xJ'Z z=1 x=0 x 15 w\ﬁ@verageﬂefeﬁ murﬁmm@en@f-mra;def@taveﬂtnunber of

af fect ed | ayergeZpimorhiaPh st u‘i‘ion%r@bablhty ?%huﬁé%ﬁ rﬂé Eﬁ# pz = the

currul ative probability o n-zero ct event ect type z 20 yz
= avdfage defect count of the non-zero defect event for defect type z The
raw defect count data representative of each single |layer nmay be entered at
the interface,pg dically, and the processor unit may further nonitor the
peri odi cal | y fﬁ%@dwﬂ z ayer defect counts as a function of tinme.
The processo ther “derive a correlation of the calcul ated

mul ti - Zﬁvﬂeayer defppetiotaiiMber df l4§eds0 the yiel d of an associ at ed
sem conduct or wafer fabrication rocess for output through the output unit.

The processor unit Xraypupber peaff ilg¥ars a def ect event rate.
z =1, 2™ 39 M"type of defect

p: = the cumulative probability of the non-zero defect event for defect
16  typez
y. = 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



4 The calculated nulti-layer defect counts nmay be used to provide an early
warning relating to the fabrication process at the output unit. In
accordance with a third aspect of the present invention there is provided a
data storage nedi um havi ng stored thereon conputer program code nmeans for 5
instructing a conputer to execute a nme8hod for multi-Ilayer defects

cal cul ation, the nethod conprising obtaining raw defect count data
representative of each single layer in a multi- |ayer fabrication process;
deriving a cunul ative probability for a non-zero defect event fromthe raw
10 defect count data; deriving an average defect count for the non-zero

def ect event bas on.the raw defect count. data; and cal.cul at] . a

i 1 -1 oy PL B PrisRas S pracestol it S5 Acum e b g for

pr obabi | iatnonvees defecttsvent bamettie cawt defedtavune datad dérvihg avedveradgel defezer o
defect 15 eve

t. BRI EF_DESCRL PTI ON TH W NGS 20, Epbodi pent s of  the
i nvent i oo Forb@ebg?@-épr%ﬁgtq;lt%@ag:%ege%it| § rﬁWpé?f@ﬁFbcPHngﬁ@%aofarﬁjr di nary
sk: Il in dcb!&ela&ihg af momMayer deftdt@ﬁhngvamé Utilwmgiamdnmﬁi dﬁét_ribbuom/?sbbﬁbuwanp: e
only,_and in conjunction with the dr ngs, 1n ich: Figyre 1 shows a pl ot
of ef acmashfigcien Besed on s peesto GHBECRMhGdA o ASRRGUPEY e o
pl ot f’f @gbmuéahitvadn{ctmhw&hé talcvatesiun umaémtdetfmp @bunté\ranﬁ&cordance \r/]mth an
exanpl e enbo t of. the present 1nyvention., Flgure shows a grap
bt rat i g dDBEId A BEE BrosabiEY iehic Bl ey s SBRtRa |t o trend
versus production cycles, in accordance with an exanpl e enbodi nent of the
present invention. 30 Figure 4 shows a graph illustrating yield to backend
defect counts ( relation, in accordance with an exanpl e enbodi nent of the

W x%_aﬁrgwe 5 shows a conparative yield to backend def ect
ary for

present inve
count correl &t prior art approach. Figure 6 is a schematic draw ng

i |l ustratjqges @ conputer AFQ!?JthﬂufrﬁHerBfrIH%&gem ation of a nethod of

mul ti-layer defects calculation, 1 n actordance with an 5 exanpl e enbodi nent
of th@ present inventi o =Rugbeeofafienieddayers | ow chart of a process in

accordance wi th an examp e yRIBGHLIER pr8batiy (67 RSREH-2dr8 ¥8f¥ct &fnt DETAI LED

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

ii(]v -p2) "
156  where N = total number of layers
x = number of affected layers
z =1%,2M 39 .. M"type of defect
p: = the cumulative probability of the non-zero defect event for defect
type z
20 y. = average defect count of the 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 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.



It has been recognised by the present inventors, that fabrication process
defect counts, for exanple in sem conductor wafer fabrication for backend
mul ti- |ayer processes, do not follow a specific distribution. Therefore,
in the exanpl e enbodi mnent two possibilities are assigned. Mre specifically
a wafer is either 15 defect-free or thé wafer has defects. In the

mul ti-layer defects calculation of the exanpl e enbodi nent, as the defect
occurrences are independent events with only two assigned possibilities
(defect-free or with defects), the continuous event can be nodelled into
di screte probability, using binom al approximation. As a result, a binom al
approxi mation._di stribution probabiljty mass function can be applied. to 20
colcul ate. t he T HpEladeRuRHGF L aetec! PROTRMaY dify ek b AP idRian Sarly

si ngl fe-I a\zegnindeéhﬁhg m)m{etfabmmidatpgoﬁals@ntmh@lbutbﬂogi&in Figure 1), is ,
transfornmed into a cunul atjve probability plot sho in._Fiqur . From
the cumi at i veh BPEUEANGS M & R 8ReLa e Breast iReBlen hetinis bRVIB S er o
Ic__l_ef ect iaaﬁlstﬁragevheﬁé@iuinsFdﬁhgrﬂbmdg\e;é;tdj eatr@fdtasm'bg'r'am negdet me_a;naalfatr]I in

i gur . S t he (cumul ative) pro ility of occurrence (indjcated as
"ot H Finglefig o SamBer 1 sobhe Hmelind nniitiigrerAgbes el gt ¢ | e
i s det er methdd comptifiagexanpl e enbodi ment, it is assumed that a particul ar
process has N repeated_ | ayers wi.th two possibjlities of events: - event
B Oh def octs DI BB SRUBIToc FoURt JHa MeprEaeRativg pheach SRRyl ThadDuBr 11 ¢y
of 1-p. layerthstatibheraoeds] of the exanpl e enbodi nent, these events are

i ndependent of, each other, that (s a present event Pag no iEfI uence to the
next event and’egv'ﬁpe%é’qul%Wgrprﬁhgb'ﬁw ohfa (18AZETL Aetact eYERsEgMeie W ers.
HenceQ bidesot abusst dhitst ri bution probability cal cul ati ons can be used for

mul ti-layer defects calculatiopns, The bipom al probabilit ss, function in
the exampl e eMEHUMRAN 2YeTags gefeeh gour fex heRan-25te dededt vk basest AR ARRr of
af f ect ed rhwyiefect cobst datd.adnddef ect count of a wafer for a specific defect

type can then b tai ned in the, ex | e .embodi pent as;. N x~| P~ ~XY x=0

88 witn'y L dculrtig A Rubdae! csinet Saoin SRR HBhg X pimguiit amtbulions i beq

above W tphobiatility anass funclibgWwated. onl b Aohizerd aiyesct dvbAttndad eBtadefdtt can be

ext e_qged in the exanpl e enbodiment to apply for different defect types in a
| -

mul ti'°1 ay®¥F"process, e.g. metal layer, via layer, oxide layer,..., etc. The
total defect count can be obtained it 20 such an enbodi nent as: x =UPz |
X'XYZ z=I x=0 with z the 1st , 2nd, 3rd, ... Mh type of defect, pz the

probability of non-zero defect event with defect type z, and yz the average
def ect c@BRIEFADESCRIRHION OF FHdE DRAWINGS the type z defect. 25

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 embaodiment 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 yield to backend defect counts correlation,
in accordance with an example embodiment of the present invention.



71t 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 single-I|ayer
process for different defect types based on a binom al probability mass
function, if desired. 5 In the exanple enbodi nent, rather then attenpting
to control the defect count on a waferd which is in practice difficult
since the fabrication process defects do not follow the specific
distribution as nentioned above, a defect event rate is recognised as
controllable. It is found that it is nore practical to nonitor the defect
event rate rat her then the defect counts per wafer, for facilitati ng for
exanpl e defec |tor|n and tri re acc rate

predi ctions. ItE 505310&’?0% QW"‘B%}E!F&TC"?C‘S ?’ng ‘F e AqUR ﬁor(rﬁ}gﬁ,? {Qa[r

pr obabi | iptryrartrapdrcgtcaph 300. In the gr aph 300 t he p-val ues and t ot al

def ect count \#al LES care Ioth ted taI 0 gw@ ca axes | $ the
hori zont al axi éguren ulf t¥ BSWRTYG gké ng] ?h8°'a‘Pa€%‘H §Wemt

occur r endmpleamhtatmmadf a:meﬂ‘tdd @frrﬁulltillayéreﬂaféae calchlaﬂeh ah dceyiatice Mithi an not ed
that the tot aLﬁ h]?él E tare tlhe total defect counts as cal cul ated
based on SCAEP |'ne|r5‘|‘8 RrPf’?P "P0nction cal cul ations of the exanple
enbodi ment. 2Fidure W khows s fipwechiant ofl abyrotess jreascurdancd Watth am eixamphs t t hat
t he exarrp errboqlqrv}ﬁnt can {acr |itate yield | oss prediction and yield

f or ecast &"m NS RIFSER} INYSAAN- ¢ provide early warning to re-input
wafers to neet customer chips shipnment quantity requirements should the

yield lo Figures 4 and 5 show yield to backend def ect
count CO?J%‘P@{_?P%S&QW“’ and 500 respectively, for 25 a backend def ect
count0i n accordance with the exanple enbodi ment and a previous approach,
respectively. B ?) ata shown in bFr ggeres 4 Flnd 5.rel ﬁ‘a? ftﬁr'”t"e sane

mul ti-Iayer ?S 550 @gPQB'ﬁe‘E)rdc s Pregent Nvediaian 'R '(?Bn’f)rgf:%%n of
Fi gur es defﬁw dauntshéordakampht ini mdrwadm@orawﬁafabh&atmimﬁibm:kbnd)fmtrlhe
present jnvention sh f%longer correla ore mrmre a cur ate

e e HraReses B o lliPa R sretirer Bt plan, 1RGR
exanpl e eniodiment twtesmssbérdesramr alssigreedratMeren s pecifi call‘pChBIwéfer ¥ @ithat eI y

ool o o 5o e A IS 37 DRI SR Db e

def ect prerxpmrpte’ embadithahtf ax thes defeck dcaargnices grs iepehdentesvemts aithdeiiyect | s

T Cea 4p depbRed HRRAPNTES Merkerrioa’dr i Berecly! B BHARRRG SRR Lo 1o

estimate nwcﬂllddrlnﬁmadlscfeje prabability ubmgebrsodeieamraxmiaeoenbAsiiamzestulbaen

facilita I { [ a d di N, 10
before mtg&g?rg’gl;ragb% %t‘r?oﬁ’caj@m#t%st g)b%i}ﬁ]lgf‘?ﬁ# Ic’}‘%%ﬁ ‘i/a&?éﬁr &I’"{eﬁe exarrpl e
enboﬂOnen’aloula’uetimmu‘pnb&aﬂayreredbfectsa conput er system 600, schenmatically shown
in Figure 6. It may be inplenented as software, such as a conputer program
bei ng executed within the conputer system 15 600, and instructing the
conput er syst émtre&0exadmple amhmtimeht singléilageoflefehtcaund mplv elatartzedi ptent00 The
conput er CAR uch as
= Koyboa T B 1R r0ERAhAE T ElMRIble PREMbEN HBL 206 BHbWARE IR 205775,
di spl ay 60en thengumuiative pradapility p@teeapan everngddlefeoscauntmf@onm@ defech a

gggggg ° gBSF_mt"‘Qv%ﬁﬁgji% d\é'téamﬁnéd"uhérg t%clt ééﬁb‘ﬂ?‘(% 8l G #re WAI%Ba%feea

ternet oOr tenms such as ‘Local
Net wor k (th\ylabve)wrdeablhluaofmcmerkce( M&:atedasrrpé i Gigpuie &) ofbkihen@B® i n t he

exanpl e 'd@ d&%??,"‘?ﬂ%?ﬁ’%@?%rﬂ?ﬁ@m% Igz%gdeqml -ess Menory _(RAM 620 and a

Read Only conmputer ul'e 602 al so includes a nunber
of Input/output (I1/0O interfaces, for

In the example embodiment, it is assumed that a particular process has N
30 repeated layers with two possibilities of events:

- event with defects with probability of p

- defect - free event with probability of 1-p.



exanple 1/Ointerface 624 to the display 608, .and I/Ointerface 626 to the
keyboard 30 604. 9 The conponents of the conputer nodule 602 typically
conmmruni cate via and interconnected bus 628 and in a manner known to the
person skilled in the relevant - art. 5 The application programis
typically supplied to the user of the Gonputer system 800 encoded on a data
storage nedi um such as a CD-ROM or floppy disk and read utilising a
correspondi ng data storage nediumdrive of a data storage device 630. The
application programis read and controlled in its execution by the
processor 618. Internedi ate storage of program data maybe acconpli shed
using 10 RAM 620. Figure 7 shows a flow chart 700 of a process in
accordance with an exanpl e enbodi nent of the present invention. At step
702, raw def edindeotind nibaliehof thpreaaigleaembodifetatiessievehts dre)indepehdent

mul ti-layer fabrjcatjon. process.is obtained. At 15 st 704, a cunyl ative
bt obabi & B rothEAhe D KigFent, SuehL rel 56 nfblenzs B BR, rett vRaf BBt
count datpresefit layep ha86 noainflagrteagm diré esubsequent fayers.he Hemeez asinordial ect

event _i s r.ived based.on the raw defect unt data. At step 708 a

i 11 51 agarepER SRS Spleuiatons oot e sander mefiger dfreth ERisiatond.
distribution probability nmass function based on the non-zero defect event
and a zero defect_event. 20 It will be appreciated a person skilled in
The art that  MORBHSIE Brotatin hass EOPIHD B e oo STPaIBoRLROVE | he
present ibgvention as shown in the specific enbodi ments w thout departing
fromthe spirit or scope of the invention as broadly described. The present
enbodi ments are, therefore, to be considered in all respects to 25 be
illTustrative not restrictive. 30 10 CLAIMS 1. A nethod for

mul ti-Ilayer d%ﬂﬁp’s{lt@ﬁcﬁl ation, the nmethod conprising obtaining raw defect
count data repr®gentative of each single layer in a nulti- |ayer
fabrication process; 5 deriving a cunul ative probability for a non-zero
defe event fr f data; deriving an average defect
counﬁbfor the%@nr&-{zh%%odﬂérggtaﬁgétgﬁﬁ a%ed on the raw defect count dat a; and
calculating a nulti-layer defect count value utilising a binom al

di stribution p id.) S i a ; : o) fect
event and a zﬁ?‘g g)g%gﬁc)%fleg/é%m (;f B%&ﬂ%ﬁe%}%%ﬁ@é}nc glg%g(t:iq%nb éﬁéi trl?lgﬁ,&\?/\her ein
t he bi nombidinet intthe lgxample gmbbdibidnt @g: nass functi on conpri ses x~I -P~N s' xy
X=0 15 where N = total nunber of layers x = nunber of affected |ayers p =
the cunul ative probability for the non-zero defect event y = average defect
count for theﬁ N—ze(rolpg,@_tcect event 3. The nethod as clained in claimil,
wherein the bj &n flldindt riButi on 20 probability mass function conprises:
z=t x=0 where*r=/total nunber of l|ayers x = nunber of affected |ayers z =
1st' 192nd, 3rd, ..., Mh type of defect

with y the average defect count of non-zero defect event, as described above
with reference to Figure 2. The multi-layer defect calculation 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:

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



25 pz = 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 nmethod as clained in any one of the preceding clains,
wherein the method is perforned periodically, and further conprises
monitoring the calculated nmulti-layer defect counts as a function of tine.
5. The nmethod as clained in any one the preceding clains, wherein the 5
nmet hod further conprises correlating the calculated multi-Ilayer defect
count value to the yield of an associ ated sem conductor wafer fabrication
process. 6. The nethod as clainmed in any one of the preceding clains,

wherein the th conprises nitorin efect event.rate. 7. The nethod
hs clai med i n o) binapBrecRied BY dteeend kfef i 156,a8,Brt 1D Eaarisg kit oq
mrJ]I t}- Ibaseapresksf thet total uddfecti sour est & @va%iémtird@ mlmyeylmtédgwaarrcgff?ﬁeinng to
the fabrigation process. 8. A systemfor exegutin ti-layer defects

cal cul at id%ﬁe,Ct&PfgaﬁéFarﬂnc%%P%%ﬁéo "ﬁY}fQﬂng%'éCt'Pgr@ﬁ?é‘?C"ng raw def ect
count data representative of each single 15 layer in a nmulti-I|ayer
fabrigation pr, Ss;..a processor unpit. deriving a cunulative probability for
a non-gzero defl'ggﬁeem‘ﬂ r%ﬂﬁ?ﬁ@epgv&amretgfnc {ﬁ{f'pt%go, Caaﬁ?lvfr}‘?ggﬁt?cgverage
def ect caooht boa whafer whichds in gedotice diffieult sines ¢tk tabrichtionn procges elefeatount
data, and, cal.culati a | ti.-layer defect.. count, value utilising bi nom al
i st 11 budeoferRuBkuRe el st ifin 55 BatudnaedR. ket sied s &
event andecognised aketentrollabiEnt It isafodindrthatit puinoreptactical touﬁmﬂor;ﬂﬁe dbfect

cal cul at ed | ti-layer defect count value. 9. _The.. tem as cl ai | n
et m 5, XRE B 9L eRdhe Herdet Eints R Sinter, GBFTAROS FRrarie Rt
conmpr0sesnoriforipg ldnd' triggeriv@, abmoine aecuvate yieltigrediotdrar of | ayers x = nunber
of affected layers p = the cunul ative probability for the non-zero defect

event y = average defect count for the non-zero defect event 12 10. The
system as cl aiFigutei 31 shbai narB pveviadirMetal HxeabPattarh aMER)staili probabitityptreddibi | ity

gﬁfr;e: “gf%tr;%.é:p;gﬁ@mi’r{ {hseear:aplh :J»BO( tr{eI p-'vaRJ%asEin'd' totail d)éiJe:CT cét?rt\t \}(afgesmgreerﬁoyedz total
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 total 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 warning to re-input wafers 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 a backend 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.



5 x = nunber of affected layers z = 1st, 2nd 3rd, ..., Mh type of defect
pz = 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 10 11. The systemas clained in any one of clains 8 to 10, wherein
the raw defect count data representati&e of each single layer is entered at
the interface periodically, and the processor unit further nonitors the
periodically calculated multi- |ayer defect counts as a function of tine.
12. The systemas claimed in any one of clains 8 to 11, wherein the 15
processor unit further derives a correlation of the calculated nmulti-I|ayer

def ect count |_u h leld of an associated sem conduct or fe
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The method and 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 plurality 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
suitable 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 (I/O) interfaces, for
example 1/O interface 624 to the display 608, and I/O interface 626 to the keyboard

30 604.
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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
156 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 calculated 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

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.
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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

ﬁ;,(]rjp(l -p) " xy

15 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
3. The method as claimed in claim 1, wherein the binomial distribution
20 probability mass function comprises:

ii(xjpf(l-pi T,

z=l x=0

where N = total number of layers
X = number of affected layers
z =1%,2% 39 . M" type 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
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5. The method as claimed in any one the preceding claims, wherein the
5 method further comprises correlating the calculated multi-layer defect count value to
the yield of an associated semiconductor wafer fabrication process.

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 warning 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 binomial distribution
probability mass function comprises

i[NJP’(l -p)" oy

x=l

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
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z=] x=0 X

where N = total number of layers
5 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
¥, = 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

15  processor unit further derives a correlation of the calculated muiti-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;
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