METHOD AND TOOL FOR PATTERNI NG THI N FI LMS ON MOVI NG
SUBSTRATES TECHNI CAL FI ELD This invention relates to a

wo amen3aht ati on nethod and a tool. It is partiecl/aBke7/001811
concerned with the field of |aser ablation for the
processing of thin filnms om | arge area gl ass
substrates used in the manufacture of flat panel
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| ar gest display and operates on substrates that are in
not i on. BACKGROUNDART The manuf acture of the conponent

MF flat panel displays ( FPDs') requires
TECHNmJ ??%Ig; process steps which include |ithographic

This inP&i&] fél&&@@éaqasefrraﬁmtﬁ)m%&d@?ﬁ& BHaM Tt ticfladly

sui t abl e photosensitive resist layer which i1s then
concerntRPWithaAhd#lell d ©f taseAhbRIEGNIfBr fhd pfcme%i}g Wf thi8 IR Gi large area
during a subsequent etching process. To create high
glass sulssselted id ipathbehasufattire of ﬂﬁ&\ﬁéﬁél}di@pl@?é.s Thy itieeritim is novel
an optical projection systemwhere the nmask pattern is
in that itrrsge dnlyndmall measia o ablade thahdl acand exen thé Hrpest display and
projection | ens. Such systens usually use | anps
operatespuy subishigtésthaherein mativhol et regi on as a source of
radiation to illum nate the mask and expose the resist
| ayer. The radiation intensity at the resist surface
is low so that to achieve the required resist exposure
BACKGW@:gé‘é"nS that exposure times up to several seconds

are required. During.the e ure period it |S, .
The migadtBEk of B om AR ehR R o LA PenFLaieP s (FEIR derizes
. n_exact the.correct kelative positipns,.te ensure
malipl e e WG R o Blnl i PaBetr BTt Bt S48k to form
. . . i Nea SO
an imafEiPs Shifil el SRR AR TRt Wil B At e batiern
: ; i r@qg j %ir?% at the mask
mafﬂé%ﬁi‘ﬁug}g‘ﬁ%gﬁﬁ%tt ?%éb%er Ir}glgnt al gﬁyﬁetﬁgr egister in a
so cal l ed scanni ng node of exposure.lf the |anp source
used to illumnate the mask is replaced with a | aser
To creat@higteresbhitiotNpatternB of i goHbAETY WdcesR@Y b 188 an'Opfical projection
intensity of radiation at the substrate surfacé can
system where the mask pattern is imaged onto the resist surface using a suitable

projection lens. Such systems usually use lamps operating in the ultra violet region as
a source of radiation to illuminate the mask and expose the resist layer. The radiation
intensity at the resist surface is low so that to achieve the required resist exposure dose
means that exposure times up to several seconds are required. During the exposure
period it is necessary that the mask and substrate are maintained in exactly the correct
relative positions, to ensure good image fidelity. This is achieved either by maintaining
both mask and substrate stationary in a so called step and repeat mode or by moving
both mask and substrate simultaneously in such a way that the mask and substrate

patterns are maintained in register in a so called scanning mode of exposure.
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exceed the threshold for ablation and the substrate
material can be directly renoved w thout use of resist
w@pa7as8p7et chi ng process. Such | aser abl ati on PODGB2@7©01811
wi dely used for directly structuring filnms over small
areas but up to now have nd been wi dely used for the
direct patterning of |l arge area substrates as found in
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st scanni ng Iitﬁography t'ool s used in FPD
exceed R@H{rasholdiffablatiohvantbgiel subsahicmariril eah berlifatyaemoved
where the mask is the sane size as the imge to be
without aserefiresidhaadianylbetclaimgeprogessg a | x mask al |l ows sinple
co-ordi nation of the mask and substrate notions. In
this case, to achieve direct ablation at the substrate
means that the mask is subjected to an ener density
e waing

Such lasersablatien 2015 are widely dised der direptly syclysi over small areas
demagni fyi ngt proj ection opti Ct?ll tqs,yst emw th té%ﬁ)l cally
but up jo pow; haske npt heegrigidely wagh fan tgditet pattegrng gk large area
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cost’'s assocl ate scanni ng ablation t

becaus® US@STS1 DehasR B WA G pibl BSlor@irRfion! df tHE BedskAR] Substmes
abl ati on process and laser ablation tool using a

motiond E THEEB cAdd, Bactibv€ direbf sH18E6A AN tISY/SiLBMRate fritads $@ the mask is
stationary mask that can be used to create a conpl ex
subjecteé pe ah iengrgyad éresity ihiat theses it fodeedahaged aOgty byssirigh ele-
that is noving. The invention is particularly
magnifyg prjéciion dpticalPstdewiih typinallyct 2itiey.dDIISChESIRE OF
| NVENTI ON According to a first aspect of the present
magnificationtfaetar cae sandarg chyome onaquestmdskobe tisedrsafglyafor direct
.regular]ly repeating pattern_in a thin film(2) on a
ablaﬁoguggtopglcgl projectionsy st dhatde-magnifies the mask pattern means that

the mask size has to be greater than the image size so the problem of mask size for

moving ablation tools for large FPD substrates becomes even more difficult.

The present invention seeks to overcome the problems and high costs associated with
scanning ablation tools for processing large area substrates. It describes a laser
ablation process and laser ablation tool using a de-magnifying optical projection
system with a small stationary mask that can be used to create a complex repeating
pattern on the surface of a large substrate that is moving. The invention is particularly

appropriate for FPD device manufacturing.



it directly with radiation froma pul sed | aser beam

(3, 10) characterised in that the radiation beam (3,
waejo7issscaused to pass through a suitabl e nmaskp¢m§EB2007/001811

delineating the pattern, the imge of the nmask pattern

bei ng de-nmagnified onto thes3surface of the film(2) by

a suitable projection lens (8) so that the energy

Discrof b ENAOR, (2) "o be rempved directly by abl ation,
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using a single sh pul se of radiation (3) at each

radiatiéii Barhq3) 10) dstairied tbipssBstough a shibblé athsRl(V pdelmbati@g the
havi ng such an energy density at the substrate (1, 5)

patternj tad icndge of theanaskt pettdriniedhg ldé-magnifietiarnta the@bidaceodf the film
the film(2); and (ii) the series of discrete |aser

(2) by aaﬂwmhl@prqe@:;m levs (B) soeqhaaﬂmjelmrgy density at thedfilaa isgufficiently
the surface of a substrate (1) give a full pattern

high socasrter RIS thefilsn (Rdp |heyrem0\fﬂd<réirgct1}blyy ablation, thedmprinting steps

bea% ~10) or substrate (1, 5) in a direction (X)
being caggi to one axis of the pattern to be formed on
. the su Irate an actlv he pul sed .l aser A
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direction (Xl) parallel to the direction in whic

fontdlatidreof the fiin @); &&Bm (3, 10) is nmoving is
sufficient to provide that, after passage of the

(i) theberieabé disackte 1ddee abldtion sne}beblemgea edtad oveatie ffll 4deq of the
filmhas received asufficient nunber of puI ses of
surfacetofersubstiate (1, tatgise a full pattern comprising a plurality of pixels,
by moving the laser beam (3, 10) or substrate (1, 5) in a direction (X1) parallel to
one axis of the pattern to be formed on the substrate and activating the pulsed
laser mask illumination light source at the instant that the substrate (1, 5) or

beam (3, 10) has moved over a distance equivalent to a complete number of

periods of the repeating pattern on the substrate (1, 5).

According to a first preferred version of the first aspect of the present invention

the method is characterised in that during the imprinting stage the size of the
illuminated area at the substrate in the direction (X1) parallel to the direction in which
the substrate (1, 5) or beam (3, 10) is moving is sufficient to provide that, after passage

of the substrate under the illuminated area, each part of the film has received a



According to a second preferred version of the first
aspect of the present invention or of the first
w@e®@fesized version thereof the method i s char ap€EGB2@®d/001811
in that the inprinting stage nakes use of an optica
projection system (8) to tréansfer the mask pattern on
to the substrate (1, 5). According to a third
. . vV [ O . fid st of the present
sufticiefk SLEH LIS S0 RBGREY PIRER oa versi on
t hereof the nethod is characterised in that the source
of the pulsed |aser beamis an WV exciner | aser.
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ect of the present i1nvention or rst or
or of thegEenPraléata veeslod PhéreoNthe MBARK istdh@ratétided inShat the
characterised in that the source of the pul sed | aser
imprinting Stdge raakeéRusod] €h spats Tﬁrﬁﬁeﬁon Apsterd{8) go transfek thd Mask
preferred version of the first aspect of the present
patterni arventhiecrubstratd (1aB). precedi ng preferred version
thereof the nethod is characterised in that during the
i mprinting stage an edge of the area to be ablated on
the substrate (1, 5) is defined by neans of noveabl e,
Accordipg g third prefesradsversionsef the firstaspest ef thearesestt inyrntion
mask . According to Si X preferyed version of
or of a%erqcrg@tg ged sersig Thareebhe e i shagactesised iy that the
gﬁ cedi ng Eref %rred. versjon Ihergof the nmethod is
source pf the pulsed laser Pramisan (Y exguper3sen. o 2 ised to nove
at an appropriate tine during or after the noving
| aser abl ation process to all ow non-repeating border
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or of any preceding preferred version there

the soufi® 8othel pulsd@laet Bearagslah TRIsBAH stdie 1sdebst rate (1, 5)
is ablated in a series of parallel bands and the dose

of illumnating radiation at the regi ons where the

bands overlap is controlled by using an i mage form ng
Accordingsto 4 fifth praefemed tvepgien ob the firstl aspent of thepregesisinggntion

profile at each side of the
or of any preceding preferred version thereof the method is characterised in that
during the imprinting stage an edge of the area to be ablated on the substrate (1, 5) is
defined by means of moveable blades (11) located close (9) to the surface of the mask
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According to a sixth preferred version of the first aspect of the present invention

or of any preceding preferred version thereof the method is characterised in that the
mask (7) is caused to move at an appropriate time during or after the moving laser
ablation process to allow non-repeating border regions of the pattern to be imprinted

on the substrate (1, 5).



mask pattern, the steps or random features

corresponding to one or nore conplete cells in the FPD
wa@eeoag3s3according to a second aspect of the prESEGB2007/001811

invention there is provided a | aser ablation tool

characterised in that it issadapted to carry out the

nmet hod of the first aspect or of any preferred version
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s using only small masks. The optical Ssyste

formingengdledhay hab Bist@spdPo# Fid ohdibed tiahshisseén plbleia®Bach side of the

tools in that the image is of a reduced size conpared
mask gatterhethessdps dihanidowne fdat@res cetrespordini!te dikcorahofe complete
pul sed |ight source such as a WV exciner |laser or IR
cells indbeFPDsamay. | aser to create the fil m abl ating
radiation. In the regularly repeating pattern case the
mask remains stationary with respect to the projection

.ens during the |aser ablation process while the film )
Accoréé% tea seemidsasract of the Bresent ingenion thereds pyovided jadaser ablation

i mage. pl.ane, of . the_projection lens or {he inmage is
tool chiyiay erisBa B Eaat ids SarREdo SRy itang SRethod ofphBasi@spect or of
beam scanner system used in conjunction with a
anyprgfslérgﬁaferglggﬁﬁﬁ%%and i magi ng projection lens. In the
case where uni que (non-repeating) patterns are
required to be fornmed in areas adjacent to the
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repeati ng ttern area Into the beamat a surta

any préfesleditersivhitheredf. after the novenent of the FPD
substrate. The key to the successful inplenentation of

this process is that the pattern to be ablated has a

regular pitch in the direction of relative novenent of
The predeat sutestiont relatasito a novel optical projection method for ablating thin
films to create high resolution, dense, regularly repeating patterns over large area
FPD's using only small masks. The optical system is generally similar to that found in
laser ablation tools in that the image is of a reduced size compared to the mask. The
invention relies on the use of a pulsed light source such as a UV excimer laser or IR
solid state laser to create the film ablating radiation. In the regularly repeating pattern
case the mask remains stationary with respect to the projection lens during the laser
ablation process while the film coated FPD substrate is moving continuously in the
image plane of the projection lens or the image is moved across the surface of the
substrate by means of a beam scanner system used in conjunction with a special

scanning and imaging projection lens. In the case where unique (non-repeating)

patterns are required to be formed in areas adjacent to the repeating pattern the mask



I mage and that the pulsed | aser source is activated at
exactly the correct tine so that the substrate or

w0 pmge3soves by a di stance exactly equal to (oPCT/GB2007/001811
multiples of) the pattern pitch in the tinme between
successi ve | aser ablation palses. W call this process
synchroni sed i nage scanning (SIS) as the triggering of

may o QU AR BE b B2 o and be caused
to movaRGRER RIS RF a¥hd m&muc%%é&{o%%peaﬁﬂg ?g’cgtggf a%% A% {l:{ég}feam ata

successive 1 mages are displaced by 1| ers

suitableiihStBREAGFing B aPRl RS thovoRiel dF tKEFPPoRBiskhaNSs are
necessary for the SIS |aser ablation process to be

effective in the creation of patterns suitable for
FPD s. These are listed below Firstly the projection
The keydnshe sumessfubadplemdreation oftlds proedss dnthan thapedaai © be
resolution and field size. In general the finest
ablatechhag eregulaepitehlin therdibeetion of wefativef mwveinend o thewsuistate and
) so_ that optical resolutions in the range of 1 to a few
image pnd thatthg palsesiapetespurap isnotiyptrskataxacty doe rorraditine ed that
with | enses presently_comonly gged for |aser abl ation

the substrate effmagemayes Ry A slistange eractbpe@ial topetp multiples of) the
ot e SR e B P RSB e oot
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substrdt’g@ 3t bbA® hefsn RETRAE éiﬁ!ces%?ﬁ% ﬁié%%s%ﬂ%é&%& %’% gﬁ@gﬁl h&mbers

e in the range 0.05 to O.

of pitch&@sfahe pafteir) the range of Inmto several 10s of mm
Such values are adequate for the SIS | aser ablation

processdi scussed here. The |l ens magnification factor
can be any value that is convenient so |ong as the
Severabkey gynditions aye m¢cestmrySubthe S6dases abldftiorcpritess ® be effective in
ablate it and the energy density at the nask is
the creatieon pf paitems suitabibnfioy FH0's. Hwse nhelisteddeldwer e SIS
ablation is perforned using an IR solid state |aser
the lens has to be specially designed so that it can

. e used for, high resolution inmaging in
Firstly Ec)he projection lensegs used need to have lowgv digtortion and adequate resolution

and field size. In general the finest patterns needed in FPD’s are of a few microns in
size so that optical resolutions in the range of 1 to a few microns are required. Such
values are readily achieved with lenses presently commonly used for laser ablation
particularly in the UV and IR regions. When conventional chrome on quartz masks are
used and the energy density at the mask has to be limited to avoid damage to the mask
such lenses de-magnify (reduce) the mask pattern onto the FPD with typical
demagnification factors in the range 2 to 10. The combination of resolution and
wavelength leads to the requirement that the lens numerical aperture (NA) usually
needs to be in the range 0.05 to 0.2. Field sizes of such lenses are in the range of Imm to

several 10s of mm. Such values are adequate for the SIS laser ablation process



conjunction with a beam scanner unit. Such | enses are
unusual in that image fidelity needs to be maintained

wo e00y/184305el y across the full field of the proPerGBRW7/001811
| ens. The | enses used for both UV exdner l|laser and IR
solid state laser SIS abl at4 on are general ly desi gned
to be telecentric on the inmage side. This ensures that
the size of the ipage is naintained constant .if the,

discusseq hste- dihe leas magpiiieb@ndprighical) bean Yatae Hialds comygaent so
ane al o t.he tical axis. Secondly. it i.s inportant
tong as fhaererey dehsiy a¢ O niPRr R8s syt in Falete s Spat TR hafiy
o f a sufficiently short ration. This is inportant
dens1ty§§t€%gla§%6§ﬂs&ﬁ§c%y e %Fﬁg d or the | aser beam are
novi ng conti nuously and the |ight pul se needs to be
sufficiently short to '"freeze' its notion so that the

For the ic%h%f@ﬂs%l%ﬁoﬂ‘%tg&k&&ﬁ&@ ust arS HOSS BB %e RiselP@RBns has

novi ng at speeds up to several ters per second, to

to be spelcililly ddyezrdta@rthak W cahthd @5l fdratigh réBoliiash fragingaa
t hat "t he pul sed source has a duration of a fraction of

conjuncdiof with Sbeon dedrirteraad). Suchlehdbisaire aassualitlthatinhapreefiidelity
make ideal |ight sources as the pulses enmtted are

needs to beahhintaiabd venyl elosdlyrdaross thedul field ofitheapiajertion lehat
no i mage blur effects are seen even when the relative
speed between the substrate and the i mage exceeds nmany
neters g;r second. UV exaner |asers and IR sqQlid state

The lenpegased tordbogh IV exsimer Jasss gad [Rgialidsyatedaser3S ahlajion are

m_t pul ses,at wavel engths that can readily abj at )
generally, dapaned forbe dslacoie Rdie dRAgR 14 s ils ensires dhakthe size of the
. (fe .to.few 10s, k . Thisg. neans t.h FPD s.with .
image i SR BEANS CERUERT f She S dinge o BT ey Eroma b xdct image

.. 50mm. up to over 1 mMmmin size can be

plane a%@?ﬁ?ﬂ“ is SIS |aser ablation nethod at nodest

beam or stagespeeds. As an exanple, an FPD pattern

with a |OOmm pitch in the substrate noving direction

SecondfsPit iDfmpathAE ARY ﬂ@%ggﬂhwgﬁemefabﬁ%ﬂmm ofa

rmng-an | mage t as a w t he i ng

sufficieA kb OfuRftionTIh¥ i Bmipd@taint bk fide SYBKERIE & BE dbRed BAthe laser
thé i mages overl ap evefy second pattern pitch with the

beam aS¢/BESvViAg ComBNutGMahtl thedighe puls ndedsitobesuificiendpereort to

of only 60misec.” In this case the inmge contains 10
‘freeze’riepm@tion so that the image created is not blurred. For substrates or beams
moving at speeds up to several meters per second, to limit the image blur to less than 1
micron requires that the pulsed source has a duration of a fraction of a micro second
(10 sec). For this reason pulsed lasers make ideal light sources as the pulses emitted
are usually well under 1 micro second in duration so that no image blur effects are
seen even when the relative speed between the substrate and the image exceeds many
meters per second. UV excimer lasers and IR solid state lasers are particularly good
light sources as they emit pulses at wavelengths that can readily ablate common films
and have convenient repetition rates (few Hz to few 10s of kHz). This means that FPD’s
with pattern pitches in the range of a small fraction of a mm (e.g. 50um) up to over 1

mm in size can be processed by this SIS laser ablation method at modest beam or stage



patterns in the full beamw dth so that after the

substrate has noved through the full inage area each
w@e®@a/1843rt have received 5 | aser shots. |f therP€T/GBRG03/001811

thin and only one | aser shot is needed to renove it

fully then in this case the substrate woul d be noving

at a speed of 300mm per second. If the filmis thicker
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this case as the image contains 6 repeat patterns

patternwin thenfulhieedm Width do thetaiftdnahe afibstratpdas ageved thrbegh the full
full beam over the substrate each area will have

image area eqacledrad Wilkkavesteseived Fhlasetshats.Ké the filgn is @i and fomly one
the successful inplenentation of this SIS |aser )

laser shgp isseastedpiogenaye it fulljathentia thissease the pulgptraie wayld de moving

exactly with respect to the stage or beam
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control electronics are needed to generate

firing syhdétirogisedl seAthaf fRMnL hﬂ;r'aﬁéﬁ
& %ﬁrrall changes in sta esgﬁéggg%fgﬁ?gése VO g\%ﬂﬁﬂgﬁieam

moving AMPME@eEB \ffer seerin In @ik @te dhetiipe (¥R%AIhs BREPEatPatterns
the i mages. Such electronics are readily available in

within tesfindowvit tBNG thiatgiteopdssage of el bdad ovEettRas®dshty @ch area
IR solid state | asers are used and the imge i s noved

will havgreseivedifelasebshiotat e by means of a beam scanner system
the accurate control and synchroni sation of the beam
scanner systemw th the laser pulses is critical.

The third key requirement for the successful implementation of this SIS laser ablation
process is that the laser firing has to be timed exactly with respect to the stage or beam
motion. For excimer laser based SIS pattern ablation, where either the image is
stationary and the substrate is moved in the image plane of the projection lens or the
substrate is stationary and the mask and projection lens are moved with respect to the
substrate, this means that the stages need to have high resolution encoders fitted and
to be highly repeatable. It also means that fast and jitter free control electronics are
needed to generate the laser firing pulses from the stage encoder signals so that small
changes in stage speeds (due to servo control loop delays) do not affect the exact

positioning of the images. Such electronics are readily available in standard CNC stage



The fourth inportant condition for successful SIS
| aser ablation is that the energy density of the

w0 207483300 created at the image pl ane by each P&®6B2007/001811
pul se is above the threshold energy density heeded to
cause direct ablation of the film Hence the envisaged
nmet hod for best using this SIS |aser ablation process
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direction so that the 2nd abl ated band pattern is
density®fahé kydiatohredted at thd igadd plahe byhchllisey Pidsedis abbee the
ty\?\/lj')fdth of each band abl ated shoul d be such ?r?gt when
threshodd enegpnderasity wastdiedabeatibediratt abdutéen of tHehfdink:PD has
been abl ated. This is desirable but not essential as
Is discussed later. It is also possible to perform
exci mer |aser based SIS ablation using different .
Hence thetenyirnaged meidiadefor igst tring this &% laser ablafienmyorens voith excimer
.the optical] system and substrate. In one case the
lasers ipfn freate aryanags phe Bashr whidhyisield stasionary wAth raspeelta the
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as possible though this is ITmted by t
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essential as is discussed later.

It is also possible to perform excimer laser based SIS ablation using different methods
for achieving the correct relative motion of the optical system and substrate. In one
case the optical system incorporating the projection lens and mask is held stationary at
all times and the substrate is moved in 2 orthogonal directions. In another case the
substrate is held stationary at all times and the optical mask projection system is able

to move in 2 orthogonal directions.

To maximise the speed of the FPD SIS laser ablation process it is necessary to reduce

the total number of parallel bands and to move the FPD at the highest possible speed.



of which is divided up into at | east 3 sub-pixels or
cells representing the different colours necessary to
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maximjsgdses to fully ablate it neans that the size of the
beamin the scan direction is given by the product of

As the excimer laser SIS laser ablation process requires that the FPD and image move
relatively to each other by an integral number (1 or more) cells between laser pulses it
is possible to increase the relative speed by moving more than 1 cell pitch between
laser pulses. Moves of 2, 3 or more can be used to increase speeds. The consequence of
increasing the distance moved between ablating pulses is that the ablating beam at the
FPD increases in size in the moving direction. As an example consider an FPD with a
pixel size of 0.6 x 0.6mm. Each pixel is divided into 3 cells each of 0.6 x 0.2mm in size.
If a laser firing at 300Hz is used and the FPD or beam is moved in the cell short axis

(FPD long axis) direction a speed of 60mm/sec is achieved if the substrate or beam



the cell pitch, the cell nunber noved between pul ses
and the nunber of ablating pulses required by each
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moves j&&Fond Bl pitvh EadERsemEpiee. BYrmbBefiy 2edNnkMsbeétv@en laser
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systemto ablate a row of pixels across a narrow band
of filmparallel to one axis of the FPD. After one row
The requireprerditbateachasemobh fhe EPRaxeceives bagrinitanwmber poépulsss o fully

.the direction in which the beamis noving to ablate an
ablate ityjeans thathe size of theheamindhe seandireetiomis givendy dhe product of
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opti cal system i ncorporating nask, scanner unit and
projection lens is stepped sideways and anot her band

The emﬂga\%t‘%ﬁﬁbtﬂdﬁ tdr®ebt tisihg 3R sTIS YaseblaBRitlon pritRess WRATRRZolid state
di stance has to be an i ntegral number of pattern

lasers ipid @bete dninidiR citegptiogasi maek apthesFPDRatfatd ehadigmoved
abl ated band pattern is exactly registered to the

by meahs ofa beamdscahnemgsyséemlto abiataiadolw of pixalstachassch adrraivdshnd of
shoul d be such that when all bands are conplete the

film patallel tapraaxis of Hee EPD. Adteriomerroabbbipixels Hesibeengatterned the
desirabl e but not essential as is discussed later. It

beam sqagngr sevessessthg|diraciopdnvohich the beamds srexing|te eblate an @djacent

SIS atiop usin i fferent nethods for achieving the
paraﬂele&w-:ﬂ“&wgw% %%3 ifW%‘ﬁf;tIﬂ@V’é‘ﬁthl@sﬁs%}@%tﬁwa@ﬁoﬁ the same
. S trate. In qne case the optigcal system _.
time th¢ §UERERF 5 miogeRanBRE PR BnE SHEctBt R EEdiRdar i e beam
scan dlrgegggﬁaéa}if( glug grh‘efe?%%é?lzctqa lonog#t a a;%:a]l'éf tr(r)e%e%ﬁgsttrgt% moving

direction is patterned. We call this beam scanning in conjunction with substrate

motion to process a band of repeating structures “Bow Tie Scanning (BTS)”. After one
band has been ablated the optical system incorporating mask, scanner unit and
projection lens is stepped sideways and another band adjacent to the first ablated.
Clearly the sidestep distance has to be an integral number of pattern pitches in the
stepping direction so that the 2nd ablated band pattern is exactly registered to the first
band. In general the width of each band ablated should be such that when all bands
are complete the full area of the FPD has been ablated. This is desirable but not

essential as is discussed later.



directions. In another case the substrate is held
stationary at all tines and the optical mask
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. laser .shots., For,.the case of IR solid state .l SIS, .
the line ffaFjqifs any iy adiscent Baads Figre lniier ragivesTeighE Lhis technique
can be applied to either UV excimer laser SIS ablation or to IR solid state laser SIS

ablation.

For the case of UV excimer laser SIS ablation a typical image imprinted on the surface
of the film could be 100-200 pixels long in the direction perpendicular to the moving
direction and many tens of pixels long in the direction parallel to the moving direction.
The multiplicity of cells in the direction parallel to the moving direction allows the
possibility of forming a staircase of cells or more complex pattern with isolated cells at
the side edges of the pattern to give a staircase or non-straightness to the beam edge.

Many stepped or isolated cell patterns are possible so long as both ends of each image



of the filmis nmuch smaller but can still contain

multiple cells. As an exanple for a |aser ablation
w@e@ea3Bs7t hat needs 5 | aser shots on each areaP@f/GBR@®7/001811

substrate to ablate the filmfully the image woul d be

5 cells long in the directil®dn parallel to the noving

direction and a sim|l ar nunber in the di recti on
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] case of UV exmer |aser SIS ablation, control of the
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and in @ﬁeﬂﬁf&l e‘%ib betvietIeindxfare 3ab Fcf&ﬁﬂﬁ%e%ﬁnﬁ&ﬁhn%ﬁ@f laser
this partially ablated band will be up to alnost the

shots. full width of the image in the scan direction and the
nunber of |aser ablation shots received by each area
overthis distance will change fromone to the maxi mum
value. Clearly this is highlyundesirable so that a

For therrastofiUiVsexaimes daseo SEr evlation,t dandroiied the nunpreyioff &aser shots each

exists at the sides of the FPD if the edge of the beam
area of {he gubsiraie apeeiyes right up to the 2 boundaries of the FPD device in the scan

direction is an important issue. This is a potential problem with this SIS laser ablation
process as the beam width in the scan direction is such that many patterns are ablated
on each laser pulse. If multiple laser pulses are required on each area then the

substrate or beam moves only a fraction of the image width between laser pulses and if
the triggering of the ablating laser is suddenly stopped at the boundary of the FPD
there will be an area extending over part of the image where the number of shots
delivered to each area is incomplete. Depending on the number of shots needed on
each area this partially ablated band will be up to almost the full width of the image in

the scan direction and the number of laser ablation shots received by each area over



or discontinuous to control Mira effects at the band

boundary regions. At the outer edges of the extrene
whanda3sged to ablate the FPD a partially abl ap@€dGB2007/001811

region with wwdth equal to the width of the structured

region on the ends of the hgamw || be created. In

this region the nunber of |aser shots received by each
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oriented with their flat faces parallel to the surface

edges aifth¢ betreme bands dised ¢o abkaa¢ €tk FEDy partmilytablited regiok with
surface such that the bl ade edge is accurately i mged

width eyual to theewilthsifithe strswtifrad eegicowm tieatels afrtbe begmi widtibe
intotal, one to deal with each of the four substrate

createdp dntbigregion the mmaber ofdaptradwss eaceivedly eadh areailldall from
pairs on a two axis CNC stage_system and are desi gned

the fullymlye,ta one LCleprlydhisiigddghlyandessable sothat panethediipeeded to

EPD (and mask) pattern. To solve the noving direction
controldfige probl em a bl ade is noved into the beam at the
mask to reduce the beamw dth progressively as the FDP
boundary is approached. This neans that the notion of
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exposur e stage to the wafer
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The blade clearly has to nove a distance and at a

stage coR@SIkyshah sb Tah Pedir@der! Mitd Hte PEAM ot Hidl€owB@atinb iuk#H the
| ens magnification. Side boundary bl ades are used to

process Theibiedes drb erivatedwittngeipiletfates pdratekw thardsfaas of the mask,
each side edge of the FPD and can al so be used to

and areclocated|veri elase ¢o dhé nvasiitsarfate sheh tiatdhe blade edge is accurately

imaged on to the substrate surface. Four blades are required in total, one to deal with

each of the four substrate boundaries. In practice blades are sensibly mounted in pairs

on a two axis CNC stage system and are designed so that the blade edges are exactly
parallel to the FPD (and mask) pattern.

To solve the moving direction edge problem a blade is moved into the beam at the
mask to reduce the beam width progressively as the FDP boundary is approached.
This means that the motion of the blade has to be accurately synchronized in position
to the motion of the main FPD stage. This is exactly the method used in standard

lithographic exposure tools to link the mask stage to the wafer stage so is readily



abl ated on the FPD surface. It is possible to set the

wi dt h of each band such when all bands have been
weewphased the wi dth of the FPD devi ce has beePCT/GBe0ed01811
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adj ust ment of the beam scanner controls such that the
requiregioaridthrtoberte ah P of exadtndhetdoerdcsigeh of the band is
created. Such a procedure |l eads to sonme of the |ines
of cells in the last scan of the beam across the band
recei ving twice the nunber of |aser shots conpared to
For therqage p£BY slid stiate lasewiSIoablaiion usingB T vwelepriosessing the beam is
eneral |y used to clear a thin filmof material froma
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on the FPD surface moves parallel to the end of each band. There may however be an

issue about forming exactly the correct number of pixels along the length of the band
since the finite number of pixels in the image in the direction perpendicular to the
beam moving direction may not divide exactly into the number of pixels required by
the FPD design. If this is the case then the final scan of the beam across each band is
adjusted in position along the band by adjustment of the beam scanner controls such
that the exact number of pixels along the length of the band is created. Such a
procedure leads to some of the lines of cells in the last scan of the beam across the band

receiving twice the number of laser shots compared to the rest of the band but since



recei ve the sane nunber of |aser shots. This is

achi eved by careful overlap of the last imge laid
wWa@lonr/18837a beam scan in one band with the firseCT/GBY®7/001811

| aid down by a correspondi ng beam scan in the adjacent

band. As an exanple in thejgase where the noving inmage

contains an array of 4 cells in the scanning direction
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exactly the same n | aser shots. This proce

the fullirfurfbéesf lay@ shots. dinl thetasdgiveaddre ShdREVRRIzd@ifinstolumns
the body of the FPD but it is clear there is still a

that arq4 oddlsewide wihererthenmpimber pf stidtapet uaitldrea ddiides frmh drto 3 to 2 to
edgesof the first and |l ast bands. If the requirenent

1 acrosgthesingageo Fulkablatibh of ¢hisincempletelyl aplated trbgion atiedeh band edge

i _edges then this is_achieved by carrying out an

is achiexgdiby @rezlapping éswithithe catrespondingrincampletelyablatadiregion on
.Side edge of the FPD is patterned wth the same area

the adjagepthapd. In the case given here this means that the images on adjacent bands

are caused to overlap by 3 cells so that the cells that received only 3 shots in one band

receive an additional single shot from the adjacent band, the cells that received only 2

shots in one band receive an additional 2 shots from the adjacent band and the cells

that received only 1 shot in one band receive an additional 3 shots from the adjacent

band. In such a way the band boundaries are merged together to form a continuous

pattern where all cells receive exactly the same number of laser shots.

This process is effective for all the boundaries between bands in the body of the FPD

but it is clear there is still a problem with incompletely ablated cells at the outer edges
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R R S TR I R
repeaﬁﬁa% ?rg g?%%-.ld?% gxzaéfscl)x?e 8%&]&%&:@ ) Thete IrnFaty ocgngfrerrb%acdaislegl where
special non repeating patterns occur immediately adjacent to the repeating area.
Examples of this would be the complete removal of a BM resin film in a border area a
few mm wide around the edge of the BM matrix on an LCD colour filter assembly, the
removal of the ITO layer from border regions of an L.CD colour filter assembly that
correspond to the positions of driver chips in the assembled module or the forming of
alignment and reference marks around the edge of the FPD pixel matrix. In these
cases it is necessary to incorporate these non regular features adjacent to the regular
ones on the mask and mount the mask on a stage system of some type so that these

non regular features can be moved into the beam and hence transferred to the

substrate as the moving laser ablation process proceeds to the edges of the FPD device.



non-repeating areas is to inprint themin a step and

repeat process node -where the mask and substrate are
whoeioh/133at i onary during each | aser abl ati on prPCEE82007/001811

this case the edge features can be incorporated into

the mask at known positiond8and the mask is nmounted on

a 2 axis stage systemso that the appropriate areas on

ey A 180 A o e
non-refcAtng SRS iRRsHid tRBnR 4 .‘.pc@g BRR 2PehiiBlockembaE Witdre the

edgefeature isTinprinted at exactly t correct

mask aR@$libsteiteQite both StabidhaA} Quritb@ach 1a¥ef GBRHONSpRICERCTH #is case
but can be slow as several separate steps are required

the edgarcatnescenrt heirkvepatated inte thonaikalt &knobe positionPhhdtle@mask
is extended. In sonme exciner |aser cases a nmuch faster

is moumtet lvoda 2 ariststages eybtém satthat thetdpgwepeidireardeas bnrthe makkican be
nmet hod requires both mask and substrate to be in

moved irtodhebeanpat the sametimedhaicthetsubstreteppmoppriical systeeris moved to
In this case the edge feature patterns have to be .

the corrgspoadiag prsition ondbr Fliheathat dhe competesdge featurpés imprinted at
regul ar featyre pajtern and ;tihe mask and substrate

exactly g EORBCRAALRR 8Bt § SHbYErtRe PUFh adXQEess g gitgetave byt can be slow

rel ati ve speeds set .by. the, | ens_nagnificati on., . Thi i

as sevetq| sCpgrate SIRPR Y7 FrA Ll bRt pvzar s Abjae the full EPD
. r put |1 C sem conductor exposure tools and Ix FPD
areals‘gé)%(} Ig(g%&;’e tools. O course if the mask has to be noved

during the |l aser ablation process then its novenent
(and that of the substrate) has to al ways obey the

In somt’% SRR TRRE chdidla dnfuchFadtBr ﬁ%ﬁl&g E&iBE uBOS tb LB tdMiRe edge

he laser is fired to overlay the regular substrate

feature§ AP ARG D ré QUi €S bbh mBkINSRd SHBsteME%H HRLA réRivkotion with
associ ated chuck and stages are nassive and hence

respect@atioprojbaigelenipe & this RhsH thelddgeFeattipe pattetnd hite ol situated
mask and associ ated stages are able to accelerate

on the magk ithynediately adjarenprtoahe reqderifealinecsattdra anehthe mask and
repeati ng features always occur around the edge of the
substra €30 mave exacthy tagethdzRib exatleregisiert ataektistempeeds set by the
generally in the process of slowing at the end of its
lens magnification. This is the type of moving process used in advanced high
throughput IC semiconductor exposure tools and 1x FPD exposure tools. Of course if
the mask has to be moved during the laser ablation process then its movement (and
that of the substrate) has to always obey the requirement that it is in the correct
position when the laser is fired to overlay the regular substrate FPD pattern correctly.
Since the substrate and its associated chuck and stages are massive and hence cannot
change speed rapidly it is important that the mask and associated stages are able to

accelerate rapidly to an appropriate speed.

Since the non repeating features always occur around the edge of the regular pattern
on the FPD, the substrate stage is generally in the process of slowing at the end of its
pass across the FPD in order to turn around and reverse direction. Hence the substrate

1



pass across the FPD in order to turn around and
reverse direction. Hence the substrateis likely to be
worewirngs3gt oy at the tinme the nask stage needBCT/GBR®T@O01811
and hence the speed that the nmask needs to achieve in
order to becone synchroniséfl with the substrate stage
is nodest. For SIS ablative processing wwth an IR
o 1 § . [
s SRR AAE AR A aReg ol DRckenl eade
speed thREtHERKsNREE fohRhiARSH drdlef t b&@mé Syidhrénisad Svikh the
order to create special non repeating Teatures around
substratélﬁcag”QMnbd@ﬁati ng FPD structure appropriate masks are
noved into the beamto forma snmall suitably shaped
i mage on the FPD surface and the beamis then noved
over the surface of the FPD using the beam scanner
For SISablativel sromessing evitht ay R solid siate flasee the repetifion rate of the laser
ablatively clear the filmfromthe desired areas. Such
and speechof thedeamaregoodigh to allowrmowemienk abthe mask mehile thgdaser is
. of | aser marking and engravjng systens. The radi atd' n .
firing. |Jadhisieape inn p{#ﬁrﬁatqrwge BRECALREN EFPeating feafugeparound the main

.ab jon tool can be froma range af. sources. Th
repeatifg FhH} SIVEHER ABREIRISAtS SANka A0 S s e fopgn a small
. radiatjon i s such at L.t is sqrbed. sufficiengl
suitably §iAiRtd g o i EPPRusiaceeneDRR Pefitis e minee ot e
. ¢ e I C
surtacel DS L A 68 bAoA Uk e SO R Y efied o
. ; r
ablativpFfarifE BHRCro At the (iRl R SR 1 2 hmnBE BlomRe B ery
well k@ He Fedst Bkeﬂnﬁﬁﬁn%raﬂ@éﬁgrﬁﬂmgeﬂrs%bﬁ state
| asers based on Neodym um as the acti1ve nedi um
operating at 1064nm 532TUn, 355nm or 266nm c) Any
ot her pul sed | aser source that emits radiation in
The radiatiersised folillanhipiatingthe sk canan SiSlaescalsiatioattosl can be from
wavel ength that is absorbed by the filmthat is
a range eftpoiuress. The ipeinadtyatesthieneants ure thabthe waveknggh bt tie radiation
systens have to be used to create a uniformradiation
is suchﬁ:ﬁ@ﬂ iis absorbed sufficiently by the film to ablate it effectively and that the

sources must emit pulses that are sufficiently short to avoid image blur on moving

substrates.

Examples of possible laser sources that can be used with this invention are the

following;:

a) Excimer lasers operating at 248nm, 308nm or 35Inm

b) Diode or lamp pumped solid state lasers based on Neodymium as the active
medium operating at 1064nm, 532nm, 355nm or 266nm.

c) Any other pulsed laser source that emits radiation in pulses of duration less
than one microsecond at a wavelength that is absorbed by the film that is

required to be ablated.



at the mask to ensure a uniform/|aser ablation dose at
the filmw thin the i mage area. DESCRI PTI ON OF
WORAMIBGHE Exenpl ary enbodi nents of SIS | aser apdEHGBR0V7/001811
tool architectures will now be briefly discussed with
reference to the acconmpany®fg di agrans; Figures 1, 2,
3, 4 and 5. Figure 1 This shows the principle of the
Clearly $h 21l @864 oty SBmERidvRtGo KA WelShI@éfe h 16AAAUraMibHon field
filmlayer 2 is” noved progressively with respect to
at the nid¥k tolinatiteg upifbsdasadibiition dosam Beifilndivieh HoninYage area.
The beam creates an inmage on the filmthat corresponds
to the required pixel or cell pattern of the FPD. In
the figure the image is shown to contain 6 pixel cells
DESCRIFTHON 0¥ WEBNGSon in which the substrate i s noving
Each pul se of radiation_hence ablates a band of film
Exemplapg embhodsmenty of A5 daser pblatiaantaoh sechifegtures willl @ow be briefly -
) sybstrate noves exactly 1 cell_pitch so that the next
discussegh veigh eeferancs tq theeconpanidng siagtiors: bigareaps?thé and 5.
first but is displaced by 1 cell pitch. In the figure
shown where the beamis 6 cells wide each area of film
Figure{)eceives 6 pul ses of radiation and then noves fromthe
eam Figure 2 This shows a possible geonetry for an

i S oL QSRR A B S
film layef g_%‘ ndvedt ﬁfag‘?éssi;/:a}é))% a%es?z@@t ke a%?ﬁﬁggp%ﬂrslég r8dibBbA beam

indiumtin oxide ( er, 1s support

3 in diréoMbreXi Thé BOAA BeRb Sn 1R8BG8 the ik {hae e@&tesb%sn@% tib

directions. The nask 7 with the pattern to

required rpixelf@rdetipaternof HieBPDNIH Hie Hg@d the gk ieshown to contain 6
projection | ens 8 The beam obscuring blades 11 are

pixel cels fp tie¢ ditectivrairowinidh thasubstiatd BhevihgaBheh palsewfgadiation
ort hogonal X2 and Y2directions. The nask may be
hence ahintes @ band of filini thdt i Geells wisld. Bgtweaglasaispelsts thef substrate
the inprinting of non-repeating patterns around the
moves eghlyck cellpitetespithat the pext pulse deaates 4 patterpuihabexactiyeoverlaps
. two directions Yi and Y2 (and_al so_Xi and X2) of the
the first; byg) ig digplacedps 1 cgll piteh. Iipthefigiaresbonmpdieye the baan s 6 cells

. h.afher. .
wide each ates of AIm Feceives 6 pulses of radiation and then moves from the beam.

Figure 2

This shows a possible geometry for an excimer laser SIS projection ablation tool. A
glass substrate 5, coated with the component films of an L.CD colour filter or TFT array
and over coated with a thin indium-tin oxide (ITO) layer, is supported on a two-axis
table 6 able to move in orthogonal X: and Yi directions. The mask 7 with the pattern to
be transferred is mounted in the beam above the projection lens 8. The beam obscuring
blades 11 are supported on another two-axis table 9 able to move in orthogonal Xz and
Yzdirections. The mask may be mounted on a third 2 axis moving stage assembly for

the imprinting of non-repeating patterns around the edge of the regularly patterned



Abeam 10 from an excinmer | aser operating at 351nm
308nm 248nm or even 193nmis shaped and processed to
wee®@anssszz uniformfield at the mask 7. The il |»ei/c8@d001811
area 12 provided by way of ihe mask 7 is imged onto
the filmsurface on the suBdtrate 5 usi ng a projection
lens 8 with de-nmagnification factor of (for exanple)
area if @quiiredo pheatvwo direhdorss/ ¥t &nd Wo (desd aboDalahdwe) offtie tables 6, 9
substrate is aligned rotationally and spatially using
must bepé¢tgrprmbe eaerataly parallehteeadt ofieomwn in Fig 2. The
substrate is then noved to one edge and a band of film
13 abl ated by novenent of the FDP in direction

Yi early as this is an_edge band the structured ed%e )
A beamy 10 friom angxciner; Inger; qpegating abi35 g pSma c4Sem ppeven 193nm is

N A e T
oo 9\, ALY s RS BB B b i
a projectiBY RIS @F@i#\%—ﬂ{agqlﬁﬁﬁaéﬁbbﬁé%g of (()fi)g %ﬁ%ﬁ%l?é)ez 9

progressi vel y nov eam rFection Yto
obscure the beamin a controlled way to define the
edge of the abl ated band accurately. After conpleting

In operbtibf thegstbRewbtiares NN TRE shbfrateas 8li SR rthlidRAIN 8nd
is renoved fromthe beam and the substrate is stepped

spatiallgiusivgglghimend cardetdsthatine (ot showeh ROPEA Thalsebstrate is then
di stance that corresponds to the nean size of the

moved itorege edgerankes baudbef filh 4 3 rbletad tysmoreiendb£tHd IDP in direction
repeated. For the | ast band the appropriate side bl ade

Y1 Clearlyeassthisvistam erdgederidhthe sthuetipreshedge abspesiletdfahe image needs
structured i mage edge. After conplete coverage of the

to be obsgyeed tq previeat Fﬂm?ég@ﬁer gblation! ser ibat the blare with ifswdge perallel

e where the FPD is_noved in the direction parall el
to the \f@ﬁgwf 1sgRP¥ed iotthe hsaabamoving the bladestaga ibe comect

amounéli'lilllztilglz gir\%rgﬁsﬁ. t &%29‘%#33;1 oy q?feegcﬁg{%ﬁ ngtdgﬁlvg%zn’isl t%le%lades
s YRS e BRI e 0t
' I3 Al gwi f
eSS A B0, O AT,
After c&iﬁﬁlé{ﬁ'{ré %ul;%’gaﬁc‘l‘ thd'BlabB BB 1ang h' RIS Qi dbudlBrd & Rhoved

or-eve
from the beam and the substrate is stepped sideways (in direction Xi) by some

appropriate distance that corresponds to the mean size of the image. Further substrate
movements in Y1 are then repeated. For the last band the appropriate side blade needs
to be moved into the beam to obscure the structured image edge. After complete

coverage of the substrate the process is completed.

Figure 2 shows the case where the FPD is moved in the direction parallel to short axis
and 10 bands are required to cover the full FDP area. Depending on the display and
lens field sizes as well as the moving direction chosen the number of scans may be

greater or less than 10. A typical lens field could be up to 50mm in diameter but



bands woul d be used to cover the full area of a 52"
FPD when noved in the short axis direction whereas
wo@nioy/12337bands m ght be needed to conpl et e t hePCHEBR007/001811
abl ati on of a 42" FPD when_scanned in the long axis
direction. Figure 3 This s%%ws anot her possi bl e | aser
abl ation tool arrangenent. Here the substrate stages
smallerds enoreatsubbr Alowdng ftuaa siyhicissed hmeps edde shape melans fhat the side
FPD s can be abl ated. Because of the larger size of
step distarcesnayt typicallytbé in themange &0t tor 4pmuesse tt uhto A oF ewen more
of this stage to one axis (Yi). In this case the )
bands weuldobe ysed g@c‘%@nﬁhmfﬂﬂ arex pba 521 FPIhewhengmovgad én ithe short axis
. .. the X direction is_ achi eved by unting the mask a )
dﬂecﬂ%wbe%&iﬁvﬁ%h%dscwshfab% nefded ﬁweglr&ﬁteaﬂsenﬁag@ Hhjation of a
” he Xdirection,on a gantry over the substrate. Such an
42 FP[% dﬂl’%itﬁ"gl WSQ{{S%“?% conveni ent for |arge
substrates as the footprint of the tool is reduced.
Figure 3 also shows the use of two parallel identical
Figure@pti cal prOj; ection channels creating two abl ati ng
areas (A, A') on the FPD substrate 15 at the sane
This shbwEBnofGH ABiAE RREEHBAbN &%%&%%eﬁt@ Hlre lﬂ?@@libstré\te stages

ablation tinme wthout having to I ncrease stage speed.

are mudH lar§erC&y it BiasssREEB 19 abitly nAEPIOFRDI OcttE PRI, BBaduse of
two parallel "projection channels operating at the sane

the largler Bize dffthé bebsth@etit iseoheefient RefestrittIhe whdticn 6ftHiystage to one
| arge, systens having 8 or even nore optics heads fe%
axis (Yipyindhishmse thsimugion dfdthe beam withtreppect itasles sulssratdm the X
envi saged. The practical limt is set by the proximty
directiopfis phbierad by moeunbngdbe srasfendolens heseppltlyom & eadingadhat
wel | as the increasing conplexity of the tool.
moves pp psgagain theof direetivn en rigasdry everntbesubsigaie. Sucragur es
2 and 3 are_ al so feasible. For the case where the
arrangenneRdsing split Pesyis capygnient fog 1qgs§§u§ﬁ@ateé afdhe foatpripg of the
tool is 15 ationary during | aser ablation and have the optical
00LIS I Cgroj ection systemnove in 2 axes. In this casethe
mask and projection optics are carried on a carriage
that can nove in two axes on gantries over the top of

Figure 4 BRoSUBW Bk use of two parallel identical optical projection channels
creating two ablating areas (A, A’) on the FPD substrate 15 at the same time. Such an
arrangement reduces the total laser ablation time without having to increase stage
speed. It is certainly technically possible to have more than two parallel projection
channels operating at the same time. If the sheet to be processed is sufficiently large,
systems having 8 or even more optics heads fed by either a single laser or multiple
lasers can be envisaged. The practical limit is set by the proximity of the masks and

blade stages on the optics heads as well as the increasing complexity of the tool.

Different tool architectures to those shown in Figures 2 and 3 are also feasible. For the
case where the substrate is very large it is possible to maintain it stationary during

laser ablation and have the optical mask projection system move in 2 axes. In this case



An alternative arrangenent is to operate with the
substrate held in the vertical plane. Such an
wa@eeoangsnent coul d apply to both of the archi tBCT/GBe®7/001811

shown in Figures 2 and 3 but is likely to be nore
easily realised for the spPPt axis system shown in
Figure 3. In this case the (large) substrate to be

the maglbaid peojestidrtiopicd@etadried b LG fiags thata® move in two axes on
hori zontally in the Yl direction ile the mask stages

gantriesover the topefhe atibsttat¥2 direction. Mvenent of the
| aser ablation pattern along the Iength of each FPD is
achi eved by stepping the nask carriage vertically in
the Xl direction with correspondi ng mask 1po.si tion |

An altegpgtivaarangamentds speperatn with theguhstrate Reldginytheviestical plane.
Figure 4 This sho an_arrangenent. simlar to that

Such an prrgRSewent giHe appiyifo hath of euahiteduFaraho in figures 2 and 3

i LSS S OPLLE 0 S 25 SRS A S 1o
s co RS BBy O 58 SRR BT o
oz JSQRF IR kBt ol S50 REEREACL L 2
i FRASRYE SO58 AR ey i ml g iy,

achievdd 6y Stepbires tHeanask eATRIgRIRHCAIRPIN HROMEHrb&fortiatel SO
possible for IR solid state | aser SIS abl ation. The

correspomndng aiagk paritict@rfecHod hpfvendintah lthé FM@KQ difetion.
optical system consisting of projection [ens, scanner
unit and nmask noved in two orthogonal axes or
alternatively the substrate can nove in only one

Figuredi rection and the optical system noves in the other.

. .Vertical orientation of the substrate is also
This shgwsanparsangemes similar o thatshomnay i figure 2 bguwhersa beam scanner

... repeating pattern in a thin filanF&Z) on a_substrate
unit is leﬂf,ut‘%d giopiicakprajection system) toatlanw: 2 ablation wilyihg beam
sed.|l aser be (3, 10) characterised in that the .
srom arf 1% 3584 SR sl LS B partledBitte 06 this ae Shd imhaigy soved with

respect to the substrate in BTS mode by the beam scanner unit in the X1 direction

perpendicular to the direction Y1 in which the substrate is moving and at the end of
each band the substrate is stepped sideways in the X1 direction by the width of the
band.

As with the excimer laser case other tool geometries are also possible for IR solid state
laser SIS ablation. The substrate can remain stationary at all times and the optical
system consisting of projection lens, scanner unit and mask moved in two orthogonal
axes or alternatively the substrate can move in only one direction and the optical

system moves in the other. Vertical orientation of the substrate is also possible.



suitable mask (7) delineating the pattern, the image
of the mask pattern being de-magnified onto the
waags7of the film (2) by a suitabl e projectPORNGB2013/001811
(8) so that the energy density at the filmis
sufficiently high so as to2#ause the film(2) to be
renoved directly by ablation, the inprinting steps
CLAIM®ing carried out: (i) in a repetitive series of
di screte | aser ablation steps using a mask (7) that is
stationary with respect to the projection lens (8) and
represents only a small area of the total area of the
Aubethosh for farmity aregulaily gepeatinggpatterndnta thint ind¢2) on a
radiation (3) at each step to illumnate the mask (7),
suhstiagel(1ab) by aplatieg ik diteatly svich radiabinn fyym demelsed laser beam (3,
e substrate (1, 5) that it _is above the threshold

| f}?rﬁﬁ)tﬁrié‘tff it tha e radqation beapp(P; 18He cpised tareass through a
S .6 SR ok 3305
AP ebfify bl RGeS T 26F %aﬁf%ﬁa%fﬁ%ﬁi@iﬁ%@%bpfm ®) 50
ke ) e g L 10 Ak ORIy 8905 5ol i 0
o AR Rl DAL MR B RGE e RN Gypla
@PV e dinQy Ripefitidh SLABS 6f §lkttalRRE aBI&ﬁ%n%‘Pn??g &sflﬁ QUARS! (7) that

tne substrate

of periodS of the repeating pattern on

(1, Sk stationiyaditefespleat tRtheiptofdcabilldns(BRAAE rEhie38iks onl
in that during the i?r)pri nti ngﬁs&ge thesc(glyze o?ﬁthe sonya

i |l unsmal erkacafethe adtal heeasoftthiersabstrate (1B aid @sihi@single short
(XI') parallel to the direction in which the substrate

(1, Spulse ohradiniicn ()0t eash step toglluminatef theiragk 7Y the radiation

provide that, after passage of the substrate under the

i | | unpilse Bawingsuchanenergy dehsityiat the subsasite € 8) thed itais above

suffici QLE; nupper. of pul ses of radiation to fully

abl at@ejthresholgvalyg far ablatipaed the filmy(2);88dedi ng cl ai m

.arat%teri.sedinthai the = | .

(%1 e series of discrete laser ablation steps being repeated over the full area
of the surface of a substrate (1), to give a full pattern comprising a
plurality of pixels, by moving the laser beam (3, 10) or substrate (1, 5) in a
direction (X1) parallel to one axis of the pattern to be formed on the
substrate and activating the pulsed laser mask illumination light source
at the instant that the substrate (1, 5) or beam (3, 10) has moved over a
distance equivalent to a complete number of periods of the repeating

pattern on the substrate (1, 5).

2 A method as claimed in Claim 1 characterised in that during the imprinting
stage the size of the illuminated area at the substrate in the direction (X1)
parallel to the direction in which the substrate (1, 5) or beam (3, 10) is moving is

sufficient to provide that, after passage of the substrate under the illuminated



i mprinting stage nmakes use of an optical projection

system (8) to transfer the mask pattern on to the
wauwsnssare (1, 5). A nethod as clained in any PCEG8AI0MY01811

clai mcharacterised in that the source of the pulsed

| aser beamis an UV exci ne25l aser. A nethod as cl ai ned

in Cdaiml, Caim2 or Caim3 characterised in that

ésllt%g,t %&F‘J it Sf %Jnlg%xqgl? ?étehf’e}eé s rltSubdrRe§Rl1bé of radiation

as clainmed 1 n any preced ng
&J@mglm%qgteri sed in that during the inprinting

stagé an edge of the area to be ablated on the

substrate (1, 5) is defined by means of noveabl e

bl ades (11) located close (9) to the surface of the
Aankthod) as daimeddnimcaras pedcedirggiclaimahyrgoterisediinghat thiem
characterised in that the mask (7) is caused to nove
imprinting stagemaltes udend atuopticpl progttien sydtemnBy tontransfer the
| aser abl ation process to all ow non-repeating border

magk patterri on lhe thexsuhsitrate 6L 15 i mprinted on t he

substrate (1, 5). A nethod as clainmed in any preceding

clai mcharacterised in that the substrate (1, 5) is

blated in.a serjes of parallel bapnds and the dose of
oA S %Hréff@%ge@aicgﬁga%@@é Ipthatheaource of
l?‘:/?erlla‘%%is clc?)nt rol |l eWg usi ng an i mage form ng mask

HURHS AP P &Y NHOM 8%t r ansmi ssi on profile
ateach side of the mask pattern, the steps or random
features corresponding to one or nore conplete cells
. e ) . h , . :
Nk FRRIBESY o OYE 0 S S0aiY ABIBRLEY it e
SR ik Sk18bdMNastr BEARUS bnIRAHEL fhleI8rbY being

formed by neans of a nethod as clained in any of
preceding clains 1 to 8.

A method as claimed in any preceding claim characterised in that during the
imprinting stage an edge of the area to be ablated on the substrate (1, 5) is
defined by means of moveable blades (11) located close (9) to the surface of the
mask (7).

A method as claimed in any preceding claim characterised in that the mask (7)
is caused to move at an appropriate time during or after the moving laser
ablation process to allow non-repeating border regions of the pattern to be

imprinted on the substrate (1, 5).

A method as claimed in any preceding claim characterised in that the substrate
(1, 5) is ablated in a series of parallel bands and the dose of illuminating
radiation at the regions where the bands overlap is controlled by using an

image forming mask that has a stepped or randomised transmission profile at
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each side of the mask pattern, the steps or random features corresponding to

one or more complete cells in the FPD array.

A laser ablation tool characterised in that it is adapted to carry out the method

of any preceding claim.

A product characterised by being formed by means of a method as claimed in

any of preceding claims 1 to 8.



