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2. Description of the Related Art.

Heretofore, UV-LED arrays have been proposed for curing inks, coatings or
adhesives.

The prior proposals teach one to stagger rows of UV-LED’s in different arrays
on a panel positioned closely adjacent a product to be cured, to move the product
past the array, to move the array in a generaily orbital path to uniformly apply UV
light on the product and to inject an inert, heavier than air or lighter than air gas in
the area between the panel and the product.

Also it has been learned that different wavelengths of UV light are better
suited for different thicknesses of ink, coating or adhesive and/or for different
components in the ink coating or adhesive.

For example, thick polymers require longer wavelengths for curing. Surface
curing requires shorter wavelengths.

Further, a common use of UV curable adhesives and coatings is in the
manufacture of compact disks, CD’s.



to nore effectively cure UV inks, coatings and
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In another preferred embodiment, the panel or a + shaped (cross-shaped)
structure comprising four panels is caused to rotate relative to the disk-shaped
product.

Advantageously, the method and apparatus of the present invention provide
better uniformity of light application from a flat panel having an array of UV-LED's.
This result can be obtained when the product and/or the light fixture is rotated
relative to and across the UV light beams from the UV-LED assemblies. The
rotational movement has the ability to provide enhanced uniformity. Desirably, the
rotation of the UV curable product or the rotation of the light array provides

outstanding uniformity of UV light and UV curing of the product.



outstanding uniformty of UV light and UV curing of
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DETAILED DESCRIPTION OF THE INVENTION

A detailed description of the preferred embodiments and best modes for
practicing the invention are described herein.

Referring now to FIG. 1, there is illustrated therein a generally rectangular-
shaped, horizontal, substantially planar or flat, fixed panel 10 mounting an array 12
of staggered, offset UV-LED chips 14. It will be understood that the array 12 shown
on the upper side of the panel 10 is for the convenience of showing the array 12 and
that actually, the array 12 of UV-LED chips 14 are mounted on the underside of the
panel 10. The array 12 of UV-LED chips 14 is better shown in FIG. 2. The panel 10
can be supported by an upright vertically disposed support structure in the form of a
cantilevered base 15 (FIG. 2), so that the panel 10 can be positioned over a

generally disk-shaped product 16, or, simply a disk 16. The arrow 18 in FIG. 1



can be supported by an upright vertically disposed
support structure in the formof a cantil evered base
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disk 16 rotates. At the same time, the UV curable liquid coated portion of the disk 16
passing beneath the array 12 of UV-LED chips can be cured, polymerized and
solidified, by the UV light emitted from the UV-LED chips 14.

In FIG. 3, there is illustrated another UV-LED chip apparatus 40 for curing UV
photo initiators in or on a stationary or fixed disk 16. As shown, the apparatus 40
includes a cross-shaped or + shaped structure 42 including four rotatable, generally
horizontal, substantially flat or planar portions or panels 44, 46, 48 and 50, each
mounting an array 52 of UV-LED chips 54. In it's simplest form, the structure 40 can
include at least one elongated panel 44, 46, 48 or 50. The UV LED chips 54 are

preferably arranged in an offset staggered array on at least one panel 44, 46, 48 or
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solidified, by the UV light emtted fromthe UV-LED
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generally upright vertical panel 68 positioned adjacent the periphery of the disk 16 to
provide curing light at the side or periphery of the disk 16. Also, a plastic or glass
sheet or plate 70 can be positioned between the auxiliary array 64 and the disk 16 to
shield the UV-LED chips 66 from splatter.

If desired, the upright panel 68 (FIG. 4) can be attached to and/or depend
from one of the horizontal panel portions 44-50. Alternatively, each of the horizontal
panel portions 44-50 can have an upright panel 68 attached thereto and/or
depending therefrom, with the shielding sheet or plate 70 attached to the upright
panel(s) 68 in front of the array 64.



UV curabl e photo initiators in or on the upper surface
of the disk 16. In the apparatus 40 of FIG 4, there
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light from each UV LED assembly over a circular area, thereby minimizing the
creation of “hot spots” and to uniformly apply UV light to the product, article or other
object having the UV ink, coating or adhesive.

The method and apparatus of the present invention provide uniformity of light
application from a flat panel having an array of UV-LED’s. This result is obtained
when the product and/or the light fixture is moved relative to and across, i.e., rotated,
relative to the UV light beams from the UV-LED assemblies in the light fixture and/or
product, This movement in of itself has the ability to offer one element of uniformity.

That is, the movement of the product or the movement of the light array addresses
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distance 1/3 in from the start of the first row and the next row (row 3) start at a
distance 2/3 in from the start of the first row or at a distance 1/3 in from the start of
the second row.

Still another way is to provide 4 rows to create the uniformity, with the LED
chips in the first row being spaced at a distance of X from each other. The second
row starts its first LED chip at a distance V% X in from the first LED chip in the first
row. The third row starts its row at a distance % X in from the first LED chip in the
first row or at a distance ¥ X in from the start of the previous row.

Additionally, in situations where UV curable ink or adhesive may splatter onto
the array of LED’s, a thin transparent plastic sheet or layer is positioned over the

array to protect the array, and the sheet or layer is periodically cleaned or replaced.
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unitformty. That is, to have the LED chi ps arranged at
aUtli lighh it bva br oradiffarentaaecltehgthsealso cew ber @wplyed to better

tart at.a distance 1/3 in framihge start. of the firs .
cure i R R AU RN e pres L et Belin€; cialbogirisdnesive
can comtalr PRatbhkitiators thatfark RRtiGAtedtby RNt @t nRreahdh Shangsvelength,

1/3 in fromthe start of the sécond row Still another

such aaforiexample pbelaiaitiatersashich age egtivated dyiaht shatiis peak at

approfiiteh bR By bbb X ot B BERAeRGR Lt °
| §mckithg intbFECHI Iy entitted Biyamee BD chipklioaffebedf o sttenuated,
LED chip in the first row The third row starts its

by an irgrease i eseameasaturof e PynER<hips, oneigmbegimentef the
prosel v EhG3H oo e FHUERRPr S SPubbTbI hitihe Moo
radiatitigs firs en ardubstratedinesntieg ey clipk anidethe didwinghef cooting abf past

LED s, a thin transparent plastic, sheet or |ayer is
the finsdsikaepribe tevperatie o &&WV@E@ shipstwithia aat?rﬁgﬁeran@ed range.
t S [y Lpdi calgl v ; ;
8PS ESgh syt BREL L Y KRUEBES i ot et can
be mardidred and iugbd to cohtrel auirsériilce vefiege tamfas bialdied domling air on

rovide a means for quickl nd visually checking to
the suisiraie thenebis spareass OIHE A 8B FUbSITtRAR AN R 3 constant
tempelatulfe 29 thfy@&ttéte tn!ﬂ@reby ko n?é?ﬁ(‘a‘iﬁ‘geﬁéraﬁg ReRLMAL ﬁgﬁﬁnf&{siw as
contain photo initiatofs that aré activated by tThe

heating gftthetchipsrignds Wacetiea tight intensiy to dinipish. spect rum UV
jfter

oS BBl L P DS, AR oS Dodton
of chipd)aoRIrodH8 istrifgd dMeivs fEED BhipsCRRENSTYHY clRddRisdra®nd&the

contain photo 1nitiators that are activated by |ight :
chips anlyrariestieiwesnabmat 6eand mboutit®eaiheareby &x arpinyze hetreent
hoggirggt“.t' ators which are activated by light that is peak

The distance between the light source and the product being irradiated with
light affects the intensity of the light. However, if the product is too close to the UV-
LED arrays, there will not be a uniform radiance pattern. Accordingly the preferred
distance between the UV-LED chip arrays is a distance which will provide a uniform
pattern of light from the light diverging from the UV-LED chips and at 50% of the
power output from the UV-LED chip. This distance is defined as the Viewing Cone
Angle of 26,

As other UV wavelength emitting diodes become available, a wide range of

UV light can be employed in curing apparatus and devices.



approximately 365 nmand by light that is peak at
approximately 385 nm Since the intensity of |ight

weniosestiby UV- LED chips is affected or attenurdBUS2004038069
an increase in the tenperature of the UV-LED chi ps

on mr@,o t he, prese i pvention, co at

t hlg pr ov?ds%ﬂg\é aagrgsi‘(ﬂ? Vﬁﬂaﬁ%PEW@Vﬁfﬁan%é’f\ﬁggp chrp arrays
can bagisednext tmsthen saussdRssighe é’ﬂéhﬂié QQUBF&C@H’( l%?nﬁ‘WFllose

the bl owing of cooling air past the fins to kee

phospiepAG q}(@e@f orgugnentithpindiease af hghtma/%emiéBeFm aminple
Oswgﬁ{sr\@dﬁ% INE:e rﬁr{:ﬂ%rast Mﬁo@rgéﬁ?gg%ﬁcﬁ @qg&sgﬂﬂqamp that

emitsy5édmt, @ typertZOﬁlZ tbarmrams 301 vl d 8ge 20028¢Haeenid £38 Ath, and a
t 2%? ﬂﬂ air ag the substrate ther eby to i ncrease
ype % it$ A€0RMpstrate to nmaintain a constant

t qmean@é ebRtePiplhfRf tﬁﬂpﬁcﬁé@‘f@chgﬁrlﬁplgtﬁggﬁk Ré@%ﬂq@%gﬂcmns on

general | y const ant ensit
a sndeh cas beemgloyed smmeethby ehiit Untlighs at kigher dgini cmn?érty

her forwa t age tchi ng t echni ques'
8%?‘%%}?”3’(%“843@?% Q?rPfciHH 69‘23&5%\4 %Urmg)meaféoqkﬁﬂd @pparatus
ofth@[m,re@wgngfreLED chi ps wherein the current drawn by the

chi ps onl_é1 vari es between about 5% and about 10%
ﬁ'er eby t Qrﬁﬁkfﬁhwedmrodwtorrmmﬁsﬁ@he Pl tiagingnarearray of

b t t d, th duct [
Fr adi at &aTsi efrdoel USFH BB aRn e Gandp BRateqe
| izght .  HovereAsparcht bhﬁaﬁélggéﬁt{glé% bPPIa%h@%ﬁretI&’ cBR%e provided

UVLED arrays there wll a uni formradl ance
pattern. R&H@r"@iﬁrﬁm@fh%@Vﬂr@ @hm@dfr@le ﬁbandebmmt ween

t UV- L di st h

plré'gvr de Epuﬁﬁpgygréé%é?ﬁ t%a)ef p%qsﬁﬁtd:ﬁr gﬁhgﬂgwgr Q¥ing and can be
di ver gi ngirfculened teekManddsdlingsorans LaL- LE@%mbst he

power output fromthe UV-LED chip. This distance is

défi ned SLUERONAGAHITNG Cone Angl e of 2Qy. As other W
way el engt%gp&t,ﬁeggngl odes becone avail able, a w de

range of t"can be enployed in curing apparatus

afd devi Ma‘férrptrbdlnctdmp@tchl eve a greater variation of
veI engt UV-},ED chip arrays can be placed next to
her so yrght such as a fluorescent |anp

whgose pPhEsRRPE:f to augnent the increase of
I i ght wavel ené]t% hgétﬁlﬁgjﬁegggrsrpl e, OSRAM SYLVANI A, | NC

oP. DanveldseMfitiarfdlgrs a type 2011C fluorescent |anp

t em 51n a type 2052 that emts 371 nm a type
28@2 thatsESCQ 3 nm and a

Efﬂcrent

12. Effective.

From the foregoing description, it will be apparent that the method and
apparatus of the present invention have a number of advantages, some of which
have been described above and others of which are inherent in the invention and
examples.

Although embodiments of the invention have been shown and described, it
will be understood that various modifications and substitutions, as well as
rearrangements of components, parts, equipment, apparatus, process (method)
steps, and uses thereof, can be made by those skilled in the art without departing



type 2162 that emts 420nm It is also contenpl ated

that large junction UV-LED chips (over 400 m crons on
wa2@smdedsican be enpl oyed since they enmit UV | i BOT/USL004/038069

hi gher |ight density. Anong the many advantages of the

rotary UV curing nmethod and apparatus of the invention

from the é@a%ln%@ faraénvgmﬁb&ma@s& ghe seopeasthedpyentigreis only to

AV d f - LED chi ps

be imtR 3B SAIBH LY 1R Bl Ee L or
translucent glass or plastic shield can be provided
for maintaining the UV-LED chips free fromdebris. 3.
A non-oxygen gas can be provided for enhancing curing
and can be circul ated to enhance cooling of the UV-LED
chips. 4. Qutstanding curing. 5. Excellent results. 6.
Greater product output. 7. Super quality. 8. Fewer
defective products. 9. User friendly. 10. Econonical.
11. Efficient. 12. Effective. Fromthe foregoing
description, it will be apparent that the nethod and
apparatus of the present invention have a nunber of
advant ages, sone of which have been descri bed above
and ot hers of which are inherent in the invention and
exanpl es. Al though enbodi nents of the invention have
been shown and described, it will be understood that
various nodifications and substitutions, as well as
rearrangenents of conponents, parts, equipnent,
apparatus, process (nethod) steps, and uses thereof,
can be nmade by those skilled in the art w thout
departingfromthe teachings of the invention.
Accordingly, the scope of the inventionis only to
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be limted as necessitated by the acconpanyi ng
clains. CLAIMS What is clained is: 1. A nethod for
wa@oosogssan UV curabl e product, article, ink coptT/Ng2004/038069

adhesive in or on a disk, characterized in that the

met hod conprises: causin reI t|ve rotational novenent

bet ween an array of UV-L s nmount ed on a panel

cont ai ning the UV curabl e product, article,

Whatﬁ a@%ﬂ‘?ﬁg or adhesive. 2. The nethod of claim1,

characterized in that: the disk is rotated relative to

1. a Su tgﬁ%gbrll fiWQB%gﬁl%pm ni an r%q\flgg radhesive in

or on H\é‘lé@%h@i’é&éntéd frPl‘h@i 8 rrn%*d%d é’cﬁnbﬁséé’ %a% ﬂé?é’tlv@grotatlonal

cur ab epro uct, article, 1nk coatin
movea@lﬁlébeweam@n @iyt u%nhlpammmtempaoai md ardisk

of f et st.agger.e rra at. 1 east one
conaf iy e Typale: Bt Tl Petlidt Ahdpvace”i s
posi ti oned betvveen the array of UV- LED chi ps and the
disk to help protect the UV-LED chips fromsplatter of

2. IT*@@F@"B@@\P&F imgl, ohap@edzadintthat ors; and/ or an

U1 ot Y bR PR, - BE RO by o

Uv- LEﬁ)s:!hlpfs?eﬁda)rS| de of the disk; and/or a glass or
pl astlc sheet or plate is Eosmloned bet ween the arr

o PeRe L@gueﬂn@éheaaaay 96 Uyi-5kDr @i isg oftet selativado the disk
havm%%é-ﬁ@ &laBR 6(09%@%'@%@% %a n'é@Uf gdﬁg{l{/é‘ltlﬁlér%% &Mhereon;

tointrato
and/oappl ying W light to W photo initiators in an W
or adhesive in

cuyr roduct, arti k coatin
VIS i drerapaest e ofires S taaes i Bivebre) AbleRstons panel
and/ogny of the preceding clains, characterized in that the
UVcuring apparatus conprises: at |east one el ongated
pmgtassrmmhastt'mgsmﬂetmrvpatedﬁ phsitidiel bbi\rmn ﬁtmlamaymf OW-LED
chips 885 gﬁé 'gv tét @Q’ gﬁétggtetﬂe%\t/ IFl]_Etlf chlga?rom sp atter oic’lllqgld containing
UV photo initiators; and/or
an auxiliary array of UV-LED chips is positioned at the periphery of the disk
for emitting UV light at the disk form a side of the disk; and/or
a glass or plastic sheet or plate is positioned between the array of UV-LED
chips and the disk to help protect the UV-LED chips from splatter of liquid containing

UV photo initiators.

3. A UV-curing apparatus for applying UV light to UV photo initiators in an UV
curable product, article, ink coating or adhesive in or on a disk-shaped product for
use with the method of any of the preceding claims, characterized in that the UV-
curing apparatus comprises:

at least one elongated panel mounting an array of UV-LED chips; and

a motor operatively associated with the panel for causing relative rotation

between the panel and the disk-shaped product to be cured.
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bet ween the panel and the di sk-shaped product to be
cured. 4. The UV-curing apparatus of claim3,

webesactser i zed in that the UV-curing apparat USPCT/US2004/038069
conprlses four el ongat ed panel s each containing an

LED c I
4. SFhENMPauTo sppaGtuR Breds 2 PRp ARt an gl FENgr bt
app arﬂt@ﬂ‘c&ﬁ?ﬁ% product to be cured; and/or at |east one
general ly horizontal panel positioned adjacent th
diosik efnngeded proaiscachaentainegrst ArayoalUNhRE) chigs, and the

vl 44 IR SRR, g bigb DA Plb e PR

produdt #kb& Barey apgstuct , and the cylindrical pad is
operatlvely connected to and rotated by the nptor,;
argdlegast Qqe@qgﬁl%gormt%{rqa@@b gg&bﬁn% agiacept the disk-shaped
r
oo AL b G B A o8 3o 95l by e
motor{péhﬂﬁdﬂery of the di skshaped product for emtt| ng W
I ght at th

oS B RSt L0 B, 0Fo bl S e

cylind‘ﬁf;gimg%%c!3 ﬁkélg %gnﬁg% i gc? aﬁqg%?dtgélgryg?g ﬁ{ottbﬁgérﬁ?\/blﬁ Sé 5

chli\/pBEDrcirnps preagatranged in am offsle‘miag@nadr@rawopmmﬁst one panel;
g/ initiators; and/or a shield positioned between the
and/Ofr ray of UWV-LED chips and the di sk-shaped product to

heh %u&fh%h?SFLNS/'Eﬁ LNMLEBEM& Bﬁrah@@@a&i m@béﬁph@fy dfitiael dbk-

cont ai ni ng initiators;
shap@obpmdmﬁ:raergitmuyri@@t at m%@sk@hgne@prowctér%n arsde of the
Lgui a/ di spensi ng device for dispensing a

d'Sk'q?\arﬁ’anorﬂgU?%ﬁn Photo initiator therein onto the
SHIdl@sLoOpladtit @hé\é’d Sroplaiestositiarecbatvedncheairray gdiiLED chips

near the center of the disk so that centrifugal

and thediskssheped prgduet todakp peotesidhal YY-LER cwpsdrgmsp jﬁ{{etrwé liquid

contefeg LRl BFBkrErador T c v, cOri ng apparat us. of

C'aadH'@Ia psitibnedistwetR the artay of hat EChehipstaod the dlsk-shaped
nprises a shaft ogeratlvel y connect%g to,at

pl’Osts‘dﬁéO balpeprotasithe K\VmpEPHDIRS Fragn sRlattsr Iﬂ%‘ﬁPBQ alnlng UV photo
initiatBFl: 3R8The 3nflig Cor#REY aRjI98Y Sheet, plastic sheet, or a plate; and/or

a liquid dispensing device for dispensing a liquid having a photo initiator
therein onto the surface of a rotating disk-shaped product at a point near the center
of the disk so that centrifugal force causes the liquid to move radially, outwardly from

the point of dispensing to an outer periphery of the disk-shaped product.
5. The UV-curing apparatus of claim 3 or 4, characterized in that the motor

comprises a shaft operatively connected to at least one panel containing the array of

UV-LED chips adjacent a disk-shaped product.
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