SPECIFICATION TITLE OF THE INVENTION LIGHT EMITTING
APPARATUS AND METHOD FOR CURING INKS, COATINGS AND
ADHESIVES BACKGROUND OF THE INVENTION 1. Field of the
Invention. The present invention relates to a method and apparatus for
utilizing ultraviolet (UV) light emitting diodes in staggered arrays and
mechanisms for moving the arrays to avoid "hot spots” and provide a
uniform application of ultraviolet light to a moving object including inks,
coatings or adhesives having UV photo initiators for converting, when
exposed to UV light, monomepssisiihe kg goatings or adhesives to
linking polymers to solidify the monomer material. Also, an inert,

non-oxygen, gas is injegief IRIOEPEATGRVERIE I Staggered arrays of

ultraviolet light emitting diodes, UV-LED's are positioned to apply UV light

to the moving objects to enhance the curing of the ultraviolet activated UV
LIoHdH EMIBEITENS: DARARIATES tha Riid METHEHDIGOR ([IARG INKS,

lamps have been used for the curin%lof ultraviolet inks, coatings and

adhesives. More ret@ﬁl&?@Nﬁ@a‘h EF@@Hﬁ\ﬁEgESauga, Ontario,

Canada have developed UV light emitting diodes (LED's) and gathered
them in large numbers for use in curing ultraviolet light sensitive
monomers to polyBéZE RO MErSABdSUIKNYIDN ink, coating or
adhesive. While the use of a large number of UV-LED's provide many
efficiencies, namely in cost and energy consumption, there is still the

1. piEblentoieffaetv@ercuring with low intensity 1 UV-LED's and with respect

ta "hot spots” which proyide more curing at_"hot spots" then at other .
o BB AR TR R oG o ALELHOE BRSHEpRAvedS ARSATHHARg Wiaviatst (UV)
light dqehiigrftdibes BD iscpesiionegstarchieiansierioityntoribadke arrays to avoid “hot

spots” and provide a uniform application of ultraviolet light to a moving object including
inks, coatings or adhesives having UV photo initiators for converting, when exposed to UV
light, monomers in the inks, coatings or adhesives to linking polymers to solidify the
monomer material. Also, an inert, non-oxygen, gas is injected into the area where the
staggered arrays of ultraviolet light emitting diodes, UV-LED’s are positioned to apply UV
light to the moving objects to enhance the curing of the ultraviolet activated UV photo

initiators.

2. Description of the Prior Art.

Heretofore, ultraviolet lamps have been used for the curing of ultraviolet inks,
coatings and adhesives.

More recently, EXFO and EFOS of Mississauga, Ontario, Canada have developed UV
light emitting diodes (LED’s) and gathered them in large numbers for use in curing ultraviolet
light sensitive monomers to polymerize the monomers and solidify the ink, coating or
adhesive.

While the use of a large number of UV-LED’s provide many efficiencies, namely in

cost and energy consumption, there is still the problem of effective curing with low intensity



light displays and other lighting applications. The criteria for such

uniformity are primarily designed to create an appearance that the

backlight is uniform for a visual appearance. It is, therefore, desirable to

provide an improved UV method and apparatus for applying UV light
Uv-LemifeddramnvspdePrs motapriformHiRILAYRICINE SRRt ML spots™ then at

effectively cure UV inks, coatings and adhesives. BRIEF SUMMARY OF
other tpcqtigRs/m e o9k AANE 196 YBSSHSRFIRTStr detail hereinafter, the

meihod.and devies:of theriasert IR IioBRiBMIdeteLHINHSMABANity for back
~structures for applying UV light emitted from UV-LED's more uniformly so
light diralasctnighthps igranerfamlicaiiveuridgariksctsdengadnendenagiyase primarily
desig&:ad[ol@fcg%oﬁ}ﬂ'g ;}Qﬁaﬁ{éé Iﬂﬂgttﬁé%gcﬁﬁ HMS HEHMQOF J‘?fsﬂgltﬂgf%q}gﬁce.

eliminating, "hot spots". According to the present invention there is
plovitletheseiguerddsiallys tof provideDamdswmibiigs GIY anpeihed viind thigpptus for
IyinE R ASIRMPLES RANE AT RIS CONS With 8GR oW PENSSIRILGIS
app yl#r%m ad?g%ﬁgr)l}% rov%s? In adcﬁft}fg)n to tr:ée stgef\élg%lrlmg 0 th%{él U\% LED%Q%%O 9t0 fore
effectastemintidsVnmBdjavennpswsd adbivsiverable product, article or other object
having a UV ink, coating or adhesive to be cured, is moved on or in a web
past, and closely adjacent, the arrays. Further, the panel is moved or
translated in an XBRi&diSMMARY WHlEEEIN VRN OKe an orbital
sander, thereb ause a slight sweeping of the light from each UV LED
e e e R P PR AR e of R presen
inventioarehy idinistiziigutkearct satioradk” hat §poishanivio: gnifermtyappiy UW-LED’s

light to the product, artjcle or other object having the UV ink, coating or )
more JAQER TR S SICTelvet S TBO CLGE o G b B G AR adhesives
and, SUEpRIgIAROHCU TItige: ahodthevepbje gt dadigocurathisafiriapadertel Matgting, “hot
vertically. A gas having a molecular weight heavier than air can be

b

injected at the upper end of the path of movement of the UV curable

precustiasticdens plessRhiedhryingaUY pikviRatinds&sradhesiye of UV LED
thereon as it moves past a panel of arrgﬁ(g of UV LED assemblies.
assempligthafniopane JaHAGinG alhdletsranRlisiyRe g RisR et i8ir ) Wéth each row

being igAGH AL dayuesfngwd the path of movement of the UV curable
In addition to the staggering of the UV LED assemblies in adjacent rows, a UV

spots’

curable product, article or other object having a UV ink, coating or adhesive to be cured, is
moved on or in a web past, and closely adjacent, the arrays.

Further, the panel is moved or translated in an X direction and in a Y direction, much
like an orbital sander, thereby to cause a slight sweeping of the light from each UV LED
assembly over an orbital area, e.g., in a circular or elliptical pattern, 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.

In one preferred embodiment, the web containing the UV curable product, article or
other object to be cured is arranged to move vertically. A gas having a molecular weight
heavier than air can be injected at the upper end of the path of movement of the UV curable
product, article or other object having a UV ink, coating, or adhesive thereon as it moves past
a panel of arrays of UV LED assemblies. Furthermore, a gas having a molecular weight

lighter than air can be injected at the lower end of the path of movement of the UV curable



2 product, article or other object having a UV ink, coating or adhesive
thereon as it moves past the panel of arrays of UV LED assemblies. 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

produbRiatnad ¥heRethehiBEPEEGhaNAIoY R liahkibsturaihBRvaddRItive fordneds past

across the UV light beams from the UV-LED assemblies. This movement
the papebpfraamid the kEiysssohbrone element of uniformity. That is, the

MPYEMRM AL tQ@dp%d?HEIt% the movseent AIBRHIINTREAY. AHISSARS of light

the problem of providing uniformity in the direction of the product flow or of

applicgitondrap ri blaé sl w@g@mﬁ&amﬁ&%kﬁﬁ’adéfﬂéiégé_&pbﬁ@tai_neq when the
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ressed by how the LED chips are arranged. To achieve the cure rates
UV-Lifat assembbogiatEbisvitio vgpical Wy dutisedfalpplidatiohdit vergffargene element of

. beraf UV-LED chi t liver, th o) .
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addreaayiwipricbbreaté pithediagendsrorpanalibt eieettioal ofitceiipmidner fltow or of the

lam s%ri%rsngﬁ in which the LED chips are placed in a linear fashion of equal
P HiSt&hce from each other. (Lets say a distance of X). The second row

wohitd' St akixits’ novifaitnai t listaddie stz Xbariteeaoty dobedt atfiphwprdditttesr b€ the LED
arra spaced from adjacent LED chips in the row by the distance X. The third
Y'row would start at a distance '/z X in from the start of the second row. This
off$et wonld Lantifvenior BaddrawedbyhowHips iFDhbipkray divadbddds achieve

happen when this is dope.. First th Efgébt uniformity. is increased because
the cu ke it ORGSO Lo WG PP L eieds G OESta Bfber of
UV-LEghtpmissienssrihesd favdegveactheonmbagindiali theneistianeeeefdfieteovure the
it precedes will create a stair case effect. This will allow uniformity in the
polymprivyis as the array grows in size. There is another way to position the

L ER:aipss @p drobhiRN Bt ig- S@mea N OtNiMate either a series or parallel electrical
circuit either in series or in which the LED chips are placed in a linear fashion of equal
distance from each other. (Lets say a distance of X). The second row would start its row at a
distance Y2 X and each LED chip would then be spaced from adjacent LED chips in the row
by the distance X.

The third row would start at a distance ¥2 X in from the start of the second row. This
offset would continue for each row of LED chips in the array. Two things happen when this
is done. First the light uniformity is increased because of the alternating position of the UV-
LED chips. This creates an overlap of light emissions. Then, having each row begin half the
distance of the row it precedes will create a stair case effect. This will allow uniformity in the
Y Axis as the array grows in size.

There is another way to position the LED chips, and achieve the same uniformity.
This would be to use 3 rows to achieve the uniformity. That is, to have the LED chips
arranged at a distance of X, and to have the next row (row 2) start at a 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.



This would be to use 3 rows to achieve the uniformity. That is, to have the
LED chips arranged at a distance of X, and to have the next row (row 2)
start at a 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

distangs ot iq Ko dhgrotaeof i seserdtome IntilANYReIVAY SHD chips in

provide 4 rows to create the uniformity, with the LED chips in the first row

the firgpiRy diseeapaced distaticipsocfdnitegtrasthethernd Becsrrnroln Ssaesegs first
LED éﬁﬁ& ABRichiIRa12 distencs i £ 'em (e firsH-ERehiRyn e MRAW starts

The third row starts its row at a distance 1/2 X in from the first LED chipin
its rowhat firSivancer ataidistamcea arst IERshirHe Sarfiet devppeioudipgwce Y4 X in

from tﬂ@%tﬁ‘ﬂ?&?%%gvﬁﬂﬂws of the present invention also address a very
large number of LEDs that are mounted in long multiple rows, and still
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transparent plastic s ris posmone over the array to protect
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elevational view of a design of mating building blocks or substrates which

can be blank or have an anode and cathode mounted thereon in

accordance witBHIEFSRERORSAANE PEIBIE DReMANGEIG. 3 is a front
elevational view of one array of UV LED assemblies wherein rows of UV
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the adjacent rows in accordance with the teachings of the present

presehh{SsHRSiN:

FIG. 2 is a top plan elevational view of a design of mating building blocks or
substrates which can be blank or have an anode and cathode mounted thereon in accordance
with the teachings of the present invention;

FIG. 3 is a front elevational view of one array of UV LED assemblies wherein rows of
UV LED assemblies are arranged in the array with alternate rows of UV LED assemblies in
one row being staggered from the UV LED assemblies in the adjacent rows in accordance
with the teachings of the present invention;

FIG. 4 is front elevational view of a panel of six arrays of UV LED assemblies shown
in FIG. 3 in accordance with the teachings of the present invention and shows schematically a
first eccentric cam which moves against one side edge of the panel against a spring at the
opposite side edge of the panel so as to move, reciprocate or translate the panel in an X
direction and a second eccentric cam which acts against an upper edge of the panel and
against a spring bearing against a lower edge of the panel to cause movement of the panel in
the Y direction and thereby cause all the arrays to move in a orbital, circular, or elliptical path

when the first and second cams are rotated about their axes;



FIG. 4 is front elevational view of a panel of six arrays of UV LED
assemblies shown in FIG. 3 in accordance with the teachings of the
present invention and shows schematically a first eccentric cam which
moves against one side edge of the panel against a spring at the
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to establish a three tier staggering of UV LED assemblies. DETAILED
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inveniltustratdesomibdGhdrarprior art

Referring now to the drawings in greater detail, there is illustrated in FIG. 1 a prior art
ultraviolet light-emitting diode (UV LED) assembly 10 including a cathode pad 12 and an
anode 14 mounting a chip 16, which comprises a UV LED chip 16. Each cathode pad 12
(FIG. 1) is connected to a wire conductor as is each anode 14.

Referring now to FIG. 2, there is illustrated therein a building block 20 having a first
array 21 of the UV LED assemblies 10 thereon, namely, pads 12 and anodes 14, which
provide a plurality of UV LED chips 16. The building block 20 is designed to mate with
similar building blocks to form a group 22 of arrays 21, 23 and 25 as shown in FIG’s 3 and 4.
In this way, several of the blocks 20 can matingly engage each other and be arranged in a
pattern ( e.g. like tiles on a floor) on a panel 28 (FIG. 4).

As shown in FIG. 3, the UV LED assemblies 10 in each array 21, 23 and 25 are
spaced apart in a first lower row 36 of UV LED assemblies 10. Then, in a second adjacent
row 38, the UV LED assemblies 10 are arranged in a staggered manner so that they are

located above the spaces between the UV LED assemblies 10 in the first row. In the same



ultraviolet light-emitting diode (UV LED) assembly 10 including a cathode
pad 12 and an anode 14 mounting a chip 16, which comprises a UV LED
chip 16. Each cathode pad 12 (FIG. 1) is connected to a wire conductor

as is each anode 14. Referring now to FIG. 2, there is illustrated therein a

mann&UHRENE:RIAGk 0 BAVIDR firet Ry dnafiibe MVSLSE@F?@@ gk of twenty
thereon, namely, pads 12 and anodes 14, which provi e\xaﬁplurality of UV
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FIG's 3 and 4. In this way, several of the blocks 20 can matingly engage

row 3@dpthstHEY aHabe! dirahigedtiish P Qb e ke TSI SPatsarPbn!4 at the end

of theREREHZB WS i ARSHRIVIbIRF |6t 3nthipddV LED assemblies 10 in each
array 21, 23 and 25 are spaced apatrt in a first lower row 36 of UV LED
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located above the spaces between the UV LED assemblies 10 in the first
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the UV LED array 21 shown in FIG.”3. Also, as shown in FIG. 3 the
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21 is aligned with the end of the last.UV L ssembly 10 at th :
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arra 'gstagrétha(xv%llril ' ged with the end of the last UV LED assembly 10 in the
y uppermost row in the second, lower left array 23. Next, the end of the
lask Uholvin Deasselaly 4,0hn theeelawegt 20W23Giml e dinsbaraapi@edson the panel
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providelz sdoiihe shreaaays 2lowa.and 25 can be arranged on the panel

Also shown in FIG. 4, are mechanisms, preferably eccentric cams 50 and 64, that can
be provided for moving, translating or reciprocating the panel 28 back and forth in the X
direction and up and down in the Y direction, much like in an orbital sander. The first, x
axis, eccentric cam 50 is mounted for rotation about a shaft 54 to act against one side edge 56
of the panel 28 with a spring 58, such as a helical tension spring, positioned to act against the
other side edge 60 of the panel 28. The center of cam 50 is spaced apart and offset from the
center of shaft 54 so that the cam 50 is not aligned nor coaxial with shaft 54.

Then the second, y axis, eccentric cam 64 (FIG. 4) is mounted for rotation on a shaft
52 to act against an upper edge 66 of the panel 28 against the action of a spring 68, such as a
helical tension spring, positioned to act against a lower edge 70 of the panel 28.

Rotation of the shafts 52 and 54 (FIG. 4) each by a prime mover such as a variable
speed motor (not shown) can cause the panel 28 to move in a generally orbital, annular,
circular, or elliptical path of movement. This will result in orbital movement of each UV

LED assembly 10 in each of the rows in each of the arrays 21, 23 and 25 mounted on the



28 in a staggered manner so that the UV light from each UV LED
assembly 10 is not only spaced and staggered relative to adjacent rows
in the array but also spaced and staggered relative to the rows in the
other arrays. Also more than three arrays 21, 23 and 25 can be provided,

panel 98Ckbas six ﬁff@é&ﬁoﬁPE@@Mﬁtéﬁ'Wh%mnaﬁﬂﬂﬁif&nﬁyea Tyhﬁ@ iBVSlight to the
preferably eccentric cams 50 and 64, that can be provided for movin
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photo ihiHighitsalsaenininiaesilif psiy altpgether mbminrigs thCcteationefe sak, coating,
called "hot spats” of UV light. As shown in FIG. 5, where a schematic
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shown, the panel 28 of UV LED arrays 21, 23 and 25 is positioned
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enhange ghsxipHiegttsems pahdhef UV Emptedrigdo v adigsmmiesoexpinentially as the

distance to the product, article or other UV curable object to be treated increases.

Preferably, the shafts 52 and 54 (FIG. 4) are rotated to cause orbital movement of the
panel 28 and UV LED assemblies as the web 74 containing the product, article or other UV
curable object moves past the panel 28. Such movement also minimizes “hot spots” and
provide uniform sweeping, distribution, and application of the UV light from the UV LED
assemblies 10.

The block schematic diagram of the assembly or device, shown in FIG. 5 is provided
to minimize exposure of the products, articles or other objects during curing to oxygen, which
inhibits UV curing. A gas tube 84 providing an upper gas injector is provided on the
assembly and device for injecting heavier-than-air, non-oxygen-containing gas, e.g., carbon
dioxide, near an upper end 86 of a path of downward movement, indicated by the arrow 88,

of the web 74, so that the gas can flow downwardly in the space between the panel 28 and the



purpose, at least one of the rollers 76, 78 and/or 80 of a conveyor can be
a drive roller. UV curable products, articles or other objects, such as
labels, positioned in or on the web 74 (FIG. 5), can have one or more UV
curable inks, coatings and/or adhesives between a plastic cover layer and
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photo initiators therein which will ppI?/merize the monomers in the UV
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devicq, s ihlhanel 28 and the 7 web 74 to provide an anaerobic area

betwaenpparklys LEReagseroblies t0 onothe RareG28 andatheivebodproviding a
having UV curable products, articles or other objects to be cured. A wiper

lower igas @Ig B O ISP &) iPBGALRSET & HOWEF FRiIBRBrdchgPelinl BE plodipysiagnt of the web
74 foﬁw[[@eaﬁgwimmﬁ ged{Shofitheaans) 28 -nbaldings LOMBreRsieh, in the area
co

ecting and/or blanketing the gas in the area between the orbiting UV
@%@_ anchig upwardly moving web 74 (FIG. 6) thereby

betwepk they@ERi& 2 panehAd 2B
provide an anaerobic area to enhance and facilitate curing of the UV photo initiators in the
UV curable products, articles or other objects that are carried by the web 74.

A wiper blade 108 (FIG. 6) providing an upper inhibitor 108 is positioned near the
upper edge 68 of the panel 28 as shown in FIG. 6 to minimize the escape of the lighter-than-
air gas and hold, compress, collect and/or blanket the injected gas in the curing area between
the orbiting panel 28 (FIG. 4) and the moving web 74 (FIG. 6), much the same as in the UV
curing apparatus, assembly and device shown in FIG. 5. Again, the wiper blade 108 (FIG. 6)
can be fixed to the upper edge 68 and arranged to wipe against the web 74.

To avoid overheating the UV LED assemblies 10, i.e., to control the heat generated by
the UV LED assemblies 10, the power supplied to the UV LED assemblies can be
periodically or sequentially activated and deactivated, i.e. can be turned on and off, at a

relatively high frequency. Also, the duty cycle of the on-off cycle can be varied to adjust the
UV light intensity.



the moving web 74 (FIG. 5). Preferably the wiper blade 90 is fixed to the
lower edge 70 of the panel 28 and has an outer edge 92 that is positioned
to wipe against the moving web 74. In this way, the injected gas can be
inhibited from escaping the curing area. FIG. 6 is a block schematic

diggraan ofia M‘t(sﬁﬁf&&ﬂaﬁ@@émh% @Sﬁgﬂlhiﬂ tRECRANIEN QLHMIRS, namely, the
constructed according to the teachings of the present invention where the

LED ¢hiping. didvhisseiBimetmesbiicontiss 2hosiididg, ari@adtlonkhst would be to
use 3 %%W&%@tﬁ@v@ ﬁ[évﬁn‘i%ﬁu@ %??Str}g wek ?ﬁe\%ﬁ]ﬂ&ﬁy V18U2RISirst row 112

products, articles or other objects thereon or therein to move upwardly, as

arran geowrd I9ysthRca b 100! pabetselpaner oo mdtingrarhys? B 23%4iengs 1/3 in
from &Felgtarlpo? ﬁé%d—&%@%?ﬂi&'&?&éﬂ%&@ Islf?lgﬁ)%'ﬁsmﬁ MV GMe 2/3 in from

apparatus, assembly and device shown in 5. In the apparatus,
the st@sgéthblilr@t gevick shiawvn disArGe 6/ iy ibee 3outsiohiel iegand ooverd 14.

Q%SWFBEOIEA@%}%' '(?ﬂ?q [#1 %clg \9@5%1 I%{‘uter ; {’ﬁp tgiotge \t&’ldth or double

movement web 7 jectmg an inert | an-air,
the widgn-oiplgéne conthiningdgag caly. whdthumy értitnesaieav bithvegen HE bfbRiaggembly

10 to gI'OVl(Ii 8(ieFI1Ged49tand the U }ﬂa gl thOVln Web 74@%]3@ %Sﬁqem%s 10.

rovide an anaerobic area to entrance and facil a?e curing o
plﬂdho |mtmtoaﬁmsth@dﬂé/[é\draﬂnia’l)monluotsacﬂremkesmrgditmﬂanmeotstﬂeaﬁw LED

rrie e web 74, Iade FIG. 6 |d|n an u
assem% d ggng%SI %argat he a %e? e§ t1§81r(1ﬁ)t e pCaEII,I]le laggf over the
arrayssbovmlmﬁlQS&@ommmlﬂ&thesmamemalhghter tﬁaianauhgammobr layer is

hold, compress, c Ile%é and/or blanket the injected gas in the curing area

cleanqgl of keRIAHEPSF nel 28 (FIG. 4) and the moving web 74 (FIG. 6),

MEchthe SerRrgAsdRIEha b cUrnglarPaipiusmtasse mbhhamddlenic@evice of the
shown in FIG. 5. Again, the wiper blade 108 (FIG. 6) can be fixed to the

preser T B s TGS A IR S BE (o VBEI M Forgtfescribed above

and ofveshsbing e MnEQ easeBhliesntnl- eFdP Stk thEhpal-neresate LED
by the UV LED assemblies 10, the power supplied to the UV LED
assemgﬁg S:ﬁ

erhBIrea b asEngesisinealy b st hfiaNsPalhaied i Yoseiisceroducts,
articlds€orGR S Bpgdvan g pfk Aty relatively ighiresueReaLNSOtREHIUYE effect

cycle of the on-off ci/cle can be varied to adjust the UV light intensity. 8
curing of the UV curable ink, coating and/or adhesive.

Further, the moving of the web 74, carrying the UV curable products, articles or other
objects past staggered rows of UV LED assemblies 10 in staggered arrays 21, 23 and 25 of
UV LED assemblies 10 on the panel 28 ensures uniform application of UV light to all of the
ink, coating and/or adhesive to be cured in the UV curable product, article or object.

Still further, the oscillating or orbital movement of the UV LED assemblies 10
adjacent the moving web containing the UV curable products, articles or other objects to be
cured ensures a more uniform sweeping of the UV light over the UV curable products,
articles or other objects on or in the web 74.

Finally, the application of a heavier-than-air or a lighter-than-air, non-oxygen-
containing gas to the area between the oscillating or orbiting panel 28 of UV LED assemblies
10 and the web 74 carrying the UV curable products, articles or other objects having
monomer material to be cured or polymerized enhances the emission and application of more

uniform UV light upon the UV curable products, articles, or other objects.



In FIG. 7 is illustrated another way to position the UV LED assemblies,

namely, the LED chips 16, and achieve the same uniformity as shown in

FIG's. 2 and 3. This would be to use 3 rows to achieve the uniformity.

That is, to have the LED chips 16 in a first row 112 arranged at a distance

OW&h%HQH%B%&%H@n&%f AW il Anew Kaveladeat shaistane® ddibJdom will be

the start of the first row 112 and the next row 116 (row 3) start at a
undergiRegnHr/SamoMe N PHE ISEIRST thiefirsoroN 1 Qs ordat W dllstiindeatyangements of
comp(‘;'if@frﬁ Eﬁg%aﬁfﬁﬂéﬁcg ML f‘oééé’é"ﬁxﬁ&ﬁ&ﬂ%@%%ﬁ%s‘&etﬁ%%? can be

7 can be equal to the width , or double the width, triple the

made vbwtﬂl(lﬁeaﬂmﬂsib thehgics, Wb aith sl g ingdtroeT ahﬁuwlamg&@rhmynvemwn

AccortfhPreNde8 feser stapaeing Ol RANOR! BAMRIIOM DG LYLER by the
assemblies 10. Also, in situations where UV curable ink or adhesive might

accomgpiayieg state. UV LED assemblies 10, a clear/transparent sheet or layer
of plastic material can be placed over the arrays 21, 23 and 25 to protect
the UV LED assemblies 10. Then, the sheet or layer is cleaned or
replaced periodically. From the foregoing description it will be apparent
that the method and device 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. For example, the panel 28 of UV LED
assemblies 10 can be arranged closely adjacent the web 74 carrying UV
curable products, articles or other objects which enables UV light from UV
LED assemblies 10 to better effect curing of the UV curable ink, coating
and/or adhesive. Further, the moving of the web 74, carrying the UV
curable products, articles or other objects past staggered rows of UV LED
assemblies 10 in staggered arrays 21, 23 and 25 of UV LED assemblies
10 on the panel 28 ensures uniform application of UV light to all of the
ink, coating and/or adhesive to be cured in the UV curable product, article
or object. Still further, the oscillating or orbital movement of the UV LED
assemblies 10 adjacent the moving web containing the UV curable
products, articles or other objects to be cured ensures a more uniform
sweeping of the UV light over the UV curable products, articles or other
objects on or in the web 74. Finally, the application of a heavier-than-air or
a lighter-than-air, non-oxygen-

10



containing gas to the area between the oscillating or orbiting panel 28 of

UV LED assemblies 10 and the web 74 carrying the UV curable products,
articles or other objects having monomer material to be cured or

polymerized enhances the emission and application of more uniform UV

light upon the UV curable products afiiigkes, or other objects. 9 Although
embodiments of the invention have been shown and described, it will be
uivdeasioothiinati veirious modifications and substitutions, as well as
rearrangaments obleoripunenisn paippacguipfoenipmEpipardivs, [piacessUV photo

. me.th(pig,ste an%:sgses thereof, cap be made by those sk(iiled in the art_ .

a1, Se ARG S SR8t g SRS TV RHBHC N g, BT bt

compssoge of the invention is only to be limited as necessitated by the
accompanyigg}gclaims. 10 CLAIMS What is claimed is: 1. An ultraviolet

(GAceh AP Afehis TIPSR O BB REGP B (8 hAistb Rl faggpred rows

curalle ioks, Gemtinasi@fadnegl/as. BD PradusislialticlespAsiathar VbJEE!S, chips
comprising: at least one UV light-emitting device comprising a panel with a
set of AagEredY ot AteURRfig htRATIRECdidae!(diES) AstBhERes of UV LED

compisinchidé kP chiRshEannestedte epthodedads aRchaitadeuv LED chips
includinﬁéa first row of UV LED assemblies and a second row of UV LED

assefibhied) ¥deRdptremblres D st spthere s pacebapaddrmmiaadpaigioned in

first romare spackd ar@?a’tﬁéfﬁmﬁa@& RRSitiBR&HdNURITSiSIAGREH the UV LED
relationship to each of the UV LED chips in the UV LED assemblies in the

secoftbeB@idisHIg srenal navingGsirdtpansbbaviaga third angcantburthird and a
side;fglﬁﬂp\blﬁ%gr for moving the UV curable inks, coatings, or adhesives,

on the products, articles or other objects; and a panel-moving mechanism
opareniaigrdonmeetaktthe didV lighabinittikyy dentiogsiopr adhesives, on the products,

articles or other objects; and

a panel-moving mechanism operatively connected to said light-emitting device for
causing movement of said panel in an elliptical path in proximity to the photo
initiators while UV light is emitted from the staggered rows of UV LED
assemblies to uniformly apply, distribute or sweep UV light on the UV photo
initiators and uniformly cure the UV curable inks, coatings, or adhesives, on the

products, articles, or other objects;
said panel-moving mechanism including

a first spring mounted adjacent said first side of said panel,

a first shaft;

a first cam eccentrically mounted adjacent said third side of said panel on said first
shaft; and

a first driver for rotating said first shaft to rotate said first eccentrically mounted cam
and move said panel in a path against said first spring;

a second spring mounted adjacent said second side of said panel;

a second shaft;

a second cam eccentrically mounted adjacent said fourth side of said panel on said

second shaft; and

11



causing movement of said panel in an elliptical path in proximity to the

photo initiators while UV light is emitted from the staggered rows of UV
LED assemblies to uniformly apply, distribute or sweep UV light on the
UV photo initiators and uniformly cure the UV curable inks, coatings, or

adhgsiyes. cﬁﬁ‘v@?efd?r?&ldﬁkﬁg %ﬁﬁ'@'%@e&{cpmﬁftobieﬁiﬁat@%Q@%@@éﬁ%’é@&qmcally
mechanism including a first spring mounted adjacent said first side of said

paneMoxnigst spafansd iR Catnid aeRtridEIN ARG ORTBH A djae AR et inginst said
side of Spid QARG appaid first shaft; and a first driver for rotating said first
shaft to rotate said first eccentrically mounted cam and move said panel
insaipathVaghiREt saseemireticpriony; aasécopecspmgnaontnetaid/acene sarpitioned
secongrilelisAi Baekinseeond ahalh dageandaamaRerpiricall
mounted adjacernit said fourth side of said panel on said second shaft; and
11 a second driver for rotating said second shatft to rotate said second
egcentri % :
Ezond A B A A LA fpancls winn
staggesaibrpan e d¥\vidg neshablism are positioned approxmately 0.001 inch to
0.3 inch from said UV photo initiators. 2. The UV curing apparatus of claim
1 comprising a plurality of panels with staggered rows of UV LED
aSsembligg BViteioyapprirnguappataiusiahclading dncludifg@cfas imjexcrtng a gas
for injectin in an a c area between, the |n|t|at
i an R U U P S 0 e GhAE 5 R s on the
panel@hﬂimgg)frm&ﬂﬁémw@lﬁieﬂﬁk& coatin@s,the adhesives; ioksthiwqiogheisadhesives,

articles, or other obje
on the products, articles, rjoﬁler objects.

4. The UV curing apparatus of claim 3 including a transparent sheet or layer of

plastic material positioned over the UV LED assemblies on the panel to protect the UV LED

assemblies from splatter of UV curable inks, adhesives, or coatings.
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4. The UV curing apparatus of claim 3 including a transparent sheet or

layer of plastic material positioned over the UV LED assemblies on the

panel to protect the UV LED assemblies from splatter of UV curable inks,
adhesives, or coatings. 12 5. An ultraviolet (UV) curing apparatus,

ceMprising: AERMYRYPUNG\INGN2 epPMaNR! Belsemising web roller
assemblies for moving a web, said conveyor belt carrying UV .
pROTBINIEBRAHNS\A EHAHIENN RS tceRMAY SIS M Edive SR pPHgh deg, moving a
articlggpang PIIEN QI ES: eauynl{g i r{mmegﬂﬁmﬁ@ FOMPISNYIR RRACLoatings,
with a set of staggered rows of UV light-emitting diode (LED) assemblies,
compstisiaeeives PIDPEpYS Borfelapdild dheheliegiads and anodes so that
the B Bk cnms:0f et cbER AP Bl 10 BPENOU ARAPows of UV
apart and offset from the UV LED chips of the LED assembliesin an
adjadegittronitsagddredre(bEIRY prositbiesd eelfzmennghlt YnblRyclopnwespmected to
belt ac’él%(?éé‘}%?@%h@%}{%‘&?s%rﬁ&&ﬂ% 6@%9@13%%38& AU 19 AN & mblies in
fourth side; and a moving mechanism comprising a first eccentrically

mourstedh caw actngpagaingyaaidifitsoiSide obsaithpatl, [Efrstispringt the LED
acting against said third side of the panel opposite the.first side, a se
ek R TR R R R R e
secononspyinghettingl againstre fharin sid et tdcpanetappeosite sdiikd side and a
second side. of th((e1 panel for moving the panel containing the staggered

rows Of fﬁh/st(EDanassemblies in a path in proximity to the UV curable inks,
caatingisconcatihesivesopribmproducts, articles, or other objects as the

conveyor belt carryjng the UV curable inks, ¢coatings, or adhesjves on the
prod ot RIBEICH L PRPBEISAHE AR PSS EAB R VAR g pgncl
LED ghips gmitd h¢dighighimifosmly thiperithe-tMccpiadlieppksitc aatings skfe,
adhesives on the products, articles, or other objects to uniformly cure the

UV cBisgeRishieeeatigsmor iigthedn astiis asaiprbaseesndtides! diedmns:

objeGfSecond spring acting against a fourth side of the panel opposite said second side

ﬁg)nd .
ae moving

of the panel for moving the panel containing the staggered rows of UV LED
assemblies in a path in proximity to the UV curable inks, coatings, or
adhesives on the products, articles, or other objects as the conveyor belt
carrying the UV curable inks, coatings, or adhesives on the products, articles,
or other objects moves past the panel while the UV LED chips emit UV light
uniformly upon the UV curable inks, coatings, or adhesives on the products,
articles, or other objects to uniformly cure the UV curable inks, coatings, or
adhesives on the products, articles, or other objects,

said first and second eccentrically mounted cams cooperating to reciprocally move
the panel in both an X axis path and a Y axis path to move and oscillate the
panel in a generally orbital, annular, circular or elliptical path as the web
carrying the UV curable inks, coatings, or adhesives on the products, articles

or other objects are moved past the panel.
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said first and second eccentrically mounted cams cooperating to

reciprocally move the panel in both an X axis path and a Y axis path to

move and oscillate the panel in a generally orbital, annular, circular or

elliptical path as the web carrying the UV curable inks, coatings, or

adhesives on the pragiieiR Acticles praethgsopigsis@re moved past the

panel. 13 ABSTRACT OF THE DISCLOSURE A UV curing apparatus and

mathbd RIFRSVARRITRSH e ARG BRIt &sarsaTidRtb Foa s happigatisndttintion and
applidigBh BV ANPENTIHARID i Gurablek gaBlinger RANRS YL adii&ive. The

UV curing apparatus and method comprises UV LED assemblies in a first
UV cysineviipnariius ynd Epthedsnibresesgaretiiid at wapabsntiuy figprow with the UV

LED ARRIPRIESpALIE R ANRISECANEOYEGH A RIHRNEY OfAY Yl R ASSETRNIGSw of a

are provided next to the first row but with the UV LED assemblies of the
pluralggcointl Yol sitizsmelel iasljase prarideshaces toetheebirsadpacdnt with B UV LED

lies i irst ro . t e of UV

ssser e O I B iAot B P gt OV LED

assemtgws of thtafjge e héleBDtassmghlibs saromioontetl ON &lpBrskenilies from the

Uv LEBARISRILUSES yricles or other OIRCLs containing LY RO,/ 'Lﬁjioé%sembues
atare In or on a web can be conveyé/d or otherwise frioved past the

are moawsdbh¥ phidD dsSemnblids fopéifectimeitlds ouritdg:r DhisasramgemantUV photo

famlﬁg%es more unlformlg a rglcatlon of (\)/r|(l)q£|t on the UV urablﬁﬁlnk

it MG b hdREsvES fthe GRPLEYSHIR BIdUAts, BHIGEES! Sifdows of UV

LED abjegislidshéoapgrésetivie dav inglude ormhier margahthe faloing: motteraniformly
. for moving the web, e«ph\z;nisms for causing the panel E) move in an
applicggRaPb - Vetiebos (e AR SRR SRS R A BUHRR BB Furable
produé@s dftithies aeapdrlldviioRt Twdngpithtus can include one or more of the following:
rollers for moving the web, mechanisms for causing the panel to move in an orbital or
reciprocal path, and an injection tube for injecting a non-oxygen gas in the area of UV light

curing.
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