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By this method an elecirical series connection is made between all the cells in the
panel so that the voltage generaied by the whole panel is given by the product of the
potential foried within each cell and the number of cells. Typically panels are
divided up into 50-100 cells so that overall panel output voltages are in the 50 volt
range. JP10209475 gives a thorough descripﬁon of the standard laser pfocesses used.

As well as ITO/Silicon/ Aluminium structures many other materials can be used to

make solar panels. Other equally effective devices are made based on Cadmium
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many netres per second are required. Laser tools have
- already been built to achieve this. In sonme cases the :
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Laser tools have a}iréady been built to achieve this. In some cases the tools have
stationary optics which means the panel has to be moved very rapidly. To avoid
excessive panel speed multiple s’caﬁénary parallel optics heads are often used. As an
example of this a panel with dimension of about 1.1 x 1.1m reqtﬁﬁzig 160 separate
scribes can be processed with 8 parallel beams in under 100 seconds with the panel

moving at a maximum speed of less than 300mm/sec. Such an approach is acceptable
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i ntroduced during subsequent panel processing.

Enbodi nents of the present invention described here

use a bowtie configuration of the type described in
US2003/ 0209527A1 but inplenments it in a way that




DI SCLOSURE OF | NVENTI ON According to an aspect of the
present invention, there is provided a nethod for
accurately laser scribing lines in thin coatings on a
panel, typically a solar panel, utilising a |aser

~ beam scanner unit including an optical systemand a
scanner |ens, the nethod conprising the steps of:
using the unit to nove a |laser beamin a first
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Embodiments of the present invention described here use a bow-tie configuration of
the type described in US2003/0209527A1 but implements it in a way that seeks to
overcome all the limitations described and allows a dynamic alignment system to be
used that ensures that all scribes are accurately placed with respect to previous
scribes. We call our scanning method 'bow tie scanning' ('BTS') and our alignment

system 'dynamic scribe alignment' (‘'DSA")

DISCLOSURE OF INVENTION
According to an aspect of the present invention, there is provided a method for
accqratéiy laser scribing lines in thin coatings on a panel, typically a solar panel,
utilising a laser beam scanner unit including an optical system and a scanner lens, the
method‘compn'sing the steps of: |

using the unit to move a laser beam in a first direction to scribe sections of
lines on the panel that are a fraction of the total line length required;

moving the unit continuousty with respect to the panel in a second directipn
perpendicular to the first direction to form a band of scribe lines;

positioning the scanner unit so that the starting position of scribe lines in each
band next to be processed overlap exactly the ﬁnishing position ends of scribe lines in

the last band that has been processed so that all scribe lines interconnect; and



The method may further conprise the step of providing

for the optical system and scanner |lens to cause the

| aser beamto be shaped, honpgeni sed and i naged onto

the surface of the panel. The nethod may further

conprise the use of nore thanzone scanner unit, the

units being used in parallel. The nethod may be

carried out in a vacuum chanber. The method may

further conprise the step of providing a single
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The method may further comprise the step of providing at least two detectors attached

- to each scanner so that during a secondary



As an exanpl e consider the case where a panel wth

di mensi ons 600 x 1200mmis required to be scribed

with about 120 lines on a pitch of about | Omim all

parallel to the short edge of the panel. The panel is
processed with a single scann@r and fed by a single

| aser. The length of the |line scribed by the scanner
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plabesaed px vag 9L 4he P OVAMERO% i ve such passes the full
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adj acent band 1s of course essential to have
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enbodi nents of this invention is that it is readily

scal able to much | arger panel sizes. This is not )
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US2003/ 0209527 g trol :
oS EROi 0 Hor a1 d20Uer art A bR outdfpiffet o
ditlefsh&id blioe oF thatpARETHEG¥nAAY BRICAGET Rith bRinkld@hfied ah@ed by a

scribing solar panels is that by the use of scan
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t he ‘panel and the scanners are spaced at one quarter
obvdrhap off dreadndsvbiithh scriibredtlfrics ircerseband Ovith tit edjpegmé baridsis of
nount ed on.ﬁ Shl ngl e axis st%ge so it can be noved in

t PR SRTGEHEI Ay FRIMTUHS 36 °Fhe gantry. The process

proceeds as follows :-
The key advantage of the arrangement described in embodiments of this invention is

that by limiting the scan length to a fraction of the scribe length it is possible to use

scan lenses with



1) The panel noves such that the scanners are

situated above the | eading edge of the panel. 2) The
scanner carriage noves on the gantry such that one
scanner is situated close to the side edge of the

panel. 3) Al four scanners operate in BTS node with

t he scanner carriage noving continuously in a

direction parallel to the | eading edge of the pane
seetdtivielygshart fecal bsgtf (typicedly 208mah belesy) and hendesngllen sgpet sizes

edges of the panel in a band Omm.w de. .. WO .

S g e PP OO PGSR ET FOT a0 G Himghe of 3 s scanners
CRLIdARRIRYLS over a distance equal to the spacing

between scanners in this case 400mm so that at the

| eadi ng edge of the panel the whole |length of the
bAnctheamajoe edv s caze eebrdiby (T ebpdimentsiod thihmwentivoelx 8t it is readily

for d by Omm and t.he processes ove,.r epeat.ed .
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thasdidosiodmwsiv A g RBgSteontBEof dpbfdzd shdPegitdaRdth field sizes up
coi nciding exactly with the ends in the next band. 6)
Tiednpempesds veyrdéfisalled 20 tines so that 20 bands are
created and the whol e panel surface is covered with

O . : . ,
Cpnﬁaﬂl hneg’?(lé?f a garnltgg% olf It}ﬂg Ic’nethod for scribing solar panels is that by the use of
scan lenses with short focal length it is possible to use such lenses in imaging rather

than focus mode, so allowing their use with homogenized and shaped laser beams.

As an example of how this scanner based scribing technique can be scaled up to
-process larger panels consider the case of a solar panel with dimensions of 2.0 x 1.6m
where 100 scribes parallel to the long edge are required. In this case four scanner
units are used. Each scan head may be fed by its own laser or, depending on the

process, may use a fraction of the beam from a laser.

The four s-(;anners are mounted on a moving éarriage on a gantry above the panel and
the scanners are spaced at one quarter of the panel width, in this case 400mm. The
panel is mounted on a single axis stage so it can be moved in the orthogonal direction
to the gantry. The process proceeds as follows :-
1) The panel moves such that the scanners are situated above the leading edge of
the panel. _
2) The scanner carriage moves on the gantry such that one scanner is situated
close to the side edge of the panel.
3) All four scanners operate in BTS mode with the scanner carriage moving
continuously in a direction parallel to the leading edge of the panel scribing a
series of lines parallel to the iong side edges of the panel in a band 100mm

wide.



- If the scribes are required to be nade in the
direction parallel to the short edge of the panel
then the sane optical arrangenent can be used as
WL &S5 1) The panel noves such that the r d&TEiB2007/001952
scanners is situated above the | eading edge of the
panel 2) The scanner carriage noves on the gantry
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serie l'ines on a 10mm pitch parallel to the panel
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- The process repeats two nore tines until a total of

16- bands have been created and the whol e panel area

Tf thaScritRe AreGRY e &lio HenidemahodBe@ivaifakAR] tothe sagt afge of the
four scan heads has only been_ taken to]il 1lustrate the

P%?Iéb%@eﬁ\we aoHeAl ArrsRERRan cRk BeusedasfPows 8 or even

P98 Rl HARROWOf QBntdieisRANREd shawr AaRading
oce time requirenments. As nore scan heads are

addesigemﬁéhetm nunmber of scanner passes or the total
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close to the side edge of the panel.

3) All four scanners operate in BTS mode with the panel moving cohﬁnuously n
| a direction parallel to the panel long edge, scribing a series of lines on a 10mm
~ pitch parallel to the panel short edge ih_a band 100mimn wide that runs parallel
- to'panel side edge. | o
4-). -'I‘he panel moves over the full length of 2 Om creating four bands of lines on
| the panel surface.
5) The carriage on the scanner gantry steps szdeways by 100mm and the process o
repeats with the panel moving in the reverse direction creating 4 more bands
adjacent to the first set. " .
6) The process repeats two more times until a total of 16 bands have been created

and the whole panel area has been covered.

In the above examples the use of four scan heads has only been taken to illustrate the
procesé. Any number of scan heads from 1408 oreven more, are possible depending _
on the_ panel size and process time requirements. As more scan heads are added the
total number of scanner passes or the total travel of each scanner over the panel -

~ reduces so reducing process time.



WO 2007/ 144565PCT/ GB2007/ 001952 9 In the above

exanpl es the use of scan line |l engths of 100 or

120i mat are only used to illustrate the process. Any
WQAWTNH4AES | ength, or width of band, is possi BC&/GB2007/001952

dependi ng of process reqU|r%pents I'n general where

hi gh accuracy and hi gh resol'uti on mask inmaging is
Intbeabdve ezamples the whapsdn maér;gﬂ@d:mjedo spiPmen greantly used to

| ength lens is.,us nd the.,s line. th,.
e e SR ernB e Fepel cr S b dopPR Siehains
ofiplocebs #6q tﬂr@tﬁénﬂéhﬁf @endrdl Qgessitigh a@eka aadb@ghtﬁee@iuﬂadmask
A scrlbe t|on|n accuracy requirenents are n
%HF SFeafe P selged speirp et fogd
ardiGthb Qﬁlﬂe'lﬂl% 1429 IS R baPislc@ndARPTA Gk 508 R0AR ¢ range. In
possi ble. The critical requirenent for this nmethod
sityptiens viherp g Aequssadrspet erg hegised and saiheippaitiosingligeurage
B T R R S e
hﬂ&ﬂbﬁvkgpth@ﬂEmMBBEMbﬁuapgﬁdﬂb overl ap regi on where
the end of one line just overlaps the adjacent
corresponding |ine and hence process conditions must
Thecr#imbhrejhatmehidonthit meibiod lof balseparehatibingtabe kffedive is that

overl a a receives do not c use bl ens
thg ot e A Eist Ao 10 the D gle b it the
sofalr bﬁﬁellpl'éﬁﬁrmﬂlt A @l ssy fbﬁﬁ S%%@Iniamtma%hamwia?%gbtﬁ where the
i.S _usu e case a e aser eans | nterac
engljof gre eI“iS’f ¥ezlans the asipeent cogespondiedinednghease arogyss o

coh@iRhs 870 Be AR thitdhe ALHELA0 1AL HREHBAGRUIR A area receives
further effect as the beam passes through the gl ass.

domit §a@ﬁ@ny@§0h1§@afqrthféﬁcé% pparafjey ofithe pacht Eer the thip flms
us‘e‘% @Qés ﬂa@éc?%ol tﬁMctaMt %% ﬁl@ %ﬁé tt}{a & laser beams
C a

xanpl es given above t ser eam or
intgehwithrthe filno mdé rause itidmbalbblagedovitet & of B @seﬂquets and that .
yve
o3 PREel Eatbe el R an e b g i et
_ appﬁéssméi)ﬂaﬂy Wm&vbﬁhp‘&: igahlated if theicdeatt lafsmwa’abbngthaﬂd energy
the pan nay be arranged with the coated side facing
deggiii % €Al ternatively the scanner units may be
posi ti oned below the -panel with the beans directed

upmards with the panel havi ng its upper _or | ower
In $hg paawles T @RbON the [pser heans on RpATekATg icdderA Fotreahae on to

'm@%& QRkLEan oPﬂfe?ﬁE@ld T i9RYCard &cﬂ@ﬁre%ﬁaﬁgéﬁ%ﬂt%nﬁ%%er |

I age carr yi ng he scanners nobves In

arpngéroein are ety pGisifde. Thebamgemanibe m@rﬁh@m above and the

[
- procégégﬁwmQ%Ph ﬁﬁgméggﬁﬁgggi%uv%a$%ﬂwggﬁaxes %%WﬂYﬂm
| scare@n snitd may be pbsigogaitbelyw ohﬂapartehmtpa]mlbeammmcted upwards

égggﬁghvelﬁ gﬁﬁggﬁgggagﬁc Qgggghgld statlonar¥ and

Inall the examples given above the panel has been arranged to move in one axis

1ens is used

* while the carriage carrying the scanners moves in the orthogonal axis. Other
arrangements are also possible. The panel can remain stationary dliring processing

with the scanners moving in 2 axes by means of a moving gantry over the panel.



The arrangenent where the panel noves in one

direction while the scanners nove in the other is

very convenient if it is required to scribe lines on

"a panel that is retained within a vacuum chanber

during transfer between coati units. In this case

the panel is noved horizontally in one axis within

thg &Q&@f the Wil Rrd B R \@Ation Bkt a?ld"fpé/ﬁadepcatu@&l to move in 2
ortﬁogona direction on a gantry "over the chanber
watds. t he | aser beans directed downwards through a

w ndow onto the surface of the panel. The coated side

of the panel may face up or down in this_arrangement. ,

ThheammesmgesEhire thsnagelagerrs a Prrdirrdor whilg iﬂilf‘gs%aanefs move in
] ; ol . vat-ed: i< retained
UBSEAT ROEL AR E Bt RSO TRRL B i

awithingevaentm chambeti dueinp sraoffet betwpereating imvee rinition cewrthe

operate with the nel held vertically.or even at .
SB??@?ﬁ‘ﬁ’Q‘I’Vé_dthB“?%g B QnETs WiRR fe hathog Wil e stene wits
-t ﬁx%v@ﬁﬂﬁle ottBoddngl difdctigR ok @l §6dritRNCIARb P RYE IBNMas@fbeams
the scanners in the vertical direction is a practica
adiretagledrentwardi thugh marigde oatd the perface of fertapel. The coated

appropriate.if it is required to scribe. lines on a
e Pk et st b Sty e B 2R e B e e ond
t &Ity thetMeeit Shalek BH puitild that fatt dpedted Rmipetdfurthe
panel s oriented 1n the vertical, or close to

vertical, plane. One of the najor problens that h
obounsngiihe ipagel hhezedallbismgt af exbisire granedneitsEmhediments of
accurate .control of scrih 0Si ti on_the surface of

C e PESREIS Vet cebpaant BRam SRATrigly B eVl sShe
A ANRIAE DESichI CHUh s abd B PerS &R BF BlcSabeldl e Hodzoh@B&ifection
scribing operations. The positioning accuracy .

r sguimoeamatteffley scahrers by thp erertical, dixeior isagragtippleprraggement.

h less critical ¢o red to . '
158 rngifriab R PRI B (13 GE0RF Ml Phl e ponc
Wihhis regined withih 4 ieupmeshiapbsr irghemsfeOhewicey coating units that
advant age according to enbodi ments of the invention
derssdte Bat thepanelirrstaatediathe YaheLHE ciisc & ysHel; plavs

are created in a series of relatively narrow bands is

| i. h bly L ADpl
N T
S&dchRi@Scdnlfidl ofdceiba @béitiembn e subftcddbe paiehvsg sblaepanel

The data gathered is stored and used to correct the
swanHaeturing pewesmeniseitebrogseriite geqianeplilaser seribing
subseque [ ' . i

R RRIST IR Sab Byl orMUELERE f, tho fistlayer arc
pevh Rstiti@atcimgeded tonds sécond hrd théndtlayenBeribes which have to be
2007/ 144565PCT/ GB2007/ 00195E 11 pband to be scribed

wplpeed e apcaraicly M Heivenect iorthe Bresinga syReE rPHRECKqdvAntage

e ks B Rl B AP ey el Leneths of

sstibb dined argereated in @R&AYs. of relatively narrow bands is that an alignment
scheme can be readily implemented to measure the position on the panel of existing
scribes that are adjacent to the band being scribed. The data gathered is stored and
used to correct the scanner trajectory when the measured band is subsequently
scribed. In this Way the system is continuously measuring the exact position of the

previously scribed lines in the next



Dynam ¢ scribe aligrunent (DSA) is inplenented in its
sinplest formby attaching a suitable detector to
each scan head. The detector is offset fromthe beam
VQAA445¢5 t he direction parallel to the scri BETGHIAY/001952
by a di stance that places i& within the wdth of the
adj acent scribe |ine band.]In this position, as the

bafié asiescribad miifle dearete pld&emﬁlb.ltr(ffaéc&mdﬁrﬁ deaib@omih respedt e

panel is noved_below the scann ctor
 privgug sebes e aﬁgﬁ@@&#%‘fg ehbnmer uact RET e Bent eghpique
;ﬂdgﬁﬂﬁk@gﬁbg % Dyt be processedu When t he

detector records the presence of a scribed line the-
encoder position on the gantry or panel stage is

ToSRAE Sebe %ﬁ%&l&@c“ (DERH g%nﬁﬁmm At shﬁpiestrfsne @§ 'a{-th&'ﬂng a

Thls IS repea for scribe lines Tn
sujtdhledetactontpriagh ecabémld ﬁl&@ d@@@t@r s&:@ffgs’e@f)@dhtz hmm tlﬁmére in the
f
aE S RuTR) nllscf AR oS P BT 0otk ra RlipEr the
adjasemlsani%lﬂmd)aadd[ndhwyoeiadnpbsttbe tchengdamoeed over the surface of
cont er s da Ioad r o can
thepﬁ)ag)ée o Ipﬁléeltl?,'%loy?%éel %%qqxewe%&e%{e 1oL rrecorcﬁ ﬁ*%[ gasmon
of fHe@mibdiEligR $h thediand oo URed thet whldhxt haproh%eql gherhi®e detector
| aser scribed to the posjtion above the adjacent ban
reqOl g RSP0 ST R Ihe ORIy GHC Sy o Pan
staRb AGREHAEd 564 hdIGreRQbE IR R Ithd Sosith@N TUSSE réRated for all
correct the scanner notion so that the trajecton

scriffe liga i} thedand c Affedcamrlcidipddeg Besrgicriechgn that the Gomplete
setdf ﬁg{aaa%%ﬁ?@ﬁﬁm?iﬁoﬁ B?aﬁ’gc@iﬂe Gad ¥ (B haRaSht Jbéu&?ﬁaﬂé@n recorded

consequent ['y~“t he spaci ng between eacn new | i ne and
| ﬂl@@ﬂ" I%Tewswisaqd doyilbeded torike m@@oa@@wam gata download -

: ope }é r%%%ﬂe Pla%e %,a n gfrhg a C a&s)l%:laérfr? e éﬁé} ee (fr(;%P e

pobla\m aﬁmdae:he baoed ﬂxaahmuktéxéem lmseltsmtfdtb’cocthe potitorsalaive the

P bt Bt PO e o 2R I RGE AR OLESE e

potifioR dhbia is HagaiseX fscorrbaethe bidatr foHbRECHRT ﬂfe&fﬁ]dchmes of the
_ scanner bean1ce(%re l.ine are such

Iac
ot are Goapctedhior ip o dRrRlaET S RS THiheR ety nes

ae&m ity W B?&[Hr% ReWbRe a’éhbﬁﬂﬂﬁﬁtand@%ﬁ% krﬁm}!lgrrs}z’nbed line
-an ?ve ‘as i o%al variations i'n scribe
'cmpb%ammnﬁ@yﬁ@mnﬁnwdl|nes to be neasured and .
- conpensated for without significantly slow ng the

overal | scribing process. DSA achieves this as- WO
To200%/stAuBE DGR Gr2al] toales 2dgofithe pautil pgrhofcanttes head needs
to Tveeia%q?ncé%s aticlﬁ:dq ti%r chcsfcérr%fa Lt%%dt 0] a%rh%tto each
oﬂﬁﬁ Mﬂ'ﬁoﬂ?ﬁt dinectioanttoni the b@m&eﬂﬁeatn d!mtxaéms pamﬂﬂdhb)both stage

o B2 RELTE ACEEL St ROEL L0l 208 LSS R e

de&hﬁsb@rﬂ@&ﬁadeﬁtﬁdiﬂs%éd&'eﬁ& process. The only extra
time required is that used to neasure the first band

of lines .In this case it is not possible to scribe
Ths &S, Bf b oA Beritle 8. gﬁﬂeﬁth '(ESA?QSW b Bfectife k4@ allows local
overa cess. Howev since this alignment pass
vaHMmIg in h@ﬂ:fel mrositiobafut afldinebto lecoerrprddstnebicompenpyded for
Xioum.st age  spee [ Iy y
T e kRt ty
S|nce t here are nultlple bands to be scribed addi ng
one additional pass for gathering the data assocjated
with the line positions in the first band adds a
m nor anount to the overall tine. The use of a single
scribe line position detector for DSA only permts
the accurate alignnent and positioning of each
subsequent scribe line to a single position on each
earlier scribe line. The.DSA techni que can be
considerably inproved if two detectors are used on




13 BRI EF DESCRI PTI ON OF DRAVONGS Exenpl ary
enbodi nents of the invention will now be descri bed
with reference to the acconpanyi ng draw ngs of which:
VEP gl97/@4486hows a general i zed di agram of an  FCT/GB2007/001952
arrangenent suitable for scﬂbi ng sol ar panels by the
met hods described in this invention where a single
resgrdingsyf theposidar ofadisthe beviisngafrsatibelindsahithrekdnedst in a lower

Si of rect.angul ar nel,; Figure 2 sho a
It Se G R L P o e S e amIaTy Bes are
besigyf ddainfagelp pbatiopahel dscifed Rean@igee et sl ddprent Hand so no

.this inventi‘g V\/ng{le two scanner_units operate in .
%H#%ﬁwt e addqs 19éne sRbaRiPgsPeln e BX Adrades fegpired éhat
sl t@me8aH8 BYLERF bR/ Nines In this EsBHInc pRHAVR t&sRib8 Anes at
~of a sol ar panel scribing tool arrarigfmnt wth a

the pargt Emesa e pddiime ip the oyerrdinseess. AW erepetnce gs alignment

peidY MBAE Ghe¥Bbt B dalah BB AEDmtsh & DEWe FErRim $ELb g]?eéd')éﬂﬁﬁiﬁed,
to existing scribe I'ine positions; - Fi"gur e

whidbiesignifitamtlydhster then the spesvbtised oviilyi sagbingdines and since there

[ > i h f seanners h with multiple

w855 AS0E AL Aok, SEARDSAS BRI pAG g g

assefatal wibithédknd posdisortsan e fasi bagdsclds benihbnasout ththeloverall
.angl e and position. MODES FOR CARRYI NG OQUT THE .

HEKVENTI ON |

The use of a single scribe Jine position detector for DSA only permits the accurate
alignment and positioning of each subsequent scribe line to a single posiﬁon on each
eatlier scribe line. The DSA technique can be considerably improved if two detectors
_are used on each scan head with both displaced along a line parallel to the scribe line
direction and positioned so that one detector records close to one end of the scribe |
line in the adjacent band and the other detector records close to the opposite end. This
means that one detector is displaced about ha]:f the scribe line band width from the
 scanner beam centre position and the separation between detectors is close to the full
band width. In this way the two detectors record positions close to the two ends of
cach scribe liné so can be used to detect both the spatial and angular variations of the
scribe line sections. By attaching another set of two detectors to the scanner head,
arranged at 90 degrees to the first set, the position of the ends of lines in both
directions on the panel can be detected and position and angle errors compensated

for when the next set of scribes are made.

- A variety of optical based sensors can be used as DSA detectors. The requirement in

‘each césé is to detect the location of a line cut iﬁrbné thin film when overlaid With
another. This means thﬁt the opﬁcél transmission properties of the film at the scribe
position usually changes significantly so changes in the optical transmission can be

readily measured.
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Figure 1A large flat solar panel 11 consisting of

gl ass, netal or polynmer substrate coated with an | TO

or other conducting or seni-conducting |ayer or e
QMY MEEtSon of |ayers is nounted on a stage £§ZiGIFP07/001952
that allows it to nove in ope axis X. The requirenent

is to scribe nultiple parallel lines in the coating
running parallel to the Iong side of the rectangul ar

' I ion. The beam 12 froma laser is

B%ggggﬁh?ﬁ$§ﬁgﬁig“@§%§axis scanner unit 13 and is
Efcpaplsyenindimehio 0§ thednesition Wil noul Beadeecriedt igh pderehce to the
in order to scrib %{ es 15 on the panel. The scanner
mﬁﬁ??ﬂﬁ?%ﬁﬁﬁﬁ%%?%ﬁw ving carriage on a gantry over

t he manel showé H géndraliARdiABYE df Bn bhengirh @R/ LI fIRMDing
(§f scrige lines in the coating, running parallel to
s Parels Ry dhe pthods detcaed 1 thisBy§rtiongrticsan desieecapner unit
scﬁbé’é%es%ﬁsﬂl@l foliRe W i ! fraction of

the total |ength %?g%ﬂigggﬁﬂﬁemﬁgﬁéﬁ%ﬁﬁ% is created = -

by & Agbers apcrarelined slagrirm of e Arrangdopent aitaple for scribing

soh s Rane 87 HDboly Re BT wiherRpt o bkt Bphimics
operite int pagelldfio srrivedines payallel to drembdrtboside o scangulagpanel;
(o Hourb LEbwd 81aREA RIS, DA IOMASE SYPhrrdd}fulebl with asingle
scRORT bt 4565 AatLE01 ABRTLD ik WyRarhik desibs ilgppeshtioha XeYet of
C&Fe.mﬁﬁth of. thabgigq 16 _.and the process is repeated
- scifpe Jingsia exig DROTERGEIAY he reverse Y direction
The Figfhot € sRARL] pRAh & a bElabpiriedadibid fdoldtkdrdeh@nt with two
parall el bands that overlap sufficiently at the
. v ekl detadors mspdhios dyarmicecrhg alignsnent efpnew set
of 3&HNBRs QY Blistilp@chibl linds8RBLIH Rigid el Rkl Figure
2Thi s shows a nore conpl ex arrangenent than that of
Figure 1 to neet a requirenent to scribe lines in a
MSBEAbR G 18 &yn parallel to the short
edge of the rectangul ar panel. The panel 21 is
Figroa it ed Sharge Satzgaripantl 1alcbusistinigtof igtassyonatal ar polyenet
.rectiaon,_ Two lLaser beanms 22 ..22' are directed to two
s e 0 3RO e PR EE on Mg el o
cothibfretioh @f 1ayyrshatdouhbel ot éthpeafystehethppdl®iws TREMECANANAE axis
its are unt ed_on ﬁlp rri on a gantry over the

X pan ST iIERenal fo HE TR Pl BRI ey RENSCPg Spning parallel
to E{éﬂoﬁgl kilde of 84 r@étaﬁ%lﬁalﬂﬁb?@i inithe XFireB@Sh. The BeAR 1D 8O laser is

ands running parallel” to the |ong axis by noving the

PaprgrdiTopgh i tawerA spamer vRl 1R 2ad isfornssed bnd lgvsrt onid the
sulice otthd pér{égm%afgza{o' seHBe Hﬁés{l? l?)ﬁttﬂe?%‘?eg@@fe sBaads gﬂeﬁ: 5o

the same tinme. After the fu ['eng f the pan
m@uded o g oraving drerisgrarme gantst eyt e panel 8o tHatie cari movdip the
. i, dbh of . t nd. apd the process | ated. In
oot 4 kg bt e SRR o BRI SO el
creafedtiha speemdf bands t@apshived, tvberthpivedid df kechsteanidlis # Gaction of

_oper.ati on t in practice .a |arger nupber of passes
B el oA e porel PRl et e elasoat e gl e
scadhEAMgRERTHirestioh While Hige dchdder SM@WEIdéflbcting the beam over the
width of the band in the X direction. This type of processing is termed bow-tie

scanming (BTS). After the scanner has moved over the full panel width in Y the panel



Figure 1 where a solar panel 31 can travel in the X
direction and a scanner unit 32 can travel over the
panel in the Y direction. The sol ar panel has one or o
WRPWTA446 | ayers al ready applied that have pPEWEFE7{H01952
been | aser scribed 33 and tﬂf panel has then been
over coated wth an additional |ayer and the
is steyopeidrie et thiesvitlth sfchée bandald at[d Hhe prcﬁ:ess i® fepeemd withethe

scpig Bl il RBe TPl Beaudi el b Salbrie s

‘ mﬂlﬁp]@diﬁl&ﬂbélﬁist’ch& &edap @d&fﬁbli@hﬂy asths Beiiary Tlaemeeﬁ BEAdH17 in
used in conJunctlon with

a downwar ds and i
Or‘iqﬁ'éo er%sgerﬂwuﬁ feribes gxeicthe fblengty egarehnd record
the position of exi sting scribe lines 33 on the
panel . The detector is displaced in the X direction

Figire?n t helhicdymee meargrormiey argsemenidhas they of Figure kto meeta

f
redtfelfnk RACHE G n3 soleh panALE AR Akl M D iPectpe
ofﬂmrEﬂﬂmyﬂeqﬁnghﬂbephm%ﬁluheomeeéon@mﬁgsﬂyép&ausedoHMﬂmIn

ek AR R PRR T} PRRE 20 o7 Rt R AR B B

a&ﬁ@@%@kﬁéﬁ&ﬁ?ﬁﬁb@ﬁﬂﬁﬂﬁfBﬂiﬂﬁ&mﬂﬂ1dﬁhepmﬁﬂiﬁeeanﬂ@thMEue

(P %ﬁtlon data correspondi %%ﬁ etc ntr of t he theY
mMAFECYhT “HEReE OTRe 8‘6‘%’c EHOGY Ry the
dirB@sdrl TROfulTHre PbABE hahél iOQk ek b thriks df b4k r@fSing poiallel to

the scanpner beam centre osrtlon 36 Iong as it

theJgag pyis by ppyiag the papelgson the,X diregiimpand performing
BT§ @E@Am b r%&xty With Beﬂrkeéltné%@&dsta@ tHSaSfeHe el il ¥an

scrl erations in one band data.on the

leneih @ftthﬁ Qa@@ ra anj qeeeisddhe merr: ptep frethedy diceation bty width
o 15 L AR S B RS T AL A M, S 2oy

- twe pa&rsesjoi&rd prndlhee wgairediq ccmlqdeiprtkﬂ:@be@ gperatipe Hut mepractice
' ta is_down | ed to the scanner
_ak& er] ¢ DberO%g Ag BTS T ;&gf?rl bi ng operations are then
perforned on the neasured band with the processed

dat correct .the trajectory of _the
Figlith § g 0 ATORG ABD i g e G By

.Flgﬁxé §Wh@& $&01ANRnk] e&Enl 28] ThhRe mﬂeaicﬁpbrmssctam@erﬂsm 32 can
gure_ 3 shows the particular case of a panel that is

trafelrorvyr 'é‘ﬁé’@@%lé?é dhay dirsgian. She solpauaekhasone RE s e layers
i)!ﬁgd B3R fhv @gﬁé'v{wlsfy’ 128n (RekPBRIS3 Ad the panel has then
P onnecting scribe’lines. The figure shows the

beq:mrm@e seatrdrmﬁr@mrdd@ﬂl@ab fayetrendstbe ervpingment lsmecr@e afndher -

set P%ngg\?r\fmgsgﬁ {ﬁh fop « co%l!:t{lg ?}Haﬂgl HANa er§7 Jltl;k% &3 aR. e%sh}r %nes In
ré and S scribin econdary scr

thlsease adnﬁectcﬁr dithiee Bﬁisdnbmhtedvto ﬂhe\atanher mﬂuteasﬂiomt ﬁhe d)@’l:ec‘cor is

el SR B S0 B R B SR LSS e o

detEttgahhﬁ&eé)r& Iamrposauéro@f ercrsan @éritaslinRE BROY eEinel The Békctor is
ﬁgthat shown in Figure 2 mhege a solar panel 41 can
displagebin the X deecsiony ifli"éft%heé‘ﬁarﬁ‘ﬁﬂ AR e Rnaitiop sty thabit views

thebrfabAH¥ the Pyﬁeh aP¥ Bbirlt RALBRAR adsa@eﬂtrrﬁne( 36id @t plesbnﬂ}ibemg

sol ar panel 41 has one or nore I mlayers already
pragpised 84 Infbg ﬁgmrv éh‘awe\rh@@@eqtom éfnvarrerede oncihe beam fige centre
by 4 g gatél{és a ai 6Re DEHR KNS %&ﬁ%%@é%aﬁ the
Lt1on ayer e requirement is to scri
further set of nemrllnes 44 in the top coating
paral lel, and very close, to the existing lines. In
- this case two detector devices 45,45 are attached to
each scanner unit as shown. The detectors face
downwards and are used in conjunction with the
encoder in the X axis stage to detect and record the
position of the existing scribe lines 43 on'the
panel . The detectors are displaced in the Y direction
fromthe scanner beam centre position such that they

O-.



WO 2007/ 144565PCT/ GB2007/ 001952 16 shown t he
~detectors are separated fromthe beamline centre by

di stances approxi mately equal to half the scribe band
Wi AOA 1A one and one half tinmes the scribe B&h@B2007/001952

wi dth 46 which neans the deggctors record line

position data corresponding to the ends of the lines
deteriorreccads hneprsitvanthta Wreespendiog dr thecamtrdef the adieedt band.

t | {] it . 1Ot j .
e b At SR REE Lo AT AR SR
frapnithd Sascardaire cenitopesifien 4dieng agl obdertdzehsarriddoe of thegmnel

- Wi thin the. next hand to be scr.ibed, i ng secondar

ot e S LR G AR PR fercobed HaH B e

opR&8ionk @0éncHanb etz &0Ee leshh? Bcribei Sk pBGHEES iniBe hdjB&St band
in the agj acent band.js collected and stored. i

is eqleE g B s B e STl ORI Lo aesic SispBat Tk 10 it the
miBatediid '{«?ﬁﬁéﬁ%&%ﬁ E@sc@fuﬁ‘erﬁdg@ ?E&eé&@é 8kl e position data is
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FigigaArRowh & Bsp vitWeof aR bhatganempisimilago the sisdwe @ Fiffire 2 where -
a solar panel 41 can travel in the X direction and two scanner units 42, 42° can trdvel
over the panel in the Y direction. The solar panel 41 has one or more film layers
already applied that have previously been laser scribed 43 and the panel 41 has then
been over coated with an additional layer. The requirement is to scribe a further set of
new lingés 44 in the top coating parallel, and very close, to the existing lines. In this
case two detector devices 45, 45’ are attached to each scanner unit as shown. The -
detectors face downwards and are used in conjunction with the encoder in the X axis
stage to detect and record the position of the existing scribe lines 43 ou the panel. The
detectors are displaced 4in the Y direction from the scanmer beam centre position such
that they view the surface of the panel at positions close to the erids of existing scribe -
line sections within the adjacent band to that presently being processed. In the figure
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to correct the trajectory of the beam during scanning to compensate spatially and

angularly for deviations of the existing scribe linies from the expected location.

Figure 4 This shows the iaarticular case of a panel that is fully processed by
means of three passes of the panél under the scanners giving rise to six bands of
interconnecting scribe lines. The figure shows the process in the middle of the second
pass. The panel is moving in the X direction towards the right of the figure and the

two-scant heads are é;ribmg secondary scribe sections in the bands below them while
the two detectors on each head are detecting the position and angle of previous layer

scribe line sections in the next bands to be scribed.



5. A nethod as in any preceding claim wherein the
method is carried out in a vacuum chanber. 18 6. A
nmet hod as clained in any preceding claimfurther
conprising a step of providing a single detector
attached to the scanner so tjhat during a secondary
scribing operations followng a primary scribing
operation the detector serves to detect the position
oL ApvSvi ously scribed Iines on existing layers in an
area of the panel adjacent to the band being
processed in order to permt accurate placement of
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cach band next to be processed overlap exactly the finishing position ends of
scribe lines in the last band that has been processed so that all scribe lines

interconnect; and
repeating the using and moving steps to form a plurality of parallel

bands of scribe lines to cover the full area of the panel with continuous scribe
litres.
2. A method as in Claim 1 further cdmprising a step of providing for the optical

system and scanner lens to focus the laser beam on the surface of panel.

3. A method in Claim 1 further comprising the step of providing for the optical
system and scanner lens to cause the laser beam to be shaped,

homogenised and imaged onto the surface of the panel.

4. A method as in Claim 2 or Claim 3 further comprising the use of more than one

scanner unit, ¢ach of the units being used in parallel.

5. A method as in any preceding claim, wherein the method is carried outin a

vacuum chamber.



18

A method as claimed in any preceding claim further comprising a step of
préviding a single detector attached to the scanner so that during a secondary
scribing operations following a primary scribing operation the detector serves to
detect the position of previously scribed lines on existing layers in an area of the
panel adjacent to the 1'ba,nd being processed in order to permit accufate
placement of the secondary scribing operation relative to the primary scribing

operation

A method as in claims 2, 3, 4 or 5 further comprising the step of providing at
least two detectors attached to each scanner so that dﬁring a secondary scribing
operation the detectors function to detect ghe

position of the ends of previously scribed lines on existing layers in an area of
the panel adjacent to the band being processed in order to permit accurate
placement of the secondary scribes with respect to the primary ones in both

angle and position.

A prodﬁct fabricated by way of a method according to any preceding claim.



