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(54) Title; NON-ORIENTED OPTICAL CHARACTER RECOGNITION OF A WAFER MARK

@ {57) Abstract: A non-oriented optical character recognition device and method for

GENERATE MULTIPLE INTERLAGED
IMAGE  WITH CAMERA AND MULTIFLE
ALUMINATION DEVICE

SEPARATE THE INTERLACED
IMAGE INTG INDIVIDUAL IMAGES OF
SAME ILLUMINATION TYPE

TAKE BEST TYPE OF ILLUMINATED IMAGE,
FIND WAFER NOTCH, EDGE AND
APPROXIMATE CENTER

i

PETERMINE AREA OF WAFER
IOENTIFICATION SCRIBEMARKING

CONDUCT GEOMETRIC TRANSFORM
WARPING, 1F NECESSARY, ON
SEPARATEQD, DIFFERENTLY LIT MARKING
AREA  TO CORRECT/ENHANCE
MARK IMAGE AREA,

IDENTIEY WAFER SCRIBE/MARKING
FROM AREA OF INDIVIDUALLY UIT IMAGE

@ coMBINE OR SUBTRAGT DIFFERENT
L!T IMAGE BREAS IF NECESSARY TO
DBTAN ACCEPTABLE BAAGE OF

WAFER § CRIBEMARKING

locating and reading identification markings on silicon wafers positioned in any ori-
entatjon without having to physically manipulate the silicon wafer.




I I NON ORI ENTED OPTI CAL CHARACTER RECOGNI TION OF A
WAFER MARK CROSS- REFERENCE TO RELATED APPLI CATI ON
[0001] This application clains the benefit of U S
Provi sional Patent Application No. 60/39623I, filed

oresont_LovVCr 2000DEAdS A7 (MR R e e

bearing m nute product identifiers. In particular,
Publishtd: | nventi on provi des for a nBnsolkientetk ot obalauions, refer o the “Guid.
ot é{'(ff"?i":"f BEFGHE't e bereivhlished asver Nuetoh destrd Abbegidions” appearing at the begin-
ST PESH Waf8Y i dentification nfeREa" pieiertnS T G FHE
I NVENTI ON [ 0003] Semi conductor processing involves the
i nspection of wafers having nultiple sem conductor
devi ces. These wafers utilize distinctive markings to
allow tracking of an individual wafer through the
production process. Typically, these markings are
character based, but recently have evol ved into other
codi ng nmechani snms. Ordinarily, the wafer is circular,
with a notch or flat to indicate a unique orientation
of the wafer. [0004] In the prior art, the recognition
of the wafer mark involves three distinct steps often
carried out at two distinct stations taking up
val uabl e space, requiring dedicated equi pnent and
i ndi vi dual process tinme. The first step invol ves
determining the |ocation of the center of the wafer
and the orientation of the wafer by finding the notch
or the flat. Once the location and orientation of the
wafer is determ ned, the |ocation of the mark can be
cal cul ated, and a nechani cal device rotates the wafer
such that the mark is properly oriented for
presentation of the mark into the viewing area of a
camera. Once presented to the canera, the wafer
identification markings can be interpreted and the
i nformati on contained therein extracted fromthe
canera. This three-step process is problematic in that
it is costly and tine consum ng and a further need
exists to reduce the tinme involved in




interpreting the information contained in the wafer

mar k. [0005] Consequently, it would be desirable to
provi de an apparatus and nethod for locating a

silicon wafer mark w thout having to physically

WERH &P or reorient the wafer. It woul d acsesinesn21932
desirable to provide an apparatus and net hod WO

2004/ 008496 PCT/.US2003/ 021932 9 that reduces the tine

of wafer identification, increases the accuracy of the
identification process and is econorri cal to inplenent

and oper at e. SU%&Z ﬁ-ﬁf}g&\ﬁ E {"‘ﬁﬂggéhe
i nventive apparaty ' %g; 2T a
posi tioned al ong a pa ﬁiﬁ \ftg%y (I:\ ' ily
transporti ng EROSSRABERENIE B0 IRBIMTRWASPENESAADN
ving disti mar ki ngs partlcu ar to each wafer.
f0op T

007] The c A plajmsihy beneditief . SaPtoyistoad #stent
Pl UARERdato®No! 60}@59??%% el %cﬁbowafer as the wafers

nove al ong the path rave 'l um nati on device

is also positioned mwm\avel and
es or  forms of

quentiall'y ects different t
[OO%I um nat i onTB tj§s E‘W’S‘?ﬂ’g"g ‘F““ﬁ%"fl’f@d‘@aﬁ?mg minute
t akpodtdtéddntifas.i TMgamulan rtMH@éuﬁan ﬁm%idggfo?a hH@SﬁenPJd

eac waf er rradefromthe pIurallt |ne|rragese

Fen gecosnition davics apdmethad o se skwnwaﬁtrlzdadnﬁtguun marks,
softvvare conponen%_cmiﬂ&ﬁm on devi ce
and the notion an h of

[0003] av el . [ OOO&mMustomb&,ssmgmeﬂbémMnmE@dn Jf WRELs haVing

rec glg %s&sg{a ted b progcessor software into
sPRRaERAY A Yost Herehum U bpingtigt muiigs formllow

S a mckingma@fndividuhﬂrﬁﬂ&tth@ﬂgh thB ﬁrﬁﬁ&ﬁfn?rgés%fcwgé

of thg_@same illum nation type are

pr JawkLgs arg charagier haﬁpdg@tme@ﬂy hawe ﬂvotredamtby)théeéodmgs t he
f { t.ch d
hppiechiions DR, B0 4pklS AR wiRRoih Sl Bt hipabme S

pr cwews oficntivnaofdlee wafat ai ni ng or housi ng the wafer

rkings is also Ioc ed by, the processor [ 0009] The
[Oooﬁﬁc ated ared® ﬁ%" qf@rngagk wsfolecsahlren dibtinct

by st@@ﬁﬁma?nédrblﬁ Bﬁmrarmﬁ&% @ﬂg}:eg]ﬁ? Ydthe PRl lclin

therein are read and the vva
dedicated equipment and individual process time. The first step involves

determining the location of the center of the wafer and the orientation of the wafer by
finding the notch or the flat. Once the location and orientation of the wafer is
determined, the location of the mark can be calculated, and a mechanical device
rotates the wafer such that the mark is properly oriented for presentation of the mark
into the viewing arca of a camera, Once presented to the camera, the wafer
identification markings can be interpreted and the information contained therein
extracted from the camera. This three-step process is problematic in that it is costly
and time consuming and a further need exists to reduce the time involved in
interpreting the information contained in the wafer mark.

{0005] Consequently, it would be desirable to provide an apparatus and
method for locating a silicon wafer mark without having to physically manipulate or

reorient the wafer. It would also be desirable to provide an apparatus and method




[0010] Ot her applications of the present invention

W || becone apparent to those skilled in the art when

the follow ng description of the best node

WwoRlrMNa¢ ed for practicing the invention i 2P

conjunction wth the acconpanyi ng draw ngs. %)%1@%%113)821)32

DESCRI PTI ON OF THE DRAW NGS [ 0011] The description

herei n nmakes reference to the acconpanyi ng draw ngs

wherein |ike reference nuneralg refer to |ike parts

t hroughout the several views, and wherein: [0012]

Fi gtHzerelinés the Gfi6 8IMiftCidsntiBERDA Tnalch@B iRfachfeyRirgent

i nvention;. WO 2004/ 008496 PCT/ US2003/021932 2 [ 0013]

Fi gisteatification progess apthis iseonomisabiodmplemestendioparats. | i con

waf er i mage; [0014 ' j 5 d i mage of

the wafer mark take%gﬁl‘\g%k;giég?i‘%g%ﬂ_ 00t igure 4 is
[00G6)schenat i ¢ Thpineasive appacatusoind nethabfrovidese, cabiekd petioned

and 0016t]lhogi ure 5 is a schematic repreé;ent atiqQn of

ot PO BRth of el Seqbgnsially Gusporng a plusaily GESThROR RYpiErs cach
DESE&4z distdcfife dAMink kb EMRGRIRYENT [ 0017]

Referring to Figures 1 through 5, a non oriented
[00&pt i cal char dbe esmers wpislyrvnd isequentially dekes a dlumaditheftline smages of

il I ol ' I [ er.,.regoqni.ti an .. devi.ce.
5 PR oA b R Bl bl o A B e a0 A oo FghiSs
_613 dalsy fﬁ:ﬁsﬂiﬂﬁe il glohg th;! paenifitdayel aﬁ@%q&éﬂﬂabﬁ?&jec&s A:iiﬂ‘erent types or
i deptification_markings on a silicon wafer o

tr ag’éﬁnF ﬂgﬁﬁm&ﬁﬁo’h‘“&a‘ﬁ% oug parnsr asthe Cyrord t%‘&ﬁ? the line Images
pro . i e .

b CFiRaRifigs Shile HBRRN AR SR maltD ol e pRAIEPEA P hilel fach
t heokdltgrnate luminationg M piooesseripdudingispfBvaredompvoenss memiturs the

t 1 oo RS A A uton B Fhs BRIl GRSl oF Bivl,
[0odBpne shown) Fhesihgle, b whitr infsa firecuive 2ad Sdphfatedibyqne

a processing chanper to another processing chanber or

f r OPHO§ESBRL: ipty ipdividus water inpgen savdmagnbringofenly)the same
Ref ) . . . ey

candps o fufiafd I stoackad il RESH U hloie MFRBARR type are
mul éxapliedtbyikesprotessdriandrihe amagerwldch mbstrclehdy defimscthe bafkr is

bel soe\fgc%rd%nﬁ U v%&llfgrne%ge, %!ra?eril %o%cg eang g}gpl}o%}cnatte rcgl\{t%} ofl e wafer are

located by the processor. An area containing or housing the wafer markings is also

located by the processor,

[0009] The located area containing the wafer markings is examined by
software in the processor and the wafer markings therein are read and the wafer
identified.

{oo10] Other applications of the present invention will become apparent to
those skilled in the art when the following description of the best mode contemplated
for practicing the invention is read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The description herein makes reference to the accompanying drawings

wherein like reference numerals refer to like parts throughout the several views, and
wherein:

[0012] Figure 1 is a schematic representation of the present invention,



[0019] Illum nation device 12 is positioned al ong and
above path of travel 12 as shown in Fig. 1.

Il um nation device 12 includes and projects:a
wouh@hbsye of il lumnation types at different Les,
with respect to the vertical or normal to m;gﬁﬂ%i%’mzmz
whi ch, by way of exanple, may include bright field

illumnation 30, dark field illumnation 32,
illumnation with incandescent %ighting (not shown),
and illumnation with LED |ighting (not shown), anong

[0@Bhers. [ 0020Fighte 2ds pEEREiEEpRSRAAb of b Aot SRR 2
[0(%13 is a char gbe-coupl ed devi ce- tyi{oe l'i ne scan canera’
Litioned atTgUEBnssn spigeed imagepfithe wafspmatk tokentfiven Fig, 2;
[omgeytical or mpesERlgl . ndes st ood. t hat
the bright fierdoiil o redhfcnlalion S1 B GRS Gblokt na
[0Hfbduced by tFigure Sliumscheitivregtessntutiol 8f 4 1AGwihafl 96 M&kpect of the
angl. e%gw%rg 0%ertlcal or normal to wafer 14 that is
conpl emen %@1 ir symmetrical to the angle 13 of canera

10 to per m tDBESCRIMTIONTTIE PREFRRRENE 14
L thout the need for a beamsSplitter.
[00346104/ 008496 Referting forkigaeObthodphisa norprientetiospsival eharhyter
t ho ki : t. utj.lized, the .
bri Z‘ﬁ‘é"%ﬁ“ o §Evicq et el Al e Oplisal el sipogition,
bri ght'l_c‘b&pkyidasmghetﬁqdend bry appatafisea eBcRuthPanddpdeth ARl identify
dar lghé‘sl ehd i Iﬁg@:r}atl on.formof |ight provides a bl a?ck
backHSREOr ey IoRJuARkiRgR on silicen dredes d € sravgliop glouge path of
pat hra0él 11t fof¥ Shafdr Slro cREWhg RS BeRSraidsd OF the pl'ggﬁngﬁdg%gﬁc% of the

Vi ev‘\,/@&f camera 10 in any orientation,
rapi#9- and sequentially takes a plurality of line

[ es of wa : h,incr ntal |ine inmage
TOORTZD % 6™ ¢ atecit f fheoRBlsp A it R PPl resditon apparatus

chanths possentlitventiat dongtamewy ofickisiigrocdsieph of travel 11 such that

illumnation,. for exanple, a |ine 1mge taken under

bri §At OFPesefilicos Wﬁﬁeeh‘*glﬂi (Bv¢ shown) are in wokan, Hy example; ¢raveling from

I Mg ' ' i L1 j fol | owed

by a7 e RN 6 oo pRicteing bR Bbln dSausife o

f ol PEoRRSSIG whareher knot shawn). RefegingtaFizoren, & highltiésolifibn line scan

fi | 1 nathon. 30 | | d t.h l'i ne
b P P BB L
r epfoethendescritfed belowakPpditioded A6HY theBAlS of &Jﬁteﬂ g sequence

001§ilth a multiple,illumnation device 12 w three
(0013t f er ent t ylawingtion devicg 2 impasisionedsdongemd iabovelpatheof travel 12

I megedowa ihigPY MaRGAonriivids 19 thefiuld &5 %%jecttg/ Y gltslragtfy of

iltumination types at different angles with respect to the vertical or normal to wafer

14, which, by way of example, may include bright field illumination 30, dark field
illumination 32, illumination with incandescent lighting (not shown), and

illumination with LED lighting (not shown), among others,
[0020] In a preferred aspect, line scan camera 10is a charge-coupled device-
type line scan camera positioned at a first angle 13 with respect to the vertical or
normal to wafer 14. It is understood that the bright field illumination form of light 30
produced by the illumination device 12 has a second angle 36 from vertical or normal
to wafer 14 that is complementary or symmetrical to the angle 13 of camera 10 to

permit bright field illumination of wafer 14 without the need for a beam splitter. It is



illumnation per line imge produce a single
interlaced wafer inmage 17 made from multiple and

repeating patterns of individual |ine inages taken
Wol 200.idogpr edet ermined different types of il I
descri bed above (step | in Fig. 5). This proceé‘r:i,]éjbg““’21932

rapidly taking line i mages under different types of
illum nation continues wuntil the wafer.14 has been
fully imaged and a single wafer 4image 17 i s produced.
The nultiple interlaced |line i mages taken as image 17
are fusther yasgrssgodbyshase elsBialin 42 art/\ﬁhhﬁhhénﬂﬁﬂhﬂﬂeﬁle Bdribht'RAd

capture or fr

;?gtgﬁ&%@g egi‘é% 20 lePIF S\ides @ bright backareenhditerty into camers 10
narad thy el i i
co atlar&rﬁ W ithbinibdfon FaiPsBigh) ﬁ{?ﬁ%&’ﬁ&é@ﬁ{j gkvﬁ{mlnﬁl

onents 20, 22, 24 through ca
[0(%(33‘5 re 4 and AeMaltr 4 pEpgregies alonp €t fathl efitravélQ0 234 phstesRithin

alt ent i at | east one, and
pr e?ﬂ(}al rQ gﬁﬁy&a{wﬁffg %&?ra 16 ﬂl} t@ﬁ‘éﬂ* GRS 1P rapistly arghsequentially

t aki takesdephirality of hnmmagezwﬁwafmy4 bEBotiseHl xdcfbnﬂhﬁ%fne n%ge that is
camera 10 previously

doscikBe 48 sk ihpizaton ke Hchvazslerated it g o
| rrag&nﬁixammf 8r eddnd) 4 1AL ﬁndé@%zlﬂﬁh‘aﬁ&? tanle4d ﬁﬁg&,&gg

anozéh fransverse to the
pro W ttYd‘ knsfimpgetakenhiog Fiarkaﬁeldelludlmﬂt&m 3|2”ﬂﬂl6wed by a line

?ﬁtv'e“??%%“aﬁéﬂl i @?’ﬁﬁ?@}x S v s

bteﬁetbtbﬁumtm ﬂbﬂaﬂawef nma%&\%k i
200%{ Q3/ 021932 positi I ne scan

96 / US
i mag eg“"é P 3%38 Bgad s hatepresanty, far gmmpla,al lohe image taking

[ fidal d ation
52 seen J?Eldﬁ%g‘i‘?%.ﬂ‘rn‘%ﬁaaﬁ(’?ﬁaﬂééﬁ“@*hs £5% dihoe 86

d ev m&‘@l@élﬁ%r eqmmmghm: lmagfgmkehlbg lcemérh 10 Iiﬁkxﬂ@&xﬂ@fén%@s”&f
gelj ok nat n 32. Ee ect a
separ ate pa geﬁ’éo ﬁ%@gpglpgnt Tolﬂlﬂ%é?lma%ﬁom

of  imultiple Wﬂtrbpmﬂng’:}fa&e@s of iﬂgllvﬁluﬁrlméﬁﬂ e?*ap A
|IIumnat|on(?V|ces 12 may be enplo ‘5'2%

Ret BieHstARRiRes difent nes of Hamiohoredssaibed almrgl(utép Din Fig. 5). This
d 42

ol ebres .°§"“f%’%°'rl’f‘}&'ﬁ.“%§'ﬁ B P8 BT Vi Glmination continues

i | | entl thetwafer . Hohas téea ﬁdl}unmmndé%mgre%#&%a@ 1f7' i \Agltoduced

sof ap.cqnpone a second sof
co n’p on eﬁpb ?Ii ”Ilg rt‘H‘E'B A% imsee i R arerreteivieg bp a processor 42
R i ﬁﬂﬁeﬁﬁﬁﬂs&%ﬂ%@ve cdmponent, a linescan capture or frame grabber 28, on

a server that is in electronic communication with the camera 10 and software

components 20, 22, 24 through cable 26 as shown in Figure 4 and more fully
described below.

[0022] In an alternate aspect of the invention, at Jeast one, and preferably at

least two high resolution line image taking devices, not shown, may be used in place
of the charge coupled device camera 10 previously described, These line image
devices provide for a 1:1 image of wafer 14 and are positioned parallel to one another
transverse to the path of travel 11 in close proximity to wafer 14. The parallel line
image devices optically scan and produce 1:1 multiple interlaced line images in a

single image 17 similar to those described above, For example, two parallel



third software conponent 22 to nonitor or control the
nmovenent of the path of travel 11, and a fourth

sof tware conponent; 24 to nonitor or control the line
wolwnsogie! ocity of the path of travel 11. Lf

character recognition devices are added to aﬁCEZ!J.gg‘%"F’H’d”Z
path of travel 11, the preference would be to nonitor
the existing novenent and line rate. If device 5 is
designed into a new path, active controlling may
additionally be preferred. The second through fourth
sof postiened dinpscar inbage? GulPE:; usdd one farodeithofldilivdmekion 30 and

R ARl e s s
12 Qéviddcathet ufstngratb@meﬁa@mumﬁnfﬁ dnkifa¥tarkl éléi)d;-ﬂlmmaﬁouﬁ.

Fol lowi ng the taking of the single interlaced I nage
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und Is [ id1uni ion.types fifth of t war e
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[0023jcat e an ar Refeding tofigwekethe tiarsdi@recohifios 86videS Mfther

waf er_identification marking 16 woul d typically be

| oceludesaprgeassor 4 delpcirapicfomanmication with eangeacWhasdiilmeidator
by §ir seen’ . i .
TR IIAS Pty B Bl 3 g

Fi gsofsyare Gerapcnent 20Hte monityy, orgpostsol themiltiple dmmitstorafevice 12, a

seq ial line im t aken under ch type. o

Bl B ERLEE g e SRR RBE ooy Pt path of travel

| MayE andl a f@rth softdafe@omPasdt 24 tolhiéhitofl bf Bl the PR Rfvelocity
r._exanple, the separated |ine inmages

i |l upinatjon, F
:Ni | gfr%? g 3@"%32 d 1c $ripe ehamcterseregeifiondavices arg addaddn an existing
4 . : . e :
0y DR e el AR 0007 B A bvenkliond e

i ncratel dE dexice 3 is Jesigriet] intori niew path, actinglemtrolingmag sddigonally be

diti hat d ted i wh
{ oatteieusoThe fbodl Riabeq i SPue Somporetia Al 1 S resperavely
besindcosphil BardwhRiasiobE@s thefevafh (RHShERRR KA 66

\ , g&éﬁ@&’nemthe
of different_ illumnations is selected and used to
| ocmera Hyaqddlumeipgior 121er ina tistantategrofitbe faviltty2004/ 008496

001 2005 g MELS B Biadl e TR 1
o oo et o b
waf ¥ SoppppRent, S{IPE 'ﬁb‘br%xiﬂrfﬁ?@% é2 isarsedio logatrparsyrea 15
To dd Waked NEWHBE e s8R ]a%fer \ﬁ%ﬁﬁcapeﬁe %}g&% d 6%&@?@%&% pe

of the wafer, the Circunterentia
i s lesated asdwstiseen id Figuid3; Thisisactondplid@d i fishseparating image 17

into its muliiple interlaced line images by illumination type (step 2 Fig. 5). Due to

the many, possibly thousands, of sequential line images taken under each type of
llumination, this separation produces a complete image of wafer 14 for each of the
different types of illumination. For example, the separated line images will produce
one complete image of wafer 14 taken under the bright field illumination 30, one for
the dark field illumination 32, and one for the incandescent light ilflumination. Under
processing conditions that produce a separated image where features of the wafer can
clearly be identified, the best comnplete wafer image 17 of the separated images of

different illuminations is selected and used to locate and identify the wafer edge 19,



pur posel y manufactured into the wafer 14 for such

pur poses. Once the circunferential edge 19 of the

round wafer i s exanm ned and notch 18 is Jocated, the
woenrh®mosbs t he wafer is accurately |ocated t DY 2003/021932
projection of radii (not shown) from the

circunference edge 19. These identifications of the
waf er edge 19, wafer notch 18, and wafer center are
carried out in the fifth softwake conponent, a SCRI BE
FIND 26 in electronic comunication with the first 28

t hr oW gfér Retal emilar 43 santlitovaproximanyihentes oflths eraifdrad (BRQUEwn)

2 B T Bk Dol ok bRl etk Aimaae o i e
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to fi.nd the wafer in 6. This efficient nmetho
i's fdd{‘l'_ e "ng\é%&ﬁf)i'%ﬁ@a f‘go}ﬂgjm&t“ﬁ Frampeth gudnoteint s located, the
mec huefiet of the Rafee RuEFately Id}dﬂf@d_‘fﬁr‘éﬂ%ﬁ&gﬁdgfﬁﬁ&{ (got shown) from

physical ly noving or reorienting
f i r $he cirygdirencaredee 1% Baese identifinations of the eatentdgy BRawhfr notch

of tilke el i,qn. wher t he markings 16 can

be elgém ne %%?te?%ég(r%’% l?#eld gg‘t'\ﬁgﬁ? ﬁ?"oﬁ&?‘f‘el\"@@?g%’tssﬁ SGHIBE FIND
sof 2fan electoomrosvaiiynicatib Bith RieAlt 24 thibSgHH66hL b9 séﬁv@éé’
or read th fer rk 16 in area_ 15 (step 5 Fig. ?
In REP 8’?‘5??#1‘\3%6%%5% ilpdratedinbis. 44, area 15 is

002gjam ned and RapatinZeFi ] _ co

[ ?:qcept abl e \%{i%ew orﬁ?ﬁ%geég’%%% %%ﬁg}?%ﬁ‘?éa?‘%}%ﬂﬂwe@ a
16 Feathsiyamall Bres 16 oorwattrdd nparbeiidentitied wiicHapicaly @atakis the

Th .15 . f h | ect ronicall

T R S o HalioE 1B S5 P S rem it 5
f  &dentifiddfiomof thizublafday ' Lot i
the phveical varer 10 PP Ehaty batod O3k i
sel é%? tﬁ%ﬁ@%fme examigation eftbp indgertofirdthowafee mailig 16,
¢ . 9= : belmmEk. 16 it )
ot et s it o BPUTRI b e mschapical
r enprogesses 4t frigadual stationd br pieysidallynadvinpeor @XGHEHG e wafer 14 to
Congenti onal :\r%h ds _known to those of skill 1n the

ar t RO BRAHCD 0550 gresmtreads 08 Yeomirdo atomton where
us ethe nfarki ad B BT d@edtitBaTg kK 16 i n the image

%ﬁea 15. The_interpretation
[002 Next, a sixth software component, SCRIBE READ 34, is used to view
or read the wafer mark 16 in area 15 (step 5 Fig. 5). In the sixth SCRIBE READ

component 34, area 15 is examined and analyzed to determine whether an acceptable

view or image of the identification mark 16 is obtainable from that particular marker
area 15. The mark area 15 may further be electronically rotated, enlarged or
manipulated for improved viewing of area 15 without having to physically reposition
the physical wafer 14. If the image area 15 of the selected image produces an
acceptable view or reading of the identification scribe/mark 16, a positive
identification of the wafer 14 may be obtained and the remaining image areas 15 need

not be examined. Conventional methods known to those of skill in the art may then



or reading of the mark area 15 inmage and mark 16 is
then stored in a seventh software conponent, a data
|l og 38, in processor 42 which is in electronic

| ion with first 20 through sixth 3 war e
‘gé‘;%ﬁgﬁt@i of device 5 as described above an C§ms£""3"'21932
illustrated in Fig. 4. [0028] Prior to positive
identification of mark 16, depending on variables in
the existing wafer 14 and procegsing conditions, oval
or oblong images of circular wafer 14 or area 15 may

be gmeduoeaco@mmademe it mailk $6 Bf thé Dikse Afeatie TH Efg&%p
t aken gfe %gl cal ly round waf er 1%52%& egccur11 retatlon
exanPl r8a1 the Atk Areamaggand reask 16 Wh%ﬁ@ﬁdeenth software
i necaaipol nklaa:ﬂ&l g ryed
traj ect or | €5, dtéc# ﬂéﬁgﬁ% %?‘t”?ﬁ ggsnlgrglgc ?conftﬂ'ﬁmamn with
3ur firete20cthrongh SIKEII.&H SOﬁwamccmgmmltelnfsmf devies®agdus@ived above and

i st, N e separated illum nation inmages, an

i nt e@‘?ﬁ‘eﬂa%gtﬁ% §t ‘P may be taken. Geonetric transforns

[00@8] war ps of  tHhidritéjeitiveiRaai GRS hak T8Yd cﬁ%ﬂpﬁﬁn
ocessor 42 to enhance or corr%c S esin

i nag}g%e"'é prater 1diagd peycessing @ngi}tmna dvalarabbeg éhiges bicimylar
and i fpert ﬁq}f%?eaﬁ@%%fb%' gé%ﬂ?rﬁ‘ﬂ ﬁ %‘%&%‘%{ﬁ%‘iﬁ’é’a‘w g taken

geomet ric transtfor

overof tthegygndlyl rowrat waferr blanﬂyEoccmrdﬁﬁ teszmlﬂéj dby td iflinear movement
|nve ess l eomat i c, transform ng and

ex am er B?tg ﬁ‘ﬁ@ﬁ"e ps ayddeugeer deajeatprics, or the
il laﬂgll aB Ioﬁ aarhtﬁra fwﬁﬂﬂhﬁ %ﬁ@hcb Bf 4¥er §! a2t %rtﬁese potential

conmponent 34 in the processor 42 which is In
el e diSiosHIRS qudhesaprretadithmingtion imagss, ag diftenveedietecstappoaycind taken.
fir trated. . n Fiqu
Una oo e *&i‘*ﬁggp‘gﬁt@? take 34 80 sy o gt i the
nec gemasspr 42 tqpanhhme or aoigeo the ket inidged GiepraFiR) t he

[00 tlrelmager,}.l rior _to the edge 19, notch 18 and

nter finding lgtg’gaﬁg effigieppyjapd tq @d‘éf‘@@é?ﬁe&%‘lgeﬁﬂﬂ Gompythidembime,

t he g o€ franBstfifng2TIh SRl %@i’s c&ﬂdﬁgﬂeﬁ‘ gnlztg%ﬁﬁhg %lnat.llr}ﬁ?rk area 15

distorted inmage and to then apply
equ Fdﬁaﬂf%thb)'tthammwn‘pmeash @hig geonaatictiansfomiing and dmmﬁmdn of

cen nar k 30] ,If the
sel (%Fe% angulé%%gl?ea egt%d ﬁ@ﬂ’gﬂ g?ﬁi‘é POdei‘ﬁ egg‘h“g software
il umllmit:nm 1ddﬁ5prom§orym@h&h%%ﬁ@&éﬁ@@&ﬁnﬁﬂﬁﬁ@n Qfth the
mark 6, it may b% necessary to exam ne and | ocate

al | SYVATRHEOHRAERIEHIEY 2P thiguad fifhdbres diuﬁtfiéﬁtbthIgure‘i Under the

15 PRk s PERRes ¥ RERE Qb0 TR o plSrl Gfhororm

eachn the entive xmmﬂatrm to thnmggzswl, Boteh( mnteﬂﬁﬁﬂmé steps, and it

furfher ssa eone C an rmed to
plrjo% &%’Ppﬂg&%ﬂ perf €s€ o cim' d% aﬁ/d center gnc?mg steps on the distorted

image and to then apply a mathematically equivalent transform to the extracted

(Da

notch, edge and center data, image area 15 and mark 16,

- [0030] If the selected and separated image under the same illumination does
not yield an acceptable image of mark 16, it may be necessary to examine and locate
all of the separated images under different illumination, the edge 19, notch 18, center
and area 15 for that image. Under this aspect, each area 15 of each of the separated
images is examined, and if further necessary, geometrically transformed to produce

an acceptable image of mark 16,



an acceptable image of mark 16. WO 2004/ 008496

PCT/ US2003/ 021932 Z [0031] If none of the individual,
separated marker inmage areas 15 taken under different

' ' ion types provides an acceptabl e vi

‘?nggwgggfhe identification scribe/ mark 16, f&%ﬁ@ymumnan
nore of the separated i mage areas 15 taken at

different illum nations may be conbi ned or subtracted

in various conbinations in the gsixth scribe read

sof tware conponent 34 to provide an acceptabl e i mage

[0031]t he i dent ifrionabf the ix&lﬁﬁduh&éé]ﬁfaked&ﬁa&&ti&ﬁg@argéfgl-s faken under
.resul.t of the inventive apparatus an

[ 003%%%@? ul.t PL : _

met hod e1°8t YiHmingtien typgs pravigrsan aeceptabls views ol imegonf the ne
scanjdesifRafonlér ' ' ' ' ice_12 .
genelr ate a_r %e&ggézi\,gllafewii(Str’rwslhlgéeSroﬂfajnlte%g]t Hv%g%gﬁ&ﬁgr gféfqaﬁlgaﬁg?en at
or i ediffgrenioifluminatipgs aray be combinérborpabitactéd intvasoislcodbinations in the

Wi th LI separat e i pnent, to physjcally
nov eéﬂéﬁ1 S{élg)%ﬁegedn%ﬁgocwg?“% g% .tdpﬂfﬁ@‘dﬁ Al ACcetable imagsef die
t he idemdicatiiscribet@arkalsl (eep 6 Firesylevi ce and method 5 to

0' gintify the | ocation area 15 of mark area 16,
[ d& met ri cal | yThe st ofithe invrstivegnpristisaand methodristhi sbilitgao use a

IS, Hifh RRGIGEGHnG sc Wnkdd 102Gk it éé;ﬁ&lé}nég%n&etggc%% to generate a

other™ separate stations, nec
assiteedabledmage ofthswalfpemaikt 1§ imhiy @fentafion dpk&et D4 oP@e path of

capt in. ingle pass along the path of travel 11,

vi t htg%vt%fjlalnxyltlgqui F@ﬂ?& se%l&}tﬁg%ulngﬁnt ﬂg&lbr,%pﬁ georient the

[ 003afet\¥i. | EhetHigh resOhe¥ni 2 Fhe! RS sdag %Hag%ea‘ﬁsgk {?h%gie{dﬁe d method 5
conneg |Q_nt£nth what is presently considered to Be

t he YRéanityythe location agerdl Srf ateek weel 1 goonietrieally transfoins arch

be b | i i t to lLimte
e AR R B SSEARNSE |80 3000k TR e
PCT/se182a0 Statiads9RRchAhia] pracesseaibmmsistarce. A A pedhit€ Nl F9he data to
opti,cal c%ﬁr.act.er recogni tion apparatus for use in
| ocXE° &1 7 Sinele Ress plong theqethp! tiavel §T; wishouganyiterative
oV iadfstedefN tBe Raitig O travel, the

[0033] While the invention has been described in connection with what is

presently considered to be the most practical and preferred embodiment, it is to be

understood that the invention is not to be limited to the disclosed embodiments.




apparatus conprising: a canmera positioned along the
path of travel for taking a plurality of sequenti al
l'ine images of the silicon wafer on the path: of travel

a first wafer inmage, an illum natjion
‘gg\%ﬁggﬂgg@ti oned al ong the path of travel f(tjp|CT"“52°"3""2‘9:"2
projecting at least two different types of
illumnation along the path of travel intersected by
the wafer in the area that theoline i nages are taken,
the illum nation device is adapted to change the type
of i Wheiik plainiedn i N a synchronous manner with the
taki ng of the lurality of line inmages; and a :
processor in bl g‘@??‘é’ﬂF‘E%ﬂ?ﬁ%‘iﬂhé@Pﬁebwcmthmwamﬁrase in
for leedia 1 R9di B i -efigst er
i mage | ntéghaa{&fhg%g?r %’ﬁgg%gggglgg‘?@ﬁg&e’%& ﬁlgaﬁgpgﬁ%hrawl, the
di f fappaatusicpmprisingt i oi % i dentifying the wafer marking
on at least one of the at, | eas} two wafer inages of
different il |%?ﬁ“f?5%?°&ﬁ‘?”%ﬂ?&°%€é§?1?%°f¥@%&rak?ﬂmwﬂﬁy of

The soguctialling s bfthe SIRGASHI AILSHRES fordeud
wherein .the canera is positioned above an ltgtpr(gdu?%rs st
ang V¥ BASE he vertical with respect to the first

path of travely %TBE deRtd ;ﬁo@iﬁoﬁ@aﬁ arlgn%ttﬁé pargﬁ gﬁcg%&o? Brojecting

devi ce of cl alm erern the caner

coupt @ditd‘iw idifEerara WBﬂOfi?umifﬁ@n%ﬂngﬁlﬁ pa_ﬂh@’{ tﬁh@&l%tersected by the
rec .l Qn a r of claim erein the canera

F ur oAl B 57ROk Yo e s tpdhlinchn i tpmatioe dhsicads adapted t
pOsichinps itk 6 GiMEhin A in Q%Eﬂ%ﬁ%ﬁ%nhér%ﬁlvtﬁé ﬁ:ﬁin% Qrfle

path of travel. 5. The opti'cal character recognition
app&lElits obimedmages; andwherei n the at | east two

different ty L i i i ncl.ude. right field |,

i |1 uninat i on?%goc%gspﬁjﬁer%]fr@ﬂ% F?‘ﬁ‘ﬁ’r‘ﬂ%‘i‘ﬁ%ﬁ?‘tﬁéﬁe Gathéra for separaing
i nc thedine droages iffoim the firat wafiar iange lo&atilbasUtRF o RbArRe walPimages of
200?@%084%@ PCIL/ US20Q3/ 021932 10 6, The opti cal

chal At & THRUmsHAD tqeh wiltrcmegking g phlepst aprofsheat lbast

i || wd Hafor Aegdeul Gifferkss iRRALANGH 1AR :
second angle fromthe verti claﬁ' wg{%mgglé%g%ﬂ{‘%gt he
first path of travel.
2. The optical character recognition apparatus of claim I wherein the
camera is positioned above and at a first angle from the vertical with respect to the

first path of travel.

3. The optical character recognition device of claim 2 wherein the

camera is a charge coupled device camera.

4. The optical character recognition apparatus of claim 2 wherein the
camera further comprises at least two individual cameras positioned adjacent one

another and transverse to the path of iravel.

5. The optical character recognition apparatus of claim 1 wherein the at
least two different types of illumination include a bright field illumination, a dark

field illumination, an incandescent illumination and LED illumination,



7. The optical character recognition apparatus of
claim6 wherein the second angle of the illum nation
device is substantially equal to a first. angle

b of the canera fromthe vertical an
‘29%2'%42%%9% ly synmetric about the vertical. gfcmwénoyozwn
optical character recognition apparatus of claimli
wherein the processor includes a first conputer
sof tware conponent that receivé® the line imges from
the camera. 9. The optical character recognition
appar at us of 6c|te opiicahdharasien rdchenitigur sppasiasrof tldint h@therein the

co i ses. a second, .t hi and fourth conputer software
consprutFion dRviee i Bositnhed bt aero Bl rombe vertical with

Cangdspect kd tHETritPphth@neeyi ce and |ine path for
monitoring the illum nation device, novenent of the

path of travel and the rate of the path of travel

respectively [ har act er cognition .
appar at us of e I]i?\lf3 ﬁg%%“\l\%jg#ag% ﬁ} cﬁ%]%%ne%og’ﬂréugf’ﬁgw éﬁ'germ the
f ous¢dond anglebfthe Hofminadsedevieponbitimiallpedualio affitst angle position
il luplnation . deyice,. Y, nt of the line path o?_

t r aGBibe SmeTR o} e ertfal paLsubateially syTetes about the vertical
respectively. 11. The optical character recognition

apparatus of claim| wherein the processor further
conpri ses a Bi flhéoptivalabaractesretognition appaptos efitlaifiol wherein the

| ocatin N, id i.fi abl.e ar,ea wherein.the wafer, .. .
oy BlocBRoA et E Rt coBiiyE SRR KoRipBnthe Hiaf refueS the line images
r ecfrgmithé cineappar at us of claim 11 wherein the fifth

software conmponent | ocates an edge of the wafer, an
edge notch of the wafer, the center of the wafer, and

t he area conbaifi hg; [ /

bCT) 520051 03, ags Bl Elﬁ?.ﬁﬁ?‘e ﬁeﬁ%&gt%th%gg?‘aegﬁgr e e’?‘%‘é‘%g the

r ecpiguéssordhrthgpamptises a oécond, dhind dndivextiecompulee software component
processor .further, conprjses a sixih.software cqnponent

P or Ty Prg SpRES s R Wil caagra, Nurbiselign feiceatid Sp paFor

¢ hamdsit @ing tRE WORinkficd 1ei8 AidVehent 0T ihe i5eh dfravbiQna tiette of the
and readi ng markings on a silicon wafeer noving along a

pat Prthpf fravelesspectivey.  appar at us conprising: a canera
positioned along the path of travel at a first angle
from

10. The optical character recognition apparatus of claim 9 wherein the
second, third and fourth computer software components control the illumination
device, movement of the line path of travel and the rate of the path of travel

respectively.

11. The optical character recoguition apparatus of claim 1 wherein the
processor further comprises a fifth computer software component for locating an

identifiable area wherein the wafer markings are located.

12. The optical character recognition apparatus of claim 11 wherein
the fifth software component locates an edge of the wafer, an edge notch of the

wafer, the center of the wafer, and the area containing the wafer markings.



vertical -with respect to the wafer on the path of

travel, the canera adapted to take a plurality of
sequential line inmages of the silicon wafer on the

wolz bEavel to produce a first wafer inmage; a

nul P‘ing)?g)‘igl | uni nation device positioned al on%@ﬂ@z?f’éﬂ"ﬁ"”
of travel at a second angle, the illum nation device
projects a plurality of different types of

illum nation that sequentiallylthange in a synchronous
manner with the taking of each of the sequential |ine

i mges; and &3-pricenisgrebaractet recognitivinappaas of dain IoWherein the

Wi t he. .l l.um nati on vice, the
pro %)écgsg?ﬂlﬂn c%r%&ﬁlﬁéseé L R .co ﬂﬁg‘?{tfga e pigfer mark.
the first software receives the |line inages, the

second, third mgnd fourth software conponents
function to HbritdgR-ofipried aptsakcharaier ferogmfianappaatus for use in

devis8; f - i vel t he
{11 Bing i alReRiingt on 4 SRUR kB L ByEARRE b i cfravel he
fi r anparajiesf comprisiogie i nto a plurality of wafer inmages of

different illumnati on type, and to_ | ocate_an edge,

not ch, cent e?caé?ie(ﬁaﬂ%ﬁt!?”ﬁ‘y@ﬁn% PRt of el at afigt angle from

Si xvditicad iWithagspect GOR WG on thy stk O SavLIOHe @A ?ﬁ@d tak
mark. 15. A nethod of non-oriented gp i cal ?:Jﬁtaﬂ?a ct et?)takea

r e cBYRIILY of fequential ire images of ¢ silicgn mafer pw theipath afdrakélng s
on 3“’3‘5‘*‘4%"5‘@&%5@“ aveling along a first path of
t

ravel, the nethod éonprising: generating a single
vv?f le!r i mge ettm:lltui%;ﬂytil#luminpn'fmntdif:afl:(zI positiké¢dddorg the pitBof frivel at a
of line, inpggs.pf .the .er _and sequential |y
or ol S0 REES Ufmitari ARy asSists S i ot typer
ar eifluinafiditthht s8Queh BN Ll M byhBhrBndtis Anfer WSk {a@g%f
0

of sequential ['ine images of "alternating types

i | I"tﬁﬁgftbleé?ﬂ“ei}t@b@ﬁiwggﬁha@rea on the wafer containing
e v e B bR P AL AR AR bk SR thd S

waf er mar ki n

PCTilliufipofRY @it 38 frocesIdrandimiinyask eftwatedompbRenth Wh@EiR the
the, ste | ocating an area on the wafer containing

t hGIRIBRE AP o DRABES L Roran sl o0 e thporhte

se %E:ﬁ‘sbh&ﬂs fuh&ion to monitor the camera, the illumination device, and the path of
travel rate respectively, the fifth software component functions to separate the first
wafer image into a plurality of wafer images of different illumination type, and to
locate an edge, notch, center and mark area of the wafer, and the sixth software

component functions to read the wafer mark.

IS. A method of non-oriented optical character recognition for use in
locating and reading markings on a silicon wafer traveling along a first path of travel,
the method comprising:

geperating a single wafer image through sequentially taking a plurality
of line images of the wafer and sequentially projecting alternating types of
illnmination in the area of the line image producing a single wafer image of
sequential [ine images of alternating types of illumination;

locating an area on the wafer containing the wafer markings; and



single wafer inmage into individual wafer inmages having
the sane illum nation and exam ning at |east one of

the separated wafer inmages to | ocate an edge, a notch

W ge, and the approximte center of the wafer.
1§.25[g\$%?ﬂod of non-oriented optical charact J&T’USZO‘W"Z””
recognition for use in |I|ocating and readi ng marki ngs

on a silicon wafer traveling along a first path of
travel, the nmethod conprising:izgenerating a single

waf er image of interlaced line inmages of alternating
types of il | urhdisg themwafs epalringsito (ehtis thevared, aced

single wafer inmage into separate wafer inmages of the
same illumnation type; locating an area containing

the wafer marig, MO%mdRd of chiitn Bk Lkings 1o
identify the wafer. 18. oTr(]:e net hogljaglfm%%tgé?nﬁ%?%g?gﬁeﬁmme
t he %%f@pﬁofm@%féﬁ wafen gzamtmﬁes fu'lrtthee cdaza;misihg&hmtg{alﬁl clwaé;@faﬁug the
i mage, i s.e e step of sequentially
takin éa% P lr‘.}]ra gﬁxﬁ{/mgw%f’?]ﬁ@f% %@LB‘F“& #f@ S3fag dpmingtiopand
a Carenmingas lehit@ne of the separated wafsiany b6 RfchRhn'U

waf er, al o&gj@t he Qﬁ%of travel . 19. The net hogh%é;atng%honthe
cl aiSie% Sud g agpro epiep obthe yafesr ati ng a single

waf er image further conprises the step of projecting

at least two sequentially alternating types of
i Il unmination 1|7nisqwtbtbd ofrionidriented btidahéehatarter A oRitiGARR use in

seq . | e immge using a [tiple illum nation ‘
co ot tng el R 575 A vilerookiDeialons o Hrsbags of travel
t ak ¢he méthodeomyafsipg: 20. The nmethod of claim 17 wherein
the step of |ocatjng an area_ containing the wafer

mar ki ngs  f ur BALFARE mspleiwiderdnage of imterlaged linedshgamnd alvémating
t he tppe} SBikhBARAI6 PCT/ US2003/ 021932 13 ti c separated
waf er i mages, selecting at |east one of the separated

i mages, | ocatdpagjtiog theditedncedsitgiewsfdgimapt i sdpRASd wiBEimages

of BP&E§§,LE%{I&%M\{\@J§B§, and | ocating the approxi mate

locating an area containing the wafer markings; and

reading the wafer markings to identify the wafer.

18. The method of claim 17 wherein the step of generating the
interlaced single wafer image further comprises the step of sequentially taking a
plurality of line images of the wafer using a camera positioned in visual

communication with the wafer along the path of travel,

19. The method of claim 18 wherein the step of generating a single
wafer image further comprises the step of projecting at least two sequentially
alternating types of illumination in synchronicity with the taking of each sequential
line image using a multiple illumination device in visual communication with the line
image taken of the wafer.

20. The method of claim 17 wherein the step of locating an area

containing the wafer markings further comprising examining at least one of the



center of the selected i mages. 21. The nethod of claim
17 further conprising the step of conducting a
geonetric transformof the area containing the wafer

WOl nggepri or to reading the wafer marking
i nprove visibility of the markings. 22. The ﬁl‘ie({’lﬁ%sémggnwsz

claim 17 further conprising exam ning each of the
separated i mages and conducting a geonetric transform
on the area containing the wafkEr narkings on each of
the separated wafer inmages having different

i | | utpPHatEd grpierdmerds neleotingat ldogt cae afitheisamuratbibimages, locating a

tra t.ai ni t he f mar ki ngs to
et ornat S BT f R Bl bl b e B oo 0§ apmrrimare
of tdeetes ePthe atlerded infagarst or med areas contai ning the

waf er marki ngs. 23. The nethod of claim22 further
conprising the step of conbining at l|least two of the-

separ at ed, didif efRihditiod dflctifh 19 ei"‘&?nop;nrg%g ilger%rt%ggﬁ cpnducting

areas containing the water markings
t he d@ePEetnpdraesingy of the atve comtaiding thd waferantbingepriorab eading the

NOUS| g hi}RinBlo'Shi}%¥e visibilicy of the markings.

22. The method of claim 17 further comprising examining each of the
separated images and conducting a geometric transform on the area containing the
wafer markings on each of the separated wafer images having different illumination
and individually examining the transformed areas containing the wafer markings to
determine if the wafer markings can be read on any one of the separated, transformed

areas containing the wafer markings,

23. The method of claim 22 further comprising the step of combining
at least two of the separated, differently illuminated and transformed areas containing
the wafer markings to determine if the wafer markings can be read in the combined

areas housing the markings.



