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It is, therefore, desirable to prowde an improved method and apparatus for

ink jet printers and other printers.

BRIEF SUMMARY OF THE INVENTION

An improved method and curing apparatus for ink jet printers and other
printers, is provided which are economical, effective, easy-to-use and efficient.

As will be described in greater detail hereinafter, the method and device or
apparatus of the present invention provide techniques and structures for applying
UV light emitted from UV-LED's onto a freshly printed product, article or other
object to cure the ink of the printing.

Since the intensity of light emitted by UV-LED chips is affected or
attenuated, by an increase in the temperature of the UV-LED chips, one
embodiment of the present invention contemplates the provision of a cooling
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fluorescent lamp that emits 51nm, a type 2052 that emits 371 nm, a typé 2092 that
emit 433 nm, and a type 2162 that emits 420nm.

It is also contemplated that large junction UV-LED chips (over 400 microns
on a side) can be employed since they emit UV light at higher light density.

Still further a spacing offset between adjacent rows of 1/x can be provided
in an array of UV-LED chips, where x equals the number of rows.

According to the teachings of the present invention there is provided a

method and UV curing apparatus for printing a product, article, ink, coating,
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spring bearing against a lower edge of the panel to cause movement of the panel
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elliptical path when the first and second cams are rotated.

FIG. 5 is a block schematic diagram of a web made of, or carrying products,
articles or other objects to be UV cured wherein the web is trained over rollers to

move in a generally vertical path past the panel of arrays of UV LED assemblies
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FIG. 13 is a side perspective view of the UV LED arrays shown in FIG. 12
and shows passages through the heat sink for the passage of power supply
conductors to the UV-LED arrays.

FIG. 14 is a view similar to FIG. 5 except that it shows four of the heat sink
mounted UV-LED arrays shown in FIGS. 12 and 13 are mounted adjacent the
moving web of product and shows four fans for applying cooling air to the heat
dissipating fins of the heat sinks.
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FIG. 21 is a block schematic diagram, similar to the diagram of FIG. 20, of a
system for maintaining generally constant light intensity by monitoring temperature
of a heat sink on a substrate that also mounts a UV-LED assembly with a
heat/temperature sensor mounted on the heat sink and then controlling the current
or voltage to a fan dependent on the temperature sensed for increasing cooling as
the UV-LED chips in the assembly heat up thereby to maintain a generally
constant temperature which results in a generally constant light output from the
UV-LED chips.
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Also, as shown in FIG. 3 the beginning of the first UV LED assembly 10 in
the lowest row 36 in the first array 21 is aligned with the end of the last UV LED
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the uppermost row 46 in the second, lower left array 23. Next, the end of the last
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adj acentt he path _of novenent of a conveyor belt
86888 1109fthe £apeh284 which is trained over rollers 76,

e BARAPOTUSBRANELA CARFIST 204 HEELFR over such s
pariableapeed mélordnotestrowtl),cabTause tAb.panet 28 o snove 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 panel 28 so as to spread out the emitted UV light
and uniformly apply the UV light to the products, articles, inks, coatings, adhesives,
or other objects to be UV cured. This spreading of the UV light also minimizes, if
not altogether eliminates the creation of, so called “hot spots” of UV light.

As shown in FIG. 5, where a schematic block diagram of one UV curing
apparatus, assembly, mechanism or device is shown where the panel 28 of UV

LED arrays 21, 23 and 25 is positioned generally vertically and closely adjacent



pur pose, at |east one of the rollers 76, 78 and/or 80

of a conveyor can be a drive roller. UV curable
w@e@doessss articles or other objects, such as Pebebmp4/020935

positioned in or on the wel8 74 (FIG 5), can have one
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pellssi ve preferably is |ocated on the side of t he vveb

74 (FIG 5) that is closest to and faces the panel
Pr ef ekafbpyrabdm@r QductsEriides pppthes obiects, rﬁt@ho%\%mbe'S posmoned n
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oser an a cone angle, eret

@ﬁhbsmbs bbhﬂéere aqm?stescd\neo l‘awn aldd- thEﬂ)atmdfll a h&SUVthrabietlnk
50% of th ht .power output of the chip
cRatieg f «P V%Pa'i‘ Rav \éHh@ﬁoéﬂ't'ﬁi%[ﬁtth%i’%%‘éﬁ%‘é"” polymerize

g{lﬁf&h'\%\s/'uﬂ tr‘f’é r%bi%t iARCEo tﬁH BF aBhESYE whe ddisib&ed to UV

cura ect to rea ted increases.
ﬂ?gbifwrtlaublalpretdedaemanedwmdeFeﬁg(the@gM) are rotated to

e L R ol oA R kbt st o
3ide ?I’ tﬁg%et??@?FlGJ\S)OcHéﬁf@dhs@%lt &5 hndPyEss ﬂ%sdarfél' ©8. Preferably,

pane nmoverent al so m nimzes "hot 'spots” or
'the Y shBtassemliepraseiinl slosaiproximitywedbé ink, coating or adhesive and

D0 dessdhad AiSRDIGe Al S wistE a8 coh BE 4PEE Tt Sanates
fifoen aﬁsevq_ancahuﬂ%vatqeastsﬁm%frtﬁb fie poweérsolrpaivofife dhip. Note

m nimze exposure of the products, artl cl es or other
dirgtdbe effectivenpssiofithg u\bewtiégbhghtmedmate'arﬁmpﬂgntMy as the

ARG D RRIRE A HRRBDER AR oroases

heavi @refdhably aihie c41A8 50°8(GESR (KIT. &) Ard goteits) toeca?!Jse orbital
car bon di oxi de, near an upger end 86 of a path of

aeavement afdhe pane! 28 aad 4 bEDhgssanablias astgaveb /4 antaining the

Sl isoltngr EAPE=0R ohis A ERTNES g pelhel o8, such

Affo\METtas S nfihigdzés this epotd @r bl Bpotss seribioeRlielthifyrm
t he panel 28 and the web 74 hayvin

UV curabl e
peepings distrilytian. angranplipationef f@@tqévtllehb@omh@oux LED assemblies
per blade 90 (FIG 5) providing a |ower inhibitor
cah be positioned adjacent the | ower edge 70 of the
panel TA@ Block bohethatic diagramesfshe gssemblyemt devdcersthoam in FIG. 5 is

%@:&% @gmty%?zqgipésnurte% the S?od%c%s erpclgg or %Echbelzrtolbrj]gcts during
curing to oxygen, which inhibits UV curing. A gas tube 84 providing an upper gas
injection is provided on the assembly and device for injecting a 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 web 74 to provide
an anaerobic area between the UV LED assemblies 10 on the panel 28 and the

web 74 having UV curable products, articles or other objects to be cured.



and 25 (FIG 4) and the noving web 74 (FIG 5).
Preferably the wi per blade 90 is fixed to the | ower

wedgs/d3oof the panel 28 and has an outer edgePORUBING/020935
is positioned to wipe close®to or against the noving
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non- oxygencontal ning gas, e.g., helitum 1n the area
(1) lah/ecurabte pnolducisngrtmf.eor ade( Bbjactsithesman ohthereln to move

Fl h id
AT i) o S o Briie 1 ThPastcfe pteEo aifRiingrarfiis 21, 23
UG, B) bf @WED'déstﬂ:hb%’ PUERBhe sQFrfédé@hSthe uv curlng
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apparatus rasepbiy end g vigel €hove) inpr6xidi ng an upper

the phie SpParatu SRREANES 66e SAGMHIRFic 6 oS ile 104

9fro¢|@|ﬁ?|d BiNe? gakhnjectyriis E@§|t|@ﬁ§d hebfla I608PERS 306 of the path 100 of
col | ect and/ or bl anket e injected gas in the curing

smeuementaldhe wed o fqrtmjﬁgtnmﬁeun@rs ligiHecthar)-aisnaon-exygen-

BB d s, 3 o furtlingibhed BENRAIRNBR bRk Iaridl28 (F1G. 4) and

Agaupwatdig nvmmg webate(FIGB 6f i therédy provideahiane@rdlsic area to
t he upper edge 68 and arranged to w pe close tg or

£58ARGe s daciligter auring Ot demt%afeatﬁ@s iriBe LV girsble products,
ted b
ARGy et Soidelf tnat o CAky e Tl IC0°1 0' Fhe Uy

LED agswiperibtsiec 608 ()‘éIGJ@)lpndwdmlglem oppareinghibitor 408 ys posmoned

actlvat ed and, deac ate can be ned on .an
HERT the UpPeradge ‘%%Pw}ﬂ Al ?@cﬁ%ﬂ@”n Iy ékusﬁ @‘Fﬂerrwwze the escape

B it UBaRaP b BABIRIG g 49, L0l ndfh Bl it
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PGS il Be AR o T4 BV GHlS BPRAsHi-By 8SeREDlY and device
SALHATAIFI®: 5.Thfaik, the WipLABI8dENB8LFRS. 6) can be fixed to the upper
edge 68 and arranged to wipe close to or 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.



chips 16 in a first row 112 arranged at a di stance of

X, and to have the next row 114 (row 2) start at a
walcesassses 1/3 in fromthe start of the first rpea/usR04/020935

and the next row 116 (row 3) start at a distance 2/3
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varyi rt;g thickness. It is to be understood that
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géggalrecgllﬁEnergy Distribution with a peak at one

vavel gneidamy 200ishowreini e, thetd a8 Riseasdsixg6Ystaggered rows
370 nm The LED assenbli es can be 8OS|“ oned in a

PAACIE oY ddE[hasaemblies Pit6s ddireatraw 0P dssimifsito the array shown
FPIE) 2, ohst 8 By (fp St oSSR IR bl B giave

different waldlehgiistioraplyihgriuVaigit hbeng aifferehhealdengih emissions
assenbly 216C can emt UV light at 415 gﬂr;a and so on

whichheam hetmere effactivedn CHFRE sy coaliros and athesiveshaving UV
) . _ h th
BRIt dR ingtT St R o vatiis iBlngig] 1oVF ('

al |t Inteis tiy bekndessteod lthatsU¥ 1light emitted 26 ax@bhE®not from a
[ight at 390 nm all the LED assenblies 216 in row
ﬂsgrqsgﬁntemp |Sj Qe aa&answaNrWﬁv aths. qffen referreghas the Spectral

@%%Wbﬁs‘?ﬁb&% With B A cg?é'wsvélbnb{rg\k}hicﬁtis fHeiduminad
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2elOgth,Tihg. p&D ner.n or order al so can be changed,

€9 T%E%UTE ggsé%‘bné"s”ga# %g pr(])rgltioned in a random, mixed manner or in
sequential rows. For example, in row 201 the first UV-LED assembly 216A can
emit light at 390 nm, the next UV LED assembly 216B can emit UV light at 370 nm
and the following UV LED assembly 216C can emit UV light at 415 nm, and so on,

repeating this pattern throughout the row. The next row 202, and subsequent rows

203-206, can have the same pattern or a different pattern.

Alternatively, all the UV LED assemblies 216 in row 201 can emit light at
390 nm, all the UV LED assemblies 216 in row 202 can emit light at 370 nm and all
the UV LED assemblies 216 in row 203 can emit light at 415 nm and this pattern
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assenblies which emt light at 415 nm 390 nm and 370

wmroosesshher wavel engt hs as such UV wavel engt hP@mius10041020935
di odes becone avail able, elg., 350 nm 400 nm and 420

Bah oot tssStesiosInd frEi LGS0 eReE s pdtidrhtor flef 2iso can be
BhaAYed 28 gS BTEMABY0hrd,&iiid 4 TB°R@s | ong and has two

bus Strips 227 and 228. As shown in FIG 10 the first .
UV LEAnskemiariation would bererandoss misiyre of UyakERrAssemblies which

eliaias 3159 200 Bl ehd 7R B o RV fpactiS sl Uv

WaleRsifiehittAddiotes bbcormbigvdilalsley, 823, 3801ne1U00Iringlaind 420 nm.
at 420 ndn)&;v and the first UV LED assenbly 224A in the
f our t t Féa 938 illyaiated a lamp Ranak aran2380f fow rews#ed -2r4 of UV

LS55, 24118 gy B AP 560 0 ko ana s
960 dg stdps 222 amdR3xi t | i ght at 400 nm the second W
LED assenbly 223B iﬁ}st he third row 223 ?

2t svdashodmin bke Qubers VLS sssemon 22bhn e fisbrow 221
AR chmd: FIF TR
I
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b f Li,ght, h .
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@0 206 hnh thd HEBAY U\hﬁEimsémﬁﬁxcz‘mB iBfthe WRiIY@ k&R @PBan emit light
For exanple, the OSRAM SYLVANI A, I NC. Division of

OERANINENHaNch theDsanadsUNA. E5? resemblystiddhivihet fppghzow224 can emit

f.l uor.e nt lanp that emts 351 nm a phosphor type
ﬂgégatl%nmﬁat emts 371 nm a phosphor type 2092 | anp

that et third3By DED assbrablyPesd) @220 12232187d Paae ik kakh row 221-
emts 420 nm These are several exanples of

vadaraariensroik ighteats respestivelpet 2(aed 308 ninc400 A ang 370 nm. It

S8 o Byt 89 O 8y EBAohAPapg@'ina e
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2.5% q@gfﬁé LHSAGLY neRNfeeshStel SSUrE R Hlght 286H 28" fidordEBent lamp (or

lamps) whose phosphors are chosen to augment the increase of light wavelengths.
For example, the OSRAM SYLVANIA, INC. Division of OSRAM GmbH of Danvers
MA offers a phosphor type 2011C fluorescent lamp that emits 351 nm, a phosphor
type 2052 lamp that emits 371 nm, a phosphor type 2092 lamp that emits 433 nm,
and a phosphor type 2162 lamp that emits 420 nm. |

These are several examples of wavelengths that easily can be added to a
curing mix. Additionally, a germicidal lamp or a Pen Ray lamp can be used for the
addition of 254 nm.

In FIG. 11, two fluorescent lamps 231 and 232 are illustrated which can be

positioned adjacent an elongate panel 234 formed by three panel arrays 220
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LED clifimsiricaintebisGhol2tHdi&/ED thips Withsa Iarhedared caeamithigher
LED a_rrak// assenbly 250 which jncludes an al um num heat
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simlar to the arrays shown in FIG 9. Beﬁeath, t he
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ol ds 1% RS2 Bhaserl HUSpiestA asrand Lidh 3y iase it 250 which
Ml RELaR BldrRuhfRbatdink 282 habity st Qissipating fins 254 extending
therefrom. On top of the heat sink 252 are two porcelain coated steel substrates
260 on which are mounted UV LED chip arrays 254 and 256 which are similar to
the arrays shown in FIG. 9. Beneath the porcelain coated steel substrate 260 of
the arrays 256 and 258 there is provided a heat sink compound 270 for securing
the porcelain coated steel substrates 260 to an upper surface of the heat sink 252.
It will be understood that the heat sink compound 270 not only holds the UV LED



conducts heat fromthe UV LED arrays 256 and 258 to
the heat sink 252. FIG 13 is a perspective view of

WO b@slos8shED array assenbly 250 shown in FI G 1PCT/HE2084/020935
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274 in FIG. 5 can be enhanced further by the provision of fans such as the fans
312, 314, 316 and 318 shown in FIG. 14. It will be understood that temperature
sensors can be provided on the heat sink 252 for indicating, to a control circuit (not
shown) for the fans 312-318, the temperature of the arrays. The control circuit can
cause the fans 312-318 to turn on when the sensors sense a temperature above a

certain value and to turn off when the sensors sense a temperature below a certain
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, coatl ng, esi v or o object (o
shepe320.cDheryafrcausserthaiow tinel eovérnsherd S201drg tHORINGLED chip array
UVLEIIES)rgﬂrays) to cure the print. The product, article
L{alls ‘obj ect 402 can be planar or have a curved

shapeyn ##§ M 2thete 48 ShoRAASrARISAY curliy Station D WRER a product,

is shown a curing station 420 ere a conveyor 422
adialg ongthariobjesd 402riphowndinsars adadentsupparti4Ohpisrprinted at a

nbly 426 - LED .Jdn FlG h [
BRBMRS o adiad 2bam plicsh icharinnsin 04 WFB Seipe a suppor
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ceovssicer reciprecated avadthe freshly pavtad prieduct, @riicle, eeafing, adhesive,
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of the UV-LED chips to maintain a generally constant

BIghe. i ntensity/output. This can be acconplished wth
Sever gl F1G. 19 there is shown a turntable 430 for carrying compact discs 432

beneath print heads 434 and assemblies 436 of UV-LED arrays. The turntable is
first indexed to move the compact discs 432 under the spaced apart print heads
434 where printing of compact discs 432 takes place followed by a second
indexing of the turntable to move the freshly printed compact discs 432 past the
spaced apart assemblies of UV-LED arrays for curing of the print.

Since heat is generated by UV-LED chips when they are emitting light, and
the light intensity decreases as the temperature increases, it is desirable to
maintain a generally constant temperature of the UV-LED chips to maintain a
generally constant light intensity/output. This can be accomplished with several

different systems. As shown in FIG. 20, one system 500 for maintaining generally



different systenms. As shown in FIG 20, one system 500
for maintaining generallyconstant light intensity is
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cont aiAHJiePsyRteth B0t i¥ g‘PépWalhﬁmJ%tﬁa in FIG. 21. Here the system
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3ot dt Oy bR ot B0 pndhs indsiids ef Becsutiiiats 514 or 606.
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According to the teachings of the present invention the UV-LED arrays can
be used in ink printing and curing systems such as the system 620 shown in FIG.
22, Here, a printing head 622 is arranged for reciprocating transverse movement
across a piece 624 of material or product, article or other object, e.g. paper, to print
thereon with an UV curable ink. A first set of two UV-LED arrays 626 and 628 are



thereon with an UV curable ink. A first set of two

UV- LED arrays 626 and 628 arearranged to nove with the
W@eo0sH68398 head 622 on either side of the printPemURmado20935
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Accordingly, the scope of the jnvention is onlty to be
a

dexice & %arfgeﬁgémeapweapmﬁ@ﬂ% hawe afydmber of advantages, some
of @i 3V B&n described above and others of which are inherent in the

invention.

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 on other products, articles, inks, coatings, adhesives,
and/or objects can be made by those skilled in the art without departing from the
teachings of the invention. Accordingly, the scope of the invention is only to be

limited as necessitated by the accompanying claims.



WHAT IS CLAIMED IS: 1. A nethod for printing a
product, article, coating, adhesive, or other object
wW@ro0a/0p8snsit i ng stati on and for enhanci ng the PCT/US2004/020935
application of ultraviolet 1fUV) |ight at a curing
station to WV photo initi atorsgl_r’z\é@I UV curabl e ink
applied to the product, articl z§| ng, adhesive, or
WHAT |slglexiViED IShe prl nting st atl on characterized in
that the nethod conprises: printi aUV-curabIeln
hi th & pethedifey pﬁ@%g érprﬁd‘ﬂ)fitoaﬁ@ie cgatmm adhesiva, g @ther object at
AR St ALE SRR g e SRl L Bl ER (LV) ight at
ewiitid stagioditodB/ thd_lEm)atca'sna)aSUVfcutébléﬁig( applpd tothe product,
proximty to or at a curing station; and caysin ) _
Beicla icpating Ve, i aast Ghisecatdhe pratiag Sfations Eparasterized in
e printed product, article,
g%gﬁﬁtﬁﬁégﬁ@g*gr ot her object. 2. The nethod of
cI ai n’pﬂintu’lgaaeu:\f@uratﬂd |rnk1wtthaatpr|rttlmg hedichom agorbdadt, asticle, coating,
nsver se the product, article,

r ocat ﬁ
Y]%' or gsP @Ct gra Bf'ﬁ%ﬁ‘g 813198t together with at
' east chm'ngf tiéb%t%ﬁb%e%f Wrabl%%ﬁrgh%&.tt.ﬁ@%@ae av- LFD) arrays

| east "one of the sets of UV-LED arrays are positioned
abi¥elenld ahies jorproxinmity foecrdata: curireg stationgard at i on;
and/or _the p uct, arti coat E%S adhe |ve

o her ot da POREYS mnned HarySeRat kst BRAGT Wi seflar Uv-LED

!aﬁ‘ﬁ?é aﬁﬂ@hé%ﬁnfé‘d pPbuED élé‘}’éoatﬁ:@déehes?lﬁe | cﬁaﬁhepﬁﬁject
arrays are reciprocated and

osc:| |lated as the product, article, coati ng, adhesi ve,

2.t P ARy g LGBt TRy, ol ve o o

f | uor greeMtingpidad B leeiprbSstedtrdndge el @f@thétrﬁbdaﬂ, article, coating,
and/ or the ﬁrl nted product, article, coatin

adhesive.cor athenohieet Bigiethar with aidgasispran of H?e fetseaf UV-LED arrays;

%ﬂ'g/%?ent and/or in proximty to and/or under at |east
| uorescent lanp. 3. The nmethod of any of the

pr ecedi Rastbaé ok tihssteeif &IV-LED amaydate peditibess bhdjaicent the
of the UV-LED chips in the set of UV-LED arrays emt

prlgmg head afifiye ewréng StRdor) %’?ﬂ;{% t han some other UV-LED
chi pstié;;'?rtotggg{-?%é}ér Fing?BARELLECH FhePShlert B ird¥etMnd/or

l'ight rom a sonme array
movedashatiab lty at tvast ane sehdf OV-WEDfarrays; and/dre et hod
g{ ?gég[%fas% Igr?e Setof gbq_gElslaarl#a% a?‘g ?é&ﬁ?o%%'téae and)g)rtoggﬁléted as the
product, article, coating, adhesive, or other object is indexed and/or moved relative
to at least one set of UV-LED arrays;

at least one fluorescent lamp is located at the curing station; and/or

the printed product, article, coating, adhesive, or other object is indexed
and/or moved adjacent and/or in proximity to and/or under at least one fluorescent

lamp.

3. The method of any of the preceding claims characterized in that:
at least one of the UV-LED chips in the set of UV-LED arrays emit light at a
different wavelength than some other UV-LED chips the UV-LED arrays; and/or



some of the UV-LED chips in at |east one of the UV-LED
arrays are staggered. 5. The nethod of any preceding

wa@ba@smsssehar acterized in that: at | east one herCT/U8IN04/020935
is positioned near and/or a8 the entrance way to the

. =e S
peat o e RaSoRIE Y gt GHIER o oot Bohk S Yy-Leo
arfags andjgeotrallyravhstartndiorablifermnk is heated at the

printing station; and/or UV-curable ink is heated,
pol yneri zed and/or cured on the product, articles,

Qoat' Mhe rﬁgﬁh%%i' d’fearﬂ/ oﬁhagfre%bh blafth %h@%dt@iniﬁaq]fntetﬁgt' at least

héat lamp. 6. A UV-curlng apparatus use w

setrecef tife HHyLEdD ahiis joraddeastranecdfahed)V-LED antgs akedtaggered.
in the UV-curing apparatus conprises: at |east one set
of UV-LED arrays of UV-LED chips positioned in

Bl OXi TheY¥mé®iodrofadn ﬁl'%cédﬂh %l%%ma‘?é‘(gbﬂz@& ﬂ?:rr{é‘tty to,

near and/or adjacent the |nt| ng at t printing
st at i 8hleaghane lheat Feesah aanpcmmdrtﬁd rearandjor af thei erdrance way to the

{é ge n at | east one of the sets of UV-LED
gﬁﬁi@‘g g'ﬁ’ y5roduct article, ink, coating,

adhes U“(ﬁcur@blepirik% pARieRCand ﬁéé‘lfe@rorﬁtHee&‘oBUEP %Hl(ﬂ@ coating,
mechani sm for reci grocatl ng the printing hea

pdhesive.qr aher pljeskandésr UV- LED arrays t oget her

trans /. roduct article,

i nk, E’JS/‘; ﬁé!ea g'gi}le%géoa%t tH%tDkg' 'F'%ﬁf [ aRfi9ror an

i ndexuwcmolmmlkssrhégted RERMhaHrednsHdPbr EIEdh fHaaeproduct articles,
g%;duct article, ink, ¢oat | ng, adhesive, or ot

tig, agpssive aretheonbiact with an Imféaxredahaablammder at
| east one set of UV-LED arrays; and/or an oscillating
mechani smfor oscillating at | east one set of UV-LED

@r r ayA W\lcatingeapparatoe for wstiwith tiss hethed of BKy of &/ pr@eding
c?lgln%ess Ic aracterlgécsl ?nrth%bdl\??cturmg apparatus comprises:

at least one set of UV-LED arrays of UV-LED chips positioned in proximity
to or at the curing station in proximity to, near and/or adjacent the printing head at
the printing station; and/or

a mechanism for causing relative movement between at least one of the
sets of UV-LED arrays and the product, article, ink, coating, adhesive, or other
object; and/or

a reciprocating mechanism for reciprocating the printing head and at least
two of the sets of UV-LED arrays together transversely and/or relative to the
product, article, ink, coating, adhesive, or other object; and/or

an indexing mechanism for indexing and/or moving the product, article, ink,
coating, adhesive, or other object about, in proximity to, near and/or under at least
one set of UV-LED arrays; and/or

an oscillating mechanism for oscillating at least one set of UV-LED arrays
relative to the product, article, ink, coating, adhesive, or other object.



