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CHARACTER RECOGNI TI ON OF A WAFER MARK CROSS- REFERENCE
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the benefit of U S. Provisional Patent Application No.

60/ 396231, filed on July 16, 2002. FlIELD OF THE
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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 area 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
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[0010]

[0011]

[0012]

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.

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

The description herein makes reference to the accompanying drawings

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

wherein:

Figure 1 is a schematic representation of the present invention;
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description herein nakes reference to the acconpanyi ng
waeleawionsyse wherein |i ke reference nuneral s ref BCT/US2003/021932
i ke parts throughout the several views, and wherein:
[0012] Figure 1 is a schematic representation of the
present invention; W 2004/008496 PCT/ US2003/021932 3
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[0019] Nlumination device 12 is positioned along and above path of travel 12

as shown in Fig. 1. Illumination device 12 includes and projects a plurality of
illumination 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 10 is 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
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[0022] In an alternate aspect of the invention, at least 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 paraliel 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
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into its multiple 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
illumination, 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 illumination. Under
processing conditions that produce a separated image where features of the wafer can
clearly be identified, the best complete wafer image 17 of the separated images of

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



[0024] Followi ng the taking of the single interlaced
image 17 of wafer 14 nmade up fromnultiple line

w0 pagmessp@ken under different illum nation typeST/US2003/021932
fifth software conponent, SCRIBE FIND 26, in
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woul d typically be |located as best seen in Figure 3.
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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
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on igeitifigP bg $he inventive peodess: i s seemetricyansfumpnerad sepmigation of

iti | i f Ci I waf
S8 L0 Ben R0 LRI RS, Bl TPl S
di s¢opiponems340h thderoteB@es wiienis iR blebtienié Yoh@ahicidmowii the
waf er "14 may occur, for exanple, due to nonlinear

novesitsare cashpanghisirst28ghraughéfth 36 s llustrated idfigere 4. Under the

accel er.ations and curved trajectories, or.the ang]e
3 By har it by PRES U} F TR o ot BB anstorm
f orod 116 $AtiRAMAES 1 Rprior to the edge 19, notch 18 and center finding steps, and it

is acceptable to perform these notch, edge and center finding steps on the distorted
image and to then apply a mathematically equivalent transform to the extracted
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.



di stortions on the separated illum nation inmges, an
internmedi ate step nay be taken. Geonetric transforns
wo@rommegass of the taken i mage areas 15 may be cp@mus1063021932
in the processor 42 to enhance or correct the taken
i mages (step 4a Fig. 5). [0029] To increase efficiency
and to reduce processing and conputation tine,
geonetric transformng of the ifage is conducted only
over the small mark area 15 identified by the
[003iLhvent i ve pr dCess.of T isdigiduatptepamtadrmmkéninmgagreands taken under

: 15 tak dey. the sel ect
1 TR lmhegof i SthutEs B pHEPGPEOH L oY P @ the

C onpeREhtidd sdribe btk RE Q%V%So?%oré %f whi s% b,t%d '1tﬂa%e arcas | 15 taken at

el ectroni c conmmuni cati'on W th tware C
fi rdifferzgt ltilmmmghna‘ finfiy be @@nbaged; drl Subﬂrélcméd?ld viatiod cgimt&natﬂmns in the

Under . th ve appara and process, i's not
necsbsFybe rga% é&%‘%‘i‘r f® e?‘f F%Pflo?"é]ﬁ%@F?ﬁPw@i‘P ippge of the
entl'dE]ﬁlﬂCﬁﬁ&?scl%eﬂa!rQﬁ6gé?eg;(bplgegpe 19, notch 18 and

center finding steps, I's acceptable to perform

[003?1 ese nofj ch, Thdgsukh gcﬂtheem\:]eﬁﬁvé appldram@ &H&ﬁ&h@ﬂustth??blhty touse a

istorte e and to then apply a mathematica

eqd?‘%‘éfeéﬂltuuf’gg‘%%?%ll sngrafand giinte dumindon Neviee ko logracrate a
¢ e%@ﬂab&?i%%ge o BRGwAHE a.ri{ﬁ ) gnj@‘ﬁéﬁ{%ﬁn & %@eq]ld Jn thOGath of

sel'ecte separ ate I mage U
i || twawiehat Mﬂlﬂlodﬂ@qulrmgkemrm etuipinent &Eph;&ilhﬂ?y moag er Rbrient the

al {‘56%6% Tk arsohiionag e iah e nes dlaththe dovice and method 5
il
'15 rﬂl ﬁféloéalﬁ%nQ%gg aﬁ?!u%g l& deo eac(%[%tl%ﬂ&ﬁ@[%@

I mage |sase rea

eaczhampulaﬂeehsmaﬂsr ateds, if meeBary] aldeemwnﬁé madla 46 wfithout other
further necessary, geomet rically transforned to
pr cWE@te siaioRs CBERhABIEA DroRsEes OF asviaiarce alt algpypermits all of the data to

20 f

2008 0049 FSTLERAIRTE R LR 1L 7 e
und&ijustkhéﬂtebehﬁhghhhglm nati on types provi des an
acceptable view or image of the identification

[003%1: ri be/ mar k Yéhlethgingentiop has bﬂentdn@r@@%mmepuona@én what is

[ r
|'§Sne(}e1 y%‘?%s ?&rtgcbt%etgé 1%08 éer“%tous ng gn%flef%%qs?rgﬁ dl ’Ijiés to be
su mﬂaeﬁsmdkmamamvaﬁﬁdnwah@t t6 GRMgHIRA ko Brk dl@_ld%é@‘éinQSdiﬁ*@nts‘
acceptabl e image of the identification scribe/mark 16

(step 6 Fig. 5). [0032] The result of the inventive
apparatus and nethod is the ability to use a high
resolution |ine scan canmera 10 and nultiple
illumnation device 12 to generate a readable inmage
of the wafer mark 16 in any orientation of wafer 14 on
t he path of




travel 11 without requiring separate equi pnment to
physically nove or reorient the wafer 14. The high

wo e@aloeg4pon of the |ine scan i mage all ows t he PEWUSH03/021932
and nmethod 5 to identify the location area 15 of mark
area 16, geonetrically transformand manipulate the
mark area 15, if necessary, and extract the mark 16
wi t hout other separate station8, nechanical processes
or assistance. It also permts all of the data to be
captVbaied claimed:sj ngl e pass al ong the path of travel 11,
wi t hout any iterative [ustment to the lighting. .
[0033] Whi | e 1t Re0ORETLop KAl hRtaslsr ereeEnitiph apRapats for use in
C ONBEAHnc YR WM inl ! '
t he m)stg ps\gﬁa{dﬁ%ﬁgﬂrﬁl §81r1 gfsgﬁégy%ﬁ%gﬁiﬁi n@%dal I%a‘ﬁll ?Fttr%vel’ the
be appatérsstoogdisingat t he i nvention is not to be limted
to the disclosed enbadi rrenaﬁs. tgo 2004/ 008496 . )
PCT/ US2003/ 03 $889ra pgsitigpedhalong tae pathqd trayel for taking a plurality of
NONe@hdrRiAl R i&agés_ccﬁ*th&ﬁl?cfoﬁ%gér Jﬁeggﬂhtdf%va% %Ec?c{u%é a first
for use in locating and readi ng markings on a“silicon
wafwafemmeageg al ong a path of travel, the apparatus
conprising: a ganera pqsi.tioned along the path of o
travel for t %\tkﬁll"}ﬂn%uﬁﬁ 8?‘3@ Repitioned aloag e naglh of travel for projecting
[ Q
pr g g (fhl (ERACLARARAR A0 BEDAIE sk ersted by the
poswifenineble aden tigit thedinp ahlipesfard takste thed itimpatpreddvideds addpted to
| east t different, types of illum nation along the
patdqarge g xps| Ofiﬂﬁ{*@%@&l%a syehraneus manrsr with the takingeof the
th g ine: | are taken, the illumnation
de i%%ﬂﬁsdfgggbdtl%g’te%d change the type of illum nation
in a synchr onprgessaninesdectiohio coh@nintdstigwith thd)emera for separating
pIuEaLity of |ine inageS' and a processor in )
D1 Ghe it s e fioinine oY DAL iAo Mo & fgth (s orsgparate wafer images of
se j i I e e fir ferq.jm
e onblifold St MBS Wk Wakie bh i kast B e Rt
|| It weted iamged ofedifferbyti id@ninbiton)ah®reaths khagafenmatk.
| east one of the at |east two wafer inmges of
different illum nation, and reading the wafer mark. 2.

The optical gh ‘ ition..apparatus of claim1.
wherein the E’cg[r}grgg&lralsgh%gés%%@ir%cr? g tlgg 8@%” Ut Og?lalgl ? iwlhglfem the
angh@efd 9 posiinedeibbicald aiatistrasRerIm the vieRfeal 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 travel.

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.



first path of travel. 3. The optical character

recognition device of claim2 wherein the canerais a
we banges4eoupl ed device canera. 4. The optical PCHUSZDE021932

recognition apparatus of claim2 wherein the canera

further conprises at |east two individual caneras

posi ti oned adj acent one another and transverse to the

path of travel. 5. The opti cal & har act er recognition

apparatus of claim1 wherein the at |east two. )
di fferent t\pekhedbtiral|chHRAEE Te6PSiRn rparaius R dpim If whergin the

il un. ' . A. K fi ' ' ' . i
| Db RBvicjsRifao byt b g Rl hnglihrom therical with
20R4) 8084 8 RGETaIS200346021932 10 6. The opti cal

character recognition apparatus of claim11 wherein the
illumnation device is positioned above and at a

second angl e, f0m t.h ical. w.k C t .
firet path or TPRpra et Renblibh alRERRLdn'c Wherein e
I esRehd hhde ofihie datingiodfdetlcaivBubstiillificfudl e a fis® @B$1d position
angle of the illumnation device is substantially
eqofithetcameraffrons thegiegtical pkssubstartially symmetricahewntthe verical

the vertical and substantially symretric about the
vertical. S. The optical character recognition

appar at us ofg_ciRl dptidal\ Sk EleNrdehnitidt ARSI of dMiUORBer8in the
first conputer software conponent that receives the

| | peocessay@msiudes ofinst bemprersoiivage cophronspl thatalecaiyrsrthe ling images
re&o&&ti on apparatus of claim1l wherein the

pr BOBS'SE FAPE At her conprises a second, third and fourth
conmput er software conponent in electronic

conmuni cation with the canera, illum nation device and
line path f& Thempticdchmgctehrecogiition appaiabws efeldime, wherein the
novenent of the path of travel ,and.the rate ofﬁ%he
paPFPCBHOF PIEURST CqrBtses forapd, iy Aoyl soplfer sty aig cpponent
I €098 HdnR e ARRATGkUR wiih thé 8lrRrd IMIBRSHSh ddhce B8HAE Path for
third and fourth conputer software conponents control

t heoinltbiimg thetiiwmnatbedevieg, moxearesnof the pathefitianel apditie wfe of the
travel and the rate of the path of travel
regﬁg‘&fi“’%?lﬁ.esl’fit.“’e he optical character recognition
apparatus of claim1 wherein the ‘

10. The optical character recoguition 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 recognition 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.



processor further conprises a fifth conputer software
conponent for locating an identifiable area wherein

wao b@4mesfsie6 mar ki ngs are | ocated. 12. The opti ceECT/US2003/021932
character recognition apparatus of claim 11l wherein
the fifth software conponent |ocates an edge of the
waf er, an edge notch of the wafer, the center of the
waf er, and the area contai ni ng”(he waf er marki ngs. WO
2004/ 008496 PCT/ US2Q03/021932 11, 13. - The optical )
character rdéodherPBinl sppastat igsosrtion agpﬁr,atjps\/g% &lagp | Whegein the
pr 1S€
FopeFaadl Gt Qi RarRLaRARR! Bk HRLRIERTRORGRE mar
optical character recognition apparatus for use in
| ocating and readi ng_markings on a silicon wafer X
movi ng al ond4a ApaAmompgnted eptipl chapster seregRifoY apparatus for use in

Cr KDt L o FE PR RO RBR R R0 BE Bl e

thgpp@@gtggc@ﬁpﬁst@;path of travel, the canera adapted to
take a plurality of sequential |ine inmages of the

si i con waf ercamera psitipapth alepg theanagh of teavehat adifsieangle from

st o ; e i : \
poXftFARUE REE 8 vl pE AR el ofbred 0 e o
3,” ?Iu%liﬁ BEselqhéntidl Mt iinaBesI\the GlignOefet ¢n the Philr fltiaivyl tof

|

ferent types of illTumnation that sequentially
charngece a fisst pfrsimagrous manner with the taking of

each of the sequential. |ine,inages:. and a |

el ectronic ¢diith eélk]tn?l%u% qeice %85’%%%@%%5&%8? %%SO?EI&{'& ata
|| kaughaahdienne pvii@iioh evipe 50f pluntiyust difersnttypes of

sof tware conponents wherein the first software _

r edeiniesioniibat isequentiatypbengeaine ssedoendus nianped, Withie taking of

fourth ftware. . conponents,function to nmonitor the
caff® ?fstg?%eq}l?tﬁﬁhﬁ??g%agﬁs’@&/i ce, and the path of

travel rate JF28886driN ele¥irodid €orhintihidatii WiRiHe cEMBRME ke
functions to separate the first wafer inmage into a

pl illmdinationaleviagfthe piosesgesinoliidigefsixeroémiard ¢ampeingats iwdhgrein the
type, apd to locate.an edge, notch, center. a r k
Bt SPRVAE oS i TERE e checgty (i wd foBRp ST

f uRghbonsitd AnétRAGo SiteR RN cafRFK thelifumiflatidt fkeOhnd the path of

non-ofiented optical character recognition for use in
| ociavélmgteangpectealyi, thg fiftr doftvgse cymporsid fipgivnesd saparate the first

tr %x\/a e!rliglggg %n’?ong pl%rglilt}y gft ng%} Ena%];s (t:)fr cﬁ%grleﬁt 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.

15. 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:

generating a single wafer image through sequentially taking a plurality
of line images of the wafer and sequentially projecting alternating types of
illumination in the area of the line image producing a single wafer image of
sequential line images of alternating types of illumination,

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



t he nmet hod conprising: generating a single wafer inmage
t hrough sequentially taking a plurality of |ine
w0 pagmes4ed t he waf er and sequential |y projectiPQr/us2003/021932

alternating types of illumnation in the area of the
i ne i mage producing a single wafer inmage of
sequential line inmages of alternating types of

il lumnation; locating an area ¥n the wafer containing

t he wafer markings; and WO 2004/ 008496

PCT/ US2003/ 0%5pg%3 the waiep matldegsith ddentifyeshe mafdti ngs t o

identify the wafer. 16. The nethod of claim 15 wherein

the step of locating an area on the wafer containing

the wafer nmatki TBemkiholRECIak THRhetNOiht BRpreRStiRL an area on the
separating the single wafer inmage into individua

waf wifes ng e wafer markingsdurther gaiprgingthe ateps of separating the

exam ni .one .of. the.separated wafer .jnmages
toa%iﬂ(%@% grgfeghni 312&) %ﬁwg?%ﬁv ¢ Inages h@a@g ’theasﬁgletlhlgmnatwn and
ap pxaminil £ 1€e8N6R ofthe tdparate Whfer trhageftoBENOn Blige, a notch on the
non-oriented optical character recognition for u%é in

| ocedee.rfgd dranpserinaty aeniek Phigs vorera si | i con waf er

traveling along a first path of travel, the nethod
conprising: generating a single wafer image of

| nterlaced | 171CA iBuRPofHonalrieicAplibd] ohfBESreBbenition for use in
i1lum nation; separating the interlaced si ngTe Yar er

i mageting ped rreging maekings en a silrearewafeofrateling slang a first path of travel,
il Lym nati.on type: |ocating an area containing the
mfttéerfnﬁ%f)ﬁicﬁﬁlg’,ylﬁ%d reading the wafer nmarkings to
identify t hegéﬂélfaﬁﬁ% a bBgle el RIADOHF iﬁfe&lﬁ!}@i’l e%&%@%’fglt&naﬁng
the step of generating the interlaced single er

i mayeesfof Humdnatioonpri ses the step of sequentially

taking a pluraljty,of line.i es of. the wafer using .

a canera posﬁeP?IShIé%l lﬁeﬁntﬁl%cﬁglsgg%mﬁfﬁm@%? o sepRtate WH’%T images
\Nafoﬂheagaﬁl@gmn[ﬁgatpﬁttpp@f travel . 19. The net hod of

claim 18 wherein the step of generating a single

waf er i mage lbeatingen acsarmpniagg thhevadiremrbibgpnad ect i ng
at |least two sequenti gl | alternatjng types of
i1l um nat i or{e?cﬁg%&‘ﬁé’i‘ﬂ??fﬁg%fmswlﬁﬁnttf}ﬁglet‘ﬁ*!f%g of each

sequenti al

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



line image using a multiple illum nation device in

vi sual communication with the line imge taken of the
woi0e1008420. The net hod of claim 17 wherein thePGI/E§200$/021932

| ocating an area containing the wafer markings

further conprising exam ning at |east one of the WD

2004/ 008496 PCT/ US2003/021932 13 separated wafer

i mges, selecting at |east one 16t the separ at ed

I mges, locating a notch on the edge of at |east one

of EhEaisE vederdmages selecting gt leps @ae phicrspRAralsd imagemepeating a

ce i S T thod of claim .

17 e ALt Bt A o BRE slfed AT 13 e Bpgoimate

geadeefef bf tHelsaleGlediiagk. t he area containing the wafer

mar ki ngs prior to reading the wafer markings to

inprove visibility of the markings. 22. The nethod of

claim 17 further, conpri,si-ng. e i ni ng each of the .
separated | naedreanioga G X8 Mol BB b SliBrog e ppaucting
on ¢ fndtieireddrad 6ff the ated @ontRin@rthbker RASKIALY BRE o Bfading the
the separated wafer |n}a%e§ havi ng different

i | ['afen@aikigs taimpriore visibdita pf the svagkings ng t he

transfornmed areas contai ning the wafer markings to
determne if the wafer markings can be read on any one

of the separgf etthe badaf@LRRE 17 AIBRE cGAPS %‘éﬁgaiﬁjﬁgeach of the
waf er mar ki ngs. 23. The nethod of claim 22 Turther

corepirsiedgmagrs agd spndifcting Aigeemetgc transforsmen thevapeanfontdimng the

separated, . different il lum pated. and fransf.qrned. . .
o CAUEB e RGeS e Al TGP Keh SRS GRSy e flpmination
t hexnWad BvidaB exR@fifeMe PRndreRetkdl dRedsRBnGRIMY thE Yafd MBRBIngs to

housi ng t he mar ki ngs.
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.



