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I nvention relates to a nethod of patterning a substrate. In particular, .
the invention concerns a nmethod of patterning an IndiumTin Oxide (ITO
filmsubstrate. BACKGROUND OF THE | NVENTI ON 10 Substrates are frequently
used in many el ectronic and telecomunication devices, such as conputer
chi ps and nobil e phones. Substrates can be nade from conductors,

seni conduct ors, superconductors and/Qf _insulators, and the conposition of
the substrate is usually determined for 15 their suitability for a
particul ar application. For exanple, 1TO has a high electrical

conductivity and good ' t T ies make | TO

hi ghly suitable for u@gﬁgﬁgm%@MC&%%@B&%des in flat-panel
di splays, organic light-emtting diodes, and solar cells. I1TO may al so be
used as a sensor for detecting toxic gases. Such applications of
substrates usually 20 invol vEIBLRKIMIHMINVENEIGNbst rate a desired pattern
required for a particular application. Several nethods have been proposed
for etching substrates, including I1TOfilmsubstrates. 25 A nethod of

etching an | TOThay ¢iveditiod $elBfs’ b eal mathaPOsEhattBriisy &+ Bst?fle: An
phot or esi st correspondi ng to the desired patternis laid on the |1TO | ayer
%]

to cover darticeakthesmengas oncems a Taethadenf pattesnioghan irdiem-Sint Gside
i mrersed | @féﬁ ed solution of hydrobromic acid to etch the
unmasked (gg ) no?r%gér' met hod is proposed in US 5,171,401. A plasm
cont ai ni ng

BACKGROUND OF THE INVENTION
10
Substrates are frequently used in many electronic aund
telecommunication devices, such as computer chips and mobile phones.
Substrates can be made from conductors, semiconductors, supercénductors
and/or insulators, and the composition of the substrate is usually determined for
15 their suitability for a particular application. For example, ITO has a high
eleqtrica} conductivity and good optical transparency. These properties make
ITO highly suitable for use as transparent conducting electrodes in flat-panel
displays, organic light-emitting diodes, and solar cells. ITO may also be used
as a sensor for detecting toxic gases. Such applicationé of substrates usually
20 involve etching into the substrate a desired pattern required for a particular
~ application.

Several methods have been proposed for etching substrates, including
ITO film substrates.
25 |
A method of etching an ITO layer on a substrate is proposed in US
3,979,240. A photoresist corresponding to the deéired pattern is laid on the
ITO layer to cover or "mask" portions of the ITO layer. The substrate is then
immersed in a concentrated solution of hydrobromic acid to etch the unmasked
30 ITO.  Another method is proposed in US 5,171,401. A plasma containing




0 7 JUN 2006 -2 nmethyl radial can effectively etch the I1TOfil mﬂs?b‘iégzﬁ[ﬁﬁ
Selective ion reactive etching is also proposed in US 5,138,664 ‘T

met hods suffer fromthe use of certain solutions and/or gases which are
harnful to both users and the environnment. 5 Laser etching of substrates
has al so been proposed because | aser etching does not require

phot ol i t hography, harnful solutions or gases. One nethod of |aser etching
proposed is "dry |aser etching" where _the surface of the substrate is

abl ated directly by a laser to pattern the substrate. Dry laser 10 etching
I's described in several articles, including Yavas O et al, Hi gh-Speed
Maskl ess Laser, Pat t.er ni f I ndi Ti | de Thin Fi ... (1998 | .
Phys. | Letretnybadia gamgdtooluely jeichibe. Bebhim subslzateqselactye opfeadveos
Substrate LD ki i | € f | im Tin
Qi de Th #"%?9#@?‘?&%@8@%‘? o o B0 Thes I S 8 F5E. ' anc
Yavas, O oftcertgin ®l@idnst andier pasest whidhasee Heamnfur toi bgtholusersdiaach then Oxi de
Thin Filns ;198}%}@ Appl . Phys. A69 (suppl.), s875-s878. As discussed in
the first W'@P Efd article, dry laser etching has the disadvantage that
shoul deg -l i ke structures are fornmed at the rimof the |aser irradiated

spot. The formation of shoulder-like structures can be attributed to the
surface tensi ohageadetehingi af substigiesehas 2@soevern gropesad beeausenlagerot her

' ' s d.. . F. |,
Laser - 1 na kO b8 re RS B Grolthadrahva YWl B0t ok arssss 08 e on,
(1996) ApphethBdys lagdidtciiing logssedliBi"dreBpeiching dHerd thevelirfaés 6f the

etching"” as the substrate s imersed either in an inert liquid or, in an
agqueous stibgiraty is,ablsted Qicecly| by iaolpser to pattern the substrate. Dry laser

10 etching is described in several articles, including Yavas O. et al, High-Speed
Maskless Laser Patterning of Indium Tin Oxide Thin Films, (1998) Appl. Phys.
Lett. Vol. 73, No. 18, pp 2558-2560; Yavas, O. et al, Effect of Subsitrate

_ Absorption on the Efficiency of Laser Patterning of Indium Tin Oxide Thin
Films, (1999) J. Appl. Phys. Vol. 85, No. 5, pp 4207-4212, and Yavas, O. et al,

15 Substrate-assisted Laser Patterning of Indium Tin Oxide Thin Films, (1999)
Appl. Phys. AG9 (suppl.), s8756-s878. As discussed in the first referenced
article, dry laser etching has the disadvantage that shoulder-like structures are
formed at the rim of the laser irradiated spot. The formation of shoulder-like
structures can be attributed fo the surface tension gradient in the molten

20 material near the rim.

Another laser etching method is proposed in US 5,057,184 and Lu, Y. F.
et al, Laser-Induced Eiching of Polycrystalline AlLOsTiC in KOH Aqueous
Solution, {1996) Appin Phys. A62, pp 43-49. This method is called "wet laser
etching" as the substrate is immersed either in an inert liquid or, in an aqueous

25 alkaline or acid solution.

In the case of wet etching with an inert liquid, laser-induced sonic
cavitation of the inert liquid is used to etch the substrate surface. However, wet
laser etching using an inert liquid is limited by the need for the substrate to

30 have suitable physical properties for this wet etching method. That is, for the




In the case of wet etching with an inert |iquid, Iaser-lnducedgqomuw 2006
cavitation of the inert liquid is used to etch the substrate surface.
However, wet |laser etching using an inert liquidis limted by the need
for the substrate to 30 have suitable physical properties for this wet
etching nethod. That is, for the 7 JUN 2006 -3 substrate can be effectively
etched, the substrate nust be able to absorb the |aser energy, have a
finite nmelting tenperature and nust nqQi _sublinme when being subjected to
heat fromthe |aser energy. 5 In the case of wet etching with an aqueous

al kal i ne or acid solution a_ laser-induced chemical reaction is used to

etch the supstrate s The ant e, of t etchin thod is
Chat ot ehBFIAR a5 berSfrciva etohedsnnyialiats ulst i, blec e ibeard Harm

t enper at U'I@serl&érﬁyaﬁg\l/é 'ao'ﬂntté’%gltl tteﬁ"i hiee BRldNARISE ot Wublitde (whighdue or
contanminants fromthe etching pro emaining in the solution, and so

can be poteing sibjgcted tom@pbﬁoneihledasemergbstrate causi ng an undesi r abl e
etched pattern. Furthernore, a method of |aser cleaning an etched substrate
has been 15 proposed in Zapka, W et al, Efficient Pul sed Laser Renoval of

0. 2um g zed pang it @8sh 'dFvet é’a@hir@ @thaifaquéd@sgémal‘h@@'or oY SolkiBht a Vol .
58 No. 20, pp 2217- 2219; Inen, K al, Laser-Assisted Mcron Scal e

Particle mﬂﬁwlacﬂuqe_dggbgemlcal\gpactmhy% usedfto etvbltheSwwrate.sq;faczoe,TheS, and

par 1 i oul iy Btagsf'SF s BP Bl FiORGH 5naRnatBa) eyt e 4ehiay ..

r ef er encemappopsatedosatms, baseat r@drﬁagmpgram,téwod A laser is used to
irradiate a contam nated substrate with a liquid filmdeposited on the

surface so that the filmevaporates to carry away particulate contam nants

from tfae subst rll?ta%ldﬂm\, %%g? V\ﬁ)‘?tetérﬂﬁglrﬁ%ﬁgg %.élﬂlgirpfr-{sicﬂecm R8nihGnSHRstrate
surface Laser fluence’ and the nu rof pulses nus
from the etching process remaining in the solution, and so can be potentially re-

deposited on the substrate, causing an undesirable etched pattern.

Furthermore, a method of laser cleaning an etched substrate has been
15 ‘proposed in Zapka, W. et al, Efficient Pulsed Laser Removal of 0.2um sized
particles from a Solid Surface, (1991) Appl. Phys. Lett. Vol. 58 No. 20, pp 2217-
2219; Imen, K. et al, Laser-Assisted Micron Scale Particle Removal (1990),
Appl. Phys. Lett. Vol. 58 No. 2. pp 203-205, and Tam, A. C. et al, Laser-
Cleaning Techniques for Removal of Surface Particulates, (1992) J. Appl. |
20 Phys. Vol 71 No. 7, pp 3515-3523. These references propose a steam laser
cleaning method. A laser is used to irradiate a contaminated substrate with é
liquid film deposited on the surface so that the film evaporates to carry away
particulate contaminants from the substrate and does not involve ablating or
etching the substrate surface. Laser fluence and the number of puises must
25 be deliberately minimised in the method to prevent any damage to the
| substrate. In addition, the function of the liquid film is to enhance cleaning
efficiency of this method.

SUMMARY OF THE INVENTION
30




25 be deliberately mnimsed in the nethod to prevent any danageﬁig Bﬁ 5005
substrate. In addition, the function of the liquid filmis to en cé

cl eaning efficiency of this method. SUMMARY OF THE | NVENTION 30 D 7 JUN
2006 -4 The present invention provides a nethod of patterning a substrate
according to a predeterm ned path, said nethod including formng a liquid
film on the substrate surface and directing |aser energy froma | aser
through the filmto etch the substrateg surface, wherein etched material is
carried away from 5 the substrate surface via evaporation of the film
during said etching. Wth the present I nventi on, the formati on of
shoulder-like ructure I mof the |as |rr@%1ated sggt can be

ef fectively avoﬂ?e(? eeeﬂﬂ @VEH{-% Qrgt"éie?s Biedhed Pfcpatierpig 2, suPsthateet ched
material s a%%ﬂrd?ﬁg@@hrm‘é@eﬁé’fdﬁnécp BiHE e ni'éth@@tﬁdum;ﬁ rf8r’nﬁ’iﬁ§%ln?m8rﬂﬁtn the
substrate. In particul ar, aser ener gy I nduces on| c Cavitation of the
liquid filan the §Ub$tratﬁestﬁfﬂ@§tam dlireTting lasarcenergy dram zplaseethicughoihel i ty

be gr I oV the tho of t nvent i e conf ext of
CAns e Ot it 4t Y b Wath RGeS "iRein thed WEIaL s calrisd vy ol 1
| ayer of Itheeudsmatets@fetcelwéseeéﬁo:ehomcﬁtmmauﬁﬁ@bsud dibhing. | aser _
patterning, the liquid filmis evaporated. A dry Substrate with a desired

pattern can be observed. 20 Preferably, the liquid filmis forned on the

bstrate surf [ ont st.rate surface.
isl'ﬁesl iquid vap%ﬁ,ﬁh H}sqejpﬁb%ée'ﬂglgl%n '6@%%%%%%?0%?5%&2(%53%% smf S ‘?tl qui d
or. non-r ehetrinv ef thedaser-iradlistep spbecarte offdotviipenbidedhthd étgHing rbtd 19 has a

t hi ckness of several mcroneters to several tens of mcroneters.
) greaIIy mhanc:ed and the etched materials can be carried away to prevent

10 possible re-deposition on the substrate. In particular, the laser energy induces
sonic cavitation of the liquid film to etch the substrate. Thus, etching and

- patterning quality can be greatly improved by the method of the invention

In the context of this specification, the term “liquid film" means a
15 relatively thin layer of liquid with a thickness of micrometer scale.

After laser patterning, the liquid film is evaporated. A dry substrate with
a desired pattern can be observed.

20 Preferably, the liquid film is formed on the substrate surface by jetting a
liquid vapour onto the substrate surface. The liquid vapour is preferably
composed of water, alcohol, inert liquid or non-reactive liquid. In a preferred
embodiment, the liquid film has a thickness of from several micrometers to
several tens of micrometers.

25

It is preferred that the liquid vapour is jetted with a gas to carry the liquid
vapour onto the substrate surface. The gas is preferably composed of
nitrogen, compressed air, oxygen or an inert gas.




25 It is preferred that the liquid vapour is jetted with a gas t@ Talny 2t
liquid vapour onto the substrate surface. The gas is preferably conposed
of nitrogen, conpressed air, oxygen or an inert gas. JUN 2046 -5
Preferably, the laser energy is directed in pul ses of predeterm ned
duration. The pul ses preferably are in the range of 1-100 ns. Preferably,
the |l aser fluence energy is nore than the etching threshold of the
substrate. In a preferred enbodi nent, .ghe range of |aser fluence energy is
nore than 150 ml/cnR. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Preferred

enbodi nents of the invention will now be described, by way of exanple

only, with ref to awi ngs, .l n,.which: Figure S schemgti c
diagramil | ust ?&&éﬁ théﬁ%g?%%rd egg‘gyr & n%]f%céefgde p‘g‘ﬁﬁﬁd?%ngﬁ?&%?rm'ﬁgapr esent
I nvent i onduidtidn. Jrtie pdides préfefalily ass PMeaaGe of MWppGhsa patterned line of
an | TO etched by a prior art etching nethod using YAG | aser irradiation.

Figure 2b is a depth profile of Figure 2a; Figure 3a is a m croscope photo

showi ng a patt |.Ng. Of. - b 0 c ing to the
enbodi ?rent IOof ﬁ%ﬂéﬁg?%lgéﬁ}e llaﬁ\%gﬁblgg%e %&Jé&ﬁﬁpﬁnc@@ﬁbﬂq g}cﬁrécglﬂﬂ‘pﬁlg%ld Fi gure
3b is & deptiie puisdtidte. dh aFpreferreBambodiment, 4t tange of BIEESAGMTCPEREGyShow ng
a patterned line of an ITO etched by a prior art etching nmethod using

Exci mer | &&s@0re thamile0imd/cns gure 4b is a depth profile of Figure 4a; 25
Figure 5a is a mcroscope photo showing a patterned line of an ITO

BRIEF DESCRIPTION OF THE DRAWINGS

10 Preferred embodiments of the invention will now be described, by way of
example only, with reference to the drawings, in which:

Figure 1 is a schematic diagram illustrating the method according to one
embodiment of the present invention;

15 Figure 2a is a microscope photo showing a patterned line of an ITO
etched by a prior art etching method using YAG laser irradiation.

Figure 2b is a depth profile of Figure 2a;
Figure 3a is a microscope photo showing a patterned line of an ITO
etched by the method according to the embodiment of the present invention

20 using YAG laser irradiation. _

Figure 3b is a depth profile of Figure 3a;

Figure 4a is a microscope photo showing a patterned line of an ITO
etched by a prior art etching method using Excimer laser irradiation.

Figure 4b is a depth profile of Figure 4a;

25 Figure 5a is a microscope photo showing a patterned line of an ITO
etched by the method according to the embodiment of the present invention
using Excimer laser irradiation;

Figure 5b is a depth profile of Figure 5a;
Figure 6a shows the etching depth as a function of pulse number for

30 patterning an integrated circuit package by a prior art etching method and the




using Exciner laser irradiation; Figure 5b is a depth profile of

Figure 6a shows the etching depth as a function of pulse nunber for 3
patterning an integrated. circuit package by a prior art etching nethod and
the -6 nmethod according to the enbodi nent of the present invention, both
using YAG laser irradiation, and Figure 6b shows the etching rate as a
function of |aser fluence for patternigng of an integrated circuit package
etched by a prior art etching nethod 5 and the nethod of the enbodi nent of
t he present invention both using YAG |aser irradiation. DETAILED

DESCRI PTI ON THE PREF D E | MENTS 10 Figure 1 sho n apparatus for
appl yi ng @%%FMB@?@E%RE%%%%W?&E& tﬁfﬁge@f'n’!%'%\f\%@ ESEVERB) on. A
| aser 10 figderG@aginfbh ghep | aser beam 12 is provided with an optical system

20. The laser 10 can be a YAG | aser or Excinmer laser. An optical system 20
scans the | asefFigiranth2shows the setbbingarate 39 anlfomgiion pf dareflienoed farat h.

Optical system.20 i.ncl.udes a nm.rror, |ens d 15 gal vanonetric mrror.

ot cal < FEBRIG of AR in{eRFasRa tiicbf meckans oieg e it AT Sickiod Beltiodr> as
wel | as seanhROmeas ob BRMePibodieht 3F eheé breddtl ihventRIrehSALAMg CPABUL er
controlled. The substrate 30 is placed on a carrying stage 40, such as an
X-Y st age |las@tiigadiationd so capabl e of noving along a predeternined path. A
controller 50 controls the direction and speed of stage 20 40. A contai ner
70 is provided having a liquid 60 and is heated by a heater 80 to generate

l'i qui d vapour . DHFAILEQUDESTRIPTEONOET THEIFRIEPERED EMBODIMENTSUI t abl e
liquid. A gas source 90 is in comunication with container 70 via gas

etched by the nethod according to the enbodi nent of the present mg{/e{}mq@%
’ g a,
0

10 Figure 1 shows an apparatus for applying a preferred embodiment of the
method of the present invention. A laser 10 for generating a laser beam 12 is
provided with an optical system 20. The laser 10 can be a YAG laser or
Excimer laser. An optical system 20 scans the laser beam 12 onto a substrate
30 along a predetermined path. Optical system 20 includes a mirror, lens and

15 galvanometric mirror. Optical system 20 can change the direction and focus of
laser beam 12 as well as scanning laser beam on substrate 30, and is
preferably computer controlled. The substrate 30 is placed on a carrying stage
40, such as an X-Y stage, which is also capable of moving along a
predetermined path. A controller 50 controls the direction and speed of stage

20 40.

A container 70 is provided having a liquid 60 and is heated by a heater

80 to generate liquid vapour. The liquid may be water, alcohol or any other

suitable liquid. A gas source 90 is in communication with container 70 via gas

25 flow regulator 100 and valve 110. The gas in this embodiment is nitrogen.

Other gases such as compressed air, oxygen or an inert gas, may also be

used. The valve 110 controls the gas flow at a predetermined flow rate and flow
state, either continuously or intermittently.




25 flow regulator 100 and valve 110. The gas in this embodiment {is jiy 23@5
nitrogen. Oher gases such as conpressed air, oxygen or an inert gas,

al so be wused. The valve 110 controls the gas flow at a predeterm ned flow
rate and flow state, either continuously or intermttently. 07 JUN 2006 -7
The net hod according to the enbodi nent of the invention is as follows.
Liquid 60 is evaporated by the heater 80 to forma |iquid vapour. Nitrogen
from gas source 90 is then released into container 70 to carry the |iquid
vapour onto the substrate surface through a nozzle 120. The |iquid vapour
beamis driven 5 by the nitrogen out of the nozzIe 120 and is jetted onto

the substrate , n t hi m 134, havin t hi ckness
of microneter igﬁl@&%ga Ffs't"ért rltqaé’%ﬂ] 9{ '8"%@#9'};1[%3 WSaser 10
t hen gene t bstrate
30 thr oug%@t‘ﬁiﬁb?%ﬁ?af‘ﬂ@f@d%”é"ﬂﬁ?d BB Yo AERL G N ROR Tl 0 e

surface dgaeeou;cea%tatlnreng'etaas&dpn@dmmaumenéa tpaalry thadiguicbeapourdntcauses
| aser-i ndyc m,134, thus resul.ting in

f the, |l
coont g e RuBSS sitech 3hHSUb s rcdie 1240, Pod il vl DS 65 HEMER St ||
| aser sbea thg mmgeha@lﬁsatmlmqwedmolénﬁél jetidttontd Re eduljdtage eEhani sm

Is | aser I nduced sonic cavitation, wh quite different to | aser
cl eani ng. Cvnﬁeqwrﬂye a thiry liguidi @m 484 dewingsatthicknesss ohnfigromater atalg ishe

formati ony rﬂ-{n ﬁ%gb%%rtheh%%str%é %"i‘lféj es at the rimof irradiated portions of

t he substrate surtace 1 dry laser etching. During the etching
process, any residue materral that may result frometching is carried away
fromthe substrate 30 t he | aser-induced 20 evaporation of the liquid
film 134 on théh eﬁ%&q thepgengratestinger bears Hed Whiglt isrthan foeussegvdad from

tsngstsrgtseﬂ?é 1B yaég‘gg'rtgtdt@r@t&@t’@; ifnh 98 4°LLgs§FbgHﬁr 15BbG§sAtcRRg RS
substrate surface directly according to a predetermined path. Laser beam 12
causes laser-induced sonic cavitation of the liquid film 134, thus resulting in
etching of the substrate 30. This sonic cavitation effect continues until laser
beam 12 evaporates the liquid film 134.Thus, the etching mechanism is laser-

15 induced sonic cavitation, which is quite different to laser cleaning. This sonic
cavitation effect is the reason for avoiding the formation of shoulder-like
structures at the rim of irradiated portions of the substrate surface that occurs in

dry laser etching. During the etching process, any residue material that may
result from etching is carried away from the substrate 30 by the laser-induced

20 evaporation of the liquid film 134 on the substrate surface. Thus, etched
material is removed from the substrate 30, avoiding re-deposition of residue

material on the substrate, which occurs in wet laser etching.

The etching process is controlled by the optical system 20 scanning
25 laser beam 12 and stage 40 moving relative to the laser beam 12 along
predetermined paths programmed into the optical system 20 and the stage 40.

Reference will now be made to several non-limiting examples of the
method of the present invention.
30




The etching process is controlled by the optical system 20 scann%r}:g éﬁ\?mﬁﬁ
| aser beam 12 and stage 40 noving relative to the | aser beam 12" Ior’f’ _
predet erm ned paths programmed into the optical system 20 and t he stage 40.
Ref erence will now be nade to several non-limting exanples of the nethod
of the present invention. 30 07 JUN 2006 -8 Exanple 1 Figures 2a and 2b
illustrate a sanple of an ITOfilmthat was etched according to the
dry-laser etching nmethod. A YAG | aser was used with a 5 wavel ength of 532
nm pul se duration of 7 ns and a repetition rate of 10 Hz. The | aser
fluence was 887.5 mJ/cn2. As shown in Figure 2a, a blurred borderline 200
I's formed é)n thférﬁubstrate surface. Borderline 200 corresponds to a

shoul der - IF¥MB& lict ure 210 of 500 Angstrons forned at the rimof the
borderline 200, as shown in Figure 2b. 10 In conparison, Figures 3a and 3b
show a sanmple of ITOfilmpatterned using the nethod of the enbodi nent and
the equi pnment ddgures 2& amds2b iilusdratezosemplh ef santT @ dimr thad Wasgetatedon was

d f NI he | TO fil . I I f Fi 2a. As
can e scORoPiUNe AP an Rt lbnitd Beue) AnkARDGRsd BeEaisach Wilhas
corr espﬁndﬁa\ﬁél’er?g?tﬁftﬁtﬁwhnf, i Hg}eﬁ%ﬂ 67 o ahid % ?ébetiﬁéﬁ%{eeo?@g-@‘e

sanple of ITO filmwas patterne y prior art dry etching netho and a
second sankhe lager| fiaence wam 887 tadicar. bis tshewretinoBigure t2e aeblvoidnent

descri bed @098¥n’ﬁneliboqgtfgrrﬁ@8hefﬁe sﬁbgt%tré%u%%epeéér%rer m% 5’6’0 &grresponds

to a shoulder-like structure 210 of 500 Angstroms formed at the rim of the
borderline 200, as shown in Figure 2b.
10 |
In comparison, Figures 3a and 3b show a sample of ITO film patterned
using the method of the embodiment and the equipment set up as described
above. The same laser configuration was used for patterning the ITO film
sample as for the sample of Figure 2a. As can be seen from Fig. 3a, a clear
15 borderline 300 is obtained. This corresponds to a shoulder-free rim 310 in
Figure 3b.

Example 2

20 One sample of ITO film was patterned by a prior art dry etching method
and a second sample of ITO film was patterned by the method of the
embodiment described above. In both samples, etching was performed by an

- Excimer laser with a wa\ielength of 248 nm, pulse duration of 23 ns, repetition
rate of 30 Hz and laser fluence of 550 mJ/cm?.

25 “

Figures 4a and 4b illustrates the ITO flim sample etched bythe prior art
dry etching method. As shown in Figure 4a, a blurred borderline 400 is formed.
This corresponds to a shoulder-like structure 410 of 1500 Angstroms at the rim
of borderline 400 in Figure 4b.

30




Excimer laser with a wavel ength of 248 nm pul se duration of 23 gﬁ UN 2008
repetition rate of 30 Hz and | aser fluence of 550 mJ/cnR. 25 Fic ?eg biaz
and 4b illustrates the ITO flimsanple etched bythe prior art dry etching
met hod. As shown in Figure 4a, a blurred borderline 400 is forned. This
corresponds to a shoul der-like structure 410 of 1500 Angstroms at the rim
of borderline 400 in Figure 4b. 30 07 JUN, 2006 -9 In conparison, Figures
5a and 5b illustrate the ITOfiImsanplgq patterned by the nmethod of the
enbodi ment. As can be seen in Figure 5a, a clear borderline 500 is fornmed
at the rimof the irradiated portion of the substrate. This corresponds to
a shoulder-free rim510 in Eigure 5b. 5 Exanple 3 Integrated circuit (1C)
packages were &% ceRIBPASAN, sEigUses | Ta pard adk sillugisatee ke eld Qusfily samapler y

enhodi men? NS0 B e ikifod FAUE etiodfent Aer' Be el PRUBESAE, "L

wavel engt lelezr H&deninen $0Pulss foreherdatat otheOkiny s. tHenir?adiéalfe‘éiF pbRin of el aser
fluence of bhe YAG.l aser was set at 240mJ/cnR., The etching depth of both

sets of | &UBEkRIEgeNInARTRERANAISI® 2igheYIder-irre rips SAQAbEIgUse SBul ses. The
results of that test are illustrated in Figure 6a. As can be seen in
Figure 6a, the etching depth is nmuch higher for the method according to
t he enbodiBExamplef3 t he i nvention than the dry |aser etching nethod. 20 In a
second test, the etching rate was neasured for each nethod over a
Integrated circuit (IC) packages were etched. One set of IC packages
was etched using the dry laser etching method and a second set was etched
10  using the method of the embodiment described above. In both cases, a YAG

laser was used with a wavelength of 532nm and pulse duration of 7ns.

In a first test, the laser fluence of the YAG laser was set at 240mJ/cm?®.

The etching depth of both sets of IC packages was measured against the

15 number of pulses. The results of that test are illustrated in Figure 6a. As can

be seen in Figure 6a, the etching depth is much higher for the method

according to the embodiment of the invention than the dry laser etching
method.

20 In a second test, the etching rate was measured for each method over a
range of laser fluences between 200 and 500mJ/cm?. The results of that test
are illustrated in Figure 6b. As can be seen in Figure 6b, the etching rate is
much higher for the method according to the embodiment of the invention than
the dry laser etching method.

25

Thus, the embodiment of the present invention provides for a method of
etching a substrate which avoids the formation of shoulder-like structures at the
rim of laser iradiated portions of the substrate, enhances the etching depth and

etching rate, and removes any etched residue or contaminant from the surface




range of |aser fluences between 200 and 500mJ/cn2. The results %??Hgﬂgzmg§t
are illustrated in Figure 6b. As can be seen in Figure 6b, the ®%8tth rate
is much higher for the nmethod according to the enbodi nent of the invention
than the dry | aser etching nethod. 25 Thus, the enbodi nent of the present
invention provides for a nethod of etching a substrate which avoids the
formati on of shoulder-like structures at the rimof l|laser irradiated
portions of the substrate, enhances theyetching depth and etching rate,
and renoves any etched residue or contam nant fromthe surface 10.7 JO a
-10 of the substrate, preventing re-deposition of such material on the

substrate. _ . Thus, overall etghin nd patterning quality is inproved. Laser
fluence | Of 86 cilbsirale, I?f@Vﬁntymrrgﬂ%HS&iﬁe @t swehh gnateriak B eosubstate.s

subst r at e.Th[Reofbl] i@ﬁ@,ﬁg%@ﬂﬁgm@gﬁﬁggﬁgﬁm aneters of the |aser and

material propérties o e liqud rate. For exanple, a |aser
fluence of nore than 300mJ/cnR is suitable for an Excinmer |aser patterning

SRR s oy e e RS
dopar ting T ronatt o V6 SIOMAT thiaRnBRUobals fShe PRFYBERrS 91 TE st ',
met hod of materisl properties ufsthealiguidc filon dinty substaater e fedreerampld, patlaser sai d
et hod | 1Gh4Hb8%r 85/ tidn B0 2 L S 0 o BRI fackl SRR

ITO film, whereas a laser fluence of more than 150mJ/cm? is suitable for a YAG

laser patterning an IC package.

10
' The foregoing describes only one embodiment of the invention and
modifications can be made without departing from the scope of the invention.




s laser energy froma laser through the filmto etch the substrﬁf %fw
the | aser energy causing |aser-induced sonic cavitation of thel{qu m
whi ch etches the substrate and avoids formation of shoul der-1ike
structures at arimof irradiated portions of the substrate surface,
wherein etched material is carried anay fromthe substrate surface via
evaporation of the filmduring said etdthing, and wherein the io liquid film
is formed on the substrate surface by jetting a liquid vapour onto the
substrate Q’l\wlg 2. The nethod of claim1l1l, wherein the |iquid vapour
conpri sesC ast one conponent selected fromthe group consisting of

wat er, an al cohol, an inert liquid, 1is and a non-reactive liquid. 3. The
method of claiml| or 2, wherein the thickness of the liquid filmis in the
range of bkever A methodorfgiattesning =s suiestedte iaensrdirfg toi & posdstensined@ath, The

t hod of f the liquid tted
i th s oo ineliba PRl Rrmmad dfui 1 By Tor otk B A LBy The
met od ofjagénBrdy anﬂ?é%ébrttHﬁ)L%sthéqmrtb%%& fle S RAHat@I0ECIRAB RNer

sel ected fromthe group consisting of nitrogen, conpressed air, oxygen, and
an 25 | rﬁmrggégusmg lages- ln@mcmusmcaayltatm @‘ftheﬂuquwduewmg afthemthenher ei n -

the | aser of det er.m ned dur 30 7.
e ot roishfd dnd G5 ERERN REsMnaERuR! sRiitedA AR adhlel; O
100 ns. GoftidhdoRebsubbrabe sufiscaBiagiroétchey nidtefalas ediie @\N@*}ff@m terei n
the laser fluence of the laser is nore than the etching threshold of the

subst r at eSUbstraigauiiageya eyrperation of thaditm«uiingreaid atféung, laneriwlered ther e t han
150, my/ Cr]%um'aﬂim is formed on the substrate surface by jetting a liquid vapour onto the

substrate surface.

2. The method of claim 1, wherein the liquid vapour comprises at least one
component selected from the group consisting of water, an alcohol, an inert liquid,
15 and a non-reactive liquid.

3. The method of claim 1 or 2, wherein the thickness of the liquid film is in the

range of several micrometers to several tens of micrometers.

20 4, The method of any one of claims 1 to 3, wherein the liquid vapour is jetted
' with a gas to carry the liquid vapour onto the substrate surface.

5. The method of claim 4, wherein the gas comprises at least one component
selected from the group consisting of nitrogen, compressed air, oxygen, and an
25 inert gas.

6. The method of any one of the preceding claims wherein the laser directs
laser energy in pulses of predetermined duration.

30 7. The method of claim 6, wherein the pulse duration is-ir the range of 1 to
100 ns.




10. The method of anyone of the preceding clains wherein the s ?trﬂ@eﬂmﬁ
surface has an ITOfilmonto which the liquid filmis forned. : &

met hod of cl ai m anyone of the preceding clains, wherein the substrate io0
has one or nore |ayers. 12. The nethod of claim 11, wherein at |east one

| ayer of the substrate is silicon oxide. 15 13. The nethod of claim 12,
wherein the silicon oxide layer is thel2ep | ayer of the substrate. 14. The
met hod of claim 1, wherein the substrate is substantially conposed of

gl ass, quartz and/or, siljcon. 20 15. The nethod of claim1, wherein the
substrat i s aha methed af any pheleggeing daims; sheraindhe lasssdiyenee of the

sem cond ; | ning a substrate

accordi ngﬁ%@rlg?@?g}gggﬁﬁ%gg@%iﬁe%@%gg%s%%ag% including formng a
liquid filmon the substrate surface and directing | aser energy froma

| aser through .the filmto etch the substrate _surface, the |aser nes gy
causi ng Soor TP g eiEe By iharsit h%iasteﬁ@uwwsomprq thamn chmelcRes ¢ he
substrate and avoids formation of shoulder-like structures at a rim of

irradiated portions of the substrate surface, wherein etched material is
carried dllhy fremmmetiodof snymte aittbequetedieg ¢laamewepoeint thersubstratee il m

during said.etchin ein.the.laser. djrects |aser energy in pul ses of
predet er rﬁ%ej'l?rsa% g‘rﬁ%&? Ojliﬁ?\lwg'%gt%gll@u@ﬁlmrﬁ OFFBF’ﬁOd of claim 16, wherein
the pul se duration is the range of 1 to 100 ns. 18. The nethod of any of

preceding clains, wherein the laser fluence of the s laser is nore than
the etchityg t hisswethpdef ¢laisn appene af the preceding claims, wherein the substrate

10 has one or more layers.

12. The method of ¢laim 11, wherein at least one layer of the substrate is

silicon oxide.

15 13.  The method of claim 12, wherein the silicon oxide layer is the top layer of
the substrate.

14.  The method of claim 1, wherein the substrate is substantially composed of
glass, quartz and/or silicon.

20
15.  The method of claim 1, wherein the substrate is an ITO film IC package,

silicon wafer, conductor, semiconductor or insulator.

16. A method of patterning a substrate according to a predetermined path,

25 said method including forming a liquid film on the substrate surface and directing -
laser energy from a laser through the film to etch the substrate surface, the laser
energy causing laser-induced sonic cavitation of the liquid film which etches the
substrate and avoids formation of shoulder-like structures at a rim of irradiated
portions of the substrate surface, wherein etched material is carried away from the

30 substrate surface via evaporation of the film during said etching, wherein the laser

directs laser energy in pulses of predetermined duration.




19. The nmethod of claim 18, wherein the |laser fluence is nore thgq%lﬁﬁ%
mJ/ cn2. 10 20. The nethod of anyone of the preceding clains wher#i o 2085
substrate surface has an ITOfilmonto which the liquid filmis forned.

21. The nethod of claimanyone of the preceding clains, wherein the
substrate has one or nore layers. 15 22. The nethod of claim 21, wherein at
| east one |ayer of the substrate is -silBi-con oxi de. 23. The nethod of claim
22, wherein the silicon oxide layer is the top layer of 20 the substrate.
24. The nethod_of claim 16, wherein the substrate js substantially conposed
of gl ass, lquar ThesRethed ofidaigole, wierein therpuise dHEIOBHS ¢ | thenfange afflePei n t he
substrat ejggp@n | TO fil mIC package, silicon wafer, conductor

sem conductor or insulator.

18. The method of any of preceding claims, wherein the laser fluence of the
5 taser is more than the etching threshold of the substrate.

19. The method of claim 18, wherein the laser fluence is more than 150

mJ/emé.

10 20. The method of anyone of the preceding claims wherein the substrate

surface has an ITO film onto which the liquid film is formed.

21. The method of claim anyone of the preceding claims, wherein the
substrate has one or more layers.

15
22. The method of claim 21, wherein at least one layer of the substrate is
silicon oxide.

23. The method of claim 22, wherein the silicon oxide layer is the top layer of
20 the substrate.

24, The method of claim 16, wherein the substrate is substantially composed

of glass, quartz and/or silicon.

© 25 - 25. The method of claim 16, wherein the substrate is an ITO film' IC package,

silicon wafer,; conductor, semiconductor or insulator. -




