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Heretofore, UV-light emitting diode (LED) arrays have been proposed for

curing inks, coatings or adhesives. Thick polymers require longer wavelengths for
curing. Surface curing requires shorter wavelengths.

Pigmented coatings are better cured with wavelengths dissimilar to the
absorption wavelength of the pigments. This is also true for the wavelength
absorption characteristics of resins and additives in an ink, coating or adhesive.

It is, therefore, desirable to provide an improved UV method and apparatus
for applying UV light at different wavelengths to a UV curable product, article, or
object to more effectively cure UV inks, coatings and adhesives in or on the
product, article or object.

BRIEF SUMMARY OF THE INVENTION
As will be described in greater detail hereinafter, the method and device or
apparatus of the present invention provide techniques and structures for applying
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180 nm and 420 nm A preferred wavel ength range is
bet ween 315 nm and 400nm Al so, in one enbodi nent, a
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as heating of the chips tends to cause light intensity to diminish.

Further “forward voltage matching techniques”, Vg, are employed, (selection
of chips) to provide strings or rows of LED chips wherein the current drawn by the
chips only varies between about 5% and about 10%, thereby to minimize “current
hogging".

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



UV-LED arrays, there will not be a uniformradi ance
pattern. Accordingly the preferred distance between
the UV-LED chip arrays is a distance which will 2
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of UV LED assemblies in one row being staggered from the UV LED assembilies in
the adjacent rows in accordance with the teachings of the present invention.

FIG. 4 is front elevational view of a panel of three arrays, each with six rows
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



present invention and shows schematically a first
eccentric cam whi ch noves against one side edge of
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FIG. 12 is a side elevational view of UV LED arrays mounted on a porcelain
coated substrate which in turn is mounted on an aluminum heat sink having heat

dissipating fins.

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



two | ong fluorescent |anps positioned beside the line
of arrays. FIG 12 is a side elevational view of W
LED arrays nounted on a porcelain coated substrate
which in turn is nounted on an al um num heat sink
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mounting a heat sink by monitoring light intensity with a light sensor and then
controlling the current or voltage to a variable speed cooling fan blowing on the
heat sink dependent on the light intensity sensed for increasing cooling as UV-LED
chips in the UV-LED assembly heat up thereby to maintain a generally constant
temperature which results in a generally constant light output from the UV-LED
chips.

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 light intensity froman UV-LED assenbly
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LED assemblies 10 is staggered and a total of twenty (20) staggered rows are
provided in the UV LED array 21 shown in FIG. 3.

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
assembly 10 at the end of the lowest row 42 in the second, lower left, array 23.

Then, the beginning of the first UV LED assembly 10 in the uppermost row
44 in the first array 21 is aligned with the end of the last UV LED assembly 10 in
the uppermost row 46 in the second, lower left array 23. Next, the end of the last
UV LED assembly 10 in the lowest row 36 in the first array 21 is aligned with the
beginning of the first UV LED assembly 10 in the lowest row 48 in the third, lower
right array 25. Finally, the end of the last UV LED assembly 10 in the uppermost
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do a panel 28 (FIG 4). As shown in FIG 3, the UV LED
assenblies 10 in each array 21, 23 and 25 are spaced
apart in a first lower row 36 of UV LED assenblies 10.
Then, in a second adjacent row 38, the UV LED
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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 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 constructed according to the teachings
of the present invention is shown, the panel 28 of UV LED arrays 21, 23 and 25 is
positioned generally vertically and closely adjacent the path of mavement of a
conveyor belt comprising a web 74 which is trained over rollers 76, 78 and 80 to

move generally upright and vertically past and closely adjacent and in proximity to
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orbital sander. The first, x axis, eccentric cam50 is
mounted for rotation about a shaft 54 to act agai nst
one side edge 56 of the panel 28 with a spring 58,
such as a helical tension spring, positioned to act
agai nst the other side edge 60 of the panel 28. Then
t he second, LK/aX s, eccentric camb52 (FIG 4)
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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.

A wiper blade 90 (FIG. 5) providing a lower inhibitor can be positioned
adjacent the lower edge 70 of the panel 28 for holding, compressing, collecting
and/or blanketing the gas in the area between the orbiting UV LED arrays 21, 23
and 25 (FIG. 4) and the moving web 74 (FIG. 5). Preferably the wiper blade 90 is



light wwthin a predeterm ned UV wavel ength range. The
WV curabl e ink, coating and/or adhesive preferably is

| ocated on the side of the web 74 (FIG 5) that is
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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.

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 2.
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 of X, and to have the next row



gas can be inhibited fromescaping the curing area.
FIG 6 is a block schematic diagramof a UV curing
apparatus, assenbly, mechanism or device constructed
according to the teachings of the present invention
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repeatmg 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 pattemn
can be repeated for the remaining rows 204-206. The pattern or order also can be
changed, e.g., 370 nm, 380 nm, and 415 nm.
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This would be to use 3 rows to achieve the uniformty.
That is, to have the LED chips 16 in a first row 112
arranged at a distance of X, and to have the next row
9 114 (row 2) start at a distance 1/3 in fromthe
start of the first row 112 and the next row 116 (row
3) start at a distance 2/3 in fromthe start of the
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r JABPS PORSEgRNOSRhRNS ﬁmos% %%wme@étheémeﬁe of ight Wavelengths
di gdreieMblePet @SRAM 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
arranged end-to-end and electrically connected (soldered) together. A web, similar
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Al ternatively, all the UV LED assenblies 216 in row
201 can emt light at 390 nm all the UV LED
assenblies 216 in row 202 can emt light at 370 nm and
all the UV LED assenblies 216 in row 203 can emt
light at 415 nmand this pattern can be repeated for

the remai ning rows 204-206. tt d I
carfopke wghgﬁg@aj caéry@g a @YGUWH egggx}q E{rz\rrl] Q% r@rrg{aL s t[chamci\@ across

AnCthB%ron\ga{el @hbmmhgtcé}sd By R uHow peect ure of UV LED
assenblies which emt ght at 415 U\%f 390 nm and g@)

nm or otfél baxndereiegd Ff?t éé‘”glﬁ’éh"flﬁ?“e (RS9, g9 thre
andé'%ﬂtgg) cgin%éea?r g8 gﬁd B/éid edbn a GJVQ;ght %mlﬁyﬁreé%d At

nm In |S|Ilustrated
ar ragredban ene ‘PdeP flugipscens famnscagd WG nE% Eémﬂm@gg area.

226. Th frh@ @Bﬁél 230 e bé B8cifdéy, Q@cl@b@bﬁth E@Mfs (mcrh@ 4b W@ a
bus strips 227

and has ?g f8 A%
1o S!QMGPPP%NGQB\PEEWFQ%@WPW ihe four difierept WgYe'?f&WSzzl

can en trpé U¥hduraile prdubtiBantalt® tfdvesse thd/tdiRicresoenblaynps 231
222A in the second row 222 can e{gy [ight at 390 nm

t h@ngdi232@anghany pedifienal gt powrseneMRIoYed ¢ hird row 223

can  enjptsdmddéthbadimér ofthe pRodlict, hﬁ?e fnkfaiatlhb' ol:Ecﬂ)\eswe can have
assenbly 224A in_the fourth r t at

40OV AT MPFRoPRAtR Bftated mpRayIe[s Z\m gje ﬁéfivaéeqe f%n R é’f fg'loif &t

I Of¥eddenciad s&dH ds fol &mMé, 368 Heh amd 385em_danal lidhV rdysldirected
assenbly 222B in the secon ggflﬁow 22'2 nemt |light at
{hase yvelensd

409“%{‘99@”%\8'8#{19“@9 gl MAYG Bin the third

row 223A|@ar1asq5fbhdéd mhhe stwct@é'é)smﬁwn ArRIGs®and6 and deBtribed
LED asserrbl in.th 24 ca

K @h?vea@nmt gﬁﬁcaw?@ '@Jﬁ?ffsén ’LR/Eh@é[Ba‘é‘% E@W&P&) Wﬁaaf@' 234 and the

22 {oving3wh RaVihg?28' ¢ durabRagridiicVaridd or aiér Glajecttthlasmemtmereon
400 nm an

li ght at ctivel

o™« Enpicaifiests o bieb oD cRiEs wihe Bioer SRR3R Rt higHer
i Mnsity U¥ (RAE CTﬂ"@feahﬁél @éh a@nln;tdmnt whers tmm@nmmeemthe
the spectral ran engt h_i.dent

Fup@rheé ?34 agd thaw q@ atfﬂ%toblpmgq guring, In fhé& fegﬂe%tfaelarge junction

Waé(x@bQJED &ip efnite rrmﬁd;ht ﬂ’fafnaysmﬂ%‘ﬂnam LiED dmpaAga@e mmctlon
anot her ce of 1. uor

(o7 pampese Sitbaandin uRBs bosHes afba Bmel BPaigane crhiive

l H@é@ﬂfﬁaﬂ 4@0 rhlbx@hé ona\gides Mietiarger Eops avea*ntmlned td he laERihttion

SYLé/DA’s and provnde aPlugher lrgﬂt 8ensﬁ§5én anm jun%ftlor%gb ch?ps

In FIG. 12 there is illustrated a linear UV LED array assembly 250 which
includes an aluminum heat sink 252 having heat dissipating 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
chip arrays 256 and 258 to the upper surface of the heat sink 252 but also
conducts heat from the UV LED arrays 256 and 258 to the heat sink 252.
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MA of fers a phosphor type 2011 C fluorescent |anp that
emts 351 nm a phosphor type 2052 lanp that emts
371 nm a phosphor type 2092 |anp that emts 433 nm
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In the embodiment of FIG. 14, heat dissipation is provided by the heat
dissipating fins 254 of the bank of UV chip array assemblies 250. This is important
since the intensity of light from the UV LED chips in the arrays 256, 258 and 274
can be attenuated by the heating up of the UV LED chip arrays 256, 258 and 274.
Accordingly, in this embodiment the temperature of UV LED chip arrays 256, 258
and 274 is kept within a predetermined temperature range by dissipating heat
through the heat dissipating fins 254.

Temperature control of the temperature of the UV-LED arrays 256, 258, and
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
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chip can have 400 or nore mcrons per side and a smal |
junction chip can have I|ess than 400 mcrons on a
side. The larger chips are referred to as |arge
junction LED s and provide a higher |ight density
than small junction LED chips. In FIG 12 there is

illustrated a |inear W LED arrzfé assenbly 250 which
i nGPUYYS caih ba pavided o ebealisik iowaﬂljpﬁ@ght@aﬁ control circuit (not

di %ﬁg ﬁ'}fbf‘ﬁe%ﬁﬁ@%@ﬁb@@ﬂb@&mré Retrefdregs. FRe t&rdPEircuit can
eat sink are two porcel ain coated steel

s u §§@9r°aﬁ1@§an32'ﬁ@ ?o‘lﬁ tatHre Rnahenior fensgrasensep tempprature above a

ar Eéﬁfa?n %glﬂe %ﬂg t(?élﬁ’\ W{Nﬁgn HeBsehbHislsBhsd 8 terbdtRatdrd B’éf@w a certain
shown I n . Beneath the porcelain coated ste

s ub@lueatrethmy@fhe !@hfedea\srtwfsthe HghtaAys oy fh%'éVéEDschlps can be

pr%lrﬁgge@a{@ﬁ,bhq;évgk conmpound 270 for securing the
porcel aln coated steel substrates 260 to an up

Sur f ace 16t 16 Reoweaplusibior ey amaye 220 FimiBEOhaarayghpwn n
thefe. td’rﬁom&ﬁ off bREb KRAP AR Eoverél Wl a PRityctire sHEetldglasy or

LED chi arrays 256 and 258 to the upper._surface of

{ hBlani0STTRKaRS 2 B CICSHSIoBDRAIBIeSt RESED TR0 o
LER,akdrays 256 and 258 to the heat sink 252. 12 FIG

13s gﬂgerspectlve view of the UV LED array g/
250 ShdiIR- 161 ageciiongViewat @ Rorta At veissrlY hED %{"P rray

390 dHeRNGRFIG. a6 3¥eré d%rbducPe34 td ke @fled E@hbﬂﬁ abive the

D chip array 256 and they are connecte

Wi glﬁswrrréa%lsﬁemsa?%f 3@9@"5%“%2 gaml‘%gxppijqc} %g‘ﬁf’ agga between
SERB prdtict ﬁi@ar’ﬂﬂﬂé C§\Vé?%h8&232'03 méﬁvéf@@drsevﬂél&/v #he cover sheet

passagevvay 4 whi extends_general |y parallel to the

he30 arpie 'QB’&E%‘J“F? §"a)1%'1‘:"§l -0 receive a pair of

power 4Pl Y1 7Whdre issHollncd Srirftin %ad%ﬂﬁngzﬁgtldﬁm Wihete E\product
LED chip array 274. Addit]ona %rwtanot her

2992 (§hemon A adiprent SUPRIEA04) &3 printebat axiwha .Sétsi% 486 and
9eRE plabyd iRl du@ ort 804 {Wﬂ'ﬂd‘lﬁ@n s6 & SRk d@ﬁvéydﬁ%s gﬁéwn in
adj acent the ED 258 f rece

DB 50 whate n seayy 466 & ks 4381 il 9goProcated
gf&/@ﬂﬁgﬁ&sﬁwfﬁﬁhfeh %rdd\ch@Dtr@m@paﬁ ba?ve%glg ;ﬁ@d uhdet thea

ock diagra r i ng rat u

" aspeiaoly 456 St avaveplagite LIV Suksblerisne B aroriyst 402
?%%?ﬁf@' pl&far 85%%31%”@6 é:ﬁ?gaﬁmrﬁ@la m thﬂ@hh@slﬁg m | ar

o those in Figure Wi
LED ag‘nslaﬁ-}b?gﬂgerq ﬁast“ Whidcufing ﬁ{atla 42& %ﬁgrleeqq?onveyor 429\/

WaHR{iRY Blilted SUMPa@ Hides UPE & mdBst dhtler BMassepiilsty 82@.bf YV-LED
bet ween 370-420 nm The UV LED assenblies are placed

a@lgys.di st ance fromthe WV curabl e product which can
provi dg AGUNS freFdis RAGWE BRudtabld 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
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di verging fromthe UV-LED chips of at |east 50% of the
power output of the UV- LED chips at a view ng cone

angl e of 20% The assenblies 250 can be fixed

t oget her and can be oscillated, such as by cans,

simlar to the oscillation of the panel 28 shown in

FIG 5. A web 30'1h§FIG 14) is _trained over raollers
3029ensally congtagblie @twgyoutewogéwa@oqea%@ﬁmpé\ﬁm thh several

cl Oﬁﬁerﬁﬁpévsf@nﬁé/ AQsﬁcWﬁl lh@ﬂ@ pli oWs@n@@bﬁoﬁhélﬁbémmg generally

assenbl i es ) of the rollers 304 can

be Qppﬁt@@ﬁh% urrt@ms'ws @fap@eﬂkyé%?ateﬂn Heﬁ% ”é?rﬁlt%‘?fﬂél%@ ingjudes a
FI Gighidensapsb2 dﬂr%ﬁinﬁéﬁngm@wt mt@u&wﬂr&ﬁdh@wvtm) aﬂgé in the UV-LED

di ssi pat| ng fins

as SHFAYS 984 1 80 assgmily HA6 pfn%LEQrﬁ"ay% ﬁ% M I‘?ed 'feﬁfegrfgwew a

rinfHf prBH@éf‘Sb'?ee alegﬁp‘é&'di’sﬁ: (CD)t i"Re aftérRM o?@t@ fi 35§ensed is
274 be atfenuate eatin

of Y,
L Emsef by aaﬁqnérylsc"@sé 50@8780%‘1‘1’6%2?@“"9')&&6 P! gqgeg}ma Varlﬁb'e speed

t Niggn 00 QQWT?Boohﬁt?aﬁ BRRGAt gﬁ@s@i manth@n%hédbsﬁété@la that
256, 258 and 274 kept wt

t erdsOrmewHs theadrsembly Qﬂ%%”""p?aWﬁ&Dﬁ%‘%YS Bt Ga0Re DNeLED ohips

he%baﬁu;ﬁ $h@§f§ééagoffmé1@n%56 is ihErERSIFAb U @e St the @boli?fg dffmee heat
rature UV- LED arra

I kB 1240 5Bt Rsel itk 31 A by Bhoifig nodnoe ogithe stbstrate
f ?g?m fltgérfélb?% trilralmtzgﬁtﬂﬁa Lé@-LEtJD tat Eljg@néftﬁﬂy 3&&t§:ﬁt@@¢ﬂpemure

W e unders
G eHblsh sl s dsPa@BonasAn o oMb remiRS Bl IS ofips.
i ndi catAmheﬁég/s@nch rfs@Iramdaﬂymmstﬁm in AGo2MN) Htawthbrs9stem
fans 312-318, 't he tenperatur

Co%0 i meantabing Gemsraly spaten lennasly 1pdi e ¢ Borempeture
V\'hlﬁéhsbh sc()jg t&ﬁh&?frﬁorﬁt@??tﬂe FerhGdTRRIG Y Gt BPKS0a onGesubatrate 606
val ue an 0 urn o nsors

t efERlsP MUNiRANAFsEMbl {05 qfwelhéﬁé"%ﬁf & ?wavg & pjgrality of
l | ORLLEERBRIpS.Y TS té’nﬁbérétu@‘éenﬁétyis u&é@nytatmnw duE@t efo tmecontrol

can be malntlnedatap F4

pl e IMeYt YivoragR o4 yargh 929%89% R 1§rb"8"29“9 ﬁ8°'5\9raéw‘ the heat
s haiedamolihied dv the vt ateF0EMSEHIRY ted Qsébﬁd)lylm&djf&de UV-LED

o R 155t -5 o R el e e b e §EDs incressed to
arinéngase e Jobmli@ oﬁﬁé Abatsink FMGo cddl the heatSRKiG0anAld thé eW-LED
fchlpspn%ttn%tgcri] on the su%s&ateeéo% thereb)L/ oDm%pnitgln ?}qer GW-LED chips at a
generally constant temperature which results in a generally constant light output
from the UV-LED chips.
In both systems 500 and 600, the heat sink 512 or 604 is shown spaced
from the UV-LED arrays 504 or 610 on the underside of the substrate 514 or 606.
In actual practice, the heat sink 512 or 604 is preferably located on the substrate
514 or 606 directly above the UV-LED arrays 504 or 610
From the foregoing description it will be apparent that the method and
device or 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.
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panel s 220 shown in FIG 15. Here a product 324 to be
cured i s shown above the glass or plastic cover sheet
320 and nitrogen gas is supplied to the area between
the product 324 and the cover sheet 320. Then, of
course, below the cover sheet 320 are the UV LED chip
array panels 220. In FIG 17 there is shown a printin

and cur iAthosgaembadingotsgh diedngeniios fare beeroshqushanddessribed, it
an adj . Co ot

st a\?imob% 406 rs;tmg t51 fw\gﬁgﬁ gg glg&glr?ﬁtg %gd gﬁ%ﬁ'&@tbhﬁ’oﬂmﬂﬁ% h
carrepaaagngps of carapanedisr paits, sagpmenthapfargus gpcedsdmethod)
an - 3 . .
oo TR e Rofy i P A P Ro R aleR IRILEA Aftnout ggparting
suppon theieaokinas ofi ke ingerignu Ageerdingly, thesseps pfthedwreption is only
WV-tb il lﬂi{eﬁﬁ)nekg%s@t%@ bg"t‘f?e ADbofiipaRithg clRInhdlt . The

product 402 can be planar or have a curved shape,

such as a cell phone housing. In FIG 18 there is

shown a curing station 420 where a conveyor 422

carrying printed conpact discs 424 is noved under an
assenbly 426 of UV-LED arrays. In FIG 19 there is

shown a turntable 430 for carrying conpact discs 432
beneath print heads 434 and assenblies 436 of UV-LED
arrays. The turntable is first indexed to nove the
conmpact discs 432 under the spaced apart print heads

434 where printing of conpact discs 432 takes pl ace

foll owed by a second indexing of the turntable to nove
the freshly printed conpact discs 432 past the spaced
apart assenblies of UV-LED arrays for curing of the
print. Since heat is generated by UV-LED chi ps when

they are emtting light, and the light intensity
decreases as the tenperature increases, it is

desirable to nmaintain a generally constant

tenperature of the UV-LED chips to maintain a 14
generally constant light intensity/output. This can be
acconplished with several different systens. As shown

in FIG 20, one system 500 for maintaining generally
constant light intensity is graphically illustrated.

Here, the system 500 includes a |ight sensor 502 for
monitoring light intensity fromthe UV-LED chips in

the UV-LED arrays 504 in an assenbly 506 of UV-LED
arrays 504 that is directed toward a printed product
507, e.g., a conpact disc (CD). The intensity of the
light sensed is
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used by a control circuit 508 to control the current
or voltage to a variable speed fan 510 bl ow ng
cooling air on a heat sink 512 nounted on a substrate
514 that also nounts the assenbly 506 of the UV-L.ED
arrays 504. As the UV-LED Chkﬁ@?@% at up, the speed of
the fan 510 is increased to i e the cooling of
the heat sink 512 to cool the heat sink 512 and the
Wharis dpinedsiips nounted on the substrate 514, thereby to
mai ntain the UV-LED chips at a generally constant
tenperature which results in a generally constant
light output fromthe UV-LED chi ps. Another system 600
i s graphixgabltetviolet dSVY aiirgth hbthbd Gr aplyindeU¥ [idhe tsYVtidto
600 for maintaining generally constant |light intensity
B B b S A BT o TRE 3R or
t hat,. al.so nmount s an _assenbly 608 of UV-LED arrays 610
othep Rl GRS SOBPTF BB ESTG OUv- LED chi ps. The
tenperature_ _sensed is used Qy,a control .cirguit 6 to )
con€rgiting psible lightdiem 3r2reup ¢ a‘@%bl{eglg t-gRitiagiods Qeéf}) assemblies
fan 614 blow ng cooling air on the heat sink 604
locatedrin enl agay ofvesidfdighbernitb@pdindessecurgd tdwepanst nibilicatgdg a user
of the UV-LED arrays 610. As the UV-LED chips heat
of the, méth&l Spessvafis béigg bapplied 4 albthenigheaatng dodésnarnkaseay of
the cooling of the heat sink 604 to cool the heat sink
ro004h ARG ahdie UV-LED chips nounted on the substrate
606, thereby to mamintain the UV-LED chips at a

gen . . | r .

engpling a SEAStERbRIRT St e s AP BV essemblies in

chips.. I n both systens 500 and 600, .t he heat . sink 512

theca o oS SRUARA & leciete] Qo e Ctpb el s Soadissives on
610 on the underside of the substrate 514 or 606. In

thezsgriaeds of thedrpdiects, eHicldseaother silidsatedds, teofrst group being in one of
preferably | ocated on the substrate 514 or 606

difféirene edwyofthewmay broud-dr BBIingrspaced apfd iroonebdrnéresows hithe array;
foregoing description it will be apparent that the

et BAdtiADE sedY WafclRhgRRIFPRNALiBi% fRim b REcoRH @$&IH of UV LED
i nventi on have a nunbér of advantages, some of which

ri ' ‘
o DYBCRSED A5OSR AR L SES, Sl Bty o
he inyention have been. sho nd descri be It |
surgey pBF BB AL oV S Pt OHE AP et g0 angronp of UV LED
substitutions, as well as .
assemblies being in one of different rows of the array or being spaced apart in one or more

rows of the array of UV LED assemblies, and said second wavelength of UV Light being
different than said first wavelength of UV light;

cooling the UV LED assemblies with a variable speed fan and a heat sink fixed to

the panel;

sensing the light intensity of the UV light emitted from the UV LED assemblies;

sensing the temperature of the heat sink or UV LED assemblies;
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rearrangenents of conponents, parts, equipnent,
apparatus, process (nethod) steps, and uses thereof,
can be nade by those skilled in the art w thout
departing fromthe teachings of the invention

Accor.di th of the.inve on
|.ma9@at“r§%%fwe SEoianGe sst PR e AR’ ; %.spr%l%’eﬁoone of
AIMS Wiat is clainmed.is Anultlawo U\Q
hepnIgemeERBA® PO RS Sl W LG psemblensTal deohatt intensity
initiators in WV curable inks, coatings, or adhesives,
semmadsur f aces of products, articl es, or other solid
obj ects, conprising the steps of: emtting visible
| i ghfaifithidMAgtthg temeratirevd fShdUW 1LED atseatblies hrggahiemdly constant
(LED) assenblies |located in an array of rows of [|ight
terﬁé@rﬁtﬁhﬂg xgai]ﬂtgﬁlsthé & Htrlﬁfénﬁlﬂl &t tRasl héﬁi ehfiid &t ﬁletDW @urable items
er e met ho that power is being supplied
taII %ﬁ’ gl 1gn(g:lttlng di odes in the array of rows on
a?’ﬁ%neﬁ ecl0 Ylhg a first wavelength of UV |ight
froma first group of UV LED asse the arr.a
of FRANNESIBE RRiE) 17 BroXHBILY ] ad&%l&”ﬁ%@%}ﬂ&l? SeCafiRes or
coati ngs or adhesives on the surfaces of th
adimsiige on she srfares) shoprodutisrartiades af ablisjreelid obJ@ﬁé whiledV light is
group being in one of different rows of the array of
emitoatsfran tieefingasixeced apapd ofi YV dED assemblies;r ows of t he
array; emtting a second wavelength of UV Iight froma

secangihiap Rhofirsthhd fbon B ERIRI B DI EE UbRCoHt® tHeMEV curable inks,
panel onto the UV curable inks, coatings or adhesives

coaggllglg gF %cg}%gl%sa&x? the® rf%l:@ o‘f jﬂS&&tségft%{?%LE%ﬂ%E s JCC'[S to cure

S, Sal secon asse

LB B B S5 L 15, s ot

LED assenblies, and said second wavel ength of UV Light
solisbolierts withfley bight aftgeperglly gorstans inteisits engt h of UV

l'ight; cooling the UV LED assenblies with a variable

speéd fafhablV eurireamethbd kf Elained whereit the fpatrand; sesmdsgrogps of

the light intensity of the UV light emtted fromthe

UVWNVEDHE @SS RIBIETV ligheaskagldnithsbefwaeh a3l 8aed @00 hixe
heat sink or UV LED assenblies; 17 adjusting and

?22%{) ﬁlsle'l"?% Ug\hngurg‘%eﬁgth% of O8inY ?W@Qlﬁt@%@pgrf)@ﬁ‘of UV LED
assemblies emit UV light at a peak wavelength of 365 nm and the second group of UV
LED assemblies emit UV light at a peak wavelength of 385 nm.

4. The UV curing method of claim 1 including:

injecting an inert gas in a space between the panel and the UV curable items; and

protecting the LED assemblies from splatter

5. The UV curing method of claim 1 including the step of employing voltage

matching techniques whereby the current drawn by the UV LED chips of the first and

second groups of UV LED assemblies only varies between about 5% and about 10%.
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the sensed tenperature of the heat sink or UV LED
assenblies or of the light intensity sensed;

mai ntai ning the tenperature of the UV LED assenblies
at a generally constant tenperature to maintain the

|C iu?at. | |e nlt e nS’l'tr LY o?eft g{}{}z n@&ﬁ@ﬁ% Oﬁé{#fn%etﬁjy ?@h{ tt&eUV\\éhoto initiators

, p proximty to or ad cen
in m’f@}rﬁgsgﬁsnwass O ohsS s om GRS oL I BT et Rsther sold
products, articles or other solid objects mhlle uv
objeptgmom@lsn@ntted fromthe first and second groups of
UV LED assenblies; distributing the first and second
wavelpangi hs of UV Iight onto the UV curable inks,
coatings or adhesives on the surfaces of the products,

art 'a“%lr&ﬁ) &TVIQBIIBQfghﬁ-@IIIﬁtanBiOQQ {ISED PasséthBliestsa@urbl/to said panel in an
curabl e’i nks, coatings or adhesives on the surfaces of

arr%{' 8{1{55\%%%?1 fit erﬁ‘ﬁtngclhgﬁesocfn ?E Pﬁiel f&%lgln%mlﬁﬁl%qﬁ@‘[ fdh nHYcating

of g€nera const an ensity
curing _net hod of, claiml wherei s cond, .
to YHY ’9gthgfappg9tuL @Eﬁﬁ POWEL IS5 beg sgﬂpr]{edgql Il tléq]{igkﬁtemlﬁmg Aides in the
wavel engt hs between 315 and 400 nm 3. The UV curing
arrgieofiotvsof LEDs on the wpredlei n the first group of UV LED
assenblies emt WV |ight at a peak wavel ength of 365

nm affigsttgne@ipsefddVid HJD esspmblies ddcurkED sesd pariel iresneenfidiffegent rows
light at a peak wavel ength of 385 nm 4. The UV curing

of tietahad oPbeifi} 8hd¥ed ap4I€ InUshet® mdrd;Bed dMBe aay @ kinitGiag aifidst
a space between the panel and the WV curable itens;

wagﬂgn%l\?/'bpur | n%}ﬁg)nttﬁkeg 5 C S &ikg) doﬁﬁné %ﬁ&ﬁe‘stoﬁrthésurfaces of

aim1 1 nc |ngt

tneii G el S IRt B N

second groups of UV _LED assenblies only varies bet \ge?
abotitecgdy gHIPAHILY LEdbgssamblees spepred tor sid Ranst in(qug)of different

apparatus for applying U/ light to UV photo initiators
rowsofithe aayad! beingdpscedoapattiimgs mous roasod shevarsay fonemitting a second
surfaces of products, articles or other solid

waeddgrgeh 6f UVolight o8 itlliEgUVa:u&ﬂﬂkeinks,&o@ﬂiﬁgsmr @fihasivek bh&he surfaces of
light-emtting diode (LED) assenblies secured to said

e, s PLUBY A ARE, Gl sy 0D et
said first wavelength of UV light being different than said second wavelength of UV light;

a heat sink mounted to said panel for dissipating heat from said UV LED
assemblies;

a variable speed fan mounted adjacent said heat sink for blowing air on said heat
sink or UV LED assemblies to cool said heat sink or said UV LED assemblies;

a light sensor for sensing the intensity of UV light emitted from said UV LED
assemblies; and,

a control circuit coupled to said light sensor and to said variable speed fan for

controlling the light intensity of the UV light emitted from said UV LED assemblies and
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to a user of the apparatus that power is being
supplied to all the light emtting diodes in the
array of rows of LEDs on the panel; a first group of
UV LED assenblies secured to said panel in one of

thedfern grraﬁﬂ‘g of %\QEUV ?fEf]j %?er%ﬁﬁ%yb or%%lggﬁr%gtth{% Qﬁé:e%q)f?lﬁ)ea&f bl'oQIn by said

nore e arra

elen th of 0 rabl e
Va%%é? PRegE Tt 0%%%9 gg’ﬁ(cﬂ’i [ﬂ{\& E«EPLHSF%P& esgpd lbf/ fyatying the speed of
products, articles or other solid objects facing the
salﬂuwa@@blg sRAsE foit inesnomes teshe peisedintensity bt d)\) lisbighereby e
LED assenblies secured to said panel in one of
matithiher smhétantiadlwcoaftamthiateasityaof light foe ithegeisingof thead Ardurdble items;
or nore rows of the array for emtting a second

wav glpaidiiodhg W¥chdridih f@mdigy $4Vd pared ﬁokﬁﬂﬁ@y to or adjacent to the

coatings or adhesives on the surfaces of

UWP Elﬂf%’lg tifks @(fattl'ngé %@E%%ﬂﬁ{ th ?Llﬂlfgzeg B fﬁ‘é%?(%(fu@fs' RGicfeb8r other

sécon grbu asse sal rst

n dlf ren t han
sollERfFE Maertbpgin o rgH eSS hls %?zleﬁ%@nﬁogata%nwnmy
sai d panel for dissipating heat fronlsald U L
UK gl repmpaiging she, st 2l sece \@@V@fleaygthmfﬁ{\éagbfoﬁra@@ﬁfedsféﬁra the first
heat sink for blowng air on said heat sink or W LED
andsssendgiosps 0OUTYJIED sssethblienonts ithekU ¥ rcusabiledinkhy/ doBings or adhesives
assenblies; a light sensor for sensing the intensity
on @e suMatds@Titheefrotit@d afticded s aitlthr bMid EHject@fetipinhé E8st apdiskcond
a control circuit coupled to said |ight sensor and to

“ﬁﬁéng@ﬁuﬁgfgw ged fan for controlling the |ight
tensity o UV light emitted fromsaid UV LED

csohpr TR BHLTR bR T Re Sp el ih e Bl ssongproups

said variabl e speed fan on sai d heat  sink or )

of Y4 prewblitan e KRR ipEME HhRaF, for cg%ﬁl@reogv ﬁéﬁﬁé’tmg the
speed fan in response to the sensed intensity of the

firstind segbred whedlertgghs of Urdight fiom the YYblsER asseaitiligs equadly amto the
intensity of light for the curing of the UV curable

UV qeditie inks padathgsaradhgsivisohahe sifacey ofithy broglusta) altiplased other
in proximty to or adjacent to the UV curable inks,

sol R dROBciRl 1ROMSBANER O a{rﬁﬁls SHUNBCED RfenttlRs Wh‘?l@ ld§ k&d panel
articles or other solid objects facing the visib

is b%ﬂ% ny\éetldl%p c%%sc QBI\/J Sﬁaﬁ’i@ nlk"zs‘ c%%ﬂ{?% rI a\éhgs?";]&:%t %r{fle Erodacts articles

ght “conprisin
ht are enmtted. fro

or off SefiE 8&3% ?%ﬁxplfé greppo s é@m%‘éygﬁﬁr%ﬁtsﬁﬁ i and second

cur abl e i nks, coatlngs or adhesives on the surfaces
groaps oV diddasemblies t i cl es or other solid objects
facing the first and second
7. The UV curing apparatus of claim 6 wherein the first group of UV LED

assemblies emit UV light at a peak wavelength of 365 nm and the second group of UV
LED assemblies emit UV light at a peak wavelength of 385 nm.
8. The UV curing apparatus of claim 6 including a gas injector for injecting an

inert gas in a space between the panel and the UV curable inks, coatings or adhesives on
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groups of UV LED assenblies; said control circuit also
bei ng operatively connected to the first and second
groups of UV LED assenblies and the panel - novi ng
mechani sm for concurrently distributing the first and

second vel engt hs of WV |jght,.from.the. UV, LED.
S SEBR ARG e ok ot BB e Rt LRy
or adhesives on the surfaces of the products, articles
asgmbleher solid objects facing the first and second
arrays of UV LED assenblies while as said panel is .
bei fg novéd U6 ceninganpamtusoiclaial eciudioga ftpgﬁé‘ter rR§Estag protective
adhesi ves on the products, articles or other solid
devib¢ esthprishhd H poenesvglhys shen st phate positionsd bytwden tliegirtay of rows of
fromsaid first and second groups of UV LED

U\ﬁ%ﬁ%kéﬁiesénd TheuWNupdbld s, 2BRR ALY adisives 8h MRsurfaces of the

ereln e first group of W LED assenblies emt W
| i ght Kk th . .
oS SRR AL RSP i oG o
e vt O

inert gas in a space between the panel and the UV,
surfages bf gne ipriictscarsicien g5 ober spdidebiogissaging UV aad visible LED
surfaces of the products, articles or other solid
assemphed Bothaohtagtindhe airay bf viskD UAsE@insembliesd. The WV
curing apparatus of claim6 including a splatter
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the surfaces of the products, articles or other solid objects;
a turntable for carrying the printed UV curable items past the UV LED assemblies;
and
a mechanism for rotating or indexing said turntable carrying the printed inks,
coatings or adhesives on the surfaces of the products, articles or other solid objects past the

UV LED assemblies.

13.  The UV curing apparatus of claim 6 wherein:
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12. The UV curing apparatus of Caim6 including: a
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16.  The UV curing method of claim 1 wherein the group of visible light-
emitting diode assemblies is a row of visible light-emitting diode assemblies in the array of

rows of LED assemblies on the panel.
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