WO 2009/136861PCT/SG2008/000163 Apparatus And Method For Depositing And Curing Flowable
Material 5Technical Field  The present invention generally, relates to an apparatus and method
thereof for depositing and curing flowable material. 10Background  The continuous development of

new deviceSta&Bd i Hew product requirements that can be achieved B #HEFHEIHHEN of existing

materials to meet the specific needs of such devices. One of the most common material 15
combinations involves the integration of polymers on a solid substrate. Conventionally, solid polymers
are integrated on a solid substrate by attaching die-cut polymers onto the solid substrate by means of

an adhesive. Howgyer, this.conyentinnalmethar paass sevatal 20.arehlemsgnehising the loss of

adhesiveness of the polymers on the solid substrate over time and the arduous task of ensuring each
solid polymer is customarily shaped to specifical%?ﬁ?é-%‘l’rape of each solid substrate. The
abovementioned problems become more apparent in 25large scale manufacturing industries, such as
the hard- disk industries, which require high production_efficiencies as well as good adhesion between
the polymér and the solid substrate. In the h ?mkcfﬁ&ug?f%ge polymer acts as a sealant on the
hard-disk devices' coveri38to prevent dust.ane gases suckeasnedtey vaper fromsentering @nd

”“eﬁe”nQMMht%%E%QI%W%nggge%éthod therecf for depositing and curing

fiowable material.

10 " Background
The continuocus development of new devices has led to
new product requirements that can be achieved by the
integration of existing materials to meet the specific
ﬁeeds cf such devices. One of the moest common material
15 combinations involves <the integration of polymers on a
solid substrate. Conventionaliy, solid pdlymers are
integrated on a solid substrate by attaching- die-cut
polymers onte the solid substrate by means of an
adhesive. However, this conventional method poses several
20 problems including the loss of adhesiveness of the
polymers on the solid substrate over time and the arduous
task of ensuring each solid polymer is customarily shaped
to specifically f£it the shape of each solid substrate.
‘The abovementioned problems become more apparent in
25 large scale manufacturing industries, such as the hard-
disk industries, which require high production
efficiencies as well as good adhesicn between the polymer
and the solid substrate. In the hard disk industry the
poclymer acts as a sealant on the hard-disk devices' cover
30 tc prevent dust and gases such as water vapor from

entering and interfering with the sensitive magnetic



WO 2009/136861PCT/SG2008/000163 heads contained within the confines of the covers, as well as
shielding the sensitive magnetic components from magnetic interferences. The use of pressure
sensitive adhesive and/or an adhesive to attach the polymer to the 5 covers undesirably stains the
hard-disk co¥érglaeBiéeds to the generation of dust inside the hard disk Rielige2oBgiftiaeétnore, the use
of die-cut polymers results in the generation of waste sheets that cannot be utilized, leading to
production wastage and an unnecessary rise in 10production costs.”  Photocurable liquid polymers
have been increasiagly uizegsinidace.afsalid pelemersninisuch peacesses, thesphetocurable liquid

polymer is first dispensed on the sqlid substrate along a desired path, before it is cured_15 under
Gt T DRty Bepa

intense photo-irrz‘éiF ofi .Sln%%}g- SK' %dus‘%’ry,S %560 Jy%%r'rgggf}ﬁf 1T RORE ranh&PEre known

as "Formed-in-Plazgr@askets! (EHG: renda PG iproduston piocesses wheresghotdcuirable liquid
polymers are usegy Lie:qfyahimaariance,that 20, cedain.degige phha,ehemical eosping linking of
sed.

the liquid polymer (curing) is done very shortly after they have been dispén IS IS necessary as

the aspectratio GTIN8 thspErded gamerisaBinmatdifal FrkinfhepSIpivReF gasket Hesadsht

tolerances. Hencg, thendisppiiseek23 pelyprerizable materiabwhich will bg uged ito fasnthe polymer

gasket needs to be conserved in substantiallyéiés %xact shape at the time of disEensation. If there is a
I

time delay betweeh theHiZSéricationof 118 poymatizabR mBRHATSRE tE BHANG step, tHaspect ratio
of the 30gasket foemed=gftermpolymerization willlchange, niainly dependington thecvisdasity, of the liquid

pmymerandthef@§%2989@§6§§é§&§¥§9@Qﬂ§§@g&§%nmian unnecessary rise in
10 production costs.

Photocurable liquid polymers have been increasingly
utilized in place of solid polymers. In such processes,
the photocurable liquid polymer is first dispensed on the
solid substrétehalong a desired path, before it is cured

15 under intense photo-irradiation. In hard-disk industry,
the polymer sealant formed in this manner are known as
“Formed-in-?lace~Gaskets” {(FIPG).

In FIPG production processes where photocurabls

liquid polymers are used, it is of vital importance that

20 & certain degree of the chemical crossing-linking of the
iiguid peolymer {(curing) is doné very shortiy . after they

have been dispensed. This 1s necessary as the aspect
ratio 6f the dispensed polymerizable material to form the
pelymer gasket has tight tolerances. Hence, the dispensed

25 polymerizable material which wiil. be used to form the
polymer gasket needs to be conserved in substantially its
 exact shape at the time of dispensation. If there is a
time Qeiay between the dispensation of the polymérizable
material and the curing step, the aspect ratic of the

30 gasket formed after pelymerization will change, mainly

depending on the viscosity of the liquid polymer and the



ambient temperature. This is commonly known as "slumping” of-the liquid polymer.  Generally for
gaskets with a thickness of more than a few hundred microns, this small amount of chemical 5
cross-linking of the liquid polymer (fast curing) cannot provide enough energy to create an
instantaneo¥&XR¥iGhseure of the material. Therefore this process of fasBCHARG K MAtaS
"spot-curing”, solely intends to preserve the aspect ratio and avoid slumping. The spot 10 cured
gasket is then treated in another location to undergo a subsequent high intensity UV curing step to
complete curing ehthientatedabe rd<nawn spei-sute systamsiakenisenofdftootklightrsyistems, being

applied during thgfd_i§ggn§i£1 olf he %5 material and irradiating the whole work-area. This has a

number of disadvantages, inclu mé)?hg%%frimental effect it has on dispensing tubes and electrical
wiring (especially so if &enitravidtet ight arpéeisusddiam theidaresshiéldthenozzRrfrom the

irradiating 20 light seurcey, This-shielding typisally:aply migimizes dirgctirradiation, byt isinable to
block off multiple reflections from the work piece, which can still have a negative effect on the liquid
polymer where it188¥&5 Hid hd22leC 25 Edhernted aR UhdlEn chfinddosBLs PPovided 1S tifferent
parts of the gasketbeing:dispeugad breayse the lopgeskcuringitirae dor-the=palymer oeagts at the
section of the gasket whefre %P}lefe digp%nsgn%ftartf ve\ét}ig theeshggest curing time oceur, azgljtttbe section of
the gasket SOWhEFeraisﬁensmg ends. AS e position o%?ﬁe roodl-ﬁghrf systems are also usually fixed,
the straight line W®i2@09/138864P CHSC2088£000163idistance fohe thye fload-Hghissystems to

various parts of the.gasket alsp differs. contibuting tg.the ugeven curpg,intensity, Lhesg differences in

curing exposure time and intensity for different parts of the gasket ma% result in uneven mechanical
properties being Présént FrthESformed gabRE (i 67 fet Of stlldifftatibReind 4egRid=Ridn)tfhich is not

desirable. undergo a subsequent high intensity UV curing step to
compléte curing of the material.

| Known spotucﬁre systems make use of Iflood-light

systems, being applied during the dispensing of the

15 material and ilrradiating the whole work—area. This has a

number of diSadvantages, including the detrimental effect

it has on dispensing tubes and electrical wiring

{especially so if an ultraviolet light source is used)

_ "and the need to shield the nozzle from the irradiating

20 light source. This shielding typically only minimizes

direct irradiation, but is unable to block off multiple

reflections from the ﬁork piece, which can still have a

 negative effect on the liguid polymer where it leaves the

nozzle. |

25 ‘ Furthermore, an uneven curing dose 1is preovided to

different parts of the gasket being dispensed because the

longest curing time for the polymer occurs at the section

of the gasket where the dispensing starts while the

shortest curing time occurs at the éection of the gasket

30 where dispensing ends. As the positicn of the floocd-light

systems are also usually fixed, the straight 1line



As the flood-light systems are usually situated at a distance from the work-piece to ensure that a large
area 10 of irradiation is covered, there may be shadowing effects caused by the movement of the
equipment present in the path of the flood-light systems' irradiation during the dispensing operation,
thereby preventitiy¥adous parts of the gasket from having an adequate ExpéEgr@@tpttadiation. 15 In
addition, due to the fact that the flood-light-systems do not have a focused beam (but have a dispersed
light source instead), they have to be switched on at high power and/or for long periods of time to
ensure sufficientcciging: dhisrestltsie adamgeiamaiit of 26weipetricity beingexpenrded krom an
economical perspective, this undesirably increases the operating costs. There is_a need to provide
an apparatus ang grﬁeth%‘%jst %l%eofa%?%ep%lécl{%%rghd Cﬁﬁﬁa’fﬁ%\}gﬁg ?‘natte?ial 1§Eaet 25 1rloevve@fg:}ome, or at
least ameliorate, sneogmerecefthetdisadvhatsges deberbadabova: Sammary ofPEition

According to a fitst aspegty there ds, prayided an 30appargius far depasiting and £uring a,cyrable

material on a substrate comprising: deposition means configured to deposit the curable material on
the substrate aloRgSX depdsitidtRFatRR afE CaL ightsdur o8 BOnfiGiire8 0 direEFE B&RM Sfight on the

deposited curablernateriphte thergbyiaideastpartiallycese the curakle imateried andrthesely prevent it
from substantiallg deformiQ in sha%g,. wherein said %ght so%rfe is capable of rotating at least partially
around said dep SHER TREATE As it réLv%rIls %1Fonrbo§ai felp%%ltloen' path.  Advantageously, the light,
source is able to partialyscuiesthécvrdblelmateriat Pefme ampeundesited skmtpiagsst ths material

occurs and the dgsited aspegt gtio.of dhe dispensed.maierial i preseryed. Morg advantageously, the
partially cured material has
10 of irradiation is covered, there may be shadowing effects

caused by the movement of the equipment present in the

path ¢of the flood-light systems’ irradiation during the

~ dispensing operation, thereby preventing various partsrof

the gasket from having an adeguate exposure to radiation.

15 -In addition, due to the fact that the flood-light

'systemS do noﬁ have a focused beam (but have a dispersed

light source instead), they have tc be switched on at

High power and/or for long periods of time to ensure

sufficient curing. This results in & large amount of

20 electricity = being expended. From an - economical

perspective, this undesirably -increases the operating
costs.

There is‘a need to provide an apparatus and method

thereof for depositing and curing flowable material that

25 overcome, or at least ameliorate, one or more of the

disadvantages described above.

Summary of invention
According to a first aspect, there is provided an
30 apparatus for depositing and curing a curable material on

a substrate comprising:



sufficient solidification to resist any unwanted deformation when the partially cured polymer is being
transferred to another source of higher intensity radiation.  In one embodiment, said curing occurs

from about 100ms to ASERSEG0HR dherive FEPLSHBIT6CmAteride At ahtagl5ushy s &hort time

frame prevents the curablednaterial fromarydenwariad slumpings it idYet advantageausly, the speed
of depositing and curing of the curable crpaterigl,is 40 rgm/s ormore, I.gaanothg.r %mb iment, the
light source is capablé of-rdtafing &t feast paRtallS arstnd Saift tepositior maans as if travels along
said deposition path: Adlvaniagebtisty, thedight souree ésrallé tocnegotiatebarners ahddsends to

thereby cure an dq%o%t%g nggtregia%?gfo&%;%@ngng%%%%&c%gingﬁgge%%coggmt, there is
epo

provided a met od for siting and curing a curable material on a substrate ‘comprising the steps of:
depositing the ciiraiie setaterial prdfvensobsmraberslori a8 6pEIgBhSPaT, Ararable gt sXaHRE £ &S of
light on the deposited curable mpierialieherehyat leasisnastialy cussdhecsyable material and

thereby prevent'it from substantially deforming in shape; at least partially rotating said light source
~around said depositionAfisansaasiPhavEls alditesaidldebdsitiorPHtRe  Advartagéously® the

disclosed method js capable of preventing-apyimdesised slumping of the maderialdem eseurring and
is also able to preserve the desired aspect ratio of the dispensed materiaﬁ\. . According to a third

aspect of the inveAUBRBRréTs PrBGidEE BTsof the apparaftiCacedFdiny fo-the firstAspect for
making form-in-plaga-gaskets enra subisiraie sAdvanriageausly, thesdisclosed apparatudanay be used

in industries such as the hard-disk devices industry.where a high level of praduction of gaskets is
carried out on a FEGUTArBASE™ eEf'ihition“Sl-e3 Bl LR ) N

sufficient solidification to resist any unwanted
deformation when the partially} cured polymer is being
transferred to another source of higher intensity
radiation. 7

In one embodiment, said curing occurs from about
100&5 to about 200ms after the deposition of material.
Advantageously, this short time frame prevents the
curable material from any unwanted slumping.

vet advantageously, the speed of depesiting and
curing of the curable material is 40 mm/s or more.

In another embodiment, the light socurce is capable
‘of rotating at least partially' around said deposition
means as 1t travels 'albng said deposition - path.
Advantageously,. the light source is able to negotiate
corners and bends to thereby cure any deposited material
hefore slumping occurs.

According to a second aspect, there
is provided a method for depositing and curing a curable

material on & substrate comprising the steps of:

n



The following words and terms used herein shall have the meaning indicated: The term "curable
material" as used herein refers to any material that may be toughened or hardened by cross-linking of
polymer chains. The ME&TAITHAT béBolgiier arf tiesterighaningor hakgenintpatayebe brought
about by a chenaicahadditivesc bltraviglebeadiation,electron beam or heat. The term "light source,"
as used herein, generally refers to any source of light that is capable of providing radiant energy

suitable for curing the CtFalie 1o 2066436861 PCFISG2Ubslit01835A kY. AHghtdsurce may
include, for examgptehiutlis hot imiee ity an individsal LED-of anlsED-aray che WHess specified
otherwise, the terms ‘comprising" ‘comprise”, and grammatical variants thereof, are intended to
represent "operg} g(?r%'fgrglg]sivg'g‘fgn;ig%é é%%h tr?a'ﬁ[etﬁgi}%ncld'ate recitel eletHBREEBILAISOhermit
inclusion of addiéémalingmrebiied lEmentstially rAstigedildiiginsdirederondhioodiedos e contexdsof
concentrations gf compopents af e farmylations, typically means +/- 5% of the stated value, more
typically +/- 4% of the stated value, more typically /3% of the stated value, more typically, +/- 2% of the

stated value, even moreitypicalye o119 of the:statedvalye sang-evesimere typisally &/-3:5% of the

stated 15value. Thrggg{hout this disctl;losure, certi\in embodiments, ma¥rb_e disclgse in a range
‘ n

format. it should5& Vfdler&dod that e G856 tion T r&nge fofthat 18 metaly 16r-convehBhce and

brevity and showldnotiergonstiued aslarr2@ linftexible tinststioncortthe sconerefithesgisclosed ranges.
Accordingly, therg%§giQ;'pr}:gfea&ggg@§gngqﬂgetggri1§iggred to have specifically disclosed all the

possible sub-ranges as well ae individual numerical values within that range. For example, description
of a 25 range such as &R A%°6 sheuldl beédisideTRa%6 have specificafpdiselosetstitrranges such

as from 1 to 3, frgmdstek,deamal {055, lem:2 (o 4pfiam2 tq 6. FoRr-310 6 ets..-aswell asindividual

numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies 30regardless of the breadth of
the range aspect f[or making form-in-place-gaskets on a Substrate.

Advantageocusly, the disclosed apparatus may be used in
industries such as the hard-disk devices industry wheres a
high level of production of gaskets is carried out on a

regular basis.

Definitions

The following words and terms‘used herein shall have
rth@ meaning indicated: | |

The term “curable material” as used herein refers to
any material that may be toughened or hérdeneé by cross-—
linking of polymer chains. The material may be a polymer
-and the toughening or hardening may be brought about by a
chemical additives, ultraviolet radiation; alectron besam
or heat.

The term "light source," as used herein, gene:all§
refers to - any source of light <that 1s capable of

providing radiant -energy sudtable for curing the curable



WO 2009/136861PCT/SG2008/000163 Detailed Disclosure of Embodiments Exemplary,
non-limiting embodiments of an apparatus and method for depositing and curing flowable material, will
now be disclosed. Theapparatuscomprisesadepositionmeans configured to deposit the curable
material on € 3W8SHEHE along a deposition path.A light source is also pRVIdeHE@I8IedNfigured to
direct a beam of light 10 on the deposited curable material while the curable material is being
deposited on the deposition path to thereby at least partially cure the curable material to prevent it
from substantiallytefermaing inshape.:Fercembedimentsheresthedepositesclsablenaterial 15 has
a dimension of height and.width when viewed in cross-section, the quring is undertaken such that the
extent of the changé i the aspe(“:tg ratio of the dlepocéTte‘d“‘curgblear'ﬁafer'l’al i$ 655 than 20% or less than
10% or less than 5% olless tharses: 20is one entbodiment, the deposition'meaps isscagable of
dispensing one type of.;fjpcy;@l}lgggat,eri%lnwh ein.said flowable material is t@gg%(—; material. In one

embodiment, the deposition'means is an electrically actuated extruder. The deposition means may be
actuated Z5to disperise §aid THate? Rl fidcHaniCatl or prieumaticalfs Ve " In 8REtHeF enfbdiment, the
deposition meansts €apahle,of dispensiag mmare tham onre irpe-efflowabkle raatasial puherein said more
than one type of flowable material, when combined, form a curable material. The
inclusion oI aadlt;onah unreclted elements.
Az used herein, the term "about™, in the context of

ceoncentrations of compenents of the formulaticns,

<y

typically means +/- 3% of the stated valus, more

]

3

typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typicaily, ~/- 2% of the
2

stated value, even more typlically +/~- 1% of the stated

vaiue, and even more typically +/~ (.5% of the stated

Thro:ghéut this discicosure, éertain embodiments may
be disclosed in & range format. It should be understocd
that +the descripticn iﬁ iange format 1s merely for
cenvenience and brevity and should not be construed as an

20 inflexible limitation on the scope o©of the disclosed

®
6]
[§]
H
[
e
cf
J
O
o]
o]
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ranges. Accordingly, the d a range should be

considerad to have specifically disclosed all  the

—a ]
cas

}-r.

pessible  sub-ranges as well &s individual numer

values within that range. For example, description of =&
23 range such as from 1 +tc € should be considered tc have
specifically disclosed sub-ranges such as from 1 o 3,

~

from 1 to 4, from 1 teo 5, from 2 to 4, from Z to 6, from
3 to €& etc., as well as individuzl numbers within that
range, for emample, 1, 2, 2, 4, 5, and &. This applies

30 regarcless cof the breadth of the range.



30deposition means may comprise a plurality of nozzles for dispensing one or more type of flowable
material onto the WO 2009/136861PCT/SG2008/000163 substrate.In one embodiment, the deposition
means comprise eight nozzles.  The plurality of nozzles may be detachable from the dispensing end
of the extrud&f Adddtdefeously, the Sdetachable nozzle facilitates cleaniRg§iotHaeHd%AeES  The
curable material may be selected from the group consisting of at least one of an acrylate, silicone
elastomer, polyurethane foam, polyester, elastomer, epoxy resin, epoxide and vinyl ether. Exemplary
acrylates 10include polyether acrylates, polyether methacrylates, polyurethane acrylates, polyurethane
methacrylates, polyester acrylagg‘%tggg eﬁ@&@ﬂ%@?x@ g§r%5%glpggiment, the curable
material is QAN-TX09 acrylate. The curable material may also comprise an initiator 15 compound.
The initiator compound¥Hi&ibeasalected frorThe §FeuFEevsisnTg afleast Gie 6P& BEAZSShenone,
benzoin ether, benzilkeiad a-hydroxyalkylphepons, arpmingalkylphengnedcylphosphingphotoinitiator,

5 will now be disclosed,.

The apparatus comprises a depesition mesEns
configured to deposit the curasble material on @ the
substrate along a deposition path. A light source is
alsc provided and is cenfigured to direct a beam cof light

10 on the deposited curablie material while the cursable
- .

material 18 being deposited on the depcsiticn path o

Q

therseby at least partially cure the curable material t
prevent 1t from substantially deforming in shape.
For embodiments where the deposited curakble material

15 has a dimension of height and width when viewed in cross-
gsecticn, the curing 1s undertaken sﬁch that the extent of'
the change 1n the aspect ratio of the deposited curable
materizl i1s less than 20% ¢or less thaen 10% or less than
5% or less than 1%.

20 . In one embodiment, the depcsition means is capable
of dispensing one type of flowable material, wherein said
flowable material is . a curable material. In one
embodiment, the deposition means 41s an electrically
actuated extruder. The deposition means may be actuated

25 to dispense said material mechanically or pneumatically.

In ancther embcdiment, the deposition means is
capable of dispensing more than one type of flowable
material, wherein salid mecre than one type of flowable
material, when combined, form 2 curable material. The

30 deposition means may comprise a plurality of nozzles for

dispensing one or more type of flcowable material onto the

o



isopropylthioxanthone, ethyl 4-(dimethylamino)benzoate, 20 2-ethylhexyl, methylaminobenzoate,
sulfonium, sulfoxonium" iodonium salts and compounds comprising methanone. Advantageously, the
initiator compound is thermally stable at the operating temperatures employed. In one embodiment,
the curable Mat&li#1a4881 be cured by 25 photo-radiation having at least PO&/S#Fa¢a$08Hsther
embodiment, the curable material may be cured by photo-radiation having wavelengths in the range of
from about 2 x 10-7 meters to about 1 x 10 meters, from about 2 x 10-7 meters to about 0.5 x 10-5
meters, from abeuiHk52a16-6 30meiersitgeabetbb A Kb tneters andisemsabautnl xmdk:haneters to
about 1 x 10-3 meters. Advanta ousI%, t{1e WO 2009/136861PCT/SG2008/000163 curable material
may be cured atcao%/\n/%\r/érc’e%g?ﬁﬁ%;t‘ i?%orz'rmé)aaﬁl"ble with the desired speed of curing, non-detrimental to
the curable componentsrendoieardyimzchkiherncard asnsaz ardousatboperaler safety. fnhene 5

embodiment, the,gurable materigl is cuted py Ultrayiolef (V) light 4. -The curalle materigl may be at

least partially or completely Cured by exposingétrge curable material to energy from-a light source. 10In
f

one embodimenfihé figAPIGurceTs Kinitted BrictoFrdte BpficaHiter? tBFehster the

photoradiation energy tenibeappippedatepeint Fhedight seursemay hie selestedifeors thergroup

consisting of at least gne of a me I-halidCeL, UV, UV LED or.infra red. In one embodiment, 15 the light
€

source is an uItrg\ﬂBFéJtﬁEFiflgmiﬁi g &urcs 4R %nocfﬁgr eﬁﬁ)ocﬂ%en “ihe BVFemitting™$otice is a
Hamamatsu UV ¢ Es sonkce, opkdgktite it hE X seurcepo 1 v focal poad amakintensity=of the light

50”“3'“aybe?¥@£¥ﬁgthgﬁ§ﬁﬁﬁé‘“§58f6W9H9¥’p@%ﬁ%¥9’ Exemplary acrylates

10 include polyether acrylatés, polvether methacrylates,

polyuréthane acrylates, pelyurethane methacrylates,

polyester acrylates, and methacrylates. In a preferred
embodiment, the curable material is QAN-TX0S aérylaté.

The curable material may &lsoc comprise an initiator

15 " compound.. The initiator compound may be selected from the

group consisting‘at least one of a benzophenone, benzoin

ether, benzilketal, og-hydroxyalkylphenone, o-

aminoalkylphenone, acylphosphine photoinitiator,

isopropylthioxanthone, ethyl 4-{dimethylamino)benzoate,

20 j 2—~ethylhexyl, methylaminobenzoate, sulfonium,

sulfoxonium, , iodeonium salts and compcunds comprising

methanone. Advantageously, the initiator compound is

thermally stable at the operating temperatures employed.

In one embodiment, the curable material may be cured by

25 photo-radiation having at least 200 nm. In another

embodiment, the curable material may be cured by photo-

radiation having wavelengths in the range of from about 2

x 1077 meters to ébout 1 x 10 meters, from about 2 x 1077

meters to about 0.5 x 107° meters, from about 0.5 x 107°

30 meters to about 1 x 107° meters and from about 1 x 107

meters to about 1 x 107° meters. Advantageously, the



20or other shaped reflectors, which may be a metallic, dichromic, or other material.  In one
embodiment, the intensity of the light source is from about 0.01 W/cm2 to about 10 W/cm2. The
light source may comprise a lens for focusing 25 the light in a parallel or slightly converging beam
onto the curd®iéMia®sal.  The light source may further comprise a co8fid¢systERt* P prevent over
heating. The light source may also comprise selectable light filters. Advantageously, 30this allows for
varying of the wavelength and light WO 2009/136861PCT/SG2008/000163 energy to enable the
curing of the differeni typesmof catrakle materiale. cupsanesmbodiment] tegkight sbarce iscapable of
following the depositio h of the depaosition means. 5 Advantageously, the li %tsou is moved by
the deposition m%%lﬁ%af%gg Sw the qu]pogsl%fgn p%?ﬁ%ﬁ(e:r% tha%%%%g cur?r?g th%ué?l}r% le mlg%zlrial'_occurs no
more than 1 secdrd vimenmake than 500hms, orwbanbee than @ISR noatidre th&® 20D ms or no

more than 100 ms, ar from gbai 10,100 ms to, about 200 ms,after said depasition efthg,curable

material.  The light source may be coupled to the deposition means or may exist as a decoupled
unit from the defRsH- RS, In 6HE emSOtiARRhE, theMidfadément 15 betiéERthe dPosition
means and the light sayicelisdessthan abaut. 1 cm. ' |

The curable material may be at least partially or
completely cured by exposing the curable material to
energy from a light source.

10 In one embodiment, the light source is emitted from
one or more optical fibers to transfer the photoradiation
energy to the appropriate point. The ligﬁt source may bg
selectéd from the group consisting cof at least one of a
metal-halide, UV, UV LED or infra red. In one embodiment,

15 the light source is an ultravieclet light emitting source.
In ancther embodiment, the UV emitting source is a
Hamamatsu UV LED scurce or Locktite UV LED source.

The focal peint and intensity of the light source
may be adjusted through the use of elliptical, parabolic,

20 or other shaped reflectors, which may be a metalilic,
dichromic, or other material.

In one embodiment, the intensity of the light source
is from about 0.01 W/cm® to about‘lo W/ cm?.

The light source may comprise a lens for focusing

25 the light in a parallei or slightly converging beam onto
the curable material.

The 1light source may further comprise a cooling

system to prevent over heating. The light source may
alsc comprise selectable light filters. Advantageously,
30 this allows for varying of the wavelength and light

10



In another embodiment, light source is capable of rotating at least partially around said deposition
means as it travels along said deposition path. The light 20 source may be capable of moving in at
least one axial direction, or between one up to four axial directions, relative to a longitudinal axis on
which the dép@sitidfie¥éans is located. Hence, movement of the light soUrC& $teei@ie1Gp to four axial
direction relative to the 25 deposition means is possible as the deposition means travels along the
deposition path. Advantageously, the light source is capable of moving in up to four axial directions

relative to the depesitipn neansnbEBl exaimple dhe:feyr axial difectionsmayicluda.ary erre of the
30parameters of X, Y, Z Cartesian Coordinate system and/or any one of the parameters of r, e, p of
the spherical WE 366011 3R8E TIPS G2008/000163 coordinate system. The light source may be able
to rotate in the clockwisemanthantesiocRwisendirectioa. Theghght sourceeis abledapatdte from and angle

of about -360 t0 g9 aigle of abaut 350, Tue ais ofplafion mayhe ahgus e deposilign reans: The

ability of the light source to'move from one up to four axial direction relative to the deposition means
enables it ¥o conBidtémiafbtiowsthe depeBitionpethto efisiehe fast culAy i theEurabi®material to

prevent the curablg materia):frane d0-substantially.deferming i shapenT his particutar apility of the light
source to move from one up to four axial direction relative to the deposition means is useful when the

deposition path iE310? liT&ar Bor EREmGIar Wheh (e E90 GEGHE cHARgETA Tiré&iSh of the 15
deposition path (asouwnd cotnets), the-bghtsourse is napahkie of adwantagenaslyfollowmngethe

non-linear de-posit(i)orgn $%teh @flg%ta%% abgu'gj 'gpe ng)e|cr)n(g)sritéorjcpgef'lin?(S)é/e}'n gmoarnga%er of ggbdoqggee. In
one embodimentr,1 the Tight sourceis able to 20 rotate about the deposition means at a speed of about
4 rpm to &bout 180Gpms  tPhatbREhsaOEonitsls afdeEle Ritizdd Weamamitaicie fight sbarce
intensity. Fluoresgentactivg optical.gensors, or other sensors such as filtered photo diode 25sensors
may be utilized to sense the photo-radiation. The substrate may be a polymer, metal, alloy or a

composite. In one emb&afinent Ithe stibef&f i8aYgrbap FRAREEA of hetdiSlIBF AR ariotAgr |
embodiment, tharsuhsirate is anajumirts or apsaluminueallaypled wunit from the

deposition means. In one embodiment, the displacement

15 between the deposition means and the light source is less
than about 1 cm. |

In another embodiment, light source is capable of

rothating at least partially around said depositionk means

as it travels along said deposition pa'th. The - light

20 source may be capable of moving in at least one axial
direction, or between one up to four axial directions,
relative to a longitudinal axis on which +the deposition
means 1is l'ocated.' Hence, movement of the light source

from cne up to four axial direction relative to the

25 deposition means is possible as the deposition means
travels along the depecsition path. Advantagecusly, the
light source 1is capable of moving in up to four axial
directions relative to the depositioh means. For example,

the four axial directions may include any cone ¢f the

390 parameters of X, Y, Z Cartesian Coordinate system and/or

any one of the parameters of r, 0, o of the spherical

11



30The deposition means and light source may be coupled to a transport means such as a track on
which WO 2009/136861PCT/SG2008/000163 said material receptacle is capable of traveling along.
The track is configured to allow said deposition means and light source to move in a three-dimensional
space relatiVéa ¥ 368fing point, wherein the three dimensional space ¢4t 5&FHEFEEIR%ly defined by
X, Y and Z Cartesian coordinate points. For example, the said material receptacle may move in a
circular, spiral, zigzag, vertical, horizontal, diagonal or irregular path along the track. In one
embodiment, the-ttaekis:20=cenfigierad tGadowithetdeposition meanscarblightsourcs &g ravel in at

least one of a substaniilly. yettigal direction and a.suhsigafially herizontal dfireckiag relgfiyg to the
substrate. In another embo iment, the track is configured to allow said deposition means and 15 light
source to travel ipcaidirection adkdal® SablaerticadireetienaTheé track magbe aklor fay be

movable.  In ape embodiment;the-appasatusiempsises ameveahble.angagingmeans.for moveable
coupling of said 20 deposition means and light source along said track. In one embodiment the

moveable 2ngaditi RS dorhpRisBE aRsrm Co6p IRty tothe épodifion hBEnsSRAd fight-Source and
one or more rolletsweapabierobmeving alond said tsack IThei aemof the engagingsmeanshray be an

interconnecing 25 sel ofinks and join's moving wih ong or more degrees ofraadm hiat can
perfoim repetitious RasKs involving manlpﬁ]latlon and ovement. Ao"lgvantag ously, the arm of the ,
engaging meansisrabié té eoupketiirnily withsthesepositibhdhesis and light S6&rcEWilFOWR damaging
them. 30In one gmbadiment, the appayatus further.gamprisgs-amator tg, ;ue; said depgsition means
and light source WO 2009/136861PCT/SC2008/000163 , B o
10 substantially deforming in shape. This particular ability
of the light source to move from one up to four axial
direction relative to the deposition means is uéeful when
the haeposition path is not linear. For ‘@xample, when
there is a 90 degree change in direction of the
15 deposition path {around corners), the light source- is
caéable of advantageously following the.»ponjlinear
.depbsition path by rotating about the deposition means
over an angle of 90 degree.
in one embodiment, the light source is able to
20 rotate about the deposition means at a speed of about 4
rpm.tb about 180 rpm.
Photo-sensor controlsrmay be utilized to maintain
the light source intensiﬁy. Fluorescent active optical
sensors, or other sensors such as filtered photc diode
25 sensors may be utilized to sense the photo-radiation.
The substrate may be a polymer, metal, alloy or a
composite. In one embodiment, the substrate is a group
IITA metal or metal alloy. In another embodiment, the
substrate is an aluminum or an aluminum alloy.
30 The deposition means and light source may be

coupled to a transport means such as a track on which

12



along said track. In another embodiment, the motor is actuated by a control means. The movement
of said deposition means and light source along said transport means, deposition and curing of said
curable material on said substrate during each operation may be carried out according to
predetermin®®i#éfiiéeishs programmed into said control means.  ThePEdrtfaPPiERHSIMay
incorporate a processor capable of interrogating a memory having predertemined 10 instructors for
moving and operating said material receptacle. The control means may be linked to a user interface,
such as a keyboarsli andz=tgraiphicat aisepimeface sucteas:h 1L o displayfoi atowiagamoperator to

interact with the g%:%trol means, 15IQ Qe em é)&ii?%ntatffoqgnggk@e%%ijggmp%iggs aJnemory having
t [ T

a computer algorithm thereon for storing said pre etermined instructions.” ~ The control means may
control the depogition gt aRdUYHhE sSdlFcanovdepdBit &nddure e tufilsle PRatri&Z0-®n specific

locations of the subsirate Dy coptrolling the moevementsfithe tracls or the movementipf &ngaging
means along the tracks. The control means may also control the timing, duration and amount of

curable material H&P6EFEE TRANGRETH F8Foifort °FRE Cortf6iMedRE T ald 23 corftitt the
movement of thezarmof the £ngaging faeans; dragksiand intensity cftbedigbt energy esaitted by the
light source.  Advanta ﬁé)u%Ig thetdaewsitiona output is Cogtrolled b .tpgu&oangrol ngegg:%lVarious

9
algorithms can bg%%%ﬁlm 0order to control the' dis%%‘ﬁ%ing 8utp%t. i systeni may use'd

predetermined prigrartsetting vahids asrastainge WORD0WIRE861PCT/$8200810004 68

along the track. In one embodiment, the track is
i0 configured to allow the deposition means and light source
to travel in at least one of a substantially vertical
direction and a substantially herizontgl direction
relative to the substrate. In another embediment, the
track is configured to allow said deposition means and
15 light source to travel in a direction normal to said
véftical &iréétion# The track may ‘be fixed or may be
movable.
In one embodiment, the apparatus comprises a
moveable engaging means for moveable coupling of said
20 deposition means and light source along said track. In
one embodiment the moveable engaging means comprises an
érm.coupling to the deposition means and light source and
one or ﬁore rollers capable of moving along said track.
The arm of the engaging means may be an 1interconnecting
25 set of links and Jjoints moving with one or more degrees
- 6f freedom that can perform repetitious tasks involving
manipulation and movement. Advantageously, the arm of the .
engaging means is able to couple firmly with the
deposition means and light source without damaging them.
30 . In cne embodiment,. the apparatus further comprises a

motor to move said deposition means and light source
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point and over time these settings can be customized according to the user's recuirements.
Advantageously, the control means has a learning ability to allow it to call on prior knowledge or
memory :to apply instantaneous settings. This learning ability is preferably encoded by software. The
prior knowle®§e2i8?/Stered history, is based on past events, including depshivfrfat@8tadd deposition
periods, and is stored in a temporary memory over a period of time. The dispensing IO system itself
may be monitored remotely by a hard wired communication link to the control means, or by radio
communications &1 dydnesadisiof arpartablerdata tag-at -1 58tied Mesenption-@¢ Dravtings is The
accompanying drac\:/géiggﬁ ilgj%ratg acdirslgloggd een;%%diment and serves to explain the principles of the
disclosed embodiment. It 1s 10°bé unaersfood,nhowev'er, that the drawings are designed for purposes of
20illustration only, and Bbeasmeotefisition cfihedmiits of g ivehtion. means Fiq@weslIAITH are

schematic diagrags,igm g 165 yieus oba dispensing:agd gndng syster n gecardance i pne

embodiment disclosed herein. 25 Detailed Description There is shown in Figures 1A-1H, a dispensing
and curing®systefit10°EoApidtAg L dis Fetiser 2olanta SaLaltratofdtiT Vg lightsdtitcé36%or

dispensing curabig,dematerial@nio pe akuninustsWhsirate-40rding to predetermined
instructions programmed intc said control means.

"The contrel means may incorporate & processor

capable of interrogating 'a memory having pfedertemined

10 instructors for moving and operating said material
receptecle. The control means may be linked to a user
interface, such as a kevboard, and & graphical user
interface such as a LCD display for allowing an operator
to interact with the control means.

15 ' In one embodiment, ths control means comprises a
memory‘haviﬁg a'computer aigorithm thereon for storing
said predetermined instructions.

The control msans may control the deposition means
and light source to deposit and cure the curable material

20 on specific locations of the substrate by controlling the
movements of the tracks or the.movement of engaging means
along the tracks. The control means may alsc control the
timing, duration and amount of curable material deposited
during each ‘depesition. The control means may also

25 control the movement of the arm of the engaging means,
tracks and intensity of the light energy emitted by the
light source. ‘

.~ Advantageously the deposition output is controlled

_ by the control means. Variocus algorithms can be used in

30 order to contrel the dispensing output. The system may

use a predetermined program setting values as a starting
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WO 2009/136861PCT/SG2008/000163  The dispenser 20 is positioned overhead the aluminum
substrate 40 and is capable of dispensing a constant flow of curable material while moving
substantially along a deposition path in the form of the perimeter of the aluminum substrate 40 which is
rectangular WsHRpa348Men in operation, the dispenser 20 moves along HelFéieetE 8Bthe aluminum
substrate 40 and thereby disposes the curable material onto the aluminum substrate 40 by
gravitational effects, that is, onto the aluminum 10substrate 40 at a position directly below the
dispenser 20. pWhen inigperatien; the: WY lighteseurce=3@ moves alang the perimeter ptthe
aluminum substrate 40 together with the dispenser 20. The UV light source 30 is 15 connected to the
dispenser 20 via®® FStafiondl axis 565 WIRER it op&fation: the' UV light source 30 produces a beam of
light that shines on and:itrezeliy garessthe, deposited curable nratenad atrsubstantiady tie same time the

curable material is deposited.on the alurainum substrate 2040, . The ratagionalaxis 50 allows the
UV light source 30to rotate on an axis about the dispenser 20. When in opération, the rotational axis

SO enablés the fotafiGivalinéEmeRE Bf ffe B\ElRgHt Sotfce B0 ldbotf & disperiér 2025 §uch that the
UV light source 30 gan beJecpasitionrdse that the: Wy light spurce-3Q is inadquasition that is behind the
dispenser 20 relative to the direction of movement of the dispenser 20. Figure |A shows the
dispenser 20 posifiGréd at tire 36first corrfer 62 6Fthe Sfumifitm-sulistrats 20. THE WG9
2009/136861PCH&652038/600163 eispensed 200 whilecdispensing ¢he gorable nsaterial] moves along
one side of the perimeter of the aluminum substrate 49 from the first corner 62 fo the second corner 84

over

in the direction as shown 63%1%0“\}\?%‘5.:&5 shownin ?igure 1A, the UV light source 30 is positioned
behind tHe& dispehseE 20 withsrespedets the diteetic 6Raharthetdisperisér 20 ISiovingE S Figure 13
shows the dispensgr.2(, at the second.corner 84 gtthe gluminum-substrate 40, after having

communications ©r by means of a portable data log off.

15 Brief Description Of Drawings
Tre accompanying drawings illustrate a disclosed

embodiment and serves to explalin the principles of the
disclosed embodiment. It is to be understoced, however,

that The drawings are designed Ior purposes of

20 illustration only, and nct as & definition of the limits
¢f the invention.

Figures l1R-1H are schematic diagrams frcm a top

view of a dispensing and curing system in accordance with

one embodiment disclosed herein.

25
Detailed Description
There is shown in Figures 1A-1H, a dispensing and
curing system 10 comprising a dispenser 20 and &
ultraviolet (UV) light scurce 30 for dispensing curable
30 material ontc an aluminum substrate 40.

[
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10 moved from the rirst corner 82. Upon reaching the second corner 82, the dispenser 20 changes its
direction of movement by 90 degree in a clockwise direction so that it is able to continue dispensing
the curable material along the perimeter of the aluminum substrate 40. The UV light source 30 is
rotated aboW3ec&%E$E0 in a clockwise direction as shown by arrow 72R5V&EpGEI@AGMa St 90 degree.
Figure 1C shows the UV light source 30 that has been re-positioned to behind the dispenser 20 while
the 20 dispenser 20 continues dispensing the curable material as it moves from the 'second corner 84
to the third corner 86 inithe diregtionas-shown HyrarEaw iah dheceposiioning.ef e tdV-ight source
30 is-such that the UV light souyce 3Q is ositionefejust;b?ﬁind the dispenser 2520, relative to the
direction of movesrﬁgﬁf’(g%t%% & péiiSer20.“Fhig Bnsufes é??ﬁé’%éé% &f [ight Shining out of the UV
light source 30 isodirected:at substantially’thersafme timer as ghescuripmateridlyis deposited onto the
aluminum substrale 40, WQ,2009(136861PCTISGA00R/000163, . Eigute.1Dshows the dispenser 20
upon reaching the third corner 86 of the aluminum substrate 40. Similarly as described above, the
dispenser 20 charigesiitsdiresis of cverhent by 90 deffee it Hié eckivise SdirettiBASwvhile it
continues dispenging.the gurallematesial. At the samastimesthe LY light,seurce 3. sotates about the
axis 50 in the clockwise direction_74 over an_angle of 90 degree. As sh%vn in Figure 1E, the UV light

source 30 has 185E:55Sifidnedto a positich Shch tiat itid Wirethy hehind te Gispsnér28 as it
moves from the thirgreorner 8640 the falrth serreri88 obthecalumenwhsubstrate ircHterdirection as
shown by arrow 66. Qnce the UV light source-30 has beep re-positioned, as ghown in Figyre 1E, the
dispenser 20 con inues diépensing the curable materfal as it moves in the direction 66. Figure IF
shows théUispersers20-Baving feached tRe fotrtytorfier 86t Simikith ds déscriBedrsboiRs at the
fourth corner 88, 4he dispenser 20 changes its direction 20 of movement by 90 degree in the
clockwise direction as it continues dispensing the curable material, while the UV light source 30 rotates
about axis 50 in a clockwtige: directioras showm, byareowsTo avesan asgleraf90 tegreeves

along the perimeter of the aluminum substrate 40 togesther
with the dispenser 20, The UV light scurce 30 1s

15 connected to the dispenser 20 via a rotational axis

(824

.
When in operation, the UV light source 30 produces a beam
of light that shines on and thereby cures the depcsited
curable material at substantlially the same time the
curable material 1s deposifted con the sgliuminum substrate

20 40,

The rozationzl axis 50 allows the UV light source 30
to rotate on an axis about the dispenser 20. When in
operaticn, the rotational axis 50 enables the rotational
movement of the UV ligh%t source 30 about the dispenser 20

25 such that the UV light source-BO can be re-positicned so
that the UV light source 30 is in a position that 1is
pehind the dispenser 20 relative te the direction of

movement of the dispenser Z0.

Figure 1A shows the dispenser 20 positioned at the

30 first corner 82 of the aluminum substrate 40. The



25As shown in Figure IG, after the re-positioning of the UV light source 30 to a position such that it is
directly behind the dispenser 20 as it moves back to the first corner 82 from the fourth corner 68 in the
direction as shown by arrow 68, the dispenser 20 WO 2009/136861PCT/SG2008/000163 continues
dispensing SYe@¥#38fd material as it moves in the direction 68. HEHSF2PE SRS the
dispenser 20 having returned to the first corner 82 after dispensing the curable mater-al5along- the
perimeter of the alutinum substrate 40 while curing the curable material at substantially the same time
as the curable materialris eleposited ontod the alumiram Supstrabe 40c ddpon getueaingrtodathe first corner
82, the dispenser 20 stops, dispensing (e quratle 19 malerial andthe LIV light suree 30.rotates about
the axis 50 in a clockwisé direction as shown by arrow 78 over at angle of 90 degree such that the UV
light source 30 i$ r&tafTES B it4 dnitiet positicitasshHown iF Fgure 1A2WhEn ihioperafibAlthe
dispenser- 20 may, £optinue;15;  dispensingand curingdhescurableypaterial,on the, sames aluminum
substrate 40 for a second round so as;to dispense and cure a second Jayer of the curable material on
top of the PrevioG&ly Hispehsed®iE cared 1a8r of thé tirabI& THateFial on tie BRMinti Sdbstrate 40,
following 20the sasne procedure asgdescsibed (n Figires déetldaboverhe Wpoacoimpletidn of the
second round of dispensing and curing of.the curable.material on the aluminum substrate 40, the
aluminum substrtaft‘eapﬁlo %éﬁ thenbe. ?egrﬁO\Z/é'd Trsorﬁ'%%gﬁétem and another aluminum substrate can be
placed in the system forthe dispensingang.curing of the gurahle materiglon this other-akuminum.
substrate. Applications o ‘ ‘
corner 84 of the aluminum substrate 40, after having
i0 moved from the first corner 82. Upon reaching the second

hanges its direction of

0

corner 82, the dispenser 20

movement by 90 degree in a clockwise direction so that it

o

is able to continue dispensing the curable materizl along
the perimeter of the aluminum substrate 40. The UV light

5 source 30 is rotated  about the axis 30 in a clockwise
=

girecticon as. shown by arrow 72 cver an angle of

degree,

Figure 1C shows the UV light source 30 that has been
re-positicned to behind the dispenser 20 while the

20 dispénser 20 continues dispensing the curable material as
it moves from the second corner 84 to the third corner 86

in the directicn as shown Dby arrow 64, The re-
poesitioning of the UV light scurce 30 is such tThat the UV

light source 30 is positioned just behind the dispenser

25 20, relaztive *to the direction of movement of the
dispenser ZC. This ensurss that the beam cf light
shining out of the UV light source 30 is directed at
subpstantially the same time as the curing material is

deposited cnto the aluminum substrate 40.
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it will be appreciated that the apparatus and method depositing and curing a curable material on a
WO 2009/136861PCT/SG2008/000163 substrate is .an efficient .anduseful apparatus and method for
depositing and partially -curing a curable material before any undesired slumping of the material
occurs and WatAé té&tled aspect ratio of the dispensed material 5is suBStEhfiaMpPaEErved. The
apparatus and method disclosed herein enables a liquid curable material to be dispensed on a solid
substrate. Advantageously, the use of a liquid curable material removes the need to use die-cut
materials. This 10reducessprosuctionswastagerandiinnecessaryidncreases iepraduston cests.
Furthermore, as the disclosed.a atus and. method does not make, use, of fload-light systems, the
detrimental effeciré%)ﬁdziis“ﬁ’\e‘nns(?r#g;%ie%‘ar?C gle%tfrﬁ:%fgvtllﬁlngs%a? °% Ea%e 3§dall)?%al1{§"§éads?g§) flood lights
are reduced. In adtitiore sHicecte disclosed appaatusiand afethsd ink/dlvestiregding alfeam of light
directly on the depasited;cyrable- material, there is,nogreed; to. provide a shield for thenozzle from the
irradiating light source. 20 Advantageously, as the light source is directed on the deposited curable
material aRd not DhiGthet Parts'BHthE substraftefiecfohs GFRBSadREion frdm the bsfrate is
subsequently rechicesk Mare advantageeusisribe disalosed-apparatus:dnch 25 spethod easures that a
substantially eveQOQUJLn&ng% e and an;ensai‘tyxig pg%viqu Eqﬁ%iﬁ%rfn,tﬁ parts of trier&caigpggijled7 aterial.
This prevents an"unéven dis fibutiori of mechanical properties achieved for the various parts of
deposited material; causedasnsuregdal Curiregtimes and

As shown in Figure 1E, the UV light source 20 has

10 re-positioned *to & position such that 1t 1s directly
behind the dispenser 20 as it moves from the third corner

86 to the fourth corner B8 of the aluminum substrate in

the direction as shown by arrow 6&&. Once the UV light

source 30 has been re-positioned, as shown in Figure IE,

o
[8;]

the dispenser 20 continues dispensing the curable

material as it moves in the direcrion 66.

Figure 1F shows tne dispenser 20 hgving resached the
fourth corner B886. Similarly as describsd above, at the
fourth corner 88, the dispenser 20 chances its direction

20 of movement by %0 degree in the clockwise direction as it
continues dispensing the curable materiazl, while the UV
light scurce 30 rotates zbout axis 50 in a clockwise

directicn as shown Dy arrow 76 over an ngie of 90

25 Ls shown in Figure 1G, after the re-positicnin

(0]
- O
-ty

the UV light source 320 to a position such that it is

tly behind the dispenser 20 as it moves back to the

@)
’_J
H
1]
9]

first <corner 82 from the fourth corner 88 i1in the

direction as shown by arrow 68, the dispenser 20
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30intensity. WO 2009/136861PCT/SG2008/000163 Moreover, as the light source is purposefully
constructed to direct a beam of light to the curable material, there are no equipments or objects
obstructing the path of the beam of light. Advantageously, this 5removes the problems of shadowing,
which is a bEBgb&p/dIRAOWN systems. In addition, due to the fact thaPfFieSdiztiaeddight source
concentrates a beam of light (higher light intensity) to the deposited curable material the time 10
required to partially cure the deposited curable material may be substantially lesser than that required
for a flood light system ninethisiregesd sa relatively tesset agdunt of etectrdity=may bemexpended as
compared to a flggd 1I:i_q{Qt sygtgm g%(ltalglé/ when an LED lightsource is 15 used), thereby
advantageously r‘e‘duélng?ﬁé opérating costs. While reasonable efforts have been employed to
describe equivalent empodiments.of the present invention. it wib be,apparentto.the-person, skilled in
the art 20 after reading the foregoing disclosure, that various other modifications and adaptations of
the invention may'Be fiadRtherémskiticutidepartifg Fromt e Spirit and ScdPeofthé fivention and it is
intended that all sush qodificafiens andadaptations cemenwithin the.seape:o£25the apperded claims.
1.An apparatus for de Qsitjn%and curéqgea curable . _ .. . .. . .

curing TAo curab’ material at subsitantially tThe same

time as the curable material is deposited onto the

aluminum substrate 40. Upon returning to the first
corner B2, the disgenser 20 stops dispensing the curable
10 mateérial and the UV light source 30 rotates about the

axis 50 in a clockwise direction as shown by arrow 78

cver at angles of 30 degree such that the UV light source

30 is returned to its initial positicon as shown in Figure
LA, When in operation, =the dispenser. 20 may continue
15  dispensing and curing the curable material on the same

aluminum substrate 40 for & second round s &8 Lo
dispense and cure a second layer of the curable material
cn top of the previously dispensed and cured layer of the
curable material on the aluminum substrate 40, following

20 the same procedure as described in Figures 1R-1H above.
Upon completicn of the second round ci dispensing
and curing of the curable material orn the alumninum
substrate 40, the aluminum substrate 40 can <then be

removed from the system and another sluminum substrate

Z5 can be placed in the system for the dispensing and curing

of the curable material on this other aluminum substrate,
pplications

It will be appreciated that the apparatus and method

3G for depcsiting and curing a curable material on &



material on a substrate comprising: 5deposition means configured to deposit the curable material on
the substrate along a deposition path; and a light source configured to direct a beam of light on the
deposited curable material to thereby at least partially cure the curable material and thereby
prevent 10it¥#@at®vit3stantially deforming in shape, wherein said light&stiscaigssapable of rotating
at least partially around said deposition means as it travels along said deposition path. The apparatus
of claim 1 wherein said curing occurs ore than 500 ms after said deposition of the curable The
apparatus of claigu2 s¢herein said=curigroecys nomore shan 308pps after: sakhdepesition of the
curable material. 4 Thg %popargtunscof claim 3%"1‘»@95‘?0 said__g:u_:r%ngg occurs jﬁobrtl] abgqggqu ms to about
200 ms after said depdsition of the cutable ffatenar =Y ©@f+ng & curable materia.

before any undesired slumping of the material occcurs and

that the desired aspect ratio ¢f the dispensed material

w

i1s substantlally preserved.

The apparatus and method disclesed herein enables a

b=

d curable material to be dispensec on a sclid
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igqu

uns

¥

r
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ve. Advantageousiy, the use of a liguid curabls

2

ot

arial removes the need Lo use die~cut materials. This

%

=1

I

)
[

reduces production wastage and unnecessary increases in
production costs.

Furthermcre, as the disclossed apparatus and method

h

3

does not make use of flood-light systems, the detrimental
effects on dispensing tubes and electricel wiring that
15 ~“are wusually caused by Ilood lights are reduced. In
addition, since the disclosed apparatus and method
inveolves directing & bpeam of light directly on the
deposited curable materlial, there is nc need to provide a
shield fcr the nozzle from the irradiasting light source.
20 Advantagecusiy, as the light source is directed con
the deposited curable material and not on cother raris of
the substrate, reflections of the irradiaticn frem <he

substrate is subssquently reduced.

L.

More advantagesously, the discleosed apparatus an
25 method ensures that a substantially even curing dose and
intensity 1s previded te different parts of the deposited

material. This ©prevents an uneven distribution of

[t

8 PaYts o©

4

mechanical properties achieved Ifor the wvario

uring times and

Q

=
ke

ited materigl, caused Dy unegu

4]

depo

1]
=

30 intensity.
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5. The apparatus of claim 1 wherein said deposition means is an electrically actuated extruder. 6. The
apparatus of claim 1 wherein said ight source is capable of moving in at least two axial directions. 22
..PCT/S02008/000163 Received 5 March 2010 7. The apparatus of claim 6 wherein said light sou c is
capable of HEVA¥giia3fdet axial directions. 8. The apparatus of claim 1 wRETEHX@IPAgHE- source is an
ultraviolet light emitting source, 9. The apparatus of cla' 1 wherein said substrate metal or a metal.
alloy. 1010. The apparatus of claim 9 wherein said substrate is a group lilA metal or metal alloy. 11.
The apparatus of claimvf-aheseinsulstrate is alumiigim orsalumiaum iadloy p2Qdirectifgia hbeam of
thtﬂon1a”ght§8%g¥}%g%%% te direct a beam of  light to the curable
material, there are no equipments.or objects obstructing
the path of the beam of light. Advantageously, this
5 removes the problems of shadowing, which is a bugbear of
known systems.
In additicon, due to the fact that the disclosed
light source concentirates a beam of light (higher light
intensity) to the deposited curable material the time
1G reguired to partially cure the deposited curable material
may be substantially lessar than that regqguired for a
flood light system. In this regard, a relatively lesser
amount of electricity may be expended as compared to a
flood light system (notably when an LED lightsource 1is
15 used), thereby advantageously reducing the operating
cCosts.
Wnile reasonable efforts have beesn employed to
describe eguivalent embodiments of the present invention,
it will be apparent to the person skilled in the art
20 after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
pe made therein without departing from the spirit and
scope of the invention and it is intended that all such

modifications and adaptations come within the scope of

25 the appended claims.

21



deposited curable material to thereby at least partially cure the curable material and thereby prevent it
from substantially gefoiming in shape; and at least partially rotating said light source around
2$said deposition means as it travels along said deposition 16. The metho&’ngémﬁ&’Qﬁﬁé@éin
said directing step .occurs no more than 500 ms after said depositing step. 1489958 PHEMEGIHI WM
13 wherein said directing step occurs no more than 389:mg after said depositing step. 23 15. The
method of claim 14 wherein said directing step occurs from about 100 ms to about 200 ms after said
depositing step. 516. The m%}hog of claim 12 wherein said depositing step is carried out by an
electrically actuated extruder.  “717.*FHE method SFétin Sz wherein-saitiheam of light is aviolet
light. 18. The method"tt @it 41 2nkereihsaid substrate is adgetal or a metal alloy. 19. The
method of claim?8 Whereinsaidssubstiateds a 1§g)r%ulég1e‘ggl oare}r;r)lggailtalIgl)l/é S

ma i t .i‘, strate a Lon depeo “*‘ on a
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g E ol sl F
a- Light Ny 4= [kt = e = < +
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artially trabl
partially cure ths curable material and thereby prevant
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it from substantiqlly deforming in shéne
- Fy I
wherein said light oes ]
in said Jlight source is capable of rotating at
least partiall d i B
i ¥ oaround  said depositien Means as it

ravels along said deposition path.

.. 15 fj‘ - . ‘_\l . .
2 <Nl apparatus of claim 1 whereln zaig curing
: : 1 ri DCourg
ne mo than 500 r Rl A
e than 300 mes after said Qeposition of the curable
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material.
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4. ra im 3
The apparatus of clain 4 wherein said curine oceur
Curing =

LInom bC} - et i & p w

25 of the curable material.
51 The apparatus of claim. 1 wharein s58id deposiri
. T ilon
means is an electrically actuated extruder
30

-

6. The apparat clai ' ey
pparatus of claim 1 wherein ssig light source

i& capable of moving in at least twe axial directio
| € Tions.

o
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20. The method of claim 19 wherein said substrate is aluminum or aluminurgl\?goy 21. .Use of the
apparatus of claim 1 for maklng form-5.hplace-gaskets on a substrate. AM &R )&% 0& b00163

Received 5 March 2010
7. The apparatus of claim & wherein said light source
is capable of moving in four axial directions.
B. The apparatus of claim 1 wherein said llght source
) ig an uLLAavwo?eL light emitting source.
9. The apparatus of claim 1 wherein said substrate {s
metal or a metal alloy.
167 10. The apparatus of claim wherein said substrate is a
group IIIA metal or metal alloy.
12. The apparatus cf claim 16 wherein said substrate is

aluminum ov‘alumlnum alioy.

i2. A method for depositing and curing
material on a substrate comprising the steps of:

depositing the curable material on the Substrate
along a deposition path from a deposition means;

20 - directing a b@am of light from & light source on the
deposited curable material Lo thereby szt least partially
cure the gurable 'ma{ériai and thereby prevent it from
substantially deforming in shape; and
| at least partially rotating saﬁd Ligh; source around

25 ' said deposition means as it travels along saig aepos;*:on

patb

13, The method of claim 12 wherdgin saig directing step
LOCUrE no more than 500 me after said depositrng step.
30 :

14. The method of claim 13 wherein said dixectwng stap

occurs no more than 300 ms after saig depositing step.
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15.  The method of claim 14 wherein said dirascting step

occurs  from abour 100 ms te about 200 ms after saig

depositing step.

1

16. The method of claim 12 wharein said depositing step

is carried out by an electrically actuared extruder.

L7. The method of claim 12 whersein said bsam of ILight ie

s

ultraviolet light.

18. The method of claim 12 wheresin said substrate is &

BT (=3

metal or a metal alloy.

1, The methoed of claim 18 whersin ssid substrate iz a

group IIIA msetal or metal alloy,

20. The method of claim 19 wherein ssid substrate is

aluminum or aluminum alloy,

21. Use of the apparatus of claim 1 for mzking form-ine-

place=gaskets. on & substrate,
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