; MNOPe3e>; Lj H6~Tm~, .i r 1 1 DEC 2002 APPARATUS AND METHOD FOR CONTACT
FAQERE | NSPECTI ON | N SEM CONDUCTOR DEVI CES Rel ated Applications This
applfcation is based on U S. Proyisional Patent Application serial nunber
60/ 090, 137, fi 22, 1998. Field of the InventionaT t

i nvention rel ﬂ\\ﬁ@“\m\\\m‘\l el d of inspection of sem conduct’ore‘%&?@gg. Mor e
particul arly, | nvent i on invol ves detection of contact failures such as
not - open cont act RYPEE usi ng a scanni ng el ectron m croscope. Background of

the Invention Integrated circuits are manufactured by first formng
di screte sem conductor devices within silicon wafers. A nulti-|evel

metal lic i nt SEEARAEYS ANBMEEHOD RORHONTACIHAILUREINSRECIEANINGt act i ng

their active elements and co%&b%ﬁ@f%tﬁgﬁ@% to create the desired
circuits. The interconnecti depositing an insulating
| ayer over the discrete devices, patterning and etching contact openings
into this |ayer, and then depositing conductive material into the openings.

A conduptRﬂlaiedéP@_licat@nﬁ hen typically applied over the insulating layer. The
conductive |ayff i, 1ch§&1 f%aotagﬁ AEG 2B '8&??a{eﬂt Aﬁﬁlﬁaﬁ% 'Eér?a?gﬂr%&’ ons
S evet: of ¢ ry.

bet ween t he devi ce“cont ac O create a TiIrs I rcul

Deposi t i a50/@40, 7, fiksiwnalune@2) ©e8r, formati on of contact holes or via holes,
formati on of conductive material |ayers, and patterning, etc., are
repeatedly carried out to create nmulti-level circuitry. Dependi ng upon the

conpl exi tiiel‘afoféltﬁeel ngﬁgoahl | integrated circuit, many levels, e.g., tw to
four lev » e typically required to formthe necessary .

i nt er connect i OT%e presknt hveAtiditelatdshe thefictd 6DMEFdetion B sdrliceflictidepiaeks Whi ch
allow for the external connections to the conpleted circuit. A high density

of i nt egrMoepasticuay. shejagenjisadnyalvesidetection of contact failures such as not-open

contact holes using a scanning electron microscope.

Background of the Invention

Integrated circuits are manufactured by first forming discrete semiconductor
devices within silicon wafers. A multi-level metallic interconnection network is then
formed in the devices contacting their active elements and connecting them together to
create the desired circuits. The interconnection layers are formed by depositing an
insulating layer over the discrete devices, patterning and etching contact openings into
this layer, and then depositing conductive material into the openings. A conductive layer
is then typically applied over the insulating layer. The conductive layer is then patterned
and etched to form interconnections between the device contacts to create a first level of
circuitry. Deposition of an insulating layer, formation of contact holes or via holes,
formation of conductive material layers, and patterning, etc., are repeatedly carried out to
create multi-level circuitry.

Depending upon the complexity of the overall integrated circuit, many levels, e.g.,
two to four levels, of metal are typically required to form the necessary interconnections
and to connect the interconnections to contact pads which allow for the external

connections to the completed circuit. A high density of integrated circuits designed to
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r .1 1 DEC 2002 sub-m cron di nensions requires extrenely precise
di.:ngnsi.onal control and highly sensitive inspection nethods to inspect the
pat ®ern of interconnections and/or the contact holes to assure the

di rensional and structural integrity of the design patter ns.]'ﬁhﬁ@ 2002
requi renents are becomng nore strict as circuits becone nore dense and

m ni aturized, such as with the mass-production of sem conductor nenory

devi ces such as 64M DRAM or 256M DRAM which presently can typically
require circuitry dinensions of 0.25 to 0.30 Fm Inspection of contact

hol es for conditigns such as, not-ope&/ condi&,i ons i§ becom H%ﬂl ncreasi ngly

i npor t antSUBARIGIRANAIMRSIQRTFEAYITGS A TEmElN RRfCies dimepgipnal conik)aad Tighly  the ratio
of its df‘s‘&hélti&@ids%&:.ti@h ddsto gﬂéedt ﬂ%ﬁaﬂgﬁf’o%&&ohﬂé‘ctilb%ﬁ&ﬁéﬂt gcgqagnd for
hi gh density i n sem conductor deVices. wever, normal optical mcroscopy
usi ng 48&aies toaveirethgidimensiortal end stofeturdidastegritysdfhiin designl pattetrat Those n

i nspecting the inner features of contact. holes because it does not permt a
hi gh enoU§AUERRTERATEHeFAIRIGE HATe Srichas AEHHE beqops ererishtq Admigiaiiaedc ont act

hol es, which a§@Fthl?ﬁe As406d tfé)'ﬁroff Qémgzglq@(m&rr%érﬁﬁ deVicad éfch aQQEMC
m croscopy Is also not capabl e of providing beantspot size of 1 Fmor |ess.
Summary odr 25681 DRV which Aresoff yeedin topicilhereguies einduitrndieminsions b£0.26 t@r ovi de a
contact failure inspection nethod and apparatus for sem conductor devices

whi ch pr 34ERfor precise contact failure inspection for contact inages by

means of digi tfn%@e@ti%ﬁ%i"@&xtac@%le&”f& c%ﬁifiﬁﬁréﬁsé{{% agh?{g&;tfeh;é%ﬁ&%ns whi ch

substantially I'ates one or nore prob u Imtations and the
di sadvantwgesiny intieasifiglly dinportan becatisotheaspabiagiot(AAR) éfhrecankaes Role, i.aavaat i on
is to provide a contact failure inspection nethod for sem conductor devices
and a corfieieof adenth & ithdigmeterdis igeseased wih thranerepsipg demandyios8ighce of

contact f r awv i i ] . ati o of
= cont act et EEpshfitorfaBoP G et ARV b AP foal Bl fhooby fiipe WERET. 0
i nvent i onwaseldngtipvisibleliégta haontebhicildihitdt®niin spedtingnhdinboftafueds of

sem conductor devices and a contact fajlure inspection systemfor -2 t

i 1 1 DRotabbolesbecapss ihdoesaret nemit highcaguadrdegregertapsoliliionde dspecta short

Lime sO a5 G APt hEdoblTBRS, RERHUE! bOB, BRIGHALT oAb Ur idlety ghl ect of
e present rnvention rs to provide a nethod of manufacturing sem conduct or

devi ces USpfical thicroBdop9tis 418d hot Rpatile pepiovidingdBiaROshobide 6DNFacsr lbgi | ure
i nspection system Another object of the present invention is to provide a

contact failure inspection nethod and system for quickly detecting the
| ocati on 8 _%ggégﬁhehgje! ﬁl&fs to inprove the production yield of

sem cond ' - her object of the present invention is to
provide an i nspaobjeetlofn@é prderditvention kP Pedvidda sotRice fifuds irdpéctiohi ng t he

presence of pattern failures in sem conductor devices as well as
phot or esi Bethed pnéd ppparaips far semigpndycter dexiges whishmroydesdes Bicsige aeta¢lg a

photol it hfﬁ%ﬁ%plggpeg{lgr? fot Tontact images by means of digitized values, not via naked eyes or

microscope, which substantially obviates one or more problems due to the limitations and

the disadvantages of the related art.

Another object of the present invention is to provide a contact failure inspection
method for semiconductor devices and a contact failure inspection system for detecting
the presence of contact failures for contacts having high aspect ratio, i.e., the ratio of a
contact hole depth to its diameter.

Still another object of the present invention is to provide a contact failure

inspection method for semiconductor devices and a contact failure inspection system for
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To achi eve these and other objects, the present invention is directed to a
yet@od and apparatus for inspecting at |least a portion of a sem conductor
waf® . In the invention, scanning electron mcroscope (SEM inage data for
the portion of the semi conductor wafer are read. Wthin tHef $fg i e data,
image data for a feature on the wafer are identified. A paraneteg | at ed
to the feature is conputed and conpared to a range of acceptabl e values for
t he paraneter. Based on the conparison between the paranmeter and the range
of acceptabl e values, the feature can be classified. In one enbodi nent, the
conputedéParaneter i s the dinension or size of the feature. For exanple,
wher e t helefesting pentpet failwreneme Wates Swiacs inA short dgiesp @s 1 ps splied 1 Maspar anet er
may be t i . the hole nmeasured in imge data pixels. For exanpl e,
a partic %gkggﬁgggpg%ole may be determined to be twenty pixels wide. In
anot her enbodi Afinther bbRcpsiithapicssnt darniién Bno putaidegempinodlof nzhefasiuting f or

pi xel s that are within the feature. Again, for exanple, where the feature

i s a contSEBMCORgNeLor deyices asingacontackialpe inspsctinnamngihed gnd eonsacyifsilyre

intensiti, ixels that are associated with the contact hole. Were
t he neasd?%ﬁL%%}%ﬁg?gr is within the range of acceptable values for the
parameter, theAh&hérobiect antheprasbmsavdntio is® providph abhtact et énspbaiopar anet er
i s outside the range of -3 1 1 DEC 2002, accept abl e _val ues for the

par anet ermethpd andsystam: for gyickly detesting theslgcationpfeantach failuneyfo impieys 8¢ wher e

t he feat rgd&&iog ?ngf‘gtmiggﬁcﬁm o ggvi&%l e can be concluded to be a failure
because, ‘tor exa#ﬁie, TS no% open: "I n one enbodi nent of the invention,
two paranet er sAfétRercodjéut baihe Préserit intiéntiofdd torovid@en Inspedlivhanehad sndean be,
for exanple, a dinension of a feature such as a contact hole, neasured in
pi xel s asivensctorsysigm Foridstecting themeesemiecofpationdaibgesinsearcangdnctoedevigesaver age

par amet ors o LRR ol P RO AR RORER GRS TS Vel es or

t he par angiotslghodribfrogdgpodi nent, where both paraneters are simltaneously
within their respective acceptable ranges, the feature, e.g., contact hole,
can be cl assi fTedachigvesh¢ssgnd othepobibtts, thepresent arisntion i dmﬁtegé@ apitodunder

t hese circunstances. can be cl assified. as open.an o] V1.5 :

shaped. T PoRAfE TRCRMsFaf nfie prdsholREeR OMNAOTREH LS BRI  anges
can be us@@ndifig eled®én micrbfBpé ESEMY Anate dagl PRHicHdriich MBe dmisendicalr types or
categories. For exanple, each of the paranmeters can be used to classify a

f eat ur e besfetiareneath Vithin the SEhimsagstdeta, imagsalatafor aifeatura onthawaiee atet s
acceptableg r e of values. In one _.enbodi nent he, SEM | e data are

gener at edlaf’?tganﬁ%boAt Ha@‘é’f%ﬁ elptgd 9 e frahe lsaﬁodnl?ﬁt%ffﬁ%‘%- c@%%ﬁcrﬁ%ea?f?er ed

el ect r onsadcBpthble vakedbr Mk Sirffibe Bt bA HEORRapatiBéh Bétivaery flepatindid and
digitized and can be in the formof digitized grey scale pixel |evels or

col or codid rpigesif aceeptable valyesothe feattro gambaielagsifiadhe i nvention, a grid or

mesh structure._is used  to characterize the features being inspected, such
as by determ n%rlnodﬁlele ebé’flf%ﬂﬁ’a 8f%‘?1p‘§tle§ gargpe];eéé&athp ggnggforpgoqisggse 6’2 %ed. The
grid or nRafurétFoiGkbimple WRbeahd Ratuné lslictRdntat Belk in &f infBgkatad Liycwer, teogonal

axes superinposed over the inmage of the portion of the wafer being

anal yzed. paametenamey be e diameteretthe hrlsaneasuref i imageydata pigels apor eempis @

tri | at i onshi . g. i angul t idal. etc. |
anbodi menParaee St Poje T die dlaRut S bt YR PRRL Vgt ol §9dhape and/ or
periodic gabdsmeat, e ﬂaﬁﬁnét&%aﬂ'b%?n@e@@@ %8l infenBity< B phlisufst 6 GMGirethki ne

parallel to one of the orthogonal axes which is successively positioned at
pi xel | ocfeatuohsAgdionfyr examplewhere thetfoafuredb a stact hote, theqanpheter eanderihe h

approach may include -4 A1 C 2002 sitioning a.vertical |ine at
ol e POTREaRC Piseiiaiengies Tr BRe aratRnae dr e St e R o ntensi ty
val ues at wapedthbdagield ?braﬁfét‘ér‘is! Within TherahBBEsLcbpthisB Shluke for i pameerpar ed
at each horizontal position to identify an increase in intensity which can
be used t theifpatisaran be klassified anaceepsable. %élwmthe petaieterds eutgidatheciangele. Thi s
process can be repeated for a plurality of pixel positions along a single
dimension. It can then be repeated in the orthogonal dinension such that
the pattern, shape and size of all of the features can be determ ned. This
approach can al so be used to deternmine the optinal size of a sub-grid or
mesh unit containing features to be anal yzed. For exanple, the mesh
procedure can be used to select the optimal size of a nmesh unit in pixels
contai ni ng one hundred contact holes to be analyzed at a tine. This
approach makes the processing of the invention for inspecting features nuch
nore efficient in that unnecessary processing can be elim nated by

optim zing the area of each region to be inspected.



I n one enbodi nent, the SEM i nage pi xel data are used to conpute an
Lnt?nghty profile for each feature, i.e., contact hole, being inspected. In
one%énbodi nent, the intensity profile is first generated by sunming pi xel
intensity values for a feature al ong one orthogonal axis at each pf EC 2002
plurality of pixel positions disposed along the orthogonal rectangul ar

axis. For exanple, at each horizontal pixel position, the pixel intensity
values in the vertical direction are sunmed, averaged and plotted versus
the horizontal axis pixel position. The pixel intensity profile can then be
used to classify the feature in accordance with Lge inv?ntion. I n one
enbodi merfccentable yalnes foz the nasamelers Fsi featuss can be slassifipd asa faglure. Hiorf eat ur es,

t he back i i i r i sity
val uos. | rORURR WRERAL fohrEN Fodict R BENER cuf LA R b BE LRS! (X
val ue of tzasise] for exahply, ipfsafot bpert. 0 zero. Next, a threshold can be set in

the normalized profile such that pixel intensities above the threshold are
concl uded to Haongsawpdinent af the inyeatipn dwvamarasaters arerasadatedifor fodeatutoe

first and r nS } L fi.ed,. . e
prof i1 0. F0¢ NG5 EBREARFCEE, KRRl oliEn 078 ARGE RS LARENOR",
counting ﬁlb&ufﬂdﬁ?\ﬁtxewass&iated/with thelfedtubETheCond pagdmgestdni berthe avedsd a
first dinmension which have sumed intensip¥ val ues in the orthogonal

di nensi orrftthapixekiateasities for ithe pixels pepociated with thefeaturs s Botparpmeters are|
intensity ceed. t [ Lhat | eat ure,
then the 14 é?fQ?ﬁfoéf pgélﬁ?lEégﬁgghgaﬁggﬁgéfﬁgpﬁégg%ed£$hgﬂgﬂreshold
gi ves a nedisodimemivhere batlpamnsteRirosinfultandovslyUvithin MRasiesdtivdadekptebls. The
second paraneter can be conputed by conmputing an average of the intensity
val ues t hangesxdedentungec.ghrenspeiihgle, Fancbecclassificd 46 engaeecptable. téoresampaleed t o

ol assi 1y § oaskPoRAERE FREQEP AR T8 he PG bl At Aol iebEing e

feature tghaped | PiiesielatibadhipPetwediitheipafup@stdrs @i fRRirtesheaiet raEdsean B usdae
i nvention provide nunerous advantages over prior approaches. For exanple,

certai n peidessifphedeaihvess belongingite ahe absenerabtypecer tegopes. cidr exhmplsscopes or
naked- eye_exapj,nation to detect .confact failures. These,systens are .unable
Lo 1 esol Ok RAIE HeFPRsitTs gt bs Giedth Crbntvs Bani 5ibed ot ey fe Rty Co .
The scannbdlgw alREih o Ab&R GO E b4 e bPvilli&. connection with the present

invention provides far superior resolution such that smaller irregularities
can be det ect el orErembiodireent the SEM imageatatsrase gensratedifipm hodh prcenéary circui t

f eat ures se Si s.are in thﬁ S b-Hi ron r.ange. ALso,lb cause of the nesh
appr oach Sreans and bienet-Saerek prskagalieied glkeions BRE eRYRE I AT MHRRoPEN | o
ext r enel y Tat H@ivalies aRY AgiESE 2l ARGefiRitelban bdemitiit ady Rblepate] MveRasf or med

very efficiently and quickly such that the inspection nethod and system of
t he i nventdlercodeéphehyalyesappl i cable to wafer and circuit mass production

settings. In apother .aspect, .t.he present iLnvention is directed to a contact
failure inspec %ﬁ%"é’ﬁ N f(?ﬁ@éﬁ?%@ﬂﬁ&% Oﬂgsﬁ%%?cﬁdﬁ? ?Hlsséﬁb.ri ses the
steps of gftdctdize hdfe@GEVelty ifgRERH! RICHRYBY ]geteﬁﬁihmgvm&@foﬁ aRanok Bide Bf

plurality of contact holes fornmed on its surface; picking out a specific
waf er fr ofeatures heingsinsnestedn d’he gridion gesh stowatere dypicallyancludéscepair ofaheiuakc e

hamb f the SE ligning ¢h ded f lect b i ng;
v g ¢ nerticEgnal B Amstmpbted e tamaee PEhE bar ol i HEET vASR A Aoy Fo
an i nci dengershtivelt theéh aRbLE 8RN ROASIET apphéhriakd\geoaieid ?%}tﬁ)nﬁﬁtﬂ der for

scanni ng el ectron bean1onto a specific position of the wafer; _
aut o- addr Ekwgwlar, trepezgedabetd. nig dnaspbetinaant,sbe ineslolocajon Focedute detgyEings002

i Zi - pat d ref j f d th : [
the_ ol cot PertuRaRAn0RE Paiadi SRElRTY heBa s beme e ‘hE BB e ng
for obt ai phé\gardlldl 46 bResS hb 6&50%&&9@&@%&@9@@qadce&ixtéme?@i@&kaqnp&eam
scanni ng; cI05|ng the shutter I ocused wafer fromthe

or isolating the auto
el ect ron lveatinsi be pthgr erthagonalexist dior examply, tho msah pppyoadhemay wetuden
signal value detected froma unit surface containing at |east one contact
hol e after scanning el ectron beamw th an el ectron signal value defining a
normal contact; further inspecting a cohtact failure in other position of
the wafer by noving the stage to other position and repeating the sane
steps; and further inspecting a contact failure for all the wafers inside
the cassette by unloading the finished wafer and | oading other wafers into
the reference chanber and repeating the sane steps. According to another
aspect of the present invention, a nmethod of nmanufacturing sem conduct or
devi ces conprises the steps of form ng contact holes for specific
insulating material |ayers fornmed on a sem conductor substrate; inspecting

o . a o .




| ocation on the sem conductor substrate, for exanple, to apply the contact
f ai I&ure I nspection step to the mass-production line. After conpleting the

dev® opnent processing for the photoresist pattern formation, the failure

I nspection step can be further carried out for the bottom of ]t'peDEC 0
photoresist pattern for contact hole formation. According to yet ancgt Wer
aspect, the present invention includes a nethod of manufacturing

sem conduct or devices which conprises the steps of form ng a photoresi st
contact hole pattern in order to formcontact holes for insulating materi al
| ayers formed on a sem conductor substrate; and inspecting the contact of
each contmsitionisige teyticad lipeat multiplechosizental pinelgiogitiens ord addiegthevedigak r om a
unit area.includin t | east ,one 11 CEC 200Z .cont act l e pattern
wth an dietonei 8 :{Rh eBEvaasstioh o S RER RN e at o

Brief Des@hipatddt efh HotRof¥aPpdsitith tbh@entify S9RIcRAsemdnRhiief whikheei be features
and advantages of the invention will be apparent fromthe nore particul ar

descri pt iused tof indicatedhe présench oflp fieatitrs sedh astaecontagelmle.omhispsodeps eastheat ed in
t he acconpanyi ng draw.ngs .in ich like reference characters refer to the
sane part pet%“l%@bﬁ@?ﬁ?alﬂﬁgfmxfam(fs s g oé’\ﬁr?.smﬁ{‘_:égl&‘?eg\ﬁﬁoﬂgit cﬁpéﬁ%tfe necessarily
to scal e, refdipliEsithe bitiRasl ddReRGoPSRA Mt UROphtich], YBdpeaint Bize iR g1l BF thaci pl es of

the invention. FIG 1 is a schematic block diagramwhich illustrates
oper at i orfegtfirea caw hedétegmiskdct ron mi croscope (SEM. FIG 2 is a schematic

hi cal tati how t L .of th | ect
o ted: i nol JHTnPIRBESH A APOCR st GEREeeBE RELBEL WARel b RLo. 1 an
SEM when @ed i @REEnihg fdafiretiodlealalYed FdtleRahpRNMHRSREh pFddedurd chs bé

schemati c bl ock diagramwhich illustrates a configuration of an in-line
SEM FI G uséd tessedect tieaaptiniat sizb of & ntslagnifin pikedsiconaining ancthodidred conigét a

contact Tallure.l nspecton, SysL ol or, Sem Eonuctof deXl oS Ly Regey dance
al t er nat i g 2RO fHafIREY mRh More efficient in that unnecessary processing can be eliminated
by optimizing the area of each region to be inspected.

In one embodiment, the SEM image pixel data are used to compute an intensity
profile for each feature, i.e., contact hole, being inspected. In one embodiment, the
intensity profile is first generated by summing pixel intensity values for a feature along
one orthogonal axis at each of a plurality of pixel positions disposed along the orthogonal
rectangular axis. For example, at each horizontal pixel position, the pixel intensity values
in the vertical direction are summed, averaged and plotted versus the horizontal axis pixel
position. The pixel intensity profile can then be used to classify the feature in
accordance with the invention.

In one embodiment, to normalize the intensity profiles for all of the features, the
background intensity value is subtracted from all of the intensity values in each mesh
unit. This has the effect of lowering the background value of each intensity profile to
zero. Next, a threshold can be set in the normalized profile such that pixel intensities
above the threshold are concluded to be associated with the feature being inspected.
Next, the first and second parameters identified above can be computed from the profile.

For example, the dimension of the feature can be calculated by counting the number of
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contact failure inspection systemfor sem conductor devices in accordance
Wit t} the present invention. FIG 6 is a schematic bl ock di agram show ng
anothér al ternative embodi ment of a contact failure inspection system for
sem conductor devices in accordance with the present invention.{Rl GEC720R a
schemati c bl ock di agram showi ng another alternative enbodi rent of a contact
failure inspection systemfor sem conductor devices in accordance with the
present invention. g 1 1 DEC 2002 FIG 8 is a schematic functional

bl ock di agram showi ng one enbodi ment of a contact failure inspection method
and systemin accordance with the present invention. FIG 9 is a schematic
f unct i ondNX¢)|Pgsikions é@n&ﬁf%é\l’wwl%wblﬁ% hawaan%wfenélﬁy ¥alugingdbe failure

i nspecti { FI G
10°Pe s BnReIAdiAat G BACRLM AEGELABRE Milkd s MERLEREMNINERLLOD 1 5
contact fsanlsuh# exbsddaké theeshoRt di@ dssadidted wathetie fsange ahétithea@mbet bf pikél pr esent
invention. FIG 11 contains a schematic flow chart which illustrates the

| ogi cal fRositions hayiag éwmmahewe%fheahr@emléagtvw amea%emmtmé etdimansien ¢fod f or
sem ConougL eIy PR, SR b RS PP PRy 2,
al t er nat i perapal@ dieRiRhsiff va@uééQHzIt%ﬁéeeﬂQhé theholds Thesd 1o ﬂ@irﬁ&érsfc@ﬁ be
sem conduct or devi ces
compared to their respective predetermined ranges of acceptable values in order to
classify the particular feature as belonging to one of the predetermined feature type
classifications.

The inspection method and system of the invention provide numerous advantages
over prior approaches. For example, certain prior approaches use optical methods such as
optical microscopes or naked-eye examination to detect contact failures. These systems
are unable to resolve small irregularities in features that result in failed circuits. The
scanning electron microscope used in the connection with the present invention provides
far superior resolution such that smaller irregularities can be detected. The invention is
therefore applicable to present circuit features whose sizes are in the sub-micron range.
Also, because of the mesh approach of the invention, the pixel data processing of the
invention is extremely efficient. Processing and failure identification can be performed
very efficiently and quickly such that the inspection method and system of the invention
are highly applicable to wafer and circuit mass production settings.

In another aspect, the present invention is directed to a contact failure inspection
method for semiconductor devices which comprises the steps of setting a processing
cassette mounted with wafers having a plurality of contact holes formed on its surface;
picking out a specific wafer from the cassette and loading it onto a stage inside a
reference chamber of the SEM; aligning the loaded wafer for electron beam scanning;
moving the stage mounted with the wafer to a specific position related to an incidence
direction of electron beam of the SEM; opening a shutter for scanning electron beam onto

a specific position of the wafer; auto-addressing for detecting inspection position by
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in accordance with the present invention. FIG 13 contains a schematic flow
ghart which illustrates the |logical flow of another alternative enbodi nent
of a contact failure inspection method for sem conductor devices in
accordance with the present invention. FIG 14 contains a schemat,i @T_l: 9
chart which illustrates the |logical flow of another alternative e’n‘io ‘mﬁlﬂ
of a contact failure inspection nethod for sem conductor devices in
accordance with the present invention. FIG 15 is a schematic di agram
illustrating a pattern of chip sanpling |locations on a wafer for contact
failure inspection according to one enbodi nent of the present invention.
FIG 16 i%cognzng ARt patisrugdiraieronce iraageformed oputhsivafess scanmiveithgelediitons

G . SHFCF USRI o)
Schomat | oo 2 BE SEM B TRDmeRdbREARUAN R obphe ARobBlie e Bcar

hol es f orimesge bpeemsatinglieaiectran bbam ysaaing; tlsing ¢heshuttactor {saldtingehd agpect i on
according to one enbodi nent of the present invention. FIG 18 illustrates
SEM i magefoguged vrafer feeip thecelegiromeeany inspecting g cpstagichailysg by copmaring theocat i on

ecoan ) 8y SSENSAERe O TBGEL 0ol A MR T Lm0
contact r £t gfinhinpeleorioAdRaRorie & ¢lecticn sigiril eslbe defiving a abrdl@ontagts ent
' nvent] onf’urther inspecting a contact failure in other position of the wafer by moving the stage to

other position and repeating the same steps; and further inspecting a contact failure for all

the wafers inside the cassette by unloading the finished wafer and loading other wafers

into the reference chamber and repeating the same steps.

According to another aspect of the present invention, a method of manufacturing
semiconductor devices comprises the steps of forming contact holes for specific
insulating material layers formed on a semiconductor substrate; inspecting the contact of
each contact hole by comparing the electron signal value detected from the surface
including at least one contact hole with an electron signal value corresponding to a
normal contact; and carrying out the subsequent processing for semiconductor devices
fabrication process after charging conductive material layers inside the contact holes after
the inspection.

The contact failure inspection step can be carried out for a specific sampling
location on the semiconductor substrate, for example, to apply the contact failure
inspection step to the mass-production line. Afier completing the development
processing for the photoresist pattern formation, the failure inspection step can be further
carried out for the bottom of the photoresist pattern for contact hole formation.

According to yet another aspect, the present invention includes a method of
manufacturing semiconductor devices which comprises the steps of forming a photoresist
contact hole pattern in order to form contact holes for insulating material layers formed
on a semiconductor substrate; and inspecting the contact of each contact hole by

comparing the electron signal value detected from a unit area including at least one
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FIG 20 schematically illustrates a nmesh set to carry out the contact
rnecagni.ti on nmethod according to an alternative enbodi nent of the present
invention. FIG 21 is a schematic representation of a relationship between
a contact unit and horizontal and vertical pixel units accordingl §oDbbez002
enbodi nent of the present invention. FIG 22 contains an intensity profile
of a contact unit before background val ue renoval according to one

enbodi ment of the present invention. FIG 23 contains an intensity profile
of the contact unit of FIG 22 after background value renoval. FIG 24
contains an intensity profile of a SEMinage of contact unjts after

backgr ourkPnast hle patkerp ayith an clecteon signat valpe corespending o nos@ekcqnéacht i fyi ng
results cgmﬁﬁptact failure inspection according to one enbodi ment of the
present i'nvention. FIG 26 contains a chart showing a portion of results of
contact failure inspection according to one enbodi nent of the present
invention. FIG 27 contains a flow chart illustrating the |logical flow of a
senicondUEﬂﬁﬂgﬁﬁﬂméﬁuﬁﬂhéﬁkﬁﬂﬁﬁésequence according to one enbodi nent of the

Fogi cal 11 ow of s echin &8 s SpReleS BRIy bR B8 e

W th the gppacanfromtiefiorOpartibilléz dedSriptiondfpedten@ éribddiments pd e inldntish) at i ng
a logical tlow of the reading of scanning electron mcroscope inmage data in
accor danc® illpstrtedia theepqeampanying drawiges ipmwhich Wgaefeseme chareetes rafes itHbeat i ¢

o0 ohar b SRS RSBk R G PRER Bl
schemat i CerhpiRigisGhsaédd Heilgisibéedtipog illuzerali®gihe printipty ofthe invention.

FIG. 1 is a schematic block diagram which illustrates operation of a scanning
electron microscope (SEM).

FIG. 2 is a schematic graphical representation showing the energy spectrum of the
electrons emitted, including secondary electrons and backscattered electrons, in an SEM
when a reference is irradiated by an electron beam.

FIG. 3 is a schematic block diagram which illustrates a configuration of an in-line
SEM.

FIG. 4 is a schematic block diagram showing one embodiment of a contact failure
inspection system for semiconductor devices in accordance with the present invention.

FIG. 5 is a schematic block diagram showing an alternative embodiment of a
contact failure inspection system for semiconductor devices in accordance with the
present invention.

FIG. 6 is a schematic block diagram showing another alternative embodiment of a
contact failure inspection system for semiconductor devices in accordance with the
present invention.

FIG. 7 is a schematic block diagram showing another alternative embodiment of a
contact failure inspection system for semiconductor devices in accordance with the

present invention.



cal cul ating contact hole profiles in accordance with the nethod of FIG 28.
Fl Gs. ,32A-32B contain a schematic flow chart illustrating the |logical flow
of inspecting contact holes in accordance with the nmethod of FIG 28, ]U%

1 1 DEC 2002 Detail ed Description of the Preferred Enbodi nents F]I(BDEC 2002
contains a schematic bl ock diagram of a scanning el ectron m croscope system
100 which can be used in accordance with the present invention to inspect
contact holes in sem conductor devices. Referring to FIG 1, an el ectron
gun 102 projects an el ectron beam through a condenser |ens 104. The beam

passes through a deflection coil, 122, an_iris 106, of an object |ens 108 and
a shutter 124 .FKhé i aschemptie fignctions] bleckifiagrangshpwingame s dupent 8€anned over
a refere neci . Is .
sem cond ti}go Fl Ba?f &%ﬁger 1&1%8%%:‘(‘ ftl%g%gcag’é gyst%g élg E%fg?d%ngfvevgtp ?%eﬁ%%%e??g ﬁbvgiétk&s' cattered
el ectrons em tFIEH 9fis ageheheatic fitionsldlevkadigghnchewingnnatier gnabdidehestor 112,
whi ch generates signals indicative of the received, electrons, The detected
el ect r on Wnipshfailuee iappaction ethod aad sygiemiin aceordancewith the presat HIYERYAN. ed

signal can be eanned, ok blRnes S FHLASFol AR 60 GRPARRE QY tube

a e’inage o h e

(CRT) 118 such th a VISl e erenceé surrace i1 s torned.

Scanni ng Dfonkdee fflTe ihiFection ewtigdaindagstby iA acteirdBee with th®plesdnl mvshiied i s
correlated to the scanning of the reference surface controlled by the

defl ection coi¥IG 12 contginsgesclspmatior finw shaghvhiel ildustrates thedpgicakflewe pkprthce i s
di vided i 10 i t [ .by .each pixel
el enent aér}lté&fql%%ﬁsoglra’rcgé&fz ffaaﬂg#eggsrpgé&gloﬁlg@oé 8&% g#%cogﬁé&%%%é@ To this
end, the gkemhicwith fRreseasiavéigionnr ough the signal anplifier 114 is
transferred to a scanning circuit 120 so that the deflection angle of the

el ect ron beam F1§. ddeeniginsadchematisellaye slarwhich [ilkustrates thediogicabffow phamddi t i on,

or ocessi riferire ELORHe: SRR Rubft pSFal R Rr slfabisRerBpE ©

processi nig acedtainceRth the prademGRwdtion, unit 115 can convert the el ectron
signal for each pixel to a discrete grey scale or color coded val ue used to

create an i magelG.TReogtamg asch¢maticaflave charhiwhish itlustrotes thyf logiel floxof bl e | evel s
digitally encoded by a binary val ue between.0 and 255, A.menpt an be used
o st or o FUNeS A ertddiih oF 5 4OnEL TS o Rl mene L TR e o ¥ e
pr ocessi ngevidak in adeeflaRéORRE $hd diesehtmeentionl ues as desired. In one
configuration, -11 1 1 O-C 2002 the conputer can be progranmed to analyze
t he grey scal eFl§atl4 contapnsraischemativellave phart which siustuates theologichkflowivént i on as
described in detail .herein. FIG. 3 contains.a schematic. bl ock.diagram

ahow g 1 Hgths? Bt EppivEerodimen: SeatoGRR R iMeRre Bompa Sl e can
be per f or ggsbefimadcoRRBe With P teseRf REESRFRS, SEM i mage data are gathered and
anal yzed off line, i.e., aside fromthe manufacturing process. Because the
in-1ine approatlés.dp is 4 ecliemasindiagranh diustyating 4 patiempeOehapl samnpling leeations bhe SEM
i mage data_can_.be gat hered .and anal yz durin he. manuf.act uri ng process.
Thus. addh BRGRAT GoflBE LRl G et sRang, e SrodgRIhch 86 PHENel | i nat od.
The i n-1ijpoentteMl system includes an el ectron optical section, a reference

section, a vacuum section, and an electric section. The el ectron optical
section i ncl udEks.df ieh echenmtic dexgrany diustrating detai] obsampling regionsoediindst| ect or

15, and a_gsj | detector 16. ref erence section includes a reference
transfer r?tﬁtbgE@Ptsfngﬁﬁligzpo%tr‘m{sr%ﬁgeﬁi ng the reference, i.e., wafer, froma
cassette to a pgrf 748§ SchehfifieFoss3ektBnANf &K 3P & SerRicbAMicRS dROickhaving3. The

Cc
vacuum section includes a vacuum formation portion 11 for naintaining a
vacuum i neingast holes farmed darein prhactbenn beTised wiithdhe ¢angdet Sadliré imspéctiohudes a mai n
conmput er 10 havi a in.contraller 21 for. controlling the el ectron
opti cal s%ccg?fc@'?ﬁ%?(Wgeﬂﬁ\”@%ﬂ’é@%’r‘?é’r‘ﬁ@?ﬁ‘“ﬁ’ﬂﬁm}acuum section and other system
conponent s. Thei®l18GIdtFads SEMimage @ts SorlcBftabidRtesth iR RsIP IsQeBBiEa botthctOF
menory 22 which can store the detécted signal data values fromthe signal
det ect or Ibeaticnmgcegmiidmmethep hesprdiog toonakinbyidimentf ithepyesenymventiared from t he
detected el ectron signal. An automatic focus controller 18 carries out
auto-focusing to provide clear inmages. In a typical scanning electron
m croscope, the electron beami rradi ates the reference surface, and
secondary el ectrons are generated and are enmitted fromthe reference
surface. The electrons fromthe beamcan al so be scattered fromthe
surface. FIG 2 shows an energy spectrumof the electrons emtted and
scattered fromthe reference when the reference is irradiated. As shown in
FIG 2, the highest nunber of secondary electrons (SE) are found in the
el ectron energy band of |ess than 50 eV, and nost of the backscattered
el ectrons (BSE) are found in a nuch higher energy band.




- 12 11 G~ 2002 Wdely available in-line SEM uses the secondary

el ectrons (SE) generated in the | ow energy band of about 20 eV such that

i mges of the surfaces and edges:are clear. However, in the case of

i nspecting features such as contact holes with high aspect ratios, i.e.,
the ratio of the hole's depth to its dianeter, the secondary echpﬁgnz[ﬁ
generated inside the contact holes may dissipate while they paSs thro %
contact hol es, such that the imges of the contact holes are not clear.
Since these features are typically exam ned optically with the naked eye,
clear images are essential to _contact failure detection. FIGS. 4-7 contain

schemati ¢ bl odiGdil 2 gehematisally dlupteates ampeuschingasryut gheRontact Fegpgnifien

i nspecti . ] i . ding to the present
inventiogﬂaﬁ%%5§§§¥%§$B$%gkﬁgﬁgﬂég%%ggﬁﬁaggﬁgqéﬁﬁkhe same conponents as the
in-1ine SEM sa@)20 scHehfaticaly iHaveates a meeth bt socarycdut descoatacorecagtitidmi | ur e

i nspection nodule 60 within a main conputer 20. As described above, the

st r uct ur engthod peeording tayn altegnative embediment ef the prasentdpyandian. secti on i ncl udi ng
an electron b o] 4 | I . i gnal
det ect or parte@g 9%1%{ %ﬁ‘gﬁ‘& °EF£? e(e:ﬁgr&%)ir;%]rg?ag%%}gﬁéé@%gg (ggj %8?‘3?1 ltgaggabl e of

det ect i nthopbitabARIORERdaY pieP@iifs@idsor(ini)to 8¢l elaBsdifiat sfhe freett Giiventisn.( BSE)
emtted after irradiation of the reference by the el ectron beam The system

al so i ncl udes HG: 82 eputains ag intenséty profile 9f p sentactiuaitdreéore backgropmdiglusor ti on 13

for rotatin rotilti th e on ich the reference wafer to be
inspectedBW@V%5§%FPgﬁ3§oﬁﬁ?W@Bﬁgv?ﬁ%ﬂﬁgp%?%ﬁﬁﬁfyﬁvgand Z axes. A vacuum
formati on por tFien 23 toifinghaimendityrome bf edontat @fit $A1EG. ebafience chamber at
a desired level. A reference transferring portion 12 transfers the

r ef er encackgroned vadperamayel.chanber. The el ectrical section includes a main
conputer 20 hawi a main controll er.part for controllin he el ectron
opt 1ol sect | g 2 ofBins o6 lenly pfewB 3t h FEM Bhar P Re 1 B8 *17"ana
ot her subsREBHRd vAudPnibval.0r age unit or nemory 22 stores the signal
detected fromthe signal detector 16. A main display 19 displays an inage
derived from tHé&. décenteing awhart of eedesiidentifyingvresulia efreantact fauresngreationl | er 18

automatical |l v..carries out. th cus operati.on for clear inage display. This
emboa: mereatis oigaf sReairtelt obfE diestRATHIER, nebect ion modal e 60 1o
anal yzi ng the Fref 06BhtaRR a-chart showihg Rifert?di o refils 3 Befladt Tailuf?€ it &&HohON

signal transferred fromthe signal getectop 16 and stored the nain conputer
20 t o i nsgseendingdntone embpdinzent of thapeesentiinventipe. i nvention. FIG 5 illustrates

anot her enbodi of a.contact, failure, i ect i system for ,sem conduct or

Gevi cos accor ding 27 Gontirs e pharfiydiafing 15¢ aicaClay b SmiepRaREoT, ) oo

cont ai Ns &R ;%ce%iiﬁg SR UEBSHARIBIS oS etBBditient bfMfe %&finﬁnﬁon.& Sone

differences are that it also includes a contact failure inspection nodule
go and_g cont altkG. @Biis atedienxzigﬁbloskdfagg'@l)lluggaW?eMFﬁal ﬂowgf@nero_, whi ]E:h can
e inside in..c uter, 20. A critica i nensi on,i.s a dinmensioen of a

oart 1 oul shatinBn e R GE Reesbpt etiegin aGiolee St e AreferlBREhEy 0

hol es, the crifiab igh 58H2a1208 ﬂ@ﬁ»}d}ﬂnbﬁu%anghmémowfoﬂm@réamn ofl n_one

embodi ment, the contact critical dinension (CD)" measurenent nodul e 70
measur es ssgnmogplkeciroymidrescope image ddiainereordince withothe awthddnef{dds. &ner at ed by

the SEMw th t d d | .~ Fl Jllustrates. th
eng_odi nem of p%@o%‘gc%ﬁ# g&ﬁg’{n@ Si\é_ Qqqﬁ?t??eﬂ?%gbﬁ{l‘uﬁﬁa M@%ﬁgﬂ%ﬁhggpﬂ% oﬁ(rjuct or
devi ces aeging cbtadIBITERRRAL il ALERLWiTHR AURLERTPIGBEC. 6 al S0

contai ns sonme of the sane conponents as t he |n-llnq SEM oﬁ FIG 3. Sone
di ff erences arElGshatAiXlDecomtain 8 sclientio devwachsuttHussraping ¢he 18gichinflew bhced with

a main conputer 10 an contact failure i.nspecti,o | &, 60 inside the

2 ub- conpu it igne cop@eChle B D a-Guotich WiBHRS MeE Al Shmer o1 al |y

avai | abl e per sprg 32RW QntANd sGRMakid ToWwddhar iRkdirafthg Bl oRBGY 8H10- St or age
unit or nmenory. The presence of contact failures can be detected by the

cont act fiaspesting contpesdolesnn aodedanc&@iththe methodlof EXnAS er 80 anal yzi ng dat a
fromthe contact electron signal which can be stored in the main storage
unit 22. FIG 7 illustrates another enbodi ment of a contact failure

i nspection system for sem conductor devfces according to the present
invention. The systemof FIG 7 also contains sonme of the sane conponents
as the in-line SEMof FIG 6 having a subconputer 80 interfaced with a nmain
conputer 40. It also has a contact failure inspection nodule 60 in the
sub-conputer 80 and a contact CD neasurenent nodule 70 in the main conputer
40. -14 1 1D-C?.002 FIGS. 8-10 contain schematic functional bl ock

di agrans show ng various enbodi ments of contact failure inspection nodul es
60 according to the present invention. Referring to FIG 8, a contact

a o ~ N o ~I~R A I ~ N



el ectron signal information for contacts which is stored in the main
storage unit or menory 22 of the nmain conputer 20. The in-line SEM
digitizes the intensity of the electron signals detected by the scanni ng of
the el ectron beam and stores the intensities as grey scale or col or coded

| evel s. I n one system the grey scale value assigned to each fgxgi i? @pe
of 256 possible values, ranging fromO to 255. The highest intéen Epy p
defined as 255 and the lowest intensity is defined as 0. The digitized
intensity values are color-coded, i.e., grey scale, by each pixel elenent.
The contact imges are produced by reading the grey scale value for each

pi xel in tinme-series and displaying the pixel imges on a cathode ray tube,
a nonitor | : can be converted to col or for
col or digﬂ?@g@qgggg9&?ﬂ§%§3PgﬁﬁgaggﬁPﬁﬁﬂ%ﬁ%odinent of the contact failure

i nspecti on nodlIGe 1 deptaiis @adchdigatizi blodkndihgrdmsofrsdardningtlectront mickrdseogarbodi ment
of FIG 8. In FIG_ 9, the -15, 1 DEC 2002 contact, profile calculation
modul e 6G¥stem1100 vhigh parrheissd dyaseardaacs WHB A PragsatinyeitRn 10 IRSPEELLOBasy | ded
as separ to the conbi ned nodul e 60e shown in FIG 8.
FIG 10 ?%ﬁgqggﬁéﬁg?égmﬁﬁﬁg??%naI bl ock di agram show ng anot her enbodi nent
of the cont actRéfeiringiteé FIGsRaateleatronpaiul 82 Hfdjezacor dést@ntbeamtiropgieaent

invention. Referring to FIG 10, the contact failure_inspection nodule 60
i ncl udes cangenspiliens 104. eThe beagynassas drrongh adeflection gid 1890 igs §P@phit s
file-to- [ j . ' gnition
nodul e 63’5’% "zieg‘gﬁg%‘ %@%Xg%ﬁ{egcgagﬁgfg ??cglggda?lgcl}fogﬁegﬁl lghgpag%%ggl}tégﬁ% val ue
removal nsoghied o86€a referemuiorGpedimbh suréack N$Pockiclp barhiihe sude ofad a resul t
di splay nodul e 60g. Referring to FIG 6, the graphics file transm ssion
net wor k rigBNgoadeeBr watep heingdnsnected. Secgndary elegtians andihgek prattarsdislacensmi n
conput er - : :

ot or et 19nvsd s FEeidlat QRRULE Iy £ el R 112 SN0 BARUAE Sl |
mai n st oriagdieativd df thPredéivedelettbdn3. qBBAUcEed ERctrd¥sindlds ampkifghinGSsigral €, and
then transfers it to the sub-conputer 80. The graphics file-to-SEM signal
conver si cmnpldin [l &4.60ke papliied signal etrbe scoared on tae flugresgens supfase infida he

0 a0h o e MR AT AR O S AN S .

contact profil|Safiing el eel ORT aNgl iPmiegll a Méfld¢ion @61V 86 wiidhiib eo@életed t he
contact failure inspection nodule 60f and the result display nodule 60g are

descri bedodke scpariag petherreferace surfacesonteolled dydhe dafiegtion goil 2% olthe n 1 ow

charts of rjou mbodi aen f dhe contact, faiklure in_lLine in ction
pr ocessi r%ﬁll\gf Ehgg%@g%f&gg? E’gt«g\g/ Ao l:gn%eyﬁrcabvﬁﬁéﬁic ?}}é#ei }ﬁll”‘%ls i ég’gcetl?cglﬁgsyst ens
accor di Ngigrald degedbddetpedich iptee Bleineft arbehRr detiBdtrirfdrted sokd to fdie tBOBEARLL
failure inspection portion 60 of FIG 4 perforns the contact failure

i nspect i omage Thshigand theeloctran siensl passingtthroggh thersignel ampliber kldds eon by

using in-lin installed in e Ih C ter 40. Hrst. on the

dot or m ndP BT R SHRine rehl pf fo BBk PheR B BareR g g s ietPS navi ng a
pl ural it yeoafroneninahié sdtoh&defiécBionesnezl is set (S 10). Next, after _
extracting a wafer to be -16 1 1 DCC 200Z inspected fromthe cassette, it

i s | oaded on tlhadditivgetheagiplified plectrer siged detadhueash pixsd carhee Imvfqrsdion,
Next, the_fl at. of ttt]c? W%f r is %lhlqned. Then tgae.loaded waf er. i s aligned
t he el ectprrS%GSfjlél%%msca?lr‘l‘f ‘g“'(%l’f f gﬂlaoqs%grga! ‘éodl ltﬁoa{\}’il%ﬁldtq{gc?ﬁgpér nount ed
t her eon i@negdMed The phﬁeﬁ&i@%ﬁ—tﬁt PIS @nGBhieH theleRefbh SignAldor £428 pied kelgnt

direction of the electron beam of the SEM (S16).
discrete grey scale or color coded value used to create an image. The grey scale value can

assume one of 256 possible levels digitally encoded by a binary value between 0 and 255.
A memory can be used to store the grey scale values for each pixel. A computer, also

part of the processing unit, can process the image values as desired. In one configuration,
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The shutter placed under the object lens is open so as to irradiate the

el ectron beamon a certain location of the wafer, and auto-addressing is
performed (S20). The auto-addressing recognizes a certain Iocatign ﬁEF gmz
applying a pre-patterned standard i mage on the certain |ocation C h
the inspection can be perforned with respect to the standard i mage. Next,
the location to be inspected is irradiated wwth the el ectron beamfromthe
SEM (S22), and the el ectron beam scanning is repeatedly done by the auto
focus controlling portion for a clear contact inmage (S24). Then, the

shutter is closed in order to end el ectron beam scanni ng. of the wafer

(S26). Nehe compgter ¢anchegirograpmsd; tp anglyze the gEyseale datadp graprmp e RIRt cont act
detected ; : ing: ding to the present invention
is inspec]%lE ég§§&&?§&%§8?%§n EJ%@?@FE@Hqﬁﬁﬁ%her contact failure

i nspecti on shoElG 3lenféisfpschetatid blotihdiaglaarstiowoms feafurdshuf andii-dihe SERD) . | f

so, flowreturns to step S 16, and the stage is noved into other |ocations
of the we&tem Byghich onipsyrspsetioncan be PEEPERdNN-NSED: INIQIRHPCEsIest ai | ur e

i nspect i ' ' {,0ad ?ﬁéi ' .m ned

whet her f%eygn%ggﬁgtgéffgaéﬁgﬁd wa %{alj Z? %H elﬁ{l%hgépii’e%:s € ?rgglﬁle)ﬁlﬁ?]ﬁ%stgﬁ not her
waf er i nsprdeest.hBecass thetig-ling appraakitof the inventicaf Ieisgnetlydiprded cffiviehcyhe above
steps are_repeated, thereby carrying out the contact failure inspection for

al | the vilieSEM imageqiata ¢pa heqgatheredeand)analyped duiingdhbe mapufastugipgprasessd for all

waf ers, t c - (; i0Lsh . Dl 0Cess.
Referring 5’ (gﬁékgggﬁﬁenﬁ%%ng%a}§%%¥rghg&%%%¥g%Fﬂh§@#%ge%pﬁggg@%ion

met hod f GSENMhstenf iaeludesindedronl dptiaaliskitiodl a efereAcd sebd1E S vabRure eection, Shown
by using the in-line SEMof FIG 5 having the main conputer 30 in which the

cont act fand airedeqtiigsrstion.ofhpeleetranorivakseatiomiaciiides deletIREABBEBEABIAT par t
70 are fofmed fo06l B?&? g%{i'%uﬁ%t %@ a gigh:h gi[ﬁﬁcfoﬂs TK? ﬁegé%gxg%%s%&oﬂ nspection

is carried’out” as set n-F unlrke™t bodri ment of

FI'G 11, tineludbyd teférence tednofenthd [otfion 12 Re te@sfeatig thatdferefcd, 18 P@aldrofforhs
determ ned (S27), and the contact CD neasurenment (S29) is carried out when
not car ry? eass@igtto aeferange glaambiasjand, p sefpreneredligning foske) 13.FT® vacgushows t he

cont act faihure i%ﬁline i nspectj.on ﬁﬁthﬁg far .the.waf er havinﬁ fPlurality
of cont act*CH3H BEHCRRP EEAUBY CHUPH RHECR AL forRaiRiEiy @ BUUIBISNC B ch t he
contact fifdreMc® chAMBEC THR k1R Bidal §¥2ti6R irctuded a ldn SeRp @M ARAingBPmafiot i n the
mai n conputer 10. As shown in FIG 13, after the shutter is closed (S26),

t he SEM s¢aptrelles? lofos gontroliing theelastron opticpd sestionhibe peferenesoehamber, the
transmtted into the sub:-conputer. and.t necessi,ty of the contact failure
hapect | orepbft edentt g RN RomeBha o o SEGER s R PGPl pain

sub- conpusteragé i€ ov fiRmiobe22 HahNGah kRke e WBRkkted Qight] ddla PaAlEYréHH ithd fignagont act

failure inspection (S37). In the enbodiment of FIG 14, the sub-conputer
and t he négtectetokfp andp maye fispigy 10 her displeying inpagep genssdteq from thadetegrd t he

contact failure.inspectiqon portion 60 insialled in the.sub-c ter, not in
Che mai n QBT P Lh G RAmBRocgs coiropiet Coaries ol s SiBling RTRPHEL 1, ™ e
shutter iglesliffges. (S26), the transnission of the SEMsignal stored in the

main storing part in the nmain conputer into the sub-conputer is determ ned

(S31-1), and t hea yoivahsnanfhiag lelectron nigresopesthé slectzon hearh wadiatss thde
sub-conput er (S31-2). ether it.is necessar o carry.out.the contact
hepect | o TBRMGAHERS B TIeanLer Skt Retre e e abmid T s
nunber ed giaeiRcd sufféd MBhedtéctrond &éin the bBen tASAISSIbOEcateM@ i fRIm hEQurmgier the

contact failure inspection of the invention. One region designated as "AP"
shows an BlG.gshovisian eaengy spactrugholibe cleetrensi emiftedand ssetiered dromotbat i on. Wt hin

ot oo o AR POl et s SR Bt T SRR 56° T o
five Sa”péécﬂﬂddrS’@EEfr@lffbg(SEg af® fouttPRethe bREfor ehetdy bR Nesk kights0(ed7,2hd | over
right (2,3), lower left (2,4) and center (2.5 The sanpling | ocations or

sanpl i ng moestafithe backstattersdedestrons(BSE)i aveiHund ys a wiuch highenenesgnbandd chi p
unit. In this illustrative enbodi nent of the present -18 1 1 ~~C 200x
invention, 175 locations are sanpled frgn1the 35 chips or sanpling regions,
with five sanpling |ocations being testléd in each chip. I n one enbodi nent
in which 12.5 k magnification of an in-line SEMis used, there can be 98
contacts within a 480X480 pi xel inmage of each sanpling |location. Wth five
sanpling locations for each of 35 regions, 17,150 contacts are inspected.



FIG 17 is a schematic cross-sectional view of a sem conductor device
havi ng contact holes to be inspected in accordance with the present
invention. FIG 17 shows the formation process of a 64M DRAM buri ed
contact. A field oxide |ayer 131 defines an active region fornep1oBEE 002
sem conductor substrate 130. A gate electrode 132 is forned over the active
region and is covered with a spacer 133. After a first insulating |ayer 134
of high-tenperature oxide filmis formed over the surface, a first contact
hole 137 is formed as a direct contact for a bit line 135. After form ng

the bit | jine 135, second _insulating layer 136 is _forned over the surface
as BPSG yﬂ@b%@é‘é@%dﬂ@l@ﬁ%&é@ usgsithe Ssandaly elssterng (FE» Bctisiaded e }OA& one

exanpl e i i b i i ion is
per for negénfe%ahg%ggﬁdetgaggﬁstutgg?l a?grgéﬁfgf;ﬂgrsggﬁeg%nggﬁges\ﬁgsﬁ ne during
t he 64M OD¥We¥erhinitihatdse of mspating feabwesiurivas conthdtGolek it High aspepeatiogn can

al so be perfﬁrned for the direct contact 137 or after the devel opnent

process dfe-fhefatioatitag holas denth tg By digmeterdherdrcopdary eleckprscagieddpgde | n t he
contact faj i j : i i oRQt.| i mage si ze

is first @%Fg{i:t?cetéﬁ ?egﬁﬁ a@l%bllﬁ%%:g’? ﬁ%ﬁfe‘b/??gsgth{tb\rglgggélﬁgg }g)gtlessé C:I:)ln trtlllclaengi mensi on
of a f eatinragedef thg comagitolesdre totcleansSinbethdscafeaiuess apd typicativedamimed act hol e.

I n one enbodi pent, a typical SEMimage includes 480 X 480 pixels. Such an
i mage carPhiicalywith thonaked sie.slear Haagss atseseantinblosonBattaipremletsetion, Dependi ng

on the size a i gt . . Ll ,ze for
each indivi duglldl C%b%i?é@ @Q?@g@gﬁ%ﬁﬁggﬁ&gf%@ (%gvag omgn‘g%d?@g%ﬂrsrp%?gg%gétcont act
i mages of fatltirel iflspettich Sisidnef foll 2enficimdue@n dévieatdcostdingrto dikeprasempinveatidrocat i on

of a sem conductor device. It is conmposed of 480 X 480 pixels, and the
nunber - 1Bhe system ofJHG. drontagss somisiod hessamssorperentnas the in-Hng SEM shoyginj e |

14 i H . : . i ) . iy gy
esol uti S SR er MASEHCRRCEN Corfacy Rl St ioh Blodile P 88, P11 ™™
i.e., condongiutdr@doe, Abdestsibedsee] @6 seiidulcho tith int1aREEMehole®R aR@iRion| N one

system for exanple, each pixel can resolve approximately [2nmin the SEM
Pr esent | yopticgl sestigminghidingan destroadeangeaeratoan4aaecgionhstmrdsfleetor ke or der

of 200nm e. i xgl [ e is s e sure
That an | PRSP LTREG-BheBt IS Tuf BYRH s pRRbits usie {RuEThESeteS
exanpl e, Maﬁi@g@oﬂﬁ@b@xﬁuabgeelegmﬂagsgpmpbdam_a@aed bleoEs R BIW) efmittddl Arerevenl y
spaced grjid, a set of one hundred 48 X 48 pi xel sub-grids can be used to
cover allirggfliatine ohBleasterange byidhearieatton bspmc dhpaystemmmlsadneludesy referange h

sub-grid Qei associ ated with,one haole. ectanqul ar..gri,d or nesh of
or T ont areitdr GRRRMEH S hughRe Bufin A HEELARM I Bl RRa50 i el
array to whichihdwef@atemutel 16 the HkpEdad i peritionedwhile Bfovitpataloag X)3Paritz each

hole. In accordance with the invention, it is then determ ned that the 48 X
48 pi xel #ePd A yagunt formatien pertipe d bimaentaing thervaegun state 9fdhe rafererre hol e bei ng

ach sub grbed b ERBPTIRE. L Adehtirte kaTRRRE PO AR e Risn P08 Tl o

i tsel f i stheuéfetent@tHaniter.amhe YietritilGef®ntinclhflé 4 9aial dshipater 26 hdeinghthaigd by
dividing the critical dinension, i.e., hole dianmeter, by the nunber of

pi xel s covatioflgr pare2 hiar eontrolling thesllestron epiienl sentionr the refereacy ¢lraatepithe such as
t he I2nn19ixe|zghrqshold ﬁgFget r mpe Mhet er the resol.ution i s fgequate.

Af ter  t heVdsoim foFaaih hart 1 ard ojisr ShRSSRS. Ahoainatorags Wikt memes e ised to
| ocat e anglofs ey digmie détested HIRNHE ipRaldetdchst 160 Main dISPISF 19 HRpRPSan

enbodi ment, vertical and horizontal lines in a mesh or grid Structure are
used to | eagederivied fromdhe detested eleettpon BgmRl.GAnpgtanatigdoeustcontjollérild cont act

| ocation recognition process of nmodul.e 60d, the nesh.or gr.id is,.placed over
e cont aBfomARGY B PEETR 155 FORAPR S ARt MRS o onvarmBRiBeha « he
vertical apé sncRide§ fiRcoata8t AflineShidctib Module 6096t AalyzHRAhe hismeaionuch t hat
each contact is placed on each nesh. At this tine, the pitches can be
controlled by increasing or decreasing the nunber of pixels producing the
contact images. The -20 .1 1 DEC 2002 search area of the nesh line is
preferably set to include the area in ich the sanme pattern of contact
holes is repeated. Referring to FIG 1I8; the contact |ocation recognition
process using the nesh search determ nes that each nesh unit or sub-grid is
conposed of at least 32 pixels in the horizontal dinension, and at |east 62
pi xels in the vertical dinension, and the searching area is determ ned by
nmovi ng the i magi nary horizontal axis nmesh line |50 and the inmagi nary
vertical axis nmesh line 152 within the ranges including at |east 32 pixels
in the horizontal axis and at |least 62 pixels in the vertical axis, thereby
detecting the location of the |owest digitized electron signal value, such

. a o a o Y




I n one enbodi nent, the mesh search is carried out by positioning either the
vertical line or horizontal line at a first position. Intensity val ues
along the line are summed to determine a total intensity for the Ibﬁf. EZe
line is then stepped to a next position. For exanple, the vertikal ny] an
be stepped along the horizontal axis to the next position where the
intensity values along the vertical line are again totaled. At each
position, the total intensity value is conpared to a predeterm ned
threshold and to the previous total. An increase in intensity can be used
to indicate that the edge of a hole has been reached, assum ng that holes

have hi gwentanmnéhqqleqtmmgmbkwm frqmm thetsignal defeesen }ﬁemdsstorﬁéﬂ% have
| ower |ngg é*wéaf509?9§§&>? %glegg &§Wﬁﬁﬁwq§&%hgﬂe across the entire

grid struc o0Ca e sl ze an ape of each hole.

After all of te. tsqn@dustearaﬁo@leﬂaﬂmﬂmbm e ofiatefili@iinsgeborsy3rasorcan be
repeated for the other dinmension, resulting in conpletely characterizing

the size, semméu@tnadermtapmdl@g t@ﬂemeﬁeetsqurmoe iThe systemiod ileahalse used
during S“bsgafqﬁjste{;}gqeﬁ g‘ege?é?‘a?ﬁe” ggnt?y the fidSnit %%i’i‘%gFE‘}’ N T Hzﬁ %Ocat' ons

and shapes unn ocessing o plxels no %d to

hol es i s ¢ t# talRdncléd contactlfiluRtinspeeESfi@ALLeHORRE aToRBcEcHtRal ure is
identified, the exact location of the failed hole is readily determ ned.

Af t er cardlmens;orm (D) measyoement madyleatq, mhlq%ec@ngwnsmlma maneccmmtg@rr?-%fA an

on the nortsat Pirendn 80 hendioh bFa pattiputsPiealtiE BBRE inshecrb Fdr GRIBE 0O

vertical @¥isse dfRbunRl Hodes, tHe coitioR cﬁmael&aéwv&b@ukjdeﬁﬁetarbﬂmeh@le Mp@bhes on,
which is why the contact |ocation recognition is performed as above. The

mesh uni temmdlmenteﬂ’plcoy@dt qrmcabdlmusors D) mgasur¢ment magalesHompasuiesyG. 19,
wher ei n a contac aced.on.one nesh un one nesh

ni 1 bet v GRact imicBer BB o T e TR bl i SN W B

cont act h@&@gséﬁémﬁa@hﬁg pl aced on one nesh unit. Further, the Iocatlon
recognition approach of the above nesh nethod can be used in various inmage
shapes if a pakliGe6rillugiratesepbandthereamhodineant ofia eenghct failure &-Bag insprstions square

or oral sha ed ad ] S. oppose he abqve r und aped c
Pragea. pvele P SepirandickindPicBO g O bt Bebet hReh B O ISR P
the nesh é@l%& botaih® s&RE bY tHewhme cGﬂBBﬁ"&&s 561 B SENIRITHIG! 9N SBmecess

according to the present invention. descri bed above, in this exanple,
t he nmesh diffietenods arthapitese also iredudei asﬁubslonmt@Z&@Qte{faccéIV@th amdint he origin

| b Th b h. t tt i d i d
by “ovi ng TR0 S caahb GO ingpecae BRASIe D Tpuss g Si-reRtie i TAST ™ "
Wi thin t hghsQakfifer SONAR 2sé1§ blaR@Ad Bamﬁewauyeﬁaﬂhmegeaenaesﬁlbuﬁeﬁ&l@aave

whi ch can be set by about 60 pixels and about 30 pixels corresponding to
each pi t cinclude atseb-dtaplayunldta sub-stpagstunitairymenoryadbe meﬁsemﬁ:bxf@mtecttfaﬂ@a%h line

e 18 e e L LR el s rg, o oo
di f ferent aﬁal'ﬁ“ﬁ% @ita ﬁ%ﬁlhth§ %ﬂthélg:fecﬁ%n gi%"ﬁ&lr\kflli‘l@lq cﬁ‘ppélﬁoreénl‘ilﬂ%'rﬁ%un 3@0r§é%0W5 t hat

the contact unit Is designated with pixel units in order to explain the
gener at i omiv2.a contact intensity profile. FIG 22 shows a first |ntens|ty

fil i thi h it t al th th
Derti cal axi s B oF BopHReeAoRgY soRadiiertal 4 st B Padinspost PR R em Tty
nor mal i Zeséﬁl@orﬁfu@fdr |d@v1cgs| a@coﬁl?hgfsth(?ﬂ@ prebiit iﬂ%ﬁt’ib?i theyoieid S MG, Flafdo 22 With

a contact threshold val ue set ter renoval of the background intensity
val ue. | ncartt@inpsaseof the eane compontentses id i-leleciiMof FiGg@]haVln&a geb-i s set at

5, and the threshol d pixel .nunber is o] he.cont act hoIe
bei ng. exafRBHOSH e Bres pith angan somptiar Shol alse hes p okt talite itepgion _

~C ?2u02 F#n%‘dul%%osiﬁ‘?l’f@sdbr@o 'térﬁO%ﬁfa'cbﬁt%ctf b nﬁ%%‘eﬁﬁﬁlelﬁo@ﬁle 0% fRHAR! 5 Of
FIG 18 after normalization by background value renoval. FIG 25 is a table
whi ch contanpwer#fitoded results of the contact failure |nspect|on of the
invention perforned on the contacts of FIG 18. The circled contacts in
FIG 24 match with the location defined as contact failures in FIG 25 by a
code 4. FIG 26 is a chart show ng onelﬁart of the contact failure

i nspection results for each sanpling |l ocation shown in FIG 15 in the
present test with respect to the sanpling |ocation of each chip, the nunber
of all contacts corresponding to each classification criteria of contacts
according to the present invention is designated. That is, for each of the
five locations in each chip or test region, the nunber of each type
classification of hole found in the location is listed. For exanple, at
Iocatlon (1 3), there were 87 cont act hoIes cIass|f|ed as type D 3 hoIes

o o a Y o M ~ o o



el ectron signal values which are digitized corresponding to each pixe
contajned in each mesh unit. However, the electron signal values acquired
fromeach nesh unit contain both.the electron signal value fromthe
correspondi ng contact and the el ectron signal val ue produced flrﬁnﬂl{;@e?ﬂﬂz
out side region surrounding the contact. In the present inventi'on, T0

achi eve an accurate el ectron signal value which includes intensity only
fromthe inside - 23 ~l 1 D~.C 2Q02 of the contact within one nesh unit,
t he background el ectron signal value fromoutside the contact region, i.e.,
the region surrounding the contact, is subtracted fromthe intensity

profile to ger@ﬁé;%’lpﬁéntﬁ@r%‘i’m%@dfu giamahblopl diggrams SBP\_‘.YMQ W0 s j s
referred e&r?oo%ﬁpégfg% 3%; nge{ncé ?{1{}1?%@18?{@3}? Idule% @ng&rﬁﬁg?(gg{c%ésgg{] ié\(/%lﬁioﬂ.r esent

i nvention, con e calculation a al ue

renmoval aRefepgid QIFTEd 80y camsby fdlubOmspettian ewddraecaniihdludd @ SEM signdlng
equation (1). Y = X (1) ; where (B~Bc)Xc X is the sum of el ectron_ signal
val ues abeydtingmedaig&Oapviiiclereceivesethp SEY sisnaliipdiegive pf slectipns rec@vedfieme sum
of electrg ' al ues;. i ne Lhi:n. one mesh
ani ;o QaiE G oy R AR BT QEGRR SR, PN RRRGE ATt O,

pr edet er modide 50d aisdipied thid SENIi @abtodREdminy the losations dfftentaiinges «ld/e@l ect r on
si gnal s havi nfg a val ue above a predeterm ned value within one mesh unit;
and Y i s ather featares tobe Bispeeiad. Vvhrertackiprofilp selRyatiemeandlaskeiegnd reeva t hi n one

et or m neiodfle Y Bblsbes pcopsing SRR g B I DR SHEr B B

accur at e TRASENSIEPOAIES Wpically HdrPBRze inoBig dafafausodaybRkgrotied val ue is
100, but is not limted to that value. The Y value, the result of equation

(1), is tintensithhefitcts yueh datheristensity profils shepe eAndieaxemiedtindepsadant aésh unit .

I n one enbogdi nen a.loyer a er limt a for the.value of Y in
equat | on TRokeiptng e, Y Zon @0t B8 hamstitn e 86t anBiat 8 M @MTCe 1's

bel ow - 24profikes PorGhé€ cortet holg td RIeBfifY dodtakt failiRs C BbCdmboilimemchdided to be a
failure. 1n one enbodinent, this type of reading bel ow the predeterm ned

| ower | i ndascribedibelavein detaibihaopisrageanicasity vabledor ielcontact iEqompieRtqa) i s
e o TN N T S
used tO results of the failure analysis.
In one embodiment, the SEM signal reading module 60a reads the digitized
electron signal information for contacts which is stored in the main storage unit or
memory 22 of the main computer 20. The in-line SEM digitizes the intensity of the
electron signals detected by the scanning of the electron beam and stores the intensities as
grey scale or color coded levels. In one system, the grey scale value assigned to each
pixel is one of 256 possible values, ranging from 0 to 255. The highest intensity is
defined as 255 and the lowest intensity is defined as 0. The digitized intensity values are
color-coded, i.e., grey scale, by each pixel element. The contact images are produced by
reading the grey scale value for each pixel in time-series and displaying the pixel images
on a cathode ray tube, a monitor and/or a printer. The grey scale can be converted to
color for color display.
Referring to FIG. 9, the embodiment of the contact failure inspection module

depicted therein includes modification to the embodiment of FIG. 8. In FIG. 9, the
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formcontact holes prior to formation of the holes. In another enbodi nent,
the contact profile calculation and background val ue renoval arge pﬁm d
in accordance with the foll ow ng. equations (2) - (4). PkN = (PI<1N)1~ {{ﬂ?
Pn=h.!v~k N~ _ (Pk ) (h f - hN) pm= baseline((pk ) ~ J (4) ; where -25 1
1 ~~:C 2002 n is the horizontal axis pixel nunber; k is the vertical axis
pi xel nunber; Pnk is a digitized signal value for a pixel at horizontal
axis position n and vertical axis position k; Nis the mesh nunber being
anal yzed; hiNis the initial pixel nunber in the horizontal axis wthin one
mesh unit; and h Nis the final EiX6| nunber in the horizontal axis within

one nesh %@Afact prodigealgpasionanoduly afe @) andibackeronad vajue Kemevad madele @l (Bl cs. 21
and 22 FhGhrobhicdhs 3o M- AL M fes b BERREN Aht AmBRRNMIIR! SRl hiPh IS it L P 1 2

mesh unit rra contact used to ca e con nsrty profile
according.to the present invention. FIG 22 is a schematic pl ot
illustrating a first intensity profile wwthin a mesh unit cal cul ated before

subtracting t hElGaldkigesohamajigl furctfosel ogodiagrem shewing yother gmbedimanobne

enbodi ne intensit rQf | } engr a t.eppi t iscrete

posi t1 onans pbffer SRR HibaRL T 6F o RRRRE e BleaPl IR0 R B ¢ e
or t hogona#1Glil 0 gk coma@ifaifiae thspestion rAsHud60 Rchides Agraphr b X@hsrhidéiemsi ty suns
versus the pixel nunber along the pixel axis. For exanple, the profile of

FIG 22 cwiwek metuiefOny sandies fig-toSEM signaltsenyirsien mnswie 6Qsna centaig t he

vertical ,axi.s..and summ ng,th i xel .intensities.in the horizontal

i ect | oA TR M Sod W BmpibacoRiat i pleitalclfuidf ebf BRKErowngs 1 1 o
with a peafudremovhitBodilél80& aWohtabt fallekeGAdpRStidn BoMile 5ONER1 Plesdlt iplapct hol e
in the particular nesh unit. The hol e extends from about pixel position 16

to pixel podulepds 44 and is therefore about 28 pixels across in the

{op of the poektiapingts Figredbe BrbBRe iR iAo e SR BY 1 the

det ect ed hpdRRTsionaPtansMessRATeBR A thd ARt @nutckNiDS40 RdEMhe istib.-cOphiet € shape
is indicative of a normal contact hole. The value (PkN)' from equation (3)

is the avd}able mpdde 60 cerivgriatheinfommaiper ofths digitizedtetastron signalafor agoniagsi xel
nunber k. 1t .i.s.deri.ved by divj.di t he whol | evel f digitized

ol oot on SPEALT K Sopee R e S U0 1le  eaoBiss Hahd ot

pi xel nunies trkndférd® tb MeéBubZbmipukerd@) , i -e., the height of the curve in FIG
22, by the nunber of -26 11 EJ~: C 2002 hori zontal pixels at the

vertical axis pbeigtapbiesile-whSEM signajcomsrersign module-60p reads FleGol@zodtidss t he
(g ey Sl S R R Rl Pe b omo BT e R p R Y e or e
PKN showsgigftized SEM signal. The contact location recognition module 60d, the contact profile

calculation and background value removal module 60e, the contact failure inspection

module 60f and the result display module 60g are described as above referring to FIGs. 8

and 9.

FIGs. 11-14 contain flow charts of various embodiments of the contact failure in-

line inspection processing of semiconductor devices by contact failure inspection systems

according to the present invention. Referring to FIG. 11, the contact failure inspection

portion 60 of FIG. 4 performs the contact failure inspection on the wafer having a

plurality of contact holes thereon by using in-line SEM installed in the main computer 40.

First, on the determined location of the in-line SEM, a cassette on which wafers having a

plurality of contact holes are mounted is set (S10). Next, after extracting a wafer to be
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average el ectron signal value per pixel subtracting the background val ue.
FIG 23 is a plot of a second intensity profile after the background val ue
PmN has been subtracted in accordance with equation (2). FIG 24 shows the
normal i zed second intensity profile for contacts in the contact]iinBgE 2402
FIG 18. In one enbodi nent, the contact failure inspection process of the
I nvention further analyzes the results of equations (2) - (4) to classify
contacts according to whether they are failures and, if so, what types of
failures. The second intensity profile (FIG 24) of each hole is anal yzed
to identify and classify failures., In one enbodi nent, as shown in FIG 23,
a t hr eshdngpecteddrom the qassetipyif isdeaded onithe stageqinside thegrlerange shanberof thene

aver age t ' b t suht [ her. ound
Ve ey PR Sufdhe Ml MNP RGP Mierdl. Shod M RSY R S SBRRIAE DTS
(or w dt hglectfonttieempeaining) (3148 apd the dtgpectavingahé Waks haludtedABersbrolsmovedFl G
23, with the threshold set at. 5, the critical dinension CDN for the contact
i s CDN = tedeplagd enageppindpeptionfier the incident digrctian of tis cksolonbean ok be, for
exanpl e, ]l]fﬁ | ter of a contact hole, can be conputed from equation (5)
bel ow. k=VT = ~W (~) ; where k=vN v,Nis the vertical axis initial

pi xel nunber Wikddhuttbslagedsimdenthe objett less isldpely 85 4 todtradinieshd elbéttorpi x el
nunber within the nesh unit; PkN = (Pk'~)" - PnN; arid -27 1 7 UEC 2002

VKN i ndi cRaasommeertain logationced the mafsisandyauicapdssessingdpperéormed (BR0esHs| d,

specific aaldtg-ad&ressiir{g I%léogﬁrizets %%%ﬁ%%'l&'ca%n I_Sy %ppliy}cngpakpré—ptaﬁcr:l%écﬁ1 Qtlaﬁidard image
on the certain location such that the inspection can be performed with respect to the
standard image.

Next, the location to be inspected is irradiated with the electron beam from the
SEM (S22), and the electron beam scanning is repeatedly done by the auto focus
controlling portion for a clear contact image (S24). Then, the shutter is closed in order to
end electron beam scanning of the wafer (S26).

Next, the intensity profile of the electron signal for each contact detected from the
electron beam scanning according to the present invention is inspected (S28). It is then
determined whether contact failure inspection should be performed at other locations of
the wafer (S30). If so, flow returns to step S16, and the stage is moved into other
locations of the wafer, and the above steps are repeated. When the contact failure
inspection is completed, the wafer is unloaded (S32). It is determined whether there are
additional wafers to be inspected (S34). If so, another wafer inside the cassette is loaded
in the reference chamber, and the above steps are repeated, thereby carrying out the
contact failure inspection for all the wafers inside the cassette. If the inspection is
completed for all wafers, the cassette is moved out (S36), thereby finishing the process.

Referring to the embodiment of FIG. 12, the contact failure inspection method for
the wafer having a plurality of contact holes thereon is shown by using the in-line SEM
of FIG. 5 having the main computer 30 in which the contact failure inspection portion 60

and the contact CD measurement part 70 are formed together. The contact failure
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Next, an average pixel intensity BSE~ is conputed for the pixels above the
t hreshol d according to equation (6) below k=v% ~PkWk BSE''" k "CDN It
shoul d be noted that equations (b) and (6) represent an alternati

i nspection approach to that of equation (1). The average pi xell 1n§§@132&9?(
BSEN referred to in equation (6) is the analog of the value Y calculated in
equation (1). Also, the value CDN in equations (5) and (6) replaces the
value X~ in equation (1). After the pixel nunmber CDN and average pi xel
intensity value BSEN are conputed for the contact being inspected, they can
be used to classify the condition of the contact. In one enb d| ment, an

upper | i iPEPeGBOTLis cpmzl ohas 6t fosttein HIGni 1, bpk pufakebeembedimegbokidG. bthe he
pi xel nu ﬁ&er@?lé&oséﬁ‘@% tﬁé’&én%ac’f‘fa‘hukéﬁggetcﬁoﬁ‘f‘sfdek?m?%éda( géd AR CoRkLaP! €
or . IMm1sS Can al SO De

pi xel nunbers contacts or the average
pi xel i nt@DshdayurBbeit (829)isRairiediont whuidhoteatihg oaltldlea:ohth‘vbefallhltermﬁpev@d)me NOT1
can be used to define a range of acceptabl e average pi xel values for a
normal cdf28kt. -28 1 1 DEC 2002 The val ues CDN and BSEN for each cont act
bei ng anal yze t

contacts. In gﬁ\@ g%@%@%@%{% ohflt tﬁ%lre H§ %ﬁgﬁ%ééc\ﬁl assi ?&?%ﬁ C\Bgt?flgio one of
ni ne IOOSletﬂﬂaﬁtytMR%ﬁtadﬁMéﬁﬂh@@o@Byhbﬁg@l@dﬁﬁdtﬂeﬁEM@ff FIGe6 italhieh tKkeddnaied BSEN
to their respective ran One exanpl e of the nine possible conditions and
their corﬁaé%rﬁow%ortmsg%6@1§smﬁli1%%tbrwuém<§0nmfen the majgcempyter ABuPst ed i n

;?RIL)'?Z)l( éﬂ@%%i %ﬁ?%@g@ypgﬁ%&éﬁgé gpglosé(g%l&”type code3) (NOC

1) # 3 5 6h) 44 th N)Gt
D (5 et el st e i o ke S

d assi fi cthe contactifailurp inspecsisnfanethert logationeof thegwafenis determineddfdl ) iTdss of
cont act holb

-comﬂ?lrter recelve\é the transmitted signal so as to carry out the contact failure
inspection (S37).

In the embodiment of FIG. 14, the sub-computer and the main computer exchange
the orders reciprocally in case of the contact failure inspection portion 60 installed in the
sub-computer, not in the main computer shown in FIG. 6. By the same steps shown in
FIG. 11, the shutter is closed (S26), the transmission of the SEM signal stored in the main
storing part in the main computer into the sub-computer is determined (S31-1), and the
contact failure inspection is carried out by the sub-computer (S31-2). Whether it is
necessary to carry out the contact inspection on other locations is determined (S31-3,
S31-4).

FIG. 15 shows numbered shaded regions (#2 - #37) to be tested on a wafer 110
under the contact failure inspection of the invention. One region designated as "AP"
shows an align point and "#1" shows the chip free-focusing location.

Within each numbered shaded region of FIG. 15, several sampling locations can
be defined. For example, for the chip or region #2 of FIG. 15, FIG. 16 shows five
sampling locations, i.e., upper left (2,1), upper right (2,2), lower right (2,3), lower left
(2,4) and center (2.5). The sampling locations or sampling numbers can be chosen in

various ways within one sampled chip unit. In this illustrative embodiment of the present
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are arranged in order of decreasing depth. That is, the first colum
defines three conditions, nanely, types AL D and G of relatively deep
contact holes. The second col um:includes three conditions of nornal
contact depth, types B, E and H The third colum defines threequﬁECthQs,
types C, F and |, of insufficient contact depth. These contact hole types
typically define partially open contact holes or non-uniformcontact holes.
The rows of Table 1 are organized in order of increasing contact hole
dianeter. The first row, including types A, B and C contact hole types,
have insufficiently snmall dianmeters. The second category, including types
D, E and ipvenjien, h&loe%mnaéte sapIpdedl frem ithegd nevipror sampHRE Egionsnwithdived
category, | ne i . | ;.. def i : : i ng

xcosst variHfiy Sheaoho RS, el RN ship T aREEmERRRREL kR 1934 09,
E-type clisgiifitgidhiofan irslin®SEMAstubed) thidie 6daNbed8cdBRIchs witlein\ai 4801480 padet
respective predeterm ned ranges, indicating a normal_ contact. The other
types i n iage Bt each samphing jpcation: hwﬁhaﬁvaégmaﬁ%g logetigngdor ¢ash of Ag Eegionse

cl assifi i 0 f i ning types, which can be used to indicate
varying ggbygg§%§$%f§%g§p%$&§ontact failures. The result display 60g can

di spl ay the resnd. 119 i®4 sdhematit afosé-bdctishalanevebf HosmiBbndiRtraelise Andhgr cont act
failures classified by the contact failure inspection nodule 60f. The

resul ts cepntasthelpptarbednspectgdin aecordaapewithhe preseat pwentiate FHe 170dawson of

Cl s 11 COF o pfRe ol Rk AR Fedbiithy, AHSHARE M ATERBAS Doy,

each contacdctive rép@sRIrmed olé akefiddndiicor SubSAVMIAS AgzafeidTedtioded8Pes W t h
respect to the location of each contact correspondlng to the second

i nt ensi t yfopmed pyasdhe ghiye region anchis egeared with gespaces a3 sa frsh gspitingont act |

and code ['4" repr.esents a e nt.act failure, | ne odinent, type D
Fepr esent VST 1A SR cpRretarp Sk 60 i Km0l s sdeBes F  RORITRR},

initial hpy7ig gsrld 28%idsreBt cotachforadit 1fmer138a AT Bshikd tte. bitlit 133¢aY val ues
represent the initial vertical axis pixel nunber. FI 26 contains a table

of the resodndingilatinglayersidéds famedovertbe surfasatas B S6n and g sedond gontaets i n each
of seven regions ,on a, sem conductor wafer. The table shows the nunber of
hgie L3E 18 for mosg |

contact s B% type within each | ocation. The val ues for

CDN and BSEN cagoh€ettnfifle bPthe lidpeition oToRY predent investidd, eHesinipaoBYSis That is,
the type classification into which a particular contact falls can specify a

parti cul aperfoymed &dr the hurdesk contdct for ¢he foomatioreefl wordiingrduBggEithe M act is

bel ow t he, m.ni.mum val ue 1. th typi,cal ly indicates a non-open..contact
ol 6 and APPSR LR * ARPABRER FIE e oyl Saf s e peOmpRR R iE s
greater tifait EdiRadia3Y GH BRorahs @evi{dbtnent PRCERIOE photofRRE patRiE EbraRen, but still
unaccept abl e for some reason. For exanple, the hole may have an irregul ar

shape sucformation ofethesegoptactsar r owi ng toward the bottom of the hole. In this
case, the hol eln%le lco&%ct%'ai?ﬁc'rg IixIslpgc iod method 8ff thE: Y&%ﬁti&i, alli O%Hr%ai ima_g%%ize is

first selected for each location being inspected based on the dimension of a feature being
inspected, such as the diameter of a round contact hole. In one embodiment, a typical
SEM image includes 480 X 480 pixels. Such an image can be taken for each of the
numbered locations of FIG. 16. Depending on the size and distance between contact
holes, an optimal image size for each individual contact is determined. FIG. 18 shows an
example of contact images of an in-line SEM of 12.5 K magnification for one sampling

location of a semiconductor device. It is composed of 480 X 480 pixels, and the number
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1 1 ~~C 2002 Likew se, when CDN is bel ow the m ni mum val ue NOC1, the
failure indicated can be a hole that is too narrow or has sone form of

i rregul ar shape such as oval. |If. CDN.is above the maxi mum val ue NOC2, an
irregularly shaped hole is indicated. FIG 27 contains a flo Chﬁéé ﬁmkch
illustrates the logical flow of a processing sequence shomﬁng ih
fabrication process of sem conductor devices according to one enbodi nent of
the present invention. First, in a specific processing step during the
fabrication process of sem conductor devices, a photoresist pattern
corresponding to the contact holes is forned afterageposjtin phot or esi st
on speci fafeontagisdgpirisd in drdmagesis A8 de.ni4ipithchqrizoptabdirgstiogandl 7 ipthen g
carrying‘%Hkmpgﬁ&Q%hthography (S40). The photoresist pattern is formed by
exposure processing and devel opment processing. Next, using the photoresist
pattern as an Hiewptingl pesskutioh heddtérmiheal dndghbeked basudder the bize phthiedeataiest
pattern is etched to formthe contact holes (S42). Next, cleaning the

i nsi de ofi-exKgent@sihole teing ivspectgd andrhe digjanog detveger holes n {1 0rg8ystepL, [fPhe  SEM

accordi ng.t h r [ i . J fral 1 ion
accordi n% 1;181p£eh ga%rpggeg %%m H%é@% ttat’gﬂr%x?%g@gﬁ?%é@ﬁ tgll,l a@' d{ggg ﬁflg’égﬂgﬁgg@ Then,
filling ttha dofigicoleles canltave dlabedrs fwtherddriol 200mANTHE himberaitpexdlal , t he
subsequent process is carried out for manufacturing sem conductor devices
(S46) . Flaoverms & Eatuie ibsselected e grsurethet avirerslarity; injafeathep Gap derdgiected g cal

fl ow of . (o]e f . | ' - sent
inventioﬁﬂgpﬁ tggggg%? gg%ﬁﬁgﬁgﬁégﬁégﬁgE@ﬁﬁ%%ﬂgﬁgﬁégggggéh?%gaP&fn one
enmbodi e rﬁvenlgrmf;a@arg&»mga sstofeaeHuktited & X80sivslsublgeidasar b8 1236 coVer alY- axi s
directionfpixe nunber of SEMinmage M= X-axis direction pixel nunber of
SEM i mageof\ipe holes, incdedingtheshage betweegbiodesc with gach ubtgrid keingrasseeiatedmitict i on

of nmesh HP rizontal Pitch) = X-axis.contac . on X-axis direction of
oo gt & Rdleulek i b e BY ARl AR R Bl @perfinhiel)
range - 3lover thk @oxnsci%é’l(eba&ﬁayﬁotm&?ﬂ{e%eﬁh@dred 28 Xu8 i buls-prdaadedd St i C
profile on unit nesh = |lower limtation value of nornmal contact

char act erinspecteashdplel e i ntensity NO2 = upper linitation value of nornal

contact characteristic pr.afile intensiit =. | r 41 j op_value of
normal contac f[tn Srdancs r“(lgt ﬁlhg predt ?rf’_ég l[§i¥l>1<eéll _eﬁeﬁ’%r_éea%hezﬁ%[%(g‘{egrplf(?l_rﬁ%tdat i on
val ue of ipgiiffelentRYesslve Exﬁaifn%gﬁlﬁfitiéstimhd)ﬁc% bkiag RkaftineAUTRE timésioniofs pect ed
total SEM i nmage nunber (count) by chip or shot unit in a wafer YN =

i nspect edhe bolglis gEnpdreditpethe amount qfspanstin each subegriddogietesmiute whethdr tlipect ed

SEM i mage or.der .by chip or shot. unit..in_a.wafer = in cted SEM.i mage
order 1 1 e ot k<itberite e npieopl e St Ganv BRAPE drErSier)

uni t pi xgk dMRMhined By Fiv8ding WMo crith@] dinRKiion,idl, WR1d SamBiet, 3! thg BGmb& ofer o, and,
in step 504, the Y axis value is initialized to zero. The inspection system
cont i nuespis¢le agvering the hole.s Therresolution isrcompapedfto artbrgshpld suahss tho6- 520 unt i |

t he maxi Y-axi s val i,s, reached,, Then e X-axis value is increnented,
e Toa! TRyl BrasBulide beefFRE Sieied B Mes oo s flitati o Lol n ' Final 1y,
the outer | oopAfer it Palebfes¥iftn ishiRtdriniidd, the dikdh ¥tracthie c4dlbd @SedPiododaached.

Wthin the inner loop of FIG 28, the SEMinage data is read at (X Y) and
cdat a[ j ] [a1d determingthe danensiong of the contagishales: dul oneempbodiiment, yertic argo, | t
should b notep .hat. t he sh.gpprﬁach desg&i?ed qErﬁin uses a rectangul ar
mesh st r ulTEPE ARG IBtat‘ﬂﬁgg’ﬁﬁp XrugHHrevire yged to fqcatg i gles. nqor st ood that a
rectangul ar megffeiringeFIGE 818 ati thgrcoﬁﬁéhoéﬂﬁmécc%anmqny@e@yof For
exanple, a triangular or trapezoidal nmesh can be used. The nmesh structure
i s sel ectmddule 68ashe meshar grichis phased ovérahe tontacs pagdsradigped nghemafrixgend act s
will be detected. Next, .in st 508 of. FI G 28 he, cont act hol osition
'S det or mipgr e e Vorfiba AP edings priadiibied Fiini e Gip e o
Recogni zi §igh ke c&Hdontdct RQJ1ReBBRIchéPMEsH. NAk HESEmE Sthe pittitg chR Be EoRIRA
pattern of nmesh which will be used to inspect the contact holes. The
process dex icreasing or feapssingChe sombermf@ixeld efludiyg thexentagl isreges Ther st

sel ected

4
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-32 1 1 GC 202 dinension (horizontal) and suns all pixel intensity
values in a second orthogonal dinension (vertical). Wen a significant
variation (junp) in intensity is.detected, an edge of a hole is defined.
The process continues until a significant drop in intensity is ijelt ﬁgtiezqdzo
define the opposite edge of the hole. This approach is used unti|

the holes are located. It should be noted in steps 550 and S82 of FIGs.
30A-30D that the absolute value of intensity differences is used. This is
because it is the nagnitude of intensity differences, or contrast, that is
i nportant to defining contact |qcations. This appr oach a%corrrmdat es

differ entseersh@@atq dhesmeih e g preforably setde ingduds the arsa in whishihe same pattepyy st ep
514 of FI{ %gt épegtghe profiles are cal culated. This process is

i1l ustrated® tal e flow chart of FIGS. 31 A-31 D. The profiles
are cal cul at ed{éiyrr@gab FIG iR, eacdoncenlodstionnetdgniticheprbedss esing.ﬂmneﬁhng to the
process descri bed above in_connection with FlIGs. 30A-30D. profile is

cal cul at égarhdeteruines tiageachaneshaint o6 seh-gedis commposed of atlleast %2 E;'éﬁlé inthed by
sunmmi ng t t g the
ot her ort ngéﬂ%fﬁiﬁ‘leh%oﬂ%ﬂ%?%&& )é%gﬁtﬂgb &ﬁ%sdlgﬁ%ﬁaglg’%ﬁggﬁsl %I onH%an be
aver aged a&s@derihi@d by ngeisg mkemhguﬁargnmhrzbﬂal dxiis mbeilistt 159 Adtteel t hat
generic variables F and F2 are used.in the flow charts of FIGS. 31 A-31 D.
These varimaBingsy eartical arismeqshhigedb? &vithin the rangey includingaf 1esER? aiglsomrbe,

respecti vel e th a
preferr e&l rpr%‘gmgﬂmgg% 4&?3% ﬁf\’/(gfr%? i ohﬁe)ve n(%lsé’glpi t@%gyfgetw&%qggfoq € %Pgnnt act
hol es ar ehé ERRCHRHiIZed cREEOH ﬁgﬁmezame; $uch liteat packSEdAtact MVBatbiiict ihBge iPr ocess
is illustrated in detail in FIGs. 32A-32B. As described above, the val ues

det er m netpt interderad maththy the mesh Bne.A- 31 D are anal yzed to classify each hole

Soa 328, the virrasrtEdnt SU FdniFarshBuR BRI Dt i o moen

and CDN .veRedalihé BEhcrddhial lifle &t dirsBhositidh. ThRRsiBAvhludshtont-thX lifie ¥l ue is
incremented, and in step 520, it is determ ned whet her the maxinum Y-axis

val ues ha&lnbmtommmm a tofal frensity Her the bine. r Ehelimsistthent siepped o dfexthe i nner

| oop. If so X- axi ue . s . ncrepented i nd. f | M/returns
Vo bl ockPgieny Sof resle B Ve B ant Pe s ind Aol BB ast muRdtin Y | S

7 ~~C ZOQ?exaEdassuMaW@fe itife infinkityala&chlondBe veriRalditcaire QAP AL Aﬁéz&ﬁ, t he
results of the inspection process can be displayed in step 526. As noted

above, FIm@sitpg, ths tetakintangdy V@iu\ﬁ ispempaeadtto @lpﬁ@tmnedghr@ehcdd ped tefthe he

di SEM .i dat 528 d
oo PRl gy Aanii it el Ui ¥ uieddo iffieasé ool BRRgRE Prg PG ART'S™ !
zer 0. Thepgeflaéarhed, hsdunling that BelEs h&e&ﬁ@ﬁr%ﬁ&mt?@l@bnt%@kglﬂdﬁ‘d( In dtBerl NCr enent ed
in step 534. It is determned in step 536 whether the index i has reached

its maxi nmbqﬂamg@ts,l\holcrsfhangﬂowcfrIlmﬂnm@ttharnbacksrogn@pm@zromércen dentiives agai n

read. If so, the index 538 540 it is
det er mi nedFTOR SR EHIT gﬂglgtr?cZggﬁ%LocigE @glsggamial?afpegg 1% ocess
ends. |'f RAknalf done tRh 'éfbscohﬂau&?delﬁ oﬁsauwﬁ)heth% BodefieN Ye reSeaticforthe
initialized to zero and the process repeats. In one enbodinent, the contact
failure |wbgecbmemomfreauﬁmgom@gmﬂetﬂn@bmmnzmg tl@eﬁlm eldlpotand hfrcamn olthei ng

t he conta}(P:t h an qla i.nsi de Ofé’i aic es (After

d eani ng 1H&he )can Suring SUBSeals: Pf°8ﬁ538}§’r1 °5|V§r6°‘i§é’“ artied out
on the eXB?kﬁ@win@&Hé ﬁicht’ikﬁms'aﬁ?zl@ﬁa?pe@ﬁﬁhe%@l%s“ﬁﬁﬁé@sdr? p bdrRssihey 6f SIREE Rbt
processing to formthe photoresist pattern for the formation of t he cont act
hol es (Afltedatedje\l@ﬂespﬁrelmnmat@pe’dso @fﬂunﬂglsybseﬁh@tm@@eﬂmgafm@m ison can be
applledn to t nt a sdes dab ve but also to via
hol es in @edgf}?pexﬁgeio‘?g ﬁ}}e&g ‘ébsrff?;l cﬁ%f ‘rectly contacting
with the sem cnﬂép&aﬁﬁngwiﬁé SIrRac Wali S1Pree ORHGH, itheCori AN OF 8n irfitidlhh, t he
present invention can be used for exam ning pattern formation failure after
devel opmewit g showmdh HG LA, ifergexampley tapivelpuobes X0 3 foorthe borizontal Ais @nd
formation. In addition, beside round-shaped contact holes, the present

i nvention can be appli ed i n exam ni ng Eitter ns by detecting the various
types of pattern imges which are regakarly repeated. According to the
present invention, the presence of contact failure is precisely and exactly
detected by digitized values without the exam nation of the contact inages
by naked eyes or mcroscope. For contacts having a high aspect ratio,
contact failure can be readily and very exactly confirmed. Further, contact
failure inspection for the whole -34




1 1 DEC 200Z wafer surface is perfornmed in a short tine providing the
detection result for contact failures, and show ng high efficiency and
productivity for mass production:systemline. It will be apparent to those
skilled in the art that various nodifications and vari ations OL tDECpn ent
I nvention can be made wi thout departing fromthe spirit or sco g t

I nvention. Thus, it is intended that the present invention cover the

nodi fications and variations of this invention provided they conme wthin
the scope of the appended clains and their equivalents. Wiat is clained is:
-35 1 7 DEC QQ02_CLAIMS 1. A nethod of inspecting at |east a portion of a
sem condudkelmugibee X Or2d aadhe vertr#gxisy diuis hgvisg samp fige 6aiabe SBHechPB ths cope

SE i ’ far i f - ! :
dont i £y Somiech, it BRuBAEE eflad 1odalGn SRLERSHNGIAABN Bk o,
110 wi t hi n t heTlgaimast wiit ¢dncbeppigloyad invatibe sseigs,died s sleowmal BId. 190,

conputing a paraneter related to the contact hol e 153 fromthe i mage data
for the cHhersiina ¢outast hojg.153 iplaced g angangsh paitskippingpng mesh yBItGEtvgeBept abl e

val ues f%otnt}ﬁ sPA RTEbEh in ﬂf(?‘.sz?)i &lﬁ%ﬂ%& &t'i@asf%@o?&acpﬁ{;]lgs% ca?ﬁfe@{l&'éeﬂg to the

conpari son w he range of ‘actep e values for ar ane conput i ng
a second @Rsmmedunie! Rirgdr, tige obftionasdaanitionQipprohdl of thermbbemesragethdat a f or

the can be used in various image shapes if a pattern of images is repeated on each unit area,
such as square or oral shaped pad images, as opposed to the above round-shaped contact
images.

FIG. 18 shows a SEM image of a contact unit (480X480 pixels) for the mesh
setting to carry out a contact location recognition process according to the present
invention. As described above, in this example, the mesh unit of the present test is set as
32X62 pixels, and the origin pixel number (XO, YO) is (13,23). The above mesh unit
setting is determined by moving the horizontal mesh line 150 and the vertical mesh line
152 within the search ranges defined by each mesh line as described above, which can be
set by about 60 pixels and about 30 pixels corresponding to each pitch of the mesh unit,
respectively. In another embodiment, each line is analyzed to identify the lowest
intensity value corresponding to each mesh line to determine the location of holes.

FIGs. 19 and 20 show different types of mesh settings as described above, and
FIG. 21 shows that the contact unit is designated with pixel units in order to explain the
generation of a contact intensity profile. FIG. 22 shows a first intensity profile within a
mesh unit showing intensity values with respect to the vertical axis before the background
value intensities are removed to normalize the profile. FIG. 23 shows the intensity
profile of FIG. 22 with a contact threshold value set after removal of the background
intensity value. In the present test, the threshold electron signal value is set at 5, and the
threshold pixel number is 20 shown in FIG. 23. The contact hole being examined spans

the pixels 20-40 along the vertical axis.

-22.-



contact hole 153; conparing the second paraneter to a range of acceptable
val ues.for the second paraneter; and classifying the contact hole 153
according to the conparison with.the range of acceptable valueﬁ L éhﬁ
second paraneter. 2. The nethod of claim 1 wherein the contacttilh FﬂE g%e
classified as not open if the paraneter is outside of the range of
accept abl e values for the paraneter. 3. The nethod of claim1l wherein the
contact hole can be classified as a failure if the parameter is outside the
range of acceptable values for the paranmeter. 4. The nethod of claim1l

wherein the caontact hol e can, be c) assified as acceptable i e par aneter
is within the FrIQhéé SEW%’@&%E&%BW@?FJ?’&%@M‘S?agﬁﬁ%fc ‘SSF%EH@‘F%P} Fﬁgewa T 1 DEC
200Z 5. f ' WelefioRat Sk J ed from
secondar ;/% g?gg%dﬁgﬁswgﬁgﬁ%gﬁdiacat tegirogél' replq (e}'ct r Sna{s%g%‘q?ﬁ}gc@r{éiﬁﬁggﬂgp @&cl aim1
wher ei n tresulpaif dinedontact tailprd inggection bftho snventiod pérfienedohahd cdmots of FIGThe

nmet hod of_ claim,1 wherein the paraneter co | ses a_ nynber of SEM i mage

dat a pi xel& Enecdrciedicontagisin HE 24 match vithbe .rc'a@@n defneaes rorfagifailyrss wy 1

wherein t conprises an average intensity of pixels associated
W th the NoxP3ef TisRe

FIG. 26 is a chart showing one part of the contact failure inspection results for
each sampling location shown in FIG. 15 in the present test with respect to the sampling
location of each chip, the number of all contacts corresponding to each classification
criteria of contacts according to the present invention is designated. That is, for each of
the five locations in each chip or test region, the number of each type classification of
hole found in the location is listed. For example, at location (1,3), there were 87 contact
holes classified as type D, 3 holes classified as type E, 5 holes classified as type G and 3
holes classified as type H. It will be noted that at each location, 98 holes are inspected
and classified, for a total of 17,150 holes inspected over the 35 inspection regions. In one
embodiment, this testing can be completed within one hour due to the process time
savings realized by the invention. The approach is therefore applicable to mass
production.

The contact profile calculation module 60e (1) is used to create a first intensity
profile of the above detected electron signal values for each mesh unit of the above
specific meshes. The background value removal module 60e (2) is used to create a
second intensity profile from the first intensity profile by subtracting background value of
each mesh unit from the first intensity profile.

The first intensity profile and the second intensity profile are calculated by using
electron signal values which are digitized corresponding to each pixel contained in each
mesh unit. However, the electron signal values acquired from each mesh unit contain
both the electron signal value from the corresponding contact and the electron signal
value produced from the outside region surrounding the contact. In the present invention,

to achieve an accurate electron signal value which includes intensity only from the inside
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9. The nmethod of claim 1 further conprising conputing an inmage pi xel
intensity profile for the contact hole. 10. The nethod of claim9 wherein
conmputing an inage pixel intensity profile conprises subtracti ngD
background intensity value fromintensity values for pixels ilnla i%&“g%
that includes the contact hole. 11. The nethod of claim1 wherein the
second paraneter conprises a dinension of the contact hole. 12. The net hod
of claim1l wherein the second paraneter conprises a nunber of SEM i mage
data pixels associated with the contact hole. 13. The nethod of claim1
wherein the second paraneter conprises an average intensity of pixels

associ at e (g Sntacha I BEheREmesoI, thebackgiaundseleipnorenal alhe Fomnakefe, ¢ he
cont act l:as sy f i e I - . if the
First parihepiif Biof 35 The ioBin nBGRTRL B ol b fifacted plm rpicklify,

par anmet erprafil¢ tb lgensrate dinsngratatin®l tondsinwinkity profite Tiin gaefeiredteapt abl e val ues
for the second paraneter. 15. The method of claim1 further conprising

char act erfdisepjor ¢Hfect'drma¥el hol e using a coordinate system said

characteri zi ngInCo(?l%Fﬂb%P nt %F&%Fp‘ré&@@tﬁh{?&tf‘oﬁe?ogl‘fﬁ g{rt] gf p?éfﬁ% Ealbiléfion %

i mge of the portion o e sem conductor wa a pluralrty of

| ocat i onsandltabkigrauid valtie fexiovabire badomtedrtdi madifle 69sinetrodaadeywitiothel nt ensity
val ues of Fi xel s di sposed al ong a second axis of the coordinate system 16.
The net ho@llewing eguatias(lher ei n sai d anal yzi ng conpri ses summing t he
intensity

Y=—X——— (1) ; where

N/ Bc) Xc

X is the sum of electron signal values above a predetermined threshold within one mesh
unit;

B is the sum of electron signal values below a predetermined threshold within one mesh
unit;

B, is the number of the electron signals having a value below a predetermined threshold
within one mesh unit;

X, is the number of electron signals having a value above a predetermined value within one
mesh unit; and

Y is the electron signal value with background compensation within one mesh unit.

In equation (1), the above predetermined value can be determined in the way of
removing the background value and achieving accurate measurement results. In one
embodiment, for example, the value is 100, but is not limited to that value.

The Y value, the result of equation (1), is the sum of the compensated electron
signals within each mesh unit. In one embodiment, a lower and upper limit are set for the

value of Y in equation (1). If the value of Y computed for a particular contact is below
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val ues of the pixels disposed along the second axis. 17. The net hod of
claim 18 wherein said analyzing further conprises detecting a change in
sumed intensity values for a plurality of locations along the first axis
to detect the contact hole. 18. The nethod of claim 15 wherein said

anal yzi ng conprises averaging the intensity val ues of the pixels disposed
al ong the second axis. 19. The nmethod of claim 18 wherein sai¢ pqﬁ¥y?h@P
further conprises detecting a change in averaged intensity values To
plurality of locations along the first axis to detect the contact hole. 20.
The met hod of claim 15 wherein said characterizing conprises determning a

size of tthelowsaligdt thegroatachis conpludeddohs@ f@iurg) In ae embgdimenty thiggyge of

che e AR SR RS bR PRl 2

conpri ses i derRquaiiom@l )ds §pidaity Dsef foRingpéttioh iof Yorthct hokes @it iaegulapiiapes. 23.
The nmethod of claim?22 wherein the ggttern is a periodic pattern. 24. The
HRsP

met hod of Fel exiampls eqpadioni(h) eandevsed ectippnf dlag phpteresisidays gaschio

coor di nat I d in 15 wherein the coordinate system
oatr A e ekl f S & eehSel

In another embodiment, the contact profile calculation and background value

removal are performed in accordance with the following equations (2) - (4).

P = (P)-Pm" 2);
2 Pyt
(P{)'=——"—"— (3
D Y
PY=baselinef( P} )] (4); where
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system 26. The nmethod of claim15 wherein the coordinate systemis a
trapezoi dal coordi nate system 27. The nethod of claim1l1 wherein the SEM

i mage data are in the formof digitized pixel grey scale values. 28. The
met hod of claim1 wherein the SEMinmage data are in the form of ﬁi1gi_ljt[-_'|CzQ9h2
col or coded pixel values. 29. An apparatus for inspecting at |east a
portion of a sem conductor wafer 110 conprising: nodule for reading

scanni ng el ectron mcroscope (SEM inage data for the portion of the

sem conductor wafer 110; nodule for identifying inage data for a contact
hol e 153 on the sem conductor wafer 110 within the data for the portion of
the sem conductor wafer 110; nodule for conputing a paraneter related to

t he cont act ' .data for the contact hole 153; -39 1
1 DEC 2002 nrr%%ﬁ&%ﬁaggﬂ&pg?ﬁlgm. e’ paranmeter to a range of acceptable

val ues for kehgpesrdoataris;pixabdumberf,or cl assifying the contact hole 153

according to the_conparison with the range of acceptable values for, the
par anet er; ot dettized sighplutaiusfona Be b dop AP AAXEy POSHIOR e TGk a8 nt act

hol e 153 Jo'éfi?i%htlcl?e I mage

N is the mesh number being analyzed;

-

h" is the initial pixel number in the horizontal axis within one mesh unit; and
h is the final pixel number in the horizontal axis within one mesh unit.

Equations (2) - (4) are described with reference to FIGs. 21 and 22. FIG.2lisa
graphical representation showing pixel units within a mesh unit for a contact used to
calculate the contact intensity profile according to the present invention. FIG.22isa
schematic plot illustrating a first intensity profile within a mesh unit calculated before
subtracting the background value for a contact image of FIG. 18. In one embodiment, the
intensity profile is generated by stepping to discrete positions along one of the axes and
summing the intensity values along the orthogonal direction at each position and plotting
the pixel intensity sums versus the pixel number along the pixel axis. For example, the
profile of FIG. 22 can be formed by stepping through the pixel positions along the
vertical axis and summing the pixel intensities in the horizontal direction. In the profile
of FIG. 22, the result is an intensity profile with a peak near the middle which indicates
the presence of a contact hole in the particular mesh unit. The hole extends from about
pixel position 16 to pixel position 44 and is therefore about 28 pixels across in the
vertical direction. The profile includes a slight dip in intensity at the top of the peak at
the center of the hole, which indicates a drop in the detected intensity at the bottom of the
hole. This intensity profile shape is indicative of a normal contact hole.

The value (P™)' from equation (3) is the average electron signal value per pixel in
the vertical axis pixel number k. It is derived by dividing the whole sum (level) of
digitized electron signal values corresponding to each pixel in the vertical axis pixel

number k line (FIG. 21 ; k=20), i.e., the height of the curve in FIG. 22, by the number of
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data for the contact hole 153; nodule for conparing the second paraneter to
a range of acceptable values for the second paraneter; and nodul e,fﬁn -
classifying the contact hole 153:.according to the conparison with't é’%ﬂﬂ@
of acceptable values for the second paraneter.. 30. The apparatus of claim
29 wherein the nodule for classifying the contact hole can classify the
contact hole as not open if the paraneter is outside of the range of
acceptabl e values for the paraneter. 31. The apparatus of claim 29 wherein
the nodule for classifying the nodule can classify the contact hole as a
failure if the 1%Hararneter i s, outside the range of accepfable values for the
par anet erhorizontalmzels ghihe yerisalaxicpasitipnig isighveny hroadhe ¥6 %1 assi fyi ng
t he cont ' . SN ag - ' e

par anet ety fietefitaf R pohels G AEKAICE, B RAERRRREAC ST, o5

The appar@Vysi.of ited tierintisittackirouidher laEMnenaye. dhierfareP dehewated from
secondary el ectrons and backscattered el ectrons. 34. The apparatus of claim
29 wher eiayerage elsairomeigas! valwger pixel sibtpetingdhepackgraund valist act hole. 35. The

apparat us of ahgl o 20, WaPhE} fhcbRPichés AP BioHic GRHRAL BRRefbRHTRRE PO hEM | Mage

been subtracted in accordance with equation (2). FIG. 24 shows the normalized second
intensity profile for contacts in the contact image of FIG. 18.

In one embodiment, the contact failure inspection process of the invention further
analyzes the results of equations (2) - (4) to classify contacts according to whether they
are failures and, if so, what types of failures. The second intensity profile (FIG. 24) of
each hole is analyzed to identify and classify failures.

In one embodiment, as shown in FIG. 23, a threshold, e.g., 5, is applied to the
second intensity profile (the average electron signal value per pixel after subtracting the
background value). The critical dimension CDN of the contact is defined as the length (or
width) of the peak in the profile at the threshold. As shown in FIG. 23, with the threshold
set at 5, the critical dimension CD™ for the contact is CDN = 40 - 20 = 20 pixels. The
critical dimension CDN which can be, for example, the diameter of a contact hole, can be

computed from equation (5) below.

k=v?

cp¥ =Y wy (5) ; where

k=w

v\ is the vertical axis initial pixel number within the mesh unit;
VfN is the vertical axis final pixel number within the mesh unit;

P =(P) - P ; and
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data pixels associated with the contact hole. 36. The apparatus of claim29
wherein the paranmeter conprises an average intensity of pixels associated
with the contact hole. 37. The apparatus of claim?29 further conprising
nodul e for conputing an image pixel intensity profile for thq ﬁoﬁtﬁc hol e.
38. The apparatus of claim 37 wherein the nodule for conmputing'a n&@@

pi xel intensity profile conprises nodule for subtracting a background
intensity value fromintensity values for pixels in a region that includes
the contact hole. 39. The apparatus of claim?29 wherein the second
paraneter conprises a dinmension of the contact hole. 40. The apparatus of
claim29 wherein the second paraneter conprises a nunber of SEM i nage data
pi xel s associated with the contact hole. 41. The apparatus of claim 29
wherein the second paraneter conprises an average intensity of pixels
associated wth the contact hole. 42. The apparatus of claim 29 wherein the
contact hol e he.cl assif.i ed as.accepta .only i 1.1 St. . ter is
Wihin the range BRI E oI% BEGRRY OGO ateile hiSho PeaERRLC

second paraneter is g;hign ?Z’e 3 apgeciig accept abl e val ues for the second
tu

paraneter. 43. Thpra par of clairm 29 further conprising nodule for

characterizing the cqngagt WI e< Ughaéhodd coordi nate system said nodul e for
characterizing conprising: nodule for superinposing the coordinate system
over an image of the portion of the sem conductor wafer; and -41

Next, an average pixel intensity BSE" is computed for the pixels above the threshold

according to equation (6) below.

k=v}’
> Piw?

BSE" =*—=”""CD—N 6.

It should be noted that equations (5) and (6) represent an alternative inspection
approach to that of equation (1). The average pixel intensity BSEN referred to in equation
(6) is the analog of the value Y calculated in equation (1). Also, the value CD" in equations
(5) and (6) replaces the value X, in equation (1).

After the pixel number CDN and average pixel intensity value BSE" are computed
for the contact being inspected, they can be used to classify the condition of the contact. In
one embodiment, an upper limit value NOC2 and a lower limit value NOCI1 can be set for
the pixel number CD". These limits are used to define a range of acceptable pixel numbers
for normal contacts. Limits can also be set for the average pixel intensity BSE™ An upper
limit value NOT?2 and a lower limit value NOT1 can be used to define a range of acceptable

average pixel values for a normal contact.
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~ ~ ~~~ zoot nodule for analyzing, at a plurality of |ocations along a
first.axis of the coordinate system intensity val ues of pixels ﬁi?pﬁéfd

al ong a second axis of the coordinate system 44. The apparatus of 'nﬂW§
wherein said nodul e for anal yzing conprises nodule for sunm ng the
Intensity values of the pixels disposed along the second axis. 45. The
apparatus of claim44 wherein said nodule for analyzing further conprises
nodul e for detecting a change in sunmed intensity values for a plurality of
| ocations along the first axis to detect the contact hole. 46. The

apparatus of claim 43 modul e for. anal yzi ng conpri ses nodul e
for aver agr ng theevalypsddd %@fi ]%%113 u@% egfh qoptachbsing analyzed gEeePyt ‘??;totth"ér second

axis. g%%u@@ﬁﬁgrgsgusclagg £PURIBhARs MEER) iRtdlediDgih ohal: lé@ﬁkéiﬁéd‘é?s
further co rises etecting a c ange I'n averaged I ntens
val ues f doeirig ¢ff dnfealfinine plks1blﬁ&91§ds@l&ﬁerﬁiln(g1@1 the @ofnparidonaofitise 'traiucd;eﬂ’lb%hnd he
contact hol e, 48. The apparatus of claim43 wherein said nodul e for

char act erB$Enfp t@@ﬁ]ﬁ‘?spg‘élé’e%‘&ﬁﬁ’ﬁeopé exararle ofheiniee Rpssibeconditions apbietct hol e.
49. The appa éﬁ[{‘nldﬁ}ggt&p ésrrfié%oi’l‘pﬁ{aer} &? AP lﬂ%bﬁllaft@cf inCRiaft eri zi ng

conprises no ernrnlng a 1on o contact hole. 50. The
apparatus of claim43 wherein said nodule for characterizing conprises

nodul e fa_identifvi ng apattern of o plurality of hg cant t haoles. 51
The Sepatdgaghg] 2 i 29 el BSEORRGR & havoraRBShT. PRSP IANGE
coordi natfle -42 #(NOT2)
(CDM#(NOC1) A-type(codel) B-type(code2) C-type(code3)
(NOC1#CDM$(INOC2) D-type(code4) E-type(code5) F-type(codeb)
(CDN)#(NOC2) G-type(code7) H-type(code8) I-type(code9)

Table 1. Contact Classification

The three columns of Table 1 define three conditions of contact hole depth. They
are arranged in order of decreasing depth. That is, the first column defines three
conditions, namely, types A, D and G, of relatively deep contact holes. The second
column includes three conditions of normal contact depth, types B, E and H. The third
column defines three conditions, types C, F and I, of insufficient contact depth. These
contact hole types typically define partially open contact holes or non-uniform contact
holes. The rows of Table 1 are organized in order of increasing contact hole diameter.
The first row, including types A, B and C contact hole types, have insufficiently small
diameters. The second category, including types D, E and F, defines contact holes having
normal diameter. The third category, including types G, H and I, defines contact holes

having excessively large diameters.
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1 1 DEC 2002 system 53. The apparatus of claim43 wherein the coordinate
systemis a triangular coordi nate system 54. The apparatus of claim43
wherein the coordinate systemis:a trapezoidal coordi nate system 55. The
apparatus of claim 29 wherein the SEMinmage data are in the form of

di gi ti zed pixel grey scale values. 56. The apparatus of clai mi2b Mter280h
the SEMimge data are in the formof digitized col or coded pixel val ues.

43 A A S Af.Aa.AAAY. A(.A(.AIS Af.As. A

.ACANF.A A ALAAAAH.A A AL A AU A .A.A.A.A.An& AF.A A A . AAA.ALA.A
9M:xUK7I < vqkf a\ W ca] ca] ca] ca] cra] ca].ca]

a] ca] cTa] ca] café sl Balablg bd %Ea]’l?,“a‘]lésé]flf’&]l%n‘5]‘6%]ec"al]ﬂbh‘§]’(9‘[a] %“dalng a] cTa] ca

g%gg] (C:Ig] )ca?caliﬁ%en esp/eftgéfp\f e@é} fi(@'g%l%ég]]?l ]c’fﬂaﬁcan rmal conta tact. The other

a] cal] ca] iypéd iaaftdiel] oxad mﬁﬂoﬂabtﬂib 5'55195 are outside the ranges are classified in one of the
=>>>757?\ ?7~??, Az AAA?Bs BBBCr CCD#Ds DDD) E| EEE{ vql gb] X] ] ca] ca] ca] ca] ca] cal ca] ca]
ca] ca] ca] @H]a%]l%alpéﬁa]"@d‘]fb‘éﬁn&ﬂ‘@a‘] toalndispievanng degressaURer ChPeical cal ca ¢
a] ca! EEEEE HZHHI - 1 {11 JSJJI1KKKKLXLLLEMWMME N} xsni d_Z]]] ca] ca] ¢

a] ca] ca] ca ca ‘ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] The result display 60g can display the results of the classification of normal

al * N| NNOgqOOQJ PdPPP Q%} R~RRS] SSTXTTT@JUUUUWY\ , A} xsihe” cal calca] calc”a
c | Ncncontacts and/o?gon act fallurejs classified bgjthe contact fa1 ure 1nspecﬂtlo]n] module !5 f. Jcal ]

2] cal cal YRR RMESN SR AERGRLET R DR RITURGp R pairabtal ool ool
a] ca] ca] ca] ca)] e}, Qa]o@aﬂana]aqaﬂ»le ajiet Wiajteatey madxampbadfelabidiehtial aql siadlc
aJca]ca]cal]c a]ca]ca]ca]c a]cal GBLL +it9BPKL{vql gb]WJ c a]ca]ca]calcalc

a] ca] ca clgfa,tloaldptll@]cegqagg}(ﬂ@s] ofdjle. 24 Wheihenpach|contpetis aaaal or is a} ilure is

2] cav] cavpeaps b RAET AR TR Dt cn iRt eag Roatatf e P OAf 0t .o
V] c"aV] cadegaidingdneRy prijfiiéd] Qlde@bCrepresents type E and means a normal contact, and

a:*}eTzf I Q27 ZU gb
O] tavi ca%m@eéiégé‘péam?ec %%éé@é%ﬁﬁé&%%é&% ARV

;]Q;_: ;i[ g;i Xﬂ a‘%’l XSH t—ﬂ}éeai}{ § })Plia# 2% ggﬁrgseg télgll%ltlal] l&o{gﬁzgntg] ax Tglxel
a] ca] caj Cnalzﬁlae]rcfoﬁda@ﬁhfeaﬂl aait \/&hhqme_mtardes edpr&entide Witikla~M]cabdgapixe] cal cal cal ¢

Z} g:} g:} glgilg " C%a C@é}égq] ga éa%ﬁggeqﬁ]tq%? Ggfal]n(;gelé]tlon 01“ the invention on five

S]AEQ] nal AR ERneRLERnSRiR GEd SRERMGRIE NS TRl iEahqrathe, |y,

#Y##ﬁiﬁﬁ&@‘i%r%@@@@%&%&&iasﬁf&mm WtBinlcagl Riéllﬁon
] ca] ca] ca] ca] ca] ca] ca ajca c ca cal ca] ca] ca] cajcajc (]ca] calca]ca]c
a] ca] ca] ca] ca] thg valuew rC and uped-toclag mma@s in diffe entwbysu }xsni d

a1 Cal bl cLiRT ks Obf EhFRhGAug %tﬁﬁih@ i 6%6@%%%%‘ B SR ST beahaalE Rl oo

55 tyge of contact failure. For example, when BSEN for a contact is below the minimum
666}xsn| d ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc t] ca] ca] ca] ca] ca
Y;

] c"a] ca] c¥dl ea 1¢ thiet bpica]ly andiedtessd nau-epen@estactirdeyg8bwy belassify the hole & <<<<=
one of types A, D and G. When BSE" is greater than the maximum value NOT2, the

hole is considered open, but still unacceptable for some reason. For example, the hole
may have an irregular shape such as widening or narrowing toward the bottom of the

hole. In this case, the hole will be classified as one of types C, F and 1.
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=a=i ===>8>>} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca]c

a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c, a] ca] ca!

>>> 778Y8892999& ::; 1;;,; <L<<<<=:

—a=i ===>8>>} xsni d_Z] cal] ] ca] ca] ca] ca] ca] cajcalJcal]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljch]fd] @8] ca] caM

cxfH sl 10% U& ()-10% U& ()-f 10% U& ()-10% U& ()- "110% U& ()- LY10%

U ()-' 0,10%JU& ()-UKi K-110% U& ()- 10% U& ()-fm0% U& ()- 10% U& ()-s 10%

U& ()-s@0% U&' ()-&G 10% U&' ()-K7i K- :10% U& ()-L910% U& ()-6f 10%

U& ()-410% _ : . . o
() ° Likewise, when CD" is below the minimum value NOC1, the failure indicated

can be a hole that is too narrow or has some form of irregular shape such as oval. If CDV

is above the maximum value NOC2, an irregularly shaped hole is indicated.

FIG. 27 contains a flow chart which illustrates the logical flow of a processing
sequence showing the fabrication process of semiconductor devices according to one
embodiment of the present invention. First, in a specific processing step during the
fabrication process of semiconductor devices, a photoresist pattern corresponding to the
contact holes 1s formed after depositing photoresist on specific insulating layers such as
nitride film or oxide film and carrying out photolithography (S40). The photoresist
pattern is formed by exposure processing and development processing.

Next, using the photoresist pattern as an etching mask, the insulating layer under
the photoresist pattern is etched to form the contact holes (S42). Next, cleaning the inside
of the contact holes, and moving the wafers into the in-line SEM according to the present
invention, the contact hole failure inspection according to the present invention is carried
out as described above. Then, filling the inside of the contact holes with a conductive
material, the subsequent process is carried out for manufacturing semiconductor devices
(S46).

FIG. 28 contains a schematic flow chart illustrating the logical flow of one
embodiment of the contact inspection method of the present invention. In step 500,
parameters used by the process are read. In one embodiment, the parameters used by the

process are as follows:

N = Y-axis direction pixel number of SEM image

M = X-axis direction pixel number of SEM image

VP (Vertical Pitch ) = Y-axis contact pitch on Y-axis direction of mesh
HP (Horizontal Pitch) = X-axis contact pitch on X-axis direction of mesh
MX = X-axis mesh search pixel range

MY = Y-axis mesh search pixel range

-31-



U8 ()-939! 10% U& ()-110% U& ()-1110% U& ()-1cE : 10% U& ! 1098& () -

1. 10%: ()- ! 1098B&’ () - SHF109B& ()- SL09BB& ()-10 UL0 ULO0

U<Cgi K- E&31098&: ()-1 1y 109B& ()-/ 109B& ()-3.' 1098& ()-' ! 1098& ()- %

109B&' () - L$109B& ()-g )i K&3109B& ()-! 10% U8 ()- I f 10% S
U& () - mLOBLOB1OB99109BE () - S6M 109B& () - 410%& ()-)Q =zX9i k&3Y! 1hok Ul 1302
11109 ()-1110% U U& ()-1110% & ()-!110% U U& ()-!10%

~& ()-~ @3l WO0% & ()-210% & ()- 10

bse = base threshold of contact characteristic profile on unit mesh

NO1 = lower limitation value of normal contact characteristic profile intensity

NO2 = upper limitation value of normal contact characteristic profile intensity

CD1 = lower limitation value of normal contact characteristic profile pixel

number

CD2 = upper limitation value of normal contact characteristic profile pixel

number

XN = inspected total SEM image number (count) by chip or shot unit in a wafer

YN = inspected total SEM image number (count) in a chip or shot

X =inspected SEM image order by chip or shot unit in a wafer

Y = inspected SEM image order in a chip or shot

cdata [j] [i] = SEM image signal level at (per) unit pixel

Next, in step 502, the X-axis value is initialized to zero, and, in step 504, the Y-
axis value is initialized to zero. The inspection system continues along the Y-axis in an
inner loop formed by steps 506-520 until the maximum Y-axis value is reached. Then,
the X-axis value is incremented, and the inner loop repeats through all of the Y-axis
values again. Finally, the outer loop terminates when the final X and Y-axis values are
reached. Within the inner loop of FIG. 28, the SEM image data is read at (X,Y) and
cdata[j][i] in step 506, which is illustrated in detail in FIG. 29. It should be noted that the
mesh approach described herein uses a rectangular mesh structure with orthogonal X and
Y axes. It will be understood that a rectangular mesh is not required. Other mesh shapes
can be used. For example, a triangular or trapezoidal mesh can be used. The mesh
structure is selected to ensure that any periodically repeating pattern of contacts will be
detected.

Next, in step 508 of FIG. 28, the contact hole position is determined. Step 508 is
illustrated in detail in FIGs. 30A-30D. Recognizing the contact hole positions includes
selecting the type and pattern of mesh which will be used to inspect the contact holes.

The process detailed in FIGs. 30A-30D moves pixel by pixel along a first selected
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dimension (vertical). When a significant variation (jump) in intensity is detected, an edge
of a hole is defined. The process continues until a significant drop in intensity is detected
to define the opposite edge of the hole. This approach is used until all of the holes are
located. It should be noted in steps 550 and 582 of FIGs. 30A-30D that the absolute
value of intensity differences is used. This is because it is the magnitude of intensity
differences, or contrast, that is important to defining contact locations. This approach
accommodates different conventions which define holes as high or low intensity.

In step 514 of FIG. 28, contact hole profiles are calculated. This process is
illustrated in detail in the flow chart of FIGs. 31A-31D. The profiles are calculated by
analyzing each contact hole, identified according to the process described above in
connection with FIGs. 30A-30D. A profile is calculated for each hole. In one
embodiment, the profile is generated by summing the intensity values in one dimension at
each position along the other orthogonal dimension. The intensity values at each position
can be averaged and plotted to generate the profile. It should be noted that generic
variables F and F2 are used in the flow charts of FIGs. 31A-31D. These variables are
interchangeable with the variables BSE™ and CD , respectively, defined in equations (5)
and (6) above, in accordance with a preferred embodiment of the invention.

In step 516 of FIG. 28, the contact holes are inspected in accordance with the
present invention. This process is illustrated in detail in FIGs. 32A-32B. As described
above, the values determined according to FIGs. 31A-31D are analyzed to classify each
hole according to one of the nine contact types. As noted above, in FIGs. 32A-32B, the
variables F and F2 are interchangeable with the variables BSE™ and CDV.

Referring again to FIG. 28, in step 518, the Y-axis value is incremented, and in
step 520, it is determined whether the maximum Y-axis values has been reached. If not,
the flow returns to the top of the inner loop. If so, the X-axis value is incremented in step

522, and flow returns via block 524 to the top of the outer loop at step 504 where the Y-
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NC 10z! axis value is initialized. When the outer loop terminates, the'results of the inspection

L$! 100078 () coc LOYRE ids1hged’ Sieh)snd! 10°%F7& () - 100F7& () -t 109F°& () - JILKKKKLAEYNC
10z! )

3. 109T& () -, * 109k JbovOPRK20)s DARIBAL Cow cHAATIsERAG B ¢t XLLLSMAMMI
10T991096rerding SEMiigzeg deta.stepoiif ghoyn amTHGeRE. (p step@9dthe jndexi dviniiaipedame Ny

Tgl% ; é ) iltg %6‘1%%%?@-5&%6%2@&&}6% /glé(tia(l'BZE:%to zero. The cdata[j][i] is read in step
532, and the index i is incremented in step 534. It is determined in step 536 whether the
index i has reached its maximum value M. If not, flow returns to step 532 where data is
again read. If so, the index j is incremented in step 538, and in step 540, it is determined
whether j has reached its maximum value N. If so, the process ends. If not, flow returns
to step 530 where the index i is again initialized to zero and the process repeats.

In one embodiment, the contact failure inspection of the present invention is
carried out after forming the contact holes and cleaning the inside of the contact holes
(After Cleaning Inspection : ACI). The failure inspection can also be carried out on the
exposed insulating layers over the wafers in the development processing to form the
photoresist pattern for the formation of the contact holes (After Development Inspection:

ADI).

The present invention can be applied not only to the contact holes as described
above but also to via holes in every step for connecting all contact holes directly
contacting with the semiconductor substrate and the conductive layers. Further, the
present invention can be used for examining pattern formation failure after development
processing during the photo processing for contact hole formation.

In addition, beside round-shaped contact holes, the present invention can be
applied in examining patterns by detecting the various types of pattern images which are
regularly repeated.

According to the present invention, the presence of contact failure is precisely and
exactly detected by digitized values without the examination of the contact images by
naked eyes or microscope. For contacts having a high aspect ratio, contact failure can be

readily and very exactly confirmed. Further, contact failure inspection for the whole
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It will be apparent to those skilled in the art that various modifications and
variations of the present invention can be made without departing from the spirit or scope
of the invention. Thus, it is intended that the present invention cover the modifications
and variations of this invention provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:
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1. A method of inspecting at least a portion of a semiconductor wafer 110

comprising:

reading scanning electron microscope (SEM) image data for the portion of the
semiconductor wafer 110;

identifying image data for a contact hole 153 on the semiconductor wafer 110 within the
data for the portion of the semiconductor wafer110;

computing a parameter related to the contact hole 153 from the image data for the contact
hole 153;

comparing the parameter to a range of acceptable values for the parameter;

classifying the contact hole 153 according to the comparison with the range of acceptable
values for the parameter;

computing a second parameter related to the contact hole 153 from the image data for the
contact hole 153;

comparing the second parameter to a range of acceptable values for the second parameter;
and

classifying the contact hole 153 according to the comparison with the range of acceptable

values for the second parameter.

2. The method of claim 1 wherein the contact hole can be classified as not open if the

parameter is outside of the range of acceptable values for the parameter.

3. The method of claim 1 wherein the contact hole can be classified as a failure if the

parameter is outside the range of acceptable values for the parameter.

4. The method of claim 1 wherein the contact hole can be classified as acceptable if the

parameter is within the range of acceptable values for the parameter.
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electrons and back scattered electrons.

6. The method of claim 1 wherein the parameter comprises a dimension of the contact
hole.

7. The method of claim 1 wherein the parameter comprises a number of SEM image data

pixels associated with the contact hole.

8. The method of claim 1 wherein the parameter comprises an average intensity of pixels

associated with the contact hole.

9. The method of claim 1 further comprising computing an image pixel intensity profile

for the contact hole.
10. The method of claim 9 wherein computing an image pixel intensity profile comprises
subtracting a background intensity value from intensity values for pixels in a region that includes

the contact hole.

11. The method of claim 1 wherein the second parameter comprises a dimension of the

contact hole.

12. The method of claim 1 wherein the second parameter comprises a number of SEM

image data pixels associated with the contact hole.

13. The method of claim 1 wherein the second parameter comprises an average intensity

of pixels associated with the contact hole.

14. The method of claim 1 wherein the contact hole can be classified as acceptable only
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if the first parameter is within the range of acceptable values for the first parameter and the

second parameter is within the range of acceptable values for the second parameter.

15. The method of claim 1 further comprising characterizing the contact hole using a
coordinate system, said characterizing comprising:

superimposing the coordinate system over an image of the portion of the semiconductor
wafer; and

at a plurality of locations along a first axis of the coordinate system, analyzing intensity

values of pixels disposed along a second axis of the coordinate system.

16. The method of claim 15 wherein said analyzing comprises summing the intensity

values of the pixels disposed along the second axis.

17. The method of claim 18 wherein said analyzing further comprises detecting a change
in summed intensity values for a plurality of locations along the first axis to detect the contact
hole.

18. The method of claim 15 wherein said analyzing comprises averaging the intensity

values of the pixels disposed along the second axis.

19. The method of claim 18 wherein said analyzing further comprises detecting a change
in averaged intensity values for a plurality of locations along the first axis to detect the contact

hole.

20. The method of claim 15 wherein said characterizing comprises determining a size of

the contact hole.

21. The method of claim 15 wherein said characterizing comprises determining a

location of the contact hole.
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22. The method of claim 15 wherein said characterizing comprises identifying a pattern

of a plurality of the contact holes.
23. The method of claim 22 wherein the pattern is a periodic pattern.

24, The method of claim 15 wherein the coordinate system is a rectangular coordinate

system.

25. The method of claim 15 wherein the coordinate system is a triangular coordinate

system.

26. The method of claim 15 wherein the coordinate system is a trapezoidal coordinate

system.

27. The method of claim 1 wherein the SEM image data are in the form of digitized pixel

grey scale values.

28. The method of claim 1 wherein the SEM image data are in the form of digitized color

coded pixel values.

29. An apparatus for inspecting at least a portion of a semiconductor wafer 110
comprising:

module for reading scanning electron microscope (SEM) image data for the portion of the
semiconductor wafer 110;

module for identifying image data for a contact hole 153 on the semiconductor wafer 110
within the data for the portion of the semiconductor wafer 110;

module for computing a parameter related to the contact hole 153 from the image data for

the contact hole 153;
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second parameter; and
module for classifying the contact hole 153 according to the comparison with the range of

acceptable values for the second parameter..

30. The apparatus of claim 29 wherein the module for classifying the contact hole can
classify the contact hole as not open if the parameter is outside of the range of acceptable values

for the parameter.

31. The apparatus of claim 29 wherein the module for classifying the module can
classify the contact hole as a failure if the parameter is outside the range of acceptable values for
the parameter.

32. The apparatus of claim 29 wherein the module for classifying the contact hole can
classify the contact hole as acceptable if the parameter is within the range of acceptable values

for the parameter.

33. The apparatus of claim 29 wherein the SEM image data are generated from

secondary electrons and backscattered electrons.

34. The apparatus of claim 29 wherein the parameter comprises a dimension of the

contact hole.

35. The apparatus of claim 29 wherein the parameter comprises a number of SEM image
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module for analyzing, at a plurality of locations along a first axis of the coordinate

system, intensity values of pixels disposed along a second axis of the coordinate system.

44. The apparatus of claim 43 wherein said module for analyzing comprises module for

summing the intensity values of the pixels disposed along the second axis.
45. The apparatus of claim 44 wherein said module for analyzing further comprises
module for detecting a change in summed intensity values for a plurality of locations along the

first axis to detect the contact hole.

46. The apparatus of claim 43 wherein said module for analyzing comprises module for

averaging the intensity values of the pixels disposed along the second axis.
47. The apparatus of claim 46 wherein said module for analyzing further comprises
module for detecting a change in averaged intensity values for a plurality of locations along the

first axis to detect the contact hole.

48. The apparatus of claim 43 wherein said module for characterizing comprises module

for determining a size of the contact hole.

49. The apparatus of claim 43 wherein said module for characterizing comprises module

for determining a location of the contact hole.

50. The apparatus of claim 43 wherein said module for characterizing comprises module

for identifying a pattern of a plurality of the contact holes.
51. The apparatus of claim 50 wherein the pattern is a periodic pattern.

52. The apparatus of claim 43 wherein the coordinate system is a rectangular coordinate
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system.

53. The apparatus of claim 43 wherein the coordinate system is a triangular coordinate

system.

54. The apparatus of claim 43 wherein the coordinate system is a trapezoidal coordinate

system.

55. The apparatus of claim 29 wherein the SEM image data are in the form of digitized

pixel grey scale values.

56. The apparatus of claim 29 wherein the SEM image data are in the form of

digitized color coded pixel values.
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