0 '8 DEC 2005 -1 FLAT PANEL DI SPLAY AND METHOD OF MANUFACTURE Th{FB@ﬂW?QEBQ”
relates to flat panel display devices, and to a method for their
manufacture, and is. 5 concerned partlcularly with flat panel display

devi ces having uniform spaci ng between substrate plates, and an

associ at ed manufacturing nethod. Di splgy_devices used presently include

Cat hode ray tubes (CRT), and flat pane display devices such as 10 liquid

crystal i spl ays hSORANMABT S his vEHHRD ogt Lyggnescent

di splays (ELD), field em ssion devices g t enlttlng di odes
(LED). Among themthe CRT has excellent display quality and brightness

conpar ed to t he ather SnvdoMevwer relllaties 2 Faldt | %%Eﬁ @H'?ia?nd heavy and so
does not lend i.tself to use as gol & e screen |s | a he“fl at panel

di spl ay |s Sw%ﬁe&e|ﬁﬂ€sé& Gudet lrmeegﬁﬁag dr§waﬁpdsﬂﬁe The
di spl ay chapac&emedtpexth&m&ab&gnwlﬁmrdued bhh@ugﬁlﬁpae§ akv2@egesearch

h tructed by
Bl aci g a L Benrg, SR, BhariRy DR iroht e relis Phanepar A fPat es.
whi ch are esmprissedofiaghdsstsubsgr akesodl? and 124) Coﬁted |m%;2nt | avers
| ndi um Tant al um gxisde (/| E@Lleg%cglfgdegngéén%ag d%?,féufﬂe fagna5LaD 4

(16 and 16') to formt seco
respectlveI§Ube§pé€3ﬁé:eﬁ@§eﬁﬂ§t @éﬁﬁdnﬂyspéﬁerdedlpesssnphyaas spacers

(20)1are sca&he&edcgebweendheela&bgnﬁee .| R ke eﬁsgﬂeg%wqpe bstrates,
whi ch are therefore_spaced apart orma cel ter bei'ng sealed
with a seal SnfFCt¥8- ?&énﬁﬁﬁﬁgd @F?E@éVS(L@PDﬁatéﬁﬁé 622FSF§nlnjected into

. the cell gadetacker nFaD) i, qand Q&g@tabmh@fghgwuhadgs regwhredakBhgkness. In

“the LCD W thythe gboyg s ggcggggllen %

an quality and
brightness compared to the others. However, it is

15 relatively bulky and heavy and so does not lend itself
to use as a large screen disgplay.

The flat panel display is now widely used due to
its light weight and small size. The display
characteristics have been improved through years of

20 research and development. One type of LCD, as shown in
Fig. 1, is constructed by placing a thin layer of
liquid crystal between two transparent plates, which
are comprised of glass substrates (12 and 12') coated
with Indium-Tantalum oxide (ITO) electrodes (14 and

25 ~ 14') and alignment layers (16 and 16') to form the
first (10) and second (10') substrates respectively.
Spacing elements, commonly referred to simply as
spacers (20) are scattered between the alignment layers
of the two substrates, which are therefore spaced apart

30 to form a cell gap after being sealed with a sealant
18. The liquid crystal (LC) material (22) is injected
into the cell gap to form a liquid crystal layer with a
required thickness.

~ In the LCD with the above structure, the alignment
35 of the liquid crystal is changed by the application of

an electric field, specifically by applying an external




35 of the liquid crystal is changed by the application of an el gcg 'B'ECE 2H%5
field, specifically by applying an external 0 8 DEC 2005 -2 voltage to t
transparent el ectrodes. The liquid crystals are either transparent or
opaque to incident |ight, depending upon their alignment. Thus, by
controlling the alignnent pattern 5 of the liquid crystals the transm ssion

of light through the display may be controlled. The driving
characteri st,| e biqul S re _largely influenced by the
i T e e s

t hi ckness o id crys ayer o € device. Therefore, it is
10 critically inpbet dpguid paivatals ehe spsbemgtohnshereoel brgap in order

to achieve yphhaembhiekness of sthe, g%ﬁ%hﬁiﬁ%ﬁbgg Laxgy. Uniform cell

spacing is achieved through the udse space oacers are usual ly gl ass
or pol ystyr@hdInmsngphef8ES, oPYgraasrPilBéng sheaad hgsmATY| RAEEEED They are
usual §y avablabhe nAghalyf ciyeiansi ReeerRRhamiBeidhaBet @5 ghEi Ne adj ust ment
of the spacLB% di tagce can_, be achbeved by gntrolllng the dispersion
density of 8UgHatEfs A1PRE 2¥pNE¥r Seshghtdobeedi stributed evenly 20

t hr oughout the cehk. dtheiebhoicherattspaeeickyp€ thedepgudantrypenlit s

desired properti | l.-as_th ctual displa material s. Plastics
spacers aregﬁgcgggggéyaggﬁlﬁﬁggFgc%ysg%&tggﬁggnéﬁg ﬁgeéheAil§H§ nt age of
pl asti cs spat¥ptalslpyetrhatf thei LCDhdemakeexp@hsirefiors, siimi Lar to that of

the Lyquid : terl i ] aat 1.ghe ratures when
t he ?quid %??gégklggpgﬁggkgﬁégcgaggggﬁfﬁgacgﬁF Fgggg%goﬁﬁaggﬁ, t he spacers
wi || expandcatlt Hap danerdatetomarchiavai npifhencehicapssGisshspacers do

30 not expandgasqaek-gkly: agdegan float freely at higher tenperatures.
d ass fibers are extienely_effective at )
' Uniform cell spacing is achieved through the use

of spacers. Spacers are usually glass or polystyrene
15 spheres, or glass fibers of a chosen diameter. They
are usually available in half-micron incrementeg in
diameter. Fine adjustment of the spacing distance can
be achieved by controlling the dispersion density of
the spacers; the spacers should be distributed evenly
20 throughout the cell.
The choice of spacer type is dependent upon its
desired properties as well ag the actual display
" materials. Plastics spacers are necesgary when plastic
substrates are used. An advantage of plastics spacers
25 is that their thermal expansion is similar to that of
the liquid crystal material. This means that at higher
temperatures when the liquid crystal expands and causes
the cell to bow outward, the spacers will expand at the
same rate, maintaining the cell gap. Glass spacers do
30 not expand as quickly, and can float freely at higher
temperatures. Glass fibers are extremely effective at
maintaining cell thickness, but are not used very often
in active matrix applications for fear of scratching
the thin-film transistor (TFT) circuits - glass spheres
35 are used instead.

A variety of methods are available for spacer




mai ntai ning cell thickness, but are not used very often in actrp% rﬁ@g %05
applications for fear of scratching the thin-filmtransistor

circuits - glass spheres 35 are used instead. A variety of nethods are
avai l abl e for spacer 0 8 DEC 2005 -3 application, though nost in use are
based on the sanme concept. The preferred nethod of application is to use
a controlled pulse of air of disperse'?ﬁe spacers, which then settle onto

t he substra . 1.pdu rra plicators consis | ass box into
which a fin%sp%$%5%1%$ s%%ce Ent?oﬂﬁ%eﬁreTﬂﬁsé a%%rghghﬁﬁmesettle ont o
t he substratencd&hts iEhsopeefﬁeseérdedhbg of heppsecatistai sctehasge, but
the static &h@éﬂerbméae Pf@éﬂt}ffa_‘t SB%C@H#]:%&O%&“ poglectric effects)

can 10 cause spacers fo et assT sted“application can
al so be usedhigh tb?ﬁbﬁﬁshlﬁr0§b®a§h©0$ub€ttahebe Mzed whdhsbrsaie sol vent

to apply thspﬁpﬁestérswbﬁsb@@ ébeadgﬁysQCt)oxdtﬁ@QV@Ht ge aOFigontacting the
al i gnnment ¥er with the 15 solvent.”This can destroy alignnment if the

materials af@uAoPt cBRPEEFHI &S thE@Gs%eﬁDreT%%bﬁpéc@ﬁ%ngbgﬂsuch as

pretilt | ovwestole (especiibt| yubsrhhegl. prehibtisnBEeEE 8hed- alBeadgition,
substrates c nnot usf al %tgs éemorked as the sgacers tend to ick quite
n~

well to “Phe ERbe ThAEr yOUpr BT ofisR 1€oﬁ§?ﬁﬁ?eﬂnLEf?spacer
particles amhambeen(sspétéabﬁylffﬁgutﬁibgeléﬁﬂrihegfféeﬂd)t@aﬁlUSter

resuylding |ga8¥gr§é£%g£QOSSI f8ﬁ§h gégns whi | e | eavi ng ot her regions

depl'eted, causin %% variation of the liquid crystal
Iayer Further $©bV@man®$elst©d applspatems @y desonoa-usedor mnwhi ch

causes di fféffﬂ){"ﬂshnofo%f%lEQQtiQecaﬁp@rg' 0981 318RCE- sAkgO. the spacers

are not fixed
' solvent to apply the spacers. This has the distinct

disadvantage of contacting the alignment layer with the
15 solvent. This can destroy alignment if the materials
are not compatible, or cause more subtle changes such
as pretilt lowering {especially in high pretilt
materials). In addition, substrates cannot usually be
reworked, as the spacers tend to stick quite well to
20 the substrate.

In summary, previously considered LCD spacer
particles are often scattered irregularly, and they
tend to cluster, resulting in overcrowding in some
regions while leaving other regions depleted, causing a

25 possible thickness variation of the liquid crystal
layer. Further, the diameters of the spacers may be
non-uniform, which causes difficulty in controlling the
spacing distance. Also, the spacers are not fixed in
the cell; they flow during the injection of the liquid

30 crystal material. The alignment layer and the
electrodes may be damaged by the clustered spacers,
when the two substrates are stacked and sealed under
pressure. As a result, the LCD does not have good
light blocking and transmitting characteristics. The

35 problem is more serious for larger screen LCD displays.

Other spacer techniques have been developed to




the cell; they flow during the injection of the Iiquid 30 crystalfj §e}eEf i 25
The allgnnent | ayer and the electrodes may be damaged by the clustered
spacers, when the two substrates are stacked and seal ed under pressure.
As a result, the LCD does not have good |I|ight blocking and transmtting
characteristics. The 35 problemis nore-gerious for |arger screen LCD

di splays. Qher spacer techniques have been developed to 0 8 DEC 2005 -4-
i mprove di spirayo¥RafacpépysthesacPreotsiticisogr Zplyolisbhoirgpbs enpl oy

phot osensi { L uenARGGELALneRGe bheloatig  SURSLESL 8 ancRoBhRLAT 851 ST the

substrate being then expos t which results In't creation of 5
spacers. Fbﬁb@eﬁubﬁhrétﬁeﬁﬁoé ﬁhyt@a@§esdan§9@ sobsheatel bgament | ayer of

the LCD SUbHEA! ExphBoa! 48115 0nERROLR L0e,dianiay HIaLacter Lyl bgs, there

is a need for a new tech nlque orm ng spacefs in ordéer to maintain a
const ant spapfagrédi st Havevero Ab@@rmﬁﬁQOﬁomaweCagpecﬂamﬁgeh§0|hhentlon

there is pggy?ﬁggggrgﬁpg?dogftggr?bﬁgsgb Qggganel di splay device having

two substantia substra pl'ates defining a gap therebetween,
each plate havi njh @ndénnep supface thelﬂgspheyotheraoterhetp¢ates the 15

et hod COMPE}SLDT: Lo ThOgyspRS! 00BLOLEELEGNS, OF SRAGRIAY oBO-LDE | aner

surface of at | east one o ‘ dlaf sai ace at
pr edet er nmi néd PQ@QFIbﬁSmﬁQHtéaHSQ Ch98§aﬂﬁa©@abonmeHnsaansaid | ocati ons,

and §Hbseque”t'YA<%$;g ﬁ %‘%1’18%‘%%8% Lo gﬂ@' i AGnt Eon 200 ?é gity, to

form said spacers vention also provides an apparat us form ng
spaci ng propeeviénd @nmathgﬁsofafermhageaoflat Phaelpdmepldysplay devi ce,

the apparatysyfOOPRLOLAG b 30LALLAR: IRANS LOL ) &agpe%kggoghe substrate

‘plate 25 at predetermn ocati1ons an u |ng
plates defining a gap therebetween, each plate having

an inner surface facing the other of the plates, the
15 method comprising forming spacing projections, or spacers,
on the inner surface of at least one of the plates by
irradiating said surface at predetermined locations to
cause the surface to melt at said locations, and
subsequently ailowing the locations to cool and re-
20 solidify, to form said spacers.
The invention also provides an apparatus for
forming spacing projections on a substrate plate of a
flat panel display device, the apparatus comprising
irradiation means for irradiating the substrate plate
25 at predetermined locations and causing the plate to
melt at those locations to form spacing projections, or
spacers, and a support member for supporting the substrate
plate during irradiation, the irradiation beam and the
substrate plate being movable relative to each other.
30 The invention further provides a flat panel display
device comprising two substantially parallel substrate
plates sealed at their edges to form a panel, and defining
a gap therebetween, each plate having an inner surface
facing the other of the plates, wherein spacing
35 projections, or spacers, are formed on the inner surface

of at least one of said plates at predetermined locations,




melt at those locations to form spacing projections, or spacegf fffﬁﬂzﬁ
support nenber for supporting the substrate plate during irra gt , e
krradi ati on beamand the substrate plate being novable relative to each
other. 30 The invention further provides a flat panel display device
conprising two substantially parallel sygbstrate plates sealed at their
edges to forma panel, and defining a gap therebetween, each plate having

an inner surdmee facisagathesother ofeihte )aies,cwhenaidy spaci ng 35

proj ections,_qr spacers, are for .on the jnner surface of at |east one
of said pl atse@osa? Lb?%ﬁ&e?%%%ﬁlgjg’gh‘?ﬁﬁ]&%?twr? &%S?d%)ssfr-%‘ct%e spacers
bei ng forned of naktEdenndorsibsesdieftdtynres sof itdid iied-poritdronsof said
surface. Fur eferred features of _the inyentigon may be found in the
sub-cl ai ns a%%g%alerg‘ﬁ hIelge’{’}(]ﬁ(.a B _rff)u%%}nﬁ%n?%peo?det%}eprr%s?e'nt invention aimto
i nprove the di splEgbehinecterdstilns mfesepanelvaitsipimy inbytgr oduci ng

spaci ng el engat s, tf, el [ el and i sel 0 I

characteristics i1n_order t%ﬁf%%i ntain t%%%%g%fp%a a;r_l(?ilclo%gtsfr%tayspaci ng.
In one 10 efBbd¥RMCHPUIRRE rGAseiengnts avidy stedngtdefiimachend nfrared

spectrum i s [t Qver, asoir STBE@Yc SO &8 105t i LaLE A-RRAGY array on the
di splay substrate surface. _The | aser-induced spacers | ocate between the

two subst r &R the b IR 1At AL FackSE 1Y t odét K8 A
prefeanred erdwsbdiidntofa thel @ SEed WEIH | DRvavi lldngtow ibe tdescri bed, by
way of exanpl eflronl i reference to the acconpan i.rj]“% drawi ngs, in

t

whi ch: Fi gurd Ef%é/% %M%%(f oAl i FW iy tHe TS50 RF a known

LCD, Figure Xxda-a sepacmal antaew @f thestdiugilune safbsarate surface.

: The laser-induced spacers locate between the two

- substrates when the two substrates are stacked
15 together.

A preferred embodiment of the present invention
will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a sectional view showing the structure

20 of a known LCD;

Figure 2 is a sectional view of a structure of an
LCD according to an embodiment of the present
invention;

Figure 3 is a schematic diagram of a laser-induced

25 spacer formation apparatus in accordance with an
embodiment of the present invention; )

Figure 4 is an Automatic Force Microscopy (AFM)
obgservation of laser-induced spacers, showing the
three-dimensional image of the lager spacer array;

30 Figure 5 is another AFM cbservation of the lasger-
induced spacers, showing the three-dimensional image of
the laser spacer distribution, and

Figure 6 is an AFM analysis showing a two-
dimensional spacer profile.

35 ' In order to achieve the above-mentioned

cbjectives, in one embodiment a pulsed laser with a




, LCD according to an enbodi nent of the present invention; Figure&FBiaEe 2005
schematic diagramof a |aser-induced 25 spacer formation apparatus
accordance with an enbodi nent of the present invention; Figure 4 is an
Automati c Force M croscopy (AFM observation of |aser-induced spacers,
showi ng the three-di nensional inage(ﬁG}he | aser spacer array; 30 Figure 5
i s anot her AFM observation of the | aser- induced spacers, show ng the

thr ee. di eng0alel B0, Of nct el a5en spacerl $br Lbutin. gnd Fgure 6 1

an AFNIanaIyS|s S I nensi o acer 35 In order to
achi eve thelaﬁ@ﬁ@cﬁewﬂﬁbn@@e obj eethves, the bnenepbudnnedusalpulsed | aser

With a0 8 DEBs20A%ss0 Wavel epakly AclS 10 EALANGSBROLEUT |5 applied to

interact with one or he transparent strates. The
spacer arra§UP§tF@Fﬁ§dU§éeﬁhéa8§6béﬁraﬂé§taﬁaert ﬁsépapﬁrédhaviﬁﬁ t he

spacess haviupg forwnhkagmhanahbeang QQ'@QgﬁﬁaEEQQE€£1Qh§EBtht'On
providing a unlf rn1celbag%P for liquid crystal .in the case of an

LCD. The | a®&PVE&amSodt FEWFFﬁ% EQEe O%ofr8e therddfHies the substrate
surface througistail dpt ttal ca%@ syshanL.CAppropri ate processing paraneters,

such as | aser ma%%leﬂgser %a%%r glgg ?%%%tgggi}%ggggggomer and the speed

of the positioning stage are sef ¥F Eharacteristics
of pre-det eimraddaspacehe babghtratdi anefere ahdodghtahbuptmna115 When t he

subsipate mat Eb%' ABBALOD. 1] ?§8&es§?ﬁ?géargggtgg BueneLgy converts to

t hermal ener resu ng-in sin stra enperature The
| ocal naterﬂéﬁeﬁeﬁﬁﬁﬁéeﬁﬁﬁbenlﬂﬁ@ﬁ Phésﬁeﬁpéﬁéﬂgﬂe 1aser power and

the speed of the positioning stage are selected for
desired spacer characteristics of pre-determined spacer
height, diameter, and distribution.

15 When the substrate material absorbs the laser
energy, the photon energy converts to thermal energy
resulting in a rising of the substrate temperature.

The local material becomes molten when the temperature
exceeds its melting point. The laser-induced spacers

20 are formed because of thermal physics effects during
the rapid melting and cooling process; specifically the
thermal capillary wave effect. A pool of molten
material is formed due to the brief laser irradiation.
A "bump" appears during re-solidification due to the

25 hydrodynamic response of the molten material to surface
tension gradients, determined by temperature gradients
which are responsible for the thermal capillary wave
effect. According to this theory, the bumps are formed
through the excitation of capillary waves at the

30 liquid/air interface, which waves solidify to form the
bumps or spacers. As there are no other materials
involved and no material is removed from the substrate,
a contamination-free process is achieved.

The following is a detailed description of an
35 embodiment of the invention which has, as its example,

a liquid crystal display as the flat panel display




exceeds its nelting point. The |aser-induced spacers 20 are forne@ $§f280
of thermal physics effects during the rapid nelting and cooling process;
specifically the thermal capillary wave effect. A pool of nolten nmaterial
is formed due to the brief laser irradiation. A "bunp" appears during
re-solidification due to the 25 hydrodynam c response of the nolten

material to surface tension gradients,’ determ ned by tenperature gradients
whi ch are rgggg@glble for the thermal capillary wave effect. According to
this theory, € bunps are formed through the excitation of capillary
waves at the 30 Usdugdlike wefewxtace, nuhiechlwafes dokedifbptuwebornm the

bunps Or SPaaise 45 HIBLELALC AB.ALNeL MBLRILALS WLAYO! ued gNdqno materia

is renpved on1the subsStrate, a contanlnatlon proceSs 's achleved
The follomnﬁaYﬁ§a& daERiLp¥d WdEsc SPPERSN C3ETENtES @Wbdépﬁﬁﬁﬁsdfzﬂhe

I nvengi on WEbQﬁeHa%n as 1okere%aBRkeated 1 quhd ebyshah @i sRkaYags the flat
panel display. 0 DEC 2005 -7 .device. Using like reference nunerals for

li ke featur@?bgélﬁﬁﬁﬁrgflthﬁldHV§n§l§ﬁoms in sectional view, a liquid

crystal display whehlspagespabereaksayOli s’ pacees’ od0the formed on_a | ower
substrate 1 in accordan% mﬁ%h in nbodi.ment, of the i nvention. The | aser
tfate gnsg

spacer array PEBPESPEd® 8r BALNEGHS: FBPeTY® to meintain the
t wo substr&hbstahtespae-depeewﬁaeérmmaedngpanlhbe1h|nh&hédniahadnel. The

t wo EHbstrahgie&O 104, Q0 %hbggég $ﬁe&5ag%par%§%l§ bs%r%%Fl | TO el ectrode

| ayer 14, a al'i gnrent spacers buted between
t he aI|gnnehrahapergnanSuhgtmwmesu5§praﬂestrO@hldhyareléeabad usi ng seal ant

18 resul tingii;gndete! haler998 W thePLBadeler BngdeSAact R pdi-ghance.
/ between the alignment layers on the two substratesg,
which are sealed using sealant 18 resulting in a cell
15 gap with pre-determined spacing distance.

The gap between the two sealed substrates 10 and
10' forms a cell for a liguid crystal 22. The gap of
the cell must be uniform for good liquid crystal
performance. The laser-induced spacers 20' have a pre-

20 determined profile with uniform height, diameter and
distribution. The spacer characteristics can be
flexibly and precisely controlled. Nano-indentation
test results show that there are no obvious changes in
the hardness of the glass substrates before and after

25 the laser modification process. As the gpacers are
fixed on the substrate, there are no spacer clumps.

In the design shown in Figure 2, the laser-induced
spacer array is fabricated on one of the transparent
substrates 10' only. The spacers 20' regt on the

30 opposite substrate when the two substrates are stacked
together and sealed to form a cell for the injection of
the liquid crystal. The gap in the cell is therefore
the same as the spacer height. As the spacer height is
precise and regular, the gap is uniform, resulting in a

35 uniformly thick liguid crystal layer.

In an alternative embodiment {(not shown), the




The gap between the two seal ed substrates 10 and 10' forns aégglb éﬂé g
liquid crystal 22. The gap of the cell nust be uniformfor E !
crystal performance. The | aser-induced spacers 20' have a pre 20
determ ned profile with uniform height, dianeter and distribution. The
spacer characteristics can be flexibly and precisely controlled.
Nano-indentation test results show that™ there are no obvious changes in

the hard f_the gl bstrat ft he_|
modi 1 cat | 0N BFBCASSIoRS PHACERHCEFE ARGPLFRRBN ON PRERSBBSEPALe, there are

no spacer CtuapspakantheuﬁeskgheshdnnrbglEtgHtéoﬁ t treel apatei-edyaed

spacer arraxg%stggb BQE?%tQ% %ggeof t e LLLangparent, s#ﬁstr&%es 10" only.
' 0 en

The spacers res OSI ﬁstrate “Bubstrat es
are stackedtheogebrerasnd §€aléuaCKEﬂoanﬂaseeﬂbdfbogehbernje@heon of the

liquig Crység501laed9§9aheetB@t@@gh the! BEECLAREC LPE,SRNR as Lhe spacer

hei ght . e spacer height is precise and regula € gap is uniform
resul ting |Hh§rS§OHﬁ|FHFﬁ?ythﬁlé?apﬁﬁuhéléhysialtha§e¢asﬁn an alternative

enbodi nent (not shoyBherhhe ©h8 BERLAGO8E- @a5@§eéphﬂg9§egnsﬁéﬁﬁéénare
fabricated ogﬁboth of the transparent substrates in registration. The

spacers on e YRoSURBSERLEEEs 1Fak 8 4REr ESt PBNateA8RSBt her when the
substrates aungfstaekedtanduppal-edthegetheingTherbespagi fgedishanee bet ween

(he 4P SUOBhLeLERel e b1oTSLgLE L pECRLIe SPaeeL DLl LS Case T
required toabetherleastlcamfpa@amaterofsmpphetLChesseabtngetorWBeand t he
Lose of 10 PHECRUOS S0 RRLELT ugRRIEchad S BULAGRSYS, ot
‘regul ar andceahrpéledsipya technique according to the present

invention by e.g. matching the laser pulse-frequency
15 and the running speed of a positioning stage on which

the substrate is mounted. Accurate alignment of the

laser spacers can thus be achieved readily.

In the foliowing description, a laser-induced
spacer formation system and the spacer characteristics

20 are explained in detail:

Figure 3 shows an embodiment of laser-induced
spacer formation system developed in accordance with
this invention. The laser beam output from the laser
gource 30 passes through an optical system, and is

25 focused on the substrate surface 44, which ig mounted
on a positioning stage 46. Therefore, the substrate
surface is modified by the laser irradiation, and the
spacer distribution can be controlled flexibly. A

- process controller controls the laser output energy,

30 and the speed of movement of the positioning stage.

A pulsed laser 30 with a short pulsge duration and
wavelength in the infrared spectrum (for example, a CO,
lager for pulse duration of 50 us and wavelength of
10.6 um) is applied to offer a pulse energy source to

35 irradiate and modify the transparent substrate surface.

In more detail, the laser beam emitted from the




controlled in a technique according to the present invention byﬂeg 8EC 2005
mat chi ng the | aser pul se-frequency 15 and the running speed of a
positioning stage on which the substrate is nmounted. Accurate alignnent of
the |aser spacers can thus be achieved readily. In the foll ow ng
description, a laser-induced spacer fornation systemand the spacer
characteristics 20 are explained in détail: Figure 3 shows an enbodi ment
of | aser-induced Bacer formation systen1develgged in accordance with

this invent F8RSTTREUFSEePABESH bUFPUEDT RoRFEReaFA8BHAt8EUPCe 38 passes

through an emau¢abms¢ateaf ahd Lssab éﬁéwggd(@artagaapmétra%e surface 44,
which is nDunteg £OH'B§ sta e 46. Thﬁref ubstrate
|ed r

surface is Faser ?Bdlﬁ?Fgﬁ,mg 8t 8 ?BECE ©di stribution

can be contﬂabbedpﬁﬁexlbhyrgﬁ iproorssoredt iol kenlconteol sThhe | aser out put

ener gy, 30 agéew%dsesﬁq of sMYgpeDt, eﬁgt B%nggt egﬁwgl?%@%a fopul sed

| aser 30 wit se durati on an € Infrared
spect rum ( f 6PMBRYEAPIWEthaaCope-patervaloe .- puﬂﬁetharatnenaov 80eagyand

wavel ength gf £rl@efch) tﬁeaﬁ%bégst eoafe;s&lérpalﬁe SPELOX %9#%8‘_% to 35

irradiate and modify the transiarent substrat e sur ace re detai
the | aser bkantBfi LPESTT FERFTRELETS EEECQOBQJUQtSI5§§r1§§ﬁrce passes

t hrough a beaﬁpattenmﬁbonaaar BeaﬁnphbséavﬁﬂkogghtBebhaﬁer energy (for
exa ée /% Len EHF sg an ﬂ detgc#e an egergé netgr 36, rand the |aser
puI ener gt F§™HBHPEor 8dTPALPEEF PYnd ﬁ@ 5*BaldetedvaldE™PE sent to the
process contpol kad 480U91ngompase4mﬁthna pieadel vakHdiaktbkst haee is any
oner 9y, 1 Legsagss o UG PL2E0ER SAOLELOLLClRRNEoLEs R g0y kg (e [ase
a beam stage 46. By control of the laser parameters and the
speed of the positioning stage 46, laser-induced
15 spacers with pre-determined shape, height, diameter and
distribution may be achieved.
To ensure the correct alignment of the laser-
induced spacers, a precige positioning stage is
required to locate the laser spacers on the substrates.
20 Also, the laser pulse freguency and the gpeed of
movement of the positioning stage should be matched
very well so as to ensure the creation of a spacer
array with precisely pre-determined distribution.
Figures 4 and 5 show three-dimensional AFM images
25 of the laser-induced spacers, which have uniform height
and distribution. The laser spacers are dome-like in
shape with smooth top surface. The sgpacer height is |
defined as the distance from the top surface level of
the spacer to the substrate surface level, and the
30 spacer diameter is measured at the substrate surface
level.
Figure 6 shows the AFM profile analysis of the
laser spacer obtained in accoxdance with the present
invention.
35 Advantages of the above described technique for

flat panel display devices, compared to the




10 attenuator 32 followed by a beam expander 38, mirror 40, amiefﬁﬁgsgm
|l ens 42, and finally irradiates the substrate surface 44 which¥s C d
on a positioning stage 46. By control of the |laser paraneters and the
speed of the positioning stage 46, |aser-induced 15 spacers with
pre-determ ned shape, height, diameter _and distribution may be achi eved.
To ensure the correct alignnment of t hé1Paser- induced spacers, a precise
positioning stage.i.s__required to |locate the |as pacers on the

subst r at es. C%W%Pg&,onf’%e%le ilélﬁqblﬁlsse W@&ﬁi@nwea%’lﬁﬁé’l%éed of movement
of the positioninrg st&geguiagulsghabermaidlaed , weidy rsehllaso spacke ensure the
creation of a spacer r L t.h_pregi.sel re-determ ned_distribution.
Figures 4 and 5 show fﬂ%rsret%}ig%%&’oﬁgﬁl%&élﬁg#grgegkezgn& “tfie | aser-induced
spacers, which have ufhiekmelssi ght e -and tdies tliidwild ewysTthd [ayer:spacers are

done-kike in shape wilihesmaobhetan %Faref aﬁ%gfﬂ@,e SERACRL Aehght s defined

as the distance fromthe top surface |eve the spacer to the substrate
surface | evel, and th&es0 LpAcér SHRERET 6 SPSTRd U PEPCEE St hansuBst r at e

surface |evel. Figuregil&csFews EQ@HAEMepquﬂMEﬁ@n@Irwl&r@f the |aser
spacer obtained in accordancee\g;)%ﬂq he present "1nvention. 35 Advantages of

e
the above described t8ERMCGGE Rreyansls Feshrdfudsvi ces, conpared to
the 0 8 DEC 2005¢- 10 Framxdbflieorahtiredhingugscinicldide shhe bl kae ng:
Regul ar spacer hei ght d regul ar spacer Lstriutiaon, which ensure the
unif!cL)?m t hi ckness of bgig. ItRe G ge St glhel 51@2 “TMECYR od spacers; the
di spl ay structure hasinoremeed fior thespadenr diesperisiven process, and is

N . Precise and flexible control in spacer

| distribution to allow accurate spacer
alignment;

15 o Freedom from substrate degradation resulting
from a different thermal expansion
coefficient of the substrate materials and
spacer materials associated with the prior
art;

20 . A contamination-free process as there are no
extra materials involved and no substrate

materials removed in the spacer formation

processes;
. An easy and fast manufacturing process
25 suitable for commercial considerationsg in

industrial applications.

The intention is to produce sgspacers which have
uniform height and distribution, and are fixed on the
30 substrate surface, so ag to maintain a constant gap
spacing for, in the case of an LCD, the liquid crystal
layer. The laser-induced spacers have the
characteristics of uniform and controllable spacer
height, which are critical to maintain the uniform
35 thickness of liquid crystal layer. The spacers are

fixed on the substrate, and their positions may be




al'so free fromthe clunping problens associated wth previous(}@qngngﬁg;
Fl exi bl e control in spacing distance of the 10 cell gap, conpared to the
hal f-m cron increnent in the prior technique; Precise and flexible
control in spacer distribution to allow accurate spacer alignnment; 15
Freedom from substrate degradati on resultlng froma different thernal
expansi on coefficient of the substratél naterlals and spacer materials

associated wi_ith t rior art; 20. A co n-free proce as there

are no extran%ﬁpgil §O'ﬁ§bF§b3‘§ﬁdtﬁ§ %ﬂ@g H%PEFP 'S Zﬁnved in the

spacer fornefi thespr otiesseserift ieas haaed thas tdvantbgetubitng process 25

sui table fog goaygrcialy %&%%r%n 03! 1 Donaqust tial ap E)%:E%%tghgﬂs' The
ave

intention is to roduce pacers ani torm Nerg
dlstrlbut|0ﬁ0n§ﬁde§ﬁd'me%@@d@n time W30 cdulydier specsur hedghtswmays veoymi nt ai n

a constant gap t$RAGLEG hihs e %tcaﬁ%e%f ARk Chy! Q@tbts‘tgr'a{;tg scrystal
| ayer. The | aser-induced spacers have t characteristics of uniform and

contr ol | abl Br§pgEaFechaPghtt, thhitdie Q@@%ﬁthﬁé&FaP§enaWﬁﬂ§hn the uniform 35

thi ckness otokirauadcer y;%t & %Xﬁrcerﬂi‘l‘él Cer §hal 8pakkxeda9R trheegubstrate,
and their positions DEC. 2005 -11 controlled . so as_to neet the

i deal dlstrPBu SnSUg%¥raﬁﬁ ﬂﬁe?gebﬁﬁFﬁgF@Pﬁétﬁ&§tﬁ&9€tﬂﬁ€fa39éﬁpages of
f1exibl e andspreailieccoblyr alatetiime ethet Qalshe pievieedshy considered

nEthQQS’ in g@%%@t%@% Sp%%%rcq%%%ghgn%%dﬁigﬁs in the prior spacer
dispersal processes are avoided. Furthermore, a
. contamination-free procegs is achieved, as there are no
other materials involved in the process, such as
photoresist material in the prior photolithography
15 technique. Also, the gpacer formation mechanism in
this technique is laser thermal interaction. The local
area of the glass substrate is molten under laser
irradiation. The molten material is then cooled down to
re-solidify. The laser-induced spacers are formed
20 because of the thermal capillary wave effect.
Therefore, no bulk substrate materials are removed from
the substrate surface, which might otherwise cause
contamination on the surrounding surface. The
technique is a genuinely contamination-free process,
25 which is critical to display-manufacturing processes.
Although the example considered above is that of a
liquid crystal display, it will be understood that the
invention is equally applicable to other structures
such as other types of flat panel digplay, in which two
30 substrates must be maintained spaced apart at a uniform

distance.




5 and the locations are not fixed. The two substrates are spaced)@ppE( PRUS
the desired distance, which <correlates to the spacer height. The spacers
are fixed on the substrate in pre-determ ned distribution, which is
realized by matching the | aser procesikng 10 paraneters. The cl unping
problens in the prior spacer dispersaf processes are avoi ded. Furthernore,
a contamnation-free process is achieved, as there are no other materials
involved in the process, such as photoresist material in the prior
photolith 15 techni que. Al so, the spacer formation mechanismin

this techniqueis | aser thermal interaction. The |local area of the glass
substrate is nolten under laser irradiation. The nolten material is then
cooled down to _re-solidify. The_ l|laser-induced spacers are forned 20
because of the ther fhInREhFd | of ERMANSTF etat rrrebid®Lla bul k substrate

MALEr 1Al S APiEERUGhd IO JlSs SHPSLIPTP SULPE WHLDJIght otherwise

cause contam nation on the surrounding"s The technique is a
genuf nel y rbates defiming recyap ocdesssbettvedn cheach pldte dating an

di spl ay- manuf act ur.i rocesses,., Al though_ the e | e cqnsi der.ed. above is
that of a “ETOR| THETSRT o SGHag the TERGF [9F ehe RIH S0 dieh dte THas

i nventi on ¢Gmeered hy ﬁ@ﬂhiﬁﬂ&k@é%mﬁm Shd ¢ 8o Sedbrs, @her types of
flat panel display, in which two 30 substrates nust be nmintai ned spaced
apart at SRAFEHT mbhayikrgnecoth staEGyipres oo the/simmen sitfare of

form ng. & &kakepanele disgl Gy il eadonipo Lipasitipianidal |y parall el

substrate 5 plates defining a ga ween, eac ate having an inner
surféace fasurfptdecabtpmedetetnrngd alesytidres netirogl puwlesed i sing fornm ng

dome- Shapexdaé:f)a?’gionrg, pégj ga(.:&ée?n'a‘xe Osr,urface to melt at said

locations, and subsequently allowing the locations to

cool and re-solidify, to form said spacers,

' wherein during irradiation the substrate plate is
15 supported on a movable positioning table, and the method
includes matching the pulse frequency of the pulsed
irradiation and the speed of movement of the positioning
table to control characteristics of the spacers such as

their spacing, height, diameter or distribution on the

20 substrate.

2. A method according to claim 1 wherein the
method includes irradiating the inner surfaces of both

plates to form spacers on each surface.

25
3. A method according to claim 2 wherein the
method comprises stacking the plates such that the
~spacers lie in registration and rest against each other.
30 4. A method according to any of claims 1 to 3

wherein the spacers have a substantially uniform

profile.




spacers, having smooth top surfaces on the inner surface of at QeRiE Progls
of the plates by irradiating said 10 surface at predeterm ned | oCations
using pulsed radiation, to cause the surface to nelt at said |ocations,
and subsequently allow ng the Iocatio?g to cool and re-solidify, to form
sai d spacers, wherein during irradiatidn the substrate plate is 15
supported on a novabl e positioning table, and the nethod i ncludes matching
the pul se frequency of the pulsed irradiation and the speed of novenent of
the positioning table to control characteristics of the spacers such as
their spacing, height, dianeter or distribution on the 20 substrate. 2. A
met hod accor di ri). t 0 Xlnsdthdd viheieidiiddeto i asF idicdiugkes) idd adi ating the

i nner surfaces of hoth plates to form spacers on each surface. 25 3. A

met hod accHERSAP eI SPIFSr uiei H P Hah P ddprazseadh dader t he
pl ates swgmffggetgubsgggg§gfi§i&hifbfﬁ¥¥§tration and rest against each
y

other. 30 4. A nethod according to an clains 1 to 3 wherein the
spacers have a substantially uniform profile. 08 DEC 2005 -13 5. A nethod

according to any of cl ai to 4 .wherein the spacers are distributed on
the or each i ng%'r sztgjf?ea%g°%®% W 5P A o‘?ﬁd .a%“%.al A%et hod accor di ng

to any of wieddin thed dr oMW ahirfdte Ofs eatth il dar Grith iTdadi ated with
| aser radiation. 10 7. A nethod according to claim®6 wherein a | aser

i rradi at esF3HeAB¥Oach surface with infra-red radiation. 8. A method
according to claim6 or 7 wherein the

i0 7. A method according to claim 6 wherein a laser

irradiates the or each surface with infra-red radiation.

8. A method according to claim 6 or 7 wherein the
laser is a CO; laser.
15
9. A method according to any of claims 1 to 8

wherein the display device is a liquid crystal display.

10. A method according to any of claims 1 to 8

20 wherein the display device is a plasma display.

11. Apparatus for forming spacing projections on a
substrate plate of a flat panel display device, the
apparatus comprising pulsed irradiation means for

25 irradiating the substrate plate at predetermined
locations and causing the plate to melt at those
locations to form dome-shaped spacing projections, or
spacers, having smooth top surfaces and a movable
support member for supporting the substrate plate during

30 irradiation, the irradiation beam and the substrate
rlate being movable relative to each other, and means

for matching the pulse frequency of the pulsed




| aser is a CO2 laser. 15 9. A nethod according to any of Clainsﬂ#LDgCBZNE
wherein the display device is a liquid crystal display. 10. A netho
according to any of claims 1 to 8 20 wherein the display device is a

pl asma di splay. 11. Apparatus for forjpjng spacing projections on a
substrate plate of a flat panel dispTgé'device, t he apparatus conprising
pul sed irradiation neans for 25 irradiating the substrate plate at
predeterm ned |ocations and causing the plate to nelt at those | ocations
to formd é&%d% haed W aq{cflt%“s Ead df mRndnt 'ﬁ‘@h"eg smoot h t op
surfaces and a novabl e support nenber Tor suppor |ngci e substrate plate
duri ng 30 supxshktatmemshex.he irradi ati on beam and the substrate plate being
novabl e relative to each other, and neans for matching the pul se frequency
of the pulsed 0 8 DEC 2005 -14 irradi ation neans and the speed of novenent

of the supportlmrmgspaﬂa?tusﬁ\mlw@g&ﬁ@wrﬂarﬁ ta GOkl elerein the 5

irradi ation neans conprises a | aser.
5 irradiation means comprises a laser.




