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. USING THE SA Technical Field The present invention relates to a lamp cover and a light emitting
diode (LED) lamp using the lamp cover, and more phrticularly, to a tamp cover including a phosphor
material ther&he and/e4ED lamp in which the lamp cover is mounted. BackgioinehAdakyarious types
of light emitting diode (LED) devices that emit various colors of light have been currently developed.
Also, various methods of manufacturing illuminating lamps providing white light by using the LED
devices have been suggested. For examplefpgtestiahtiis fermed usually by using a luminescent
material such as a phosphor material. For example, an example of the phosphor material may be a
phosphor Mididadthbe paritinrepotdvidt IEE B & IATT DILETGHE IS TS TNGED”&ice to
emit yellow or greenish yellow light. [3] A general,white | ED package based on a phosphor material is
formed such that he phosphor material is mixed*With"a’silicone resin encapsulation material, and the
mixture is directlyCediedcan BikED chip or is put into a cup and a LED chip is covered with the cup.

However,:accordin ne conventional art, a partion of light emitted from the, phosphor material
proceeds [ggckwar(ﬂ%) é § 6‘;L]“Ig ¢ %EEJO o Ig{% é}o%%aéﬁpbm}/ﬁg néeénl ?%taliﬁﬁég%é!eﬁ%h?%gs occurs.
Due to this light IG88&REHTER s Buse@Bica phosprhdrmntenal lebshidny rbaird@onventional
art has a relativelpiowi ddivetateti ¢ o IDER nperatwie JOGT JaAecordinglyothgeafficiency of the white
LED lamp based B@&%@@m%@@terim may decrease in warm white or neutral white color ranges. [4]
In order t 2reduce e high light loss in the white LED lamp based on a phosphor material of the
conventionial art, it g‘é%%@f?%ﬁfgjé%ﬁiémﬁt}ﬁ%(g%%t%‘ﬂégqyé‘f%ééﬁt SREPHRATD eHeragihiesphor layer.
For example, U.S12Pateat No1@195de3¢Bpadd AJsS vRatentNdo8;85814b6f discioge mmiethiag in which a
transparent spacemspohasdangikoarsiesinvs dispasedbatween abERGhip andaphgsphor layer to
reduce the probabiity sk ik e R R RNASRNAL IAYEhis AhserRed by fig LED chip or other

substrates nearb\éhHio%veve‘rt t_hi?bEtill does not effectively prevent that a portion o idhit’emitted from
the phosphor matefial procesds 8&%3%%@3@‘?@%? 06 pgrrbeoPiieishesaphsayer and the
transparent spacéhibei et dhsapetiathattisodighat Easittepohtom dhe!phiighhonimateériat may not be
diffused or refracidéioteancimtertdcecietwecndhasphesphordayer and the transparent spacer but
proceed fgthe 2 A ceneral white LED package based on a phosphor material is formed such that the

phosphor material is mixed with a silicone resin encapsulation material, and the

mixture is directly coated on a LED chip or is put into a cup and a LED chip is covered
with the cup. However, according to the conventional art, a portion of light emitted
from the phosphor material proceeds backward to the LED chip to be absorbed by the
LED chip, and thus large light loss occurs, Due to this Hght loss, a white LED lamp
based on a phosphor material according to the conventional art has a relatively low
correlated color temperature (CCT). Accordingly, the efficiency of the white LED
lamp based on a phosphor material may decrease in warm white or neutral white color
ranges.

[4] In order to reduce the high light loss in the white LED famp based on a phosphor
material of the conventional art, it has been suggested to have a distance between a
LED chip and a phosphor layer. For example, U.S. Patent No. 5,959,316 and U. S.
Patent No. 6,858,456 disclose a method in which a transparent spacer such as a
silicone resin is disposed between a LED chip and a phosphor layer to reduce the
probability that light emitted from the phosphor layer is absorbed by the LED chip or
other substrates nearby. However, this still does not effectively prevent that a portion
of light emitted from the phosphor material proceeds backward because refractive
indices of the phosphor layer and the transparent spacer are almost the same. That is,
light emitted from the phosphor material may not be diffused or refracted on an
interface between the phosphor layer and the transparent spacer but proceed to the



LED chip with almost no disturbance. Disclosure of Invention Technical Problem [5] Embodiments of
the present invention seek to provide a lamp covey capable of effectively preventing light loss and a
light emitting diode (LED) lamp using the lamp cover. Solution to Problem [6] According to an aspect of
the present invention, there is provided a lamp cover comprising: a first lamp cap having a curved
surface: a second lamp cap that is fitted to the first lamp cap at a distance from the first lamp cap and
has a curved surface: and a wavelength-conversion layer filled between the first lamp cap and the
second lamp cadEPrithe R teeneaisaHbaHE second lamp cap may comprise a transparent
material. [8] Thélismhspare mifmateneiommy comprise at least one selected from the group consisting of
glass, poly(met%l crﬂethaﬁ; %%tgg&(l%MMA), polycarbonate, and silicone resin. [9] The first lamp cap and

TICa ) .
the second lamp ¢ap may have a concave inner surface and a convex outer surface, rezpegtlvelggsnd
hd

the waviélength-cBRSHEBAAITE MIe BetNEBHANEC eV HISet SIMMER'ST FEFHS: PAMP EHY
the convex outeysusiace pEthe sesand lamp eapnkl Oloibel firsh lRmp capand thesesand lamp cap

may have sem@&&%g&%arﬁ_l@m%%?& [11] A distance between the first lamp cap and the second
lamp cap may be unitorm so that the wavelength-conversion layer has a uniform thickness. [12] The

inner suffhce of thESEEBAPIaMMIREAD ThHlly EBrBrIsevansRitallgrofsatatspheiliga phurality of different
curvatures or aqolaaiity ofdifferantmenialwestonplades-{43] Tbefisstilampeamand thesecond lamp
cap may comprige @-iish3HRAROK NALAN 2RE:A SRR SYBROH PAHLN, [esPactiyely. ang the first and
second supporgﬁdovr ons, are attl%%%leg Jor%ﬁcg 8&@\% in TSglreotfe[ H fit the fws'&lglmg caﬁ) gnd the second
lamp cap to each othe Snflm e WaveFeng R-conversion élfer‘iﬁ:[ﬁlgycaéuo?ﬁlprls%‘éxsgi (d; fi&tesin material
mixed with a luffifrescent material. [15] The luminescent material may be a phosphor material that
emits visible lighttiby first lamp cap and the second lamp cap may comprise a transparent material.

[8] ‘The transparent material may comprise at least one selected from the group
consisting of glass, poly{methyl methacrylate) (PMMA), polycarbonate, and silicone
resin.

[9] The first lamp cap and the second lamp cap may have a concave inner surface and a
convex outer surface, respectjvely, and the wavelength-conversion layer is filled
between the concave inner surface of the first lamp cap and the convex outer surface of
the second lamp cap.

[10] The first lamp cap and the second lamp cap may have semi-spherical shell shapes.

(11} A distance between the first lamp cap and the second lamp cap may be uniform so
that the wavelength-conversion layer has a nniform thickness.

(12} The inner surface of the second lamp cap may comprise a plurality of facets having a
plurality of different curvatures or a plurality of different normal vector planes,

[13] The first lamp cap and the second lamp cap may comprise a first support portion and
a second support portion, respectively, and the first and second support portions are
attached to each other in order to fit the first lamp cap and the second lamp cap to each
other.

[14] The wavelength-conversion layer may comprise a silicone resin material mixed with
a luminescent rnaterial.

[15] The luminescent material may be a phosphor material that emits visible light by
being excited by UV light, blue light, or green light.

[16] The phosphor material may comprise at least one phosphor material that emits visible
light of various wavelengths by being excited by UV light, blue light, or green light,

117] According to another aspect of the present invention, there is provided a LED lamp
comprising the above-described lamp cover.

[18] The LED lamp may further comprise: a substrate; and at least one LED package



being excited by UV light, blue light, or green light. [16] The phosphor mate_rial may comprise at least
one phosphor material that emits visible light of various wavelengths by b(_e|ng ex0|tgd by U.V light, blue
light, or green light. [17] According to another aspec% of the present invention, there is prQV|ded aLED
lamp comprisig e aloxe-described lamp cover. [18] The LED lamp maydufihenhenmprise: a
substrate; and at least one LED package 3 WO 2010/104275PCT/KR2010/001133 mounted on the
substrate, wherein the lamp cover is disposed on the substrate to surround the LED package. [19] The
substrate may compiﬂi@Q(prm’hnedmtr@tﬂzil\labaﬂﬂn(taea)nﬁm}f&he ditpeast onent Djpaekage may
comprise at least angselestaddromdhggroup consisting of a UV LED, a blue LED, and a green LED

[21] A ratipiof @ SUfﬁ@ﬁ%ﬁ&?a@f WAgERLYaeR QL 1R SeEeNd IR cap to a surface area of the LED
package r%%){ be grﬁflater h&ab{loz % E%Ell an%e between the E%E acka e and the mer surface of the

second lafp’ cap may e greater thanPd ks lf%fﬂr%%rést?edﬁﬁ%f?té%%t“f}éi\ﬁééﬁ)fﬁéhEE@%hckage and
the nner surface GPHEEECHNHUAMFRap blue LED, and a green LED.

[21] A ratic of a surface area of the inner surface of the second lamp cap to a surface area

of the LED package may be greater than 2,

i22] A distance between the LED package and the inner surface of the second lamp cap
may be greater than 3 mm.

[23] A space may exist between the LED package and the inner surface of the second
lamp cap.

[24] The first lamp cap has an outer surface area of at least 300 mm2 per watt of an

incident light from the LED package.

[25] The inner surface of the second lamp cap may comprise a pluraiity of facets having a
plurality of different curvatures or a plurality of different normal vector planes so that
light reflected from a point on the concave inner surface of the second famp is incident
to another point on the inner surface of the second lamp cap.

[26] The plurality of the normal vector planes converge toward the LED package.

27] According to another aspect of the present invention, there is provided a method of
fabricating the lamp cover comprising preparing the first and second lamp caps by
using injection molding; providing a silicone resin material mixed with a ominescent
material onto a concave inner surface of the first lamp cap: fitting the first and second
lamp caps to each other such that the concave inner surface of the first lamp cap faces
a convex outer surface of the second lamp cap; and solidifving the silicone resin
material mixed with a luminescent material by heating or UV irradiation to form the
wavelength-conversion layer,

28] According to still another aspect of the present invention, there is provided a method
of fabricating the lamp cover comprising preparing the first and second lamp caps by
using injection molding; fitting the first and second lamp caps to each other such that a
concave inner surface of the first lamp cap faces a convex outer surface of the second
lamp cap; providing a silicone resin material mixed with a luminescent material into a
space between the first and second lamp caps until it completely fills the space; and so-
lidifying the silicone resin material mixed with a luminescent material by heating or
UV wrradiation to form the wavelength-conversion layer.

Brief Description of Drawings
[29] The above and other features and advantages of the present invention will become

more apparent by describing in detail exemplary embodiments thereof with reference



1241The first lamp cap has an outer surface area of at least 300 mmz2 per watt of an incident light from
. the LED package. [25] The inner surface of the second lamp cap may comprise a plurality of fagets
having a plurality of different curvatures or a pIuralit)"7l of different normal vector planes Sc) that Ilght
reflected frorfivé paitvi@n7the concave inner surface of the second lamp is ieigegis@,anetker point on
the inner surface of the second lamp cap. [26] The plurality of the normal vector planes converge
toward the LED package [27] According to another aspect of the present invention, there is prov_ided a
method of fabricaffhBittdelnp devérasomphising preparing the first and second lamp caps by using
injection nigkling; prévidingaa:siticenesesiniavatatialmigediwih @imingseant materiaiqnto a concave
inner surface of the firstiamp.canfiinghe fkstipnd:seemac lmp GaRg g each other such that the

concave ippgr surf fthe first lamp cap faces a convex outer surface of the second lamp cap; and
solidifying?f)?] sincc?”'r?é%%é"i%“r%”s%n% %i‘é’aﬁvﬁ’ﬁﬂ%fhﬁﬁ?ﬁ”@g@é‘m?ﬂﬁ%g"rigﬁﬂv)ﬂé%ﬁhﬁ%i”w iffadiation to
form the wavelendtRR e FE idk LGEr lqpaiheswiahiy 06t anewBraspectobivepresethnvention,
there is provided armethodafifabrcating the lamp cover comprising preparing the first and second
lamp capsy usinginjgstionmelding fiting.he firshand se59nd-lamp.caRs }Qn%a&&&tgfﬁ%‘?h thata
concave inner surlfaage of,the first Iargg dg%&fa&eﬁ% a convex outer surface of the'second lamp cap;

providing a siliconé S Tt a Pboag Withh TR RRaE LAY sA%erial into a space between the first and
second tamp capSettilMiadaipretenrrysngcsdde: Aavesdhoifying the silicone resin material mixed
with a lumamscent ThatadakbyReatng.al %@ﬁ@l@;ﬁﬁ@e&ﬁ%’f@é&ﬂg Way ?é?&gﬂgf%ﬁ%r}}{gri&‘?? _'255&52”
Description of Dr y;{qﬂg > abo other features and advantages of.the present i

will become mor ¢ paﬁlgf? t%gé 32%%%6%%%%%’%3%5% eﬁrlla?y%énn% tgé%ng}éerﬂgvﬁ?é?%%f%ﬁo%‘?erence 4
WO 2010/10427 a@fﬁ%‘ﬁ%i@iﬁﬂi@éﬁ&*ﬂ%ﬁﬁ&&ﬁéienai’éﬁ}fﬁﬁieiﬁ%m&i[g@wré.eiqv@%n_ts
cross-sectional vieyihastieairepeddmp ovieioka sightlemittifigaiogei¢hED) lamp, according to an
embodimgntiof theritesentdougptieRtional view illustrating a lamp cover 10 of a light emitting dicde

(LED) lamp, according to an embodiment of the present invention. Referring to FIG. 1,

the lamp cover 10 includes a first lamp cap 1 having a convex outer surface, a second
lamp cap 2 that is fitted to the first lamp cap | at a predetermined distance from the
first famp cap 1 and has a convex internal surface, and a wavelength-conversion layer
3 filled between the first lamp cap 1 and the second lamp cap 2.

[35] The first lamp cap 1 and the second lamp cap 2 have a concave-convex structure as
ilhustrated in FIG. 1. That is, the first lamp cap 1 and the second lamp cap 2 each have
a convex outer surface and a concave internal surface. For example, the first lamp cap
1 and the second lamp cap 2 may have semi-spherical shell shapes. However, bottom
surfaces of the first lamp cap 1 and the second lamp cap 2 may have other forms. For
example, the bottom surfaces of the first lamp cap 1 and the second lamp cap 2 may be
rectangular or square, and in this case, the first lamp cap 1 and the second lamp cap 2
may be square shells or cylinders. Also, in order that the wavelength-conversion layer
3 filled between the first lamp cap 1 and the second lamp cap 2 has a predetermined
thickness, a distance between the first lamp cap 1 and the second lamp cap 2 may be
uniform,

[36] The first famp cap 1 and the second lamp cap 2 may be formed of transparent
material. The transparent material of the first lamp cap 1 and the second lamp cap 2
may be at least one selected from the group consisting of glass, poly(methyl
methacrylate) (PMMA), polycarbonate and a silicone resin. Meanwhile, as illustrated
in FiG. 1, the wavelength-conversion layer 3 may be filled between the concave inner
surface of the first lamp cap ! and the convex outer surface of the second lamp cap 2.

As the wavelength-conversion layer 3 is filled between the first lamp cap 1 and the



(31]FIGS. 2 through 5 are cross-sectional views illustrating a method of assembling he lamp cover of
the LED lamp illustrated in FIG. 1, according to an embodiment of the present invention; and [32] fig. 6
is a cross-sectional view illustrating a LED lamp usilﬁg the lamp cover of FIG. 1, according to an
embodiment@bthegreseht invention. Best Mode for Carrying out the InvestioR §38]aldag: pyesent
invention will now be described more fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. Like reference numerals in the drawings denote
like elements, andSFESIGTR ki eniee ippaMsE exligiaratdr for cdpnathiepiees aive darty of description.
[34] FIG. 1 is a crossHsedtivnbd wemsititidiediingaadampredveipldyef adight.emitting diode (LED) lamp,

according to pn emhadimentfthepiesent inention, ReferiRg i HiGhiled0e /amp equer 10 includes a
first lamp cap 1 hgvi(‘}grg convex %%tgeéf slyrface a,se%ond laqé%%ﬁ% 2 that is fitted to the first lamp cap |
0

at a predetermined distarice from the first lamp €ap 1 and ha RS B REPSArHEeGnd a
wavelength-conve?&isi Bie B hile drsa it thc prae b iapa dra s seesrdershfeap 2. [35] The
first lamp cap 1 anehtiegisecondvtdepiicapi2 hdvers concavescahiepstivcturerasilustated in FIG. 1.
That is, the first lafaR c@Rsh2hd:BRoSgRINGJamn g@p&ﬁ@%wﬁ@m&w&a&myﬁ%&nd a
concave intenal syface Tor el {1 s amp Gap . qnd e Cecond emp cap 2 may have
semi-spherical shéll Shapes: Howévet, BeNiom stas Dty PSSR B REH Y Bhdthe second lamp
cap 2 may have StREFTBRALIESFEIRAHIR, INerBOROWF Seisasedrom e frsummpsetind eind the second
lamp cap 2 may berreciahgeibeonsguiakethanaipethisstaseithaiistigmprcap duand thieseeond lamp
cap 2 may be square sheils, grexinders, Aoy otderibat ihewavelengtheonversionlayer 3 filled
between the first m&%zﬁi‘%&yae’%rtﬂeh?%c& dlampcap 2 ) a3 re?d(:l'termined thickness, a distance
between the first lamp cap | ‘and the second lamp cap 2 thay be aniorm: {36] The frst 5§ cap 1 and
the second lamp ¥4 H g Be SRS F IFtansRibn braRifablrh Habhps prrarishberial of the first
lamp cap 1 and them@eshdaleambiogh¥ ingy. Hdsat leastienehsgibctechfean the grolup Begnsisting of
_gljl|ass, poly(mlzelt(;l)ébeaama&adai@ @MM&beﬁgyﬁ?ﬁ@a?@-@{g% aﬁm@@égﬁ&f%(w&ag\yﬂ}lﬁg%

illustrate . , -CORversion layer : illed between the concavé inner
surface o %%% first%lgélﬁ,r%yﬁc")l gggﬁ%%ﬁ?&?ﬁ%ﬁ%éﬁ%b?;g%()ab o@%ﬁ%e;iézgoen tl%lir]%%g{chélﬁ’ 25 A8 frie

wavelength-convel &l EYEH Y FeRfEA HERRE IR iel dheptrwentiabt emitted by
2010/104275PCHiK Re0169/G01 188 selouay Yampxed wvith tireided meiricaiftigh efdined from the

wavelength-convEmiafelaye3ns-cdatesmines byithe faas.ofghe Jirshandigesondilanpcans.l and 2.
57] T wavelengih SoPEFIoh el Ay, medh o & NTheseen! Deterl o Conering a
wavelength. For Pgﬁ\i_rglple, 3hevi velength-conversion layer’3 ma "be ormed of a mixture material that
is formed by mixifig a TUHiREsCEt RET rYﬁVﬁ}F%%}h\}grﬁﬁ’@%%féi‘ Svigthvaliens Trebaey@YN material. -
In particular, the |i#tinesdserdinabsdizhay baizqshodplediahatdiantdalseitsriisioleiightdialbeing
excited by UV lighizbingightzesgreen fightb el exasmplien the kistingssent/matesiahintthseing
wavelength-convgysien ﬁ?xs:ghmﬁx e ASlaPled SO DE. IR GARSTRG oL Yalloys phosphor

materials that reségectg]\}/ei/gtml% visible light of various wavelengtns, such as blue, green, yellow, and
red. The green, yeﬁ%’\N,eorgng(é,?ﬁlc?%ggp‘%eé TR BRAIE Falheishy fgrrEseriipliehalivl peak
wavelengths in gFEERPYeltR) Brahbe dnirtedntslpeaaties yint lwast paAfliyralsafbing.blue light or
green light or conhpltelyabsarbingldMlighhchlse pthe, pleenphasplaghmatesiahmase i ight

spectrum having;apaakwarglengthinahlye 98@9' : in light. [38] When the
lamp cover 10 isrtzgsg o1 c%\(% %ED‘deVicﬂ?{j%?ﬁﬁ% li t_h%\ﬁ%gﬁﬁgg%%f%tﬁéﬁﬁé{gggth with
respect to a luminescent matetial, HustestentIight e B e Tt srbnhadimethay be mixed
with residdal excitation: [fght et arsrerrtietPmlddoiceithithesioby forthadlntedighth Fartixample,
“when the LED déwigecemits itleshightdimaiavie lengttiirange:of 4bednrt0AGR:pRsthe luminescent
material may emitighidharing ayeiag Begk ﬂ%@ﬁ@&tﬂr@cﬁﬁﬂﬁ?&%Q(Rxa*%'élﬁulli&h&ﬁf!}:%” as yellow

light and residual bclue_li ht are mixegi, white Ii‘g tcilsLormed e luminescent material may include
and a CORvex ou ed, As des

various phosphot matenais emiting ight oF Various WSS LBy IR SRR P light having an
excitation waveldAGIREPhRIBEIARIThB AR dedisey haris aaees thenkiRe shepriowsarivealengths may
be mixed, therebyrfording iwhitertightsdroirexarpleR vibeinghe i D, deuice@piis paakkMi rBys in a
range of 380 nmieide ot igdaupeseent malgiabmaineide-hies QI aeRiE Ledpltosphor
materials that erg{gl@@ttlh%vig%pbfue, green, and red peak wavelengths by being excited by the

_epbl e ?reen, and red lights are mixed, white light may be formed.

near-UV rays. Then, as th blue, _ , ht 1
[39JFIGE™ throui® S Eros L die ol ViaWRIA dTHNivg BiHatHor of abgsihbimipaseent



lamp cover 10 illustrated in FIG. 1, according to an embodiment of the present invention. First,
referring to fig. 2, the first lamp cap 1 having a concave inner surface and a convex outer surface is
provided. As described above, the first lamp cap 1 i€ formed of a transparent material and may have
various geonvetrimshapes according to embodiments of the present inventigpReigiing:ia fig. 2, a first
support portion la for fitting the first lamp cap Ito the second lamp cap 2 is formed at a portion of ends
of the first lamp cap 1. [40]Next, referring to fig. 3, for example, a mixture material 3' of a liquid
luminescent 6 WEGH)AYAREEOTIRIRDO ISPt S B nateriakanihacsificoive réshe iSrdigpensed into a
concave inner portipri ohthedfinsitlamiecaf treAnamauntohfheomixtiwes maigral 2 iseppregmately the

same as a volumg gf.a.SRagelhetwesn ' I and 2 when the first and

second lamp capg,fl{apgn (25 ggefiltilgddtg i%%ﬁ%@??ﬁ%ﬁ%&?ﬁéﬁféﬁ?ﬁé%%%%g y ,d desg(é%Bn%lTé?mp cap 2

is disposed above the concave mn%r Boer‘%% N the first lamp cap 1 containing the mixture material 3'. As

ilustratedLtl fig. 4, Heddsfr&mpdiepbrilsraamoidmmegieisdiont:thshpveahe2 todire fingttamp cap 1

is also formed at padsofithérsebondidanmpeapiZnAaeondingly, msdhe firskhsupparkeantionla of the first

lamp cap 1 and the:588QREhSHIRPELROHIRN 23 EH@S%@&%"gd%pcgrt)oih%rﬁugﬁggﬁ%gga lst‘;ther’ the
urther

first and second lamp.caps, 1 t%ngs%)mgg be fit(ﬁ with each other. An adhesive m t

interposed between T oot s “Setond SupPort PBiSiTs 18 S BalY Attt Y4 E6REPTamp cap 2
to the first lamp c&b°f BRETHikHR Galetrdl Berta) s upielifiee by ising the atconWUNripadiation as
illustrated in fig. SytHerebicferrhinguthehwdivelengtbecnnversieagayend batwernviae firghanghsecond
lamp caps 1 and gnl42)Alierativelyy aterfiting thg seaand/amn.can? iothe frst amp.cap 1, the

mixture material 3' be filled, in the space between, the first and second lamp caps 1 and 2 and then
solidified by usin %%gi{%b%eﬁ\’}%%édﬁaﬁ%ﬁ% ﬂ%’]% the édm‘b%\%@?a’g&fgﬁf’g;ﬁ%%ﬁiﬁ La®fescribed
above, a distancébEtifeBA e it stantls ealilifishinthepberidrdmpicagiationay Bewirifolin and thus
the thickness of tfig. iaibetebigfh-uony drsienvidyer 8- filed thercbeiwe Berisalspunifonm dlsadthe
thickness and shapg.ef:fag wavelength-conversion layer 3 may be adjusted as desired by providing

the first lampp cap cond lamp cap 2 having desired forms. As a result, the LED lamp using
the Iampﬁc%t@er 10%?5@51 r%gfiﬁ%diﬁqgaiuflﬁﬁ%%n&gd or 3glrife gté%ptgﬁ?p%%fsﬁsﬁela(’@%ﬁaﬁ th&ke By Kieving a

high manufacturd V&L 82 nLa bl shBairsParmbstintes tiefbgcubeavradiame giet lamp 2ap 1 and
the second lamp aigiZznpkiididaldrorenibed tchding értadthegphosphor material may be prevented.
_/ﬁcc?rdti_nw] the nfmp@mf)m&a@t I{anlmmya%,i%%nﬁ?%ﬁgedfﬁbvg,-a%dm%gé%mg' Q%L-ygevgth
illustrating a , 200 Jamp cover 1 3. 1, according to_an embodiment of the
present inventio%%f@e‘%%é}%{ éq%wt %%lﬁ%(’fgjmg 58 %ﬁy"%‘é?&"d%“% _fj Fa@‘ff‘f,e%f‘ 5%ackage 12
mounted on the SIBSIFREMOHNE IR RS rdrodripssadsshmedaparate1beshidmetind the
LED package 1221 $itjipe ofiéd ¥D¢amgsiPoincisdesiore 3 EByackigesd2;s heviredarthe present
iAr\lventionli; not lipniteidithereieiranshihedsERnackagesha Hliiﬁi»’ 8&5'9%{%\@@3&3@@ Qﬁ%&%@fai‘?ge 12.
space 15 exist the lamp cover 10, that is, between the
package 12 and l}r??r{m\;l\fgfggg ?? i%%ﬁl eﬂgé?%%_ég a%ggcglﬁ}“ fnﬁfgjmrl}]ae&snﬁ yetrate T1IME abeg, for
xample, a printe(ﬁeg?f)c?ﬁftngga{ CESoPhETEDE WS OHOM trivrsitd fdvact theohesahpackage 12
may include at |€B3€oRkISElaed fromatiely dup bomsisting apflahy Vel aplueplE Pyandla green
LED in order to exciteraituninegeantimoaiaiiphin thadammeevenil:.Mse. Abeldmineseenimaterial in

the wavelength-canyersin iayen 3 Ol liedama caugr 10 may include at least one phosphor material
that emit&l{_ﬁht of ¥qrigus wavelengths };ﬁ,geiﬁ]%fexc]ted by UV light, blue light, or green light. For
a

example, as descrifed S50V REPROSpHBY MMtEREM Al bR hiteadt Brudrsdinsredierted from the
group consisting'SfBIGE; ghetsisoyinew, srangedimented thhosplaorsovention. Referring to fig. 6,

the LED lamp 20 may include a substrate 11, a LED package 12 mounted on the

substrate 11, and the lamp cover 10 disposed on the substrate 11 to surround the LED

package 12. In fig. 6, the LED lamp 20 includes one LED package 12: however the

present invention is not limited thereto, and the LED package 12 may inciude more

than one LED package 12. A space 15 exists between the LED package 12 and the

lamp cover 10, that is, between the LED package 12 and an inner surface 21 of the

second lamp cap 2.

[45] The substrate 11 may be, for example, a printed circuit board (PCB). The LED



V161According to the current embodiment of the present invention, it is essential to prevent light
emitted from the wavelength-conversion layer 3 of the lamp cover 10 from being incident to the LED
package 12, in order to improve light output and effigiency of the LED lamp 20. To this end, the lamp
cover 10 mayedamhedsuch that light emitted from a point on the inner spfage 2iehihg;second lamp
cap 2 is incident to another point on the inner surface 2i of the second lamp cap 2 of the lamp cover 10
immediately after the light is emitted. That is, the lamp cover 10 may be formed such that light that is
refracted on an inRé&E Bétfpelthdsedend tamscapdiam fregspacet & yiraceds tothe jnner
surface 2i of the sebbrd BpeapRagaiRDL4 TiQBe Ot {bR-nAmAtars foh achipying his,goal is a

distance D between e b GRpakaasitaand MEIATR s0ver 10, e drcater ine distance D, the

higher a ratio of ai,surfa__%e ar of the inner iu‘rface i of the second lamp cap - ‘5“8’%{ d)r' e area of
the LED package 121 The increase 17 HE A0 iHePLipUcs mps d ca¥talsdirhrgiewst a point on
the inner surface ZiKftREEpeY Pedherr D pratkddetthland thusaeprobagilitychatdighteemitted from
the lamp cover 10kisdribidenbie the bEBppackageiiisyeducadsThis HARCROt MR DERASIY,
understood by ong:gfordinamAski E%éb%@éhj%ﬂ@&?&&ﬁé@%‘&?éﬁ 5?;89%%?5""5 an observation point
becomes f@é her fr%ctg}_gigb%%ct%eléfS%Algo, éhe }%éeatert e |stang:éj ;_3 probability that light emitted
from a point on the inner Surface 2i-of the oot HAp P saiiaeinto dnstharisbiat on the inner
surface 2i of the SEEHTY K& 582 from dhe agdlearebrden terfimherindreade theprobahilty, the inner
surface 2i of the Secoriditanp:clp: 20nayt ave:alpig alitiobdifferent GUNAILRES.0pA Pldrality of

different normal vggj@{cpI@ﬂgg.-L'@@M&pai@]qt&)gtlﬂigngﬂ&%g\/}g%ﬁ%vgf the inner surface 21 ay have a
plurality of facets@eh\{igf%ggfefrr%}r% gurvatures or different ngrmal vector plagnes.' € normal vector
planes of the innersurface %g may Be disPodsd I tlisfye thwkraete B BRssekh e TXephen, as
illustrated in fig. IR REBIHBMIBEOHTE D Aithitthanerwuface Ripiodbbeaiprgwearious light
paths Pl and P2 amchisldinbctftandideightosethereois G| erd G opvhe inney surase 2iingtead of

being incident to tha LiER RaCkage:L21 TheR Withert 1655 edigbt ey i emitied to fhe outside the
LED lamp 20. AC?S’%’J&%% C gqiln fo ttfe‘gﬁes tembodirpeni of the p_rgseﬁtlnven |o?ﬁal?8ht
iqlf ﬁ% e 17 i lf%%eré%‘i?@gc}f‘%‘ﬁc?%%%ﬁ‘ﬁently, light output of the LED

absorption Joss due to the package _
lamp 20 5y 8 WEBHOPEaAsTREeETIRG REAEIONE0Mis BedbésindistasenD 101 &ocbrdingto an
embodiment of tHagesel® indehtiomjreorelerickfectnelyneducadight thakismittesirpm the
wavelength-convausien laes Suanddacidantiofe hERpAgkags &2 116 dlgfance,B hstyeen the LED
package 12 and %M%dcﬁ%vg rqlglc}{‘e%gesgl%%te‘q:.su% that a ratio of a surface area of the inner
surface 2i of the second lamp cap 2 10 a surface area of e PER pACRAGE ¢ grédwraiah about 2.
For example, the’dSIAHEL TS DUt S8t BhTatResg e thedidnmekuser Suniab @i of the second lamp
cap 2 may be greutbebiin hridabt abdirdGimm i alpeofthEdistance DdREaEEs pdRiRIMYM lower

limit, and a valueidatgetdhamibeomispmuny lowaslimibBaRE sfIGRICH Aa60rdingiq, embodiments of

the present invenfign, wiin the, scope af the present invention, [50]When the distance D is increased,
. - . b 1 & . 7 . B
a rE‘lIablll}xg’:}nd life ?Ean of the LED lamp 5 rﬁ)agewaﬁ(-n.l point bclcorLes fgxthel from the obiject.
Al30, the greater the distance D, a probability that light emitted from a point on the

inner surface 2i of the second lamp cap 2 is incident to another point on the inner
surface 2i of the second lamp cap 2 is increased. In order to further increase the
probuability, the inner surface 2i of the second famp cap 2 may have a plurality of
different curvatures or a plurality of different normal vector planes. That is, although
not shown in fig. 6, the inner surface 2i may have a plurality of facets having different
curvatures or different normal vector planes. The normal vector planes of the inner
surface 2i may be disposed to converge toward the LED package 12. Then, as il-
lustrated in fig. 6, light reflected from a point E on the inner surface 2i proceeds along
various light paths P1 and P2 and is directly incident to other points C1 and C2 on the
inner surface 21 instead of being incident to the LED package 12. Then without loss,
the light may be emitted to the outside the LED lamp 20, Accordingly, according to the
present embodiment of the present invention, light absorption loss due to the LED
package 12 may be reduced, and consequently, light output of the LED lamp 20 may



also be increased. The reliability and lifespan of the LED lamp 20 is determined by a ratio of a surface
area of the lamp cover 10 to a light output intensity of the LED package 12. The greater the distance
D, the larger the surface area of the lamp cover 10. ﬁ‘lso, the larger the surface area of the lamp cover
10, the fasterviife2themaariransfer from the lamp cover 10. In order to overgggesaysigigst conditions
or environments such as high temperature and high humidity environments, an outer surface area of
the lamp cover 10 with respect to the light output intensity of the LED package 12 may prefergbly be
as large as possit}l%.nifé?aé%émple, a ratio of an outer surface area of the lamp cover 10, that is, an
outer surféée] area dithedingtitampraapiinehthe iampeamanidoith respacblatherlightouiput intensity

of the LED package:t 2:mayReealss hag, 300 mmayge,: Bﬁ)xﬂgg{ f é@frag%%fﬁt}ht%e surface

area of the lamp cover 10.with respect to the light output intensity ' the LEI papkage llndicates a
minimum lower Iirﬁilt(,’gadﬁa {évu%g%%soﬁ e _ult]r%‘ggggfﬂi‘ﬁé‘ﬁ%P%ﬁ%éﬁ @%&%ﬁrﬁg@ I‘é?b%ﬁ%‘l‘&ﬁé’_ than the
minimum lower lirhft 155556 ¢@1ebtéa @éeortinitsmmise gintentsnof theprederitinvention within the
scope of the presemt hwentiofuct5ibTifete EBapapa@-accergingeiathe sumentembadiment.of the

present invention dahiRainiaMATAMIE0Cy F2aailens 8l @ bl Tk, D s, case of the
LED lamp 20 accgglgiggnto ;jhee current emblodlm%}nt og the present invention, efficiency in warm white or
|

S I8 roarly the sania ad st T otol Wik 8518 argD e RaisIe the present

neutral white color .a_nges‘,/is arly the samea wi LY |
invention has bee PartELIaNG dHBk e absclbe Withtheferieoertdexertiplanygrabodiments
thereof, it will be afidersteodbirthasendfodidinaryoskil pdhe arthatovariaus Qﬁ%@ﬁédf";ﬁéfm qnd
details may be magedhereinMithout departing from the spirit and scope of the present invention as
defined by:the followll'p laims, 9 WO 2010/104275PCT/010/001133 Claims Clallm 11A Iamp cover
comprisin}g@ first Iam%g:ﬁé%qgitﬁlﬁ' e\/é CUINVEE %‘fjdr’fﬁéﬁe};“g%&&ﬂ% 1?5%*8%& fh%{‘ iﬁt’é_ﬂ?t Otl‘ffélﬁ’lrs_t lamp
cap at a distance FEMGHETRSEarkly calrhitttag difspveafsherbE® e & Niavielenitreg dpversion layer
filled between thefitstlanypréape and cblﬁélsémnpddagsn pean [ghisnthe ikﬂ%@i@qm@t@@m 1, wherein
the first lamp cappanik e secenEHamPIRAR SABPHSe? ARSPRA S alsLialyGaim, 31 he, lamp cover

of claim 2, Wherei]re);[t}ﬁsgﬁtﬂg 9&%%?%@%%?%&%‘6 %96@8%'%%%&111};} cover 10, the faster the thermal

transfer from the lamp cover 10. In order to overcome severe test conditions or envi-
ronments such as high temperature and high humidity environments, an outer surface
area of the lamp cover 10 with respect to the light cutput intensity of the LED package
12 may preferably be as large as possible. For example, a ratio of an outer surface area
of the lamp cover 10, that is, an outer surface area of the first lamp cap 1 of the lamp
cover 10, with respect to the light output intensity of the LED package 12 may be
greater than 300 mm2/watt. A value of the ratio of the outer surface area of the lamp
cover 10} with respect to the light output intensity of the LED package 12 indicates a
minimum lower Hmit, and thus an outer surface of the first lamp cap 1 having a larger
value than the minimum lower Himit may be selected according to embodiments of the
present invention within the scope of the present invention.

[51] The LED lamp 20 according to the current embodiment of the present invention may
maintain a uniform efficiency regardless of a CCT. That is, in the case of the LED
lamp 20 according to the current embodiment of the present invention, efficiency in
warm white or neutral white color ranges is nearly the same as that in a cool white
color range.

I532] While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.



at least one selected from the group consisting of glass, poly(met_hyl methacr_ylate) (PMMA),
polycarbonate, and silicone resin. [Claim 4]The lamp cover of claim 1, wherein the first I{imp cap and
the second lamp cap have a concave inner surface dnd a convex outer surface, respectively, and the

wavelength-ceitvarsiomtayer is filled between the concave inner surface oﬁm{ﬁ%%ggﬁp an_d the
convex outer surface of the second lamp cap. [Claim 5]The lamp cover of claim 4, wherein the first
lamp cap and the second lamp cap have semi-spherical shell shapes. [Claim 6]The Ia_mp cover of
claim 4, wherein a distance between the first laij gggand the second lamp cap is uniform so that the
wavelength-conversion layer has a uniform thickness. [Claim 7]The lamp cover of clglm 6, yvhereln the
inner surf%gaBFtHe second Iarﬁ’pl?ﬁb%’ﬁiﬁﬁ’é’é@“él%rality of facets having a plurality of different
curvatures or a plurality of differeitshiempalapactomplanese{Ghaita-8) The lamp cover of claim I, wherein

the first lamp cap and the seconddampicap coMBLise A fislSHPROL I&%H%@gaﬂ% &i$EEANg. sypport

portion, respectively, and the firgt. and ﬁi%? nd SUB%%E’[' ortions are atta%{*u to each other in order to fit

the first lamp cap and the second lamp ¢ pbt%jggch other. ( asf’]‘rﬁ%fﬁéﬁ}“él amp cover of claim 1, wherein
the wavelength-conversion layér éOmpRgEaraficse 1edi %ﬁi@i&??ﬁﬂi%ﬁmﬁm@mmﬂ@%@m |
material. [Claim 10]The lamp céwendfiotgined, wherein the Iuminescent_materlal isa phosphor material
that emits|¢isibiezlight by being ExcitacbbyrNolightiblue ightnarorgendight-JCkaimL IThg jamp cover
of claim 10, wherein the phOSpkﬂa%ﬂglge&%llggs@B.rtlrsa%gparent material.
[Claim 3] The lamp cover of claim 2, wherein the transparent material comprises
at least one selected from the group consisting of glass, poly(methyl
methacrylate) (PMMA), polycarbonate, and silicone resin.
|Claim 4] The lamp cover of claim 1, wherein the first lamp cap and the second
lamp cap have a concave inner surface and a convex outer surface, re-
spectively, and the wavelength-conversion layer is filled between the
concave inner surface of the first lamp cap and the convex outer surface
of the second lamp cap.
[Claim 5] The lamp cover of claim 4, wherein the first lamp cap and the second
lamp cap have semi-spherical shell shapes.
[Claim 6] The lamp cover of claim 4, wherein a distance between the first lamp
cap and the second lamp cap is uniform so that the wavelength-
conversion layer has a uniform thickness.
[Claim 7] The lamp cover of claim 6, wherein the inner surface of the second
lamp cap comprises a plurality of facets having a plurality of different
curvatures or a plurality of different normal vector planes.
[Claim §] The lamp cover of claim 1, wherein the first lamp cap and the second
lamp cap comprise a first support portion and a second support portion,
respectively, and the first and second support portions are attached to
each other in order to fit the first lamp cap and the second lamp cap to
each other.
[Claim 9] The lamp cover of claim I, wherein the wavelength-conversion layer
comprises a silicone resin material mixed with a luminescent material.
[Claim 10] The lamp cover of claim 9, wherein the luminescent material is a
phosphor material that emits visible light by being excited by UV light,
blue light, or green light.
{Claim 11] The lamp cover of claim 10, wherein the phosphor material comprises

at least one phosphor material that emits visible Light of various



at least one phosphor material that emits visible light of various_ 10 WO _ _
2010/104275PCT/KR2010/001133 wavelengths by being excited by UV light, blue light, or green
light. A LED lamp comprising a lamp cover of one of Claims | through 11. The LED lamp of claim 12,

further compisingiesubstrate; and at least one LED package mounted OQéMpﬁp@g%yvherein the
lamp cover is disposed on the substrate to surround the LED package. The LED lamp of claim 13,

wherein the substrate comprises a printed circuit boarpl (PCB). The LED Igmp (_)f _claim 13, wherein the
at least one LED package comﬁf@%@%ﬂéé@t*@ﬂh@sﬂw@@sﬂ’dhﬁ lilgbtgrbuepiebnsistirgofigh )V LED, a
blue LED,|&fdia Green LED. The LEDUamppahekaimek3aphemit @ff@{%@%ﬁ%fﬁ%ﬁ@f the inner

i ; i he LED lamp
surface ofithgisepgnd lamp caprig asprfacs area el the LER Package is greater than
of claim 1%, vvlhefegian a distance té%ween%%g LEDlpackiage and the inner surface of the second lamp

cap is greater than 3 mm. The £ Slté{?‘ﬁeb Hblaim 17, wherein a space exists_ between the_ LED _
package and the inner surface §flfag %%ﬁplamba@am@h@dlﬁmﬁamaﬁalm 13, wherein the first
lamp cap has an outer surface aresof @t leagt IO AR Reenaitef anincidentlightfrom.the LED

ackage The LED lamp of claim whepein the inner surface of the secon_d lamp cap comprises a
: ] éﬁp ent curvatyres or a plurality of different normal vector

i [ lurglity of differen . .
B:;ﬂgysgf%%qt%{g Fﬂi\g‘rllgc?eg frc?ghné/&“oég 6k ?Fgélme]rgsﬁ’ﬁﬁ’@énd%‘ﬂ%%%ﬁ’@ﬁﬁ% Irietéisnit on
another point on the inner surf&&€f tRardéeoRd lamp cap. The LED lamp of claim 20, wherein the
plurality oftkemmadfinal vector planesEdnverger towar dihenkER BRCka88 one LED package

comprises at least one selected from the group consisting of a UV LED,
a blue LED, and a green LED.

[Claim 16] The LED lamp of claim 13, wherein a ratio of a surface area of the
inner surface of the second lamp cap to a surface area of the LED
package is greater than 2.

{Claim 17] The LED lamp of claim 13, wherein a distance between the LED
package and the inner surface of the second lamp cap is greater than 3

_ mm,

[Claim 18] The LED lamp of claim 17, wherein a space exists between the LED
package and the inner surface of the second lamp cap.

[Claim 19} The LED lamp of claim 13, wherein the first lamp cap has an outer
surface area of at least 300 mm2 per watt of an incident light from the
LED package.

[Claim 20] The LED lamp of claim 13, wherein the inner surface of the second
lamp cap comprises a plurality of facets having a plurality of different
curvatures or a plurality of different normal vector planes so that light
reflected from a point on the inner surface of the second lamp is
ncident on another point on the inner surface of the second lamp cap.

[Claim 21} The LED lamp of claim 20, wherein the plurality of the normal vector
planes converge toward the LED package.

[Claim 22] A method of fabricating the lamp cover of claim 1 comprising:
preparing the first and second lamp caps by using injection molding;
providing a silicone resin material mixed with a luminescent material
onto a concave inner surface of the first lamp cap;
fitting the first and second lamp caps to each other such that the
concave inner surface of the first lamp cap faces a convex outer surface
of the second lamp cap; and

solidifying the silicone resin material mixed with a luminescent



A method of fabricating the lamp cover of claim 1 comprising: preparing the first and second lamp caps
by using injection molding; providing a silicone resin material mixed with a luminescent material onto a
concave inner surface of the first lamp cap; fitting the first and second lamp caps to each other such
that the conc&vezinmessgesface of the first lamp cap faces a convex outer surtage@kshesecond lamp
cap; and solidifying the silicone resin material mixed with a luminescent 11 WO
2010/104275PCT/KR2010/001133 material by heating or UV irradiation to form the
wavelength-conversion layer. 23 HfethokEsfTamyicaYingatiatiamip ovethof eitkehgdmprising:
preparing the first and second lampesapslietising injection molding; fitting the first and second lamp
caps to egach:ihey| such that a ganegyua imngsRurace:ehihe iRklatpp aap fag sganvex outer

surface of the second lamp cap; rovidirt}gi %fssiz”fr?f? res‘l_{qr material mixed with a luminescent material
n i

rgpaﬂm A Cape Ui P EoTARISte R il e SR B dAY solidifying

into a space between the first fn 'secont
the silicone resin material mixedfWign [iinedsestnshiransepy heathgtberyvciriagiationaoform the

wavelength-conversion layer. inner surface of the first lamp cap faces a convex outer surface of the
second lamp cap;
providing a silicone resin material mixed with a luminescent material
into a space between the first and second famp caps until it completely
fills the space; and
solidifying the silicone resin material mixed with a Juminescent
material by heating or UV irradiation to form the wavelength-

conversion layer,



