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White Light Emission Diode and White Light Emission Diode Lamp
Background of the Invention 5 Technical Field The present invention
relates to a white light emission diode (LED), especially to a white LED
lamp using the white LED with high color rendering index (CR1),  which
is produced by placing at least 6 LED chips emitting lights at different
10wavelengths as an electrical combination together into a reflector which

mixegfglghis BERFQESArHANR Aiibanetater AW ERNR Sidkedlode Lamp

commercially available white LED is produced by coating a blue Is light
chip with phosphors, where the blue light is emitted from a LED chip with
emitting wavelengths of 455-465nm and the phosphors which have
absorbed the blue light emit yellow green light. The CRI of the white LED
Bandigrighnduef tihabsesredaf red light component in its luminescence.
Therefore, the white LED is not qualified to replace general lighting
source. 20The proposed methods for fabricating white LED also include
thestoiairmeid A. A combination of three LED chips emitting red, green
and blue Iights is. made and tl‘gg three cgll?er Hé;

ts are mixed to fqr .
e T B S T e S B AR sl Siof fLELA, pepecialy
light igrull witithigfhabesihgQne ahitalf FEdmumigiowelnrardttzeioglordex (CRI),
mixing agent can mix lights only, instead_ of changing light spectrum .
SO S GHEAGEA (B RPGHECb A B <oty SPTnE ELABiniR 2t iferen
Rt eR ASESELMmissI R PBAEIR SLIRONINIY QUBRBIBSIOMIch mixes the
spectrum is difficult to give a high CRI, accordingly, the combination is

dighéslt to give a high CRI light source. Meanwhile, the color mixing agent
induces diffuse reflection leading to a serious light loss.

Brief Description of the Related Art

The current commercially available white LED is produced by coating a blue
light chip with phosphors, where the blue light is emitted from a LED chip with
emitting wavelengths of 455--465nm and the phosphors which have absorbed the
biue light emit yellow green light. The CRI of the white LED is not high due fo
absence of red light component in its luminescence. Therefore, the white LED is
not qualified to replace general lighting source.

The proposed methods for fabricating white LED also include the following:

A. A combination of three LED chips emitting red, green and blue lights is
made and the thres-color lights are mixed to form a white light by a color mixing
agent. Since each LED chip emits one-color fight in full width of about 20nm at
half maximum power, and the color mixing agent can mix lights only, instead of
changing light spectrum compositions. As a result, the emission spectrum of the
combination shows three discrete emission peaks. The discontinuous emission
spectrum is difficult to give a high CRI, accordingly, the combination is difficult to
give a high CRI iight source. Meanwhile, the color mixing agent induces diffuse
reflection leading to a serious light loss.

B. Another designing method was proposed in June of 1998 (reference
|
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30B. Another designing method was proposed in June of 1998 (reference
CN1185042A), where a desired ORE is given, and then color coordinates
are calculated out based on colorimetry. Based on the calculated results,
a system including three or four LED chips is designed, in which an
emission wavelength and an emission intensity from each chip are given
subsequently. However, the sdesigning method is not used in practical

dabrigasional Whiterk ED dEbpdeasensargiven, 1ihdhedesigningmatiiostis are
available only in case that the number of chip t)@)es iS not more thft 4,

BiveiAHE RifySPaTsh ) PR TAITBe HB%ESH T S5 RS AP CalRR thed SVSter
ig‘,éﬁ_l'r%m{;'gh}@é*}?r ¢ase Of A nes @f ekingnids diffisihiageihighdaRAatelength

e ‘emission wavelengths solved based on the designing method are

ant the emission WEaRSIENGPD sTaske CED FpERAT P BEUYSINucAMRVe" the
rﬁ%ﬁngn:@ ugﬂ'\% s amater of frsbiEDAHesahrigaigtat Eeseridveasons

ction cannot give an expected C.:R1 In addition, the reference
tads to disclose any technical solutions on how to mix several lights to

form t hite light _ 3) Further, ; nt literatur neLll Al of chi
oy 0ol egting PTHOREC A08 RBIE Bl i M daRan i HAEE of cip

sdhitencER wantinot be Cecivédsitergahéhrefdrethese wll.SEhetigigdiain solutions
fop

method involves in produgjng white LED by using.ultraviolet. li
SRR AR ol U BRaSBIoirt TPEs e i s et i ot
20 apphosphokiaimp Mewswentikissheih odis disaduardagigoirgimtteod are not

following aspects. First, it is difficult to avoid leakage of an UV light to the
3 SPRTESEINE RIS Tse 6 % ﬁeq\g}\ﬁigﬁ’?ﬁ%ﬁ@qegﬁe@ @%]/]"ﬁ;gﬁt - mass

'E%DH{%ESYGSA@ RErsQEAreungdhe mpnufasiutiagricaidities: Seesndlyin mass
the efficiency of exciting the three-primary-colors phosphors is low

HecdusENSrsRAIgE BRELFEACRY LED DretlEatorextstrg pioEpidrdisciose
{gme{e@nﬂcapgoms&ls%qaeme GoR\eRsion eificienaninlow Asm ngsult,

e’luminous efficiency of the white LED is low in total, and thus the
meth8d dantier b uelets [ieiefice. G A GHIAE IAVERREATREIFRE structures.

object thef?%%@"gpa“c 15 Made 19 oYRIRAeALWRRS QDS 8gReRIAdNrived from
the reference.

C. The third method involves in producing white LED by using ultraviolet (UV)
light to excite three-primary-colors phosphors. in principle, the method is similar to
a phosphor lamp. However, this method is disadvantageous in the following
aspects. First, it is difficult to avoid leakage of an UV light to the out space of the
device due to use of the UV light. The leaked UV light may hurt eyes of persons
around the manufacturing faciities. Secondly, the efficiency of exciting the
three-primary-colors phosphors is low because wavelength of current UV LED
used for exciting phosphors is rather long and the electro-optic conversion
efficiency is low. As a result, the luminous efficiency of the white LED is !Qw in total,

and thus the method cannot be put into practice.

Summary of the Invention

The object of the invention is made to overcome at least one aspect of the
: 2



30

B e s ol dovepien s

disadvantages in the prior arts More particularly, the present invention is
made to solve the problem that CR1 is low and the difference between
emission spectrum and the standard light spectrum is rather large due to
absence of red composition in white LED fabricated using the combination

of a blue light and phosphors  Accordingly, an object of the present
invention is to provide a white LED with high CR1 and a high luminous
wifisieneygin Whisk esmare ypesefiitbahinsemitiogtlights it difarente to
wavelengths are fixed and,electrica(lijly com%ined on a top surface of a hea

OratiGiREhiB. TRk Hights LRifRreRisnd 8(8H§%E%{}%gﬁﬂx%ﬁ‘ﬁﬂﬁ8rﬁﬁﬁc rum
v avetiestanwhich Pastetrimasduaetionatmixirotighiseniderotlysthaugbosition

10a light diffuse reflection on its inner surface on which Erotrusions are

ipieigeeFo ErtisRtecNg BeHiS RRIERID OFmR! U BeheABBRRPIATRE

invention is\ifabricalr WiiteeER:-lamp inndidER RlansJightingisesncen with
for indoor fighting using the high CRI white LED according to the present

 higeRRInamha ibte LED e s ERENRE LEDRIRIhE RJHIEPshinRS A5 adighis

%ﬁﬂg Im&%m@?@%%lwﬁ@@ré fRAYENSION SR tAgRISHER on a top
amp ana't

e LED plane lighting'source possess a high electro-optic _
sofaaersibn éffisiermydantng lbagelifEfimég bisdadrdifSepableduelrnasls are mixed

K*uec?{%egft?%ﬂh mﬁ\ﬂ?ﬁgﬁﬂﬁqfﬂ%ugh

ccording n aspect of the present inve ereis
preyridedfasahitgiddDr20mithihigh R ¢asshaiclinpFitr@adnsoanprisimgded to
a heat conducting baée, a lead frame, a reflector fixed on the top surface

BF tR8 ek OHYEEIFYHBASE; LED chips fixed on the heat conducting base

withinfbe reflestehiaBtld thanapaseshsticongmeruesingitae EBDehipand a LED
wherein the reflector is a conical cup which has an cggen bottom. and there

alenpriERINBROIP iR ARMASAIAR HHER W Hghadd oYifie kéagrording to
e eadkfiamedatmatchrd welamtbithekpitemdofiibe raflestdnighang source

and size, and is fixed outside of the bottom of the reflector and fixed on

e UGHIE T the HRRMERANICHHY SRS TIREYER Enipd EomHSe dt D lamP
Icast f Ly %GESCPf &QW@ %QHHH@_HSW@@%E%%@ %"aﬁﬁ%‘?@gﬁ{cﬁagt@%onvemion
number of each type of chips is at least one, in which two adjacent
efiittangywanve e ot ditsfiohip g taote S bBNRdATANaS BBIOPOHIN Electrical

o o LB e el e
lead fragoeding to an aspect of the present invention, there is provided a white LED
with high CRI (as shown in Fig.8a), comprising: a heat conducting base, a lead
frame, a reflector fixed on the top surface of the heat conducting base, LED chips
fixed on the heat conducting base within the reflector, and a transparent silicone
covering the LED chips, wherein the reflector is a conical cup which has an open
bottom, and there are protrusions for mixing lights in an inner wall surface of the
reflector. The lead frame is matched well with the bottom of the reflector in shape
and size, and is fixed outside of the bottom of the reflector and fixed on the top
surface of the heat conducting base. The LED chips comprise at least 6 types of
chips emitting lights at different wavelengths, and the number of each type of chips
is at least one, in which two adjacent emitting wavelengths of chips have an

interval of 35~-20nm. Electrical connections of the chips may be in series, in

Y
3
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In a specific embodiment, the wavelengths of the 6 types of LED chips
emitting lights at different wavelengths are 457nm (blue light chip), 490nm

5 (blue-green light chip), 525nm (green light chip), 560nm (yellow-green

light chip), 590nm (orange light chip) and 630nm (red light chip). Each

LED chip is configured for each wavelength. The 6 types of LED chips are
arranged on the heat conducting base in such a manner that the lights at
Siftarany wanelengiis-6en besixedraaddnarravebwal Blestigaly connected
connections of the chips may be in series, in parallel or their combination.
withhwergegrestpialRaEdaRECtion, voltage differences in two parts

conngcted.in payallel 8rRRRGRSIAINRAMRAINGIES 85 Shews 8/F88NeCi®D chips

way, In which three chips connected in series are in one group and such

ewdtgroulishise alediffrally curvrietedlia Faraleh/BRCH R HSUNgHr e ihip<He0nm

i l&gﬁ?es%ésféﬁ\é%%@zt gsg%m%%ﬂdmtpamf SUBRI QLS SKERHPRATChIp),

ectrica in series. Other connection ways are possible
s@thoarobendetéghtinbip byrithé 3yen dsactioivechip). IRachrdiirebip is configured

mbodiment, each of the six types of iRS.may coniaj chj

ra%%céh i Yﬁée ?%&uﬁ%ﬁoﬁﬁg%eﬁ&%@g u%ﬁtfﬁ%g t%é%e%ﬁc‘g%el\%}gp csmgs heat
asedutangeachie arstagyer wayratetinattéhe tigtetal aedifoettarwainitenofitiiecan be
20 lights. The twelve chips are se F\ratedi to twofq oups avera %Ié/ and . s in
R S SN AR A T SRR RUR TR M SRS G 2 dpeseries:

IpsS are
RedNINeENOBFAbRSIEIE fvengresnsdpaeresanimvoitage difterentifierences
hus, the two groups are connected in parallel (as shown in Fig.8d). The

. )- Th ,
BuMENRABESARBaRISLEPHE Bh GG BERE RN AR Bl ByaRRUR thionnection
WAy, helkbs fraLmipvhiis lighida Hobarunipimitoaadfeuplataesuch two
output power compared with those using 6 LED chips as shown in Fig.8b
loreugpegifictnbisaimantreleED afAlehayabneamD CREE types dp series) is
clips erpirting lights. At differentwauelengifs t.aliow the lightspepiuBlecirically
energy p?lofﬁe to he even smooth and more ‘close to that of a standard

laopiestish assasing DtypesSOeticEDvhipsafer Rhesibiy eleth @it be4sTaTMined

%65nm, 490nm 515n81, 535nm,
y the user as required.

in a preferred embodiment, each of the six types of LED chips may contain
two chips arranged on the top surface of the heat conducting base. The twelve
chips are arranged in a stagger way alternately to realize a better mixing of the
lights. The twelve chips are separated into two groups averagely and the 6 chips in
each group are in series. Since the numbers of chips are same in the two groups,
the two groups have a same voltage difference. Thus, the two groups are
connected in parallet (as shown in Fig.8d). The currents passing through the two
groups respectively are equal. In this way, the LEDs can emit white light in high
uniformity and double the output power compared with those using 6 LED chips as
shown in Fig.8b.

In a spedﬂo embodiment, the LED chips may contain 9 or 11 types of chips
emitting lights at different wavelengths to allow the light spectrum energy profile to
be even smooth and more close to that of a standard lamp, such as using 9 types

of LED chips for the wavelengths of 457nm, 465nm, 490nm, 515nm, 535nm,
4
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560nm, 590nrr" 610nm and 6'30nm respectively in which each type for

each chip. The arrangement and the electrical connection of these chips

on the heat conducting base are shown in Fig.8d. The positions of the

chips are arranged in such a manner that the lights can be mixed well.

The 9 types of LED chips emitting 5 lights at different wavelengths are

divided into two unequal groups for their electrical connections. One group

i 0ampPeseshofd trpesinl LEED ehipsspavtiiag lighisrinditetenipe for each chip.
wavelengths in series, which emit lights that are closer to the blue light

The GHBPEHEGH isA s <l SF AR £ BIER eIt tirg R ate heat
differenhyaelengihsHpwene s iwbichemitplighisdhat dee ggseate Wieanged in
red light, as inshown in Fig.8d. Since the numbers of LED chips in the two _
o0 IEReTTNERN RS SR RRB G BRI AHRES Sl EECdUeFrEting

RALVAOTRIHESN: WhARASHINS SMbRMMERL IS Wb ChHESURRYRRSs for their

power-type chip, or may be composed of several small chips The total »

rlevibier btehesshipesis@eteeiine dsbpaneprsnepa8 e afdPsbips emitting
lectrical ' 0. [ i j '

A PR A B R e e

tighdutlingobasegrmap be aplaedsaseinadesscoppdr Palchinauemiiing lights at

composite materials,.a base provided with.a.screw.or screw hale.on jis,

A DS A A i e M oS R T R B o o

codkciingipipesSie tadiationbins afe Spirchiradiatibe fiws witlupsear unequal,

20more spirals or a type of radiation assemag Iqﬁa greferred

WD BBRAGR I AEYBH RN G IRRIRY FGHE TS SdRTGPMAYR AIQYERals such

as CopPeL oY AdBinbpimadthese & spRerinal olysions - apthenipner may be
wall surface of the reflector The protrusion surface is smooth and gives a :

Mg PeRestivitye TR R Blrpbes of iRt Hghi winRsy, Sh& Brott RS dndatgynined b
%&?@@éﬁg@% (Hiigreny %@%@ﬁi@é@gb@&n&%ﬂﬁ:%ﬁ@%@a% SiR@9@Mich can

way in alternate lines, in arrays or in uniform pattern in descending order
obsiedizas ngastiaasmitiigiapriieoana heiRimity of the emitted light

can mee thr%gf?a?%uér%mg%ﬁr%hﬁ‘?k@%@t%E&t{@sgg%t\‘\‘%&m@@ plate base

arranger%é)n respectively. The Invention also provides a white LED
tamp @ shavrindhigne which ¢sr8pdeisigmedebate chopate WhitdadEmith a screw

described in the invention. The white LED la comprise at.[ﬁa t ,
wWHits TRH 1R .%%8%&@%&88" asﬁtﬁ aGhtat g r%(ra{%: MAnica: I\)I/3 With & erzat(%}l pn fins or
disgsty KBERWGR RSBV P8, Stewakitechent BR: ispiriaé daviithien dingngth one or

circuit, and the driving circuit@i? connected with an electrical connector
tHRSUGISREAoRIsThY RE PARRD é%%%?&?ii’ ¢hell covers the LED. The

bottony,of, theshapt siskniscennBactesbwisiec rupfehapmh §laghc mambes, of metal
and a driving power supply is accommodated in an inner space of the

plestierinrer. FnecpRatie e Ena0fed 8§ I8 ERREHERl RISiAtBARS o the
b%W%PMﬂ%QHXH@&qw&fréﬂawr.amﬂé%&ﬁ%ﬁ&mK,uﬁ@c%n% afntbstRlasicgives a

member is provided with an electrical connector. The reflector used in the
L By lis fitedtiits, toprett opthieoseatisifik TaBieaiidng, the protrusions may have

same or different sizes. The protrusions are arranged in stagger way in alternate
lines, in arrays or in uniform pattern in descending order of sizes, as long as the
emitting angle and uniformity of the emitted light can meet the requirements of use.
Fig.7b and Fig.7c show two typical arrangements respectively.

The invention also provides a white LED lamp as shown in Fig.8, which is

designed based on the white LED described in the invention. The white LED lamp
5



10

30

toprotrusions on inner wall surface of the reflector to achieve a uniform

light mixing. In a particular embodiment, the electrical connector is a
bayonet socket in double or multiple feet or a screw socket, which may be

an international standard E27 or E14 screw-socket, or other interfaces

In a preferred embodiment, the transparent bubble shell is made of glass

or rsplastics and is transparent, colored or diffused In a specific
empodinentethers e gbt eanvertinacRiaterals Khan#meswalbeHERESy with
of the transparent bubble shell.  The invention provides a LED plane '
Highr ajosirde o atiobY figaking iy Me%ﬁﬁ@%%’ﬁtc&@idd:—@ fhevired with a
ﬁx{jﬁ%@?mglﬂéﬁtm% The HRRRage Henk sonse scldgs, aéﬁe%%;&u@@apfc%eotor

eat sink, a driving Circuit, an electrical connector and a
tranisparesnhduibde Shiednedrsesinbtiedleatsinkoggseotecedbyheobrtiag of the

r 4 reflecting walls, on a heat djssipat Th t dissipation pla
R e P B R ot b
pupyiged wittoprotrukites ipnats inmsr spaleeefAihelettatal memiectiome plastic

e i S Ot T B8 W, o

igllectingwallsrasrandndepsadentpiane light sauides, witiaam seohhiaatiomector.
of two or more LED plane light sources. The LED is a white LED with ﬁh%?? are

Ehg reflectqmisgflitd (B With MRt addSrifgdoth L pragaheiRe
hasthe AU elonipg Rdyaniages of thelreiap eBhrMiRRnt ahfeastBilyPasing.

of LED chips emitting lights at different wavelengths are fixed and )
electhcalpasiibicansRos e cHitd (R IAOIRE Ephiteed IfaNngt socket in

%%85%‘5}"’@\\(‘?@%9%@%%? mixed, Hiarmiy,Rycth ‘?n%g/'%%ea{ ehieetionighhetandard

ecting wa he reflector which is in'a shape of cone or truncated
dbrie dhdvidgsarevperchettomodmdt Wisidhdssprovided with protrusions on the

inner wall sugface so as to. produge t ' ife L
with f'{i\gﬁ gfﬁf:%rr?gy AN %lg‘;’ﬁeﬁ?I&%iﬁgﬁﬁg%hgr%@%%%éﬁo%@ﬁ%& glass o
spastieymed thersdutentdnh oslobitet &Bulserp is close to that of a

standard lamp, it contains a full spectra that a persop's eyes is sensitive
o, acRoRChRG e WA TED HAE s Yool CHERL OF TOAMR I g e v

CRitand dpwdighirepsrentZubaewhite LED according to the present
invention has a high light emittin%Refficiency. The current prevalent method

for profacMEBiRRI PELS B S5 HRAPMIFIRESNY b LBrRPA bida gt ENe the

ek Yo gresm Jabtie HisarosrRentdcertan enerayresyillource includes
generated. In contrast, the present invention does not use isphosphors,

antidagsane ety ) fdes ia BedidEl. PUthEINOFeUEsHNSIREEIRRICONBRYGRY and a
for Jiahs mixingisesmnelvedyashighdighhespiting effisisacyds ashisyading 2 or 4
reflecting walls on a heat dissipation plate. The heat dissipation plate is provided
with fins on its bottom surface. The reflecting walls are provided with protrusions
on its inner surface. An electrical connection plughole arranged on outside the
reflecting walls is connected to the driving power supply. The transparent bubble
shell is fixed on the reflecting walls as an independent plane light source, or as a
combination of two or more LED plane light sources. The LED is a white LED with

high CRI.
The white LED with high CRI according to the present invention has the

following advantages:



30

3. The white LED according to the present invention has a low optical
attenuation and a good optical consistency. For a white LED produced by
the current method, its attenuation includes substantially a mixture of the
attenuation 200f chips emitting and the attenuation of the phosphors.
However, the white LED according to the present invention is produced
independently of phosphors, and thus, its spectrum chromaticity is

complataly Sapsasest0at the sresinsy ehrematiaity datichnipdgns dghtferent

mixing effects. Therefore, as long as the wavelength for each type of ch'Rs
MR MR e e

ASONPINIARL SPRREHMEOBIIgIE. 2 GstpTNZsEhligitngs eatube reflection
realized using the white LED or white LED lamp according to the present

dhtenestecBydadplistin g foiiarIcE YRS Srinea sRaPE bR RBfpS! Hncated cone

%Rp&jtg%ddﬁ% tf&%&?&&i%%@%@%J?S@%@%tﬂﬂ%&ﬁ&@&@%ﬁ%@ﬁﬁer wall
t}em erature of the light emitted by the white LED or white LED lamp can
$hef3cadjustet wednenichvdriate Ryand phie bESItBwBhdigh efficiency

hef3oadueted wedkranbiriielERyaLe B ,
Tl B R R R A kS

WRESKEBitpthshowisshaeitetgy distabdaohlanthdt seesainmeotdspectra that a
international standar

e T R T
soureeighthigh CRI and low light loss.

2. The white LED according to the present invention has a high light emitting
efficiency. The current prevalent method for producing a white LED uses
phosphors having absorbed a blue light to emit a yellow green fight. In this process,
a certain energy loss will generated. In contrast, the present invention does not use
phosphors, and thus the energy loss is avoided. Furthermore, as an inventive
method for light mixing is employed, a high light emitting efficiency is achieved.

3 The white LED according to the present invention has a low optical
attenuation and a good optical consistency. For a white LED produced by the
current method, its attenuation includes substantially a mixture of the attenuation
of chips emitting and the attenuation of the phosphors. However, the white LED -
according to the present invention is produced independently of phosphors, and
thus, its spectrum chromaticity is completely dependent on the spectrum
chromaticity for chips and light mixing effects. Therefore, as long as the
wavelength for each type of chips chosen is consistent in the mass production,
the emitted light will have a consistent spectrum chromaticity.

4. Customized lightings can be realized using the white LED or white LED lamp
according to the present invention. By adjusting forward currents in each type of
chips, an outputted light intensity can be changed, and thus a correlated color
temperature of the light emitted by the white LED or white LED lamp can ‘be

adjusted to @ monochromatic light.



20

30

standard lamp A within the wavelength band chosen depending on the
person's eyes sighting function. ic)Fig. 3b shows the energy distribution of
the spectrum of the light source of the standard lamp D65 within the
wavelength band chosen depending on the person's eyes sighting
function Fig .4 shows energy distribution of spectra of the three types of
LED chips of red, green and blue lights. isFig.5 shows energy distribution
of spectra of the 6 types of LED chips according to the present invention.
g.6 shows the energy distribution of the spectrum of the mixed tight from

@r’i@%%ﬁér(‘iﬂ‘ﬂboémﬁ’s%%?&% to the present invention.. Fig.7a is a
crosgigectignyievf anagangemsntiehthe rretrusiennen Bie Ainnefnational

wall surface of the reflector
standard lamp A light source, where its color temperature is 2856°K.

Fig.2 shows the energy distribution of the spectrum of an international
standard lamp D85 light source, where its color temperature is 6504°K.

Fig.3a shows the‘energy distribution of the spectrum of a light source of the
standard lamp A within the wavelength band chosen depending on the person's
eyés sighting function.

Fig. 3b shows the energy distribution of the specirum of the light source of
the standard lamp D85 within the wavelength band chosen depending on the
person’s eyes sighting function.

Fig 4 shows energy distribution of spectra of the three types of LED chips of

red, green and blue lights.

Fig.5 shows energy distribution of spectra of the 6 types of LED chips
according to the present invention.

Fig.6 shows the energy distribution of the spectrum of the mixed light from
the 6 type of LED chips according to the present invention.

Fig.7a is a cross-section view of an arrangement of the protrusions on the
inner wall surface of the reflecior.

Fig.7b is a top view of another arrangement of the protrusions on the inner
wall surface of the reflector.

Fig.?o is a schematic view of the third arrangement of the protrusions on the
inner wall surface of the reflector.

Fig.8a is a cross-section view of a structure of the white LED with high CRI
according to the present invention. v

Fig.8b is a schematic view of an arrangement and an electrical connection of 6
types of the LED chips on the heat conducting base (unit of the wavelength for the
chips is nm in Fig. 8b).

Fig.8c is a schematic view of an arrangement and an electrical connection of &
8
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Fig.7b is a top view of another arrangement of the protrusions on the inner
wall surface of the reflector. Fig.7c is a schematic view of the third
arrangement of the protrusions on the inner wall surface of the reflector.
25Fig,8a is a cross-section view of a structure of the white LED with high
CRI according to the present invention_ Fig.8b is a schematic view of an
arrangement and an electrical connection of 6 types of the LED chips on

e beatreonducingshaseundottriwaveleags) fardhedtipgisaol IEBighips

8b). 30Fig.8c is a schematic view of an arrangement and_an electrical

Rl et fr A e e i

where,eRch typenehldmb Bips cantain yehipatbind of hiewaelengibdosn of o
the chlgs is nm in Fig. 8c Fié%.Bd is a schematic view of an

thehg Fh@rﬁﬁ%ahéi??ér@c)ﬁ%éﬁ RRBEHEHBIE tpes brohd e BEVEHg§or the
5H%Q%ﬁqﬂ%;i§g>_base (unit of the wavelength for the chips is nm in Fig.
8d).

Fig.9 is a schematic view of a structure of the white LED lamp according to the
present invention. i

Fig.10 is a schematic view of a structure of the plane white LED lamp
produced by using the white LEDs with a high CRI according to the present
invention.

In the drawings, the following components are designated by the reference
numerals as below:

1—heat conducting base

2 -lead frame

3--reflector

4 —protrusion

5--LED chip

6--transparent silicone

7 —lead out strip of LED electrode

8-—-driving circuit

10--electrical connector

11—LED light source

12--transparent bubble shell

13—heat sink

14 —plastic member

3'--reflecting cover

4'-—projection

Embodiments of the present invention will be described, by way of example
only, with reference to the accompanying drawings. However, it is not intended to

limit the invention to the specific embodiments.
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Fig..9 is a schematic view of a structure of the white LED lamp according
to the present invention Fig.10 is a schematic view of a structure of
the plane white LED iamp produced by using the white LEDs with a high
CRI according to the present Toinvention. In the drawings, the following
components are designated by the reference numerals as below: 1-heat
conducting base 2. -lead frame 1S3- -reflector 4 -- protrusion 5-LED chip

6-transparent silicone 7- lead out strip of LED electrode 208-driving circuit
10- -electrical connector 11-LED light source
Detailed Description of the Preferréed Embodiment

The present invention provides a method for fabricating high CRI white LED.
Embodiments of the method will be ittustrated next with reference to the drawings.
The three -digit numbers in Figs.8a-Fig.8d indicate the wavelengths of the chips. In
Figs.8a-Fig.8d, the unit of the wavelengths which is nm is omitted for brevity.

The CRI of a light source is a physical parameter to evaluate the color
rendition property of the light source to an object irradiated by the light source.
Sun-light is the light source with the best CRI because its spectrum is continuous
throughout the wave band of the visible light. In an artificial light source, it may be
considered that the internationally specified standard lamps have the best CRI
The standard lamps emit fights with conti_nuous spectra but different color
temperatures due to different energy distributions of the spectra. Figure 1 shows
the energy distribution of the spectrum of a standard light source D65 within the
visible band. |

Figure 2 shows the energy distribution of the spectrum of a standard light
source A To fabricate the LED with high CRY, it is necessary for the LED to emit a
fight which substantially has a continuous energy distribution of spectrum being
close to that of a standard lamp. However, the standard lamp has a quite wide
band of the spectrum, including a range of 380nm ~ 780nm in the visible band.
It is difficult and not necessary for the LEDs to meet the above requirement for a
width of the spectrum because person's eyes are only sensitive fo lights at
wavelengths of 450nm ~ 700nm. Based on the sensitivity range of the person's
eyes and the LED emitting wavelength range, the wavelength band of 455nm~

680nm are chosen as a reference wavelength band for the fabrication of the high

. CRI white LED.

The spectrum of the conventional R, G, B three-color fight is shown in Fig.4, in
which any two peaks have a large interval so that the spectrum can not be
continuous. The spectrum for the LED chip contains a peak wavelength at which

the LED chip emits a light with a peak value of output power. The spectrum for the
10
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12-transparent bubble shell 13-heat sink 14 -plastic member 3'---
reflecting cover 4 --- projection Embodiments of the present invention
will be described, by way of example only, with reference to the
accompanying drawings. However, it is not intended to 30limit the
invention to the specific embodiments. Detailed Description of the
Preferred Embodiment  The present invention provides a method for

fabricaiingibiohsaRRludyte krPvwamRhedimeris @f theyngthas willbet which the
illustrated next with reference to the drawings. 5The three -digé;t numbers

LFEighiBrIicea A iRbAenginb SRR Mie IAf P8R B9y 8H and 2
dbe Haitf e wayeisReths iy ehdsdiBdsemiftad fer breviip erhfte SRnt with

of a light source is a physical parameter to evaluate the color rendition

airopleiit offthelipprisaalee & antobjerewradiEted B tHevRGHteBURRge fypically
f%‘é”é”&@%%mﬁ UQA!E%&?WF&]J@M@B'%%%%H&S%CHM kavelength

continuous 10 throughout the wave band of the visible light. In an artificial
dightesoungepinmayble whsideebdstiatie 1Atemdasn dIgnsihecifak wavelength.

B B T PR b o
distiibutions tbhthéhspestkawFigiragtishods thenénergyvdistidpgtionvbfchds about
spectum ot standard HoNt SoRICGIP AoV INILBR. & red LED chip with a peak
wavelength of 630nm has the first wavelength range of 620nm~-640nm and the
second wavelength range of 612nm~-648nm.

On basis of the above characteristics of the LED chip , a continuous spectrum
may be formed. For example, if a LED chip with the peak wavelength of 630nm
has an output power of 1.0 at the wavelength of 630nm, its output power will
become 1/4 at the wavelength of 612nm. in addition, if another LED chip with the
peak wavelength of 594nm has an output power of 1.0, its output power will
become 1/4 at the wavelength of 612nm. As such, if the lights emitted by the two
LED chips are combined, the total output power of the two LED chips at the
wavelength of 612nm will become 1/2 of the output power at the wavelength of 630
nm or 594 nm. In the case, the energy distribution of the spectrum is continuous in
a zigzag shape, although it is not a straight line in a horizontal direction. The
wavelength band between 455nm and 680nm has a width of 225nm. If different
types of LED chips emitting lights at different wavelengths are arranged in the
wave?éngth band at an interval of 20nm, 11 types of LED chips are needed.
However, in fact, it is not necessary to use so many chips because the energy
distribution of the spectrum of a standard lamp with a certain correlated color
temperature is not a horizontal line. Therefore, the interval of wavelength can be
adjusted as required. If the interval is 35nm, 6 types of LED chips emitting lights at

different wavelengths will be enough to form a continuous spectrum in zigzag

shape. For example, 6 types of LED chips with the emitting wavelengths of 457nm,
1
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1 5visible band.  Figure 2 shows the energy distribution of the spectrum

of a standard light source A To fabricate the LED with high CRI, it is
necessary for the LED to emit a light which substantially has a continuous
energy distribution of spectrum being chose to that of a standard lamp.
However, the standard lamp has a quite wide 20 band of the spectrum,
including a range of 380nm 780nm in the visible band. It is difficult and not
LELessaydanthedsnhs Bomeat Hie abaye-reruperitalforayvisth eddbeat the
spectrum because person's eyes are only sensitive to lights at
infaneiengd3s®f 450nm 700nm. Based on the sensitivity range of the

per%cﬁ'l}'i %)éﬁ?oémemeéolﬁgc?éﬂﬁaqaélvw&l%gglr{a&%etn@mmlgngﬁmcmed in
band of 455nm-

25680nm are chosen as a reference wavelength band for
ttiees éabrichtidioofithehingm@Riaghite 1sED CrREBFes ihe orerk wavelengths for

(RNSIRR0 R Be Brll S CUUHONtIR SBINA 0.0, BIBRIRN SV 590mm
8& Ssﬁjave a large interval so that the spectrum can not be
sontistmua, ThepspéotiymAtndug i Eleghivecantiiles differgkeralisiendte saabove

which 30the LED chip.emits a light with a peak.value of o [
BRI e LB e e A d R RN kot of
nyarengisebuhisbohe L& dipremittha liaferveith bbiowdralbtfehedieaknt peak

value of output power and a second wavelength range having two ends at
= U, b et

WAKSMETSE BEnilS EiteaD light With 28DuiiTa RthdHEariGEgFed second

peakvallie' o

QHIRERGIYEENERS frstinave pagiesrNgAuY RICallpEt e makianiEmin the case

wavelength which is about 10 nm more than the peak wavelength and a
dhiatirinend WRes|oh GiNRRHIEN S HBB i Y HRSR S BRVFeaMe output powers
'a %e%el%g C-ﬁ?_g ﬁ_@&ﬁ?%\?@%&ﬂ%ﬂﬂéf&@%%ﬁ%% HENFWNRBUIDM adjacent
wavelength which Is about 18 nm more than the peak wavelength and a
nvinitypes wheblenginwisichipeaberad 8trihe lwayalsaatiethagrre 18nm from the

R R o O e lS Mol Eht e
Vw\éelemg_thgrangem&bmmp_uﬁmmrs_ of the barcontieabyves of chips at the
R S DR e
stk ReaveerigfdgCcahthe vanetetigih of GBenmf itsipaiputiiowdgngl at different
wavelengths are used, the intervals between the peak wavelengths will become
smaller and the energy profile of the light spectrum becomes more straight and
smooth. But use of too many types of the LED chips may entails sophistication of
the fabrication. Fig.8d shows an arrangement of the combination of 9 types of the
LED chips.

To fabricate white LEDs with high CRI, a further problem to be solved is to
adjust energy distributions among different chips. In the present invention, two
methods are provided to adjuvst the energy distribution at respective wavelengths
as follows:

1. to adjust the number of the chips with the same peak wavelength, for
example, to imitate the D65 light source, the number of the chips with short peak

wavelengths may be larger than that of the chips with long peak wavelengths; to

imitate the A light source, the number of the chips with long peak wavelengths may
12
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is become 1/4 at the wavelength of 612nm. In addition, if another LED

chip with the peak wavelength of 594nm has an output power of 1 0, its

output power will become 1/4 at the wavelength of 612nm.. As such, if the
lights emitted by the two LED chips are combined, the total output power

of the two LED chips at the wavelength of 612nm will become 1/2 of the
output power at the wavelength of 630 20 nm or 594 nm In the case, the
eaegedistibikoniohtherspecitirshisicpptiRumisia gyzigzag shape,

although it is not a straight line in a horizontal direction. The wavelength

bt BECRRIL A4EH R Al GOFFH (Rl A WRHR P 25 SRR RRS The

efiihy alimscemigingights bt diifeke proyyatengths e RHANgatiiftMeassing
wavelength band at an interval of 20nm, 11 types of LED chips are

HERUaRY. 74 oW\ S 726t FANRENBTIRE R SLHI MU B HangapEngly. the
breavseis energy distibution thtbeo%@lesguaaj%?e@twdaﬁgdew Wihr&ward
e

certain correlated color temperature is not a horizontal line. Therefore, the

FHERM ARG IBFYAR ARtk fldj Rt d Rurg A rkdBinhE miorvarts el the
@J%Bﬁ?t E)IICEQ E,hHP& %’@QHJW% ﬁ&ﬁ}fﬁ%{%ﬂ%ﬁ%ﬁﬂ%ﬂﬁwi%& Typically, a

enough to form a continuous spectrum in zigzag 30shape. For example, 6

st of et EMipsdthitakoarmitengsavsigiigthedflammmayiosnged to adjust
onyx nop, 601m and 640nm respectively may be used at the interval

gf%@%.ggﬁln an embodiment, considering that wavelength for the LED

chipg febii¢dtecbiriemals tpredhetion fatoiiptmamdifeturbits iskdistaithizddgh CRI
the peak wavelengths for the 6 types of chips may be selected as 457nm, ,
RO A B OIRA o A 2t O i/ R g iy  oroat

yeapdittprididtereneetinpm featamw desichib alugioilvisapilisdnstatering of the
allowable range in practice. Except the interval of 40nm between 630nm

Abta0 oo s SRRSARRS SaiRkdR SRS VadRR STigrak Ik iriginSarause the
g8 Haa R854 aRd ifhuserichawe sipernese dhseernd Inyava@lapgi and thus

ranges for 1/4 of the peak value of output power. That is, in the case that
tRE B PeEOERRYSSERRItTGRRNSINR AU SIP Aiga Ve QamEPoftpygt the above

F}%‘fﬁé%f’i‘té%ﬁ%ﬁ?%’%r%%%i%‘%%ﬂ&ﬁhéomgiﬁ’%pk!&Roc‘!YeéSﬁstg?S and have

lights from adjacent two types of chips can be superposed at the
veavelShguistest with1annofrorfiestivies peictive pidedneivdiengingadihdnher wall
total out owers at the wa: t i t 0 . -
R L S STy mig
ebepgydisiribution laftthenspegtribm wotnposed mahisavaysisnaecontifieoeist sizes,
zigzag curve. If more than 6 types of chips emitting,lights at different _.
LY B R e SRR B h T LR WEiEh g whie-7 and
begoreesmaties anddheeaatgyreradier aféhardigbtispectrum becomes

more straight and 20smooth. But use of too many types of the LED chips.
may é’hféﬂ%%ﬁ%?sﬁ%&ﬁ@fhas a light-emitting afea of about 1 square millimeter.

In short distance or space, the power-type LED chip can not be considered as a
point light source, but as a plane light source. Each of the protrusions on the
reflecting surface is illuminated by the lights coming from various directions, and
then the lights are reflected back by the protrusions according to the reflection law.
Thus, each of the protrusions can be taken as a point light source, which emits
lights outward from the top and sides of the protrusions. With this configuration, the
lights with various wavelengths can be mixed well by the protrusions and light

intensity loss can be reduced to achieve a high efficiency of light mixihg,
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the fabrication. Fig.8d shows an arrangement of the combination of 9
types of the LED chips To fabricate white LEDs with high CRI, a
further problem to be solved is to adjust energy distributions among
different chips. In the present invention, two 25methods are provided to
adjust the energy distribution at respective wavelengths as follows: 1.
to adjust the number of the chips with the same peak wavelength, for
example, to imitate the D55 light source, the number of the chips with
short peak wavelengths may be larger than that of the chips with long
%@QQ 98fe1ngths; to 30imitate the A light source, the number of the chips
withdepghepto Wwayslemgiiep mayhhe largertitamdhat Rf teipg withe present
short peak wavelengths. 2. to control the output powers of the chips by
RURIEIMPERIS WF@H%?W&%‘W&Q%&H%WEF%F urihefylenfsihed.

propgartipnakig dasdorvard guserbrassing theauoh sy awide e eRkpe base
range after it turns on forwardly. Accordingly, the s emitting light energy of

thedeED elsip BaridesHeudfe 8P RhBhGHGIREToriaFeERARE pralsiigls, which
Fﬁé?l{gﬁ‘ NSHER GRIP LR 2AMSHIG 1R LRONAFHCHIES e BSGYIRRLton fins

typic is not more than the nominal current of the LED chip. Typically,a
ditectreu memaBGpivaieulakobese Apidseraadth srituRtion edyese digsipsed in

adjust the chip cu )The thi lepnet ved in faprication. - iai
e S 2 e o Ay 63l Rerciaty
aglitibral ldelbrivabeng itethbebis torappiing ghestdéalnuiydiflsse beflectiediation
agents above a chip to allow repeated scattering,of the light in the -
@%ﬁ? a}’l’%ﬁ d\%it)?(fg\%%?ﬁévgfhae %ﬁ%%?%f ﬂ‘g em?ginhéaﬁrtehcez{@saé tﬁ%nductlvny
diffusearefllesiiondsimdisprerrdhgdiphirase hepooiaasenpsertoasdaadgroup of
thus IS electro-optic conversion efficiency becomes si%nificantl low. To

JONR tHs RB80e o BIEP ARG G SFPPSHusiORsSWIIRH Saitaht Lpdfps heat
3 SRSt ansRavesaaaibsWiaces witha hab reflpeivitibamdpvidesd with

on the smooth inner wall surface of the reflector to achieve the effect of

Bbthuiihh eégldtitsn aaidelighb P iRIFYID Esen iR’y B dBsighthalxinGawel to outer
PIQIHSIONS MRy s SRmeOhAif&ieNtBieehe metal pipe or the metal rod. The

inner diameter of the super heat conducting pipe or the metal pipe may be capable
of being fitted to or matched with the screw on the bottom surface of the heat
conducting base of the LED. A porous or net-like housing made of insulating
materials or metals may enclose the support and may be a part of the support.

The reflector 3 for light mixing is usually made of silvered copper or aluminum.
It may be a cup having a shape of a cone or a truncated cone with an open bottom.
There are protrusions 4 arranged downward from top edge of the reflector along
the inner wall surface (as shown in Fig.7a). The protrusions 4 may be arranged in
a descending order of diameters (as shown in Fig.7b). The protrusions 4 may also
be arranged in arrays (as shown in Fig.7c), or in stagger way in alternative lines.
The reflector 3 is fixed on top surface of the heat conducting base 1 and is
arranged in the lead frame 2. The angles between the reflector 3 and the heat
conducting base 1 may be 10°—80°. The protrusion 4 contains a spherical smooth

surface, and thus the inner wall surface of the reflector is smooth and has a high
14
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20and it may be arranged in stagger way in a descending order of sizes.
Fig.7b and Fig.7c show two typical arrangements of the protrusions. A
power-type LED chip has a light-emitting area of about 1 square
millimeter. In short distance or space, the power-type LED chip can not be
considered as a point light source, but as a plane light source. Each of the
protrusions on the reflecting surface is illuminated by the lights coming
invayious directions, and then the lights are reflected back by the
protrusions according to the reflection law. Thus, each. of the protrusions \
canbé RRraP iR @@ﬁ‘ﬁ@@ﬂ?t?é‘,hﬂ%\‘?@?ﬁil&%ﬁ@%tweﬁ f&lﬂﬁetﬁ'étewa‘b
PR30 sidasaf the praitusines WiHY hiswesiignmpigncte taiys Wb used. In
various wavelengths can be mixed well by the protrusions and light
rBolindasithRIEPEaN MEFRNEYIARhiEFe FPAhBXfieBn@PSHfight Onm. about
IR0 BEROAGHEA! LRGeS0 &G G0 SRy AP LER TGS LED
according to the present invention and a method of producing the
capeeivirbetferttienlfeseribected WiptheiiembedimeibethdhsatiesRiuttimgralle!
tgflasfg | may be a plate-shape base made of e.g., metal such as copper or
a un¥inum, or composite materials, which may be provided with radiation
fins i heeragidtiatirfiestray berspirhizainifontiesprith syelengihe of 457nm,
spirals. The base herein may be similar to the b isclosed -
e BT R oo L o s IIOEE aag s ofer toree are
spamasiailydnroyailable ED bastse The heat sondiittiadvibaseclipsapay have
also be a radiation assembly which is composed. of a support made qf .
HighRsrrRATEB AL GRS o S1e7 S35 RN Fod Ay e bndhe ggerea!
oh the SiPert and @ arasp afdowasvadiatipry dbs survduolingshevsupparps are
The support may be a super heat conducting(fi%a(, a metal pipe or a met
h

|
ede Tl YA GRS  Bro PRGNS 84 BT RTDI I EeraReced (©
-&H{‘aﬂﬁlgﬁ]%wgmthgl%ﬂﬁé@ig@%%@rﬁﬁg%Iagﬁ@iﬁﬂ@ﬂﬁ!ﬂ@é@ﬂ@fdh@en by two

super-heat conducting pipe, the metal pipe or the metal rod The inner ,

dianesteupblire sugienteft toinduetnyasiss dr tharamietaP pip@iky ennected in

capable eing_ fi to qr with_ th re fa

e A Randt ke brc DT ED- R paraus o atlice hosoans G e

mafler-efiasglafittge 2Bmraterials or metals may enclose the support and

may be a part of tt{]e support.
op

e 2 st oo
CaNS @it thansadedvenaemdth an4giembitmied heferese frethisiohght chip with
SaEARS RPN FIGH A A DIGOrs  hy) B ey wavelengts
of 525 nm. and at least the LED chip with the peak wavelength of 580nm and the
LED chip with the peak wavelength of 590nm chips are added between the green
fight chip with the peak wavelength of 525 nm and red light chip with the peak
wavelength of 630 nm. A continuous light spectrum can be formed instead of
separated peaks, when the 6 chips with the intervals of about 35nm for the peak
wavelengths between the two adjacent chips emit lights simultaneously (see Fig.5
and Fig.8).
The above mentioned 6 LED chips 5 are arranged on top surface of the heat
conducting base 1. The electrodes of the 6 chips 5 combined electrically are led

out from the lead frame 2. The lead frame 2 is a copper-embedded plastics or
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25 a descending order of diameters (as shown in Fig.7b). The protrusions
4 may also be arranged in arrays (as shown in Fig.7c), or in stagger way
in alternative lines. The reflector 3 is fixed on top surface of the heat
conducting base 1 and is arranged in the lead frame 2. The angles
between the reflector 3 and the heat conducting base 1 may be 100-.80.
The protrusion 4 contains a spherical smooth 30surface, and thus the

el sutiece-atitherellectrdssppath-anmbbasa gl teflsativityelectrode
In the embodiment, 6 commercially available LED chips, which have

ieRroni S BirabothisB GPNR HsesrarGr A erdiks etledasivthajdcyng circuit
SRR aES Masdn R pasticyias theieneak wavslengtbrBaYe ARAMted from the

457nm, about 490nm, about 525nm, about 560nm, about 590nm and
h@@m@%@ﬁﬂ@e@@@:ﬂvé@?ﬂﬁ@%ﬁ%%ip@B%r@@é‘iléwﬁtéﬁyt%mﬂ%%@w 3. The

[Boniress & v RUDSFR RRfiSs oL ignamlieliotallys  In the embodiment,

e three chips with the peak wavelengths of 457nm, 490nm and 525nm
are doenekewitbieseriethasta grpspsamdehieodthetr tuiedyape io giewps, to adjust

COP QJ C|F1 gnigﬂgség’rigﬁtkoqf%?%gp “t/ger [IiE)%LJ'I 'oErggp t%f %%l%l\\ll% %%uggsrpeaé/ é:olor of
AV tWoTeadTerminals at both ends espectively. The arrangement an
elgctricalcennediicatefithe Gahipsoarcshaien mEdpainteviyichetskittad person

groups are electrically connected in parallel and the lead, termjnals may be .
Bttt NGB AR R B S g L ShEk eed i
indenspdentbhdrivany tweigepower supplies instead of being

connected in parallel or may be connected in series. Other suitable

connBEIRIHEGE A1%0%50 BB HPRRAHT BA tAE RS UfRiiR ritd ot He RigR CRI is

CRIRATRCYMIE-IBE SRANtREREROB white & BRicH doaambedipant.dhee LED
LED chip with the peak wavelength of 490nm is added between the blue

ligtie T hils WitArEER RS fBaKkavaselEigtyohes Hith Gy wid i e fighegrpown in
Vf\‘lil h %15:‘ %%K %\égg%%%@ Eéézéﬂ]%g @d?\%w kﬁﬁ?k?ﬁﬁ&é@ﬁﬂg’fe&{mé% different

peak waveleng nm and the LED chip with the peak wavélength of
KMdrenhips ake duicecisetvirdrighe gtberighvechipbivithihe pealle arranged in

wavelength of 525 nm and red light.chip with th k wavelength of 63
ARG Bh b AU SRedoh RS L1 ¥ SR BEYEE T fe o v
peaks. Fhenitheith chippedth waedidapialsfofsdnout Beniue ke pdght LED chip
wavelengths between the lwg adjacent chips emit lights, simultaneously,

(S8 PR GO b APOUEBRUBHE € P b BB BT e peak
aprANges@n spp sihace of i hepteantduectimphans Withhaeleeirosastingth of
the 6 chips 5 combined electrically are led 30out from the lead frame

2.
THOR R hasid@ IR l@@g%_mm&g%%‘%gweiength of 590nm and the red
light LED chip with the peak wavelength of 630nm. They are arranged in such a

manner that the intervals between the peak wavelengths of any two adjacent LED
chips are about 35nm. The twelve (six types of) LED chips are divided into iwo
groups. The chips in each group are connected in series and are lead out by lead
strips which are connected to the driving power supply, as shown in Fig.8c.
Referring to Fig.8d, another white LED with high CRI comprises nine types of
LED chips emitting lights at different wavelengths (only one chip for each type).
Use of the nine types of LED chips emitting lights at different wavelengths can
improve the smoothness in the energy profile of the spectrum of the LED to

approach the energy profile of the spectrum of the standard lamp. The nine types
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MPCB plate The lead frame 2 has a copper-embedded strip as a LED
electrode lead out strip 7, which connects electrically the LED electrodes
to the driving circuit 8 The copper-embedded strip in the lead frame 2 is
electrically insulated from the heat conducting base 1. The lead frame 2 is
arranged outside the reflector 3 The LED chips 5 are covered with a
transparent silicone 6.  The electrodes of the 6 chips can be led out

SOl erinsakevnsy teradpistiowlRutiniensities ebthereapertive AiRRING 15nm,

order to achieve the desired color of lights. These modifications or
Yabitio A8 Givd HSO ARt SipARAb RNEOHESKAIRSPPRPL. ih IR ale atngsigion the
FROSraX SHRLIRN.Qr the SReCtiD phhe.SLED £hiBs ysad iMLhiRe chips are
embodiment iS shown in Fig.6.  Referring to Fig.8c, another embodiment
divitredwhitetve @withshigheOR! igreHpveantaitiseiigenbbairmbins withveubetantially
ips. 5 which ain_six,t : chi r n
D S e B e ot o
#ie tuis D5GSips c6BTmim 1wi6 ohipseintifigiglespettivitérentdd are connected in
wavelengths, As ill strraothed ipOFit%.gc, O(La}rtvy_%pe %DSCOJRE% 5 %etgguaaqg’eﬁjon or
ﬁ?g?ﬁgg %va’f?‘%é’“a low A aoédnllghtsmixmg. e S|xptypes OFLED chips‘are 9
thevbleedightil= Dt ehippwithishe peiak nzselenigtvati4dSenmwg thie intiesgress0nm,

Ii%ht LED chip with the peak wavelength of 490nrn, the greenﬁ%%h LED ¢
PR e AR RIS 25k SRS G b greReghe B cfiguPs ©
with dhe pesttauavelenath ka6 M dhe arange dightdteBlychipiudth dbe strips

peak wavelength of 590nm and the red light LED chip with the peak
Wi g tRoBESEIThTC FRMiParEaHh g & e ShBHMAMRETRSH that thips in the two

iptsnyRls RetiresthinaRemk My vRIERINN BT alyINR adiRGRlERTNRS the two
are about 35nm The twelve (six types of) LED chips are divided into two
groups. fe8iphipssive el g dliprdes deeneidied R gerissrpigaredparmase the
by lead 25stri [ re.c e ving e .
ST h e Sehaia annasodlp L dR R ORI BPtG b s
dodapisesmine wpes of LieDdhps emithglightthat GiRerenthwatdéngiie total

(only one chijp for each t Use of the nine types of LED chips emittin
LR il Vo SReNgTRS Pho B0e T SrRbaegs I i Bidrggne the
peafitef Bevspeciruirpoivieih EBcto Glpppsoashrdo@enetyytpeaditdied therson in
spectrum of the standard lamp The nine types of the chips employ the
ﬁé‘ﬁl@\?\tlavelengths of 457nm, 465nm, 490nm, 515nm, 535nm, 560nm,

590nme /AR and GI08PMIsEREsH W ¥ixTeY a6 esngentony thehheat different
conducting base 1 so that the light can be mixed well. The nine chips are

divivelenab el erpeiatiemiSt BisuFUBH IR RO B T/RiRURitight LED chip

syhstantialy, shatter wavelspststhert IS gamnrsized five & EPShiBS with the
with the wavelengths of 457nm, 535nm, 560nm, 465nm and 490nm

respagtvgly, afhichbars duineseFRDsar o ie BetoRd §raubtdontains with the
four LED chips wi tiall ths i, 8. it i ised.
T O T ReLR RO I E ok R AAMAIEPEi types

6308RIpsyhiehcre gpaigdtediimsérichcTdretve gfdupsioibtovltiphe wavelengths
connected in series respectively are lead out respectijve lead out

i R ha ety powers
chipgindhsdwesgroupstasepdifierents teipindependentrpower sipplies4s@nm and
required to drive the two groups of chips respectively. Although use,of two
DORER B RS o FRPE AT CoBIERI, Hhthe e AR ERLLIT, grm. the

CURIERIINHRAGBATOHD faBdR Alilsiad sLadpalepandlentynwhighises 8nm and the
beneficial to adjusting the CRI of the LED. The total number of the chi

m@;ea@émw.ﬁﬁth@ﬁ&%mVWSF%%mr@"Qrfo@maﬁa@W%@gﬁm» Thus,
‘;"g&b@@ﬂ&'@?%&i%%@ R asppediated by ibevakilled RRkRaBH8HEhS! 455nm
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Compared with the combination of six types of chips emitting lights at

different 20 wavelengths, the combination of nine chips further contains a

blue light LED chip with the wavelength of 465nm between 457nm and

490nm, a LED chip with the wavelength of 515nrn between 490nm and

535nm and a LED chip with the wavelength of 61Dnm between 590nm

and 630nm. In the combination of six types of chips, the energy

alidtiibutionsifdy thighs fecia oflehgtbhipfs4dith the whvalengties of4B0med at the
d 457nm are overlapp &p wavelength at which the output powers

@?Yﬁgegﬂfgsair%hiﬁ cl)%%h@ g{&l (\%ﬁlﬁj?eso Fpgt})%evecr as the in eﬁvma?'%et*\}vaenerﬁ Pof the

getnmedrel 45 rowés. 3Bana ety thserdedithe disipiwitibihe vealeglpagtin the

f 465nm), the int t th k ths 465 1d 457 .
R s PP [ kU RRE LA W BIEn Gl B AR vt
A9ferineeomen2bpowerBus 3Rine enregy sistahgtions gk theispeatratfer LED

with the wavele 465nm and for the chip with the

the chj ngth o
Uk R oticol FBITASE 75 PN R BULRED AR B B SaeERgiR T reduce the
which e suips pewaset e shipsareiBay Mot has i &f tepeakd 20nm,

value of power. As a result, the energy distribution overlazggd in the

waRerdEth rdRge-6shimWiEBoRm SiaysisnatiybacRes e WspbRePnm and
BB BRPIOXITAIRIY GOUAIROWEER BUPUEBON: e WaYEIgNIIBEaBESths from
Similarly, the LED chip with the wavelength of 515nm between 490nm and

48mmniccaRnad dde teieiptéhopadenveisl thdiacfadethepmsciiaverdhgtiabip with

IB%%%@Q%%&;?%P@H &% 2Ry rtﬁép&%&%"@é% T%%Qqungg%%m or 535nm

wavelength of 610nm between 590nm and 630nm can réduce the
aeoals dmraden the wayeterttphebkwaretbagthpfitarmvierg @ ineochimnare not

Therefore, thg energy distributions of the spectra for the chip with the
WAVEILT G 0 S5t SRATOHRE S R T A EH G pFRDR e of e

- Spbruna sl avierlapipedigt tive waneliengfth abfvbichtheaodtioit pesvertsiofwith the

the chips are not more than 1/2 of the peak value of power and the energy

HfaHAERGIAS B B EP i O Bd R Rifh BHIERPE TR i WRKTBREMAG Which
fpethaplinpwite therlGavavelengtinef BROEMan 63DBMIASBISR value of power,

overlapped at the wavelength at which the output powers of the chips are

RORINRE tharPiie BinEHEN YR LPH SRR MRS tifh Thi Hith With wawelength
wavelenath AfSeNMandithe siimwih the yavelpnaia e Mavsdehergy

interval of 30nm for the peak wavelengths so that the energy distribution

sleiribpped pveienRakiEndth MAGEesTHBOIRMIS 9TNAP B 258 0/sn Juas a lower

it will nat . ittt in ) |
S B0, AT D RSB 8 00 Pren v
disteibtytirs obthéhspebtpamubeicosives itetativedly srheotnEhey tod@Etribntiver of the

f the chi d th i ng and th
SN DPRBAING PORBIN SLL B A MRy he il 2 depend

perses ithesrty pdhe sizevofkihg bRdtobipapaattisitachimtheower in each chip,
embodiment may be small, such as 0.%%mmx0.35mm, or may be large,

AR ARRGHAIRS P S}BRIHBEISSMIA. BREhumber of each chip may be
determigegRaseehen the caslespavesdavelef sheovdirhERagbe small, such
Embodiment 2 Referring Fig 9, a LED lamp with high CRI will be

Rscribedm M The D |fhpén Bfoﬁ‘ afy DI @tﬂ@’ﬁ%\i@"\‘ﬂ/ﬁﬁe‘l-_@% 4%.5mm.
2eGOrHinAS- theduasen wsg%%méﬁe%}mt BHET WG LERSW tevel of
are fixed directly on the top of the heat sink 13 to allow quick heat
dissipdiienliwben the chip 5 works. The heat sink 13 is a common one

used in the general LED lamp. If the luminous flux of a white LED fails to

meet the requirements, a plurality of white LEDs with high CRI described
acodsdihignemtize present invention will be used, as appreciated by the

skilled person in the art. The white LED(8) is(are) surrounded by a conical
reflecting cover 3' The angle between the reflecting cover 3' and fixing

plane for
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io the white LED is in the range of 10-80 Projections 4' are provided on
the inner wall of the reflecting cover 3'. The projections 4' can mix the
lights and allow the light to exit at desired angles. The conical reflecting
cover 3' may also be fixed on the top of the heat sink 13 The heat sink 13
is made of high thermal conductivity materials and is provided with fins on
the outer surface, as shown in Fig.9. The Is heat sink 13 provides good
air RefereatidtigghdaHigl édficiewd ofdie@Rdisdipatioasdrhetop size of the

hea inlé is suitable to be fitted to the reflector. Th ttom of the hea
T e R R S S RS e L PHE T At IS o the
piresarivingesitionits igspightdesriTheTHasknitedriber 14 enstises! ehiaugh on the

ST i g e Sl A e e S T

Hb% elertrical ARSI dO-TAYCOMPEILHE SOTEW-50RKElfiha AAIRGB flux of
E27 or E14, or a bayonet socket in double or multiple feet. The white

2 E BRI 8 ERBr BT BEITeh Sty ¥ Vet Riifu thDBttihtioh CRI
gutfans.af dhsowhite LERs pra¥aiuhagainat ine heaksink yhighisciated by the

provided with fins and has sizes fitted to the reflecting cover. The white

sEs@) PeEsPBelmdbpaticallyth BoHRC WS (RER S BRI sBe s epnical
RAEWRQIESRP thereal pordudiing Rase: rEe g e - ERE)iShg plane for

electrically connected to the driving circuit 8. The driving circuit 8 is .
thectrivtlly cornétibe vangehe! diectriedl domirations @' @yate nvifksdgenthe inner

AR AL et AR T e Lo
dghtnweil assiesipld stitglos Nde e coatediwiting e &F lighy also be fixed on
the top of the heat sink 13. The heat sink 13 is made of high thermal conductivity
materials and is provided with fins on the outer surface, as shown in Fig.9. The
heat sink 13 provides good air convection and high efficiency of heat dissipation.
The top size of the heat sink 13 is suitable to be fitted to the reflec’tovrx The bottom
of the heat sink 13 is connected with a cup-shaped piastic member 14 within which
the driving circuit 8 is provided. The plastic member 14 ensures enough electrical
insulation between the driving circuit 8 and the heat sink 13. The plastic member
14 is provided with an electrical connector 10 at its end. The electrical connector
10 may comprises a screw-socket in a common E27 or £E14, or a bayonet socket in
double or multiple feet. The white LEDs may be fixed in the center of said reflecting
cover and the bottom surface of the white LEDs may abut against the heat sink
which is provided with fins and has sizes fitted to the reflecting cover. The white
LED(s) may be mechanically in contact with the heat sink by the screws or screw
holes on the heat conducting base. The lead of the LED(s) is electrically connected
to the driving circuit 8. The driving circuit 8 is electrically connected with the
electrical connector 10 by its housing. A transparent bubble shell 12 covers the

LED(s). The transparent bubble shell 12 may be a colored or fight diffused bubble

shell made of common glass or plastic, or may be coated with a fayer of light
19
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conversion material on the inner wall of the transparent bubble shell.
Embodiment 3 A LED plane light source used for indoor lighting is also
provided in the present invention.  Referring to Fig.10, the LED plane

light source for indoor lighting is similar to a common LED plane light

source except the heat sink which is a radiation plate provided with two or

four reflecting walls The radiation plate has a bottom surface provided with
finsvdis@nnetaiafaceh ofrther etk ctingevial lss arespitavideibveiti 1l c

projections 4'. Any one or more of the white LEDs 11 with high CR1

according to the invention (the number of the LEDs depends on the
destiredirumirious flux) are fixed directly on the top surface of the heat sink.

An electrical connector 10, e.g., an electrical connecting hole on the outer

side of Her %?in'{?Waﬁqg%gnHﬁ%‘?e o Bl Y Rt cifit Asgrherovided in the
sanspanaotRidble shell 12 is fixed on the reflecting wall to t5 achieve a
separated plane light source. The radiation plates may be arranged on the
back a8 Tight Yufefe \oite Gosd R St paderiigHeebliebdieg isaeknilar to a
lighting sauree Jane WG diawid coysiidisplankpamhRUIIRUAAIG the ol piate
guide plate. Since the white light emitted from the LED is reflected
ripuisted iy e sutier ilecitesvrlls el frstatientopifasa iy surface
PolhE-QUIpHE ALt isite unaim. AAAINGUON e Ao B ARSEIRIAR S witn
explained some specific embodiments, the present invention may be
impleatiented! inothmesonbudimsits; Whieskifled persitn irpth€ Ritagouiding to the
appregiate. that all of modifications and variations of the above ,
R e ESC SR B IRt o e e
dieattingrfreine top spiritendTaneeprtafding. phesekhidnantiomnddesSUICR e.g., an

Claim
‘ekectr?cai connecting hole on the outer side of the reflecting wall is connected to the

driving circuit 8. The transparent bubble shell 12 is fixed on the reflecting wall to
achieve a separated plane light source. The radiation plates may be arranged on
the back face of the light guide plate used for the plane light source or back lighting
source for a LCD (liquid crystal display) and surrounding the light guide plate. Since
the white light emitted from the LED is reflected repeatedly by its bottom and sides
and exits from its top surface finally, so, the output light is quite uniform.

Although the above description has explained some specific embodiments, the
present invention may be implemented in other embodiments. The skilled person
in the art would appreciate that all of modifications and variations of the above
embodiments fall within the scope of the present invention without departing from

the spirit and concept of the present invention.



What is claimed is: 1. A white LED with high CRI including: a heat
conducting base; a lead frame; a reflector fixed on a top surface of said
heat conducting base; LED chips fixed on said heat conducting base and
in said reflector and a transparent silicone covering upper surfaces of said  ycgp1p
LED chips, wherein said reflector is a conical cup having an open bottom
and protrusions for mixing light are provided on an inner wall surface of
the reflector, and wherein said Iegg frame has a size which is fitted to
the bottom of said reflector and is fix ide the bottom of said reflector
NdheR the itprg surface of said heat conducting base and, wherein
said LED chips comprise at least six types of LED chips emitting lights at
differertt peakAvatéte h@bDswithdighp@RifihERdihips including at least one
chip, and said LED chips are arranged and combined electrically on said
heat cGhbBetifgHEIRIRRSPA manner that an interval of peak
Waveleélgetg% ?}‘a{%g,adjacent LED chips is 20nm-35nm, said LED chips
further comprising €lectrodes electrically connected to leads on said lead

frame. 5 refRcldierivéie hBERopidu it RE R AEHDEJAGIRIM ] bedierein

said LED chips comprise nine types of LED chips emitting lights at
respectiz®rihippdide d anetarid) thead o5 dnntingbase, 490mmsadSeftector and
535nm, 560nm, 590nm, 610nm and 630nm, respectively, said nine LED
chips BT IRRIEA TS0 RSP ISIBGRBF I-SUSTABRR A 7 kLR 6 thips

emitting yahts.atpeak wavglenathy of S dameg3 S RA%RE U B2 B and

490nm respectively connected In series
protrusions for mixing light are provided on an inner wall surface of the reflector,

and

wherein said lead frame has a size which is fitted to the bottom of said
reflector and is fixed outside the bottom of said reflector and on the tope surface
of said heat conducting base and,

wherein said LED chips comprise at least six types of LED chips emitting
lights at different peak wavelengths, each type of LED chips including at least
one chip, and said LED chips are arranged and combined electrically on said
heat conducting base in such a manner that an interval of peak wavelengths of
two adjacent LED chips is 20nm~35nm, said LED chips further comprising
electrodes electrically connected to leads on said lead frame.

2. The white LED with high CRI according to claim 1, wherein said
LED chips comprise nine types of LED chips emitting lights at respective nine
peak wavelengths of 457nm, 465nm, 490nm, 515nm, 535nm, 560nm, 590nm,
610nm and 630nm, respectively, said nine LED chips being divided into a first
group which is composed of five LED chips emitting lights at peak wavelengths

of 457nm, 535nm, 560nm, 465nm and 490nm respectively connected in series
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MUSLLP and a second group which is composed of four LED chips

emitting lights at peak wavelengths of 590nm, 630nm, 515nm and 610nm
respectively connected in series, and wherein the two groups of LED

chips connected in series have respective leads for connecting respective MCSLLP
driving circuits. 3. The white LED with high CRI according to claim 1,

wherein said heat conducting base is a plate base made of copper,

aluminum or aother high-thermal conductivity materials, a base provided
A 8 SBE0DK L ATRHB WACEI5 AP ARG AU bR B BB BTG lights at

b%@@%@%‘é{iﬂ%%%@bmﬂr%§QHﬁ{?59%ﬁnﬂ%@d%%ﬁ‘ﬁﬂr&@%g@tﬁfé@%%nected

screw hole on'its bottom surface, said radiation assembly be

cosapescaded a support made of high-thermal conductivity materials, top
radiation ribs arranged on the top of the support and a group of lower
radiati®¥NAERIBUMRRINBNTY BOLDPP6F, i SupPHE beMtPa&BPelhegeries have

conduiting é)%g g metal g%ﬁ ora met?l rog and . Wf,serein the radiation

M & '\f)% WA '%rﬁgPeel% '\& éW{Qﬁ Whithhas a diameter

that is gqual tgQuighaRMEIS\AthEINRER NSRBI EBIRS thvherein said
metal pipe or the metal rod, the super heat conducting pipe or the metal

pgzd bhasductime bdsenister plaiehsseapeiile of eippdittatlimithersoreattoer high-
the bottom surface of the heat conducting base of the LEDs, and

WRERAh £PRAYEE EnDRR RbusiAg Miale BIAYEIRSiNY a8 r Phetadiation
%E%?\ﬁﬁﬁ{@? [?é?é‘%h% %8W$rg Qﬁ(’lta?fr%a%b%ﬁﬁ% Yvith %‘ngr;ﬁa\%gét{% spirals,

hig according to claim1, wherein said reflector is

Bretalynsde b oldeRP RAEPrALERKMDF screv THwavBite itEBottnhiahiesd, said
according to claim 1, wherein said protrusions are spheres with smooth
rdiaiies aasskavirly saeirgorodiffigestddiametesypaidtpromdsiond dughythermal

SESHA SIS S e atars S IO PSR 1
%@?ﬁgﬁﬁmt %‘fgglﬂe&fﬂs%ligﬁ;t@%ﬁﬁiﬁbi‘n&qwr&mgbﬂf B QB Being a
super heat conducting pipe, a metal pipe or a metal rod, and

wherein the radiation ribs are provided with a through hole in its center,
which has a diameter that is equal to outer diameter of the super heat
conducting pipe, the metal pipe or the metal rod, the super heat conducting pipe
or the metal pipe has an inner diameter which is capable of being fitted to the
screw on the bottom surface of the heat conducting base of the LEDs, and

wherein a porous or net-like housing made of insulating materials or
metal encloses the support and become a part of the support.

4, The white LED with high CRI according to claim 1, wherein said
reflector is made of metal material of copper or aluminum.

5. The white LED with high CRI according to claim 1, wherein said

protrusions are spheres with smooth surfaces and having same or different
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a heat sink; a driving circuit; an electrical connector; and a transparent
silicone, wherein said white LED lamp further comprises a reflecting
cover which is a conical cup having an open bottom and is provided with
projections on its inner wall surface, said reflecting cover being fixed on
the top of said heat sink, said white LED being fixed in the center of said
reflecting cover and the bottom surface of said white LED abuts against

agl?id heat sink which is rovigred with fins aad ha§ sizes fitteq toage i )
ROGHAES cSA, RIRYUSIoR GRinds AlPRaet Jl a9 dsf diild e apte lines. in

SRRVETPAARIRS PavR i ks diRimihsrifadfapesand  wherein

said heat sink has a bottom connected with a cup-shaped plastic member
within @hich a\dmwiiig: pb&Er sapmy cerizénimgdtiatedhite phE&icwitamiigh CRI
being provided with an electrical connector at its end. 7. The white

AEGO ARG s iR o lcI6RMBIISIRG ein said electric connector is a
screw-gPert 8refer%b[lg ag international standard screw-socket of E27 or

El4, ora %?/ton% SOcket 1 double or multiple feet. 8. The white LED

lamp agqpsdiphieflaiibBlewiRspin said transparent bubble shell is a
transparent, colored or light diffused bubble shell MC SLLP made of
glassea beplasitiks, or is coated with a layer of light conversion material on

the inner wall of the transparent bubble shell. 9.A LED lighting plane
sourceALBY RS HGY8r lighting comprising:

an electrical connector; and

MCSLLP

a transparent silicone,

wherein said white LED lamp further comprises a reflecting cover which
is a conical cup having an open bottom and is provided with projections on its
inner wall surface, said reflecting cover being fixed on the top of said heat sink,
said white LED being fixed in the center of said reflecting cover and the bottom
surface of said white LED abuts against said heat sink which is provided with
fins and has sizes fitted to the reflecting cover, and

wherein said electrodes of said white LED are connected to the driver via
wires from the lead frame, and

wherein said heat sink has a bottom connected with a cup-shaped plastic
member within which a driving power supply is accommodated, the plastic
member being provided with an electrical connector at its end.

7. The white LED lamp according to claim 6, wherein said electric
connector is a screw-socket, preferably an international standard screw-socket
of E27 or E14, or a bayonet socket in double or multiple feet.

8. The white LED lamp according to claim 6, wherein said

transparent bubble shell is a transparent, colored or light diffused bubble shell
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at least one white LED with high CRI according to claim 1; a heat sink; a

driving circuit; an electrical connector; and a transparent bubble shell,

wherein, said heat sink is a radiation plate provided with two or four D
. o ) ) ) MCSLLF

reflecting walls, the radiation plate having a bottom surface provided with

fins, inner surfaces of the reflecting walls being provided with projections,

at least one of the reflecting walls being provided with an electrical

SIS IRS R el s, e e e el ole b v
shahésifixer \oaiias fedeciing wills 1BeHevEa separated plane light
source, or at least two LED plane light sources are combined.

9. A LED lighting plane source used for indoor lighting comprising:

at least one white LED with high CRI according to claim 1;

a heat sink;

a driving circuit;

an electrical connector; and

a transparent bubble shell,

wherein, said heat sink is a radiation plate provided with two or four
reflecting walls, the radiation plate having a bottom surface provided with fins,
inner surfaces of the reflecting walls being provided with projections, at least
one of the reflecting walls being provided with an electrical connecting hole on
its outer side, the electrical connecting hole being connected to the driving
circuit, and

wherein the transparent bubble shell is fixed on the reflecting walls to

achieve a separated plane light source, or at least two LED plane light sources

are combined.
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