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Met hod for marking wafers The invention relates to a
nmet hod for marking wafers, in particular wafers used

wofoes/isod4ar cel | production The invention furtrer/EP2007/005212

relates to a nethod of manufactur ing silicon wafers,
in particular for solar cell production and to a
silicon wafer, ingot or colum. The manufacturing
process of sem conductor devices such as solar cells
is very sensitive to process paraneters of the

manuf acturi ng process, environnmental conditions, the
| ocation of the wafer within the ingot the wafer was
cut fromand the like. In order to allow quality
control, to optimze the manufacturing process and to
establish a manufacturing routine which allows
cost-efficient production of sem conductor devices
with low rejections of the final product, it is
required to assign the manufacturing paranmeters to
each manuf actured sem conductor device. In the course
of such docunentation of process paraneters for the
sem conductor devices it is required to mark such
sem conductor devices in order to allow assignnment of
t he process paraneters to one specific sem conductor
devi ce such as a wafer by its identification

mar ki ng. US 6,1 12, 738 proposes a nethod, wherein
silicon wafers are marked on their slicing surface
using |l aser marking technology. A simlar nethod is

—disciosed ITn EP 0616 364 A 1. Suchh nmethods atfow t he

mar ki ng of veryethachforanankingwatarscing a silicon ingot
ki ng

the wafers on the such manufactured slicing surfaces.

However, such marki ng nethod nust be carefully

men%&.eﬁ b8t Vt8'éjn]qzso 0P rﬁaﬁk.hg L€ pé:rHEJI?re{vEfeeirJ used

It |sreU|re ow | Ication o
forrapdar cel @rmp@ The irvegtion further aelptuee@ geméthad of ngnufactur-
Hg%‘l‘l&&fea@fe @alﬁ refoV‘@El%t c@fl tp%dtﬂt |br9 I3Ad tbSa silicon wafer,
urt such nar ods are

Iﬁwmﬁtewwmnn1ng S|nce each mafer has to be marked
separately by a certain order of nunbers, letters or

T‘F\@'mémdtﬂrrhn Pr%@@g of s-lgh%c&{dlﬁ,idg?eaﬁcgg aLew Qs Qbiaf R8s is very

wafer wt he I ngot cannot eterm ned usi ng suc
spagiltvendp WEQIeS8 . parameters of the manufacturing process, environmental

conditions, the location of the wafer within the ingot the wafer was cut from and
the like.

In order to allow quality control, to optimize the manufacturing process and to
establish a manufacturing routine which allows cost-efficient production of semi-
conductor devices with low rejections of the final product, it is required to assign
the manufacturing parameters to each manufactured semiconductor device. In
the course of such documentation of process parameters for the semiconductor
devices it is required to mark such semiconductor devices in order to allow as-
signment of the process parameters to one specific semiconductor device such

as a wafer by its identification marking.

CONFIRMATION COPY



10

15

20

25

30

US 4, 632,884 proposes an identical marking of wafers
on the slicing surface and further includes cutting of

woaosalseab ed corner of a rectangul ar wafer to PCT/EP2007/005212

di stingui sh between the freat- and back sides of the
wafer and to identify crystal orientation. However,
this method has the main drawback that still the

le’B&HQ%B%robB&sV\@frﬁéth%t\hhé‘refrhﬁllééig%féi@%rﬁ@tmé?ﬁed on their
determ ned and that each wafer has to be nmarked in an

slieipg Buefaes using dasar ingrkingi teennelogye Rasimilalt Bethogsie disgiosed in

B0l 6A 6364CA NG5 haAePbd S aléy Bie ﬁaﬂ(.ﬂdﬂ&ﬁ/é@wﬁ afSs by slicing
unjform and not affected by a marking on this surface

kTP RSt el A p&"@'ﬁ}’ &f thirwafess angmergng wafers on
tHE sOGPHAAdactired Eil(ﬁ?ﬁ%ﬁ%%eé- Howrsér Js%cﬁ%@a"}%%g‘}n&hod must be

di scl ose sim| ar wherein the slicing surface
srefllyeenducted {9aavald dAR@Ees duidle wafstr Srithes. of it isorempired to

diso diRVORERRRR-oM o B HBOQK@W&@ werktcut ?roKﬁé’Wdeiéé handling

apply one S|n9Ie mar k q l[ine to the_peripheral
repifeaRieeash siiols watr aﬁ?’h? sing; in Gequinedr RUmMRer| syrd marking meth-

dgcéknﬁﬂe-%ﬁ%rﬁlﬁéme t&eH Bardrangi foudé nﬁérké&'s%f)QrfatéI\;‘%y a

ingot and is arrang on a flattened periphera
@Gﬁma%’ée‘s%'ﬁﬁ"aﬁe’éf oftREs PrepmRbinationdheraet Thegr @igingidegation of

tRE QBT Withfr BBiAdYt Sahitd Bk detdimirid L@ﬁlrﬂféudﬁ‘}ﬁéﬁdn%r}n@tﬁod
each wafer in the ingot can be cal cul ated by neasuring
he sition of the marking |line on the ri pher al
@%ﬂﬁ%@é 6fpr??fé9%\épentmahg%évng hvalersontie 2i6ee svgece and
fadtm@vm(tl@d&e&ﬂmg Bfa %B?cﬂeﬂ%?nérhﬁ g%ﬁ@ng%ﬁ wakr tb ldihguish
uires further indivi

of the
ARG RS Rk S i (o Bl NG e i Gy Sryatal oreniation.

I-ﬂiivﬁ@bﬁ&ﬁ% raetiol had, thadedie unavaoa@k L!hél' dtlith®1oda8de ok tHeSwafer

lied to the peripher an in conpri sing one
L Iner ppOtccatioh g dbtemne arel et Bacr el Ge R &Y Mgded in

dnaatividabiedtels ORpPaiRaRr 8blat Wafers dsdthecRRGe @f.cm?lm%r& PRsfer
Iet ersﬁ]%ﬂg IS positiaoned %uch that it is aced on

(dhpep P§ Wyform gad dot afecied dyiamagking,en |”|‘1§1§t"fa%}"’§e”

they dredisali iP¥sofa@mddod. vi dual mar ki ng of each wafer but
islimted to wafers of large thickness to provide the

EPRRBGERE. SFopeSTazalivn FlRedn T 080 e Slhaiot i disgose
sirnitiaynetiodswherelrotle casIng bulscelts @dvafar RDAEKEd Walfvidually.
producti on, in particular in such particu lar thin

rom(:‘:.[PS Olﬂ?&éjl 2f1 O/i fﬁ’b?ﬁso%%b'A %Eng’CHO&MO A it is known to apply
one single marking line to the peripheral surface of an ingot. This single marking
line is inclined with respect to the longitudinal axis of the ingot and is arranged on
a flattened peripheral surface section of the ingot. After the wafers have been cut
from this ingot, the original position of each wafer in the ingot can be calculated
by measuring the position of the marking line on the peripheral surface of the
wafer. However, this method does not allow to determine the ingot the wafer was
cut from and thus requires further individual marking of the wafers on the slicing
surface.

WO 01/66361 A1 discloses a method, wherein a plurality of labels is applied to

the periphery of an ingot, comprising one label for each wafer which is to be cut
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It is a first objection of the invention to provide a
nmet hod for marking wafers which is | ess tine-consum ng

woth@nsidie net hods descri bed above but still pPOViEte®7/005212

significant information abedt- the origin of the wafer
and allows individual identifi cation of the wafer. It
is a further object of the invention to provide a

froeh el inlgot. E@hklbﬂél d&ﬁﬂ;ﬁfsés @nﬂhﬂb@bé‘lgcddﬁeofsrﬂﬂﬁ&rs and letters
req wreg he codi ng area on the wafer, Further, it

and 'arpoawpe%c! U 1 vRIAR DR the BeriAheBRoba mafpfoRfter slicing

mb irfgot. alesDM%tHod%mbWE ifsrahdividuaimakmgwkath %eérwung Iifn’ﬁféﬂ‘to
e beﬁl nni F% its manufacturi ng pr ocess. t he
W ?"g°'e° G el B'Fe%atf’é?fgv'%é!“%?ﬁ’ﬂ?é pyireghios the Elbé' °f ”Umbers

aHdl [68&r%) BihcBAlafersCare!l mAMITHEBFRIdWNItH Jery AbR thickn&s8NbESY, such
in solar cell productjon was made on the basis of

UFPY PR A5 USHAR RIS WAl PRACHED. 17 PARHIRG Mo particu-

|at thWeafeisalideditfbeedlarcadll Prddiictiom to trace back the
properties of a group of wafers in the process whi ch

uite unpre e. approach. Usin trackin
LB By ot e P BaePat brarier e bihed Toromardg sgters
vlrlﬂwﬂé&éss tﬂﬁé%@ﬂédrﬁiﬁghhdﬁaﬂwb PRk dutrittdd @wv@:j Bugetill provides
| MTeNs| O

of. ea fer eir small
Soriea [otrgE Aoy orof iahs Wk dnc A RS b HgpagRenin-
dalﬂsn bfMherafen to provi de a method for marking wafers
mhich is well-suited for the production of solar

f f eat [
g TupaS, Platicetfiel YR B GEVidRcmah o rsTting praters
mmmahgcﬂesspsazxé requiteskfol thegodingege® s trawafee waf er for

t he purpose of nmarking since these regi ons will not
tripbute to t function of th el I

FROEE 'S iedt i PR Brryb e 33u8bed it pie isen-

aatibh sf theovafer &tanigg ifrenpibefbegimachgtof ita wendifddneBey process.

drawbacks. However, since effici ency, quantum

[%J {ocﬂh?qgr%’;e%&(?ﬁg\%qg %San(a' ﬁ%cre Mﬂfgps #?orm eln solar cell

concentrations W Can
maagactethatquality w@ntiobin sdter ael puddiction wag rpadE: eesthe basis of

\érg{aglrw%éerlt %Ogd %EH %Q(al cﬂngséﬂl%%llé tatugm cg%égg to

tacerizacarttjetmomlesmfze grbeﬁ;@f avafers on dhd pmoqsalwhlqh is a quite

cor% %pJTpgéfh%8|§g | on&i))%c e(ﬁ%le“ %?%H sxcﬁgﬂfp e wafers

cmﬁetrlse trackqdari—tqwaybarcomémlosarf roethed$ @p redldllow direct number-
|R§ 8\%&:” Water &L?é%rthgllr Qvg\a Iaﬁ'nesn <2 and large number.

Thus, it is a particular object of the invention to provide a method for marking
wafers which is well-suited for the production of solar cells. Solar cells require
specific features since they are produced in very large amounts and since it is not
desired to use larger regions on the wafer for the purpose of marking since these
regions will not contribute to the function of the solar cell itself. Thus, in present
manufacturing processes of solar cells, no marking is performed to avoid these
drawbacks. However, since efficiency, quantum efficiency and homogenous
distribution of the concentrations within the solar cell can only be measured at the

end of the manufacturing process in total, it would be very interesting to allow
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- manufacturing a position |line on a peripheral

surface of a silicon ingot or colum, the ingot or
wocalsusm4ext endi ng in an axial direction and haUTIERV08/005212

| ongi tudinal axis in the axdal direction, the position

line extending in the axial direction along

substantially the whole ingot or colum and bei ng

mmlngn@fdsdwrt Belrse@pﬂéhtlfSlQefebﬁnﬂ ®aslfabdHAg |préodss A8k and to
mne t he Qoswlon of a wafer cut from

qpﬂanenlggfe 2 d B AoR S saTohe i ngot or col umm,

respectively, manufacturing an individual
Théeatant iometriob;eqtmfteadmawfed |aic6@ﬁln@rto ttrlmempemtid@nrb;ﬁa #ethod for

surface of the silico ot or u he i ndi vi dual

TRRB e, i SRS ot el pradhiton, SomPARNgIe Steps

di rection over substantially the whole ingot or columm

and pr mandfaaturiag d positiordlidd on @dpariphetsl chrfadd ofna sih@on ingot

i den tif the ﬁj@ Hcon i n
e

r | umm. The
isto Be Yragy, gt pr g ﬂ-ﬁg’&{aﬂg g'ﬂﬂt”haf' ﬁéla gb%%lon ahd hav-
routi ningod lomghudiaal dxis innhevadat idirectiomi, she' positiareline extendlng

i ncl udes the rod n of an i.,ngot, by controlled, cr

tal gr ok S chreriRn,ang stEey I e iR Red g poiir Snd
accor dbelggtn®cl|aedyfl'|lhnrtéepe¢1rtoahé &ﬂigaﬂl@uéladxmbla@@ lalléwielg to de-
ext end, al ong, a Io

ook oo, Rt ot Water 25} it Mook b Bl Bihin the

and a trigystbradoltgmwehpebtmelgll on are defined. In a
second manufacturing step, the ingot may be subj ect ed

Lo BB RRU B BB G5F 1R0en e peron
pr oducenxhl Isyrfaed df thg siticoml ibggt ort solpmg; thieeinglividuahidentification
I [ O‘ b I C_| t

o pr oltidl oo b Ekaia T 8% ARG bhaTete TRl R whole
Al t er nangbver golurhhand lpg:m]dmgiyn hmimkuual deding mthacht dilbes,to iden-

four o sby cutting it along its
Iongltfﬁ qﬁegf'“éc]oo 8§t|%rn S&W&ral times. These col umns

wi Il have a smaller cross section than the ingot. In a
Thelisemdient's teeridiscessed iy cenregstiomadte the asu@l cauting rod manufac-

t48,: 0
tﬁnjr@wéi’egé) r-@c':s {(i)u‘l:i% mglﬁjeg%@ p%du&u{}pofﬁé cr ggfé@g E?Atg)rlllg# %rys-
talll grewth <ﬁuqinwlngot]sl wsuallynbaveisi digreasicaratsanlinghtg bueydihderyor a
' I r.s t.ai.n g
rgétgjﬁédcl%gglo?ggﬁﬁr LJ?\% ¥Y8£ Ibngi[u%m%l? ?fs cgfqr\?krl: Ilr?oaérr1 ggeblock,
respectively. An axial front and end surface and a crystal growth direction are
defined. In a second manufacturing step, the ingot may be subjected to a squar-
ing procedure, wherein at least one, preferably four flattened surfaces of the ingot
are produced by cutting it along its periphery in a longitudinal direction. Often, by

this a cubic ingot is produced extending in its longitudinal direction.

Alternatively, the ingot may be divided into three, four or even more columns by
cutting it along its longitudinal direction several times. These columns will have a

smaller cross section than the ingot.

In a subsequent manufacturing step, wafers are cut from such ingots or columns
by a slicing procedure. In such slicing procedure the wafer is cut in cross-

sectional direction multiple times using a bandsaw. A plurality of slices, namely
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maski ng, etching, doping or the like. A first aspect
of the nethod according to the invention is to provide

wobhs/1sea4li ng on the peri pheral surface of thePaafE®2007/8§5212

this, it is possible to applby the marking onto the
ingot or colum before slicing it into a plurality of
waf ers. However, it is to be understood that the

tAe Waedts e obam@éuoémcﬁ@brt Be Wadjedted & furtheNMUhACRARY steps like
sliced als for exanpl e by arranging the wafers

ARG &EPQI"]deB'P'”gPBE‘edVem de in a receptacle and
mar king themin one marking step. A second aspect of
A et aepduo df aimmbdioﬂgadcerdh’fg?td théeMidn@ion iistd pratida the marking

ositian |i |nd |dent|f catlon pattern
EPRerelintralSrtiie s Wetet Sl 1S PosyibRd GPPYARE marking
drite thspihg ot @’fctcmhrﬁﬁlbeﬁ)réal‘bl itligtord plhrsamq/ &fwvéfbﬁs However, it is
| NC

i ndi vidual identjfi attern

ki Voot dche %E*?%m%aw apRial Baists gticphaving been

glibed alsb} for @kampleesy aﬂrbiﬁglm’g?tHéQﬁaf%Pd Pavidually easie byaside in a
ro gure$ and a Iargmnurrb of individ ual codings

Eﬁepj Fand markipg them | ne{BprkingRerret hod according to

the invention allows for determ ning the position of

Aeaedorgli axpleet wlatherméthod aecdrdim@tto ahe @rdehtish istthh\aé p@'sl“tlon line

f b i ncl.ined iti

L5559 s, B, B e

il whicte ltiey avdferdatiginates alahobe Gﬂaitlf éq wo?bruﬁhukuah ;d@ﬁilﬂdaﬂon
t er th res 0

iget Lol BHyRRD dhlafon Rt s SaraSedRiot & Sty of

Iﬁﬁbe thevmtlgmcballcmd fomaﬁpreﬁﬂrdtow@fu&’b’s T(rrd a Ia:rgcf ﬁuﬁt@éﬂ@h’h@ivid-
. r r e

B Epridt gct soml SyMBRE TRl BRMelhrE fofehbria R inenon

ajllngstforodetemuumg thé <pokit|@anf gacrdahlglbrwafeud|nethﬁnngb;ttoeﬁ:omh&1 it

ch, waf er

W BB P Bl GO Hro i s Bt st ot ipg 1 the

isvethtiomiziowarto tm(admnelemnmtrieeaﬁ IrMevnrﬂhﬂitﬁ td rﬁlbweqflmhtygcontrol

2 B 80P SRl 2Pal S S BSE an

thy posditomwaithin e mgoticatirng. t o t he i nvention. The |ines

used for marking according to the I nvention can be

AR oh ol ST IR o b St g o arrs
can be marked at the very beginning of the process and the wafer position in the
ingot or column block can be determined even after the ingot or column block has
been sliced. Each wafer can be traced individually through all production steps
and this can be done on the fly without influencing the production since the mark-
ing can be accessed very simple. The solar cell parameters are not influenced by

the marking according to the invention.

The lines used for marking according to the invention can be applied by different
methods, e.g. laser writing, mechanical scratching, water beam scratching and
printing with special ink. The special ink may be adapted to locally change the
properties of the silicon, e.g. the lifetime and/or the appearance in light. This will
result in very low stress induction in the silicon since no mechanical treatment is
performed.
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printing with special ink. The special ink may be
adapted to locally change the properties of the

wos'isod9 e.g. the lifetinme and/ or the appear @0TAEPRIV7/005212

light. This will result in-6ery |ow stress induction
in the silicon since no nmechanical treatnent is
perforned. Since the peripheral edge of a solar cell

Siﬁé@!he%érrbhék@d@d@%f@sdléﬁ&eﬂt\ﬁd?ér Wil @AémgBtan isdlaton treatment,
further enhances he net hod according to the invention

this fudher fphareescins %?tha%ﬁagégme é‘&é’@d‘”lﬁ?ﬁtﬂ’?es"ﬁ&r Fngefects or
dﬂrﬁégeb%aﬁgétﬁﬁﬁtﬂrebﬁarklh@ Wi Bb 3bVdrBd BRI isdlatio\Ga8drdi.Ng
a first preferred enbodi ment of the invention the
drvrdual i dent ation pattern of ri ses
‘chardénq ' gt pRota e ritogisBetel e VENtArohe joul s et
déﬂ@rh patté@rof rmbe rc@hiﬁ:rr*sékﬁa'dllﬁbMV@ﬂ@bramél rtrfysnmmsh léfepdisﬁﬁaed
an | ndi vi % gnce of di stances bet ween
ﬁ/ My eaFh WH?’ﬁé‘st eiRpyidygl patiym i, ATy dedalY ?Eiérr‘ﬂ'Y'F"r’a' se-
thﬁ@ of ai@tarneé@ fb@Me@‘v‘\Bché @lurglityBt Fne¥R MHisasTrus |ﬁ@ivr@ﬁalt18@ntrf-
rkin saf e

readi n f the king with a |
ﬁaé%l PA rf‘a"lﬂPWF éorrséﬂ‘eledﬂg'&i%r’dgwq gﬁé er?gr'aetaerﬂ |3§f% '@éd'”g of
tRE Edrkihg Qitha (blAaeBding EfitirdfatdVah @l sDFAEHIEHradteristids occurring
di st ance be chosen s*ch that a zero di stance can

ip dhesoeRts: e REYCtiony{ be distange MagPs Fhassa suchdhat a zero

dithige aar ai@ggedeaea et loWeaathﬁtceéeurttr@ Pathe N—Hé&eberﬁg(érranged
ckness

roducing a_li doubl e or. multi Ie t hi
diety PHBCeT R RancothS Shd, Riashroa e nd duine” BEe s, of Raitple
thicksssM8ariey §6ml tﬁﬁst edr.mwmmr&deiean&m% |dreetraa¢ Be se-
be sel ected and the |ines rrggcﬁe&c i st anced fro

IBGlE®, 05 qne: PGSR, distapes ma, teceand, iheines glavsbe

didtatdddsréinséanCethet by thisf pretiBiermipeafdstasck bhatulihés of this
(Jérdr vidual identification pattern is manufactured

4e%F-on a matrix pattern, the matrix pattern being a
grid line pattern having a nunber of parallel grid
It isnesthat p&ef@ﬂésttaﬂt théi ptiariceal t@n&@@lﬂo@td&t@rrﬁm mdn@factured

di, vi dual tt fa in
3 ot e Brp, (%) RARK e Heigh e P paedeving 2
nTJne)eapp baraaéu grid Ides aat prce@herahneudtarmaé td ¥a¢rabther BnavtHd individ-

e rea? failu

fur e, rat nd al |l ow for

el pelFafgdnd PR st sabietiecist of R Tpeg g e ari
lire tpacterno fThe f@plrdfalreﬁtdf @rpre@éfﬁsrled ahatyix phiterncanlfurthes ysduedthe
r(e:gélrlng fat?I%rebr% ee gnc? aIIow l?or ey reagl%lgn trgeer%g%rggs ma(rie according to

the method of the invention.

Basically, the coding system could be based on a binary coding technique or
could use decimal or hexadecimal coding techniques involving sets of ten or
sixteen lines. However, it is an object to minimise marking time and thus a coding
technique would be desirable which requires only few lines which are to be
manufactured. In a preferred embodiment the matrix patterns comprises a num-
ber of n matrix pattern fields, each matrix pattern field comprising a number of m
lines and the individual pattern is provided by manufacturing one selected line in
each matrix pattern field, thus resulting in m" different codings. This will allow to

allocate a coding system comprising high numbers of different codings in a small
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coul d use deci mal or hexadeci mal codi ng techni ques
i nvolving sets of ten or sixteen lines. However, it is

woanosplsi@et to minimse nmarking tinme and thus &CTmaRevg/005212

techni que woul d be desirabl-& which requires only few
lines which are to be manufactured. In a preferred
enbodi nent the matrix patterns conprises a num ber of

gpaaatahuxmw@,bt,@mrlﬁ.hgludfe SifEE BnIY B felwin8L(hamBly ih Bhék, one in
comri SI ng nunber of mlines and the individual

%ﬁ?ﬁ@Fﬁ ?%eﬁ}@%FﬁéﬁmB9"W%nufactur|ng one selected |ine

in each matrix pattern field, thus resulting in mm

Mte‘rrﬁéifv@rytor%ltméuy fﬁbllﬁdlwdhél |éér{tmh5éttdh pHtlen€ of fhed comprises
nbers of different

odi n e r n
SO el e whikk 8re et Tomezchatiarniyer fits being o
dsﬁf@@ﬁt tﬁl&kﬁes’t éer/\Whét’@ﬁSthénﬁ’dTﬁHNalrbahéfheié‘ prcwwed By 8AGHividual
% hav g ? Al ternative
SN AN E458S oR AR el o e Sincedns dhickstess of A ige can

Bd MeaseredPatheLexattip) tisinhy ¥elb tBpfrdVlidehn hﬁd'\ﬁ@uaMya&sm eg.
are di.stanced fromeach other, the |ines being

Ry; Rrewding dwe Peedgiermiprst @f%ﬂ%w@s chthe/ings é>|r "1%% tern

is provided by an individual sequence of thicknesses

?Ifll ﬂlﬁt&emtgéahémbd%gyib’éegnpr&étﬁm e thbi iaHinRIES! Qfenﬁfucatlon
i ne e neasure at her exact]| m serve

aa801 SEe oo A AP Bl af Raralel ines, whibh Ay chganasg from

éﬁcﬁfcﬂﬁein!lwlelrilh?d Bbﬁ@mf @&%rémldébmmmh@émtthé indivi@Sal attern is

nor.e. . Sti It t he y

Rufeq i aniatyiuaEFequsdie BT Coats g e ey of fres,ddis em-

aimentIen pafibulapbpplicable \praérahiaahfabtuﬁag thd1lieds BY €cratching,

distanc§$ from each [

the |.ines bein f . ,
HWHPN% Se&é‘&?‘ﬂ”%ﬂﬁ"\‘ﬁﬂ@?eﬁ? YarF@“P’hHNﬁ ﬁﬁlgayg%ﬂ?%?m”?%w'th
the oaridish b'ytrﬁdfkriesdla\sl ﬂlsaisséecﬂbgpéeF@rﬁhedeltHdWSaﬁétlohhlﬂ depth
IS e odi IS I n particular
St tlshes e, e Sambiet i Do e meds prBRrRoEy Afivic-
?ngawnrtg IméaSEtf is Whlaéfjllomgto;morbhergbldemmé&@f_ des ﬁ_ﬁltakﬂﬁall Bur-
ept e ne th the variatjon i i ckness
BES bR LL B GB0L S o e o heial Slad oURe wialerh dopt o
and/ or thlckness may be conbined with the enbodi nents
Ammmmgs'tmg ftathe'rrpﬂéf\z-'rrdd laaa’lboﬂ&héni,r thedfidiVido@isderttiication pattern

ow to store fdaaonas |1 ur
o8 ortiseE & ol of iR Shes AnftncireloRfspa oo gach
atfiert thee Wvedsesging Awtiosdivitly réspeat fd,llhbf‘aadialpfref:ﬁjrf aad comprlsmg
th du nt i, f tion
(R Hositbiine” S i R IR it FofiBLiGi afttern s
inclidedi sstdathus dallomsnfoe addntification of the mgot or column of which the
wafer was cut from and of the position of the wafer in this ingot or column. Thus,
a separate position line is not required and the function of the position line is

taken over by the lines of the individual identification pattern.

Usually, the position of the wafer in the ingot can be calculated by measuring the
distance between the position line and an edge of a flattened surface onto which
the position line is manufactured or another angular reference mark. The method
may be further enhanced by the step of manufacturing a base line which extends
in parallel to the longitudinal axis of the ingot or column. This base line will facili-

tate to determine the position of the wafer in the ingot or column since the posi-
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other, the lines being inclined with respect to the
axial direction and conprising the inclined position

wol2nesasidy t his, the whol e individual identifi earir®en07/005212

pattern is inclined and thu8-allows for identification
of the ingot or colum of which the wafer was cut from
and of the position of the wafer in this ingot or

toRl 4 be TdHsly cAlcaRR %Fﬁ BOSbthh& bbiwtni theNPdse’ th@%e
and the functlon of the position Iine is taken over by

'Pﬂ@eﬂpﬁ§§0%F”Qhe i ndi vi dual identification pattern.
Usual Iy, the position of the wafer in the ingot can be

TR sdsedinedndyor TRa pusitidHlind @adlisst ahg6utietine & fakitate recogni-
&ﬁ5|t|on |ine and an edge of a flattened surface onto

AthesRdinBYsition line is manufactured or anot her
angul ar reference mark. The nethod may be further

AdtorieE e BYfutther pletiiredfl emBodifeat, Lthé rp@nphérasgurlfédéeus divided
[ allel to t he ongi .t udi ha xi s of

whi ch e S.i.n par

'V\‘P?ea P'H@%‘%y s /8a ?Jlﬁ&'ﬁfﬂce $RFiong 20d an 'H%“ F?°Sft'88|”96}'”{ad§ ganu-

ftaautbﬁt RF [BaBR it Juefaté isestiod. mbeembeufnenn |§ Iaarticugﬂy udeful
ol um since the positi %%can be. eas

e
i en e e sty siatt Tib St SEnEatot of haiebsioe ingesgn-
rvaUet reduckd n@dder Reshasr hl.Tmuandmeé thére trﬁwff»rédtlﬁhebé, RE the
set Ilne to rec n on
PeRauBShert ot W disEange Hetep e pinar Tt SRad lefprence e, like
eegmad :bﬁEéltlnef tml@:abu w?nmueﬁtubfeaaaly @etﬁhnw@lmé pa¥itdnof the
ura t 0 | a sur S | ONS an an. I n e .
& Bl hiingpt TR iR HRENbIS 76 hafe BoRres dfbingian Angle. This
@urﬁa@a&ﬁ@pby eﬂrangr A ?\N@@bﬂdﬂlrg@ﬁtﬁltlbﬁ lipey b? ﬁ\é m@b?/m a>}ial se-
ennarln ar ge OolS Sl nce n e o0
RBP4 e EREh rer SO SE WO YBIETS lliciug same
didtdede af gRrepoditich :Th@lﬁmﬂﬁéﬁﬂéﬁee tnhsrwddlke b|t@r @@lsémn@sah aixial
nmeasur e (0] t a ween e |.n
S Saan Tl B cbarfodhinith Affeien Ve lSulriRtam pattemns
toxdistihgoh twaeih fthe ivediérst cuteae tthy difeiremtnaig@l $dttions of the
on of the wafer in the ingot. Thus, it is
5903498‘“5'5\ e to have a larger inclination angle. This

can be realized by arranging two or nore position
Adcosfingto 4 huethiengadferréd embadimzeat, qmeatea oﬁmai\altéttlﬂtrﬁethe posi-

rdpeacd BF TTRETH e acrier et s Yoo Belate 4 pRE'S sicing
the ingbt loe cplueseinte acamiberxdfalafenst Raatiscaséd befosd)até dndtrod
agg%rléﬁ}dgnté) t‘ﬁg quvérrtlgﬂqrr\] tpalrtlré:gﬂa\(lh%lé%e Ia%(\:?‘grtmtlaggé ?r?att rr?arklng can be
done before the slicing since it is not required to first produce a slicing surface
and to subsequently mark this slicing surface. The marking is done onto the
peripheral surface of the ingot. By this, an ingot or column can be marked in one
manufacturing step and hereinafter the ingot or column can be sliced without the

risk that the marking is damaged or removed.

Still further it is preferred, that the position line and the individual identification
pattern are positioned on a flattened surface of the periphery of the ingot or col-
umn the method in particular comprising a step of cutting the ingot or column in
an axial direction to provide such a flattened peripheral surface. Generally, the

marking according to the invention can be applied to the cylindrical, peripheral
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to distinguish between the wafers cut fromthe
different axial sections of the ingot/colum.

woAsmsasthi4ng to a further preferred enbodi ment, PCAEPG0/005212

of manufacturing the positi-® |ine and the individual
identification pattern is done before the step of
slicing the ingot or colum into a nunber of wafers.

Apfadd SEHS HREGt 664 86IBMntBIR sifRt NARaPsE RIirBd in QJﬂsaéuent manu-

invention in_particular has the advantage that marking
faetHring sigpR o B%tf‘%ﬂ {betngot of CRIUAY. 8ignB¥ dpingjassqysring procedure,

it R(prefeRdd t® nfdrk te |Hg@td&%hﬁnr$ béféw&;&uusrc{@ﬁﬁg PRsEelilre or the
subseguentl rrark this slici ng@sur ace. The marking is

itk REddn mark e gHoninspdded Natiened urfage Whish imrydte prgguced by a

ddubfing ProdeBdRt TOr achitvieNisC afleMSrodBEHRCf tRe GfdE or column, at
manuf actur%@ step and herei nafter the i ngot or colum

£ 998 NBl RIS YIAR STHSLREPTPYIRd b at’eﬁﬂ?ét'Yi%nF‘ktF'rr‘@; pfagedure in

sleams efibebtion. enoved. Still further it is preferred,
that the position line and the individual

ﬁientlfl catio attern arev&)05|t| oned on a flattened
étu' fpgler. bfs RIRENSE N3 ISASH IV Markingyaieas nawpe thsame coding

aﬂ‘@tdéﬂﬂedl Bn Rﬁktéﬁéﬂs’ébti&ﬁ)@ﬂieslhg@l & &ilLﬁﬁn Odachrhhidig éﬁ@a ex-
m in an axial direction rovi de such

ot .or col
tS" NG, {7 an@af'%err F?}H’Qr%ﬂer§HP$%%‘@“YG%%’P8|G| ?P ialgestiopprd 5gM-

;ﬂr@&@rﬁlpagnb@ lih@@nd RweiRbividlaciaBntfRafiddbatesint By the, redundant
pheralsurface of an 1 ngot or

[ | ndr c r ol u
Bnge ragh rff?és?"nsea pesjtien i And anpadiyiddelridgriifgaton pattern

éracdrwméw oattaasNéf@rsf ﬂoaﬂat:mté P@adu@et tHer m@ﬂlmgman&tcg further
roceaure re erre to mark

uar i n
rﬂ%gm figk ol rga, ﬁ&O%é?rrd?%d'%tﬁ#ugeq Impatieuian fiemaringgreas
ddhend hkgnguatopposB@ itk ebh&1e ot th Dichva dad, thaetdeBefbur marking

surface mhlch may be produced by a squaring procedure.
afgaS 219 REQWdedi s, after production of the ingot or
col umm, at | east one flattened surface nust be

Arroewwbed) mtneﬁ;ﬁsmalenebmrhémtnmephm&@uh &hé Markin@ateds is
ection. Still further, i

t hat
qonhGy e FBvmiaical rsuE Way e 4SS ST PR paiom face of
tdéqugaﬁ@r Eﬁlumiﬁar&?dfbraio diﬁlgbl aoaryefal bh@ntanﬂowutmh tlta@lmgm or col-
C mar rea,exten n ectl on ov
G5 e Sy AL G s B o dod, s SurcerasAngPReR g the
pﬁ)slmﬁiIhemdlth@&wdwrﬂjaamdnnﬁbafbﬁllpa{tennCBérr\tbe;altb’iéd fsuch a way
(o40) r l Si n

$obi T8k 1 Prta iSOV RS PratALe 8Bk R S PRRRsR: Secfor
and defines axial top and bottom faces of the ingot or column. This will allow to
determine the orientation of the wafer in the ingot or column which is required for
selective etching procedures or the like in subsequent manufacturing steps. In
particular when applying two or more marking areas in one axial section, such

asymmetrical configuration may be provided.

According to a further preferred embodiment, two position lines are manufactured
adjacent to each other, each position line extending in axial direction over sub-
stantially the whole ingot or column, wherein the inclining angle of the two posi-
tion lines is different, in particular contrary to each other. This will allow to meas-
ure the distance between the two position lines and to calculate from this dis-

tance the position of a wafer in an ingot or column. Since the two position lines
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are provided on the wafers to facilitate readi ng of
the markings and to further mnimze the risk of read

woenmsass4or readi ng failure. In particular, theCwaEPRIONGOS212

areas can be arranged oppostil-to each other in such a
way, that two or four marking areas are provided.
According to another preferred enbodi nent, the marking

Wil cﬁJE?gé%Ki BECbERS, & Speaifié Id%rﬁ;@ REIWEER RS GAbs Wl always
such way tg defjne an axi al p and bottomface of

rFH@S?Wg%tSPSF'f%(ﬂoEWﬂ” é'?\@/‘o'f‘g?toordéfqohlé""h lgrRAstigylar, one of the

gUsitiBRtimes anVhd Pddarddieas NeRfeneE BBk UB, whibls RE bl Medessarily
According to this enbodi nent, the order of arrangenent

Prentaddn FEaetyi 1@ lengifudinalfifesEon eidheinaghPr selempibut i £en o8 at
dahtified dngie fewal, i@ tmby sgwéba@ewuereeﬁn bppitations a
codi ng whi ch gi ves information about the
cry II|z |on dlrectlon and, defi nes .
Bt cBRe ol o ingioD e ok AR g iicon

Wa?feséei& e;frm.d@j tim@aAicLRREaEH Siicalf whiees M fserar icall hsduchemtthe
or cglunn which is required for selective etching

Bethed gameesigg he#eps ke in subsequent manufact uring
steps. In particular when applying two or nore marking

ar e?s I 0 OteRtuAKy, adjo;ﬁreg:hrh@agfuﬁnucmreaﬁfymd Wwafeako ?rodu?]e char-
configurati rovj de Accor a t
preferred %fﬁﬁfb%%r?@mm nNdi6top BERErtisS: N C%l?r Solar cell proper-
manuf act urtggd, adj acent to each other, each position

line extending in axial direction over substantially

the whol e i ngot or. colu erein the inc

of the ¢ g 2Ba00 1 B vibAE LM ER et SBPRraad B Al of
contrary tlnesamrh that b@ipheﬂ'&liesjgwi dflthalwabey tooiderifg this éngot or

the di st ancq? beﬁvvee 03|t| on lines and to

cal cul ate $9YR rhef g’a@f?a?gwgfé The position of a wafer

in an ingot or colum. Since the two position

linesw kI miadmggaemﬁarldng bauirlng atplasition éins pedhd periphiesalamige of
bet ween th repr ec. fi

el e el s PRI ERBREE B g or o
of the posmgom d:olmms thmwafm wasgeutdien &s ideetifyrtaa gesition of

base |ine | neces |y oriented in exactly
. t r \glt iry t}e |ﬁ§0et o?%Pan%

t he Iongltu e I'ngot or colum but
it can be at an inclined angle as well, which nay save
Aqgeacting to thés asneact apiblei inmrition,sdurmgdbe Ghmwglfacmrmgf protéssy spe-

r%%tdlngfp Fggddrgélgnet %e?r:fbdrg%dqgtnahg\g CW Sué)#éf'}ﬁe manu-

Icon“warers 1s
fwatnemg; pfooess ah@ea@‘eislhglpmmmftthl@rproque with respect to the spemﬁc

ingots, columns or wafers treated, respectively. This reading of markings can be
used to control the manufacturing process and to document the sequence of
manufacturing steps and its parameters. By reading an individual identification
pattern and a position line on the peripheral edge of the ingot, column or wafer,
respectively, it is possible to exactly determine the origin of the material which is
treated.

The method may be improved by the step of slicing an ingot or column into a
number of wafers and marking the ingot or column according to the method of

any of the claims 1-13, wherein the marking step is preferably done before the
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nmet hod conprising the steps: texturing, doping and
diffusion treating the wafer to produce characteristic
woers'isodsaduct or properties, in particul ar sol arPcTtaiPko07/005212
proper ties, reading an indiwvidual identification
pattern conprising a nunber of |ines on the periphera
edge of the wafer to identify the ingot or colum the

MBhE stpR T oCtls feg8A it is FSFed ﬁ\e"@(‘b@na%méf/ {I'{égmﬁnufacturlng
position |line on the peripheral edge t he waf er

spRALeNre; as dipryssadgbaye With eagaetto the f%ﬁpleéth‘(ﬁ matiod der manking.
of an ingot or colum the wafer was cut fromto

stilenrtidrythk heetReS$ hidy®e ifprdvea byah&kteps bhi n t he ingot or

colum. According to this aspect of the invention,

during the manufacturin roc ss specific readin
pr ocedur essoa@ang,apfrzgqt,ggc Bmg 0y Sitting it 'B@Elﬂ’f@if’ﬁ? q'8ﬁ ahd

the manu facturing process and each single step of
t hi s proceasrkg thehﬁﬁﬂ@ﬁt:ormntdwoﬁmmbfth@ maligsd &f any of the

of ar ki nRSiEin B8 HSBdorY TEABr EEAhTIEP B PGED b
process anflelsquateiretésst he sequence of manufacturing

steps and its paraneters By reading an individua

d t.i on ition line t he .
TP e agaRaeieried  on fosBadiveRersnoviEp BRa and s exple-
matispabbvevel y, it | s possi ble to exactly determ ne the
origin of the material which is treated. The net hod

e | st e f sli a ot or
ARH D 1R oRUE Rt o 3 ERal Fhafoali iRy THE! oingpimn is
unovicdmj,tcnmpasuogrdl ng to the method of any of the clains
1-13, wherein the marking step is preferably done

before t&beﬁﬂonq n%% 4 ?Ql‘tl%h-ég,?aln;sgbfgca% ?fﬂﬁlé glalfér in otr (?rfc%rJrﬁrg the

to the ana ence as
di scussp@dltlabdme emehuingég ancxtabdirémdion @spemhstantuam thedvhole

for @cﬂ Dr cé Hn or tHé WRSfe’ wéfgre r{g%tegﬁ{% 8{@% Q%nb 'EH%! R«%’oﬁ\g/ith

by the eps o squar I'n
it in aasrmcit & thei Ipag:tudmal and of thealngomgomhm orrtgetmgm or col-

col um AGEHledh8r §8s LNGrdFEHBGS Aleiginy Of the

- the position line allowing to determine the original position of a or the

wafer in the ingot/column it was cut from, respectively,

- an individual identification pattern of lines on the peripheral surface of
the wafer, ingot or column, the individual identification pattern of lines
extending in the axial direction over substantially the whole ingot or

column or the whole wafer, respectively,

- the individual identification pattern providing an individual coding which
allows to identify the silicon ingot or column or the silicon ingot or col-

umn the wafer was cut from.

Such wafer, ingot or column provides the advantage that each wafer can be
identified with respect to its origin and its position in the original ingot or column

by a simple reading procedure of the markings on the peripheral surface and thus



clainms 1-13 on at |east one of the flattened surfaces

provi ded by the squaring process. To this extent it is
woagmwitdiqgsef erred to the respective marki ng net ROWER2@7/005212

its expla nation above. Acet2ding to a third aspect of

the invention, a silicon wafer, ingot or colum is

provi ded, conprising a position line on a periphera

siidh waftét, Pigot Grecolah® billow$ 8P lquaiity eBhtrdTTh itd MAnBRSBIUFIhG Process
i ne extendi ngl in an axjal direction over

agdePRYed ook dhemaneracivgas Percesd ittt or t he whol e
waf er, respectively and being inclined with respect to
mees.hmgmawali siidoraitigst of cblathn MAYthe ﬂ@ﬂhQﬂﬂnﬂbvé&@w that the

i ngot or was cut from re veI
RO I8P APGHnF TRV e oA broeatshp o e RGBT Refording
5 tbaasmtarmg Glettodods déserivad @bovd) mgawillrrgahérc@marmae Itﬁe Yédures
ectivel n i ndi vi dual ificatio

res : n _
e wpiTge TRt Bl IDhves e S Teaing e o lalure
amaif Bow fonaet markirkpdfuRE watdrSingotdircolli@l. i dentification
pattern of lines extending in the axial direction over

bst t ]y t th
0B SRR B SR, g 5 SRR bASe G bRooot
rp@its esfarripyay td atgached idralvingsiual codi ng which allows to

identify the silicon ingot or colum or the silicon
t ar caol At

o Rhoh holBiA et el R g bRt iRl e

can be inctionfied with respect to its origin and its
position in the original ingot or colum by a sinple

G B SR Fpf ol AR L B ds B B RROBrES o
quallty control inits nanufacturlng process and

Rign#: ov ethows @nrexample fohe ameraideaatkingef goriogaiss it sel f .
The silicon wafer, silicon ingot or colum may be

Ffig her h'o rOM ki ?@lﬂ ke LRSI Qt?r?éc%'é%‘&t@ﬁé"@*tﬁ@grléttb%s of the

identifTcation pattern are manufactur
15 accordlfh@fktng cg@dgar ki ng net hod as descri bed above. This
will further enhance the features

Figs. 4a-c: show different variations of the marking code.

Fig. 5:  shows an embodiment with three axial marking sections and an inter-

ference between the first two sections.
Fig. 6:  shows an example of the coding of the individual identification pattern.

20 Fig. 6a: shows a detail of the coding of the individual identification pattern

according to Fig. 6.

Fig. 7. shows a schematical arrangement of the position line demonstrating

the geometrical conditions to calculate the original position of a wafer.
Fig. 8.  shows a schematical top view of a wafer having four marking areas.

25 Fig.9:  shows a schematic top view onto a wafer having to marking areas and

moving through a reading device.



of the markings on the wafers and thus reduce the risk

of reading errors or failure and allow for fast
worresskisng9 of t he wafer, ingot or colum. The i RUEMPR@GMN/005212

will be further explained by3way of exenplary

preferred enbodi nments referring to the attached

drawi ngs. Fig. 1: shows an exanple for a solar cell

H?éf@ﬁir\%tf irdMo Pidefr& d Sth'e&ﬁ@&nf&[)ﬁl‘bf 88lat s ISR WittPProdlikiflg of an

ows an exanple for an inner process step

ingatdn gtaRg! e8d sng#ing this inpet byyperéiiBirg eits e&aﬁﬂx@ figectign in

é@é}?t\,ﬁj_de mar king of an ingot. Fig. 3: shows a marking

In three axial surface sections with variations of the

mar ki ng code. Figs. 4a-c: show different variations of
ffes 488 i A So0@E0 pogts ay deomiarked B, BWrHBAISISA 28 Using a

5 rhikRR A&thad ab®drlingdo BRCGhi&HI®nand an inter ference
betvveen the first two sections. Fig. 6: shows an

exa | e of the coding of the_ individual .identification
'ﬁ%f?? fpin ?u{j‘ h%*’@h‘g%@ steBebatne Fuarem inaol AL 8rindereand

Herghfier dagilan i Ai@RidtilE Gaistepn 28 athb &frindag Gigold Reayt Be Madlkedin a
Fi g 7: shows a schematical arrangenent of the

P2 on |ine demonstrating the geonetrical conditions
to calculate the original position of a wafer. Fig. 8:

I9drefierpars 6pEdTRI bloak Idbefiny iRy take plav@hektdpani ng f our
mar ki ng areas. Fig. 9: shows a schematic top view onto

10 %ﬁ%%& SE%(E% tgg "%:5&1 gsraérléhgl%]d assé{/v% %) g{)ﬁ\,legt |r$ %Ol{ga p?urality

gvederstn skep®t sol ar cells starts with produ0| ng of an
ingot in step 1 and squaring this ingot by perform ng
' ter ste

b 5 i A sTbeueRt SEES Rt T PRI, prbbodd mBh Hidie an

ingutirgadingratepi Segtonigemtdyl ttm:waied,l agranofactueing mvesess @b. like saw-

56 PebEhe of Peliedni albdabedng e So hi bBRup R e
15 thé ppoc2as 5b has peemdentuchegbt s may be marked in a

Following the slicing step 5, a number of subsequent steps like

- washing and post-preparation,

- ‘testing and sorting,

- texturing,
20 - doping,

- diffusion,

- surface cleaning,

- anti-reflex-deposition,

- printing,

25 - firing,
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step 3a. Hereafter, an optional block I|abelling may
take place as step 4. After these steps the ingot is

wopn@parad and sawed to slice the ingot into arPpimPalo7ngs212
of wafers in step 5. Step H14nd all subsequent steps
of the manufacturing process may include an i nput
reading step 5a to identify the wafer, a manufacturing
-processedgl iddidtRnsaw i ng or washing or the |ike and an
out put reading step 5c to identify the wafer after the
process 5b has been conducted. Follow ng the slicing
"step 5, eHINGAMSOHY: subsequent steps |i ke washi ng and
post - preparation, testing and sorting, texturing, -
-dopi ng tatshimd asd etfingidyy f ace cl eani ng,

anti-refl ex-deposition, printing, - firing, edge
isoIatHon, testing and sorting, tabbing and stringing,
Ilayup, ¥YPani nation, flashing, and nodul e | abelling
can be conducted to produce the solar cell inits

-desi r edarnipafiorgur ati on and as a subsequent final step a
customread-out will be done in step 6. Referring to

_Figure , [ ngot 10 is squared to have a front
surfacg%i@ﬁgﬁ%an

- module labelling

can be conducted to produce the solar cell in its desired configuration and as a

subsequent final step a custom read-out will be done in step 6.

Referring to Figure 2, an ingot 10 is squared to have a front surface 15 and an
end surface 16 and number of four side surfaces extending in longitudinal direc-

tion, wherein side surface 11 is prepared to be marked.

Figure 3 shows an example of marking in different sections on the marking side.
A first marking section 11a is followed by a second marking section 11b and a
third marking section 11c. In marking section 11a an individual identification
pattern 20a is arranged in the upper region of the section. In the lower region of
the section, an inclined position line 21a is present. The position of each wafer
cut from this marking section 11a can be calculated by measuring the distance
between the bottom code line of the individual identification pattern and the in-
clined position line at the start of the section based on a known distance 22 be-

tween these two lines and a known inclination angle of the position line.

In marking section 11b the individual identification pattern 20b is arranged in the
lower region of the section and an inclined position line 21b is arranged in the
upper region of the section and is inclined in a different angle when compared to
position line 21a. By this, any interference between the markings in marking

section 11a and those in marking section 11b can be avoided.
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end surface 16 and nunber of four side surfaces
extending in longitudinal direc tion, wherein side

woesi1ac@911l i s prepared to be marked. Figure BCIFPOm7A05212

exanpl e of marking in diffet®nt sections on the
marking side. A first marking section 1l1a is foll owed
by a second nmarking section 11b and a third marking

Cafsbh@ehti 1 h mafkifRE&dtda mcmbqnd&.aaalaaemwdéwdrdyé&em 20c is
identification grattern 20a is arranged in the up

RosticBed ot then&PRECTSIAN and tFﬁé”‘P"Bﬁ%rpqslé'@P dieot1s Hbthe lower

rgg,@hlop{he rA8rkingCdectiédl position line 2la is present. The
position of each vvafer cut fromthis marking section

la can be calcula asur.in the di st ance
R AR ¢ RROBTPOT DAL TRE BreRils PtieyPRREAN ne and the

|hd1€i6hélﬁd§fﬁlfb§ﬂ‘brppétt@h§1 Iarrdgmr’ema aﬁlnrﬁtﬁﬂdmsuémmeattdnnpattem
the start Oféc%e Se ctlon based on a nown di st ance

Sfé""?)%a? feeAingHR entifygne inaet oL ERIURNIHBUANISHCD theabPRSH region

AN hadling BectRMSArid Wb positon lnksNBelied th 866tEdrPRANGILd t6 lBach
i ndi vi 3\5? identification pattern 20b is arranged in
WhRL 424

PESRTBREBAN ROWRICERIR AAMP HFPhcl i ned

position line 2 1b is arranged in the upper region of
Ih IFegus € Ctbi 0 Arsd Prti220i sfathé Mefvidual adahtifiéRioa Hattafgisearrdiged in

ompared to sition i e21a this, .any .. . , .
i LBPIPan o S SesdAn aHE 3 spnA PR 22l Tyt [dgptfoa-
tibhapaateeh idasaengetl imathiél IB@es eedioro Bf ﬁﬂdasmanbeetween these two
avol s tion 1
A1 o KNG (Y SAe PoRaTT o ZBcvPerdstin PRz A22
whieh aiepiecline@dn arontrary tahglei to@bcmethepard present] i ne 21c in
the | ower region of the marking section. Figures 4a-c

| rar ki .

TOTTE 45 RGeS R Tl ArreBherhatt BoRg tarparts of
anngzjdw |gantﬁnat|crrdpmtdua320 d323t inf iheatppen gpat loaen region iafighe
as, a Co

f
A RaceP, nfhelfB, PasubRdined i, a2 atdtiihd Bugr g whote
senﬁic;]rt W;bnﬁpm?tjliairidd:alnztlgesét;dnmdrtuenedantm32i?ﬁ2$ lagt&g?jpggesnd ower
e , .
ER00 0 2BLfrfier oresenr B el Tne ee BE e S5koh Fg istead
therdi igi proatied dm?t :i;n;gleahdu;zmlualahbamfmatnm @attemgm nmtrtehfmiddle
ect,jon secon
BRBR T BritaP 2o e PhchS terf Rond BB e B s 32 b the
righe hbodvasider egiriap iofthé h:entsazlcamajrrengetoma@ sebteseandvdy its ar-
gar I~ fdlgfylsq mt%rﬂelr\fa”v«ﬁz\%% ?rrtg Ly Ct%n'll%gs B% tfiz“ 220,

Figure 5 shows another example of markings in axial surface sections. In a first
axial section 411a an individual identification pattern 420a is arranged in the
upper region and an inclined position line 421a in the lower region. Adjacent to
this first axial section a second axial section 411b is arranged having an individ-
ual identification pattern 420b in the lower region and an inclined position line
421b in the upper region. The individual identification pattern 420a extends a
small amount in the second axial section 411b and the individual identification
pattern 420b extends a small amount in the first axial section 411a. In the same
way, the inclined position line 421a extends a small amount in the second axial

section 411b and the inclined position line 421b extends a small amount in the
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which are inclined in a contrary angle to each other
are present. Figure 4c denonstrates on the |left side a

wohesI5ar49 ar r angenent havi ng two parts of i ndi »Cto®R007/005212

identification pattern 3201823 in the upper and | ower
regi on of the marking section and inclined position
lines 321 , 322 extending over the whole section. The

ﬂrétohx«au d;'é@ﬂmri derd. idyl Rt ita8 aBalirke that RAFdading28F tﬁa%érmn%@ @an
er an |on are not further resent Int

B orma indarsadeRinatdne posighoLia Sae BHEBIEReD wefer can

wweﬂaﬂe@mh ﬁm&ﬁ).tml th thgot andlieNpoditidhah iteoman triot
324 in the md regi ong( "fjﬁe patterns 320, 323 on the
he pattern

PIE GBS SR TirEI R aHa IR PRAT Y GR P Tijeaton patter

: tfa%@ﬁ iohna arbpattdrd vehich [saa gaERIAE pdBteroith Mhes EBsven Y8 bhsis

the_inclined position lines 3 , 322. Figure 5 shows

I e hasts fhdRoSir iy kaLovs fagy 57 ket uhedas afdines
dhawa |f1ld(ﬁtbdaPﬁe§|ar§€n‘dtlrﬁ>é‘rkéd 1ad @hawn iimdhiyiekaaiple, place no. 1
i denti fj atl 'tern 20a|sarang;d|nthe UDIF
GoEGERM &é’ CRAY- SFRATESBNYINh IO 4 378 MRHKEAHR thig kA
m@gﬁl":érbodﬁi@ Wtsﬁ g riupitser of éustmamt patterR fikide rzga-fsyge@)ﬂ gach
axl.a SecC IS arr avli n | VI u
TR PP O el st o o fcn Haed () il estitance! sqch
lineas ipretbteratndd amd tHengoghikof é\adhhmeusmbndézginoabtteﬁhmes in
ﬁnd|V|duaI igﬁﬂtlf ation Ra}tern 420a extends a

d &%, uia

| |
gERe I ¥OBRYNG S BEnuigetureshingachynaty p?H%m leld and
th.@dmunsllu@;b:ctbd @stdohtumﬁtUsqmenﬁthems ﬁ%ﬁo Tex €indsn Be s8& that

unt in t ecC on
e et pAbe 285 g 200 e Sesoad 13 Atlshd sevarp tine
ramlwﬂt/elgé nartehmaaet@:etlfmdeoam4gie 66 g @ghéhelishowndntm@;res 6, 6a,
ncill ne sitlon I ne enas
t‘?‘ﬁéf’f"yﬁx EB&S ha"§e8tt?eorr‘i‘32“f%i’é"e%§? fPth € an '”F"é," g Ef?dé'&E and
thth@ﬂBH?V@ﬂGlGﬂ)leﬁ&%h%dMﬂdﬁlI@ﬁlr@@%dﬁﬁb@eﬁérﬁﬁé&ded with this
dently of the position of the slicing cut and
Cé’g S\ﬁg?’é‘F can be determined with regard to its origin

ingot and its position in the origin ingot. Figure 6
Rigwes mbmtéltyadhlowsa!me exlaniptien offthaposition vf alwalfer in an ingot

GG T TR A8 TP Rl At oA BB i
dngley A hies Walferr(eet stivwi) Has & @ndwim dixtende m‘eﬁet&\reenrt’ﬁdé lpegition
Ii\ﬁg%ggﬁd : eaglﬁldc\,% Oﬁt\}?:\#gglr\gxlg ﬁsego%l neé |ﬁ(rjs%d[i a positioned in
suoh mgsptiodiwigré theddistadcebeatoeen the oo iRg@inshdipetbase line
b%r )Eqa rAkgéjcoln vtvgpers 4? )I(Sa {)nositioned such that the distance between posi-
tion line 21 and base line 60 is X2. Between the wafers 40 and 41 a curve loss 50
is present which is a result of the slicing process. As will be apparent to the
skilled person, the position of each wafer in the ingot can be calculated when
knowing the distance 61 of the first wafer, the angle of inclination of the position
line 21, the thickness of the wafers and the curved loss by measuring the dis-
tance between the position line 21 and the base line 60 for the wafer which posi-

tion is sought for.

Figure 8 shows a top view onto a wafer which has been marked on each of the

four flattened sides. As it is schematically shown, the arrangement of the mark-
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pl e. The coding conprises a nunber of six matrix

pattern fields 20a-f (N=6). Each matrix pattern field
wocorspsiaes a total of sixteen lines (M=16). TRET/EP2007/005212

position of each line is predeterm ned and the

position of each line is depicted in dotted lines in

Figures 6 and 6a. Only one line is manufactured in

iRRCA thabffelerRAtdrRhg afdaR 4 1as@lz t8nizssh rsed.fféreelfs Ph¢d Srdddsing
continuous line in Figures 6, '6a. Thu it can be seen

ararymmetficRl Geging Wh'ﬁﬁta!'%‘i"ﬁ tq F’Sf"tﬁsa%ﬁe%ﬁ'a'”fo% Chy§tal orienta-
toRG70Gf kHewaf@pd the seventh |ine, respectively, are
nanufactured in the coding schene shown in Figures 6,

’ us only six |lines h?ve to be manufactured to

'ﬁo%*w dyee gatepntet thgumies 9f MPrsgasHiages €81 P¢ Maesr gps than
f@iurf t. ermtpartmdlawa@pﬁ&an@ﬁsﬂl rﬁgm@ann@,e bERIpRfies td bér Wukhices,

hi s codin ure schematically shows the
ec%llt%ffﬂ' tgihbg %’fcetsngaﬁ 9?’6"1‘1 SBPF’%I waf er in an ingot
usi ng the position I|ne A positionline 2 1is
AurtB et deligate 8 anbpdRinesa wafkri7aolifl Shetnad@irey twd rhbikig areas

fer (not shown) has a k . di stance bet we t he
3L 514 Yo ATtk O aPae SR RE e lrthe WAt g Vigrer
740sistrhonegl in A GiksdiioA 74081 dridohRE paRs6s!edading @elité® 700, 701

where th a ce en the sition |lin 1 and

WS Gresaianler Bpapahg cpaings SLOuRAGaras 6121 614, fespoctively

EOMis, izsﬂﬁlﬁdanéuaé‘l rédlﬁﬁg bh&ledt!;(ﬁiirfg%Clﬂ thetmaamgﬁa}@iate%1qrwand4g14
ne n IS et ween t he wafer

e £onuded PR Thisueod s lan BRI W e

of the slicing process. As will be apparent to the

skill ed person, the position of each wafer in the

i ngot can be cal cul ated when knowi ng the distance 6 1

of the first wafer, the angle of inclination of the

position line 2 1, the thickness of the wafers and the

curved | oss by neasuring the distance between the

position line 2 1 and the base |line 60 for the wafer

whi ch posi tion is sought for. Figure 8 shows a top

view onto a wafer which has been marked on each of the

four flattened sides. As it is schematically shown,

the arrangenent of the markings in the different

mar king areas 5 11, 512, 513, 514 is different, thus

produci ng an asymmretrical coding which allows to

define and determine a crystal orienta tion 570 of the

waf er .
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It should be noted, that the nunber of narked surfaces
can be nore or less than four, too. In particul ar

woap/iseabi ons, marki ngs may be applied to ot heCT/EP2007/005212

surfaces, e.g. to all eighti&urfaces of an octagona
shape. Further, in Figure 9 a top view of a wafer 740

i f shown having two marki ng areas 612, 614 being
arranged on opposed periphe{alysi des of the wafer. The
wafer 740 is noving in a diréction 740a and thus

passes readi ng devices 700, 701 which are adapted to

r edd Metbod den mgekinghwaters: iR pagticules vefers fgn golar cell production,
r es peghipfRing th&¥tepi s, si mul t aneous reading of the
codings in the marking area 612 and 614 and be
condUR1Eertaing armesitioadnecr arrerigheral sytroeapl| isiisor ingot or
be cHlLAnMesHgdtldN MRindn eMah&iAg id 8k aRRI HirdtSioWanariavidg™ lon-
particul ar wafers for solar cell production,

cofding! ifistindhe peigs direqligRuthgositicAding eﬁt@@idt”igdﬂ the geial di-
ONr:1iBf bl PSS taPHAIl2HE Molé‘u@'ol bF&FIuMH%H t¥ind MckiBY with
the ingot or colum ’extending’in an axial direction
antPsRavt tadhealongitudingl gyisrand alewingtp detesmingithe position of a wa-
di tBeli Pn thdPgBOSH ddiihin WithiB tﬁé(tn‘éefjérr&ldnﬁh trBgp i, d

i rection along substantially thé whole ingot or

cof URMNURRUTRG AG indiddyal dépnif @aﬁ'oné@ﬁém oft linesHan the peripheral
| ongrkddedbpb sicbh iRgYl d’?‘ldo%rf‘ghé %d#\ﬁ&l%l%é]’ﬁlf&&ﬁ)n pattern of
position of a wafer cut from'the 1 ngot or col um

Wi [lrpﬁsne&tqafgimgqwxn@rdlr@gpqnmverrsggg@@@ I\yéhg,whole ingot or column
MepKd Bedvitling8n HdividleH) \éb&’nHé'wHuéi’weéHoWs'tS @&én(aﬂ/ #atdirbA .&Iot or
lines on the peripheral surface of the silicon ingot

or C@BMidrm, the individual identification pattern of
lines extending in axial direction over substantially

t he whol e ingot or column and providing an individua
codi Mdetind epcuring\r cleénildenti fy the silicon ingot or

ColyHBRIN the MahviRRB| Rfehaficitiol ﬁa‘i’teﬁ'l 8t me]s cOSHRL N bRRality of

i ndividual identification pattern of |ines conprises a
pl e@rai'ﬁﬂt'vewhmr%rp|d¢ﬁtamqeﬁé@mﬁ@hota% vdiesein el dividygl pat-

eafdin o PRVideWh§r M iRdiviRial §Huehed!al diRBIESE Betweh rtﬁe\! pARSlity
by an individual sequence of distances between the

pl atlEesty of i nes.

3. Method according to claim 1 or 2,

wherein the individual identification pattern is manufactured based on a ma-
trix pattern, the matrix pattern being a grid line pattern having a number of
parallel grid lines at a constant distance to each other and the individual pat-
tern is provided by manufacturing a selected set of grid lines of the grid line

pattern.

4. Method according to claim 3,

wherein the matrix patterns comprises a number of n matrix pattern fields,
each matrix pattern field comprising a number of m lines and the individual
pattern is provided by manufacturing one selected line in each matrix pattern

filed, thus resulting in m" different codings.



3. Method according to claim1l or 2, wherein the

i ndi vidual identification pattern is manufactured
wohesadi@n a matri x pattern, the matrix patter RCDEPRE7M05212

grid line pattern having a tusber of parallel grid

lines at a constant distance to each other and the

i ndi vidual pat tern is provided by manufacturing a

sebeaieos akcAting’tb dnl bRe of Bk gé&d@fg Slailisne pattern.
4. Method according to claim wherein the matrix

pat¥ereirs theo fAgividuad identificalion Rattern Rhiings cqapRisssya plurality of

f I ghfel IRAS VHIH &reXdiNahdeRN frorh ieBbll ofRARAE Sh&Db&ing YR Bferent
m lines and the individual pattern i s provided by

naFﬂﬁké‘SF%PPﬂd"'@ﬁ%”é'é? ddividpal ipadernis PsUidefabY 2R "Ef!sl‘('%ﬁ" ife-

5 T heéhcetdtusickiRsubs binde ipluraMy of ffe8r ent codi ngs. 5.
Met hod according to any one of the preceding clains,

wherein the individual identification pattern of li nes

COBPrmMéRsd actdrdinglth by 6f thedréddaflg didiRRS Whi ch are
di st anced from each other, the lines bei ng

G| PharRan the, [oBgHEd deRtifcAtRe, RBE AL MaRraTeRags »a{uraity of

| S paia0¥liIpes mcrﬁé}elmiawééa%m %aéw BiFeE tRé lihdd s&n ©6 8i¥ferent
of the plurality of lin t hod ‘accor di 0 _an

0 of phE SrbLBATeIy toF AIHRAE 1§ REOVARS BY AIndvicual se-

| dgiéndel staflep®R dP@id muRligfoflihees conprises a plurality
of parallel |ines which are distanced from each ot her,

the lines being of different depth and wherein the

i ndli wrekmad aB@Jer@ﬂo Ry Bf BEip&skdhg dimisndi vi dual se
guence of depths of the plurality of I'i nes. 7. Method

acl’f’B?'Eﬁ”h&"et B‘da’ﬂﬂ}l%fdet"ﬁ@caé'%d@&ﬁﬁbof:|”35ﬁ5n%°m9\9|‘r°@ise‘"l’ RIur@lty of

15 | ngaraliduesi wiRiBH iaké @stdred Frdnh &%abh Qthdrl RSIIFERNBEihG Bfclifed
plurality of ﬁaral lel lines which are distanced from

eaWhh srepert toithe axiallicection ARd corEPTisiedithg P¢ineddpect to
the axial direction and conprising the inclined |ine.
8. Met hod accor di ng to any of the preced| ng cl ai ns,

f uPt HAethed AReqrdingd ?Hléogtﬂ“épﬁ”%edff’@rﬁﬁ'ﬁ'éturl ng a base

li ﬂﬁth%b@ﬁ\pﬁéﬁh@ﬁﬂé stdp Bfiﬁ%nhfﬂctdriﬂgtzh%al;@m%tvlf’r%m%ktends in

axis of th ot or col um.
20 parallel to the Iongltudmal axis of the ingot or column.

9. Method according to any of the preceding claims,
wherein the peripheral surface is divided into a plurality of axial surface sec-
tions and an inclined positioning line is manufactured for each axial surface

25 section.

10. Method according to any of the preceding claims,
wherein the step of manufacturing the position line and the individual identifi-
cation pattern is done before the step of slicing the ingot or column into a

30 number of wafers.

11. Method according to any of the preceding claims,
wherein the position line and the individual identification pattern are posi-

tioned on a flattened surface of the periphery of the ingot or column the
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9. Method according to any of the precedi ng cl ai s,
wherein the peripheral surface is divided into a

wopbaesriaidsdy of axial surface sec tions and an PaT/IEPR@®d/005212

positioning line is manufac2Wired for each axia
surface section. 10. Method according to any of the
precedi ng clains, wherein the step of manufacturing

t hmenaﬁj .hlp@mdunam%oaf;ms.hb% stéxsibwmﬂwd thbdt@dﬂt ok coleAtn iR ax-
ern is done before the slicing the ingot

S'IF‘%R?Hnl ?IPB’VéFerﬁiWB@rﬂaétP”%P%ﬁ'@eralf“rfﬁ)E‘i hod

accordl ng to any of the preceding clains, wherein the

posjition |ine and the individual i dentification
?%e’\"ﬁt hgd @c aingtt?éﬂéaf@ﬁ Peqadina dRBG surface of the

peWthéfﬁ’f Wt szasi Mo ha@ohg afedsOhaliy theedERid186dihg are defined on
particul ar conprising a step of cutting the 1ngot or

© oPfrAXiahSesfoR ofitae ToF B FPIBNG B3 BATKRS Steeending in an

f | akibedrEtioe biehaibalantliy A vholelaxidRiebtish asE e6MpRgng Q po-
any. . of the preceding claims, wherein at |east two

maPRPh e pRGEn i 't%@“%ﬁﬁ”@%‘?rﬁg are defined on

one axial section of the ingot or columm, each marking

ar endi ng .in an axi al dlrectlon over
E&@%Pgﬁpwﬁwe 115 Rregsqing claigdbt i on and conprising a

po\mseﬁehrofhel mBRirRy el the nidnklhy bFiselis commiurdd & rﬁetncal in such
pattern. 41‘?3 Met hod according to the preceding claim

vvhér"@yrfot NE&PIANR) 19mand RotaLp ﬁq%goféfe%wor Qr HWP@H‘P@G to

asyefirrl 4 ti§alal bifleritbiidh Withi@hel iRgster icBRmMAN révpiedtivelyPp and
bottom face of the ingot or colum and/or to define a

crystal orientation within the ingot or colum,

r espanéthye b¥cordihg t&/bh%@ﬁthawwe@m@,gué.msany of the
pre edln&oglalrrs wherein two on |lines

rraW preit fyeeesiigndiesare a*a@aa?u@%éwacwé% egen 91rh@r d¥fch po-

i Qmmemhermmmgmnaax.aﬂ dielaties ldven saRantP tha WHoM ingot or
t he vvholel wherei n the inclining gl e

n
of CQIH@Nt ws‘eﬁg% the BW?P'PQ@§9|es°fd¥hﬁfté1°e?ﬂs't'qrh"’1?§r'Fl@ﬁ‘?’ﬁf‘t in
copém.amyr@@nwt@ sddhettherl5. Met hod according to any of

t he precedi ng cl ai s,
15. Method according to any of the preceding claims,
wherein one or more marking lines are manufactured as double lines along a

part of its length or its entire length to provide redundancy.

16. Method according to any of the preceding claims,
wherein at least one marking is repeated on the ingot, column or wafer in a
mirrored configuration in part of it or as entire marking to improve vision rec-

ognition and coding efficiency.

17. Method of manufacturing silicon wafers, in particular for solar cell produc-
tion, comprising the steps of:
- texturing, doping and diffusion treating the wafer to produce char-
acteristic semiconductor properties, in particular solar cell proper-
ties,
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wherein one or nore marking |ines are manufactured as
double lines along a part of its length or its entire

woleosgisivab 0 provi de redundancy. 16. Met hod acceCUiERgOr005212

any of the preceding clains21wherein at |east one
marking is repeated on the ingot, colum or wafer in a
mrrored configuration in part of it or as entire

mar ki ng.t era‘n[;%emawuaﬂdémcgﬁm batih e&e\f)ﬁg% Rthumber of
efficiency. 17. Method of manufacturing

waf ers, i rliNgaran B¢ Berinhsral slogrof dae IWa&?’otedée'thfbﬁhe ingot or

conpri si Ngdiben HeeRafePivas cBiathi Nng, dopi ng and
diffusion treating the wafer to produce char

act eri sti c'e3dhg GonatdibhavindpePeiies ling an g peripher! edge of

sol ar cel | thpher whick$s fn@ﬁ’ri@dﬂ&tfﬁfésb@&'t&'aQHﬁéltudlnal line of an
identification pattern conpri sing | i nes

t he peri phBg2 OreRemphe wareryasy cqtérqna&tqepyfytthg Hoﬁﬁei‘ of

or col um thBgate\athivee ifgdt or clImnr eadi ng a mar ki ng
having a position line on the peripheral edge of the

waf er which is inclined with respect to a | ongitudi nal

llms MEthad abE&HBingb tKeOprebBdihdBlai@fier was cut fromto
identify the position of the wafer Wi thin the ingot or

cofUifRT Caprigieg Hisastae 06 plifingan hoPher (alerR Mt g uNiemof wa-

17teré Bhl Me4rkingRE 'n%jdﬂ%rtcbﬁmﬁi S¢tofdin dg;ltd menﬂe%d'dfgﬂy &H'the
colum into a nunber of fers an he i ngot

or Cl@udn SadeeFRin e t"b"“f'ﬁ% SRR I?o'éf'efﬁ'a%lhy’oﬁ? bleFFé’eéh%lSH%"Q
1- 4@p. Wherein the marking step is preferably done
before the slicing step. 19. Method according to the
preceding claim17 or 18, further conprising the steps

of1§qwathbaac@d}din@q@'th@;sre@@&m@aaw1¢@Fﬁsng it in an
axial direction and marking the ingot or colum

actther sRmetsingibetenso?df of any of the clains 1-13 on
at | east ofipiafhg bRendot ot EQ0ME byWutngSSn Rh izl 8feddbn and

- marking the ingot or column according to the method of any of the
claims 1-13 on at least one of the flattened surfaces provided by

the squaring process.

20. Method according to one of the preceding claims 17-19,

wherein a stack of such marked wafer is read out in whole.

21. Method according to one of the preceding claims 17-20,
wherein the marking is used for precise adjustment of the placement or orien-

tation of the wafer.

22. Silicon wafer, ingot or column, comprising

- a position line on a peripheral surface of the wafer, ingot or column, the
position line extending in an axial direction, respectively and being in-
clined with respect to the longitudinal axis of the ingot, column or the
ingot or column the wafer was cut from, respectively,

- the position line allowing to determine the original position of a or the

wafer in the ingot/column it was cut from, respectively,



the squaring process. 20. Method according to one of

the preceding clains 17-19, wherein a stack of such
worraoskisthspaf er is read out in whole. 2 1. Met hedT/EP2007/005212

according to one of the pre22ding clains 17-20,

wherein the marking is used for precise adjustnment of

the placenent or orien tation of the wafer. 22.

Si Li comnvatiRidual id@atificalio RatEm, of GREP lohhé Beripiferal surface of
position |line on a peripheral surface of

( p . Sur e of the wafer,
i ngot dhe Y@feIMNgot RE CRIYETM, thsnindjvicakidertififatign patterr of lines
axi al dixt@ehingdh tHeesRECHraBbY Vad shBdtagidIp thé iRt Ydoh or
respect to the longitudinal axis of the ingot, colum
or the GO ootheyialgyatenaeqridivelas cut from
respectively, the position |line allowing to determ ne

the oritgé Naiviqas iddn@ficalibn daernt Hevidmbein ihdividd8l coding which

i ngot/col um | s cut from respectively,an .

i ndi vi cﬁj'al"’sitaé‘iﬁ'\\{\"gﬁ thgsiligAn Jadat & r‘?gk'ﬁ“'\ Pi8E sifigop ipgot or col-
per i pharah theuwafaeRadtbutfrmmwaf er, ingot or columm, the

i ndividual identification pattern of |ines extending

in the axial direction over substantially the whole

it EQB.FSich!Sorp\géf@Tﬂ%_ili@bn '{H@f@t Mf&l@nmtﬁrdingeémrgy&iwg claim 22,
e individual, identification ern providi ng an

i ndhereute QQ?&!OHS'”M”EH“%\M%‘O%P%? isentfisation yatiers ae manyfac-
| NGPEd BEcar@hy 6 a dfiethdteofthkickmAs Hmgpt or co | umm the

waf er was cut from 23. Silicon wafer, silicon ingot

or columm according to the preceding claim22, wherein
the position line and the individual identification

pattern are manufac tured according to a nmethod of the
clainms 1-13.



