Met hod for marking wafers The invention relates to a nethod for marking
wafers, in particular wafers used for solar cell production The invention
further relates to a nethod of manufacturing silicon wafers, in particular
for solar gell . production and to a silicon wafer, i ngmp@fmﬁ%ﬂﬁ&xﬁme
manuf act uri ng process of sem conductor devices such as sol'ar cel1Ts”is very
sensitive to process paraneters of the manufacturing process, environnental
conditions, the location of the wafer within the ingot the wafer was cut
fromand the like. In order to allow quality control, to optimze the

manuf acturing process and to to establish a manufacturing routine which
all ows cost-efficient production of sem conductor devices with | ow
rejections of the final product, it is required to assign the manufacturing
paranmeters to each manufactured sem conductor device. In the course of such
docunent ati on of process paraneters for the sem conductor devices it is
required to mark such sem conductor devices in order to allow as- 15

si gnment of the process paranmeters to one specific sem conductor device
such as a wafer by its identification marking. WO

2008/ 151649PCT1EP20071005212 2 - US 6,112, 738 proposes a nethod, wherein
silicon wafers are marked on their slicing surface using |aser marking
technology. A simlar nmethod is disclosed in EP 0 616 364 Al. Such nethods
all ow the marking of very thin wafers by slicing a silicon ingot or colum
into a plurality of thin wafers and marking the wafers on 5 the such

manuf actured slicing surfaces. However, such marking nmethod nust be
carefully conducted to avoid damages to the wafer. Further, if it is
required to also allow identification of the ingot the wafers were cut from
a precise handling routine of each single wafer after slicing is required.
Furt her, such-nmarking nethods..are tine-consumng since each wafer has to be
marked separately by a 10petdci for eidiRihg@fafergbers, letters or conbination

t her eof . The-ori-ginallocation-of the-water—wthin the ingot cannot be
determ ned usi ng such marking nethod. US 4,632,884 proposes an identi cal
mar ki ng of wafers on the slicing surface and further includes cutting of a
sel ected cogner of a rectanqul a fer to distinguish between the front and
back si des DIE PKEMRAERESE & BoTAHeT FoTeIe SRS, Ot Pafleden ERE™ U680 However

t hi s nmet hodfohasiarnt dedl pneduation Tind arckntidnaftrtisérirklatdshe al rostabd ohmahuthdier- waf er

Wi thin the | ) . ] a hat .each fer.has to be marked
in an indi v'}'@%g'f%'gtwé%%’llﬁepﬁgﬁu%u Qggasro%;ﬁr&\?\%fcg% al \ggt%%m%o‘?’%cersl i ci ng
area of a wagaoraeidntthus shoul d be uni form and not affected by a marking on
this surface when they are used in a solar nodul e.

5 The manufacturing process of semiconductor devices such as solar cells is very

sensitive to process parameters of the manufacturing process, environmental
conditions, the location of the wafer within the ingot the wafer was cut from and
the Hke.

In order to allow quality control, to optimize the manufacturing process and to

10 establish @ manufacturing routine which allows cost-efficient production of semi-
conductor devices with fow 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-

15 signment of the process parameters to one specific semiconductor device such
as a wafer by its identification marking.



20 JP 07050328 A, JP 09070740 A, JP 60045011 A and JP 57052124 A di scl ose
simlar nethods wherein the slicing surface of a wafer is marked

i ndividually. From JP 01192121 A, JP 02130850 A and JP 57043410 Ait is
knovvn to NyPI2g08eAB4LI ngl e marking line to the peripher ACTHRMIEHE2Y an
ingot. This si ngle marking line is i ncli-ned with respect to the

| ongi tudinal axis of the ingot and is arranged on 25 a flattened

peri pheral surface section of the ingot. After the wafers have been cut
fromthis ind®6,112.R388 pringsemk peibpd.i wherein siliooh wafeesr arermartked iongbeir can be

cal cul ated AP askidenty r\rﬁgss@%wngnemmwg@ Rl thdih PisHleddiga " | pheral

surface of the ver hi S net does not a erm ne the

i ngot the wdfep 5\7\5§5ﬁﬁﬁ Bucinmatigds RlRY thequerkies of yptyrkip wakers By ¢lieidd mar ki ng

of the waf erassuq;ent.fk@%t &I é&drﬁ@trﬁ&%lﬂlfr@ﬁﬁofM@Wé@@@%ﬁ&rn@'t%%@%%so@ met hod,
wherein a pluralit (gls |sL5%pI| the’gerlp ery of an iIngot,
conpri si g dMesYR ““If%t“"% gheings e"%" SychBag(ng méippd must be

2008/ 151649%@?2:@9%@&52)12%@ damabheO O tH’e:aud'afI@thurthEr’;leh:t i hjuir€oeRRr i ses an
i ndi vi dual de of .nunber.s an%ett i.tioned such hat it is

bl aced on t FECGP RSN 37 ey Bdc3he wREs Werd Rk’ P Rlieste ekt hod
al l ows for irodingioflaadh simgik waler aftersicing \wafeguirdditF urtbed, Budht redrking mether s of

| arge thick r . 2 SP far Ny nbers 5
and letter sragg%ﬁ%g"%ac%%@ﬁigé %%rr%né%act ur egE?Q? t?%vné’%mg? S\%F%'Jﬁltegskn%%s t oday,
such nethod cedaimordepef n@@befﬁnleﬁﬁf@eqf@m{@horpﬂmnftTimwrigimﬁ!ﬁrmatimrtuﬂ ar in

such partiC?Heﬂﬁaféﬂha(hr%@%g%tH§%tf}96et§%lﬂéd aghé chFhQ%'&{? %bthéo% Is a first

objection of the invention to provide a nmeth 'ng wafers which is
| ess tinme-consup ng than the t hods d?scrlbe above but still provides

10si gni fi calt 7% PepeageUReTe BT GPoT BETErhEN erdFing seraae s
i ndi vi dual Raetest intudecaitiimnofod séibgte\@bier of a rectangular wafer to distinguish
between the front and back sides of the wafer and to identify crystal orientation.
15  However, this method has the main drawback that still the location of the wafer
within the ingot cannot be determined and that each wafer has to be marked in
an individual step. In particular solar wafers use the whole slicing area of a wafer
and thus should be uniform and not affected by a marking on this surface when

they are used in a solar moduls.

20 JP 07050328 A, JP 09070740 A, JP 60045011 A and JP 57052124 A disciose
similar methods wherein the slicing surface of a wafer is marked individually.

From JP 01192121 A, JP 02130850 A and JP 57043410 A it is known to apply
one singie 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
26  aflattened 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

36 surface.

WO 01/866361 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



It is a further object of the invention to provide a nethod for marking
wafers mnimzing the space required for the coding area on the wafer.
Further, it is an object of the invention to provide a nethod which all ows
identifi 15gatemnswhy t he wafer starting fromthe begi nniPreg/EFRoo71065212

manuf act uri ng process. Due to the | argé-nunber of wafers and since all
wafers are uniformin solar cell manufacturing, quality control in solar
cell production was made on the basis of virtual wafer tracking. Such
virtual tradiomtheongst. Bbtlolabelstaatprses ealindieticallcatie ohntrobers sape idtEck t he

properties qf 3 h&h‘c&seﬂfsu\éﬁftﬁétst lshibde %ep%?!gmg% ol Bt e, a%g gé)epar ed

unpreci se approa tracki ng, trea
waf er s canndkre ipgot This meeihod—{aipmérpr fnwﬁ%marfeﬂepf easheder bybisdigtted it ow di r ect

nunbering ofygaghs Y@éé‘{h;%@sé © &r@ﬁdjé trefabe bdURAS kMR aRdl bt GbarITher .
Thus, it is a particular object of the invention to provide a nethod for

mar ki ng Viaf &g IGHArE Sinee weiers %rﬁl"{‘%"ﬁ-'f?%ﬁ"ef’ préth p‘feaﬂl?(‘,“ﬂhtﬁ‘ﬁ“‘?ﬁs 1eeAYasUeL| | s.

Sol ar cel | s h@R Endbbs pesd |ﬁln€odbﬁﬁ¢v§f’e€§ro‘du:ﬁtm inheytical iPsRdyaadul n very

| ar ge anounts and g%_nceait <§ l ‘HFI red to use larger regions on the

waf er for t I W0MEEER Uste RaP 7"n°§ EE M hese regions will not contribute to
the function of the solar cell itself. Thus, in present nmanufacturing
processes oflt sod éirst objection nbtheainkeémignits q@eu'itﬂe)lanredthpd) farvoiadkincheafersdr awbacks.
roeyer, S! Qnal o€ LR AHAR AN AL efloRReYs 2Rdy ?QWQM Prdfighsst 1 DUt on

of the concentra IoNns Wt e solar cell can on be neasured at the end
of the manufssifioentitfopnaionaboutithe grigin of the wefer é”%é”%'g}dwiﬁ@@ﬁwifﬂg to
al low WO 200415 LadQRel/ EP2007/ 005212 - 4 - marking of solar cells to
identify relevant manufacturing process steps and to optim ze these and to

all ow quality. control These . and other objects hi ev d accor ding to

t he inventlﬁf R UEhRe PREE! Fp‘erfﬁYefﬂ 'RY t\)/vé)f' “P‘ge |'He'§3$? TcOP" F"Q\A)%{?g?ss for

sol ar cell pfrﬂﬁhumg tba spa@Tpylisidrigr thbeodih@peammaheivafet.uri ng a position |line
on a peripheral surface of a silicon ingot or columm, the ingot or colum

extendi ng '@H%ra%ssaén ngacotfwmgé}gmnwpm.d@gm@@« Pwldﬂaéiloﬂé'lo%n?rf‘ the axial

di recti on, ositron’l1ne ext n the axial direction a
subst antt al P?ﬂoﬁféthﬂm’f@r staging frem tBQ)P%QfW‘%@I“E?éPWWWWMGﬁH h respect to
the longitudinal axis and allowing to de- werm ne the position of a wafer

cut fromtheukngeie BfgeCRUnBBN oMvaRtird abd8ince all wafers are uniform in solar cell
manufacturing, quality control in solar cell production was made on the basis of

virfual wafer tracking. Such virtual tracking only allows statistical calculation to

trace back the properties-of a group of wafers in the process which is a guite

20  unprecise approach. Using virtual tracking, special treated and prepared wafers

cannot be tracked. However, conventional methods do not allow direct number-

ing of each wafer due to their small dimensions 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
25 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 celf itself. Thus, in present
manufacturing processes of solar cells, no marking is performed to avoid these
drawbacks. However, since efficiency, quantum efficiency and homogenous
30  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 aliow



I ngot or colum, respectively, manufacturing an individual identification

pattern of lines on the periph- eral surface of the silicon ingot or

colum, the individual identification pattern of |ines extending in axial

d|rectlon\ﬁoewws&bsﬁantlalIy t he mhole 15i ngot or col uPeTERPPHEIAi ng an

i ndi vi dual coding which allows to iden4-tify the silicon ingot or colum.

The invention is to be discussed in connection with the usual routine of
manufac- turing wafers. This routine includes the production of an ingot by
control | ed cwarsing tohlsotgr eelishio Eaetily irglgand repnudadtyingagrecess diteasnaidip accor di ng

to a cyli nd%rpt,,q{ze@hesgoangqggmua@{yCghfag]k and extend al ong a | ongitudi nal
axis of the cy I nder or bl ock, respectlvely An axial front and end surface

and a cryst h dlrectlon are d second nanufacturlng st ep,
The Tngor miyefhet Bet e Fo A b eyl P e e B e TR Fedod Bast one.
preferably fhmeadking Watsrs weparseuldracéss afrsbhece!ngeeucam, dqerpasiagthdgtegsut ting it
along its periphery in a longitudinal direction. Cften, by 25this a cubic

i ngol i s produced Gxlandi hg J Bodich 18l L ke g6l bPRAld LRggeCively

t he ingot may be fou cutting
it along its | onglﬂtru?diunw thei ingastor epluEe\RXtending ineEs. 8X?Hhé$@tiemlanm*ﬁsvw Il have

a smal | er cross S8 EQ&g}ttt]@Haitzﬂ% ih90bxial dirdcflor? 1R BOSAR é;@émiﬁgcturi ng

step, wafers are from such 1ngots or columms 30by a slicing procedure.
In such slicing pro#sdand dﬂ’ﬁ‘é"o\ﬂé“&\g jubstagtiallyrthe mhels-ngat of icelHE aldr ect i on

mul tiple tines usw&gn?amaa@dwfﬁ/res%e@{ t ki 1bYgibinGl H6£8nd BRIVRAY to M0
2008/ 151649PCTPEP200 00521
termine the position of a wafer cut from the ingot or column within the

ingot or column, respectively,

- manufacturing an individuat identification pattern of lines on the periph-
eral surface of the silicon ingot or column, the individua! identification
pattern of lines extending in axial direction over substantially the whole

15 ingot or column and providing an individual coding which allows to iden-

tify the silicon ingot or celumn.

The invention is to be discussed in connection with the usual routine of manufac-
turing wafers. This routine includes the production of an ingot by conirolied crys-
tal growth. Such ingots usually have a dimension according to a cylinder or a
20  rectangular block and exiend along a longitudinal axis of the cylinder or block,
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 cuiting it along its periphery in a longitudinal direction. Often, by

25 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
30 by a slicing procedure. In such slicing procedure the wafer is cut in cross-

sectional direction multiple times using a bandsaw. A plurality of siices, namely



the wafers, are obtained and can be subjected to further manufacturing
steps |ike masking, etching, doping or the like. A first aspect of the
met hod according to the invention is to provide the marking on the

per i pher al wowmobsasessof the wafer. By this, it is possibleEworappseit he
marking 5 onto the ingot or columm beﬁore slicing it into a plurality of
waf ers. However, it is to be understood that the nmethod may be applied to
waf ers after having been sliced al so, for exanple by arrangi ng the wafers
i ndi vi dual | ythewa$irslerdybtginde anthcan beeswpeded & farttemmaarkifauringestersriikene

mar ki ng step t e met hod according to the invention is
that a posi t?\%ﬁmﬁegﬁﬂﬂga&%ﬁ@ Oé(r?{el IE]EI vidual identification pattern are
provided. By this, the ingot or colum of which the wafer originates can be
i dentified US‘/ﬁfsﬁésﬁef‘féiﬁ/‘i*‘atﬁ'é?th‘?dd%‘???f‘#']gc'é’tti“@r‘f“’ﬁ&f’?%isrf" revificethe earkingi vi dual

i dentificati @mhg%hgmmls&rf@wmqwdraﬁf By phgiad b&s)é@é to| apdfthe kPkiAgt hod
all ows for %{@%trea rocedure i ndi vi dual_ codi ngs on

ol or fa gt RS CH eTneg i T B OIS of R At S al T s
for determ nbng drivergmsi ﬂhabmxeoﬁetead:hwan b\gbﬂp!mfterwaférstdier |hagﬁ§ beén col um it

was cut from!zggci% g forn&almn gP’P?ﬁ%ﬁ ii thlelvogfers uéipe é}g a(? ngloa{ g:Nng to

the inventi of OWs t 0 € mne all
qual i ty contrecgptantecéndasarking tmmowrm@‘kmg@lepeach SI ngI e wafer with respect
to the ingot/colum and the position within the ingot/colum. 20The

invention alj e¥nl spad: lor Wal BEthba 28cdl@hY 16 t& SRNAVE MM thal Y 'doB8bn itd1e Waf ers
can be marked at the very bheginnin process and the wafer position

in the i Hgotangrndptivifva! ifesdlicadion P "EI@f“‘ePFﬂVH’@E\ By Hyis, 4% RO Heeoiumybt  or

col umm bl ocl@fhaﬁchb@@nwgﬂet @ﬁ@natE@@hnmf Rien G byetﬁer a@amwnmemzmaéﬂ y through
all productio infl encing

t he product i” gﬂergl %@’866} 'Wﬂcﬁjaf %Pﬁ%ag% pﬁtg rﬂd%@?@@ésg\ye?ya ?f%'l%o The sol ar

cel | paranetiees tiaer metrnoti allovid ive nendreby ptdvedwas lantg large owdhibegoftioditibe

. Con. b
Iag;;leinfa:jogy }QF? §%ﬂv A%rurfg?er l?'uﬂgerg?ﬁe\?wﬁg Hog éc%ortdt}ﬁ tor}}é%mvseggr]oarfgﬂl ng,

wat er bewm Sdows @hldﬁgrratntﬂlgﬁm nwzm vii qaeh syotd Hﬁfef itkthe Thgot opeclitwh it nk may be
adapted to |v6?:1§acl,ult Yroﬁh@ﬁg"r’e ﬁ@ﬁxed%sﬁbﬁﬁﬁ%t IR, Qhe tnmﬁhéd L &ing & e the

lifetime and/or the appearance in light. This wll resu |n very
stress i ndudtvesipn ﬁ"owﬁetos‘i”iaF%He@f’WB% arﬂ’orel'ﬁé@Wa?ﬁtééP %"P‘éaﬁ%ﬁ!thné"o‘per f or ned.

WO 2008/ 15164&P4sTthERZEN 6§22 d2chsikyle wafer with respect to the ingot/column and
the position within the ingot/column.

20  The invention aliows to mark wafer in a very economic way. Further, the wafers
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-

25  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 appiied 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
30  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.



Since the peripheral edge of a solar cell wafer will undergo an isolation
treatnent, this further enhances the nethod according to the invention
since any defects or danages caused by the marking will be covered by the
i sol ati on Waremsi1aies? According to a first preferred enbddiFFEMI78H5212he
invention the individual identificatioh-pattern of |ines conprises a
plurality of parallel lines which are distanced from each other, wherein
the individual pattern is provided by an individual sequence of distances
bet ween t he Skagrtbe periphefal pdgreef a splarselbwater will yndgrapi afuavlatiandrasimersat i on
pattern all qus airder SAHERLSs FRIMHERSE HédoRiinPlo thawaaﬁdﬂ S8R G eadi ng of

the marking wth a owreading failure rate on all surface characteristics
occurring i rfafRgerayeed By Bre mgfkias Wit RAGRVEISSPY tTRiSo@tier Aiad&'ahmy be chosen
such that a zero distance can be selected as lower Iimt, resulting in the
| i nes bei ng mesraingasl acfirﬁteﬂéfeye@dmwment afzeaodwe@tadnerheanaivmmda@nmduci ng a
| i ne of double or  mul tf'i e thi (r:lgnsegs j ft 2 ie n i vi dual

di stances b&PURRPIEALY ”ﬁ’as‘“"r?& be E es V%’&%F@r%ﬁﬁ% di stance
may be sel edmedeaa:hobtmérewhemsthmyd:béuatsxattsmaacpmindaﬁom eadidividuabse-by this
predeterm n s thi ISt ANGE ¢ ihdivil riher
preferred t‘%Jq &é%lps(rﬁ cQé gg%le%hgp‘eeﬁiu%“ ac?li%%&'d TﬁternmF 'kamaéalfdé mred based
on a matri xcpmﬂtr@ﬂﬁm Q”hé’s ﬁmtarmsdemv@pwnb@pﬁtgeawkm ahi gefepgeadingraf havi ng a

nunber of p%{@fhéﬁin?wm ibiv188diRY fafure ORSIAN ﬁ%&@a%a&@ns%a&&c%msr and the
i ndi vid- 20 ual tern is provided by manufacturing a selected Set of grid

| i nes of10t héh §e |PEPC!-=—‘i*‘n@r "rﬁ?rt%P?PCt"?‘PreTh&pﬂjﬁt?@&tm@hb%Fh%?ebﬁé%ﬂlﬁ?@@rﬁat rix

pattern wi | lystanes Reh veeshised he us»e@dmg eaiting & frat ﬁhe@n&éi@ beamgeer safe
readi ng of the markings mdﬁ]?&ﬁcj Egtothe mef od$ he i nventi on.

Basi cal |y, CFeN SRR a8 I AIHETH ROEHCBS 251 Aar]pPEadi RYR'&chni que or
25 coul d usenigkeedsmetarig frexadiecindiiduglodistagcesemitnednee linay adayibegseset s of ten
or sixteen Howev | rkin i e and

t hus a codi 163% eocrhonnle %rggét rrph %%;s@ikg?%%f%eﬁn egke%r éeT'](]ﬁSJ?"reg}sa eSnT%’ F’%w l i nes
whi ch are tdlstaecerhﬂuha@ﬁcbr@der by this preagietarmimed eidiankieren muttiptes niditthis x pat t er ns
conprises azaupber of n matrix pattern fields, each matrix pattern field
conpri si ng a nunber of m 30 lines and the individual pattern is provided by
manuf acturing one selected line in each matrix pattern field, thus

resul ting i R $niurtier pesfenied Eudithgndivigyal '%”WcaﬁP’P RAtteH 5| MeRuRWred codi ng
syst em conppaseking @i pariRet sn@fmazhxf éﬁe&nbesﬁ?@l mssmerbaate&médmg 3O

2008/ 151649PC\VP2007/ O t

only a few MRRE o ?ﬂarﬁ@%‘:'w et ata SHRETY ARt 4 paf o Tangd *' "°C
nmanuf actetir edal patteraris aptovidsidybyomaadecttirgnalskipctel eset nﬂgm sl oﬂti@l@gﬁd f i cation
pattern of s YeRelin ThE kafifeaflyPbid BllibinehruRAs B lil A8ReBHED

di stanced fro |ckness and
wher ei n t herciagidd Vaildgariatepand aiow fpssale mﬁdd@d)fmp ranrkmdlma@mborgeqﬁ:ence of

t hi cknessesy,gf, ertmﬁd?ltgg;ﬁ{,érk,gnof lines. Since the thickness of a line can be
nmeasured rat her exact | his may serve to provide an individual pattern,

e.g. by providing two dlfferent g gdeterm ned t hi cknesses of the lines or
or e. Basically, the coding system could be based on a binary coding technigue or

25 could use decimal or hexadecimal coding techniques involving sets of ten or
sixieen 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

30 lines and the individual pattern is provided by manufacturing one selected line in
each matrix pattern field, thus resuiting in m" different codings. This will allow to

allocate a coding system comprising high numbers of different codings in a small



Still further, the nmethod may be inproved in that the individual
identification io pattern of lines conprises a plurality of parallel |ines
whi ch are distanced fromeach other, the lines being of different depth and
wherei n t hevg neingigdeal pattern is provided by an indivisuekersegueice of
depths of the plurality of lines. This7enbodinent is in particular
appl i cabl e when manufacturing the Iines by scratching, engraving, |aser
shaping or the like. The variation in depth may be conmbined with 15 the

vari ation i nsgabé ak®esissHe rdiaz‘&mgs&ﬁiis@ﬁmdﬁy aFfatiines (ndrigly waink@tdrenni n dept h

and/ or thickne onbi n h the enbodi nents conprising an
i ndi vi dual p%a[ Ezﬁﬁgﬁefa‘ﬁeﬁﬂg’s ‘i& allow to store large vol unes of data

on a small surface section of the‘ wafer (i.e. on the peripheral edge of the
waf er) . Accotittirmavely onadditiqrady ﬂ’]@rleﬂl@éﬂdﬁddd%‘ﬁfﬁ@ijiorrmaﬁ?mtdféinémmmrﬁaaI

i denti fi catlgaum@ Paranafﬁneé whch%?e SIQQRE%OSF&nQaBJI benel, ke irfds *° Wg;%h' el lines

whi ch are di stancéd from each i nes being I'ncline respect

to the axi al dfgrentdhicingsaand @’Bﬁiﬁ"i %W@d"ﬂ%¥ Pﬁ%wm%amwgmbwﬁ individual By t hi s,

the whol e i m&;uér@u%lfmn&kaagsefslcﬁa{é ;Siﬂ\raﬁt?b? ﬁﬂé& smcéméﬂh!wﬁie@w atifgsal | ows for
identification of the i h. the wafer was cut from and

of the posi te dﬁe‘?f‘lmidhr@“\ﬁgﬁé?"t'iynﬁ‘fshm§y ?%‘c’)l’o B?O"E’SIElﬁ‘rr‘ﬁ?“"'ﬁHﬁ’sP,a“?@aeé’epar ate
position |i rg previdiaf twoedlftdresichredederitireedfthibkridsess ofthé hgesp@shdreon line is
taken over by the lines of the individual identification pattern. Usually,

the Posi 1 oruffu,hits, WRY Flrlol P Ao RN RaP B fhas RollRaTH | N9 Lhe

di st ance between . |on d an ed ene surq‘ ace onto
whi ch t h# positerna hnemomgﬂwmmmlw eﬁpﬁall@moemmh:camjalc@atanoeﬂérroernce mar k.

The nethod 3QcABeD e et rﬂ)@fng%? B%F&ﬁid@b‘th thE whkRh B E%ﬂHueﬁﬁhﬁgrh Rg a base

| i ne which extends in parallel to the |ongitudinal axis of e I ngot or
col urm. Thi $reyidsd by gengividuat arquence pheepthnolibedtvrlity of fiaesyddist Wm of the

waf er in theodin@at isak ﬁﬂtlcuﬁﬂaﬁﬂ)lmﬁlﬁtet\rh%nﬂﬂédufactmg the lines by scratching,
2008/ 151649PCTPEP2Q07/ 005212 h .‘1 E cal culated froma
di stance betI@NNG2se JEPHG Al ﬁr%iet & "iaﬂ Icﬁ“ri'éﬂe% Y REncanained wWile base

| i ne andfsor tiehearjatisn tin thicknen® aseyisaBstedabaeulFughérd, niee varidtaaiih idepihe
recognition a%/o} Jﬂ%ﬁﬁeslsl rﬁ'gfbe combined with the embodiments comprising an individ-
ual pattern of lines. This will aliow to store large volumes of data on a small sur-

face section of the wafer (i.e. on the peripheral edge of the wafer).

According to a further preferred embodiment, the individual identification pattern
20 of lines comprises a plurality of parallel lines which are distanced from each
other, the lines being inclined with respect to the axial direction and comprising
the inclined position line. By this, the whole individual identification pattern is
inclined and thus allows for identification of the ingot or column of which the
wafer was cut from and of the position of the wafer in this ingot or column. Thus,
25  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 ontc which
the position line is manufactured or another angular reference mark. The method
30 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-



5According to a further preferred enbodi ment, the peripheral surface is
divided into a plurality of axial surface sections and an inclined
positioning line is manufactured for each axial surface section. This
enbodi nentwigogsasteicul arly useful when marking | arger iPEFAP00SV4CE t he
angl e of inclination of the position t#ne cannot be reduced under a
specific mnimum since then the preciseness of the 10 neasurenent of the
di stance between the inclined line and a reference line, like e.g. the base
l'ine, woul d tiootcabebes aédily ciatnutatadofremar tdistantet etweere tehbagpoltine kot tref  t he
wafer in th‘?ndi;ﬂgcgﬁosn-gp%ﬁe it is preferable to have a larger inclination
angle. This can reali zed by arranging two or nore position lines on the
ingot in axial sequence to each other. Since in such case two or nore

waf ers with hadasahire andfordhe pasiicd 15 mHEsH@sidonbs ing tofaclitale reeP@rence | i ne
woul d be pr esgatheafiiasaxi al surface section should be marked with

di fferent individual identification patterns to distinguish between the
wafers cut fromth rent .axial se ng. of the t/ col Accordlng
to & fur EnerREd e ot EREoReIRE SrRETbr ) ey P heT RS T os:

tion line amdo Err,&urhlnylof/aadafalurfaazhesﬁqtlbms:amd amxrp:mtzedepcrsnt|ossndo:ne iebou-e t he st ep
of slicing t n sed

bef ore, thekﬂﬁfﬁ@ggéccor%&h%ﬂpa&y %ﬁ?%vgﬂpﬁ%ﬁﬁﬁﬁm%%r %ﬁﬁg?%hﬁggﬁ

advant age t Wéen mrr*knm@rg,eamg@é% deneethp @nglecof inwdinglion@f g rrisition ling cés not
required tophy Bétrecﬂfcgg%@etaaséde@f@gmﬁilﬁmn@%c@mﬂeﬁ Ghe B%%%H@é@t biyigerk this

slicing surface. The mark ? done onto erlgzeral surface of the
ingot. By tMegsuramerngjdbe €'|5 386? Gﬂ"ﬁ’eéaﬁh%é‘dl‘?&dl@ﬁ "’V‘ﬁ agREerensalinactk@ri ng step

and herei natetgefhetﬂb@elnﬁgo&om&na%w‘rﬁ'creantdo@(aa{;y 6&6rmhd theHoskib® of hek that the

mar ki ng i s dapage urther it rred at the

posi ti gn | i W@%gﬂ?queh@g?tngo‘ﬁ gdaprqfﬁ'gﬁlﬁ P f@gﬁaoﬁrgﬁéffféé?éﬁma@@g{ﬁoiplﬁ oned on a
flattened lSUérf BE eealited h;earp@'fgwm‘lﬂu*oyoroﬁortefm)sltlbﬁ(khesﬂbn (iyc] |ngot3lfi) akighsd-he net ho:j
in particular utting the t.or um_in an axia
di I’gCtI on t&" %}8% ét?g'hea} §,#n? att elr’léehd%ééer ing Sher I° ﬁeés gctﬁ(gé%g?'gﬁl y, the
mar ki ng 1accoisenog of ehet hesitianvige fcoa refgrerive lapphowd bBcpreMt csdchnakialcal ,

peri pheral s%cgggg{o%5§1%6%l:‘g&§ﬁ%ggyIhoé}ﬁgr%gt mdsglduai igéHti @éﬁ%n?xfatt%s' ngot or a

colum but sSince 1t ure n_subsequent nanuracturing steps to
flatten theto digiouish %W@#mtheewgferaoyuidfwrﬁgtha cgféﬁmtuwf peeiwgwfeheit is
preferred tg@gpmickinthe i ngot or colum before such squaring procedure or the
like and to nark the such provided flattened surface which may be produced

by a 5 squarin i th| after uctlon of the ingot
or col um, éf‘ﬁ%&%? ﬂﬁ&?r%Fgﬂﬁg ”@ﬁs §?96%”% WIFHER B PLST espect i ve
cut t i ngzpr otredineeanidrtha mdaidual ldelmttfeaﬁqnqmtteSt isldoné betohethe stdp dfslipingf erred
that at le i r V] e i re _defined on one
i al sect: B RN oh oo RE Aampa b Wt AR08 D8 B RHOTC g
an axi al di aesetdirantooire inventiat mngaradulay hasethmdk@tm @Et gedmgocaraml

conpri sing n@oééférb%b Lidhy Qﬂéje @rh h&%&br%% ﬂrge;m:djcb%agﬂc d&@l’ﬁggr n. By

t his, redundant marKki ngs €ach nmprising a position line a I ndi vi dual
i dentifi cat?"tﬁ’ntopﬁ‘ftiséﬁlﬂﬁ”éﬁ/ gk db!ﬁoré'amarﬁurfﬁ@e wWHTefgring Eadqriej ee dhe eadi ng of

the marly ng@er@ﬂ@kat@rifaué bhthb uﬁ’@on'm} ey bﬁmgbt Scafmd 8RFbEMaAEE iPbnd €adi ng
failure. gartlcu ar, ;f h q
nufacturing step an herema erthe mgot 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-
so  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



i scan be arranged opposed to each other in such a way, that two or four
mar ki ng areas are provided. According to another preferred enbodi nent, the
marking in the marking areas is configured asymretrical in such a way to
defi ne an wa mbs/isogsand bottom face of the ingot or col pemEemd/@s21to0 defi ne
a crystal orientation within the ingot-®+ cot- 20 um, respectively.
According to this enbodi nent, the order of arrangenent of the position |ine
and the individual identification pattern can be altered in such a way as
to define a soticagf whingbt giawetmmbarsimakiionaybe outrdeineuyséRiehi matd-on
‘direction an I n pal t0 m faces of the ingot or columm.
Thiswi 11 ai Petiirs SEBe B tdten a8t 3L 5ie" B BpRa - Pei oo flerd ngor o
col umm whi chit issprefeqad tettafkghe in@Bt sretagon befoet sthragupirgcrdoedese orthehe | i ke

|1 subsequenyo/Tad ARhHbIGSb8ARed i RHLEULALINER BORINAG, Ly of o e

mar ki ng areas in one axial_section, such asymetrical’ Iguration may be
provi ded.5 ActwRtng groceduies T eeievepiniss aftereproBuglioniahthnt ingeiner gbamn.iabn | i nes

are manuf act a8 GnadiAeRAtsubBeEAGE Bl fiVide B B r@QBkiveQtthlg o @¥LRNAI Ng in
axial direction over sub- 30 stantially the whole ingot "or colum, wherein

the inclini ) BYIEeFE "t he two position lines is different, in particul ar
contrary to each other. This will allow to neasure the distance between the
two positi orstillifortteer dinid predercal that atieast vonmitkirg dest lravig thbeapoesbdihgn of a

wafer in an j i . 0SJ,11.0 i nes,. WO
2008/ 15164956%%%%#8@%%3’ s-%‘:%?f’; %%I ’M\%id\?é’?"g“té'{”f %84%’14 TRNGFIRES a
speci fi clodi derdieg inben axiardineption ovee Substantiady Wreywhole priskeatiom appeoint i ¢

posi tion in ARinbNORdsih iRe SRk Windll BuRABLAREARN paRBf,. Bl thilSreRdfddn O | i nes
can be regarded as reference base |ine which 1s not neCessarily oriented in

exact |y t he Tkt garMeAmRIisingct PRI inthend agddivishiatigpalifisatinn pattertan be at
san | nP' I nediraRedvidedSonilel wardfai i@hfaﬁiﬁtﬁ_té%é@in@pcﬂQﬁe InfhrigRgd ahd) t@RMneeat i ons.
According to_.a further aépe t of the ,nveriltl on, a method of manufacturing
si licon waf &P8IMiZe F &5k BET PROTS A (FAAIGPIWRCH PEricHiEb iMawaPEIng 3787 sol ar
cel | proguctdiadme drieegarbhmaed toTpadtsothgr inheics taepsy, that twe or fout exgkitifg Ng,
dopi ng and die];af ua§i o%wtdrgati ng the wafer to produce char- l1lOacteristic
seni conduct & ﬁr o%grtl &S, in particul ar solar cell proper-
According to another preferred embodiment, the marking in the marking areas is
configured asymmetrical in such a way to define an axial fop and bottom face of
the ingot or column and/or to define a crystal orientation within the ingot or col-
20  umn, respectively. According to this erhbodiment, the order of arrangement of the
position line and the individual identification pattern can be aitered in such a way
as o define a coding which gives information about the crystailization direction
and defines axial top and bottom faces of the ingot or column. This will aliow to
determine the orientation of the wafer in the ingot or column which is required for
25 selective efching 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-
30 stantially the whole ingot or column, wherein the inclining angle of the two posi-
tion lines is different, in particular contrary o each other. This will aliow to meas-
ure the distance between the two position lines and to calculate from this dis-

tance the pesition of a wafer in an ingot or column. Since the two position lines



ties, reading an individual identification pattern conprising a nunber of
lines on the peripheral edge of the wafer to identify the ingot or colum
the wafer was cut from 15reading a marking having a position |ine on the
peri pher alweges/16%4% he wafer which is inclined with red§ddP2qig0¢212

| ongi tudinal line of an ingot or colum¥the wafer was cut fromto identify
the position of the wafer within the ingot or columm. According to this
aspect of the invention, during the nmanufacturing process spe- 20 cific
readi ng proodlidivergealrem pach othesda speciid distahee bdbvagndhe dine wilogiwayse

manuf act uri ng, RLOG eSS, ARM RARBN 3 BEliRgR SRR Bhiylhi f PAALRSS oMb IR wespect to

the specific ingots, colums or wafers treated, respectively. This reading
of marki ngs RegiiomEnessean Pe regiadons faierenembrsing WhGh ot GekBECesFRTIM o
document t heyigRENeNSRCcH tHeBdHHitadhal lhiragichli? B BES! dr LEIURATIB LSS Be aBY readi ng
an |nd|V|duaI‘|dent|f|cat|o? ?égrﬁattern and a BQSItIOﬂ,|Ine on the

peri pher & &AdwBgd e PRYBE WS IRNSBP SRase cerai8 PRRIGAIRMTY, it is possible
to exactly determne the origin of the material which is treated. The
met hod may Becomipgdy edutiyertaapes bethedhvesitioni angetiod ioh getnufactudod siiepn nto a
nunber of . : | : | s rai t met hod of
30any of t\A@acﬁfr%ilsﬁé}%@%%&/ﬁg'%gg?\é%ggmcngbl??a(r?]%grgs e%?ﬁggeg#’ ggj é’%tgqbnl’ gq%done

bef ore t he MAhROOBIPISTEAFRREFHEP2007/ 005212 - 1 1 - slicing step. To this
regard it is referred to the explanation of the manufacturing sequence as

di scussed above W th (RA&RE ddpirghhd' EHRESH tretRing el Rl @F prdBhdd @ Sti l |
further, the nmethod nmay be inproved by the steps of - squaring an ingot or
colum B§ cutting it PreRgICSR éﬂongﬁ‘?%%quW'%d‘PH%'Rﬁﬂ?fgSq@{éieﬁﬁ ™or col um
according to the net hpsk, of any of the clains 1-13 on at | east one of the
flattened surfaces provided by the squaring process. To this extent it is

again referred to the r ti kKl L [on above.
t oAccording to a thi e agi‘ggagt'haé\?dﬁ'e&fjﬂ@:ea%ﬁ g%gengggwwsiﬁé%%ggﬂfl ngot or
colum is lines on the peripheral edge of the wafer to identify the ingot or

column the wafer was cut from,

15 - reading a marking having a position line on the peripheral edge of
the wafer which is inclined with respect to a longitudinal fine of an
ingot or column the wafer was cut from to identify the position of

the wafer within the ingot or coiumn,

According to this aspect of the invention, during the manufacturing process spe-
20 cific reading procedures are performed to allow for documentation of the manu-
facturing process and each single step of this process with respect to the specific
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
25  patiern 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 info a
number of wafers and marking the ingot or column according to the method of

3o any of the claims 1-13, wherein the marking step is preferably done before the



provi ded, conprising a position line on a peripheral surface of the wafer,
i ngot or columm, the position line extending in an axial direction over
substantially the whol e ingot or colum or the whole mafer respectively

and bei ng i qgdofed it h 15respect to the longitudinal axj ]t |ngot
colum or the ingot or col- um the wafgy was cut from @%@8 %2|1§/ t he

position line allowing to determne the original position of a or the wafer
in the ingot/colum it was cut from respectively, an i ndi vi dual :

identificatio her urf e of t he waf er,

i ngot or col uér?r'f%ﬁ‘]ats%%r gf“\ilr%%ﬁﬁ 'tﬁgeéfpg?éogoahg %Qf"ﬁ ?mE‘I”HéQ“é'Q@endl ng
in the axial akenseasrrisnpssecsalioye with redary ttthe rad;oebm/em'ugbdsd for maedingm or the
whol e wafer, respectively, the individual identification pattern

provi ding an $tdirtiedUns ne@ideay bl BibréVel BYshd QtebQSPt' fy the silicon ingot

or colum or the silicon |ngot or coI 25um the wafer was cut from Such
waf er, ingot or colum ré)rYn' des t vantbiy?:e t hat each wafer can be

i dentified with respect 1% 189G é’fﬁc’ URE oy Eytipg &itg oy axiphdiepion@ndgi nal

i ngot or colum by a si rrpl e readi ng procedure of the markings on the
peri pheral® surface and mardgg thalNQOEBLIEDBASPGHINGRE BO/MEBLA bRany cithe such

waf er, ingot or colum cﬁﬂithWSch tcllggst't}n% GL hherlsl suHS%ensa;?rg\]éc? yl'he

process and i nproved contro Ae manu act Uring proces
silicon wafer, silicon |‘11§‘B{a”69P@6¢$§rm may be further inproved in that the

To this extent it is again referred to the respective marking method and its expla-
nation above,

1t According to a third aspect of the invention, a silicon wafer, ingot or column is

provided, comprising

- a position line on a peripheral surface of the wafer, ingot or column, the
position line extending in an axial direction over substantially the whole
ingot or column or the whole wafer, respectively and being inclined with

15 respect to the longitudinal axis of the ingot, column or the ingot or col-

umn 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,

- an individual identification pattern of lines on the ;ﬁeripheral surface of
20 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-
25 umn the wafer was cut from.

Such wafer, ingot or column provides the advantage that each wafer can be
identified with respect fo 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



position line and the individual identification pattern are nmanufactured
according 5 to a marking nethod as described above. This will further
enhance the features of the markings on the wafers and thus reduce the risk
of/ readi ngv@ermwergeedr failure and all ow for fast narki n§CHEPWREIMGEEer, i ngot
or colum. The invention will be furtAér explained by way of exenplary
preferred enbodinents referring to the attached draw ngs. 113Fig. 1:shows
an exanple for a solar cell production process incorporating the invention.
Fig. |a: sheveh waferigopdrecofumn allpwsiprerugfilysontel is e mandediudiawoesssFi gure 1.

Fig. 2 Shov@ﬁéﬁnﬁmeﬁv&% 1 ARRFRGHREddsBGsQf an ingot. Fig. 3:shows a
ree axi a

marking in t surface sections wth variations of the 15marking
code. Figs. _4a-c: show different variations of .the marking code. Fig.

s . . |
5:shows an &hd&tFREMEER $ifForniped chGeHMMdaY bty et ievedn tgﬁt DAt er -
ference bet ntime dridrigé ifanedue Riehtmatiorpgterd asheusufattuey agpdreingf t he

coding of the individual identification patt . 20Fig. 6a: shows a detail
of the codi e BEnRmERpAA e egererr: Pt W Ppngra e B B o o 6.
Fi g. 7:showsf the shiemgt orcihk vaaferange trem redifcetthee rigodireading érareodeitwast r at i ng
the geometr Iar%:aalallo(\:m%pfag{ a%?kin%}%f@rl%gvgvé%lﬁn%og gl'ecoﬂfn]trg' nal position of a wafer.

Fig. 8:shows a schéena ¢ wafer having four narking areas.

The invention will be further explained by way of exemplary preferred embodi-

ments referring to the attached drawings.

10 Fig. 1. shows an example for a solar cell production process incorporating the

invention,
Fig. 1a: shows an example for an inner process step according to Figure 1.
Fig. 2.  shows an example for a one-side marking of an ingot.

Fig. 3:  shows a marking in three axial surface sections with variations of the

15 marking code.
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. 8:  shows an example of the coding of the individual idenfification pattern.

20 Fig. 8a: 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. 82  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.



25 Fig. 9:shows a schematic top view onto a wafer having to marking areas
and novi ng through a readi ng device. WD 2008/ 151649PCT/ EP2007/ 005212 - 13
- Referring first to Figure 1, the production of solar cells starts with
produci ng @b zamnisniget in step 1 and squaring this ingotpdayeresfoes2ni ng cuts
in an axial direction in step two. -1%fter step 2 the squared ingots may
be marked in a marking step 2a using a 5marking nmethed according to the
invention. Hereafter, in a further production step 3, the squared ingots
are grinded p&tenihgfrald BhureasS i prabidibR af boisr defls 5faRP wikA prddikinglof BEled i ngot s
may be marked in a step 3a. Hereafter, an optional block.labelling nmay take
place as st dp9%.n piERfL A9 THEERI Tyg got %p?rﬁjﬁﬂfngi%’tsp'r"eaﬂa?’%ﬂ 4fgFe8died t o
slice the inggitwonto a plurality of wafers in step 5. Step 5 and all
subsequent steps of the manufacturing process may include an input reading
step 5a to i [ : frac | r lLike. ing or
washi ng or t'ﬁ%ph&%?éz té%ﬁs%r%{gngﬁ%s”?\gg&@ n'tigqgahg(%3 gg" Ecrgftg%ﬁ‘?d%%? izlfa ij'% {rﬁ?{%wafer

af ter 15 5t hengrking esthataasasiingde theismenieted. Fol lowing the slicing step 5, a
nunber of subsequent steps |ike washing and post-preparation, testing and
sorting, Hereafter, in a further production step 3, the squared ingots are grinded and

hereafter, as an alternative to step 2a, the grinded ingots may be marked in a

step 3a.
Hereafter, an optional block iabelling may take place as siep 4.

10 After these steps the ingot is prepared and sawed to slice the ingot into a plurality

of wafers in step 5.

Step 5 and all subsequent steps of the manufacturing process may include an
input reading step 5a to identify the wafer, a manufacturing process 5b like saw-
ing or washing or the like and an output reading siep 5c to identify the wafer after

15  the process 5b has been conducted.
Following the slicing step 5, a number of subsequent steps like
- washing and poét—preparation,
- testing and sorting,
- texturing,
20 - doping,
- diffusion,
- surface cleaning,
- anti-reflex-deposition,
- printing,

25 - firing,



texturing, 20-doping, diffusion, surface cleaning, anti-reflex-deposition,

printing, 25-firing, WD 2008/151649PCT/ EP2007/005212 -
i solation, testing and sorting, tabbing and stringing,

14 - edge
| ayup, 5l am nati on,

f l.ashi ng, wadomsosuke | abel | i ng can be conducted to prodddErPheeselzar cel

inits desired configuration and as aldubsequent fi nal

step a custom

read-out will be done in step 6.

10

15

- edge isolation,

- testing and sorting,

- tabbing and stringing,
- layup,

- jamination,

- flashing, and

- 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 €.

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-

20
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 inciined position line 21b is arranged in the
upper region of the section and is inclined in a different angle when compared to
25  position line 21a. By this, any interference between the markings in marking

section 11a and those in marking section 11b can be avoided.



toReferring to Figure 2, an ingot 10 is squared to have a front surface 15
and an end surface 16 and nunber of four side surfaces extending in

| ongi tudi nal direction, wherein side surface 11 is prepared to be marked.
Figure 3 swowsssasieaxanpl e of marking in different sectimrgErmTob2imar ki ng
side. A first marking section 11 a is f®ilowed by a second marki ng section
11 b and a 15 third marking section 11c. In marking section 1 |la an

i ndi vidual identification pattern 20a is arranged in the upper region of

t he section. Cdnsed:dmtw dmmark:agisecticaf‘i1tchbesmﬁ\tlt'im idemtifidation ipats 20siid i on | i ne

21a 1s pr - "‘t:one 1np@t%'t}pl;l;§ uc_{!rimﬁgﬁ?ﬁe ngy%oiter}n];rg b?? iR l%' o%e?ecu on

11a can be ca cuI tan ott Om code
i ne of the regidi Oitdamafkﬂmamqﬁ@m-cati on pattern and the in- d| ned position
line at the start of the section based on a known di stance 22 between these

two lines armt_?] é‘ﬂ@%ﬂoﬁpé* b0 B AMBLE vafiatiohs dpQsd bebrl Ak and drar ki ng
section |lb e 1 ndividual i ntlflcatlon pattern 20b is arran% in the

| over redi ordndficyah degfcafioh p%%n%rtnl e f8cEhBE viduahidertiisationpatiemyr r anged
in the upperser@@ @ &fdiddte iGeatyl the iradtod @tumlslmdgémmah@luﬁﬁeet@jﬁn angl e

when conpar e to 05|t on I ne 21 terference hetween the
mar ki ngs in9 3“§e989 ‘oé‘na é’ %ﬁ?ﬁ*%‘ﬁ%g% ricﬁh'?’fgpﬁ’ﬂga@&'?'ieﬁﬁo Til?'b can be
avoi ded, V\ﬁtt&ﬁ@%‘i 122 @A0RETLERLOO TdvaD 58dion of thb sectiBonsequent |y, i n nmarking
section 1lc the individual identification pattern 20c is positioned in the

upper regi on, @%Qret Et?a'ngtlpr%OQQStﬁé ln@ﬂsdu'aﬂi@e@ﬁlﬂ% ﬂ:d?t ;%] e Qvﬁran @cg!non of the

mar ki ng sect | Figures 4a-c show exanpl e er vari at ons of the
posi ti orfol i e enpgr fasion céth%mcttp@aaqi ajsgeeid ﬁ’ﬁrb%@:’l @fﬁh@g{dw@pﬁgldemtﬁcﬁ gure 4a

an i ndi vi dugbn ipdedthiif Iaﬁaﬁgémnptabtn@wér r%growagha%ea.oﬁoébmehqhééewol fy the
ingot or colum jis arra n of the marking section and

two positi oR2TY peGeinlyid n‘%ééijel”HfQ?B?ﬁ P z%%gi é%s e Resfiondinger2L 222 122 are

present in twhihlzeseElineegi 8Bostfary begis ecéaddrothdriardp@es. 4b a first part 220
of the individual identification pattern is arranged in 10 the upper

region of t p%uﬁeeft#e%ngﬁgteg of ‘tel'?eoigg sft’)%rat %%ﬁfr ah anbg%erlltr?\%\/i\ltp q\{i’(ﬂgaﬂs of

identificati ern IS arrange region o secti on.
Bet ween 1t hes@lwo\mgl idantificatyn pﬁéern rﬁ@ﬂvﬁa%uan thedemdrfar@atpweh rqgint ef the220, 223

two positi Oﬂtatﬂtdbe%c%grjr’an@%?ch\’t@& BBsiféie ihdiC b2 Nefbol didhdiigbveR e @RGLE tO each

ot her are preserit
section, The individual identification pattern parts 320 323 in the upper and lower

region are not further present in the right hand side of the section and instead
there is provided one single individual identification pattern 324 in the middle
20 region. The patterns 320, 323 on the left hand side and the pattern 324 on the
right hand side overlap in the central axial region of the section and by its ar-

rangement do not interfere with the inclined position lines 321, 322.

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
25  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
ap  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 4216 extends a small amount in the



Figure 4c denonstrates on the left side a simlar arrangenent having two
parts of 15 individual identification pattern 320, 323 in the upper and

| ower region of the nmarking section and inclined position |ines 321, 322
ext'endi ng BOapstIRwinhol e section. The individual ident iFGTERIGHPE t er n
parts 320 323 in the upper and |ower THyion are not further present in the
ri ght hand side of the section and instead there is provided one single

i ndi vidual identification pattern 324 in the mddle 20 region. The
patterns 320irst3x@ sectichd 1l afBy Wisnd is assurath that imerepding ef re3natkions tére ri ght
hand side ovgria@rhdy hbepdalh yaaf R h@émaneaﬂ 1o sﬁ&némaa@@gemaén aJPy 'ths

arrangenent do not interfere wWth e Inclined position |Ines
Fi gure 5 shoWsIeBINeE i aggse & 'Eﬁc‘rfﬁéﬁ RPALRNG e mﬂam insine P%\@@'Qﬂéttl ons. In a
first axial section 4l1la an individual identification pattern 420a is

arranged i n Fidige 62showspseheme@iai annstampld ﬂdem nﬁdaq@asadbmmaatldnr&néaﬁa in the
| ower reqion (g h| s fi rst axi Z ﬁ second ?XI al. section
E n? P? 4

411b is rra\)ﬁﬁ Jorllnzil\ff]ﬂtﬂx ?’ch'lﬁ WGt 97 %rgt“fi mﬁ%tg'?%"?"h B i n t he
| ower regi onsamﬂﬂyaﬂnosmd:hemelmbmoml tondinudusnined2d markedh evhaperthe dgeson. The

i ndi vi dual | p !%g.g- I 4 he second
axi al secti on%iidgﬁé S grgdﬁs?ncfug&i%%tl I gahﬁg%a@%@%er n 420b

ext ends a swefréspandioato f’rmnﬁmﬂcﬁlnpsﬁ caxpenondigattp grarg esked|in thihexarane way,
the inclinediDosl Lbfy bcsrﬂﬁnsé%a]u%%@aﬂsﬁx aaam?alueamsa@tz gmémr@‘f ond axi al

section 411b and the inclined position lin exten anount in
the WD ®Ro0grBmAierTHIERIRELD @5otebol sidepn lines (NF16)xThe posiiep obpach11a. By

this, it i sx.a&wre@leté&haﬁecﬁarﬁ@mél m;t@ﬁ dffé%cmﬁiﬂsf%tcﬁ@]m%ﬁ@@mf\ﬁ med
[ ndependent gos tion i Ci ng cut h wafer can be

det er mi ned gPF?SGte nly pee g’?“? gi "ﬁa'?Lﬁ%‘é't"e r‘l’ble?cihsmﬁt%ip? ¥R eld @e origin

i ngot Fi gureu@l:r&l'rswspismbemabnmajobyJ;am;re%gﬂmbﬁ 64. s, inchrvbedsedn that
identification pattern on attern ChIS r|dIine
pattern wt ) {]]]I ne%tms( \t}ﬁmtfge aS|bsE“1%‘;')H%nl[lé ?‘gosel'nlelaﬁ‘ %ﬁS\A?Pthh %onti nuous

| i nes are nwskedivelyepeaganifactiiedes tbhmmmgrscuemeaﬂovvn nedicgres 6.06a,mar ked. As
shown i 0t higk SR FneshiEda BE: ngrﬁ.ﬁ&ftur‘éai?@:ﬂ?ﬂﬂ% drlndiy08 BLAGE-R0. 2
corresponding to are nmarked IS exa he coding conprises a
nunber of slwsrﬂtﬁt?ﬁxmﬁépt @ﬁﬁeﬁi @ﬂU@UQDQOq'“QSI\E%) be magiwyfaciusedhiitnithispat t er n
field conprisfisg &nbRieal of sixteen lines (M-16). The position of each |ine
is predeterm ned and the position of each line is depicted in dotted |ines
in Figures nels manuf act ur ch matri x pattern
el o and t Hoar T serelealy sBFus kel AtPR b e AoF Rt o7k wRgLIRER te5dten Thus,
it can he sesy tHegiositionihe Arpbsition }pmtmensrprcﬁmdﬂdﬁ aZ;ﬂbdeaeldurBﬁtmtlhnedsecond
line and th ev Y. ctured i.n the coding
schene shovviglm%§e ‘EHFSPVJ&*EQEHO?% gw{j ﬁﬁgseg %ng%l’] dlst%; nes eg\(v/%’ fre e s'rtrﬁ?luf actured
to provide e Ehdmd/ach@ae lsm&ﬂn@’a&ﬂcm MQ ig gogiined i sQeh ailpﬁ$nta¢r@dtln| ndi vi dual
codi ngs Cagsahfeﬁ a%”t%ﬁ%h‘&e?ﬂg‘ﬁlsttéﬁcte *E:'eﬁvé‘eﬂ%é‘go%%%@ 21 ahaweeoaée;ﬁgeﬁat ically

shows t he cul at1on of osition er 1n an 0 using the
posi tion | i&fkis A foseaondvaigrfe i posidiopachydidbatdhe é'sfﬁné%@?@feﬁﬂrﬁ?@é"l ncl i ned

angle. A figcntinwehindbass hr&h@)N@)XQhéét\f@eK mwa@rsﬁoaé‘ﬁam@cm \eeso t he
position line 21 an no. N14 ositioned in such a

b
posi ti oned 'F PrEFEh W g% '§?$T%H,t\ﬂié?% S’t"ﬂ%g gf‘?ﬁ%@é‘ W@t EE‘E'El"ﬂat Bd8F tion Iine

21 and the dxaiee dersee, 6@ positéh. of e ooarer mafhermgbl cab bI@Q&IIdJIa@éthrh&UCh t hat

t he di stan bet 0si n n X2. Between
t he waf er sqﬁ's \3%?1%'8 s o O%I?hossgg‘dager%h? 55@% fWﬁals”(?Ho fetgerp«?g*ﬁ?rf of the
slicing pr dmes%f tiﬁsthmkhbSSbe‘ tapmaf%'ﬁtamddhe wervekiiddsery peasuoing tmehélsposi tion of
each wafer %agt% gp%@lrﬂo ﬁ"nec??‘i GH a{e%s%ﬁ@ﬁwwaafgm g&gnce 61 of
the first waer e an inclination o ep05|t|on

t hi ckness dpnﬂﬁ@%ﬁffﬁs and the curved | oss by neasuring the dis-

Figure 8 shows & 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-



30t ance between the position line 21 and the base line 60 for the wafer
whi ch posi- tion is sought for. Figure 8 shows a top view onto a wafer
whi ch has been marked on each of the four flattened sides. As it is
schemat i caMo2ogtitms? t he arrangenent of the mark- WO PCTI/EP2007/005212

2008/ 151649PCT/ EP2007/ 005212 - 17 - in§g-in the different marking areas
511, 512, 513, 514 is different, thus producing an asymretrical coding
which allows to define and determ ne a crystal orientation 570 of the

waf er . |t sboinl tHe biffereot edrkingareas Hel, rﬁmbﬁ‘rrs,(sﬂdﬁmnﬁﬁ@dntsmuf;mc@gn be nore
or less than 5 Lt i rki

applied to o?rhé%rﬂﬁg%ggh'ﬂg%éh &Blu?lto%%ﬁ# %g‘%rd g {a‘]‘%‘%‘é’ 0 C%%gg%rfeg onal
shape. Furt hiean 570ref fiegwfer-9 a top view of a wafer 740 if shown having two
mar ki ng areas 612, 614 being arranged on opposed peripheral sides of the

waf er. The v@érﬂfuzd?ﬂ@nbtéd rtayﬂtﬂgnurabér ik rdd %a%é&)@a@ts@niom@ BésHgs ' eading
devi ces 700 701 to are a a?ted to read the cod mqs i n marking areas

612, 614,° r d8¥elqd J’élpﬁmc’ig?f prRlisatiogs MPKIINEJTRY PR AAPIRY BroteefesuERSngs i n t he

mar ki ng ar eze.§12 ahbighbddaasdoitam cztndugtstdpand thus read errors and read
failures can be mnimzed. |11/ICSLLP - 18 - CLAIMS 1. Method for marking

wafers, in F%%%EP 'TH ﬁi'éu% g 'Eo% JE&X/ of® lﬂgferc?%blif s%%ﬂ‘h%EIhS ri‘Wo marking areas
612, 614 being arranged on opposed peripheral sides of the wafer. The wafer

740 is moving in a direction 740a and thus passes reading devices 700, 701

10 which are adapted to read the codings in marking areas 612, 614, respectively.

By this, simultaneous reading of the codings in the marking area 612 and 614

and be conducted and thus read errors and read faliures can be minimized.



conprising the steps 5-manufacturing a position line on a peripheral
surface of a silicon ingot or colum, the ingot or columm extending in an
axial direction and having a longitudinal axis in the axial direction, the
position line extending in the axial direction along substanti@¥iliy t he
whol e ingot or columm and being inclindd-with respect to the | ongitudinal
axis and allowing to determ ne the position of a wafer cut fromthe ingot
or columm within the 10i ngot or col ughAlM&8spectively, and

manuf acturing an individual identification pattern of lines on the

peri pheral surface of the silicon ingot or colum, the individual

i dentificati orMpiébliefon @brkingnesf@xt endianulad axfead foii 61k i @M NAhction,
substantially the whole ingot or colum and providing an individual coding
whi ch al | ows” tS8MPHEHEItRGSERe silicon ingot or colum, wherein the 15

i ndi vi dual. i deptd, ki ' : e i j . [

par al | §| i negﬁéﬁ?&cﬁﬁgirgg@ %‘%ﬁ%ﬁ%ﬁ?%‘ﬁﬁgﬁaﬁ%@ dgr%?%tsﬂle‘)%hq{l] g° g?lﬁ‘fgm’bf
di f f er ent thtepgdt ardlwneedendipher amakialidigatiorpatd krving s lqupovdidgdixbyinahe

i ndi vi dual sequence of depths. of the. pl.uralit. f lines. 2. Method
aocor di ng 8! AT e ASRRRAing rhaditRdP Wit Pesster Frog bRy dhey of
l'ines conpihosemgdt Bt WbRInkd ¥n@beRariabliRl with ReHe¥hic healofoiddhanGadadd om
each other, wherein the individual pattern is provided by an individual

sequence 8fowingttaslesminst the masitine oppuvafe eup fesrm [tharingot 8t colamhoditie dlor di ng
to C'?b"‘ﬁ1§¥z%mh%gﬁh%g%kﬁv&?%mh”diVid“al identification pattern is
red B on & b

manuf act u ase matri’x pattern, the matrix pattern being a grid

line pattern havufigheinguabedndiofdupaidenliftatigni pattdrnes Abesaof anstiRAbh&hist ance
to each other and the indjvidual pattern is provided by manufacturing a
sel ect ed S8tacpolgihe FhiGoReest of salugrs dhy infivigusl entificgian MetRedobdesy di ng
to clai m 3 eigr 8 AihNGrdtBbS b¥erRBbLSTARy GARALRES Aldd
pattern fieFdsﬁgeaCH na?%?x pa?fern£¢?EF§ conpris?ﬂéﬂ§gﬁﬁﬁ%§%1%?0ﬁ?ﬁines
and the i adindixddigll cpdingerlnch sllpwowi deutifyythe MUSbh Phgot b8 celumn, wherein the

15 individual identification pattern of lines comprises a plurality of parallel lines which are

distanced from each other, the lines being of different depth and wherein the individual

pattern is provided by an individual sequence of depths of the plurality of lines.

2, Method according to claim I,
20 wherein the individual identification pattern of lines comprises a plurality of parallel
lines which are distanced from each other, wherein the individual pattern is provided by

an individual sequence of distances between the plurality of lines.

3. Method according to claim | or 2,

25  wherein the individual identification pattern is manufactured based on a matrix 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 pattern is provided by manufacturing

a selected set of grid lines of the grid line pattern.

30 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



manuf acturing one selected line in each matrix pattern filed, thus
resulting in rn" different codings. 5 Method according to any one of the
precedi ng cl ai ns, 5wherein the individual identification patterp.iof |ines
conprises a plurality of parallel lines which are distanced from each
other, the lines being of different thil@kness and wherein the individual
pattern is provided by an individual sequence of thicknesses of the

pl ural ity wfufgcheng 06 spisethddingc boeeibngatrix gailerof fitede thsenediting ol @l ns,
wherein t i .ndi vi | identification pattern of lines conprises a
pIuraIityhgg&ggﬁéﬁﬁ%? | i nes which are distanced from each other, the |ines

being inclined with respect to the axial direction and conprising the
i nclined |ine. 1?7 thﬁﬁg according to any_of the preceding clains, further
conpri si ng- t héVieihedacrordiag i 2 Qe A rePTaerding & swhi ch ext ends in paral | e

to thesl oRgjatdigli ' i ] : r.di to any
of thesprecgéﬁggﬂgkg?ﬁgeﬂ%ga%ggg?ﬂggﬁggggf?%%g?g¥$g§¥$%@§gﬁg§E?Jgggglinto a
pl ural i ty loes akichl ars uliftanred Sewt icacts othed the linng bemgdofpdiSfieteinothicigneks mel i s

manuf actured for, each.axjal,  surface. tion. 9. t hod accprding to any of
t he prece&%ﬁ&“&&gfﬂé?"1m‘pm“ﬁﬂé?B?Wugﬁéy§Wéﬁd8@m%Eﬁﬂ?ﬁ&?ﬁ?fﬁﬁ*? espﬁgition
line and theplimdiyvdrdisat. i dentification 25pattern is done before the step of

slicing the ingot or columm into a nunber of wafers. 10. Method according
to any of the preceding clains, wherein the position line and the

i ndi viglual. id £ ' ! siti.oned on a flattened surface of
t he p%@iphéry 0 { %ﬁﬁﬁgﬁ%ﬂﬁ#gggﬂﬁﬁﬁgﬁﬁﬁ%éé1 6d in particul ar 30conpri sing
a step of whuileld thg nbiwiduag dendificativnupamtetn of néx t@hpiick echliutilitt of pe@UkIde such
a . . . .

lines which are distanced from each other, the lines being inclined with respect to the

axial direction and comprising the inclined line.

15 7. Method according to any of the preceding claims,
further comprising the step of manufacturing a base line which extends in parallel to the

longitudinal axis of the ingot or column.

8.  Method according to any of the preceding claims,
20 wherein the peripheral surface is divided into a plurality of axial surface sections and an

inclined positioning line is manufactured for each axial surface section.

9. Method according to any of the preceding claims,
wherein the step of manufacturing the position line and the individual identification

25 pattern is done before the step of slicing the ingot or column into a number of wafers.

10.  Method according to any of the preceding claims,

wherein the position line and the individual identification pattern are positioned on a

flattened surface of the periphery of the ingot or column the method in particular
30 comprising a step of cutting the ingot or column in an axial direction to provide such a

flattened peripheral surface.



flattened peripheral surface. MCSLLP - 20 - 11. Method according to any of
the preceding clainms, wherein at |east two marking areas having the sane
codi ng are defined on one axial section of the ingot or col umycgaeh
marki'ng area extending in an axial direction over substantially the whole
axi al section and conprising a positiofr’Fine and an i ndivi dual
Sidentification pattern. 12. Method according to the preceding claim

wher ei n tHé-ndﬂ%ﬁﬂ@awwﬂﬁhéuhﬁnhﬁﬁbeHW@aémi@&%mnfigured asymmetrical in such

away to I i.al .t ttom e of the in of columm. and/ or
o ot ne SIS of L6 plaRal NI RE R gPE b Behofhof Ret BRef Vel .
13. Met hodeaaafdhdthgboonoyluah, thd pikegHregcekadifB in an awWREHRERIch W er
position |ines are manufactyred adjacent to_each other, each position |line
ext endi ng vat%{&lﬁéy the vaee Brpl Sseos s eupRTSHNY § Perdopsrendrgoindiyidusbl um,
wher ei 8 t he LabNohidatag, angle of the two position lines is different, in
particul ar contrary to each other. 14. Method according to any of the
precedi ng clai ns, wherein one or nore nmarking lines are manufactured as

double 1 955 39Sk S:cBHite Ok bob GGy 11 entire Tength to provide

wherein the marking in the marking areas is configured asymmetrical in such a way to
define an axial top and bottom face of the ingot or column and/or to define a crystal

10 orientation within the ingot or column, respectively,

13.  Method according to any of the preceding claims,
wherein two position lines are manufactured adjacent to each other, each position line
extending in axial direction over substantially the whole ingot or column, wherein the

15 inclining angle of the two position lines is different, in particular contrary to each other.

14.  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.
20
15.  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 recognition and coding

efficiency.
25
16.  Method of manufacturing silicon wafers, in particular for solar cell production,
comprising the steps of
- texturing, doping and diffusion treating the wafer to produce
characteristic semiconductor properties, in particular solar cell properties,
30 - reading an individual identification pattern comprising a number of lines

on the peripheral edge of the wafer to identify the ingot or column the wafer was

cut from,



15. Method according to any of the preceding clains, wherein at |east one
marking is repeated on the ingot, colum or wafer in a mrrored
configuration in part of it or as entire marking to inprove Vi(siiom
recogni tion and coding efficiency. 25 %g. Met hod of manufacturing silicon
wafers, in particular for solar cell production, conprising the steps of:
texturing, doping and diffusion treating the wafer to produce

characteri stic seni do¥diE dparsingplavinges posiHopdingjcautharpesioherel eddel of the

properties, 30,read) -an. i-ndh Vi i i fi cation.pa r LsSing a
nunber of Iinggggﬁq? glggﬁ?g‘%&gﬁqggéﬁgggi?ﬁ%ﬁﬁgbgﬁ“ﬁhéé%%ﬁ%?f@p%%%“?ngot
or colum t he thaferlferwass autfrdm omidenkifil @SLdoRition2df the wafer withinedd i@t ar

mar ki ng havi ngqu osiéi on line on the peripheral edge of the wafer which is
inclined with &8P 0 a longitudinal line of an ingot or colum the

wafer was cut from tpcihd@Rtidoy of PAuRAShbiaQner bPRaRRS &ld Mk%«%‘th@ ot ggot

or colum, and 5slicing an ingot or colum into a nunber of wafers  an
mar ki ng t he i Mgotolsnn cskeiimgaéc dradimeghadoof hay redt the delaiinsamhyl 20fwhehen ghai s

1-12, wherein : i [ rably .done before the slicing step.
17. Met hod acé‘tégr}g’i“”g{e?épgﬁzé%@éé%ﬂ?.[’\%ff"g tgcf’ ﬁ%yci%% S¥Bf urt her conprising the

steps of squaring an ingot or colum by cutting it in an axial direction
and r Ki n‘% t he indgot or colum according to the nethod of any of the
claims 1- 12 ofMahod eeserdigg o ¢ prasedipg slatedéd surfaces provided by the

uar g ghg&@§§mg%§%§&w¥§%gg according to one of the preceding clains

Sq
16-17, wherein a 0 mar ked wafer is read out in whole.
- squaring an ingot or column by cutting it in an axial direction and

- marking the ingot or column according to the method of any of the claims

1-12 on at least one of the flattened surfaces provided by the squaring process.

15 18, Method according to one of the preceding claims 16-17,

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

19,  Method according to one of the preceding claims 16-18,
wherein the marking is used for precise adjustment of the placement or orientation of

20 the wafer.

20.  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 inclined with respect to the
25>  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,

- an individual identification pattern of lines on the peripheral surface of the wafer,
30 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,



19. Method according to one of the preceding clainms 16-18, wherein
the marking is used for precise adjustnent of the placenent @rsorPentation
of 20the wafer. 20. Silicon wafer, ingot or columm, conprising a
position line on a peripheral surface qof the wafer, ingot or colum, the
position |ine extending in an axi al di-Péct i on, respectively and being
inclined with respect to the 25l ongitudinal axis of the ingot, columm or

t he ingot -or cbt individhd iderftdicaers paitarn proiging @ pedividvel goding whichipdopssi ti on
line allowi ng t.o determ ne the original i.ti.-on_ of or_ Lhe fer. in the

i ngot/ col ﬁnﬂﬁ&‘in%l X/\g‘g S@ﬂctonf“?%orﬁm e pec?rﬁ\lllglgﬁf,%o}l MEot or Cglﬁi Hlmn%lle\ﬁ ad\g%a s cut
identificatdon pattern of lines on the peripheral surface of the wafer,

30i ngot or colum, the individual identification pattern of |ines extending
in the axial Whewa theRogier lisg pd félﬁtlilcmdyaltiﬂ@ﬂvﬁfaﬁ@l PHEER aErmaBiyiedr t he
whol e f i hVGERIP1 1222 - t he indi vi dual
identi??cg%?g%ﬁ gggékﬁﬁgygupdlng a%ighdividual coding which allows to
identify the silicon ingot or colum or the silicon ingot or colum the

waf er was cut from wherein the position line and the individual
identification pattern are manufactured 5according to a nethod of the
clainms 1-12.



