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By this method an electrical series connection is made between all the cells in the
panel so that the voltage generated by the whole panel is given by the product of the
potential formed 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 description of the standard laser processes 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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Laser tools have already 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 stationary parallel optics heads are often used. As an
example of this a panel with dimension of about 1.1 x 1.1m requiring 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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US2003/0209527A1 also introduces the concept of continuous motion of the panel
during scribing leading to what is termed a ‘bow tie configuration’. Such a method is
effective compared to step and scan processing and can be used readily where the
position of the scribes is not critical. However, in the secondary and tertiary panel
scribing processes where scribes need to be made very close to previous scribes, the

bow tie configuration is difficult to implement.
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scanner unit (13) including an optical systemand a
scribe gigrmeneA&Sehhr act eri sed by the steps of: using the
unit (13) to nove a |aser beam (12) in a first
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beam scanner unit (13) including an op’acal system and a scanner lens characterised
by the steps of:

using the unit (13) to move a laser beam (12) in a first direction (X) to scribe
sections of lines (15) on the panel (11) that are a fraction of the total line length
required;

moving the unit (13) continuously with respect to the panel (11) in a second
direction (Y) perpendicular to the first direction (X) to form a band (16) of scribe lines;

positioning the scanner unit (13) 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
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duning a secondary scribing operations followng a
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operation relative to the primary scribing operation
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version Herteisthe mathed iscivathar charpderdsasibit the stepeqf papviding a single
det8d d4g’l) fa&ed B3RL scanner (42) so that during a secondary scribing

operations following a primary scribing operation the detector (45) serves to detect

the position of previously scribed lines (43) on existing layers in an area of the panel
(41) adjacent to the band being processed in order to permit accurate placement of the

secondary scribing operation relative to the primary scribing operation

According to a sixth version of the present invention or of any preceding preferred
version thereof the method is further characterised by the step of providing at least
two detectors (45, 45’) attached to each scanner (42) so that during a secondary
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preceding claim  In the presént invention a scanner
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d by a single laser. The length of the Iine

scasnembeulsm@qqmél isgaderto doget ﬁhmfulédrqao a fifth of t he
panel width so the scan length is 120nm and 5 bands
are needed to cover the full panel area. The process

As aR@gdrfipR cohsidenthierdsirwhervepail with direnpiens 600 e HZ(IOIrr\lrﬁ is
to the scan head in the direction p r.pendi.cu

reqpred §e be prather yeithypbeii 128 Kinghor @ pRFisof oD Prge All parallel to the

shofBdge tﬂy%aﬁe@ 491%1 g}sgﬁgéeggﬁg a%\{gge g\eamemm Radlya

single dageh Tofe lagnb wﬂthdichﬁs:débd by tcsnaneer i bnsteel;ip @cflfth of the
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pargl it thi SRS 6 1208 1 el s € et Révéiie fun
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cover ed. act overlap of the ends of the scrlbed

scaphged in heghrechom pemmendiquiar ta dhescibe ling direrdonhile Blsse
R g e e
moiemernt a)fcthe panédlloger the fllllderigth of 1200mm the panel or scanner is stepped
in the direction parallel to the line direction by the width of the band and the process
is repeated. After five such passes the full area of the panel has been covered. Exact
overlap of the ends of the scribed lines in one band with the adjacent band is of

course essential to have continuous scribes.

The key advantage of the arrangement described in this invention is that by limiting

the scan length to a fraction of the scribe length it is possible to use scan lenses with
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is possible to use scan I enses with WO 2007/ 144565
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(typically 200mm or | ess) and hence smal |l er spot sizes

and hi gh accuracy spot posi |on|ng are readily
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) %IZES This is not possible in the type of process
18 AR UIPPHEHF Y US2003/ 0209527A1 as accurate control of
spot size and position with field sizes up to 1mor
nore is very difficult. A further key advantage of
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shaped | aser beans. As an exanple of how this scanner

dif d scribing technique can be scaled up to process

| arger panel s consider the case of a solar panel with

di mensions of 2.0 x 1.6m where 100 scribes parall el

A fmlmh¢rﬂ@yladwgn’@gg of ﬁn@methm foe seritiing s¢laspaaleisfbaiby the use of
scan eglrs]gs\?%rvlt}l 58 t%%ci,ati ?ealgglé I?Ecgs%@)le Qnal;rl]se%%?rg %:eétgés m%agl% brXther

thaﬁ fark meidepbo Allewhgahvit ueewath lasrsg en]'zféel d‘rﬂtﬂhapé‘diﬁlaﬂﬁeams
are nounted on a noving carriage on a gantry above the
panel and the scanners are spaced at one quarter of

Astah%x gfé omo% bhis F&nh@ﬂ%s@&%@rﬂﬂﬂg 2 }Q caﬁﬁegbamuﬁ to

nount e a single axis stage s n be noved
protése largetpayetadondidee thd @pe of osdlimepaymh vith, diftiensions 0£28 x 1.6m

e dRErD Pardle Blesotede FRASERY Roie I seiler

unifdH€ bise® Eadll ScanGiatl @hayElod fetlageaits @V R Saseor, ep@aithg ¥n the
such that one scanner i s S|tuated close to the side

Progrfgemay upgi faghien of thy bapm fragna lagenner s operate in BTS
node with the scanner carriage noving continuously in
a direction parallel to the | eading edge of the pane
Thesfout blangew ars exduesedbdn b mm»sng)aaraﬂage bn a(gahtry abovgytteimi@el and

the sga%n%rsogre ts?a?ce%%@ eolme Iqtqarter oafnrﬂe pantgm 1d¥¥‘1 m 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 long side edges of the panel in a band 100mm

wide.
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on the panel size and process tine
requ?reneﬂgﬂﬁgﬁs nore scan heads are added the
4) The panel moves over the full length of 2.0m creating four bands of lines on

the panel surface.

5) The carriage on the scanner gantry steps sideways by 100mm and the process
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
process. Any number of scan heads from 1 to 8 or even 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.
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In the bRathples BRAmbAVE GRilask: bpual dDeaitistabe inkelepafiom dtwe @@ to
its upper or |ower surface coated. In all the exanples
the gippet, capfsdesideaf thampanel, ddigisawt ap exeyeiye agangrpaentang pther

arrﬁ%iée?nents are equally possible. The beams may be incident from above and the
panel may be arranged with the coated side facing downwards. Alternatively the
scanner units may be positioned below the panel with the beams directed upwards

with the panel having its upper or lower surface coated.

In all the examples given above the panel has been arranged to move in one axis
while the carriage carrying the scanners moves in the orthogonal axis. Other
arrangements are also possible. The panel can remain stationary during processing

with the scanners moving in 2 axes by means of a moving gantry over the panel.
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sequenti al” | aser scribing operations. The positioning

accuracy requirenents for the scribes in the first
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key advantage of the jnvention described here where
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opég{\:tﬁoeﬂﬁg PI?E :I‘J\bgiéi)br t d%c?iﬁ&%%g‘gg@%én?%rgﬁogqne aLritRB B hle first layer are
much less critical compared to the second and third layer scribes which have to be
placed very accurately with respect to the previous scribes. One key advantage of the
invention described here where short lengths of scribe lines are created in a series 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
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Jepeated for all scribe lines in_the band. After a
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Can%ggcggaagﬁﬂﬁ@yﬁﬁwdnaintained. To al |l ow scri bi ng of

lines parallel to either edge of the panel each

scanner head needs to have 2 detectors attached to
. r
1o A0 00 T 2,01 B9, 5B E0 y s
to haeap detdctore apadhetlte it. The Hetebtosd agenounted at 90 degrees to each
other with offset directions from the scanner beam centre line parallel to both stage
axes. The offset distances from the scanner beam centre line are such as to place the

detectors over the adjacent bands in each case.

This method of “dynamic scribe alignment” (DSA) is very effective as it allows local
variations in scribe positions for all lines to be measured and compensated for

without significantly slowing the overall scribing process. DSA achieves this as
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A variety of optical based sensors can be used as DSA detectors. The requirement in
each case is to detect the location of a line cut in one thin film when overlaid with
another. This means that the optical 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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to the long side of the rectangular panel in the X direction. The beam 12 from a laser is
passed through a two-axis scanner unit 13 and is focussed by a lens 14 onto the
surface of the panel in order to scribe lines 15 on the panel. The scanner unit is
mounted on a moving carriage on a gantry over the panel so that it can move in the
direction Y. Rows of scribe lines in the coating, running parallel to the X axis, are
created in a series of bands 16 as shown, where the width of each band is a fraction of
the total length of the panel. Each band is created by continuous movement of the
scanner in the Y direction while the scanner unit is deflecting the beam over the
width of the band in the X direction. This type of processing is termed bow-tie
scanning (BTS). After the scanner has moved over the full panel width in Y the panel
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this ase & Setegtrc])lr tdev1ce 5815 mounted to the scanner unit as shown. The detector is
facing downwards and is used in conjunction with the encoder in the Y axis stage to
detect and record the position of existing scribe lines 33 on the panel. The detector is
displaced in the X direction from the scanner beam centre position such that it views
the surface of the panel at a point within the adjacent band 36 to that presently being
processed 37. In the figure shown the detector is separated from the beam line centre

by a distance approximately equal to the scribe band width 36 which means the
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scribe@nni ng to conpensate for deviations of the existing
scribe lines fromthe expected positions. Figure 3
shows the particular case of a panel that is fully
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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 from the scanner beam centre position such
that they view the surface of the panel at positions close to the ends of existing scribe

line sections within the adjacent band to that presently being processed. In the figure
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nmeans of three passes of the panel under the scanners
giving rise to six bands of interconnecting scribe

woOinEs4456he figure shows the process in the m #@dit&B2607/001952
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the second pass. The panel _is noving in the X
direction towards the rightl%f the figure and the two
B heads are scribing secondary scribe sections in
the bands bel ow themwhile the two detectors on each
head are detecting the position and angle of previous
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scanner lens (13) to cause the |l aser beam (12) to be

shaped,
method as in Claim 1 characterised by a step of providing for the optical

system and scanner lens (13) to focus the laser beam (12) on the surface of

panel (11).

A method in Claim 1 characterised by the step of providing for the optical
system and scanner lens (13) to cause the laser beam (12) to be shaped,

homogenised and imaged onto the surface of the panel (11).

A method as in Claim 2 or Claim 3 characterised by the use of more than one

scanner unit (23, 23’ Figure 2), each of the units (23, 23') being used in parallel.

A method as in any preceding claim characterised in that the method is carried

out in a vacuum chamber.
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A product fabricated by way of a method according to any preceding claim.



