WO 2012/ 009921PCT/ CN2010/ 079342 PHOSPHOR CQOATI NG FI LM5 AND LI GHTI NG
APPARATUSES USI NG THE SAME CROSS- REFERENCE TO RELATED APPLI CATI ON

[ 0001] Thwe 2PCIvoagepl i cation clains priority to U S. PropcIianalo/oPe4ent
Application Serial No. 61/365,572, filed July 9, 2010, and U.S. Provi sional
Pat ent Application Serial No. 61/416,916, filed Novenber 24, 2010, which
are hereby incorporated by reference herein. [ 0002] Throughout this
application, several references are referenced herein. Disclosure of these

references in He% hi s

provi si onal PW?EF??? Ulgél(g(% H%@II)FIQI%IE NG Aﬁ[%%ggfﬁgsé@%r esent
I nvention relates to a |ighti ngUSPN@ FTHE SARIEfOr lighting. In a preferred
enbodi ment, the lighting apparatus is an LED |ight source that includes one
or nore LED chips disposed on a reflective surface to emt short wavel ength

light, a separate renote phosphor covering the reflective surface at a
finite distance away from LED chip surface to convert at |east a portion of

t he | i §ROSH-RIEGE E)NQEBTQJQEUA)THEQ ARREI€AKONand a transparent (or

di ffusive) cover. The lighting apparatus may conprise a |lum naire.

[0001] This PCT application claims priority to U.S. Provisional Patent
Application Serial No. 61/365,572, filed July 9, 2010, and U.S. Provisional Patent
Application Serial No. 61/416,916, filed November 24, 2010, which are hereby

incorporated by reference herein.

[0002] Throughout this application, several references are referenced herein.
Disclosure of these references in their entirety is hereby incorporated by reference in

this provisional application.
BACKGROUND OF THE INVENTION

[0003] The present invention relates to a lighting apparatus used for lighting. In
a preferred embodiment, the lighting apparatus is an LED light source that includes
one or more LED chips disposed on a reflective surface to emit short wavelength light,
a separate remote phosphor covering the reflective surface at a finite distance away
from LED chip surface to convert at least a portion of the light emitted from LED to a
longer wavelength, and a transparent (or diffusive) cover. The lighting apparatus may

comprise a luminaire.

[0004] Conventionally, white LED lamps for lighting often include blue LED
chips packaged with phosphor and encapsulant. The phosphor in such lamps, when



[ 0004] Conventionally, white LED | anps for lighting often include blue LED
chi ps packaged with phosphor and encapsul ant. The phosphor in such | anps,
when WO WRO0R212009221PCT/ CN2010/ 079342 irradi at ed by t hePbira2bioghe34br om t he
LED, converts the blue light into yellow light. The blue and yellow Iight
thus emtted conbine to formwhite |ight. [0005] In sonme prior art

devi ces, the conversion efficiency of the phosphor is reduced due to the

di rect heating of the phosphor by the LED chips. Also, a portion of the
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will be reflect d back into the LED chips by the phosphor coated on Its

SUFfaCEheMde lahdly:“ellolw ]ghb&ﬁrsb@ﬂlttad ¢arhBinedo ﬁirfruwlhlﬂtreehgﬁt. LED chi ps.
[ 0006] Furthernore, ormthe array of such LED lanps for lighting

applications, the whlte light emtted fromsuch LED lanps is fine (or
narrow) color and brightness binning is necessary to ensure uniformty of
the Iight [005LitIrosomigeptianprt devas;otblm caveargionheffigencey of tbe hasphor s

L SNSRI R T T 5D S B
]

[P onsnPIng ofiElied UL £, o pbftion S Rpediigy prodqu%&ysEhAB oot vl be,

PoneC iy @8kd '@?EH"H%O ?Eév).”ﬂ?eﬁﬁchqﬁ'bf e pifsphion Findd B fs SOHEE. Hnd i if The

it | agiayEBed ByGhteiaPintdle bEL EFPEhip. conj unct i on wi th a | uminophor,
or phosphor, such that the light emtted fromthe LED, when conbined with

the light fromthe | um nophor, produces white |ight.
[0006] Furthermore, to form the array of such LED lamps for lighting
applications, the white light emitted from such LED lamps is fine (or narrow) color
and brightness binning is necessary to ensure uniformity of the light output of the

lamp.

[0007] To further obtain more uniform light illumination without hot spots for
such an LED lamp, a cover having a high light diffusion (haze) is used. However, the
use of such a cover can result in a lower efficacy of the lamp, due to the lower overall

light transmission that results from the diffusion.

[0008] An example of a conventional lamp is shown by U.S. Pat. No. 7,319,246
to Soules at al. (The ‘246 patent). In the device disclosed in the ‘246 patent, a
semiconductor lighting device, such as an LED, is used in conjunction with a
luminophor, or phosphor, such that the light emitted from the LED, when combined
with the light from the luminophor, produces white light.

[0009] In the device disclosed in the ‘246 patent, a lighting apparatus

comprising an LED is disposed on an interconnect board. A polymeric layer



[0009] In the device disclosed in the '246 patent, a |lighting apparatus
conprising an LED is disposed on an interconnect board. A polyneric |ayer
WO 2012/ OWO2BLRCIY2CN2010/ 079342 i ncl udi ng the | um nophorPCra&NthBosae about
the lighting apparatus to convert the radiation emtted fromthe LED into
visible, preferably white, light. The polyneric layer is shrinkable to
conformto a shape enclosing the light emtting diode. [ 0010] The
phosphor powder, such as yttrium alum num garnet (YAG, is enbedded in the
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phosphor she Isrolled into arol The poly sphor roll is cut
into prgdigtonferairidofivndtke JIEZBSingS visibld, rmeféabby adilae ligle. Shie E&skymaﬁ)c to
be wrapped around LEDs, enclosure and other objects which can take various
shapes lamrd is skeskatben doadtmd to ahshapelenotsing e Iight emapinghdiodés and
confornms to the outer surface shape around the object or objects containing
t he LEDs. [0011] U. S. Pat. No. 7,618,157 to Galvez et al. discloses a
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i ncl ude refl ect that are attached to an exterior surface of the tube to

hol d t heodrb & BIDs tdirlbgat #idkthefl digecstwhilhycart igkes ONdOUSBHapES hod &itdie
LEDs on the heat sink, where a portion of the cover has an interior surface

t hat r &¥hectheatddghhe fpodymiehie tliEbsk-twaraphehrinkss ang @onfomotto tthe adeesurfibe
angled reflectors as a 2nd portion of the cover are used to nulti-reflect

| i ght Bbapearoundibe mbdect arrahjepfaceontainyig herkEBM. of cover coated by
phosphor. The cover structure is conplicated with |low efficiency without a
good reflectivity of circuit board where the LEDs are disposed. WO
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wher e bERndiSPPesdsink, 'bIMi@Ht-emitting LEDs mounted on the heat sink, and a light
emitting cover mounted on the heat sink in line with the LEDs. A first portion of the
cover opposite the LEDs includes a phosphor that is excited by the light from the
LEDs to emit white light. The cover may be a tube, a portion of the tube nearest the
LEDs being transparent and receiving light from the LEDs. The tube may include
reflectors that are attached to an exterior surface of the tube to hold the tube on the
heat sink. Alternatively, the cover may enclose the LEDs on the heat sink, where a
portion of the cover has an interior surface that reflects light from the LEDs to the
first portion of the cover. The angled reflectors as a 2nd portion of the cover are used
to multi-reflect light between LEDs and a transparent 1st portion of cover coated by
phosphor. The cover structure is complicated with low efficiency without a good

reflectivity of circuit board where the LEDs are disposed.



[0013] U.S. Pat. Pub. No. 2010/124243 relates to a |ight apparatus that
i ncl udes an el ongat ed hol | ow wavel engt h conversi on tube that includes an
el ongat edwoavelwpih conver si on tube wal |l havi ng phosphecTdineperiged2
therein. An LED is oriented inside the el ongated holl ow wavel ength
conversion tube to emt light so as to inpinge upon the el ongated

wavel engt h conversion tube wall and the wavel ength conversion materi al,
e.g., a phosphor, dispersed therein. The el ongated hol | ow wavel engt h

conver si onigo4p¢ SRNilAKLa R ?lé%pﬁ{b\ﬁﬂ% B.SPAPMb. ey1<;l03 @4'29fd @Patréﬂ@raﬁ”é{ al.

and/ or ot her configurationS. Again thereis no multi-reflection surface
wher e fiteodikd? hs optiRod@dce to rebORBAlight Smitfed -frédbLEND an, &iRebbthd &icht es
to an LED light tube constituted by a fI uorescent tubul ar body having a

t r ans parteranoghasspactiad ré glbhyb}cnfanent plhidspharfdoatrdesie ésttopayefacen Thiesniudtier
wall. Due to the directional |ight em ssion of LEDs, the area of

f 1 uor esefleatianagusfacspybera bEideSﬂDQﬁ‘t énignoredy froman LED is wasted. And the
reflective surface where LED is disposed is not utilized as a

mul ti-reflection surface BRI EF SUMMVARY OF THE | NVENTI ON [0015] In
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i nner surf configured so as to mal predetermned finite distance

from t beieated Bde ieeclbiihtedilvlldwevaphdsmithreonivemibeitilge e spashEghssis hs that
light emtted fromthe LED chip radi ates upon the phosphor film the inner

sur f acempingchapphothehelonfeated maodtilength heortvapsisnr fibwewafll fhe thier waivelcngér d
so as to forma multi-reflection zone to reduce |ight absorption by the at
| east @ﬂ@vcusmrthnpteamdl reegiuce pihosphior] idjspersedikgeciny ol“rh@e@lmgatedh ollow
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[ 0016] 'er aspect, the lighting apparatus further conprises: a heat
sink having a top surface on which the circuit board is nounted, the
heat si nk bei ng di sposed on a side of the circuit board opposed to the at

| east one fgoRaghUpStRatdiPubl. Pod.€6,58315 50enredtas el abyL Elelight harstomstieuledby
chip; and a Iow i ght diffusing or transparent cover including a | ower edge

conf i gar dldotescent dubitan bbey heatingi aktransparenerglaws eubdhefuplyosphted fwikln a
[0017] In another aspect, the Ilghtl ng apparatus further conprises a
t her maflugsescenblaygr @asiss butencsnlls Haue fo the direetiennldight emeispieat o LEDS, the

area of fluorescent layer opposite to light emitting from an LED is wasted. And the

reflective surface where LED is disposed is not utilized as a multi-reflection surface.
BRIEF SUMMARY OF THE INVENTION

[0015] In accordance with a first aspect of the present invention, a lighting
apparatus comprises: a circuit board having a highly reflective top surface; at least
one LED chip mounted on the top surface of the circuit board, the at least one LED

chip being operable to emit light of a first color; a phosphor film having an arcuate



[0018] In another aspect, the phosphor filmhas a nmulti layer structure
conposed of phosphor |ayers and a transparent supporting |ayer. [ 0019]
| n anot hewoaspaw921t he transparent supporting |ayer is maganNabiotargdagpar ent
pol ymer selected fromthe group consisting of Polypropylene (PP),

Pol yet hyl ene (PE), Pol ycarbonate (PC), Pol yphthal am de (PPA) and

Pol yur et hane (PU). WD 2012/ 009921PCT/ CN2010/ 079342 [ 0020] I n anot her
aspect, the transparent supporting layer is made of gl ass. [0021] In

anot he!im?e'ipﬁﬁfacet&ﬁl_ﬂgiﬁéﬁ Rerash fo! ahRgifa fp%@d@t@ﬁhﬁ{btd Hiakedigant &y She at
mul ti - phosphor particles uniformy dispersed. [ 0022] In anot her

aspect Jedshené mﬂﬁlﬁﬁ,ﬂﬂlegﬂmphbﬁ filgdeciab disporedasientthpoligheemiteed ticed the om
the group consisting of Pol ypropyl ene (PP), Polyethylene (PE),

Pol ycalidnathep (radjatePoippphthieap hosphor (7A) tlendniRal yunfatchafie¢h¢ Ri)asphoOddn | n
anot her aspect, the transparent |ayer is made of glass. 0024] In

anot hehoadprthe tajesatface aftthe wércurmbeardpsa 6s o rfosan &muléhcei{lmmoat 2NDEO t he

; i _
crred re(ijuocaer lqght absorption by the at least one LED chip and reduce direct light leakage

from between the phosphor film and the top surface of the circuit board, the phosphor
film containing phosphors that down convert at least a portion of the light of the first
color emitted by the at least one LED chip into light of a second color, having a
longer wavelength than the first color, the first and second colors, when mixed

together producing visible white light.

[0016] In another aspect, the lighting apparatus further comprises: a heat sink
having a top surface on which the circuit board is mounted, the heatsink being
disposed on a side of the circuit board opposed to the at least one LED chip to
dissipate heat generated by the at least one LED chip; and a low light diffusing or
transparent cover including a lower edge configured to mate with the heat sink and to

enclose the phosphor film.

[0017] In another aspect, the lighting apparatus further comprises a thermal

paste or grease between the circuit board and the heat sink.

[0018] In another aspect, the phosphor film has a multi layer structure composed

of phosphor layers and a transparent supporting layer.

[0019] In another aspect, the transparent supporting layer is made of transparent
polymer selected from the group consisting of Polypropylene (PP), Polyethylene (PE),
Polycarbonate (PC), Polyphthalamide (PPA) and Polyurethane (PU).



[ 0025] In another aspect, the light of the first color is in a wavel ength

range of between 300-500nm [ 0026] In another aspect, the |ight of the
second coworoi2gopezia wavel engt h range of between 500- 70@0®ICN20027934k n
anot her aspect, the heatsink includes a plurality of w ngs. [0028] In

anot her aspect, the at |east one LED chip is nounted on the top surface of
the circuit board by chip-on-board (COB) with silicone encapsul ation.
[0029] In another aspect, the top surface of the circuit board is nade of
PCB, MCPCB, ceramc, or enanel with (or without) solder mask. WO

2012/ 009921PCT/ CN2010/ 079342 [0030] In another aspect, the at |east one
LED chi p i ppo2oykaogsbthet Bspgect cthe thamparerardpportiiethyen id iadef @osd. ace of
the circuit board by a surface nmount (SMI) or through-hole technique.
[0031] In accordance with a second aspect of the present invention, a

| i ghting apparatus conprises: a circuit board with a highly |ight o
reflecti veFQOBﬂ] sl paedhersspeot themphayphor filor hasiactranspasaahidyeri aontgiping

wi t hout) sol der mask; .at |east one LED chip mounted on a highly reflective
t op suPFHEéﬂHﬁPPﬁépéﬂﬁgﬁ$Pnggﬁmgyd#ﬂ@r | east one LED chip being operable

toemt Ii fra fipst color;,a hosphor, film (i), having an arcuate
iner sur ¢ 89228 ohf abltEh S8eGL b8 rARRRER taVen BublenshbdtePieRLl iRubar.c.
fromt I chip.: i bei j hat
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multi-reflection zone is formed to reduce the |ight absorption by the at

| east one LED chip with little direct |ight | eakage from gaps between the
phosphor f[d023%nth aiethbi aspectr thieltemtspase dayace mddeof glass. board, (iii) the

phosphor film containing phosphors that down convert at |east a portion of
the light, in a range from 300-500nm of the first color emtted by the at

| east one LED chjp into light with | onger | engt.h, i range fro
500- 700nm [A924% ngé’é?u S @spect, mf‘a%‘t {méﬁom tﬁbgtlﬁ&o“aﬁaﬁngh%qqpﬁg ated or
pr oduces i{i si bl e whi te |ight.

on the circuit board.

[0025] In another aspect, the light of the first color is in a wavelength range of
between 300~500nm.

[0026] In another aspect, the light of the second color is in a wavelength range

of between 500~700nm.
[0027] In another aspect, the heatsink includes a plurality of wings.

[0028] In another aspect, the at least one LED chip is mounted on the top

surface of the circuit board by chip-on-board (COB) with silicone encapsulation.

[0029] In another aspect, the top surface of the circuit board is made of PCB,

MCPCB, ceramic, or enamel with (or without) solder mask.



[0032] In another aspect, the lighting apparatus further conprises: a heat
sink having a top surface on which the circuit board is nounted, the

heat si nk wei2np/@peposed on a side of the circuit board eppasedioigoishe at

| east one LED chip to dissipate heat generated by the at | east one LED
chip; and a low light diffusing (or W) 2012/009921PCT/ CN2010/ 079342
transparent) cover is configured to mate with the heat sink and to encl ose
t he phosphor film [ 0033] In another aspect, the lighting apparatus
further conprises a thermal paste or grease between the circuit board and
t he heat si nk. [ 0034] In another aspect, the phosphor filmhas a nulti

| ayer strumo3op hoapotrs s¥pephosieher Idayeone BED aHip dpsrakapged SR tiead
| ayer. [ 0035] In another aspect, the phosphor filmhas a transparent

| ayer ¢iameiamdnugomltdd eplibs phwsurfact of itkes cirouitdrowsird byi & perfaesl mount (SOOBH]
I n anot her asgect, the at |east one LED chip is bonded and encapsul ated on
t he ci PEthnougbaiale technique.

[0031] In accordance with a second aspect of the present invention, a lighting
apparatus comprises: a circuit board with a highly light reflective top surface made of
PCB, MCPCB, ceramic, or enamel with (or without) solder mask; at least one LED
chip mounted on a highly reflective top surface of the circuit board, the at least one
LED chip being operable to emit light of a first color; an phosphor film (i) having an
arcuate inner surface configured so as to maintain a predetermined finite distance
from the at least one LED chip, the phosphor film being disposed such that light
emitted from the at least one LED chip completely and uniformly radiates upon the
phosphor film, (ii) having an opening to hood the high reflective top surface of the
circuit board such that a light multi-reflection zone is formed to reduce the light
absorption by the at least one LED chip with little direct light leakage from gaps
between the phosphor film and the highly reflective surface of circuit board, (iii) the
phosphor film containing phosphors that down convert at least a portion of the light,
in a range from 300~500nm, of the first color emitted by the at least one LED chip
into light with longer wavelength, in a range from 500~700nm, of a second color, that

when mixed together with the first color produces visible white light.

[0032] In another aspect, the lighting apparatus further comprises: a heat sink
having a top surface on which the circuit board is mounted, the heatsink being
disposed on a side of the circuit board opposed to the at least one LED chip to
dissipate heat generated by the at least one LED chip; and a low light diffusing (or



[0037] In another aspect, the lighting apparatus is a tubular enbodi nent or
a hem spherical enbodinment with an axial symetry. [0038] | n another
aspect, twe 2oeawsi2nk i ncludes a plurality of w ngs. PLO@I2D10I0T9RMOt her
aspect, the at |least one LED chip is mounted on the highly reflective top
surface of the circuit board by chip-on-board (COB) with silicone

encapsul ati on. [0040] In another aspect, the lighting apparatus is a

| um naire. [0041] In another aspect, the silicone encapsulation is

transpﬁraﬁg‘}%]aren}?ocg%glﬁo&ﬁméﬂﬁW%Weow%%he hedtO9th& ahl ?(Pchtﬂ&%sea%lﬁ’@Ct

the silico apsulation 1's mxed wth a phosphor having a different
dom naphoyﬁy@{ﬁnﬁ;th fromthat of the phosphor film

[0033] In another aspect, the lighting apparatus further comprises a thermal

paste or grease between the circuit board and the heat sink.

[0034] In another aspect, the phosphor film has a multi layer structure composed

of phosphor layers and a transparent supporting layer.

[0035] In another aspect, the phosphor film has a transparent layer containing

multi-phosphor particles uniformly dispersed.

[0036] In another aspect, the at least one LED chip is bonded and encapsulated

on the circuit board.

[0037] In another aspect, the lighting apparatus is a tubular embodiment or a

hemispherical embodiment with an axial symmetry.

[0038] In another aspect, the heatsink includes a plurality of wings.

[0039] In another aspect, the at least one LED chip is mounted on the highly
reflective top surface of the circuit board by chip-on-board (COB) with silicone
encapsulation.

[0040] In another aspect, the lighting apparatus is a luminaire.

[0041] In another aspect, the silicone encapsulation is transparent.



[0043] In another aspect, the at |east one LED chip is packaged with a | ead
frame, and nounted on the top surface of the circuit board by a surface
nount ( SNVD 20r2/00b920ugh- hol e t echni que. BRI EF DESCRI PTI ORCORNEHE/ DRAW NGS
[0044] The figures are for illustration purposes only and are not
necessarily drawn to scale. The invention itself, however, may best be
understood by reference to the detail ed description which foll ows when
taken in conjunction with the acconpanyi ng draw ngs in which: [ 0045]
FIG 1 is a cross-sectional view of an assenbled |ighting apparatus in
accordance with an enbodi nent of the present invention; [0046] FIG 2

is a per SEE)IMQ}’GIn/bﬁthi dsheceshergilieshd egbipsidatdppds ahiked Withcg gslapher
wi th an enbodi nent of the present invention FIG 1, [0047] FIGS. 3-5

are cuhavg a difercabhdopenasptesavelengthefiom thet pdche phbyphaffienheni spheri cal
enbodi nent of the present invention; [0048] FIG 6 is a diagramof the
el ectrical connection of the LEDs in a serial connection of parallel LED

nodul es i n_accordance with an aspect of the sent i.nvention; a
2012/ 00992108431 b gnothsy gaspsct, {he at least one LED Chtlp is packaged WRE a\ll\ﬁ)ead

frame, and mounted on the top surface of the circuit board by a surface mount (SMT)

or through-hole technique.
BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The figures are for illustration purposes only and are not necessarily
drawn to scale. The invention itself, however, may best be understood by reference to
the detailed description which follows when taken in conjunction with the

accompanying drawings in which:

[0045] FIG. 1 is a cross-sectional view of an assembled lighting apparatus in

accordance with an embodiment of the present invention;

[0046] FIG. 2 is a perspective view of the assembled lighting apparatus in

accordance with an embodiment of the present invention FIG. 1;

[0047] FIGS. 3-5 are cutaway, side and perspective views, respectively, of a

hemispherical embodiment of the present invention;

[0048] FIG. 6 is a diagram of the electrical connection of the LEDs in a serial
connection of parallel LED modules in accordance with an aspect of the present

invention; and



[0049] FIG 7 is a diagramof the electrical connection of the LEDs in a
paral l el connection of serial LED nodules in accordance w th anot her aspect
of the prweent2/omeenti on. DETAI LED DESCRI PTI ON OF THE | RZENN2Q/079342[ 0050]
FIGS. 1 and 2 illustrate a first preferred enbodi nent of an LED |ighting
apparatus, which may be a lumnaire, in accordance with the present

i nvention. As can be seen in the figures, an LED |ighting apparatus 2 in
accordance with the present invention is formed of a circuit board (CB) 4,
at | east one LED chip 6 nounted on the CB 4, a phosphor film 8, provided
remotely fromthe LED chip 6, a heat sink 10 and a cover 12 nounted to the
heat sink [004BRVFIG. Tiia diagrind @3 A6 clAtEealosoimetioB ¢f thee . BDisdard parableds 7
for electrical connections. The heat sink 10 functions to di ssipate heat
gener atedndgtidrhef atrihkddHD aneduEP iohagroddance with0sddthetr Gspécti of the present
cross-sectional view of the LED |ighting apparatus in accordance with one
aspect IBFENEIRA. present invention in its assenbled state. As shown for
exanple in FIG 1, the LED chips 6, which can be part of an array of LED
chi ps, are bonded on a highly reflective CB 4. The phosphor film8 is
subst ani.i.al l i [ ' ' edeterm ned di stance from
t he LE@%ﬂN%%@EM?EB&@h@aEﬁW the highly reflective CB
4 on the heat sink 10, and is enclosed by the cover 12. [ 0052] The top
surface of the CB 4 is preferably highly reflective and preferably is nade
from PCB, {@B6P. FRGSAMMAO iRAGFRE ik Reftddenboaheat oas k. EBNRMER
chips 6 are preferably nounted on the top surface of the CB 4 by th

" chi p- appaifu2CHRICH0NAZ URCH! IGNZIRAREO TiO 34omace WiDER presdmiiguentibiih As
silicone encapsul ati on. The encapsul ati on can be transparent, or

al t er naan belsgeniin theigneesrianedEW tiphtanplappptatus dfinacdofdamce nvith dhe pagsent
wavel ength than that of the phosphor film8, so that the col or tenperature

By he.phasphor {1 1o The. Lniemtion s, oot T § e Lo t he. yac ol CoB. and.
For " exiieh PIRaPReE) R Ty g Sass bTpen itk BGbel e Bertanek 1Pang s
E:SSEET Cortr L%igﬁﬁbéd%tﬁ? 3l gﬁﬁ%@%i@gsﬁ%ﬁbﬁaﬁsgﬁgf B et @%E@B%B%ﬁg
cover p?g@gﬁ gLE%}Iﬁe?gﬁJt} é;iggérgcreé? %%rnﬁ]@ %%?ﬁ%gl? {rl/éelﬂyé,gt is?r)/lgér(]) ﬂg@&rrlgl ttai %ﬁgﬁﬁté

| ayers hedge RASRANSY (eaMGEaTONDEES) Apt.col or, or multi-col or phosphors,
such as cefium doped YAG Silica or other conventional phosphor. The

phosphor film s transparent |ayer may contain mnulti-phosphor particles
uniformy distributed therein. In either case, the transparent |ayer may be
made of po[0ASd], FEGcH as #®otrnpss-cpytiemd (RRY, oPdhyel M) ehghtiirE) gpparatus in
Pol ycar bonate (PC), Pol ypht hal am de (PPA) and pol yurethane (PU), or simlar
mat er i abeordance il puelagpeethd theqrepentdnventagein dioasdemdlethstataf Agl dwsyn

for example in FIG. 1, the LED chips 6, which can be part of an array of LED chips,

are bonded on a highly reflective CB 4. The phosphor film 8 is substantially arcuate
in profile to maintain a predetermined distance from the LED chip 6. The arcuate
phosphor film 8 hoods the highly reflective CB 4 on the heat sink 10, and is enclosed
by the cover 12.

[0052] The top surface of the CB 4 is preferably highly reflective and preferably

is made from PCB, MCPCB, ceramic or enamel with or without solder mask. The

LED chips 6 are preferably mounted on the top surface of the CB 4 by the “chip-on-
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[ 0054] The cover 12 is preferably a transparent, frosted or otherw se |ight
di ffusing cover that softens the light comng fromthe LED |ighting

appar at uswOthe/mes2er 12, is shaped at its | ower edges s®@CagLN2010003ke, for

exanple by a snap-fit or sliding fit, to the heat sink 10. The cover 12 is

preferably made of transparent polymer such as PC, PMVA, PVC or PU having a
high light transmssivity, or other plastic or glass, or any other materi al
that can pass |light exiting the lighting apparatus. The cover 12 and the

heat spgkrdt0 (cBREShNIGUE GAAD FfidSHe Bhca §lﬂ§ﬂofl' IThOerRBYsP?atiBh can be
rganner of at nB i’25

appropriate achnent. For exanple, the cover can be nated

wi th t lhanbgatens|dikalidinbyivelyl @i &gh bt nlx@dewithdgphospliicr 68 elitfergtsloghinahé at
t he edges of the heat WO 2012/ 009921PCT/ CN2010/ 079342 sink 10. In a tubul ar

enbodi mervelermib lthas thdteofahe phiosphor filil &5 so2thagtheasslorttempetatgrs ofithe LED
apparatus may preferably have end caps at either or both ends of the
| i ght i agn dspaurtherschanged; cf@s@ycamp logeratlowar aoher termpestyresby theqdwmsphate

whi oh. Eﬁ br S%E‘é\m'rg”lvq%ﬂfsb%@ 1%% EginUiaAb e OB ab. ?g‘@éﬁ%ﬁﬁp%ﬁiﬁm
(hat P DREEE, o b Sh TE “ingfe fbfwﬁt% the Eli%ki% Pﬁrﬂg?ﬁﬁﬁ{a%h
as u&é@&ﬁméb@ygﬁghéﬁg tg\éﬁl{]q{l?nger wavel engt hs, such as yellow,

pref er range"of  about 500-700nm which, when conbi ned
with the blue light, produces a white |ight. [ 0056] The lighting
apparatus 2 is configured with a light nulti-reflection zone between the

phosphor fdo53$ @hd phb@ph&mhhlaolsﬁpref@dbg agloubée EyRYRtruefurt ®nimddedcsd gl
light that is directly absorbed by the LED chip 6, conpared to the case

wher e phesplimslalyer onsa ltmaperendi suppbityng riayas:rns'.lamted\nhehwehe tthlowﬂr 12 and
conventional devices. To further assist in reduci ngaa | oss of ht, the CB

4 is plétlddghtysonirehoy Adfereativalg, itteanhayerinzeltipde dayoue. tT;henphOSP &t laget i on
e ARl o B B it el A &
3832?2? # Lty éﬁ%ﬁgﬁhpﬁd"iﬁ%‘?ﬁm i IS RoGARRareRl T, Eagopo s 7
cover @h Wh@ﬁga}ﬁ 8?910 ¥ eyﬁﬁ n} ﬂgQﬁngéaeé;ég agr L‘;Eﬁ#?ehpe
i 1 e B (S Bl oL #Oﬁiﬁsﬁgﬁ%ﬂe&“t PVB b R e T A R R
Polycarbonate (PC), Polyphthalamide (PPA) and polyurethane (PU), or similar

materials. Alternatively, the transparent layer could be made of glass.

[0054] The cover 12 is preferably a transparent, frosted or otherwise light
diffusing cover that softens the light coming from the LED lighting apparatus. The
cover 12, is shaped at its lower edges so as to couple, for example by a snap-fit or
sliding fit, to the heat sink 10. The cover 12 is preferably made of transparent
polymer such as PC, PMMA, PVC or PU having a high light transmissivity, or other
plastic or glass, or any other material that can pass light exiting the lighting apparatus.
The cover 12 and the heat sink 10 can mate with each other by a snap fit, or any other
appropriate manner of attachment. For example, the cover 12 can be mated with the

heat sink 10 by sliding its lower edges into receiving slots 14 at the edges of the heat

11



[ 0058] For better thermal conduction, preferably a thermal paste or grease
is applied between the back side of the CB 4 and the heat sink 10. The heat
sink 10 iwoprefmeehl y made of A, an Al alloy, Cu, ceralrCt/CN2bEATII2 Or

ot her appropriate material with high heat conductivity, and is shaped,
stanped or otherw se fornmed to have heat dissipating fins or wings 16 to
provide greater surface area to allow heat to escape. [0059] If a blue
LED chip 6 is utilized, the phosphor used in the phosphor film8 is one

that pgpAUEEs @ 5%[’(9{1131?%1{196&1&&11;0@11@19%@ g Hfl El@%ﬁfﬁePIGTQe aROTREABIEPN
of the blue light and the yellow green |ight produces white [ight. For such

uses, ligatinBagpaeitus Py piefcadily lmveasiieoipoaatiticar dubdtiioarty oPGepli
Silica or other conventional phosphor, that nmay vary in composition an or

concenappaiatus.dependi ng upon the |ight characteristics desired.
Alternatively, white light can be produced by using ultraviolet or
near - ul travi ol et LEDs W th appropriate phosphors of a type known to those

skilled in_the t. LED, ¢ ]p evertl orjizontal, .or

conbi nat | o031 bt ﬁperatlon[ dbe&lr ﬁn@hlr)o e@o@%@r %‘%‘Eﬁr “ﬁt §h¢ Raes Bk dpvention

d i bed, i bul

e R b Tl AL BTN TER, Y Brese b PEU i S o

et oI BhabRE 0T AR, ELRIcS o th, AREPLOARE Mrh . iR, FRBgs, o
| east opgeHERihN IS IIRI A P a8 (Bitd Qonf BRARENGhirdd B0 wil %Hbﬁ%ﬁ'

renmotely fromthe LED chip 60, a heat sink 100 and a cover I20 nounted to

t he heataveldieth Auichayd bué iffemotheM BI3 td60ght with [|00&k] wavBlendths such as
cross-sectional view of the hem spherical enbodi nent of the LED lighting

appar ayeHown prederabéncia whd hwaneepgts eahge nvieraboat 500~+100nas s evichd whai e.
FIGS. 4 and 5 are side and perspective views, respectively, of a

heni sphenribia¢d witlptebloedwht pormndores aovitobight.enbodi ment of the present
i nvention. As shown for exanple in FIG 3, just as in the tubular

enbodi nent, the LED chip 60, which can be part of an array of LED chips, is
bonded i.gh flect 40.. Th tantial l
ar cuat e | rit9BBr e d BN BTt duEaRBna A e st rpreiet bl o
60. Th h 4

heat srsﬁg}(]%gg{h%a@ﬁ%? @ Bg??é{”o ﬁQhQ Cgeﬁccot‘:é6 h%g{éfnr%?ﬁ% ﬁﬁ‘t@{“.ﬁ gr(??glhedpef?%térﬂ?gl S
of thelcAMRACR! dir %@f)?décPB?/%etDEU‘%Hlpg%h%b'n‘g?dre&rmoﬂfen@e@e W%e%@%h@am?

as that “descri bed above in relation to the correspondi ng conponents in the

t ubul aphesglast ecatahditekely wheseiitapt iveith ithe tINEDefiocennOitisitedédded1e o
[0062] The electrical connection of plural LED chips within the circuit

board Carthgr agsestainl sedmeity anleanofdight, dey (CB 4c snpreedetabiy olﬁglpie;rrmﬂo(ehthm)

nodul es,. as_shown in FIG 6. Alternatively, the connection can
par al | 8lingvinceloss sedp multi-seflegtmurbayves thesphosphorift m:B@nd7the CB %’odﬂa]

Al t houg i ¢ enbodi nment ave been illuystrated descri bed herein,
it wil rvnyégaﬁarl%@a YT on ﬁ%ége @Fe%ﬁlﬁrlﬁﬁ?@tl@kr ?bﬁ ﬁgg/jé“&hftf ¢Hhgieney, 631 et y
of aIt e and/ or e rvale nt substituted for the
apect 1 Pt DiEoR o RoutEitisiR G EBLFTRERRNE PR Bri g from t he scope
of the pr esent invention. Th| S provisional application is intended to cover
any adaptations or variations of the specific enbodi nents di scussed herein.

Ther ef or e, 10571 SThE'tl%gfﬂﬁ@ 5151}%& fuRi B alsBvigon®ipubed kioh Hed tRBIphoRyh&N ALl &1 S
and the equr va ents er eof a awser Fiu phosp
is not a part of, or attached to, the cover 12. Separating the phosphor film 8 from the
cover 12 allows the color of the phosphor film to be better shaded if a diffusive cover
12 is utilized. And in this case an even better light diffusion (uniformity) can be

obtained.
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WO 2012/ 009921PCT/ CN2010/ 079342 CLAIM5S What is clainmed is: 1. Alighting
apparatus conprising: a circuit board having a highly reflective top
surface; wo20et00peast one LED chip nounted on the top secfraceowio7odae
circuit board, the at |east one LED chip being operable to emt light of a
first color; a phosphor film having an arcuate inner surface configured
so as to maintain a predetermned finite distance fromthe at | east one LED
chi p, the phosphor film being disposed such that light emtted fromthe LED

chip radi afgussy PPor HagePIRERRAN cohduBtid) ﬁﬁ"ie%bbs lar ﬂfé‘fﬂla?f)pa{fs‘fte ona@%BM'is

filmhooding the top surface of the circ board so as t orm

mul ti - applied beoReapbige back eitlecef ticoOB ahawl el kentyink 1. aThe ¢rat sikel 05D
chip and reduce direct |ight | eakage from between the phosphor film and the

t op supfefesabdy mide of Aduan Aloallaly, Checqrhoaphplasfic, on cthetr appiropyigth osptleoias
that down convert at |least a portion of the light of the first color

eni t t etvidyhigheheat qauliictivity, prd is Rhapedhtstampedhor othervsise dormedtohavhdigahg a
| onger wavel engi.h than the first cpolor, the first and secand col ors, when
m xed ﬂb“é&%f}‘i@rg P AUNIRES j §§Plﬂr@\’1ﬂ% greafer gyfiace area to allow heat to escape.

[0059] If a blue LED chip 6 is utilized, the phosphor used in the phosphor film 8
is one that produces a complimentary color such as yellow-green. The combination
of the blue light and the yellow-green light produces white light. For such uses, the
phosphor is preferably a conventional cerium doped YAG phosphor, Silica or other
conventional phosphor, that may vary in composition and/or concentration depending
upon the light characteristics desired. Alternatively, white light can be produced by
using ultraviolet or near-ultraviolet LEDs, with appropriate phosphors of a type
known to those skilled in the art. The LED chips can be vertical or horizontal, or a

combination of both.

[0060] The foregoing description has been described in terms of a tubular
embodiment. However, the present invention is applicable to other shapes as well.
For example, FIGS. 3-5 show a hemispherical lighting apparatus 90 in accordance
with the present invention. The hemispherical lighting apparatus 90 includes a CB 40,
at least one LED chip 60 mounted on the CB 40, a phosphor film 80, provided
remotely from the LED chip 60, a heat sink 100 and a cover 120 mounted to the heat

sink 100 having fins or wings 160.
[0061] FIG. 3 is a cross-sectional view of the hemispherical embodiment of the

LED lighting apparatus in accordance with the present invention in its assembled state.

FIGS. 4 and 5 are side and perspective views, respectively, of a hemispherical

13



2. The lighting apparatus according to claim1, further conprising: a
heat sink having a top surface on which the circuit board is nounted, the
heat si nk wei2np/@peposed on a side of the circuit board eppasedioigoishe at

| east one LED chip to dissipate heat generated by the at | east one LED

chip; and WD 2012/009921PCT/ CN2010/ 079342 a low light diffusing or
transparent cover including a | ower edge configured to mate with the heat
sink and to encl ose the phosphor film 3. The lighting apparatus

accor diffhdd@mehfbMide gfes%m N R, CARRMo N SorPe 18P BBIn PRSE S, Rist 9§ $2%Ke
between the circuit board and the heat sink. 4. The |1 ghtlng apparatus

accor duitthlhPesibadiméngrthe L Mbeshép 60t hehiph@anhes pdrt bhahasray 6RILED lchYsy, is
structure conposed of phosphor layers and a transparent supporting |ayer.

5. Thebbidéd ong highdy atflectaccOBl#g The whaspimot fdm 20 isvewstamtialine aphoase hror

filmhas a transparent |ayer containing nulti-phosphor Rart icles uniformy

di sper peefile to maintain a predetermined distance from the LED chip 60. The arcuate
phosphor film 80 hoods the highly reflective CB 40 on the heat sink 100, and is
enclosed by the cover 120. The function and materials of the components and
operation of the hemispherical embodiment is the same as that described above in
relation to the corresponding components in the tubular embodiment, and that

description is therefore not repeated here.

[0062] The electrical connection of plural LED chips within the circuit board
can preferably be by means of a serial connection of parallel LED modules, as shown
in FIG. 6. Alternatively, the connection can be by a parallel connection of serial LED

modules, as shown in FIG. 7.

[0063] Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the present
invention. This provisional application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is intended that

this invention be limited only by the claims and the equivalents thereof.
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6. The lighting apparatus according to any one of clains 1-4, wherein the
at | east one LED chip is bonded and encapsul ated on the circuit board.

7. The | ivybtzorgoggpar at us according to claim1, wherei nPChaEN20g7933R t he
first color is in a wavel ength range of between 300-500nm 8. The

|'i ghting apparatus according to claim1, wherein the light of the second
color is in a wavel ength range of between 500-700nm WO

2012/ 009921PCT/ CN2010/ 079342 9. The lighting apparatus according to
any of one of clainms 2-8, wherein tigq Rg®iSi nk includes a plurality of

W ngs. 10. The lighting apparatus according to any one of clains 2-9,
wherein the at | east one LED chip is nmounted on the top surface of the

ci r cui Whatais ¢ 1diynazhisp- onboard (COB) with silicone encapsul ation. 11.
The lighting apparatus according to any one of clainms 2-10, wherein the top
surface of the circuit board is nmade of PCB, MCPCB, ceramc, or enanel with
(or wi t houl ) Adaglféng apgaratus comprising:

a circuit board having a highly reflective top surface;

at least one LED chip mounted on the top surface of the circuit board, the at least

one LED chip being operable to emit light of a first color;

a phosphor film having an arcuate inner surface configured so as to maintain a
predetermined finite distance from the at least one LED chip, the phosphor film being
disposed such that light emitted from the LED chip radiates upon the phosphor film,
the inner surface of the phosphor film hooding the top surface of the circuit board so
as to form a multi-reflection zone to reduce light absorption by the at least one LED
chip and reduce direct light leakage from between the phosphor film and the top
surface of the circuit board, the phosphor film containing phosphors that down
convert at least a portion of the light of the first color emitted by the at least one LED
chip into light of a second color, having a longer wavelength than the first color, the

first and second colors, when mixed together producing visible white light.

2. The lighting apparatus according to claim 1, further comprising:

a heat sink having a top surface on which the circuit board is mounted, the
heatsink being disposed on a side of the circuit board opposed to the at least one LED
chip to dissipate heat generated by the at least one LED chip; and

15



12. The lighting apparatus according to any one of clains 2-9, wherein the
at |l east one LED chip is packaged with a |lead frane, and nounted on the top
surface ovothe/wberauit board by a surface nmount (SMI) orCTRN20WH7IBIR e

t echni que. 13. A lighting apparatus conprising: a circuit board
with a highly light reflective top surface made of PCB, MCPCB, ceramc, or
enanel with (or without) sol der nask; at | east one LED chip nounted on

a highly reflective top surface of the circuit board, the at |east one LED

chip beingy (P(B’\%rli’éﬂt‘%iiff%_sﬁ{g br rh@dPar®ht GerintludM Ph lower e@Be Ebﬁﬁgﬂghrd fo I'm

(i) having an artuate 1 nner surface configured so as to I nt al

pr edet etk Reich thehéf sdhlshadee ehtvetthe phbsplegstilmne LED chip, the phosphor
filmbeing disposed such that light emtted fromthe at | east one LED chip

conpletely and WD 2012/ 009921PCT/ CN2010/ 079342 uniformy radi ates upon the
phosphor f 81 e (ighfinigsappagatas acperding te cldioot or Re fither canpeising/e theymal
surface of the circuit board_such that a light nmulti-reflection zone is

f or med PRI GHEase hatwaegHhe shsyithosd and hgdeat sikast one LED chip with
little direct light | eakage from gaps between the phosphor filmand the
highly reflective surface of circuit board, (iii) the phosphor film
cont ai ni ng phosphors that down convert at least a portion of the light, in
a range from 300-500nm of the first color emtted by the at | east one LED

chip into ki ik 0 o Eﬁﬂﬁ [ I Shic a
second col %'r QH% _rlllﬂgthh\ii/\lﬁe m?{l(tgé\%%g%@t?ﬁ%?@ \(I:\Ill dt}ﬂﬁ% r?g@??s;lge{ré’ig%@g?phég ggg%: glgﬁl
vi si bl fayhithelt 1t structure composed of phosphor layers and a transparent supporting

layer.

5. The lighting apparatus according to claim 1 or 2, wherein the phosphor film

has a transparent layer containing multi-phosphor particles uniformly dispersed.

6. The lighting apparatus according to any one of claims 1-4, wherein the at least

one LED chip is bonded and encapsulated on the circuit board.

7. The lighting apparatus according to claim 1, wherein the light of the first color

is in a wavelength range of between 300~500nm.

8. The lighting apparatus according to claim 1, wherein the light of the second

color is in a wavelength range of between 500~700nm.
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14. The lighting apparatus according to claim 13, further conprising:

heat sink having a top surface on which the circuit board is nounted,
heat si nk wei2np/@peposed on a side of the circuit board eppasedioigoishe at

| east one LED chip to dissipate heat generated by the at | east one LED
and a lowlight diffusing (or transparent) cover is configured to
mate with the heat sink and to enclose the phosphor film 15. The
| i ghting apparatus according to clainms 13 or 14, further conprising a

thermal pagt ?h@ﬂigﬂiiﬁ%ﬁ@#&%ﬁ@@%@céﬂﬁng kb GHY lofRARI S @RS heg heREresh ke

chi p;

16. The lighting app

s according to cfaim13 or 14, wherein the

t he

a

phosph@eafisidirinedsd & a‘rpldrhlit}auﬁwjﬁgg_ucture conposed of phosphor |ayers and a
transparent supporting layer. WO 2012/ 009921PCT/ CN2010/ 079342 17. The

l'ighting ap
has a trans$

afkealightingrapparatas aceerdwmig to apyesehdrclpbms 2ed,esheneinf trandty

di sper sed.

least one LED chip is mounted on the top surface of the circuit board by chip-on-

board (COB) with silicone encapsulation.

11. The lighting apparatus according to any one of claims 2-10, wherein the top
surface of the circuit board is made of PCB, MCPCB, ceramic, or enamel with (or

without) solder mask.

12. The lighting apparatus according to any one of claims 2-9, wherein the at
least one LED chip is packaged with a lead frame, and mounted on the top surface of

the circuit board by a surface mount (SMT) or through-hole technique.

13. A lighting apparatus comprising:

a circuit board with a highly light reflective top surface made of PCB, MCPCB,

ceramic, or enamel with (or without) solder mask;

at least one LED chip mounted on a highly reflective top surface of the circuit

board, the at least one LED chip being operable to emit light of a first color;

an phosphor film (i) having an arcuate inner surface configured so as to maintain
a predetermined finite distance from the at least one LED chip, the phosphor film

being disposed such that light emitted from the at least one LED chip completely and

17
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18. The lighting apparatus according to any one of clains 13-17, wherein
the at | east one LED chip is bonded and encapsul ated on the circuit board.
19. The Iwghvizmgeppar at us according to any one of cl ai RETICNRBL0/0/BIREI N t he
i ghting apparatus is a tubul ar enbodi rent or a hem spherical enbodi nent
with an axial symetry. 20. The lighting apparatus according to any of
clains 14-19, wherein the heatsink includes a plurality of w ngs. 21.
The |ighting apparatus according to any one of clainms 13-20 wherein the at

| east ﬁﬂ?foh%@ ?%iﬁtésﬁlﬁ&uﬂh%ygg?%fﬂl\% t@fg} Ma&iﬁ% eﬁﬁéﬁ)é’rﬁn%‘%{’) hoidd’ tRE high ”2‘;

circuit board by chip-on-bo si |1 Cone 'encapsul ati on.

The |i géfllédityeatopasuriate @be ciicng beardnyicRnBatod lichhidtilrePlectivhebakns t he
lighting apparatus is a lumnaire. W) 2012/ 009921PCT/ CN2010/ 079342

23. Théotmerhto rylvepphe dight absomptibinilyy the af leash dite bEDR&hipavethdittletdirect
silicone encapsul ation is transparent. ) )
light leakage from gaps between the phosphor film and the highly reflective surface of
circuit board, (iii) the phosphor film containing phosphors that down convert at least a
portion of the light, in a range from 300~500nm, of the first color emitted by the at
least one LED chip into light with longer wavelength, in a range from 500~700nm, of
a second color, that when mixed together with the first color produces visible white

light.

14. The lighting apparatus according to claim 13, further comprising:

a heat sink having a top surface on which the circuit board is mounted, the
heatsink being disposed on a side of the circuit board opposed to the at least one LED
chip to dissipate heat generated by the at least one LED chip; and

a low light diffusing (or transparent) cover is configured to mate with the heat

sink and to enclose the phosphor film.

15. The lighting apparatus according to claims 13 or 14, further comprising a

thermal paste or grease between the circuit board and the heat sink.

16. The lighting apparatus according to claim 13 or 14, wherein the phosphor
film has a multi layer structure composed of phosphor layers and a transparent

supporting layer.
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24. The lighting apparatus according to claim10 or 21, wherein the
silicone encapsulation is mxed with a phosphor having a different dom nant
wavel engtwofznmopdzat of t he phosphor film 25. ThePCirgh2irg7eqapar at us
according to any one of clainms 13-20 and 22-24, wherein the at |east one
LED chip is packaged with a | ead frame, and nounted on the top surface of
the circuit board by a surface nount (SMI) or through-hol e technique.

26. The lighting apparatus according to claim4 or 16, wherein the
transparent supporting layer is nade of transparent polynmer selected from
the group consisting of Polypropyl ene (PP), Polyethylene (PE),

Pol ycar bonate (PC), Pol yphthal am de (PPA) and Pol yuret hane (PU). 27.
The |ighti hg Bhpdichting appaedtds agcomling &b oladnol 3 6,1 4whdreetin thbghiosphsipar ent
supporting layer is made of gl ass. 28. The lighting apparatus

accor difrhigr has atransp@cot layer cohtieing modi-phasiper particlesywrifommlyadiepefsed.
transparent polynmer selected fromthe group consisting of Polypropyl ene
(PP), Polyethylene (PE), Polycarbonate (PC), Pol yphthal am de (PPA) and

Pol yur et hane (PU). 29. The lighting apparatus according to claim5 or
17 wherein the transparent |ayer is nmade of gl ass.

18. The lighting apparatus according to any one of claims 13-17, wherein the at

least one LED chip is bonded and encapsulated on the circuit board.

19. The lighting apparatus according to any one of claims 1-18, wherein the
lighting apparatus is a tubular embodiment or a hemispherical embodiment with an

axial symmetry.

20. The lighting apparatus according to any of claims 14-19, wherein the

heatsink includes a plurality of wings.

21. The lighting apparatus according to any one of claims 13-20 wherein the at
least one LED chip is mounted on the highly reflective top surface of the circuit board

by chip-on-board (COB) with silicone encapsulation.

22. The lighting apparatus according to any one of claims 1-21, wherein the

lighting apparatus is a luminaire.
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23. The lighting apparatus according to claim 10 or 21, wherein the silicone

encapsulation is transparent.

24. The lighting apparatus according to claim 10 or 21, wherein the silicone
encapsulation is mixed with a phosphor having a different dominant wavelength from

that of the phosphor film.

25. The lighting apparatus according to any one of claims 13-20 and 22-24,
wherein the at least one LED chip is packaged with a lead frame, and mounted on the

top surface of the circuit board by a surface mount (SMT) or through-hole technique.

26. The lighting apparatus according to claim 4 or 16, wherein the transparent
supporting layer is made of transparent polymer selected from the group consisting of
Polypropylene (PP), Polyethylene (PE), Polycarbonate (PC), Polyphthalamide (PPA)
and Polyurethane (PU).

27. The lighting apparatus according to claim 4 or 16, wherein the transparent

supporting layer is made of glass.

28. The lighting apparatus according to claim 5 or 17, wherein the transparent
layer is made of transparent polymer selected from the group consisting of
Polypropylene (PP), Polyethylene (PE), Polycarbonate (PC), Polyphthalamide (PPA)
and Polyurethane (PU).

29. The lighting apparatus according to claim 5 or 17 wherein the transparent

layer is made of glass.
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