Laser Scribing OF Thin-film Solar Cell Panel Field of Invention [0001] The
present invention relates to apparatuses and nethods for |aser scribing of
thin-filmsolar cell panels. Background [0002] A thin-filmsolar cell
panel or nodule typically includes a trdnsparent front el ectrode di sposed
on a glass substrate, a photovoltaically active |layer containing a PN or
PIN junction and a rear etaepothang @hdhirida S‘éﬁ*é@@{ﬁ‘ﬂ@fi s usually a
transparent netal oxide such as tin oxide or zinc oxide. The sinplest PIN
junction includes a | ayer of a sem conductor material doped with a p-type
&ant to forma P-layer, an undopelficlkdayé&rvemora sem conductor material that
forms an iﬂ}olbj'}nsi c orn ayer of a sem conductor nmateri al

an

+1-1ayer, and a | , :
doped wi th n-type H%d’éﬁ%én{ dNYBHRY RIS | gy @rarglisght arich aicdiends fon lase

substrate pca&ﬁ@gsoztﬂnmomghsdlg}%g%g@w.ate, the front electrode and the
photovoltaic | ayer, and a voltage is generated across the front and rear

el ectrodes. [0003] Typical nethods for the manufacture of such thin-film
solar cell panels use a laser to for series of generally parallel
grooves or scribes in the above- menti?H88 ¥ ont el ectrode, seni conduct or
| ayer and rear electrode to divide the panel into a collection of

i ndi vi dual goosmr hegicanneskedeaehd st of ' sGLibed i n, US
2008/ 0105303, | aserl beans aaré3 g‘hgnnghaggggsgpgmﬁgg%‘é S %glaﬁégrafﬁnggroﬁﬁ | el
scri bed | i#egtodediszawstivar gipssobatiie, ¢ hetewmlbivelly hithedayecendatmzad by movi ng

the substr - i.ning the photovoltaic |ayer and e] ectrodes under the
| aser beanllﬁ‘I &ﬁ#glgg&k %%i‘glg’élr F%F%%&‘pmﬁe@?ggeﬁ?éf {Sou%éll‘élaownsp@*%ﬂ]i?@es pite
devel oprerixidnsichesalt oafe bovib MeiRATH Lt e P8 dibASRAR N Daldflym sof ar
panel s, there is a need for a new apparatus to et volune pr odlietd én
r equi r emerCBuGIdYRlRhmaigTial dapah elith aptypvelohoddo Gitnus @-lay@, an undoped layer
of a semiconductor material that forms an intrinsic or I-layer, and a layer of a
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 (ront 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 photovoltaic layer and clectrodes under the laser beam. These known scribing

processes tend to be slow.

f0004] Despite development in the art of forming paralle!l scribed lines on thin-flm solar
panels, there is a need for a new apparatus to meet volume production requirements of

such solar panels and methods of use.



Summary [0005] The followi ng presents a sinplified summary to provide a
basi ¢ 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 ig to present sone of the inventive
concepts of this invention in a generalised formas a prelude to the
detail ed description that is to fol | Gwm@P06) The present invention seeks

to provide yst.er . aser scribing of thin-filnms i.n the
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gri ppers aS€dRTIIEdo WDy key fralyresqiemppionpRetheroit gy iopremnisowerdf phece,
wher ei n t hiavhi@abnikV6r irgs 1 Qedel & Lhe workpi ece between the
i nput and out put secgﬂ%ﬁg?§3g§€¥@gg2}&%%%%ﬂ§§i§%3§ %?gggkgﬁgz@%gﬁaéﬁfa

| ower par tdeserintion thatdcesoilng. section such that each | aser source is
operable to fire a | aser beamupwardly through a transparent substrate of
the workpiece to scribe the relevant |ayer of the thin-film solar panel as
t he wor kpijess] i'thehebdRg: 1k am . Qneen. the. | , -0Ut put _sections,
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line is fdokingldimsdn theananuiectyslodvalnt celnianelf.i | m | ayer is divided into
substantively parallel strips, which are electrically isolated one from
anot her. [0008] In another enbodi nent, the present invention provides a

met hod cornuorsiingne &:0BeHiRGnE uwfls;ﬁh@ﬁ@eAMohpb,ré\h@estar ~%m6ﬁ@ﬁsiﬁg%t inAle
facing downwards in an input station of a first machine; birasrng a
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cont act whilfitrethef theoworkarede te aritsttho peegnt Mwher &iihe @achins aig pasess dagam i s
outputted“jﬁ(ﬁkg.s%ﬁanape %@%EL source; . and indexing the two or nore |aser
sources and repeat iRy et Hids ehyegh dhg BIPEhatt aRSHasacamsotvithheschdask: pi ece
bet ween t fRirdenpelhip Rk RYE NS ANt d b L Lr.e front electrode is
divided into parallel pgt r(ﬁg@! tﬁlﬁg%dbgc?gitgl %dé}%]r?cglg)fs(w&%slglfg'tnge Sooneﬂwﬁrté?n
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| oadi ng the.,mor, @h%ﬁﬁn%ﬂ{?Ed with parallel strips of front electrodes in an
i nput station of a second machi ne; biasing the workpi ece against a front
stopper and a rear adjustable stopper associated with a |inear drive
simlar to that of the first machine, wherein the linear drive is operable
to translBI®! t'ReREICH cpihodengit Hiseprosane invepiien statdeom mathodrooytisit;
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anot her cdrefist disspiosebiariegra tdigen@asdoadiusd abligict QRARY 4 Bodelergine the
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senicond%gﬁggthgﬁ%{ppr rear §Lect ode_wjbp_reference to the scribed |ines
(Up)) on thE Firiont! HPRIERFHaeostapfiate vrtisal inheome & spaserbefeasmthesingut st t ed
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and repeat? q t he bac& and fé%th trggg%g?i%ﬁﬁggg?ﬁéﬂ&ﬁgﬁng%bg) 2t%een t he
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el ect rode, [P ol rallel strips that are electrically isolated
one fron?%ﬁ%?ﬁ%%ﬁggﬁSF%%ﬁlgﬁ5%%%?HEV%8WﬁHﬁF%§%ﬁ%@Pw¥ﬁ@1b@§§@ﬁ¥fﬁ%@éntion,
t he net hegpactaipedrsesrce] oridndekitg WorikpiaerMdly el Em%pe%iﬁg%hé%% trate
faci ng downwards in an input station of a machine; biasihg the workpi ece
agai nst a front stopper and a rear adjustable stopper associated with a

| inear drive; wherein the linear drive is operable to translate the

wor kpi eee between the input station and an output station; aligning a
reference line on a reference edge of the workpiece with the linear drive
by using a camera (Cl -C4) disposed near the front edge or the workpieee
and anot her canera (C5) disposed near the rear adjustable stopper to



4 through the transparent substrate of the workpiece to scribe parallel
lines on the front el ectrode; wherein each said | aser beamis outputted
froma separate | aser source; indexing the two or nore |aser sources and
repeating the back and forth translation of the work piece between the

i nput and out put stations until the entire front electrode is divided into
paral | el send gerth rasslation o the tworlc aleky besebatiedirpneadd onpan@ither unall Llhgnl ng a

scribed i hefr el ectrode wi.th the linear drive by using
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anot her cammestde( C5) di sposed near the rear adjustable stopper to determ ne

the correction required to achieve parallelism translating the workpiece
back and forth between the input station and output station and firing two
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sources and repeating the back and forth translation of the work picce between the input
and output stations until the entire semiconductor layer or rear electrode is divided into

parallel sirips that are electrically isolated one from another,

[0010] In another embodiment of the present invention, the method comprises: 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; aligning a reference line on a
reference edge of the workpiece with the linear drive by using a camera (C1-C4)
disposed near the front edge of the workpiece and another camera (C5) disposed near the
rear adjustable stopper to determine the correction required to achieve parallelism
between the reference line and the lincar drive; 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,



hows bl ock diagrams of the apparatus shown in FIG 1A, _
\[Mlo?llg][ E:g gé :hows bl ock di agrams of the first laser scribing _processé
FIG 2C shows a substrate after the first |aser scribing process; I[001 ]
FIG 3A shows an apparatus for |aser scr4ibing of the sem conductor |ayer
and rear el ectrode according to another enbodl _rrent. of the present _
i nventi on, "HRPERstherraspaBni subsisate aff ¢lse avorlenae b ewitefpatdnel ﬁﬂi%%@%ﬂ&sfrézﬂov‘gl IGn
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apparent t 84)O<rlli§posed near the front edge of the workpiece and the another camera {(C5) disposed

near the rear adjustable stopper fo 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 1nput and output stations, through the transparent

substrate of the workpicce to scribe parallet lines (Lp2,Lp3) on the semiconductor layer

or rear electrode; wherein each said faser 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

tayer or rear electrode is divided into parallel strips that are electrically isolated one from

another,

[0011] In one embodiment, cach 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 manuaily 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, workpiece parallelism aligniment and laser source/camera

alignment are carried out with a precision jig.



: : .. : :  t hout
skilled in the art, however, that this invention may be practised w
such specific details. Sonme of the details may not be described at |ength
so as not to obscure the invention. For ease of reference, comon reference
nunerals or series of nunerals will be gsed throughout the figures when
referring to the same or simlar features commmon to the figures. 6 [0020]
FIG |A shows a top perspectHhﬁf&kemhﬁbnafﬂaiﬂﬁwSQﬁlbkgg ﬁpparatusvloo

[ nbod ment t he i nventi on shown in S

PaIC e 12l SERPRLTRE il uf BEBbSEED et theendnivnsre badmemett hare 110
has an upperesphidhfearion, Whgh referdRURS the accompanying drawings, in which:

[0613] FIG. 1A shows an apparatus for laser seribing of the front electrodes according to
an embodiment of the present invention; FIG. 1B illustrates an end view of the apparatus

shown in FIG. 1A, whist FIG. 1C illustrates a side view of the apparatus;

[0014] FIG. 2A shows block diagrams of the apparatus shown in FIG, LA, whilst FIG.
2B shows block diagrams of the first laser scribing process; FIG, 2C shows a substrate

after the first laser scribing process;

[0015] FIG. 3A shows an apparatus for laser scribing of the semiconductor layer and
rear electrode according to another embodiment of the present invention, whilst FIG, 3B

illustrates an end view of the apparatus shown in FIG. 3A;

[0016] FIG. 4A shows block diagrams of the apparatus shown in FIG. 3; I1Gs. 4B and

4C show block diagrams of the second laser scribing process;
[0017] FIGs. SA-5B show block diagrams of the third laser scribing process; and

[0018] FIG. 6A shows the process flow for laser seribing of the front electrode; and FIG.
6B shows the process flow for laser seribing of the semiconductor layer and rear

electrode.

Detailed Description
[0019] One or more specific and alternative embodiments of the present invention will
now be described with reference to the attached drawings. It shall be apparent to one
skilled in the art, however, that this invention may be practised without such specific
details. Some of the details may not be described at length so as not to obscure the
invention. For ease of reference, common reference numerals or series of numerals wil)
be used throughout the figures when referring to the same or similar features common to

the figures.



114 and a nunmber of colums 116 joining the upper platform112 to
{)Lgtrg\rl\;nr platform114. As seen in FIGs. |A and 113, the left hand side of
the apparatus 100 is an input section 102, to which an external conveyor
may dock with; the right hand side is ag output section 104 of the
apparatus. In each of the input and output sections 102,104, there are two
rows of respective air bearings 122,124, Preferably, the input air bearings
122 are in. | iLne-wth the output air, bearlgﬁgqs 124 such that a vvorkpl.ece W
for exanpl @O%[ﬂep &‘é&SIW PaPEISBEGHVe § BBy baselaf@@nmﬁ_ppwstuﬁﬁ_ﬂéahxtoec;ezngn1(5“4 r
cushi ons bef seafbddi@osWrihd &tegen@ﬂ%h@&w%pgﬂgﬁg% pﬁs& 2 nep ?f[llainfuféflé ok
In between the two input air bearings , there'| i h’
bet ween t h&RsipUt00aineludenr ngs 1184 The fieme 116 hanan gspfepyfhtrw%w,_a{l%veﬂ e

[ t her 134 are operable to travel linearly in
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the left hand side of the workpiece W there is a lihear X e

li near dri¥BUlEagiand@nisswhichan ehieriahputvepeandyatocll 02hi the bk 1QUE Bk i$8ct i on

[ | ' di cat ed the right hand coordi nate system
shown 1 1 B ERAIR, B B cish b sl Gt saeiiabi W2gaal | o
to the i npbtremd vy rab@o faRshoRtiv sl LBAERET 22344, 1%&%-&13[‘&@;1 {t'a\{re%e ?iggst‘Z ‘; o
| east two Bace_d apart grippers 144 connected theret ). he" grip
oper abl e tlg g’*F‘i‘ﬁilt*WéWFiéglﬁ OHENE 2is foryingh lﬁﬁemlmhdqawmlqnébbamfoﬁ-ei%rgﬁl?gfz@\rm It |h§t

[ ) f h { nput. and out put sections ,
the. nor kpiees e oSt Tha o e T AU aRaMBURBS Tart HRUPTnbR D 24,

he sulpfrere atiabd mpo/diBuiancbdafin@et WEER. LR AR We ARInAHLEU S | Ons
?8(2)\/?021 et1 lIBSIr!m iqg a ggurit\)try :%60.1 Tﬁellgintry 1é0 has acs'pann@o alutf 8_w Z’t?s’h_e
wor i(pi ece 9?1 @e%\?éﬁl’u’h’@k}%??léﬁ'ﬂ?’@élw Dpfateme ahe pputi Mpbeariapd 1241t hete et | ons

i he | ower .platform 114,
102, 104. subpst phdicy aby, bed et Benganbr 180, andaon bhe t ouer, pl atf
there ar esgt(?uf P cer soﬁ@ce?ul g &E{ak_f:zhé{]l SN 43 i BAUC 40 (U3¥er  beam
upwar ds t Anesighin shesysaestibescetion td el bnpish tRNGoRMERUY SEG6!hORSHd0Re 104 to
; i 150 are individually operable to
scribe theg, ;)F%ﬁﬁeef\/\( .‘(I{'he‘ l.aser sources RLEhi A cepdetlcfihanh aidoet ¢
i ndex at p?a\é@é? er'ht fed” P ?eﬁ&? wparpind) e seqryindilEh! Adsp :q ;n ‘as ‘*S"hoan -
hand edgeobelnalyREKRY Siero allirkal hild'Psd) 49RU1YE d¥fv9'IEE%fongszﬁ-EBaSthg an be
FIG IA so that substantially parallel scri ed Tines Lpk, I,7p2, >
forned i niPBUFCcBahd82 Bl IB1owput fretionlRpilece Mivdctibn refiraledt® fHReifdir st,
second angh by 28 §stetl rSfl(?\’IVEg] t FIG. 1A such that the linear drive 140 is substantiall
y
parallel to the input puller 132 and output pusher 134, The linear drive 140 has at Jeast
two spaced apart grippers 144 connected thereto, The grippers 144 are operable to grip
the left hand edge of the workpiece W and to transfer the workpiece to and forth between
the input and output sections 102,104 whilst the workpiece is floating on the input and
output air bearings 122,124. Above the upper platform 112 and in between the input and
output sections 102,104, there is a gantry 160. The gantry 160 has a span to allow the
workpiece W to move unobstructively between the input and output sections 102,104,
Substantively below the gantry 160 and on the lower platform 114, there are four laser
sources 180. Fach laser source 150 emits a laser beam upwards through a space between
the input and output sections 102,104 to seribe the workpiece W. The laser sources 150
are individually operable to index at predetermined pitches di transversely with respect
to the left hand edge of the workpicee W, i.e in the negative y-direction as shown in FIG.
LA, so that substantially paratlel 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



7 processes P1,P2,P3 on the three respective major |layers on a solar cell
panel. On the gantry 160, four suction nozzles 162 associated with the four
| aser sources 150 are provided to renove any debris that nay be generated
during the | aser scribing process. [0021] Associated with the l[inear drive
140, there are two fixed stoppers 142 agai nst which the far side, as seen
in FIG |AproeestesfRI RBRE omi dtle tlote tdpectivr kipij@CRyME ioh o §fI&F @ergqc‘%?ixef‘q)l jp order
to ensure that tl&g #é{rﬁk%%i ece Wis always in contact with the fixed stoppers
142, two s H%-]I a EY9e PezZiA 6l Odr 15501 64 réth B fobe lastigheurkantblsirde of

the input seskit@nokBRctRiRESs i I nst. Lhe fixed stoppers
142. Once the workpi ece ing bi ased Q%Fé(ngdtn%%ﬁeﬁ@}ézﬁcsl%so%5(5?1’&151@?,03 ‘he
grippers 144 are operable to grip the left hand edge of the workpiece Wto

transl ate rkpi. e const ant . speed between the input and out put
sections 13‘%’%1%\3\ : ocrlaeifag?iﬁl lg%rhi"*fﬁ‘rf W8f“§ar“§l“? a1 tWonBxedqstommrs b42 wgpiseon,
Af ter par akibédh the fi@sidepds sebeinflaGed, ek A8 YQI&RE R ﬁforl{prié)c?ztwand G&3L

isolation lines Lf,Lr are separately fornmed transversel'y to tlff"lreei(ﬂféf}cg?lel
scribed |i HesM 19 IGERYS Bt thhevarlgpteat Wois faherys iekecboodesthartes hegikesd by a
resi stanceyfestgl . sak g the,output secti.gn 104 to, ensure that each of the
strips is el €ct gbir:(’:pz]ar?]%yl%l%ldscoI1 {4 lg%e‘“f:rf%?ﬁ”g%%ép? “ﬂﬁ“t apndegidp abfthe frwut aser
scri bi ng pswtesd0Ply R2seRBe varipasit ardmd i eaedy KRigee\Wd 8.5 1.from

t he out put .se%ti on 104 for cI%?ni né or furtheS\rw%r oceg'sP}r%!. ﬁ;e[v@g%%gﬁor
clarity, Frigeed sansihe fised pppraks #hdhagripnsts bnee ppntisc b gtipehalpparat us 100
in its plagyodi FhMERHfE8 . first. | aser scribing process Pl on the
front el ect rg\gde, As gﬁé\?\/ﬁ%% %%%Iattg%,c Wgﬁe?ch‘ét CONB RS B WeGn tHe et t op

si de f or meghdwbuthutt dvetidisaldR, 104 cfot teelesoribthpOsf RRLIAY ahed @, ﬁ%ﬁﬁ,%@fllﬁ%bry 160,
IS recei ve/g__tg} ttlte '.n&titt;&sect_i.on 102 of the apparatus f_ob, t I nput” pul | er
132, such g )t eﬁ)b% i e (U per gBItee wetkgieeo bt prdnear isekatiac ting Igdsi ti on
to grip theesehsticiatigndd 8R ing..: .of \the.substrate S and

pul I's the subiit ratg i nto thg‘%?ﬁu%"@%k?’?‘gﬁq%ﬁg&f%‘%éanEﬁfp < 5 1958t i on
133. The ifiptitlestroges posibetiod by33esistanef tenad 99yt aetduval: 5eMiof 168 (Pesik on
sensor, sqﬁcj& A O%ltlp,hsgt.oel ectric sensor, Wien the substrate S reaches the

i nput stop posttiCon c1533Ps Pirdecliply dslatedsong gpnanadhdsy Aftaeeasprafiibe lasaded
rol l ers 146ribigaiphsdess PEPS 386 nstQRRA! Sich hid f 5080l &afing, edge of the
substrate S js at the input sl)op poSi ticoﬁ%lrlé%\,mctmlsdgﬁgx%aﬁg?lﬁgh%ﬁ Ri'rate s
changes ovef1opridthferdeanigu fpthdr groce8hgt o the gri ppers 144 on the |inear
drive 140. Once the grippers 144 on the linear drive 140 are clanped on the
substrate S, the input puller 132 releases its grip and the input puller
132 is ref@oaey edy cihoty, EXAphR @Reumail Gahbhys of BEnS ok feshondi ng .
position of.t hF | i near drive 140 is denotaée_lal‘ "‘33 a ho J‘[S&?E@‘ggjrp?%h“g@t he
ser vonot ot 191180 Y&t SHBRSPES e e fiisylipespribiog peocatell wi the fitve dideneqs dri ve

140. Onceakh@osHbatiat €4S, 2 Lignly by the.grip ers.Ag, t he
substrate S is operabl & gdht%lr} gﬁ%%ﬁga‘%é’w\g%}h%{%@pi %uto“glﬁgl V5t PGtir®kcet i ons
102, 104 whictisedetdnd osiatsted at foStlieaatippos tietbcbived Behatfpubealibngs, 8'12('56 124.
From t he 8tlorarll_e th-l P "It' on, tLQe.qu ppers 144 and |inear "drive 140 i1 ndex the
subst r at e BHE, ‘E‘fé&%@gugm let 1p& 6k et panippTheciag ppdablofio weieaddint of t he
subst r at ercBatted geilined O HESLNLAG Lt PR ResLLE QR and a process end
Pc position, Thg Ps and‘iqg)c ?polsli tlﬁ%ﬁ%%gggé"@cgtélf;%ﬁ%ggg Pﬁt}}cﬁélbgb%/g or 141.
Once a schillséle fubsigaig pito fhe iefac easiontld 6 euinphestds pdslonl BY. e Qe on the
front el . el - bet ween the process start Ps position and the process
end Pc p sf%tl%gﬁl,?’:stl%geﬁnﬁgb agtb‘i?lt“%QPﬁgﬁf’lﬁ?‘ésqnﬁ‘ﬂ‘e% ¢4 phspalediosengir, in the
negati ve Whei tectbam@s rdabiisGRt RSy GRO[ A pat m shown in Fl Gs.

| A and 2A, and a new scribed |i nguchi}; PﬁSleaCLﬁ(’)P%tsﬁg&%%’slsoglﬁs \év%iélf B4 is
then for mBH EAPMREY épllarpl 4sainss fedbicd stappetsi B2, Sdriisbed [bidher dddk.of By

i ndexi ng oy _ 'S, f t form.ng a |laser scrjbed |line and
repeat i ngSth ﬁtaél(%?g{:aetzlg&ﬁﬁ%%%}%éﬁ? Pﬁg?” tﬁ%%‘t‘? g‘ﬂ g”@“ §1'a§%§P eHPYeH fibinnes  Lpl
di sposed tat ingutimilfeoi 32 pithe briglicrsDid diathe tiReal fRat 46! @%ﬁf?@@-iéﬁeré £Al 3t ed,
physi cal It En_d ‘%I‘.ecirical |y, into substantively parallel Strips of uniform
wi dt hs. %"‘o o GiiKe bkbars stigmereRtthe sustpliets Mhechput millabbda reldsamitsamg t he

w dt h of ahlhehdphpus Glulibe tNES..LSsa 50 m crons. |.n an exanpl e, when
the substrate is G%ﬁ% g\%jd!es %slagéﬁ’m%?g%lxs&l%g:a FOWAARE ai%’l%fq“sesﬁ% I&m wi de
and has IS Lpl scribed Iines. in another exanple, when the substrate is
1.lmwi de by 1.4m | ong, each band 131-134 is 270 nm w de and has 27 Lpi
scribed lines. [0024] in one enbodi nent of the apparatus shown in FIGs.
2A-2B, the linear drive 140 noves the grippers 144 back to the process
start Ps position after every |aser scribing process Pl and scribing is
carried out fromright to left as seen in FIG 2A; in another enbodi nent,



(0025] In yet another enbodi nent of the apparatus shown in FIGs. | A and 2A,
the left hand side stopper 142a is nade adjustable. The adjustable left
hand si de stopper 142a, is driven, for exanple, by a notor 142b and

bal | screw 142e; in one enbodi ment, the gotor 142b is a servonotor. A canera
A is provided near the |eading edge of the substrate S 9 to nmonitor the
left hand Befgéoros! adinesubster bideis danqedanmhked I gfstioangank sB@o@bia 1fi duci al
near the | gft . edge. of each substrate S. Another canera C5 is provided
near the aﬁﬁﬁ?@@ﬁeﬂ ﬁlgﬁff’“h%?ﬁdf’sé’ﬁ%eds‘f’@bH@r““f@'z%f“’teol%F?ﬂl%ﬁhetw@stréétf 6 ihand,
rear edge dbmpbefiatlsiy @k Bpetshe4pPiR-IBKeS [&f.eL.8NGE [..0e.ar..a fiducials
near the rear, |eft hand §d§g of tﬁe sSubsttrat eseggsﬁgfaaﬁgltﬁagglg%%)eé‘?leetnﬁgcIeft
hand edge ‘PUkard Siinysecioas $02,50¢ whalsikibel subsfiase &ric eudpbred by (RAdiF b@kings
fiducials peag4t f L 1d,edge. of  the. substrate S with respect to the

| i near drive 140 ?%Jlglfé(f ggﬁgﬁéd) If/fmﬁ‘eglgd?]pﬁabtlﬁé aﬂg\}inﬁﬁl‘l Oiveof4¢ Helek gt hand
edge/ | ef t dvasichte Bfteragnoeesk isnel Papssiin. fihduehial & PYvTRANSs 8F &P8,A0RI as
a., Cs. I%ft hcg |l eft hand ed?e)/ reference |ine/ pe{?r‘cg%ﬁ??%fgl&sg gxal?c,sgﬁsbt
paral | el tERRELY iheptocessi it Papositinn end ¢ peoncssentlall pysita, Toti Mgaridhiee

posi tion ofyskibes adi e ] e nd st 142a with reference to the

ri ght hangj(ggtugggp%? S%%%&B#% ié]otﬁ}lra esgﬁt‘aV Ogﬁgn Sggﬁj‘éq%ﬁ s5HbsEedap Lt sasheofither t hand
st opper 14@a;, bande BipBéris ¥d2ied sn phogamesd dde, 1otRERohN8e APSQEL @1%&%

bal | screw_142e an @ﬁpr.o ri at(g junber of turns so that the edge of the

subst r at e PEPaTRAPL B %S SRE Leinongrpaie lase Plugecl Hl ae omekhdasupstrate S is

paral l el 9 ihhee hidaas yaficy i, L 0e hpl Lines 1o be Scribed are

parallel to the ‘et hand eeg%%?%el ﬁqﬁgﬁgﬁp%&:%&gﬁ%%sxsltci%}; LOR) ”b?lcctfq' Ef}ci al's

on each sabéepated 8 neSustripdrlaid Bpl Smemdr sfent ifQnR UmaYs BE- 1AL iHed 19%led

regul arl tivel such parall.eljsmdeterm nati on and correction ma

begcar ri ggaz‘(%‘lul%l% @?C ‘g%f’@ﬁg%%ﬁ{ﬁ@b‘g?rég%%@r LpkSyandgopabs laser sanoehdfo after g

The mtor 14%b | o o b soon ot eBERRE MRLA pr. i ihe APRKAES SRy be
142b i s pi ez ic or; _

connect ed"df'r&ee lyplt dispored ] usnidpire pthopper tibd Ba. frofi002T]0ddSs GesaEd, bed,

the | aser . - re,operable to index at pitch di transversely from

t he di rec?@gwqgf ﬁlﬁ@%ﬁ@ﬁ%&” ’ Illi(larﬂem]lﬁhg?l,ul‘fﬁlﬁ Pﬂ’u@eiisﬁﬂﬁﬁéﬁﬂ’é‘?ﬁ}} yidks.each other. in

anot her nethod to scribe straight lines parallel to the edge of the

substr at e‘OEre- rked reference line/pair of fiducials on the substrate, a

| aser soufte! 150 g oRdinidcke it dbis phadéd enmiunkiic vadie offilor Lexanpke, to

conpensat gk ¢4 ; 26H QA SetLi ng. the two.fixed stoppers 142; such error
e O R 4 5D el S e b D R R PPER S % b i+ e

is determ ned by the caneras
out dynanul ¢agh il gl -BeisP15(P2uR3w k6 rinbi g Br 29?%&-—ib&hﬁné@%ﬁran%%‘é[fes 150
may be mount ege Orl‘aa&lﬁ)l atform. which is noveable on |inear guides; this

al 1 ows t hé 1'8er” b P eaLsHEE innd medde bad dan pinat ¢aoh haed BieBrov 28 owt  of

thei r posiide enehast 0L exam.8intor ease of maintenance. In another

enbodi nent, there are two or nore such platforns so 10 that one or nore

| aser sources 150 nay be noved in different directions fromthe other |aser

sources f{&fZ:%]m?lri Gn€ %%Eo&‘fneﬁ%rn hl%na%géggfus shown in FI1Gs, 2A-2B, the linear drive 140
moves the grippers 144 back to the process start Ps position after every laser scribing
process P1 and seribing is carried out from right to left as scen in FIG. 2A; in another
embodiment, the laser scribing process Pl 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



[0028] FIG 20 shows a substrate S with the front el ectrode being divided
into substantively parallel strips of uniformw dths after undergoing the
Pl scribing process with the | aser sources 150 irradiating | aser beans of
about 1064 nm wavel ength, At the end of I process, if grippers 144 end up
at the process start Ps position, the linear drive 140 i ndexes the gri ppers
144 and thelosm@mtor ttede hod ader aivhc SOkt QB BR& Mf&éhceThF -h %R cul

i sol ation PTap% | h S .a pr.edeterm ned di st ance, exanpl e

of the process §tg mﬁg cg&sof i8 ”W‘t‘ﬁetshé\”@dmtqﬁme@ S5iin ptdwde@'lhepnombtl on

each of thedjias@leSleSUFEHe 1BBpd: G40 pectiyve ft hand
travel position. The | aser s sglljjrrces {:!)elégatrottla?1 gﬁ hogg? & Cd]gffi e SRS g

respective Y dbemrymanedosiatreeslitesor atfelusals sdartihe rb@S Qdft S 683 JP@.are

i ndexi ng atg, net eed. | ef o right hand direction accor di ng to
the arrows s cL)I\%\ln{%za ign %1&518510015@8 Haq IH‘%\‘E‘} %‘}@@dﬂtnﬁﬁbbﬁélﬂi@s@d pietnonked reéerdiee i s

f or med nealinthe gagagi Macﬁﬂigﬁce@fné ne: %@s@ ? s < 91%1:3{}(@“\%%1” FI G 2?1‘? hAf ter

the front isolatjon line Lf is fornmed |'inear drive 1 CF‘R%B(@S

rt

gri ppers 1AR°H 5e1ve A0 &3 dderpdnas s mla%sallmga@m desialia bbihe Reft Pagl ddb@Tef phhe rear
i sol ation rm ned di stance, for exanple 10nm short
of the proggggg(zénghggaﬁ %“Elgpfemfj%e?l Yt 89, &% Khidn @ﬁbéwad ed to

fire the re@gtécfenmellamﬁfanb@arrﬁju@llaist f@enosz%g [Atg ﬁle"‘ﬂ'xéaﬁ (ﬁvhel,_ma% sources
a

150 are indexi ng LI % left to right hand direction so a coht
rear isol ab{"6%' 9 RE adjustiae fthe n@dillﬁéa@f theeadiesdabl eridfto{ﬁantihﬁogwbsmaat@uﬁ

[0029] At girerefdeVs 1%1i%l1£1{1?sttg;ﬂ>%x ogng\%%%c&g{gsft?qwa F%%L?q?#brlélggéuér?cgt e S

remain at their respec Ive ri

is at the fppmt lﬂ%%DIihxt imotor %2b@§pﬁogﬁﬂnnddh6 tbtﬁﬁzet'hu%%"cﬁa?c? gAY §4d J,ed. and
i ndexed at_a _con inaright toleft hand direction as eeh in

ta
FIG 20, APEPTRAR R n‘f“PB‘Ht Oﬁe%P%tSPdhaq thaesdep qfsﬂlgc&*tibbieem/ptdamaﬂa:aheefbmddsd ve 140
i ndexes t hignc@sak T t r: SI t t he | aser
efFai el IS cikAdbntiBe L tritE g géﬁg eeftté % gltcﬁl pllé‘g G0 ﬂ%‘?rﬂ{eﬂdﬂl oft to

sources 150 are then fired and i ndexe
ri ght handi¥sriedei shbedlatepmatic el the ieﬂnelahcawge/mmﬁ@ﬁzel-‘é@n&ri%ema}{e&t back
]

to the re si t.ons .and are indexed in a left to right
hand di ref:[tpaﬁ]gn E’V\ﬁen scf"lg)sg]iaﬁegg ﬁ‘éChLHal‘é{f?HSILWOiJl@@l%?tiinéh bmcrme@d ouf G@8@Ady FI G 3A

shows a | aSlernsetiybbing RPPRAI
the pr ese%Ia @;wenty |poLn }%I G 1@%‘&2&%&2@2%93@ \x/ﬁ%g%&g n% Cﬁlbﬁgroé{’tf%meOa As

shown in of'g, Sﬁﬁf@‘i§3 the | aser scribing apparat us 100a is simlar to
the first scribing apparatus 100 with rear, adjustable stopper 142a except
that the |laser scribing apparatus 100a has additi onal carreras Cl - C4 nount ed

on the gaioeg L6@nothke cobo@iiasgt, Ghe Glodf Q4B5SOC @ttnggc %i Kother
respective Ib .er sources 150. The | aser scri bing para héf
émbodiment, the motor 142h ig a piezoelectric motor; the pzcaoei(,ctnc motor may be

connected directly (o the adjustable stopper 142a.

[0027] As described, the laser sources 150 are operable to index af pitch di transversely
from the direction of a scribed line Lpl.Lp2 but independently of each other. In another
method to scribe straight lines parallel to the edge of the substrate/pre-marked reference
bne/pair of fiducials on the substrate, a laser source 150 may be indexed ai a
predetermined rate, for example, to compensate for any error in setting the two fixed
stoppers 142; such error is determined by the cameras C1,CS and parallelism correction
is carried out dynamically during the P1,P2,P3 scribing process. The iaser 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



may be suitable for the P2 and P3 scribing processes and is advant ageous if
paral l el ismof to-be-scribed |lines need to be nonitored and corrected with
reference to a previously scribed line. For exanple, after the front

el ectrodes are divided into parallel styips and the PN

junction/ sem conductor layer is formed over the strips of front el ectrodes,:
the parti allay ops o€ 88S€ ths¥Wod iRl ESEMWY | section
102 of apparatus 100a. The i nput S\é\f g YM\%Q% ﬁfeﬂ;‘c?&t(a &%th?mln ‘E’C Oél&eé Wto
t he i nput gﬁtsgpsogg@gs ﬁbsﬁfﬁll‘l@&ﬁ@@rﬁdlam@mswl ng- | oaded roI lers 146 then push the
wor kpi ece W against the |left hand side stoppers 142,142a. Wen the | eading
edge of the workpiece is at the input stop position 133, the grip on the
wor kpi ece ish268]gBEG.0L€r sliovamat iBstapw ul ligs fﬂo%? 4 p@b@{]gpﬂ‘ﬁ didd, Once
the grippers 144 on the linear drive 140 are cl arrpe piece W

t he i nput %@F‘iaﬁﬁ”“g Paipdpledidissol ynifogw widths dfiehendengung mall’lleanuﬂziﬂg prscess

retracted. I J t, cond t he scri bed

| i nes Lpl \g’r?g\y?éougﬁ% S%m ocréﬁg%d ﬂﬂzd{ahmé { {bgn peage Olcfc a&JBIélle O%ﬁ A %ﬁ@ﬁ‘ﬁfvﬂbéﬂ H% i ve

140. In t hadgdrdl 1bleb¢ssnﬂfgﬂpmdmg44 ctxide.:pgmlpmb@es%térms%§ i6, €nd RapAFkpi ece W

al ong the #40 r dr ve 140 gﬁd the caneras d and CS determ nes the amount
0]

and side ?;E&SI ﬁ§11pp?as § angfthg H@S%fﬁl%énaIfiqliéiSDbthlaﬂ’ftmetlbmaﬂihmg edge

of the wortkdite&RaifdnoPt boGidnear, & d V-i NS determ the

wor kpi ece Wis transl a%edltno tatfgg%ﬁ%lé@s@ %%tgll?cte %’é 6BP iR 74O tﬁ’gqﬁ‘by tion

of the redr9ceagljsiasit Bblpemsnmp%@h thd 2abdtmtcc Srinehit @ foRitieNSEHcR dFanallhgld sm of

the scri besg%m%{:f Lpl wi t.h the | |near d ive 140 before the P2 scribing of
Se

the PN junc i BOTGH e g5 TasRsauve et and ! BemltionsiThe lasers youraes 150

paral l el i a6 seit dpegatb® (& Ipdusd Rpdcfval th the
linear drive 140 pg%‘ ore the P3 scri Bi@rilégsgprb%&ggssgﬁl S sﬁ) h{uggsmgp%&cﬂ"ls% ng out
t hese par &P¥e¢s kifh yetndeniy, at papridne perhioh ltthe fight hexsdrccbadadcbrgsg Lp2, Lp3

with the SCI, S substantively

certain. iﬁzlt seh%ﬁrlgl I g}I ?grﬂl(éhe?‘f‘?ﬁ@@&“f‘f%@p‘ﬁ@éﬂfq @P‘?SL%#S foymeed| nggethesour ces

150 with kﬁdp@&ﬁgé@fﬁhﬁn@ﬁﬁﬂ@Quﬁﬂﬂmﬁﬁﬁh@@@ QCQ@ﬁmQB@ﬁggﬁﬁﬂ&ﬁﬁl%f L £l when

necessary, by offsetting the rel evant |aser sources he respective

devi at i on& Bt ailifeBntar offivenktlciadereashCrippers ol ddhat! thheubtesia Sdopi tredr di i S

mai nt ai ned, a t the bove paral | el i sm deter m nation
0} au?)r? Pl’[ ggﬁ&in L [eq EsoYa%on r R(ﬁﬁi é(é]elsi g pbcgigtép 11:11@.;@3 m;gp, for

and correction, e or

cal i br at i erngfle tlﬁmnscsiuohe@f the pescekPpdndd Be phBigiofUTRY | ds&bsgglircgg @5@ svd fansferred
onto the |nep $ n 102, 102a. The Ieft hand edge of the dummy substrate
i s then ct r‘r%&@i Oof)“t[ B IEPEpNE faser eag g the Gehdirele &\Mlelﬂpﬁﬁdﬁssscsmwstm?s

posi tion. gAlhd r 50 .ar.e ar, drive
140 trans] at es&{] %eltl%ﬂgﬁ@%?r“ Y dﬁgﬂlojn Sg)&ﬁ‘étsqsgoé}hggcﬁéIi%ésloht‘(?ﬂ m‘f' “ifour
scri bed |fonasd pgst, Uztzibarreldtdféhﬁ Masam 8d for parallelismwith the left hand
edge/l eft hand reference line/pair of fiducials and the pitch is

determ ned, To correct parallelismwth the Iinear drive 140, the position
of the adjessy abliensdepner B4 2a ios B8OV 1abAL B S AR OTRLRT ea2®
by an appropriate nunber of turns. Simlar ositrons 0 B aser
sour ce 156SHcstivdyight dand dragdr Mdtonam}ndelrf I"‘mbﬂlaltfﬂ St hedtl thaerdi; tiedatdin. pBuch

manual t ie each batch of solar cell panels.
[ 0032] I%JO)%[gt ﬂafﬁg?%%ﬁx"e‘gg%sg%ﬁé‘h‘t 9“"@ Sﬁ%{‘ixﬁg P heonsiapeipeerbiney rigideileh and
correct i drand sirpeton deder FOFI@UIED Matdr Ghd 1188 Bh LG Hjﬁ‘tﬁfng‘s dddo 1€

h of the caneras CI-C4 is nounted on in m)orlzed

correctlon
y- axi s, Eiaﬁt“?dglxe%@?t griRgers a4 Fethsapmrisgal@in Poposontahdthalava skpicece i s
paral | el 1'59 akdheh &R BT aL4Q L%qgla}uhﬁ%cgczrfrgélaﬁg g?f[ 10@;3}1 E@uc&;{t nelr

respective positions, a precision Jig Be5thon jig

plate, tHdieendtisela, theriaset mxea&shsofazdahavécﬂufc (b@ﬂféﬁes_%éétrv%‘imh@%sx‘ﬁ@ﬁsr grpond to
four I'ines are

each of hpe Iasg& {furc§s 15Q agg éaneras Cl-4

subst ant ivel §° JEFaf L it greae dirgsitpnivken sonbingehe Liand Ledgettier er ence
| i ne/ pai tingf fiducials, During calibration, a camera Cl-C4 captures an

i mge of an associated scribed |ine Lpi,Lp2 and travels to capture an inage
of an adj acent scribed line to determne the line pitch di. If there is an
error in the line pitch di, the position of the notor connected to the

rel evant canera is corrected by rotating it an appropriate nunmber of turn.

[ 0033] Fla 4A shows bl ock diagrans of sone of the parts of the apparatus
100a in its plan view. FIG 4B shows alignnent of the |aser sources 150 with
the respective scribed lines 41 on the front electrode, whilst FIG 4C
shows the P2 scribing of the sem conductor |ayer by the | aser beans going

t hrough the substrate S and front electrode with the respective | aser
sources 150 being offset doff fromthe Lpl scribed lines. In one



| engt hs, for exanple from about 500 to about 600 nmu, so
Sﬁatng;tF;sg?vgeang pass through both the substrate and fronL elef}gﬁdg?
but are absorbed by the sem conductor |layer. As a resultdof a SF;per n
the | aser energy by the sem conductor |ayer, the sem con uc{gr y
abl ated and 142 scribed lines are fornmed, thereby dividing e

seni conductB?30] &&x Jf\rﬂb@WStl Fisprsscobingriphois WD o heofmialol bt M{)ﬁ%@b@%@ ps of

t
ot i brati o oy PRAFE et P Pla, b Hobeiiigo SiestebSe Pmarays ki bs duvorinof a
i
?lgw scri be HI(JaeESaQathB ShePlagdt QuS; ?ﬁ,ﬁﬁﬁa&ﬁﬁs‘jlbéaﬂ% Llﬁbggr b Itﬁ%f%p‘ﬁ’aﬂ”ﬁ%us

he rel evant scribing process
g)éggml ga;: ggg%é@g%% Wz‘ér*i:%eaqw%ééc bprP@ri4ch1ewe@aﬂueﬂhe%s&loﬁ@lbmgta}ﬁpézﬁtfﬁr ence

[ n thi
to the scrijpgdpld E{Eﬁﬁzolnﬁadﬁemtsrzﬁ E% %@L{r}l&%ll OlnlfhgE%nv?}??q%uﬁggrnglgggseééﬁéw hr ough

process P3, scribin rear el

th S 3, ahsor bed by
t he subst ra$SQCIStCén7dtf ﬂlerfmnegq%[@tézﬁﬁlgscg)%ﬁﬁl 8282%13%0 a[Bl?aé[S?IOﬁ{l %)Bitcﬂ]ga %lrsrﬁﬁg‘f'l duct or

| ayer. bot Rt e e G PEnd By deribma psareee b retaguifpadia e o
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with the linear drive 140. In the parallelism setting, the grippers 144 translate the
workpiece W along the lincar drive 140 and the cameras Cl and C§ determines the
amount and side of deviations, if any, of the scribed line Lpl at the leading edge of the
workpiece from the rear edge. Once the deviation i determined, the workpiece W is
translated to the process start Ps position and the position of the rear, adjustable stopper -
[42a is corrected 1o enswre parallelism of the seribed lines Lp1 with the linear drive 140
before the P2 scribing of the PN junction/semiconductor layer is carried out. Similarly, a
parallelism setting is conducted to align the scribed lines Lp2 with the linear drive 140
before the P3 scribing process is started. By cartying out these parallelism settings,
parallelism of the to-be-scribed lines LpZ,Lp3 with the relevant previously scribed lines
Lp1,Lp2 is substantively certain, After the parallelism settings, the positions of the laser
sources IS0 with respect to the previously scribed lines are also corrected, when
necessary, by offsetting the refevant laser sources 150 with the respective deviations

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



wor kpi ece Wis translated into the output section 104 for renoval fromthe
apparatus 100a. [0037] FIG GA illustrates the process flow 200 of
apparatus 100 according to another enbodi ment of the present invention. As
shown in FIG. 6A, the process flow 200,¢tarts at step 201. In the next
step 202, the apparatus 100 requests a workpiece. In step 204, an input
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linear drive 140 is activated to nove at a constant speed, in step 220. In
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step 280. Once all the workpieces are scribed with 1,pl lines on the front
el ectrode, the process ends at step 290, (0040] FIG. 68 illustrates the
process flow 200a of apparatus 100a according to yet another enbodi nent of
the present invention. The process flow 200a is simlar to that of process
200 except the cameras Cl-C4 perform additional |ine alignnent process and
there is no gang resistance test. For purposes of description, simlar



150a then offsets doff the respective |aser source fromthe
rlgl etlgﬁt ngﬁ g\r/i ously P1,P2 scribed line. Once this line alignnment corregtl on
and | aser offset are carried out, spring |loaded rollers 146 ret&?ct gg
process 200a continues. In step 230a, s¢fibing of all the P2 and/or B
lines are repeated, and the process 200a is repeated in step 285a un
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section; Ro@W PYHLcIREL bP e rear electrode is by firing laser beams through the substrate 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 seribed
lines Lp3 on the rear clectrode with reference to the scribed lines Lp2 on the PN
Junction/semiconductor layer is similar to the above deseription for P2 scribing the
semiconductor layer and therefore no further description is provided. In one
embodiment, the Lp3 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 seribed lines Lp2 on the semiconductor layer,
whilst FEG, 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.

{00361 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 Ps 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. Afier an entire workpicce is processed, the



ocessi ng section between the input and output sections; grippers
:sggciated aﬁth a linear drive operable to grip on a workpiece, wherein éhe
linear drive is operable to translate the workpiece between the input an
out put sections; and two or nore |aser sources disposed in a |ower
part of the processing section such that each | aser source is oEerabIE }gee
fire alaserorhpam WuandhdaldiguaR duilABSRA’ AR fUBRLTA Pl 5, WRLKP ee
to scribe t rel evant layer of the thin-filmsolar panel as th pi e
I's being tﬁﬂﬁ@lated between the input and output sections, wth each |aser
source being independently indexable after Saph SCFIBE? ILPSeii Lg;gf?efo
t b naf.ll.m lLayer is divi .into substantively ‘
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I ndependent |y i eﬁable by separate bal |l screw and associated motor:™'3. A
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feeding the workpiece into the input section 102, The input puller 132 then grips the
workpiece and pulls it to the input stop position 133, in step 206. The input pulter 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 Cl,
C5 are then activated, in step 210, to capture any parallelism deviation of the workpiece
with the linear drive, If parallelism correction is required, the grippers 144 are 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, uniil the workpicce 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 workpicce. Next, in step 217, the spring loaded rollers 146 reiract,
and in step 218, the linear drive indexes from its home position to the process start Ps

position,

[0038] Af 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
workpiece back at a constant speed to the process start Ps position to seribe another Lpl
fine parallel to the carlier one. The seribing process P1 is repeated in step 230 until the
entire workpiece is seribed with uniform and parallel lines Lpl. Following process Pl,
the linear drive 140 indexes, in step 232, the workpiece to the front isolation P position.

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



a front stopper and rear stopper,

wor kpi ece,

roller operable to biase the workpiece against the front and rear stoppers
such that scribed lines forned on the woykpi ece are parall el

t he wor kpi ece that _ _ ;
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[ . rocessi ng section. ‘ _
subst ant | altfu}' 119@19‘53@ IhI}ECPRﬁS the workpz%ce into the output section 104 and the gang resistance

tester 190 is activated in step 252. A decision in step 260 is ther made whether the strips
of the front electrodes divided after process P1 are electrically 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, 1o its output position.

{0039] Once the workpiece 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 to 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 1o their
home positions in the input section, in step 280. Once all the workpieces are scribed with

L.pl lines on the front electrode, the process ends at step 290,

{0040} FIG. 6B iliustrates the process flow 200a of apparatus 100a according to yet
another embodimenti 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 C1-C5 are activated 10
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 ali gned
with a previously scribed line. If the decision is negative, the motor 150a connected to

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

to the edge of

B 93ty i



7. A laser scribing systemaccording to claim6, wherein the gantry further
conprising a camera and a suction nozzle associated with each |aser .source.h
8. A laser scribing systemaccording to any one of clainms 5-7, wherein eac
camera is nounted on an independent notqggized axis disposed transverse tﬁ

the scribed lines. 9. A laser scribing systemaccording to any one of the

. : Ala . . i des
hainmgor lan : , : A& UL an: |
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| aser sources are slidable durin
fgggr t 2 gﬁ i 3%5%?"5@@3@% NEn @i miiuRliERNgRecasfectidt mrd laben alitleanrepangdd, out,he
process CORPFihgIAAed rollers 146986109 & ¥6‘8£s‘§8b a}c&ﬁ\ﬂ%xﬁcﬁ {np ﬁ?éé%gﬁ{@g of all
substrate faci nhg downwards in an |nBut statl ol a :
bi asi ng a ks B2 end/er Bl jecsafe tehentshulipile peocagaionsts 1@péa_fté2ﬁi‘i}_s?é}‘:dZSrSQ@:{l)tlilsahopper
associ ated i th a.linear dyiyg, erein the |inear drive | S opera e_to'
transl ate tilh'ew%(rplkeé’?%‘b‘g lg5gr SrEBet! Hare thpprecest aGandandstem?2¥iat put st ati on;
translating the workpi ece back and forth between the input station and
output station and firing two or nore |aser beans at a first frequency
subst ant i af9%} 1l &¥ilcaieriic embodigtents spadeenbiztoben ahh@nistRul, R RULRUY

i kpi ece to
stations t through the transparent substrate of phe‘yor p A
scri be par gﬁpgﬁﬁy icﬁ%%:cgﬁmf ECAPEhtV IS P e RiRatipns diaseadvonld e mivke tedge of

t he wor kpi geepresenc Qivededn Witdhs H@[%u‘fhﬁg)f}BmacﬂQsJo?@'bf ﬁ{qugg{ti%n. *%ﬁerx%!nrﬁle?g(:h

said | aser, beamis outputted froma Separate [aser SsoOufce, :
leagscrew may be used instead of a ballscrew, a stepper motor may 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 sources 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
1100mm x 1400mm panels or bigger panels, more than two rows of air bearings in cach
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 finear drive 140. The slave linear drive also has grippers to

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



i ndexing the two or nore | aser sources and repeating the back and forth
transl ation 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 fromanother. ;719 11. A | aser scribing process
according to claim210, further conprising: | oadi ng t he wor kpi ece
formed wit HK:pAEMBl el strips of front electrodes in an input station of a
second macr]i Ne; 4 |ocur bjbasi ng the workpi ecc %gai' nst a front stopper and a
rear adjustable s{“é‘f}p%cr” HdsHOTar dav wanhlagiurg efetn-fn velasipaid! asaid eytdmat  of
the first reebiisieg: wherein the linear drive is operable to translate the
wor kpi ece between the input station and an output station; aligning a
scribed |ine LphtORut¥getidiront el ectrode with the linear drive by using a
canera di sposed Abut Lg_esegtr ont edge of the workpiece and anot her camnera

di sposed near t Ae ¥ 8ArY j”l’JstabI e stopper to determ ne the correction

requi red to achiexecpapatdiRld &®veen the ingf ing,:t he workpi ece back and
forth between thg inpuf@ station gr?dihglljﬁfp%{)?{aﬁlgﬂ‘g‘%hé{%d firing two or nore
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i sol at ed e, from aglot her . )
orkpiece is bemng franslated between the input and output sections, with each laser
source being independently indexable after cach scribed line is formed so that the
relevant thin-film layer is divided into substantively parallel strips, which are electrically

isolated one from another.,

2. A laser soribing system according to claim 1, wherein cach laser source is

o o
mdependently indexable by separate ballserew 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 mput 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
wotkpicce against the front and rear stoppers such that scribed lines formed on the
workpiece are parallel to the edge of the worlkpiece 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.



12. A laser scribing process in the nanufacture of thin-filmsolar panel,

t he process conpri sing: | oadi ng a workpiece with the transparent
substrate facing downwards in an input station of a machine; biasing the
wor kpi ece agai nst a front stopper and a;gear adjustable stopper associated
with a linear drive; wherein the linear drive is operable to translate the

wor kpi ece lfet ween l4sbe sirittl sekcdh @b @RE 1 AR NP UL AL sine 2 cam@h (@M1 NG a
r ef ePence line on a ref g?g’nc}gs&edge ofHLfdhe wor kpi ece vméthﬂ%sﬁeg fi near ‘drive
by using a™UHEF diereslionp! Bicsposiraear the front edge of the workpiece and
anot her canera (C5) disposed near the rear adjustable stopper to determ ne
the correction required to achieve parallelismbetween the reference |ine

and the |ifear driae; scridihg system adcbigl & ijPodd6f WRY kR8RSR PRGk %.I’{%GF orth
between the input statjon and output station and firing two or nore [aser
beans at ac?‘Pnglﬂéﬁ AGHBR sPatfdsicest bath he Viseari drae and whirkpisgh sechstpaicbe

bet ween t hgaiir ngd . St LO0S . L gugh the transparent substrate of
t he wor kpi ggg%g%g%gﬂlgH%%lcﬁ%ﬁlFlarslsg%"‘Eocﬁ{@ﬂe front el ectrode; wherein each

said | aser beamis outputted froma separate Iasgr Eourge};c o indlexit _ngn
he two or,nore,l aser sources and repeating the back an or ranslati

E)f et he worKk pi eé\e%}ﬁ‘é't WEEHNE SR atcoReg Sutie < avheni drt ghntyhéudet i re

front el ecédipgiesinsy Binyddagk h MBoRAEAL Rlockidd Bin LRAL 8L S GLect rical Iy

i sol ated one from anot her;

8. A laser scribing system according to any one of claims 5-7, wherein cach camera

1s mounted on an independent motorized axis disposed transverse to the scribed lines.

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

slidable during maintenance.

L0. A laser seribing process in the manufacture of thin-film solar panel, the process
comprising:

loading a workpiece with the (ransparent substrate facing downwards in an input
station of & tirst 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 (o translate the
workpicce 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 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 front

electrode is divided into parallel strips that are ¢lectrically isolated one from another.



igni scribed line (1TOon the front electrode with the |linear drive
g;‘ﬂ?:ﬂg ?he canera (Cl-é4) di sposed near the front edge of the workpiece
and the another canmera (C5) disposed near the rea{laﬁlgi;able st opper to
ine the correction required to achieve paralleli _
??gﬁgr;ting t he wor kpi ece bgck and fort |9between the input station and
output station and firing two or nore |aser beams at a second frequency
substantial |y vertically, through a space bet ween t he |nput and out put
stations, tHr ouéhlaﬁﬁﬁ'éctlgla@@pmemcceub@tbat@ndf), m{heerw?mrbggrﬁg:gl te gt fg (r]I ) be
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aﬂgﬁg:ﬁle;LRe:agﬁéFggg%V%@Q%F?%§5ﬁ? &PwéﬁwﬁkbﬁﬂﬁsSgg@ﬂéﬁéupﬁ§eﬁagommde; and
i ndexi ng t hatibwof osccond gakbi@ger sources and repeating the back and forth
translation of {he work piece between the input and output stations unt|I
the entire sem EBN8&CHSr Wokpee dizainean fepecttojpde ahd aioal defhsizblcosipaseal | e
m anot her. 13. A | aser

Strips thabs@rigeshagld f(ljl?(%lg !‘i%é ‘6‘i3 g‘%}% ﬁogthp?oefé{léﬁ%mi e Whisly the Hngradsive el i sm

scri bi ng process accor ! :
al i gnnent  isopesibtd te dransiatenBnuwatidpyecsibtfivean QLérIHMlt‘éﬁﬁ&Pélﬁica%'out _Sta@ﬁl,aser
scribing process.according to any one of clains 10-12, wherein the canera
SRR S Th el W8 pén derihe fronptlentiode ithtiesliths poads) Gsignsver se
or cameras are kp ralelismalignment is carried out
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are carried OUttz'a\tl:\iisltaEnga t}[i)e workpiece éacg and forth between the input station and output
station and firing two or more laser beams at & second 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 (Lp2, Lp3) on the semiconductor layer
or rear electrode with reference to the scribed lines (Lpl) on the front electrode, wherein
cach 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.

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

loading a workpiece with the fransparent 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 transiate the
workpiece between the input station and an output station;

aligning a reference line on a reference edge of the workpiece with the linear
drive by using a camera (C1-C4) disposed near the front edge of the workpiece and
another camera (C5) disposed near the rear adjustable stopper to determine the correction

required to achieve parallelism between the reference line and the linear drive;
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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, through the {ransparent substrate
of the workpicce 1o scribe parallel lines on the front electrode; wherein each said laser
beam is outputted from a separate laser source;

indexing the two or more laser sources and repeating the back and forth
transtation 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 (Lpl) on the front efectrode with the linear drive by using
the camera (C1-C4) disposed necar the front edge of the workpiece and the another
camera (C5) disposed near the rear adjustable stopper to determine the correction
required to achieve paralielism:

translating the workpiece back and forth between the input station and output
station and firing two or more laser beams at a second frequency subsiantially vertically,
through a space between the input and oufput 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 paralle! 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 werkpiece.

4. A laser scribing process according to any one of claims 10-12, wherein the
camera or cameras are mounted on independently motorized axes disposed transverse to

the seribed lines and workpiece parallelism alignment is carried out automatically,

15. A laser scribing process according to claim 14, wherein workpiece parallelism

alignment and faser source/camera alignment are carried out with a precision jig.



