-1 LASER PROCESSI NG METHOD AND APPARATUS FOR FORM NG A LAYER OF MATERI AL
TECHNI CAL FI ELD s The present invention relates to a | aser processing

nmet hod and apparatus. In particular, it relates to a | aser processing

met hod and apparatus for formng a | ayer of material onto a substrate. to
BACKGROUND The technology to forma |layer of material onto a substrate has
a wde variety of applications. In the electronics industry, netal traces
are formed onto a substrate to provide electrical conductivity. In one
application, the is manufacturing and rqpair of certain mcroelectronics
and/ or optoel ectroni cs conponents require the formation of electrically

conductive |ines or r or the repair
of thin-filmtransi sp'g‘rs - ?&Hbdégrgﬁﬁaﬁlégﬁgﬁ é@“?m{%@gnm s, a
conductive path or circuFOREQRMINGFOEAYER OF MATERIAbspar ent substrate to
re-establish connectivity of a defective circuit. zo For exanple, US Patent
No. 4,880, 959 di scl oses a | aser induced chem cal vapor deposition (LCVD)
process to TECHNIOARGIELDhi n-filmelectrical circuits. In an LCVD process,
phot o-t hermal or phot o-deconposition of an organonetallic conpound in the
gas phase over the working substrate is zs required. The working substrate
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bei ng wi dely adopted in the industry.
10 BACKGROUND

The technology to form a layer of material onto a substrate has a wide

variety of applications. In the electronics industry, metal traces are formed onto

a substrate to provide electrical conductivity. In one application, the

15 manufacturing and repair of certain microelectronics and/or optoelectronics

components require the formation of electrically conductive lines or paths onto

the surface of a substrate. For the repair of thin-film transistor — liquid crystal

display (TFT-LCD) panels, a conductive path or circuit may be deposited on the
transparent substrate to re-establish connectivity of a defective circuit.

20
For example, US Patent No. 4,880,959 discloses a laser induced
chemical vapor deposition (LCVD) process to interconnect thin-film electrical
circuits. In an LCVD process, photo-thermal or photo-decomposition of an
organometallic compound in the gas phase over the working substrate is
25 required. The working substrate should be placed in a sealed chamber filled

with organometallic gas before the deposition can proceed. However,

preparation of the process is cumbersome, and the LCVD process has a low

production throughput. In addition, organometallic compounds are toxic and

may cause environmental problems. These and other problems have
30 prevented the LCVD process from being widely adopted in the industry.

Laser ablation deposition (LAD) has been proposed to form a thin film




Laser abl ation deposition (LAD) has been proposed to forma thin film -2
onto a substrate without the presence of chem cal conpounds. U.S. Patent.
No. 5,173,441 discloses a |l aser ablation deposition process for

sem conductor manufacture. In this nmethod, a source substrate and a target
substrate are nounted in close proximty to one another within a vacuum
chanber. A laser s beamis scanned in a programmed sequence or sel ected
pattern through a transparent target substrate and onto a netallic film
formed on the source substrate. Ablatiarp.of the netal filmand deposition
onto the target substrate may be controlled by the | aser being focused
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films deposit can be formed. The e paths or traces formed By this nethod are
general |y dps@laipreubsiratean area wider than the laser beamso focus
di anmeter. The quality of the deposition is therefore highly dependent on
the degree of overlap of the |aser irradiation. Because of the overlap, it
is difficult to Figt diAr aadskigot!FB dihdsteade tthe laritinglebAbi pioosss wWiTHe spureei se. .
Sl ze i5and substrate 1 consists of a thin film 2 of the desired metal to be deposited, coated
by conventional methods on a support substrate 3 that has been selected to
possess certain thermal and mechanical properties. The workpiece or working
substrate 4, which is transparent to the wavelength of the laser used, is placed
in close proximity to the source substrate 1 with the surface to be deposited
20 facing the thin film 2 of the source substrate 1. A laser beam 10 is directed
onto the thin metal film 6, which is a portion of thin film 2, through the
transparent working substrate 4 to vaporize the metal film 6. The resulting
plume 8 of metallic atoms and ions expands away from the source substrate 1
and condenses on the cooler surface 5 of the working substrate 4, to form the

25 ~deposit 7.

By scanning the source substrate with overlapping laser spots, lines,
paths, traces or films deposit can be formed. The paths or traces formed by
this method are generally spread out in an area wider than the laser beam

30 focus diameter. The quality of the deposition is therefore highly dependent on
the degree of overlap of the laser irradiation. Because of the overlap, it is_
- difficult to obtain a smooth and continuous deposition, with precise size and .




-3 interval s between two adjacent traces, hence it is difficult to control

t he shape and di nension of the fornmed thin filmtraces. Further, as plune 8
is spread out onto working substrate 4, the |line, path or trace fornmed does
not have a clear and sharp edge. s Thus, there is a need to provide a | aser
processi ng nmet hod and apparatus for formng thin filmtraces and/or |ines
with controlled quality so that electronic circuits with high di nensiona
and positional accuracy may be fabricated. i o SUMMARY According to one
aspect of the present invention, there.izs provided a nethod for formng a

| ayer of material onto a substrate at a target region. A laser beamis
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10 SUMMARY

According to one aspect of the present invention, there is provided a

method for forming a layer of material onto a substrate at a target region. A

laser beam is directed onto a material source through the substrate so that to

15 generate an induced material from the material source. The induced material

then deposits onto the substrate to form the layer of material, and the laser

beam removes the layer of material deposited on a border region which is
outside the target region.

20 In one embodiment, the laser beam passes through the substrate at an
intersecting region overlapping the border region such that the laser beam
ablates the border region to remove the layer of material deposited onto the
border region.

25 According to another aspect of the present invention, there is provided
an apparatus for forming a layer of material onto a substrate at a target region.
The apparatus comprises a laser source for generating a laser beam, and an
optical system for directing the laser beam onto a substrate. The laser beam
generates an induced material from the material source to deposit onto the

30 substrate to form the layer of material, and the laser beam removes the layer of
‘material deposited outside the target region.




-4 BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her aspects and advant ages
of the present invention will be s described in detail with reference to

t he acconpanying drawi ngs, in which: Figs. 1A and 1 B are schematic

- drawi ngs showing prior art laser formng nethod; to Figs. 2A, 2B and 2C are
schematic draw ngs show ng a | aser form ng nethod according to one

enbodi nent of the present invention; Figs. 3A, 3B and 3C are schematic
drawi ngs showing a | aser form ng nmethod according to anot her enbodi nent of
the present invention; 15 Fig. 4A is a.gchematic diagram show ng a | aser
processi ng apparatus according to one enbodi nent of the present invention;
Figs. 4B and 4C are top views of a mask for controlling the | aser beam zo
of the apparatus shown in Fig. 4A; Figs. 5A - 5D are schematic di agrans
showi ng a |BiREEF DESGRWATIGN O6rTHE DRAWINGSIbstrat e according to various
enbodi nents of the present invention;

These and other aspects and advantages of the present invention will be
5 described in detail with reference to the accompanying drawings, in which:

Figs. 1A and 1B are schematic drawings showing prior art laser forming
method;

10 Figs. 2A, 2B and 2C are schematic drawings showing a laser forming
method according to one embodiment of the present invention;

Figs. 3A, 3B and 3C are schematic drawings showing a laser forming
method according to another embodiment of the present invention;

15

Fig. 4A is a schematic diagram showing a laser processing apparatus
according to one embodiment of the present invention;

Figs. 4B and 4C are top views of a mask for controlling the laser beam

20 of the apparatus shown in Fig. 4A;

Figs. 5A — 5D are schematic diagrams showing a layer of material
formed onto a substrate according to various embodiments of the present
invention;

25

Fig. 6 is a schematic diagram showing a laser processing apparatus
- according to another embodiment of the present invention;

Fig. 7 is a schematic diagram showing a laser processing apparatus
30 according to a further embodiment of the present invention.




25 .Fig. 6 is a schematic diagram showi ng a | aser processing apparatus
accordi ng to anot her enbodi nent of the present invention; Fig. 7 is a
schemati ¢ di agram showi ng a | aser processing apparatus so according to a
further enbodi nent of the present invention. -5 DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS As shown in Figs. 2A, 26 and 2C, a nethod of
formng a layer of material onto a target region of a substrate according
to one enbodi mrent of the s present invention is provided. A |laser beam 210
is directed onto a material source, for.sgxanple a source substrate 220, by
passi ng through a working substrate 230 di sposed adj acent to source

substrate %Emh_ﬁsbé)gém&ﬁ% Upa?"@lta er %MEU y%ﬁ?g at one

surface onto a source erla 'S provi or exanpl e, by
| am nating, sputtering, pI ating, spinio coating o~ Chem cal Vapor
Deposition (CVD)

between the ult r%%ﬁ%%g’[“ th:me? o ’rn{%?éa e ?‘g;:‘?’zﬁgﬁth&i an@r}%g{]%c?lﬂ efI ength

exanpl e, | &ﬁ@fer?é@@ﬁ’!o?é-ibrﬁéb’rd@ﬁ%ﬁoﬁa%M@ﬂr&@%d&oﬂimé%oﬁ@‘eﬁﬁbmeﬁﬁﬁ fhaur ce
material |layer 222 is may be a netal, netal oxide, alloy, superconductor or

seni cohductRIEseml iEveaiion %pmw@e%ub%ﬂaw beary 31 ipadieged onto a material
wavel ength 5oy REARbT KT RUBRRA: 220°b] SRRIE HIRLOA WAL ! e
t hrough wi tS\mStratle@ﬂadispmechladmcpnt &m . sounTek sugstmtbsm(ht 42280 beayn 12dOnade
of quartz, |ﬂa8§a?es %88%@ g@bstpa% I3 af ongeéuarpé'\ce ofitd which a source material
layer 222 is provided, for example, by laminating, sputtering, plating, spin-
10 coating or Chemical Vapor Deposition (CVD).

Laser beam 210 may be a pulsed laser, having a wavelength between
the ultraviolet and the infrared regions. In one particular example, laser beam
210 may have a wavelength of 355 nm or 532 nm. Source material layer 222

15 may be a metal, metal oxide, alloy, superconductor or semiconductor material.
Working substrate 230 is made of laser-transmissible material having small
absorption cross-section at the wavelength of laser beam 210 to allow most of
the laser energy to pass through without substantial absorption. Working
substrate 230 may be made of quartz, glass, sapphire, polymer or ceramic.

20 _

Laser beam 210 is provided with an energy level and fluence greater
than the ablation threshold of source material layer 222. Upon irradiation,
source material layer 222 is heated up rapidly, vaporized and generates an
induced material or plume 224 which deposits onto the bottom surface of

25 working substrate 230. Induced material or plume 224 then forms a layer of
material 232 on substrate 230.

Process parameters such as laser fluence, pulse duration, and the

distance between source substrate 220 and working substrate 230 are

30 controlled to deposit the layer of material 232 onto a target region 230a of the
working substrate 230. For purposes of illustration, the layer of material 232 is
formed onto the bottom surface of working substrate 230 covering the target




Laser beam 210 is provided with an energy |evel and fluence greater than
the ablation threshold of source material |ayer 222. Upon irradiation,
source material layer 222 is heated up rapidly, vaporized and generates an
i nduced material or plunme 224 which deposits onto the bottom surface of zs
wor ki ng substrate 230. Induced material or plune 224 then forns a | ayer of
mat eri al 232 on substrate 230. Process paraneters such as |aser fluence,
pul se duration, and the di stance between source substrate 220 and wor ki ng
substrate 230 are so controlled to depagt the |layer of material 232 onto a
target region 230a of the .working substrate 230. For purposes of
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bor der regishowzBiBlFiga2lBacent to target regl on 230a, as shown in Fig. ZB. In
t he deposition process, |aser beam 210 passes through working s substrate
230 at an intersecting region 230d of the bottom surface. Intersecting
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through which | aser beam passes whi'ch i s determ ned anet er and
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| ayer of ng‘ﬁ-@ a?f 8%%%\ dogbae h'ngqsén 053\58&( %ﬁ%’é‘iﬁ nz;ﬂi he
portion of Adverdiageto ohen@hboditerddar e phegur iHusiRtor, hgs@Xb@am e10fisl aser
beam 210 is is, rermver;r;ih ntbom wor ki ng substrate 230, resultin he | ayer

of matlri alPosgiPned gy aEtmt@ﬁ%eqt’gggEfig"P%g?W %@Haﬁﬁtwea | &gy Qﬁiﬁ"sharp
edge profilggdddb forexahph hdtdbt Feg 230b, as shown in Fig. 2B. By this

arrangement, laser beam 210 ablates and vaporizes the portion of the layer of
material 232 deposited on border region 230b. As a result, the portion of the
layer of material 232 which are under the exposure of laser beam 210 is

15 removed from working substrate 230, resuiting in the layer of material 232
remaining at the target region 230a with a clear and sharp edge profile 232b,
as shown in Fig. 2C.

According to another embodiment of the present invention, as shown in

20 Figs. 3A, 3B and 3C, a second laser beam 310 may be provided, having the

same properties of the first laser beam 210, and is directed onto source

substrate 220 through working substrate 230. Second laser beam 310

intersects the bottom surface of working substrate 230 at a second intersecting

region 230e, which overlaps border region 230¢. By this arrangement, second

25 laser beam 310 ablates and vaporizes the portion of the layer of material 232
deposited on border region 230c.

As a result, the portion of the layer of material 232 that is under the

exposure of second laser beam 310, is removed from working substrate 230.

30 Through the effects of first and second laser beams 210 and 310, the layer of
material 232 remaining at the target region 230f has a clear and sharp edge

profile 232b, 232¢, and a precise dimension or width controlled by first and




Accordi ng to anot her enbodi nent of the present invention, as shown in zo
Figs. 3A, 36 and 3C, a second | aser beam 310 nay be provided, having the
sanme properties of the first |aser beam 210, and is directed onto source
substrate 220 t hrough working substrate 230. Second | aser beam 310

I ntersects the bottom surface of working substrate 230 at a second

I ntersecting region 230e, which overl aps border region 230c. By this
arrangenent, second zs | aser beam 310 abl ates and vaporizes the portion of
the layer of material 232 deposited on_barder region 230c. As a result, the
portion of the layer of material 232 that is under the exposure of second
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cont i nuous \giath gnabelitBederp mit@ms! ayer profile fornmed by the above nethod
has a thickness of about several nanoneters (nn) to several mcrons, and a

wi dt h ©of about several mcrons. s As shown in Fig. 4A, an apparatus 400 for
formng a | ayer r:l.at: . 0R%O | | ' =gor di ng
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sour ce 410 drdo gyeverksng egbwirdtasier plosaiads ldtcordipgriat orse £0bddimienérof dbepr i ses
an optical sgst m havti r}grﬁ O Eeagg&ttenuator I420 a masb‘lj 4f30, a srtl.utter
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di sposed adj Rgenbeam 4'529.eApp@namwwa%ﬁmr%m;ﬁr@estdwoﬁﬂdw@?siem‘hé B beam
412. Mask 430 is provided next to attenuator 420 to control the projfile of

| aser LbeamRPESN AHEPURISF 440r 8 Chask H30.sneRvlEar 44802 miror dp0480d ARPRINEL i ve
lens 460, ligaguepeamedn? aftbhlidt®? 4200is! disSc G8jacent to laser source 410 to

control the fluence of laser beam 412. Mask 430 is provided next to attenuator
420 to control the profile of laser beam 412. Further directed by shutter 440,
mirror 450 and objective lens 460, laser beam 412 arrives and irradiates

15 material source 220, through working substrate 230. Material source 220 and
working substrate 230 are supported by a holder, such as an X-Y stage 490. A
controller 470 is provided to control the operations of attenuator 420, mask 430,
shutter 440 and X-Y stage 490.

20 In one embodiment as shown in Fig. 4B, mask 430 has a laser-blocking
portion 432 for blocking part of laser beam 412 from passing through, and a
laser-passing portion 434 adjacent to first portion 432 for allowing another part
of the laser beam 412 to pass through. In this embodiment, one part of laser
beam 412 is allowed to pass through laser-passing portion 434 to irradiate

25 material source 220 to deposit the layer of material onto working substrate 230,
and to remove the part of layer of material under the exposure of the laser
beam from the border region 230b of working substrate 230, as illustrated
above in conjunction with Figs, 2A, 2B and 2C. Another part of laser beam 412
is blocked by laser-blocking portion 432 so that to prevent the target region

30 230a from being irradiated by laser beam 412.

In-another embodiment as shown in Fig. 4C,: mask 430 has a laser-




is material source 220, through working substrate 230. Material source 220
and wor ki ng substrate 230 are supported by a holder, such as an X-Y stage
490. A controller 470 is provided to control the operations of attenuator
420, mask 430, shutter 440 and X-Y stage 490. 20 In one enbodi nent as shown
in Fig. 4B, mask 430 has al aser-bl ocking portion 432 for bl ocking part of

| aser beam 412 from passing through, and a | aser-passing portion 434

adj acent to first portion 432 for allow ng another part of the | aser beam
412 to pass through. In this enbodinent.,g.one part of |aser beam 412 is
al l owed to pass through | aser-passing portion 434 to irradiate zs materi al
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used as illustrated in conjunction wth Figs 2C, a layer of
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shown in F'Q&J@ﬁc?@?ﬁ%ﬂ%ﬁt&tﬂecﬂ?&vﬁ% 43R 4L hods, a |l ayer of materi al

f ormed accor resent 1 nvention IIustrated above has a cl ear and
sharp edge. In another

20 Under this arrangement and when one laser beam 210 is used as
illustrated in conjunction with Figs. 2A, 2B and 2C, a layer of material can be
formed onto working substrate 230 with an edge 502, as shown in Fig. 5A.
Compared to convention methods, a layer of material formed according to the
present invention illustrated above has a clear and sharp edge. In another

25 embodiment, when two laser beams 210 and 310 are irradiated, as illustrated
above shown in Figs. 3A, 3B and 3C, laser beams 210 and 310 scan through
working substrate 230 to form a layer of material onto working substrate 230
with clear and sharp edges 504, 506, and with a controlled dimension or width
505 determined by edges 504 and 5086, as shown in Fig. 5B.

30

According to a further embodiment, X-Y stage 430 may be controlled to

move material source 220 and working substrate 230 along a curved trace 511. .




zs enbodi nrent, when two | aser beans 210 and 310 are irradi ated, as
illustrated above shown in Figs. 3A, 3B and 3C, |aser beans 210 and 310
scan t hrough working substrate 230 to forma | ayer of material onto working
substrate 230 with clear and sharp edges 504, 506, and with a controlled

di rension or width 505 determ ned by edges 504 and 506, as shown in Fig.

5B. 30 According to a further enbodi nent, X-Y stage 490 nmay be controlled
to nove material source 220 and worki ng substrate 230 along a curved trace
511. -9 Wien X-Y stage 490 rotates, mask 430 is controlled to rotate
corresponding to the rotation of X-Y stage. As a result, when one |aser

beam 210 i I l,aY Hin@al. 1S f0 ont ing.suhstrate
230 wi th o WFEECCYioef 400 Blah RaE 4B s cOnl CUHE R, AR e hRAPY Y o1,
enmbodi ment ,thehetatibnef Xayatage. bAsEre2lil, when 3h8 laser byaph 216 emplaeel aof

i substrate 230 with clear and sharp curved

material i§ forned ontg workin
edgesI 514I jﬂkﬂe%‘ri%"ag?f@?és ﬁ% PRigywarkies substrate %@ijﬁaﬁle@é@é}d g by

edges 514 Wv&iéd?@81§h§%h6WnEﬁ Fiq.%. Frpallfc%tﬁer Smibddfnéhtaghamwbguédrg an
apparatus 600 for Torm ng@la | ayer of material onto a working substrate

accor di ng theaam®dEABrarshBddiate smployehea fayes oftmatetishisi formedmsde axarking00 has

a | aser souieuGlO-46 LSk ALy th gl A5GLd DIAKL 81704008 3l B0k her

conprises an op system havi ng dat or mas and a
m rror 650.diBeasioat dewidthd1586ternmina! By splgeed Blpad &6, tas $lasen isdig.ce 610
to control e fluence of |aser beam 612. Mask 630 is provided next to

at t enuat or 0 to control the profile of |aser beam 612. Apparatus 600
differs fromapparatus 400 shown in Fig. 4A in that, material source is
provided in the formof a foil 222a_coated onto a flexible substrate 220a.
A gal Y&nonet er 689 Psisp? sliagram showdig Ao apprratitsaf0P ek formung e hayer 2of

wor ki ng SubLEEaeE YT @ WorkiD SRR | RcoRliTy Y gadtner HibadifRRE e
onto a rot reagntfieentioys tApp@atys 6i0 bas adasensauste 640 yr gercoating allaser670.
stat i onary SSETY 2o AP RRE A Rt iR bt 46 PR Boder
for the zs atpestdr 600, i gnask i630aafdagrmire 680 N0 ByanapRfimiattsr 800 fsor
enbod frent. GHORIE HIBSEHLOI FRAE LGS CADRLATIS IhBGLENFS &F Ger BRPELBHEAT s
400 shown ipadik 830 4 provided next to attenuator 620 to control the profile of laser beam
612. Apparatus 600 differs from apparatus 400 shown in Fig. 4A in that,
material source is provided in the form of a foil 222a coated onto a flexible
substrate 220a. A galvanometer 680 is provided to control and scan laser
20 beam 612 through working substrate 230, hence o form a path and/or frace
onto working substrate 230. The flexible substrate 220a is rolled and loaded
onto a rotating feed system 690, which is controlled by a controller 670. In the
material layer deposition process, material source 220a may remain stationary
or movable relative to working substrate 230 to supply material for the

25 deposition.

Fig. 7 is a diagram showing an apparatus 700 for forming a layer of
material onto a working substrate according to a further embodiment of the
present invention. Apparatus 700 differs from apparatus 400 shown in Fig. 4A

30 in that, a zero order A/2 wave plate 730 is provided adjacent to attenuator 720
and shutter 740 to intersect the linearly polarized laser beam 712 generated by
laser source 710. Wave plate 730 rotates the polarization of laser beam 712




so in that, a zero order ~,/2 wave plate 730 is provided adjacent to
attenuator 720 and shutter 740 to intersect the linearly polarized | aser
beam 712 generated by | aser source 710. Wave plate 730 rotates the

pol ari zation of |aser beam 712 -10 such that the |l aser beam 712 is split
by a polarizing cubic beansplitter 742 to generate an S-pol arized beam 712a
and a P-pol arized beam 712b of equal fluence. s Beans 712a and 712b are
directed onto material source 220 through working substrate 230, by
respective optical elenents, nanely mrijgrs 750a, 750b, and objective

| enses 760a and 760b. Beans 712a and 712b therefore irradiate materi al

source 220 k i | . J ] ' a gap
236 on wor e WHDLIE SPHeBH T2 SeftiXon beridnd EHRRR el Ta23an 336
can be contgeridreid by Sgplsizeddoddre DB bhdns Rpokdast bebia 7408 dfl@dualt o

match to agﬂl cover the target region onto which the layer of material is to
be depositdd®8F virtue of this arrangenment, the target region is prevented

frombeing is exposed under the beans 712a and 712b, and border regions at

the bottom surface of working substrate 230 adjacent to the tar%et region
are overl apped Hyeams Heanang MiZbaang dirogted Bydasmaterigl saurce1280 thngh

. di at : e Ceri . ¢

wor ki ng. suble R SYIRHIE 230 by (RIS PubaCERbAT, Rkl MigoiPPsug, o ©

renmove t he faiberana oljeciilepEsises 7 66at and F60borBeams §di2anand @12bther@fdreace or
th of the_ | a) f _naterial h t ' i.t.h _cl d sh

bdge(s). oleedihmagiRsodle 200 hdig g ShesttRindabre 4 € gln3y P

al | ows gr edbahirgoatgapl 236 oxi RoHiny substedtbi 281 Thet fissiticis BRd awnahsidn of

deposition wth zs controlled dinension and profile. For exanple, by

adj ust? ng tiHE GRISPB0 GRe b coBlRlied Dy adiuiing the pesitions of keams, AE2yapd236

formed on wofdy g nsBstd éﬁ& g???r fhe t%‘?%ﬁtgtg%fbﬂ orité WricH R¥85y& offRhfkiafts ONt O

t he working substrate wt eren
to be deposited.

By virtue of this arrangement, the target region is prevented from being

15 exposed under the beams 712a and 712b, and border regions at the bottom

surface of working substrate 230 adjacent fo the target region are overlapped

by the beams 712a and 712b. Beams 712a and 712b then irradiate material

source 220 to generate induced material to deposit onto working substrate 230.

In the meantime, beams 712a and 712b ablate and remove the material

20 deposited onto the border regions to form a trace or path of the layer of
material on the target regions with clear and sharp edge(s).

One advantage of an apparatus of this embodiment is that, it allows

greater control flexibility in optimizing the laser-ablated deposition with

25 controlled dimension and profile. For example, by adjusting the positions of

beams 712a and 712b, the width of the gap 236 formed on working substrate

can be varied to form a layer of material onto the working substrate with
different width.

30 It should be appreciated that although embodiments of the present
invention have been illustrated in conjunction with the accompanying drawings

and-described in the foregoing detailed description, the invention is not limited




so It should be appreciated that although enbodi nents of the present

i nvention have been .illustrated in conjunction with the acconpanyi ng
drawi ngs and described in the foregoing detail ed description, he invention
is not limted -il to the enbodi nents disclosed, and is capabl e of

nuner ous rearrangenents, nodifications, alternatives and substitutions

W t hout departing fromthe spirit of the invention as set forth and recited
by the following claims. s -12 CLAIMS 1. A nethod for formng a | ayer of
material onto a substrate at a target rggLon, conprising: s directing a

| aser beam onto a mat eri al source through the substrate to generate an

dcpost ts orpoenz eAEeste bl i BapdEi Subes U ERaRRF e

| aser beam msdlf:catimm%etﬁiﬂwb&)&fd afbstiitRnsakiticut rizganing fPom therspant gfegi on

outside the, tar re
utsi the in entlon aqs ser{ forth and recited by the following claims.




2. The nethod as recited in claiml1l, wherein the | aser beam passes through
the substrate at an intersecting region overl apping the border region such
that the |aser beamirradi ates the border region to renove is the |ayer of
material fornmed thereon. 3. The nethod as recited in claim2, further
conprising blocking a first portion of the |aser beamfromirradiating the
target region, and allow ng a second portion of the |aser beamto pass
through the substrate at the zo intersecting region. 4. The method as
recited in claim3, wherein the border_jggi on extends beyond opposite edges
of the target region to formtwo border zones, and the nethod further
conpri ses g&ﬁxh@$ng a mask for separating the zs |laser beaminto two parts
each of whiCh abl"ates one of the border zones to renpove the |ayer of
material formed on the border zones. 5. The nethod as recited in claim4,

wherein the target regiopn is an elgngated area extending along a first
direction ahd gr'gd’f'%'%%fjh fQrapggn repf gratenal onigea ﬁygﬁwteagﬁamﬁég@i n the

met hod further ceaRm, e8mpekirReti ng relative novenment between the |aser beam
and the substrate al ong a second direction. parallel to the first direction
to forfna path of dirggintha lagsgrepearn anie & materdal sowcethuaygh die substrate. The

met hod as recited in.glal | r tive to the
| aser beam al ong a c&§@§g%a§?ﬁm§ﬁ§&%@%§%¢#§®% g’ﬁﬁeﬁ{eg‘r?é/@aﬁggﬁ%%’ses varyi ng
an orientation of whereingke tinddozd matdrizé depusiteohtoathetsubstatisto fare the form
a curve of the layer of n‘e%t erial on the substrate.
layer of material, and
wherein the laser beam is to remove the layer of material formed on

10 a border region outside the target region.

2. The method as recited in claim 1, wherein the laser beam passes
through the substrate at an intersecting region overlapping the border
region such that the laser beam irradiates the border region to remove

15 the layer of material formed thereon.

3. The method as recited in claim 2, further comprising blocking a first
portion of the laser beam from irradiating the target region, and allowing
a second portion of the laser beam to pass through the substrate at the

20 intersecting region.

4. The method as recited in claim 3, wherein the border region extends
beyond opposite edges of the target region to form two border zones,
and the method further comprises providing a mask for separating the

25 laser beam into two parts each of which ablates one of the border zones
to remove the layer of material formed on the border zones.

- B, The method as recited in claim 4, wherein the target region is an
elongated area extending along a first direction and greater than a

30 diameter of the laser beam, and wherein the method further comprises
effecting relative movement between the laser beam and the substrate

along a second direction parallel to the first direction to form a path of




7. The nethod as recited in claiml1, wherein the | aser beamis a first

| aser beam and the nethod further conprises directing a second | aser beam
io onto the material source through the substrate, wherein each of the two
| aser beans abl ates one border region adjacent to respective opposite edge
of the target region to renove the |layer of material forned thereon. 8. The
method as recited in claim7, wherein the first and the second | aser is
beans are split froma single |laser source and the first and the second

| aser beans have equal fluence. 9. The_fggthod as recited in claimS8,
wherein the two | aser beans pass through the substrate to forma gap

t her ebet ween, a el 0 r the target region to prevent
the target regi gﬁe%\zrﬁ fgp%%ﬁgggl&@%e@ﬁs?#?oﬁeﬁst and second | aser beans.

10. The method as recited in claim9, further conprising adjusting a

position of _at |least ope of the first and second beans to vary the w dth of
P 25 0ap. 611, TS MRIPRBESASCHER 17 SIRITHE-HESIRN (a,RGSIAte RO At | &

a pul sed laser havig |a86r BHane BRAY bl CAFied iath,! BRJMHE hdthod0YlidSer O
generate the induced material, and anot her pulse peak abl ating the border

region5so to renfBPHRS Yaying a1 orientetipalof dap nriskda foliow Hberaevrmenicefi on.
2, a" el eSaukseld G4 SLANE G ne RSP gt B SRR o
outside the target region at the sane tine.
7. The method as recited in claim 1, wherein the [aser beam is a first laser
beam and the method further comprises directing a second laser beam
0 onto the material source through the substrate, wherein each of the two
laser beams ablates one border region adjacent to respective opposite

edge of the target region to remove the layer of material formed thereon.

8. The method as recited in claim 7, wherein the first and the second laser
15 beams are split from a single laser source and the first and the second
laser beams have equal fluence.

9. The method as recited in claim 8, wherein the two laser beams pass
through the substrate to form a gap therebetween, and wherein the gap
20 overlaps the target region to prevent the target region from being

exposed to the first and second laser beams.

10.  The method as recited in claim 9, further comprising adjusting a position
of at least one of the first and second beams to vary the width of the

25 gap.

11.  The method as recited in claim 1, wherein the laser beam is a pulsed
laser having one pulse peak irradiating the material source to generate
the induced material, and another pulse peak ablating the border region

30 to remove the layer of material deposited on the border region.

12. . The method as recited in claim 1, wherein the laser beam generates the




13. An apparatus for formng a |layer of material onto a substrate at a
target s region, conprising: a |laser source for generating a | aser beam
wherein the | aser beamis to generate an induced material froma nateri al
source, wherein the induced material is to deposit onto the substrate to
formthe layer of material, and to an optical systemfor directing the

| aser beamonto a nmaterial source through the substrate, wherein the | aser
beamis to renove the layer of naterial formed on a border region outside
the target region. is 14. The apparatusigs recited in claim13, wherein the
optical systemis to direct the | aser beamto pass through the substrate at

beam i 11 adi at oo PRECED PR B4 M a8 ml 6P e Ral Gerid e Mo e
t hereon. zo 15. tﬁb&awmgbuatm saoettede n claim 14, wherein the optical

system further conprises a mask having al aser-bl ocking portion for bl ocking
the a first portion of the |aser beamfromirradiating the target region,

and al aser pa®si Ngn RPPhrADs FOF fodmn Nyt STeRMRMAaPOATD Q@u@étrét@%t'a?‘tfa‘?%etbeam
to pass through the substrate at the |ntersect| ng region. zs :

apparatus as rediegid, CAMANEING: 15, further conprising a hol der for
suppor t i ng the substalecoyest Behbiadi! A8isel BelRY el Fli 128 beatne

| aser beam and wherern rel a \Ie to asér heam
corresponding to the isotergenerate Bheirfthicedr ma@Oridl7 frofinea appterat usowse,

recited in claiml1l5, ere| the, optjical s mfurt es a
gal vanoneter for .di r\@@etrﬁﬁb %gldchgépa 3 '%ER geppﬁlgonto WE'SUBERa to

form the layer of material, and
10 an optical system for directing the laser beam onto a material source
through the substrate,
wherein the laser beam is to remove the layer of material formed on
a border region outside the target region.

15 14. The apparatus as recited in claim 13, wherein the optical system is to
direct the laser beam to pass through the substrate at an intersecting
region overiapping the border region such that the laser beam irradiates
the border region to remove the layer of material formed thereon.

20 15.  The apparatus as recited in claim 14, wherein the optical System further
comprises a mask having a laser-blocking portion for blocking the a first
portion of the laser beam from irradiating the target region, and a laser-
passing portion for allowing a second portion of the laser beam to pass
through the substrate at the intersecting region.

25
16. The apparatus as recited in claim 15, further comprising a holder for
supporting the substrate, wherein the holder is movable relative to the
laser beam, and wherein the mask is movable relative to the laser beam
corresponding to the movement of the holder.
30

17.  The apparatus as recited in claim 15, wherein the optical system further
~comprises a galvanometer for directing the laser beam onto the




-is substrate, wherein the galvanoneter is to direct the |aser beamto nove
relative to the substrate, and wherein the mask is novable relative to the
substrate corresponding to the novenent of the |aser beam s 18. The
apparatus as recited in claim15, wherein |aser-passing portion has two
openi ngs each adjacent to one side of the | aser-blocking portion for
separating the |laser beaminto two parts to pass through a respective
interacting portion adjacent to target region. io 19. The apparatus as
recited in claim13, wherein the opticalssystem further conprises a beam
splitter for spitting the |laser beaminto two split |aser beans, wherein

the two split | aﬁﬁl{%@%%ﬁéﬁl fﬂie;fag‘{/%rhgfe?@ﬁ &eigﬁcﬁf'fg?éé’e?tb%éib?ﬁﬂowe a

gap therebetween. € app us as rec in ¢clharm erern the
gap covers the tretajise to dige snbsitdte, ahe wigpeindhe snask is ecovabde relativeaionth20,

wherein the optical ,systemis to adjust a posifi f at, | east one of the
two split |aser S&@’&F@y‘? Borg%§gpr§?%%%&m05$mgﬂ Oﬁgﬁﬁaﬁ.beﬁ% appar atus as
recited in claim2l, wherein the beamsplitter is a polarizing cubic beam

splitter for generating a P-polarized beam and an S-polarized beamw th
equal $1uent®. The apparatus as recited in claim 15, wherein laser-passing portion has

two openings each adjacent to one side of the laser-blocking portion for
separating the laser beam into two parts to pass through a respective

interacting portion adjacent to target region.

10 19.  The apparatus as recited in claim 13, wherein the optical system further
comprises a beam splitter for spitting the laser beam info two split laser
beams, wherein the two split laser beams are directed through the
substrate to define a gap therebetween.

15 20.  The apparatus as recited in claim 19, wherein the gap covers the target
region.

21. The apparatus as recited in claim 20, wherein the optical system is to
adjust a position of at least one of the two split laser beams to vary a
20 width of the gap.

22. The apparatus as recited in claim 21, wherein the beam splifter is a
polarizing cubic beam splitter for generating a P-polarized beam and an
S-polarized beam with equal fluence.




