; @ABCe3e<9xxyL| X|\ 66Td APPARATUS AND METHOD FOR CONTACT FAI LURE | NSPECTI ON
I N SEM CONDUCTOR DEVI CES Rel ated Applications This application is based on
U.S. Provisional Patent Application serial nunber 60/090, 137, ks ne
22, 1998. Field of the Invention The present invention relat emmm““\m““mwmml d
of inspection of sem conductor devices. Mre particularly, the’i rlveng*i on

i nvol ves detection of contact failures such as not-open contact hEPEs usi ng
a scanning el ectron m croscope. Background of the Invention Integrated
circuits are manufactured by first formng di screte sem conductor devices
within silicon wafers. A multi-level netallic interconnection network is

then forned iAPPARATRIS ARD METHODIFUR (JENTAGTH AR (I MRSPECRIONIRNNect i ng
t hem toget her To creatfe the desired circuits. The interconnéection | ayers

are formed by depositing an iSEMICONBYTHIRDENIEES he di screte devices,
patterning and etching contact openings into this layer, and then
depositing conductive material into the openings. A conductive |ayer is
then typi Ralated %{ciaﬁghé)ver the insulating layer. The conductive |ayer is

t hen patt etched to forminterconnections between the device
contacts to cr &hisepali¢dtiontis baseébndf.S cPnogisianal/Patéwe pqwplicatoon ssfiabnubul at i ng
| ayer, for j 0 ontact_.h or via holes, formation of conductive

mat eri al P@éb’i§7éfﬂﬂgﬁ% ?%%ﬁ’gégietc., are repeatedly carried out to create
mufti-level circuitry. Depending upon the conplexity of the overall
integrated circuit, many levels, e.g., two to four levels, of netal are

t ypi cal | yFieqdjof thedntentibor m t he necessary interconnections and to connect

t he interconne(‘rii ons tq contact pads V\%i ﬁilh |l ow.for.the e ternal .

connecti ons t o [RBISHHANTEREAD L5lpteg fo the e "bfﬁnﬁi’éﬁ%(?“c?/fsﬁ’fn“’r BEPRERUECSi rcuit s
desi gned hRyre partidBrafly Che iy AhiTEHh BIVEs HABMIJuGST cBitlab iy BE@(sTRLGbEPNST Onal
control and highly séensitive 1nspection nethods to I nspect the pattern of

i nt er connexrtad hokes aisimg atseanmngelactrorhmicesscope. assur e t he di nensi onal and
structural integrity of the design patterns. These requirenents are

becom ng nore strict as circuits beconme nore dense and miniaturized, such

as with thg. s PSRV SRR Pf Sem conductor nmenory devices such as 64M
DRAM or ZMently can typically require circuitry
di mensi ons of Mt2grated clc@G Famannpwedd mnfict faomnigditcrbwelsemidoaduaondi ti ons

such as nqt-.open_congdjtions is, becom ng increasingly inportant, because the
aspect ra F\6°¥Nlﬂ31néﬁlcan BHrEc rﬂ‘_&)‘Flg]?Vfig}TEta}lfl'f HECTPRRTIealieH DEEriGARA to i ts
di amet er, (difiRa il BeRIRA x»s&tgufng%éiﬁ&&lﬁ@%lemn%eamgnﬁ&ﬁng'ugé?n figRfiel ¥ |

sem conduct or devices. However, normal optical mcroscopy usirg 488 nm
wavel engt breaieshdtesided girtuitsashe ihterdonheraibn layetst ae famedbyideppatng mg t he i nner
features of cant ?ct hol es hecause jt does not germ’t a hi gh enough degree

of resol ul1sBl¥Ipg ﬁyﬁé%e&tﬂ“i §916(E devigeys PRYUCTBINE ARE SICOMIEAOPIATHPRANINGRHIOh can be
on the or i 1,Za. : 11C i i
I§D 1ag£r_, 2000 %pés?gggt dondudtaR fmag?%dl GRb tlﬁeegge%%gp% &&dﬁ{;&%ﬁg%

capable o rovi di ng beam slze o Fm or nmary o

| nvent i onis&herotyparily @ppliddeover 8sandulatimgdager.ofthe sortdnciivelayees thenqrattesied
failure inspection thod and a ratus for. sem conduct or devices i ch
provi des fg#¢ f‘@ﬁtf’égg’&BH?IHBIEneFE\g’PS&WéW?WE%é‘?‘il?fncqnéarmc@rﬁr?fé?a}ﬁﬁség‘?é@i/\g{/ means
of di gi ti gechiia! PRFesifiH ofdrBinBAkRL 15YE StoPhatlbf 6 QRHRREh 1B YRS anti al |y
obvi at es one 1o rm?%Slpl)ro% engggug%t oythé) Flfiﬂrl:‘latgﬁ%o%g a?]d tlﬁ‘éagi sadvant ages
of the relfatmtonof condinotiveematetipldayergfant pettgnmgeett., brewepdataily caried oprrtovi de a

contact failure i,;\sg ction nethod for sem conductor devices and a cont act
failure i REpECIYGRE Qjﬂr@ﬁ‘lﬁﬁ’or detecting the presence of contact failures

for contacts h@éb&ﬂiiﬁ@ Qﬁblﬂﬁgg&hpfeﬂf& Bf thie 'o%eralltigt%glra?etdi c?rc‘aft, Aany 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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contact hole depth to its diameter. Still another object of the present
invention is to provide a contact failure inspection nethod for
sem conduct or devices and a contact failure inspection systemfor -2
detecting contact failures on a wafer surface in a short tinme so as to be
applied in mass production settings. A further object of the present
invention is to provide a nethod of manufacturing sem conductor devices
using a contact failure inspection nmethod and contact failure inspection
system Anot her object of the present invention is to provide a contact
failure inspection nethod and system for quickly detecting the |ocation of
cont act f aubh-umewntdomemgponsuequites epiredely preemseydimekiofal senticdd @andbighly devi ces.
Anot her object aof the present invention is tq.provide .an i ection method
and an | nSPEEYeRsReg SR FERBr (RPEREEt g Peem ! ddereRgHionandlenine soeles i n
sem condugh 1518 fAfie @@Mﬁio‘na%d@ﬂ%tﬂ{'aﬁﬁﬁtééritg%tfttl’f‘er&sigﬂ?a%ﬁ% ghter a
uring I ogrf aphy SS.

devel opnent processi ng a photolit proc To achi eve these
and ot her rejuirentents arhibeqonesgniord stiierdsicirovitsbatbmeah@d demseandmhiniathrézed,
apparatus fqQr inspecting at_l|least a portjon of a sem conductor wafer. In

t he i nvenfignas Wit HisimgSareductiom ohfeaneariysior msegyy druges sk as P PhaM
portion of . qglf@'gp I Wt hi i ta,

i mge dat a ?g@v{a eat’lr}’gll gs%ﬁ{efs %glf},%?z}?q%a?@q?%el}rg%ﬁug# &%eggwé%egf%?S gjgl at ed
to the fe#®3rlmi s conputed and conpared to a range of acceptable val ues for
the paraneter. Based on_the conparison between the paraneter and the range
of accept abl e Vasngeldon efrontaghlqlessior gondataons| syl ps NiPPen FORHECRS IS 0di ment , t he
conput ed LS - (i i ra. Sl . r anpl e,
where. ¢ he PainE Hertilgl i RAE A E bt Belonl FRA el IR TET DL
may be t heatih et dwptiodo itshiBahetee haemsieaad With thedgeeshaigpddmandl for highr exanpl e,
a particular contact hole nay be determined to be twenty pixels wide. In
anot her edgesiiyia semicopdudgier-davicesr Hoxyeveie nannal\weted] anigroseapyi wing A8 & ymfs or

pi xels th ik BN f e j or v feature
R L

i nt ensi ti esnth@rholdysbephuselitsddel adt pripitassgcbivgl debileb of Rgolndivh &cinspalte. Where
the neasured paraneter is within the range of acceptabl e values for the

par anet er nsideefeptupas pf dhegantasthelps $41i¢h e beondthe epster pf 200y ex st Weigsar amet er
IS outsideyl .- | : ] r . t he
feature cg)ﬁ)tuggl ﬂéfcgcgsg?f)} g&%sggxoggﬁagx?feﬁo?é) . °‘§§‘r‘g§’>§%‘{r}§ﬁ’%%%@eﬁﬁ%?‘%&m ure is a
contact hole, the hole can be concluded to be a failure because, for
exanple, it is not open. |In one enbodiment of the invention, two paraneters
are cal culSamsepry of thedavemionure. The two paraneters can be, for exanple, a
di nensi on of a ,f eat. [ | I

associated wt ﬁtu}%ﬁg‘?é%gﬁjéﬁg?@h@@@%%ﬁg{opéggﬁgta% ﬁgag{]ﬁﬂgfep ngeggiél? age of
the pi xel méli@aidtdpparati@riot segigindater asaesivetiielifipruivides fdrepré@ad eontact Bot h
paraneters are conpared with predeterm ned ranges of acceptabl e val ues for
t he par amddiBye Inspectiondoneaydast Hasges biimsans plolipitised xpfese nat WadaksdgYes Qheousl y
wi t hin thei. echi . e r r hol e,
can be ol SgropfR Ehic S ARARRYG ob el SRSy b Rk e (S im AR Eha,

t hese ci r cwditivastageadf thereldtebat.f i ed as open and properly sized and
shaped. The relationship between the paraneters and their respective ranges
can be used t o /Eofesiobipct piche present énvestigreisdagratada deatiect Srilue inspestiony pes or
cat egor| e?netlgo%fr??g\%g{ghﬁduc?ﬁcdgvﬁgs 1466 QL4 gﬁaﬁé %63\}1‘1%%%{1?1? ls#s%é?ig fi rgq/egécﬁflgl fy a

feature based o er the parameter is or a

accept abl ¢hd BegRCcOLL deHtate Failukdd foneoreaERavidTiigh biRcShNb] iNAgRe eaicofar e
generated from both secondary el ectrons and hi gher-energy backscattered

el ect r ons cpriagtiwledeptiniails dpaeteF.on i croscope. The data val ues are
digitized and g& i.n ihe f f digitize rey.scal e pixel |evels or
col or coded pi ;SZIEI a\%gfﬂﬁégﬁjgﬁnc’fg}ﬁ]@rgs nggjg'ﬁ}éth?n %ft gPh&é'lc}'Senav%oﬁ talpcit)?]a,duéé grid or
mesh st r ughsgpestionSmethed fdr@emiconductor devices and a contact failure inspection system for
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characterize the features being inspected, such as by determ ning |ocation
and/ or size of features being inspected. The grid or nesh structure
typically includes a pair of nutually orthogonal axes superinposed over the
i mge of the portion of the wafer being analyzed. Alternatively, the nesh
axes can form any other appropriate geonetric relationship, e.g.,
triangul ar, trapezoidal, etc. In one enbodinent, the nesh | ocation
procedure determ nes |ocation, shape and/or periodic patterns of the
features by anal yzing pixel values along a line parallel to one of the

ort hogonal axes which is successively positioned at pixel |ocations along

t he ot her deedtmpgontkt faduses okarwafkaguplaee it highontetiihe appy dehappliyd inmbasde - 4
positioning a vertical line at nmultiple horizontal pixel positions and
addi ng t hBOgESHINSERINgSxe| i ntensity val ues at each horizontal position. The
sunmmred i nt ensi i : ﬁﬁﬁﬁ : orJ LE] Ldentify
an increase i n%l ﬁﬁggﬁbﬁ%?\?\ﬁl C %:Sgﬁt @gerﬁg@gs P) 0}5 ﬁoﬁ@?%ﬁgﬂ?ﬁé?%ﬁ@gﬁ%ﬁggg f a
feature sshicasduatosdeviaes usivd £conthut Failre iRpectivaMdBod SRanedt fhlura
plurality of pixel positions along a single dinension. It can then be
repeat ed MSPEHENSY§eBgonal di nension such that the pattern, shape and size
of all of the f e Iy . Thi a used to
determ ne the % %h%%ﬁ‘%gﬁibg ﬂgef prggeégﬁaﬂtﬁog‘l lg-rmﬁltseosv ?CPBE%?Q[%%(B% 1@{%111%@%?1 §3t ures
to be anahyard anfeystenaopiiickly AetebmEthpIORESN bEcRLLt BAlwEd ipréeliget the
optimal size of a nmesh unit in pixels containing one hundred contact holes
to be anabsegeeficit yigldafsemicphducterpisvisgsh nakes the processing of the

i nvention for i,n ciq.ng feat ures .nmore efficient in.that .u essary
br ocessi ng. can BReT PHERAE %0 PUeRiTR T e s Rub RO b

I nspect edinspéctioRSyaemdet d@edtingteprobdMct bRt Fflurddah SerdicBnéscdst deQicenmput e
an intensity profile for each feature, i.e., contact hole, being inspected.
| n one enbbWekanphoterssist patiehsiailyres afiel 4 devielppimant progessarzadueidlglly sunmmi ng

pi xel inte%§5.¥§v%l esr%or a feature al ong one orthogonal axis at each of a
pIuraIityp 1 % %ﬁpﬁ%gf%?%hs di sposed al ong the orthogonal rectangul ar

axis. For exanpbchidie RSN th&Ubicdts, MepRbseROm et is HiFctdd ¥l methognsi ty
values in the vertical direction are sumed, averaged and plotted versus

t he hori zamd apastessfopinspectipgsit tgagira poThen of xsamicondugtor wafyyr dn theangeniionhen be
used to classify tﬁé feature iﬁ gﬁcordange mﬂ%h t he i? e”tiOQ;d'& one
enbodi ment A PEE NN rYRos b (REMIdRES (T RePyEPn 91 DESPMEGRIPEat ur es,

t he backgivagndrd fRh&Withyn M| IFM iiasddits agbeelddth P 2bdtues orf 1he watéansi ty

val ues in_each nmesh unit. This has the effect of |owering the background
val ue of uigghfieght Apgrametgelpieddo the featore is Kemputed and cespord tearenge oet in
the nor ma, | 260 Rrofid: 8o e Bk hale PXE deBShLL S, RRRVE e L hr sapeldl are
concl uded 6P B8 CaddSei dt ea PRt The ?gé¥hr% VEPHY gﬁ%c edf PREXE™ f'ife
first andiygasssrbmatspi@ierauésapifeitirtaabevRissiaibd.be conputed fromthe
profile. For exanple, the dinension of the feature can be cal cul ated by
counting the nimbesenpodiment, giexempptediparapiierd Seglimension or siggrefideon whi ch

h d intensit | in.th th | . di nensi on, t.hat dth
thr eshol d€28irc £ oxapl, siSeut® fopllie 1 s et Balean ff Pegrgepitleubiiged ¢ ne
t hr eshol dpaafiets aR§ibRitRE didhieter bh el MESurddia imbfedn phkels. Hor BkaBble, a

posi tions having suns_ that exceed the threshold gives a measurenent of a
di mensi onpaticulaecdnsact hels maebesdatamingd tpibrdenty pireclswidendn paethpiet er can be

conput ed Qy,c ut i,ng.an _average of the intensit al ue hat exceed the
thr eshol S PROBETh B PR GPEse dpvidle RS Rersity HEhmlSls I e e
predet er nfade ARGRASfRlexARFIRPIAGE Ehe/RhMASs laltoRaBER01¢,0h € baametey cAlBe the
particul ar feature as belonging to one of the predetermned feature type

cl assi fi cavdragesof tigpixehiwprasities Fortke pigels did awyassasmated withdhe enndant bols. provi de
numer ous vantages over prior .appfoaches. For example, certain prior

nppr oo e hee g 5 iea natiris 1CRRABIE Bhier oRFoRP EPRoGUE St Relstly o
exam nat i ey fetuftedaf bl RGBS hs &@e]%tum%.s WHREBR pavarh &85is BuRIdENAO Mgk Bf I €sol ve
small irregularities in features I The

hat result in failed circuits.

scanni ng el ectron m croscope used in the connection wth the present

i nvention provides far superior resolut3en such that smaller irregularities
can be detected. The invention is therefore applicable to present circuit
features whose sizes are in the sub-mcron range. Al so, because of the nesh
approach of the invention, the pixel data processing of the invention is
extrenely efficient. Processing and failure identification can be perforned
very efficiently and quickly such that the inspection nethod 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
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recogni zing a pre-patterned reference i mage forned on the wafer; scanning
the el ectron beam of the SEM onto the inspection position; auto-focusing
for obtaining a further clear imge by repeating the el ectron beam scanni ng
closing the shutter for isolating the autofocused wafer fromthe el ectron
beam inspecting a contact failure by conparing the el ectron signal val ue
detected froma unit surface containing at | east one contact hole after
scanni ng el ectron beamw th an el ectron signal val ue defining a nornal
contact; further inspecting a contact failure in other position of the

waf er by noving the stage to other position and repeating the sane steps;
and furt hescepradsheailidddorthe paiaakterf the e et batlasdifie] swaf Rilsrel Mdrde t he
cassette by unloading the finished wafer and | oadi ng other wafers into the

r ef er ence e¥aRMBVheAdhe Bpam isngontast kpderdhe help san he eencinded te be afiter aspect
of the prggﬁ%ﬂge if@r"e‘?ﬁ&}p‘i’%’it igngpéptégpl of manufacturing sem conductor devices
conpri ses e steps o ormngcontact holes for specific insulating

material |ayer$n bf¢ sBodithet SRAL HRBAIGT, 8o prRfiefedd Sre chRERAE fonthetfBRueoNnt act
of each contact hole by conparing the el ectron signal value detected from

t he surf ackhe twolpasimeieraican be.sor erenpio prdiwension ef afeare puch|as atoonickiqgaal
val ue correspondi ng to a nornal..contact: d carryin ut the subsequent
b 0cesst nERaRGEES doer et DR LB, RS eF O peiad oap BE T RERI g
conduct i vgf {RtpyRkd] fhtehMIQ! for {hRDiEes 4s86ci N wAGIthRafTe aBb@IpatfifetbeRect i on.
The contact failure inspection step can be can -red out for a specific

sanpl i ng kowpanedwitdrpredetersanedrangescif acceptabda yaues, fof the pesearmére, It eneappl y t he
contact failure inspectjion step.to the ss-production.line. . After

conp! et | ngbRU b aRinhaRE Sl pirg OGS R GeirgroBp (iefeptable
formati onyadole théidatin€ o g1SRReHC Role,SdaR e CBRsiABA ByBéiﬁgﬁcc‘éﬁfable‘?q?o?k!&alﬁﬂ_é, the
bott om of the photoresist pattern for contact hole Tormation. According to

yet anot heronigpidutle undes these seeumstmeentdandre dlassifiedes opematdwdpeaty sized and
manuf act urj ng,sem cqnduct or, devi ces whi ch co i.ses the steps of forning a
ot or 51 SHAPRdn e feIRGHTEn BeeP s e FEIErs S1on B T SBRFCAE FATHT 81 Fiofoch.

i nsul at i ng, PRI AL fdaaHEhSbE10KITRE (00heD rRBVEr AR P QhteSHRST FRL BxarAfE,

i nspecting the Contact of each contact hole by conparing the el ectron

si gnal vakash aféheparenieferseansbemsed toarlasaify mdtandierbgsed ol whetherghe parametemisact

hol e pattErn W th.an el ectron sj g{‘nal val elcorrespondi ng to normal contact
pattern. BFP% ?E%VSHSG?CCPH' D3R Hg'$ Uffie foregoing and ot her objects,
features and agygnt a96sdiffent AR SEM%TagQBat&\ﬂa}é AErafRINRSR bt Jc0MdaRe NOre
particul ar description of preferred efmbodi nents of the invention,” as

i |1 ustr at ebtcironsg 4nd laghaprepeargyibacksdattenechelsctiams winihetschnngg ele¢teorempeoschpe.act er s
refer to the ne parts throyghout the different views. The draw ngs are
ot - necessiia 9 TeRetE dietil At e boGuBe Lo bea B Sitn Phel 18R &f' ng
the princicploggodd gitd valégntion. FIG 1 is a schematic block di agram which
illustrates operation of a scanning electron mcroscope (SEM. FIG 2 is a

schemat i ¢ gr aptn on¢ embpdissehefahé orvestmpiaggidtarenashetrgstuspeosedim of t he
el ectronscﬁm'tted i ncl udi seco ns and backscatf.ered

ol oot 1 ons THACEREERTGER BPETGPENEL S T SF BBy O LRLLEY BFF Poam
|F|n-Gi i ﬁei % éﬁté‘é?@é‘iﬁé lifspBtOE KTIE &S S¥dh Shciutd Hpidall a1dies @ HalrBfmdith ARy of an
orthogonal axes superimposed over the image of the portion of the wafer being analyzed.
Alternatively, the mesh axes can form any other appropriate geometric relationship, e.g.,
triangular, trapezoidal, etc. In one embodiment, the mesh location procedure determines
location, shape and/or periodic patterns of the features by analyzing pixel values along a
line parallel to one of the orthogonal axes which is successively positioned at pixel

locations along the other orthogonal axis. For example, the mesh approach may include
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FIG 4 is a schematic bl ock diagram showi ng one enbodi nent of a contact
failure inspection systemfor sem conductor devices in accordance with the
present invention. FIG 5 is a schematic bl ock diagram showi ng an
alternative enbodi ment of a contact failure inspection system for

sem conductor devices in accordance with the present invention. FIG 6 is a
schemati ¢ bl ock di agram show ng anot her alternative enbodi nent of a contact
failure inspection systemfor sem conductor devices in accordance with the
present invention. FIG 7 is a schematic block diagram show ng anot her
alternative enbodi nent of a contact failure inspection systemfor

seni conduptsirondiey/d eaticdliinget vrudiaie bomdontal phkel pesiestandadéimgitomvertical  FI G

8 is a sche tional .hl ock djagr owi ng one. enhodi nent of a

cont act f%l?‘?qﬁp{?nflh'b% Si % f2 %antaLacg% :ﬂ% b @dfl&?élnggsﬁ\ﬂ the present
i nventi oneopfdded & dadh RordAoRBiTRbiifiod m%&maah 1Hér9£s€ i hﬁ‘&’fsﬁ?‘uﬁﬂ&%a‘ﬁ%ea“m her
enbodi nent of a contact failure inspectidon nethod d syStemin accordance

wi t h t he ymeddendidate/tbn prasencerf @ fedtOrei suclaasz bartedt iholef (hi¢ proness clih bek di agr am

showi ng anot her .enbodi pent. of _a conta t fail |nspect on net hod and
System | eREAIEH (PS AGLITAIPE R BPULERR SIPHE A HEIS ImEIeen. 14 CRLiEAPRS A

schemati e Eéé%éflﬁa RE britbdnll dibdehiSibh @ ﬁﬁh%a regg%rfci,?r}]lé%é v s‘?i SN &thodi ment

of a contatt ure | nspect1 on net ctor eV| ces In
features can be determined.

This approach can also be used to determine the optimal size of a sub-grid or
mesh unit containing features to be analyzed. For example, the mesh procedure can be
used to select the optimal size of a mesh unit in pixels containing one hundred contact
holes to be analyzed at a time. This approach makes the processing of the invention for
inspecting features much 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

-5-



accordance wth the present invention. FIG 12 contains a schematic flow
chart which illustrates the logical flow of an alternative enbodi nent of a
contact failure inspection nethod for sem conductor devices in accordance
with the present invention. FIG 13 contains a schematic flow chart which
illustrates the |logical flow of another alternative enbodi nent of a contact
failure inspection nmethod for sem conductor devices in accordance with the
present invention. FIG 14 contains a schematic flow chart which
illustrates the logical flow of another alternative enbodi nent of a contact
failure inspection met hod for sem conductor devices in accordance with the

present PM@D poslenstiiéag 4 Brst am@elﬁﬁhewmén Ravdl s@ﬁﬁﬁé@ 1h{ehbi%t VAtdsnd tige pattern of
chip sanpling | ocations on a wafer contact failure’inspection according

to one enboutogmal divfension thatexesed thmhmholdn Sirled is pSsunsedthatgheehantensiyi agr am
illustratin etail of s [ regi ons n.one of the chi n
:oc;t i onslﬁ'%1 g? e’l‘ gt @ggiiéﬂgl%ée ‘Ié%ﬁgqr\é'mftﬁ’éh‘ife@%e %‘iﬂtﬁ]‘SHH lbg‘i %f\ﬁ?n};ll J
sem condug,mﬁoﬁsew@% fyd g SRAMERL 1helRR dgl%sr@félem%ﬁélﬂ ofBigshesfdh fye used

wi th the contact ure i1 nspection according to one enbodi nent of the
present i theefisatuon mdak@ed 1iBpixelkudhe a¢coad SEMnetmgen tatanpaed bp nompttingdres

o oo L el S LSt A0Sl 08 REa0n hpn et fod accordipg o one
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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FIG 19 schematically illustrates a nmesh set to carry out the contact
recogni tion nethod according to one enbodi nent of the present invention.
FIG 20 schematically illustrates a mesh set to carry out the contact
recognition nethod 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 according to one
enbodi ment of the present invention. FIG 22 contains an intensity profile
of a contact unit before background val ue renoval according to one

enbodi nent of the present invention. FIG 23 contains an intensity profile
of the corgcagitizingiatprebatidried 2Fcraddeamapafdegied ondherabfce scaminvgihe efdcon 24
contai ns an in{lensit profile of a SEM i mage of contact units_after

backgr ounBeaphplihe SENS pafo theinspecsion positignaiiter foqysing fof oltyinne 4 YERET dlsarng
results o rqu@ L Ly i b I t he
present i %?/@r%t | onf.)ealfri‘?lgth@e‘g@?%%{l}]ssggm%%&g%\%& %‘Rgé?g%??@gﬂrl]ﬁ%&% f gtfé)ul ts of

contact f &cusedewafesfremithe aleteObedint) dndpectiipes &nbed AR bpéorhparingrtes ent
invention. FIG 27 contains a flow chart illustrating the logical flow of a
seni conduglegForyughal &alye sletested diprs a ynid swdacg covtiadinpgyatileash ae @r?gmmlént of the

Fogi oal 1 Pidy o e SeBtorhantytt B HRHRA) Salh Yalbe oA B Ao enflol 00 7

n dccordance
with the ﬁfrﬂféﬁﬂis?édm‘ﬂg@tdoﬁﬁct fallze iR BtHes pasiicheNBE wafdrlbgwheviag the dtdgessdr at i ng

a logical flow of the read_in%hof . g _ ,
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, 2 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. After 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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scanning el ectron m croscope imge data in accordance with the nethod of
FIG 28. FIGs. 30A -30D contain a schematic flow chart illustrating the

| ogi cal flow of recognizing contact hole positions in accordance with the
method of FIG 28. FIGS. 31 A-31 D contain a schematic flow chart
illustrating the logical flow of calculating contact hole profiles in
accordance wth the nmethod of FIG 28. FIGs. 32A-32B contain a schematic
flow chart illustrating the logical flow of inspecting contact holes in
accordance with the nethod of FIG 28. -10 Det ai | ed Description of the
Preferred Enbodinents FIG 1 contains a schematic bl ock di agram of a
scanni ng ebmtadthole patrrosithpe ekysoe BighflGrahte oiregimdhg tusethnalrcoatmeor dance
with the present invention to inspect contact holes in sem conduct or
devices. RE®Rring to FIG 1, an electron gun |02 projects an el ectron beam
t hrough a condenser |ens 104. The beam passes through a defl ection coi
122, an iris 106 of an object |lens 108 and a shutter 124. The focused

el ectron BeRADescriptiohftiedDaRigsand scanned over a reference or specinen
surface 110, which can be the surface of a sem conductor wafer be[ng

i nspected. Secdmaderpgeingend ethsr abiectpferturse and adwaatageeet the ieveatpn wallibe r om

the reference agre datected in a signal. detector ,11 wh ner.at

Signals 1 ABTEST " BleThNE akiRuly B 0pliod BE REMHe et hoalBb B o BRRE O gna
is anmplifiagfidsirated s %&bc@ﬁﬁﬂn‘yfﬂgﬂfraﬂzﬂlﬁs inTWRicAMRkiréfeRgcs Ligh@ters d6fe@ th€anned
on the fluorescent surface inside a cathode ray tube {CRT) 118 such that a

vi si bl e | sagepats thheughetiighe different vieawse Tihe dtavimegsiare Boanerepggridy torsgaleCRT 118
is controlled by.a defl.ection,coil..116 which i.s.corrglated t.o the scanning
of the roFEPLRGLITBIGHT bEBE RIS PR PRt Tl bRbEaRenkSs T e s
the scanni ng syiGace Pichbmatic BBk 8RASAM Whith\Mi16@MAtdsHperatibN8f Riséd@hfgand t he
el ectron signals detected by each prxel elenment are tine-series transferred
so as to flechon hactSRIPEGBEM). To this end, the el ectron signal passing

t hrough the si | anpl ifier 114 .is transferred to scanni n ircui.i 120
So that the defidc? FUhRrRLS BPPEKE ranBLrIai sRamneng ERves Priefuirctihe
second def|@gbhOdmfel) indiddinglsBeondaiividl @frond BRI BatRbdatteRd cBlcBbhs, anasSBNAl dat a

for each pixel can be transferred fo a processing unit 115 which can
per f or m vavtiecnageterapeals irraddiedi byranredectnod bparacessi ng functions. The

processi ng uni 15.can,convert the electron.signal for. each pixel to a

B screte orey S0 S RoERENe blsek e ahiBant IS aarbedRthBLE ol G o
scal e val ggngan assunme one of 256 possible levels digitally encoded by a
bi nary val ue between 0 and 255. A nenory can be used to store the grey
scal e val ues f dilGehéte ghrmiatic Wocl dagram shoaving opaembedimeheofy eukass falyraini t
can process th i mage %ﬁéues qi ge ired.. I n one con i@yrq&iqﬂ V-%%n t he
Conput or  CRRCBI P HR S M heT P lichin Graymeedd B rlesed BEFTPm ¢ ne
contact i nspectrI@Ns ¢ a §dhematfiy BIoLk Bdgas SRwEhE Reditériatiel ehbodhaE®ioTa

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.



FIG 3 contains a schematic bl ock di agram showi ng features of an in-Iline
SEM system in which contact inspection can be perforned Ain-line@ In prior
processes, SEM i nage data are gathered and anal yzed off line, i.e., aside
fromthe manufacturing process. Because the in-line approach of the
invention has greatly inproved efficiency, the SEMinage data can be

gat hered and anal yzed during the manufacturing process. Thus, additional

i nspection steps used in prior approaches are elimnated. The in-line SEM
systemincludes an el ectron optical section, a reference section, a vacuum
section, and an electric section. The electron optical section includes an
el ectron beam FHAES mtacichdMaticafuneticemt blonk Bagrandefdvang one &bbodindneofs gnal
detector 16. The reference section includes a reference transferrjng
portion 190WtRst fifuse aspeqtiongnethed andsysteprim acpordance,yithuthe prGsghh I8VeEigBet te to
a ref erence CNAMhes i andank! ALEAGE HobfRlBHP AR atither BifbotBfii Brgect | on
i ncl udes a vacuumTormation portion or “mal ntal ntng a vacuum I nside the
r ef er encecahaotitsiture idpecionahdthedindsSeleiroim debsrimetesvith thaipfesemipudrtion 10
having a main controller 21 for controlling the electron optical section,

the reference EHankis 2 sehpamatgdunetopakhlpgndidgamotesing jratkencaDoger@nes. The
el ectrica ion al i.hcl J 0 i . ich can
tore t o a0rag B EiERer R RS Al BTl el Pl R Yin g, O
mai n di spl ay 181G.0r1 ¢bntdihsy sdhgmani®ges el evhadteitiubtes thbtogel gothest oakect ron
signal. An automatic focus controller 18 carries out auto-focusing to

provi de cP@hedimentyelsa cantach failpse ingpeciienmeithng for samicondusiar dgwicepid, t he

el ectron beam.ir iates the.reference surface, and secondary el ectrons are
gener at edg%ﬁgﬂagrc’ée%g%%ﬁ%rgs ‘r?gpr/lef'ﬁ%l'r ef erence surface. The el ectrons from

the beam can aFRg. Pecontaid £§BEmbfi®Mowtas Wiidtiflusthdtés the IsheglodrofRner gy
spectrum of the electrons emtted and scattered fromthe reference when the
r ef er encealtenativesambodident af ashuatapt fauEiGpedtion thethpd ferssmicondpetpr dgvices

secondary. el r ons are found.in the electron energy band of |ess than
50 eV, ang’ ar’?gé{dag?e‘?'&é%féﬁsfgg tvgrgéo&l'el ectrons (BSE) are found in a much

hi gher energy BBRL3 cohfains ¥¥dhemyti@aw oAbt hidhr illubeat&Fie Ussal floey sfecondary
el ectrons (SE) @&ener_at ed in the | ow energy band of about 20 eV such that

i mages of andikeralfemative cmhedimgyeef agontast &alure inppastien methodifhpsqrisendyptor

i nspecting_f.eatures such as contact.holgs with high aspect ratios, i.e.,
the rati Og%vflce.tst%gaﬁ%riange&/é%&t ePlgs?l}ténv(ﬁlg%tgr, the secondary el ectrons
generated i nsi geG! iecon@ithas schBPhes f16Wcheit SHidplastrdibd @e td18yal BRSSoft hr ough
contact holes, such that the inmages of the contact holes are not clear.

Si nce t heswotherpitgmativaermbedipicotol aconsashiailute inpractien methgdifiar sameicordvstdreye,
cl ear images ar.e ess&znti al.?htte%lcont Gt fﬁi | ure detection. FIGs. 4-7 contain

schemati c %‘il%eélénalc%?ér%lﬁgw Pi°8Us "&ifd8 nent s of contact failure

i nspecti on sysFEGE!S 0k stidmhaRNHAEhAN16RNIELS pat&aodichiy sampling Iqvassein
invention. The systemof FIG 4 contains sone of the sane conponents as the
i n-1ine SEMa&mdahcantackfadurginspestien aecording & ers ¢leqdiment of thoprese fail ure
i nspecti o, g&? e 60 within a main conputer 20. As described above, the

e

structure o in-line SEMincludes an el ectron optical section including

an el ectron begIG geNiehatematit digftafliBedtfabig Be@iNot edrhFlei e gibhs anthiBorsd gnal
detector part 16. The signal detector preferably uses a detector capable of
det ect i ngobbehipesampliag Jyocatiens ¢fdAS. {SE) and backscattered el ectrons (B SE)

emtted after gf(salfd} at i on of. t he refter egc.e bcﬁ‘ t he.el ﬁCttr on vbce mvinThe system
al so i ncl udes el /elp 8T EAeTIalic AOSs-SERHGMAlYISY A A SPis R oL e My Mor t i on 13
for rotat tgifladholes lférnitd th&€inSViAgE caNbdMNed Rvith@e kohias iRt W@pettido be

i nspected is positioned while noving it along X, Y and Z axes. A vacuum
f or mat i onagserding o ane embasdimeniof theepreseatiinyestiat e of the reference chanber at

a desired | eve ef erence-.t,r.ansferrin rtign transfers the
eference 1ot RO EPEREE Tniibag: S4ndoeBlet bk e @B fidyadBuegt i n
conput er RRafidVico8gritiRimRiedncé@iing o BAE bmBddifiRht SRE hRIskAtIBvdnfienel ectron
optical section, the reference chanber, the vacuum formation part 11 and

ot her subsystens. A main storage unit or nenory 22 stores the signal
detected fromthe signal detector 16. Armin display 19 displays an inmage
derived fromthe detected electron signal. An automatic focus controller 18
automatically carries out the focus operation for clear imge display. This
enbodi ment al so includes the contact failure inspection nodule 60 for
analyzing the information -13 contained in the el ectron signal
transferred fromthe signal detector 16 and stored the main conmputer 20 to
i nspect contacts in accordance with the invention. FIG 5 illustrates

anot her enbodi nent of a contact failure inspection systemfor sem conductor
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FI GS. 8-10 contain schematic functional block diagrans show ng vari ous
enbodi nents of contact failure inspection nodules 60 according to the
present invention. Referring to FIG 8, a contact failure inspection nodul e
60 can include a SEM signal reading nodul e 60a which receives the SEM
signal indicative of electrons received froma wafer while being irradiated
by the electron beam A contact |ocation recognition nodule 60d 'anal yzes
the SEM signal to determ ne the | ocations of contact hol es and/or other
features to be inspected. A contact profile calculation and background
removal nodul e 60e generates intensity profiles for the contact hol es using
t he SEM si gnal F@t 10 schihmaticallynistsatesracheshesef ® dappiovhtheyconacimetognetibrby
renovi ng data causggd b bacxl%g)rg.und iﬂ@\ensit .effects such that the

i nt ensi ty"k?lt'}iﬂdi"’}cém HBR 088 MY diieRh P hidg PrERIBHARAE: of background effects.

A contact fal| wie dORBesiON M RsOlhedBl KARHY Ui URAB lodiddd | es for

the contact holes to 1dentity contact failures. I'n one enbodinent, a

descri bednetiaglaccordides taian, altehati ey enbaiment eibe presamlinvenfiot. t he contact i s
conpared to a %%édet_errri ned threshold to jdentify.a failure. A resula

di spl ay nodul e F68g2 it EhEPrRTePesNtationdit aRigtipnshin PEWEFRE GMECt URK aBfe
enbodi nent,,,. ] . L Ognt SRsisnd o[ ctron
signal i npg?%iﬁ?lgﬁ%?rtﬁg nt gg?lggaﬁﬁ"g‘ﬁg? [é@%l?e oé;hé15 I nélgthdg?lﬁa I%gésn!tt éﬁgag&ﬁni t or
menory 22 of tFEGN comainpan itendlly pridiide bha tormact ShiVibeioge backgouni@aluat ensi ty
of the electron signals detected by the scanning of the el ectron beam and

stores t hEMeNaAGordiag toeangsralodimenteo! the prgsesf IVEHER- | evel s. I n one system
the grey scale I i . i i -0 6 i bl e val ues,
rangi ng from OF¥§' %ﬁ@?hggﬁﬁéﬁggfﬁfﬁlﬁﬁﬁﬁ% 3(/:51?%&3"2% Jnfe%éé?)g@% and the

| owest i nbadkgrdundivalubakineesl. as 0. The digitized intensity values are
i rey scale, by each pixel elenment. The contact inmages

col or-coded, i.e., ¢ | (

are produced bFIGe%fg?%alflﬁén Bty peafide 0ba SEM Brage ¢ Royastamits Aften ne- seri es
and di spl %gk%go&ntaevam&g}mbgages on a cathode ray tube, a nonitor and/or a
printer. e-grey scale can be converted to color for color display.
Referring to FIFGG. 35 cértsineabiadi sfvdkedideati®inpastiagto canthetrfeiline sipedtican
nodul e depicted therein includes nodification to the enbodi mrent of FIG 8.
In FI G 92acqopding ieone erpbpdimentnfdhe prsseuamygh@l.on nodul e 60e ( 1 ) and

opposed 1o 1 he' Sarey R AL R EHF g Ehoffofl o f MG EF Lt RERKEREIRAY 25, O°

f unct i onahcdokdiak telbmo¢rabodimend sTghapetdie inventiedi ment of the contact failure
i nspection nodul e 60 according to the present invention. Referring to FIG
10, the cont act1§e?7 eardaipha Hewtchar dwstraties te lpgical flpvsoba gamaigpnductar| e
transm ssi . i ]l e- L .conver si on
nodul e 60?&3‘9@%\%{3%%%@? gg&rrdelg%ggm& |éon§rfl§or9§)1(l?l%ﬁe0&g% i ae%l(t:gﬂn%%ltrll&eag cont act
profile cal cul #IGo28 Arckchaakiy slociddivglateillueamingla lopgidul fowwd€ona@ cont act
failure inspection podule 60f and a result display nodule 60g. Referring to
FIG 6, tRabgdinpmteka contectipspaeiigngsethod HeackpidRnefoliip hequpsensiyadidleans of

signal transm sg t j : -gonput er
30° The. modul ot L0be s Brviepeedd oV il ARRRHLR Mica o BRe S oF DT

si gnal f oscaanim@rdl@gtionghiefadtoperiniabe damimacoatangewithithe R2thotl of FEGNZEE. n
conputer 10, 40 into a graphi cs file, and then transfers it to_the

sub- conput er  8&FIGFROAGERPoatain 2 pehematicHiomsshgH 4l lugtshne th legicablen ef 6oc
reads the - j eV . : ' Il eqtransferred to
tho. sub- cSeoererEagisclnds poflift MG auRe kg SRANGT G, 28 LT The
contact | ocati ¢0Gs.818gRi1 D icomainkichemdidilow kaart dhisaetingtheflodieal dhiwcod at i on
and background val ue renoval nodul e 60e, the contact failure inspection

nodul e 60falgHatipgeontes fpte pIpSisk Hyageordanes Bk thermetied of Flle?8as above
referring to FIFﬁS. 2955 9y, tgilngss'chg‘l%ét%qllﬂg\gghﬁjt ﬂlufs{r Wb LRI R R hopASS OUs
enbodi nents of & “éontact Tarure’ i n g rhe I'nspec o processing of

seni condugdspectihi@woatst Ilesricasiiadcaiwit Bein@RRCsfi FIG. 3§st ens according to
the present invention. Referring to FIG 11, the contact failure inspection
portion 60 of FIG 4 perforns the contact failure inspection on the wafer
having a plurality of contact holes thelleon by using in-line SEMinstall ed
in the main conputer 40. First, on the determ ned | ocation of the in-line
SEM a cassette on which wafers having a plurality of contact holes are
nmounted is set (S 10). Next, after extracting a wafer to be - 16

i nspected fromthe cassette, it is |oaded on the stage inside the reference
chanber of the SEM (S 12). Next, the flat of the wafer is aligned. Then,
the | oaded wafer is aligned the electron beam scanning (S 14), and the
stage having the wafer nounted thereon is noved to be placed on a certain

o, . I o o - Y " o o o - PANT=R A 7 £~A I\




beam on a certain |location of the wafer, and auto-addressing is perforned
(S20). The auto-addressing recognizes a certain |ocation by applying a
pre-patteni ed standard i mage on the certain | ocation such that the

i nspection can be performed with respect to the standard i mage. Next, the

| ocation to be inspected is irradiated with 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 scanning of the wafer (S26). Next, the
intensity profile of the electron signal for each contact detected fromthe
el ectron beam scanni ng according to the present invention is inspected
(S28). It.is.thean : > er cqntact failure inspection should be
per f or med=a £ gt HEFC BIEILE WREERCINSS30) . If so, flow returns to
step S 16, andrichq éohe@m&h@ﬁw&brber GiaBHRPDT ) REARMRMcbn ilerauaer . and

t he above steps are repeated. ontact failure inspection is

conpl et edsystehelwa‘fvhrchrcsn be hsmldﬁdcc(o‘ﬁ@ﬂl)ce with the pebstreinvenéidn Whatspezt ctiitaste ar e
addi tion wafers.to be |(51 ected (S34). If so, another wafer inside the
cassette ‘geSI’Ba?S’e"&COinH“‘Et% &% r ence chanber, and the above steps are
repeated, ther g t i rpall the
waf ers inside gﬁ%@%ég@elqﬂdé enfgﬁggggﬁ)uﬁﬁét% gﬁ glglr"rp ??@?kggll waf ers,

t he cassetdndenser ioms é64.0The bﬁ&ﬁpasseshhrcerlgy afdeﬂe«sthrnrtg)ﬂtm au izelds.of Ref er ri ng
to the enhadi nent, of FI t he contact failure inspection net hod for the
vaf er haveBigetaens| l@gépriwhbtreréaﬂt alie faesed clegprbean & IABHEIRIIPIAAdNg t he
n-1ine SEbhla e réteRAN SpblfmeMRllaGORUAAlcain bE EACL B, Cont act
failure inspection portion 8 ang € contac measur enent pact 70 are

f or med t ogiibeiductbhevaéeagtingpetiedr 8ecohdary dlmlpﬁemhcbbadkssm&rred electronls as set
forth in FIG 11, but unlike the enbodinent of FIGI| 1, the shutter is
closed (SBifteddiom Heterance afeldsiestedia ﬁér&nabfﬂrtrféordlelt2ewrﬁqh&rner9@?)ﬁgnalﬁd t he
cont act t e
cont act 1 ACEaRZY AN Rcelved Pl e Riop g MER N EIPRI PR LERY | e
i nspecti 0mprléﬁé1c1d4f Ghehh@hﬁ/ed agnzhéwh bg scanptdiod et fluodéscemtizsufade Moildea t her eon
by using the in- n which the contact fail ure i nspection

portion G@ﬂrl%ierrﬁy flrbe (§BEJébWéhatwmh@tmaae phide geferpnee pisfaceis foomeds shown
in FIG 13, af r i in the
mai n st orage o?g%nﬁeﬁen%ﬁﬁyggﬁpll}? Z? géngl%?l ?%Q?%Q@l%e{l mﬁn%%gl\ﬂtlﬁﬁggi CC'ISQW%E? 9 and
t he neces&ithys@frmmlg&ftrlmﬁeﬁarénc%auﬂfweeconmslmicliy 8 deNectionfell 12acai fen of t he
wafer is determned (S3 e sub-conputer receives the transmtted signal
so as to eBMs §heo'i§f‘m’tlﬁ%51€§%‘rf’8§ﬂwﬂﬁferwelsr duided inte Aing gice)s and the rﬂecté%odr ment
of FIG 1

recipr ocaﬁ?nglgﬁetggg%ggw ng{ec]%%?’ egci:l? Srfe %@usregﬁlgﬁg%% ?%%Jq%grg? ?%ﬁjg(c)gl nstal | ed
in the suimagerrmmtthrs endthe electirdresi gl pasmrgnﬁcmrghsllimmgnalranﬁﬂlﬁer 614 By the same

steps shown in FIG 11, the shutter is closed, (S26 t he transm ssion of
the SEM srrarréﬁrrreitteraéaamm& HEcuiZf S8 st rlrrgde@aratrmr selae thaeleckonpeanis i nt o

t he sub-c and the contact failure inspection
is carrie ou?lg%y I?lhgg(gscﬁl nggr%h%%gﬁgégl Whet her it is necessary to
carry out the hoxidittdn, thmqﬂifedmleanomtsﬂgﬁal dagrfot euhSpiké cdebe trahsfeded £3i1- 3,
S31-4). FIG 1S shows nunber ed shaded regions (#2 - #371%1 to be tested on a
waf er 110PigRersingumd [dSwhieh caaperiors verigpenenad soRsitioHag pRd BICESHIE One r egi on
desi gnat e 0 i

flee- focuglr 2‘3 gg\?}te%ﬁ&é’ﬁﬁhﬁ '19510% etk rg?%cf’ léﬂro % reforytfg)%chcﬁl 5{@It&\a 15,
several salR@eiengey scabd omh)r(badledmah&ejsle& &dcreﬁe ran emagml Bhe grey srtaheva:lhe paror

region #2 of FIG 15, FIG ling | ocations,
| eft (2, 13SSURgQBE Of Z@qrposelblezl)evelr 6rgeally rslywrieq yajamarbwérle beweeleﬁ aasi 2§§d

2
Var ous el SR oA BRelh ABRTRE RIS <Clc VAR, P RN 21 FRp OB ARECGT e

of the prpgsesfthe pBocesdifpyaiit, icaprotdds thoidoe dameahed&aspl aflodd comfighatiah, chi ps
or sanpling regions, with five sanpling |ocations being tested in each
chip. In one enbodinent in which 12.5 Ic magnification of an in-line SEMis
used, there can be 98 contacts within-a1480X480 pi xel inmage of each
sanpling location. Wth five sanpling |ocations for each of 35 regions,
17,150 contacts are inspected. FIG 17 is a schematic cross-sectional view
of a sem conductor device having contact holes to be inspected in
accordance with the present invention. FIG 17 shows the formati on process
of a 64M DRAM buried contact. A field oxide |ayer 131 defines an active
region formed over a sem conductor substrate 130. A gate electrode 132 is
forned over the actrve regron and |s covered mnth a spacer 133. After a
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As one exanple of the inspection of the present invention, the inspection
is performed for the buried contact for the formation of a word |ine during
the 64M DRAM f abri cation process. As shown in FIG 17, the inspection can
al so be performed for the direct contact 137 or after the devel opnent
process of photoresist pattern for the formati on of these contacts. In the
contact failure inspection nethod of the invention, an optiml inage size
is first selected for each | ocation being inspected based on the dinension
of a feature being inspected, such as the dianeter of a round contact hole.
I n one enbodi ment, a typical SEMinmage includes 480 X 480 pixels. Such an

i mage canthbeomakiencdmbe maglhinofied toeanalyrd treenley waktdatnt® peffokh Ge ddhtacDependi ng
on the size and distance between contact holes, an optimal inage size for
each indi‘\IPF%ESHPH%aleé’&‘fe“i“@“&%@%%CH??FQW@CW@“‘TB- shows an exanpl e of contact

i mges of an i i i fJ | i ocation
of g sem cond ulzl';(% r3né(:§‘)<lal\%lﬁ (llié egclh% %Iagc glg %g{s}légdngg EdX@Bg @%g&gﬁ a)?@ﬁlsﬂ,ﬂea@r? t he
nunber - 1§stendin which actitactdagpecti@tcanrbetpeefoim@pain-lise@8 In prier prodebsésn t he
horizontal direction and 7 in the vertical direction. The optinal,

resol ut i oPEMsimage drigiaregatherad arbanebired aéflincohe+ padafrom the mapefae@apgr e,
i.e., co hel [ i . ol . In one
System OGS Befause B L ASRRRANo AR g R SRERN GRS iR o "2
Present | ytheiSEM $mkgeduia tdnctie éCindwlaBsed aritphe nehindfmeteingrodess. he or der
of 200nm The nunber of pixels covering a feature is selected to ensure

that an i Fhusgadditipna) nspectionsiaps ueediaprive aprrpedhce are ininged. nelde Inhae
exanpl e, I§‘€1@1’ SYstén] tieludds he 1§<%5drngo§,?§§1tsggtjl@%%.rgfaf—‘engggeflggﬁ, Oag&a!gﬁém's@ct?d?l evenly

spaced gr one pi Xé an be uséd to
cover allaffartdlecthi@b&tion] Tat UREtich spiabgRfien Brludeehn Bletiesn bt ferragby
sub-grid being associated with one hole. A rectan%ylar grid or nesh of

hori zont al4.an¢legron bean deflenter aande sisnplaictasinsdéd 1o seferenee #BHOIX 480 pi xel

f h dred 48 X48 pixel sub-arjds used tq i h
ol o 1 n aEbBRa R WP R i taon ah O ren R BB 0 B R b hs

48 pi xel gedsdetteStoaUublerdiice BharhBer208 @lr¥feredBy aligni@Opdribh 1 B €Tht Radugn hol e bei ng
exam ned. The dinmension of the hole is conpared to the anpbunt of space in

each sub- gaclign inglufles e vaswen {mrtien perten Al Aanaigtaipng e vecwey 815id¢ghe he hol e
itself is fficien nal yze.the hol The r. | Ut LS m ned by
di vi di ng IREeeeRinet oAl SR Myl A ERb Lo bRIE R "G

pi xel s coygitioer 2 heorkReholling thel scdlot lobAbkl iséctivanPrR refrenee ehdntbegsthe! d such as
the | 2nm pi xel threshold to determ ne whether the resolution is adequate.
Aft er t hevgsiuuel seeléeyodne other systeaeompenerdsl, Thheleekisdl ssetiaicalsy iackides dwalised t o

| ocate and determ ne the dinmensions, of .the contact. hqles. | .

enbod! ment e REiBh PR Ao g ek et s LRl i 08 FapetBefiteviand o e
used to | @aadter Id)antahesn displagn vifeddiblayih&Simddes igehdisted Eonhthetdateste@ont act

| ocation recognition process of nodule 60d, the nesh or grid is placed over
t he cont aelectrorenignslalAmpempic fagus eamirollgr 1 Seprienheut fyio-Henting tae¥idgnd t he
verti cal aé%%rﬁjéches are adjusted within a certain search area such that
each cont ac |sgﬁTaced on each nmesh. At this tinme, the pitches can be
control l ed by imgfpasi f@ndihg @ReireRGi6@sdope, theBlRefobeait #ldsatgytheluci ng t he
contact images. The -20 search area of the nesh line is preferably set to
i ncl ude t rederanasssurfaceatand pecondary glestrong are genessted and @rételmm%gomstm epeat ed,

Referring_t.o FIG 18 he ,contact |ocation recognitiaon ;A 0cess Lng the
mesh sear SCESEPRTRes T FaE Hom B BhR el G AR P R TRRS o

| east 32 piGel showR ahRkRAel9rshetripbds e ROSHREmiaBd ad sdafté®l ffod fHexel s in the
vertical dinmension, and the searching area is determ ned by noving the

i magi nar yreferenceonienl the xeferenessis iradiated. 54s almvn P liGragihedighevigrumbsaiof axi s

mesh line_152 within th anges_including at |east .3 Ixels.d R, th

nor i zont af R ot ) 3B by Bettord e i B iS4 el

det ect i ngmoBEof tRE BidkeEhtRfedt M tio VRN E)dir@Fduind @6l a GhRE thi ghidr Shé@pRbanel ue, such
t hat each contact in the contact 1nmages is not interfered wth by the nmesh
line. In one enbodi nent, the nesh search is carried out by positioning
either the vertical line or horizontal IRi-ne at a first position. Intensity
values along the line are sunmed to deternmine a total intensity for the
line. The line is then stepped to a next position. For exanple, the
vertical line can 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
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-21 pi xel nunmber YO=23 on the vertical axis. Units having sane size can
be subject on the conparison, which is why the contact |ocation recognition
is perforned as above. The nesh unit can be enployed in various settings,
i.e., as shown in FIG 19, wherein a contact hole 153 is placed on one nesh
unit ski pping one nesh unit between two units, or as shown in FIG 20,
wherein at | east two contact holes 153 can be placed on one nesh unit.
Further, the | ocation recognition approach of the above nmesh nethod can be
used in various inmage shapes if a pattern of inmages is repeated on each
unit area, such as square or oral shaped pad i mages, as opposed to the
above r ounddslhapsithbtoint ket SEMagesthe kédondd§ eddearons SEvhérarddn dfe lawcont act
unit (480X480 to carry out a contact |ocation

i xels) for the nesh settin
recogni ti@wrwgzr@ﬁf evlodds Y guahdhatimagesafdhe syrfpsenindsidgeparegisdtr i bed above,

inthis e , ot - Nl ese [ S: pi xel s,
and the ofp et e AR i ReToppts RS Yy Pired 2B BlerBppie e
setting i ge.ggleeit ofte ByleRRéhihgo its didhgetérz hetsadondeselédtidas fbibrasd irshie
vertical mesh line |52 within the search ranges defined by each nesh |ine

as descri Begoatsstiolesmpy fisginptepeiilsdheyisase Buenghengack boles, sheh Bisbilie 30 pi xel s
correspondi hg . .to.each nitch of the mesh unit. .respectivel I.n_anot her
enbodi menttieiss oh e cRataPLRCl AT patled Dihekthoet iy Bhelicd BAEMY val ve
Cor r esponghiallly ifahb naksdeyel dlGartiMag@t£¢ BisBfidl RecdsfiiRie @étettitines. FI GS.

19 and 20 show different types of nesh settings as described above, and
FIG 21 shows FHas 4t’heordainselematiniblockgliafsarngnhvastpupiembogimestts efrfiontact n or der
to expl ai .fhe. engrati?n o%)a conticg kftensitg(pro&h%e. FIQ” %%jggoms a
first int %é‘f"tvg%‘ip PY PYSTPR 107 SCTRICRRLY A AV ICER SRPTERS 19 BR BT VA TEE Wi t h
respect tohé B@tere ot FRRI4 eontfindRR & thd©nbaEditiend ay¥ #lei@- it SEM ishows il ©
renoved to nornmalize the profile. FIG 23 shows the intensity profile of
FIG 22 wiGh 3 Howevertit alse nshusies a gantaet faidure aspestionanedude 60 withiiea Bk gr ound

intensity value.,ln,the present test, the threshpld ctyan signal val ue
o sor o c8olead n SO BURERR vt R i PE PR ERENFRE O & A8drorri
contact hgheaPsdciien SCAHIRESh SRARH Bt RinkRker 140art Bledth Bean@ef¥Rdr16al  axi s.
-22 FIG 24 shows intensity profiles for SEMinages of the contacts of

FI G 18 a#ndz signalgicctoapadn 6by hb sighalrdstestbrpa¢ioxablycussy aldetertoGeambleof a tabl e

whi ch contains encoded resu]ts of e ntact failure i cti.on,of the
vent | ondr PR GAnIE Clo el apd BREH el ddledns BREE iR dte’
FIG 24 npisaibtintdf tlﬁél‘éfér%@%kl(?ﬁb deditdiestans TRNYSeh 18 indlu@ss 4 Feféibfiee 25 by a
code 4. FIG 26 is a chart showi ng one part of "the contact failure

i nspect i ophanehenfinoduding a eefeteneaaiigninggpdriverat 3 for retabngiof MtiAE die st&gd en t he
present test with respect.to.the samling.locati.an of .each,chip,the nunber
of al | conPibitle FSFPRRIRGET R BmbRel iur UL WITR SR vips Ha e Y el act s
accor di NgakeR. t A& aBRS BiHnatiON BoitioAN 1inSaiAiBRls SN Reum Heaé of the réRfeng@ch of the
five locations in each ChIE or test region, the nunber of each type

cl assi f i cehdneher ef a dedirgdlovighd A welarenceltapsieitong postion &2 trensiers thetetargics to at

| ocation (1,3 t here were, 87, contact .hol es .classified as e.D 3 holes
ol aosi 11 ethextleiopsa st Tng icE Bk atmEafy HER il A/ B8 4l o
as type HeortiolNek #)Jm be fiibBFolliAg kthedle@RaIbpLiEAREL R, 11RGeftphiRE cRiBbéNGRECT ed
and classified, for a total of 17,150 holes inspected over the 35

i nspect i ovaquayi emuatiompashbl andetberaahsystents. sA tragn $tarpee anitloe meorgyy é2ed wi t hi n

h due to th t i i zed.by. the tion. Th
approach Foresifs ipSBeRE T T g <fel R & Bivar ishiS 1oHERE % of e
cal cul ati phagentbvived B8 the ditebted URESor Qgfdl € AmenmRorhaticsfochdém®iley19r of i | e of

the above detected el ectron signal values for each nesh unit of the above
speci fi ¢ agomaticallpreariesciig theunehswaperation doronledr imaghudisplepe Thiz)embodimed t o

create a second |ntensi rofile fromthe first intensjt rofi.le b

Subt 1 act i A B ikt FSis inShechi SR Slg 0tsSF p TR e P Bt ¢y
profile. The first intensity profile and the second intensity profile are
cal cul ated by using electron signal values which are digitized
correspondi ng to each pixel contained in each nmesh unit. However, the

el ectron signal values acquired from edgh nmesh unit contain both the

el ectron signal value fromthe correspondi ng contact and the el ectron
signal val ue produced fromthe outside region ~surroundi ng-oundi ng the
contact. In the present invention, to achieve an accurate el ectron signal
val ue which includes intensity only fromthe inside - 23



of the contact within one nmesh unit, the background el ectron signal val ue

fromoutside the contact region, i.e., the region surrounding the contact,
is subtracted fromthe intensity profile to generate the nornalized second
intensity profile. This is referred to as Adiscolor effect” renoval. In one

enbodi nent of the present invention, contact intensity profile cal culation
and background val ue renoval are perfornmed by nodul e 60e in accordance with
the follow ng equation (1). Y ~(B~Bc)Xc ~1~ ' where X is the sum of

el ectron signal val ues above a predeterm ned threshold within one nmesh
unit; B is the sumof electron signal val ues bel ow a predeterm ned

t hr eshol dcositdilediinahe elaeisbn siphdl trabsfeired frb@ theliges] defectdra 6@heaclora@nthsi gnal s
having a val ue bel ow a predeterm ned threshold within one nmesh unit; Xc is
t he nurrbema@rw@né%%rr?&rtogmsfgﬁ@tl@nwgwm@cce?ldﬁapwnam@vantmnedet erm ned val ue

tommensat ron ol G s BRes ol ERBofE! AN AN it irdSecibh LyoBaRAr O1nd

val ue cansdagicéigfueionidoades a@célhﬂlngyh@ﬁleé@lmvbﬂ@oﬁ hEndacteet OUFIG. $aldee and
achi eving accurate neasurenent results. In one enbodinent, for exanple, the

val ue i s q@Geinhsams ef thesarme pompenents asithe indine BEMTHES. 3.aPorse diffesencesul t of
equation (1 t he ensa el n t hin each
nesh uni ts )ﬂ’rﬁat&aésoe%@lg?%ﬁ?mac ﬂfl Plsg?ffﬁloﬂ f)lboélﬁ?q %%I}dsaaﬁgoé]?ascif%%ﬁl t he val ue
of Y in eguinkion (Cb? méaburbmeniuaddige 26, whiclPbRIEESHsiieh nfaiR8bhpeidl 26. Aont act
is bel ow -24 the fower |imt, the contact is concluded to be a failure.

In one enmimahémqnsmmlsaﬂymsm of egditinylay déatwve tbaimgpnspeetedr Fonednmpbaen | i mit
i ndi cates_.a non-

for inspelfiaH frg‘grgq]]gojnt Eﬁr @'a l{rﬁhél&ﬁ ggﬂ&gp?lgﬁntgﬁ@éter &%‘ihei&%ynﬁ' cally used

equation élﬁﬂ)ocﬁﬁl@npﬁle‘b%%fbcf &‘itldamlﬂ?éﬁgloﬁ'ﬂcg? ﬂéﬁﬁxr&ﬂ&ﬁﬂﬁ@&il§?0 hﬁa‘éﬁfresq%ed to
form contact holes prior to formation of the holes. In another enbodi ment,

the cont acumparmiithecasiat dizmdtariramdoiias kgrgesratneateddyrtberBEM withgreer f or med

in accord t.h th foll owi ng equations (2) - (4). PktJ - (hkN)~-Pn'N
(2,) ~ ..\sor?:‘)s ndar(d es(lz f - hn~)

FIG. 6 illustrates yet another embodiment of a contact failure in-line inspection
system for semiconductor devices according to the present invention. The system of FIG.
6 also contains some of the same components as the in-line SEM of FIG. 3. Some
differences are that it can also include a sub-computer 80 interfaced with a main
computer 10 and a contact failure inspection module 60 inside the sub-computer 80. The
sub-computer 80 can use a standard commercially available personal computer and can
include a sub-display and a sub-storage unit or memory. The presence of contact failures
can be detected by the contact failure inspection module 60 in the sub-computer 80
analyzing data from the contact electron signal which can be stored in the main storage
unit 22.

FIG. 7 illustrates another embodiment of a contact failure inspection system for
semiconductor devices according to the present invention. The system of FIG. 7 also
contains some of the same components as the in-line SEM of FIG. 6 having a sub-
computer 80 interfaced with a main computer 40. It also has a contact failure inspection
module 60 in the sub-computer 80 and a contact CD measurement module 70 in the main

computer 40.
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p,""" = baseline( pk ) ~ J (4) ; where -25 nis the horizontal axis pixel
nunber; k is the vertical axis pixel nunber; P'k is a digitized signal
value for a pixel at horizontal axis position n and vertical axis position
k; Nis the nmesh nunber being analyzed; h,Nis the initial pixel nunber in
the horizontal axis within one nmesh unit; and hf is the final pixel nunber
in the horizontal axis within one nesh unit. Equations (2) - (4) are
described with reference to FIG 21 and 22. FIG 21 is a graphical
representation showi ng pixel units within a nesh unit for a contact used to
calcul ate the contact intensity profile according to the present invention.

FIG 22 is a sElRa0coptait schembisd fudblidgh] Block ddgrdni shosdiiy variouki | e within a
mesh unit cal cul ated before subtracting the background value for a_ contact
i mage of gmdiments pﬁc‘@m@cté@rb@@iimﬁwlontm@uﬂerst@r@wshqgrt@fdixq present JuRelin ed by

nt enst by RIGAIRERTEL 7% kel BRI B E p A Bho o T Rt SE Bl

plotting rehdEng nodld 6UaGHSLR YecsiVBBthE SEM SighhEndickle dTW@onaeBiged ABmpPi xel
axis. For exanple, the profile of FIG 22 can be forned by stepping through

the pi xela yafsr whila beingamediatee by éliift ¢lecitonsherm. ahdorsagiioaatjon hecopiiten

t t t In,th fi G 2 th
rosult i SnaP PRt SROPRYET T A%Bine mediooPhes of Gaftet DIRAToRai cat es
the preseisg RiturestODé ﬁﬁ}aeJﬂai €A cBnthSrofik ch e tlafibn BES Badk gwundlfaﬁoml e
extends from about pixel position 16 to pixel position 44 and is therefore

about 28 ppdwe §0agenzated mtetnhléy peofildsdfat thdlcpetactllmﬂﬁs ubhng the SEM sighaldlatades a
slight di |n i nt ensi to f the the center of the hole,
whi on' i ndeieeS BRGNY i dnikalf stie Resd BrrelR e tun HinGTBh LR he o e.
Thi's i nt gRghtiy SfQid 4RhIRARER: llnﬁsnblﬂdh fofild M @Earﬂaé‘@(aﬁﬁﬁe&ﬁﬂé@%ﬁelh@fe The
value (PkN)' from equation ( is the average el ectron signal val ue per

pi xel i n hakground effedts. aAlcsngtacMeilumumpectldn mobdulg §0f@mnalyezesitheyinighsitydi ng t he
whol e sum of di zed tron sk nal vyal ues cor.res ondlng to each
el © n ehtfes dnd sortachrol BTG il doalec ks HRpeS SnbSigEngy %' ° The
hei ght of gumfg Q Q glrgaaj) pi xel s at
t he vert |%églé}@%é>§:{{seyﬁxe§wélﬂgﬁﬂggver@é 1hi@fsi iven fonhec% taCt IQ Bin%) FI G %2 shows

t he resulpredeierprinéd theeshelddgp adeatifif 2 fmrhuea:]u@wsuh d@@)ay rﬁbdtl\lle |6Qg eamdisplayim val ue

of (PkN) is the intensity background or baseline value.
Therefore{eSLﬁﬁl@félPu%fﬁéluEﬁFné ’rsage el ectron signal value per pixel subtracting

the backgr oundingleWehbollfent 28e 'SEI\@Sl@threé?ifmg’J‘mégﬁlQ%@a ke bl diyinpef i l e after
t he background val ue P", N has been Subtracted in accordance wth equation

(2). FI G elgstrontsigmsl irtfernresionsoi oathctsewininllis stored §i thy npmmfsﬁor@eflmnt agontacts in
t he cont act .Ino odi act f ure
napect i dHOBPBCELel BF mATCo R b PTG SRl e e Brtatyef oy
equat i onsgléctdon &étﬁ)s defectdASSthE ¥ e ACGRIMHAM drfd 0d1ed {E‘éﬁnt‘éﬂsﬁﬁesaefs
failures and, if so, what types of failures. The second intensity profile
(FI G 24)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 O 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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each hole is analyzed to identify and classify failures. In one enbodinent,
as showmn in FIG 23, a threshold, e.g., 5, 1is applied to the second
intensity profile (the average el ectron signal value per pixel after
subtracting the background value). The critical dinension 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 dinmension CDN for the contact is CDN = 40 - 20 = 20 pi xels. The
critical dinmension CDN which can be, for exanple, the dianeter of a contact
hol e, can be conputed from equation (5) below k=vl cDN= ~ W (5) ; where
k=Y~. v, Nednsact peofiletilcwlatioraxbdule 60¢ (Blanp bxekgrounibatueneinbl al hédulereSn(2hini t ;
of is the vertlcal axis final pixel nunber within the mesh unit; PkN =
(PgN)' - aveprpvidegras separate mgdylgsigiopnesed tohercnambinedgnodsile 6o texinip KNGt ue i s
above tilg threshold, specifically, I, if pk > threshold Wk =0, if pF <

t hreshol d 'Next, an average pixel intensity BSEN is conputed for the pixels

above the threghGl| th Recehéthity fu@csadblook dlaglanbd howing knotherRIMBOAkmBIRN = k
" CDN (6) It should be noted that equations (5) and (6) represent an
al t er nat | the cPRigpeet Mg AR Bempdule 60 Berording & theiressniinyentiphe Refesring o pi xel

0Tt YRR SRRy SR SRR DS RS ShebEs

repl aces idi®oMemb@ulE60b, b @eptatd HR-t6I9EM signal conversion module 60c, a contact
location recognition module 60d, a combined contact profile calculation and background
value removal module 60e, a contact failure inspection module 60f and a result display
module 60g.

Referring to FIG. 6, the graphics file transmission network module 60b is one
means of signal transmission between the main computer 10, 40 and the sub-computer
80. The module 60b converts the information of the digitized electron signal for a contact
stored in the main storage unit 22 of the main computer 10, 40 into a graphics file, and
then transfers it to the sub-computer 80.

The graphics file-to-SEM signal conversion module 60c reads the color code, 1.€.,
grey scale, of the graphics file transferred to the sub-computer 80 and converts it into the
digitized 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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After the pixel nunber CDN and average pixel intensity value BSEN are
conputed for the contact being inspected, they can be used to classify the
condition of the contact. In one enbodinent, an upper limt value NOC2 and
a lower limt value NOC 1 can be set for the pixel nunber CDN. These |imts
ar a used to define a range of acceptabl e pixel nunbers for nornal

contacts. Limts can also be set for the average pixel intensity BSE~ ~ An
upper limt value NOT2 and a |lower limt value NOT1l can be used to define a
range of acceptabl e average pixel values for a normal contact. -28 The
val ues CDN and BSEN for each contact being anal yzed are conpared to their
respect i viaspeategefsorh thecdaasestief 1y ist lnadeclamt the stage insideniee efdveberchamperesfdhe cont act

is classified a i ng.of one of nine possible types, depending on the
conpari so‘%‘ﬁMf(Stl R bl§%ﬁtu@§ fletn! thA oy AEseneRgeind hﬁn,rﬂé%bééqq Yater &@3@@ e

Cl asti f1 carq R aRGoRARE: %) 5l ihe (AERARE BRI ERABRORS h¥ea

cl assi fi ciatbiegi{d3dhobyartici¥aihl 1p¢INOM Xo#ih BTN ent (iNEITid)h (OB BN &t s b @fe#( NOC 1
)A-type(code 1 )B-type(code2)Ctype(code3)(NOC 1
) #( CDN) $(NEAPHO}-ype( coded) E- t ype( codes) F-t ype( codeb) ( CDN) #( NOC2) G-t ype( cod

e7) H-type(cod - | e. t si.fcat.d three
col ums of Tagﬁéé fﬁ%tgﬁlﬁg rdglje-ﬁggn%ﬁ%E lleg%{é og)‘?; h é(gﬁ?gaclbj aﬁ%ﬁe&hgglggﬁ& They are
arranged bhdanDsifle ter@in trarieass the wiedd] dhd aliabddressirighie pifeisiedqSROMTHEef | nes

three conditions, nanely, types A, Dand G of relatively deep contact
hol es. ThauteeddRepiRbIcaPENiZas@ qgtaim logation by cpplying vprs-neftemed siendyd inage

c " ana R P inihith st et BeBdtiat G bASmi o FRBRL RS, TP

typi cal | ysteefardngprrti al |y open contact holes or non-uniform contact holes.
The rows of Table 1 are organized in order of increasing contact hole
di anet er. The Np¥tsthedesgtion i beinspestad ip asadiate@withdherelegrmmbaanhipm thy pes,

have ins uélgMC(S%%, IaXd G ellclactron 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 inspectea (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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di aneters. The second category, including types D, E and F, defines contact
hol es havi ng normal dianmeter. The third category, including types G H and
|, defines contact hol es having excessively |large dianmeters. -29 As shown
in Table 1, the E-type classification is made with both COR and BSEN are
within their respective predeterm ned ranges, indicating a normal contact.
The ot her types in which one or both of the values are outside the ranges
ar a classified in one of the renaining types, which can be used to

i ndi cate varying degrees or types of contact failures. The result display
60g can display the results of the classification of noiznal contacts

and/ or comb@geetiof &6 damiabout laasetifoitle th BIG. t1hebue antike thefeabodimeerit o pEG A il athe nodul e
60f. The results can be shown as digitized values with respect to the

| ocat i on BWtEHSKlaseH($49), thecentact Sailge insperdion 1§ dye@IRed 3 7)|and $he congast an

exanpl e o | 1N ; - Dd I Welalt : : FI G
24, ot hep maSRleplshPS I AR R GR! L0 N PSR Bihr RO T
code with(S28kpect to the | ocation of each contact corresponding to the
second intensity profiles. Code "5" represents type E_and neans a norna
contact, and cBie 3shows gisrontast Bilyreipdwe mpsetiacnethad for the wafer hagpg a
enbodi ne ny - . C ! : 25
represen '55 IP hatg}'fﬁﬁ ﬁnézf‘c? h@??{z}ltgﬁetog Ibglg%ngqtﬁ;? Xe 1%%%1%4 eorf-latjgf éé%@h%ﬁztgﬁgﬁﬁ%& and
the Y val fafisreliggpeesomportios 6014 il the sWREdrhbr 805 hét iRitkemallsagiuterANGAs26
contains a table of the results of the inspection of the invention on five
| ocat i onsshondadhGot 3, adigethesbyftesisclosedd SS@mtheoriddstanal siered in thegainabl e

h h f f P i fi ' Lthin
ooat on. AR OE 8 ea R B AGEr SRR iR e s PR RRU b BIRPEL,

di f f er enttheRystact fhidireligspettitd) foy B@eClodsidnl dfaRd wafer isdeteriMianSa1 Paritd cul ar
contact falls can specify a particular type of contact failure. For

exanpl e, WReIPMEDER reesives thokensatittedssigel shvas tocapyrivgihe opatagefaNwel, t hat
typi cal l'y. i ndi. a non-open contact hole and will classify the hole in
one of tfﬁg%%k§ggﬁggd G Wien BSEN is greater than the maxi mum val ue NOTZ,
the hole i s comsheembddiaranof PI@. 18] the kubloaepeit atd e hidin SafiPutELS&AIMmgeFOr
exanpl e, the hole may have an irregul ar shape such as.mndenlgé or narrow ng
towar d tthe opsrs xmipsdcaillién paseof therrontacklagurednspepéompreonof inssaledinshs f i ed

as one of types F.and | . -30 i kew se, n i.s. bel ow.t he .m ni mum
val ve noctP PR FoE e domaneh T B R & vl rdny STt I B or has
sone for nFigd. 111] the GHhtedr iSHBRRA (SPE)) tiRSradmkssiohfof RINSESI slaé?gv Btotddein ABeiaLAM

val ue NOC2, an irregularly shaped hole is indicated. FIG 27 contains a

f1 ow char¥tong Rt inl the staimewsputerdniogle seh-camputeios dgtepnined £33 hd), e8diihence
showi ng t [y [ pnroce i cond | ges di:ng to one
embod nertorse CpaFE BB R BT AR e L B WAL BT, T
during t heeckssbiy toahirg duptheeesctdhspeetid:comehet Reatitrdiicgentn@h@3arxsi st
pattei-~i _corresponding to the contact holes is forned after depositing
phot or esi¥t1-bh specific insulating layers such as nitride filmor oxide
filmand carryjy h ith hy . (.S4Q) . e i tternis
Forni ed by expietre rBe BbBbks RSP ¢ s BatkMEH RbefANAE N Tre
phot or esigidepaietc@nfaceilare iBépebiididoMBe kivehfiéh. | OfdHeatidndesigay®d asinder the
photoresist pattern is etched to formthe contact holes (S42). Next,

cl eani ng thewsiapglign pemt epd"#Hoshaws thgshasireafogusipg iasgtiehe wafers into the
in-1ine SEM ac i ng.to the np nt_.inv Lom, 1N n .e fajlure
i nspection accgﬁ%‘%}l%&%ﬁ?}?gwgrség%ﬁtr “Rve ? ?%21%1 gévfgarlglgrghﬁl%{oggééo 5(§§%ri bed

above. Thgndefinell! FoOexane1d, 7ot @e cBib drhei60Rt aEFIG1aISeBIGM Tdshaws givduct i ve
material, the subsequent process is canied out for manufacturing

seni condusemplingdegagiens, (-84 Gpperisi(2, b uppairighh €., botes mght &.3)) ovwee bedt t
iIIustraHbqﬁ tge Hoa&QﬁlJ®I0m10f Oﬁptenbodineq; of t.he cont act inﬁpection
met hod of At HEPPFEUERY Vn &S F1TBRIE 1y CRIODS 05 5P B MRS LA OB Phe
process a&zﬁ—‘io‘h@&ﬁizs With@NEheSARRMABRS unit. NG (BRLBIRLENS cibedintiyit bIe PrREMSS are
as follows: N = Y-axis direction pixel nunber of SEMinmage M= X-axis
direction pixel nunber of SEM i nage

-18 -



VP (Vertical Pitch ) = Y-axis contact pitch on Y-axis direction of nesh HP
(Hori zontal Pitch) = X-axis contact pitch on X-axis direction of nmesh MX =
X-axi s mesh search pixel range MY = Y-axis nesh search pixel range -31

bse = base threshold of contact characteristic profile on unit nmesh NOL =
|l ower Iimtation value of normal contact characteristic profile intensity
NO2 = upper |imtation value of nornal contact characteristic profile

intensity CD1 = lower limtation value of normal contact characteristic
profile pixel nunber CD2 = upper limtation value of normal contact
characteristic profile pixel nunber XN = inspected total SEM inmage nunber

(count) hyvation, bT5 bhationdaid saiplal frerhehie ¥\clHps asqaapliag régid, wdkMvenage
nunber (count) in a chip or shot X = inspected SEM i nmage, order by chip or
shot uni tSampling jerripnsbeng (ssisd & eashskw. ilrege cppadmeningvhigsh 126k shot cdat a

[i1 [i] 3 ' Nely] | §g P 002, the
X-axis va %gﬁlﬁ%ﬁfﬁgwgéﬁkgy}fﬁ %‘F(ﬂg‘%?aﬁé %8[ ‘gdﬁ%%4%§l%ea g%itsg%\l/%@ue i's
initiali Ziﬁﬁfgé of E®hGamplifg I0ReRGCt Wath fBXSheRliee MchiidiBTortRA®fBBeclo@xi s i n an
imer |oo ormed by steps S06-520 until the maxi mum Y-axis value is
reached. NhEW confastsiergiaisesief- ue is i ncremented, and the Tinmer | oop repeats
through all of -axlhs val ues again,, Fi t he,outer | term nates
when the fi naIF@ngs %—Sée{%lmgﬁflgfogseg&glro n%ll vr'féevgghéééfmwlt?%ulcﬁ?rt e_glclg%%élbg | oop of
FIG 28, ddneacthbled fBgSngbrRdiis agcdadhndé with (e preseht al@h@dd.] FiG. 1mshdtvep 506,
which is illustrated in detail in FIG 29. It should be noted that the nmesh
appr oach thesuriatien prrsess af aiddd DRAMaied gpripctnes Aeldtoxide laye Wil sfises hogonal

X and Y es.. It wilkl be,understood.that rec gyl ar h i t

equi r od eitieh s oonE B E bR s Rsh RN TR o
trapezoi dalme®sver ¢t adli®e vspesh anthie cHRGE SithUGhhde? 185, Adkes fied insaleRgur e t hat
any periodically repeating patters of contacts will be detected. Next, in
step S08 layerABd of high-temperatine axide fidings fuwied ouer the suréacer afirsé dontsitdiples08 i s

il A d il Fl ) 0A- 3QD. i Zi ; hol

ot b1 onel ik Forftel B a B ceten 7 ApTdRe 1550 i Forfed BSOS 001 T be

used t0 | as@TslRe AP0t i0RRRd 0T AAHDEATRSSs BPST, hiada sekolli Gontad0A 30D
a

noves pi xel by pi xel ong a first selected -32 di mensi on (horizontal)
and suns hﬂhﬁliﬁ }edprmesk lonwiord/lingal ues in a second orthogonal di mension

o edge of . oy ahs Sl HERSinsHhoR Arai el SR R R b B cane
drop in igdrRnakd Yorite Biaidothct Rr dRf foRBatiditofaPPRilie wedg tf 6AMerale. This

approach is used until all of the holes are located. It should be noted in
st eps 550fabineatiog pragess| Gs shaomirBBIG. t1fathe tikspeetissialan tatsohsi nesfooned forélsi t y

diff i This | jt is t i i.nt it
i 11 or oncateel SoMtRE 17 deyferfe BB RS brote of BodlBR sl RSt “Mocat i ons.
Thi s apprieaaiticiceaneeedates. di fferent conventions which define holes as

high or lowintensity. In step 514 of FIG 28, contact hole profiles are
cal cul at ed. Thindhpearieas failuse inspession aratlepd of thetnientions ap pptimabipags size 1of

FI Gs. 31 A- T, il.es,are.cal . i ct

ol e 1 adst i ieeRhibanBs oPhg fPeedl Bhad B EIRHELADATERERIRC

Wi th FI Gsinspedfdd38ieh abdihy @arhbier 6f5a Bah€ db@b& ol Tn @A BmibBHRnent,m 9pRal
enbodi nent, the profile is generated by summ ng the intensity val ues in one

di mensi orSEM iswes insbiies #EhXA0mixalheSuthtparimgge pogontakerdforeadi efihe The

i i | . iti n b .and_ pl d
the. pr of TR SRR S B Rol i g aRaf SO B b e 0 e
in the fliyessBRbpimellinfab&Size & AcBihdRidddIesfamtas Habnsine@r EIG.Nigehewaageabl e

with the variables BSEN and CDN , respectively, defined in equations (5)
and (6) atxevwle ¢froatacbintrang ef 41 inHine PrMdradrl 2 SK agotfication fasfonelsamplngnt i on.

In step 516 .of FI G 28, .the contact. holes are. i ed in ordance with
the pr esaftaRRAERSBIonhIE: G dbistmppidl P ahH St el FE iARE
32A-32B. As described above, the values determ ned according to FIGS. 31
A-31 D arc 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
i ntercha~i geable wth the vari abl es BSEN-and CDN .




Referring again to FIG 28, in step 518, the Y-axis value is increnented,
and in step 520, it is determ ned whether the nmaxi mum Y-axi s val ues has
been reached. If not, the flowreturns to the top of the inner loop. If so,
the X-axis value is increnmented in step 522, and flow returns via bl ock 524
to the top of the outer |oop at step 504 where the Y -33 axis value is
initialized. Wien the outer loop termnates, the results of the inspection
process can be displayed in step 526. As noted above, FIG 29 is a
schematic flow chart illustrating details of the reading SEMinage data
step 506 shown in FIG 28. In step 528, the index j is initialized to zero,
and in stefron8ts depectedidake images isf& i.al i4 adthe horesmal diteeti@daid] jnthe] i s
read in step 532, and the index i is increnented in step 534. It is
deteirnin@ﬁgﬁﬂd§F@H”536 whet her the index i has reached its nmaxi num val ue
M If not, flo i QI t he
ndex | 15 i nor i opEATeldh R gaimiRbRa Bt Red ByR98h hd GADAC B

whet her ji.daonieabblepbdiligingpecieiiand\id distahbe bdtween hdlbe Inronesgseran@s. | f not,
flow returns to step 530 where the index i is again initiallzed to zero and
t he proce®andgeashkpixplragiesodverpnrorametelt Ham Biha SEM.aPresenilys Haprawion of

t he prese I j I S rd [ [ 1.ng : | es and

cl eani ng @%%éﬁﬁ%?héﬁgf éu} 1?1%%(9 E)drll %%1? %héﬁéeér% %%f%dr& efe{{r%ﬁlrﬁléﬁ%gg}é% ifon : AC).
The fai | ugeveting pdedtin@nls Sasct@l BEnge Clit bh @feRliritp i 4 RAnRX paskedddiaised @t i ng

| ayers over the wafers in the devel opnent processing to formthe

phot or esi & 11H8ge. e or ep(emptqnyhmrarmgm%emg ipspscted hesene widess! ogstiaan

Devel opne ion: . I i nv i OR, C |ied not only
o the concabl HRERLLTE 2 GE e BRI bt b U Rooi Rl oR pALRLPE AL, T
for connesfthagord, lin€lQdingahe fpatebetteérthdley witdaak ki gridbting b chedd wigmduct or
substrate and the conductive |ayers. Further, the present invention can be
used for enciflei Agegangudargridarmasheh homzantgl andveicaldings copbesitpeprpesessi ng

dur 110, L A OSEEIPD SMA Bl R BB e, oo

exam ni ng; k 850hsholy, detecting the various types of patters inmages which
are regularly repeated. According to the present invention, the presence of
cont act fai | ur b dosoysianes wish thegnvendigact isythetedetemudedihatiibg iy 8 pigl gied

w t hout the am.nation of the contact,li s. by nake es,.0r _m croscope.
For cont st Ui R8s 3 rBubPRREF u TRETRARARIRE, HEHA R ELET) P ane

very exacthkeholedlcbmprdd tétHetadn®iunt 6Qphecin dadh bub-grid s@ahiigsiwhehetthe whol e
-34 wafer surface is perfornmed in a short tine FFOVIdIng t he detection
M

resul t forurgeiodeixelsgavarieg thedal iswelius sffinicghtoanpiyes Bredilantheresnluiéan vi ty
for mass r(ﬁ% %%Eﬂe(a% S&{\%g? m.tilé nr?t'ica& ElimV\é ls%onbfe.aiﬁ)oqg Eh%%tet trobe}; ﬁ!l% n%m%ié} !)ll ed in
a Hod 5 Catt ofs “ahd 818 ¥ n pr

S
the art t varil ou varilations o esent” I nvention

can be megigeMicotéritle e palet Mg résoRifioh hecsimbared tood thesxBeld sath adidei nventi on.
Thus, it 1s intended that the present invention cover the nodifications and

var rati ohdnmepixehitseshalddtatdetsrmpreovheteny thevssoludoreisiideqnate-t he scope of the
appended cl ai TR 3 Hwtpt.i])?ell FesSittoN ?sl (?ert]érrsﬁine\ﬁv,] ﬁ';e 1h§shcs|t1%|clr1?13éj cdnbe u%'e@kolvl%cé%S

and determine the dimensions of the contact holes. In one embodiment, vertical and
horizontal lines in a mesh or grid structure are used to locate the holes.

Referring to FIG. 18 illustrating this contact location recognition process of
module 60d, the mesh or grid is placed over the contact images aligned in the matrix, and
the horizontal axis and the vertical axis pitches are adjusted within a certain search area
such that each contact is placed on each mesh. At this time, the pitches can be controlled

by increasing or decreasing the number of pixels producing the contact images. The
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1. A nethod of inspecting at |least a portion of a sem conductor wafer 110
conprising: reading scanning electron mcroscope (SEM imge data for the
portion of the sem conductor wafer 110; identifying inage data for a
contact hole 153 on the sem conductor wafer 110 within the data for the
portion of the sem conductor wafer 110; conputing a paraneter related to
the contact hole 153 fromthe image data for the contact hole |53;
conparing the paraneter to a range of acceptable values for the paraneter;
classifying the contact hole 153 according to the conparison with the range
of acceptabl e values for the paranmeter; conputing a second paraneter

rel ated twatchear@attRciestolie it peférabin st ihdtadethd ataa ih Shidh@e sane paterhol e
153; conparing the second paraneter to a range of acceptable values for the

second patapBptastholesig refeaiedi f yi ng the contact hole 153 according to the

conparison wt he ra acceptabl e.val ues.for the seco apaneter. 2.
The met hod of KT mEioRRG: B AR RER D eIt Rt e e R BRI o
open if tdegrcRACRMMIMRE tHa® ehiriésHainalorsiie gfia iCoriosad 6£at1adt 82 pidelsas theor the
paranmeter. 3. The nethod of claim1 wherein the contact hol e can be

cl assi f i dwrigenta] dizengipn, 4nd at frastyR pinels r the yedigakdigensipn, andiesefchiept abl e
val ues f Oarre:} i@%e{%%%l%ﬁtb(;rmoving the imaginary horizontal axis mesh line 150 and the
imaginary vertical axis mesh line 152 within the ranges including at least 32 pixels in the
horizontal axis and at least 62 pixels in the vertical axis, thereby detecting the location of
the lowest digitized electron signal value, such that each contact in the contact images is
not interfered with by the mesh line.

In one embodiment, the mesh search is carried out by positioning either the
vertical line or horizontal line at a first position. Intensity values along the line are
summed to determine a total intensity for the line. The line is then stepped to a next
position. For example, the vertical line can 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 compared to a predetermined threshold and to the
previous total. An increase in intensity can be used to indicate that the edge of a hole has
been reached, assuming that holes have higher intensity than background. In other
embodiments, holes have lower intensity than background. The process can continue
across the entire grid structure to locate and/or define the size and shape of each hole.
After all of the totals are computed in one direction, the process can be repeated for the
other dimension, resulting in completely characterizing the size, shape and location of the
holes. This information can be used during subsequent processing for various purposes.
By knowing the locations and shapes of the holes, unnecessary processing of pixels not
related to holes is eliminated. Also, if during subsequent processing a failure is
identified, the exact location of the failed hole is readily determined.

After carrying out the contact location recognition, the origin of an initial mesh

unit as shown in FIG. 18, for example, is pixel number XO=13 on the horizontal axis and
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4. The nmethod of claim1 wherein the contact hole can be classified as
acceptable if the paraneter is within the range of acceptabl e val ues for
the paraneter. S. The nethod of claim1 wherein the SEM i nage data are
generated from secondary -36 el ectrons and back scattered el ectrons. 6.
The nethod of claim1 wherein the paranmeter conprises a dinmension of the
contact hole. 7. The nethod of claim 1l wherein the paranmeter conprises a
nunber of SEM inage data pixels associated with the contact hole. 8. The
met hod of claim 1 wherein the paranmeter conprises an average intensity of
pi xel s associated with the contact hole. 9. The nethod of claim1 further
conpri si ngixelammber Yg=03 omthgeepicaledxid. Mfwndiavingmanfeisize chobe thigec@ntthet hol e.
10. The nmethod, of claim9 wherein conputing an. i mage .pi xel iptensity
profile cOAMRATSEY vliiph isawchy kg cantBeicReAtGTAECOBATORS PYIFAICd @S BPOYR i nt ensi ty

val ues for pixe}syleth fnif 64 tﬂegenté@g%eﬁlidiHQJaﬂgﬁésetttﬁ&sfi%lta@%ﬁo@ﬁ ier1d Lo, The

met hod of claim1l erernt paranet er “conprises a dinension of the
cont act hehereinl@conidve hort158ds plicedd di dhemevhamit skigpiy eronewh Y et

ﬁgrg_r ! Sestwao &lnl{trg) grr asosfhovSvEI\i/1|1 I13?((;1.(‘:]260, (\jv?ltel‘aeil‘P ;t)igals? tvxa}os goon(%a!lc?%ggs VIVI5£ Eal;[ Qee plggergit act
on one mesh unit. Further, the location recognition approach of the above mesh method
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.
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13. The nmethod of claim 1l wherein the second par ameter conprises an
average intensity of pixels associated wth the contact hole. 14. The

nmet hod of claim 1 wherein the contact hole can be classified as acceptabl e
only if the first paraneter is wthin the range of acceptable values for
the first parameter and the -37 second paraneter is within the range of
accept abl e values for the second paraneter. 15. The nethod of claim1l
further conprising characterizing the contact hole using a coordinate
system said characterizing conprising: superinposing the coordi nate system
over an image of the portion of the sem conductor wafer; and at a plurality
of locations aFléhg4ahbws iatterfsﬁyqamﬁlesfmeSEbbhnhgeabﬁtlswsnmms oAREG YA after

i ntensity val yes. of pixels osed al econd axjs. of the co i nate
system 116°m*PHéat’r?é‘tW3H’°]6$r°B?Aa‘r’ﬁF Sen%ﬁ’@ﬁ 2]1915}& ggi”daﬁ’g IFRQC”E%WBF? 3§gsumﬂ ng
the int e“x%b 1, dfft‘iléJ 1% £fifuce fﬁs%&ltlﬁn @fﬁﬁ%@e?m@h &Qoﬁ%‘c‘i SO RehaNt S FY- The
nmet hod of aim erein sald anal yzin er conprises detecting a
change i nl&sUﬂmedmledtm‘sactsmmFéGu%ﬂa&h \at}piharledanbly definddas@abhiactsfadliesni t he

first axis tq _detect the contact hole. 18. The method of claim 15 wherein
said anal@lﬁ 3 @rﬁ?ﬁiPées averaging the intensity values of the pixels

di sposed al ongridasses ot 08¢ bORG: hinft AisPeckontbsh iy sai d
THG Yipg gue partof di

anal yzing furt conpri ses gac
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 60¢ (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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i n averaged intensity values for a plurality of |ocations along the first
axis to detect the contact hole. 20. The nethod of claim 15 wherein said
characterizing conprises determning a size of the contact hole. 21. The
met hod of claim 15 wherein said characterizing conprises determning a

| ocation of the contact hole. -38 22. The nethod of claim 15 wherein said
characterizing conprises identifying a pattern of a plurality of the
contact holes. 23. The nethod of claim 22 wherein the pattern is a periodic
patters 1. 24. The nethod of claim 15 wherein the coordinate systemis ar
ectangul ar coordi nate system 25. The nmethod of claim15 wherein the

coor di nat ef thy sbeaet witldn ohé areghiisit, thobatkgdionat elesirsit signalAaluecTiren oetstied of
claim 15 wherein the coordinate systemis a trapezoidal coordinate system
27. The nierKentagtregion; he-1thamegien sirnoyadigrihs sragact.dasubteedifiom e ipspsiYof

digitized T #10d erein the
SEM i mag eplg)gl)tfe: ag% egl?éﬁe t?’ Eé&ﬁ%ﬁiﬁ&?%@oﬁf?&}@@?@@? C o? Tﬂ%ég%agérpédggg%val ues.
Adiscolor effect” removal.
In one embodiment of the present invention, contact intensity profile calculation
and background value removal are performed by module 60¢ in accordance with the

following equation (1).

X

JB/Be)xe

(1) ; where

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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29. An apparatus for inspecting at |east a portion of a sem conductor wafer
110 conprising: nmodule for reading scaming el ectron mcroscope (SEM inmage
data for the portion of the sem conductor wafer 110; nodule for identifying
i mge data for a contact hole 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 the contact hole 153 fromthe i nage data for the
contact hole 153; nodule for conparing the paraneter to a range of
acceptabl e values for the parameter; -39 nodul e for classifying the
contact hole 153 according to the conparison with the range of acceptable
val ues f athe ldveerpmiianed esntacrineonelulied tocsagpfailureg Ia one embddipsens Wik eypercfl at ed
to the contact hole 153 fromthe inmage data for the contact hole |53;

modul e f deadiBgpalopiep Wée@éewﬁé lcw‘rrd%f Bydiqates 4 nogrpen sentaeicodt BHPE. val ues
for th e 153
aggordsn;efgnt coﬁ%gﬁl Eﬁgft?lﬁ %dgho %g%%% IShgﬂgép%g ﬁ%% Fhe

second paFaneta@iple, eaﬁatmﬁk(e) e@nﬁ@w&rdﬁsfmb@cbmﬂﬁe m@tb&si@t Ialper useditd e f or
classifying the contact hole can cl assi the contact hole as not open if

t he par anfefBconigcidiples piior ¢4 farmatipmpgidiedplesccept abl e val ues
In another embodiment, the contact profile calculation and background value

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

= (P)-Pn (2);
2 P "\uk
(PY)'=—"—  (3);
(hf h,A)
P,’,\,I = baseline[(P,"V) '] (4) : where
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for the parameter. 31. The apparatus of claim 29 wherein the nodule for
classifying the nodule can classify the contact hole as a failure if the
parameter is outside the range of acceptable values for the paraneter. 32.
The apparatus of claim29 wherein the nodule for classifying the contact
hol e can classify the contact hole as acceptable if the paraneter is within
the range of acceptable values for the paraneter. 33. The apparatus of
claim?29 wherein the SEM i mage data are generated from secondary el ectrons
and backscattered el ectrons. 34. The apparatus of claim?29 wherein the
paraneter conprises a dinmension of the contact hole. 35. The apparatus of
claim?29 wherein tile paraneter conprises a nunber of SEM i mge data pixels
associated with the contact hole. -40 36. The apparatus of claim 29
wher ei n t hen paihgketisontalopynsdquadesver age i ntensity of pixels associ at ed

with the COQE?&E\@Rﬂﬁlwggix&hﬁmﬂ%?aratus of claim29 further conprising
nodul e for conputing an |nge pixel intensity profile for the contact hole.

38. The appRfas bdigifized stgral Balusvhe agixel bhBoridodiall exit @bsidoNAWhd Rertidal dxigge
pi xel intensity profile conprises nodule for subtracting a background
i nt ensi t yPeEIQIEK:f rom i ntensity

N is the mesh number being analyzed,
hN 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.2l1sa
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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val ues for pixels in a region that includes the contact hole. 39. The
apparatus of claim?29 wherein the second pal-aneter conprises a di nension
of the contact hole. 40. The apparatus of claim 29 wherein the second

par ameter conprises a nunber of SEMinmage data pixels associated with the
contact hole. 41. The apparatus of claim29 wherein the second paraneter
conpri ses an average intensity of pixels associated with the contact hole.
42. The apparatus of claim 29 wherein the contact hole can be classified as
acceptable only if the first paranmeter is within the range of acceptable
values for the first parameter and the second paraneter is within the range
of acceptiizentabpinels at tire viehttcal exdopositiar kneltiels is gdBen H’)hlerNapbﬁr &FGs20f claim

29 further conprising nodule for characterizing the contact hole using a
coor di nat®owsdheresulung grofe generated fremaneiy (32 Ao ddABHNEIHY Valipall e for
superi nposimg:t.he : r:di i . e I of the
sem condﬁ@iﬂ‘@f I\E}vé?t é?ﬁ%{;ﬂ%ﬂ%@éﬁ#@?ﬁ gﬁg{sﬁgllﬁn%ﬁ&g?r }gefl%%gpgfﬁ"b‘g ond | ocat i ons

al ong a fdverdpe ebecirdn efignhin@lwoe pilichaiberacddg the bagksdréumd vahieensi ty val ues of
pi xel s di sposed al ong a second axi s of the coordinate system 44. The

apparat us of cFli&i-?3482 Risseép recondl intpmseflyinsofile pfigiihe Ppeckeowehmivess Hsdul e
o ST gy USRI SleliEeR b SRR PR P
further ciamagitgpfile 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 CD" 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 CD™ = 40 - 20 = 20 pixels. The
critical dimension CDY which can be, for example, the diameter of a contact hole, can be

computed from equation (5) below.

k=

cpV=Y wy (5) ; where

;
k=vf\’

v,N is the vertical axis initial pixel number within the mesh unit;
vg" is the vertical axis final pixel number within the mesh unit;

PN =@y - Py ; and
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nmodul 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 claim43 wherein said nodule for analyzing conprises nodul e
for averaging the intensity values of the pixels disposed along the second
axis. 47. The apparatus of claim46 wherein said nodule for analyzing
further conprises nodule 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 nodule for
characterizing conprises nodule for determning a size of the contact hole.
49. The apparatus of claim43 wherein said nodul e for characteri zing
conprises nodule for determning a |location of the contact hole. 50. The
apparatus of claim43 wherein said nodule for characterizing conprises
nodul e for identifying a pattern of a plurality of the contact holes. 51.
The apparatus of (claim50 wherein the pattern is a periodic pattern. 52.
The apparatus 8 GIIICHGQWSMMKMW@W@]tlmién%tydfﬂéuerla@bowg@ dweshelda spesificaliyul ar
coordi nate system -4 53. The a tus of claim43 wherein the

coordi nate systen1m§_aﬁtﬂ adﬁul%r’%ﬁ%ﬁé%inate system 54. The apparat us of

cl ai m 43 wherein The C&OI’iﬁl rﬁt e<s¥l?}egﬁgklis 'a trapezoi dal coordinate

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

according to equation (6) below.

k=\:7
k_ZNpi’ wi
BSE" = _—CDT (6).

It should be noted that equations (5) and (6) represent an alternative inspection
approach to that of equation (1). The average pixel intensity BSE™ 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 number CDN and average pixel intensity value BSEN 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 NOC1 can be set for
the pixel number CDY. 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 BSEY An upper
limit value NOT2 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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system 55. The apparatus of claim29 wherein the SEMinmage data are in the
formof digitized pixel grey scale values. 56. The apparatus of claim 29
wherein the SEMinage data are in the formof digitized col or coded pi xel
values. - 43 .ALLAAI.AA3YAAFEA.A A I.AAA . A3Y.A3YA I|I.A
l.A.A.A.A A3

The values CD™ and BSE™ for each contact being analyzed are compared to their
respective ranges to classify the contacts. In one embodiment, each contact is classified as
being of one of nine possible types depending on the comparison of the values CDM and
BSE™ to their respective ranges. One example of the nine possible conditions and their

corresponding type classifications and numeric codes is tabulated in Table 1.

classification (BSEM#(NOT1) (NOT1)#(BSE™) (BSEM$(NOT2)
#(NOT2)

(CDM#NOC1) A-type(codel) B-type(code2) C-type(code3)

(NOCH#CDM$INOC2) D-type(coded) E-type(code5) F-type(code6)

(CDM#(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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number. FIG. 26 contains a table of the results of the inspection of the invention on five

locations in each of seven regions on a semiconductor wafer. The table shows the
number of contacts of each classification type within each location.

The values for CD" and BSE™ can be used to classify contacts in different ways.
That is, the type classification into which a particular contact falls can specify a particular
type of contact failure. For example, when BSE™ for a contact is below the minimum
value NOT1, that typically indicates a non-open contact hole and will classify the hole in
one of types A, D and G. When BSEN 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 I.
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Likewise, when CDN 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 CDN
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 is 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
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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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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 CDN , 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 CD" .

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. Ifnot,
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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axis value is initialized. When the outer loop terminates, the results of the inspection
process can be displayed in step 526.

As noted above, FIG. 29 is a schematic flow chart illustrating details of the
reading SEM image data step 506 shown in FIG. 28. In step 528, the index j is initialized
to zero, and in step 530, the index i is initialized 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 1 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 1 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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wafer surface is performed in a short time providing the detection result for contact
failures, and showing high efficiency and productivity for mass production system line.

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:

CLAIMS
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L. 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.

5. The method of claim 1 wherein the SEM image data are generated from secondary
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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

if the first parameter is within the range of acceptable values for the first parameter and the
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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;

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

data pixels associated with the contact hole.
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40. The apparatus of claim 29 wherein the second parameter comprises a number of

SEM image data pixels associated with the contact hole.

41. The apparatus of claim 29 wherein the second parameter comprises an average

intensity of pixels associated with the contact hole.

42, The apparatus of claim 29 wherein the contact hole can be classified as acceptable
only 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.

43, The apparatus of claim 29 further comprising module for characterizing the contact
hole using a coordinate system, said module for characterizing comprising:

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

module for analyzing, at a plurality of locations along a first axis of the coordinate
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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

system.
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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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