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OPTI CAL SEM CONDUCTOR 'DEVI CE, EPOXY RESI N COWPGCSI TI ON SUl TED F BrSaRPCA
SEM CONDUCTCR 5 DEVI CE, AND METHOD FOR MANUFACTURI NG THE SAME Techni cal
Field The present invention relates to an optical sem conductor device such

as light emtting diode of mainly 10 surfiace nounted type thmMWWWNNWWMI ed
for the back light of a liquid crystal display, full-color d

built-in lanmp of a switch, illumination light source, various ingigaors
and traffic lights, and a nmethod for producing the sanme, and a |ight

transmtting epoxy resin conpositioggidriphasy15 high |ight
pliability suitable for the light emtting diode. Backgroundlmmlmmmmﬂlamr

chip that uses a nitride sem conductor 20 ( InxGaYAIl _x-YN, 0 ~
Y ~1) , a semconductor light emtting el ement capable of enlttlng blue

light with high bféght negsTiag r8e68E! Y mﬁevghg{lﬁeémbt%h egt\tr%é:ﬁg

devi ces based on nitride sem conductofr have such vant ages as

| nGaP
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5 DEVICE, AND METHOD FOR MANUFACTURING THE SAME

Technical Field
The present invention relates to an optical
semiconductor device such as light emitting diode of mainly
10 surface ﬁounted type that can be used for the back light of
a liquid crystal display, full-color display, built-in lamp
of a switch, iiluminatioh_light éource, various_indicators
and traffic lights, and a method for producing the same,
and a light transmitting epoxy resin composition that has
15 high light resistance and pliability suitable for the light

emitting diode.

Background Art
.-An  'LED chip that wuses a nitride - semiconductor
20 (IngGa,AL, 4N, 0 = X = 1, 0 £ Y £ 1), a semiconductor
light emitting element capable of emitting blue light with
high brightness has recently been developed. Light
emitting devices based on nitride semiconductor have such
advantages as higher output power than those of light

25 emitting devices that use GaAs, AlInGaP or the like to emit



2 light wthin a range fromred to yell ow sh green and | ess col or shift
caused by tenperature change, but has such a drawback that it is dffS&Pceis
to obﬂain a high output power in-a wavel ength region including the

wavel ength of green 5 light and | onger. On the other hand, the applicant of
the present invention have devel oped a | ipght emtting diode that is capable
of emtting white light by disposing YAG :Ce fluorescent material, a
fluorescent material capable of absorbing a part of blue light emtted by
the LED chip 10 descri bed above thereby emtting yellow |light, on the LED

chip and havesapphiedihoe Rakel £idi ereat kongl \}g:égyliiss:ﬁat QL0 D9BLS078)

The light emtting diode is, spite the rela e constitutron of

single-cm[kgygktghgkﬁakaﬁéé&”ﬁ§QHEﬂ%Eggﬁﬁggfggkﬁgﬂ% fg@{hﬁﬁgékﬁgagiggé

fromthe LED chip that is electrical to ead e r
O ez soLes alesyoh el CE O 080 0L Bkt o
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o A FAFELSGRED oo B bNET AL S st inantle
or red Ii g}Bresfeq{t eé?l%k%’io?@ I'E)Xvéad(El;jér%/(ialaopoeiagngntl'ightlaer%li_._'l’t::.t%.?l%4 giode
that is capable of emitting white light by disposing YAG:Ce
fluorescent material, a fluorescent material capable ©of
absorbing a part of blue ligﬁt emitted by the LED chip

10 described above thereby emitting yellow light, on the LED
chip and have applied for patent (International Publication
No. W098/5078) .

The light emitting'diode is, despite the reiatively
simple constitution of  single-chip two-terminal

15 configuration, capable of synthesizing light from the LED
chip that is electrically connected to a lead electrode and
light from a fluorescent material such as YAG:Ce included
in a light transmitting resin that covers the LED chip, and
emitting the synthesized white light through a convex lens.

20 The light emitting diode allows it to modify the
synthesized light emitted by the light emitting diode from
bluish white to a desired color such as yellowish white by
adjusting the content of the fluorescent material. It may

also be possible to emit yellow or red light, for example,

25 by adding a pigment.



Meanwhi | e diversification of the applications for the |ight enitth Ebaﬁf
has generated the needs for a light emtting diode that can emt Iﬂgﬁ 4
higheﬂ | um nance. In recent years, chip light emtting diodes are widely 5
used as the light source for illumnating switch, fullcolor display, back
light for liquid crystal display and theslike. The chip light emtting
diode is made,. by electrically connecting a light emtting elenent in 'a
recess of a package and covering the light emitting elenent 10 with a |ight
transmtting resin so as to seal the chip. On the other hand, the rapid
advancement in Maariiil1Gald SISO Qin LEENARL 0gYp 38, DEEASCRYS Nhe @
great increase in the output power of the optical sgnlcon uctor devices and

remar kabl e 1doaeasei ¢ 1 ANCaVBNE! $AG! Ny tiited Sl Lietd T4 oA

emtting dio made of a nitride sem conductor, for exanple,” can'e | i ght

W th peak iepti@RShly Blod@N¥:R4avel.en Wity N r.om t 350 nmto
650 nn1depenéing gﬁ t he elenentg t%%?itgﬁ P&t%Fg%t%gg%thgﬂgﬁﬁfpgﬁ@ | ayer.
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MmN or over in visible I'ight region el engt m
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well structure inthelig emtting |layer "0 h Such
a high out ovwes. .0 ves i new.,probl,em_That. i for a optica
16 SEP 20028202e2§E%%%a &oggagvﬁgéhﬁﬁg¥oﬁaﬁggﬁ?g 6F5F£¥€iv§i§Pgﬁ¥ 6¥R£uch a
hi gh energ it,ks_inport.ant reve the.pplding. resin from bein

deteri or at éé? b)l/h?ﬁé | i g¢1 < ar?ggﬁpgdﬁégﬂttcheeglllggégggeﬂb? § ed Dy TR . B3 ween
t he nmol di ng,resin_a the optical 5 senmjconductor chip. Japanese Unexam ned
Pacent. PubPLESEFORINAY DB0RPEETRT of cchigbs EHUTEATHY IENPRonta ning. as
a main co nent, an_alicyclic_epoxy resin instead of bisphenol epoxy
resin. Anng§8§§sr8?iﬁ ESﬁ%SgﬁtFB &bV e Ggec FORG FﬂétgFPQy@ﬁP@eﬂﬁ epoxy
resiz as a.Egin 8onggn%nt mL%E,an aci d anhydride contains substantially
no caPbon- ¥aFBoR d&3BFe thBREMERAPICRESEE FPGRE 86t &PPer BRRORPIPIN a main
skel et on .there§f. €ﬁ a result, such an epoxy resin conposition is |ess
susceptibl e to HBt eFP8r R FBRT of M3 notRf ng aRiSl n asVamceRestt ed nheithg
irradiated wth Hi%ht,for a |long period of tine and has relatively good

pl i abi |.i t yOPThGa1t RETSEPERGEQEt dreEMPLILY | Bas Peral Faus inw danmage@tby t he
thermal stress. However, epoxy resin cured by acid anhydride cannot be
used' in alRGFfage mdurthdd detPile PeNver oHattheonprtbsesl asenisenduetduct or
chip mounted directly on the substrate surface, since such a device
requires i%eYSCEDr MG t FETRAFK3A ©f derEeaskdiity teei wavEiendtd, efietderface
mount ed device requires a thin filmof the nolding resin 1 nmor less in

t hi ckRess #Bikeadt Rd988n, theldbkturenititduid éfo@s mpdry ofesi nnthatides

appl i ed has a.Iarger area exposed to
semiconductor, for example, can emit light with peak

intensity at any wavelength within a range from about 350
nm to 650 nm depending on the elements that constitute the
light emitting layer. It has also be made possible to eﬁit
20 light with a high output power of 5 mW or over in visible
light region of wavelengths not longer than 550 nm
(including near ultraviolet and blue-green light) by using
multiple quantum well structure in the light emitting layer
of a nitride semiconductor. Such a high output power gives

25 rise to a new problemn. That 1is, for a optical



16 SEP 2004 5 the atnosphere. However, since the acid anhydride curing
agent -has high volatility and hi gh hydroscopicity and takes a r &l tSEPe20p
Ionge[)tine, from5 to 20 hours, 'to cure, the. acid anhydride curing agent
absorbs noi sture and evaporates 5 during curing, thus making it difficult
for the epoxy resin to properly cure. The epoxy resin that has cured
unsatisfactorily cannot denonstrate the proper function of resin with the
| ight and heat resistance significantly deteriorated. 10 For the reason
descri bed above, a ration curing agent such as aromatic sulfoniumsalt is

conmonl y usedmiiosheadtot tbeiaei ghanhydhi 8Ri€UbENPe8PENE {PENBUSE su
applications that require thin filmsuch as surface nounted” devi ce. ?%e

ration curiaghfgrnenakboysitolssSahbpstagher YoCHEER n@v§ﬂ o fﬁ.argg¥£ure
liquid thereof with epoxy resin is applied in a thin |?n1 ecause of | ow

volati|ityfffbmeb@ﬁnﬁsH@%@r&BQaEQHiB@ Gl mlé%F”HnJ“¥%&HEé'%ﬂé”%éfes%

tendency to absorb blue light and I'it ght having shorter wavel engt epoxy

resin that besebeesdcuyereby b0eudln' eht Oflo SUTAA0, 08N 1S LaBbe 10y

di scoloration, nanely to becone yell ow sh due t0 absorption
wavel eagt h téghtondscloresytp, it has been difficult to use epoxy resin
that is cured by the ration curing agent in a optical sem conductor device

that emts or reggﬁ’é(ﬁésglWekérg%lie%npa’généggﬁ%f%%s qu)rkﬁ?ﬁ%;lfq%@—lf&f)g ause

the curing reaction 16 SEP pr ocee _ ne
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causes light deterioration, in a main skeleton thereof. ' As
.a ;result[ such an epoxy resin comﬁosition is less
susceptible to deterioration of the molding resin even
15 after being irradiated with light for a long period of time
and has relatively good pliability. Thus the semiconductor
chip is less likely to be damaged by the thermal stress.
However, epoxy resin cured by acid anhydride cannot be
used in a surface mounted device (SMD) that comprises a
20 semiconductor chip mounted directly on the substrate
surface, since such a device requires it to form a thin
film of the molding resin. That is, the surface mounted
device requires a thin film of the molding resin 1 mm or

less in thickness formed thereon, the mixture liquid of

25 epoxXy resin that is applied has a larger area exposed to



15 mxed with a | ow nol ecul ar wei ght reactive diluent such as nonogl yci dyl
et her; polyglycol glycidyl ether, tertiary carboxyl acid nonogl ytBdsgr 2004
et her ./ However, since such a reactive diluent inpedes curing of the epoxy
resin, it becones necessary to increase the amount of the ration 20 curing
agent added, which aggravates the problem of yellow ng of the epoxy resin
conposition. Disclosure of Invention The present invention has been made to
nmeet the 25 various requirenments for the light enmtting di ode made of a

16 SEP 2004 7 nitride sem conductor as described above. First, an object of

t he presentth@vaﬁmb@phbietolHéW@&Erﬁ-@@M@ée@ﬁéhdE%@“%ﬁﬂi&k{é&h&ngﬂéti”9
di ode that has better |ight em ssion characteristic. 5 Second, an objéct of

the pr esenta{yék\{’@nﬁé@nhiéhtGoPé@YiQ@yaaHEtl@?&hfﬂ§df’599éigj15ﬂ9t%h&&i ngzes

em tting di ode having good mass-produci ng péerfornmance. Ir an object of

the presentyipyegtiePe1{S] oy a OXy I esificomposition that is |ess
suscepti bl ?a 10 to yell gvm' %ggg%d%%glg'hgéﬁapgﬂ ?lo?yho%’e ttnogi%l@r%'urgae by .a
cati on curiA\g; A0St yd ANde PEQY] 4 égéﬁgcgo%'}& |9, dLode ahr?%Y/' DO S3eeLL e

| i ght resistance and heat resistance usi ng such” an epox

he”ob) ect & deuet et Sove s Trr ol 1 G EhTt hoteh ofhe ToThe Bratint

the objects described above, : rst ht” ng T
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deteriorated. |
10 For the reason déscribed above, a cation curing agent
such as aromatic sulfonium salt is commonly used instead of
the acid anhydride curing agent for such applications that
require Ehin film such as suffacé mounted device. | The
cation curing agent allows for satisfactory .curing even
15 when a mixture liquid thereof with epoxy resin is applied
in a thin film, because of low volatility.

However, since the: cation curing agent has an
intrinsic tendency to-absorb blue light and light having
shorter wavelengths, epoxy resin that has been cured by the

20 cation cufing agent is liable to discoloration, namely to
become yellowish due to absorption of short wavelength
light. As a result, it has been difficult to use epoxy
resin that is cured by the cation curing agent in a optical

semiconductor device that emits or receives blue light and

25 shorter wavelengths. Also because the curing reaction



25 particles of large particle size being distributed in the }% gﬁfgﬁﬂ? 8
vicinity of the LED chip in the light transmtting resin thereby™ a
wavel eéngth converting | ayer, and the fluorescent particles of snall
particle size being distributed on the outside of the wavel ength converting
5 layer in the light transmtting resin.gln the first light emtting diode
havi ng such a constitution as descri bed above, the wavel ength converting

| ayer made of the fluorescent particles of large particle size can change
the light color efficiently while the 10 fluorescent parti-cles of snal

particle sie daRerSathdt ML ANsa §HérQEHgLB?ehﬁlﬁbleea%‘tERB‘he%%?%ﬂ&E)ﬁgu' ar

color. In the first light emtting diode o he present invention,
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controlling the particle siZe 15 thereof wthin a range from
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particle size relatively sparsely in the vicini o] chipi
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resin during  heating and cooling of the optical
10 semiconductor device, eventually leading to cracks
generated in the optical semiconductor chip and wire
breakage.
To improve the pliability of ebogy resin composition
cured with the cation curing agent, the epoxy resin may be
15 mixed with a low-molecular weight reactive diluent such as
monoglycidyl ether, polyglycol glycidyl ether, tertiary
carboxyl acid monoglycidyl ether. However, since such a
reactive diluent impedes curing of the epoxy resin, it
becomes necessary to increase the amount of ‘the cation

20 curing agent added, which aggravates the problem of

yellowing of the epoxy resin composition.

Disclosure of Invention
The present invention has been made to meet the

25 various requirements for the light emitting diode made of a



t he peak dianeter of the particle size distribution of the fluorescent
particles of small particle size, which inproves the efficiency afg g0k
extradtion. A second light emtting diode of the present invention 10
conprises a light emtting elenent formed froma sem conductor and a |ight
transmtting resin that includes a fluorgscent .material which absorbs at

| east a part of light emtted by the light emtting el enment and emts |ight
of a different wavel ength, wherein the fluorescent material 15 is
characterized by a vol une-based particle size distribution curve that is

flat in a regonofsaB il PYC HERG8 FdPBHHRL to 10 vol % This
constitution nmakes it possible to obtain a light emtting diode of high

| um nance and high QUt PUln PRWIECE200kEN &Hgatssgﬁggﬁi Iy & 44 ng di Oﬁ%e of

the present invention, it is preferable t uorescent materia

consi sts Ogﬂdva&étgﬂﬁégéan eﬁtE%h%%F%ﬁda“ﬁﬂgﬂ¥ug@gg€%§éf§53§?a%%%ggiOn

“fluorescent particles o rge particle si"ze separa

descri bed apqv %ﬁggﬂ qj%ﬁgtégggﬁﬁkigi Qﬁﬁﬁgtégi§€Y% particle size

distribution o 1 uorescent particles of large
particd e size i i4d N a.ra om 20 90 ti the peak di aneter of
the particle si?g%!isﬂri%ﬂtiggf%%ﬁtﬁ%gffﬁg?e 5éﬁg%§ar%?%$%€l%? §ﬁh|&°
particle s%&?“f ichr lts kn.a light .emtiing.diode 5 havin I,
efficiency o ﬁ%%%tge£%$éé¥fo%$rlﬁ%ﬁ%&%ﬁi&tEgﬁd%&gﬁiufm}éh&ngngﬁggﬁg

di odes of o t. lnventio medi an _di aneter of the particle size
distributi%%ﬁg$mfﬁgg¥%S%fﬁ%%%ﬁ?uﬁépgfP§€£Q§mﬁpéfbrably within a range from
15 to 50 a m hphéplloms i%.to 10 Lnproove the efficjency of |ight

em ssion and acHieévé’a FlghPPeRfttifh didte RFSTRRh IARWSHAGR HE i &9al so
made possi bl e _t.o. suppress the.formation qf dense precipitation that may
affect t hePSSIILCE 2ChEPR&YeeSifc COMROSHE 1omy dhadnd Ssd@5Hd SUSGRPARILEL i ng
di od of the 15 _present inyentign en_the distribution frequency of the
medi 33’ di a té(rei&PwtlﬁléJ B ¥‘€I5e %ig?e\lg’gileﬂorlilﬂ&tyi yhile pbeingr e§reA P¥om 20 to
50% I|ight egtssion of good cgntras wi th suppressed irregul ar color can be
achi eved dF8“t8T eSS A7 i 4CEBN /i FR%hePPAVERE @ silight emitting diode

having eXCelient light resistance and heat resistance by.
using such an epoxy resin cbmposition as described abo&e as
a molding resin.

15 In order to achieve the objects described above, a
first 1light emitting diode of the present invention
comprises an LED chip héving a light emitting layer formed
from a nitride compound semiconductor and a light
transmitting resin that includes a fluorescent material

20 which absorbs at least a part of light emitted by the LED
chip and emits light of a different wavelength.

The fluorescent material includes a fluorescent
particles of small particle size and a fluorescent
particles of large particle size, with the fluorescent

25 particles of large particle size being distributed in the



20 Further in the first and second light emtting diodes of the present
invention, it is preferable to include a diffusing agent along wt§ depesos
fluordscent material in the light transmitting resin, which rmakes it
possi ble to achieve uniformlight em ssion with the irregular color 25 even
nore suppressed. 16 SEP 2004 11 Furtheg in the first and second |ight
emtting diodes of the present invention, the light emtting surface of the
light transmitting resin is preferably a curved surface. Wth this
configuration, light emtted by the light 5 emtting elenent is scattered
n the intestaaethelseeanthen ahiid r ens el INguest D Lpe,g! maapheri c

n o the

air when being extracted through the light transmtting resin

out si de, thHsrBBK NEgyi te siybl e i.rregul ar_color, that tends
to occur mhenrthg fluorégggn? ﬁgﬁ%€%ie£ of§§6ﬁ$%%%i§ a#??gfé §F¥% i“$used.

. The effici hLght ] 1on at- th jght _em.tting surface _can also
be inprovegmgﬁﬁgggkrgwi%?%%féi%% I?gmzé@%%Pa ﬁgﬁﬁéFl§nﬂiﬁﬁepoR§FPQA

third |ight.emti] di ft t. i ti 15 h Kk t hat
compri ses 4 REFsPUBAde Bnche  Afe S8 | R Ve TR sheBrerengs

tit ut Lt d, ¢ ti I .od bei joined via a resin
?ggzlgtgre%ggégl%%SFﬁ%aﬁgggglg¥§8§mgﬁgagggiﬁsgbggrlahd a g:de malllbonded
to the circunf eiﬁncghgf %fgsﬁ?%#gsre%%m%%%ﬁlcfe eherheatyin%O tsﬂ?:rheb%

form ng a nounting areéa, an

constitution as described above, the wavelength converting
layer made of the fluorescent parficles of large particle
size can change the 1light color efficiently while the

10 fluorescent particles of small particle size dispersed in
an area surrounding thgreof suppresses irregular color.

In the first light  emitting diode of .the present
invention; the fluoréscent particles of large particlé size
is preferably prepafed by controlling the particle size

15 thereof within a range from 10 to 60 um, which makes it
possible to distribute the fluorescent particles of large
particle size relatively sparsely in the vicinity of the
LED chip in the light transmitting resin thereby to have
the wavelength converting function performed efficiently.

20 In the first light emitting diode of the lpresent
inventionL the fluorescent particles of small particle size
is preferably prepared by controlling the particle size
thereof within a range from 0.2 to 1.5 um, which makes it
possible to prevent the fluorescent particles of small

25 particle size from precipitating and have the light



mounting area and a light transmtting resin that fills the nounting area
so as to seal the LED chip. The light transmitting resin is forndd SEP 2004
contihbously fromthe nounting area over the top of the surrounding side 25
wal |, while the top surface of light transmtting resin is 16 SEP 2004
12 flat and substantially parallel to the netal base and the side face on
the circunference of the light transmtting resin is substantially flush
with the circunferential side face of the package. 5 The third |ight
emtting diode having such a constitution as descri bed above nmakes it

possi bl e tospabrédengd Fugbtisn béi POrdb@der AL hi eligbilily and is
suited to nass produ%tion. %iné% therlight t%ﬁ%ﬁﬂ??¥ﬁhgm¥%5%¢§$%é%%¥%€d

continuouslyrfégﬁlghec@pyﬁtﬁ@gele@é@%ﬁgéiihe top surface of the side wall
the light emtting surface is expanded to the entire top surface of the
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improves the efficiency of light extraction.
A second light emitting diode of the present invention
10 comprises a light enitting elément formed from a
semiconductor and a light transmitting resin that includes
a fluqreScent-material which absorbs at least a part of
light.emitted by the iight emitting element and emits.light
of a different wavelength, wherein the fluorescent material
15 is characterized Dby a volume-based particle size
distribution curve that is flat in a region of cumulative
percentage from 0.01 to 10 vol %. This constitution makes
it possible to obtain a light emitting diode of high
luminance and high'output power. |
20 In the second light emitting diode of the present
invention, it is preferable that the fluorescent material
consists of the fluorescent particles of small particle
size and the fluorescent particles of large particle size
separated by the flat region described above, while the

25 peak diameter of the particle size distribution of the



13 16 SEP 2004 particle sizes allows the wavel ength converting function of
the fluorescent material to be performed effectively, and dicing1gy @gpsggt 0
be carried out satisfactorily thereby inproving the yield of production. 5
A nmethod for producing the light emtting diode according to the present
invention is a method for producing the ghird light emtting diode,
conprising- a first step of making a package assenbly consisting of a
plurality of packages by bonding an insulating substrate 10 having .a
plurality of through holes that are grouped corresponding to the nounting

areas, and @ usiacdasepplat 818aviod PoFdd opsrsepaLatad by Lhekasin 5

0 3
i nsul ator in correspondence to the through Eoles a second step o? nount i ng

the LED chimyhqe themotti 1t @rieg %;bﬁ)ﬁ‘}fiﬁhgnﬁerf ﬁfg*ﬁ@%i}éi

through holed a third step of applying a ansmi ?ng

resin on e JoDasueLangesbet Ner! AR Ak A9 SUbSIE oL AN (D Uhrauoh

hol es by m neogr printing by using a ma a as ana

correspondgeﬁﬁﬁk?ﬁgaggéggou&hiéﬂmif@é&gg&}higt%p gﬁgﬁkvL%%ggﬁggﬁtg%iﬁﬁgkage

assenbly h transm tting resin appli t

i ndi vigdual N Seconst (5 utd kes ,it passible to satisfactorily
nmass- p??odug%%g]gﬁlﬁgqnq rl4ef'rsnf %gd%:éofdgsq% ate.Xtﬁzf\ngW'f ormthi ckness and
flat light emttin r and .end surface., .25 According,tq the prqducing
met hod of the pggégﬁf £§§gtsggd2§ﬁfoﬁﬁfﬁﬁ&§ﬁi%m}t?h%gngﬁﬁgﬁﬁaﬁﬁ $ting
ot casi ng kg res LV EEE s MR S3dms LByt o anone BREbF oS ¢ ha
the light emtti.ng.di odes th%b ha¥ﬁ | ess variations.in 5 the
characteri?ﬁ%&ﬁlq Nun&FenfiBSs FAUPFGRECRAI SRR idH 1463 s RESTEFARAY col or

can be manufactured. In case the |ight transmtting resin contains
i nor gani ¢ Miitbdns aj range i focay | 1ai ta eRfs #ombe vWBnkgmppddows the rtesin so

as tqQ form.,bubbl es &ger%%P during mxing, 10 Also the optical path |ength
becor®s | ongRF NS chP8l HF 1 EnRNEYD Cduseliht e Aiaysicd oprndueagriave a

difference_ in the | ) , )
light emitting diode of high lumlnance. It is also made

possiblg to. suppress the formation of derse preéipitation
that may affect thé optical characteristic.
In the first and second light emitting diodes of the

15 present invention, when the distribution frequency of the
median diametef of the particle size distribution is in a
region from 20 to 50%, light emission of good contrast with
suppressed irregular color can be achieved due to less
variation in the particle size.

20 Further in the.first and second light emitting diodes
of the present invention, it is preferable to include a
diffusing agent along with the fluorescent material in the
light transmitting resin, which makes it possible to
achieve uniform light emission with the irregular color

25 even more suppressed.



specific gravity between the fillers and between the filler and the |ight
transmitting resin, but the irregular color can be suppressed by4{ghgep 2004
pr oducli ng net hod of the present 15 invention. Thus the light enmitting

di odes having variations in the light color and high reliability can be
manuf act ured. The epoxy resin conpositiop;of the present invention

conpri ses an epoxy resin containing an alicyclic epoxy 20 resin, which
accounts for 65% by wei ght or nore of the epoxy resin, an acid anhydride
represented by the general formula (1) or dicarboxylic acid represented by

the general formi@Hed) iM AHe AFPUHE Qﬁdosggénﬁollgggmamf¥¥i:$(H35ﬁk§poxy

equi val ent of the epoxy resin, and a cation curing agent an anount of

0.005 to 1.o5x e hased &SRO [ e, epoxy
resin. (1) O HOSE R2 cé%ﬂ’?g’ mh§¥blg§%i§fé%§ggéﬁ%§ngﬂ%y%ﬁ%c or a atic

al kyl or arl)%;}& hayh Agn t£9n§2 R nl %fé}@Qb% rept 8§$”§§ guf”r eV' or

aryl having 2 car xy resrn conp05|

present | TR SIgAn, DeofHLs 6*22“?#%*‘?. P bnElptor B R 1) L3
5 emitting element is scattered in the interface between the
light transmitting resin and the atmospheric air when being
extracted through the 1light transmitting resin to the
outside, thus making it possible to suppress the irregular
color that tends to occur when the fluorescent particles of
10 large particle size is used. The effiéiency of light
extraction at the 1light emitting surface can also be
improved thus allowing to emit light with 'a higher output

power. o
A third light emitting diode of the pfesent invention
15 has a package that comprises a metal base consisting of a
pair of thin metal sheets that constitute positive and
negative electrodes being joined via a resin insulator for
electrical isolation from each other and a side wall bonded
to the circumfeéerence of the metal base on one side thereof
20 thereby forming a mounting area, an LED chip mounted on the
mounting area and a light transmitting resin that fills the

mounting area so as to seal the LED chip.

The light transmitting resin is formed continuously
from the mounting area over the top of the surrounding side

25 wall, while the top surface of light transmitting resin is



10 because the alicyclic epoxy resin reacts with the acid anhydride or
dicarRoxyIic acid (hereinafter referred to as an acid anhydri de 108 SFRe2004
like) to forma crosslinked oligoner having sone pol ynerization degree.
Theref ore, absorption of |ight having a short wavel ength caused by the 15
cationic curing agent is inhibited, thusipaking it possible to prevent
yellowi ng of the resulting epoxy resin conposition. The epoxy resin

- conposition of the present invention has not only an ether bond due to the
ring opening reaction of epoxy groups, but also an ester bond 1 6 SEP

200 16 due fDat h@n@_reeblsitahitagmga%mﬂéqtV*@&ntﬁ@eméthtm 5@ %&%yttfees' n
and the acid anhydride or the like so that it has a three- glnen5|ona

net wor K fCW§EEbbfabérQﬁU|@ﬁeCQﬁ@%ﬁHﬂ%&eﬂEeeQﬂ%ytﬁgs'?%htThﬁF rﬁi
epoxy resin 5 conposition has high pliability even i reactlve Jnl nt is

not used angkdie vses@hsthRLERDXY KESsA %@@BO%%H(ﬁlfdhﬁ%éPQﬁy %gp of

an optical sem conductor device reduces the ther stress produce et ween.
an optical send condyed ofaohip.and a nolding resin, thus meking it 10
possible to prevent problens such as crack and wire breakage. The

.pliabglity of the epgmraemﬂwl ght_tgh?ﬁbt %!1%%% byht hjte%‘g ggctl n between

the epoxy resin and the acid e or e I'TKe ten poftlon

to the 15 g of ossli,nked qli,gomer,  The hi r the
proportion car@%xw g:%)supsdéé\;\?et‘r %e r eabcoo‘h‘?/erlt I ntiF arPoe%'stlg’rh'L
result of t gact o . EPOXY 4 i r.a to cri bed
herelnafteﬁngéhﬁﬁh %ar tI gr%%%g é ac%@teﬁﬁ ngdggoﬁﬁiﬁ99§ié$¥|1

t he' crossl e 0 the better p|labl|l y of ul ting
epoxy resi nah{(%rrglosgl tsﬁlon he ? ed¥HiT | PII q d as 4’6}‘:190 Eitlt%’test er
conver si on qﬁﬁ_volatlllzatg?n of the aC|d aqégd i de |n the thln film
is less like oSt G157 dhsy Y of

car bol>byl ZSa&raou%% ot:htehetggl dsﬁ"PPXd“ def orthtehesllldlée &Qljt.,he t-f:r{eossllllg%:ed

emitting surface is expanded to the entire top surface of
the light emitting diode, thus .achieving good beam
directivity.' : | |
The light transmitting resin may also include a filler,
15 ~that may be a fluorescent material capable of absorbing a
part of light emitted by the light emitting element and.
emitting light of a different wavelength.
Although adding a fluofescent material tends to cause
irregular color, the constitution of the present invention
20 makes a better light emitting surface that suppresses
irregular color.
Median diameter of the particle size distribution of

the fluorescent material is preferably within a range from

15 to 50 um, and more preferably within a range from 20 to

25 50 4 m. Using the fluorescent material having such



16 SEP 2004 17 oligoner is |G%or nore, and preferably 70% or nore. The
ester .conversion ratio can be controlled by the reaction tenperatgrsemngy
tine.\hhe epoxy resin conposition of the present invention 5 has an

advant age that, after reacting an alicyclic epoxy resin and an acid
anhydride or dicarboxylic acid to obtainjg crosslinked oligoner, a mxture
of the crosslinked oligoner and the cation curing agent can be cured. Wen
the alicyclic epoxy resin and acid anhydride or the |I'ike 10 are previously
reacted in a proper reaction vessel, to forma crosslinked oligonmer and a
mxture of ghe iressdiiked OoRA WIR! ANk | | gﬁ%”,t | 55 Mo} ded
over the Sl};rface of al substrate of an optllaecrgqaéﬂscegnl%%fdﬂl}g}%r ecvtjilcoer,1 0%

vol ati | i zatdy@n €f 14 Pes Qg :Lee .can, be d ring the curing
reaction even in %asesg§hﬁnﬁ§?ég&?g F%%q?%rﬁg%?xgﬁ%ﬁiﬁ%%F%#ﬂv§gﬁbe 2
viscosity qf; dihg M of. t he cr | bke opol ymer_apd _the cation curing
agent can bel flr ergf%:)g%?rsoﬁ%d%gy ‘?%Izha%u%tuccof g?ﬁésgéi:goﬁﬁﬂyd%}bee’:%ythe
like and t r Versi rati he.. viscosity 20 suited for handling
can be easﬁ%f%?éﬁngﬁ'ﬁ{ehem X eﬁ[?:le ogé p%t?éuccrecdls%\'i nked copol yner and the cation
curing: agent has, already, been pal ri.zed to sone degree,, thus resulting in
| ess ﬁlange in \§/3i sénggﬁoyyd vm%te% aﬁ%g]é:l&g t it?PéE aﬁsqqﬁﬁg ot 4. Dipdfhen
using the ep .esj n conpasition of the,present .18 16 SEP_ 2004

i nvention %ﬁ%g% "% nd T est eofpﬁﬁs%%?icéﬁvgﬁﬁfﬁBnd&EtoP dé@ed f Rk i onal
particles such as fillers, fluorescent agent particles, diffusjng agent
particles Z’ﬁ&d@&l&gankﬁﬁgeml’b‘grt J(fﬁgs Sgﬁtlgé%&ppiibﬁiiﬁat eFRg ke I Sithce

the 5 m xe i§o|ution of the crosslinked copolyner and the cation curing
agent has a*c5hpatBeP vETy TGHYi 8c R KR4 heS&esrhhyt i L5dmd cPés aare
superior in.dispersibility. Therefore, a desired function can be exhibited
in a smal | PSRt Yofot hBapkRgRs| & PRBAERY miki hoshiapssei Hubstyate
redu§§ a loss . in light_emssion or light reception of the optical
seni conduct8V1d8vi e RUBTESIEVgheLschiFeughg ke scrideti ngrsf ouped
functional particles. As the_ alicyclic epoxy resin in the epoxy resin
conposi t i oS SERETFLESe O theeAOLBK inDopreREmEad B5 Nefeli datsed plate
cycl ohexene derivative, hydrated bi sphenol A
. having pqrtlons separated -by the resin insulator in
correspbndence to the through holes; a. second step .of
mounting the LED chip in the mounting area of each package
15 formed with the through hole; a third step of applying and
curing the light transmitting resin on the top surface of
the insulating substrate and in the thrdugh holes by
mimeograph printing by using a mask that has an aperture in
- correspondence to each group; and a fourth step of dividing
20 the package assembly having the light transmitting resin
applied thereon into individual packages.
This constitution makes it possible to satisfactorily
mass-produce the light emitting diodes that have uniform

thickness and flat light emitting surface and end surface.

25 According to the producing method of the present



di glycidyl ether and diglycidyl hexahydrophthal ate ester are preferably
used.-Jhe use of the alicyclic epoxy resin makes it possible to dbf HER 2004
epoxy }esin conposition which is 1ess likely to cause |ight deterioration
and is 20 superior in pliability. As the cation curing agent in the epoxy
resin conposition of the present inventign, for exanple, aromatic sulfonium
salt, aromatic diazoniumsalt, aromatic iodoniumsalt and aromatic sel eni um
salt can be preferably used. 25 These cation curing agents can achi eve
sufficient curing in 16 SEP 2004 19 a small anmpbunt because of its fast

i t ey bl s d hes in.. it] fo th nt .
curi g, At einfRbenhl v d N AROKNERS L SOMOS 1L O QL bAe b S oo
th foi t +1 0 ival ents b d th id,

nercor L1 S0, GRONG! b ko P A0WIe S e o D Rl e
ncl wde et uhgngsghycel, dietbyhepecolyeoloy LLIBUNTEne SINCO e oo

%Lietrylgnf_glyco hpropyleng glycol, 3 . @ Sranetr o
e pli abi o] ; ulliipg.epo resin conposition can be further
i mproved byt%§5iﬁggtEéé§§p%%§ﬁgé$$cég?%8ﬁo %€ DRAYS cttfensat AL kR e . An

opticak senm.gcgn [ i of the present inventiaqn conprises at |east a
pai r o% |eg%ﬁ§|g§§%§ 5§?¥5§§851i &° Ss dMEYERAGEEort Re Mt hth Andiss igreaard cal | y
connect ed 1§e£g ige Iegd elegérodes and a | di ng resin that seals the
optical sentconduct 27 Vthf pSOnREr 67T PRMEYHIGCFEE S conposi tion of the

pr esent inventio? is used as the nmolding resin. This constitution nakes it
possi bl e to manutRct FPES het P ghtt 1kt t | HEPRSBHEE At £§54Dbj exantainess
decrease 20, in the.Iigh%lenission or_reception efficiency due to yell ow ng
of the nol di'ng & H Bht 551 ek RyEEEpiid e 2¥r dendfe t heenttigprRe to

t hermal cycle gﬁd to wire breakage, The effects of inproving the |ight

resi st ance Hhd“*the 55 RedC r&%i 9 aheEM cRHPBEesC hhevednr dwarikabimixing.

articularly in '16 SEP 2004 20
P lé‘ Rﬁso the optical path length becomes longer which also

tends to cause irregular color due to a difference in the
' specific gravity between the fillers and between the filler

ahd the light transmittinglresin[ But tﬂe.irfegular.cblor |
can be suppressed by the broducing method of the present
15 invention. Thus lthe light emitting diodes having
variations in the light color and high reliability can be

manufactured.

The epoxy resin composition of the present invention
comprises an epoxy resin containing an alicyclic epoxy
20 résin, which accounts for 65% by weight or moré of the
epoxXy resin, an acid anhydride represented by the general
formula (1) or dicarboxylic acid represented by the general
formula (2) in an amount of 0.005 to 1.5 mol based on an
epoxy equivalent of the epoxy resin, and a cation curing

25 agent in an amount of 0.005 to 1.5 mol based on an epoxy



case the optical sem conductor device of the present invention is of the
surface nounted type made by joining the optical sem conductor cHhibpSBP 2004e
surfack of a substrate having | ead el ectrodes forned thereon, or a light 5
emtting diode chip conprising an optical sem conductor that has a |ight
emtting |layer made of a nitride sem conggctor that includes at |east In
and Ga and a nain peak of em ssion at a wavel ength of 550 nm or shorter.
A first nethod for producing the fluorescent particles 10 of the present
invention is a method for producing the fluorescent material by firing a
m xt ure of it teri flux, wherein the firing process includes
a first fi rﬁ%ﬁ%c@sé%faﬁ ?éligog& nlleagsfrll'r st reduci ng at nosphere and a
second firing process Qf firing in a 15 second reduci ng at nosphere, while
the first reducing atnpsphere has weaker reduci ng power than the second
reduci ng at nosphere. e fluorescent material that can absorb the
excitation |ight § fficiently by producing the 20 fluorescent materi al
by this nmethod. Infthe N rst nethga for producing the fluorescent nateri al
of the preserfft i nvention® al uninu Pl uori de can be used as the flux. In the
first nethod {ng the fluorescent 25 material of the present
i nvention, a s i ncl udi ng 16 SEP 2004 21 barium fluoride and boric
acid can be used as t flux in which case it is preferable that the flux
includes a liquid. Whelm a substance including bariumfluoride and boric
acid with a liquid added thereto is used as the flux, 5 variation in the
chromaticity of the emtted |ight can be suppressed. A second nethod for
produci ng t 5ium§§sneek»pater!ak2gf the present invention is a nmethod for
produci ng the fluorescent naterial*“oby firing a mxture of a stock 10
material and a flux, wherein the flux includes bariumfluoride, boric acid
and a liquid. This nethod can suppress the variation in the chromaticity of
the light emtted fromthe fluorescent material nmanufactured thereby. 15
Accor di ng V8eERdNpfodd@resadttfor QEEbiccan id ipdhedtias ahlkeyli qui chryl
According to the produci ng nethod, Y203, Gdz03, A1203 and CeOz can be used.
5 having 0 to 12 carbon atoms and R, represents an alkyl or

aryl having 0 to 12 carbon atoms.
The epoxy.resiﬁ compésifion of the.present inﬁention
can be cured by using the cation curing agent in the amount
1/10 to 1/100 times as much as that in the prior art
10 because the alicyclic epoxy resin reacts with the acid
anhydride or dicarboxylic acid (hereinafter referred to as
an acid anhydridel or the 1like) to form a crosslinked
"oligomer having some polymerization 'deg;ee. Therefore,
absorption of light having a short wavelength caused by the
15 cationic curing agent is inhibited, thus making it possible
to prevent yellowing of the resulting epoxy resin
composition. The epoxy resin composition of ﬁhe present
invention has not only an ether bond due to the ring-

opening reaction of epoxy dgroups, but also an ester bond



20 Brief Description of Drawings Fig. 1 is a schematic sectional §i§$52® an
SMD type light emtting diode according to first enbodi nent of ph pre ﬁt
invention. Fig. 2A is a graph showi ng the vol une-based 25 distribution
curve (cumul ative percentage of particle 22 16 SEP 2004 sizes) of the
fluorescent material of the first embodijgent. Fig. 2B is a graph show ng
the vol une-based distribution curve (distribution frequency of particle
sizes) of the fluorescent material of the first enbodinment. 5 Fig. 3Ais a
schematic plan view of a mask used in mneograph printing in the producing

method of Hhe figStrrpnbedbaent nykihg. "3%?%@“3‘7&.5%%85@%“? ﬁk%phg%gévﬁgmw ng an

enl arged portion of the mask shown~in ( 6. 4D
the First chbsa moner’ars ulf (FELCRARPREIL TG, Brb B UE (iR fmL T ©
Phe m meogianh i nerre Tt ol R HePRod TBFTERe ¥ ot | ERBBATAENt .
rcaor ding P ICERbhC TEHRERT 5l pr cdBRE R TR 1 RS SBORHY. TR B
ransei ti1 GG Past Bgr Bof B oA g Mo g SEekipl & ESSFE ke ] bugnt
schemati c $ i ew,of, an_SMD ht emitf{ing diode according to

Exampl e 1 o?céégng%%éeﬁ?dzgh?n@%ﬁt?%%gﬁelégoxy resin composition in a

molding resin of an optical semiconductor device reduces
the thermal stress produced between an optical
semiconductor chip and a molding resin, thus making it

10  possible to prevent problems such as crack and wire
breakage.

The pliability of the epoxy resin composition_obtained
by the feactioh between the epoxy resin and the acid
anhydride or the 1like tends to be proportion to the

15 molecular weight of the crosslinked oligomer. The higher
the proportion of carboxyl groups, whiéh are converted into
an ester as a result of the reaction with the epoxy resin
or a promotor described hereinafter, among carboxyl groups
of the acid anhydride or the 1like in the crosslinked

20 oligomer, the better'the pliability of the resulting epoxy
resin composition. The reason is considered as follows.
As the ester conversion proceeds, volatilization of the
acid anhydride in the thin film is less likely to occur in
case of curing. The ester conversion ratio of carboxyl

25 groups of the acid anhydride or the like in the crosslinked



16 SEP 2004 23 Fig. 9Ais a graph show ng the vol une-baseddi stri bution curve
(cunmulative frequency distribution ofparticle size)of the fl uorekgesEP. 204
naterfhl of ConparativeExanple 1..5Fig. 9Bis a graph show ng the

vol ume- baseddi stri bution curve (distribution of particle size) of

thefl uorescent material of Conparative Exanple 1..Fig. 10Ais a schematic
sectional view of a lanp tykelight. emtfingdi ode according to Exanple 9 of
t he present 10i nvention. Fig. 10Bis an enl arged view of a portion in

t hedashed circlein Fig. 10A. Fig. 11Ais a graph showing light transm ssion
rati oof epoxy; [.nc Ltign ore_liaght resi,stan test.15Fig. 11Bis a
gr aph shovx,icBr(llyglC‘fol%g%r{1 Jt%r’rggg%’l ggi (I)T{r%)q‘{edt i%%é g%f)%é?/r?’%fsﬁl nzg%rp%i I'R6f -af t€1° 1 i ght
resi stance Fi Ls.a._graph showing light trapnsm ssion ratioof epoxy
r esi ncorrposélfcls%rn %g?g%géﬁgr nlgﬂtaisq[ a%??% tcecg&qﬂlgl.eél]z%‘i’s%begr%?ﬁ?tslﬁﬁw ng

i ght transm ssion rati o20o0f, epoxy resinconposition after thermal stability
test.Fig. ?Ji?mﬁjseraa d‘lrraephar%cggwlﬁ% the variation in the outputintensity ofa
light emtting di,ode using_epoxy resinconpositjon asthe nol ding resin,
measured in servitte FRPRY eSFSAL £ AW RY athfe PESSERt BnYantd qf aph
show the variation in the utgut 16 SEP 2004 24 intensity of a |ight
em ttihg di Wi AFVEREAPS P coRPESTE iITR e NhearoPALRYCRESI rEPaTEASUr ed
in a high tenperature and high humidity life test. Fig. 15 is a graph

showi ng t hé AMDrAR n2the 3npydEdeet profispspxraddcn acdtpds tq%iramth
time. Best Mbde for Carrying Qut the Invention Now preferred enbodi ments of
the present® | rﬁFé’rﬁﬁldfP}W%I T betl BEIFMEA t P eftdreencrass ltimked
acconpanyi ng ,10 drawi ngs. Enbodinent 1 A light emtting diode of the first
embodi nent 9 I9Mmedyrane e thsuitadd aty peuy BMD) aeenpr iceinndea tiyad. enithiemg

di ode chip (LED chip). 5 sealed in a package with a light 15 transmtting
resin 8 as vt GV E B ePory thRsiin gand epcidi repididsdaleofor hehei risitke
enbodi nent, the package conprises a netal base 2 and a side wall 1, the

si de Wfal | RISeiHEHOMWRY Wedcte@ thraubtepenceeentdns viedsedf toheforat al

base 2 for making a nounting area la. The LED chip 5
a crosslinked oligomer and a mixture of the crosslinked

copolymer and a cation curing -agent is‘ molded over the
sﬁrface of a substrate of én optical semiconductdr device,
volatilization of the acid anhydride can be prevented

15 during the curing reaction even in case of molding in the
form of a thin film. Since the viscosity of the mixture of
the crosslinked copolymer and the cation curing agent caﬁ
be freely controlled by the amount of the acid anhydride or
the 1like and' the ester conversion ratio, the viscosity

20 suited for handling can be easily set. The mixture of the
crosslinked copolymer and the cation curing agent has
already been polymerized to some degree, thus resulting in
less change in viscosity with a lapse of time and long pot
life.

25 When using the epoxy resin composition of the present



20 is die-bonded in the nmounting area la of the package and is, after
wiring is made by wire bonding, sealed with the Iight transm tti g6 rsepi mgs
(for exanple, about 1 mmthick over the. LED chip). In the light enmitting
di ode of the present invention, 25 the epoxy resin proprietary to the
present application is 25 16 SEP 2004 ,4sed as the sealing resin 8, and
the sealing resin includes a fluorescent material (fluorescent material
particles) dispersed therein that converts the light emtted by the |ight
emtting diode (LED) chip into light of different 5 wavelength and emts

this Iight,ihbusePseViigi ng hB?dgﬂg' NG fc?ﬁgﬁfxe;qﬁtFj{c{aé;’S#rip?%récrig%q?é ﬁ;ce

and heat resistance are inprove y using i

1.3 SRR e AR, S

Tormed v oygi e faacly . of BLeyel) C_spOw. fesn and aci o sy de o
e oreall v 4 e ova g o col 1 Ui oy Gl sizee o1 e 1 Lor e

rarere g e Biplle spe e Baitiste oize st o r the O
Lhi o enbod e Vagent e oo it (ialeh BB THACCORT YL et o

tituti a 25 positive termnal and a thin netal sheet 2b
zgﬁgti$3t$%§%¥éfbn§9 partgcies are superior in dispersibility.

Therefore, a desired function can be exhibited in a small
content of the particles, thereby making it possible to

10 reduce a loss in.light emission or light reception of the
optical semiconductor device. due to light scattering and
screening of the functionallparticles.

As the alicyclic époxy resin in the epoxy resin.
composition of the present 'inventioﬁ, for example,

15 epoxidated cyclohexene derivative, hydrated bisphenol A
diglycidyl ether and diglycidyl hexahydrophthalate ester
are preferably used. The use of the alicyclic epoxy resin
makes it possible to obtain an epoxy resin composition
which is less likely'to cause light deteriofation and is

20 superior in pliability.

As the cation curing agent in the epoxy resin
composition of the present invention, for example, aromatic
sulfonium salt, aromatic diazonium salt, aromatic iodonium
salt and aromatic selenium salt can be preferably used.

- 25 These cation curing agents can achieve sufficient curing in



16 SEP 2004 26 negative termnal that are bonded to each other wth an
insulating resin 4 and connected to a positive el ectrode 5a and GnﬁﬁhﬂBVe
el ectrode 5b of the LED chip 5, respectively, with wires 7. 5 1n the first
enbodi nent, the LED chip 5 is die-bonded with a die bonding resin 6 onto
the thin nmetal film 2b. According to the j@resent invention, however, the
LED chip 5 may al so be di e-bonded onto the other thin netal film2a, or
over both the thin netal film2a and the thin nmetal film 10 2b. <LED chip
5> Since the light emtting diode of the first enbodinment is constituted so

as to conveat shhe1vwamehepodbbcafis@ Bari+or ht emitted by the
LED chip 5, the LED chip 5 1% |§ mg GEF% g%%% (g&lf:%#n tl%”g?lon that emts

l'ight of wavel engibrthabi | antﬁg éﬁf‘%hge%}LH%%ﬁg&%ﬁt%er%%}%ml%seer\{arI ous

sem.conductors such as /nSe an

o conduct o Tt veal = RHUED" SRk i 2 B DR EEL " Msdhal ot o
mtt | t hat ffi tl te th
1 uor escent A %%?%?“?é%% ﬁh B8 LR R 'El'p?:Qmotyt T oy of

I nxGal g XN ( Cf({)ulv <Shids) as rein veI ength e emtted | i ght can be
changed wi th T FAnge feron?%bo € 385 Ama ¥ HeFRf R W ni xed
27 16 SEP Aqcry 0 tiion. Wiile the LED ch| may be constituted
in either ﬁ—%{r)mj uncﬁ’%rﬁnpqt;% t & %e?%?%}%n@?%hygﬁ%cta&F@héll digibl ude

het er oj unct ruct hat S junction, PIN junction or pn junction
5 accor di ngé%gyf‘%] g‘é’@ﬁ’ d ngbﬂfbgﬂﬁen t q]s\’cp?rlef eFRbMethplenpl @l wisubl e

het er oj unct,i on @%y ct ure thaﬁl al l ows |ight emission with higher |umnance.
9

W de sel ectioif e wa\]z¥F8 tr%rQﬂY%Qfgmt%m%& oh/ Rsbiridaegdsdi blandy

controllin chem conposi tion and 'm xed crystal 10 conposition of
the sem co%lduég%be? rh%‘f 1Qlonst | theesPihebil iy @f sthen teyelt{mgt iepoxy

Iayer}g - The active layer, may al so be made either in single quantum wel |
structlre dresmit t??)‘F%oﬁh%h‘?%rrFﬂél Pestfuirthae imerentagby ebdingi [thegwmt

i ncludes quantym effect. 15 When the LED chip 5 uses a nitride

sem conduct Ytibyéj&'plrﬁ rae1 dhar mplycaidernmteas theeddtke can be used for
the substrate, but it is preferable to use a sapphire substrate in order to
form the nitridésen?RbheRibt oFeBi cgbductpyst aldviviet y ot i shact @ridsentn mass
production. The 20 nitride sem conductor. can be forned on the sapphire -
substrate ByVenGIONGIRl s9s tale leket &tpasrpoéf deall eleatiodasa b f er

| ayer such as GaN, ALN or GaAl N on the sapphire substrate and formthe
nitride seﬁW@dﬁ@kﬂ%ﬁmi@®Q¢U¢ﬁmrnghppjhhuﬂlxsleheCEﬁmcally connected

15 to the lead electrodes and a molding resin that seals the
optical semiconductor chip, wherein the epoxXy resin
composition of the present invention is used as the molding
resin. This constitution makes it possible to manufacture
the light emitting diode that is subject to less decrease

20 in the 1light emission or reception efficiency due. to
yellowing of the molding resin and is less susceptible to
damage to the chip due to thermal cycle and to wire
breakage.

The effects of improving the light resistance and the

25 heat resistance can be achieved remarkably particularly in



25 The LED chip having pn junction made of nitride 16 SEP 2004 i#ﬁg
sem copductor may be made in double heterojunction structure by f 'F\% M
buffer’layer on the sapphire substrate and formng, on the buffer |ayer, a
first contact |ayer of n-type galliumnitride, a first cladding |layer of 5
n-type alumnumagal liumnitride, an actiyge |ayer of indiumgalliumnitride,
a second cl addi ng | ayer of p-type alum numgalliumnitride and a second

contact |ayer of p-type galliumnitride successively in the order. ' Wile
the nitride sem conductor shows n-type 10 conductivity when not doped with

an inpurityas8i, the, Sptifal Cs@hitBaduicke i SqpLeker ahly Eﬂ%gg%?%%% s an

n-type dopant in order” to formthe desired n-type nitride. conduct or

and Zn, MyinBent$dn s Ba Qhet@%ﬂfégéiﬁo@%@é&rﬁgkéng%%ﬁg g§s§ﬁgé5%§eis

dopant in order to formthe p 15 type nitride se or.

difficult Eﬁetuhﬁtﬁ%ﬁlﬂiﬁgﬂ¥édﬁﬁﬁ LugﬁgPirg&)pEﬁgpegﬁgﬁgégbexﬁdoping

wth a p-type dopant, it iIs preferable to decrease Tesi eafing in
a furnace, LeEadi atLgn Lik fter _introducing the p-type
dopant - T e B e-a05 800 ISRS t P RECH £PF AE o SREEATHoPEY 2can 955

manuf act ur ed. by fqr m h LLri sem.conduct or l.ayers and then cutting a
waferghaviﬁglg¥é§§rg%es %o?ﬁ@ﬁ’afggPEESEEanHédCﬁ%ﬁf%ﬁonéeﬂﬁFSﬂFH&F9qua|
chips. In er haye t N em.tting diode of the first 25 enbodi nent
enif mhiteeﬁ?ghtFQFt %s &g grg%#gﬁgéjgét HET M YEP 25042200444 FENGE h
of light epi he D,.chip .5 wthin range from 400 nmto 530 nmin
consigeratg%ﬁkggnaﬁSE?élégﬁgn§ﬁﬁ&Wﬂe§xﬁﬁﬂi%ﬁﬁﬁa?? é&poﬁﬁm%mﬁt%emﬁﬂﬁht
emtted by EQE f Luor escent terial and %He need to prevent the 5 |ight
transmttifng reglne?}8ﬁ+%%i%g aeW@Y?ﬁ?ﬁg L aralthe qaveher§er-is nore

preferably set wthin ar rom42Q nmto 490 nm In order to inprove
t he efficiency.xn%%rﬁEiT?Eﬂggl%aﬁtpﬁ?gPﬁénEth%hfbuP¥§§Fﬁn§nHthéCleS

effigchenc f emtting ljght by the excitation of the fluorescent
£b Yof 'éﬁe pregenkg invention is a method for producing the

fluorescent material by firing a mixture of a stock
material and a flux, wherein the firing process includes a
first firing process of. firing in a: first re&ucing
atmosphere and a second firing process of firing in a

15 second reducing atmosphere, while the first reducing
atmosphere has weaker reducing power than the second
reducing atmosphere.

The fluorescent material. that can absorb the
excitation 1light more efficiently ' by producing the

20 fluorescent material by this method.

In the first method for producing the fluorescent
matérial of the present invention, aluminum fluoride can be
used as the flux.

In the first method for producing the fluorescent

25 material of the present invention, a substance including



10 material, it is nore preferable to set. the wavel ength of light emtted
by the. LED chip 5 within a range from 450 nmto 475 nm The presédrt SEP 2004
i nvent?on can al so be applied to-an LED chip that emts light in
ultraviolet region of a wavel ength shorter than 400 nm by choosing the
type of 15 fluorescent material. Since the nitride senm conductor LED chip
based on the insulating substrate such as sapphire or spinel has the ptype
and n-type el ectrodes forned on the sem conductor surface side, the

el ectrodes are formed in a desired shape 20 on the p-type sem conductor

| ayer and therady GO ctar.:layer. by sputtering, vapor position or
the like af?ﬁ?@a@cﬁ?ﬁgﬁﬁg gggy%g)ré%agolr#éu%%rg&%ouﬁggt Sseﬁg’ﬁsgﬁt% Htype

sem conductQf 4 ight. i d fromthe sem conductor side, the

el ectrode f‘glﬁlrr%lsc[i%%]srr%s alléis_%l\e/ée(éé%ﬁf e BT 1S iy Hé“%l"c%&fe & el Fbriuct or
l'ayer is made as; 6 P.2004 30 ljight transmtting el ectrode consisting
of a thin netal swl??r%n &<|§|§§ FEEESN T KU Ra AR | FLEOFEESI Bpdofoaiie -

fl uorescent er . is §5.several ,ti that of the liquid resin before
curing. Vi sac%%ityl%#‘ at ﬁ‘é‘r%t ?ijﬁﬁg‘ree%l?%r%*é%r edsedsednsisdeEndl yE on
heated;to cure. As a resgbt, ghen %.I i_%ui d resin includi n?.a fluorescent
material is Hopt e t o7 cb08r CAROMRBICHYY &y the nemibhedoléght, capstbaof t he
fl uorescent-d}po mat eqré al included in the resin is concentrated around the

i it

LED chip arit Since the concentrated particles of the fluorescent

materi al sedinent one op anqQther_around the LED chip 5, only the

fl uorescent mat isﬁcﬁﬁfﬁ 1T tRIP HEHN G Hehel Ff J ey astei g ts maftaros adan
efficiently absorb light emtted by the LED chip. Thus many of the

fl uor escentoﬁats:g?i RTHRT cABYeRE1ABt ¥l lay pekiied midre mavdlehnyyh the
converting function but act only to attenuate the |ight energy by bl ocking
the Iight dflURHSSFSREy ettt adas ke icdmeer teed mixtharet he fot faer stock

fluorescent material particles. This results
10 material and a flux, wherein the flux includes barium

fluoride, boric acid and a liguid.

This methqd' can suppress .the wvariation in -the
Chromaticity of .the light emitted from the fluorescent )
naterial manufactured thereby.

15 ' According to the producing method, water can be used

as the liquid.

According to the producing method, Y,0;, Gd,0,, Al,0,

and CeO, can be used.

20 Brief Description of Drawings
Fig. 1 is a schematic sectional view of an SMD type
light emitting diode according to first embodiment of the
present invention.
Fig. 2A is a graph showing the volume-based

25 distribution curve (cumulative percentage of particle



in a decrease in the output power of the light emtting diode. To avoid
such a)problenl t he present invention enploys such a fluorescent bt SEP 2004
havi ng' a particular particle 25 size distribution as the wavel ength
converting function of 16 SEP 2004 31 all fluorescent material particles
can be fully nmade use of, thereby to inpsgve the output power of the Iight
emtting diode. Specifically, the fluorescent nmaterial used in the 5 |ight
emtting diode of the first enbodinent consists of a group of fluorescent
particles of large particle size 81 (first part of distribution) and a

group of fl C td 8] rity ¢l i.ze. .82 .(secan art of
di stributi oér?%re%\?m?{% b?ﬁe[arfelq%cgseascgreegl onaltbée}?v?%le%fr%%i rlgrtStl(? pgrdtqn%ﬁld: 't he

L R A e s
u . . : & si.ze di : .

et (Pt s oS il B e,

g e P e o 1o

cunul ative percéntdge iétsriabu??}aﬂmﬁgl?hB Bar tV1i8% efzés maskndseigimp

Phe 71 uor e AP SHERE, (51 ULt | At Haoy BEGHECERG REEBACO G | 5b8 GHTSE "

particles of . sizes distributed as shown by the vol une-based distribution
curve 25 t RIPORAZCRY| at regi on between the cumul ative percentage of

Fig. 3B is a schematic plan view showing an enlargéd
portion of the mask shown in Fig. 3A.

10 Fig. 4A through Fig. 4D ére process diagrams of the
nimeograph printing in the producing method of the first
-embodiment.

Fig. 5 is a sectiohal Qiew showing a part'ofla package
assembly after curing of a light transmitting resin applied

15 by the mimeograph printing'in the producing method of the
first embodiment. ”

Fig. 6 is a schematic sectional view of an SMD type
light emitting diode acCording to second embodiment of the
present invention.

20 Fig. 7A and Fig. 7B are sectional views showing
processes of forming a light transmitting resin of a light
emitting diode Example 5.

Fig. 8 is a schematic sectional view of an SMD type
light emitting diode according to Example 1 of the present

25 invention.



16 SEP 2004 32 0.01 vol %to 10 vol %where inclination of the curve is
zero. \In the flat region, that is a range of particle sizes | ocatiedl SEBt3ien
t he fﬂrst part and the second part of the distribution, there is
substantially no fluorescent 5 material. In the first enbodi nent, the
fluorescent particles of small particle sgze 82 accounts for 0.01 vol %to
10 vol % of the total volunme of fluorescent material, while the fluorescent
particles of large particle size 81 accounts 10 for 90 vol %or nore of the
total volune of fluorescent material. According to the present invention,

t he fluorescent ticlogs ofgsmal | gacrticl esizs,Pretgrabl L or
0.01 vol%to 5 vol% of the t%tal vo?un% of #ﬁto?&gce%?gnar%gféﬁéngggfﬁding

the flUOfe%H%EriEﬁEi&ﬂe%u¥5eOf&e hapapli &g 'é%a9nd§g8?%gu§gghl(ggount

makes it possible to disperse t uor escent erifal "in € resi'n so as

not to bl 'chg‘al%ﬁec]!é 9% z &fn Uifeq:h@/v\];lpﬁof@c&% Prngpd. 40¢ 1 lfuoéogr(?ﬁ:aﬁgétrjr%%-

particles of large particle size e preventing |rregﬁlar

occurring. é%gﬂﬁlés%glso preferable that the peak dianeter of the particle
size distributi"on of the fluorescent particles of large particle size 81 is

LNy, onoe T Z00k0 S0pt I TES PEASTL AT T Bl (e ALl gl o
When the1”%&§Hf¥ﬁ§%fgnrgﬁ£$gl?8ig%¥§bﬁgggnaJf”ﬁgatigfgSEEzg9O%f the
fluorescent material of Comparative Example 1.
Fig. 10A is a schematic sectioﬂal view of a lamp type
light emitting diode according to Example 9 of the present
10 invention.
Fig. 10B is an enlarged view of a portion in the
dashed circle in Fig. 1OA.
Fig. 112 is a graph showing light.trénsmission tatio
of epoxy resin composition before light resistance test.
15 Fig. 11B is a graph showing light transmission ratio
of epoxy resin composition after light resistance test.
Fig. 12A is a graph showing light transmission ratio
of epoxy resin composition before thermal stability test.
Fig. 12B is a graph showing light transmission ratio
20 of epoxy resin composition after thermal stability test.
Fig. 13 is a graph showing the variation in the output
intensity of a light emitting diode using epoxy resin
composition as the molding resin, measured in service life
test at a normal temperature.

25 Fig. 14 is a graph showing the variation in the output



33 difference in particle size, it is nade possible to make full Qﬁg ﬁﬁmﬁhe
functipons of the two groups of fluorescent . material particles Et E 4
fluoreScent particles of small particle size 82 mainly scatter |ight, and
the fluorescent 5 particles of large particle size 81 nmainly convert the
wavel ength). The fluorescent particles ohysnall particle size 82 has | ower
efficiency of wavel ength conversion, but pan reflect and scatter |ight

t hereby preventing irregular 10 color of the emtted light. Therefore, the
fluorescent particles of small particle size is preferably dispersed in the

light transfag¢dddPryr @sd NN 0 [ pitating around the LED chip. The
f1uorescent parti cl%s%(s)f:‘ Srraﬁ‘sggrt%%%@%}‘ge QLa}é)éi& 185t Rt PP eseifisin

invention a& ik anery .l _ampunt with the partjcle sizes
t her eof bei nﬁnﬁfpg{rra I eaps t ﬁgﬁe t %rsigloig Fﬁ?i"?ﬂor%@%@ﬁfggar’tr? cl@s Wfgh ar ge

particle si NN T I ' (fOf t light emdtting diode having the

fl uorescenttzegn re"t]%Hc elzé o&%n% h p*g‘??l.iﬁg@’s]i 'ftf\ﬁ%r'abl y 20 dispersed in the
light transmittigpg re %n.igarticle ize%%ﬁ{ t he fluorescent particles of
smal | particle size 82 ar& pr2f sy WiNiH% FhRgeV3Fbat R tig 1.theum
Thi s kests%gg%%§ﬂ§%to revent, the fluagrescent particles of smal
particle size TrompreciPiTat ivty Eh FPRES tHer widdh ddmeo 25 scatter |ight
performed effectively. Al so the fluorescent 16 SEP 2004 34 particles of
smal| particle size 82 of particle sizes described above hardly precipitate
inthelig es%rgﬁzfit in% resi.n that .has _not yet cured, and therefore can
be di sposed separ %ﬂ%?ﬁ GhHESF (AT ddednvisatiosl es 5 of large particle
si ze 81. Specifhfallé %he fluorescent material of the present invention
consisting of thNSY | BEPESEERE pARIEIRaNty [4r gehpamadentsi zeventdoa t he
quorescent.Eﬁrkgcl s of smal|l particle size 82 exists '"in such a state in
the Iight trfansf® t95RFT8%h kv ceiel srefererce EDochhp Beasmphaying
quo& scent ﬁanticles of large particle size 81 are |ocated near the LED
chi p'8 and9FR¥1RP8or escent particles of small particle size 82 are

di sper sed sgﬁ;tantially uniformy in the surrounding thereof. O the

f1 uorescent fdMeREt aispersed in this 15 state, the fluorescent particles
of large particle size 81 function to convert the wavel ength of the Iight
emtted by the PEBIGHit) Srididdnhedioderescehe [Famtsitclemboatinsm |1 pasti cl e
size 82 located in the surrounding thereof work to reflect the |ight

t her eby toSBFERIERL MewRlrd artyms! or(SYD)t heomfreming edh | ightht Teeittusgescent
materi al of medium particle size may al so be included that have a peak of
particle sfieddi shipbutifdh altim) par tseclledsiize bepweragkhesanofa t Deght
fluorescent particles of small particle size 82 and the 25 fl uorescent
partiel es bFansmgbtpngtindsirsi@eadl.shéwnsin Fig. 1. In the light

emitting diode of the first embodiment, the package
comprises.a metal base 2 and a side wall 1, the side wall i
being bonded with the circumference on one side of the
metal base 2 for making a mounting area la. The LED chip 5
20 is die-bonded in the mounting area la of the packége and is,
after wiring is made by wire bonding, sealed with the light
transmitting resin 8 (for example, about 1 mm thick over
the LED chip).
In the light emitting diode of the present invention,

25 the epoxy resin proprietary to the present application is



16 SEP 2004 35 difficult for the fluorescent particles of |arge rticle
size ty absorb and convert all the light to be converted. The flu 3%§E%ﬂ#"
particles of large particle size'81 has a |arger surface area and therefore
there is sone portion of 5 light that is reflected by large fluorescent
material particles. To counter this diff28ulty, such fluorescent particles
of nmediumparticle size are included along with the fluorescent particles
of large particle size 81 that have particle sizes smaller than those of
the fluorescent 10 particles of large particle size 81 and snaller than

those of thesdd wey asnendelang deasimofs smald s tded B g 284 Seidds part
of light that is not absorbed by the fluorescent particles of |arge

particle sizef8loresakser bpdtbyibhe fEuasesseshtpaidtsr£81 ofpdmdidins)
particle size and converted 15 to different color. Through efficient color

conver si on difsge1e D there o khalkt @fvdegh bynthe ilfeR chiproad pof ltagd ed by
the surfaces of the fluorescent particles of large particle size as

described abowe bhit6iABdRIRRES! b1ED] 0 QPR mnéssilri%tﬁgeﬁﬂ%ﬂﬁéﬁeﬂﬂrth a

m ni rum anount of 20 fluorescent material and i nprove t um nance. The

o _ _ f nd | © omnance. T
medi ars par tj-lel eH@s Ofadde & ihos esggme. pg;ghe,es t%ﬁ”eqa'élfgql%g&@ clg,si ze

is preferably within a range fromO0.3 to ti mes that | uor escent

particles &fhaaePaHddtdesSize 81, nore preferably 0.5 to 0.8 tines
t her eof , whi clh

First, light resistance and heat resistance are
improved by using the 1light transmitting.sealing resin -8
comprising the epoxy resin composition that can be cured

10 with a smaller amount of the cation curing agent because

.crosslinked oligomer is formed through the reaction of
alicyclic'epbxy.resin.andiacid anhydride'or'dicarboxyliq
acid. |

Second, output pdwer and luminance of light emission

15 are dgreatly improved by controlling the particle sizes of
the fluorescent material (wavelength converting substance)
that is dispersed in the light transmitting resin in the
specific particle size distribution of the present
“invention.

20 Now the constitution the light emitting diode of the
first embodiment will be described in detail below.
<Package> |

According to this embodiment, the metal base 2 of the

package is made of a thin metal sheet 2a constituting a

25 positive terminal and a thin metal sheet 2b constituting a



25 makes it possible to efficiently absorb light reflected on. 16 SEP 2004
36 the surface of the fluorescent particles of large particle sizd &S8P 2004
convert the color thereof. In general, the efficiency of converting

wavel ength of |ight becones higher as the particle size of the 5
fluorescent material is larger. The lightgemtting diode of the present
invention is made in such a constitution as all light emtted by the LED
chip 5 is efficiently absorbed and converted by the fluorescent particles
of large particle size 81, by designing the particle size 10 distribution
of the flu 1.l e ar Lche.size 81 as.descrihed_|ater
so t hat thgggﬁggﬁ%s%\%h%{aar ig %Jg oa%eel g?‘é{éa%%r ttlocl%a%?z %gﬁr\m‘ﬂt ofbe

di sposed og 10t her _aroynd_the LED chi.p.5._Since _the fluorescen
particles gﬁsﬁg?ggg a%FFéPeHsF?g fgngfcﬁsgiﬁﬁ ?apaéﬁtbgﬁtFiFEtngésgénnng

the fluore nt .pateti.al rticles t he, present jnveption are distributed
as shomn'i%ﬁﬁié.nﬁﬂsgﬁﬁngggché? Fh§£p82tFBFe§EﬁanF9 SreE?BF?&FéV? Ysuch a
state as th Rar&icle? are in contact with each other, but are precipitated
whi | e keepl'h§ 20 F§¥orabl e di stances from each other. As a result, |ight

emtted by the LED _chip.5 ¢can be gui ded t only to the fluaqrescent '
partigles of Ia#ﬁetﬁﬁrgﬂfﬁ ngPeP&atqgﬁin HEP neat st 8ienkongpdchip 5
but al so to_g%l tﬁg,fl orescent particles of |arge particle size 81. 25
Consequent 'y E0nGr 34§ uBPBELBAL Gfstidy i &I ORS8ar thha ekhemnmeted JER®OBR-37
contribute to the conversion of |light thereby increasing the |ight
absor pti onPEFPFELBACTCakBeWRTBFEAG AN¥BATEPRI OROWETRE: Ry BEDt ABikNbire
fluorescent material. In order to obtain desired |ight by using the 5
f 1 uor escenfeifnfésPaofdigirggrdast emto ofh@hpEhepathilsl anstizdesthlie A8t
properly controlled, it is necessary to include a |arge anount of the
f1 uor escen®Tn@veri BPthnthAethésj net&infélnn?s speddsheothhncketal afdimof
fluorescent material with the particles piled up one on another, 10
.propBrtiofPef the fluorescent material particles that do not contribute to
the light conversion increases and the fluorescent nmaterial particles that.
do not confkEBuUERiPOSPhe |ight conversion block the light. Thus |ight
extraction ratio has been | ow and high | um nance coul d not
Since the light emitting diode of the first embodiment
is constitutéd so as to convert the wavelength 6f a part or
all of the light emitted by the LED chip 5, the LED chip 5
15 is made in such a constitution that emits 1light of
wavelength that can excite the fluorescent material. While
various semiconductors such as ZnSe and GaN can be used for
the LED chip 5, according to the present invention the LED
chip 5 preferably uses a nitride semiconductor (In,Al,Ga, .,
20 W, 0 =X, 0= Y, X+Y = 1) capable of emitting light of
short wavelength that can efficiently excite the

fluorescent material. The LED chip 5 has the light

emitting layer made of InGa, N (0 < X < 1), wherein
wavelength of the emitted light can be changed within a

25 range from about 365 nm to 650 nm by changing the mixed



15 be achieved with the fluorescent material of the prior art. \Wen the
fluorescent particles of large particle size 81 having the nean p&gt 5ep @)
si ze Jand the particle size distribution properly controlled are used as in
the present invention, probability of the fluorescent particles of 20 |arge
particle size 81 to precipitate densely e on another is low so that the
fluorescent particles of large particle size 81 can be di spersed nore
sparsely than in the prior art. Accordingly, because the distance between
each fluorescent material particle and the light emtting 25 surface can be

rede el at LyskyoNOGGodhaly of whiigho 35 16.5EP 2004 vevelenoth has

been convert can be extracted to out si de e
| um nance w i;ng absor bed the resin. Basic concept of controlling
t he particﬁ%kg?g%y?ggﬂ(n1%Pof tﬁg¥PF50res§EWP%ﬂQQQ%9¥5 of SFRFGEYRSrti cl e
"size 81 acgg&%ing to.the present anenhiog haﬁ geen,described above.
According heIBREEART PROBRFPES, O4sdQuLLFi BeEeRBHVRCtinR . SEFYREUER tti ng
di ode of high, Il um_nan and, hi gh out put_power can be achi eved by using the
f1 uor escen%ﬁﬁﬁt eﬂa& %@Scor?éina‘gﬂ?d"of Lhﬂ\g fIURTeFentOharkh cl 28leEipar ge
partigcle size' . 1P§nq6%h§gfluorescent, articles of small particle size 82

r n

and miki ng®FHBTES FsiRfitiSBter 1A¥EBELPBM tite 5 udrefesmolsartecl es

of large particle si 8l . di sposed around the LED chip 5 at favorable
di st ances F?‘Bhr?@ac‘f?@eot H@Fegﬁj BREELORO Stk e hehatf iadilemsy bight

extracting the Light to the outside, the |light absorption ratio and the
li ght convBP&PBMOBT fitendy 9beg otdBingnce} uor Bsdentsedrerion pértikees
that do not contribute to the,light conversion efficiency, particle 20
sizes of tVWaveleBFEREentiartights emijsgiga pars i chadei zopowbidle pryerabl y
controlled within a ran&s from10 a mto 60 um nore preferably from 10 um
to 50 a m @PAtEBLLipFef ERabISheRiFAaL 5 carnastid ize uAndF| nbxedcentyphaticl es
smal | er than 10 a mand larger than the fluorescent 25 particles, of small
part1@l e sfomP@oitipn 06 phecspinigerduntor tigalSEFoROOUtUtes the light
emission layer (active layer). The active layer may also
lbe made either in single quantum well structure or multiple
'quantum well - structure includihg a thin film that includes
quantum effect.
15 When the LED chip 5 uses a nitride semiconductor,
sapphire, spinel, SiC, Si, ZnO or the like can be used for
the substrate, but it is preferable to use a sapphire
substrate in order to form the nitride semiconductor of
good crystallinity satisfactorily in mass production. The
20 nitride semiconductor «can be formed on the sapphire
substrate by MOCVD process or the like. It is preferable
to form a buffer layer such as GaN, AIN or GaAlN on the
sapphire substrate and form the nitride semiconductor layer

having pn junction thereon.

25 The LED chip having pn junction made of nitride



39 precipitate densely mass in the liquid resin, thereby decreasipg gﬂgzn‘
transm ttance of |ight. Fluorescent particles smaller than 15 a m an

| arger than the fluorescent particles of snmall particle size '82 have
-higher 5 tendency to precipitate and precipitate densely in the liquid
resin than those larger than 15 ,u m andzgwhen the produci ng process is
controlled inproperly, the particles precipitate densely in the liquid
resin thereby decreasing the transmttance of light. 10 Particle sizes of
the fluorescent particles of large particle size are preferably uniform

whi ch makesenti RRSRIdHS tqm§§fe§k§veﬁgdgre%§?; agﬁg%%;gg%ggggiuB%E-B | es of

| arge particle size fromprecipitating dense tion of the

particle sigzg @tsidd byt,i o : Lhe fl e reicl of _l
particle sizepbgnrgt Egptf?gﬁaﬁghiéﬁ%héﬂgggﬁfagégggaﬁgg 3?“b_§a§%%|5ﬁer

Wi t hout  speginfsitG 4 SSid >§d}%ﬁ%€£§%ﬁfﬁ% P N 121

further, ntrolled to
0.15 or lower by classificatio I nventors 0 gFﬁé %rgégﬁg gBBFFEgtion

ified t fd ' I ; ticl ' havi
Candard doVsti o o O T30 Car BG Nentt SBt uf ch-byCcrieSrFrdat FORF Ofne
t I [ ; ; - f the.light itting diode b
ieing the 11 aPSs caninte? PO ML ERIE, b tePurs dlausheen, Pied Boove”
her eby m ni.{,zi . bl_ocki f..the . li b fl
i or gl Pl ndds B} S SRR, ear Riris e Ve B eRcENPep AELRLPER of

| arge particle.size used . .in the present invention is preferably one that
has hi gh Igé%§l§ESon?F8ﬁera?P§, i ghe Uy TV G tef fiddienc P fanB -5 YREde
range of exciﬁation.@avglengths. 9 Ai 9Q vok % or, nore of the fluorescent
material cORSTSPE Bf CEASSr FUGFESSATELYarty EPEsOBfeFar ge particle size 81
t hat have excel |ent optical characteristics (high |ight absorption ratio,
hi gh conversionhgﬁﬁﬁcie @? an@1&widGe réﬁ@échdgﬁépfati5H°Wﬁvel§ﬁ§ﬂﬁ§),

| i ght .of other, 10.wayel engths arouynd the nmain emitting wavel ength of the

LED tcLIQi p c&ﬁnﬂBcgéW@a .|‘§quco RREE el 1f &Phéﬁﬂ%}gqy(eng% a‘g@,tﬁ@u i ght

emtting d&ode can bggﬁanufactured nore preferably in mass production. As
Bove&, SFnéde

descri bed hel¥¢ ghf SHeReaP I oMt BPdused hasprassenr tvRgent i on

uses.the fluorescent material of the .
- _dopant in order to form the desired n-type nitride.

semicoﬁductor and Zn, Mg, Be, Cé, Sr,'Ba or the liké is
preferably added as a p-type dopant in order to form the p-
15 type nitride semiconductor. Since it is difficult to turn
the nitride semiconductor into p-type simply by doping with
a p-type dopant, it is preferable to decreaée resistance by
heating in a furnace, by plasma irradiation or thé like
after introducing the p-type dopant. Thus the LED chip 5
20 using the nitride semiconductor can be manufactured by
forming the nitride semiconductor layers and then cutting a
wafer having electrodes formed at predetermined positions

into individual chips.
In order to have the light emitting diode of the first

25 embodiment emit white'light,_it is preferable to set the



above constitution, the fluorescent material particles can be sepq&gtgg
into.the layer having the function to scatter |ight nade of the fl SEE 2k
partikles of small particle size 82 dispersed in the region apart fromthe
LED chip 5 20 in the resin and the color conversion | ayer nade of the
fluorescent particles of large particle 88ze 81 precipitated around the LED
chip 5 with favorabl e di stances being kept from each other. Thus the |ight
emtting diode of the present invention capable of emtting |ight of high
25 out put power and high |um nance uniformy w thout irregular 16 SEP

2004 41 colhevedamdith obfailietht Panttebe YyzetHestmPuthep ¢f §hehin a
fluorescent material used in the present invention is shown. by the

vol ume- basedndiest Firbut i 900 Cuiye.+The Mpl wie- @a_se@oﬂéﬁ%f )}&ﬁn&fﬂ\t%ei s 5
drawn by measuring the particle size distribution of the uor escent

mat eri al. byéyygybdyﬂﬂﬁwgﬁiéHhﬁﬁEhéﬁ%ﬁffr&896PE%PSH'tﬁ%eﬁﬁ hﬁm%@%&égfe

fluorescent material is dispersed in a‘agueous sodl um hexa ap

solution Nayi nha F9u6eaLEaLOTM L PP aRA Uit PRELUCHS, ShEEvd0: the

distribution is nmeasured with a laser diffraction parti

di strisout i an gRRASIG ISR  SALD: 20004) QUL 8oLaPARATT amO- QT to

700 a min an atnosphere of 25C i n tenperatur y.

Accor di ng E,%vfeli%n@ftﬁsq'ét Iﬁcﬂ@nﬁkﬁ?ergﬁgka%ega.rv;iit%lit% \],ﬁSﬂ %%%f%ogfrtorqe 420 e

fluorescent materiral refers to the partifcle size a e cuanul

Rl S val D™re BPeTSran S i t Ath BEoRRgelt 1 RER o BBCurt 11T S ol b6T

this value 1s prefera withi'h a range fr _ . .
Tedi an si semhernd gkl So SR, FEES Ty RERIS S She s e VoR s
(ot but o chagguencny, The, L1GDL et Lop dlodehayo 900, contrgst
gggsgbal ”ﬁg%eggagtI%¥t1g|%%rgagggkg§§§ﬁ§5tgagg%Ut'L'Qaég Sn?%hd%EFr'bed
light emitted by the LED chip 5 within a range from 450 nm
to 475 nm. The present invention can also be applied to an
LED chip that emits light .in ultraviolet regioh of a
wavelength shorter than 400 nm, by choosing the type of
15 fluorescent material.
Since the nitride semiconductor LED chip based on the
insulating substrate such as sapphire or spinel has the p-
type and n-type electrodes formed on the semiconductor
surfaée side, the électrodes are formed in a desired shape
20 on the p-type semiconductor layer and the n-type
semiconductor layer by sputtering, vapor deposition or the
like after etching the p-type semiconductor so as to expose
the n-type semiconductor. When light is extracted from the

semiconductor side, the electrode formed almost ail over

25 the surface of the p-type semiconductor layer is made as a



16 SEP 2004 42 This is because, while the fluorescent particles of |arge
particle size 81 are nore probable to cause irregular color tharl 8Pl 2004
fluorescent material particles, grading the fluorescent particles of |arge
particle size 81 to 5 decrease the variations in the particle size inproves
the irregular color conpared to a case olkgpgreater variations. In the |ight
emtting diode of the present invention, the fluorescent material is
preferably based on the yttrium al um numoxi de fluorescent materi al
activated with cerium 10 that can emt |ight by absorbing the light emtted

by the sem cometictiaandzl tahiny haviagrbhe 'é&@iﬁgﬂrﬁs{]% | ayer;rde.of a

nitride sem conductor: The yttrium al um num oxi orescent materral my
be YA103: GCej1pf3A1501z: Ce (YAG Ce) , Y9A1Z09: Ce or a mxture of 15 these
materials. The yttri-um al um num oxi de fluorescent material with Ba, Sr, M,

Ca and/or Zgpjpsluded, ¢ henel ., fBys al so be used. Si may al so be included to

suppress the reaction of growng crystal so as to Obpa!n the fluorescent
a1 um nam bxi de. 11557 eebent SRRV BT A Ofcr A ed ViotR et T B Wlder St ood |
in a bgoad sepse, Pf {fif Wb S03S 1Rl NEhUASH NELOL MDY e curing.
Viscosity of a thermosetting resin decreases considerably
when heated to cure. As a result, when a liquid resin
including a fluorescent material is applied to cover an LED
chip and is heated to cure, most of the fluorescent
10 material included in the resin is concentrated around the
LED chip and sediment.
Since'the concentrated particles of the fluorescent
material sediment one on another arouﬁd thé LED chip 5,.
only the fluorescent material particles located near the
15 LED chip surface can efficiently absorb light emitted by
the LED chip. Thus many of the fluorescent material
particles do not fully perform fhe wavelength converting
function but act only to attenuate the light energy by
blocking the light of which wavelength has been converted
20 by the other fluorescent material particles. This results
in a decrease in the output power of the light emitting
diode.
To avoid such a problem, the present invention employs
such a fluorescent material having a particular particle

25 size distribution as the wavelength converting function of



fluorescent materials: (1) yttrlun1alun1nun1OX|de fluorescent material with
25 part or all yttrium atons being substituted with at | east 16 1SESEDR (00}
43 onk el enent selected fromthe group consisting of Lu, Sc, La, Gd and Sm
(2) yttrium alum num oxide fluorescent material with. part or all al um num
atons being substituted with at |east 5 pne el enent selected fromthe group
consisting of Ba, Tl, Ga and In. (3) yttrium alum num oxi de fl uorescent

material with part or all yttrium atons being substituted with at | east one
el enent selected fromthe group consisting of Lu, Sc, 10 La, Gd and Sm and

part or aliial mmaw%@bﬁﬁsmﬁ%bwaiuﬁ&'ﬂH&% %hbé‘t fhﬁ‘?t ads glemept

sel ected fromthe group consisting of and

spect | cal ierthy Koongscant o epipbul sca atotel ymaepesnt Lhvprescent

particles represented by 15 genera
or aphotolgqba@scentfluorescentpartlclesrepresented bygeneral formula
(Rei _aSma) 3Re' sz :Ce ( 0Sa< 1, 0 ~ bl, Re |s at | eastone el enent

selectedfronanngeééfggal%g qjﬁg %ﬂ%o@%s en%t gg%lgfeeleqfntselected
an .

from anong20
5 light emitting diode of the first embodiment consists of a

group of fluorescent particles of large particle size 81

(first part of distribution) and a group of fluorescent

particles of small particle size 82 (éecond part Jf

distribution), while there is a region between the first

10 part and the second part of the particle size distribution

where substantially no fluorescent material exists.

: According to the preSent invention( the fluorescent

material of such a particie sizé diétribution is used to

prevent the formation of precipitation that has ‘adverse

15 effect on the optical performance and prevent irregular

color of the emitted.light from occurring. Fig. 2A and Fig.

2B.show volume-based distribution curve of the fluorescent

material used in the first embodihent, Fig. 2A being the

cumulative percentage distribution'of the particle sizes

20 and Fig. 2B being distribution frequenéy of the particle
sizes.

As shown in Fig. 2A, the fluorescent material used in

the present invention consists of particles of sizes

distributed as shown by the volume-based distribution curve

25 that has a flat regibn between the cumulative percentage of



The fluorescent material, due to its garnet structure, has high resjstance
agaisst heat, light and water, and has an excitation spectrum peakiSngEf204
around 450 nm and a broad eni ssion spectrumw th peak em ssion at around
580 nmand 25 tailing up to 700 nm 16 SEP 2004 44 Efficiency of
excitation em ssion of the photol um nes@nt fluorescent particles in a |long
wavel ength .region not shorter than 460 nm can be inproved by including &
(gadolinium in the crystal. As the Gd content is 5 increased, peak

wavel ength of |ight em ssion shifts toward a | onger wavel ength and the

entire em gsoONveNect redn absecihid tghépuan dch 9Agel onavel angt hsarJdi ssneans
that em ssion of |ight of nore reddi sh color can be achieved by increasing

the Gd conygpb. |nepeasidndrile GRLH enthat sSes1G d%sagaseosftﬁsrtym@ance
of bl ue phot ol uni nescence emn ssi on. The fl uoréscent erial ‘may al so

include Thgy Qs AJcablld BEtwEEn §He Eﬁrsgb a%%’ana' AE EH-8H4 egfto'as

required. Tﬁe en155|on wavel ength al so shi ts tomar ~shorter ﬁg Fengths

when a partnof Aloalomease subabiduied Wil GaL5 10 the yitciugghpm num

gar net fluorescent naterl having a garne em ssion
mavelgngth%g£§9 ggﬁfts toward | onger wavel engths when a part of Y atons are
substTtuted W th When substituting a part of Y atons with Gd, it is 20

Bnd i ner ease ¢ Eéﬁ%ghgﬁﬁ?e%f&"%éﬁw{ o CLNP BHPRSILLMLEP MO CELwt i 10%
proportion s8 ll gg&cigbgé %u%@dé@éb @% 6%1S%iﬁg;ggqtég%%%gg§eq%ﬁp onent

i ncreases an conponen ecreases nsat ed
for by lncrﬁa%hneq tt %a(fe ﬁﬁgt of) %ﬁuorescjégtSEnl\?atzeorof'al while tHe

fluorescent particles of large particle size 81 accounts

10 for 90 vol % or more of the total volume of fluorescent
material. According to the present invention, the
fluorescent particles of small particle size preferably
accounts for 0.01 vol$% td 5 vol% of the total voiume bf
fluorescent material. Including the fluorescent particles

15 of small particle size in such a small amount makes it
poésible to disperse the fluorescent material in the resin
so as not to block the light emitted by the LED chip and
the fluorescent particles of large particle size while
preventing irregular color from occurring.

20 It is also preferable that the peak diameter of the
particle size distribution of the fluorescent particles of
large particle size 81 is within a range from 20 to 90
times the peak diameter of the particle size distribution
of ‘the fluorescent particles of small particle size.82.

25 When the two groups of particles have such a large



45 conpensate for the decrease in the red conponent thereby to obtain the
desired chromaticity wi thout decreasing the | um nance.. Because tlte sgp 2004
photd]uninescent fluorescent particls which has such a conposition has an
excellent 5 tenperature characteristic, the reliability of the Iight

em tting diode can be inproved. Al so thesdyse of a photol um nescent
fluorescent particles that has been prepared to have nuch red conponent
makes it possible to manufacture a light emtting di ode capable of emtting
an 10 internedi ate col or such as pink. The photol um nescent fl uorescent

ticl i hgd-ab ; t | | .FLrst, as_th
Tt orial o Lo ke s I KR o, B fed e bt S r BESRpBARGLT i Can

erials to . e, 0 des t et Bt or e -
Chereby 10 s 176 OF obRerarBF APiahe e i FPRRE I Bledreieeas by

di ssol vi ng _ rt als. of Y, Gdand Ce in, stoichiopetric

proporti onsﬂﬁeeralﬁﬁacirbci | slaécloeps?ec(xpl)'llet atfg&o\ﬂetsﬁe&al PRrhefyest h%?pr%H of
which is fi to obtain coprecipitated 2Q .oxide material. The

copr eci pi tégagrg:lo‘%edeé%? e?? aingilgi%i f’g&tt&iietrh 9k n @R e FHUmssent

m xed §tock terial. 3 nixture of the m xed stock material and fluoride
such a5 bafAM ¥t 8¢ of 2hAToMaih ¥Ffor Sd&cadied Maiariat ocasvart| ushe s put
into a crucibl ired at a tenperature from25 1350 to 1450C in air

and .f
at nospher e $%1° qé}hg'hours. The

‘The fluorescent particles of small particle size 82
has lower efficiency of wavelength conversion, but can
reflect and scatter 1light thereby preventing irregular

10 | color of the emitted light. Therefore, the fluorescent
particles of small particle size is preferably dispersed in
the light transmitting resin . instead of precipitating
éround the LED'chip. |

The fluorescent particles of small particle size used

15 in the present invention are prepared in a very small
amount with the particle sizes thereof being far smaller
than those of the fluorescent particles of large particle
size. This allows for the light emitting diode having the
fluorescent particles of small particle size favorably

20 dispersed'in the light transmitting resin. Particle sizes
of the fluorescent particles of small particle size 82 are
preferably within a range from 0.2 to 1.5 um. This makes
it possible to prevent the fluorescent particles of small
particle size from precipitating and have the funcfion to

25 scatter light performed effectively. Also the fluorescent



.16 SEP 2004 46 fired material is ground in water by using a ball ﬁ’n'sl §EP 2004
washed, separated, dried and sieved to obtained a photol um nescent

f1 uor bscent particles. In the light emtting diode of the present
invention, 5 the photol um nescent fluorescent particles may contain two or
nore kinds of yttrium alum num garnet fl garescent material activated with
cerium and/or other fluorescent material added thereto. Wen two ki nds of
yttrium al um num garnet fluorescent 10 nmaterial having different
proportions of Y being substituted with Gd are m xed, |ight of desired

chromati ci tyaganches oy @i ned19asphy+iRakt i gubarlgs wagn gaﬁgs%g%:cgi‘%es

mat eri al havi ng hi gher proportion of substitution is us

m : . N . t Cal
uorescentd@actistes Odpdakge Harppyt| Cﬂ:?eé%ﬁ%%‘ﬁs‘%i ?&41 on RE-T l@ﬁrl d

havi.ng | ower proportion of substitution or n ion at all sed
as the fluorescenitpardi ¢kgspof [ parti S| col or, renderin
performance and | um na(%ce ?3? bte@m!#%%/e Ogt C%%e géﬁ%dfi r?gl.d 2@1%?5?1]?‘3
transmtti egbn¥; | bt resin 8 is formed b ing a
NSark €8k %llglﬁ%se'dgk%%ﬁim £ P8 (Efie A sy %%}fgf‘%e%s by

solution, which is prepare m X1 ng a crosslinke

reacti®ig an,£pex¥oLesi;R+Gaataini al i l.icc _epoxy resin,.. which accounts
for 65 % by wei gh?éo?agg(i%gtree %ééghgfépoﬁégréééfilﬁ?RMhti’ﬁ oL HPLEPSRAE de or
16 SEP 2004, j carboxyl Lg_ac] 05.to 1.5 nol based qn an epox

equi val ent) %mg%ﬂi%ﬁsrrgfl gﬁ%unkggggggcatlingﬁ%&ﬁnng cé’é‘éﬁtSt(l@.gOOGO“g t%/b?). 003
mol , preferapl 1 .01 _nol ased on an, epoxy . equivalent), to the
i nsi de of aﬁﬁiocyurn%%%ggr égggf:aelsn i cA*Bfe RED 9 5152 the aPdrithe

sem conductgy. | e ol | owed .by cur.in ith heating. The |ight,
transmitti n%u'rder'ss?ér?%ﬂi hﬁ%r{”o? T géarsgﬁljx} cp?ﬂé%sc | $D%F n§2ofeXisd s it n
because thel‘f nt ent_ of the cati og.cuﬁri agent that absorbs blue light is
1/10 to 10 “HTbo%t SFeSCas huthe ad 10R&t FHAtTRt thilg BPEInTRERS! RQVethe
light, emtted b he LED chip of .the nitride sem conductor capabl e of

em ttllcﬁg bltglee I %&}Pt Shﬂipl i ght2Sf t&ﬂf‘ﬁ c%lwérséﬁ@tth Rastbebpscoperkadecan be
extracted to the .outsjde. ?ecause of comparatively high pliability, the 15
Iight tranfRTHETSF resth 81r 8dGc T Ed heedhl ther d&D higedShynd the
difference j,n thermal expansiaon coefficient between the light transmitting
resin 8 and W& 9EESThi P Jtcﬁw fS ekt ngSTelbosBarBEécie peévent 8Rai lamees
such as cragk in the LED chip 5 of the nitride sem conductor and breakage

20 of the WSPeESefhe thperRRtidhlnf vRdfepaty regin theposiuimundied i n

the light transmtting resin 8 will now be described in detail.
ereof. f the fluorescent material dispersed in this
15 state, the fluorescent particles of large particle size 81

function to convert the wavelength of the light emitted by

the LED chip S5 and the fluorescent particles of small

particle size 82 located in the surrounding thereof work to

reflect the light thereby to prevent irregular color of the
20 emitted light.

The fluorescent material of medium particle size may
also be included that have a peak of particle size
distribution at a particle size between those of the
fluorescent particles of small particle size 82 and the

25 fluorescent particles of large particle size 81. It is



The epoxy resin conposition constituting the Iight 25 transnlttlngjqp%tp ﬁb‘
contains, as an essential conponent, 16 SEP 2004 48 an epoxy resin .
contal ning an alicyclic epoxy resin as a main conponent, an acid anhydride
or dicarboxylic acid, and a cation curing agent. If necessary, it further
contains a pronotor nade of a pol yhydricsal cohol or a polycondensate 5
thereof. Details of the respective conponents are as follows. (Epoxy resin)
Since the light transmtting resin 8 nust maintain high |ight

transmttance, it is required that the epoxy 10 resin used in the present

i nvention aGGRURLS «f 0F, 650 By f‘i’%iogr%tgﬁ%%ltt”‘(%{agftt%%l:efr%{]%fl %ngﬁ;%fb ﬁ\é_\%g%ht or

nore, of the whole epoxy resin conp c f n ox¥

i | udi CLK | agent e .cont.ent, of. an_arpmati ¢ conponen
erving as a0 By {58t S9RE. bR rE BaT S L EnEF Ber RRieT s
reduced. as snal i,ble, . the alicyclic epoxy . resin, for exanple,
epoxi dat ed T('l:jlyrggléo Lgo%eegsgcsecsféé)iQ/aa{ﬁ%i,e%yafaﬁéaggi ?ﬁﬁg:r;r(ﬂll.eA i y&l dppseeher

[ [ rin

conbi nat | o e SUATEA A b THErerotY FRStt xl anceparPaztean of

I derivatiye such_as. 3, 4- epoxycycl ohexyl met hyl -3' , 4' - epoxyhexyl
gé?bg%‘fg? ,lg§‘§| a%hﬁi%n &8@5?1@%??’59\55?@% él%ﬂ%ylflmmﬁphﬂﬁéﬁétlélest er
and, if necessar an epoxy resin made of a cycl ohexane derivative such as
hydr ogenat B8TEH-SPREN0l  AC25 RISk BYF S e i cadd Yepi shtlor 6Hylélrieﬁpef¥tl i ﬂui d
or solid 16, SEP 2004 49 oxy resin made of bisphenol A diglycidyl ether
can al so b@aﬁF%E&FsiPﬁuﬂﬁéi&ﬂyPa(E&FaeaﬁH§GHQﬁ9(ﬁnQﬁQﬁﬁ%oﬁ PR HALH)

the fluorescent particles of large particle size 81 that
have particle sizes smaller than.those of the fluorescent
10 partiéles of large particle size 81 and smaller than those
of the fluorescent particles of small particle size 82, so
that part of light that is not absorbed by the fluorescent
particlés of large partiéle size 81 is absorbed by the
fluorescent particles of mediuh particle size and converted
15 to different color. Through efficient color conversion of
the portion of light emitted by the LED chip and reflected
by the surfaces of the fluorescent particles of large
particle size as described above, it is made possible to
obtain desired chromaticity with a minimum amount of
20 fluorescent material and improve the luminance. The median
particle size of the fluorescent particles of medium
particle size is preferably within a range from 0.3 to 0.9
times that of the fluorescent particles of large particle
size 81, more preferably 0.5 to 0.8 times thereof, which

25 makes it possible to efficiently absorb light reflected on



As the acid anhydride or dicarboxylic acid, an acid 5 anhydri de iﬁpé§§§ t ed
by the follow ng general formula (1) or dicarboxylic acid represent

t he fbllomﬁng general formula (2). (1) O HOOC Rz-COCH (2) 10 In the
formulas, Rl represents a cyclic or aliphatic alkyl or aryl having O to 12
carbon atons and RZ represents an al kyl » aryl having O to 12 carbon
atons. As the acid anhydride, for exanple, there can be used propionic 15
anhydride, succinic anhydride, 1,2-cyclohexanedicarboxylic anhydri de,

3- et hyl - 1, 2- cycl ohexanedi car boxyl i ¢ anhydri de,

4- rrethyl 1 Ve I(m@ i b d h | y i ,
4, 4" - blphtﬁgfféﬁgnhydrpﬁg Eﬁ%xﬁ%%%?%%ﬁ?ﬁ%lF%ggﬁﬁggg 8% QaQBQ %%f%iCle

met hy| hexahydropd aldrie AN ida x thkGeaeh 2004 50 _ _
trial kyltetrahydrophthalic anhydri and hydrated nethyl nadir anhydrlde.

~ As the di carboxyl f e,
4, 4" - bi plhenyl dix%:iéfr E)Jezﬁr%cl a?i )ééﬁf%&en}t%ﬁﬁ%dl%%glr‘%gxgﬁ%gwgge&engxgl i¢ acid,
h I
SOl M 0 29n® WhESC! ol nerneph g E .L%sﬁé'xs% % a8fd
1, 4- cyel oh d ht hal hth
p- phfhal ?cefz}m %%I @%Oﬁaéepo%c/l re |rl1B é %1!(2 t}ﬁl aEFg ﬁﬂ§§ﬁ8§or 10

di boxyl d to f ked ol h |.i nked
ol  goner” | S5 i 1Y srﬁ"fiﬁmn%wcerr&a& bt CuPF LR o ER: Ao CRBEA M B S or

di b I t h t t fr 0.005.t0 0.5
ol and pA ﬁ&m ﬁm%%cfo% e;%@a%‘%h#S entpndeds 2,?%&%35 V1 SRSRERTR ent
When t he epox reS| th i hyd de_or di car box f acid_and the
ration curi cg §ﬂ¥ %;uﬂ¥§§ﬁe%5d BﬁFg BRe 2& d '&THFdr i de

or di carbox |IC cidis mx in h unt wthin a range fromO. 005 to
1.5 nol, a éﬁé&ab?§z?rogﬂ0 %8 §igning  the particle

10 distribution of the fluorescent particles of large particle
size 81 as described later so that the fluorescent
‘particles of large particle size 81 will not be disposed
one on another afound the LED éhip 5. |

Since the fluorescent particles of large particle size

15 81 having larger particle sizes among the fluorescent
material particles of the present invention are distributed
as shown in Fig. 4A and Fig. 4B, the particles hardly
precipitate in such a state as the particles are in contact
with each other, but are precipitated while keeping

20 favorable distances from each other. As a result, light
emitted by the LED chip 5 can be guided not only to the
fluorescent particles of large particle size 81 that are
loéated near to the LED chip 5 but also to all the
fluorescent particles of large particle size 81.

25 Consequently, more fluorescent material particles can



20 based on an epoxy equivalent. (Cation curing agent) As the ration curing
agent, for exanple, there can be used aromatic sul foniumsalt, arohefEPc2004
diazohiunl aromatic i odoniumsalt and aromatic sel enium The aromatic 25
sulfoniumsalt is deconposed by heat and/or ultraviolet 1 51 16 SEP 2004
i ght having a wavel ength of 360 nmor |g$s to generate a cation. Exanples
t hereof include Triphenyl sulfonium Hexafl uoroantinonate and Tri phenyl

sul f oni um Hexafl uor ophosphate. The resin conposition can be 5 sufficiently
cured by adding a small anount of Triphenyl sulfonium Hexafl uoroanti nonate

because of . : : [ r The: catien .curing ent is_preferably
used in thgqugﬁgﬂﬁ%t |neger3%§?%%%%§ .880&§qﬁ§(f%%%é%%l}nﬁfgféﬁgﬁly
from 0. 000 0 . . 1T .ef.erably fromQ.0002 to 10 0.0Q5 nol,
based on a#h%bdgvﬁéaH?%E?gﬁg}g?ngﬁ%ch?“ﬁ&dﬁ%%egag?g?ﬂ%t%oFyﬁy&FF&°§lcohol
used as a pr . include ethyl.ene gl ycol , diethylene glycol, trinmethylene
gl ycol , tr%ggggﬁgkgygﬁfg%ﬁf 5P§6§Fe§34é5f55ﬁﬁtlPﬁ¥f§lﬁﬁtanedioI, and

1, 6- hexanedi ol . .There gcan al so he_used ol ycondensat e, obt ai ned by the
condensat i on pol¥eriT&Hi o f %hﬁ?%ﬁ n%?glﬁ%$yh§H$?E aP¥ohBF4Pdnokget hese
polyh%dric ﬁlcohols. The Pol¥h dr%c | cohol, or pol ycondensate thereof is
used i°n t h& TRIEGTERG HIR S T3hg8 5 rORF 0 PECS 52%F 26 Tedthiat cRestishe
preferably from0.2 to 3.0 equival ents, based on the acid anhydride or

di car boxyi S¢246i d?r"}“he“%*boﬂférpéﬁ c CLil6A, uskl kS t ReqasgiRryY to
transmtting resin 8 nmay contai n conponent_ other than those descri bed
above. For 1BKANAEe 2 t1RF IS ghFOYRENSH tthengf huasas ety maleciont ain thel ers

10. In addition to the fillers 10, 1 .
- resin. Since this leads to thicker layer of fluorescerit

material with the particles piled up one on another,

10 _proportidn of the fluorescent material particles that do
not contribute to the light conversion increases and the

- fludrescent material particles that do not contribute to

" the light' conversion block the .light.' Thus 1light
extraction ratio has been low and hiéh luminance could not

15 be achieved with the fluorescent material of the prior art.
When the fluorescent particles of large particle size 81
having the mean particle size and the particle size
distribution properly controlled are used as in the present
invention, probability of. the . fluorescent particles of

20 large particle size 81 to precipitate densely one on
another is low so that the fluorescent particles of large
particle size 81 can be dispersed more sparsely than in the
prior art. Accordingly, because the distance between each
fluorescent material particle and the 1light emitting

25 surface can be made relatively shorter, 1light of which



16 SEP 2004 52 it can contain various functional particles of diffusing
agents and col orants. The nethod of formng the light transmttinggr§er 2008
wi Il how be described in detail. 5 The nethod of formng a |ight
transmtting resin 8 includes, for exanple, (i) a nethod of applying a
solution, which is prepared by sinultanegygsly m xing an epoxy rein wth an
acid anhydride and a ration curing agent, arid curing the solution, and
(ii) a nethod of applying a 10 solution, which is prepared by reacting an
epoxy resin with an acid anhydride to forma crosslinked oligoner and

m Xi ng the | d +Qld i ti curin a cur. ng the
coatigg'Hlﬁﬁ6§¥§ﬂ%§§np%g,g%%§ﬁ r%%HY?SE%&tfgﬂénﬁfti%ﬁegggﬁﬁdSHﬂ% ﬁgpﬁgd in
t he thickn f 1 500.,,:qy¥.m . l; ot thod. (ii)_is better. .By.
enpl oyi ng ?ﬂgt%ec%{ogm(%%) , ?n\élléﬁg:tailﬁﬁ‘glgti gﬁggf ?ﬁ%lé%ril%ie an %F‘?Lbl% ﬁ%”b%

ted i f i the light t 1tti in 8 inthe f f
prevente |%§O§sogeuqfibn\g%%ll{%m elig ransmtting resin in e formo

athin filman nfilm A so the viscosity of the solution to

be applied is easily. 20 controlled and the t life is proJonged, so that
t he workabi | i tyaslsaSSlicrrpcro(fl\FeecP.t ﬁ#e Cr?é'farffbod“ﬁri%)%ﬂel PaTS P 'J‘g}é’cﬁlqi? rst,

an Doy o8 NG AL OLg, a0, B NG SPOLY eSO, Ueh Scooults ey, 68
or | according to the present invention has been described above.
According to the present invention, as described above,
the light emitting diode of high luminance and high output
power can be achieved by using the fluorescent material
10 consisting of the fluorescent particles of large particle
size' 81 and the fluorescent particles of small particle
Sizg_82 and making the color conversion layer made from the
fiuoréscent particles of large parfiéle size 81.disposed
around the LED chip 5 at favorable distances from each
15 other in order to improve the efficiency of extracting the
light to the outside, the light absorption ratio and the

light conversion efficiency.

In order to fluorescent material particles that do not

contribute to the 1light conversion efficiency, particle
20 sizes of the fluorescent particles of large particle size
81 are preferably controlled within a range from 10 gm to
60 u m, more preferably from 10 uzm to 50 uin and most
preferably from 15 pgm to 30 um. Fluorescent particles

smaller than 10 g m and larger than the fluorescent

25 particles of small particle size 82 tend to precipitate and



53 16 SEP 2004 dicarboxylic acid in the anount within a rangeiWcV@QFQO to
0.5 |, preferably fromO0.01 to 0.20 nol, based on an .epoxy equivalen %o
forma crosslinked oligonmer in a proper reaction vessel. Wen using a

pol yhydric al cohol or a 5 polycondensate thereof as a pronotor, it is m xed
with the epoxy resin, together with an ag4yd anhydride or dicarboxylic acid.
The reaction between the epoxy rein and the acid anhydri de or dicarboxylic

acid is preferably conducted at roomtenperature at which the side reaction
10 such as oxidation is less likely to occur. In the case of the acid

hydri de, - i TR, i,S Within. f. bout_.1 60 _hours.
' The casB or Fha-ticarboxyie Herd, tHhe Thbcr BT medseha { AE 4 hnge
f bout T ti ime b lerati f
rom about g4l £, ,18Q hours, Qréﬁgrﬂfgtgggerea% qugrﬂt[ne Y EInoresgento

15 the ring-openi ng reaction 0 e acrd anhydri ‘he re S&F&tem may
be -heated tqQ _50Q to 150C (,prefergbly 60 _to 120C) . Then, a solution is

pr epar ed byaﬁ%ﬁchfst hes"i'ae@lﬁrti r%‘ad{os]g‘?i nked® ol 3¥fdnetahi#er athani ofbeuring
agent int t w.thin a range from0,00005 to 0.03 nol, preferably
0.0001 to 338%%§%|,%%a g%&gﬁﬂgﬁ gpo%?a&&upgﬁFéﬁ e ?ﬁéen?2e8a¥8lﬁﬂﬂéﬁris
packaged in bg% insige of_a nnqg;ing azﬁa la in,which the LED chip 5 of the
nitride sefCSRETet of Oi IR L and¥heRTEGHRITAFE N FINIGHY i f 0% a

light 25 transmitting resin 8. Preferably, the m xed solution is 16 SEP
2004 54 subfEHtEd 455 i ey EbPFAg Yarassatian at S 8o mo arehC Woen2 the 4
hours and theg subjected to secondary curing by heating at 140 to 150C for
2 to 4 houP$ONGAE9s RFIIGTS nkt h6QNWEPH 188 dawitionsad hertdimapesiticdeshe
pliability of the_epoxy resin conposition thus obtained finally is
propor t i onPEECLRE tRdLeSeRSe Weildghtthsy 1 Herid osesimkeebePyorecreasiing t he
process. Thg hi_ gher the Broportion of carboxyl groups, which are converted
into an esF8F 4Zapspdstppcsf ofhéipBAetion with the epoxy resin 10 or
prongbor, anong_car hboxyl groups of the acid anhydride or dicarboxylic acid,
the b8tter the PPFaBCLEt Flgest 1L rEBal filvgrepeehtr @sinticdigsosdfi dmrgthe

.viscosity of the m xed solution of the crosslinked oligoner and the cation
particle size are preferably uniform which makes it

'pqésiblé to effeétively prevent the fluorescent particles

'of lafge particle size 'froml pfecipitating. dehsely.

Standard deviation of the particle size distribution of the

15 fluorescent particles of large particle size can be kept to

within the desirable range of 0.3 or lower without specific

classifying operation, and can be further controlled to

0.15 or lower by classification (the inventors of the

- present application verified that fluorescent particles of

20 large particle size having standard deviation of 0.135 can
be manufactured by classification).

The present invention improves the output power of the

lith emitting diode by using the fluorescent particles of

large particle size as described above thereby minimizing

25 the blocking of the light by the fluorescent material. The



curing agent can be freely controlled by adjusting the 15 ampunt of the
acid anhydride or the ester conversion ratio, because the viscosifyg S h@p
depenging on the nol ecul ar wei ght of the crosslinked oligomer. _
<Manuf acturing nmethod of enbodinent 1> Now a method for producing the |ight
emtting diode of 20 the first enbodi mengowi || be described bel ow. This
producing method is a nethod for producing the surface nounted |ight
emtting diode of the first enbodinment with stable quality satisfactorily

i n mass production. 25 In this producing nmethod, since a plurality of 16

SEP 2004 53 frackagesrare tweocgféggegg&llgc?:a\r%%li%lte% the ﬂgg%%acr vie(,%liﬁng t he

LED chip 5 with the Iight transmtting re , a package™as y cofisi sting
o bl i oL Eckarehel pulssthe MR GRCkA0S PSFTELGLR TAAE R hone, o
con eSO SRR, iAo AR PIUCHE A AR A e plste
of thi Ckne%%c{ raomi%eo%ri‘i'&et %fz'egccTPaacr}.%nh%vSav.elengths .
5 As 90 vol % or more of the fluorescent material
consists of the fluorescent particles of large particle
size 81 that have excellent optical characteristics (high
light absorption ratio,.high convérsion efficiency and "a
wide range of excitation wavelengths), light of other
10 wévelengths around the main emitting wavelength of the LED
chip can be satisfactorily converted to other wavelength
and the light emitting diode can be manufactured more
preferably iﬁ.mass production.
As described above, since the light emitting diode of
15 the present invention uses the fluorescent material of the
above constitution, the fluorescent material particles can
be separated into the layer having the function to scatter
light made of the fluorescent particles of small particle
size 82 dispersed in the region apart from_the'LED chip 5
20 in the resin and the color conversion layer made of the
fluorescent particles of large particle size 81
precipitated around the LED chip 5 with favorable distances
being kept from each other. Thus the light emitting diode
of the present invention capable of emitting light of high

25 output power and high luminance uniformly without irregular



10 a plurality of through holes 10la penetrating therethrough in.g@% P
direction of thickness. Cross section of the through hole 10la may bg 621;
circullar. or rectangul ar. That is, the present invention is not limted in
terms of the cross sectional shape of the through hole 10la that can 15 be
sel ected from anong various shapes. Innegqwall of the through hole 10la is
preferably tapered neat the opening so that the dianeter thereof increases
fromone side of the insulating substrate (surface to be bonded with a thin
metal sheet) toward the other side: Wen the inner wall of 20 the through

hole 10la iS,tap nd jt{ted by the LED chip toward the inner wall
can be refIectedq%ﬁgﬁg%$¥¥ﬁfgﬁéécted upward, thus nmaking it possible to

extracting the I et by: . chip.5.efficiently fromthe, |Jjght
emitting el emnté%% grrle alc}llb%{s}:glﬂﬁﬁgtoerpfgg Hig ]Ls]e“b%ea% TG d?%%‘?/%lsaff or med
16 SEP 200 6,thergin iLp correspondence to the throu holes with th
grooveS'Hiﬁ%§9v$$h€%% Pﬁ%%?%fiﬁéVFSE%Rn4}SséhPMEtbﬂhi QnﬁQﬂu@ﬁﬁRﬁsﬁi and
the thin netal_sheet. 2b are elecfrically isolated fromeach other by the

i nsul ati ng Jessqrrf%dl PR aCH & 'pazﬁlhegev%‘ré?\e'f ?fgcqéa'bre%lbé%fel%tc%‘f‘% % part
‘of thig nmetal_sheet 2a, the ins Iating resin 4 and a part of the thin netal
sheet 2b ar %o@@dr‘}er?sﬂ’féntghr%ﬁghpﬁ F&Ci6154%F cRERLBHRREERY AfscEhe t he
package assenbly, the pluralit f .10 packages are disposed in a group for
each openi nfgl ﬁﬁeqtnemﬁggﬁlié%lyo hasSgEs G Her sy . arfbFRa P OFRT ED
chip> The LED chjps 5 are die-baonded at_ predeterm ned positions in the

t hr ough hol nt i ngRELEHCH Whe EBepadiddipr esesarp| ymabasiplut.dé as
descri bed apove, ‘and wiring is provided as required by wire bonding (Fig.
5). The thi%-SR&EeEhéBt a2ghEctfe 39 imeharanpEaphoprhpbe exgedstdlam t he

t hrough hol e, and the LED chip 5 is bonded onto the thin netal sheet 2b
that is a ﬁg@@gﬁyea concentration of 0.05% and the particle size

10 distribution is measured with a laser diffraction particle
size distribution measuring instrument (SALD-2000A) over a
range from 0.03 to 700 pm in an atmosphere of 25°C in
.temperatﬁré and 70% in humidity. | |

According to the present invention, median particle

15 size of the fluorescent material refers to the particle
size at which the cumulative percentage reaches 50 vol % in
the volume-based distribution curve, and this value 1is
preferably within a range from 15 to 50 um. It is élso

" preferable that the fluorescent material includes the

20 particles of this median size with a high concentratién,
preferably from 20% to 50 vol $%(distribution frequency).
The light emitting diode having good contrast with
irregular color suppressed can be obtained by using the
fluorescent material made up of particles having less

25 variation in size as described above.



20 electrode, while a p-type electrode 5a and an n-type el ectrode 5€§%% kﬁ?
LED chip 5 are connected to the thin netal sheet 2a and the thin ﬁe

sheet 2b, respectively by neans of wires 7. <First process: m neograph
printing> 25 The light transmtting resin (epoxy resin conmposition 16 SEP
2004 57 of the present invention) 8 that 4g3erves as the sealing nenber is
applied by m neograph printing in a chanber. Fig. 3Ais a plan view of the
mask 112 used in the m meograph printing according to the produci ng net hod
of the first 5 enbodi nent. The mask 112 has a plurality of apertures 113 as

shown in Fig. 3Arnpesiild heditse) 26nefecaglh aBFRLILEALE B &%qci%%%ﬁgggh§g3

a plurality of packages of one group correspon 0 one of “t'he "ape

(61 9,35) . Thupod heatROK1 WSEH,L Mot e 07 RSP0 oL NN L Oy 6, (651 OEC 3P 2 L0

10 formthe light  transmtting resin | ayer onty i

Aocording, o The . B o e S s " e SUR S [9ERLAg
transmtti esd t.ha I Lns moot h surface even after curing
can 15 be ?%%%re?lg#ﬁe elnnéjne%agg%%gés ? tﬁﬁégtehr%ﬁﬁ l‘ﬁﬁ‘? eS A P1a%f the
o m heograbT B he Ag. TarHg RESdk 519 BEPRLETRT sideangmzoves Thé
Speci fi cal | i i S oduci ng. net hod, groups each 20 consisting of a

pIOur ality o rﬁo%@ﬁiagiésccg &+ d?%rb%%"éeoé e&%e?)?c?%éj %fe%%eaatr%n‘ﬁﬁﬁlf?etléﬁé?t ures
113 where it is difficult a .the |liight transmtting resin with a flat
surface, as shomﬂni% %i%?ggg ?ﬁgg¥fﬁ8 Gig Pﬁaﬁ%ﬁtHHQﬁéhﬁﬂﬂﬁﬁqQﬂéﬁnhaving
uni form thi surface is forned in the 25 portions where the

K d flat
plurality oﬁlegg‘fzi‘é%’g%s%l‘?lgt FRIPISRE D Prafempip pdgysed on the yttrium

aluminum oxide fluorescent material activated with cerium

10 that can emit light by absorbing the light emitted by the

semiconductor LED chip having the light emission layer made

' of a nitride semiconductor.
The yttrium aluminum oxide fiuofescent material may be'
YAlO;: Ce, Y,Al,0,,: Ce (YAG: Ce), Y,Al,0,: Ce or a mixture of

15 these materials. The yttrium aluminum oxide fluorescent
material with Ba, Sr, Mg, Ca and/or Zn included therein may
also be used. Si may also be included to suppress the
reaction of growing crystal so as to obtain the fluorescent
material particles of uniform sizes.

20 In this specification, the yttrium aluminum oxide
fluorescent material activated with Ce is.to be understood
in a broad sense of the word so as to include the folloQing
fluorescent materials:

(1) yttrium aluminum oxide fluorescent material with

25 part or all yttrium atoms being substituted with at least



58 as to suppress the variations in the thickness of the light transmtting
resin |ayer between packages and make the light transnmitting resi 8 SEr h@ge
of each package flat. After formng the light transmtting resin layer in a
5 single step for the plurality of light emtting diodes as described
above, individual light emtting diodes gre separated by cutting along the
dashed lines shown in Fig. 5. Thus the [Fi'lght emtting di odes havi ng

uni form thickness can be manufactured with high yield without variations in
the 10 size and color anong the light emtting diodes. Thickness of the '
light transmtti g9,Le in lLayer fornmed on the insulath%,substrate can be
changed fre¥ly B§ B6h r&FIlleﬁgetdh L KR sEreEPrt Renfaskinsowfadbxabgl e of
met hod for the light transmtting 15 resin |layer having uniformthickness
and flat s¥3acddi#P¢n¥ portions where the plurality of packages are

di sposed around the apertures 113 will be described bel ow. (Step 1) First,

t he package assefdl yYEGGlHEviarJrgmtlﬁ’émt hevige Z0unskesendlamaftagiing twivand t he
mask 112 is sucked onto a el evation stage 117 (Fig. 4A), the stage 117 is
lifted witHPahe Packafeadysénpiy atopsabe inige svésk iti2 eal iwgrigd amdl@asti nt o
contact with the bottom surface of the mask 112 (Fig. 4B). This makes it
possi b? e t P i aheReRt paekageds faebl RS 900up ntonsbatany wift IBa, heT hask
112 in such a state as 18 SEP 2004 59 warpi ng of the package assenbly
bei ng corr&a end A war pi ng of the package assenbly is corrected as

descri bed above,. the light transmtting resin |ayer of uniformthickness
can be forned on(dneystrivse adumihemparkixde 5lassesbéyt 18Q.tekrdmm ngithe
seal ing nenber in the warped state on the substrate |leads to variations in
t hi ckness aveoriy eheal lglvt teriumt iatpndi doebng t busst esutédingiicth laawere el d.
The light transmitting resin that includes the 10 fluorescent material is
appl i ed on ane sé benatft t helapeetiufesmoftHhegrmak ddAsusdengt Be ahsosspheric
pressure as shown in Fig.. 4A, and the resin is deaerated by decreasing the
pressir e i ra,hi Sccordidt i sn. Ihd dpereased paeESudBumBnf ef Ll y piddyn a
range from|l 00 to 400 Pa, which makes 15 it possible to effectively renove
bubbl es fr eudsite thesich. witht hits tebedi g elembheh dhrdrackagecassam! y

| 00 and the mask 112 are used, the light transmtting resin having a

rel ativel y driogip \desedsittinngc @t B, usad. Ga and. In. '

More specifically, the fluorescent material is a

photoluminescent fluorescent particles represented by

o))

15 general formula (Y,Gd,;),Al0;,: Ce (0 < 2 = 1) or
photoluminescent fluorescént particles represented by
general formula (Re, ,Sm,);Re’0;,: Ce (0 & a < 1, 0 £ b £
1, Re is at least one element selected from among Y, Gs, La
and Sc and Re’ is at least one element selected from among

20 "Al, Ga aﬁd In).

The fluorescent material, due to its garnet structure,
has high resistance against heat, light and water, and has
an excitation spectrum peaking at around 450 nm and a broad

emission spectrum with peak emission at around 580 nm and

25 tailing up to 700 nm.



In case the fluorescent material is used while being, 20 included in the
light transmtting resin as in the first embodinment, it is preferhil 8ER @004
use alresin that has a certain |evel of viscosity in order to ensure
honbgeneous di spersion, since the fluorescent particles of |arge particle
Size precipitate at a fast rate in the Iiguid 25 resin. However, a resin of
hi gher viscosity is difficult 16 SEP 26 4 60 to deaerate and may lead to
| ower yield of production. For this reason, in the present invention, the
m nmeograph printing is carried out while repeating the pressurization and
depressurizatio r _renoving. bubbl es by .decreasing 5 the pressure, so as
to nake it possﬁ%f%if%e%%% t hé ighFXFﬁéﬁiﬁPPtingeWé PROBf hiYh visEBity
wi t hout decr.easi the yield.of production. Thus a resin of high viscosity
can be _useo&???g%?‘%%’rn?%g?%i%f%‘p%%e%foll?ﬂrﬂ%%%im ehAPnhata teerpg thy
occur when fluorescent particles of |arge particle 10 size are used. Al so
the light ef9tPhgPar oYL HhamAGdIurean e Hungaves dw iaadimdinn a
resin of hk%? viscoiLty i? used. I n case sealing is done with the |ight
transmtti r eGP ngl BubiieesCrYRBabubbl 8§ ridi¢ e6d apententacis 15
light emtted by the LED chip and light emtted by the fluorescent
materiAl, rENAR3TRAT PeYfhsHeRebeRIER r e§ulldghtoknd ssadnusbidse soward
| um nance. To_prevent this problem it is very effective in suppressing
irregul ar cdl BYNERHE WANGLAREEE aAd Ulitaerkire oemépeiont Bpecychm aflso
, decreasing 20 and increasing the pressure as in this enbodi nent when
appl yi ng t R\ Yitghttavand riandey wasksendtdts i ndihidesietane ftihadr esdesstion
material. Bubbles included in the light transmtting resin may also lead to
peel -of f of°%k helighfht @Ff arfsedeti ngddeshn andibor wine- bendedhpentidon tand
wire 25 breakage, resulting in lower reliability. Therefore 16 SEP 2004
61 renoval dcngssindiiks @Y comrtemt hodInEreassngnbhdi Gantonsener wlso
effective also in inproving the reliability. <Step 2>

10 decreases the luminance of blue photoluminescence emission.

The fluorescent material may also include Tb, Cu, Ag, Au,
| Fe, Cr, Nd, Dy, Co, Ni, Ti or Eu added thereto as required.
The emission .wavelength also shifts tbwafd shorter
wavelengths when a part of Al atoms are substituted with Ga
15 in the yttrium aluminum garnet fluorescent material having
a garnet structure. The emission wavelength aléo shifts
toward longer wavelengths when a part of Y atoms are
substituted with Gd.
- When substituting a part of Y atoms with Gd, it is
20 preferable to keep the proportion of Y atoms éubstituted
with Gd within 10% and increase the Ce content
(substitution) from 0.03 to 1.0. When the proportion of Y
atoms substituted with Gd is less than 20%, green component
increasés and red component decreases but this change can

25 be compensated for by increasing the Ce content so as to



Then first cycle of forward squeegee sweep is carried 5 out under.pggﬁﬁ@ﬁﬁd
pre553re (Fig. 4C. A forward squeegee spatula 114 used in this ope T offUd
is inclined forward with respect-to the vertical |ine of the mask 112 as
shown in Fig. 4C, and is pressed by pneumatic pressure against the mask 112
so as to nove and squeeze the resin 8 ini® the 10 aperture 113 of the nmask
112. Since the forward squeegee sweeping operation is carried out under
decreased pressure, suction of the elevation stage 117 is not effective:
But di spl acenent between the package assenbly 100 and the mask 112 does not
occur beca | e j S AP ressed physi cal agai nst the
maek 112, SQPEsRete £ BRI eRbE 13 End R ROrBR R sty B
at nospheri ressu an c Lon. of pressure increase, first cycle
of return ?S@SgéeeEgﬁeegeﬁggggrr?@§$§%£§%%5?rn%ffﬁ?%ﬁni ﬁﬁﬁiﬁﬁgtetgg t he
forward sq sweep (FLg...4D). A.retur eegee spatul a, 115 is inclined
t owar d theﬁﬁggg 89ﬁ'recti§%CﬁPF ré¥g§ctpﬁgggﬁ%m§%?%$§%$ IEAEOSFsFﬁétnask
112 nore steeply.than the forward squeegee spatula 114 and is noved by
| ar ger pneﬁﬁﬁgﬁﬁlﬁrégngg ffh §§cﬁha? %ﬁqﬂéé% rg2squkg8scekespt
oper ati on. _As _the |ight 16.. SEP 2004 transmitting resin is squeezed
again%vﬁthtﬁmngééPﬁénﬁQﬂfa%ﬁ%ﬁﬁ%E&%ee% hef $etah il Shteeded Rpaddphtiis
and the nask.%%z, bu blgs can be renpved efficiently fromthe resin that
fills the GPéFtdrds $18960 FRBt Phe LBRFPYRYnenbetlsan the 5useni Sfedawi t h
snoot her SUéfgci. <Step 4> Several cycles of forward and return squeegee
sweepi ng oPBPEPLHALNESECRE ri MRS e PRBEAELAY t K&k edAF e BEEReasi ng
and increasing cycles simlarly to the step 2 10 and step 3, thereby to
fill the aPEPPEr&d11 wheYet REChedisf oFonRPROR N MakeRndds. PaStEpLle>twi t h
the mask 112 in contact with the package assenbly 100, the |ight
transnitti R§NEESFRUrS curkiphihdenhbhintie dindgasieHab ieermf eemithimgt B | i ght
trangmtting resin formed integrally in the through hole wherein the LED
chi plPs pl 4BEarmadisfet Belospsyghf aSePdhkthe i nsulating substrate can be
made to have top surface that is flat and substantially parallel to the
bot t om surface &Rhet HhQrkayaesxenhed luhseseehsd mEr tfiorldsngdehersbabi ng
resin by m nmeograph printing is enployed as descri bed above, the |ight
~transnittipgovesi pahakegmegiudidatainechi gis viEstbewsy befRimstouriasg tha be
used. Consequently, unlike in the case of using a resin of |ow viscosity,
the fluoresebari2bsneter makedoés rmat, pAécignd aCe,oroxigeat ehiarddfe oesin.
As

compounds that can easily turn into such oxides are mixed

15 in stoichiometrical proportions thereby to make the stock
material. Alternatively, é Solution prepared by dissolving
rare earth metals of Y, Gd and .Ce in stoichiometrical
proportions in an acid is coprecipitated with oxalic acid,
the product of which is fired to obtain a copreéipitated

20 oxide material. The coprecipitated oxide material is mixed
with aluminum oxide to obtain a mixed stock material. A
mixture of the mixed stock material and fluoride such as
barium fluoride or ammonium fluoride added thereto as a

flux is put into a crucible and fired at a temperature from

25 1350 to 1450°C in air atmosphere for 2 to 5 hours. The



16 SEP 2004 63 a result, relatively good m xed state of the fluorescent

mat eri,al can be maintained. In addition, the period in which the Ni6gSEP 2004
transﬁitting resin remains during the form ng process is fromseveral tens
of seconds to several 5 mnutes, far shorter than several hours in the case
of potting process in which molten resinggs poured into the through holes
and cured by heat. Moreover, since the tine taken to cure can al so be nade
very short, the fluorescent nmaterial particles can be prevented from
precipitating one 10 on another on the LED chip. Thus according to the

duci £i ment, . Si t he .l i ght i1
es ECLPQh{’%%%%’%cg‘éit%?‘?@éhr%% GRBGRLTRE rwﬁasf'tr:éﬁalt;%ér#qtgﬁ%rééi_ ﬁflh%g?i al
can e rev rom.separ.atl n .0 eac (6] er In e r.o arter
mi Xxi ng Fhe ‘?%‘]%}g‘?%'sceﬁtep £5FFal gicﬁﬂte{% |9t SP&YED ttfRg PBERITEL | &

application to the substrate.,. As a result, variations in the content of
fIuorescentpﬁﬁﬁ%iﬁ@ﬁn??ﬁﬁ%ﬁkﬁﬁq?F?ﬁﬁFWQKQQFQﬁﬁﬂﬁFthe light emtting diodes
can be mnim zed tEus gakbng it gossibLe to 20 manufacture the |ight
emtting di odes ¥t hPfedldhhy PREFEANINALREEC QIforthér RURS R tiTstRn iR,
wi thin_a productjon |ot and annng different production lots. Yield of
producti on i BReEobEningrecRl. TANQEePRaNE| RBFEIEEAF Pat icOndaisr %o ge
particle size 25 can be prevented fromprecipjitating densely near the 1
64 16 SEP X004 =f¢ aclél%q?s t HRE LB Ehi e i R b el b | mm%eﬁuqnqswt he
t hrough hol es and curing of the resin, so that wavel ength converting
function ofM3HF¥3borsddantesar vithecariumr gaddart i eteesi Ad uanegrent
effectively utiljzed. Further, the 5 fluorescent particles of small
particle sibdeabeadded rfhrrePuniformly in the light transnitting resin
around the fluorescent particles of |arge particle size, thus preventing
light emtting dfirtest¥e okiegpepfenttnguimn rdgmiaunc glagmetl ElRsrtesdrar |y in
case the light emtting diode includes YAG Ce fluorescent material as the
fl uorklcentmakawidlal dvwna o ddififewknte | pyhporthens| ucoBscent g al
has | arger specific gravity than the light transmtting resin and tends to
preci pi t at swWisidiytedvewiith t h6d cames t e xkd,f | ubiestentopar tded iasedf
| arge particle size 81 can be prevented from precipitating densely near the
surface of ahironaRD iy &ansbet bhtatihed iepwileni t t Pagtiitoteslof whenf cr m
col or tenperature can be manufactured reliably. S _
fluorescent material having higher proportion of

substitution is used as the fluorescent particles of large
15 particle size and a fluorescent material having lower
proportion of substitution or no substitution at all ié
used as the fluorescent.particles of medium particle size,
color rendering performance and luminance can be improved
at the same time.
20 <Light transmitting resin>
The light transmitting resin 8 is formed by applying é
solution, which is prepared by mixing a crosslinked
oligomer obtained by reacting an epoxy resin containing an
alicyciic epoxy resin, which accounts for 65% by weight or

25 more of the epoxy resin, with an acid anhydride or



Now t he dicing process will be described in detail 20 bel ow Indiyidual
light .emtting diodes are separated through the dicing process as §eSER M4
bel owJafter the light transmitting resin has been cured. <Second process:
Dicing process> (Dicing step 1) 25 After curing the resin, the package
assenbly 100 is 16 SEP 2004 65 bonded gﬂto a dicing sheet on the |ight
transmtting resin side. The bonding strength can be increased since the
bondi ng surfaces of the package assenbly 100 and the dicing sheet are nade
of substantially the sane material and are 5 flat planes. As a result, the

chi ps can be prevented from conin ff and m s-positioning in dicing can be
prevent ed, %ﬁ%ﬁbo’%ﬁjs? bl& % ?epant et9 ntlo X hBOlndiasqfialn i ght &RAXY i ng
diodes with high yield. Ln case the resin is applied and cured by using a
mask 10 tha%qLHag‘éa%ep‘éHuWé&hc&r r&hohdPREURS Pﬁg 3 narvienacurhngugodnt es of
t he package §$ﬁﬁ3§£)h in contrast, the applied resin shrinks and sinks over
the through! > st P9y R ERsBA bR MY sta ehdilh tivdoalss exhl y

the surface of the insulating substrate other than the areas over the 15
t hr ough hol¥% #akBBOEYNECAEL VRileRt) he t@ cihyy thebde ¢f easeuatimgyerremount
of the resin is applied and cured by using the mask that has apertures
cor r espondilfy ¥ Wikkch nBh¢i HERI chhPolgl fhdhes nidiritdee setieontaratont hes r esi n
surface becones higher than the top surface of the insulating substrate 20
that is tolsaindiashd fd ored iheumigion wilit dea tnimkes contact with the
dicing sheet as the bonding surface, thus resulting in very weak bonding
strength bet weerfhhel pabkade aasgdriiijngandes ire @i cimgs seenetihaicdrendsy t o
m s-positioning in dicing. Wen dicing is carried out with the package
causes yellowing of the resin because the content of the
cation curing agent that absorbs blue light is 1/10 to
10 1/100 times as much as that in the prior art. Therefore,
the: light emitted by the LED chip of the nitride
.semiconductor capable of emitting blue light and light of.
which wavelength has been conﬁerted can be extracted to the
outside. Because of comparatively high pliability, the
15 light transmitting resin '8 reduces the thermal stress.
caused by a difference in thermal expansion coefficient
between the light transmitting resin 8 and the LED chip 5,
thus making it possible to prevent failures such as crack
in the LED chip 5 of the nitride semiconductor and breakage
20 of the wire 7.
The composition of the epoxy resin composition used in

the light transmitting resin 8 will now be described in

detail.
The epoxy resin composition constituting the Llight

25 transmitting resin 8 contains, as an essential component,



25 assenbly and the dicing sheet held together in unstable 66 %6 SEP %80
condi tion as descri bed above, the chips tend to cone off and 6 SEP 2004
nis-po%itioning indicing is likely to occur. The light emtting di odes

t hus obtai ned may al so have such undesirable cut surfaces that have burrs
or the like. The 5 burrs may break in th 8packaging process that follows.
When the burrs break to a depth, moisture infiltrates fromthe outside into
t he sealing nmenber. This decreases the reliability of the light emtting

di ode and causes such defects as netallic nmenbers sealed inside are

oxi di zed a 1 Lscolaor,. <Step 2> The package assenbly that is fixed
closely ongghég%$%§n%egﬁébthqﬁéﬁQﬁpﬁ.PE 1G9l 45 pRAnE gesdndi @Fn@ bl ade
applied onto.the bottom surface  of %EF package 15 assenbly al ong the dashed
lines in FIg"s COMRERE L nG hirgde RREYATdGe: PRg dd@gabesndiist ang dof amidne

di amond particles _around a bond. The di anond bl ade of this constitution:
tends to b8 FBLdEF GUEHTFefIe R pd TyBREraEad Yas i§akiuatiber whetadust iang of f
the light emtting diodes that 20 fill the space between the di anond
particl es. PEATGEGEr MVt d2t RPs YpveBiiemaliqohiod mef ar abllycoodenclatige a
hard filler in the light transmtting resin that makes the sealing nenber
in the firsPepeedess, g@%t%ﬁ%h faséheher ¢ st hyvert cdnpinestar ampushed out

so that dicing operation 25 can be carried out snmoothly. Use of a filler of
| ar ger follows.

(Epoxy resin)
Since the light transmitting resin 8 must maintain
high 1light transmittance, it is 'required that the epoxy
10 fesin used in the present invention accounts for 65% by
weight or more, preferably 90% by weight or more[ of the
whole epogy resin component (total amount of only the epoxy ..
resin éxcluding a curing agent) and the -content of ;an
aromatic component serving as a coloring cbmponent,
15 especially a phenol derivative, is reduced as small .as
possible. As the alicyclic epoxy fesin, for example,
epoxidated cyclohexene derivative, hydrated bisphenol A
diglycidyl ether andl diglycidyl hexahydrophthalate ester
can be used alone or in combination. It is particularly
20 preferred to mix an epoxidated cyclohexene derivative such
as 3,4-epoxycyclohexylmethyl-3’,4’-epoxyhexyl carboxylate,
as a main component, with diglycidyl hexahydrophthalate
ester and, if necessary, an epoxy resin made of a
cyclohexane derivative such as hydrogenated bisphenol A

25 diglycidyl ether, and epichlorohydrin. A liquid or solid



16 SEP 2004 67 particle size increases the operation and effect. P@in? t he
fluorescent particles of large particle size as a filler increase haEP 2004
ef fect/ since the fluorescent particles of large particle size has high
hardness. 5 In the light emtting di ode manufactured by the producing

met hod described above, the light transmigting resin seal is forned
integrally on the top surface of the insulating substrate and in the

t hrough hole of the insulating substrate, top surface of the |ight
transmtting 10 resin is substantially parallel to the bottom surface of

t he packa d A 0 CLEC i a rf ft i ght
trangnittgﬁgoﬁgsfﬁggg ?Eﬁ%%a%%ig?%éﬂgﬁé%hhw?#ﬁlﬁﬁgd &t§¥$§?#gﬂﬁ}e?%ﬁ?ial
surface of.the. kage. ight transmtting resin is forned over the
entire sur?%c@lggafhg%lgéﬁﬁéﬁgrgh?tting di ode, I?ght emtting surface can
be made w . W n sgased’ t _poywer. Mbreover,; since the |ight.
transnitrgggé%ég%ﬂhgﬁgéﬁg ?%sgygggﬁagggggt?ﬁf% dyffuse; Iight'frgg1the LED
hi ff ivelky to th tsid the | ight 1 fLi di.ode h d
Giroctivity, | nh50 W Bed PREHAELREnHH 01 SRERGEI TG neFbes e ifl er
t he egfect i@ f,urt.her enhanc%d bﬁ t2%§£;%{ r, sothat the light emtting -
di odehas FAV¥TALHE FRBRESSREEL RY Wi generalndqimhka efd t ti ng

di ode of the f,rst eandinent(fccordin to present invention, the |um nous

intensity 3hd93525bREY1isn afdd nerRE_RINBSA UBY nghel diddestinhedtsr @l 16
SEP 2004
.formula (2).
(D
HOOC——R,——COOH @)
10

In the formulas, R, represents a cyclic or aliphatic
alkyl or aryl having 0 to 12 carbon atoms and R, represents
an alkyl or aryl having 0 to 12 éarbon atoms. As the acid
aﬁhydride, fof example, there can be used propionic

15 anhydride, succ¢inic anhydride, 1,2—cyc10hexanedicarboxYlic
anhydride, 3—methyl—l,2—cYclohéxanedicarboxylic anhydride,
4-methyl-1,2-cyclohexanedicarboxylic anhydride, phthalic
anhydride, 4,4’-biphthalic anhydride, hexahydrophthalic

anhydride, methylhexahydrophthalic. anhydride,



68 classified so as to have the fluorescent particles of small particle
size and the fluorescent particles of. large particle size and diGsS6Ri 200
the fllorescent material to nmake full use of each function. The fl uorescent
particles of 5 small particle size account for 0.01 vol %to |0 vol % of
the total volune of fluorescent material 5and are dispersed in the
transmtting resin to scatter the light.~“The fluorescent particles of |arge
particle size can convert the wavel ength of the light efficiently by
controlling the 10 particle size thereof so that the particles can be

distributed in th icinity of the LED chip. .Since the fluorescent
p:arti I(:I gs %flﬁ%@eg%%?%%#l%o@% ¢ fh g’géﬁﬁédi Al éaﬁgaéeéxm@wby t he

light in a _brpad wayvel enﬁth band, %heél_l uorescent particles can convert the
15 wavel endt3isi ERBYAFGHL- i n 2hetREs S iIpRb PN vt tdgt Koat ekamp et
emtted frotrche LED chip varies by a _change of the current. Therefore, it
i s possi bl &9 Pr &FPdePEhdI5Yhe - niPliPhgrdlede amborya igoodckdl i abidity and
a good procrj%,lcti vi%ly , 20 I'n the nethod for producing the light emtting
di ode accoriRRfER difarbamtidiGreCidme Q%&HC erqidng shediai t rreidyood
| umi ngnce characteristic can be produced efficiently. Mreover, in the case
that pt odu@didi $rocedliteed alrBnheperedicarhexylaci ati aedd,n t hel J2-ght
em ssion performance 25 can be kept extrenely small between the |ight
enitting CYrBodExaryol G hixadds neifchct U6t dyt tdte xeard di cetrgexyafid he
production run and the light enmitting diodes manufactured in the latter
stage of t Reishodudt-ice lahexanestisfaotex e iaviegulapiari ofadike. In-ght
emtting diode can be 5 prevented and the yield of production can be
i mproved. Phdheddxy acdsi,n agwhpophttihed iaf atdiel .pr esent i nvention described in
the first enbodi mrent can be prevent yellow ng and has a high pliability,
because a cr ossMhsitednolepgeye refsimmed Inixesactithg arhedcdld eytlvdr ieRoXr resin
reacts with 10 the acid anhydri de or dicarboxylic acid. The epoxy resin
conpddl ti onliskrposydiiic iandeht fonfoan .abec el iatkehsol ygomeépcanthehen
viscosity of. the epoxy resin conposition can be freely controlled by the
anount of tthe aciodsdimkad dé igonktre idi carkex Py tidding, a0t rehaiinkp
conversion ration and has long pot life.

agent, the acid anhydride or dicarboxylic acid is mixed in

the émount within a range frdm 0.005 to _0;5 mol, and
preferably from 0.01 to 0.2 mol, based on an epoxy
15 equivalent. When the epoxy resin, the acid anhydride or
dicarboxylic acid and the cation curing agent are
simulténeously -mixed and cured, the acid anhydride or
dicarboxylic acid is mixed in the amount within a range
from 0.005 to 1.5 mol, and preferably from 0.1 to 0.8 mol,
20 based on an epoxy equivalent.
(Cation curing agent)
As the cation curing agent, for example, there can be
used aromatic sulfonium salt, aromatic diazonium, aromatic
iodonium salt and aromatic selenium. The aromafic

25 sulfonium salt is decomposed by heat and/or ultraviolet



Enbodinment 2 Fig. 6 is a schematic sectional view of an SMD type1“£gEP \
enitvsng di ode according to second enbodi nent of the 20 present inver i%ﬁ.
The li'ght emitting di ode of the 'second enbodi nent conprises the LED chip 5
made by formng a pn junction of a nitride sem conductor (Al XGYInzZN, 0 S X
~1, 0~YS1l 0SZs 1l X+Y+ Z- §1) on a sapphire substrate via a
buffer |ayer nade of Ga~All _dN, 0 Sd 5 1) , 25 the LED chip 5 being pl aced
on a gl ass epoxy substrate 12 16 SEP 2004 70 that has a pair of |ead

el ectrodes 12a, 12b. The LED chip 5 has a light emtting |ayer made of at

least a nitidwie BePisoNduGhILleayeh. JP0Hdd wen 398 Negat e flratdedes

provi ded on at | east one surface of the LED chip 5 are 5 el'ectrically

connected dorigad el egtigiess 128, 2br Wiﬁ%ﬁ%‘f&ct ri‘f’ﬂlﬂéénﬂ)ndé{?ffé’r?i&ﬂres 7.

In the light emtting diode of the secon odi ment’, uor escent

mat eri al %é&iﬁué&éﬁ@:ﬁm&{ﬁ]ﬁé‘e first,enbodi WPT}& i sper Scequinﬂ%‘ﬁie l'i ght

transmtting resin 18. 10 e fluorescent materia sperse i ght

par i ol e g N I et o Prethe oo 1 S Tore s 62,
Thus $he eyel eogill CPMGELNG, [ UIRILOD B Ak NG LLuP S3Co BALYEl o O
From oceurt HoH e H L AR P PUREE o ¥Pai e CPEL SoF Jhnd g o5 ze
descri bed T The TP RSOk MUY SOBEBFeraniF YRR b PRESI fghicne °°
{ransm A8 Al ouetely LIl ARRRNL DI Slice g el
gL?S;bfgo?%q,gxfﬁde.rbpchllda‘iqs ;Pgsdnlleltnf?glge a[ne Inll’]dreZSpranggrla[bCl; G gor}n C)Or. OtOhOeZ Itloke
10 0.005 mol, based on an epoxy equiValent.
(Promotor)
Examples pf'the poiyhydric_alcohol used as a promotor
include ethylené_ glycol, diethyiene .glycol, trimethylené
glycol, triethylene glycol, propylene glycol, 1,4-
15 butanediol, and 1,6—ﬁexanediol. There can also be used a
polycondensate obtained by the condensation polymerization
of one or more polyhydric alcohols among these polyhydric
alcohols. The polyhydric alcohol or polycondensate thereof
is used in the amount within a range from 0.1 to 5.0
20 equivalents, and preferably from 0.2 td 3.0 equivalents,
based on the acid anﬁydride or dicarboxylic acid.
The epoxy resin composition wused in the 1light
transmitting resin 8 may contain component other than those
described above. For example, the light transmitting resin

25 8 may contain fillers 10. 1In addition to the fillers 10,



16 SEP 2004 71 may al so be used. Enbodinment 3 The light emtting giggg
according to the third enbodi nent of the present invention conprﬂ 9D
chip having a constitution, for exanple, shown in Fig. 1 or Fig. 6
capable of emitting ultraviolet ray with a main peak of em ssion in a short
wavel ength region around 400 nm .An LER.chip capable of emtting
ultraviolet ray can be easily nmade by growi ng a sem conductor |ayer based
on a nitride 10 sem conductor on a sapphire substrate. In the |ight
emtting diode of the third enbodinent, a resin or glass 'that is sonmewhat

istant to t kol - i . he i ght t i.tting. in,
e o Tl ot Bl UEERBULE TariBld SelREEL ARt 18t 30 o5 A TR LRSS "
descri bed %Beﬁpg BBFSE9§§2§Q£ .nt is used. For the material of the
ma . YZ :

fl uorescen erra 0 fluorescent material that is excited by

|'ight of short vel engt hs | he ultrayviolet region and emts red |ight,
Sr5( PO4) 3CL:- Eu¥$FugFgg8gnPﬁ;§?§T%ﬁgtﬁHF it 9B c iR e NG grrs B &hort
wavel engths.in the ultraviolet regiqn and emts blue light or (SrEu) O

Al zO, thatw?gTeQBVtga g6SFF YRedof sﬁ%FFlﬁavelengths in the ultraviol et
regiog and enit§ gree | i ght _c be used. A light emtting diode that emts
whi t el i ght can'Bg 2% fQEt HOFPIBY £ Br dikita BBIRFRAGERNG 0MESSi of | ayer

made . :

includes, for example, (i) a method of applying a solution,

which is prepared by simultaneously mixing an epoxy resin

with an acid anhydride and a cation curing agent, and

curing the solution, and (ii) a method of applying a

.10 solution, which is prépared by reacting an epoxy resin with
an acid anhydride to form a crosslinked oligomer and mixing

the crosslinked oligomer with a cation curing agent, and

curing the coating. fiim. For example, when the llight
transmitting resin 8 is formed in the thickness of 500 um

15 or less, the method (ii) is better. By employing the
method (ii), volatilization of the acid.anhydride can be
‘prevented in case of applying the light transmitting resin

8 in the form of a thin film and curing thé thin film.

Also the viscosity of the solution to be applied is easily

20 controlled and the pot 1life is prolonged, so that the

workability is ihproved.
The methed (ii) will now be described.
First, an epoxy resin containing an alicyclic epoxy
resin, which accounts for 65% by weight or more of the

25 epoxy resin, 1s reacted with an acid anhydride or



72 16 SEP 2004 of a mxture of a red light emtting fluorescent nqtsgrSiEgl 200
bl ue bi ght emtting fluorescent material and a green light emtting
fluoréscent material on the surface of the LED elenent. 5 Besides the
fluorescent material described above, 3 . 5Mg0 " 0 . 5MgF2 GOz : M,
My6As2011: M, Gdz02 : Eu or LaZOZS Eu mgy be used as the red fluorescent
material, Re5(P09)aC: Eu (Re is at |east one elenent selected from anong
Sr, Ca, Ba and My) , BaMyZAl 160z,: Eu, or the like nmay be used as the 10

bl ue fluorescent material. The light emtting diode capable of emtting

white |ightgw L g ] - b b ' th f '
ot or al 9. N TROTTGHT B Gt g BP0t HEL T 2 e BBRRMERER < Tt he
fl t i ' t fl t 1 i fl
par 01 1 6 Si%5b DI RAL{ nEPEREPBEet i L1 B 0 of - SRaRP LpaPPRERe & A4 82

simlarly tg t first emod ment, the wavel ength conversion | ayer capable
of effici ehetoﬂoy’agoené\[/elr‘%é}]heglqi &gantpooffm T t?%Rﬁ%Jé}ng’CE@J&rgqmﬁ? orhedl RiPR&Hat t he
| i ght en1ttgé1 %iode of high Igginance_ZO can be obtajned. Particularly
when f 1 uor &SEEH Ght SFPEFL -of ADSPUrdFiRY & PYPYRVAFEC  sdEahe lenPt rd xed
light,.it is.preferable since irregular color can be effectively suppressed
by théIigﬁﬂp%¥%ﬁQQﬁQ§é}%ﬁ¢hﬁﬁeQ# $ie? f PEBFRERENt L palt6i Bl&edofwidin|the
particle size. 25 Wien_ a thin |ayer havjng wavel ength convertin 16 SEP
2004 73 fuf®oh i £°FdPmed FPORTRASHI xtWirldl of auchacidor exrleydride erict s
descri bed ove, the fluorescent materials preferably have simlar nedian
particle si%PCIERPHEHT cdelidhapelhesi Aeacthes beiteeent Hussebbeyt aresin
satisfactorily mx 5 light of different wavel engths emtted by the

di fferent PPGoreiR ep€ifneBhvarddenaieiicarsaumipriessacidegsl @refdmblytn t he
third enbodi ment, different wavel ength conversion | ayers may al so be forned
from di ff eCORAYILSS eakehpomattamraratune catewtiitherdre wadel eregtdt ikh
conversion | ayers of different fluorescent materials are.formed in nultiple
| ayerd, it sU§hpEst ersiisiatian figr Mese ebilkehnt tendeciing f [uotbsceatsematteri al |
a green light emtting fluorescent material and a blue light emtting

f1 uor escenthenta¢idl ashydsadgnotites irerachienortdere ohst he hER chi pramyel5
consideration of the transmttance of each fluorescent material for

ul travi ol efreay aboutcd thi S60aboessall Inaydes chaeeblfi thenidiyaabeoyil id ght
in the ultraviolet region. Furthernore, it is preferable that-the particle
si zes of daffidsertthef |ner@sicenttimd etsalvitale eontam)d efr&e sbattt he to

180 hours. To reduce the reaction time by acceleration of

15 the ring-opening reaction of the acid anhydride, the
reaction system may be heated to 50 to 150C (preferably 60

to 120C).

Then, a solution is prepared by mixing the resulting
lcrossiinked oligomer with a cation curing agent in the’

20 | amount within a range from 0.00005 to 0.03 mol, preferably
0.0001 to 0.01 mol, based on an epoxy equivalent. The
mixed solution is packaged in the inside of a mounting area
1a.in which the LED chip 5 of the nitride semiconductor is
mouﬁted, and then cured with heating to form a light

25 - transmitting resin 8. Preferably, the mixed solution is



20 blue fluorescent material has the | argest nedian particle size foll owed
by the green fluorescent material and then the red fluorescent matgegeRlzugan
order %o have the particle sizes-of the fluorescent material decrease from
the lower layer to the upper layer in the nultiple wavel ength 25 conversion
| ayers, since this allows ultraviolet raygs to 16 SEP 2004 74 efficiently
transmt up to the topnost |ayer and al so makes it possible to have the
ultraviolet rays conpletely absorbed by the nultiple wavel ength conversion
| ayers. The wavel ength conversion layers for different colors 5 may al so be
formed on thg

- [N o TP confiquratiqn_as strijpes, grafing or
triangle. In t]%ec%;st& F{li]lz&%&%gcr%rlirfﬁ:m%%tlﬁ’@ cﬁstf fséfgrﬁ %%@refg)éer%
materi al s . b I-.spo di ce fromeach other, which inproves
t he col or mi ﬁg §8§?§r n%%gle.a&f%’i 5 téjﬁs%g%ﬁdef g]?abﬁeec?%c%w mq%%%n'%y
wavel engt h,conversiqn .| r to cover the LED chip as a whol e, 'since
this makes 3% 6]sgsiag:l &4@)%& Z‘\c}-’@na@ £RE gl tPadi BPRES. rays from being absor bed
in the outside 9{ t he seali.ng resin, Enhodi ment 4 15 Fourth enbodi nent of
the present inveén rieor?preéilatjtlé"(sJ mteg-‘ d PeoAesrEdherngergd nafE6res cent
nater%aL t hat i% %yitid fo;.ﬁhe(%%gh% emtting diode, in which such a
f1uor &scent nat arical PTE2RVAE hésiSed tRRatCRAFOEES &Rt CHLHEE £9h t ttARS | ght
can be prevented fromshifting and red,20 conmponent can be prevented from

RRe b YO Lt PeBF PPAGEE

decr easi ng °PA3HEY ¥ ntReBFPPREEEAR foudhes deke gk ar | Weiphtdiofel osed
in Japanese, Unexam ned P%%Sni,Publicatiqn No. 4985/1973 in which various
material s %IQEﬁiéhﬁﬂﬁe PerPamesr duRlped Fhe sPepensenet rThel hiadesr ti ons
and 25 boric¢c acid is added thereto as flux, with the mxture being 16 SEP
2004 75 fi F8§. PFYRPRFELONUREX &REROH YPaOERUPBUbIhE &hi 8leNoonIe08841 3860
di scl oses such a nethod as various materials of fluorescent material are
m xed in sB8 CFtGHRtFT chl reprbporfi ¢he armpddonumifihuctheleepexgpdades imher et o
as flux,
10 or promotor, among carboxyl groups of the acid anhydride or
dicarboxylic acid, the better the 'pliability of the
resulping époxy resin composition. The viscosity of the
mixed solution of the crosslinked oligomer and the'catiOn
curing agent can be freely controlled by adjusting the
15 amount of the acid anhydride or the ester conversion ratio,
because the viscosity varies depending on the molecular
weight of the crosslinked oligomer.
<Manufacturing method of embodiment 1>
Now a method for producing the light emitting diode of
20 the first embodiment will be described below.
This producing method is a method for producing the
surface mounted 1light emitting diode of the first
embodiment with stable quality satisfactorily in mass

production.

25 In this producing method, since a plurality of



5 wth the mxture being processed to grow particles. \Wen bariunaglgﬁ;hﬂ?
and baoric acid is added as the flux to the fluorescent material so as 't
assist’ the growh of particles, chromaticity of the emtted |ight obtained
by the irradiation with excitation light shifts and the red 10 conponent
decreases. In the fourth enbodi ment, shi in chromaticity of the emtted
light ,of fluorescent material is suppresSed by adding a liquid to the

m xture before firing the mxture of the m xed materials of fluorescent
materials and the flux 15 including bariumfluoride. It is supposed that

addi ti on of..t guj i firing.mkes the m xed terials denser and
i npr oves r?gcd}l%\#le!tsslgs% %J%osr?odg’gecr%o scls:ﬁvt?c}ryest@e)ri:?‘epg?&ﬁpclcé SVEiTr m

particle sizes oht aj.ned., . The .ef fect can ,be .inproved further by
pressuri zi r%l%d&'ﬁg&%? | r%{l%gl tﬁ?e%'rﬁﬂm: &H"é'1 IeFd i QUIRR IR, t he
better the partigle shape _and the higher the effect of suppressing the

A Sseh\bﬁty o?o?%%sgh’ilii té’% |?gmel.urﬁﬂéta'm%t PeCkagies | §%i dsedded i s

chromaticit
preferablyT i thin g range fron15 to 200 25 wt % nore preferably within a
range from'i§ tB2F62HE AIRALlY 6 SEpmagss bE  Derdingr airer dmsylaitimon a
range fron15§ 30 0 wt__%of the mxed material The above effect can be
enhanfed by URd irﬁ‘éeFéoiln Jdi'Ci 6n Pldired 1tys ofhéhxerighatiodesagdie fidvatt he
fluorescent material. 5 Al so according to the nmethod for producing, it is
pr ef er abl e SCGLEFPENGhE T | BoMEd RN g B8 all aofof heatbumackadsdi ardt a t he
‘m xture of the m xed materials ,.,of fluorescent materials and the flux in
two steps B&hPLi SPS§ BLAtEsEORiring step of firing in an air or weakly
reduci ng 10 atmposphere and a second firing step of firing in a reducing
at mosphere. | n the pregdatingyvenbssmatend Ohegkipriedssi fgrakexasphier,€ar ef ers
to an atnosphere that includes oxygen of such a concentration that at |east
the quanti tymdrasefgersis péqthiedniesst feomefcOBonmotof Gr.0i mo thel desi r ed
fluorescent material fromthe m xed material. The fluorescent material can
be pt8vent 8dPRRgmLBILACdhi iy cureh tihelés gh®labpenbtngt#hfi thereyheanghe
prevented from decreasing, by carrying out the first firing step until the
process of 1Rortheg diredoiatesiofed thivknessent ntitess alsdct icsplodt edhien t he
weakl y reduci ng at nosphere. The reduci ng at nosphere in the second firin
step is a thdeethg retleosphdae ntshat bhaothilgheeikedusngppoverthhgnlbke
weakl y. reduci ng atnosphere.. =~ . : o

That is, the present invention is not limited in terms of

the cross sectional shape of the through hole 10la that can
15 be selected from among various shapes. Inner wall of the
through hole 10la is preferably taperea neat the opening so
that the diameter thereof increases from one side of the
insulating substrate (surface to be bonded with a thin
metal sheet) toward the other side. When the inner wall of
20 the through hole 10la is tapered, light emitted by the ﬁED
chip toward the inner wall can be reflected thereon and
directed upward, thus making it possible to extracting the
light emitted by the LED chip 5 efficiently from the light
eﬁitting element. |

25 The metal base plate 102 has separation grooves formed



A fluorescent material having high efficiency of 25 absorbing excitation

| i ght .can be obtained by firing in two 16 SEP 2004 77 steps as H#&sSER 7a0d
above.) This nakes it possible to reduce the anount of the fl uorescent
material required to obtain the desired chromaticity and obtain .a |ight

em tting di ode having high efficiency ofggextracting light, for exanple, 5
when the nethod is applied to the light emtting diode. Variation Exanple 1
(Light transmtting resin) Wile a particular epoxy resin is used in the
first enbodi ment, according to the present invention, the light 10 emtting

di ode my ahsoehe MRde BYBIKLRBCALRCT £ CRHA A lass AR9<LNG, fiorgscent

materi al described in the first enbodi nent. S’ case, materials
Cransmi t11 R CTh Foa e Hhv beraasy VAaPRruba HeF il chr ae Sor vt ot Fhiror
and 411 cong AR atE 28 RO R o A BBE YroRE L FRSE TroRen ¥an be
arti ol o oFoCElr A%pu AT S LS S rthd | 15T SLEoHY pare R Botbr Senel
ated™t agePREF=de HRERG thELBPSERsRE REPFLAI Sth i he |1 Ght transm ting.
Fosin. an Ul tradi BPAE SRedH NG Igent=HeR: to thaonpnlappasTaesin 1

and a part of the thin metal sheet 2b are exposed in the
through hole 10la in each package. |

Also in the package assembly, the plurality of

10 packages are disposed in a group for each opening 113 of
the mask 112 to be described later.
<Mounting of LED chip>

‘The LED' chips 5 ere die—bohded at predetermined

positions in the through holee (mounting areas) of the
15 package assembly constituted as described above, and wiring
is provided as required by wire bonding (Fig. 5).

The thin metal sheet 2a and the thin metal sheet 2b
are exposed in the through hole, and the LED chip 5 is
bonded onto the thin metal sheet 2b that is a negative

20 electrode, while a p-type electrode 5a and an n-type
electrode 5b of the LED chip 5 are connected to the thin
metal sheet 2a and the thin metal sheet 2b, respectively-by
means of wires 7.
<First process: mimeograph printing> -

25 The light transmitting resin (epoxy resin composition



be added to the light transmtting resin, and further an anti oxi dant,
organic zinc carboxylate, acid anhydride or . chel ate conpound of 8 S§h@WAay
al so be added to the light transmitting resin. 5 Variation Exanple 2
(Diffusing agent) Further according to the present invention, the Iight
transmtting resin may include a diffusidqy agent in addition to the
fluorescent material. For the diffusing 10 agent, bariumtitanate, titanium
oxi de, al um num oxi de, silicon oxide, calciumcarbonate or the like is
preferably used. Organic diffusing agents such as nelanin resin, CTU

guanari ne sesinang-288AUUAIAIALAS PSIE CARL ARG ugedplhecLiolhy

emtting diode having good directivity can be ‘made
di ffusi ng aggRLrassdesel i Rgd,ab [ Lhg agent in this .
speci fication has ﬁegﬁgn %ng?cﬂgﬁEP§338g %Egﬁkgggo B2 pRarReE- ¢ nEhIs | u
m It is pgeferahl u h if-f usi ng, agept havin dian,particle size
within a r%ﬁggsf?%ﬁ?%gﬁn?ﬁg&S%gﬂfﬁ%?H%%gktggg Egﬁgeéggéﬁ %f%ﬁﬁ%??r?agdonl
reflectio ight emtted by, the . LED chi,p and the fluorescent pmterial
and suppr g%%%iggi%%%%ﬁﬁiﬂgcBPoﬁjF%aPrPgﬁﬁéngo vhen %¥%e Fluskescent
partigles of large partigcle size.i sed. Use of_ the diffusing agent_al so
rrakesgi t p%’%%?%flge{lg' mak &St f&S allfﬁzglﬁ R PBITIHEY i ghtaRex &8 Shdctrum
narrower and obtain, %6 SE§ 2004 7g,the | i ght enitting%diode havi ng_hi gh
col or puri®y. SHRE diPr B8P ng BgeRPShaIPRg2REdF AR paf t fofle aPoBtwre 11h% or
over and l.ess than 1 a mhas |lower effect of interfering with the |ight
emitted froftthe D B &h&&t § BN ialpriol eCf h@arkedssi t9L oPNEheI FRIAP
Wi t hout decreasiq? hg l'um nous intensity. Wien this effect is utilized in
a process OFFfF¥F ﬁé Re OR&c &5 EﬁepQEﬁééErﬁPtﬁla f&4igBhy pcthushgtlée the
like, it is nade possjble to disperse the fluorescent naterial
subst ant i dM§K uNPeSr MY Fhet mresenth iovenhions isordedimned nsa epritge and
maintain this condition, and therefore high yield of production can be.
achitVed et whes theolt ubrassaittpant i xes olavargmqtarentyeisi zehehat is
relatively difficult to handle is used. As can be seen fromthe above
di scussi orERENER| hpdepndPudgent o udad the t Herasupdisentheneefit ioon taee
di fferent actions depending on the range of particle sizes, and can be used
in proper FohbtHatRdnsSuRTlorafing k@ + he Aggoirddnigonto the producing |
method of this embodiment, such a light.transmitting resin
layer that maintains a smooth surface even after curing can
15 be formed on the inner surfaces of the through holes 10la
of the insulating substrate and on the insulating substrate
101 by carrying out the mimeograph printing using the mask
112 as described above.
Specifically, in this producing method, groups each
20 consisting of a plurality of packages are disposed except
for areas around the apertures 113 where it is difficult to
apply the light transmitting resin with a flat surface, as
shown in Fig. 5. Thus the light transmitting resin layer

having uniform thickness and flat surface is formed in the

25 portions where the plurality of packages are disposed, so



Variation Exanple 3 (Filler) 20 Further according to the presenqsiﬁﬁeghhon,
the light transmtting resin nmay contain fillers, in addition to the
fluorédscent material. Specific material that can be used as the filler are

the same as those for the diffusing agent, although the nedian particle
size is different. The filler 25 in thisggpecification has nmedian particle
size within a 21 SEP 2004 so range from5 ,umto 100 a m Wen the filler
havi ng nedi an particle size in this range is included in the |ight
transmtting resin, variation in the chromaticity of light emtted by the

i ght em tti.ng.di .S .l ARLO .Qy .t he l'ight scattering_effect,
resistanceggfg?hgggﬁéﬁ%stEgﬁs&ggﬁgﬁdopgsgﬁ §§3iﬁgfc%ﬁgsﬁhgfngﬁesibgagcan be
i mproved. i it ible to prevent such troubl es as breakage of
wires that I?%ﬁﬁ@?ﬁ?‘ﬂg B pl"“aé}nedr elP&e wrec?&espﬁfk?g\%s p:faéggélaé(ﬁd pE&I of f
of the bot 0 f f the LED chip and_the pottom of the package .
recess eve%gghéntggéggggtgpahngﬁﬁeFHFGE5§.thﬁgcghEaFﬂéﬂ? EheEting di ode
of high reliabili can _be provided.' Mryreover, it is nmade possible to
regul ate the flh‘if&f\éfy%(?fmtlﬁ% ?%Eei Hhy st ing dresrerlaveexi®nded
periog of 15 thne %nd %ﬁflyin a.required ampunt of the light transmtting
resinto aSuB9iFed™58sit9oncR WBSUERL &G n§ If drl gkds enprtddind i dFpdes haa hi gh
yield. The filleé gas greferably,slnilar article size and/or shape to
those of tHABSFFuBREscBRPVRnt etndiVifiHathi dightspemitttagi ofiodas expeession
"simlar particle ;ize" means that the difference in the nedian particle
size is | eS8PRRZRe20PY, CUREIRHe2bRPPetBROA28hAf | hinesaphownebmsFihat5t he
difference_in the roundness factor (length of circunference of a true
‘circle of TReSshiit hiehtagmikeipgofieded hpwansfuntfotm paicknesd ¢amgt h
projected of circunference of the 16 SEP 2004 81 particle) that
r epr esent sPE hBaagpet usedprdahnihighf vinédpuithohs shapettionshelrt riteecircl e
is less than 200. Use of
10 size and color among the light emitting diodes. Thickness
of the 1light transmitting resin layer formed on the
- insulating substrate can be ‘changed freely by éontrolling-
the thickness of the mask.
Now an example of_method for the light transmitting
15 resin layer having uniférm thickness and flat surface in
the portions where the plurality of packages are disposed-
around the apertures 113 will be described below.
(Stepl)
First, the package assembly 100 having the through
20 holes 101la facing toward the mask 112 is sucked onto a
elevation stage 117 (Fig. 4A), the stage 117 is lifted with
the package assembly 100 and the mask 112 aligned and put
into contact with the bottom surface of the mask 112 (Fig.

4B). This makes it possible to bring the package assembly

25 100 into contact with the mask 112 in such a state as



such a filler results in interaction of the fluorescent material and the
filler that causes the fluorescent 5 material to be favorably di spérserd 2008
the rekin thereby to suppress the irregular color. Both the fluorescent
material and the filler preferably have nedian particle sizes within a
range from15 a mto 50 um nore prefer y within a range from20 ,umto
50 ,um The particles can be 10 dispersed with desirable distance from each
~other when the particle sizes are controlled in the range descri bed above.
This makes, it possible to secure a path to extract |ight and inprove the
directivit i.le prevepting the lum nous intensity from decreasing due to
t he nixing%S %Hg fP?IeEﬁe ﬁﬁgﬂg?rm9?§%ﬂﬁl¥réﬁ§ﬁ¥ﬂtFﬁérP€§Pﬁ-inclﬁﬁing
the fluorescent mat iq% and Lhe filler &f particle sizes in the range
descri bed a85€énﬁs€§ﬁﬁ @dPHG<EHB APREBYrApH Spraatesieddras siagceibedt can
be provided;in mhi%g thi,dL%ing blade is restored froml oaded condition in
the dici ng®BP8Eesst86 att8PtcutFaRSEREtinght reFaRsmiaYeRhg oBsiwpitous
i mprovi ng %Fe Eass production performance. In order to achi eve good
dressi ng efFfP&EERERSt Ne?Rii Qg IpFBedssoni onies prefacablaf t bhe thackapéer of
| arger. particle sizes is included. Good dressing effect can be 25 achieved
for ePfect PVERPRLEstR ng IESFdEa DI Ehag Seeddagwiember )i82 the SEPrped4 t he
light transmitting resin includes a filler having nmedian particle size
within a rahgkef Bm tBeufius B te mleadse Yo evar vt yjons t Hinn thiakges$r om 20
,umto 50 ,um' Variation Exanple 4 5 (Light emtting surface) According
to the pre3BARY| Mfentlbshtt BBikEghy tdiavas,t ttmgs r eebnlsinfade thaweser ves
as the light emtting surface of the light emtting diode may be a curved
surface. I¥Wiehd.case of the light emtting diode 10 described in the second
enbodi ment in which the resin is nolded on the substrate, the |ight
transmitting rethe sdihte itrgrsiigrably foesid | bhatcurived usigsf acenso . as
to achieve the desired directivity, since |light cannot be reflected upward
on the si délwerésoent hmapeckageisnappl sedSoh ypet ©fdd i ghtt e 4fd ngn b ode.
Such a curved light emtting surface can be formed by applying the |ight
transnmittiof tesimaskclldi ngdeecadearatmisiticaiceprdisspeesed thengi nnn the
m meogr aph printing using a mask 39 (Fig. 7A) having apertures forned
‘therein 20Fig. céyespoddetite tredgihe isdi déskwdtdd gbty eabtibagifgodgse This
process is illustrated in Fig. 7A-and Fig. 7B. Wiile the surface of the
light tramsmessing riesi bhapplé@iiasigescribrd akevededrl hyebecoaes; #
curved surface after thernosetting of the resin, the surface can be forned

in preferably within a range from 100 to 400 Pa, which makes
15 it possible to effectively remove bubbles from the resin.
In this embodiment in which the package assembly 100 and
the mask 112 are used, the light transmitting resin having
a relatively high viscosity can be used.
In case the fluorescent material is used while being
20 included in the 1light transmitting resin as in the first
embodiment, it is preferable to use a resin that has a
certain level of viscosity in order to ensure homogeneous
dispersion, since the fluorescent particles of large

particle size precipitate at a fast rate in the liquid

25 resin. However, a resin of higher viscosity is difficult



25 any desired shape according to the material and 83 16 SEP 2004 n
configwration of the mask 39 and the quantity of resin applied. W BhSER 204
met hod, the light emtting diode-can be manufactured satisfactorily in nmass
production. Even when the light emtting diodes of the present invention 5
including fluorescent particles of largegparticle size and fluorescent
particles of small particle size are manutactured in a |arge quantity over
a long period of tinme, variations in the light em ssion perfornance can be
kept extrenely small between the light emtting diodes 10 manufactured in

iyt act ur & e G P M, 18R 6D A G a5 PRRCUEREPRby  FRBr ovi ng
the 15 mask 48 pranet g oo PR, ol ke n mReOERRGR
The ¢ her P TAETARE G ST e | ETEE PYREREHY BRE RuebRuhrahion o
backage ar BAGorTE e By AR R TRFF eZRRVLRE fURRL St HERES2alRough

t he presen%ﬁinvention isnot limted to this constitution and such a

> i LY Ve TpPoydd kel tEPPERiBlEs tRowRedtha Lhght

constituti
nounting area |l a,of .t he packa flip 25 chip-bonding with conductive
material ahd2BSMp Flpﬂgﬁgsﬁg 3% gigTGVSEPOEGGE withaetedefrroasing shbstrate

si de of the.LEQ c%ig. éin e the package has the insulating section 4
| ocat ed i nYtfenBinPrRGUGFES R 1a %PHFoégﬁeﬁéPe?fmbiﬁhtﬁésﬁﬁﬁhtﬁeﬂéh.hheets

2a, 2b exposeg on both sides as, shown in Fig. 1, it
use in order to minimize the color inconsistency that

tends to occur when fluorescent particles of large particle
10 size are wused. Also the 1light emitting diode can be
manufactured with high yield even when a resin of high -

- viscosity is used. .
In case sealing is done With the light transmitting
resin including bubbles, the bubbles reflect and refract
15 light emitted by the LED chip and light emitted by the
fluorescent material, resulting in conspicuous irregular
color and unevenness in luminance. To prevént this problemn,
it is very effective in suppressing irregular color and
unevenness in luminance,_to repeat the cycle of decreasing
20 and increasing the pressure as in this embodiment when
applying the light transmitting resin that includes the
fluorescent material. Bubbles included in the 1light’
transmitting resin may also lead to peel-off of the light
transmitting resin and/or wire-bonded bortion and wire

25 breakage, resulting in lower reliability. Therefore



5 suffices to nount the LED chip so as to straddl e over the insuuqég%%
section 4 and connect the positive and negative el ectrodes of the cﬁpb
directly to the thin netal sheets 2a, 2b, respectively. Variation Exanple 6
10 The light emtting di odes of the enbodi nents and variati on exanpl es
descri bed above are SMD type |ight emttd;ng di odes, although the present
invention is notlimted to this constitution. For exanple, the fluorescent
mat eri al and/ or the epoxy 15 resin described in the first enbodi nent can be
used in light emtting diodes of various forns such as display, 8segnent

i ndi cat 1 : t. f the fl t terial,
doscr 1 bed TR ERET st nRaREAS THARBLe (1 HRGL It Lo nlRs LT PR 150

emtting di i.gh_qu ower _and.use, of the, epo resin described in
the first ggggdgf%%?ggggeéglgg g‘&s%’i“BFE’%BgnﬁﬁE ﬁef%e;‘ﬁ’cﬁthi ng di ode of

hi gh reliankEby2>The light transmtting resin described in the first

enbodi ment can"be applied not only to light emtting 25 el enments such as

light emtting diaqde t.also.to |Iight 16 SEP 2004 85 receiving, el enent
such as phot odi gbgg ‘f’ggsﬁr SYERE i%%ﬁw%fﬂu%&%sﬁwe%m ncaheled

foll ow ng ex les_and is not limted only to such. exanples. 5 Exanple 1
The SND ty ggrﬁaﬁﬁreﬁ?Ff?ﬂﬁe iBH%55§r§h6§¥gin4@he skciobrard vsaweegerig. 8
is fabricated as_a ﬁight ﬁritting di ode of the present invention. The LED
chip conpr PBRRYLE LHEhESedi tRi Hgls ageprahéencts | hoaNimed Fexward avielin peak
10 of 470 nmis used as a LED chip 5. In the light emtting di ode of
ExanpleI,I?ﬁBeﬁﬁcﬁagéh%;%ﬁFﬁﬂ%%ﬁ té8enoBodipe oraekl 1h2ome pilese ofnt he
base part and the side wall part. The el ectrode | eads 22a and 22b are

i nsertion f¥dedCinfe He &S RE t DB PRREmasd cn PXesSTIre [:RR igtty TEe be
formed 15 by making use of MOCVD nethod. Mre specifically, the cl eaned
sapphire sﬁ%%’ﬁrétlé’ %0 3% A fMPYeheaRdactyrechartier mewlini Bnendrce floe med
using trimethylgallium (TM5 gas, trinmethylindium (TM) gas and ammoni a gas
as alPeact®RRrGase hhd R¥didgemagds b2a caincer thas,foamasi | smeee@se and 20
cycl opent adi amagnesi um as a inpurity gas.

Sweeplng operation is carried out under decreaséd pressure,
suCtiqn Qf the elevation stage 117 is not effective. But
displacement bétween the'package assembly 100 and thé mask.
112 does not occur because the elevation stage 117 is
15 pressed physically against the mask 112.
<Step 3>
Then the ambient. pressure 1is increased to the
atmospheric pressure and, wupon completion of pressure
increase, first cycle of return squeegee sweep is carried
20 out in a direction opposite to the forward squeegee sweep
(Fig. 4D). A return squeegee spatula 115 is inclined
toward the moving direction with respect to the vertical
line of the mask 112 more steeply than.the forward squeegee
spatula 114 and is moved by larger pneumatic pressure than

25 that in the forward squeegee swéep operation. As the light



The LED chip conprises a AlGaN | ayer as a | ow tenperature buffer ITéeé,
non-doped GaN | ayer to enhance a crystallinity (thickness . about 0 %Pin
a Si-doped GaN | ayer as an n-type contact |ayer on which an electrode is 25
formed (thickness . about 21650 A), a non-doped GaN | ayer 16 SEP 2004 86
to enhance a crystallinity (thickness . gpout 3000 fir), a nulti-Ilayered
filmin the formof a super lattice made of a non-doped GaN | ayer
(thickness . about 50 ~) and a Si doped GaN | ayer ( thickness . about 300 ~
) as a n-type cladding 5 layer, a nulti-layered filmin the formof a super

latti f < N | [ b 40 A

non- doped I RN Tyerdl n dkncse TRsatt S Shautvhey. ofgeEnrlncets
tallini f ' Lit] | li_gh it I in th

it quantiata T STty e r bR R0 srassna N | Ser Y EnmeRHess

bout 250 - - | N, | .t hick : t 30,A),

mul 11 ayer 54271 PREPR S Rob s B8 Vel 8 T ALEREY of FamE BopeaL PNEHRE

t hi ck - 25 d -d ALN (thick .. about 40 fi

ind o Can FAV0F dOSed e TG ah 5 98 prATpe Eo ey e CRASE

about51200fA;li ﬂghCh%gb68%8§ﬁﬁntlall%FfornEd, on the sapphire substrate.

The sémi conddcfor wd Eh RFt™HFe nitride sem conductor |ayers have

been forneg %n sggh a way is etched partially to expose a part of the
n-type cont 3EFP2 | ayer. Then, on the exposed p-type and n-type contact

| ayers, the n-tﬁge an? E-tige ele%trodes are formed, respectively, using
sputtering techiF§GE3THEFEEFt 8F, TPRWarEsangi AetwaReFdilee@ae FNEBPLAE
respective |light emtting device to fabricate a LED chip which is able to
enmit blue QBEE?EHPPS A% SEPTIA6d sMThahige chepedbbry cdthed Preshure
above-nentioned way is dje-bonded wth a die bonding resin 6 to the hol |l ow
of the pacﬂ%@@e?ﬁﬁﬁﬁda@&i oL eff 8RS 1Y eGVELEG tHani] Yel ket tbeesst2a and 22b

to tTS resin_24. Each e| ectrode of :
and step 3, thereby to fill the aperture 113 with the resin

of uniform thickness.
- <Step 5> |

With the mask 112 in contact with the packagé assembly
100, the light transmitting resin is cured and then the
15 mask is removed. Thus the light transmitting resin formed
integrally .in the through hole wherein the LED chip is
placed and on the top surface of the insulating substrate
can be made to have top surface that is flat and
substantially parallel to the bottom surface of the package.
20 When the method of forming the sealing resin by
mimeograph printing is employed as described above, the
light transmitting resin having relatively high viscosity
before curing can be used. Consequently, unlike in the
case of using a resin of low viscosity, the fluorescent

25 material does not precipitate or migrate in the resin. As



5 the LED chip and each of the | ead el ectrode 22a and 22b are w fge-bonded
using.gold wire 7 having a dianmeter of 35 a m respectively, t o 1e&tSER|

el ectrlic connection. In Exanple 1 of the present invention, (Yo,BGdo;z)
Z.SssAls~~z ~eo0.03s in which about 20 percent of Y is 10 substituted with
Gd and which has a central particle sizgpf 21.429 ,u mis used as a
fluorescent material. The fluorescent material. is conposed of a
fluorescent particles of large particle size and a fluorescent particles of

smal | particle size and has a vol une-based particle size 15 distribution as

shown in Fig. d flat, range, hayi a sl qpe ero in the
curve 1)f tlﬁg rveo%ﬁﬁul?rde}- bgg%a%{:g‘é%??clgg%% z@l%%tﬁ%ﬂgi a1, @Eﬁe gEJHéFQFFI@Bt

per cent age i i . Ql. % and the ticle size ranges from
1.371 a m?§£§gg%g ?Auaqfn b%’hgi}agin\sl,c,al é?da‘G vtorln %D%F”iw'v\haz’@ BEF4Q5br éBcent
material c | Ses fluorescent materjal of small particle size of a
particle s‘?gga%naﬁlgr ijhirr’] 1. FPRSRE N T he T8SHR ntRE205S6 GBELDPCoRDERI ses a

fl uorescen erial of large particle size of a particle size larger than
8.379 um #ﬂg%%%ﬁtPchSSFtﬁglérngégﬁeﬁqka%ﬁ?&lqg;%ﬁﬁﬁﬂﬂsr&@e$¢ﬁeral

cl assified usi{g% a ztettl [ Hg ggt hochto 16 SEP 2004 88 have such a particle
si ze Qi stri*bUEFDR/ i 3. BRCHREANFRIR Sr¥ErRBUthBH S r éhuethy oRSeheof
above-nentioned central particle size is 29.12 %, The particle ,size of
peak of diRPrFbuEi HFOLRSGueityWhichhaolitesr exasdm bar ppoked dint® shbiel
particle s%]%e is O 6%3 ,u mand the particle size of peak of distribution
frequency DFFPWERfPAbPEseBAt CHARE BlVediestt | artprqaian, clsinde cthe 22m008 um
A standard_deviation in the particle distribution of the fluorescent
particles 0FX¢rbe FUFEi ERE Silge b MaEss vemy Tiwit,udites cEhtonas eeiitl |
~which is adjusted to obtain light of (x, y) - (0.33, 0.33) ina CE

chr omat i ci B L@yt aRP ARECHRS epBRy ber dyiavead ed Ifingmt pmreamigmittatiimg ressén are
mxed at a ratio of 16 . 100. The resulting epoxy resin containing the

f1 uot@scerf ARFRRF 9% §Re |IED Whis. potting in the hol | ow of the package
in which the LED chip is connected to a pair of lead electrode with gold
“wire and cured T3 opRrarfigtt ten theéngrododéngThe Hhioght o 2mithiei ngi k©de
fabricated in such a manner can emt white |ight of a high intensity and
out put . 2CTGshgeanti vé lBcemptbel)l Tohtonpamsnittte g ghtseni t$£nghdjtode

"~ having the sanme chromaticity coordinates is fabricated in the sane way as

i n Exanpl eiscasdidapt aamat beYouBede, zthe. sssAls~i nd Cath @3 st fl drey fiscrent

material having a wide particle size 25 distribution, of which the curves
of vol unetisedsadgarcdn| be prevented from separating from each other
15 in the period.after mixing the fluorescent material in the
light transmitting resin.till application to the substrate.
As a result, variations in the content of fluorescent
material included in the resin among the light emitting
diodes can' be minimized, thus making it possibie' to
20 manufacture the light emitting diodes with less variation
in the color of the emitted light within a production 1lot
and among different production lots. Yield of production
can also be improved.

Also the fluorescent particles of large particle sizé

25 can be prevented from precipitating densely near the



16 SEP 2004 89 size distribution are shown in Figs. 9A and 9B, ang a._
central particle size of 6.315 umis used. The lum nus intensity A5G 2004
out put’ of the light emtting . diode according to Conparative exanple 1 are
decreased by about 5 35 % and about 25 % respectively, as conpared to the
light emtting diode of Exanple 1. This ghows that the light emtting di ode
according to the present invention can emt |ight of high intensity even in
t he wavel ength range whore the chromaticity is low, for exanple, white
light. 10 A standard deviation in the particle size distribution of the

fluorescentsurrid adr Whehrkp used 1% QPasatiy ﬁéﬂ,, 1151 0:38%
Exanple 2 The light emtting diogg ﬁgbing t %?%%ﬁe C ?%%gt#%??§8?5%%e

coor di nat eg s f@PriSat£d,hq %Egiégggffwac%easré nE’eraa%gélrﬁé%ti exce %ntg.rf; Fs

(Yo, 9ssGdo. 005) "z., soAl sO-z: Cec o fluorescen S u
ot T ange Srare tRg domT oy e) Bl BEnAne o O (RATda X%, 957 108856 and-
oo ) SRS S A00ER! O S Oy D PIT  AR T e o
Rt e SR e SRR Ee
size fluor%ﬁ%%@&bﬂ%%%ﬁCh%§f%&%19'6%% a@ge2819%%t’utggnsmitting resin
| around the fluorescent particles of large particle size,
thus preventing light emitting diodes from experiencing
irregular color. |
10 Particularly in case the light emitting diode includes
YAG: Ce fluorescent material as the fluorescent material so
_gs to'emit white light, the fluoresdent material has larger
specific gravity than the light -transmittiné resin and
tends to precipitate denéely. Even in this case, the.
15 fluorescent particles of large particle size 81 can be
prevented from precipitating densely near the surface of
the LED chip 5, so that the 1light emitting diodes of
uniform color temperature can be manufactured reliably.
Now the dicing ﬁrocess will be described in detail
20 below. Individual 1light emitting diodes are separated
through the dicing process as describedlbelow after the
light transmitting resin has been cured.
<Second process: Dicing process>

(Dicing step 1)

25 After curing the resin, the package assembly 100 is



16 SEP 2004 90 respectively. The lum nous intensity and output of the |ight

emtting diode of Exanple 2 is enhanced by about 18 and about 10 %;

respedtive
2 can prov
emtting d
di stributi
10 Exanpl e
coordi nate
epoxy rein

|y, as conpared to the.light emtting di ode of Exanple 1.
ide alight 5 emtting diode having a higher intensity |ight

i ode than Exanple 1. A standarg:deviation of the particle size

6 SER P

on in the fluorescent particles of large particle size is 0.259.

3 The light emtting diode having the same chromaticity

s is fabricated in the sane way as in Exanple 1, except that the

03 00 S RS LL030A8 LB BV ES S

di ffusi ng agent were m xe rati .
nto the cpatr oot obehERg I LsPRy Beforpie ot ohtoem (g
1 “The i rr e TUP L ST sy BE 354 RACAER SHETRIG000 o areh HoneicdRde |
achi eved, as cqnpared to Ex I . Exanple 4 The light emtting diode
havi ng t he Si‘a?ﬁgc cﬁﬁ%rﬁ&?&%i??%&gﬁﬁﬁﬁéﬂé@% FgorFang cvatartak 3BAe aW®y as
EEPEéggglgfihtZ%ﬂgéﬁgﬁt Bﬂgiat;ﬁ%&-gﬁttééagﬁgéétggg ggskgeggg%ggnkg%n? 1o
coming off and mis—positioning in dicing can be prevented,
making possible to separate into the individual light
emitting diodes with high yield. |
In case the resin is applied and cured by using a mask
10 that has apertures correéponding to the individual through
holes of the package assembly, in contrast, the applied
resin shrinks and sinks over the through holes, resulting.
in décreased bonding strength because 5nly the surfaée of
the insulating substrate other than the areas over the
15 through holes makes contact with the dicing sheet. In case
a larger amount of the resin is applied and cured by using
the.mask that has apertures corresponding to the individual
through holes, on the other hand, the resin surface becomes
higher than the top surface of the insulating substrate
20 that is to be diced and only the resin éurface makes
contact with the dicing sheet as the bonding surface, thus
resulting in very weak bonding strength between the package
assembly and the dicing sheet that leads to mis-positioning
in dicing. When dicing is carried out with the package
25 assembly and the dicing sheet held together in unstable



fluorescent material was provided using a nold on the LED chip which was
electsically connected to the substrate, as shown in Fig,. 6. TQ; EEHE@”
emtti'lng di ode having a snooth light emtting plane can be obtained-a
shows the simlar 5 properties to those of Exanple 1. Exanple 5 The |ight
emtting diode having the sanme chromaticggy coordinates is fabricated in
the sanme way as in Exanple 1, except that the light transmtting resin
containing a 10 fluorescent material was formed by neans. of an intaglio
printing nmethod using a mask 39 nmade of silicone and cured on the substrate
to which t ip ls ri , neegt.ed, h in Fi TA
and 7B. Th(ratq?rikgh[%t%ﬁm ?téi ‘gg%gﬁégghhaé\?dn%&a gﬁ?vgg‘tl?%gh@e% ?‘?TESR& ac?fef can
be obt ai ne nd. : ARE £ eV i;ght _emnj ssi,qQn npared to anpl e
Grid 39-80QUS ;BRI ALCVEN Highhoer SShQRe 35 fOMAIGE 1o E

1. There are provided on ubstr at posi five 0 32D,

tivelye o . i ip._ 20 .8 Th
B L e s s e e T

o 11or hER A B G B Tl RS PR o henita 195 { P poxy
[ t g 1§ [ t. Furth 16 SEP 2004 92 Si OZ havi
noencral k) BAG, e o610 "EEE, nddtie e prodadsa Shatnd AT of 70

w%to the y..resin._The resulting material .is used as _.a |ight

transmitti r@%r?{e(stihne. Sbllh%rsf %ﬂ?a rg‘ﬁsﬁi 9??%8%8‘9%%? ARtidd bat asheE AR5t | ow
of 5 the cq%{net having.a,wall on whjch the LED chip is electrically
connected t6' PATTF FBAY dhects i PROGEFd wi TR $isARGT8ASEAt 4418 o
printing nethad,i.n.the s manper. as in Exanple 5. And then, the resin was
cured at 8§4%H%9J159%nﬁ§n§ﬁffih?%%rﬁ@%ﬁ?&ﬂg(ﬂ%%¢e4QQin§aﬂﬁe§03ﬂﬁhicate
alight emtting diode having the sane chromaticity coordinates as in
Exanpl e 1. SRIEGNSGRS R tating didRes? ahpfelrshds areorgédiziedetdnt and
emts even J.ight. Exanple 7 15 The light emtting diode is fabricated in

t he same wgbs%§%°ﬁ'Exanple 3, except that the fluorescent naterial sinilar
to that of Exanple 2 and Si 02 having a central particle size of about 25 u
mwhich is St & to that of said fluorescent material, as a filler are

used. The 20 luminous intensity of the resulting light enmtting diode is
i ncreased by 10 T#e aB2gkapar & seliat thatExbapiid ®@d Exdopeéys on the -

diCing sheet in step 1 is éut off by meéns of a diéing
blade applied onto the .bottom surface of the package
15 assembly along the dashed lines in Fig. 5. The dicing
blade has a cutting edge consisting of fine diamond
particles around a bond. The diamond blade of this
constitution tends to be loaded with metal chips generatéd
as saw dust when cutting off the light emitting diodes that
20 fill the space between the diamond particles. In order to
avoid this problem, it is preferable to include a hard
filler in the 1light transmitting resin that makes the
sealing member in the first process, in which case the
loading metal chips are pushed out so that dicing operation

25 can be carried out smoothly. Use of a filler of larger



The light emtting diode is fabricated in the sane way as in Exqqgle 6
except that the fluorescent material 25 simlar to that of Exanpl Qfﬂﬂﬁﬂ

Si 02 Havi ng a roundness 16 SEP 2004 93 which is different by 10 % from
that of said fluorescent material and a central particle size of about 25 %
mwhich is simlar to that of said fluorgscent material, as a filler are
used. The lum nous intensity of the resulting 5 light emtting diode is
increased by 10 $, as conpared to that of Exanple 6. Exanple 9 As shown in
Fig. 10A and Fig. 10B which is a partial enlarged view of Fig. 10A, the LED

chip 5 (sipdA¥idret BakelQ iir2cl €nd) ob%r‘iit?@ﬁo%f}ﬁg &%FQc@POquéﬁ%” 42

to the cup portion of the nount | ead 42a nade of bright at ed copper” and

thereafter,rigachk 1@l REI QAR 0hatRe hED C@fpe]?azailéj _tpry}gmrét E;Q% 4g§ga£|ad t he

second | ead 42b are w re-bonded, respectiv ,-using a Wre 7 havlng
CareLer SiESey Ml Ibeuxursee! R A Eicaml Y LR, L
0.5l STUETRUE skt o il SPRNY ARl |01 franent 1L o
Lo 00 Lhony 2 S 0 AN RIOUIR | EIEAN00 L e
o, ST IR LT RGREE! SEOMLIER! Dokl e PRLALD S Loud shope i
ST tE;LRgl (23 dii%desggf J“?gf %%tr%eéi rEnlt‘fiergrta ltyhoosne ‘gtfme Et(ggplsﬁr%éce %@E St Pe 2004
insulating substrate and in the through hole of the
insulating substrate, top surface of the light transmitting
10 resin is substantially parallel to the bottom surface of
the package, and the outer circumferential surface of the
light transmitting resin is substantially flush with the -
outer circumferential Surfacé df the package. As the iight
‘transmitting resin is formed over the entire surface of the
15 light emitting diode, light emitting surface can be made
wider with increased output power. Moreover, since the
light transmitting resin on the insulating substrate
diffuses light from the LED chip more effectively to the
outside, the light emitting diode has good directivity. 1In
20 case the light transmitting resin includes the filler, the
effect is further enhanced by the filler, so that the light
emitting diode has favorable light emitting_characteristicsf
Iﬁ the light emitting diode of the first embodiment

according to present invention, the luminous intensity and

25 power can be increased by using florescent material



The lanp type light emtting diode is fabricated in the sane. way as in
Exanple 9, except that the fluorescent material simlar to that 1 SEraggl e
2, the epoxy resin 5 which is a light transmtting resin and SiQz having a
.roundness which is different by 10 % fromthat of said fluorescent materi al
and a central particle size of about 25g mas a filler are mxed at a
rati o by weight of 100. 10 . 35 and the resulting mxture is filled in the
cup of 10 the, nmount |ead. Brighter and nore even light is emtted, as
conpared to Exanple 9. - Exanple 11 The LED chip simlar to that of Exanple
| is placed1hBsiRechOLbONsOf ot HEvECEHR PRGKREECLALOLUALS €or€
el ectrode is inserted. The s?licgne resin mhicﬁéﬁg ﬁ?FgE%E?rgﬁs%g?%?ng
resin, thepflpprescent gatgrial (gLm k 0 1,¢th
fluorescen? mat eri al cgnposed vz.sssA?EE?gsgggE.o%§§§2§?%§ aogenﬁ?gpe
particle sj 3 d S hayi a al [{l i ze of . about
R R R S | R R S ST e

0.5 am?20 are m at ara

resultin . Xin ol uti is fil in said Il ow, so.,as to fabricate a
ot et FEkL e300 [ REChS hhicedtn. ! hPhE, MR satda ha {ifea e
simlar to thpse of, Ex le 1, a good col or rendering and a Q' h

br | ght nessST25T ERARBI 618251 2852 8BUB604985 CFRAVPLht CenbOFPAG dPEABhEs
which rs aepPahe SpiRNE 1 i Bebenasls Bomn 415 eed 885 ' "
having a cgntra arti.cl,e size of, 30 ,um the fluorescent, terial 5
sinilgr tog?%atkggnéyé FBgZ,Eﬁﬁ}nSidEDhaéFﬁgtﬁrceﬁ FalqﬂéH&Pcle sERE of
about 0.5 m ar e ni§ed a%{a ratio_by wei ght OfW%gg .,0.69 . 0.5 . 10 and

t he resultf%ﬁoﬁ?§?ﬁ@ sERGTGHESs 9T 1 LedIen R d Tt | ShZeTHAT eSONVEAG 1 ght

emtting djode has_effects simlar to those of Exanple 2, a 10 good col or
renderi ng %%% ﬂaﬁﬁbﬁnggpgﬁfn§gé.h%&%ﬁﬂ%f@%?%B&ﬂﬁﬁEPMSC?%tﬁﬁl%k%ﬁptbeof a
produci ng nethod according to the first enbodi nent. In Exanple 13, the
sur f ale- noedt EtCt§pesote| i Gheresfenset i fgadi oddrsas RAHOWCIeS Figanl be
fabricated. In Exanple 13, the LED chip 5 is a nitride sem conductor LED
chip conprisfhgtRutednineiie i KgCLByEY wddetbe LE® ki eN BHinge htbea
monochrom ¢ light emitting peak of 475 nmin the visible region. Mre
speci fi cal Fiuoses¢oRt | BPRERI 9L &5 | sof abt?Ege edPdyt it ei neiagt rofle this
sem conductor | ayers on the cleaned sapphire substrate using a TM5
(trinmet hyl geredimgngascan The (excasedyl bwdi die gdsighd niir ogen pusadnd a
dopant gas with a carrier gas, by neans of MOCVD nethod. In this case, the
n-type nitwa@length band, the fluorescent particles can convert the
15 wavelength of the light in the case that the wavelength of
the light emitted from the LED chip varies by a change of
the current. Therefore, it is possible to provide the light
emitting diode with a good reliability and a good
 productivity.
20 In the method for producing the light emitting diode
according to this embodiment, the light emitting diode with
a good luminance characteristic can be produced efficiently.
Moreover, in the case that production process need a long

period time, variations in the light emission performance

25 can be kept extremely small between the .light' emitting



25 sem conductor and p-type nitride sem conductor |ayers are 16 SEP 2004
96 formed, respectively, by using SiH4 and CpZMy as a dopant ga§.ﬁfﬁE bl 119
chip conprises a buffer |ayer nade of GaN which is grown at a | ow
tenperature, an n-type GaN |l ayer 5 which is an undoped nitride

sem conductor, a Si-doped GaN | ayer (n-tggpe contact |ayer) on which an
n-electrode is forned, a light emtting layer in the nmulti quantum del
structure in which one group consisting of the GaN | ayer as a barrier

| ayer, the InGaN | ayer as an well layer and the 10 GaN | ayer as a barrier

| ayer is sandwkgh waey dde; 1% , ~doped ER-type
cl addi ng Iaye?%? g%gﬁgkthg-e%%hggaggh %%?gﬁ’?%&%§%eggoéﬁgct g?é?;}&ﬁhich

are sequent{ial | yndorerRd, 19RHithecgapphine suhsdd a Tﬁ%%ﬁ%ﬁﬁk%pein he

sem conductor is anneal ed at the 15 tefperature o or nore after

form ng |aygeserAf sl fe0r MY L gyer Eroaaelei% Pyhype -a%}fgﬁfcyps, Coggéﬂ

| ayers i s exposed by etching on the sane surface side enitri

sem conduct e i ressubstrat-e. e Y d gatiyve
electrodesiggggpéégedéggegac%f20ﬁgghté@fﬂﬁgyé$£F¢é§? c??V%ﬂ%} %%X be _
ucent el ectrode on the

nti T8 surpzslealBrnant s T bERRERih SR P Sufler  the
esulting varer1E SBEMSed i EEbhRGb ot G cPRAT rFomR T of RESPERPES
whi ch are éggggigghtghn%he first embodiment can be prevent yellowing
and has a high pliability, because a crosslinked oligomér
formed by reacting the alicyclic epoxy resin reacts with
10 thé acid anhydride or dicarboxylic acid.
The epoxy resin composition of present invention can
“be ‘handled easily, since the viscosity of the epoxy -resin
composition can be freély controlled'by the émoﬁnt of the

acid anhydride or the dicarboxylic acid, or the ester

15 conversion ration and has long pot life.

Embodiment 2
Fig. 6 is a schematic sectional view of an SMD type
light emitting diode according tQ'Second embodiment of the
20 present invention. The light emitting diode of the second
embodiment comprises the LED chip 5 made by fofming a pn
junction of a nitride semiconductor (Al,Ga,In,N, 0 = X = 1,
0 = Y_é 1, 0 £ 2 £ 1, X+ Y+ Z = 1) on a sapphire
Substrate via a buffer layer made of GaAl, N, 0 = d = 1),

25 the LED chip 5 being placed on a glass epoxy substrate 12



‘16 SEP 2()04 97 devices. The LED chip fabricated in the above-nenti oned
way i-S di e-bonded with an epoxy resin into each via hol e of the'paqug@ 2004
assemll y whi ch has been described in the first 5 enbodi ment. Each el ectrode
of the LED chip is electrically connected to the nmetal filns 2a and 2b,
respectively by wire bonding using gold wire. The fluorescent material is
fabricated as follow. Rare earth elenents, Y, Gd and Ce, are dissolved in
an 10 acid at a ratio of stoichionmetry and the resulting solution is
coprecipitated with oxalic acid. The resulting coprecipitate is cal cined

and the obtai ned oxide-_of copreci,pitate and al ymn oxi de are m xed. The
resul ting %ﬁﬁ r a%saap?+5x°?siﬁ?geﬁaﬁfgﬁoaﬁﬁiEzﬁflEg%Tde LER &R s5
into the crucjble and, then, heated at 1400 C for 3 hours in the air to
obtain a b n%?ispl-‘ao%’cqhht Tﬁ%‘lgﬁ%ﬂgd Y§ductade §fodid irLﬁaﬁEté‘r T ¥ HLGE bal |
m |l and washed, %f rateq%_dried and then, at | ast, conbed to form -

( Yo. 9ssGdo.SFE5HCP ~£%QrsCi Y&&e0. zs6OFLLoVEscRRE medrthve. ratredesyclic
epoxy resin coneg;%te (viscosity 8000 nPa_ s) obtained by m xing and

di sper si ng PEPY#A%A oPRs&td +PRdF eSOt SHREREE aP fankh g0 o EP SSOra ¥RV ng
a central particle size of 10 a minto _the epoxy resin containing 20 wt %
of Si&k haBlifFtricitival cparerépe sfvelspd electrodes 12a, 12b with

electrically conductive wires 7.
In the light emitting diode of the second embodiment,
a fluorescent material similar to that of the first
embodiment is dispersed in the light transmitting resin 18.
10 The fluorescent material dispersed in the 1light
transmitting resin 18 cqnsists of the fluorescent particles
of largg particle size 81 ahd[the-fluorescent particles of
small papticlé size 82. Thus the'wavelength converting
function of all the fluorescent particles of large particle
15 size 81 is fully made use of thereby to improve the output
power of the 1light emitting diode, while preventing
irregular color from occurring by means of the flﬁorescent
particles of small particle size 82.
In the light emitting diode of this present ‘invention,
20 epoxy resin described in the first embodiment is preferably
used for the light transmitting resin 18.
However, in the.second embodiment, since the resin is
molded on the substrate instead of filling the inside of
the package, other epoxy resin, glass, silicone resin,

25 acrylic resin or the like suitable for the producing method



25 0.3 amis used as a material for sealing nenbers. 16 SEP 2004 98 In
this-Exanple 13, the mask 112 nmade of stainless steel and having a6 SEP 2004
t hi ckmess of 100 a mis used. The nmask design is the same as in Fig. 3 that
is described in the first enbodi nent. The package assenbly on which the LED
5 chipis located is inhaled to the mask112 with the stage for el evating
the substrate nounted in such a way that the opening side of the via hole
is ained at the nmask 112,., to nake contact with the nask 112. Said |ight
transmtting resinis applled to the end 10 of the mask 112 in a

pr edet er m n red for printing and the pressure is reduced to
330 Pa. Af?gg Qgggc%ﬁp g%?on of deconpression, an air pressure of 0.10 Ma
is applledE ol NGeKpi %e 14 inclined at 30 in the operating direction with
respect to e perpendi cul ar line of the 15 nmask 112 to run the squeegee in

one directi 0” PREL. 11 ﬁt' ”éfnjo.'@t?é thg; SRAMOEL ) By gé' Zﬁ‘?etotﬁi)fgo Pa.

After conpletion of co alr pressure o Ma 1s applired to
t he knife 15 | clln

respect to ?ﬂg b@?B 28 ﬁ% pre£kn9'ES%énBPORp88ﬁbE%se8 Jﬁciﬁﬂugggse Wi th

5 having a constitution, for example, shown in Fig. 1 or Fig.
6 capable of emitting ultraviolet ray with a main peak of
emission in a short wavelength region around 400 nm. _An
LED chip capable of emitting ultraviolet ray can be easily
made by growing a semiconductor layer based on a nitride

10 semiconductor on a sapphire substrate.

In the light emitting diode of the third embodiment, a
resin or glass that is somewhat  resistant to the
ultraviolet.ray.is used as the light fransmitting resin,
and a fluorescent méterial having the pérticle size

15 distribution described in the first embodiment is used.

For the material of the fluorescent material, Y,0,S:
Eu fluorescent material that is excited by light of shorﬁ
waveiengths in the ultraviolet region and emits red light,
Sr,(P0O,),Cl: Eu fluorescent material that is excited by

20 light of short wavelengths in the ultraviolef region and
emits blue light or KSrEu)O * Al,0, that is excited by light
of short wavelengths in the ultraviolet region and emits
green light can be used.

A light emitting diode that emits white light can be

25 manufactured by forming a wavelength conversion layer made



20 line of the mask 112 to 'run the squeegee in the other direction. This
reci procating squeegee is repeated twi ce. Next, the stage for elfgaggrm@os he
substPate is |owered to separate ‘the package assenbly fromthe mask 112.
Then, the light transmtting resinis primarily cured at 25 85 C for 3
hours and secondarily cured at 140 C for 4 16 SEP 2004 99 hours. In this
way, the light transmtting resin having an snooth surface is formed over
the via hole and the insulating substrate on either side thereof. Next, to
the ultraviolet radiation cured dicing 5 adhesive sheet having a thickness

f 150 d hyS i f 20 i n_ thickness., i
2t ached {ho pachans aceemly Wi n LR | ore g Ptefer TR neerintor the

bl ' : ' I 1N Kk bl dth
G eing adnedi v Shedi The CTEFIES HEHPeH DR CE005om A ng S9HFTR ng

di ci ng adhesi eef "are cu

bl ade f : ' : enbl ' | i gh
om 11 ng 0 bOLA. EFASRYS SHETH AN MLt Lo apfofhPe Spgeced 4o the |

package assEgglglgﬁggkthe filmside to cure the adhesive |layer and then the
assenbly is cut away rnto each 15 light emtting diode. Wen 500 of the

Thi s vdy verc {cRTRHIPS) CAP ot} BHES PPN PasTBERH Shovie s HRtDEAr | 889 s | n

chromati ci tg.gbylgos-n(?.lilngaFr‘sz%e%izf:f Ei“gne,ntMéskgs?Ct)n: Mn, Gd,0,: Eu or La,0,S:
d,0, 20,5
Eu may be used as the red fluorescent material, Re; (PO,) C1:
Eu (Re is at least one element selected from among Sr, Ca,
Ba and Mg), BaMg,Al,;0,,: Eu, or the like may be used as the
10 blue fluorescent material. The 1light emitting diode
capable of emitting white light with high luminance can be

_made by using these fluorescent materials.
In the light emitting diode of the third embodiment,
since the fluorescent material consists of the fluorescent
15 particles of large particle size 81 and the fluorescent
particles of small particle size 82 similarly to the first
embodiment, the wavelength conversion layer capable of
efficiently converting 1light of ultraviolet region is
formed so that the light emitting diode of high luminance
20 can be obtained. Particularly when fluorescent materials
of a plurality of types are used to emit mixed light? it is
preferable since irregular color <can be effectively
suppressed by the 1light scattering effect of the

fluorescent particles of small particle size.

25 When a thin layer having wavelength converting



emtting diodes and that visually, there is no unevenness 20 in emtted
light in each light emtting diode. (Conparative Exanple) The |igh8 SEP 2004
emttilng diode is fabricated in the sane way as in Exanple 13, except that
the mask formed in such a way that one opening corresponds to one via hole
of the 25 package assenbly is used. The hgght transmtting resin 16 SEP
2004 loo filled in the top surface of the resulting |ight emtting di ode

| eaks on the top surface of substrate on each side. The resulting |ight
emtting diode is adhered to the adhesive sheet for dicing and cut away,

each |i ght @mddidi) 50 edencameerapard - nixfien 500 ofybipe meaylddag,diont

emtting diodes are observed, there are burrs on op surtface,” a

conpar ed t%a%@’il%ll% 1. g¥betrenal0 af,Jdaht mtt%?ﬁagiﬁgegggi\grﬁf i -llaelnsent ed,

variations 1 n color tenperature during’10 produ

dtodes of Biamete Ly varet TEAREASt, B W O et arel Ao HE S oa on
exanpl e 18 Bl 24 thEE Eifes LY OB UPTY oft CEREi rag o aay Fiix

rosi n ompadit (9F ecbe o N s BeF ARRORES STtk By rfaf ngidmprent
o of s o meliesedle, bt RiRE SRR T8 GrPRs St iAo ke Gadsped
one-|iqui dcured is used as a

material for a gggfﬁﬁggﬁ:hggi?84Egéﬁﬁﬂg%gééggﬁ?éﬁgﬁggggﬁd oEygtl eqadh
i ncreased, as_conpared to Exanple 13. Mreover, 25 the reliability can be

i npr oved dFSHg@g@éppy_layers may .also be formed from differenat

fluorescent materials. In case different wavelength

10 conversion layefs of different fluorescent materials are

formed in multiple layers, it is preferable to form a red

light emitting fluorescent material, a green light emitting

flﬁorescent.méterial and a blue light emitting'fluorescenf

material one on another in this order on the LED chip in

15 consideration of the transmittance of each fluorescent

material for ultraviolet ray, since this causes all layers

to efficiéntly absorb light in the ultraviolet region.

Furthermore, it is preferable that the particle sizes of

‘different fluorescent materials are controlled so that the

20 blue fluorescent material has the largest median particle

size followed by the green fluorescent material and then

the red fluorescent material in order to have the particle

sizes of the fluorescent material decrease from the lower

layer to the wupper 1layer in the multiple wavelength

25 conversion layers, since this allows ultraviolet rays to



16 SEP 2004 10l In Exanple 15, (Yo, BGdo,2) z.9ssAl sGdl 2: Ceo, 03sqigh ﬁpich
about 20 percent of Y is substituted with Gd and which has a cenzPaF 2004
partiéle size of 21.429 umis prepared 'in the same way as in Exanple 13.
The fluorescent material is 5 conposed of a fluorescent nmaterial of |arge
particle size and a fluorescent material7of small particle size. In the
flat range having a slope of zero in the curve of ...the vol une-based
particle size distribution, the cumul ative percentage of particles is 4.6
vol % and the particle size 10 ranges from1l . 371 umto 8 . 379 ,u m That

is, 4. 6 edri%ieigiie tholsifd gy escane MRLALSA! 189" L3gs afl'ﬁBOEn%%%E”.t

particles of small particle size snaller than 1.3 u mand the remaining

95.6 vol %:icONMydfibId UKESCRMe PathLCl g9 pactLcl e sl3eLaraer
than 8.379 ,u m The central 15 %article ngévggi?ﬁe ?%%%reggghﬁg%gﬁ rial

classifi ed alisioibed 341 tehlenauTiRAE LA VIILASUCRoALRILYLE! £.5LE8
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- ultraviolet rays from being absorbed in the outSide of the
sealihg resin. | | |
Embodiment 4

15 Fourth embodiment of the present invention relates to
a method for producing the fluorescent material that'is
suited for the 1light emitting diode, in which such a
fluorescent material is synthesized that chromaticity of
the emitted light can be prevented from shifting and red

20 component can be prevented from decreasing.

A method for synthesizing the fluorescent material is
disclosed in Japanese Unexamined Patent Publication No.
4985/1973 in which various nmaterials of fluorescent

material are mixed in stoichiometrical proportions and

25 boric acid is added thereto as flux, with the mixture beinq



The epoxy resin conposites Ato F were prepared 15 under the foll ow ng
condi t,i ons. Where aci d anhydri de was added, the conversion ratio 6f6 8EP 2004
caronyI group to an ester group was estinmated. The ester conversion ratio
is the ratio, expressed as a nolar percentage, of the carboxyl groups
included in the acid anhydride, which havi been 20 converted into ester
groups. The ester conversion ratio was exam ned using a neutralization
reaction with KOH solution. Specifically, 1.00 g of the epoxy resin was

di ssolved in 50 mL of ethanol and 0.1 N KOH solution in water was added. At

the point ofimedtralizatpaenesthe wod:amBoe@®f PREBIB ipyHcataridirngd from
yellow into blue (at pH 16 SEP 2004 103 7.6). The anount of carboxyfl

groups whi cB6UBBE100E. €OBYALERE ISH® SSURItUEOUDS Wasi Het %EEQPPaPéiIiE the
nmount of KOH solution in water required for neutralization. resin .

Conpar at i verenarpkeedb6 (a®5eig0) g pie 3' Iﬂ'xeé;ep%w?yglcg?%x&ﬁg%?%al.

3, 4- epoxy-cycl ohexanecar boxyl ate, which is a derivative cyc exene

epoxi dat ed posperadons aRdAlHLMGl CF BROXYAL €SN 0. f, Benz
p- hydr oxyphenyl net hyl sul f oni um 10 beafluoroan??%%ﬁaﬁgfgﬁ%%ﬂe$s¥%%x’

aromat ¢ sulfeni vAxsAtkt(2BI PRiAReFLESkshexaf [ 1oL 0 Qﬁif?fgg.and a
agent,

benzyl sul f oni um based catal yst, as a cationic currn Wwere put in the

heat od ai 85 C for 5 VB b & AN {ur Rer BP0 Yy 15 ASPE @ b tur od

hea;ed at 85 C for_3 15 hours an urt her at _ Tured.
oSl nany (GIRRLRS Ve XL 6 LofP g 0L, pLOPY, o0 OlVEel Tnogl VELSYl, ot e

is added ( 3wt % w th respect to the epoxy r . . drt uent
for 0.5 hour” dner rearea arnpertefefes o LFal SR HEFRLCh e Badiindd oy
hours to beU%yrggra%§aEgahnQ&thpégé?ggtkgxeqydﬁ% sﬁf%égpa%goﬁhe red

10 component decreases.

In the fourth embodiment, shift in chromaticity of the
emitted light of fluorescent material is _suppreésed by
adding a'liquid to the mixture before firihg the mixtufe éf
the mixed materials of fluorescent materials and the flux

15 including barium fluoride. It is supposed that addition of
the liquid during firing makes the mixed materials denser
and improves reéctivity so that homogeneous fluorescent
particles of uniform particle sizes can be obtained. The
effect can be improved further by pressurizing during

20 firing, |

The more the amount of the liquid added, the better
the particle shape and the higher the effect of suppressing
the chromaticity shift of the emitted light. The amount of
the liquid added is preferably within a range from 5 to 200

25 wt%, more preferably within a range from 10 to 70 wt% and



104 256 g (1.95e.eq) of 3" 4' -epoxy-cycl ohexyl net hyl _

3, 4- eﬁoxy- cycl ohexanecar boxyl ate as an alicyclic epoxy resin, 104 28P g200¥
(6.09¥10-1. nmol) of the m xture of 4nethyl hexahydrophthalic anhydrate /
hexahydropht halic 5 anhydrate at a ratio of 70/30, 2.56 g (4.12x10-2 nol)
of ethylene glycol as a pronoter and 0.65g of Benzyl phydroxyphenyl

nmet hyl sul f oni um Hexaf | uor oanti nonate, which is a benzyl sul foni um based
catal yst, as a cationic curing agent, were put in the 300 nL four neck
flask. The 10 resulting m xture was stirred for 0.5 hour and the ester

conver si on fi@ét OpwageFBBEY! & tha nbe; O t r . P Xhure was
heated at 85 C fgr 3 hourg and f&#thef%g 1?%0%?$%$ ggﬁgﬁ%s&gg 8§]§HF%d. 15

resin D . prssedtnd fwerd) on 2R a(k;o@eseeiﬁf@ctg A e %%a@caesd &Y &9 i ¢

- epoxy-cycl ohexyl nmet hyl 3, 4- epoxy- cycl ohexanecar box

Aot Wyl hexanycionhtRa E € Anryar Sbe. Fonesiiny upARre 38Ry to%: &M a

4met hyl hexahydr opht hal 1 ¢ anhydr ate hexa

ratio of 7 7 . 85x10-2 nol) of ethylene glycol as a pronoter
Oélftgoezaé;é’& e]nri n%agce(r%aégl

were put in our ‘'heck flask and the tenperature was increased
slowlyswith a td he [ an i ntained at, 90 to 100 C for 16 hours. The

t enperat ur e vvaglﬂdlegcgr]egtggarg g\%in?&? O%Pgonﬁn?éﬂﬁgr Qr ePTO8UPRBA, 016 d Sof

B | p-h I V| foni 16 SEP 2004 105

eat | uor of e e ERYe o theD i rascRn e el caf aks: Fousth
cationic ¢ hggr t, s _added. The resultjng m xture was stirred for 0.5
hour and t%% coﬁ%%ﬁg?onmfgfiomﬁﬁtyﬁg cd?%ox%hegrSG&QQHcﬂ%ﬁ%rbéiér-gﬁbup 5
was measured.tg be 9%6 %_) Af ter me sugemant, the m xture was heated at 85
C for 3 hours  And FU Htehtadso 39 othe hbarsiRothe sbepd. comsirisirg

pr esent in%g 1.0 %? The epox rgsin conposite was prepared in the sane way
as resin D, 3&&5& Hat" D iﬁ%QHQ%bFéﬁ§ bR 3" alrepsxyeaydomedpcipghy
3, 4- pry-%%%{ohgégnecarboxylate as .an alicyclic epoxy resin, 15.95 g
(9. 48x10- 2 FTBORIE I TG &t FEECHL Fikdngy ISkerarfdLdphnmaline aamegacing / 15
hexahydr opht hal i ¢ anhydrate at a ratio of 70/30, 2.95 g (4.75x10-2 nol) of
et hyl ene gF&FBFp & promoter and 0.6 g of Benzyl p-hydroxyphenyl
met-hyl sul f oni um_Hexaf | uoroanti nonate, which is a benzyl sul foni um based
catal yst, as a &t iort® cBFPA§NEgemtlVeRiionsedthThe wastlchy 20 redneénsi on
ratio of the carboxyl group into the ester group was neasured to be 94.2 0.
resin F : 5F@§§ﬁpepﬁvéﬁﬁp§§ to an atmosphere that includes oxygen of
such a concentration that at least the quantity of oxygen
15 required in the reaction of forming the desired fluorescent
material from the mixed material. The fluorescent material
can be prevented from blackening and the light absorbing
efficiency can be prevented from decreasing, by carrying
out the first firing step until the process of forming the
20 desired fluorescent material is completed in the weakly
reducing atmosphere. The reducing atmosphere in the second
firing step is a reducing atmosphere that has higher
reducing power than the weakly reducing atmoSphere.

A fluorescent material having high efficiency of

25 absorbing excitation light can be obtained by firing in two



The epoxy resin conposite was prepared in the sane 25 way as resh% E%P 20
except, that 256 g (1.95e.eq) of 3 4 | 106 16 SEP 2004 )
epoxy-'cycl ohexyl net hyl 3, 4-. epoxy-cycl ohexanecar boxyl ate as an alicyclic
epoxy resin, 25.52 g (1.52x10-1 nol) of the m xture of '

4- et hyl hexahydropht hal i ¢ anhydrate / hexghydrophthalic anhydrate at a
ratio of 70/30, 4.72 g 5 (7.60x10-2 nol) of ethylene glycol as a pronoter
and 0.6 g of Benzyl p-hydroxyphenyl nethyl sul foni um Hexafl uoroanti nonat e,
which is a benzyl sul fonium based catal yst, as a cationic curing agent, were

ch i s um based cat al 3 .
10 was moacur b L be o8 a5 5o Fext BTLLy AYAnPabSRLARE FroReCaReLt i ng

10 was neasured to be 92. flexi biTity exam na . .
fo F and t he ot o f B, a g SAsea e Al Sl 4 ofa GhER RS
Feai n composiTe oF TRe FEonEgr g I CHL UL (T o CkbhiRatt e Tn’
ot Phos 87 b, Ao EERRRER | U YA FRBONRST T s SoBRmeEeof 0
o ohodhe, CUEHERHESSEERB B BB, 4,700, RUcl B3 el P BB ST ©
Variation Example 1
(Light transmitting resin)
While a particular epoxy resin is used in the first
embodiment, according to the present invention, the 1light
10 emitting diode may also be made by mixing other resin or
glass and the fluorescent material described in the first
embodiment..
In'this case,'materiéls fhaf caﬁ be suitably used as
the light transmitting resin include light ‘transmitting
15 resins having good weatherability such as other type of
epoxXy resin (for example, nitrogen-containing epoxy resin),
acrylic resin and silicone and glass. A light emitting
diode of high output power can be made also by including
fluorescent material consisting of fluorescent particles of
20 large particle- size and fluorescent particles of small
particle size in such a resin as described above. A
pigment may also be added together with the fluorescent
material to the light transmitting resin.

In order to improve weatherability of the light

25 transmitting resin, an ultraviolet absorbing agent may also



mal function due to wire open was exam ned (test sanples . 25 100)

SEP 2304 107 The exanination results are shown in table 1. For the $é§?nﬂmé
obtained by curing the alicyclic-epoxy resin only with a cationic curing
agent, the mal function due to cracks occurred since the initial stage of
the test and the 5 ratio of malfunction sgached 100 % after 1000 cycl es.

For the resin B of which the flexibility was enhanced by addi ng a reactive
diluent, 7 0 of malfunction occurred after 2500 cycles. On the other hand,
for any resins C, D, E and’ F according to the present invention, the ratio

of the 10 ggrugigdse +af fyﬂiﬁ 0 re than 4 %atter, 2500
cycl es. Partlcularly fé?ﬁ%r1 J%lgggﬁgmggan Freﬁxﬂhi6ﬂl Euﬁgh9ér§mon
into ester mogcyntence ratio of malfynction was 0 $. It

was confirme that e epox@gre3|n165hp8§F?% *Pt3the GraSentnRy¥dehi? oRthas a
whi ch the FTBHeR | T e ndAc s fiBYa Yokt geogirdene Tael Sight |
Cbcurrencer§ ﬁ%ﬁﬁ ey%gfggggloncause of 500 cycl e. 1000 cyc
5 Variation Example 2
(Diffusing agent)

Further according to the present invention, the light
transmitting resin may include. a diffusing agent in
addition to the fluorescent material. For the diffusing

10 agent, barium titanate, titanium oxide, aluminum oxide,
silicon oxide, calcium carbonate or the like is preferably
usgd. _Organic diffusing agents sUch;as melanin resin, CTU
guénamine resin and benzoguanaminé resin can also be used.

The light emitting diode having good directivity can

15 be made by adding the diffusing agent as described above

The diffusing agent in this specification has median
particle size of 1 nm or over and less than 5 um. It is
preferable to wuse the diffusing agent having median
particle size within a range from lum to 5 um, since it

20 causes satisfactory random reflection of light emitted by
the LED chip and the fluorescent material and.suppression
of irregular color that tends to occur when the fluorescent
particles of large particle size is used. .Use of the

diffusing agent also makes it possible to make the half

25 width of the light emission spectrum narrower and obtain



e1500 cycl e2000 cycl e2500 cycl emal functionResin A : Conparative
exanpl.e39$100$100$100$100%cr ackResin B : Conparative 16 SEP 2004
exanp”e0$0$1$4$7$crackResinC : exanpl e1$1$3$3%$4%cr ackResi nD

exanpl e0$0$0$0$0%- Resi nE : exanpl e0$0$0$0$0%$- Resi nF : exanpl e0$0$0$0$0$- 3.
i ght resistance (yellow ng) exam nation 16 SEP 2004 108 The Ii ght

resi stance test was carried out using the epoxy resins B and F. The test
piece of 30 X 30 X 3 mmwas fabricated and radiated with a xenon | anp for
100 hours at 120 C to exam ne the change in overall transmttance of 5 beam

bef ore and en ; radiation, . T ransmttance S neasured with a
spectroscop?%gc%ﬁ r?n&?gkﬁéh§6818§%wﬁPX%3ﬁihtﬁ oFOESB.?Pr?E¥'exanination
results are sho i.n Figs. _.11A and 11B. Fig. 11A shows the overal
transnittance onggaﬁﬁg%%&gbqiﬁﬁ%HFéﬁgghﬂgFmﬁ.l§§8p§ﬁ6%§l@hé”dV%r%Il110
transm ttance of beam after radiation. For the resin B, a conventi onal
epoxy resi nPonPbsi PEY 0 ARG cHegSr ehBeRvel di# vanthams laded, effifect of
transmttance infthe ran of a s&ort wavel engt h decreased and the col or
was changed PAESTGEFPGw D Hehealttghtt £F6.tteRe framshhet dEDe dhip hbnt
decreased in_15 the range of a short wavel ength and the yell owi ng was-
advanc&d r efrBPkaRF °F G i tFeSFPFhtY r i fhandesigstwitrouthedecheashngd,
for the resgg F, an_epoxy resin conposite of the present invention, no

col ori ng wa§8hlBP+BAUSn 1PRENGALYy sthigh did safaffieatheld iutht]l izesd stmnae
test. 20 4. heat resistance exam nation The heat resistance test was
carried outPREFRFSt RE hiokdiNestng AecBsan®fF.patiageswipheae msi3) Ky30 X
3 mmwas fabricated and heated at 120 C for 500 hours in an oven to exam ne
the change PRAtBYBFaRK thhnshikeanéé dfs beade possible to disperse the

fluorescent material substantially uniformly in the resin

10 that is contained in a_syringe and maintain this condition,

and therefore high yield of production can be achieved even
- when the fluqrescent particles of large pérticle_size that

is relativély difficult to handle is uSed. As éan be seenl

from the above discussion, the diffusing agents used in the

15 present'invention havé different actidns depending on the
range of particle sizes, and can be used in proper
combinations according_tq the application.

Variation Example 3
(Filler)

20 Further according to the present invention, the light
transmitting resin méy contain fillers, in addition to the
-fluorescent material. Specific material that can be used
as the filler are the same as those for the diffusing agent,
although the median particle size is different. The filler

25 in this specification has median particle size within a



25 before and after the heating. The transmttance was 16 SEP %qu &09
neasur,ed wth a spectroscopic colorineter (made by Mirakam Col or 5.)2.‘m
The eQanination results are shown in Figs .l12A and 12B. Fig,. 12A shows the
overall transmttance of beam before heating and Fig. 12B shows the
overall transmttance 5 of beam after heaggng. The resin A a conventiona
epoxy resin conposite to which a cationic curing agent was added, showed a
transmttance simlar to that of the resin F, an epoxy resin conposite -of
the present invention, in the early stage. But 10 for the resin A the

transmttanggniy@ EQ%mT%”gﬁmPanl§B°r navel RoLh d%gigggegsgggﬂgggggghoE N

was changed into yellow during the heat resrstance

conventi onapba@p@¥Yel €5k Pe COMPOTHiq t ¢ MalChya T [ dil uent was .added,
the 15 transmttance in the rangé'of g&@%ﬁr%gma§@¥%%é%% dé%rgggédiéﬁg%the

color was chaBgef kBl Ay ekkeW, i Qratrjl%tg.l%rnl yjtxﬁtt:rgeg-%ﬁpc‘?%}%{fg@;m%g ggggggggrther

decreased in the range of a short wavel eng he anced

oain P, dncaborad By Y LA BRI BT i TRRovRY & of g wa

resin F, an epoxy resin conpos oFPRg was

osi stance TOrt piP AR Red: FEEREtanGi had S B DA § hat e RASRA B

resi stance test, but t eat resistance .
i t1ing i e RasPEERE” b ity 0RaRo e 15hE e HFK cared UBPng
R i LR S B R R s RS G
B T g L
wher e e, W BUrbBeL M AL SLARRAGT 1000708 R U Mgl e S
10 surface of the LED chip and the bottom of the package
recess ‘even when used at high temperatures. Thus the light
émitting dioder of high reliability can be provided.’
Moredver, it is made possible to fegﬁlate the fiuidity of
the resin at a constant level over an extended period of
15 time and applying a required amount of the light
transmitting resin to a desired position, thus allowing for
mass production with a high yield.
The filler has preferably similar particle size and/or:
~shape to those of the fluorescent material. - In this
20 specification, the expression “similar particle size” means
that the difference in the median particle size is less
than 20%, and the expression “similar shape” means that the
difference in the roundness factor (length of circumference

of a true circle of the same area as the projected area of

25 the particle/ 1length projected of circumference of the



at roomtenperature and at an elevated tenperature and a 10 high humdit
respectively. As shown in Figs. 13 and 14, for the epoxy resin cohfo8§R Q00bf
t he prlesent invention, the reduction of the LED output during life was
smal | er than that of the conventional epoxy resin conposite B. 6. pot life
exam nation 15 The change in viscosity oger tinme was exam ned at 50 C using
the epoxy resin conposites B and F. The exam nation results are shown in
Fig. 15. The conventional epoxy resin conposite B had a pot |ife of about
25 hours, while the epoxy resin conposite of the present invention F 20 had

a pot |ife mirtahong) 40nhheursprExamlse T f acge- d type light

em tting diode as shown i anFé:. 1 vvgs ?g%rpggt%gé %ﬁ‘ﬁ ﬁﬂ%g{rﬁtg%t Bgmtt}%i ng

di ode of BExwiwiell/ sadd U asee t.er.i al 1 _x€e it 5t | i ght

transmitting esi n. sT_heFic LED chi p%ﬁ%%n%%cgeesfl%s 18 %I}:a\gnz £ 11737 (4 de

sem. conductsicrdeyi o 1inGl udh8g) Al iight s PLELLPY rllaf;éeé? %Ie ﬂ;‘)}l | no, 2Gao, 8N
o] m

-sem conductor having a nonochrom c -em ssi on péea S GRS bl e
range. Thatndierithe saie chj th f Exanple was _used. 5 The
package used was -al 5o thehggaehggl?%at g§a§xaﬁﬁngi3.%%ﬁe'ﬁ%ﬂﬁﬁ&ﬁﬁ%ﬂt

mat erizl uggd MaS 1al1sP t of ample 13. , To the

above- nent i oned ?géﬁ%)é%blg wt §§%¥ @g%%eﬁﬁg%lE%rggﬁeﬁ?sﬁﬁtEPFéﬁbanG°40 wt
% of Si 02 hawy centy al; jcl.e size of 10 ,u mwere mxed and

di sper sed toﬁgggg%n 3%%5i%%%§ c}%%ox Oﬁﬁgln coRpbRi t Ehevi Sdgsrepcent
15000nPa s lii ght stransnkiting resin. O ljght emtting diodes were
fabri cat ed}tﬁaﬁéf%gllSQé%néC%\r/&h;k%i? I‘B(ra‘?r%irea OJ@’ 1?%8%&?%&%@%@@6500

| i ght enit%hg% dio%gs fabricated in this way were exam ned. It was shown
that variatiéns " “ChPoRfatitCi9ey T&end X he™ itghtSO0ert 1 | ngreai pdesewabd ysnal |

and there ma%hno vi sual em ssi on unevenness in
within a range from 20 um to 50 pm. The particles can be

10 dispersed with desirable distance from each other when the

particle sizes are controlled in the range described above.

‘This makgg it-possiblé to secure a path_to extract 1light

and improve the directivity while prevenfiné the luminous

intensity from decreasing due to the mixing of the filler.

15 When the light transmitting resin including the fluorescent

material and the filler of particle sizes in the range

described above is applied by the mimeograph printing,

dressing effect can be provided in which the dicing blade

.1s restored from loaded condition in the dicing proceSs

20 after curing the light transmitting resin, thus improving
the mass production performance.

In order to achieve good dressing effect in the dicing

process, it 1is preferable that the filler of larger

particle sizes is included. Good dressing effect can be

25 achieved for effectively restoring loaded dicing blade when



: L : S ly
20 each light emtting diode. The reliability could be enhanced extrenely,
as conpareg to the diode using the resin A Conparative Exanple Theé SERI2004
enittﬂng di ode was fabricated in  the sanme 25 way as in Exanple 17, except

that the resin A and the mask 16 SEP 2004 112 having an opening
corresponding to one via hole in the insw@ating substrate were used. The
em ssi on unevenness was observed and the even em ssion could not be

achi eved. The reliability decreased, as conpared to Exanple 17. 5 Exanple
18 The light emtting diode was fabricated in the same way as in Exanple

17, except that 1i¢hsanedHdrEsGeht fggfﬂiEﬁné%ﬁd%@ataOfgfing'fa%é+%§fn .

used and 15 wt % of the fluorescen Fateélalomaz gpgludg sigifa to those
S chans & RIS S, P R S S B0
|51 Lot SR S L ST, Lo gL ERUf 24 Lo ) e |
Variation Example 4
5 (Light emitting surface)

According to the present invention, the light
trénsmitting resin surface that serves as the iight
emitting surface of the iight emitting diode may be -a
curved Surface. In the case of the light emitting diode

10 described in the second embodiment in whicﬁ the resin is
molded on the substrate, the light transmitting resin
surface is preferably'formed.in a curved surface so .as to
achieve the desired difectivify,l since lighf cannot bé
feflected upward on the side wall of the package in this

15 type of light emitting diode.

Such a curved light emitting surface can be formed by
applying the light transmitting resin including necessary
substances dispersed therein in the mimeograph printing
using a mask 39 (Fig. 7A) having apertures formed therein

20 in correspondénce to the individual light emitting diodes.
This process is illustrated in Fig. 7A and Fig. 7B. While
the surface of the 1light transmitting resin applied as
described above usually becomes a curved surface after

thermosetting of the resin, the surface can be formed in

25 any desired shape according to the material and



means of a two-step calcination nmethod in reducing atnospheres) The
foIIOﬁﬁng exanpl es relate to the method of the fluorescent materihf SHR £08M
for the light emtting diode. 20 According to the nethod of Exanple 19, a
flux is mxed into the m xture material which has been adjusted to achieve
the conposition of the fluorescent materggl and the resulting mxed is
filled in the crucible and calcined at 1400 Cto 1600 Cfor 6 to 8 hours in
t he weakly reduci ng 25 atnosphere and further, at 1400 Cto 1600 C for 6 to
8 16 SEP 2004 113 hours in the reduci ng atnosphere. The resulting

cal ci nat i ondufadiitlat oMl 0¥t ndnaagsess t hraugh,a tqftdZOQf”%S&h? form
(0]

a fluorescent material. In this way, the m xture conSistin t he" m xed

raw 5 nateq§§lfguitﬁgtﬁIt%igsmggﬁgapeghgsEggagakwgt?gggc%gggdw Aon, frethod

conprising the first calcination step int i'ng at mosphere and

the second a4 SLAR 4 d e £ £V 10, 8L TRRRARLE 050 2308 Bl N '@

fluorescent - material having a sorbing efficrency of 1 h

excitationﬁM@Mﬂfq§%ghtgﬂg£gggﬁg,éﬁgﬁgg tQ; re§Héti%% Egﬁgrfﬁggg%ﬂﬁﬁ%$g}a

is applied to the emtti as shown in

Lhe 1131or escnt e splo s AU Lo o0l nohe ! el one an be feduced

and the [ight emtting 0 aving a . .
ex {2611 o0 SARAUY VRLy XU ® 20 (hdey ofpSEph g ey A, e
manufactured in a large quantity over a long period of tine,
variations in the light emission performance can be kept -
extremely small between the light emitting diodes
10 manufactured in_the early stage of the production run and
the light emitting diodes manufactured in the latter stage
of the.-production run, thereby -improving the yield of
production. | | | |
Moreoyer, when silicone is used as the material of the
15 mask 39, producing cost can be reduced and the light
emitting surface of a desired curve can be formed by making
use of the difference in the thermal expansion coefficient
between the silicon and the light transmitting resin.
Variation Example 5
20 While the LED chip and the package are connected by
means of wires in the first embodiment, although the
present invention is not limited to this constitution and
such 'a constitution may also be employed as the LED chip is

mounted in the mounting area 1la of the package by flip

25 chip-bonding with conductive material and output light is



First, the mxture material is obtained by m xing Y203, GdzZ03, A1203 and
Ce02 at a stoichionetric ratio . To the 20 resulting mixture mater! & SEP 2004
alum mum fluoride is added as a flux and m xed with a ball mll mxer for 2
hours. Next, after renoving the ball, the resulting mxture is fired at
1400 to 1600 C for 6 to 8 hours in a wealg4g reducing at nosphere and further
at 1400 to 1600 C for 6 to 8 hours 25 in a reducing atnosphere. The
resulting firing product is 16 SEP 2004 114 ground and passed through a
conb of 200 nmesh to forma fluorescent material. Were the resulting

fluorescent egatgetal Esoh’ tREI 3hE6 W NAEXGHL | kghtyip the blue
range, the ?Iuorescent'ﬁaterial en??%EFisgggogk(ﬁﬁgy#EE %B#ﬁS?, 0.527) in

chromaticity coogghe@tgﬁe(ﬂéﬁggéépgasFeﬁaffggghgtiﬁga%gcn@éﬁgﬁI¥8E$§§8nt

material is used for the lig mtting ode as’'s [

L DN

fluoride + boric acid is Used as a flu
St of chi omet Freorac P87 78 CRReREalkR RRsK kAR S bt im F1 ubki de +
15 Next, arTar Tonny Fag ERELRATI, THE Tulbi fPngomte trieadi it Rathe 1400
1900 to teo e tefide §¥EEheh T FREG PuCe Gk RATHErE o Redatthg
cal ot nal o PLOKGAeL o OJRY, i Passed Loudl  sorty of 200, st L9, 20
mt orl al entt8 T gAY P e tELEA, 0. 531) 1 n ehromaticity coordi nates
(JISZSIIO)'Variation Example 6
10 The light emitting diodes of the embodiments and
variation examples described above are SMD type 1light
emitting _diodes, althOUgh the present invention is not .
limiﬁed to this conétitution. |
For example, the fluorescent material and/or the epoxy
15 resin described in the first embodiment caﬁ be used in
light emitting diodes of various forms such as display, 8;
segment indicator and bullet type.
That is, use of the fluorescent material described in
the first emquiment makes it possible to make a light
20 emitting diode of high output power and use of the epoxy
resin described in the first embodiment makes it possible
to make a light emitting diode of high reliability.
The light transmitting resin described in the first

embodiment can be applied not only to 1light emitting

25 elements such as light emitting diode but also to 1light



The fluorescent material formed using barium 25 fluoride as a flux fagpasgs
Iongeg y value of chromaticity and 16 SEP 2004 115 a small er anpbunt of
red conponent, a conpared to the nmaterial using other substances as a fl ux.
For exanple, where this fluorescent material is used for the l[ight emtting
di ode as shown in Fig. 1, the simlar 5 rggsults to those of Exanple 19 can
be achieved. Exanple 22 (10 wt % of a liquid is added during calcination in
Exanple 21 ) First, the mxture material is obtained by m xing YZ03, Gd203,
A1203 and CeQz at a stoichionetric ratio. To the 10 resulting m xture

material, baebafvihyoridReptbonts a6l fnbeoagdgd.as a flux and nmixed with a
ball m 1l mxer for 2 hours. Next, after renoving the ball,, 10 wt % of a

l'iquid such as pureryat e5,-adddy 1 s Q t esyl ti owder i.s added and
the resulting mxture i?héalcineg QEQ%iég tggﬁ£0§&% f%%cgjﬁ% 0’8 hggﬁs in
a weakly reguc] 5gi Ad "OSPRST & alh furt . 1,40 1600 C for 6 to 8 hours
in a reducing atn%g%here. fﬁ% reSLﬁ%i¢§¥(éngﬁﬁﬁndﬁiybggdﬁgFBi§XBPBEﬁ8'and
passed t hrough a conb of 200 nesh to forma fluorescent material. where the
resulting fluorescent material is irradiated with 20 an exciting light in

the blge rangeaEggﬁpiéuprescent material emts light of (x, y) - (0.45S,
0.530) in chromaticity coordi nates (JI SZ8110). For exanple, where this

L the simar 2o st oEfBe osSr SBIBHNE ot Be cpEvean the St
2008 116, Lt (el 8t W1 3 WL R AP Mg SRt og T
diode of the'present invention. The LED chip comprising a
light emitting layer made of InGaN and having a main peak
10 of 470 nm is used as a LED chip 5. 1In the light emitting
diode of Example 1, " the package is a molded resin body
formed in ‘one piece of the base part and the side wall part.
The eleétrode leadé 22a and 22b are inseftién molded into.
the base part of the resin 24. The LED chip can be formed
15 by making use of MOCVD method. More specifically, the
cleaned sapphire substrate is set in to the reactor chambefl
and films are formed using .trimethylgallium (IMG) gas,
trimethylindium (TMI) gas and ammonia gas as a reactive gas,
and hydrogen gas as a..carrier gas, and silane gas and
20 cyclopentadiamagnesium as a impurity gas.
The LED chip comprises a AlGaN layer as a low
temperature buffer layer, a non-doped GaN layer to enhance
a crystallinity (thickness : about 15000 A), a Si-doped GaN

layer as an n-type contact layer on which an electrode is

25 formed (thickness : about 21650 A), a non-doped GaN layer



First, the mxture material is obtained by m xing Y203, GJzZO' Alzpﬁ g%d A
CeOz at a stoichionetric ratio. To the 5 resulting m xture materi al’, alziFI m
fluori'de + boric acid is added as a flux and m xed with a ball mll mxer
for 2 hours. Next, after renmoving the ball, 37.5 wt %of a liquid such as
pure water with respect to the resulti-ngggowder is added arid the resulting
m xture is calcined at 1400 to 1600 C for 6 10 to 8 hours in a weakly

reduci ng at nosphere and further at 1400 to 1600 C for 6 to 8 hours in a
reduci ng at nosphere. The resulting calcination product is ground and passed

1rouh o conbedha 200 PRI RA, e Sseenl, L SLLal. e eatfe

resulting fluorescent mater Yad |)I’gh?‘ in
the blue r . 1 r t erial emts light of (x, y) - (0,458,
0.528) i n cheohb e tHEEGE T n BT R )T it e Wi B e
fluorescent_ material 1s used for the Iight emitting djode as shown in Fig.
1, the sinm T3¢ ‘g%p?%s%ﬂlsfﬂ?’ih Cgﬁ‘“eééarfma@% @gn A%é ar@i @ved. deradpl e
24 ( 62 wt %of.a liquid is added during calcipation in Exanple 21) First,
the mixtur ec'/?Trgt LPYEF iLzs%BBf%PﬁEﬁ By a&ﬁ%gcng?opzcg) Gfz 08, nMPe8 ghdddiy at a
stoichionetyjc ratio, .the 25 resultin I xture material, barjumfluoride
+ bori 8 aci Y& iamggglégﬁﬁeﬁﬁ@ gﬂhﬁdlgst & EOETaRE 1A xSIPSE t hABEbSP|
mll mxer for 2 hours. Next, after renoving the ball, 62 Wt %aof a liquid
such as pur®P9@t@f @i PANTESRRE(Gal tarer edthickrepowteabout adfed hnandhe
resulting mxture.is calcined at 1400 to 1600 C for 6 5 to 8 hours in a
weakly red @i PP RPN RYER t hefhigknemd t RhooD 29 fapgstrens hour s
in a reducing atnosphere. The resulting calcination product is ground and
passed thr Lo 6FYSBBLhbRhtY o Kfor fhe f1liwhies et timder laverwieze t he
resulting fluorescent naterial is irradiated with 10 an exciting light in
the blue rahg®tt RBLEELBFed@r Mt ethgl TeHitils RARghtusf weldl y§trugounsl
'0.526) in chromaticity coordinates (JISZ8110). For exanple, where this
fl uoredcentnarg @f &8 nepdmed GaM HeyeirgHtthéwknessg : dabdatagsshdwn amd Fi g.
1, the simlar 15 results to those of Exanple 19 can be achieved.
| ndustri al aAppntddned tInGe loesentthimlerdsson oy o¥0 dA )t,hea |Imught 1 -
emtting diode having a | ess irregular color, good reliability, good 20
product i vi thaVesifRe hfghmuin| thy Fekweof a super lattice of a Mg-doped
InGaN (thickness : about 25 A ) and a Mg-doped GaAlN
(thickness : about 40 A) and a GaN layer doped with Mg as a
15 p-type contact layer (thickness : about 1200 A), which are

sequentially formed, on the sapphire substrate.

The semiconductor wafer on which multiple nitride
semiconductor layers have been formed in such a .way is
etched partially to expose a part of the n-type contact

20 layer. Then, on the exposed p-type and n-type contact
laYers, the n-type and p-type electrodes are formed,
respectively, using sputtering technique. Thereafter, the
resulting wafer is cut into the respective lighf emitting
device to fabricate a LED chip which is able to emit blue

25 light.



16 SEP 2004 118 CLAIMS 1. Alight emtting diode conprising;, 5 a package
having a netal base consisting of a pair of thin metal sheets thag ggp 2004
‘constiltute positive and negative-el ectrodes being joined via a resin
insulator for electrical isolation fromeach other, a side wall bonded to
the circunference of one principle face @f said nmetal base 10 and a
nmounting area enclosed by the side wall, an LED chip mounted in said
nmounting area and, a light transmtting resin that fills the nounting area
so as to seal the LED chip, wherein said light transmtting resin is forned

15 continuously fropsatgp UL #3364 rQ%e"; £ g, d o o\g?_sl%iﬁ&jzi de1 \Q‘I}?Flhl’ a?lns

the top surface of said light transmtting résinis

P ancif phdaBbRhong A LIS SR/ ES RO R B L et
the package formed by molding integrally the lead
electrodes 22a and 22b to the resin 24. Each electrode of

5 the LED chip and each of the lead electrode 22a and 22b are
wire-bonded using gold wire 7 having a diameter of 35 um,
respectively, to establish electric connection.

In Example 1 of the present invention, (Yy.5Gdy )

2.96sA1501,t  Cepos 1in  which about 20 percent of Y is

10 substituted with Gd and which has a central particle size
of 21.429 pum is used as a fluorescent material. The
fluorescent méterial.is cbmposed of a fluo;escent-particles

of largé pérticle size and a flubreséent pafticles of small
particle size and has a volume-based particle size

15 distribution as shown in Fig. 2A and 2B. 1In the flat range
having a slope of zero in the curve of the volume-based
particle size distribution, the cumulative percentage of
particles is 4.6 vol % and the particle size ranges from

1.371] pym to 8.379 um. That is, 4.6 vol % of the whole

20 flﬁorescent material.comprises a fluorescent material of
small particle size of a . particle size smaller than 1.371 u

m and the remaining 95.6 vol % comprises a fluorescent
material of large particle size of a particle size larger

than 8.379 u m. The central particle size of the

25 fluorescent material classified using a settling method to



20 circunferential side face of the package. 2. The light emtting diodes
according to claim1; wherein said |ight transmtting resin mcluﬂgsgg,ﬁm4
filled. 3. The light emtting di odes according to claim2; 16 SE 0
' 19 wherein said filler includes a fluorescent material which absorbs at
| east a part of light emtted by said LEpgchip and emts light of a
different wavel ength. 4. The light emtting diodes according to claim3; 5
wherein nedi an dianmeter of said fluorescent material is set within a range
from15 to 50 ,um 5. A nethod for producing the IiEht enittiEg di ode o
according t ' o} FSLNG; I : f_maki package se y
consi st gg 1’gLAOXFAO:‘%"LEAE%I %rgﬁgtt?/bg‘}g f)g(zzéasgét%ggggalnnésa%qi‘%Slﬁ St |E"F%1tji The
distribution frequency of the above-mentioned central

particle size 1is 29.12_%ﬁ The particle size of péak of
distribution frequency of the fluorescent particles of

5 small particle size is 0.613 um and the particle size of
peak of distribution frequency of the fluorescent particles
of large particle size is 22.908 um. A standard deviaﬁion
in the particle distribution of the fluoresceﬁt particles
of large particle size is 0.295.

10 The fluorescent material, which is adjusted to obtain
light of (x, y) = (0.33, 0.33) in a CIE chromaticity
diagram and an epoxy.resin as a light transmitting resin
are mixedtat a rétid of 16 : 100. Thé reéulting epoxy
resin cdntaining the fluo;escent material is filled by

15 potting in the hollow of the package in which the LED chip
is connected to a pair of lead electrode with gold wire and
cured to form a light emitting diode.

The light emitting diode fabricated in such a manner
can emit white light of a high intensity and output.

20 (Comparative Example 1)

To compare, the light emitting diode having the same
chromaticity coordinates is fabricated in the same way as
in. Example 1, except that (Y5.6Gds.2)  2.065RA15015:  Ce€4.035
fluorescent material having a wide particle size

25 distribution, of which the curves of volume-based particle



substrate having a plurality of through holes that are grouped
corresponding to said nounting areas and a metal base plate havi A SBPt20ns
separéted by the resin insulator '‘in correspondence to the through holes, 15
a second step of mounting the LED chip in said nounting area of each
package fornmed with the through hole, a tdyrd step of applying and curing
the light transmtting resin on the top surface of the insulating substrate
and in the through hol es by m neograph printing 20 by using a nmask that has
an aperture in correspondence to each group, and a fourth step of dividing

nto 1 ndi vi Gaar packapae to £ Ree R I Y 1 1 3a%T O or S0 Rt he
l'i ght e”ittEQHtQBQd%article size of 6.315 um is used. The luminus
intensity and the 'output of the 1light emitting . diode
according to Comparative example 1 are decreased by about
5 35 % and about 25 %, respectively, as compared to the light
emitting diode of Example 1. This shows that the 1light
emitting diode according to the present invention can émit
light of high intensity even in the wavelengthlrange where
the chromaticity is low, for example, white light.

10 A standard deviation in ﬁhe particle size distribution
of the fluorescent material which is used in Comparative
Example ‘1 is 0.365.

Exémple 2
The light emitting diode having the same chromaticity

15 coordinates is fabricated in the same way as in Example 1,
except that (Y;.495Gds 00s) 2.750R150:,: Ceq 5, Fluorescent material
is used. This fluorescent material is classified in such a
manner that the material has a flat range where the
cumulative percentage of particles is 0.077 vol & and the

20° | particle size ranges from 1.371 Lom to 8.379 4 m, the
central particle size of the material is 25.626 um, the
distribution frequency of said central particle size is
24.812 %, and peak particle sizes of the distribution

frequency of the small particle size and large particle

25 size fluorescent particles are 0.613 and 28.012 L m,



according to claimb5; wherein said mneograph printing is carrn?c& out whi | e
repeaﬂi ng the cycle of decreasing and increasing the 5 pressure. P 2004
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25 except that the 1light transmitting resin containing a
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20 Example 6

The epoxy resin and Si0, having a central particle

size of 2.5 pgm as a diffusing agent were mixed at the
ratio by weight of 100 : 50 and thereafter, the same
fluorescent material as that of Example 2 was mixed into

25 the epoxy resin containing the diffusing agent. Further,
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Si0, having a central particle size of 6 um as a fillér is
includéd at the ratio of 70 wt% to the epoxy resin. The
resulting matérial is.used as a light transmitting resin.
The light transmitting resin was filled in the hollow of
5 the cabinet having a wall on which the LED chip is
electrically connected to a pair of lead electrodes with
gold wire using an intaglio printing method in the same
manner as in Example 5. And then, the resin was cured at
85 C for 3 hours and further, at 140 °C for 4 hours to
10 fabricate a 1light emitting diode having the same
chromaticity coordinates as in Example 1. The 1light
emitting diodejof Example 6 has a longe: lifetime and emits
| even Iight.
Example 7
15 The light emitting diode is fabricated in the same way
as in Example 3, except that the fluorescent material
similar to that of Example 2 and Si0, having a central
particle size of about 25 pm which is similar to that of
'said fluorescent material, as a filler are used. The
20 luminous intensity of the resulting light emitting diode is
increased by 10 %, as compared to that of Example 3.
Example 8
The light emitting diode is fabricated in the same way
as in Example'.6, except that the fluorescent material

25 similar to that of Example 2 and SioO, having a roundness
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‘which is different by 10 % from that of said fluorescent

material and a central particle size of about 25 ugm which

' is similar .tO' that  of said fluorescent material, as a

filler are used. The luminous intensity of the resulting

5 light emitting diode is increased by 10 %, as compared to

that of Example 6.

Example 9

As shown in Fig. 10A and Fig. 10B which is a partial

enlarged ﬁiew of Fig. 10A, the LED chip 5 (similar to that

10 of Example 1) is die-bonded with epoxy resin 42 to the cup

portion of the mount lead 42a made of bright plated copper

and.thereafter) each electrode of the LED chip 5 and the

mournt lead 42a and the second lead 42b are wire-bonded,

respectively, using_a wire 7 having a diémeter of 30 um.

15 The mixture of the fluorescent material similar to that of

Example 2, which is adjusted to obtain light of (x, y) =

(0.33, 0.33) in a CIE chromaticity diagram and an epoxy

resin as a light transmitting resin at a ratio by weight of"

5 : 100 is filled in the cup of said mount lead and then,

20 cured at 150 C for 1 hour to form a coating part

containing a fluorescent material. Further, a cannonball

type lens 49 is formed using the transparent epoxy resin,

so as to obtain a round shape in view of light emitting

.observation plane. The resulting lamp type light emitting

25 diode has effects similar to those of Example 1.
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5 which 1is a light transmitting resin and Si0, having a
roundness which is different by 10 % from that of said
fluorescent material and a central particle size of about
25 um as a filler are mixed at a ratio‘by weight of 100 :
10 : 35 and the resulting mixture is filled in the cup of

10 the mount lead. Brighter and more even light is emitted,
as compared to Example 9.
Example 11.
| The LED chip-simiiar to that of Example 1 is placed in
the hollow of the resin package into which the lead
15 electrode is inserted. The silicone resin which is a light
transmitting resin, the fluorescent material similar to
that of Example 1, the fluorescent material composed
Y,.06sR150;,: Ceq 435 -having a central particle size of 13 um
and Sioz having a central particle size of about 0.5 um
20 are mixed at a ratio by weight of 100 : 0.69 : 0.5 : 10 and
the resulting mixing solution is filled in said hollow, so
as to fabricate a light emitting diode. The resulting
light emitting diode has effects similar to those of

Example 1, a good color rendering and a high brightness.

25 Example 12
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as in Example 11, except that the silicone resin which is a
light transmitting resin, (Y.4Gdg.1) 2.06sR150;,t Cey 35 having a
central particle size of 30 um, the fluorescent material
5 similar to that of Example 2, and Si0, having a centrai
particle size 6f about 0.5 um are mixed at a ratio by
weight of 100 : 0.69 : 0.5 : 10 and the resulting mixing
solution is filled in said hollow. The resulting light
emitting diode has effects similér to those of Example 2, a
10 good color rendering and a high brightness.
Example 13

Example .13 1s an -example of a producing method
according to thé first embodiment. o

In Example 13, the surface-mounted type of light

15 emitting diode as shown in Fig. 1 is fabricated.

In Example 13, the LED chip 5 is a nitride
semiconductor LED chip comprising a light emitting layer
made of 1Ing,Ga, N which has a monochromic Jight emitting
peak of 475 nm in the visible region. More specifically,

20 the LED chip 5 is fabricated by forming nitride
semiconductor layers on the cleaned sapphire substrate
using a TMG (trimethylgallium) gas, a TMI (trimethylindium)
gas, a nitrogen gas and a dopant gas with a carrier gas, by

means of MOCVD method. In this case, the n-type nitride

25 semiconductor and p-type nitride semiconductor layers are
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formed, respectively, by using SiH, and Cp,Mg as a dbpant
gas.

The LED chip 5 comprises a buffer layer made of GaN
which is grown at a low temperature, an n-type GaN layer

5 which is an undoped nitride semiconductor, a Si-doped GaN
layer (n-type contact iayer) on which an n-electrode 1is
formed, a light emitting layer in the multi quantum well
structure in which one group consisting of the GaN layer as
.a barrier layer, the InGaN layer as an well layer and the

10 GaN layer as a barrier iayer is sandwiched between the GaN
layers, a Mg-doped AlGaN layer (p-type cladding layer),and
a Mg~ doped “GaN layer (p—type contact " layer), which are
sequentially formed, on the.sapphire substrate. |
The p-type semiconductor is annealed at the
15 temperature of 400 C or more after forming layers.

After forming layers, each of p-type and n-type
contact layers is exposed by etching on the same surface
side of the nitride semiconductor on the sapphire substrate.
The positive and negative electrodes are formed on each

20 contact layer, respectively, by sputtering. The metal thin
film is formed as a translucent electrode on the entire
surface of the p;type nitride semiconductor and thereafter,
the basic electrode is formed on a part of the translucent
electrode. The resulting wafer is scribed and cut by

25 eternal forces into LED chips which are light emitting
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' die-bonded with an epoxy resin into each via hole of the
package assembly which has been described in the first
5 embodiment. Each electrode of tﬁe LED chip is electrically
connected to the metal films 2a and 2b, respectively by
wire bonding using gold wire.
The fluorescent material is fabricated as follow.
Rare earth elements, Y, Gd and Ce, are dissolved in an
10 acid at a ratio of stoichiometry and the resulting solution
is coprecipitated with oxalic acid. The resulting
~ coprecipitate is calcined and the obtained .oxide - of
éoprecipitate and aluminum oxide.are mixed. .The resulting
mixture as a flux is mixed with barium fluoride and filled
15 into the crucible and then, heated at 1400
C for 3 hours in the air to obtain a burned product. The
burned product is ground in water with a ball mill and
washed, separated, dried and then, at last, combed to form
(Yo.905G 0. 00s) 2.750BL5015: C€4 250 fluorescent material.
20 An alicyclic epoxy resin composite (viscosity
8000 mPa * s) obtained by mixing and dispersing 17 wt% of
sald fluorescent material and 70 wt% of Si0, having a
central_ particle size of '10 4 m into the epoxy resin

containing 20 wt% of Si0, having a central particle size of

25 0.3 um is used as a material for sealing members.
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10% & & () app¥4086 &o&'th)e knife 14 inclined at 30 ° in the operating

direction with respect to the perpendicular line of the

15 mask 112 to run the squeegee in one direction. Next, the

inside of the chamber is pressurized to 20000 Pa. After

completion of compression, an air pressure of 0.12 Mpa is

applied to the knife 15 inclined at 35° in the direction

opposite to said squeegee with respect to the perpendicular

20 line of the mask 112 to ‘run the squeegee 1in the other
direction. This reciprocating squeegee is repeated twice.

Next, the stage for elevating the substrate is

lowered to separate the package assembly from the mask 112.

Then, the light transmitting resin is primarily cured at

25 - 85 C for 3 hours and secondarily cured at 140 °C for 4
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(Comparative Example) '

The light emitting diode is fabricated in the same
way as in Example 13, except that the mask formed in such a
way that one opening corresponds to one via hole of the

25 package assembly 1is used. The light transmitting resin
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&$10%&& () "adhesive sheet for dicing and cut away, each light emitting

5 diode comes apart.

When 500 of the resulting light emitting diodes are
observed, there are burrs on the top surface, as compared
to Example 1. Where 500 of light emitting diodes were
implemented, variations in color temperature during

10 producing were examined. Variations in color temperature
during producing for the light emitting diodes of Example
13 wére reduced -by about'20l%, as compared to the area on
the chromaticity diagram.for the light emitting diodes.of.
Comparative example.

15 (Example 14)

The surface-mounted light emitting diode is
fabricated in the same way as in Example 13, except that an
alicyclic epoxy resin composite (viscosity : 15000 mPa * s)
obtained by mixing and’ dispersing 15 wt% of the above-

20 mentioned fluorescent material and 40 wt% of Si0, having a
central particle size of 10 um into the undoped one-liquid-
cured epoxy resin including a bridged oligomer is used as a
material for a sealing member. The luminous intensity and
output are increased, as-éoﬁpared to Example 13. Moreover,

25 the reliability can be improved dramatically.
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In Example 15, (Y,,4Gd,.,) ,.4sBL15Gd;,: Cep o in  which

about 20 percent of Y is substituted with Gd and which has

a central particle size of 21.429 um is prepared 'in the

same way as in Example 13. The fluorescent material is

composed of a fluorescent material of large particle size

and a fluorescent material of small particle size. In the

flat range having a slope of zero in the curve of .the

volume-based particle size distribution, the cumulative

percentage of particles is 4.6 vol % and the particle size

ranges from 1.371 pgm to 8.379 um. That is, 4.6 vol $ of

the whole fluorescent material comprises fluorescent

partlcles of small partlcle size smaller than 1. 37l;zm and '

the remaining 95.6 vol % comprlses fluorescent particles of

large particle size larger than 8.379 u m. The .central

particle size of the fluorescent material classified using

a settling method to have such a particle size distribution

is 21.4 p m and the frequency of the above-mentioned

central particle size is 29.12 %. The particle size of
peak of dlstrlbutlon frequency of the fluorescent partlcles

of small partlcle size is 0. 613 s m and the particle size

of peak of distribution frequency of the fluorescent
particles of large particle size is 22.908 pm. Where the
fluorescent material having such a particle size
distribution is used, the luminous

intensity and 1light

emitting output can be enhanced.
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to that of Example 14. The brightness of the light emitting
diode of Exémple 15 is higher than that of Example 14.
Example 16
Four kinds. of resins C, D, E and F, which were
10 epoxy resins according to the_ present invention, and the
resins A and B of Comparative e){ample were prepared and the
characteristics thereof were examined.
ll. Preparatio'n of the .epc'>x'y resin composite
The epoxy resin composites A to F were prepared
15 under the following conditions. Where acid anhydride was
added, the conversion ratio of a carboxyl group to an ester
group was estimated. The ester conversion ratio is the
ratio, expressed as a molar percentage, of the carboxyl
groups included in the acid anhydride, which have been
20 converted inﬁo ester groups. The ester conversion ratid
was examined using a neutralization reaction with KOH
solution. Specifically, 1.00 g of the epoxy resin was
dissolved in 50 mL of ethanol and 0.1 N KOH solution in

water was added. At the point of neutralization, the color

25 of the BTB indicator turned from yellow into blue (at pH
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of KOH solution in water required for neutralization.

5 resin A Compérative example
256 (1.95e.eq)g of 3’ 4’ -epoxy-cyclohexylmethyl
3,4~-epoxy-cyclohexanecarboxylate, which is a derivative of
cyclohexene epoxidated compound as an alicyclic epoxy resin
and 0.6 g of Benzyl p-hydroxyphenyl methylsulfonium
10 Hexafluoroantimonate, which is an aromatic sulfonium salt
(anion species is hexafluoroantimony) and a
. benzylsulfonium-based catalyst, .as a cationic curing agernt,
wefe put in the 300 mL foﬁr' ﬁeck flask. The resulting
mixture was stirred for 0.5 hour and heated at 85 °C for 3

15 hours and further at 140 C for 4 hours to be cured.

resin B : Comparative example
7.68 g of propylene glycol monoglycidyl ether is
added (3wt% with respect to the epoxy resin) as a reactive
20 diluent was. added to the componenf of resin A. The
resulting mixture was stirred for 0.5 hour and heated at

85 C for 3 hours and further at 140 °C - for 4 hours to be

cured.

25 resin C : present invention
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35/$10%&&I%b@§bX%phéﬂUl[:%g%%glgﬁ%§§%93§&:égiaéadé¥@§%¥%égﬁéte, which
is.a benzylsulfonium-based catalyst, as a cationic curing

agent, were. put in the 300 mL four neck flask. The

10 resulting mixture was stirred for 0.5 hour and the ester
conversion ratio was measured to be 0%. After measurement,

the mixture was heated at 85 °C for 3 hodrs_and further at

140 °C for 4 hours to be cured.

15 resin D : present invention
256 (1.95e.eq) g of 3’ ¢’ —epoxy-cyclohexylmethyl
3,4-epoxy-cyclohexanecarboxylate as an alicyclic epoxy
resin, 9.57 g (5.69x10% mol) of the mixture of 4-
~methylhexahydrophthalic anhydrate /- hexahydrophthalic
20 anhydrate at a ratio of 70/30 and 1.77 g (2.85x10? mol) of
ethylene glycol as a promoter were put in the 300 mL four
neck flask and the temperéture was increased slowly with a
multiheater and maintéined at 90 to 100 C for 16 hours.
The temperature was decreased slowiy to room temperature.

25 Then, 0.6 g of 'Benzyl p-hydroxyphenyl methylsulfonium
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resin E :.present invention

10 ' The epoxy resin composite was prepared in the same
way as resin D, except that 256 g (1.95e.eq) of 3’ 4’ -
epoxy~-cyclohexylmethyl 3,4—epoxy—cyclohexanecarboxylate_ as
.an alicyélic epoxy resin[ 15.95 g (9.48x107 mol) 6f fhe
mixture of 4—methylhexahydrophthaiic anhydrate /

15 hexahydrophthalic anhydrate at a ratio of 70/30, 2.95 g
(4.75x107 mol) of ethylene glycol as a promoter and 0.6 g
of Benzyl p-hydroxyphenyl methylsul fonium
Hexafluoroantimonate, which is a benzylsulfonium-based
catalyst, as a cationic curing agent, were used. The ester

20 conversion ratio of the carboxyl group into the ester group

was measured to be 94.2 %.

resin F.: present invention
The epoxy resin composite was prepared in the same

25 way as resin D, except that 256 g (1.95e.eq)of 3’ 4’/ -
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catalyst, as a cationic curing agent, were used. The ester

conversion ratio of the carboxyl group into the ester group
10 was measured to be 92.4 %,

2. flexibility examination

The llght emitting diode as. shown in Fig. 1. was_
fabrlcated using the epoxy resin composites A to F and the
impact test in liquid phase was carried out to evaluate

15 flexibility of the resin.

No fluorescent material was mixed into the epoxy
resin composite of the light emitting diode used for this
examination.

Ih this impact test in 1liquid ‘phase, the cycle

20 consisting of dipping in the liquid phase of -40 °C for one
minute and dipping in the liquid phase of 100 °C for one
minute was repeated 500 to 2500 cycles and then, the number
of the occurrence of cracks into the LED chip or of -
malfunction due to wire open was examined (test samples

25 100).
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15 flexibility than that of the conventional epoxy resin of

which the flexibility is enhanced using a reactive diluent.

Table 1
Occurrence ratio of malfunction Cause of
500 1000 1500 2000 2500 malfunction
cyclé..cycle cycle | cycle | cycle :
Resin A : 39'% | 100 % | 100 % | 100 % | 100 % { crack
Comparative example -
Resin B : 0% 0 % 1% 4 % 7 % | crack
Comparative example '
Resin C : example 1% 1% 3% 3% 4 % | crack
Resin D : example 0 % 0% 0 % 0% 0 % |-
Resin E : example 0% 0% 0 % 0% 0% |-
Resin F : example 0 % 0 % 0% 0% 0 % |-

3. light resistance (yellowing) examination
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conventional epoxy resin composite to which a reactive
diluent was added, the transmittance in the range of a short
wavelengtﬁ decreased and thelcoior was changed'into vellow
in thé early stage. The transmittance further decreased in

15 the range. of a short wavelength and the yellowing was
advanced remarkably during the light resistance test.

On the other hand, for the resin F, an epoxy resin
composite of the present invention, no coloring was observed
in the early stage and after the light resistande test.

20 4. heat resistance examination |

The heat resistance test was carried out using the

epoxy resins A, B and F. The test piece of 30 X 30 X3 mm
was fabricated and heated at 120 °C for 500 hours in an oven

to examine the change in overall transmittance of beanm

25 before and after the heating. The transmittance was
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before heating and Fig. 12B shows the overall transmittance

5 of beam after heating.
The resin A} & conventional epoxy resin composite to
which a cationic curing agent was ‘added, showed” a
transmittance similar to that of the resin F, an époxy resin
composite of the present invention, in the early stage. But

10 for the resin A, the transmittance in the range of a short
wavelength decreased and the color was changed into yellow
during the heat resistance test.

For‘ tﬂe resin B, a conventional epoxy resin
composite to which a reactive diluent was added, the

15 transmittance in the range of a short wavelength decreased
and the color was changed into yellow in the early stage.
The transmittance further decreased in the range of a short
wavelength and the yellowing was advanced remarkably during
the light resistance test.

20 On the other hand, for the resin F, an epoxy resin
composite of the present invention, no coloring was observed
in the early stage and the yellowing was advanced during the
heat resistance test, but the heat resistance was better
than that of resin B.

25 5. LED current passed life examination
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carried out at room temperature (25 °C) and at an elevated
5 temperature and a high humidity(85°C,85 %). Figs. 13 and 14
are graphs showing changes in relative outputs P, % (the
relative value of outputs where the output in the early
stage 1is 100 %) of LED during the current passed life test
at room temperature and at an elevated temperature and a
10 high humidity, respectively. As shown in Figs. 13 and 14,
for the epoxy resin composite of the present invention, the
reduction of the LED output.durihg life was smaller thaﬁ

that of the conventional epoxy resin composité B;

6. pot life examination

15 The change in viscosity over time was examined at
50 C using the epoXy resin composites B and F. The
examination results are shown in Fig. 15. The conventional

epoxy resin composite B had a pot life of about 25 hours,
whilé the epoxy resin composite of the present invention F
20 had a pot life of about 40 hours.
Exampie 17
The surface-mounted type light. emitting diode as
shown in Fig. 1 was fabricated. In this light emitting
diode of Example 17, a fluorescent material was mixed with

25 the light transmitting resin. The LED chip 5 comprises a
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5 The package used was also the same as that of

Example 13.

The fluorescent material used was élso the same as
that of Example 13.

To the above-mentioned resin F, 15 wt% of said

10 fluorescent material and 40 wt% of Si0, having a central
particle size of 10 um were mixed and dispersed to obtain
an alicydlic epoxy resin composite (viscosity : 15000mPa * s)’
as a light transmitting resin. o
500 light emitting diodes were fabricated in the
15 same way as in Example 13.

The variations among 500 1light emitting diodes -
fabricafed in this way were examined. It was shown that
variations in chromaticity émong the light emitting diodes
‘were small and there was no visual emission unevenness in

20 each light emitting diode. The reliability could be
enhanced extremely, as compared to the diode using the resin
A.
" Comparative Example
The iight emitting diode was fabricated in the same

25 way as in Example 17, except that the resin A and the mask



& R(N((((((] 0bUALO ML0% & & ()-10/ %0/ %0/ % L52&10% % () -1 AL5Z&JQIE ()~ f

$SYSL00B& ()- 7SY$L0%R& ()- (((-))**|[:bU4l0 YYM 10% & & ()-3 Q EP2004

S$109@& ()- S$L09RE& ()- 89! 10% & & ()- 9 10% & & () -

&@LO% & & ()-*++++,V,|[: bUAL0 3+ 10% & & ()- |3's!10% & & () -

1 940% & & ()- { FFM10% & & ()- FfM 10%7{% () -

L10% & & ()-V,, 9-Mm ----- | [NA41010' & 10' & 10' & 910% & & ()- 7°!110% & & () -

5110% & & ()- /$10%&0& ()- -10% & & ()- ----../|[: NA41010 M 109%&& () -

F$100R& ()- f$109%&& ()-  10%&& ()- Lf109%&& ()- O estovE )

&S109%&&’ () nak@8 1001 | 1 U8R (s Fro #SLOYEGE 109&& () -

Ys! 10(y&&'(%)h N bg%?oog/%gz l(%[gie%?l 0%%&%%%%%11 1f f~1ﬁ%%fo Eﬁg&yzﬁé&) ()-8
+H#109&& () 1Xst#20Y&& EhnXPratd 0%k (&§&+#%§%s:§oﬁ%gﬁ%n§'%{s§ was

+#109@& () - XITIT111TA410 +#10%&" () - X& '+#1g)/ . X+ (

Tioves () SR 0%ear 1) R AT ves S ST O 8@%%/ é@%ﬁé‘%@gm )
0, ! ' 0, ! - 0, ! - X- 0, ! - + 0, ! -

riovee () TRrTTT G0 A R R R B vsee (o

+#109&8& ()Eéa;ﬁg%go/ () - X +H#109R& () - X1111111 - GA4 +#1098& ()- XY > 5*7 @

+#109R& () - X FBI0VRE () - X +#10%8&' ()- X1 222222cCA4 +#H109R&' +#10%&R& () - X

10988 () - X +#1098&. () 1 X +#10%8&. () - X, +#10Y&&' () : X. .
Iﬁg%&&' 8-x2J2rz#20 ai%ié‘zi %1%%/&1(&#%%@ t’?%%?ib%}&efl)m ERR0SRRR() - X

088 () - VR (Lo X +H10UR&' () - X+212 P2QRi | - 244 +#109&& () - X
Iﬁigéﬁ' 8W§y jé%fy E%Xi‘%‘}g € 5w /@&%&%B&/&é%%zc- x%éz&%%;[é]u?_r%%@ﬁlw&
#109R& () - X, +#109R& ( ).z X +HL0VRE ()- X +H#10%&& () -X +#10%&&' () - X
1#10%&&' 8@%%&3&3&5@3&2&%@% #%165&&51{5) u )GQ#M%W&% +ofosde ()-X

#1088 () =X +H109R& () - X +H#109R& () - Xk2l 2r 2~222j J* 24 +#109&R& () - X
1#10%&&' 8&@%6@%& -a>*<e$#i %92@58%ngdfrsdﬂ@]?zé:i?zz{?al@#f((ag/o The
#109R&' () : X +#1098& () - X +#109B&' ()- X +#1098&' ()- X +#109&& ()-X
Ti1008s () 1keah ot biAa iR 4 Sdanbls 4 AgphovEohER FEPiR SHEOOER £9- X
+#109R&' ()-1;32222%2 24 +#109R& +#10%&& () - X +#10%&& ()- X +#109%8& () - X
+#1008& () EHO9%100aEXeYR e +1100@chay. Robdghey brightpegs thanoteat(}nx

+#109R& () - X +#10%&&' () - X +#109%&R&' () - X +#109&R& () - X +#109%&& () - X222222) J*?4
+H109R& () EXCHBADoRE () - X +#109R& ()- X +#109R& ()-XY > 5*7 @2222222 74
+#10% +#10%&& () - X +#109&&' () - X +#109R&' () - X +#10%&K& () - X +#10%&& ()-X
+#1098&' () - X222222By24feklowgrg ( pxgypies* i@k ey )the +8Y0WRESE - X
+#10%&& () - X2223333_74 +#109&& +#10%&&' ()- X +#10%&& () - X +#10%&&' () - X
+#109&8 ()X Ha 0PRRP Y 9soenty e i@l X333

15 Example 19 (the synthesis of the fluorescent material by
means of a two-step ' calcination method in reducing
atmospheres)

The following examples relate to the method of the
fluorescent material suited for the light emitting diode.

20 According to the method of Example 19, a flux is
mixed into the mixture material which has been adjusted to
achieve the composition of the fluorescent material and the
resulting mixed is filled in the crucible and calcined at

1400 C to 1600 C for 6 to 8 hours in the weakly reducing

25 atmosphere and further, at 1400 C to 1600 °C for 6 to 8
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20 resulting mixture material, aluminum fluoride is added as a

flux and mixed with a ball mill mixer for 2 hours. Next,
after removing the ball, the resulting mixture is fired at
1400 to 1600 C for 6 to 8 hours in a weakly reducing
atmosphere and further at 1400 to 1600 C for 6 to 8 hours

25 in a reducing atmosphere. The resulting firing product is
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Example 21 (barium fluoride + boric acid 1s used as a flux
10 in Example 20)
First, the mixture material is obtained'by mixing
YJ%,JGdJ%, Al,0; and CeO, at a stoichiometric ratio. - To the
résulting mixture material, barium fiuofide + boric'acid ié
added as a flux and mixed with a ball mill mixer for 2 hours.
15 Next, after removing the ball, the resulting mixture is
calcined at 1400 to ‘1600 C for 6 to 8 hours in a weakly

reducing atmosphere and further at 1400 to 1600 °C for 6 to

8 hours in a reducing atmosphere. The resulting calcination
product is ground and passed through a comb of 200 mesh to
20 form a fluorescent material. Where | the resulting
fluorescent material is irradiated with an exciting light in
the blue range, the fluorescent material emits light of (x,

y) = (0.454, 0.531) in chromaticity coordinates (JISZ8110).
The fluorescent material formed wusing barium

25 fluoride as a flux has a longer y value of chromaticity and
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a smaller amount of red component, a compared to the
material using other substances as a flux.
For example, where this fluorescent material is ﬁsed
for the light emitting diode as shown in Fig. 1, the similar
5 results to those of Example 19 can be achieved.
Example 22 (10 wt% of a liquid is added during calcination
in Example 21) |
First, the mixture material is obtained by mixing
¥Y,0;, Gd,04, Al,0, and CeO, at a stoichiometric ratio. To the
10 resu;ting mixture material, barium fluoride + boric acid is
added as a flux and mixed with a ball mill mixer for 2 hours.
' Next,-after removing the ball, 10 wt% of ‘a liquid such - as
pure water with respect td the resulting'powder is added and
the resulting mixture is calcined at 1400 to 1600 °C for 6
15 to 8 hours in a weakly reducing atmosphere and further at
1400 to 1600 C for 6 to 8 hours in a reducing atmosphere.
The resultiﬁg calcination product is ground and passed
through a comb of 200 mesh to form a fluorescent material.
Where the resulting fluorescent material is irradiated with
20 an .exciting light in the blue range, the fluorescent
material emits light of (x, y) = (0.455, 0.530) in
chromaticity coordinates (JISZ8110).
For example, where this fluorescent material is used
for the light emitting diode as shown in Fig. 1, the similar

25 results to those of Example 19 can be achieved.
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Example 23 (37.5 wt% of a ‘liquid is added during calcinétion
in Example 21)

First, the mixture material is obtained'by mixing
¥,0;, Gd,0y, Al,0, and CeO, at a stoichiometric ratio. To the
resulting mixture material, barium fluoride + boric acid ié
added as a flux and mixed with a ball mill mixer for 2 hours.
Next; after removing the ball, 37.5 wt% of a liquid such as
pure water with respect.to the resulting powder is added and
the resulting mixture is calcined at 1400 to 1600 C for 6
to 8 hours in a weakly reducing atmosphere and further at
1400 to 1600 °C for 6 to 8 hours in a reducing atmosphere.
The resulting calcination product is ground and passed
through a comb of'206 mesh to form a fluoreécent material.
Where the resulting fluorescent material is irradiated with
an exciting 1light in the blue range, the fluorescent
material ‘emits light of (x, y) = (0.458, 0.528) ih
chromaticity coordinates (JISZ8110).

For example, where this fluorescent material is used
for the light emitting diode as shown in Fig. 1, the similar
results to those of Example 19 can be achieved.

Example 24 (62 wt% of a liquid is added during calcination
in Example 21) |

First, the mixture material is obtained by mixing
¥,0;, Gd,0;, Al,0, and Ce0Q, at a stoichiometric ratio. To the

resulting mixture material, barium fluoride + boric acid is
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added as a flux and mixed with a ball mill mixer for 2 hours.

Next, after removing the ball, 62 wt% of a liquid such as

pure water with respect to the resulting powder is added and

‘the resulting mixture is calcined at 1400 to 1600 C for 6

to 8 hours in a weakly reducing atmosphere and further at
1400 to 1600 C for 6 to 8 hours in a reducing atmosphere.
The resulting calcination product is ground and passed
through a comb of 200 mesh to form a fluorescent materiél.
Where the resulting fluorescent material is irradiated with
an 'exciting light in the blue range, the fluorescent
material emits 1light of (x, vy) = (0.461, 0.526) in
chromaticity coordinates (JISZ8110).

Forlexample, whére this fluofescent material is uSed
for the light emitting diode as shown in Fig. 1, the similar

results to those of Example 19 can be achieved.

Industrial Applicability
The present -invention can provide the light emitting
diode having a less irregular color, good reliability, good

productivity, and high utility value.
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CLAIMS

1. A light emitting diode comprising;

a package having a metal base consisting of a pair of
thin metal sheets that constitute positive and negative
electrodes being joined via a resin insulator for
electrical isolation from each other, a side wall bonded to
the circumference of one principle face of said metal base
and a mounting area enclosed by the side wall,

an LED chip mounted in said mounting area and,

a light transmitting resin that fills the mounting
area so as to seal the LED chip,

wherein said light transmitting resin is formed
continuously from said mounting area over the top of said
side wall and the top surface of said light transmitting
resin is flat and substantially parallel to said metal base
and the side face on the circumference of the light
transmitting resin is substantially flush with the
circumferential side face of the package.

2. The light emitting diodes according to claim 1;

wherein said light transmitting resin includes a
filler.

3. The light emitting diodes according to claim 2;
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wherein said filler includes a fluorescent material
which absorbs at least a part of light emitted by said LED
chip and emits light of a different wavelength.

4, The light emitting diodes according to claim 3;
wherein median diameter of said fluorescent material

is set within a range from 15 to 50 wum.

5. A method for producing the light emitting diode

according to claim 1 comprising;

a first step of making a package assembly consisting
of a plurality of packages by bonding an insulating
substrate having a plurality of through hcles that are
grouped corresponding to said mounting areas and a metal
base plate having portions separated by the resin insulator
in correspondence to the through holes,

a second step of mounting the LED chip in said
mounting area of each package formed with the through hole,

a third step of applying and curing the light
transmitting resin on the top surface of the insulating
substrate and in the through holes by mimeograph printing
by using a mask that has an aperture in correspondence to
each group, and

a fourth step of dividing the package assembly having
the light transmitting resin applied thereon into

individual packages.
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6. The method for producing the light emitting diode

according to claim 5;

wherein said mimeograph printing is carried out while
repeating the cycle of decreasing and increasing the

pressure.



