1 2 APR 2005 5 FAULT DETECTI ON AND VI RTUAL SENSOR METHODS FOR TOOL FAULT
MONI TORI NG CROSS- REFERENCE TO RELATED APPLI CATI ON The present nonprovi si onal
application clainms priority fromUnited States Provisional Patent {7 APR 2005
Application 60/232,598 (Attorney Docket No. AMA938/T37300), filed Septenber
14, 2000, which is hereby incorporated by reference. 10 BACKGROUND OF THE

| NVENTI ON Sem conduct or processing tools are highly conplex devices. Their
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vector 1102 is, e conmpared with reference data library 1112 (step B).
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2 APR 200515 sensor values to values predicted by a model.

An example of a model for predicting the behavior of a semiconductor
processing tool is the Universal Process Modeling (UPM) technique. This model was
developed by Triant Technologies, Inc., of Nanaimo, British Columbia.

Fig. 11 is a simplified schematic diagram illustrating the UPM

20  technique. Asshown in step A of Fig. 11, semiconductor processing tool 1101 is
operated, and input vector 1102 comprising values 1104 for tool sensors 1106 is
sampled at a time during the tool run (step A). Sampled input vector 1102 is then
compared with reference data library 1112 (step B). Reference data library 1112
represents a compilation of vectors 1150-1157 from previous normal operation of

25  semiconductor processing tool 1101. Vectors 1150-1157 of reference library 1112
include a value for each sensor of input vector 1102.

As aresult of the comparison of step B, vector subset 1110 comprising
vectors 1150, 1153, 1156, and 1157 is compiled from reference data library 1112
utilizing a nearest neighbor selection process between input vector 1102 and the vectors

30  ofreference data library 1112 (step C). Vectors 1150, 1153, 1156, and 1157 of vector

subset 1110 reflect sensor values of previous normal operation of tool 1101 that most

closely resemble input vector 1102. A variety of techniques may be employed in the



near est nei ghbor sel ection process as known to those of skill in the art.
Precise details of the nearest nei ghbor section process utilized by the LPM
nodel are proprietary. Next, vectors 1150, 1153, 1156, and 1157 of sgubgat 7955
1110 are conbined to produce a single output prediction vector 1116 (step
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operator with an organized presentation of real-time tool operational parameters, the
operator must still continuously monitor each of the tool sensors in order to detect a
fault. Doing this for a large number of sensors may occupy the operator’s attention,
diverting him or her from other important tool management tasks.

25 Another aspect of the modeling technique shown in Fig. 11 is that
selection of nearest neighbor vectors to form the vector subset and the output prediction
vector is based solely upon the sensor values. Other potentially relevant information,
for example the time during the tool run at which the input vector is sampled, is not
taken into account in the nearest neighbor selection process. This may affect the

30 model’s accuracy where the input vector and the library vector are similar merely by
chance, for example where a temperature component of the input vector is measured at
an early stage (ramp up) of a tool run, while the temperature component of the library

vector is measured at a late stage (ramp down) of a tool run. In such a case values of
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2 1 2 APR 2005 5 the tenperature conponent of the input and library vectors
may be simlar by chance, but the library vector is not otherw se an
accurate prediction of the input vector. Accordingly, nore sophisti dat &R .2005
techni ques for fault detection of sem conductor processing tools are
desirabl e. SUVWARY OF THE | NVENTI ON Enbodi ments of the present invention

rel ate to net hodenfperatfranbmpontat etthe opudindd:bsemiveondutdydre spndardssihageet ool .

In particular, iments of the present invention relate to nmethods and
apparat uses. | 4TINS EUet S ABHER G BORHa G LnaE of 18 EHRSAUE" e
accuracy of fault detectAdprdiddlg mdrbeshiniRiaiie@fechnif@dd! fbr etk askétn dret hod in
accordance with the present invention conprises sensing a group of
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operating ynder a recipe, and sensing non-correlating operational
paranmeters of the tool operating under the recipe. An input vector is 15
fornmed including the group of ARVIBARY Y DPEIAVIEOTAONpar anet ers and t he

non- correlating operational. paraneters. The input vector i 0 red to a
reference data |ibrar y_%?ﬁi‘ﬁ%ritﬁg‘}e@‘é@fe&r ‘rfvregthcs)rbﬁﬁ@\t/‘? t8d’§et]il%%lfgrr'g‘ﬁ@ utilizing
the recipe. NeRf884n oNEIANBMIUVBEpRESSsING tdd1C T PHRtduIMEEHBSdiIRERSs SEIH8Gh&dnd rom
the reference data library based upon a simlarity with only the group of

correl ati ng opeYeatiporrdte pamairedeins appargbiseschatzmpdabioet mpéeliogrigshhimges thaim t he
sel ected arest_nei.ghbor_ v, [S, vect or subset is conbined into an
out put prggi ctefl}éar\nc\e/é}%tac‘frc?ra%ﬁétt%u gf]% ?Oélét ection index is generated from the

out put prediction vect oOneEait®dansht of h&ulteiplzowimnBetsd of ackhrdaiieasi@nthe
invention, as well as its advantages and features, are described in nore _
detail in conjPIRERy BYFOROR SOTRBSS XS EA FRHP 5-OFTHrAE PRETAERN PYaivelsts 3@ BRI EF

DESCRI PTI ON' Ok {d5 RAW (s)%h@tool @pérﬁir@ HeR Jeéi%)&%ﬁls%iw&co%m i zi ng

one enbodi nent of the th according to the present invention. Fig. IBis

a schematic dioggrationdl phuagteteas o fthe oppérpratozaindaethaidcipeofAnt input weetohsd shown in

Fig. 1A 15 formed including the group of correlating operational parameters and the non-
correlating operational parameters. The input vector is compared to a reference data
library comprising vectors from previous tool runs utilizing the recipe. Nearest
neighbor vectors to the input vector are selected from the reference data library based
upon a similarity with only the group of cérrelating operational parameters. A vector

20  subset is compiled from the selected nearest neighbor vectors. The vector subset is
combined into an output prediction vector, and a fault detection index is generated from
the output prediction vector.

This and other embodiments of the present invention, as well as its

advantages and features, are described in more detail in conjunction with the text below

25  and aftached figures.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a simplified flow chart summarizing one embodiment of the
method according to the present invention.
30 Fig. 1B is a schematic diagram illustrating operational details of the

method shown in Fig. 1A.
Fig. 2A plots values for foreline pressure for an initial series of test runs

of a plasma etching tool.



Fig. 2A plots values for foreline pressure for an initial series of test
runs of a plasma etching tool. 3 12 APR 2005 . 2B plots values for foreline
pressure for an internediate series of test runs. Fig. 2C plots val ygspAPRoii(h
foreline pressure for a later series of test runs. Fig. 3 plots the second
fault detection index of TABLE 2 over a series of 10 test runs. Fig. 4 plots
the third fault detecti dng.iZbdgrtsohiuABl Borlimveessurdosanatemsediaesenés dfest
runs of Fi gure g Fig. 5 plots the fourth fault detection index of TABLE 2
over the same “>$8f"es of test runs of Figure J. Fig. 6 plots the first fault

detection index of TABLEiZ 20ugbtstaResS iore S preéSuffof £&kersbiss dIftefhgyre 3.
Figs. 7A plots gas | inlet pressure for portion Z of the test runs of

Figures 3-6 Figs. 7B pl &t$ JfRivEtherecyiddaytdecqtion iptexial JMBL R overer sedist of uns
of Figuressl53;fmsFigs. 7C plots throttle valve for portion Z of the test
runs of Figures 3-6. Figs. 7D plots chanber pressure for portion Z of the
test runs of Figures 3-&ig.Pimgots 8% hirdfailtfdrtdctiomziiecdf DABLEDexvey dressagiet i me
for a fault detect if n, 20 mg%.hooda whi ch does not utilize cluster sensor

i nformation i A-tHe S6f BEFPORSFotess of the nearest neighbor vectors. Fig.

8B plots fault detectiomid 3qxs VS BusSh HultRlefeefiorminflaubt T ABL 80t 43P thenBiRod
which utilizes cluster sensor information in the selection process of the

nearest nei gh®yEs ofést Bins of BU §. 9A plots actual and predicted susceptor
erperatuig over {1e |95 8B aRaELY DS GRSy cidoeh o B R PLoT,
suscept or tenpeiataitat nmisafiFaatd ¥e sensor type.
Figs. 7A plots gas 1 inlet pressure for portion Z of the test runs of
Figures 3-6
Figs. 7B plots foreline pressure for portion Z of the test runs of Figures
15 3-6.
Figs. 7C plots throttle valve for portion Z of the test runs of Figures 3-6.
Figs. 7D plots chamber pressure for portion Z of the test runs of Figures
3-6.
Fig. 8A plots fault detection index versus time for a fault detection
20 method which does not utilize cluster sensor information in the selection process of the
nearest neighbor vectors. -
Fig. 8B plots fault detection index versus time for a fault detection
method which utilizes cluster sensor information in the selection process of the nearest
neighbor vectors.
25 Fig. 9A plots actual and predicted susceptor temperature over time for a
properly functioning etch tool.
Fig. 9B plots actual and predicted susceptor temperature over time for a
method in which susceptor temperature is an active sensor type.
Fig. 9C plots actual and predicted susceptor temperature over time for a
30  method in which susceptor temperature is a passive/inclusive sensor type.
Fig. 10 shows a simplified view of an apparatus configured to practice
an embodiment of a method in accordance with the present invention.

Fig. 11 is a simplified schematic diagram illustrating the steps of the

UPM technique.



Fig. 9C plots actual and predicted susceptor tenperature over tine for a 30
nmet hod i n which susceptor tenperature is a passive/inclusive sensor tyBe.
Fig. 10 shows a sinplified view of an apparatus configured to practi &dPR a5
enbodi nent of a nmethod in accordance with the present invention. Fig. I 1is
a sinplified schematic diagramillustrating the steps of the UPMtechnique.
4 1 2 APR 2005 12 is a 'Hhgll2'isaélydl’s gredghapbfof a comrevendal nad deteatibh natedodct i on
met hod. DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS As nentioned above,

enbodi ments of the invention relate to nethods 5 and apparatuses that

enpl oy tool nodeling techpEsgrEsTICROETHRSPECINE BMBOHEMENTS fault
detection in sem conductor processing tools. I'n order to better appreciate

and understand the prederneqtippehahays, crrboepaitcel theinygefeontrelap tggnethoisand 113
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operational details of one exanple of .the .ma%%od shown in Fig. |A used in
conj unction V\Auflﬁeratéf“gg}eiH’i@sef‘%}ﬁp%)‘gloatf?feﬁﬁ‘c? Hen¥5eP §tSon’ B¢ 15 a%ljé%eﬁa et chi ng
tool 102. Ref gqrefgfintRghbasiRvwetisbi NYista@hp iR dow bREEsHbRing §XSRp ary
purposes only. It is to be undestood that ghe present invention Is

appl i cabl e t ecohedivgtd age ¢mbddimentrof dherrasthebrrconimufottioy presdnt inyantian whdel s

i ncl udi ng .0als.. 15 deposj.tion.tools and i.on .inplant tools ot hers.
et ore uitTi 2 e PR R A R R B BB P Lo g R0

det ecti on nodehetidisihobe idEvellopadd ilevninopirmnwith Beedtiugd fhuldefueiat ilgnopradnh

i ncl udes associating various characteristics of tool 102 with sensors that
are included io%h2pEsmgreiching tophk2ndirégreqceitqyplagmg etghigg tonl 10 madefoner ein, t he
tern "sensor" [ 0 i 3 j or

[ abrication ool DR R b P B bRt R L PGy
nmore detail béd detectig fasledinlogres semicotrkictoe fabritatmngools itcysesd' CMéfteols, t o t he
role play by, a particul ar.sensor value in nodeling and fault detection

pr ocessesﬁgA ;315?%%&5’1%?%?8%0&1 p&ﬁéyoﬁrl&f‘ymbol'[‘:‘r%r%rsnot represent a tool
operational paraneter tBafork SitiliEHAg tHe@deskeit ifivatiod td@etec? ool Maulther Ax@ANPI € shown
in Fig. 1B, there are seven different sensors: chanber pressure sensor
106a, thrott| deigalieempredayst be devsiaprd-198Yslonng (BF it detesligy model includes

associating various characteristics of tool 102 with sensors that are included in vectors
of the model (Fig. 1A, step 2). As used herein, the term “sensor” refers to an

20  operational parameter of the semiconductor fabrication tool. Sensors can be of
different types, as is described in more detail below. As used herein, the term “sensor
types” refers to the role played by a particular sensor value in modeling and fault
detection processes. A particular sensor type may or may not represent a tool
operational parameter that is measured in real time.

25 In the example shown in Fig. 1B, there are seven different sensors:
chamber pressure sensor 106a, throttle valve pressure sensor 106b, foreline pressure
sensor 106¢, gas 1 pressure sensor 106d, out 1 sensor 122, cluster sensor 118 and
susceptor temperature sensor 120. It is to be understood that the seven sensors
illustrated in the example are for exemplary purposes only. A typical fault detection

30  model according to the invention as employed in a production environment will include
considerably more than seven sensors.

After the various sensor are defined and assigned sensor types, data is
collected during acceptable runs of the tool under a specific recipe and associated wit

the defined sensors (Fig. 1A, step 4). Next, a model representing operation of the tool

5



sensor 106c, gas | pressure sensor 106d, out | sensor 122, cluster sensor
118 and susceptor tenperature sensor 120. It is to be understood that the

seven sensors illustrated in the exanple are for exenplary purposes)qQphkygsA
typical fault detection 30 nodel according to the invention as enployed in a
production environnment will include considerably nore than seven sensors.

After the variiousns&@es@ifroad e defidcnediaan@iAssl §86d) SERS@bddl YiR@Sies daéfrehse
col l ected during acceptable runs of the tool under a specific recipe and

associ at ed wi t48t2 ktHarvgas valdas segsder rrodusing an qutpwvegronynd fupl detegtiapgaedsx
representing AL [ s [T oTeT ' : ucted fromthe
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orary g odad Rordthcs Bl gS a0 e Ber b BRERIPBE lble o vele™ PR B
library 5 112.coRghied go6ethelabidectddtadd. YEabl ZedtBiChéidess R cBhipbadtd e 9énsbaf erence
data vectors 170-1'/9 co led fromthe coll ected data. Each vector

t

i
i ncl udes as colepoekbit themnedes @ansstas thiaollpded daja thabispstpsiatedagitingdch sarsor.he
col | ected dat ' SQGi at LEh e nsor .. Jhus, Vv r.in
Torary 112 oftigech B RibBLs S0 Rea e et ey splB5Y, TR RIS P8,
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pl asma 10 etching recipe. Rul es fﬁL%prgducing t he outpyt vector and fault
det ect i on FndeXCiROTFFIPEhE A dRI PIPEHiTHeS PHEF LR T AR iy toiPifean infg Eem

assi gni ng wei ght 808 Hekdahduee B36hS o@Bd. ru'[éélags?igﬁiﬁ’g G/%th%% COMPALERON and .
thresholds. Once library 112 is conpiled and the fault detection nodel is
conpl et ed, t helesbdédcidescompadyont thrasprids.or t ool 102 for faults in a

production environnent ere.13 | 102.is_operated, under t specif]

reci pe used to produce réFEﬁ@HE%Hgg?éoﬂpBF§W§H%i%ﬁ&“ﬁ%?gﬂ@“g%%ﬁsg@&?kkﬁ’
i nput vector kRdmbo8elsarqligeh baiBriHa 102@r fhikitsdn alpfodustiePedironm¥éeCk Rére 104
i ncludes the same sensors as the vectors in library 112. Once generated,

vector 1043i s PAPYE 13 epartied reder thegrpe@ b resipevseblo Arpduseaeleroner gdnkbane a
fault detectiony %é-su%oug%,saéﬁgg%\%  E0Dis shifiplel RO ] Bidhdo PELECA] 94 %)ndex ' S

created using a nultFstep proce ere first Input vector 04 1s conpared
to library 11Vag&irr@4anclurzatlestameskenpolzos tapprcoas m litwantdtléc Ons¢ gedeaated,

il ar to i naron it il BBRuGr B ot ARt bR b R RuethSn

index.

20 As shown in Fig. 1A, the fault detection index is created using a
multistep process where first input vector 104 is compared to library 112 using a
nearest neighbor approach to detect similar reference vectors (Fig. 1A, step 10). Next,
the library vectors most similar to input vector 104 are compiled into a vector subset
108 (Fig. 1A, step 12). An output prediction vector 116 is then generated from the

25  vector subset (Fig. 1A, step 14) and finally, a fault detection index 114 is generated
from prediction vector 116 (Fig. 14, step 16). Specific details concerning generation of
fault detection index 114 during steps 10-16 according to one embodiment of the
invention are discussed below with respect to Fig. 1B. The generation of the fault
detection index is based, in part, on applying different rules to different types of

30  sensors. Thus, in order to better understand this example, a description of the different
sensor types is in order.

As previously mentioned, there are four different sensor types: active
sensors, cluster sensors, passive/inclusive sensors and synthetic sensors. Active sensors

are sensors that represent a group of correlating operational parameters. Embodiments

6



108 (Fig. IA step 12). An output prediction vector 116 is then generated
fromthe 25 vector subset (Fig. IA step 14) and finally, a fault detection
index 114 is generated fromprediction vector 116 (Fig. |IA step 16).APR 2005
Specific details concerning generation of fault detection index 114 during
steps 10-16 according to one enbodi nent of the invention are discussed

bel ow wi t h r espisb¢ intventkinggrodp :relimggemeratioontogéthes dnatddhniqdetettirore i ndex
is based, in part, on.a ing different rules.to, different type f 30
sensors. Thus: Brh CsPaaRl Rt nantsahes hirceird: BubpreetoniBEEIstfon o
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four different sensor types: active sensors, cluster sensors,
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that 1 epr esent oGl AHi: Alsel At Blcb O RRA L ANBInAHANEL LS nci FHROATEN S ©
gr oup g oge

tefh .
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etching tool 1£24sdrel Ak esgplii@edinafedilRlow, ACER & gHnyors GRANRE] [ BS SélERioneNSOr
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e a te

process of the nearest neilghbor”vectors to conpi re vect or subset,
and they are al so incl utedhé¢rmedpamae atddriy dnbedfmaerts oftet @okention inniddss f r om t he
out put predictian. vector. Another techni gue ysed by enbodi nents of the
Chvent i bn' 1 hol GBS Rkl Rteebor s SR PRt Ess R SRS SB RO tifocess. by

i ncluding cri tﬁhﬁl&iﬁtiﬁﬁe AN f vettat tadigoh¥nth NFéMRaMplel 810D AVRSE Bfedi@iipa@ent s.
For example, Fig. 9A plots predicted and neasured val ues for susceptor

t enper at ur e of maasgredsihics fQIHIFGPIOB Esmperaitre pEa plapras eshinggooliat pafungtioning

cusceptor TR <olSBUELLRR R 0t S e Appueentor
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20  temperature during second stage 902 of the etch process.
Embodiments of the invention reference the stage of the plasma etching
process when the input vector is measured in the selection of nearest neighbor vectors.
For example, as shown in Fig. 9A susceptor temperature 904 of an input vector
measured during first stage 900 of the etch process may be the same as susceptor
25  temperature 906 of a library vector measured during second stage 902 of the etch
process. In such a case, while susceptor temperatures 904 and 906 may happen to be
the same, the library vector is otherwise not an accurate prediction of the input vector.
Accordingly, embodiments of the invention employ a cluster type sensor, such as
sensor 118, to represent the stage in the plasma etching process of tool 102 at which
30  input vector 104 is sampled. As described in detail below, cluster type sensor values
are included in the nearest neighbor selection process, but are not included in
calculating the fault detection index.

A third type of sensor, the passive/inclusive sensor type, is a sensor that

represents a tool operational parameter that does not correlate strongly with the active

7



Enbodi nents of the invention reference the stage of the plasnma etching
process when the input vector is neasured in the selection of nearest

nei ghbor vectors. For exanple, as shown in Fig. 9A susceptor tenperdtAfRel005
904 of an input vector nmneasured during first stage 900 of the etch process
may be the same as susceptor 25 tenperature 906 of a library vector neasured
during secondyst seo®0utoifiichhe cxtected (pomoegsaor ¢ypesensh taprast, imphiths tool
susceptor tenperatures. 904 and 906 jray happen to be the.sane the library
Vector i ot Nl LETBioTa N R ATP Bl et L LB P e N PR BB o .
Accordingly, wenpedtiresdrsoof20tinEid. nBe MthicQlscepipt Ryhparatlry of plasty PRhERASAr , such
as sensor 118, to represent the stage in the plasm etching process of tool
102 at whi ch BY dospuet cpeetas stengly Witk ligar e, (Prssugosersbeoqard, @ut Kild  bel ow,
cluster type SeN3OfoMAELLRperinte iAChNOaE I lns haRaE! | ighbarpsgkect i on
process, bDut are nocf inclu eergerni% cal gﬁl art%}%% tﬁe ggﬁ%% f@%@‘?%oﬁ?ﬁdex. A
third type ofpastendaretcht frecgsabsny efonncleds Tes, smhsdimettgpd the isvent®ansdudet hat
represents a tool operational rameter. that .does not correl ate strongly
with the act iRy iebsissendnod inisl Luige sfe Al iR iidet EREEREA™ [ om
oper at or expefctief e elsbnsBrsQistd e proder thabhitphoRctor tatbtisd Néc@b MBIt MtingARoleXanpl e
of a passive/inclusive sensor type is susceptor tenperature sensor 120 in
Fig. 113. TheprsiyrsepPasieanglerie rpe soborslazesiad et inghe rssrest noghtwses not
corr el at & st rangly, WD RE ACHE: (PLESSHEE ) SEPRN S b0, PUt T Ts &
known from user experiente that susceptor tenperature 1s a Key fault indicia
for the particular etchingityyaésasthais’ief sarotiofedynihblissenestropk, veidismaf t he

i nvention include passive/inclusive sensor. 120 in cal cul a%i on of a fault
detection i ndRAEMRIQET! RrEPAdhePredict Y RAPRYHE AehsBpseluseecitier!lyy emttict he

out put  Vect or GOMILHS GeresSBE pYbicHIAYuUARY fHs it cLORt be RIESSSH &ifing real time

Passi ve/incluSive type sensors are not utilized in the nearest nei ghbor 10
sel ecti on prowsssionpithedpel, bttiwhighechn he measered pichgssidned faapartidggderccioon i ndex.
Finally, fourth class of sensor is the synthetic sensor type..whi,ch may
be- orpl oy B4 ¢ BRI SReRTRert S e B pE R R e Fear Ty,
synthetic typatsaosass: tfypPl EBSRPies@y s thitidal dinantioh (€D) bhatentiastattobe
nmeasured during real tinme operatiagn of_the tool, but which can be neasured
and assi gned EeuE 15etling Gpmrlarartdihing ThsdrD comst Bt measustd dHBeSiThitsoRbuct or

process. I n the 3REGLILE 188N Sy th:%r?be ihBud& as dd&ﬁb%hier?t oT& ey W¥RG: 122

represents a critical dinension (CD) a sem conductor feature resulting

from pl asma efubequgnt sEhestiGDo Craarast ndighbre entere tvod ldr iesidt iptpoédietepn dfatcritical
20  dimension.
Synthetic sensor types are merely predicted by the model, and are not
utilized in the selec'tion process of the nearest neighbor vectors or in generating the
fault detection index. Input of the synthetic type sensor 122 is not required by the

model and input vector 104 includes a null value for synthetic type sensor 122.

[\
w

However, as discussed below, the output vector produced by the model includes a
predicted value for the synthetic type sensor 122.
For reference, a general summary of the role of each sensor type is listed

below in TABLE 1.



can be nmeasured after etching and then be included as a conmponent of a
|ibrary vector. Subsequent sel ection of nearest nei ghbor vectors woul d
result in prediction of a critical 20 dinmension. Synthetic sensor typé8R a0
nerely predicted by the nodel, and are not utilized in the selection
process of the nearest nei ghbor vectors or in generating the fault
detection index. Input of the syntheti cTABDE Isensor 122 is not required by

the nodel apd—i-Aput—vector 104—inehutes—anuyH—valuetor—syntheticype

sensor 122. 25 Howe[/er, as di scussed bel ow, tiheael.byby Vastoto pr@ L&@&Eby
the nodel includes a predicted val ue fVorUr he wmtbfe{Ech tEpECSEensoravlR?2. | For

eference, ol g8l sy ghvit | IGNE ecplateor| (it { P

bel ow i n TABLE e O dhatb N 20Ky TADB RECATT QINOSEDTCCALCUL ATE
VALUEW TH OFIER%ELEJYEMT SENSORI NFUTPREDI CTED— ACTI VEVECTO?DETECTI ON
TYPEEXAMPLE | BREGd REE?ENor L ASENSORS? SEBSET?T NDERX? No Yes

Act i vechanber YelssYes YesMeses pressurie Passivel, ' suscept of YesYesNoNoYes
| ncl usi vet enpérgriy eoynt heti cotit | NoYesRbt ApphetelrMisNo | O dst er|st agi¥esNoNot

Applic. YesNo uggtwnnggeTo Fi'g. ¥8, ONCE NNe TNpUL Agfkl OF has bgen sggpl ed
fromthe sem-conductorfabricationtool—thenext—step+s-to-conpare-the

U T OO

input vector to the 5 reference library corrpiled during prior normal

el oM o Lhe o0l . RERRiAL RAFIDACK e RS Gas RELOUN cALAIL T Of

step 10, the exanple shown In steps to gauge simlarity
bet ween i nput SMEiGbmi’qu(ﬁ4alﬁ!‘¢dt10[EtObbﬁ$ n]eitﬂq{ép?@ totomedretteriggut vdabatd thbrary 112.

In a first_test, inpyt vector, 4 is conpared with reference data |ibrary
112 and si il aerfFrchefl erarcomedl USSR ﬁaperé%hofﬁ%wétw@m&) pagi 4o

g:c m lnar It ty 1t0tﬁe3rf1é%%§t ri]e%bﬁfeillf&%t& SHisteh 18T ik ¥xdBp RShIWRIH BiRE1 5 8RS VS rd6a- d
i ut vector
P steps to gauge sxrmlanty between input vector 104 and vectors 170-179 of reference

data library 112. In a first test, input vector 104 is compared with reference data library
112 and similarity factor 124 is generated for each of vectors 170-179. Similarity

10 factor 124 reflects similarity to active type sensors 106a-d of input vector 104. One
approach to generating similarity factor 124 may be through the operation of the
proprietary UPM software program previously described. Vectors having a similarity
factor 124 exceeding a cut-off value (0.97 in the example of Fig. 1B) pass the first test.
The values of passive/inclusive type sensor 120 and synthetic type sensor 122 are not

15 included in calculating similarity factor 124. As shown in Fig. 1B, vectors 170, 172,
173, 177, and 178 pass the first test.

In the second test, cluster type sensor 118 of input vector 104 is
compared with cluster type sensors of the vectors of reference data library 112. In the
example shown in Fig. 1B, this comparison test requires identity between the cluster

20  sensors (i.e., only reference data library vectors at stage 1 pass the second test).
Alternatively, this comparison test may require less than an exact match between the
cluster sensor types (i.e., where the cluster sensor is quantified in units of seconds
rather than “stages”, library vectors measured within a specific range of seconds of the
input vector may pass the second test). As shown in Fig. |B, library vectors 170, 172,

25 177, and 178 also pass the second test. Vector 173 fails the second test because of non-

identity between its cluster type sensor component and that of input vector 104.



approach to generating simlarity factor 124 may be through the operation of
the proprietary UPM software program previously described. Vectors Zﬁékqaﬁa
simlarity factor 124 exceeding a cut-off value (0.97 in the exanpi :
Fig. IB) pass the first test. The values of passive/inclusive type sensor
120 and synthetic type sensor 122 are not 15 included in cal cul ating
simlarity factor 124. Nt ghdeth! i neqprsubict 308 \seompiisd frpon librzry vectpysl 70177,

and 178 pass jhe 'Hs 5{?(.1& (I)#t;%trt%%h% E{ohr&egll%gg%ggd %ﬁ%sstewn%l o3¢ efhet\ye?%rssgpsﬁgget 118 of

i nput vector 104 i ype sensors of e vectors of
ref erence datl@Slindhuderpredit2d vhined foe theexcang lcluseh @assiverinBiugive,| d3d sytrhstic
conparison test requires identity between the cluster 20 sensors (i.e., only
reference dat’8™°f bP4%y vectors at stage 1 pass the second test).

Alternatiygely, this conpakpyanvdcRsd | TRY72,809] 4R 1178%% vENGuBi 8@Gk Mat ch
between the cluster sensor types (i.e., where the cluster sensor is

quantified i FomRined toProsaemartieuparkigtionysptor stGdashe sperificgrgmplsshows in

measured wt K. n PEILG: 1 f f - \Y : pass
The: second 1 ity ® REBELALRIAN IR STEORRRAl ) (R eph PR FAQLTBY D2
and 178 al so lpassvéduasseeand, tE5and VES had thed 3ombinirg thhiecbea@ndcioasst because

of non- identjty between its cluster type sensqQr conpaonent and that of input
vector 104. GEMRLXEE, YopLecigsepmpiladpniien oould Bilizsmostiggitng12ialliaad s | ed

fromlibrary Meatahishild Gach vLéds ]gtltﬁz Buk%@f.j P%_sg tﬁﬁétilir]:fgtie&gtip@,ttﬁk %ﬂ\?)é{dtiroﬁt and

the second tests. The vectors of subset I nc predicte ues for
the active, cbudtulize passshied syschubatmpsiderd ssyihriefacor 134 psgouslypes. 5 In
step 14, vectors 1%?6 172# %77, and 178 of vector subset 108 are conbined
to produce arr BURSHECTFRENI € on vector 116. "In the specific exanpl e shown in

Fig. IB, output predictieRpvectalk ddd@ionSn@ananal esheRyedSsh @iplgpadictiost set
of weights 126 to vectors 170, 172, 177, and 178, and then conbining the
wei ght ed vect'sster 116 Seasergenkiag {5, antadlgiopal dechnique it ey ibe smpieysd &oul d utili ze

no wei ghtjisng i@x&aro@le ndy é?hgﬁult %Qte&gﬂﬁlAé@@ie%& {)&sgiv@ﬁr‘fé?us\{ (f fe?ifsorg e

subset. As yet another alternative, e conbi nation coul 1ze a
wei ghi ng systveamwt hit mephe rabied instemnd &ithdiyrelaiot anpdridcpimemioasigya gehfankt ed

for each vector...In step 1 faul t,detecti. index 114 is generated from
out put_pr ed ¢815Re Soeagr o e bR viEHe! FESyalisa pih SRAPS FethArue
that may be egploauedfaiR ddRclidPhene] UherRcakasysyafhetiatipe se@bectd . Active
and passive/inclusive type sensors of = )
cluster type sensor 118 are not included in this calculation.
20 Experimental results of fault detection in accordance with the present

invention are now described below in connection with Figures 3A-9C.

Experimental Results
I. Sensor Grouping

25 Plasma etching of oxide layers is frequently performed during the
formation of vias in integrated circuits. As a result of oxide etching, polymer materials
may accumulate that interfere with correct positioning of the wafer. This can affect
product yields. Ordinarily the polymer residues are removed by periodic cleaning
steps.

30 To evaluate a fault detection method in accordance with the present
invention, a series of over 1400 consecutive oxide plasma etching runs utilizing an
Applied Materials Centura® plasma etching device were performed, without any

intervening cleaning steps. Tool sensor information was collected and modeled
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vector 116 may be ranked in terns of their relative inportance in indicating
a tool fault utilizing second set of weights 128. The wei ghted sensaqr

val ues can then be conbined to produce fault detection index 114. Tﬂez APR. 2005
val ues of synthetic type sensor 122 and cluster type sensor 118 are not
included in this calculation. 20 Experinental results of fault detection in
accor dance wi t4itlghe Yeddwae/RT spfevars sandpeusdiy dewet | daolssiesvinr refconnect i on
with Figures 3&9C 2530 gibmental Results 1. Sensor G ouping Plasna

et ching of oxide }ayers I's frequently perfornmed during the formation ofvias
in integrated circuits. Rasidaalnedusk tepodscomxheléifetabe bepwepohy p@nalmdastredl S  may
accunul ate that interfere with correct sitioning of the fer. This can

af fect produc ah??%”&lgl.e el Ariafyy pf??é“%@%&’ﬁfnqdégi ]g‘@és%a'? Pl HRR B K3
periodi c clseaniaN@ of$4:8RS%e pre@ulY 8l Mabesidnihauhidd AeLRCL1dUT tiedhedo f ftoagsas dance
with the present invention, a series of over 1400 consecutive oxide plasnma

et ching runs uuis. i EREA alets vibyssiferreninad foraline messtiter @02 preismag epcivinike devi ce

wer e perfornmed,, - [t eryveni c i Tool.
o or et 1 on e O fEMG plek Bl ' PGP AT B R R B S o ey
sof t war e manuffastremamdd bymiortad it wiltds bxgdcrdit@srantdieegiodf X. Nanai mo, British

Col unbi a. Resi dual val ues E%egpresent the difference between an actual
measured val ue from t heé'1&-d& Plaiia2hies S des i BrEBreins PresyuteHer Hoakrmegnlys.

2A-2C pl Otl { h?g’i’t@oﬁf cﬂd‘fﬁg testq'_u}{@l ™E ﬁi SI{OQJSQA! dr{f{aingﬁgﬁﬁfélrugl’ vagx%\: %ﬁre@ﬁ%é{%@uﬁg’

m ddl e, and e of the series of processing runs. t ues for
resi dual f oreltb e lpwessast portion oftobegicameégign Forti on the 1400 consecutive

t est . Fig. 2A shows..t I idual foreli . t
st romai ned cont or (a8 b PHENRbEErRB o ERUFLEY F AGR O r TS B8 pl ot s

val ues for resusdiatigfnr sldwiehQneSE&Ut g thefesiital Vil sYEdielihe predéirPididarad iff t he
test runs. Fig. 2B shows a drift in the residual value of foreline pressure
to the | ower nodg bhasicontipied: ich thah the fPrefnepressurgisgowarut gf tedolguperseiogr

foreline Prsessr Wi{hq{on@erlti%tnglrfaﬁg)Hét&:&f@n%etﬂ%, thf&Stend would likely alarm the tool

and halt wafer production. However, correlation of the foreline pressure data with
other tool information, and hence the actual existence of a fault, would remain
undetermined.
Therefore, the state of the plasma etching tool over the same series of
20 1400 consecutive processing runs was examined utilizing four specialized fault
detection indices, each including different active sensor groupings. The active sensors

for each fault detection index are listed below in TABLE 2.
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runs. Fig. 2C shows that the drift in the residual value of foreline
pressure indicated in Fig. 2B has continued, such that the foreline
pressure is now out of the tolerance region 15 X. Wth conventi onal ¥ APR 2005
detection nethods, this trend would |ikely alarmthe tool and halt wafer
production. However, correlation of the foreline gressure data with other

t ool informati on, and hence the actual exist a fault, would remai n

undet er m ned. fore TRt ate ofr g asTaT et EhiTg—t 00 ||c samne
series of 20: % onsec ﬁﬁsé%pr oces lEdﬁ)‘ﬂans vw JH] ned E g f our
speci al i zed f tecti d % I

- el i

jff(ﬁ.ﬁ e sensor
gr oupi ngs. TI‘ ctl ve ser ex (FTIQ%d
bel ow i n TABLE_2 05 TABIEDEX Aot VENPRSTSECON NEQURTH
SENSO?FAULTFALJLTFAULTFAUL FhaePBETECTI| OREETESRION ONDET E@mcmurrent

| NDEXI NDEXI NDEXLNDEX_1chardhsseBanher MNP aschuck curren
pressur et enperat ur e 2t hr otthioglenalweechgbidkor war d péwercihpoter vothiwmgeoltage
posi ti ont enperat ure 3f orelpongheat ex¢hangertuef | ect ed poweri nper helium
pressur et enperat ur ef | ow 4dgaglide i Nl et cathededaast btaAreeUbeiehelnnbiMelium
pressur et enper at ur eposi t il gal3ewe5gas 2 wdMepit@net ine bl adei nnepohel i um
pressur eposprigssSure ononengnenaneout er. ekd um pr ,ﬁég TABLE iér lﬁe'h%x}ﬁS[ rat es

the reduction in data off%rréasgu y sen&%mn& a&tﬁ%l ng ROSI&\CA ?I caI ﬁOW It rnqtl on

of a total off20—sensors UUIIDCk o ust ectt

Q
\N""

L CCL

i ndi ces. The |€nhanced precﬂa%rb’ﬂ of fadPt® detecti W“SH%Fed b mflﬁrehelﬁﬁﬁ‘l ceds of

pressure position pressure
6 none none none outer helium
: pressure

TABLE 2 illustrates the reduction in data offered by sensor grouping. Speciﬁcalfy,
information of a total of 20 sensors is condensed into just four fault detection indices.

5 The enhanced precision of fault detection offered by the indices of
TABLE 2 is discussed below in conjunction with Figs. 3-7D. Fig. 3 plots the second
fault detection index over the entire processing run of >1400 wafers. This second fault
detection index, which focuses upon temperature, does not reveal a fault in the plasma
etching tool.

10 Fig. 4 plots the third fault detection index over the processing run.
Apart from a single fault at around wafer 200, this third index focusing upon power
also does not reveal a tool fault. The spike at around wafer 200 was associated with
etching of a bare silicon wafer lacking an oxide layer that was inadvertently placed into
the etching tool.

15 Fig. 5 plots the fourth fault detection index over the processing run.
This third fault detection index, which focuses upon wafer chucking, reveals an initial
fault at around wafer 600, followed with increasingly frequent faults. The fourth fault
detection index indicates a likely problem with chucking of the wafer about halfway
through the 1400+ test runs. This was likely due to the buildup of residues due to an

20  absence of periodic cleaning steps.

Fig. 6 plots the first fault detection index over the processing run. This
first fault detection index, which focuses upon pressure, reveals a fault at about wafer

200, corresponding to processing of the bare silicon wafer. Moreover, Fig. 6 also
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TABLE 2 is discussed below in conjunction with Figs. 3-7D. Fig. 3 plots the
second fault detection index over the entire processing run of >140? \(/)@EG*{@
This second fault detection index, which focuses upon tenperature, 4 A5t
reveal a fault in the plasma etching tool. 10 Fig. 4 plots the third fault
detection index over the processing run. Apart froma single fault at
around waf er 002 ehinsreags ndthe Hgedens veliep!ifgulplar 2penieyaleraiumbed 668 s r eveal
a tool fault. o] - - i d with etching of
a bare sili cotr{g_{;/\% 35% F%&ﬁa}u}%&eé&%ﬂ%ﬁ@%@hﬁg%ﬁﬁﬁg;@%&;&if%féfgvertent |y pl aced
into the etching tool. n&déitg.mdee ppantitatihexdnoine the dhasestof dettecltthwn | ndex

over the processing.run. This i.rd _fauylt detectjon inde whi.ch focuses
upon waf er c_hU](gfﬁaf‘? ,bytlbg%‘érﬁf Ea%qjg,hf‘lﬁgi. i7§|—%p545|vglu5§ }OéF%Vl‘f FF BTSB! | owed
Wi th incresasi pghy fitdt egueddtediot iddx diALg poribh hzF aslutrindRteas thOR i hHFLeX
indicates a likely problemw th chucking of the wafer about hal fway through

t he 1400+ t esPrOEERsEIS IR Sodst FidéedP- due to the buil dup of residues due to
an 20 absence of periogj.c,gleaning . Og: .6~ RI: Of: f f t

det ection i ndex over thgf%Z%@é@s%Hég’aﬁlj(ﬂmg%@é F%i Z‘]sgtlﬁ) lgatﬁ%s{}ﬁ?itetb éeg%si 1oﬁ&}/ndex,
whi ch f ocusesinkpoerespure saniesd wekiaadlsraacd bardt X aThabalttindiedtet by @@0ourth fault
correspondi ng,to E’\E?OC SSi nq of the .garel silicon V\ﬁfel’. Mor eover, Fig. 6 also
12 1 7 APR 208%°G@PdRYR %ot Pt B ALROYIAPIE FR83SnciPiFLHEY PEFSSESol fault after
about wafeg nunber 600. githirg pidif RRdidebridrebAdt rfr dtht pAehRG! 41y i Ndex
further indicates a tool fault. In order to nore speci FI cal 'y exam ne the
causes of theFtgodB ifdicdtes thatridietiat prbshye Fagowted tdeanet BndX.gs. 7A- 7D pl ot
val ues for several of the tive,.sensors 5 of the first fault_detection
Pdox duri ng por t1 on * 2 Bl e THRRlsen sfbeok B el e pat 2 08RG TN
shown i n Fi gsFig37P.pldt the chAmprqirsSsstifeaegns fok portieat Z.f Figw. 7dFagl 717 Avieldharat es
that the gas | flow inlet pressure remained within tolerance band X. The
fault indi cat 8§ Hptteneleandichambs pressystigshbB iRy 8%t Afascepirbde todrrance
attributable 9 gas | inlet flow pressure. 10 Fig. 7B plots foreline
pressure sensor for same portion Z of Fig. 7A. Fig. 7B indicates that
foreline pressure was oflihe vflut of tbe samser toahiogs)f Bigsy 7A7D, pnd ttlseit dvareidhiootted | e

val ve sensor for the sa rtion ZOI} i A...gi].?D l,ot s, t he,.chanmber
o eacur o consBi s GRtT o B dxeye 8be gl puliSs il infigau 8 tnd SR
foreline pressure shown in Figs. 2A-2C. When combined, the throttle value, foreline
pressure, and chamber pressure active sensor values account for the decline in the
20  fourth fault detection index, and provide a more accurate picture of the status of the

plasma etching tool than any single sensor considered independently.

B. Cluster Sensor

While the above experimental results illustrate the impact of sensor

[\)
wn

grouping in revealing the existence of a tool fault, utilization of the cluster sensor also
enhances the accuracy of fault detection.

Fig. 8A plots a fault detection index versus time for a process run of a
plasma etching tool experiencing a tool fault. The method of Fig. 8 A considers the
value of the cluster sensor in the selection process of the nearest neighbor vectors to
30  compile the vector subset. Fig. 8A represents a highly accurate picture of the status of
the tool, with the fault detection index progressively worsening from time T, until the
tool is ultimately halted and alarmed at time T,.

By contrast, Fig. 8B plots the same process run where the value of the

cluster sensor is not included in the selection process of the nearest neighbor vectors to
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the throttle val ve and chanber pressure lie substantially out of acceptable
tol erance 15 band X. The value of the sensor readings of Figs. 7A—7R) ﬁ@dég‘i
their correlation to one another, confirmthe existence of a tool 21 @
initially indicated by the decline in foreline pressure shown in Figs.
2A-2C. When conbined, the throttle value, foreline pressure, and chanber
pressure acti VTSR vapkr selseh diaii repEREeithe CaReaciie RIpFTRE thOStREPE et aul t

detection indey,| @/f}ﬁt E a3 gﬂgrogi xgg{eefalﬁ%éﬂlc%ﬁ i€ E'&g—xax?cf a3 ?t%H?d&tel%t he

pl asma etching too _ . e sensor consi ependent
C ust er Sensorprivhid daxtrmgo ambbrfétl@(@fetht mhatalmer Es uTitesadivhdogstaraing of héﬁu’ltrrpact of

sensor 25 groupi reve | i ; eX| t ool I.zation
of the cl usterpp% é‘leérbe encﬁgfll §\\va ?C[ﬂtggyo%f’pef%ﬁf flvﬂglf%%tl?agﬁlmfh g.
8A plots asfaub 'tecdgxﬁ@@hmcbcfb'tdadﬁkuuelj‘iaﬂﬁ fAullrfecdg@ition WUQT 8% S rddube Bk nambpt asma
et ching tool experlenc ng a tool fault, The method of Fig. 8A considers the
val ue of the Ofyefas u%é‘“rﬁg‘?ﬁ/ f3llng ﬂlétS@%P@%CFFHPIME)F‘H@é&@s’dﬁlstnﬁéoﬁé’a?lé%t nei ghbor
vectors to 30 conpile the vector subset. Fig. 8A represents a highly
accurate picture of the status of the tool, with the fault detection index
progressi vel y worseni ng G.r Bassitve/imcliFivelSensdr the tool is ultimtely halted

and alarned at tine T2. .contrast, Fig, B. Iotsthe pr.ocess_.run
where the value of the ‘E%tfé?%‘ioggﬁg Vg@ncﬁ‘fﬁ‘ G $21% al?sr‘? pcr?l‘éd%seqeéﬁrﬁsérh
process ofiot hganeddi&sionN Fod BRAp1Y Q8 bPESLS ML ba?tax%gte{\ﬁﬁh%ggl@u ERBPchBetahife Vect or
subset. Fig. 8B represents a | ess accurate picture of the stat us of the

tool, with an f’éﬁ)’rmpt/ldérl@pm't%lt fandt deeglien aé&erBetipmnHpwelsx, sysesaioritaigpeatture me T3
I rm‘edl ately RGEO ot c% @fa rJyng g’l@gtélét?%ae&{% Ee% d} ]génﬁglts otf 1r1_uqaléﬂ_he

advance warning o afford
t he tool oper ak@ctish gﬂeibﬁﬁABLlEehd time to recognize and correct a fault.

Early fault recognition uld thus reduce th er of wafers ultjmately
falling outside of acced%lsésct%t%?eg‘r%@éure t‘sa‘ﬁeglpﬁ a5 PACUYS NI 1L¢s inetuded

Passi ve/ | ngl usj v n38RsOkeidlidol bAoA Brdebsst MwWRASS ki eLsi uﬂaémbl\éev&%ﬁgﬁo&lype
al so provides benefits in 10 fault detection. For exanpl e, an operational

par amet er sucpeefamanse éptodie masderdrtasadrupon wiipr granglykericibiog sensorst dietrole
detect ion I nf QiBl| Q0o HNRKET., SYSBER! 0Lt L GIRAIALL & OBR A EIERT 5&! AL €

strongly with % fie i'Ve pressure sensors o faul
9C below.
Fig. 9A plots measured susceptor temperature and the predicted
20 susceptor temperature range over time, for a properly functioning etch tool. Both
measured and predicted susceptor temperature are cyclical between times T, and T,.
Fig. 9B plots measured susceptor temperature and the predicted
susceptor temperature range over time, in a predictive model in which the susceptor
temperature is an active sensor type. Fig. 9B indicates that at time T, the tool
25 experiences a fault and the measured susceptor temperature departs from its expected
cyclical behavior, remaining constamt through T,. Susceptor temperature does not
correlate strongly with the group of related active pressure sensors. However, because
susceptor temperature is an active sensor type and is considered in selection of the
nearest neighbor vectors, the vector subset predicted by the model reflects the flat shape
30  that conforms to the change in actual temperature. This change in predicted
temperature masks the tool fault indicated by the constant flat profile of measured
temperature between times T, and T,.

. By contrast, Fig. 9C plots the measured susceptor temperature and a

predicted susceptor temperature range over time, in a predictive model in which

14



detection index of TABLE 2. |If the susceptor tenperature is defined as an
active sensor, it is included 15 in the nearest nei ghbor selection Qrog@s?.
However, this is undesirable where the tool performance is to be no dl 065
based upon other strongly correlating sensors. The role of the

passi ve/incl usi ve sensor type is best understood in conjunction with FIGS
9A- 9C bel ow. SKCgPloDRMPICEAE S rbaBM ed Inslisseepenor typep éiiettos esohnbFich@Bghedi ct ed

20 susooptor YSITRPEAL UESLangs. OYRLL B, 1f OluAcpLORRLIY duncti o ng et oh

tool. Both neasured - an ed suscept or efature are cyclical between
times T, and Fsceptbt gmpehtyrk o4 Sot mdsded énl sedersing piieoeatesnipegidbriv ectan d f tHee
predi cted susceptar tenperaturé ra%e over ti gg in a pr%di ctive nodel in

whi ch the suscBpforhe RIEHHEH SETFRIOT ETRATALEE FaNge Saristst Ak ot imel ©ndi cat es

that at tipge Hatdhh8e hReburddvAXNERMBACRSEIA f@Het2pR e ARABHEED GUSCept or
tenperature departs fromits expected cyclical behavior, remaining constant

through T2. Sixergptiaie eampaiat tire Haessepottside of thelpacdetsd raaggryd withs t he

group of rel atreecgﬁﬁ%ﬂlggsg)go%%%ﬁr“e sensors. However, because susceptor
tenperature is an active sensor type and is considered in selection of the

near est nei ghbor vectors, the vector subset predicted by the nodel reflects
the flat shape 30 that conforns to the change in actual tenperature. This
change in pred‘ipd’f‘éﬁustf‘érnﬁ%‘f'lépﬁf'eé“%sks the tool fault indicated by the

constant fipat profile ofidraasuseda sik@NBed MW & BeLYRENs LodBSirel todpiile - BY
contrast, Fig. 9C plots the neasured susceptor tenperature and a predicted

suscept or t enpercabodimenapfrmgihed in peverdanee witp thediresentiaventidel AipparahisdR004 12
APR 2065 susc e s [ ve/-inck-usi ve sensor_ type. Li t he
Lol ot Fr g, o R STRGRAE Stk Ry PREE MR LI UE P BRG] o O
However, becalsenshefsraase pestiodshephorAjpames Bl00ragsoiisclidds firsiGkusde 0o

sel ecting the nearest nei g&?or vectors of cLhe subset, the predicted
suscept or t enpBf ARG STENGE’ dPBsraHEElY catRishiortpal U5 tq defeet ppereidon®l pat ch t he
neasur ed V&l ugyrRathessobnidorg. 9C the flat profile in actual susceptor
tenperature beginning at tine Ti passes outside of the predicted range and
is thus recognizabl e a§oatrplerl0faid in compparcation withtodka (02, apevetdt firerand0 Fi g.

10 shows a siqplh§ied, X @ Gha 301 AARLELYD 15 GHH3GY 5ol T8 1L Gnd
memory 1014 stores a computer program in computer readable format including
computer instructions to control said apparatus to sense a group of correlating

20 operational parameters from the semiconductor processing tool operating under a
recipe. The computer instructions also control said apparatus to compare the group of
correlating operational parameters to corresponding operational parameters recorded
during prior runs of the tool utilizing the recipe, and to generate a fault detection index
from comparing the sensed group of operational parameters to the corresponding

25  operational parameters recorded during prior runs.

~ While the present invention has been described in Fig. 1B in conjunction
with detecting a fault in a plasma etching tool, the semiconductor fabrication tool of
Fig. 10 is not limited to this specific embodiment. In accordance with one alternative
embodiment of the present invention, a fault in a chemical-mechanical polishing (CMP)

30  apparatus could be detected. In accordance with other alternative embodiments of the

present invention, faults in other semiconductor fabrication tools such as chemical
vapor deposition tools and lithography apparatuses could be detected.
In addition, the above invention has been described in conjunction with

a fault detection method utilizing selection of nearest neighbor vectors from a reference

15



an enbodi rent of a nethod in accordance with the present invention.

Appar atus 1000 includes sem conductor fabrication tool 1002 i ncluding wafer
processi ng chamber 1004 having wafer 1006 positioned therein. AppaﬂgtH§<mU5
1000 al so includes first sensor 1008 and second sensor 1010 operatively
coupled to tool 1002 to detect operational 15 paraneters of tool 1002.
Control | er 1012talramy, Gonmeool eatiredrbywie preseoplnvag®2, Tandeohnighe bf goupiapd
second sensors 1008 and 0. Menory, 1014 js couple controller 1012, and
Terory 1014 StOFOT SOEgrs e T Bg i T ebin SRR Bub A EN P s e ng
conput er i nst rdaitiligAsintothet addeihg Sipirchc Rgpatdathel fethdd S@Nusestél GhRupwihin the
correlating 20 operational parameters fromthe sem conductor processing tool
oper ating undefops oftlcpigeent Y8 Sput er i nstructions al so control said
apparatus 0 compar e { Ne;gkoip oolve CRIEELALARGARSE b EAARIN B AHELERS O
correspondi ng operational paraneters recorded during prior runs of the tool
utilizing the vesetypé emandintentsglenmibat thezeif,ddst edevaents emd aldmtives along with
conparing the sensed group.of erational. ranet ers t he.correspondi ng 25
oper at i onal péﬁea'ﬁéjtee@(g)drog)@ b@d@ggﬁﬁ? Wﬂ%"%‘lﬂpgﬁlopﬁﬁ? .IHW%EI%éO k[g R ﬁf@éﬁ@m

i nvention has thegbp&est bReentiifventign. | B in conjunction wth detecting a
fault in a plasma etching tool, the sem conductor fabrication tool of Fig.
10 is not limted to this specific enbodinment. In accordance with one
alternative enbodinent of the present invention, a fault in a

chem cal - mechani cal polishing (CW) 30 apparatus could be detected. In
accordance with other alternative enbodi nents of the present invention,
faults in other sem conductor fabrication tools such as chem cal vapor :
deposition tools and |ithography apparatuses could be detected. In addition,
t he above invention has been described in conjunction with a fault
detection nethod utilizing selection of nearest nei ghbor vectors froma
reference 15 | Z APR .2005 data library, this is not required by the present
i nvention. The techni que of ouping together sensors that correlate with one
another to create fault detection indices could be utilized in other
nodel i ng approaches, and the nmethod would still remain within the scope of
the present invention. Gven the above detail ed description of the present
invention and the variety of enbodinents described therein, these

equi valents and alternatives along wth the understood obvi ous changes and
nodi fications are intended to be included wthin

16



the scope of the present invention. 16 1 2 APR 2005 WHAT IS CLAIMED IS: 1. A
fault detection nmethod conprising: 2 sensing a group of correlating
operational parameters of a 3 sem conductor processing tool operatihg NiR J855
a recipe; 4 sensing at |east one non-correlating operational paraneter of
the tool 5 operating under the recipe; 6 formng an input vector including
the group of correl ati n§VBperiatGlonaED IS:paramet ers and the at | east one
non-correl ati ng operational parameter; 8 conparing the input vector to a

reference data |ibrary gonpriysing ve&tRrSetnck & evious tool runs
utilizing the recipe; 18' sel ectailr”lg ?rc?m@%e e réﬁ{é’é data library one or

nore near et nei ghbor 3dchswnsctgog dicotkating ppdratueat parathasesthfupon a
simlarity,with the roqu of .corrEI at i ng ﬁie oper.ational paranmeters; and 13

generating’ a PEBCP A% RIIGH TN eXRF VI A ¢FERted nearest nei ghbor 14

vectors. 142. The net hogen@fngGh &lafhohe WHEL S aHR\SeRlioh ME HrRdie: Afthe@bI el ati ng
2 operational paraneters conprises sensing operational paranmeters relating

to tool 3 pre8BURENS undsr thhecipgt hod of claim | wherein sensing the group of
correlatin 20peratiopg!-oa : o [ - af i onal
par amet er sgr elating to oolrpﬂgrﬁgﬁ%tg{egttog%g& dk%}ﬁe %@S rcr)g? %%%g%%é &l 1rcr)f“iﬂ

wher ei n sensi pgrainkergamitpe af lesso biehai-¢coitlatidg opeaabdnad padanessranet ers conpri ses
sensing operational paraneters relating to toqgl power. 1 5. The method of

claiml wherein sensi ngCRRAHIAEDIBR YE510F & afslsgRceatftirary ORRIISHEVarater s
‘conpri ses §e”$ﬂoﬁﬂqr9ﬂ€ﬁ§‘§obpﬁﬂk uggiiggﬁltqué?g. elating to positioning 3 of a
etool. 16. T ’

wafer within th he nmethod of ‘claim 1l wherein the fault

detectionlindex is 2 geslentiagdrbnbthecempntd daga Bbragcdmeror sudys etarést amghbe

sel ected ar est hbor .vectors conbi,ni.n .%h vector. suhset into an
11?%%&1 h tﬁe

i 3
out put _pr il CEEORE b REGPP SREO AT WA 3 SR CRRS R Trom t he
out put predi chparidtRChQtmeters; and

13 generating a fault detection index from the selected nearest neighbor

14 vectors.

1 2. The method of claim 1 wherein sensing the group of correlating
2 operational parameters comprises sensing operational parameters relating to tool

3 pressure.

1 3. The method of claim 1 wherein sensing the group of correlating
2 operational parameters comprises sensing operational parameters relating to tool

3 temperature.

1 4, The method of claim 1 wherein sensing the group of correlating

2 operational parameters comprises sensing operational parameters relating to tool power.

1 5. The method of claim 1 wherein sensing the group of correlating
2 operational parameters comprises sensing operational parameters relating to positioning

3  of a wafer within the tool.

1 6. The method of claim | wherein the fault detection index is
2 generated by compiling a vector subset from the selected nearest neighbor vectors,
3 combining the vector subset into an output prediction vector, and generating a fault

4 detection index from the output prediction vector.
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| 7 12 APR 2005 1 7. The nethod of claim6 wherein the output vector
conprises 2 predicted operational paraneters, and the fault detection index
is generated by 3 conbining the predicted operational paraneters. 1 8 Afke005
met hod of claim7 wherein conbining the operational 2 paraneters of the

out put prediction vector conprises: 3 assigning a set of weights to the

predi cted gQperati onal parane and . 4 addi ng .together the wei ghted
operational' paraneters. é-%eﬂféhorﬁié’tfﬁﬁﬂngf‘”ﬁ%‘?Fﬂeg’%%r"é‘ftﬁ”foﬁ’é’@é% of

wei ghts is 7as§§r&ﬁ@t@d oﬁ@ﬁ%apﬁﬂﬁné@ﬁ §ddrfhcl. Al W¥tectionlifldexi @%eﬁ@%t@@@ of claiml
further conpri'sing: 2 including in the input vector a value of

passi ve- i nél usbwéisehdiepreditegerpritivgat faeamesdrsie of the passi ve- |ncIu5|ve
sensor in selecting the nearest 4 neighbor vectors; and 5 including the
val ue of the passive-ingl usi SRS of! tectlon
i ndex. ll.lThe met hod o% claﬁﬁfl ugfﬁéguggﬁg%?§$g&mggﬁwnﬁ? %ﬂﬂ&ng?

i nput vect @r @azaaiates of tha oalpuspredicsemsatar c8mpngdsudi ng the val ue of the

cluster sensor in selectlnggthe nearei% neH%hb%Q 4 vector and 5 ignoring
the cluster sensor in géieFHEs AG AL IR Y T@%Hp?ﬁﬂﬁ%‘PTaTﬁm“Tﬁ met hod

of claim 141 wherein thedghtsdReihed BRSQHQRIIRERBLS RArankt§bage in a

sem conduct or fabrication process when T he group of correl ating operational
3 paraneters is sensed. 1 13. The nethod of claim6 wherein the vectors of

t he refereﬁce data 2 |i%r ar yhF mathipdeolslagy fetierqie theeaseryeighie inassigoe f ur t her
conpri si ng: i nput vector a null value of the synthetic
sensor; 3 f Q%fgghﬁﬁﬁh%d%ggdicted val ue of the synthetic sensor fromthe
out put 5 predlctlon vector, the synthetic sensor ignored in selecting the
near est neilghbor vector§0.6 dihd meghrmarogdlaim | gemer admpgsihgre faul t detecti on

i ndex. . . . o .
2 including in the input vector a value of a passive-inclusive sensor,

3 ignoring the value of the passive-inclusive sensor in selecting the nearest
4 neighbor vectors; and _

5 including the value of the passive-inclusive sensor in generating the fault
6  detection index. |

| 11.  The method of claim 1 further comprising:

2 including in the input vector a value of a cluster sensor;

3 including the value of the cluster sensor in selecting the nearest neighbor
4  vectors; and

5 ignoring the cluster sensor in generating the fault detection index.

1 12. The method of claim 11 wherein the cluster sensor represents a

o

stage in a semiconductor fabrication process when the group of correlating operational

3 parameters is sensed.

1 13. The method of claim 6 wherein the vectors of the reference data
2 library include a synthetic sensor, the method further comprising:

including in the input vector a null value of the synthetic sensor; and

LI

4 obtaining a predicted value of the synthetic sensor from the output

prediction vector, the synthetic sensor ignored in selecting the nearest neighbor vectors

n

6 and ignored in generating the fault detection index.
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is 12 APR 2005 1 14. The nethod of claim 13 wherein the synthetic sensor is
difficult 2 or inpossible to neasure in real tinme during operation ?f tkﬁ
sem conductor fabrication 3 toot, and is assigned to vectors of t héZIAPRy [}Ey
after conpletion of the processing. 1 15. An apparatus for detecting a fault
in a sem conductor processing 2 tool, the apparatus conprising: 3 a first
sensor, a second sensor, and a third sensor operatively coupled to 4 the
seni conductlor processi nd 4t oolTheBnethasioritctanh| I8rwhiancin dremynihetit samsomis dHfitte

sem conductor processing tool .6 and with the first. second  and.third
sensors; 7-a MenBPSRNURIBEES BAE! HESIMENs Qe RS R FP R put er
8 program Bn aestpatdes asseadald ecdiqt GhtheilibedrvdfiteiToePIRIGh SF tHepibeddsihgons to
control said 9 controller to, 10 receive fromthe first and second sensors
correlating operational 1 1 paraneters. of the sem conductor processing tool
operating gnder a recipd? 12\ 2PaTAS TPT GoHRg (T i assAdendictor processing

non- correl ati ng|o@eLApdANRtoRgiAamEBt er 13 fromthe tool; 14 conpare the
correl ati ng operational paraneters to correspondin 15 operati onal

par amet er s r ecor ded duriarfgStrﬂﬁtlw,3(i@ﬁ@ncbien%ﬁeartd@dblrg§¢I15D12<i>mgattvﬁé/ copgledéei pe,
and 17 gengr a& C%H{igouldtm%gzbl%%gsispng ti cr)‘ldex from conparing the sensed

correl ating °opera[¥ i‘onal par areters to the correspondi ng operational
paramet er s srecorded 19 aidhirBigerfifi t@fmubIRStHonlwitifthe FBQidpP@t pi6cRing taal m 15
wherein the correlating operational 2 paranmeters relate to toot pressure. 1
17. The appar é*ﬂ@lé“@fth‘égéit’rﬁﬁq(mdvﬂ&féifﬁSffﬁ@fsborreI ating operational 2
paraneters+relate to toql r . . ,m_15
wherein thg correl ati ng%or%éerﬁég?/iecgn IP& %Zthégﬁ%ggg?}é&?g@g%[es?@)%%%{n%ﬁlg%v{er. 1
19. The appar grogamfin compued fzaddbds Prmattthaudiog cehpttenigstopenas ioomatrol Bid
pararretersgrel ate 1Eotgosi tioning of a wafer within the tool. 19

controller
10 receive from the first and second sensors correlating operational
11 parameters of the semiconductor processing tool operating under a recipe,
12 receive from the third sensor a non-correlating operational parameter
13 from the tool;
14 compare the correlating operational parameters to corresponding
I3 operational parameters recorded during prior runs of the tool utilizing the
16 recipe, and
17 generate a fault detection index from comparing the sensed correlating
18 operational parameters to the corresponding operational parameters recorded
19 during prior runs.
1 16.  The apparatus of claim 15 wherein the correlating operational
2 parameters relate to tool pressure.
1 17. The apparatus of claim 15 wherein the correlating operational
2 parameters relate to tool temperature.
1 18. The apparatus of claim 15 wherein the correlating operational

2 parameters relate to tool power.

l 19. The apparatus of claim 15 wherein the correlating operational

[S)

parameters relate to positioning of a wafer within the tool.
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