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-fil mveabaro4sskl panel s. Background [0002] A thin-fipcmssabm@rooasst | panel
or nodule typically includes a transparent front el ectrode disposed on a
gl ass substrate, a photovoltaically acti Ve | ayer containing a PN or PIN

junction and a rear electrode. The front. ectro is usually a transparent
metal oxide such as tin okPESenbRg OF ﬁ%f“gﬁm éﬂ@d(gﬁilfn%négt PI N junction
includes a | ayer of a sem conductor material doped with a p-type dopant to

forma P-layer, an undoped | ayer of a sem conductor nmaterial that forms an
intrinsic or I-layer, and a | ayer &feldoSkawentomduct or material doped with an

n-type dop o form,an N-|layer. Light incident on the substratge passes

Uhr ough ¢ neR8het rat .1, REST oY IR 8GR 1 rPEROASh i, BIAAR (ony R and
a vol tage isérilgiagef iedilacolassell pmelsy ont and rear el ectrodes. [0003] Typi cal
nmet hods for the manufacture of such thin-filmsolar cell panels use a |aser

to forma series of generally parallel grooves or scribes in the
above-nentioned front el ectrode, senpgaﬁg ljor layer and rear electrode to
di vide the panel into a collection of 1rdividual, series connected cells.

I n one approach, as described in US 2008/ 0105303, |aser beans are scanned

across t heguagelss thif-filar salpacél Ipghelssr indddle! fypieally lificladest fefansipéRagsht t he
scribed lines were forpned by noving the substrate containing the
phot ovol t afkciredeedispased an a glasysubstraigophatenoltaically agitugtayericerainingy RN or

S 10, USSR G S0 B TOTRA (R AT PO

of form ng pa Scri I'nes on thin- ere1s a
need for aorewsagpas tihloxidecomznt oxidb uTise pirmpdesc PIN Hucipni inclodest s laykr sfiah

sol ar panel s and, net hods.qf, use. Sunmary [0005] The fql] ow n resents a
ol 1 oq SRR SR OB M e R ABPREAR dFT Bt 12 e AR BAGRG v er

i nvention. of i SerfiéBRAIYor! ralt@fal aRatCFdrRRSAY SnPinSit VoL Wi er! BRd I DGR T fNa and
is not intended to identify key features of the invention. Rather, it is to
present sopunigendustorimatenlidoped pitbeyptstype dohars to fereman dhldyer. diglerincidént sed
formas a Bk %ﬂxemsju sErgtet};]a%se%eﬁl%ulgﬁ c!he 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 scribes 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 electrodes under the laser beam. These known scribing

processes tend to 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.



description that is to follow [0006] The present invention seeks to
provi de a system and nethod for |aser scribing of thin-filns in the

manuf act uwe 20f1/@ef3ar cell panels. [0007] In one enbodi meotr/SGRom®/0pe3esent

i nvention provides a system conprising: an input section; an output

section; a processing section between t e I nput and out put sections;
grippers associated with a linear driye operable to grip on a workpiece,
wherein the linear drive is operable ‘Bmpganslate t he wor kpi ece between the
i nput and @UsS)UThS RSHOWIRS predditis & WenphitiedRliRraRS & proAHE & Basil AR sEalihg of

| ower part of the processing section such thdat each |aser source iIs

oper abl e t@epresentanyension. Bhissummant idinpt athexsengtveaverviaves phthernventibstandtie of

t he workpi ece _to.scri.be the rel evant. |ayer of thjn-filmsol ar nel as
the wor kpi SamBeibig fe ReBiR hEtRepfte Kt L0 sripticote s,
Wi th each inesfiivesutets BEHIQ invedese i e tlehdralistdersah|a8 adpreRide @8 @he a6thildEd
line is formed so that the relevant thin-filmlayer is divided into

subst ant i veassripiiandhatdp tastollpys| which are el ectrical ly isol ated one from
anot her. [0008] In another enbodinent, the present invention provides a

met hod conprising: |oading a workpiece with the transparent substrate

faci ng dowoos] dEhd presamt imvpntiors seeks anprolide o syste andahéthied fdiilaset 8@itdng of
reference edge of. the workpi ece against a front and rear stopper associ ated
wth ali n‘g‘é‘r‘ﬁﬁ?ﬁ’? e 'ﬂtg&ert?féanﬁgsz}fﬁlﬁ-ve is operable to translate the
wor kpi ece between the input station and an output station; translating the
wor kpi ece back and forth between the input station and output station and
firing twd0eA7] ninromeleabeodiniensthe ptesentfinvestion pryides e py gerbsbuptisiak! an input

ticall'y_through bet the jnput and output stati t
Chrough t RSP Ad SaTal ois & e e St dobopren: Be itput el Se6toab | 1 nes

on the frogppetseakidsiesd with B 1iRhE GANE dptableN® &5106n of wolgide! kdeREE e
contact with the front and rear stoppers, wherein each said | aser beamis

out put t ed lfeandlravesis oremble tp srapslatsdhe werkpigrg beviren thyinpheand/mitpit spwioas| aser
sources angr 5 . r
Dot weon ¢ nadtRBEP oAl TolRES ifoselih 100 B B UkbrSiesiibE sdtROf SRR, |
di vi ded i reach dasenlsbetcesisropesatidiad faeea dhsee thehmabpwardiyottirdgth angarfspaont

i nvention further conprising:

anot her. [0009] The nethod of the present f
| oadi ng tﬁ&gﬂﬁhﬁé]@&é”qrgi"ﬁ%“dtovﬁ_cf‘ge r&fq"é!‘t laygriof shegthi-fibn solar pasiel agiths i n an
i nput st aty@Rpieée & BERSHFAnSBIeH! Bween the input and output sections, with each laser
source being independently indexable 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.

[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 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



bi asi ng the workpi ece against a front stopper and a rear adjustable stopper
associated wwth a linear drive simlar to that of the first nmachine,

wher ei n twe 2biwmaar34dri ve i s operable to transl ate the wechpiceem/ b&sneen t he
i nput station and an output station; aligning a scribed line Lpl on the
front electrode with the linear drive by using a canera disposed at the
front edge of the workpi ece and anot h(g; caneya. di spo(?ed near .t he I’ﬁatﬂe

adj ust abl eansk fosthetransintioaiof the work Risce SR it 1PYE ANY QYU SEHPRS W
paral | el i sggs: | : -0k i ; [ t
station an%ﬂtlcr)%t? I%gt%lg%%%&%\ Iagvrllegafllhﬂ ‘%gﬁ%"%&#g? %%%@%lé%g?ﬁ%ﬁé‘%@#@teg[& g ﬂsagg ond
frequency awtlstrantially vertically through a space between the input and
out put stations to pass through the transparent substrate of the workpiece
to scribe parallel lines (Lp2, Lp3) on the sem conductor |ayer or rear

el ectrode (bbdd) TRS BleBidICof e PRBemCinldiftidn! fuRBS doairisin? 16d¥end fHeNkorkpieEd r 0de,
wherein each said |laser beamis outputted froma separate |aser source; and
i ndexi ng tfeemeduvithr paralled stripseof fsonielesodgsdnraspaput sigfiamhel ®seqond maachiet h
transl ation_of the rk pie ' o] t til
the enti rgblgsem t(%en \é\’@?pcl)?dgl a%%le i Pgﬁfy@ggtr&’g%e%{b?%éeeagir]agiﬂgﬁ%\t/b?%étgﬁﬁegtdgg%garta | el
strips thadvitre ligefCclrive ainhilar i t6 ahatt e thenfirst modchiie twiekein [ 660 lthear drivg1dd her
enbodi ment of the present inventjon, the nethod conprises: |oading a

wor kpi ece Merable e tranglateptie ewerkpiges betesn rihe i PRit KRR AR an USRIt | SANaR:
station of L e Bl asing t ggel! | d a
rear adj usz'%l %%%%’S%lﬁhgz é%ﬁé?ig% W@ﬁ?ﬁ%ﬁp@g%@gyﬁ%gﬁ I%l'lt%r:]afen eI?ainnear
drive is ofispoaéd et the fromreslgatof thehworkpickpiaed andtbemessmera ldésposguineas thet iean and
an output station; aligniing a reference line on a reference.edge af .the
wor kpi 6ce 3 E¥ALT PR B Re g TipE Ty Forer fr L ehe1S PARICHEHIEada it ¢ he
front edgemehwdrkifieObdERIa88 FordBetdBEH the infid FRkion ah® buub RESSHadiefdind k> I ear
adj ustabl e stopper to determine the correction required to achieve

par al | el i son erevasar bhams af @r sagerd [fieqeensyi csubpantiallye sertigaliy, hroughaasipaed ng

t he workpiece bagk .and for e n ' shat | fion
and firi ngbet o errltl)lplgt ?nasélr#p 'gte%&nlgo‘%gtt& g,g?gl ﬁ"g{"‘sgrh r @gu%%ggﬁgﬂb%%gtg#% gf }t};?/e
vertical | yworkpieoe @isciibs pacatic Didics e, 1ps) bmhidisedivdndudtortlay &t aitréa riectrbdeough

the transparent substrate qof the workpiece to scribe parallel Ii ngiaéon t he
front el ecVithaferepp oty serbed kings {Lphise thsJrent ielecads; wviheseinreaehhsad &spfar at e

|aser sourgem [GKLAG HBf LBl TILP HARE! aRPH AR (RPEAkIGAI Il back

and forth translatfon o pl ece between the Input and out put
st ati ons wolrdes i repeatingetht back arel focthrtaelation 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.

[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 opérable 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 linear 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,



divided into parallel strips that are electrically isolated one from
another; aligning a scribed Iine (Lpl) on the front electrode with the

| i near drwoeotwo4ssisng t he canmera (C - C4) di sposed near pChsGRownbosedge of

t he wor kpi ece and the another canera (C5) disposed near the rear adjustable
stopper to deternmine the correction reqfired to achieve parallelism
translating th rkpi ece back and_forth between the input, station and

out put sta hihe transnaret substigte pbhe Varkplecs i fribg: pasalieb disg o ke fionty
substant i abibotrode! WHefdih Yeach RARUBEer LSRRGS REIWEE TrdM S IsEitte ARG QUL R%!
stations, thrgugh tlﬁeltreaa(r:\spalr ent su%%?r at e?%l\ff@t hé worlf |ecg torscPllqzb’e

par al | el |indesng theawopB mara ldstresosmes endhhpestong thabaok and fortia trasdletmrof dies

wherein each.said lLaser beamis outputted f.roma.separate |aser source; and
 ndexi ng t HE RSCHPCREER Faqputsa PRV Siatiprp il BE s 00k lssiiofiors
transl ati ofivRiedtih® P&l Piugse tHat b8R8y MoMed D FohP dhothératalighitg Nt i |
the entire sem conductor |ayer or rear electrode is divided into parallel

strips thascrikedling depl)ianathe yrons eleetredt witk the linpandoveby usippohel fanera (G-
enbodi ment ~,each | aser soprce i s pdepe ntly, kn ble b . al
bal | screw Caﬁd‘ﬁ g%oggcgﬁ% é%e {rdrr%%toep gé Ptlﬁiaeﬁg rgglr%c‘;e?%io%‘?%g&é ?”i ee¥ar ar %%8§°€er IS

adj ust abl endahriieigitan adilstabler Wppétd t@ it s aliee doffeétivn. rdquiredofoh@thieve
enbodi ment, workpiece parallelismalignment is carried out manually with a

dummy wor kifraltedism; dragslating the woekpiegeebackopnd: Mty hetween the dnpus Stasion” and

i ndepende [ [ | e and
wor kpi ece i AP ARCAAE R loP AE Tkl BERNCRCE ofdnl Heahfley RbatahR)

anot her enteoticahtegnthroughrakypaecbetwaerathe ehpus and butpnnsationantirdughdhe sansparenicaner a
alignment are carpied out.wth a, precisjon ji rief scri.pti.on of the

D i ngs. [WBREE Thite weTbRieEs sk paipuel s Bopsl ontly SricHSRPT R Fing
enmbodi Ment e redr didiroBE;SRRRbinlcAMEEHA RRer B¥aklis oRTpRiEN f8m! £sdphfut s EBaRY! NY
drawi ngs, in which: [0013] FIG 1A shows an apparatus for |aser scribing of
t he front asddadexnipthedwomrdnerg lassr seuressirndi mpsating thet bask @nd ferth transletioni on;
FIG IBill rates.an d view.of the a rarus sh Ln. FlG .1A whist
fie 10 i19Be PRYEBiGE sefiech: it e oBHAERANNS St plip setnicoludld D) i
di agrans dhydrloe reupeREeROAS]s IGRE intd Pariile] SRips\tht ket elédtizalls Bsciitedvendiromk

di agranms of ‘the first |aser scribing process; FIG 2C shows a substrate
after the #Pthst. | aser scribing process;

[0011] In one embodiment, each 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, workpiece parallelism alignment and laser source/camera

alignment are carried out with a precision jig.



[0015] FIG 3A shows an apparatus for |aser scribing of the sem conductor

| ayer and rear el ectrode according to another enbodi nent of the present

i nventi orwowhill@s73fkl G 3B il lustrates an end vi ew of thecaspsas@ooessshown in
FIG 3A; [0016] FIG 4A shows bl ock di agrams of the apparatus shown in FIG
3; FIGs. 4B and 4C show bl ock diagranms 8f the second | aser scribing
process; [0017] FIGs. 5A-5B show bl ock diagr of the third laser scribing
process; and [0018] FIG B6A ef%’é’“ﬁ?(?gghezgrf%%%sfor | aser scribing of
the front @begt TREShvaRIdnFNE bEBeKBBYS b&h@aproe%ﬁairaikiﬁgl énfodirA&RS o8 @hd bi Ng
of the sem conductor |ayer and rear eleCtrode. Detail ed Description [0019]
One or noreresapevivendom vdthaiefesensata the aecampiinyimgtdsawings, e whicksent i nvent i on
wi |l now be described with reference to the attached drawi ngs. It shall be
apparent to one skilled in the art, however, that this invention may be
practi sed pob43)OFIG. SUCshowaesiabparatle fetilhser scpibiBy 6f tht fi@ntl€leatddes BRrdifg tde
described at length so as not to obscure the i1 nvention, For ease of

ref er ence, ancasRAShmPRir ol thiypigsan rerelian: 1 G H3 listrales Aniged vlow ofi he apparaissed

t hr oughout £ gar frer: t he r..shntj.ar features
comon to Sthhglﬁflflgﬁag 'eisaéI%’S@]ﬂtﬁllglﬁ&iﬁgﬁgﬂ&?%g‘? b@r%’é%%e view of a

| aser scribing apparatus 100 according to an enbodi nent of the present

i nvention. As s in FIG. 1A-1C, the laser scrjbin atus. 1

el udes 9P 2t Shans oohdegiins she APRASHEF Shvat ioF f-11r, WHils e

pl atform Ligtsaaes BloBk ARfkar oMk YR Saskt Scriblhg iphRtes) F1IGPPE shoWva b fsQbdflatel 2 (O
the lower platform 114. "As seen in FIGs. 1A and IB, the |eft hand side of
t he appar aftes the(first lssarsciibipgprosesst i on 102, to whi ch an external conveyor

may dock with; the right hand side is an output section 104 of the
apparatus. In-each of the input and output sections 102,104, there are two

rows of rqepREtFIE 3 sheeahh Afardds fdr’Aser RefibRigadt the stidfcondiitér Riyér &R i NgS
122 are in line with the output air bearings 124 such that a wor IEﬂjece W

for exanplreandlectipda gscardinsite anathes egrbodBrenhef shelpregnhinventionysilsbils:. aB air
cushi ons Qﬁﬁﬁgd?%m%&%dwwgfﬁlte%g%{r}lgtﬁég%&gﬂﬁlﬁqgkpgt air bearings 122,124.

I n between Input arr b ere’is an input puller 132; in
bet ween the output air bearings 124, there is an out put pusher 134. The
i nput puller 132 and qut put pusher 134 are operahle to trave

P P [0016] FIG. 4A shovxps%locq( (?iagrams of the apparatus SH'lown in PtIG. \é; E:IGS. 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 scribing of the front electrode; and FIG.
6B shows the process flow for laser scribing 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 will
be used throughout the figures when referring to the same or similar features common to

the figures.



linearly in the respective section to pull or push the workpi ece Wal ong
the respective air bearings. On the far side of the apparatus 100 as seen
in FIG 1Iwp2011e4313he | eft hand side of the workpi ece W PChSIGeod9mo@B6t i near
drive 140. The linear drive 140 extends fromthe input section 102 to the
out put section 104 in an x-direction as 6 ndi cat ed by the right hand
coordi nate system shown in FIG 1A such that the linear drive 140 is
substantially parallel to the input puller 132 and output pusher 134. The
l'inear dri ﬁ@zoﬂﬁldﬂ A SHows@ASH pbrdBecting YRSy @ﬂoﬁra&erg&ﬁmg a§pa}étﬂs £60'AR6EE

t her et o. e grippers 144 are operable to hand edge of

wor kpi ece W@rﬂ!andlmmamﬁhﬁr pr@mt myehriore de St%owannl F116$ tlA-bet thedaser mauhmgnut

o0 oot Dot Ep OO, AGBaADS oA S, S R DTS o Rab o P e
bet ween t hﬁanfmuuma@u utpbér ssolirans1 10pdidiRg thet ippeeplatofin 22 td thel6@er The
gantry 160 has a s an to allow the workpiece Wto nove unobstructively -

bet ween t Hdlatformyd 14 s wer puFlGedd) %misllidlze {efyhand, sida efrthe ppparatye L Bis are

t 16 150.
Zach | aser "G peafor 1B L Whienh BkieBialduveyof B} Godk Gk ipfieh SUGEER
t he i nput anputesettert 164 o0f tl&r@pﬁﬁﬁ;slm eh«h sf:ﬁwhﬂputhvmmhplsectmnWIOIhM] aser

sources 150 are indivi du era e.to redet er.m ned pit.ches di

transver setg?em fwe é%‘ﬁ%e eRFctt "ea’lrg’Fi‘r“P?e?n'I&r}e‘% %‘epr bl %Srlwtég OAINgS o | n
t he negati M2 afe tH ASChitR ﬂxe@ﬁxtﬁﬂ%‘beh{hé:s 124 stiéh thafa %ﬁépléc!élwt Rw%kaﬁﬁﬁll‘

paral l el scribed lines Lpl,Lp2,Lp3 can be formed in four bands BI1- B4 on t he

wor kpi ece ghdsai SUIbstrais feof 685 rmex flid08 tmms éx areyeane onhair dtushdemsr between the

scri bi ngpro P3 on.: th thre ctive ers ,on.a sol ar
col | panel uBgr fd e oG f BedrteS 028 SRR 1 b TS poB el BArfes b ¢ e
four | aser1220uiez€$s 4®CGnpit q)unéloyszieiel BebwécaMid vl dhebedringé N3, (B Rean
gener at ed dur i ng the | aser scri |ng rocess. £0021] AssocCiated with the

l'i near driQuéput4pLs qrhle%e The dnpupuile & @tqu)m;mu pusher d34iare opeiable Ho el ar

si de, f ' .

r ef erencegﬁl%gr.w th o1 Cit %é%vg%écntso&rté P 'ilﬂ P ﬁ%]e \/\orok%&gcc?\éwr\/égﬁsge t‘%Fwa lé:afvr? ®ont act
wi th the fheadngss Ompthefar sidi2of thevapsgpatus 400 asdea in ®llGet A, ﬂé&hateét pndwsidted on

t he right si de of I nput. secfion 10 b|a t |ece aga| nst
the fixed {}ttﬁwé)rlgpla%z“} %‘LF&% T hlings: Bfeeléi' The Sy ‘Vﬁg&% shed
stoppers fgt eBfoPi0PREIR J\ﬁéutas%@n&P%‘ﬁm Qntxodl&rchl?n Tals‘%dl@aftéd Bﬁ@lﬂ: foge of

t he workpi ece Wto transl at he workpi ece at constant speed between the
i nput and haod goerdymite systesn sl@FNIBF IﬁorlAl sushthat the ngag dofe p49 & Jubbtantiallys
Lpl, Lp2, Lp

arah{éﬂo e input puller 132 and output pusher 134. The linear drive 140 has at least
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 150. Each laser source 150 emits a laser beam upwards through a space between
the input and output sections 102,104 to scribe 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 workpiece W, i.e in the negative y-direction as shown in 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



After parallel lines Lpl are formed on the workpiece, front and rear

i solation lines Lf,Lr are separately fornmed transversely to the parall el
scri bed Iwoes1igaB734Strip of the isolated front el ectrodesTéceomhesked by a
resi stance tester 190 at the output sectjion 104 to ensure that each of the
strips is electrically isolated one from another. After each of the |aser

scri bing pr ; 3 1.5 perfornme each workpiece Wis, renmpved from

t he out put? rg)g%s?igsoﬁ}’fg? fglrl th @’5 fi Wépe(gﬁv? AT P SRS §(fl?‘fg9§][ %’gg] 6%51?6
clarity, Fidaéry P69, ABusbaotionl mkles!i 189" a6dciatd SAME tHeafous 18kr kh@cadnsy ate!s 100
inits plan viewwth respect to the first |aser scribing process Pl on the

front el ecioyidled toeemaysRay debris that may begragratgdedusingdhe lases sgibipg processe t op
side fornmed with the front electrode and orientated to face the gantry 160,
is received at the input section 102 of the apparatus 100, the input puller
132, such [@6212 4ssopiatad Wwith ke tipearabive 140, eherenck fwolfixed sweppastidd ggaiist i on

to grip the substrate S, enga he | eadi ng end_ of the substrate S and
pul I's the_‘é’ﬁ‘ﬁgt%? St %S Sf‘??e‘“ﬂﬁ%u_ﬁ‘“s@c‘?{%g‘ﬁ“cgﬁ ePB&_ﬁl’f"qﬂfﬁiEﬁe‘ﬁ‘éﬁefﬁﬁgF?q on
133. The i@PH oItPR ARG th@Nhd IdrkpiedoW RN iﬁccbhfégt[s\%/fr?lg tﬂféf f}?edpﬁc [oN

sensor, such as, a photoel ectric sensor. Wen the su e é reaches the
i nput st opl42o4ivoi spring3dcadetl irellera bisk6r @t eprévided nathe dighy hahd sider ofhthel mpded
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position, the grippers 144 and |inear drive 140 1 nd e su rate to a
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line Lpl isectﬁﬁchn4qf)rﬂeﬁliﬁg)u,rfumaq§o&;gsiﬁé is formed on the front el ectrode,
i,e. between the process start Ps positron and the process end Pe position,

the | aser sources 150 are indexed at a pitch of
[0022] For clarity, FIGs. 2A-2B show block diagrams of some parts of the apparatus 100

in its plan view with respect to the first laser scribing process P1 on the front electrode.
As shown in FIG. 2A, when the substrate S, with the top side formed with the front
electrode and orientated to face the gantry 160, is received at the input section 102 of the
apparatus 100, the input puller 1732, such as a gripper being operable to extend from a
retracted position to grip the substrate S, engages the leading end of the substrate S and
pulls the substrate into the input section 102 to an input stop position 133. The input stop
position 133 is defined by activation of a position sensor, such as, a photoelectric sensor.
When the substrate S reaches the input stop position 133, the substrate S is biased by the
spring-loaded rollers 146 against the fixed stoppers 142. Whilst the leading edge of the
substrate S is at the input stop position 133, the grip on the substrate S changes over from
the input puller 132 to the grippers 144 on the linear drive 140. Once the grippers 144 on
the linear drive 140 are clamped on the substrate S, the input puller 132 releases lits grip

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



di, in the negative y-direction as indicated by the coordi nate system shown
in FIGs. 1A and 2A, and a new scribed line Lpl in each of the four bands
Bl-B4 i s wbeniifastsed parallel to the respective earli er PeEsiGed/obezae Lpl .
By indexing the | aser sources 150 after formng a | aser scribed |line and
repeating the process Pl, the entire suBstrate Sis scribed with Iines Lpl

di d at npitch di that the f l.ect s 1sol d,
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of the Lpl scribed lines is about 40-50 mcrons. In an exanple, when the
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142b and bal | screw 14 in one enbodi nent, the notor 142b is a servonotor.
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| eft hand,_ rear edge of the substrate S, the pre-marked reference line or a

fiduci al s feEBingaHaser setbed lige andh papgatinggibe @foqeﬁﬁef’b dhesentige substratey igiseidhads m of
he | ef | f
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fiduci al s near e substrate respec

| i near driphgsitdlly arsl dettrcatiynat dpstantedly pmgllélksmpte)ﬂuaifommdthi he | eft hand
edge/l eft hand reference line/pair of fiducials by means of the caneras C,
C5. If the left hand edge/reference line/pair of fiducials is not parallel

to the Ii Q@@rs% dhioke errbOdinteht, %é t&ﬁ"nﬁ@%cﬁ@IQM%&%'MﬁtH&Qh@EﬁlEé%dOf the
adj ustabl e I eft hand stopper
lines is about 40-50 microns. In an example when the substrate is 635mm wide by 1.4m
long, each band B1-B4 is 150 mm wide and has 15 Lpl scribed lines. In another
example, when the substrate is 1.1m wide by 1.4m long, each band B1-B4 is 270 mm

wide and has 27 Lp1 scribed lines.

[0024] In 6ne 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 P1 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 142a, 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



reference to the right hand stopper 142. To correct the position of the

adj ustabl e | eft hand stopper 142a, the notor 142b is programed to rotate
t he assocwetzed/daatsuscrew 142c an appropriate nunber of tromss2e0/0068at t he
edge of the substrate/pre-marked reference line/pair of fiducials on the
substrate S is parallel to the linear dPive 140 and thus the Lpl lines to
be scribed are .parallel, tq the Left hand edge/l eft hapd reference |ine/pair
of 11 duct atonghRE 4ihlef o s ot ach suhisy & PremAUiirdBITaice 1o Ohag bl
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correction may be carried out for each batch of substrates S. [0026] In
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t he subst ngih oPshibsidate sPf position, each of the |asers

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

connected directly to the adjustable stopper 142a.

[0027] As .described, the laser sources 150 are operable to index at pitch di transversely
from the direction of a scribed line Lp1,Lp2 but independently of each other. In another
method to scribe 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 error is determined by the cameras C1,C5 and parallelism 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



sources 150 is indexed to its respective left hand travel position. The

| asers sources 150 are then operated to fire the respective | aser beans on

t he substwet2eiviadt3gt t he | aser sources 150 are indexi ngpratr/Se&2eonseant speed
inaleft toright hand direction according to the arrows shown in FIG 2C
such that a continuous isolation line L¥Ois formed near the |eading edge of
the substrate S, as shown in FIG 2C. After the front isolation line Lf is

formed, th&al PReefymeRe;lgssr soucesntRbamay baaayes ipdifferant disgaonsHeons thssother e S
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scribing apparatus 100 with rear, adjustable stopper 142a except t t he
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operated to fire the respective laser beams on the substrate S whilst the laser sources 150

are indexing in a left to right hand direction so that a continuous rear isolation line Lr is

formed near the rear end of the substrate S.

[0029] Alternatively, at the end of the P1 process, laser sources 150 remain at their
respective right hand travel positions and if substrate S is at the front isolation Pf
position, the laser sources 150 are fired and indexed at a constant speed in a right to left
hand direction as seen in FIG. 2C. After the front isolation line Lf is scribed, the linear
drive 140 indexes the grippers 144 to the rear isolation Pr position and the laser sources
150 are then fired and indexed at a constant speed from the left to right hand direction.
Alternatively, the laser sources 150 are moved back to the respective home positions and
they are indexed in a left to right hand direction when scribing the Lf and Lr isolation

lines.



partially processed workpiece Wis transferred onto the input section 102
of apparatus 100a. The input puller 132 then pulls the workpiece Wto the
i nput st opok8B/EesHti on and the spring-1oaded roll ers 126TiSlceomopossa7t he
wor kpi ece W agai nst the |eft hand side stoppers 142, 142a. Wen the | eadi ng
edge of the workpiece is at the input slbp position 133, the grip on the
wor kpi ece chang qver, fromthe input puller 132 to the grippers 144. Once
the gri opel8SZHIG 34 Hiovs i col SgFibiveg appesatys 4009 anepeting fo anetienemRpfIEEEt W
the input peihk gfes&%%n&&kieﬁsm. @%@%Qﬁﬂ&%&@%f tgpufépa%thé $60al &S shéwn in
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workpiece W along the linear drive 140 and the cameras C1 and C5 determines the
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amount and side of deviations, if any, of the scribed 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 scribed lines Lpl 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 carrying out these parallelism settings,
parallelism of the to-be-scribed 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.



of the adjustable stopper 142a is adjusted by rotating the servonotor 142b
by an appropriate nunber of turns. Simlarly, the positions of each |aser
source 1580i211adp138t ed to correct any errors in the |inecpisceimdnozcsuch
manual calibration may be carried out for each batch of solar cell panels.
[0032] In yet another enbodiment, autonitic line pitch determnination and
correction is provided. For automatic |ine pitch determ nation and
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i mage of atummy plitatethegquoedsednd iPreepdsisionl phe fout scribed lipes bptiplare them | mage
of an adj acent i bed, line to . determne the. lin itch di., Lf there is an
rror in CHERpeRdoEpEaietsf i 18 i foeieh halfedirb i sietmatiad T ERe

rel evant GadBhépitéh i§ AeleRfiin@d. T corfdcparAlfelisin With ARPHARF UAYE 140) fRSposafont ur n.

[ 0033] FI G _4A shows bl ock diagrans of some of the parts of the apparatus

100a in i tof teaadivstable stopper A#2a powdjusted drneeieting the servametor ski2bcby aps0
with the r LAY ' i o) : i FI G
4C shows (BN PledfiRel bPfns, SRRt hahidfs of 8t 1856 408 Pso Ml Blea

goi ng t hr augbrredteng ehstsriatthe BnapilcH dioStictenanial cdiébraiiom niak dercasied out Y& | aser
sources 150 being offset doff fromthe Lpl scribed lines. In one

enmbodi rrent",a"lﬁﬁ%tdb??%oé*’crcagﬁ’?nql§ about 100 microns when the P2 scribed |ines
are about 60-80 mcrons wide. During the P2 scribing process, the |aser
beans are nodul ated toshorter wavel engths, for exanple from about 500 to
about 600 [#82] do yehanothdrenbadanertcarnemgaskne pitdudgdiedpunatidnhandssctict 8 and

front el ectrade ut are.absorbed t he. sem conductor |ayer. As a result
of absor pTRHIGE Foneupgus R bR semimTiod ah EgRterorch 2} ie capg® CF

sem conduat®is havféd bi$ iriNidif In@bHzddP2 aGs Fdraditial BREn@be tHeWaiRfhs ¢ NEsEDY

di vidi ng the sem conductor |ayer into strips of uniformw dths parallel to

t he stri psodhatahworkpigen isgiagadlel todibg linpayaipivg 17Q apd dhe ¢asreras CHGSaraibn theis t o
the above rgﬁJCLMe%}oisﬁ'ané?ta ptrgc(?mélrl ﬁgpla?é 1s('i"1§é:c{q O%Ct'hlf: %}&gsion Jig plate, there is a line
in each of the four bands B1-B4 that correspond to each of the laser sources 150 and
cameras C1-C4. The four lines are substantively parallel to each other and with the left
hand edge/reference line/pair of fiducials. During calibration, a camera C1-C4 captures
an image of an associated scribed line Lp1,Lp2 and travels to capture an image of an
adjacent scribed line to determine the line pitch di. If there is an error in the line pitch di,
the position of the motor connected to the relevant camera is corrected by rotating it an

appropriate number of turn.

[0033] FIG. 4A shows block diagrams of some of .the parts of the apparatus 100a in its
plan view. FIG. 4B shows alignment of the laser sources 150 with the respective scribed
lines Lpl on the front electrode, whilst FIG. 4C shows the P2 scribing of the
semiconductor layer by the laser beams going through the substrate S and front electrode
with the respective laser sources 150 being offset doff from the Lp1 scribed lines. In 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



process P2,P3, calibration of a new scribe |line against a previously
scribed line is carried out dynamcally during the rel evant scribing
process. WOQ8H}043t3@¢ apparatus 100a is al so used to scri lpeTISGre®/ 0587 on t he
rear electrode with reference to the scribed lines Lp2 on the PN
junction/sem conductor layer. In this plr3bcess P3, scribing of the rear

el ectrode i,s by firing, | aser beans.through e substrate S and fropt

el ectrode %’GEﬁyWﬁéﬁleﬁﬁ’%& ﬁg‘é 8?“'5@&#?“3 agﬁ‘gto?(i)(gé? Yoyt f@%s‘% %ﬂ@b&fb aS¢hyer .
Due to thepeaiRl R84 Viroalh Bbi0heOfubshifie AT £ANCUELRIJe! BYhre BRbIbUNS the

sem conductor l'‘ayer and rear electrode are ablated, thereby formrng a

scri bed | isemi¢gaductoplayer iAo tesult o€ absoritivsacflthe) baser gpRrayrbyt the seremonduatert r ode
W th referlgn(%e ﬁeoethe s&r{?bjd Ii.neai) $q2 on.the Plg {!Lincti on/.sem.cqnduyct or
layer is sthi SI° FGUEREUSIBVY Fels ng 8 p5ibed ings At fomede R duct or
| ayer and ditidingfthé senfiGohdiictdi@iyed @R6 kiriph oPnifEmPwithsiReallel t BOSripsbediement
the Lp3 scribed lines are offset doff about 100 mcrons fromthe Lp2 |ines
when t he virentilestrodase Lp3 |ines are about 60-80 nicrons. FIG 5A shows
alignnment of the |aser sources 150 with respect to the scribed |lines Lp2 on
the sem conductor layer, whilst FIG 5B shows the scribing P3 of the rear

el ect r odeqotsd] |laselditivaasrsalgmnatiyet tor thei @boveheal ibudtidnr st the Stagtnolf Edchndcribingct r ode
and abl ati ng bo he .seni conductor |ayer and rear .electr [0036] In the
et PERRGE i e i

. ode..
above | asdfO&Es IEONG ANGY SR UBH BRI A PrEgs yaﬁ?ﬂg%mec’éﬁaﬁlﬂdo_r
layer/ 1 earoue i eedfiCARSduriglRE rdldVanf éckiBingShbdeBed |ine Lp2,Lp3 is formed in
each of the four bands Bf—B4, the linear drive 140 and grippers 144 noves
the partially processed workpiece to the start process Ps position and
| aser scripl 2,P3 is carri.ed out fromeight t eft, as seen in Fl 4A.
I'n anot herlpdé,’?‘?gc}g’ienaéjﬁ?ﬁaaish@qaalgé’llsos‘ésﬁi By ﬁﬂltﬁ?gg%egs]gpi’??ége fegr SEFV?‘E%WE) in
bot h ri ghtre@fiicé @b ttheliscabdd BiRes LPRt 6 the PRNfurdcBoRékRb AR or Slair0¢8 KRR,
t hewor kpi ece Wjis translated into the out Eu.t section 104 for renoval from

1

t he appar #resssBdscripingdftheear elggtrqdelisiby fising dasehbeaprsdbroysh thegpubstone 8f

appar at us i j e..bl: | {gn. As

Shown i n EHLtoBEEeHFAdbuLl 1D el 18ler HEROT PBbelby ERiGHAL ! BNEBAT 2,

202, the appar etplssivieOdblatemueSths samivonyitaclayer] botht the sefitondittdrpyr amdnveyor
us 100) responds. by feeding

(connected to. the. input sectjon 102 of apparat
{ e or kpFEEISCHDG PRI (hBR Fomos Srled S (SRFAIon B 3he Watbeg | pe

the lines Lp3 on the rear electrode with reference to the scribed lines 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 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 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 scribed 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. After an entire workpiece is processed, the



wor kpi ece and pulls it to the input stop position 133, in step 206. The

I nput puller gripper 132 releases its grip and retracts, and at the sane
time, in wWoep1ia@d8i34t he spring | oaded rollers 146 are actcraGead9too3e? ase t he
wor kpi ece agai nst the stoppers 142, 142a. Next, in step 209, the grippers
144 on the linear drive 140 grip the wodkpi ece. The caneras Cl, C5 are then
activated, in step 210, to capture any parallelismdeviation of the

wor kpi ece WpEkpiecp dV | ip irapslatgd iinte the putplt sactien;1dh fop reraeyal drpm sher apparated, t he
grippers lfg,are then rel eased whilst the notor 142b adjusts the adjustable
stopper 142a. The grippers 144 are activated again and the caneras Cl, C5
agai n capture any parallelismdeviation of the workpiece with the |linear
drive; sucgbosmrEld. €A Hiseads el irocandlono20Ref hpparamy 10@ acepdiag @6l andtherst ep
210, until the workpiece is aligned wth the linear drive 140. Once the

wor kpi ece §mbagimgriead thi presen anventiem Aoy 1843G- Ohe thyrprarss dowP0startshe
| dri t | - - .- he
s A AR 0 Wi 1 g 0

i ndexes friaputi tanviepore (qoasedtedoro ttiee fidpat peaioas $03 todr appRsatys0 $00)i wspondH(FB] At
t he proces tart position, the.laser sources 150 are actiyated to fire the
respect i vetse?‘gg‘%rth% QFEPISE 1Pi0ethi PRy seetion L‘fz't ’é’QH%p’t"“?rrel,ﬁt‘h‘é“ BFREHE drive

140 is acty¥@bRde bt PRKSt RithQirpRNSGEFRPSsitFREER, irl fep 6P T%%Qllapdt Bulkdr@pippe, the

| inear drive reaches the process end Pe position and the l'aser sources are
deact i vat elB2 teteasdseitsgnipp and egiragts, 2k at thhsamgdane,sioustape2081 3lte spring leddeded t o
the next pit.ch a distance.of di. In the followng ste t, 32 the | aser
sour ces arrgh?réa@%éiaﬁf%lfig&f' i itf)sbtlasf’ﬂhe Moﬂ(é’éerce(figfi\?ét %fﬁ(fgqpﬁagglé? ’1t4§%qqm%xrtkbni ece
back at a 30RMe SisRes 144 b theiReLESVeS 14D gri§$hep®8fktpﬁd&a Tl eddrixeCanot her
Lpl Iine parallel to the earlier one. The scribing process Pl is repeated

in step 2365 awstthen agiivateds inystepndhy 1 eapure any pasalelismydeviation elotheworkpiersr al | el
| Lpl .. Fold ow : ' - drive 140 | i 232,
Ines Lpl., 5o tﬂtaegwpﬁag c;};\%ﬁgﬁs ?asxjé)‘leg%shp@onjﬁcﬁgﬂrls qé%ﬁr’;lfedp\?ﬂe ggﬂ@fﬁm lPe AP

t he wor kpi ece I on osItl t position, the
| aser sourrekasedrvehilscthevaster 143t ddjistd the almstablesstappee $42a. he grippers 144 are

respectivel yi ndexed at .a constant_ speed.in the negative y-directiop.to
sor | be t hehiVaifd aeap ang;the, crppras (G1C XaRAn ARy fa@,Ylele%%%Fvlﬁ%% offeye

i ndexes t NG, BIKPIERE the 1hBe ASRY: sl RAkIRAsH! dRRsidnl A 30Fedtidf may Ve
sources are activated to scribe the rear isolation line Lr. Follow ng these
st eps, theecpiatddasestep i, bintiy ther workpisce & aligmpd eviththe dingareqrive4B10. Once the next

e at 250l L ARAL EAVE HESER <16, WR'SHbERT 40t HcURMT apect T O
: then grip the aligned workpiece. Next, in step 217, the spring loaded rollers 146 retract,
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
workpiece back at a constant speed to the process start Ps position to scﬁbe another Lpl
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



tester 190 is activated in step 252. A decision in step 260 is then nade
whet her the strips of the front el ectrodes divided after process P | are
el ectri cavbyoiigabsied one from another. If the deci si onPCI/SGRE@ONEE; an
alarmis activated in step 262 before the linear drive noves the workpiece
to its output position in step 264. If the decision in step 260 is
positive, the rkpi ece is ve, in step 264, to its output position.
[0039] onclégw?@o%rqeﬂﬁté@espﬁ 4t thereesfitep\rdirpeian o otibe He teant sinlatirshing 134
I's activatgd Né}t,Sihea%ﬁ@o t e QlrdeRr HEGe YRIKE fitewaik icb0% e RBFIS Ikt PEI ease
their grip in step 272. At the same tine, a decisfon in step 274 I's made
whet her t heosisiohland dhelaserespuirces arstactihasedhta seribh ¢hef rieguisastjorclommler Fetlowing he
out put section, 104, i vailable. If the decision.i t 274 is n ive,
Che. pr ocedte3aisPadht 21 5Pt 1R PSSt COMAIE M LR TR AEFGTeR S S0P

deci si on itRe Gh&R dAT4 iddex®OhE WoYliede18toqHE Bithuiestie 1043Hhd RMSEES rkfifaRscOoCeSS
wor kpi ece onto the offload conveyor and repeats, in step 285, the process

200 on andesier 1%ds Refivatad, inBtepASa. A deeisiondnSEpEdl is thep made sdether theestiipmear

L

the front [ghecdetitd,is hb@atipe acpetaneiRdstiditedinaiiep2B2. beFd10 4] liehfG@riviEmoves
illustrates the process flow 200a of a%ar at us 100a according to_yet

anot her erfBoWOHE¥ECE AP 15 ARIPPY RAsEIAN instepR0R o therdrsisinga step 260 dnpasifiyg, the
simlar t%&rﬁ?itecé)fs np(;‘gc&s%e}; BREH ﬁtgu%sﬁi%ﬁ?r as Cl-C4 perform additional
’ t her tg a

|l ine alignment process an elsn ng resistance test. For purposes
of description, simlar process steps are identified by simlar reference

| d t diff t st i FI G .6B d i bed. .As sh [
O o Htael Dtes 1w Oipiett S B SRpupsiioS: e onlul niffenl Wasoied g "
par al I el i Sty @lapThe luohfectahhth gt 14 Mabd BERTfh Vep D99, ADDES

wor kpi ece paral l el'tsmdeviation and correction are nade, the grippers 144
grip the wemggjines@. desistwcinsitem2741sthade whetbet theafBeadconyeyondnoteshommein aser

Sour ces ]é%ééﬁe léoﬁ%%%eﬂottﬂe gutglrltgs\éif‘t?ounsi (}Ql %%Q:ixiPa%ge kfl tﬂg geci%?ﬁ Qlestgpggj{f {'Son s

negati ve, notvor a connecte 0 each’l'aser sourc cor sline

al i gnment nepitlveathRrRyessi 0V waks ifbretie loffieadRbnPéy crnél bbavaibR! 1fltheaetisn
of fsets doff the respective |laser source fromthe relevant previously P1, P2

scribed | ilRStEPGdeis PAsEive; Hie QutPYnPsher L3t puthes dhe Biogess urkpises ato Hice
carried o ' | i.nues.
' stop 23000 RRETBraREFhen® 1D 2] e TrbASh 200t BRARESForkHicee BRI P
process 2@0zew svorlgpeat Bdprocessdéde phe Sibearudrivel 140 indexes the grippers 144 to their

home positions in the input section, in step 280. Once all the workpieces are scribed with

Lp! 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 C1-C5 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 150a connected to

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



t he workpi eces are | aser scribed before the process 200a ends in step 290a.
[ 0041] Wil e specific enbodi nents have been described and illustrated, it
i s under swoaditt@aatz4many changes, nodifications, vari ati ea3/Ssaehmorss? nat i ons
t hereof could be nade to the present invention w thout departing fromthe
scope of the invention. For exanple, a F@adscreM/nay be used instead of a

bal | screw, ,a ste to used | ead of servo tor, and

Thear ot B T BE0a, B8Ot Hofd T respectifo arct oiiye Trorh ARG RRPIEORET aser
sources nap| PpodHB& liRs @ncbeﬁa@amtewgnﬁe& dRRBISH I Blse bRt GRSPRGE] b, t he

| ong di nensions of the laser sources and mrrors are used to bend the’ |aser

beans upwamngg lpadedurghiers 46 sqirackariskproesss 20(Daecqnﬁpu¢s Iamstep @B Payscritgng pHalk.

Al t hough fgqu urces 150 have, been de s no 0 t ed;
two or Cnror S P2ERRE SATHEE B S ACH) BEBPER HPad petit in ufEtai tulil ) oo o
t hr oughputthelvmraﬁeedslawmdrhenmmf@wfe Pro€ksd 006w rfls Gresiep 2b@d for handling
635 nm x 1400 mm panels; to handle | arger panels such as 1100nm x 1400nm-

panel s or bigger panels, nore than two rows of air bearings in each of the

[ t d : t h of
I nput _ an @Higfar eE%héc?ﬂé 8»@{’:]‘?:'%}6 & HafdYbdneabsQittatang ith it 'El%daﬂqé hderGHSH N ©

t he machin ange Irngly; 1n addition, anot I'near drive
acting as thasmangechangey, evidifixtipay, ahtigtions and bembma&ewrs ttedevfccidd be fade &1 ave

i near dri al so has grippers to ens hat th t kpi eces. do not, shift
during t heYlF PEesenisiayeion ‘S‘P‘B‘éé HR)@ tili SC%?CIOE?KD Iyepiiey)- ?f@r §§*§’E‘IélFm F or
manuf act ur ga@brdwindy frle il SRLREd BPQ ®hllschad, % SYppef Hlo‘%&”iﬁéy‘ Bt Qekd iAstedd XU
section; an output Section; a processing ’section between the i nput and

out put secseromsgtoryrang pehmeaam;nm mae dewised instdad rd ar linkar \deivepby ad;h@ort, ahegr ip

wor ki ace. Bet B e Rstecea ki ot 6t BRERSHE Vil HoPeriP e Ju

sour ces di §ipRasiend Bf thellep Eolﬁeéstaxﬁfmirfws Rfe0E:08 $6 Bend 2t lasdn beata s upWarddlyeach
| aser source is operable to fire a | aser beam upwardly through a

t r anspar erfiraighdhe snace bgtweensthadnmys ped eutpyt @éwr@eAith@ugheﬁowbtmr spwe& 1¥ the
thin-filmgol %re%rpé‘&%{lb&is if {8 ?mr%{ fﬁ%tﬁc‘f,e‘w)o SorHidr89adef SRSLAUAS BELNER ed 1
i nput and ouf put sections, w each’l aser
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 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.



source being independently indexable after each scribed line is forned so
that the relevant thin-filmlayer is divided into substantively parall el
strips, wDchiiag73el ectrically isol ated one from anot hePCTRG2009l086367
scribing systemaccording to claim1, wherein each | aser source is

i ndependent |y i ndexabl e by separate bal I5crew and associated motor. 3. A

| aser scri /stem according to claim1 or 2, wherein the input section
further co&LMg: an input puller and an associ at ed i nput stop sensor;

and a fronf. St oRNgfer AlbinG AP RASHan|fbeirSHeHn Al WHAR Yol QMY sthe

wor kpi ece, being associated"with the [inear drive, a‘'spring

roll er opeqoamrelrtgo bi ase t he workpi ece agai nst the front and rear st oppers
such that scribed I|nes formed on the workpiece are parallel to the edge of
the wor kpi ece t3aPPYSEF eontact with the front and rear stoppers. 4. A

| aser scribi ng fysimmseqioar ding to claim3, wherein the rear stopper is

adj ust abl e through a ballscrew and an associated notor.5. A |laser scribing
syst em accor di r?gprp@esgmarsmtwnhemenéhe mmndsquﬁgﬂae@amra to nonitor the

pOSI tion of the I'{(Iiling C%O%Pﬁgd.w r% lﬁ}élaﬁaﬁ(le ra 'ertlcg g?ésﬁl gercg:a\ggergo any

1
one of the pre al s I Cco sr ng a Poss

both the |the\dimearddrive isaoperible Npltﬁﬁxelaﬁdlﬁi& Wbﬂ(blebé%et!%&hrthellﬁpl&%ﬁt aapatal |y
above the proce55| ng section. 7. A laser scribing systemaccording to claim
6, wherei rﬁeﬂ%lsgaa'ﬁlt ry further conprising a camera and a suction nozzle

associ ated wit I'lw%%ri'nclré $43br sthides i sedﬁnlaQ§%r$r%{6pﬂ199ro%¥§sﬁmegg&% ng to

any one of clainms 5-7 erein eac canera I s unted®on an pende
not or i zed thati eachl |la§poscadc¢ isaoivahls do five Hases bearthagpwardig thro@gh A tkemsparent

aser. sourtBualy &G irBRettio bR flosealTefke Y Eiehitoh st o ottt P,

sources arvﬁbrﬁbﬂe&ﬁ%‘ Beifly ftian8laf¥B BE-REMNER . inpk arfd b@APAY sceGbAL Iith BAGCRSE I N
the manufacture of thin-filmsolar panel, the process conprising: loading a

wor kpi ece Sainch heirg indgpensientdy tindexebler aftes ¢ashi segiberbwines formed sn thaipthe

relevant thin-film layer is divided into substantively parallel strips, which are electrically

isolated one from another.

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 to 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.



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 |i neawodniwa3i3s operable to transl ate the workpi ecePoetSeeen/obése7 i nput
station and an output station; translatjng the workpi ece back and forth

bet ween the input station and out put st ion and firing two or nore | aser
beans at firsty frequepcy substantially verti Ly through a space between
Che T nput ind ohBtEe RARE NS gatdng 1h B £ e Fgiing « SBEER e o
t he wor kpi @6fitdrehSpositish Mahdtdafbtoppeies on the front el ectrodes with

reference to the edge of the workpiece in contact with the front and rear
st oppers, wherein each said | aser beamis outputted froma separate | aser

source; a i ndexi . .] ase i ack
and for th br anct Ao Brg Sl ERBRE R0, B0t SF i PresbARE T, hnfer
stations uwokigrisigea gaitry @ispésedtacisebbthotle linsarddnvedat wotkpiqearsath edat sier i ps
that are electrically . isolated one fromanother.11l. A |aser scribing '
process ackBHYiingbsigntally shove thernipeesting 8&5HARI si ng: | oadi ng t he wor kpi ece
formed with parallel strips of front electrodes in an input station of a
second machi ne; biasing the workpi ece against a front stopper and a rear
adj ust abl €.st oppelasas saritiing egstemt hccardingigar cldim v sihaieimrthe antrat futhertt he

first machine,. wherein the linear drive is operabl Lﬁg transl ate the

wor Kpi ece HGBERSER & FEerh i SISEEP BAF2LS ersasiotel witeagh FGRINE) | gning a
scribed line Lpl on the front electrode with the linear drive by using a
canmera disposed at the front edge of the workpi ece and another canera

di sposed rfear t/hdasersoribing wysteabaceorsingpioany ope @éclaims bd, wheredibeach camers

required t.o_achi eve paralleli translating t wor kpi ece b .and forth
petveen ¢ femRuREE oG A Sireics® il Bl BB R B BREBRE | 2cer
beans at a second frequency substantially vertically through a space

bet ween the input and output statiqgns to pass through_ the transparent
substrate %f t Hblage EpPEESYSIEMASEEIE A ARY PRg of the prccedipg clapps whsrein Hie

sem condu EfihdR YRiddst dhch Gh&" GRCE £ e GohREA alel NES
(Lpl') on ?%}égfségrﬁfgge eg{orﬁg%g?dnwﬁere?%?“egc csalflﬁ aserrhg)éamgsies out put teed
from a sephdatledidsemastermanes. and i ndexi ng 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 _
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 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 entfre front

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



sem conductor |ayer or rear electrode is divided into parallel strips that
are electrically isolated one fromanother. 12. A |l aser scribing process in
t he manufwotarign4sf34t hi n-fil m sol ar panel, the process ceoprsiGin@idcvadi ng a
wor kpi ece with the transparent substrate facing downwards in an input
station of a machine; biasing the wor kpl%ce agai nst a front stopper and a
rear adjustable stopper associated with a |inear drive; wherein the |linear
drive is operable to translate the workpi ece between the input station and

an output gftati )Q'Téseﬁ_&drﬂ)‘ﬁigﬂ%o@esE Q(E)c%fcﬁﬂg?o ¢ lQrfuﬁhér%Bﬁgﬁ%Iﬁ%: edge of the

wor kpi ece with the [inear drive by using a camera (Cl i sposed near the

ront edge of tloadingthepwerkpiese doraredt widh p ri Toli edesnimaan inpat r ear
f d f tloading theperkpiese doraredt wish parahtel siripsOsf) frofitsbastred inprat

adj ust abl e ﬁt opq%glr to detZIFm', ne the correction required to achieve

par al | el i sSTAUSRRESTOMITIDNSG ence |ine and the linear drive;translating the
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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 4stopper
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 linear drive;
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beam is outputted from a separate laser source;

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 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 (C5) 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
eleétrode; wherein each said laser beam is outputted from a separate laser source; and

indexing the two or more laser sources and repeating the back énd 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.

14. 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 scribed lines and workpiece parallelism alignment is carried out automatically.

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

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



