Laser Scribing OF Thin-film Solar Cell Panel Field of Invention

[ 0001] The present invention relates to apparatuses and net hods for

| aser scribing of thin-filmsolar cell panels. Background [0002] A
thin-filmsolar cell panel or nodule typically includes a transparent

front el ectrode disposed ggﬁ@g}?h%ﬁ%q@uﬁﬁ -Ei%%DIa?CQH%Q&OI taically

active layer containing a uncti on and a rear el ectrode,

The front electrode is usually a transparent netal oxide such as tin
oxi de or zinc oxide. The sinplest PIN junction includes a |layer of a
sem conductor material doped with “%i¥§ﬁgm&85ant to forma P-layer,

an undoped h@yer Of aIRePISORIMGEAonRILL B a%;gél‘ﬁu,;%éér 9Rd eth?(?]sr £ laSer
or I-layer, and a |ayer of a sem conductor material doped w an
n-type dopaptibing of grimiidm siat egllepanclsi ght i nci dent on the substrate
passes through the substrate, the front electrode and the
photovoltaic |layer, and a voltage is generated across the front and
rear el ectrodes. (0003] Typical netBadsoupg the manufacture of such
thin-filmsolar cell panels use a laser to forma series of generally
paral |l el grooves or scribes in the above-nentioned front el ectrode,
senmi conduci@02] aydhindHo sear cadl eatal adenodilditypickiyt meludanel tramspaes front

collection _pf. individual, series connected cells. [.n"pne apprqach,  as
descr i bed FieURIGHSRFEpEa8ESs RbsH BERvalicaly ey er shbininge PN o1
panel s to PONNMupaicdl Al a 364 N&GollE NB% bRt AOQIJAETis %@lﬂf@?& _Qran&{éﬁegt metal

scribed lines were formed by novi ng t he substrate containing
phot ovol t aP&ideael agfa cxidectrrdereaxidn dde sithplestaddl jupetion ifthesea kayonnf a
scribing p . | ow. [.000 ite deyel opnent in.the
art of for rpeongediffield oBEeEh M kOB ol e el
there i s acheedehzbnducheWnappar akdisfotds MRehtRIUIE PRG0N layer of a
requi renments of such solar panel s and nethods of use.
semiconductor material doped with an n-type dopant to form an N-layer. Light incident
on the substrate passes through the substrate, the front electrode and the photovoltaic

layer, and a voltage is generated across the front and rear electrodes.

[0003] Typical methods for the manufacture of such thin-film solar cell panels use a
laser to form a series of generally parallel grooves or seribes in the above-mentioned
front electrode, semiconductor layer and rear electrode to divide the panel into a
collection of individual, series connected cells. In one approach, as described in US
2008/0105303, laser beams are scanned across the panels to form parallel scribed lines.
In another approach, the scribed lines were formed by moving the substrate containing
the photovoitaic layer and electrodes under the laser beam. These known scribing

processes tend fo be slow.

[0004] Despite development in the art of forming parallel scribed lines on thin-film solar
panels, there is a need for a new apparatus to meet volume production requirements of

such solar panels and methods of use.



2 Summary [0005] The follow ng presents a sinplified summary to
provi de a basic understandi ng of the present invention. This summary
is not an extensive overview of the invention, and is not intended to
identify key features of the invention. Rather, it is to present sone
of the inventive concepts of this invention in a generalised form as
a prelude to the detailed descriptionS#A&Yi s to foll ow. [0006] The
present in { sl Q) I 1S, Bl -
Ceri bing of wry i e e B RE P AURISURALE ABHUSR pha i nding of
[0007] In daeplesdsdutivestinn, Thissupmese rnot ay exttisore qyepndvdestha iysiemnd is
conprising: an.i L sectign; .an output .secLion;, a processing sectjon
bot ween t hdof MitHBL i AETH (Y et RS REMe iR Qods S 4E Basa pomgor e
linear dri viecapes adeBpit @FYhisNnhidn WRaKRGGBsed R 8 13 ;&-E'l‘ﬁdé W88 detailed
drive is operable to translate the workpi ece between the I nput and’
out put sectUpsHstionthat e fdlowore | aser sources disposed in a | ower
part of the processing section such that each | aser source is
operable to fire a | aser beamupwardly through a transparent

substrate gosh&hyprdsfitesention Sedkis B¢ pioRicredygimnindl rBdBSd BF 1dsfi8cribing of
thin-filmsqlar panel as the workpiece is being transl ated between

the input Hieldus pube swapiaghise ofols celdptnalsaser source bei ng

i ndependently indexable after each scribed line is forned so that the
relevant thin-filmlayer is divided into substantively parall el
strips, whicob7jakeorelcadicxiimalt] theipsabatieenaog plov s aBRide tomp@O08hn ixput
anot her enbodi nent, the present invention provides a nethod )
conpri si ngSeH8ERAMNY BT RYD SCRIORFSERE SR iRy erar Batnpsipad pulpel Jeatensy
downwar ds j# i tadal Qs of. - &L L st ine; biasing.ar .
cdge. of 1 nE TR aB0dked o Ay Aokt oRhBRC B oF PR IGGRNAE
with a |inkeear driveis,opatablegioriranbletel the earkpdrck betviean dpenpblagd b@put sections;
translate th _Wor‘kﬁoi_e e bet vveep.the i.ngijt stati i_)n and an out put
station; t?“éﬁ'&oaof HYC (REE SRIFIEP Fiseeser A 1oy Pt of the BEtoresiig serion supfythat
station anghcRURRMHsoficl is0fheMle fib ! 20 UNRy QearTOf ak‘ﬂgeﬁli‘otﬁgﬁ"ﬁstl spdrent
first frequency substantially vertically through a space Between the
i nput and Bdsiie ok thatwakiceotoparsive th slayhnitlmer of Enghar@nt soblpandl atk ehe
of the workpi to.scribe parallel ljnes gn the front.electyodes
with ref er‘gﬁl}:{g%{% oM R%m %dbaQSI%?edt eéw?/\%’r{l i BRE 499 QBB AERRRR W“{‘ 78 fa5hk
and rear sioppebdng WRbeARnEAGRISAbR ARz elchedfhdds gt iPWhRd & 8m e

separate | aser source; and indexing the two or nore |aser sources and
repeat i ng releuary dig-film layer is divided info substantively parallel strips, which are electrically

isolated one from another.

[0008] In another embodiment, the present invention provides a method comprising:
loading a workpiece with the transparent substrate facing downwards in an input station
of a first machine; biasing a reference edge of the workpiece against a front and rear
stopper associated with a linear drive, wherein the linear drive is operable to translate the
workpiece between the input station and an output station; translating the workpiece
back and forth between the input station and output station and firing two or more laser
beams at a first frequency substantially vertically through a space between the input and
output stations (o pass through the transparent substrate of the workpiece to scribe
parallel lines on the front electrodes with reference to the edge of the workpiece in
contact with the front and rear stoppers, wherein each said laser beam is outputted from a

separate laser source; and indexing the two or more laser sources and repeating the back



3 and forth translation of the work piece between the input and

out put stations until the entire front electrode is divided into
parallel strips that are electrically isolated one from anot her.

[ 0009] The nethod of the present inventBon further conprising:

| oadi ng the workpi ece forned with parallel strips of front el ectrodes
in an i npufnd tfaxth gandation efelbondiimiche hetweph i gut hed wopkipitebes until the

ool 1t 2 AR ORRS o AP L Rt RIEI R BRGS0

| i near dri weother.operable to translate the workpi ece between the input
station and an output station; aligning ascribed Iine Lpl on the
front electrode wwth the linear drive by using a canera di sposed at
the front | . i i ..dl_ Spos: ear .t he
Fear adj usianre 145 oneatPbERG B e AR A Rl B RATRE R Gobiee
achi eve pafahied|wighrparatle it dfrfepnt Blecinatck ph @a anfpeckatian dffacgebdhdogiokgen
t he i nput gi at irﬁge andlﬁﬁo‘ut put. st attfi on and firing twg, or nore |aser
beams at a’$¥EHE MOEHIETTCAEALELS LRt SAPRSy Apdrd Fenrripsehe slrprenasspriged
bet veen 1 heihnpYheandritd sidlar $6 3hdi OFSihk 16 0Y@0, tf; '
Substrate of1 the1 \?\/or klﬁi ece té) scri be pa?gﬁféﬁcﬁ%g’eg& f%)rg?leL%%R%?\&?ng
seni conducerarablayerireoslaicete workpitecob@wednt bhe afpat etution tand taneowputi athn;
lines (Lp I, the.front electrode, wherein. each.said.laser beamis
output teq el SEHaRL LPL S8 ciEStR M R B e B e
| aser sourgiggosatd: BRPBAtidage bheheBaskpiatdaddOsidid AR AliLRRePhed: M rear
wor k pi ece hetween the input and output stations until the entire
seni conductbnstahly gpppst t¢ dgiprmEneibe coukstion refuiicd dol aliiews posillalisng| traptintips
that are d Iy, t ne fgrom angther. [0010j |.n anpther
enbod nent oG ek AR R BchePIGR MR Gt e Pl FBEERG e
wor kpi ece i tiford feset beaspar enfecddbtquahe balsiagialPWawahts thidug ai s
station of a machine; biasing the workpiece agai nst a front stopper
and a rearPHHPUsPEHPRULANG PEPIL SHEBRS Bt RS WoNEh the Hesspaigny wdstrath of dhen
t he |1 nearydi.Ve. IS ; I i etween, t he
mput ot at' onP e SisRBE A e (R b Bl R BE R R Y e
r ef er ence illyecfakntchie theskibicddimeith) thehd froeadlcdrdddewhsteidattgsAd laser
canera (C -04? di sposed near the front edge of the workpiece and
anot her - cA1T8HA S CEYIERS SR o SHasie (apet Jou56eT gaf Uad e et Byper mog laser
det er mi ne shiRcC M REEARD REBH M £ ' IS0 .

ref erence SI i ng and‘%?he ?i near {gri v%?l %lnagl\égto?ﬁﬁgﬂvhgé %édpk%%c%é?@eahg&
and f ort h abdtonéeih statiens wpilthestrditd smismducior ryer ot adar olectanid i§ divideg 1h60

or nore | aser ans.,at a first frequency.substantially vertically,

t hr ough apgbaéi(?gsﬁg? U\’l@{eﬂe?{% Hcﬂﬁdf‘ﬁgtﬁﬁ‘) %{}Bﬂ“ta“?ﬁ‘ﬁf'i ons, 4 through
the transparent substrate of the workpiece to scribe parallel lines
on the front electrode; wherein each said | aser beamis outputted
from a sep¥Hgt dn paetber eendiesnt phidie prasenttitieentinn, e mmthod doaperess badioe s
and repeat, 1 he C nd forth tranpslkation of the .work. piece. ,
potween: ¢ meepsts B Gt Aot b aRR e Co Rl i oy pBie Siion of a
el ect r odeniashihey bideidg i the evopiagiedel @hinstt 4 ifpt tshdhebhd @l @&t 4dj 6 Y stopper

i solated one fromanother; aligning a scribed line (Lpl) on the front
el ect r ode *WOERIEhYI | & Fapar ghivge whotels itheg lippas dvee i oparahle o4 )iragblgisobed

near the {08 [ 1t ; EBFA
i sposed nonefdARdn Ll UE Lo B SoRR I E VR R Rheot o,
requi red tafermobd edge phriad weklipgere witlankd ditnbng dtibe byoukpd acenbaekCamd)
forth bet&een the i pgyt station and qutput station and firing two or
more | asef SBRKHICH he Toplesgs of (e qipalrrisreand epather eamgya (e dispasedyear the
through arpagfusRelNeRBpd"® HARKnAMS: QBHonS Lt A Ak
transparent su is?t rate g? 1t he wor l%flece topésig:erni E@EQ?ZPI%P{CI%%?&IQESEH
(Lp2, Lp3) beweemeegefrianon doe bt the dinear doiver earslating dbe odekpicah badi mddach
between the input station and output station and firing two or more laser beams at a first

frequency substantially vertically, through a space between the input and output stations,



10011] In one enbodi nent, each | aser source is independently

i ndexabl e by separate ball screw and associated notor. |In another
enbodi nent, the rear stopper is adjustable t hrough a ball screw and an
associ ated motor. I n another enbodi nent, %wor kpi ece paral lelism

[ I umy wor kpi ece; in anot her,
? lhleg(r:]gerrg al ?fr" é*rﬁ"elfggls 8§’r“ “r}ﬁ&ﬂﬁ “é”%ﬂ V\‘% hien‘%ﬂ%fg%lﬁ%‘em ?Cy’bﬁﬁﬁiéﬂﬁfleé}ﬁls Aretie front
di sposed t releaueles evhieteit hacls ahidbreer bags 1§i‘89t WREK By ﬁ]gg s@%{)ﬁg I%L ource;

I nt is,carried out automatically. In yet anot
\e/tolr Eglngce plrefpEihedwp o |“§ﬂ'|?ﬂ‘3’rﬁ¥1 qHEes awkiepeting they lmalmardatoeh n@ﬂﬂaﬁﬁn &iiBe

ri.ef Descri.ption of the
ca 5 ot el BRGS0 A, L BRSSP A e
non-1imti r@Vﬁmﬁ)omthmnalh: csfu;tshﬂmpm@&ﬁ@éuxta{lzel@élhi@ﬂ' Jont fidh raﬁc‘;tﬁézer}ﬁl%nfn% a

in which 0013] FIG | A shows
;Bga?gf Sgp 1? g%/ l"f(gjé &spés %Blth‘“gﬁBFt ‘Eiﬁféfqdﬁdﬁth p dloear oldies ba@elogdlnmgarm(ﬁdaﬁh

croad! mont ©0 &hesereseli: AMKEN s BB 1S 8L 20, B AL,

of the apparatus shown in
di agr arrspgfneﬁméh%mfetr ad}ﬂﬁa@homppdﬂ fol Getedhine Wik | Ghirebdda + uédﬂ%ﬁ ach1evc
bl ock di ag | aser scribing process; Fl G C shows

substrate igg {Hﬁeﬁf tp%%}%{n%lt theevorkprerepitagk pnd dadl befvpon She EpGt sBtion and
shows an appguakiSod @hd FREG woCH IQP&%”%J dﬁegﬁs %{ag‘s&foﬁg etqgéué;xt%%star?haqu

ear el ectrode according to anothe ment  of
|r nvent i on, Yikichldt trpagh aBpdce bastaeatiesingnt @dduigueaiins, tth@yualp B 18dndSarent

shown in Flge3@or the workpiece to scribe parallel lines (Lp2,Lp3) on the semiconductor layer
or rear electrode; wherein each said laser beam is outputted from a separate laser source;
and indexing the two or more laser sources and repeating the back and forth translation
of the work piece between the input and output stations until the entire semiconductor
layer or rear electrode is divided into parallel strips that are electrically isolated one from

another,

[0011] In one embodiment, sach laser source is independently indexable by separate
ballscrew and associated motor. In another embodiment, the rear stopper is adjustable
through a ballscrew and an associated motor. In another embodiment, workpiece
parallelism alignment is carried out manually with a dummy workpiece; in another, the
camera or cameras are mounted on independently motorized axes disposed transverse to
the scribed lines and workpiece parallelism alignment is carried out automatically. In yet
another embodiment, workpicce parallelism alignment and laser source/camera

alignment are carried out with a precision jig.



[0016] FI G 4A shows bl ock diagrans of the apparatus shown in FIG 3;
FI Gs. 4B and 4C show bl ock di agrans of the second |aser scribing
process; [0017] FIGs. 5A-5B show bl ock diagrans of the third | aser
scri bing process; and [0018] FIG 6A shgws the process.flow for

| aser scribing of the front electrode; and FIG 6B shows the process
flow for | aser scribing of th8reéDecaoiptiuebdthellayeinggnd rear

el ectrode. Det ai ed.DeSQrithog %001 % %pe or nore specific and

al ternat i vel?BHbotrdRYTBR WilleDh ARSHERE (DHvEdt PbROWIIIAG wpediments of the
descri bed w C&i - ' : be

appar ent t\cl)ﬁ%%g{ ?Eﬁtﬁ%ae?%qﬁfﬁg&ﬁﬁﬁﬁgﬁ%gg{a, th%gt%a ‘?h%sé%?ﬁ{\}%%tl on may
be practised wi thout such specific details. Sone of the details may

not be descyt ] lLengt h so _as no 0 obscure e.inventiagn. For,,
Case ot 1 ora . da i 8 RuPRnlhonfef S EsrouB pult SrindRsadiiing t
W |1 be usegh dhcauaba e tid\RedehBiesiod 81G. B BLkiril8s Pedd @ew dMBhelipparatus
simlar features common to the figures. 6 [0020] FIG | A shows a

top perspechpwa iyFtyy % a | aser scribing apparatus 100 according to

an enbodi ment of the present invention. As shown in FIGs. 1A-1B, the

| aser scribing apparatus 100 includes a frame 110. The frane 110 has
an upper plagfaprimGl 24, shavlsdhedk dhgiingrontid dppanaduasHonibrr FIof 100 HRSFIG.

116 joining _the upper, platform 112 tqQ the |ower platform 114. As seen
in Fl Gs. 1ABawvsloghdiagams Hfdhg st desep porting piosessatfs 2A0ehaves appbstrate
i nput secti #1519 ML gxj.ernal conveyor may dock with; the
right handfggae igsa%woufgﬁ? 5%%%bn 104 of the apparatus. In each of
the input and output sections 102,104, there are two rows of

respective air rings 122,124. Preferably, the input ajr bearings
122 are in [P‘?ﬁb%ﬁ}a’t I‘?fg‘t %@“@Lﬁ“pﬁﬁpaﬁt‘ﬂs E%alﬁ?eﬁﬁgnlllﬂa of {8, Sgrpigpncictor layer and

wor kpi ece Wl ion@Y@BRlofihd & AR ABaIAARL Bf ﬁe%fresﬁﬁgn@t%n}%ﬁ@stm. 3B
is nmoveabl e on air cushionsS between the substrat'e and the

i nput / out putlusdiatesbeand migsv Ahe dppratinshosnie Gt e, two i nput air
bearings 122, there is an input puller 132; in between the output air
bearings 124, there is an output pusher 134. The input puller 132 and
out put pushey 61133‘1&315;& PHGE BRR digrhth@¥ethel dpPRATIsYKhbRn iR 16 eSPEels! ¥8 and
section to pull or push the workpiece Walong the respective air

beari ngs. Of thew blegk dipgremeof theesscegnsdrser swibimpprasesseen in FIG 1A
i.e. the left hand side of the workpiece W there is a |inear drive
140. The linear drive 140 extends fromthe input section 102 to the
out put sectemam F0ds.iIN-8B skowiblakidifRaas of hdilgat iack: Ryriting pfdceit atdiand
coordi nate system shown in FIG |A such that the linear drive 140 is
substantially parallel to the input puller 132 and out put pusher 134.
The |i near hverdd I ' . .
connect ed (AP FL0-EA 5w L FRL, ANG (SRIEE SRR b 8L RRELRUAE qua FiC.
hand edge 6B sliavsmickpioeess danfbrtlasck rsaribheroft e veilk@idecer tiayeanghd rear
forth between the input and output sections 102,104 whilst the

wor kpi ece FEHPHating on the input and output air bearings 122, 124,
Above the upper platform 112 and in between the input and out put
sections 102,104, there is a gantry 160. The gantry 160 has a span to
al l ow t he wor kpi ece Wto nove unobstatlad Diesezipyiobet ween t he i nput and
out put sections 102, 104. Substantiyvely.bel gw the gantry 160 and on .
Che T over  BIOA8Y G0 pacte sReRe AR al it icesihodtmend 8t theleysoph Sy et il
sour ce 150n6%Wi BeSdecliB®iewith Safidnovas ds &tkhrcﬁéwhraaviﬁg%a@@slﬁﬁtwﬁ@aﬁe% to one
i nput and out put sections 102,104 to scribe the workpiece The

| aser sour lgfed 5O ther &t hngyayed dhatl thisopeerdiohemaso be postiset withewtatueh spenaic

pitches di r rs Wi th.respect .to,the l.eft, hand edge . qf the
wor kpi ece G&Eﬁggﬁﬁﬁaﬁiékﬁ %%R%glgfp Pfé%??gﬁdégl?ﬁ%&ﬁofﬁqﬁngtﬁﬂ?mgéhe
that subst aneitdd. Wopaisal dfeblesmict, hethrhémnaSerbile, dupirAlp 3r 6éies RE nhgkMBdwill

be used throughout the figures when referring to the same or similar features common to

the figures.



7 processes P1,P2,P3 on the three respective major |ayers on a solar
cell panel. On the gantry 160, four suction nozzles 162 associ ated
with the four | aser sources 150 are provided to renove any debris
that may be generated during the |aser s@ribing process. [0021]
Associ ated with the linear drive 140, there are two fixed stoppers
142 agai nst which the far side, as seen in FIG IA or left hand side

of the workpiece i.s. r.eferenced to. nor r.to ensure that the

wor kpi ece V@Pgtﬁallz R\%y@’ ?}}‘?Wé@ﬁf’%@’flsmcl“ﬁe P& 9 %Jé%?@‘flgﬁﬁ%ﬁ@aﬁlzs 1§ ggcording
spri ng- | oadgdinl @St 48 tlﬁar}ﬁreﬁgnﬂﬁivgﬁt‘ijoxpﬁstsﬂgwh'lﬂhiG@"’IfAdIB'tﬂ@ 1REr {i®Bing
i nput section 102 to biase the worl cpi ece against the fixed stoppers

142. Once t&t@amﬁkmﬂeleeluﬂes zbframedlag?.ﬁhm’éamt Ha0 ﬂlaxemupp@mbzéfcsmmz atltreer

h h f.th Kk
Wi o cr ansi A 20 EPERRES RubiBet! B, LE kB SeEena® Tl Bafae

out put sectplatisnil 024, Xscbolin FKSSSEHIAS&HC}I 113,nBe Rt Radakdeadf thé E'ﬁﬁaratus 100 is an
Lpl, Lp2, Lp3 thereon. After parallel li nes Lpl are forned t he

wor kpi ece, IPPW“&HUI%H’(WF@EP&@?“@FWF PRy QIfmay d@ﬂ{é"’lﬁe@@rl‘aﬁ}élhynd Selerisin
transversel d S

front el ect(%{l esslé{%t'tr?oeID tﬁig %%%%eglkg E‘n%ft@% 1%1% ngé)bl pu% Wgn%hﬁ%gﬂ‘i
secti on 104hto a6 Hue eDWd”laﬁ reg@etivohir thhairgdsri2pd 24 SPlefeQ&‘dIy’,l tbalidpit air bearings
isolated o rom anothgr After ach of the | aser scribin rocess

P1, P2, P3 i 3&@? Bt et e Uit Risi Deunaplzd Seibocuekoies em@mple the
SECtIOﬂlOll‘ i frthanaproce I

FiGs. oA 28 Shou Bl acy o oo bl EAMOBIARCES hdcbic B cibors P, e
its plan visebhstwite indths [nemtlott&pm ficbdarings 122808, Iis betmhem@epwoams afPlbearings

the front ct.r ode. st.r at ,. W th
the tons J2E HEE af tart milled Do iginefiten il ARipis lhretneu 4 thetedd an
the gantry oh@fht pushdre@al Vad idbut thaed TPUhnE ﬁﬁtbhpﬂuslaglz 194 afeh@pe‘%b@@{@&%ﬁel
100, the |nput pul l er 132, such as a gripper belng operable to extend
froma ret daeedeingds if‘tsi)@ﬁl‘@(ﬁe‘@m@ phid OS pm@tthewerlgnece WY abpeg thehespective air

| eadi ng en h b and he subs te, i.ntg th

section 10% ?‘f‘nédn%flﬁ%% ars op p %P?l?a asﬁ?gnlnhﬁﬁ ]Stf‘ Bﬁs‘Fﬁl Pilde
133 is def iofiehs ta;ysﬂq@etcem tefe 6f a ﬁnééx@s:llrfﬁfb Q40 SERS Rhoar IHGH 1a§ ex@nds from the
photoel ectric sensor. \Wen the substrate S reaches the input stop

posi ti on 13mputspeion H foathe ogtpu spetipsetMbip ams-ditsetiongas wdtatedrhy lherrght
146 | d f th
155 30818 EGRRRE B3NN S P PR S50 M,

substrate Pacdiahgehe dvert phil@nm2hedi cupiit ppslielr d841BR: ligeat AEvEMUPRAY & least
144 on the |linear ,.drive 140. ce the grip ers 144 on the |inear
drive 140 &V SBicsrseyt sHppHa 144 58mpcsicd teeie ond he gpirpers it ére mable to grip

I f
rel eases | ik QM@0 i%hd A0 ieﬁae'\#%ﬁdﬂé@ads&rgfé{vﬁ@bﬁge 1o (GABRYBen

pneumatical I'y; the correspondi osition I near
i s denot edt@lwum@uwwwcmamdﬂﬁgwﬂhduh;ethco\mﬂcpiteceuslﬂnﬁamg amhthgvingiun and

the fi i at ed d 1 On th bstrat
S5 of ampBUPRT FRPGAE R g Mk dhs opet pllOua a2 AE B estmeeroihe sy and
to transl abepeegeweﬂs 16£104) Akdre 308 QWP YED SBR! %efﬁﬂ? 168203 Qs icd aflomﬁe

substrate S is sup rted b y the air bearings 1 24. Fromthe
posi tion, Mekzgwep eiﬁsmm@luamtmptm@é)r b@tweme thempithatekouthet SuﬂnmerBel(E

toaproce 0si tion. r oke .of ; ]

bobat pare” SbSARik RIS Lty 10Card! LPIER b RBEPRR 112 i dre e daser
end Pe possduw&% 156hEad?51a§eﬂdoxB@e mmbﬁﬁ@ﬂ%s@fEea%ﬁﬁﬁw@é]ﬁ@ﬁ@&ghrh & between
servonotor 141. Once a scribed |ine Lpl in each of the four bands

B1-84 is f&eﬁﬁﬂﬂ@ﬁd%% pesione L 6b104escribe ghe werkpisen Whthohﬁeeceglsrces 150
start Ps pgsi r Lt ase I ces

150 arc i naseag RADS chISHRBSERR & pedeherh BBl Ches My fRly S £5c
i ndi cat ed twytht ﬂm”t hmxdredgelaf thesyskgioeesWowa in the bk&aivelyAdisgtdor As shaneh ia FIG.

1A, so that substantially parallel scribed lines Lp1,Lp2,Lp3 can be formed in four bands
B1-B4 on the workpiece W with respect to the first, second and third laser scribing



[0023] In one enbodinent, the pitch di is about 10 nmand the wi dth
of the Lpl scribed lines is about 40-50 mcrons. In an exanple, when
the substrate is 635111111 wide by 1.4m |l ong, each band Bl-134 is 150
nm wi de and has 15 Lpl scribed |lines. |In7another exanple, when the
substrate is 1.1lmw de by 1.4in |ong, each band B1-B4 is 270 nm w de
and has 27 pipkesser PhEE, M3 orethe t[l&@Zdéped:thanagioengmcti sreatolaf célh@anel. On the

appar at us shown Fl Gs. 2A-213, | i near 140 noves the

gri ppers 14%“6%’03@(61{ O#OPlhéuc P%é’@%essgl‘g% lasslgﬁla}?{’}s’f"{ql dhe Lﬂe‘?‘seé\ﬁ@%‘?cq 43¢ pre
scribing p @@ﬁ@d&iaeam R AddHB thal $106 BE bRGaRW b as
seen in FI Cap in ano?hg}; enlbooilll rrgg £ t he ? aslci,*lrlﬁggt(q:nrg|[a|biajrﬂ1gg§1If|c,?)i(f?i giésess
starts from one end and restarts fromthe opp05|te end of the

bstrate, ji .hi.ng i4,s bot h d left ,
ottty AR ASGEOHE P8 B D e v
in FlGs. | Avhiod ti2Aar §86 ok edeh iDBIGL 191, @€ 13t 10RR8Ide 2R Wi q%&’@w is referenced

adj ust abl e. TB’V gd justable |eft hand si de st opper 142a, driven,
for exanpl &9 Byoweiniorempsure Ag thenwonkaiers &Y évelyavein qua@hwﬂbrﬂmﬂmﬂeﬂogpers

oL 8 7 BTERAAETY s PPl BRCNASERSR B

each subst rsattiégn H}Zabéimtlieecbzk@‘e&r &ahs: he f&ed l’sto@pézk @4113 i®lce fﬂiﬁhaﬁzoﬂkb%ce is
| eft hand gid%g of .each substrate S. Another canmera CS is provided

near the a ¢ aBpinst g § f"ﬁl’i{a‘*ﬂi’l’?isdézsih& piepers 494 apcooneebia ’@rgE tehige left band
- hand, rear ubgt [

2T tuct a SeRost MoplIBECN) iR ThEoRGEs T EEREREE BEGebh R Bhu
Par al | el i srndfoutive sbaifons ﬂ%ﬁﬁtbﬁ:gelam& stnhﬂﬁng uiﬁspare@lhbh&s p BLpRI 8 dhereon.
referenceI| e or lg@ ?Jf fid (;ia(:}s ear.hel%t nd edge, of the
substrate $NWPRE Pl 3re ipEmeq ofathie vegrkrageer Jigng andgedrdsotatipadingy L. Lr
measuring biesepenmt rcﬁ»ﬂl ol fib thandaed9gdleal

| i ne/ pair of ?6? UCG?}; S b 131%%%83512 1:Ett he C%%rggsge% ?ne%%ﬁf‘ %tﬂ%eowlﬁbc}s? ated
hand edge/ Feréeleeiealcs ﬁi@@%ﬁéﬁﬁd bph 1¢5|131@m‘:p &dsterilgd nothe patpat $eetion D04 toeensure

| i near dri LS .cop rect dj usting t ition of the
adj ust abl eYiat%?ah E““SSP d%F 21”23 i{‘im'laﬂ +' éﬂ?ﬁ‘ea“f’ 18’[ ?‘le@ﬁ]t‘ ggﬁ’dasel
st opper 142critigy pRIERGH PHR3 Rosdrior@Bd, Ghelt hRrasicesiabl cﬁ’ndv%f:ltﬁchff‘ﬂﬁ output
st opper 142a, the not or 142b i's program*red to rotate the associate

bal | screw 3%9ien AR4 Apsicspriar Erghb@eesshigt ur ns so that the edge of the
substrate/ pre-marked reference |line/pair of fiducials on the
substrate Sis parallel to the linear drive 140 and thus the Lpl

lines to bposzyr Fhedady eFigarahelshb@ Hog digftmbans sloetﬁc Appfidius 100
reference |ine/pair of fiducials on each substrate Such
paral | el i sH CoPRRIVORITrigpPess i Hierfieidasuscriipe pa}cr»gﬁ Plygn therfeant vl@pyode

such paral pgl sh§ dgtigsm ﬂgwh@-{‘ b%“%b%ﬁ?ét@ %Cta’%l Ptlﬁa% Cf%h{qé(? grht%ut he tf &m

each batch of su strates n an er e
142b is a @t@ppbrandmmtatedim &ecmargenm;enﬁ{enbmdmmm thé nguidtiosn 102261 the

a piezoelectri : the piez grectrl c notor may be connected
directly tYreH @”Sngfi eaippu Y&H‘ ' g syabas a %@9‘27116“2%0%%? ipegend frem a
| aser sour@agctd®Poafish PG éﬁtﬁé @uﬂsﬂate@%ﬁg@es I?I!tet Qd:g dﬁ({ 8{‘&1\4% 1§5Fna¥c goam

the direction of a scribed line Lp L2but
ot her. | n RRbtthesubazatnbdo the st S@éiostlﬂ&tcgdm mpunm;a pmtadnlm m: mpet stop

edge of t [ mar ke erence |ine/ r of fiducials on
the - subst AapBAP I BHE b B Heh REG PRRAThiruRGRRh s Bt G sratr
rate, for WhanmleasubiimicO Rems ALinhar st@}ﬁyosﬁidrpﬂii' theS8bdulaRas Fshﬁa&a%y the
fixed st opper s 142; such error is determned by the caneras Cl nd

paral | el i s%lééﬂ?aéiéﬁ |1@J1H’1$ KMecagajrisethedined mmsdéﬂll Whilst tha deadhey @1’195: p? tH%S

scri bing e | at f

Wi ch 19 RooSERrs it ARRaREER (Rl B SRARHE AL el Bl Phsh

and associtht eguppdtet d32not the pépprey Bl @uiic thedhRive 190.DAdMSgrifREs 144 on
the linear drive 140 are clamped on the substrate S, the input puller 132 releases its grip

and the input puller 132 is retracted, for example, pneumatically; the corresponding



10 that one or nore | aser sources 150 may be noved in different
directions fromthe other |aser sources for nore ease of maintenance.
[0028] FIG 2C shows a substrate S with the front el ectrode being
divided into substantively parallel strigps of uniformw dths after
undergoing the P1 scribing process with the |laser sources 150
irradiati ngos%@e&f the disarofrivebbif is Hosatechms mbared BngtshionAty thheeenshoas 181

P h
i near ori Ve SR REe SR e 0% B0 s Lo GRS bt

front isol einped Bfmiyasi theqitippdhel 440 aiRtsubdaledd speRbicP8SHnbaR bedwén the
predeterm ned di stance, for exanple 10ntn, short of the process start

Ps positi ofPulgudpuinig saciiows ARP.d 04 whilst the SlbeSffﬁt9§| i ﬁlcm)mtefébh Hof ait henmcrs
| asers Souf %41%90111 %hé 'ﬂg%eﬁ 11%(%1110&15 the ﬁ@ﬁa%g%licﬁ aélgfl{n&gfa ?xrnée @%% index the

posi tion. asers sources erat

respecti vesubatsz&e Sheanmmroosss tshet Bspsditial. hehirbiet o theydnase bl BRWIEAFd §0s
onstant speed in a left to right hand direction

d
BeCor di g, SETEh & 45T BioSon Lo PO ApEAuENsS 41 PepeBart e nd Pe
i sol ation ﬂdsﬁ%nlhfcuo' s%t/éx?%ﬂ&g i8R seldfmot@ady. n@nc% %118&%—@ %pr%?tﬁ%c oef tlhd

as shown in e front 1solatio I ne
| i near dr |ﬁbei Ibaﬂt@ithHBﬂes ibhaecgmaberf&ntléiéctm t.hebeswbrsmt tﬂi@t;ﬁmﬁsﬁ @iaﬂ Ps
rear |solat|gn Pr S|t|on é’ierear i oIatlon Pr 05|t|on|sa

pr edet er mi & *Oa.ag‘t' I 00§58 N X ERASEIORON faseisipyeps %ﬁémﬁﬁxéééé% piefrof
Pe positi afi; inthe nb@$i9E ySAMKCEBR ad DR BER Hyhtﬁ@ c&{?&ﬁ?t%‘égstflﬁ shoWf il BfGs. 1A

respective | aser beans on the substrate aser sources
150 are i W@é)&ﬁagmﬁrﬁ W ettibacoling Gipt lhamh di the fburobungd BB iathen formed

cont i nuou ti n line Lr near .the rear end of the
subst r at e%éya%?gr(%gﬁlegﬂ) e %g?ﬁi@bfﬁ}lbeigm? FTEF g??’dm grigththe pschiqygess d 50 after
l'aser sourfoesind 2QaseeRBibBd dhe bA®dped@ZARSHbYAs PLANE BBy ANS | is. scribed
positions and if substrate 8 is at the front isolation Pf position,

the | aser vdBulinssslabdisapeed ptr e aniam ipitele dédo dhat dhe bnst antirsivendselned
ht to | th t
o at i on 1 sMPpte YR SRR BSEMYD il o] Wi afecbhe”

grippers 144 to the rear isolation Pr position and the |aser sources
150 are then fired a indexed at a_constant speed fromthe left to
ri ght hané%d#r Ste7oHD Oﬂ‘ﬁlé?tnﬁiclﬂi%pyh istaphput) F4gen ﬁé@bd?edfélé‘thl@(lh%dael yonked

back to thg.di€spEELLYS ﬁl QB P AT bt E)Pzﬂg) ?%e P%u%t;%te is SO I%dil \prdeﬂ%yngilt

to right hand dlrectlon en scri I on

|* [ 0030] ldegGeacdAbmidoiRd-Be lindé0 1mor iMilengndahpat 2ty 8Bad am@s)r O Bightiicd
anot her enbod nl
cxample, When the substrate is 1.1m wide by [.4m long, each band BI-Bd is 270 mm

wide and has 27 Lp1 scribed lines,

[0024] In one embodiment of the apparatus shown in FIGs. 2A-2B, the linear drive 140
moves the grippers 144 back to the process start Ps position after every laser scribing
process 1 and scribing is carried out from right to left as seen in FIG. 2A: in another
embodiment, the laser scribing process P1 starts from one end and restarts from the

opposite end of the substrate, i.e. scribing is carried out in both right and left directions.

[0025] In yet another embodiment of the apparatus shown in FIGs. 1A and 2A, the left
hand side stopper 142a is made adjustable. The adjustable left hand side stopper 1424, is
driven, for example, by a motor 142b and ballscrew 142¢; in one embodiment, the motor

142b is a servomotor. A camera C1 is provided near the leading edge of the substrate S



of the present invention. FIG 38 shows an end view of the apparatus
100a. As shown in FIGa. 3A and 38, the laser scribing apparatus 100a
Is simlar to the first scribing apparatus 100 wth rear, adjustable

st opper 142a except that the | aser scribpbng apparatus 100a has
addi ti onal caneras Cl-C4 nounted on the gantry 160. The caneras Cl-C4
are associ ate#onitetihe fedt handrodpe spech isvistrhiase presoaried seft@dce Mo 5@k )

I bi ] Oa, be suitable for the P2 and P3 scribi ng
o ocesses AN Lt St ARELBERUS. rorl SHPRlFel ARYB F506B-GE R Betidhd Ads the

need to be nwnithisle @di R SRIKQHECTHMItD honBbEHE NG hiR), BePbE 'd?lflc?ié %bstrate

scribed line. For exanple, after the front el ectrodes are divide

i nto paral | 8 th piegsarkpd reference line or a fiducials near the rear, left hand edge of the
substrate 8. Pavallelism of the left hand edge of the substrate S, pre-marked reference
line or pair of fiducials near the left hand edge of the substrate S with respect to the
lincar drive 140 is determined by measuring the deviation of the left hand edge/left hand
reference line/pair of fiducials by means of the cameras C1, C5. If the left hand
edgefreference line/pair of fiducials is not parallel to the linear drive 140, this is
corrected by adjusting the position of the adjustable left hand stopper 142a with
reference o the right hand stopper 142. To correct the position of the adjustable left hand
stopper 142a, the motor 142b is programmed to rotate the associated ballscrew (42¢ an
appropriatc number of turns so that the edge of the substrate/pre-marked reference
line/pair of fiducials on the substrate § is parallel to the linear drive 140 and thus the Lpt
lines to be scribed are parallel to the left hand edge/left hand reference line/pair of
fiducials on each substrate . Such parallelism correction may be carried out regularly.

Alternatively, such parallelism determination and correction may be carried out for each

batch of substrates S.

[0026] In another embodiment, the motor 142b is a stepper motor. In yet another
embodiment, the motor 142b is a piezoclectric motor; the piezoelectric motor may be

connected directly to the adjustable stopper 142a.

[0027] As described, the laser sources 150 are opetable to index at pitch di transversely
from the direction of a seribed line Lipl,Lp2 but independently of each other. In another
method to seribe straight lines parallel to the edge of the substrate/pre-marked reference
line/pair of fiducials on the substrate, a laser source 150 may be indexed at a
predetermined rate, for example, to compensate for any error in setting the two fixed
stoppers 142; such etrror is determined by the cameras C1,C8 and paralielism correction
is carried out dynamically during the P1,P2,P3 scribing process. The laser sources 150
may be mounted on a platform, which is moveable on linear guides; this allows the laser
sources 150 and associated platform to be moved out of their positions, for example, for

ease of maintenance. In another embodiment, there are two or more such platforms so



the PN junction/sem conductor |ayer is formed over the strips of
front electrodes, the partially processed workpiece Wis transferred
onto the input section 102 of apparatus 100a. The input puller 132
then pulls the workpieee Wto the input;stop 133 position and the
spring-loaded rollers 146 then push the workpi ece Wagainst the |eft
hand side si:QpRREoLS nikAe 1akd2aurddhen) szz He@A¢hagn %ﬁ%e&fdu’e&ﬁm!‘@lroh?&'c‘?ﬁﬁm
is at the input stop position 133, e grip on the worlcpi ece changes
over from #458" SOuEEe ftpjuno@reammm@wcgn ppers 144. Once the grippers
144 on the linear drive 140 are cl anped on the workpiece W the input
puller 132 releases its grip and the input puller 132 is retracted.

Par al | el i spoosest FiGig 2Cs shidwst aubagaet 8owliip thé i fasnt thecoeat iRag bives kb
previously forned on the front electrode with the linear drive 140.

I'n the par Syasénfisel fetallehgrips pugifarppwidhsiafler vpdargting 810t1h7e5%kb’iﬂ€pplé@@8
W al th d
arount and a8 Bl ohts 130 iRl uoR BRL A LooB e Tif ShSOR AL e

| eadi ng edge! of Pt hmcmrk@ntqapms fincbamd neatribaproecly etari@gmsitibe, tdetﬁh@é& ideiRre
IS determﬂlgdj rk iece Wis téranslated to the process start Ps
position aht t X?:?o £ 18 w1 md, g subsigieus tas| éi’r%tli?baé’éfl Bifgpositjos. The
corrected B8 ERSHES) PR I 1 h

| i near dri \}eﬂ 140 Beforﬁeja%ihgl%‘ l%??t%)lhﬁa&g ISQE& Ig[?\]]n&émbt% 10%(% stbfi? of the
j unct i on/ seuscessrathut Perposhiper With ter subsithto @t in SenPl position, aaghasatteekism
setting is_cond ed. t.0 | the scrihbed |ines Lp2 wi_ith the |inear
drive 140 18O gg{) he mlg%xe? thglIﬁﬁ)cﬁtf‘t?clg’gi}a?itrg‘fei#’f’gﬁon é@‘ ¢ 3PSy PRGed 1§0
t hese par aik ehéis Bh&etelli 19de tﬁé‘ﬁé’éph&lv‘oﬁﬁ%e@%e&nh? ohot'hp%ul%ﬁ Ecb@ﬁlﬂét tH@?asez
Lp2,Lp3 with the rel evant previously scribed lines Lp

subst ant i viSuyces dp9 arerindggingat & ¢pastpairsabédeiniadeft écetlgintrhgad dmmOpaeucm diog o

of the la 0 t to.the S
are al so oot PRONRSESABRPIL L LERDRT o Brle PORIOF IR LeRShounte pessdFe
sour ces 1596adihg bddche the spsabic\s aslehivad inariss, obt th@ﬁ&efffdﬂmsbf&ﬁoﬁ' B LASs
Cl-C4 so that the desired pitch di is maintained, 12 31]

Al ternat i VETRE:t e HaBwyEtipad 49 |1@10pc§8rﬁit@e@1@mﬁmkt4 ond dms@gmte& rtcon rear
dumy Sum&%cﬂ@t’icﬁp?? H&gﬁ%&ﬁlh%g b 1%"(?1 "388"15 %ﬁé F€6t$ Ll Ogﬁr@ 8tafl$’?e for

scribed |ines |s tfa

i nput sec tm@mptbomnijﬁ?_ akoiThé {HEE]f)ﬁDCdea m:dd ddglﬁ)sﬂfont He dasanyostHIstsoadre thén
t hen cl anped %/ t%e 8“]0 ers 144 %nd noved to the process start Ps
posi ti on. SRFIAIGHE e Hie IeaReaiveslgeir beams ainthgsabstiatecd) whilst the taprs SP‘iﬂﬁ@aJFSG
drive 140

The four sf%:% ?%g\ga% ?ﬁ%is&?mq,% galg%}&ﬁéﬁ s%h%gﬁ?@ﬁﬁ@%ﬁ%%ra Ft@(ﬁlssm Wil t
the | eft Hamekdedgehe e ehdnﬂtmeﬁm{m‘mo% | i ne/ pair of f| duci al s and the
pitch is determ ned. To correct parallelismwith the |inear drive
140, the position of the adjustable stopper [42a is adjusted by
rotating tdvesserliemsiter, |af1% Qiﬁ @f‘th@ppi QRS SasBH IRRECsOf50! H:hﬁ?’a at their
Simlarly, the positions of each |aser source 150 is adjusted

correct ah%ﬁpeﬂﬁhf@riéf:htnhatﬂﬁetlweﬂtew@lii@mh aeld if Sushatrehualat cal ﬂbntatsokanom'rﬂif

anot her onpaar Rt sSAGEARED TR e O Rl iSer B AT B A eoRUR o

i's provi daghd Hosctiattaggedn i@ HIGn@Cpldﬁ‘t@htHéQ‘I(ﬁﬁ Nold@ibh e AFds &RIEQCHE BRear
each of the caneras G 4 i.s mounted on individual notorized y-axis.

For initi&v&ded iltﬁ*@xf‘éftht gEPReaTAB ty reapsolgon Ratposition eicpibedeser sources
aral l el r.. or a hej.r
Fr)espect | vttlas)op %ltsb?th%% ﬂg&t arfl l'ntfeﬁ(etli%’a%ﬁgstélﬂ%%?cc%r@&ﬁzléee tha [,Elﬁ%ﬂl@ cétcecge%n
jig plat eAEtt:maheer,sthaIdsemumes emhxeoﬁoﬁebe;aélomrthbadsﬁk&t@é hd¥e pbitions and
cor respong1 to each of the |aser 2‘1 i}ﬁes 150 and caneras Cl-C4. The
four |inefe¥Ate Sdpikingg ) a Appcefirgcgor yekn seming Hisd-Uandalr elatient

hand edgefjs&f erence line/pair of fiducials. During calibration, a



13 shorter wavel engths, for exanple from about 500 to about 600 mm,

so that the | aser beans pass through both the substrate and front

el ectrodes but are absorbed by the sem conductor layer. As a result

of absorption of the |aser energy by thelisem conductor |ayer, the
sem conductor |ayer is ablated and Lp2 scribed I|_nes. are forned, '

t her eby di vi08PHgi'Hhel A ehwivs riehee saibingympardnmt W0s tacipéing o amitfed eAbodiment

i T the front, el ectrodes. [0034] In )
aadi (1 on ok bRt et Ba iR b & g i ot theappafaiug  0a Asphense in
scri bi ng prBcesSAP2n@3B, abd ilDeaki@In®lapParBOW DO | i?%idwi'lai?%a&ggﬁl% séibing

reviously scribed line is carried out dynam cally during the
lrOeI evant ZCEPHPBT% HWooridsigar, afipeiable stppcia) ‘t hrfa(r«?g tléa@(ﬂm Ia%er ?ﬁgnggé??dleagm
scribe lin i [ ( €.\ refer ‘ | bed
e Lp2 o has B AR e AP b bl 1R i CsChar

scribing ofassdeaatecewmithehefur odpeciise sef soukag 15058k REANEBiRE Qb&ﬁ‘atﬁ%ﬁ)c?a
substrate S and fr.o } I ctPr ode such that the |aser beamis absor e
by the seni’®®h %H‘B*B G f§§/§’ﬁ 28 Bhsarihingepresassaad apiduaniogecots lrri }bmaileézsm
em conduct@rad I lnc , j r.layer and rear electrp
Zr e abl at eto(lfF © ﬁg¥gél§0d? glregrkléncgqg%g(rﬁ] ?xﬁg)géfﬁnﬁecoi%éﬁﬁ &@Hg{% Be g‘} 4 pypgiousty
scribed | i redbadplneodot hemearafel det frogtectwitiodes ﬁ%&ﬁﬁ@&ﬁinﬁ@p&rﬁ@el%ﬂﬁsQL%Q
e

[ Lp2 . PN. 1 unction/ senj conductor |ayer is simlar to
above dbsciitpl NoHNP BB Pe [artor e oo sy onatectrodes, the
therefore partfaly (otosaselilhbdow IssysRyiodaro 13 R SORAK RN, LAE:
Lp3 scribed lines are offset doff about 100 m crons fromthe Lp
lines when 108 ThiedaputoplleHa2 U pllsés woreprboW t6ifle 8Punites 03BposfloGand

H the | .sources, 150 wi.th respect to the _
ceri bed | | HSoHFERHgRIcT Mhets RBHRE HEF Theirtiicar Pkt it hewbside
the scri bi sigpR3s ¢42. 14, eiRn 1B RAGINELAZe bYiHkaaRkp: %%Er%t &%'irﬂgxt G835 248 0on
t he substrate and front electrode and abl ati ng oth the _
seni conduc?%?b tﬁ‘é}‘igf’ oBrfde Medipier abprgrgever fz@ﬂg@p mpuatmgeza{mvm thageppers

i bi P +SE tor |ayer .sem caonductor =
ayer/ roar rol eubr GBS AU Rhoa L) PR e BhAS Beripiecs ¥ ee
in each of inphepdlisud 3baneseslifslordshd thbegut padd: 198 'iéﬁ%trél&@d.%f%llgfﬁnpgggﬁg

144 noves it arti al rocessed workpiece to the start process
posi tion a‘ﬁgﬁFt%@@iEu‘g“éL %lﬁ‘lﬁ)‘ﬁ’(}] thezephed Bnesdrl prgvieunsly ferowr onghe front deefibde

P2, o 15 carti vy Deat BuRTTCTn SRPIRTARL: bRy BRI AL e B

entire workpikpwee (W gpomcosdadar tifie: 140 and the cameras C1 and C5 determines the
amount and side of deviations, if any, of the seribed line Lp1 at the leading edge of the
workpiece from the rear edge. Once the deviation is determined, the workpiece W is
translated to the process start Ps position and the position of the rear, adjustable stopper ‘
142a is corrected to ensure parallelism of the seribed lines Lpl with the linear drive 140
before the P2 scribing of the PN junction/semiconductor layer is carried out. Similarly, a
parallelism sefting is conducted to align the scribed lines Lp2 with the linear drive 146
before the P3 scribing process is started. By carrying out these parallelism settings,
parallelism of the to-be-seribed lines Lp2,Lp3 with the relevant previously scribed lines
Lp1,Lp2 is substantively certain. After the parallelism settings, the positions of the laser
sources 150 with respect to the previously scribed lines are also corrected, when
necessary, by offsetting the relevant laser sources 150 with the respective deviations

obtained from the cameras C1-C4 so that the desired pitch di is maintained.



wor |l cpiece Wis translated into the output section 104 for renoval
fromthe apparatus 100a. [0037] FIG 6Aillustrates the process flow
200 of apparatus 100 accordi ng to anot her enbodi nent of the present
invention. As shown in FIG 6A the progess flow 200 starts at step
201. In the next step 202, the apparatus 100 requests a worl cpi ece.

In step 204pozn Amcﬁruatnaaomvﬂseoabdv@qﬁmﬂﬁ@ﬁ deRerRtbANGE SRELISN ziL%mﬁ{y
appar at us 10 21‘ resp on y.feeding the workpiece into the i nput

section 10F105HHe P‘n}‘fﬂ’t‘pﬁ"t‘ii’ Fsetrseéﬁ% gl gplibpdor pbthgserbiddénes dmpd.Jad. | Bre
|ttothe|dg,];;Mf1;l The_ i ppu e

gri pper 132 rel egﬁsl%gm??i %drslﬁéqmgn torﬂ(l}@rii ctscgoqplc?za@%fq ﬂpcslgr@g?é r@e(}fﬁhe
step 208, thwsusp Buhsgaﬂeoaded cramtpedrby thd Grigiees Bletdndaheddto tiy }6&%@@3& bert Ps
wor kpi ece agai nst @Qﬁ? pers 142 42a I\§ é} in step 209,

grippers 1435804 ? sﬂrﬁio\‘}@eil geifsod § i%@?l&ﬁ?@c@"% t@éﬂ@@&éﬁe
A, G5 areduhshy aatd M)aﬁq@%odeﬁls éﬁdape %%Qtioﬁ Oy gqﬂﬁiusrc‘?xb?@hn@@??h%%lfa%@t 1en
deV| ation of the workpiece with 't near drive

correct i onpesspied ﬁrl‘rf@ml ehma Vgth i{hpéﬂsile&%dg&/bﬁﬂﬂaemxdfaieaaasiadzfmdm dfsidutibie

not or 142b ust l e sto | 42a grl ppers 144 are
acti vat ed a%‘g{“ T B a{ ﬁcét §’ ¢ lcﬁépgaglﬁpsﬁn Wétfitﬂﬂﬁ “%911E%F%q It Rosfion
devi ation ef thhedrx@blkriesRrWdR fsh&lihddesy 16’1‘%&19@ thcs %&Qoﬁ’l@fo"i“ i«%lb' ByMan

devi ation and correction may be repeated, 1n step 210, until
wor kpi cce RBPIAPTgAamipt of thive. Finvilsaly, de postionsof e@ﬁdesea beurem it Kplsadpisicd

1 22 H W B R i S e

spring | oacmdh bacdld &rsslal 48] pklsact, and in step 218 the linear drive
i ndexes fromits hone position to the process start Ps position.
[0038] At the process start position, the | aser sources 150 are
activated i e wor.kpi e

same 11 e, B PPy ARolieE BERY Rt 338habE AR R IR SiRorEion
speed, in gttoefpdeQZIfhi aufonsttieping 22ch tibtershibatarand torvetibe 2R Sf tRakk Qs €3S
end Pe pos 5I .on and .the | aser sources are deacti vat ed. In the next

step at 22%% 1f fQupisd on indiyiakmetonized u-arkigbsdaitiehsatties plethe camersh QByCh
di stance of ﬂilht B itk (fT=Tol I r
Feact i vat od k| oD e e S R ah e AR RS e Bl
a const antlcsmﬁ@édc pesitidye, i})p@@@@ﬂj&t}ﬂﬁb iRsepdni the pn:ctsmngcg plbe apetihetine
Lp I line t he The scri process Pl is
repeated i ﬁ &t iéﬁ%é%%dlhtbﬁl&?ﬁk: Ig%'thia{]%m\‘/ﬁ%ﬁ’q{‘ﬂl th,cé‘g 8 o Fopiceh 150 and
uni f or m an@nfadsatl-€4. Mo esulinles aF(,Oédb%tm [YPFRARS & gzich HR& dnliR rthe Left
drive 140 indexes, in step 232, the workpi'ece to the front 1so

Pf positi dﬁndﬁéﬂg‘t Frderpaoegiei aionf, fi f“dw& dveing sdilngtés, areenact Cwafébchptmcs

whi | h
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Lf. Next, dldjacsmtapzIﬁeﬂaﬂmetiheleiclrﬂﬁlarthdjﬁlhd/ﬁtchl&d&i‘%mﬁ@@n\éﬁﬁkﬁﬂ 8€ Bnd tcthhﬁ
rear |soI ion Pr position and the | aser sources are activated

scri be thd™ B‘éﬁm?rb%f BE 90y soneegipd tq:tﬁllellﬁwﬁﬁ‘g%timges giresgted tﬁfh@ta@hg it an
| aser scriy RS EES, b npleted in step 245. in the next step at
250, the Ilglfjﬁ}gri ggll ve llnlﬁig@gs the workpiece into the output section
104 and the gang resistance tester 190 is activated in step 252. A

d 2 t d Wh h th t f the f t
ohectr odedSoatl FRaT R ehint Bt SEETn o Do e pk /e appasieet Ghcn it
from anot Eﬁ{n vikdy, tilee 4@%&)% Qﬂglﬁrﬁcrﬂ‘?ﬂ%dl %r qcﬂﬂccﬁ'lgf) %dhtsthé?% ?g(ﬂ}v%gcxgﬁ%d

step 262 before the |inear drfve noves
posi tion linestlad 264thel frontheledeodes i winilst rFI@t els zﬁ@wa; shpdx tst:a\zlang,tctfethe
wor | cpi ec to its [0039] Once

264, It
the. wor kpl BTGy e BLIRJART potnt etfe HEN Sl BetHE Srer esacbarole
act i vat edwiith (8¢ @Rpetfide l:ReiGohfel 180 BOLKBITGSE Q0B Tnt B8 IF 1 RPBESIiARn one

embodiment, the offset doff is about 100 microns when the P2 scribed lines are about

60-80 microns wide. During the P2 scribing process, the laser beams are modulated to



16 the notor 150a then offsets doff the respective | aser source from
the relevant previously P I ,P2 scribed line. Once this line
al i gnnent correction and | aser offset are carried out, spring | oaded
rollers 146 retract and process 200a confi nues. In step 230a,
scribing of all the P2 and/or P3 lines are repeated, and the process

200a i s repdtied vancisigy, 285 axdaiilé Ifroal hbdS000HKBLEEES) B sb 3SR the laser
scri bed before the process 200a ends in step 290a. [0041] Wile

speci fic enBaHsHRASt drAugle bpdethe fubsirato and divat eleciiedasaiusdie iabsorlied by the
under st ood . LF ks (ariations, and . o
conbi nat i Onstgﬁfi%ogr@g%l?l %gﬁ?%%%el Cgrggg%if é%bggﬂs%lﬁlg%l;c)trh\éggesr??%?eﬁ%i RY iﬂ%?nsewwtoﬁg‘ﬁ‘ttm
departing flapm thveseatopeluchr tder inublateiomd Epr sexissipliges A l[@AdEC HRYWby
may be used,.instead of. a ballscrew, a stepper notor may be used

i nst ead of ‘BV@BW@?&TBF?“C‘&W‘ iayrﬂi REsFrippRiomiiry vwidthy gaalls e the siripe of the
| 'i near drivEentkicag@ktion, the | aser sources may produce | aser beans
that are longitudinal wth respect to the |ong dinensions of the

| aser sources and mrrors are used to bend the | aser beans upwardly
h

t hrough th e meen the i.nput and output sectigns. Although |
four [aser %%%gfgiésalag 6™ H)é\fém hﬁg(ﬁ%éllcr %l?é’ﬂ ,Cgliﬂflaﬁ‘%“ Abthestr} prpacBcperibing
or nore | agesceSOME,L8ScaliBlibe oEMRLWY¥EShd 1heQl { NI line is carri
r easonabl equehroughput . In 1adgi tion, the g%%gggtatfgcﬁg@}%%ggﬁ ls}m Is carried

descri bed 8t dHHRWAN ¢ue8s iemelkevar 0oiling panesss; to handl e | ar ger
panel s such as 1100mm x 1400mm panel s or bi gger panels, nore than two
rows of air bearings in each of the input and output sections would

be requir eghoasd Thbappiraiul 16084051sé aBgt b RFb ﬁﬁeﬁﬁ?_ﬁ'ioﬂethé SRR GORNGRA
accordingly; . in addition, another linear drive acting as a slave is
provi ded pafiaiehes t¢ &he paiber éngs Tapd wa haPN Thestishhemicohdustor ldydrvEn this

?lh: OI 22: r ggtd}?ﬁ I?éts%;bgﬁcggf; f-’ﬁe H%@teletcﬂgdé'\ﬁ rb§%‘%%q§seggea?1%t thisor&igﬂ tneUhiae s
and front electrode such that the laser beam is absorbed by the semiconductor layer, Due
to the explosive ablation of the semiconductor layer, both the semiconductor layer and
rear electrode are ablated, thereby forming a scribed line Lp3. Operation of the scribed
lines Lp3 on the rear electrode with reference to the scribed lincs Lp2 on the PN
junction/semiconductor layer is similar to the above description for P2 scribing the
semiconductor layer and therefore no further description is provided. In one
embodiment, the Lip3 scribed lines are offset doff about 100 microns from the Lp2 lines
when the width of the Lp3 lines are about 60-80 microns. FIG. 5A shows alignment of
the laser sources 150 with respect to the scribed lines Lp2 on the semiconductor layer,
whilst FIG. 5B shows the scribing P3 of the rear electrodes by laser beams going through
the substrate S and front electrode and ablating both the semiconductor layer and rear

electrode.

[0036] In the above laser scribing P2,P3 of the semiconductor layer and semiconductor
layer/rear electrodes, after the first seribed line Lp2,Lp3 is formed in each of the four
bands B1-B4, the linear drive 140 and grippers 144 moves the partially processed
workpiece to the start process P's position and laser scribing P2,P3 is carried out from
right to left as seen in FIG. 4A. In another embodiment, the laser scribing process P2,P3

is carried out in both right and left directions. After an entire workpiece is processed, the



CLAIMS: 1. A laser scribing systemfor manufacture of thin-film
sol ar panel, said system conprising: an input section; an output
section; a processing section between the input and output sections;
grippers associated with a linear drive gperable to grip on a

wor kpi ece, wherein the linear drive is operable to translate the

wor kpi ece bebugastet Weisi tblhiedifto QHd BUlpuS KELid L84 (&N Rimoval frot e %@faratus
nore | aser sources disposed in a tower part of the processing section
such that eH¥#.| aser source is operable to fire a | aser beam upwardly

t hrough a transparent substrate of the workpiece to scribe the

Lhin-fi I I th ' .is being
{ranstat ed BETelic (s iHae M Girdh ab Vel tmentonity It Bisrdingdianohés

source bei ngnbailiependant biesaparalic. R shodex riG.BLA8L Sfo%égffgw]p'ﬁ@ﬂ?ﬁ%
after each scribed |ine I1s forned so that the relevant'thin-film
layer is didis#@dintroths apgiistanti0dethy apparails 810 wstndspsy waikipihe.dnetep 204, an
et a0 hph kg O bAATIEOR, Nl s J0b"SE SR ) St
scribed |i rfesditg thewoeltpidee dhte dhacgat dedtioh Y102, The input puller 132 then grips the
workpiece and pulls it to the input stop position 133, in step 206. The input puller gripper
132 releases its grip and retracts, and at the same time, in step 208, the spring loaded
rollers 146 are activated to biase the workpiece against the stoppers 142,142a. Next, in
step 209, the grippers 144 on the linear drive 140 grip the workpiece. The cameras C1,
C5 are then activated, in step 210, to captute any parallelism deviation of the workpiece
with the linear drive, If parallelism cotreciion is required, the grippers 144 arc then
released whilst the motor 142b adjusts the adjustable stopper 142a. The grippers 144 are
activated again and the cameras C1,C5 again capture any parallelism deviation of the
workpiece with the linear drive; such parallelism deviation and correction may be
repeated, in step 210, until the workpiece is aligned with the linear drive 140. Once the
workpiece is aligned with the linear drive 140, the grippers 144 on the linear drive 140
then grip the aligned workpiece. Next, in step 217, the spring loaded rollers 146 reftract,
and in step 218, the linear drive indexes from its home position to the process start Ps

position.

[0038] At the process start position, the laser sources 150 are activated to fire the
respective laser beams on the workpiece; at the same time, the linear drive 140 is
activated to move at a constant speed, in step 220. In step 222, the linear drive reaches
the process end Pe position and the laser sources are deactivated. In the next step at 224,
the laser sources 150 are indexed to the next pitch by a distance of di. In the following
step at 226, the laser sources are reactivated whilst the linear drive 140 indexes the
workpicce back at a constant speed to the process start Ps position to scribe another Lpi
line parallel to the earlier one. The scribing process P1 is repeated in step 230 until the
entire workpiece is scribed with uniform and parallel lines Lpl. Following process P1,
the linear drive 140 indexes, in step 232, the workpiece to the front isolation Pf position.

At the Pf position, the laser sources are activated whilst the laser sources are respectively



2. A laser scribing systemaccording to claim11, wherein each |aser

source is independently indexable by separate ballscrew and _

associ ated motor. 3. A laser scribing systemaccording to claim1l or

2, wherein the input section further compgising: an input puller and

an associ ated i nput stop sensor; and a front stopper and rear

st opper, i nindsspeaita ofnstinangstdii de ;m‘glatiiftgyAd&ﬁ'é&fiiln%ngﬁgﬂ}a}g?xgﬁtﬁ%@ﬁigﬁ g@le
' i peay; drive SPri oaded roller o  bi a

\chtehm:)?Ep! e@g fg&gi Hs2iCR ﬁg&f &6n‘flpe%Bg?f%%d%%%ewk@e%tq tiatreaycisplpéen Pr

l'ines formegodifion 4R WOTKRI BERRLER ?@ﬁ(f@t%(!iﬁl! sckiBe H{%Efeﬁqg)?%tfgn 139 1. Fojlowing

workpiece that is in contact with the front and rear stoppers. .

| aser scri bihger Sgpst GenPadasor siribing wocdsaismodpletbinaiop HMBdnripaexs HOPRETSO,

' ' ; . ssoci at ed ot or . .
i's adj ust abjg lﬂl@grocﬁ'% 11%@9(%' thg ot V;\élgc%dln%nthea output section 104 and the gang resistance

tester 190 is activated in step 252. A decision in step 260 is then made whether the strips
of the front electrodes divided after process P1 are elecirically isolated one from another.
If the decision is negative, an alarm is activated in step 262 before the linear drive moves
the workpiece to its output position in step 264. If the decision in step 260 is positive, the

workpiece is move, in step 264, to its output position.

[0039] Once the workplece is at the output position, the output pusher 134 is activated in
step 270 to grip the workpiece and the grippers 144 release their grip in step 272. At the
same time, a decision in step 274 is made whether the offload conveyor (not shown in
the figures) connected fo the output section 104 is available, If the decision in step 274 is
negative, the process 200 waits for the offload conveyor to be available. If the decision
in step 274 is positive, the output pusher 134 pushes the process workpiece onto the
offload conveyor and repeats, in step 285, the process 200 on another workpiece. Before
a new workpiece is processed, the linear drive 140 indexes the grippers 144 to their
home positions in the input section, in step 280. Once all the workpieces are scribed with

Lpl lines on the front electrode, the process ends at step 290,

[0040] FIG. 6B illustrates the process flow 200a of apparatus 100a according to yet
another embodiment of the present invention, The process flow 200a is similar to that of
process 200 except the cameras C1-C4 perform additional line alignment process and
there is no gang resistance test. For purposes of description, similar process steps are
identified by similar reference numerals and only the different steps in FIG. 6B are
described. As shown in FIG. 6B, in step 210a, the cameras CI-CS are activated to
capture any parallelism deviation of the workpiece with the linear drive 140. Once
Workpiece parallelism deviation and correction are made, the grippers 144 grip the
workpiece. A decision is then made in step 211 whether the laser sources 150 are aligned
with a previously scribed line. If the decision is negative, the motor 1504 connccied to

each laser source 150 corrects line alignment with a previously scribed line P1,P2 and



18 5. A laser scribing systemaccording to claimd4, further
conprising a camera to nonitor the position of the rear stopper. 6.

A laser scribing systemaccording to any one of the preceding clains,
further conprising a gantry di sposed acrbss both the linear drive and

i h ' bstantially above the processing
secton. - 7RxnbaRLsbE e B sy aie e bied g et Ao e BwoLsl

section. aser I DI _
the gantry Pumrmrib@d)trm.mc@%@iiﬁ@rﬁﬁaﬁnﬁﬁgoﬁeéﬁ%ﬁtaha'}aéé%ﬁflegtaé% catried out,

associ ated with each | aser source. 8. A laser scribing s

i THIg OIS 1otors 146 rabragand nabrsssel(fa easmuea e i 2$ 0anuribiag oOAll
accor di ng t P EowHE reilors scri bed

' t J JaXl | SROS transv e to the. _
nes. o el aamel PR lb S SR AR PTG Fidngehotied o Siomabon uni al
precedi ng clhaiwskpindmaraes insd beiled $efors 0 HERSss P00 BRI &H,0D04 | near

gui des such that one or nore | aser sources are slidable during

mai nt enance. 10. A | aser scribing process in the manufacture of

thin-film gebs WaNEsped MM REGSTs GOTVeLS H0 ived and illustrated, it is understood
that many changes, modifications, variations and combinations thereof could be made to
the present invention without departing fiom the scope of the invention. For example, 2
leadscrew may be used instead of a ballscrew, a stepper mofor miay be used instead of a
servomotor, and a linear motor may be used instead of a linear drive. In addition, the
laser sources may produce laser beams that are longitudinal with respect to the long
dimensions of the laser sources and mirrors are used to bend the laser beams upwardly
through the space between the input and output sections. Although four laser sources 150
have been described, it is not so limited; two or more laser soutces may be employed in
order to achieve a reasonable throughput. In addition, the apparatus 100,100a is
described for handling 635 mm x 1400 mm panels; to handle larger panels such as
[100mm x 1400mm panels or bigger panels, more than two rows of ajr bearings in each
of the input and output sections would be required and the width and/or length of the
machine is/are changed accordingly; in addition, another linear drive acting as a slave is
provided parallel to the linear drive 140. The slave linear drive also has grippers to

ensure that the workpieces do not shift during the laser scribing process.




| oadi ng a workpiece with the transparent substrate facing downwards
in an input station of a first nmachine; bi asing a reference
edge of the workpiece against a front and rear stopper associ ated
with a linear drive, wherein the |inear élrive is operable to

transl ate the workpi ece between the input station and an out put
station; (LAiMisansl ating the workpi ece back and forth between the
i nput station and output station and firing two or_nore |aser beans
at a first lf reqdehsyr sgbinaaystian for papuiaslrg ¢f tHpdighsdarsprach ik fistem
t he i nput %quﬁghggt stations to pass through the transparent
substrate Of e wWorkpiece to scribe parallel lines on the front

el ectrodes w t hanéfmieagienf o the edge of the workpiece in contact
with the front and rear stoppers, wherein each said | aser beamis
out put t ed from &"&8PAF #B%aser source that is nounted on an

| ndependent |y TR0RZGH; ALESH LRkENURLLANSHSREbRALcRES L0 be

cal i brated accor I ndexli ng e two or nore | aser
sources at predetippers nesbcpictiohitisa dinehrrdepeatperablet toegripack a avvakfiere Wherein

transl ation of. the work pie bet ween the i nput d output. statiopons
it T the Gt PR, e o RSy et e e wot pud Pt
are el ectriicalhy dpgol ated one fromanother. 11. A |aser scribing
process according to claim 10, further conprising: | oadi ng t he
wor kpi ece f or medwevot mopataagri selircst disprsedin 4 raver pefted theopiesesing sectionpueh
station of e Ségcchopacsierrr&)%?éenies’operable to fire a laser beam upwardly through a transparent

{ substrate of the workpiece to scribe the relevant layer of the thin-film solar panel as the
workpiece is being translated between the input and output sections, with each laser
source being independently operable to index at predetermined pitches after each scribed
line is formed so that the relevant thin-film layer is divided into substantively parallel
strips, which are electrically isolated one from another,

wherein each laser source is mounted on an independently motorized axes, which

allows scribed lines to be calibrated accordingly.

2. A laser scribing system according to claim 1, wherein each laser source is

independently indexable by separate ballscrew and associated motor.

3. A laser scribing system according to claim 1 or 2, wherein the input section
further comprising:

an input puller and an associated input stop sensor; and

a front stopper and rear stopper, in respect of translation of the workpiece, being
associated with the linear drive, and a [spring loaded roller operable to biase the
workpiece against the front and rear stoppers such that scribed lines formed on the
workpiece are parallel fo the edge of the workpiece that is in contact with the front and

rear stoppers,

4. A laser scribing system according to claim 3, wherein the rear stopper is

adjustable through a ballscrew and an associated motor.



bi asi ng the workpi ece against a front stopper and a rear adjustable
stopper associated with a linear drive simlar to that of the first
machi ne, wherein the linear drive is operable to translate the

wor kpi ece between the input station and;gn output station;

aligning a scribed line Lpl on the front electrode with the |inear
drive by using a canera disposed at the front edge of the workpiece
and anot her canera di sposed near the rear adjustable stopper to

det erni ne the cdy laset saibingespsiane deeadiag Hp elampér Birther cemprising a camera to
transl ating the ﬁ%rk i.ece gack‘a d forth between the input station
and out put TSPHEPF E15 PRREOF PFPRESFWEPBY  nore | aser beans at a second
frequency substantially vertically through a space between the input
and output stations to pass through the transparent substrate of the
wor kpi ece o sci b@erp%gr@mgewstenhé@cqfqi_lag Jto |agg)ong pitthe pewsfing rdajpsofurther
| ayer or rear el.ectr Wi . ' I (

the front oBeryas e s ELIghENne it hile, TECL AEE bRl I e
separ at e | aseify BoubaaitiaAndbove the plooekaitigngetidne two or nore | aser
sources and repeating the back and forth translation of the work

pi ece between the input and output stations until the entire

sem conductor | Mool r i | vigedci parall t

that are eFéctr?%g%?gSfégﬁgtﬁﬁégﬁég rg%@éﬁ%*ﬁ%§_6’%%g“%?ﬂgég%hﬂ? Rlrbier
scri bi ng proeessing n ciinerammad afsacionrmzele asdvciatedi with sghdasepanede, t he
process conpri sing: | oadi ng a workpiece with the transparent
substrate facing downwards in an input station of a machi ne;

bi asi ng thg wor kpj.ec8cagal BiterR afdoPdihg 36 ARPGe GNGhids SEAMWIRMIN S aghera
stopper associated with a linear drive; wherein the linear drive is
oper abl e t & mpented et an independe pnaoBzdsetxvedspaserbiranspense &t the sabeddidesn
out put station;

9. A laser scribing system according to any one of the preceding claims, wherein the
laser sources ate mounted on linear guides such that one or more laser sources are

slidable during maintenance.

10. A laser scribing process in the manufacture of thin-film solar panel, the process
comprising:

loading a workpiece with the transparent substrate facing downwards in an input
station of a first machine;

biasing a reference edge of the workpiece against a front and rear stopper
associated with a linear drive, wherein the linear drive is operable to translate the
workpiece between the input station and an output station;

translating the workpiece back and forth between the input station and output
station and firing two or more laser beams at a first frequency substantially vertically
through a space between the input and output stations to pass through the transparent
substrate of the workpiece to scribe parallel lines on the front electrodes with reference
to the edge of the workpiece in contact with the front and rear stoppers, wherein each
said laser beam is ouiputted from a separate laser source that is mounted on an
independently motorized axes, which allows scribed lines to be calibrated accordingly;

and



20 aligning a reference line on a reference edge of the

wor kpi ece with the linear drive by using a canmera (Cl-C4) disposed
near the front edge of the workpi ece and another canera (CS) disposed
near the rear adjustable stopper to detéPnine the correction required

to achi eve parall | i sm between the reference line a ear .
drive; §1n§fham WS RIS SLBC5 FERIEHFE HFIBF‘? H‘“H‘@t‘ ﬂ%‘gﬁp?ﬁé“g the

i nput st at i,gex ?fﬁﬂfo%ttpdﬁkiaﬁéﬁbf ar Ao ﬂﬂ:dfe' Hégwée‘ﬁ"%hé’ Enéﬂ?% @%&F stARATRmtil
at a first frequency substantially verticall space

bet ween t héhe enpue fmnteloctrquletis slivitd¢dingg paihﬂﬁwgtpstih@t araaﬁmpw&ﬁmsolated one
substrate 9f thetmorkplece to scribe parallel lines on the front

el ect r ode; ?Q99?each said | aser beamis outputted froma separate

| aser source that is nmounted on an i ndependently notorized axes,

which allows scribed lines to be calibrated accordingly;

i ndexi ng t hé t wé leserseriting prsessgeendig tatlapr édeteher asaprigingches and

repeating the b?o%ﬁm%ncﬂ% w I%ece %@Wﬁtﬁ?}alaillef Qg ps Onhoﬁ)ﬁ ggﬁ%fo@as i %n input

the input and out s un I're

di vi ded i n*stau@ab;{ad tebndtatifise;t hat are electrically isolated one from
anot her; g gning a scribed llnﬁﬁfl(fl_pl) on the front el ectrode
with the |inear Hﬁlpﬁethﬁyw‘ﬂk@ﬁae tAHAInEt Al et (taprren andi & peigedtlivdehile stapper

front edge, dgamaﬂa W SR 8ri POk AP ARBL NG SRMREEEE AN RSEH PN
the rear adjustabl e stopper to determ ne e cofrecti’on required to
achi eve pa'rsaiplemlblastmttanslate thd waﬂ@ﬁe&b batgveteh] ehe\mpm piatior ahxa@rko&tpﬁlt sftal‘rotnh

between the input statio n and firing two or

t t
| aser beans at 1%%%%%8XHF§ g&QDU 1§H{?§Fq e et the Pﬁ?‘hWﬁbﬁﬁﬁﬁg&
space bet wegheh ta%pbgeela% ﬂé%n@e&@%ftﬁé %ugﬁeée ahMARAHEE Jaﬂl ratcﬁ%R &Etéhe

substrate of the workpiece to scribe parallel Iines (Lp
sem conducteer adjnsieile soppardr detbecine tuesorsbidmecquisgah askhipd ;baaﬁh:dxsmleam
is outputted fr

t
or nore |aser s@%&@%segﬁéqvgfgﬁseﬁﬂifﬁgfﬁﬁ%ajgﬁﬂﬁ¥g?ﬂﬁmﬁr%ﬂggb?F%ﬂmB?t
the work pitges ARtARRINE: xhﬁﬁqﬁse@%garﬁyﬁt}%llkc%cﬁfrb@%qu suus{anmfy GRtiLAS

sen conduct or Iayer or rear electrode is divided into ara StI’IpS
that are efhewieghiz ey beenttbel iane ahd oripahetatiens. to pass through the transparent

substrate of the workpiece to scribe parallel lines (Lp2, Lp3) on the semiconductor layer
or rear electrode with reference to the scribed lines (Lpl) on the front electrode, wherein
each said laser beam is outputted from a separate laser source; and

indexing the two or more laser sources and repeating the back and forth
translation of the work piece between the input and output stations until the entire
semiconductor layer or rear electrode is divided into parallel strips that are electrically

isolated one from another.

12. A laser scribing process in the manufacture of thin-film solar panel, the process
comprising:

loading a workpiece with the transparent substrate facing downwards in an input
station of a machine;

biasing the workpiece against a front stopper and a rear adjustable stopper
associated with a linear drive; wherein the linear drive is operable to translate the

workpiece between the input station and an output station;



13. A laser scribing process according to any one of clainms 10-12,
wherein parallelismalignnment is carried out manually with a dummy
wor kpi ece. 21 14. A laser scribing process according to any one of
clainms 10-12, wherein the camera or canet’as are nounted on

i ndependent |y not.ori zed axes di.sposed fransverse.to the scribed |ipes
iamd \a/orkpi ec)é par'afeId & I'SEF%GS'H?FQWE 4i lg%eé%[’ic?ie & Shitheprogmiese ity e linear

15. A | aserdrs@Itybudige R QERES (@F-€BY dighdsddondal Mdidfl coRes i WOikRLEGKd
paral l el ism alignment and |aser source/canera alignnent are carried
out with aappiier &imema (G disposed near the rear adjustable stopper to determine the correction
required to achieve parallelism between the reference line and the linear drive;
translating the workpiece back and forth between the input station and output
station and firing two or more faser beams at a first frequency substantially vertically,
through a space between the input and output stations, through the transparent substrate
of the workpiece to scribe parallel lines on the front electrode; wherein each said laser
beam is outputted from a separate laser source that is mounted on an independently
motorized axes, which allows scribed lines to be calibrated accordingly;
indexing the two or more laser sources at predetermined pitches and repeating the
back and forth translation of the work piece between the input and output stations until
the entire front electrode is divided into parallel strips that are electrically isolated one
from another;
aligning a scribed line (Lp1) on the front electrode with the linear drive by using
the camera (C1-C4) disposed near the front edge of the workpiece and the another
camera (C3) disposed near the rear adjustable stopper to determine the correction
required to achieve parallelism;
translating the workpiece back and forth between the input station and output
station and firing two or more laser beams at a second frequency substantially vertically,
through a space between the input and output stations, through the transparent substrate
of the workpiece to scribe parallel lines (Lp2,Lp3) on the semiconductor layer or rear
electrode; wherein each said laser beam is outputted from a separate laser source; and
indexing the two or more laser sources and repeating the back and forth
translation of the work piece between the input and output stations until the entire

semiconductor layer or rear electrode is divided into parallel strips that are electrically

isolated one from another.

13. A laser scribing process according to any one of claims 10-12, wherein

parallelism alignment is carried out manually with a dummy workpiece.



Laser Scribing OF Thin-film Solar Cell Panel Abstract The present

i nvention describes an apparatus (100) for a first |aser scribing

(P1) on the-front electrode of a thin f'b}msol ar cell panel and a
simlar apparatus (100a) for subsequent “laser scribing (P2,P3) on the
sem conductor | r.and.sem conduct or ..l ayer/rear electrode. . Before
Starting sci bi A roRaLlREpR R B iRkl § ShiptiBian e ohe
the | eft hanteedgeatrad amwonkpiied en ixlepbidnef ndulstankév@hpo stk ke to
to the linear drive (140) before translating the workpiece on the
appar at us EEOIeddings japg Wprkpiers maratlefisr gHgyaen irasded e auiondsaliip |

, Lp2) formed during the P1 and P2 processes are separately aligned
parallel to the linear drive (140) before starting the rel evant
process (P25.P3) A labdrescribinigvigbyess pacatiing|to Siaiof 14, Wehenain kipdrkgiecd parallelism
carried outl.for eg@; batch of the rkpi ece. I.n_both apparatuses
(100, 100a) 2liguenf auglas sppie §a¥1§@@¥g5m€mr?6%?ﬂf’éﬁi OH Wit peRdeatiy

not ori sed axes. FIG 2A for publication
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Laser Scribing OF Thin-film Solar Cell Panel

Abstract

[0042] The present invention describes an apparatus (100) for a first laser scribing (P1)
on the front electrode of a thin film solar cell panel and a similar apparatus (100a) for
subsequent laser scribing (P2,P3) on the semiconductor layer and semiconductor
layer/rear electrode. Before starting scribing process P1, the left hand edge or reference
line on the left hand edge on a wotkpiece is aligned substantively parallel to the linear
drive (140) before translating the workpiece on the apparatus (100). Similarly, the first
and second scribed lines (Lp1,Lp2) formed during the P1 and P2 processes are separately
aligned parallel to the linear drive (140) before starting the relevant process (P2,P3).
Alternatively, parallelism of the workpiece is camied out for cach batch of the
workpiece. In both apparatuses ( 100,100a), the laser sources (150) are mounted on

independently motorised axes.

[60431 FIG. 2A for publication



