s WKYZ[\ ] "e3esfp<*6Tf 1' LIGHT.- EM TTI NG DI ODE, OPTI CAL SEM CONDUCTOR

DEVI CE, EPOXY RESIN COVPCSI TI ON SU TED FOR OPTI CAL SEM CONDUCTOR 5 DEVI CE,
AND METHOD FOR MANUFACTURI NG THE-SAME Technical Field The gmmmmmwmm|mmm |on
relates to an optical semni conductor device such as light e

mai nly 10 surface mounted type that can he used for the back |ighfsof a
liquid crystal display, full-color display, built-in lanp of a swtch,

illumnation |ight source, various indicators and traffic

met hod for producing the sanme, and a light transmtting epo mm mmm@“mmm"
conposi tion that has 15 high |ight gﬁgégiﬁggﬁNand pliability su

the light emtting diode. Backgroun LED chi p that uses & nitride

sem conductor 20 (InxGYAII_X YN, 0 5 X ~'1, 0 ~YS1 , a semconductor
light emtting el enent capabl e of enitting blue light with high brightness

has recently be el [ i devi ces _based on nitride
seni conduct or g@gﬁg ﬁﬁﬁg&gﬁkf §i0§€1 %ﬁii-%htﬁgylﬁgﬁgpcﬁﬁan PHYBEEE of
13' %ht 25 SIS ﬁ%s‘ﬁv' &?P(Bshla'f‘lgl\?es(t;]aIAT%D e e S

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 mounted type that can be used for the back light of
a liquid crystal display, full-color display, built-in lamp
of a switch, i;luminatiqﬁ.light-éource, various indicators
and traffic lights, and a method for prbducing 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 (In,GayAl, 44N, 0 = X = 1,- 0 = Y= 1), a semicoﬁductor
light emitting element capable of emitting blue light with
high Dbrightness has recently been developed. Light
emitting devices based on nitride semiconductor have such

advantages as higher output power than those of 1light

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



light wwthin 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 difficult
to obtain a high output power in a wavel ength regi on including the

wavel ength of green light and | onger. On the other hand, the applicant of

t he present invention have devel oped a Ijdght 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 chi p descri bed above thereby emtting yellow light, on the LSD chip
and have a hed,f e ipate At t L.apal- Pyhl4i d.Qn W) 5Q78).. ,

The 1i ght PRuhe! F%Qéﬁlg‘dé‘ irgs"",riddé;s%i[(?g rRa%cg) tllvlé%'s%S e rrf%ﬁé 168

tituti [ -£hi ot ] fi ' o]} f
Cynthesi zi ot g T ror e L BB b rRat e iR cabhS Bhetten fo o
| ead el ect i ght . ; t i al h YAG Ce -
ol ued | LA PEght “Pank TT1 oy TRSPRE: Al oBBvERS nEUREeERLE, Paa

emtting t y ' nite.lig ugh convex.lens. The |ight
emitting d?@d% y%ﬁ%@%%%ﬁé%yqtt'héelms‘i/)ﬁ{&egﬁ"‘iea’al"ﬁéﬁpgiﬁi (P EdIBE erhe
light.em t{}ng,. diode.from bl uish ite.to g desired col oy, such as yell ow sh
mhitesby a%f%gFiﬁggt%gngsﬁfenPnoF %Né%q%ﬁ;hﬁﬂé;ﬂgﬁﬁl%Pp jcant ﬁ£y¥QPso be
possible to emt, yellow. ar reg Iigni, for exanple, 25 by adding a pignent.
3 Meanwhi | REGFORF sif TG of2¥fie SPPFTRET ofs $b90E hemiitdrmentiersg

di ode has generated_the neegs for,a light emtting diode that can emt

light withthEhhe? FERPRIACRT A FEERAt WPikeslightpbyi gheresingi ¥§Galsedes
are widely i used as, the light source for illumnating switch, fullcolor

di spl ay, bhtROFegRENFormatisfdiat «cr fst Alvarepraptanptieiial kearedechf | i ght
emtting diode jis nade."b¥ electrically connecting a _|ight enitting_elenent
in 'a recedRSOFPINFackaBRt An@IcREre nd it | eBhELedi tv nghel dfdht chdpwith a
light transmitting resin so as to seal the chiE. On the other hand, the

r api 80 advafRefrERPefnabRECofhicrabYs e tlohthet BelleehAdbbyy leas beenLERusi ng
.a great increase in the output power of the optical semi conductor devices
and remar kébie aedrkage aprlhedweee| pagentof Inhernsteomat eHubilghttianl i ght
emtting diode made of a nitride sem conductor, for exanple, can emt |ight
Wi th peak Yot f@P845@78hny wavel ength within a range fromabout 350 nmito -
650 nm dependi ng on the el enents that constitute. the light emtting |ayer.
It has al so be Baee ljgddi émitoingi diddel ight diethidehitgle ontpatipedgr of 5
mN or over in visible light region of wavel engths not | onger than 550 nm

(i ncl udi ngsirepleul t reonstdtuthon bl ueefr eensinghé}chypusi ngworkeirpiaaquant um
wel | structure in the light emtting layer of a nitride sem conductor. Such
a high outpomfpoueatjonescadpabilee div symeheptobhenlidhat firom f Ohear@pt i cal

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.




4 sem conductor device that can emt or receive light of such a high
" energy, it is inportant to prevent the nolding resin. from being
deteriorated by .the light and reduce the stress generated by heat between
the nolding resin and the optical 5 sem conductor chip. Japanese Unexam ned
Pat ent Publication No. 2000-196151 di scl3Boses a nol ding resin containing, as
a mai n conponent, an alicyclic epoxy resin instead of bisphenol epoxy
resin. An epoxy resin conposition obtained by curing the alicyclic 10 epoxy
resin, as a main conponent, with an acid anhydride contains substantially

no carbon- car bave giowil Be banders hat c68USAS ol Pl FSIANIRALIAN £d.0 End®Ii N
skel eton thereof. As a result, such an epoxy resin conposition i1s [ess

suscepti bl g g1t dehetitongt idndd Kie gehdrigeresinR ?%a}?l?g?gt %Lefl)e/&lgg od |

irradiated wth light for a long period of tine an

pli abi | i Yo Ttiend 615881 QODEUSLOT DY PL i Ghnd 6380 hhgilﬁey%ﬁi\.gneirgfnm%Ed by the

thermal stress. wever, epoxy resin cure y aci e tannot be

used' in a surface-apunt egk JeVi C&iﬁ'@%ﬁ{'%m aii(gl%& 20 semi c egijllljctor

chip nmounted directly on the Substrate Sufface, Stch 3 Yett

requiges i r t Ri; il h | resin. That . is, the surface
m)ﬂnt%d de%/sl%:%) %gqlﬁ@%shéa%ltﬁi n&?ﬁcné o?ogﬁeﬂngg“aairh%tlrrégsi ﬁwitﬁﬁf orPLIlJei_s in

t hi ckness r ed Lt hereon, .t  xture diquid of 25 epoxy resin that is

appl i ed hé%ggﬂfagéggﬁggéakggﬁ%g%ﬁé?% fog ﬁﬁénﬁfhngﬁﬂgF%flgﬁﬁﬁ &Y. @Rhce the

aci d anhydni de ,curing agent has high volatility and high hydroscopicity and
takes a rerHl| \}ejﬁgf'l onggseti%%pfr%rﬁ%ttc?ww sdipdecute, made .y d
anhydri de urhg%%%gf t absorbﬁﬂgpisturi,a d evaporates 5 during curing, '
t hus naki g S5t s | CHBETHE Bpbxy re8tn eBLEESPEr | §lemert The eboxy.
resin that_has cured unsatisfactorily cannot denpnstrate the proper
function, SICTESI N W} tRPTHIG i \)éewefaq Fhesi ke emlitgiing ckrmnt
deteriorated., 10 For, the reason descri bed above, a cation curing agent such
as gr%mat it ﬁo’ﬁ%%s %nﬁ@%ﬁ%m%ﬁ%eipi%tféhcﬁaﬁl tthe &1 anhydri de
curing agent for such applicatjions that require thin filmsuch as surface
mount ed deviceﬁ”ThéSEhtP&ﬁeEUrhﬁ§dageﬁbealFéﬂédfo@d%@m¢%MQ@toryncu¢hmg even
15 when a m xture liquid thereof with epoxy resin is applied in a thin_
film becARe AL | sarierrdvectey. trsheedergysihtce hdwnt cawvsibngcar igueagent
has an intrinsic tendency to absorb blue light and |ight having shorter
wavel engt RSICEHFBE tesithet Iattpids msweat caf etihby opiié c20 et iarorodund g agent
is liable to discoloration, namely to becone yel |l owi sh due to absorption of
short waveéleatigias | apdt remagkablesdecreashasnbadre dirdfé badth oofsetlepoxy
resin that is cured by the cation curing agent in a optical sem conductor
devilte t haniditiad bighecei Veslbyhie ehghtiagd ASdehanrads sfvel angtisde Al so
because the curing reaction

semiconductor, for example, can emit 1light 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 problem. That 1is, for a optical



6 proceeds al nost only by the ring-opening reaction of epoxy groups, the.
epoxy resin conposition thus obtained has a three-di mensional network
wherein ether bonds are arranged rel atively orderly and has | ower
pliability. Thus there 5 has been such a problem when epoxy resin that is
cured- by neans of a nation curing agent 4s used in a optical sem conductor
device, that a large stress is generated between the optical sem conductor
chip and the nolding resin during heating and cooling of the optical 10
sem conductor device, eventually |l eading to cracks generated in the optical
sem conducisemiebinduaitd ride iBeeakage cafO eiIRr @¥e rele iRk abighict % rofs gpoxy
resin conposition cured with the cation curing agent, the epoxy resin my
be 15 m xed Wilh @n@Q@?UDHQCE%aGmﬁ%&QQBtr%%PEH%%eﬁE!Eﬁ@tmgﬂgﬁngsresi .
monogl yci dyl ether, polyglycol glycidyl ether, tertiary carboxyl acid
nmonogl yci d U RS n QBN 0 1S [ dj Lopedes curing
of the epof&oﬁégﬁﬁp'lt bé%gﬁgghﬁﬁge sggygt%f?ﬁ%réggek%ﬁggén%ggtS%Fasfhe
cation 20 i e d i r t t he _problem of vyell,owi.ng of
t he epoxy ?gékggg%%b%§fﬁgg§.bﬁﬁ@%ﬁgsﬁgg %ﬁ%Fﬁé n?FSﬁnTﬁQ%nggeﬁPtﬂﬁ@éntion

has been ; he; various requirenents for the light emtting
diode%nadggg&lggngﬁﬁﬁfki g%géniconductor'as descri bed above. First, an

obj ect of the pr t _in iLon. i 0.provide.a wavel ength verting |ight
em tting di ode Pﬁ§§%ﬁ§§ é@??@rlpﬁéh A& s?gﬁl&ﬁggéBPeﬂgst?§8B5i§é&§ﬁd, an
obj ect of '&h 1RLesent invention is to provide a nmethod for producing the
|i ght enitglﬁg P5de thaWA Q%xﬁfﬁﬁﬂmﬁ?ﬁ%ﬁ&&*%%’p%?f%rﬁﬁﬁﬁe?omHPP&Ptan

obj ect of the _pr.esent, invention is to provide_an, epoxy resin conposition
Lhat is | 88 GUSEISIIS EORF% & SRiN GhRRSRORaR 1 RPBRABE | SBPKYL § ORT -0

bei ng curegpbé a cation curing-agent,'%nd,provide a light emtting diode
havi ng excéefl BRPXYi JRE1PeSPEPRALE ISR ORESL NeEs Pyt SHEANBY thespAd C¥GdH Can
epoxi resin _conposition as described above as a nolding resin. 15 In order
to acfli eve®PREYoB Y dRSchi HédbevBPoReRt stithgan eafidi aghaidsddeof the
present inventiQn conprises an LED chip having a light emtting |ayer
formed froRPREALES] Qﬁﬁﬁﬂﬁkﬂ}%%nﬁ%oﬁéﬁé@@rpaahanadqq?hetb@mgniﬁ g
resin that includes a fluorescent material 20 which absorbs at |east a part
of |ight eRPHEEE ByIbkedeERrénrptaPrd dni esmpiighskefehoni thereaf. As
wavel ength. The fl uorescent material includes a fluorescent particles of
smal | part Bcl &§UEE ;andBUch | udh eseBAKYpamessines efnpegigeiqar tisl e lsiszse;

with the fluorescent 25 particles of large particle size being distributed
in the 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 nounted
deviée requires a fhin film of the molding resin 1 mm or
less in thickness formed thereon, the mixture liquid of

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



8 vicinity of the LED chip in the light transmtting resin thereby to form
a wavel ength converting |layer, and the fluorescent particles of small
particle size being distributed on the outside of the wavel ength converting
5 layer in the light transmtting resin. In the first light emtting diode
havi ng such a constitution as described mbove, the wavel ength converting

| ayer nade of the fluorescent particles of large particle size can change
the light color efficiently while the 10 fluorescent particles, of small
particle size dispersed in an area surrounding thereof suppresses irregular

color. In the fdudsdiaht. emibibpgrdi %Ci‘ﬁc%f tntehea&rofs dPyeat EBQa ghe

fluorescent particles of large partlc e size s pre y preéepare

control i nggehe pakt qg%t Y3812 1kheLRRl nabhh, déoéépgggg{;gg‘ﬁgg %gkggr e

whi ch makes |t possi bl I st te the escen

P O el R el S) &%%rxsgzlﬁné "R CM“ié{ll@%%%%ec%%\?ﬁﬁgéhg%gﬁnct| on

| i ght transnlttlng re ere td have the wave

f d effi 0 h
"venti on, SERE. F‘%’déslsémch“*?. 2bebto prisfabs “Baibrife ‘eRdcePerprarBran y.

d b I . t hj f 0.. 2
orepaced by, gonalliog Uhe pakkysle Shagithecsol v HissrbiREne st i o
of snall 2 partlcle si ze from pr itating and have the Ij
scatteri ng Pun&Ee8) &é’rf&rulﬁed effé@?‘?ve?%ox hu&e St prieat ngh?"?*reﬁl:ll'-”SF1 col or

ffect I bI that th k di t f th
par i ol & SHPESBLELAEGEIGH GRIPRE (ATSPSSCaie (i [T R0l LB FhL g, BT Li cl o

size is mnthln a rapge fron120hko 90 tines

resin wi: the 1lig and heat resistance significantly
deteriorated.
10 , For the reason described above, a cation curing agent

such as aromatic sulfonium salt is commonly used instead of
the acid anhydride curing agent for such applications that =
requiré thin 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 wavélengths, epoxXy 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 epéxy
resin thét 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



the peak di anmeter of the particle size distribution of the. fluorescent
particles of small particle size, which inproves the efficiency of |ight
extraction. " A second light emitting 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 element and enits
light of a different wavel ength, wherein the fluorescent nmaterial 15 is
characterized by a vol une-based particle size distribution curve that is

fl [ j f ' . . vol % Thi
const Luti BrovaRes FLABSECIE Y Ol orar | Tt et fEr gt dRoal’ SPoRvon
| umi Lgh 20 ; [ ght itti.ng di ode of
the prasend PERGEnc N, PRRFS Tsedrer SEreCEST o R SorRERhe ekt 1
i - ' 1 Of | ] icl 4 d_the
{1 uor escent™part reNBRERRAL, BEChEE Il bl oy FEna rra8Sregi on

descri bed ab ile the .25 peak,di anmeter of .the. particle size
distributi%ﬁg%gingy f( %ﬁ%&w%&@éﬁ?spa‘?7%5e?lb?gFgFg¥'par??%?etgﬁfg i's
withip a range, from20.tq 9Q ti.nes the peak dianeter of the particle size
distr?buti ﬁgoPe?ﬁeSPFBoPe§§€ Boar L LRI E et F 1 al R3] &8 sFRESAWRIYCh
results in a Iightfenitti di ode 5 having igh efficiency of Ii%ht
extracti on"c#ASt he fi?sfxg%ﬁ”%eEBHGngigﬁg Bhi t+F ng* ¥/ dded of t RRTpFEdent
i nvention, nedian dignete of the particle_size distribution of the
f 1 uor escenfeRAEERFRFERPE AT TSI % hen 42F3RgeSEFe9s 155t 095De&RtSHhi ch
allows it to 10 inprove the efficiency of |ight em ssion and achieve a
light enitPPhYeERoderdf MGiFalunsaBAcendictpE arbbP murik the ppediding to
suppxess the formation of dense precipitation that may affect the optical
characteri 58f&n | rAWRHENg i r SteadidiSecond | i ghelendtt ol ditddes obttkells
present invention, when the distribution frequency of -the nedian di aneter
of tA8 parfeRieoBARetarst rd®wi¢on i SVentialegi on Yeashhre0 t 6o50%crhicHst
em ssion of good contrast with suppressed irregular color can be achieved
due to | esgenarabefloninn £he papfiepé ssegmicop@uEtprhechip t hadfi witreand
second light emtting diodes of the present invention, it is preferable to
include a dresakegag agent along with the fluorescent material in the.light
transmtting resin, which makes it possible to.achieve uniformlight = .
em ssion with tBe impeguleartiool plidlhiBvey oifir esuppressad. conpdsEiibher in
the first and second light emtting di odes of the present invention, the
li ght enittingdswithcehef ciltdohi ghtr itvcarsyarnt,i nghé espoxy Sros ehenabl pea
curved surface. Wth this configuration, light emtted by the |ight

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

vellowing 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



- fills the

5 emtting element is scattered in the interface between the |ight
transmtting resin and the atnospheric air when being extracted through the
light transmitting resin-to the-outside, thus nmaking it possible to
suppress the irregular color that tends to occur when the fluorescent
particles of 10 |arge particle size is gsed. The efficiency of |ight
extraction at the light emtting surface. can also be inproved thus
allowing to emt light with a higher; output power. Athird light emtting
di ode of the present invention 15 has a package that conprises a netal base

consi sti Ngnof r .aPabEmOEAMEL SBL AL S8SEE SrLhalnSoastitute positive and
negative el ectrodes being joined via a resin insulator for electrical

the motol bhae ShLoko. orie THSklr B0 hi, cBIURAREL AMCRELAKTTE STEE L

the metal base on one side tHereof ormng a

FED; Chi P B £ 0 LG TR LA AR At 3 LLAD! chignsiul Lag esin, that

unting area so as to sea L i tting

inis f i I th ti the t f th
Gorr oundi nieSTRCERt DHHE dn e Pt e LOIE™, DUnt (ransmt el ng resin
IS %2 flat aq? %gbgtantialkﬁ % rallLel,_to the netal base and the side face
on thd circunferende’of the PPt t PhnsthE t HE TR nindestpsrantFalty flush

with the circunferential, side face of the package, 5 The third |ight.
emtting dﬁ:g%%{%%viangm%m%éa%or procfiuc{]ngpt%e glight emitting digode

having good mass-producing performance.
Third, an object of thé present invention is to
provide an epoxy resin composition that is less susceptible

19 to yellowing and has high pliébility while being cured by a
cation curing agent, and provide a light emitting diode
having eXCelient light resistance and heat resistance by.
using such an epoxy reéin.cbmposition as described abo&e és
a molding resin.

15 - In order to achieve the objects descriged above, a
first light emitting diodé 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
particies of large particle size, with the fluorescent

25 particles of large particle size being distributed in the



constitution as described above nakes it possible to provide a |ight
emtting diode that has high reliability and is suited to mass producti on.
Since'the light transmitting resin is formed continuously fromthe
mounting. 10~ area to the top surface of the side-wall, the light emtting
surface is expanded to the entire top sgrface of the .light emtting diode,
t hus achi eving good beamdirectivity. The light transmtting resin may al so
include a filler, 15 that may be a fluorescent nmaterial capabl e of
absorbing a part of light emtted by the light emtting el enent and

el o3 pHaitn oy 208! I eftip veuepoaal Mendl 1RGHEN L3RG oY SRGe

material tends to cause irregular color, t constit

1 ogul ar oo T et anCHi bt OF TSR ST REar T Er EC Ehd o Juate | bRorEe € he

i rregul ar col or. an dianeter o € par

fl uoresce L is.| : ly within range from 15 to 50 a m and
more pref glz%eegvéﬁti n Bgrggfﬁgfég roni 20 tsglag% SGg%rtrﬁClL?si ngiERe fAUdrEscent

mat eri al \J 3 rticle.sjzes_allows the wavel ength converting
function gfiét%g ?:Li !uéo}% eSCen ?ratoéqus%det o°be f YpKBe4eRgER ctGarsier t i

di ci pracess t.Q carried out .s.tisfactofjly t her eby i nproving the
yi el & of %ﬁ%ﬁ%ﬁ&%%% Ho P r TSR he |ight enitting di ode
according to t present_.in enhLoR is a method for producing the third
light emtting dt od&€ coigsitsi nd9hh 1 eRéttingp diodakikayinpackage assenbly
consi sting of ~ tT_plura.lic_;%"gf gapka es by bonding an insul ating substrate Id
havi ng a %Q5%£ﬁ UEIN 137 ot hbPed ehavear &hgr mayed epgithe syonminigng t he
mounting areas, and a netal base plate having portions separated -by the
resin, ins@Y&Torm3F cBf r EdiSoriderie saenthepant bubps hofedarges eorid csteep of
mounting the LED chip in the nmounting area of each package
slze can change the 1light color efficiently while the
10 fluorescent particles of small particle size dispersed in
an area surrounding thereof suppresses irregular color.
In the first’ light  emitting diode of  the present
invention, the fluorescent particles of large ﬁarticle'size
is preferably prepared by controlling the parficle size
15 thereof within a range from 10 to 60 g m, 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 present
invention[ 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



15 formed with the through hole; a third 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 nmeograph printing by using a nmask that has an
aperture in correspondence to each group; and a fourth step of dividing 20
t he package assenbly having the light transmitting resin applied thereon
into individual packages. This constitution makes it possible to
satisfactorily mass-produce the light emtting diodes that .have uniform
thickness and flat light emtting surface and end surface. 25 According to

the producipgtiethad QﬁnE@?pnpb%§%eaﬁfF1éfEQE@§§E99khEHﬁsg%ggggggggpgasing

printing is preferably carried out e repeating Y

and increagipgqtiig rPEEISY Rorani ' ht, very easy to renove bubbles so
t hat the Iightgenifting gio ég %Eggeﬁgggi&éss variations in 5 the

~characteristicsql e Lp.Light .em.ssion. . and | ess irreqgu|ar

col or can be na%&fgéfu#gﬁg P%ggggéggﬁeqﬁFﬂhttQ?aﬁ?ﬁ#ttﬁi}%i%ﬁrpfogkéins

i norgani c f.i s i ard.i ar,. .ai.r tends to be entrapped in the resin so
as to for n%%%%gfzgg tsﬁezgei#sgzu%rl%#&lrﬁr&i%g.&ﬁ g&"é%r??l%e% tPREFL1pheR Péngt h
becomgs | o r_whi_ch.al,so t.ends, to cause irregular_color due to a,
'difpgrencgg?ﬁetﬁ€%§6§&Fﬂﬁ%%ﬁwﬁﬁt@lﬁ%%%e%nr?ﬂaefﬁqqaw?QuﬁPb%@mééHE§he
filler and_the light,.transmtti resin,, but the irregular color _can be
suppr essed "B Pﬁ@gppﬁaﬁfﬁﬁﬁlﬁgighfcﬂa{gﬁF%ﬁeﬁﬁﬁﬁ qd5sERifanEiom. ofhtiket he

i ght em tting _diodes havi variations in_the |ight color and high
reliabilitgigaﬁeﬁge nuﬁ?&&gfgﬁﬁ Tﬁégepé%ﬁlﬂespﬁéiﬁﬁiﬁﬂtﬁkﬁﬁof W%écbresent
i nvention congrises gn e gxy,resin contai ning an alicyclic epoxy 20 resin,
‘whi ch .accotMPE°VEF § @68@ Wet-EREYoP T nbiehbf ekhEaghbdRY - resin, an acid
anhydri de represented gy ahe general fornmula (1) or dicarboxylic acid
represented by £h&cgener ALohbr puLhtiny dioda afotihe bresenbsinventionol
baseg on an epoxy equival ent of the epoxy resin, and a cation curing 25

agent % n afiPBRBHRESof D. 0059hE 1.enhbtinfiseglement epbaymed 15 fawpwi vakent of

t he epoxy resin. (13 _ :
: semlconductor and a light transmitting resin that includes

'a fluorescent material which absorbs at least a part of .
light-emitted by the iight emitting element and emits li§h£
of a different wavelength; wherein the fluorescenﬁ 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 1light 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 fhe flat region described above, while the

25 peak diameter of the particle size distribution of the



0 HOOC R2-COOH wherein Rl represents a cyclic or aliphatic alkyl or aryl 5
having O to 12 carbon atons and RZ represents an al kyl or aryl having O to
| 2 carbon atons.' The epoxy. resin conposition of the present invention can
be cured by using the ration curing agent in the amount 1/10 to 1/100 times
as nmuch as that in the prior art 10 becaupe the alicyclic epoxy resin
reacts with the acid anhydride or, dicarboxylic acid (hereinafter referred
to as an acid anhydride or the like) to forma crosslinked oligoner having
sonme pol ynmerizati ondegree. Therefore, absorption of |ight having a short

wavel engt h £ aused v+t Noa kL add oBicC l%lirgjeg%:é:&%gf'élé SF%LQQi it &gy 4 S 5

- making. it possible to prevent yellown resulting epoxy resin

conpositioganggefgg U&Ongi@OCQE&%§iEh%PR%5k LhenREEEeRE Eﬂéegg%gggﬁ%gu?ot

only an ether “bon e to the ring openi hg reacti on of "€poX

al so an es bo ; t cr |.i nking. reaction between the -
alicyclic %ggfy @ggFﬁléﬁ%gyﬁeEg%i ﬁ%nﬁ@'ﬂ#ﬁf%ﬁ hgaF%%ST§8~t tSW?Hﬁas a
t hr ee- di nepsi onal. ne rk foangd i.tregul ar _conpnection ,of .epoxy .resins.
Therefore,B?%glgﬁgxyg¥ggfnvgﬁgghpgéFPﬁ%ﬁ hads Hig l%?%eﬂﬁ@ﬁﬁ%}%ﬂua ipdey
reacti.ve dil uent %ﬁ ﬁpt #sed,and t he.use, of %he ggoxy resin conposition in
a nol ding PELTRIPIEN SEERCARTSEnPEondTBEoPXGEGFEEPeduces t he t her nal

stress produced_between_an optical sem.cqnductor chip and a_ nol ding. resin,
thus making it 18 F}&ﬁey%]t%st[ o2 PP e FEROREr gl}lgglr\:s AT Y Girdeanet wthe
breakage. The.pliability of the epoxy resin conpositjon, obtained by the
reaction bBFﬁégﬁﬁrﬁﬁ%%%&yo?esFﬁ t AEABRE 8T attly dENBe RATEIA 9 | RéZ€ends
to be propgntion to.the 15 np| ecular wei ght of the crosslinked oligoner.
The hi gher SLRETHPY5EPRI ofTof TR&r bEXIRTFRIYE, MaticdH adr e 1SonpErfegaPAto an
ester as a result of the reaction with the epoxy resin or a pronotor
descri bed Wéktkiinafaerrangifon§rermr bokyltogr dUpsu of, t whaiati dahbbysr iide @o t he
like_in the crosslinked 20 oligonmer, the better the pliability of the
resultfi ng épBxgveesthec@ffdsitansy The Yeghton eind ssdpsi dendd ahifestd ows. As
the ester conversion proceeds, volatilization of the acid anhydride in the
thin filmidghésenideng tdledeuprli highselwiimnday. The isstatscomadesi on
rati o of carbox%l , _ : ,
possible to .suppress the formation of derse precipitation

that may affect fhé optical characteristié.
In the first and second light emitting diodes of the

15 present invention, when the distribution frequency of the
median diameter of the particle size distribution is in d
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 thenfirst 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 trénsmitting resin, which makes it possible to

achieve uniform light emission with the irregular color

25 even more suppressed.



25 groups of the acid anhydride or. the like in the crosslinked 17
oligonmer is 100 or nore, and preferably 700 or nore. The ester conversion
rati o can be controlled by the reaction tenperature and tinme. The epoxy
resin conposition of the present invention 5 has an advantage that, after
reacting an alicyclic epoxy resin and amiacid anhydri-de or dicarboxylic
acid to obtain a crosslinked oligonmer, a mxture of the crosslinked

ol i goner and the cation curing agent can be cured. Wien the alicyclic epoxy
resin and acid anhydride or the like 10 are previously reacted in a proper

reaction vesselg,fondOr Marrer e3skicnked %'eic%'?ie.rliagprgﬁ geerr?%feﬁﬁﬁleoéggf ace

crosslinked copol yner and a canon curing agent is

of a substdgatse, of, S&p{ifﬁ.\l,eﬁgm n%;gfq}ﬂ%véﬁfttyg atilizatio n&g t he

. 1,60
aci d anhydride can be prevented 15 duri CUFThg TeaciToh ev % case

ci d_anhydri de ‘can be prevent ed 1 durin g f edctTon” even |
of he. o Geel Tk S8 RSO0 ar The® Eali ot By Boout VESh BEF TReBly

of the crossli-nked copolyne on curl

|l ; . id , id ik d
cConversi o Tt ochPRo. bpeabehefaihe, RaRFor Spdketng b B cali#9C st
2l ety bEGM oA e | SUeP ot SoRGAREGFED, Linieer SaUiAaIRFS b Bacit iabe | n

al ready be

Vi scosity wt | apse. of.tinme and . lo ot life. 25 When using the epox
resin Coﬁplojsqkfn? gt;F%\:FsWhtéthr}%sre?ﬁlnn and tile atmospheric air wher? beingp Y

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 1light
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 present invention
15 has a package that comprises a metal base consisting of a
pair of thin metal sheets that constitﬁte_ positive and
negative electrodes being joined via a resin insulator for
electrical isolation from each other and a side wall bonded
to the circumference 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 1light transmittihg 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



18 invention in a nolding resin of an optical sem conductor device,
functional particles such as fillers, fluorescent agent particles,diffusing
agent -particles and col orant agent particles can be appropriately m xed.
Since the 5 m xed solution of the crosslinked copolynmer and the cation
curing agent has a conparatively high vijgcosity, these functional particles
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 em ssion or light reception of the optical

seni CondUCEfQEtd%YJdC%lfﬂkecatrPcﬂei%W ﬁ%ﬁéif&i ng,ang Seld %tflihgg%eoegxéé‘fegpﬁ

functional particles. As the alic IC epoxy resinin

conposi tiony t resent. i ' or_ ex e, 15 .epoxidated .
cyclohexenglgérﬁeg¥$v§§ %y&rg¥§§5%?§%ﬁ%ﬁ% %fggéﬁyéﬁﬂyﬁpefﬁ@?sﬂﬁﬁtlng

di gl yci dyl hydr thal at. _ e preferably,used, The use of the
alic.ycli crggégyxge%qr%snr{a nzztsleallteﬁ;p?élsqa% e Jtt?l ot %lﬁﬁuréf)%&%?%%l nSide
‘conpositiop.which is less,likely to cause |light deterioration and is 20
superi or i%aghiggikﬁpraﬂgagﬁé cation curing agent in the epoxy resin

conposi tion of e presenf inyengion, .for, exanple, aromatic sul foniumsalt,
aromat’i ¢ diazon&Bﬁ1séﬁfogroﬂé9££ iﬁﬂﬂﬁﬁﬁﬁﬂSaﬁﬁiaﬁﬂ abhaMaRPc $81Bni um sal t
can be preferaEL gsed. 25 Tgese cgtion curing agents can achieve ,

suf fi ci ent “@lP ﬁéu.ﬁon 185a SRAFF1RRBunePBE¥eauBakes iis fmesstbiengteate.
Preferably, the epoxy resin conp@sition of the present invention further
contai ns aPPBVIAGdA cla9RbhemisEingpiindshdehatt Aashariatt reliakikibunt of
0.1 to 5:0 5 equival ents based on the acid anhydride or dicarboxylic acid.
Exanpl es ofRfhel8saPPétpsl yEpdrnasal cBRefurhipide et hjheme ghgcolight

di et hyl ene glycol, trimethylene glycol, triethylene glycol, propylene

gl ycol , 1,Hrﬁﬁﬁﬁhéﬁiﬁg,raﬁanl}6- exmpddrontimheupl yabirdmt yhofmohetingul ting
epoxi 10" resin conposition can be further inproved by addi ng these

pol yh§dri caae@ohe? dihgolbpsongendares ofiertd . sAnleoptiaddl, sehicohdyhtor
device of the'. present invention conprises at |east a pair of |ead

el ect rodesemaht opgi cakfeeri dondrnanderhi ot hhe eatélrecttdpc aduyf amnnect ed 15
to the |l ead el ectrodes and a nolding resin that seals the optical

sem conductle chiightwheamdittinge epbxger esthusompadiiteivimgof ddel priesent .
“invention i's used as the nolding resin. This . constitution nmakes it possible
to manuf acdirectheityght enmitting diode that is subject to | ess decrease 20
in the light em ssion or reception efficiency due. to yellow ng of the
mol di ng resin ahdei $igksstsasseptibhe tosihrmge 4Dséhen€hide , SlULiiDeter m
cycle and to wire breakage. The effects of inproving the |light resistance
and 1be 25theat magsbet anctleane beerthinavedistmeaably RA tiWdd@singi g

part of light emitted by the light emitting eiement 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 surféce that suppresses
irregular color.
Median diameter of the particle size distribution of
the fluorescent material is preferably within a range from
15 to 50 pm, and more preferably within a range from 20 to

25 50 u m. Using the fluorescent material having such



20 case the optical sem conductor device of the present invention is of the
surface nounted type nmade by joining the optical sem conductor chip on the
surface 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 nade of a nitride sem conductor that includes at least In
and Ga and a nmain 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 i I in .the firin rocess

i ncl udes ap§f§£§§§ig?%ggp§%%g§§ g?gf?§¥ﬁggﬁﬁgg ???g?rﬁéﬁﬁc?ﬂgcgiﬂ%s%ﬁere
and a seco fichi r S iring in.a 15 second reduci ng atnosphere,
while the ?llq?s;f llrug S(%ic(r%%%a?n r?ggsep%legrle %%sgﬁeéjl?grt%rr ci#epcorvﬂe el’é’ﬁané"%3 e
second redyegi aﬁggﬁﬂﬂ%;e The fluQrescent material_ that can absorb the
excitationaf%gﬁ? re ef iEPe?ﬁ?ycggrgFﬁdd%?EgSﬁﬁéS§@CFP66 dscerereayeria
by this ne t first .method for producing the fluorescent nateri al
of the pre%@ﬁ?oY%g nFﬁ%nylﬁiﬁn? uﬂf?gﬁﬁFfﬂ%'can be used as the flux. In the
firstznethod fo proggcing t he flugrescent 25 material of the present

i nvention, a substdR O ncFoki igroduqingr i et | Libvhtle anbthng c atedecan be
used as the flux.in which case it is preferable that the flux includes a
liquid WeRXE Rt ahle Fﬁ@l uBrRGeRar i dRvVEntdende ignd dormethad d f9rh a
liquid added thereto is used as the flux, 5 variation.in the chromaticity
of the emiPIRWFoHt Wi $§l§6’ppié§%d.em%@eﬁmd diedeod temppiedngi ng t he
quorescen%jnB%erial of _the Eresent invention is a nmethod for producing the
f 1 uor escent it eFt&P L f PRKAGIa & RRGKaYS assemddly 10oneieting afd @ fl ux,
wherein the flux, includes bariumfluoride, boric "acid and a liquid. This
met hod caans"EﬁﬂJfJe%% Phe RafkadeDnPYn Ransligig onmt ilgisty adfinghesubghtatei t t ed
fromthe fluorescent material manufactured thereby. 15 According to the
prodti ng PRI, - datiiriadd tie @fed thgomgd | hqled. Bbebr dang tardimeed
produci ng nethod, Yz03, Gd203, A1203 and Ce02 can be used. 20 Bri ef

" Descri pti ofPoFeIRendig @ gtha meunt inhenreads, sevd iomedta Vilewsofp bt SVD
type light emtting diode according to first enbodi nent of the present

i nvent i on.having pqrtions separated -by the resin jinsulator in

correspbndehce to the through holes; ai 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 iﬁ the thrdugh holes by

| mimeograph printing by using a mask that has an aperture in

;orréspondence 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



Fig. 2Ais a graph show ng the vol une-based 25 distribution curve

(cunmul ative percentage of particle 22 sizes) of the fluorescent materi al
of the first enbodinent. Fig. 2B.-is a graph show ng the vol une-based

di stribution curve (distribution frequency of particle sizes of the
fluorescent material of the first embodippnt. 5 Fig. 3Ais a schematic plan
view of a mask used in m neograph printing in the produci ng nethod of the
first embodinent. (_ Fig. 3B is a schematic plan view showi ng an enl ar ged
portion of the mask shown.in Fig. 3A. 10 Fig. ~A through Fig. 4D are

process di agrang @, th ' raph printing,in the produci ng nmet hod of the
first enbogiglment .l%ﬁll’g. Eggﬂl sanig(%soé’c%alp%haPrW WS hdwi rér%f%%ﬁ]?gbf Cgrpackage
assenbly after ri ng_of light, transmtting resin applied 15 by the '
nineographﬁgﬁrﬁﬁ%ﬁf%%?Q?éitﬁ%dﬁ%?nﬁyﬁg%hBG gFCFﬁéS#PEsﬁnénﬂéﬁFﬁéﬁﬂHQ Fig.
6is a sch%%%}ic sectionaH,vieM/ f-an  SVMD type light emtting diode
accor di ng t0 s&EERE “Erfvodi et S5he Ve ¥n e asyy &Rt KFEROVR0PRPYLeBAsand

Fig. 7B are.sectional, views .tgig ng, .processes of formng a Lighf
transrrit'ti%&a‘r%eg’h'lﬁ 3%1%1"1 iSgH- W% Giogedi Sdetekawg dess prgiagipssain
schemati c ctional_ view of, an SVMD type light emtting diode according to:
ExangEE 1 %%etéiﬁﬁ%%ﬁﬁﬁl%ﬁ?qﬁn/ §Hnunevernes gy 1mAlight gnaphishowindg t he
volune-bas?d di stribution curve (cunul ative frequency distribution of
particle siféf SfreRdiprusrdocesan pet danaifagtuCedparati ve Exanple 1. 5
Fig. 9B is a graph show ng the vol ume-based distribution curve
(distribution offpar¢3ete $ihee) bighhe tiravsedtenngmatmsdial ofofbmpasati ve
- Exanple 1, ,_ Fig. 10Ais a schematic sectional view of a |anp type |ight.
enmitting dit8@&JaBéer dildders Blanphetdcoflarheapresentls to be entrapped
in the resin so as to form bubbles therein during mixing.
10 Also 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
and the light transmitting resin/ but the irreqular cblor
can be suppressed by the producing method of the present
15 invention. Thus the 1light 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 resin, which accounts for 65% by weight or more of the
epoxy 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



10 invention. Fig. 10B is. an enlarged view of a portion in the dashed
circle in Fig. 10A. Fig. 11Ais a graph showing light transm ssion ratio of
epoxy -resin conposition before I'ight resistance test. 15 Fig. 11Bis a
graph showing light transmi ssion ratio of epoxy resin conposition after
light resistance test. Fig. 12A is a gragh showing light transmssion ratio
of epoxy resin conposition before thermal stability test'. Fig. 12Bis a
graph showing light transmi ssion ratio 20 of epoxy. resin conposition after
thermal stability test. Fig. 13 is a graph showing the variation in the
out put int | a ki 1L LI | ode using epoxy resin conposition as
t he nDIding&§%g¥%€£%E%£u?£% ?ﬁaégrgg%gnrife test at a nornmal tenperature.
25 Fig. 14 is a graph_showi ng the variation in the out put 24 intensity of
a light emtting diodg using epoxy resin conposition as the nolding resin,
measured in a high teffperature and high humdity life test. Fig. 15 is a

: ation inthe 5 viscosity of epoxy resin. conposition
with tinme. Best Carrying Qut the Invention (_ Now preferred
enbodi nent s t invent({dn will be described bel ow with reference
to the acco [ 10/draw ngs. Enbodinent 1 A light emtting diode of the
“first enbodi surface nounted type (SMD) conprising a |ight
emtting diode chip (YED chip) 5 sealed in a package with a Iight 15
transmtting resin 8 gs shown in Fig. 1. In the light emtting diode of the
first enbodi nent, the package

HOOC——R,—COOH @)

wherein R; represents a cyclic or aliphatic alkyl or afyl

5 having 0 to 12 carbon atoms and R, represents an alkyl or
aryl having 0 to 12 carbon atonms.

The epoxy.resiﬁ compésition of thelpresent 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'reférred to as

an acid anhydride' or the 1like) to form a crosslinked

"oligomer having some polymerization "degree. 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.fhe present

invention has not only an ether bond due to the ring-

opening reaction of €poXy dgroups, but also an ester bond



conprises a netal base 2 and a side wall 1, the side wall 1 being bonded
with the circunference on one side of the. netal base 2 for naking a
nmounting area la. The LED chip 5 20 is die-bonded in the nounting area | a
of the package and is, after wiring is made by wire bonding, sealed. with
the light transmtting resin 8 (for exanpl e, about 1 mmthick over the. LED
chip). Inthe light emtting diode of the present invention, 25 the epoxy
resin proprietary to the present application is 25 used as the sealing
resin 8 and the sealing resin includes a fluorescent material (fluorescent

material pgprlicles S g- in . converts the bight emtted by
the Tight en%tﬁ%ngkﬁg%dggégg fhgﬁﬁg iﬂ%%?ﬁ}%ﬁu\ﬁﬁtWﬁePfeF At ! heVel hgt h
and enmts g' | | ? thus .provi di ng_the follow ng features. First, |ight
resistanceé %%yh%g &Pegggta<§a%ﬁ%§”ﬁ%@%@%ﬂd%yoﬁs%ﬁ§ LHES iSghtthatanski tting
sealing resin 8-005ﬁ#;s[p t he epoxy resjn conpgsition that can be cured 10
with a snalter &nourt: ot Rl cuPFhEP B entoBBEdus @Y r oBET ¢ gikbalr
ol igoner is forngd thr%ygh the reaction of alicyclic~epoxy. resin and acid
anhydri de BT™FTht Pox\h cCRRFY. r&&ddvd, . dessfogevner thad epgrivnanesli of
|l i ght _em ssion 15 are great[y i mpr.oved by controlling the particle sizes of
the fPuor eSTRRRS het@R | 8RS (hATBI erdeRiddivecvieny ifulsstzeret) i thadilsent
di spersed |n the light transmtting resin in the specific particle size
di stributibh BAT tREEPraRenEhe niveat ¢ Hntheceremy t hes tonstmpas i biot hin | & ght
emtting diode of the first enmbodi nent will be described in detail below
<Package> PREGIRE ngesdnt M epboRtiernl sewigerdlcbase d2vifcet heedackage i s
made of a thin nmetal sheet 2a constituting a 25 positive termnal and a
thin netaltBheettherwahst i stireAg a preeluced between an  optical
semiconductor chip and a molding resin, thus making it
10  possible tb prevent problems such as crack and wire
breakage.
The.pliabi;ity of the epoxy resin composition obtained
by _the reaction between the epoxy resin ahd the acid
anhydride of the like tends to be proportion to the
15 molecular weight of the crosslinked oligomer. The higher
the proportion of carboxyl groups, which 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



negative termnal that are bonded to each other with an insulating resin 4
and connected to a positive electrode 5a and a negative el ectrode 5b of the
LED chip 5, respectively, with wires 7. 5 1In 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 present invention, wever, the LED chip 5 may al so be
di e-bonded onto the other thin nmetal film2~, or over both the thin- netal
film2a and the thin netal film 10 2b. <LED chip 5> Since the |ight
emtting diode of the first enbodinent is constituted sows to convert the
wavel engt h gf a part or all of the Iight emtted by the LED chip 5, the LED
chip 5 15 PE*FBHET| ASsddF LTIMETt ubREnPERAETBRLYS T0RgISE dforgavel Bhgt h
that can excjte the fluarescent material. Wile various sem conductors such
as ZnSe anBSESN CRRVEESISAd Faki¢ hEaRER L hepnBrohtedr Bivndhtco thachiesent
invention the LED chip 5 preferably uses a nitride sem. conductor

(I nxAl YGal ts@popatmrepandxtines v, X + Y S 1) capable of enitting light of
short wavel ength that can efficiently excite the fluorescent material. The
LED chip 5 ha$ The PPgHY &ifitith ngormgeithemeosf theX@atesaht Onwetifod )
wherein wavel ength of the emtted Iight can be changed within a 25 range

f r om about N385 2Am a7 FERFen bhatharafitey t headti ey an2aldryatlalc coppositi on.
Wi le the LED chip 5 may be constituted in either honojunction structure,
het er oj unc¥¢dhn seRdcebr @cdd dayidy it ermjdintimk siirdicidiie thasbbasnM S
junction, PIN junction or pn junction 5 according to the present invention,
it is prefarabtessbiekedoyotbubherhet er opirchion Str Uehelr ectHas 1 ahkows
light em ssion with higher |um nance. Wde selection of the wavel engt hs of

| i ght emi sslbgomer nedd pfissiddeidy comtingl lageatt hearcheai eakegonpogidihon and
m xed crystal 10 conposition of the sem conductor that constitutes the.

| i ght em sshenalaggrliactdpoxy ayes)n Ehe andideahRy@Fida@yoz soder mpde
either in single quantumwell structure or nultiple quantumwell structure
i ncl @i ng ar¢hpnevidustharebntbdddes quatiopdreffecdtiokd W1t hey LED-ghip 5
uses a nitride sem conductor, sapphire, spinel, SiC, Si, ZnO or the |ike
carp .be usedrberslih&esiubsli@ber biind tai miRkieher abf e the USEo &s SHappdyr e
substrate in order to formthe nitride sem conductor of good crystallinity
-sat i sfact aropyl ymermassidpr @dugition TheiRg nddrtde | €M GUKHICHYE Ca be
formed on the-sapphire substrate by MOCVD process or the like. It Is -
preferabl esiwf{os oA BubhBsthayer cFuch asptGathl Al Qo GaAlLN onyt he sapphire
substrate and formthe nitride sem conductor |ayer %aV|ng pn j unctioh
thereon. &gl LEREib® AV RN AURE! LORYARIRLOT cBLE e préfentea

sem conductor may be made in double heterojunction structur %y ?ornlng t he
buf fes | ay®ir t fige SepphhGe ¢ 1, roing, ~@n : fa er, a
first contacfﬂF%yer of n-tgpe%ggﬁﬁfﬁ%S?ﬁ?gfgg,H%g?iPgtn%pgﬁgﬁadgféygr of 5
n-type al urganm ool lwim nEdhde spc@cthdey] QYels 0 SANMMNPALL LU DEL T de,

a second cl addi ng | ayer of p-type alum num ga and a second
contact | amed QfOQSiYHﬁeGaEEbBT&méFiékaSyﬁ@eégkxghych@i%geégé§¥'cén
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 bé.easily set. The mixture of the
crosslinked copolymef 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



VWhile the nitride sem conductor shows n-type 10 conductivity when not doped
wth an inpurity, Si, G, Se, Te, Cor the like is preferably introduced as
an n-type dopant in order to formthe desired n-type nitride. sem conductor
and Zn, My, Be, Ca, Sr, .Ba or the like is preferably added as a p-type
dopant in order to formthe p 15 type nitgide sem conductor. Since it is
difficult to turn the nitride seniconduétor into p-type sinply by doping
with a p-type dopant, it is preferable to decrease resistance by heating in
a. furnace, by plasma irradiation or the like after introducing the p-type
the ni.tride sem conductor can be

dopant. Th 1L ED chi 0,.usj n

nmanuf acturggvtﬁg%fllgrﬁmﬁg ghgloﬁ'l llrﬁlgdeg%%mc8ﬁd6’é‘t RPELG2} s SSRYCPREHCEREL i ng a
waf er havi | ectrodes formed at, predeterm ned positions into individual
chips. . |§gé’?‘8§r tfﬁum_civeort P?ﬁﬁ?cgﬁfttsiu% diSodkl bte¥he filperessent
enbodi nent eni% mhit?.l%ght,.'j %; preferable to set_ the 29 wavel engt h of
1ight enitf&§"by PRE“LEF Thi pﬁilsf 4% 39fRRgPIFDReUED @t ocs30rantin
consideration of the relationship of conplenentary color with the |ight
enitted byfagteﬁg FPIOT LSRNt GRdt ePPal 2RRYPR e tfdet” mdXgdeventSimiee 5theght
'transgitting rgsin fronybeingj?eteriora;ing and the wavel ength is nore

pr ef ePabl yPEEEAWSCHNE 18Ty &fgdhie oPRADDL Hiked rump kymet nawd dehe t oatipnove
the efficiency .of emtting Ilight of the LED chip itself and the efficiency
of emttingu#@ﬁt dj9ethe N8&i Rat FORPBFatheely udrieitent stosiutyer i theset is
nore preferable to set. the wavelength of light emtted by the LED chip 5
within a r ARBELLPBAL45PaTRicd 475 ake Tiseperésent imvedisparsibibisg. be
applied to_an LED chip that emts light in ultraviolet region of a

wavel engt hTBABeferer han s nhd fynchivsi ognt he exhdbaftedlS ifl uor esgeNt
material. Since the nitride sem conductor LED chip based on the insulating

substrate sovhent sHpphhee rariigilesl, haberbbypippa randi 8- oepe igl1ect fodes
formed on the sem conductor. surface side, the electrodes are forned in a

desi tBd shapduee en lioss pirt ybiglsenendadiohobr| ayeh tantddit ibr YPE the
sem conductor |ayer by sputtering, vapor deposition or the |like after
et chi ng t heppicgpe ssariconmtatioor devise t duexpasel i §Rt N-dAHE <TaHoC 0ggyct or .
Wien light is extracted fromthe sem conductor side, the electrode fornmed
al nost allsoveen?bgtbE shefhorcbionbe patypelsem conductor |ayer is nmade as
a o o o L
As the alicyclic epoxy resin in the epoxy resin
compositionn of the present invention, 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 deterioration 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



30 light transmtting el ectrode consisting of a thin nmetal film

<Fl uorescent substance> Specific gravity of the fluorescent material is 5.
several tinme that of the liquid resin before curing. Viscosity of a

t hernosetting resin decreases considerably when heated to cure. As a
result, when a liquid resin including a fhuorescent material is applied to
cover an LED chip and is heated to cure, nost of the fluorescent 10
material included in the resin is concentrated around the LED chip and
sediment. Since the concentrated particles of the fluorescént materi al

sedi ment ong nq%ﬂﬁ{ roung, dhe chip .5 only the fluorescent

materi al par t%lg[s oca%tgﬁnearéé]h%%%i%osc%cﬁl@ﬂgf zfé‘gecan efficiently
absorb light em t:he .LED chip. Thus many of, the fluorescent nmaterial
particles do notﬁée%%;%pl r'f o‘%hrﬁ t%@gﬁvreefselﬁ’gtq?%&ﬁ}&lﬂ%@ff dhe PSR saRt act

only to attenuate the l.ight ener by bl ocki ng~the | ight of which
wavel engt h ﬁlg}sjelbteleoﬁ" c%&fgg}etred'c%w.sc hé oY d¥diCes @eirehpdt eoiral a

particles. This results in decrease in the output. power of the |ight
emitting dift qoné?ﬁﬁé%%is P obt enthe heapperent of nventi oioemd .dys

such g fluorescent material having a particular particle 25 size :
di stributi cﬁgudé’atrlr?é‘%véﬁéﬁ@t Wrbo%@@rﬁ%bif gadwideAdef or 3tiabrbblxydriescent
material particles_can be fully made use of, thereby to i nprove the out put
power of tR&EY4-ght E&aTPeLpsg ©f “the usable polyhydric alcohol include
- ethylene glycol, diethylene glycol, trimethylene glycol,
triethylene glycol, propylene glycol,. 1,4-butanediol, ahd
~ 1, 6~hexanediol. The pliability of the resulting epoxy
10°  resin composition can be further improved by adding these
polyhydric alcohol or polycondensates thereof.

An - optical semiconductor _devicé of the . present
invention cbmpriseé atlleast'é pair éf leéd élecfrodes, an
optical semiconduqtor chip that is electrically 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 cOnstifution makes it bossible 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



di ode. Specifically, the fluorescent material used in the 5 light emtting
di ode of the first enbodi nent 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 (second part df
distribution , while there is a region bgtween 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 particle size distribution is used to

prevent t or ] O . pr.ecipitation .t.hat has .advers effect on the
opti cal preHr%fSI)er m’lﬁuéée %ﬁglp#%elverﬁg#l?cﬁoengdl}?éa CLe oGV 6 t I e#?’[et ed®ISSFRE from
occurringﬂﬂﬂ, thA and Fi.g.,.2B shoglvo!une- ased distributjon curve of the
f I uor escent r?g} O 188 IS HRUFFRSE BB FérerFtXPeFilbé}de 2RYheiNid s
cunul ativ erceq%ﬁgfgdistributéon of the_garticle sizes 20 and Fig. 2B
bei ng di stTiHutIRtF4equetyF AL Har EiiP e QRzeEheasssrdagei nofi g.a 2A,
the fluorescent material used jn the present invention consists of
parti cl es BPHAIE HatNDuied & esHomiasy formerh|tivee aeas e @ mias tlrdighit i on
curve 25 that has a flat region between the cunul ative percentage of 32
0.01 Yol HHFHEY 0P 198G FRIP n QIR TN D apheoRTGRL | Serdravnductdre f at
region, that is a range of particle sizes |ocated between the first part
and the sd&déifd gt & theolt stepbbting, lages i madabspént eal Initrdde
fluorescent 5 material. In the first enbodiment, the fluorescent particles
of small FEcandustor ghatecbuntedesdr ab. Oeavsl 1% tand 0Gaoanéh af nahie t ot al
vol ume of fluorescent material, while. the fluorescent particles of |arge
particle ¥Feak ®F fFdewion BE feowad® hesigtdh of W50 naf otrhehioattalr .vol ume of
fluorescent material. According to the present invention, the fluorescent
particles of sdalfinsdr tiedhedsifoe prefdrcibloy thec dlnios efseent. Gk ridlcXds0 5
vol % of the total volune of fluorescent material. Including the fluorescent
par tli®cl es o5 bhesrrldsquer t ioventier iis sachneatisomdl Foampusdnekes ithe
possible to disperse the fluorescent material in the resin so as not to

bl ock t he filiughte seeinttt edhalhertikd LED cHiipiagd thenfiktarescemt par tstelcgs of

| arge particle size while preventing irregular color fromoccurring. 20 It
i s al so prefterdhlle antata tflapeakhel aimt ehe of i thegppebreke shzeudiest i bution
of the fluorescent particles of large particle size- 81 is within a range
from 20 tdieGtti Mz itthe pealcaiamser ofrihe pentisl ersivge dildidiwly on of

the fluorescent particles of snmall particle size 82.
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_atﬁosphere;
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



25 When the two groups of particles have such a | arge 33 difference in
particle size, it is made possible to make full use of the functions of the
two groups of fluorescent material particles (the, fluorescent particles of
small particle size 82 mainly scatter light, and the fluorescent 5
particles of large particle size 81 mainl,y convert the wavel ength). The
fluorescent particles of small particle size 82 has | ower efficiency of
wavel engt h conversion, but fan reflect and scatter |ight thereby preventing
irregular 10 color of the emitted light. Therefore, the fluorescent
particles I - LCl ize i.s preferably dispersed in the |ight
transnitti%ériggi%lﬁﬁéﬁggdgg %Fggfbi?%&$nﬁa%rgﬁnﬁsﬁﬁeaEEﬁhﬁﬂEﬂuﬁhén
fl uorescent ticles.pof .small _particle sjize used 15 in_the present
nvent i on SPECHr BRAFeHTT hS P URF S SHAFI CARBURRS W FiX { HRCHATR S F ol ST2 4R
t hereof being f smal | er_than thpse; of, the fluorescent particles of large
particle si zg. ‘%?E 81 1S tRHCq nERF L yRingnPering dilses iHgviatyl theric -
fl uorescent rticles of small particle size favorably 20 di spersed in the
| i ght trangﬁ'f%t AT e&i ntiPhid | @csles) zBBesetond 5 | usrdscant thar t Fties of
smal | _particle size 82 are preferably within a range from0.2 to 1.5 a m -
This rekesVaFipbienple taeprdvamatife fy vof esbenempatedclléghsf caml be
particle size fromprecipitating and have the function to 25 scatter |ight
per f or ned &fPREEFSefly. Al so the fluorescent 34 particles of smal
particle size 82 of particle sizes described above hardly precipitate in
the |ight transhi $¢Fpied reathod heer hasodeeinet ther ivonascemerriberiaan be
di sposed separately fromthe fluorescent particles 5 of large particle size
81. Speci f@galm‘fﬁ PResenforigwsntiiaomt é6i ad wvethhd pfeseptroduedn othe
consisting of the fluorescent particles of large particle size 81 and the
fl uorescenflperescert ofatemial papyi cfersnge 82 mkkistise' idf sueh acstRte in
the light transmtting resin that covers 10 the LED chip 5 as the
fl uokt@scermapariakl endf al afyexparvheteisi zthe 8F¥laxe lLneatadsnassarie LED
chip 5 and the fluorescent particles of small particle. size 82 are '
di spersed Substh¢i dbdyianadiod rydia thgusdrroundi ng thereof. O the
fluorescent material dispersed in this 15 state, the fluorescent particles
of -large parti cTeisi zeeBiofiunchinon supmoswer t thde wavehenghh afn t hendi ght
em-tted by the LED chip 5 and the fluorescent particles of small particle
size 82 | ctmtamkticitye suf r ahadi hjghberaoft ved Kk fren ethect rikerd @bt
thereby to prevent irregular color of the 20 emtted light. The fluorescent
mat eri al ofia e a0m ipeu £ £d L0 1S¢ & et @yeldy so be i ncluded that have a peak of
particle size distribution at a particle size between those of the
fluot®scent paridcedesimg soBkhepIidBlEind 2R So@NdwhRer22ahl URr essent
particles of large particle size 81. It is :

as the liquid.

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

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



35 difficult for the fluorescent particles of large particle size to absorb
and convert all the light to-be converted. The fluorescent particles of

| arge particle size 81 has a |larger surface area and therefore there is
sonme portion of 5 light that is reflected by |large fluorescent material
particles. To counter this difficulty, %Qch fluorescent particles of medi um
particle size are included along with the fluorescent particles of |arge
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 the flu Nt -paLti of snpll _particle_size 82, so that part of

i ght thatgligg%gtéfabg%% b’g%‘g‘gﬁe?‘ﬁ%’qﬁ ﬂ%f%%’c?é t9harhs cﬁgk’és%few%@én%hi cle
size 81 is absorbed by the,fluorescent, particles of nmediumparticle size
and converted 15°%b di¥terefit bl oPEaRRr ouJHPENH ci ERE chQiLmﬁﬁﬁﬁﬁ%don of
t he portion, of Ii@@t emtted by $he LED chip and reflected by the surfaces
of the flUdHREEERFCHRRt | CHELE of ( h?@’éﬁb‘éﬂ?w efsgquenay dexkr i prit bobee, it
i s made possi bl e tg obta%f desired chronaticb%g wi th a mninmum anmunt of 20
f I uor escent*#af br bl FRRE 1 et hetator Fahcef the fiestarependinget si ze of
t he fluorescent garticles of mediumparticle size is preferably within a
range®from 0. 3 Y19 0. 98t ilfes? t Kehedetife HFlatpretewnofpa thabks usked aime
particle size 81, nore preferably 0.5 to 0.8 tines thereof, which 25 nmakes
it possi bIBIRPEFIRR| BRLNGiBEsHh FhghPresticdogednadthod 36£t lbesut fase of
the fluorescent particles of large particle size and convert the color

t her eof . I?Wéﬁﬁkﬂ%ﬂﬁ-the efficiency of converting. wavel ength of || ght
becones higher as the particle size of the 5 fluorescent material is

| arger. The |'i ght9endBt iLhg adisdeerdt ihepamsenewi shentingn ars emltergéd such a
constitution as all light emtted by the LED chip 5 is efficiently absorbed -
and converR@&etinn the theigrasiceshowarin cfies. Al arge particle size 81, by '
designing the particle size 10 distributi.on of the fluorescent particles of
|l argel particl e Bige 83 dhrdegbribigl. | ADerrso.pidwdsd heifbdaneseentthe
particles of large particle. size 8 wll not. be disposed one on anot her
around t heninERpgrtagh Spronhtegt He fther egodntipgr et obf| ahge Pardt cl e
size 15 81' having larger particle sizes anong the fluorescent nmateri al
parti cl es.edibddiegartesent i hvention are distributed as shown in Fig. 4A and
Fig. 4B, the particles hardly precipitate in such a state as the particles

are in contact midh Rach Dtdertidndl aFepraEwidate i ) Ak
Pt S B Me Le

favorabl e di stances fromeach other. As a result, light em

chip 5 camdwergiifledrnol @ing ot he 14100 asean RA £ ass of aipggﬂf‘ed
al'so to all

particle size 81 that are |ocated near to the LED chip 5 but
t he 13 uor eseertie pRLLESLESPR! pran@e nRAri Cie ShEEISding O nERASAIUEN LY. NOre

fluorescent material. partlcFEs can 37
first embodiment.

Fig. 6 is a schematic sectional view of an SMD type
light emitting diode acéording to second embodiment of the
presentlihvention.

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.



~contribute to the conversion of |ight thereby increasing the |ight
absorption efficiency and wavel ength conversion efficiency of the entire
fluorescent material. In order to obtain desired |light by using the 5
fluorescent material of the prior art of which particle sizes are not
properly controlled, it is necessary tojqclude a |arge anpbunt of the
fluorescent material in the resin. Since this leads to thicker |ayer of
fluorescent material with the particles piled up one on another, 10
.proportion of the fluorescent material particles that do not contribute to
the light convegsion iggcreases and fl uorescent terial particles that.
do not contribu?gbfo tﬂg I?%ht'gcoﬁbgﬁgﬁons PEERIt heD§ ghY91$ﬁ9§bP?§ﬁt
extracti ongtati eern. l.ow hi.gh .l um pance coul d not 15 be achi eved
wth the fFiarEeslRRoRor Y’ TP8nladhans BFPStonen e tmibordosonet
particles [ article.sjze havi ng the nmean particle size and the
particle s?ééngggrgﬁﬁﬁth%r %%r§§u85ﬁFFgPFe@%%Q¥%ﬁkxP%scpmpﬁn@thesent
invention,E rob?bihity of the fluorescent particles of 20 |arge particle
size 81 to 8?1&8' Bi tate densely one on another is |ow so that the
fluorgscent particles of large particle size 81 can be dispersed nore -
sparsdly than 'Fh9the $tiotSartd AGEEPI ngFYoWRE auddet hevdismanbasbét ween
each quorgscent material particle and the light emtting 25 surface can be
made rel at FYEFY1BRBE PRI CUFVEht (ddfs tHikit iomgo hapekenglh Isdzeheant coheert ed
can be extrgct ed to the outside while maintaining high | um nance w t hout
bei ng absof beerejcent paterial ghstempanabpre dixzwmpieolling the particle
distribution 5 of the fluorescent particles of large particle size 81
according to thElpredBht LFnReschenatis seotidesdr ivieg ajfove. 1ARSotghag to
the present invention, as described above, the. light emtting di ode of

hi gh | um nbhglkt aguihtghgodipde powerdiag he Eaeipdeed yf Usidgptdgent
fluorescent material 10 consisting of the fluorescent particles of |arge
part}@l e sizeestiemd the fluorescent particles of small particle size.82
and maki ng the color conversion | ayer made fromthe fluorescent particles
of large particFegsi 4888l idi sposedlargedd vhes LB chi pdx-tatod avar aphe

di stances from each 15 other in order to inprove the efficiency of
extractingdasked igincle iheFoy: si@ke, the |ight absorption ratio and the .-
"light- conversian efficiency.. In order to fluorescent material particles

that do not configbulbAtdsthe dighti snowengi 08 o8kl itGiHRGH.s P | £4€1 30
sizes of the fluorescent particles of large particle size 81 are preferably

control | ecofviédtly ar e airgecdnipgB (i on Bd £180 B dR+ "L ?c;;red from10 ~
mto 50 ~ mand nost preferably from15 ~ mtocj%o ~5?nl u%égg%:%tnt :

parti%l es smal IRigi hanel@sa am b asgeKihgan ke f GaNt, 25 icles
of small particle size 82 tend to precipi tgtelgng t!%ég{sgnr%'em ﬁlfalfagg:([j%nsel y

o b oA P o n S o e HEMRBANEE] L
particles of srmig. pgAi eke aSig@ipB2s RGN ERG! Qtﬂﬁflt transmission ratio
of epoxy resin composition before thermal stability test.
‘Fig. 12B is a graph shdwing light transmissioﬁ'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 témperature.

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



S tendency to precipitate and precipitate densely in the liquid resin than
those larger than 15 a mand,” when the producing process is controlled

i nproperly, 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 prefgrably uniformwhich makes it _
possible to effectively prevent the fluorescent particles of |arge particle
size fromprecipitating densely. Standard deviation of the particle size
distribution of the 15 fluorescent particles Ff | arge Earticlels;;e can be
“kept to w thi eskrabl g .range of. 0.3 or /| ower wthout specific,
clgssifyinggg%g%gg'oné? g%dqééﬁl ee%ﬁFgﬁQP QTR 11D @PP§$br§??ﬁB[ by
cl assi fi cat.i ; i.nvenpto of the. present. application verified that

f1 uor escen%b%?%}igﬁg? OEQZOEﬁgr grgojgcngx?g cl % e ﬁ‘%f\ﬁ:r?d‘eéit andar & dé&f_ﬁtl on
of . 0..135 ‘he _manuf act,ured, by: cl.assification), The present invention

i npr oves t%gﬂgggsgﬁrﬁoﬁgg %gphéupﬁgﬁ?yehFﬁﬁiﬁ@sHiode by using the
fluorescent partjcles pf large particle size as described.above thereby

m ni mzing 25 thégb| otRi g of%‘ t HéaP%hFhBylﬂﬁe theovesdarttionat éni akheThe
40 material .for the fluorescent particles of large particle size used in
the p esen?lPHQEHFyoﬁfi§pBF¥fé?ﬁBPyCQHEQﬁhﬁﬂohawlhhgthEght absor pti on
ratio, high conversion efficiency and a wide range of excitation _

wavel engths. 5 As 90 vol a or nore of the fluorescent material consists of
the fluorescent particles of |arge particle size 81 that have excellent
optical chBpakt¥prst fes CArgHinpgAutabber nventiabi o, hi gh conversion
efficiency and' a wi de range of excitation wavel engths), l'i ght of other 10
wavel engt hs ar oblRY tibee kel Fr@membodg nentel enft ithd phreseBR chhpenanshe
satisfactorily converted to other wavelength and. the light emtting di ode
can be nanﬂiéitbﬁe@eﬁﬁﬁébpdehaiﬂw)WﬁﬁhrnﬁﬁeqﬁnnhuﬂdOMheA6cd@mpah?£dgabove,
since the light emtting diode of 15 the present invention uses the

fl uotBscendradingsal of the above constitution, the fluorescent nmaterial
particles can be separated into the layer having the function to scatter

| i ght nadeEmpodhmentubrescent particles of small particle size 82 dispersed
in the region apart fromthe LED chip 5 20 in the resin and the color
‘conversion | ayeh #idbtofentiti¢ iguatiesizend £ pahei €hes toferbdamepar ti gl g£si ze
81 precipitated around the LED chip 5 with favorable distances being kept
from each sthface Thusuritteed | itgiple enBMD) Ngcsheeies ig t e PRgRENteh PV EDRLON

capable of emtting light of high

diode chip (LED chip) 5 sealed in a'packagg with a 1light

15 transmitting resin 8 ‘as shown in Fig. 1. In the light
emittingl diode of the first embodiment, the packégé'
comprises a metal base 2 and a side wall 1, the side wall 1
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 package 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



25 out put power .and high | um nance uniformy w thout irregular 41 col or
can be obtained. Particle size distribution of the fluorescent materi al
used in the present invention. i-s shown. by the vol ume-based distribution
curve. The vol une-based distribution curve is 5 drawn by neasuring the
particle size distribution of the fluoregcent material by |aser diffraction
and scattering method. Specifically, the fluorescent naterial ._. is

di spersed in a~-aqueous sodi um hexamet aphosphate sol ution haV|ng a
concentration of 0.05a and the partlcle size 10 distribution is neasured

ith I i i t £+ but

(SALD 20000 et B¢ Ao Pfie £ €7 9*% o RS B L 95C

t t 709% 1 di

parti cle 15 ?if‘lﬁleo% g%@ﬂle f &%Le%ﬁsenf‘iﬁ.@t L5 3psr cPREEETEhe 'x?)%ft{%cl:f%sg??e' at

which th h % th based

o 'sfr. buf.%lns e sREERRs %%2952‘?%1:@%%%@ i el B aloBYT roh 15 1o
% i.S also refer f Qaégﬂhe f| uorescent K materi al |ncludes t he

20 partl cl ekdf  EAtE r}’él& % e aChiRh 10GRcehtgRE i 6F, SFeferemty from

20% to 50 vol dlstrlbutlon frequen The ight emtting di ode having

good gontr%%Y REER r r 2REI af™E g g&ﬁpré§§@$'caﬁhﬂ§(ﬂﬂ%ﬁ?kﬁ#%@'u%ﬁ%g t he

fluorescent material nade up of partlcles having | ess 25 variation in size
as descri J feabung$s i s because, while the fluorescent particles
of large particle S|ze 81 are nore probable to cause |rregular col or than

smal | er fl uorestertt mat bt 7AF péPﬁFéFéElcegré’@ldng herd f | nesticssieame paxécl es

of large particle size 81 to 5 decrease the variations in the partlcle si ze
inprovestﬁﬂ?roved by using the light 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’ epoxy. resin and acid anhYdride'or'dicarboxylie
acid. |

Second, .output power and luminance of light emission

15 are greatiy 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 tﬁe 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



irregular color conpared to a case of greater variations. In the |ight

‘em tting diode of the present invention, the fluorescent material is
preferably based on the yttrium-al um num oxi de fl uorescent materi al
activated with cerium 10 that. can emt Light by absorbing the Iight
emtted by the sem conductor LED chip haging the light emi ssion |ayer nade
of a nitride sem conductor: The yttrium alum num oxi de fluorescent nateri al
may be YA103: Ce, Y3A15012: Ce (YAG Ce) , Y9A1Z09: Ce or a mxture of 15
these nmaterials. The yttrium alum num oxide fluorescent nmaterial with Ba,

Sr, M, éE&% Zgp | ‘ude r | so_be used. Si may.also be

i ncl udedcta% supﬁ%seekﬂghggaﬁé‘%ﬁ % g%%ﬁis&?/steglcg ‘i-éelf ox’éﬂ‘ai‘?ﬁlt he

fl uorescent f unlf sizes. 20 2zn this ecification,

the yttri {}Lm %n OXI 4I Ut & Otrfg%etrq &t p&?%%‘fee&]\/ﬁqtﬁr@e to be
under st ood a bro ense of t rd.sq as to include the fol|ow ng

fl uor escenaf %er}?gaﬁa‘_slv? 15 ?ﬁ“‘?‘{]ﬁnéﬁ 'ichﬁ idﬁt%edfllﬂjosr'esrr?e?ﬁe%‘{ﬁ]ﬁézl Wi th
25 part or q%% Itrl at ons bei ng substltuted with at |east 43 one

el ement sél’® ?%7) the group consisting of Lu, Sc, La, Gd and Sm

5 In the first embodiment, the LED chip 5 is die-bonded
with a die bonding resin 6 onto the thin metal film 2b.
According to the present invention, however, the LED chip 5
may also be die-bonded onto the other thin metal film 24,
or over both the thin metal film 2a énd the thin metal film

10 2b.
<LED chip 5>
Sinée the ;ight emitting diode of the first embodiment
is consﬁitutéd so as to convert the wavelength 6f é 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 (InAl,Ga, .
20 N, 0 £ X, 0=Y, X+Y = 1) capable of emitting light'of
short wavelength that can efficientiy excite  the
fluorescent materiai. The LED chip 5 has the 1light
emitting layer made of ImGa, 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



(2) yttrium alum num oxi de fluorescent material with. part or all al um num
atons being substituted with at |least 5 one elenent selected fromthe group
consicsting of Ba, T1l, 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 ement selected fromthe group consistihRg of Lu, Sc, 10 La, Gd and Sm and
part or all al um num atons being substituted with at |east one el enent
selected fromthe group consisting of Ba, TI, Ga and. In. Mre
specifically, the fluorescent material is a photolunlnescent fl uorescent

I ; I mul 3A1512 ~ Ce (L0 < Z
1ﬁ%?%?§ﬁﬁﬁ¥%gﬁn§1&&9&ﬁ% %& %mebw%@ﬁf )
one el 2m(3F$ ng%‘?%@%%%ﬁiro?noifm'ng Gitegro 2 Eﬁa‘oél:‘nﬁ'ﬁaoﬁe " Serledaone

el enment sel ected. from anon The, fl uorescent nmateri al,

due to. |t e e URT T ek u?‘gru?ﬂér?‘n% &é@?t ¢ e TRHIHSE L et L TUF GMES and
o 51 on St %exciﬁ%te'aﬁﬁes REehon ZRNGr diET880. nArandios TERES iR Up 1o
700 né‘n allcllcoEgcgizgclgert%y c)he eé(i?le%%tnltonir?\rrgr?tsiloor{], Ofitt hies preferable to
employ double heterojunction structure that allows light
emission with higher luminance. Wide selection of the
'wavelengthé of 1light emission is - made possible by
controlling the chemical composition and mixed crystal

10 composition of the semiconductor that constitutes the light
emission layer (active layer). The active layer ﬁay also

'be nade either in single quantum well structure or multiple
'quantum well structure includihg a-thin'film that includes'
quontum effect.

15 When the LED chip 5 usés 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, AlN or GaAlN-on the
sapphire substrate and form the nitride semiconductor layer

having pn junction thereon.

25 The LED chip having pn Jjunction made of nitride



phot ol um nescent fluorescent particles in a | ong wavel ength regi on not
shorter than 460 nm can be i nproved by including Gd (gadolinium in the
crystal. As the Gd content is 5 increased, peak wavel ength of I|ight

.em ssion shifts toward a | onger wavel ength and the entire enission spectrum
al so shifts toward | onger wavel engths. TDhis neans that em ssion . of |ight
of nore reddi sh color can be achieved by increasing the Gd content.

I ncreasing the Gd content also 10 decreases the | um nance of bl ue

phot ol um nescence em ssion. The fluorescent material may al so include Tb,

Cu, Ag, Augeke : N, T or . Fu added thereto as required.
The eni ssi on m%%ggéﬁg?ﬁ g%EQ;EthisI%%&%rdlgho?@%&ﬂﬁhng%ﬁEﬁ?ﬁy%ﬁ1 Iy part
of Al ato r stitu i, ¢ 15 jp.the yttrium al um num garnet

f1 uor escegt‘?ruaggr??gl vitfﬁ%m\g,nghgargﬁgt gltlfﬁeéfur%’.ye%eoé‘m §BporsaRRIE gt h

al so shift : | onger _wavel engt h en aft of Y atons are _
substitute%uégﬁﬁégﬁ.ggﬁeéogﬁbggit ?iﬁﬁea BSE?PoiaXE%Mcﬁmﬁ%ﬁ%WIQRthqtis 20
pr ef er abl e keep th roporti.on of, Y .atons substituted with Gd within | oo
and i ncr ealséey?ﬂeogenchggnga(léﬁblg‘t intld:ﬁlglﬁ)’ fr dmheoFlissiding hamar 1k
propogtionnpf Y at ns.substiégted wi,th, is less than 20% green conponent
i ncreases AndFede BB EaGEL PRSI TAGE / t RS addivse lavie D hel ndinpensat ed
for by incre i@ﬂ t he cont ent sg af to, 45 conpensate for the decrease
in the reag%g’rsrb TS by $8COB: af AddiRg dhayeRd & Hronme ot kymisuthout
decreasing the | um nance.. Because the photol um nescent fl uorescent
particls WEth s B SE cAfpbsiat | 8RS aforkack| ehaysrt evenmtiyme
characteristjc, the reliability of the |light emtting di ode can be

i nproved. FSbIURALERLIEE WGFRT DI VRd ek elhe foxdemscent particles that has

been prepared to have nmuch red conponent makes it possible to manufacture a
light emtting Wbt capadl e B¥teksleti ngemiconductor  shows n-type

10 conductivity when not doped with an impurity, Si, Ge, Se,
Te, C or the like is preferably introduced aé an n-type
.dopant in -order ' to 'form' the desired..n—type' nifride.
semiéoﬁductor and Zn, Mg, Bé, Cé, Sr,'Ba or fhe iiké 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 préferable 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



10 internedi ate col or such as pink. The photol um nescent fl uorescent
particles described above can be manufactured as follows. First, as the
materials to nake Y, Gd, Al and Ce, oxides thereof or conpounds that can
easily turn into such oxides are mxed 15 in stoichionetrical proportions
thereby to make the stock material. Alterqatively, a solution prepared by
dissolving rare earth netals of Y, Gd and Ce in stoichionetrical
proportions in an acid is coprecipitated with oxalic acid, the product of
which is fired to obtain a coprecipitated 20 oxi de material. The
copreci pi t ghodlexqgdd et eniahti Senh ] i M OXi.de ct Aain_.a
m xed stock nater?al. A nix?ure of t€EPn$§Qd@%%g%E%né?§p?a gﬁﬁg%ﬁtoﬁide
such as bakhdaefl | eephdes®s aFORiUMshlguogi.de: ad : t.o as a fl is put
into a cruci b% and fired at a ?grrpgrz‘gt u?dfen f}.lgmd%g“él_' attol°f456’éi ﬁﬁsi r
at nosphere : hQur pr material. s groupd in t.er by
using,aﬁbafﬁgﬁsﬁﬁggagghgg,%§gla%§%§¥%{ﬂie ‘§§d§£$€v5 etglgggaﬁﬁéa%gdl |
phot ol um ngsc f p i cl.es,. the light .emtting diode of the
present i négh?ﬁr}%en, k%%ﬁ%gﬁ%% &%e(r?elgail. e%ﬁdf Itglt?r e’g%%cﬁt tﬁarﬁ?%‘f Lt nghe
cont aigh twe; r iads.of yrtriu | umi num gar net . fl uorescent nmateria
act i vgt edmgml?htggf?l&%héggfgg %teﬁelrn ﬁrﬁoo er?%%lerhq (ﬁ%{:]‘aeﬂ%?a%h’b%d #Rdr Eh8. When
two ki nds i | um num garpet fluorescent 10 material. havin
di fferent g%g%gébpgﬂ;§8f%?tﬁﬂé&?é&ﬁ@ﬁi¥u?@g WFFHlGj%NQ??H%eQFOWigﬁP of
desired Ch%ﬁ”ﬁ%ichbb can be btaiq&d easily. Particularly. when a
fluorescent material having nighdr9pf opdt t tBREEVesuBRe i ©fifiisHd ansvused as
. the quoresceﬁ .Ba&LLC%Es gf $arg§ 15 garticle'size and a fluorescent

material haVt 51 gwerIPF opbr EREn=EP Shbb: itgeidnase hbesabiiriantpnodt al
is used as_the fluorescent particles of mediumparticle size, color
renderi ng ﬁ@%gBFﬁﬁnc lgﬁg I§M|1 S He b i ovell athehefiuneescart 20
<Lig€b transmitt{ing resin> The light transmtting resin 8 is formed by
appl yPng a"R6REERLN, Lkhilch Perpr BpgLed ah enito nget dhessvavadezhaith gofier
obt ai ned bﬁ,reactin% an epoxg resin containing an alicyclic epoxy resin,
whi ch accoth®Rtf 8R16E86 bhYWERGhLESr TIEP rforvel tafin e epugy feemnd50i b an
acid anhydride_or . o L

' to 475 nm. The present invention can also be applied to an

LED' chip that emits ligﬁt '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 spinél has the p-
type and n-type electrodes formed on the semiconductor
surface 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 all ovef

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



.47 dicarboxylic. acid (0.005 to 1.5 nol based on an epoxy equivalent) with
a smal|l amount of a cation curing agent (0.00005 to. 0.003 nol, preferably
0,.0001 to 0.01 nol, based on an epoxy equivalent), to the inside of a
mounting area 5 la in which the LED chip 5 of the nitride sem conductor is
mounted, followed by curing with heatingg The Iight transmitting resin 8
thus forned scarcely causes yellowi ng of the resin. because the content of
the cation curing agent that absorbs blue light is 1/10 to 10 1J100 ti nes
as nmuch as that in the prior art. Therefore, the light emtted by the LED

hi f the;phtri ' I 11t I Li.ght_apd.light
of i ch wayarEngt T Pas, GOm coneSrEon eaRonR Bt I hcPed To THE oltErhe. |

Because offgﬁﬁparatively high pliability, the 15 light transmtting resin 8
reduces thé thérmal . stress. caused by a difference in thermal expansion
coefficient Qetmeen t@e Ibght trgnsnitting resin 8 and the LED chip 5, thus
maki ng it.pgs PbFECEE pPE NEPFST1 ures. such as crack in the LED chip 5 of
the nitride sen%cond ctor and . reak%?e %? of _the wire 7. The conposition of
the epoxy resin>B&fpdsftti GFaVded i P% he-1§ ghluorsnsRnti mekesials #Fl1 now
be described in getgll. Thﬁ epoxg resin conposition constituting the |ight
25 transm PEVAGRresFA™E cbpthi R dein lHidst | Zeséanpbaéare cusiag.epoxy
resin containing,an aljcyclic epoxy resin as a main conponent, an acid
anhydri de XFSHPgéFHoﬁﬂi%:EEFHWoéﬁété“@aﬁﬁﬁ#&nﬁ@¢ﬁﬁ%@ﬁmtConﬁidécebéary,it
further contains a pronotor made of a polyhydric al cohol or a
pol yconden¥BeB Sreatird ebP. queteni | s A6t @ h&esedfectWhan cenponprits aeeias
fol |l ows.

including a fluorescent material is applied to cover an LED

chip and is heafed to cure, most of the fluorescent
10 material included in the resin is concentrated around the
LED chip and sediment.
Since'thg concentrated particles of the-fluérescent
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 fluoreécent material
particles do not fully perform the wavelength converting
function but act only to attenuate the 1light 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



(Epoxy resin) ... Since the light transmtting resin 8 nust maintain high
light transmttance, it is required that the epoxy 10 resin used in the
present invention accounts for 65% by weight or nore, .preferably 90% by
wei ght or nore, of the whol e epoxy resin conmponent (total anpunt of only
the epoxy resin excluding a curing ageng) and the content of an aromatic
conponent serving as a col oring conponent, 15 especially a phenol
derivative, is reduced as snmall as possible. As the alicyclic epoxy resin,
for exanple, epoxidated cycl ohexene derivative hydrated bi sphenol A

di gl dyl Sk b d al

or i 1T corty hat T &%*%at?%vﬁli‘??@% o R 1o B T e b ed
| oh | oh -3 ,4" - h I

Chr boxyl ate Rt o EnBEERe TaE GRMRIHTAT BF FERaly @iy e Giis cot er

and, if ne gﬁﬁgry, an epoxy resin nmade of a cycl ohexane derivative such as
hydrogenate |sphenol A 25 dlegC|dyI ether, and epichlorohydrin. Aliquid:

or solid 49 {e5|qa, 8£sghenol | yci dyl ether can al so be
m xed, if nece "{/1 ran 8r| UQF e g etk b&@%qrcladm dpeds ithe tds d
anhydri de jor q}carbox ac cid,5 anhydride represented by the
follgaﬁng Ak ﬁ é%roﬁlEgﬁbgkyﬁFceﬁépélmépte§én§é§t§yOﬁhel
follomnngqﬁfneral % O HOOC R2 COOH (2) 10 In the
formul as, BPWepPEs rJrﬂJé’r§S i é’%’?tla?]i%a?fclélrl@@l martigld Bagendl0 to 12
car bon atqﬁﬁéand RZ represents an alkyl or aryl having 0 to 12 carbon
atons. As Stci Ha‘éﬁhy‘%ﬁw@ésqblf’uékaﬁbl @nd her @roawp bef usddopresmert ¢ 15
anhydri de, succinic anhydride, 1,2-cyclohexanedicarboxylic anhydride,
3- et hyl - Paftdﬂec?ne%edﬁn@d{lbomlitcl%y@m@e 82 (second part of
4- et hyl 2- cycl ohexanedi car boxyl i ¢ anhydri de, phthalic anhydride,
4,4 -bi phtdrizﬁ rclba-‘rﬂi-ﬁhrde‘ﬂh*k@(aﬁéélr@phlts’naai ceghnbydriateyeen the first
nethylhexahydrophthallc anﬁ¥dr|de,
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 particle size dietribution 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;
2Blshow volume-based distribution curve of the fluorescent
material used in the first embodiment, Fig. 2A being the
cumulative percentage distribution ‘of the particle- sizes

20 and Fig. 2B being distribution frequency 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 region between the cumulative percentage of



50 trial kyl tetrahydropht halic anhydride, and hydrated nethyl nadir
anhydride,. As the dicarboxylic acid, for exanple, there can be used

4, 4" - bi phenyl di carboxylic acid, 2,2 bi phenyl di carboxylic acid, oxalic acid,
succinic acid, 5 adipic acid, 1, 6-hexanedicarboxylic acid, 1,

2cycl ohexanedi carboxylic acid, 1, 3-cyclofgexanedi carboxylic acid,

1, 4- cycl ohexanedi carboxylic acid, o-phthalic acid,..m . phthalic acid,
and. p-phthalic acid. Wen,an epoxy resin is mxed with an acid anhydri de or
10 di carboxylic acid to forma crosslinked oligomer and then the
crosslinke li geiere i §,C4r e a.rafi.on.curin ent, the acid
anhydri de gf@&icarbo%y??cqéﬁﬁﬁpysghp§ggeiHjﬁﬁé%gﬁﬁﬁﬁt i tHS SUF¥Rge St rom

0.005 to O. |, d ferably_from O. 0.0.2 mol, based on an epoxy 15
equivalent%%ﬁ%gn t%g é%%gy%%ggr{gq%éghcgéagnﬁﬁhr?dé%&g%ﬁ%grBB%§FF&eacid

and the rati; cyrl g re sikmult.aneously m xed and cured, the acid
anhydri de %%Q%chPﬁggﬁﬁi§%%@?ﬁ§5§ﬁ¥ﬁ>ﬁﬁf% E gPGWFFHPHdaPﬁéﬁg@ffronl_
0.005 to 1.5 m)li Qd ﬁﬁeferaq#{ fromO0.1 éo 0.8 npl, 20 based on an epoxy
equi val ent SECaPLBR" ERPFAgRageTiSE s heSHRFFBRt £&f 1 g Myehd Lorescerbnyl e,
t here .can betusedlaronatic sul foniumsalt, aromatic diazonium aromatic -
i odoni"um sart-“AA&‘dronatic sel enium The aromatic 25 sulfoniumsalt is
deconposed by heat _and/or ultravi o) et 51 light having a wavel ength of. 360
nmor |ess to ggﬁeF§ﬁ3éif%ﬁu?ﬁbﬁ&aﬁﬁ%ﬁplE%etEé¥%6¢s¢©@tuﬂérﬁi¢bﬁényﬁ

sul f oni.um Hexaf | uor an;innnate and Tri phenyl sulfonium

Hexaf - | uoréﬁlﬁg pRAFE 1 CTRe SHES r?%@rﬁﬁ%?ﬁti%nf%rarpﬁél svesuf§ i ed eh®| yotuked by
adding a smal | _anmount qof Triphenyl sulfonium Hexafl uoroanti nonate because
of its lar§é ctRr®ndatétle. Vfl’l]igméatq’%n danes cegént makepial er athiijleusttein tie
anount within a range from 0.00005 to 0.0d3 nol, preferably from0.0001 to
0.01 nol, AhHCEBSESBEeRAENIGLEST off0. 13002 t PanDi@lO05imel ,8basedoontan
epOﬁ% equi val ent. (Pronotor) Exanples of the pol yhydric. al cohol used as a
promofPor i AEFudY eY®| &neer ghgEel ofdi theiyketelgivpdaine tof mélbykeseegtycol
triethyl ene glygol, propyl ene glycol, 1,4 15 butanediol, and

1, 6- hexaneBfr6PriFhere carededing uSed A&heol yrmrmersat enwdritsiored byhéhe
condensation pol ynerization of one or nore pol yhydric al cohols anong these
pol yhydri cthreshersnt THeapol ghgsir iof aksvehdl paripiotyeosdersapeefbeaBd i s
used in the ambunt within a range from0.1 to 5..0 20 equival ents, and

pr ef er abl yaceonnds2 flowr 30 00kqubv &l dért s5 aded o the aeirdlanfyidid&ecer

di carboxylic acid. The epoxy resin conposition used in the |ight:

transnitti ijuoeesnest mag teanndi.n congonditg other £1heresbose gaset kbed
above. Fob exanple, the light transmtting resin 25 8 may contain fillers

10. LA addofi amald tpertitler sidk in such a small amount makes it
possible 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 sizé 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 siie 8l 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



52 it can contain various functional particles of diffusing agents and
colorants. The nethod of formng the light transmtting resin 8 will now be
described in detail. 5 Tie nethod of formng a light transmtting resin 8

i ncl udes, for exanple, (i) a nethod of applying a solution, which is
prepared by sinultaneously mxing an epoxy rein with an acid anhydride arid
a cation curing agent, arid curing the solution, and (ii) a method of
applying a 10 solution, which is prepared by reacting an epoxy resin with
an acid anhydride to forma crosslinked oligonmer and m xing the crosslinked

ol i gomer wyt: i CME | ent:,, and; .cuting_t,he coat. film For
ex;gple, &ﬁé?ffggﬁﬁ%bﬁ?ltgé%ggf??i%gZF@sgﬂgsi%s%ﬁ&ﬁnﬁfﬁﬁféﬁha%%ig?ﬁ@ss-of

500 a m 15 I , thatdidnsiSebefter. By enploying.the nethod
(ii), vol atfia flzglt%i%orf}%?cﬁe am%i%%%y‘?iﬁ géécé‘ﬁobérﬁﬂg\?eﬁlfe Lupressenss
applying the.Light t Tt Ling in inthe formaof. a thin filmand
curing theﬂgﬁ%%ggﬁlnéggﬁg%&%ﬁe &#géos?fgoEﬁs??Qﬁsuﬁqﬁﬁ' &% B agpRiléd is
easily 20 rohl ed .and the pot. life | rol onged, so that the workability
i's inproveggg%ﬁg&ﬁefﬂﬁﬁ &4 o 'q%yrﬁﬁftéeﬁegﬁg?gedﬁnﬁiF§€,féﬁoéﬁéﬂﬁnﬁesin
more St {RBA25iEbRy PESIAaes PasELedew Thitn tci Batnbydarert 158
nor e y Tesi, Wi n %&ci r
di carboxylic acid in . the amount within a range from0.005 to 0.5 nol,
“RYBIEBIGL) |
pr ef er abl y"AVEMEBI6E) to 0. 20 nol, based on an epoxy equivalent to forma
crosslinked oligonmer_in a proper reaction vessel. \Wen using a pol yhydric
al cohol or a 5 PBPyJOMRFRSALE NBRESLCASSa off osma bl , Datrtiiclei xeizay B8R t he
epoxy resin, together with an acid anhydride or dicarboxylic acid. The

reaction bBefecko¥de SIbdciansy avd t Wavadraghhhyehnver stoni canoxghine aci d

i's preferabl¥ conducted at roomtenperature at which the side reaction
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 1light 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 particie 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 siie 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



.10 such as oxidation is less likely.to occur. In the case of the acid
anhydride, the reaction tine is within a range fromabout 1 to 360 hours.
In the case of the dicarboxylic. -acid, the reaction tine is within, a range
fromabout 1 to 180 hours. To reduce the reaction tine by accel eration of
15 the ring-opening reaction of the aci dgg@nhydride, the reaction system may
be heated to 50 to 150C (preferably 60 to 120C) . Then, a solution is
prepared by m xing the resulting crosslinked oligonmer-with a cation curing
agent in the' 20 anount within a range from 0.00005 to 0.03 nol, preferably
0.0001 to iAles bgged N (200X, uival en The mixed soluti.on is
packaged i %a%#é@r?ssl dggofsgﬁn%unti ng calfégas}gei nb%/ni% e Thip“55f the
nitride seygGend roig, unt.ec d .cured with _heating tq.forma

li ght 25 e ansm ?’tcé;d(r)ng rag’s?i"gos.Eg‘r}gflg’?abltp}}?%tlﬁ’étﬁn%fed doi oe b s 1168k

subj ected t: rLITalr; urj ng. . by ting at 80 to 100C for 2 to 4 hours and

t hen subj eét?‘ggxs#ngacstéig ndéa%I{éuFﬁﬁg W ot néfegt HUEY o aBBCcthsrefors 4
hours. More p%%;fig met hod_will be de%%ribqﬂghereinafter. 5 ~ The
pliability GF the Sposy TasPRPEEABSLYt iL5i™ Hike obt WP RRECENhaPRy tisles
propo&;ion t.o .t he nnlecqug meight gf the crosslinked oligoner during the
process. TRE Mg RRetbriportFon 8o carRRSitieh bhips, thai dhuaressentert ed
into an ester _as g result of the reaction with the epoxy resin 10 or

pr onot or , 5ﬁﬁﬁ§l€3rb | oupEietthe MY bty dr celes b3t éngar béxylthe aci d,
the better the pliability of the resulting epoxy resin conposition. The
,Vviscosity fg'l"lolrﬁé.ceﬁ‘itxe%g%tiﬂciﬂﬁ%nogf }eger Basriiehed si3gofdr andl the
cation curiﬁ' agent can be freely controlled by adjusting the 15 anount of
the acid arl 3\81*? geeot tretdsies hvemnalbnpratiiclebedaese82 hexistsodnt y
vari es depending on the nol ecul ar wei ght of the crosslinked oligoner.

<Manuf act uEPRE et AbAtef ientid@ nbheht>txensaikttingd Heorimpr tdarci ngvelre | i ght
emtting diode of 20 the first enbodinent will be described bel ow. This
prodd€i ng FBeholEPs ehiet Hodasor theodfituege s den s urdaans aimmt ed | Lghtye
emtting diode of the first embodinent with stable quality satisfactorily
in mass prBauEiréa. size Bl taire prodbedngemet hdte BEDCcehdppliurahdt yhef

fluoresCep; particles- of small "particle . size 82 ‘are
disperséd éubétantially uniformly iﬁ .fhé surrounding
thereof. Of 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 5 and the fluorescent particles of small
pafticle size 82 located in the surrounding thereof work to
reflect the light thereby to prevent irreqular 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



55 packages are processed collectively to the step of covering the LED chip
5wththe light transmtting resin, a package assenbly consisting of a
plurality of packages is used. The package assenbly is nade by bonding an
insulating 5 substrate 101 having a plurality of through holes 101a that
correspond to a nounting area | a of eachcpackage, and a nmetal base plate
102. The insulating substrate 101 conprises, for exanple,'a |amnated resin
of thickness from0.06 nmto 2.0 nmand has 10 a plurality of through holes
10l1a penetrating therethrough in the direction of thickness. Cross section

of the thr . a oval ; circular,. or rectangular., That is,

t he presen@yﬁgﬁgﬁkﬁo%g%stﬂg¥ ff%?{%%c?%ttBP 18%e§h8fcﬁég§“§d%%¥E%@&eshape
of the thrggg@ Eole 101a that can 15 be ielgct d from anong vari ous_shapes.
| nner wal | th8 FReSEgh ECINIF T s2pf efBRablghtagsr & nedRvVeREedpeni ng
so that th di%ieter the£eof.increases fL$n1one side_of the insulating
.substrate ?@%r BTG BBt L FRALT Shitth of t 1R ToSePar tipbet Fieewddd hate at her
side: Wien the inner wall of 20 the through hole 10la is tapered, |ight
enitted byl#heet EPRERRGSt BRBAd aNEhE heFedoTRalthedsn itse saafd avamiathey®on and

5 light that is reflected by large fluorescent material
particles. To counter this difficulty, such fluorescent
particles of medium particie size are included along with
the fluorescent particles of large particle size 81 thét
have particle sizes smaller than.those of the fluorescent

10 partiéles of large particle size 81 and smaller than those
of the fluofescent particles of small particle siie 82, so
that part of ‘light that is not absorbed by the fluoréscent
particles of lafge particle size 81 is absorbed by tﬁe
fluorescent particles of mediuﬁ 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



directed upward, thus making it possible to extracting the light emtted by
the LED chip 5 efficiently fromthe light emtting elenment. 25 The netal
base plate 102 has separation grooves fornmed 56 therein in correspondence
to the through holes with the grooves filled with an insulating resin 4, so
that thin netal sheet 2a and the thin nefal sheet 2b are electrically

i solated fromeach other by the insulating resin 4 in each 5 package when

t he packages are cut off. A part of thin netal sheet 2a, the.insul ating
resin 4 and a part of the thin netal sheet 2b are exposed in the through

hol e 10l1la ip.e Kk . I n the package asse , the plurality of
10 packagelstﬂzear gﬁzifgg%sggeitr?ea%glﬁgoufpgﬁco necea%ahrktolp Shgogiiggﬁge-tﬂégﬁé§ €112 to
be describ ater,. < i of. . LED chi p>_The LED chips 5 are di e-bonded
at predetegg%%eéﬁgogPB?ggé ?ﬁetﬁglPHrBﬁﬁﬁgﬂgres (mounting areas) of the 15
package assenbL¥nconstitEteg as g%scribed ahove, and wiring i s provided as
required by vi r a"b8REFRGT(FFES B I1FABREKI REnEPAreShiRe wavahanvkk efi n
met al shee .Zﬁ arﬁiex osed jin the throuq? hole, and the LED chip 5 is
bonded ont 5 FRE t MSFIMESal RHERET 2b2Fhatths ' BeRed@al®vesize of the

5 fluorescent material is larger. The 1light emitting diode
of the present invention is made in such a constitution as -
all light emitted 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 fluorescent particles of large partiélé
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 éhiplSB o

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
wifh each other, but are precipitated while keeping

20 favorable distances from each other. As a.result, light
emitﬁed by the LED chip 5 can be guided not only to the
fluorescent particles of largé 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 méterial particles can



-r- - T

20 electrode, while a p-type electrode 5a and an n-type el ectrode 5b of the
LED chip 5 are connected to the thin netal sheet 2a and the thin netal

sheet 2b, respectively by neans-of wires 7. <First process: m neograph
printing> 25 The light transmitting resin (epoxy resin conposition 57 of
the present invention)' 8 that serves agythe sealing nenber is applied by
m nmeograph painting in a chanber. Fig. 3Ais a plan, view of the mask 112
used in the m neograph printing according to the producing nethod of the
first 5 enbodiment. The mask 112 has a plurality of apertures 113 as shown

in Fig. 3Aopesithod 880 SLec8hveREhoAPYYH U%P%%Btﬂgkggyseitncsroea{sqar}eas

a
plurality of packages of one group correspon 0 one O he "aper tur 113

Fig3B). T, g .t ' ti ' i gned s t
10 Porm tHETT | GRC"LT SRSTEL Ry rout hoTagnr Rt SR ehShe QMGG ol o5

but al so i ; r oundi xﬂf of e lrisulati,.ng substrate 10la
Accor di ng.%%fcfeh%&l% o%géﬁneg éme {1%% %f‘y?%%scee%&ﬁtﬁetrﬁ, . afl 'such a |ight T
transmtting rﬁéin Igger tgat gg%ntains a.s otE,sgrfa%e even after curing
can 15 be. fornbd oX The i nRer °BhFFHced®5t T Fhe LAPBEghPNoI &51H61a tGe t he
i-nsul atin ubstrate and on.tTeH%Pigbgtiqg,substrate 101,bg carrying out
t he 'meogﬁ P PTFTHE nBabEr gLt € MO aekcbedhisByarticle
Specificaj%¥, in this producing gethod, groups each 20 consisting of a
plurality SF*PaciEdfes™le BFSPOELY SXeRpiCFbidiar dds afourrceneaBpertar es
113 where jt js difficult to apply the li%ht transmtting resin with a flat
surface, aSHfM #nlpFge BroMRbs ahethe ghiupFarceRtt RA§SFESLN Inay8ye havi ng
uni form thickness and flat surface is forned in the 25 portions where the
plural ity ¥SHackagedcer hfispbsads @ tivirkar t bavepppésst hunrasgdrit i ons
in the thickness of the light transmtting resin |ayer between packages and
neke the ITYHRLIFhndtith i dde ePortd@liescePéfedachc pagkageot | @nother,
10 proportion of the fluorescent material particles that do
not contribute to the light éonversioﬁ increases and the
fluorescent material particles that do not contribute to
the light‘ conversion block the :light.' Thus 1light
extraction ratio has been low and high 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, light of which



After formng the light transmtting resin layer in a 5 single step for the
plurality of light emtting di odes as descri bed above, individual Iight
emtting diodes are separated by cutting along the dashed |ines shown in
Fig 5. Thus the light emtting diodes having uniformthickness can be

manuf actured with high yield without varigations in the 10 size and col or
among the light emtting diodes.. Thickness of the light transmtting resin
| ayer fornmed on the insulating ,substrate can be changed freely by -
controlling thé thickness of the mask. Now an exanple of nethod for the

O {TAnREVELLAGLES HAST hddy CloRkRa nLLE’ B hieggl%gg%gceeg“g%{]g@ﬁurface

in the portions where ural ity of packages are the

apertures AN . descrid hel ow. .(.Step First, the package assenbly
100 having&%ﬁgwgkroﬁghpgoqﬁ%ﬁggnggfgy;g%i g #@%ﬁP&“Fﬁe Whgﬁo 2 $8*8%cked
onto a eleyation stage 117 (Fig. 4A), the stage 117 is lifted with the
.package. aggéﬁﬁﬁ§algg 5%% F%Elﬁask 112 dligned and put into contact with
the bottom surfgce,of the sk.112 (Fig,.4B),, This npk _ , ,
bring the packaﬁ@ségsgﬂB?§£§5°EOEOPEF89&6ﬂ9aE?emP?ﬁt%%%ed%%% Hybuthorych a
state_as 9 I pi of the package assenbly being corrected. As warping
of tha8 pacRig g@%séﬂ%ﬁ’?eﬁgee& r%%fgﬂcg%sdébfcrﬂ-ﬁéeatﬂﬁ’e}“—,l.dteheslliz&htsl
transmtting resin layer of uniformthickness can be fornmed on one surface
of the pacRa§erdingsEfnthe1poesent niRYerh&cs bt s nee s ndescyt HoedheabRyed
state on the substrate |eads to variations in thickness anong the |ight
enitting di odesPCERGAIREstPt Fhe PReFBBEr ipventiomheasidgscriked ndlooveg
resin that includes the 10 fluorescent naterial is applied on outside of
the apertufFB8 &fohfeemdsking? dirder afhd ixhosptarancerass urigtasoghpah in
Fig.. 4A, and the resin is deaerated by decreasing the pressure in this
condi ti on. PPNEIr detdeabed asdesiade by preifne abhy iltleinesgendngeatenial00 to
400 Pa, which makes 15 it possible to effectively renove bubbles fromthe
resi A0 I n cansighbodi wdntthen fehestenpapkagéchesentil ylatfe apartheleansk
112 are used, the light transmtting resin having a relatively high
vi scosity ghnebélusedd Ithecafbuthestenbr gsodritclrat es f alsmiad lusedrnbil e
being. 2p included in the light transmtting resin as in the first
~enbodi nentsize B8 pndfmakbhe tbeuselarreshmetbidn hbsyer aeidai firdevehe of
"viscosity in order to ensure honbgeneous dispersion, since the fluorescent
particl es flubaegeepar tpacitd cliese @f edipigeatmamaticld asizeatsa i Aigpeskdqui d
25 resin. However, a resin of higher viscosity is difficult

around the LED chip 5 at favorable distances from each

es it gossible to

15 other in order to improve the efficiency of extracting the
light to the outside, the light absorption ratio and thé 
light conversion efficiency.

In order to fluorescent material particles tﬁat do not
contribute to the 1light conversion efficiency, particle

20 sizes of thé fluorescent particles of large particle size
81 are preferably controlled within a range from 10 um to
60 um, more preferably from 10 ugm to 50 uin and most
preferably from 15 um to 30 um. Fluorescent particles

smaller than 10 ux m and larger than the fluorescent

25 particles of small'particle size 82 tend to precipitate and



60 to deaerate and may |lead to | ower yield of production. For this reason;
in, the present invention, the mneograph . printing is carried out while
repeating the pressurization and depressurization after renoving bubbl es by
decreasing 5 the pressure; so as to make .it possible to use the |ight
transmtting resin of high viscosity w sRout decreasing the yield of
production. Thus a resin of high viscosity can. be used in order to

m ni m ze the col or inconsistency that tends to occur when fluorescent
particles of large particle 10 size are used. Also the light emtting di ode
can be man 1 it LON, i ev n a.resi;n of high' viscosity is
used.. In ggggig%g?Fﬁg ?%ﬁ%%ﬂ% dﬁ%ﬁstﬁgplﬁgﬁt ?%3H§ﬁ1tf?ﬁbnfesF%e¥ﬁ9¥uding
bubbl es, t - refl ect, . ct 15 Light itted by the LED chip
and |ight §§$?F§§£§§ t%éefhﬁﬁgﬁﬁégﬁgihi%wi%#, Eégﬁgling i%f%%ﬁ%%¢%%6us
irregul ar colpor _and unevenness_jn |luninance. To prevent this problem it is
very effecP?gglFﬁegupBWQSS?ﬁg Fkﬁ@guﬂér dbl Br &Rd udevEetessthan | ubheance
to repeat cle of ,decreasing 20 d increasing the pressure as in
this 'enbod??r‘g%fgﬁﬁ%%‘?a%ﬁgﬁ E% R |1"”&‘?1ff tPANSHTF1] i H7 ¢ 3 havrrhigeendes

t he f#uore cent nat rial. Bubble% inclgded in the light transmtting resin
may aPso | BRAYERCPect? ofF SGRPERE TR gRRYt IIRMIRGaYE r 8ensednd/ bn  the

wi re- bonded, portion and wire 25 breakage, resulting in lower reliability.
Therefore 11641fekFdn Shamdhnmpl éargprt hbametlfoduot &hids erfeodi teat | s
very effective a|lso in inproving the reliability. <Step 2> . Then first
cyci e of fB?%gVﬂl§%u8566§S§mééb tneRellied Smpuerender dber exmetiplessure
(Fig. 40. A forward squeegee spatula 114 used in this operation is
inclined fRf9RtR GRtR Ferpety iB the Jdauidalrdsime tdfendhy ndetkrddfing
shown, in Fig. 4C, and is pressed by pneumatic pressure against the mask
112 so as tBenbvensmitiyree L thighlsin 8 into the 10 aperture 113 of the
mask_112. Since_the forward squeegee sweeping operation is carried out
undetOdecr eased®prelsle esizaet pén die t hbuereseenbnpsrajjeles7 ofs hatge
effective: But displacenent between the package assenbly 100 and the nmask
112 does rRArokele beéa@searfe Prefarabayst agefotd i shithpr esdess it

physi cal |l y agai nst the mask 112. <Step 3> Then the anbient pressure is
“increased RoSihelat fospifdect iyedys prevent, then fdoopkstieat famptoskeise

i ncrease,- first cycle of return squeegee, sweep is carried 20 aut in a -

di recti on @ppodietrget o partfokevar diggueehsen sweepclbigat4Ry. Aldeian .
squeegee spatula 115 is inclined toward the noving direction with respect
to the ver$tarmdatd ndeviattimn maf ke Joamt clsd exipley dilat idig: f& vef deisgueegee
spatula 114 and is noved by |arger pneumatic pressure than 25 that in the
forwedd sqliosgesscsewpaperctideomt Astde pdghiicle size can be kept to

withip the desirable range of 0.3 or lower without specific

classifying oﬁeration,_ 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

light 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



62 transmtting resin is squeezed again with a |larger, contact area between
~the return squeegee spatula 115 and the nmask 112, bubbl es can be renoved
efficiently fromthe resin that -fills the apertures 113 so that the sealing
menber can be 5 finished wth snoother surface. <Step 4> Several cycles of
forward and. return squeegee sweeping opgrations are carried out while
repeating the pressure decreasing and increasing cycles simlarly to the
step 2 10 and step 3, thereby to fill the aperture 113 with the resin of
uni formthickness. <Step 5> Wth the mask 112 in contact with the package

asserbl y 10Bcothe | gt {HANIMLELRORESIL LS AUed And Lhen Lhig 45 graok 15

renoved. Thus the light transmtting resin forne n

hol e wher €] h D;chig J . . f f th

msul i ng” SibSEPaT e Lot e AL (o KAV LAy ShPr BeBLPRAPLYe Fiaieha:
ubst ant i A | { £ f .of th K .20 Wen th
et hoa of To8 ieRg L hEPRb o RGPk R R et Ao BRIy S5 BARed s

descri bed ve, the light transmitting resin having relatively high
CHRTEL g o ftﬁf?@ %&lgﬁﬁ%%ﬁ ?ﬂqghé%Jnlike in the case of

Vi scosity’ efor%lcurlngg%a%
using.a resin I viscosity, the fluoresgent materi al does not
precipitate oro‘%\‘?g% e Pr t Re PosiTPr s OfeG%gﬁ rég‘a%?sq%%t iMA8F iflod

m xed state of.the-f%uo escent materigl can _be_ maintained. 2n addjtion, the
period i n SHFehSthe Afi ghitet ré‘r‘l’sorﬁe[stcieﬁg: rBEFRIFLRRI ¥ dURFHE tRAF BisikR ng
process is fronhie%ﬁ%ﬁl t ens of Sf onds to ,several 5 mnutes, far shorter
than sever3tZfolfs % HH EiseX of- ﬁ%?*fi RELAFEeeshargchiirds tiwist ehi®sin i s
~poured ingﬁ¥the tgrough_holes and cured by heat. Mreover., since the tine
taken to Pk afPFPLE bR et WRor y DA BB tConVIRE SHiiogorekigienay eand| a

particles can be prevented frqom precipitating one
_ . wide range of excitation wavelengths), light of other

10 wavelengths around the main emitting wavelength of the LED
chip can be satisfactorily converted to other wavelength
and..the'.light emitting dibdé can be manufactured more
preferably iﬂ mass ptoduction.

As described above, sinée the light emitting diodé 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
bf the present invention capable of emitting light of high

25 outpﬁt power and high luminance uniformly without irregular



10 on another on the LED chip. Thus according to the produci ng nethod of
the first enbodinment,, since the light transmtting resin of high viscosity
can be used, the resin and the fluorescent material can be prevented from
separating fromeach other 15 in the period after m xing the fluorescent
material in the light transmtting resingjiill application to the substrate.
As a result, variations in the content of fluorescent material included in
the' resin anong the light emtting diodes 'can be mnimzed, thus making
it possible to 20 manufacture the light emtting diodes with |less variation

in the col t ] t qﬂ;l' t within a production | ot and anong
(Ebﬁﬂ} cﬂﬁl%#%{%a lﬁé q

di fferent production of production can also be inproved. Also

t-he fl uorescent icles .qf |ar part.icle size' 25 can be prevented from
precipitating deE%grre lycclneeasrl%%éﬂ sq%i%glt}rlfo&eo%tﬁ%ef%tu@ﬁe&ﬁeﬁ‘ti FabeE 13er i od
bet ween fiugé1.,the t hrough hol es_an ;cuang'gf th% rﬁﬁin, o t hat '
vavel engt h ¥§iV ert i He® tRAET$dh BRVEREOR) 5r 8EeWRt P¥arltitc Vo Ugre1oas
particle size ca e effectively. utilized. Further, the 5 fluorescent
particles lss%r}i“&%é‘r (TS o 206 o PANSHRATE D St rboRdom FULYe B | i ght
‘trans 'ttiggiresin around the fluorescent particles of |arge particle size,
t hus Bgreve 19 | PYhieasir Py dodReTFLBhTe i ehet HgiBHrieyul af ddicor. 10
Particularly in case the |ight emtting diode includes YAG Ce fluorescent
materi al . fslhltor?r@%q% cBRERAE LAkt &Y al 288radiff rahtiionni ard | isgmt t ey
fluorescent material has. |arger specific gravity than the light -
transnitti MEEesdn and SkasdSice Ideci pEhat e fdalessisgentvermaperhad cdse, the
15 fluorescent particles of large particle size 81 can be prevented from
preci pi t at i HERETER yinedr afdeausf Sosliomm t hexaEetaphpsphate tsedtuttifpm | i ght
em tting di odes of uniformcolor tenperature can be manufactured reliably.
Now t he di diaiinst oeessonfentpatiescrabed iGthbHerad £ebaantidIali \&ideal
light emitting diodes are separated through the dicing process as described
bel ot &f t erditsa Jugtitont risnsmeasured resth hadabeen didfedctiBec grad tirdeess:
Dicing process> (Dicing step 1) 25 After curing the resin, the package
assenbl y 160 7es dissuridierh ontaswrihigi hgstherénbn (SABDFRODOA) r avsm ta i ng
resin side. The bondi ng strength can be increased since the bonding

‘surfaces ofrarye paekage. 03sseTbigol00 randnt he di Ehwprsheet oar @ igle iof

substantially the sane material and are : . B o o
temperature and 70% in humidity.

According to the present invention, median barticle

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 thié value is

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 concentration,

preferably from 20% to 50 vol % (distribution frequency).

The 1light 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.



5 flat planes. As a result, the chips can be prevented fromcom ng off and
m s-positioning in dicing can be prevented, nmaking possible to separate
into the individual light emtting diodes with high yield. In case the
.resin is applied and cured by usi.ng a mask 10 that has apertures
correspondi ng to the individual through 430l es of the package assenbly, in
contrast, the applied resin shrinks and sinks over the through. holes,.
resulting in decreased bonding strength because only the surface of the

i nsul ating substrate other than the areas over the 15 through hol es nmakes

contact with th?hgﬁchﬂg_ﬁgégﬁse!nWH¥¥%E%ﬂ@rQQEOQQBHQBtOf§J¥iéf§?noEs
& Ingto the

applied and cured by using the mask that has apertures correspon

indivrduallE?E%UgBrQQ%QEASQQetQ? QEQeﬁoanﬁroEQS%E??é?gggééﬁﬁgfggggggsbe

hi gher than t op surtface of the insulatrng subs

di ced and t resj rf kes contact with the djcing sheet as the
bondi ng su??gég,wﬁ%ﬂ;%4%53%%iﬁ?ﬁé?%ﬁé%ﬁk%ﬂé&?ﬁﬁﬁﬁrEFE?% %ﬁh_ﬁ@fﬁé@ﬁ t he
i ci ng. whGhedi TG TACSaf r Pat o am ¢ Ret M e kBGS 25  daserth y Snd tene
dicin% sheﬁt hel d tqﬂgther I n unstabl e 66 condi.tion as descri bed above,
the chips PERECEEScIME ofd: ot - PosiFPRoRaTy iEhedisdizsy IRPTRRS y thE
occur. The,light enitting di odes .tgus obtai ned may al so have such
undesirablérégguéﬁff§8é8 t FAPPALGE bArAsCBFet RE PFRateThEaBipEiPESAAY break
in the packaging pr, ceig %Pat f.al | ows. VWen the burrs break to a depth,

moi sture infiltrat &8s rd@th&Mdttdinge 4198 1ok Hea PreserBbéRVeThien,

decr eases .hge reliability of the |ight enmitting di ode and causes such
defects asthet &-PPEesERpEr Bakerlad ihsPgefarabodyi besed ondthe wtsrohor .

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 matefial hay be'
YAlQ;:- 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 folloﬁinq
fluorescent materials:

(1) yttrium aluminum oxide fluorescent material with

25 part or all yttrium atoms being substituted with at least



- <Step 2> The package assenbly that is fixed closely on the dicing sheet in
"step 1 is cut off by nmeans of a dicing blade applied onto the bottom
surface of the package 15 assenbly along the dashed lines in Fig. 5. The
di cing bl ade has a cutting edge consisting of fine dianond particles around
a bond. The di anond bl ade of this constitution tends to be |oaded with
nmetal chi ps generated as saw dust when C%ﬁting off the light emtting

di odes that 20 fill the space between the dianond particles. In order to
avoid this problem it is preferable to include a hard filler in the |ight"
transnittin% resin that makes the sealing nenber in the first process, in
whi ch case®PRe Sl6HEN g Sfteateachi Homr hpughedpowonsd stthatlg difti Ing, ofey ati on
25 can be carried out snmoothly. Use of a filler of |arger 67 particle

si ze increh3esGehangp8hation and' effect. Using the fluorescent particles
of large particle size as a filler .increase the effect since the.

fl uorescent part{2¢l &4 tofiumrgeupbnun cbsidiez e lvas dxogin thansinesisal Swiah t he
light emtting di ode manufactured by the produci ng net hod descri bed above,
the |ight peabspit wildg alesiimuseatamss flueiregl subegtabted oni theat opesytf ace
of .the insulating substrate and in the through hole of the insulating
subst bat e, ohep edenfeade sl ddird | fivmt thasairbubn@chd irsesng isr sphstantial ly
parallel to the bottom surface of the package, and the outer

ci rcunf er eibi ahdsiinface of the light transmtting resin is substantially
flush with the outer circunferential surface of the package. As the |ight
transmtting regBn iy tirdumed ueindmeogitir & 1sibdcacendf fdeeddal i ghtn
emtting diode, light emtting surface can be made wider with increased
out put powpartMoreQMer , yistaen t HEohé gbk ihganuBsititig e st it iPNat Neeast
insulating substrate diffuses light fromthe LED chip nore effectively to
the outsi denet be chieiftt RIMiddteary £hadethas ggeng oGl nly of N,20 gase the
light transnmtting resin includes the filler, the effect i s further
enhanoed byajhecl |4ea, S0 tat thad | gl amiltbngadhade besnbavacabke
light emtting characteristics. I'n the light emtting diode of the rst

enbodi ment sagset BiBgdt iRNESEAt ldHANt Haa, él@nejri*l:n} pevs-tagensidy apd 25

power can be increased by using florescent materi a
' - group consisting of Ba, Tl, Ga .and. In.

More specifically, the fluorescenﬁ material is a
photoluminescent fluorescent particles represented by

15 general formula (Y,Gd;.;);Als0;,: Ce (0 < Z = 1) or a
photoluminescent fluorescént particles representéd 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-sttucture,
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.



68 classified so as to have the fluorescent particles of small particle
size and the fluorescent particles of. large particle size and disposing
the florescent material to nake full use of each function. The fluorescent
particles of 5 small particle size account for O Avol%to 10vol% of the
total volune of fluorescent material andypre dispersed in the transmtting
resin to scatter the light. The fluorescent particles of |arge particle
size can convert the wavelength of the light efficiently by controlling the
10 particle size thereof so that the particles can be distributed in the

vicinity of the i Sin the fluprescent particles of |large particle
size of this enboglﬁég%géhn bg%exci?éﬁlg§gfﬂ% | i JtES5 bro& wavé%@ngth

band, the f t ) t .t 15 I th of the |ight
' the case e e Bt TR SRR oG <de: daaar L6nD: HavEEBTaRp

varies by ‘a _chan f the.current. erefore, it is possible to provide the
light em t.?rier%‘gloci? g‘&’gt \A'%'thtoﬁ ta?rg&gl&nr élEi B Cey BRd 1Bpge¥adpPydiBEilvding 20 1 n
t he nethod(ifr grgdxcinﬁ?ihe IigFt emtting diode according to this

embodi ment C% héIPPGALRERM ¢ iify HPSAEWITRR goos | (ihienaPde astdrertt edisst i ¢
can bqsproduced effjciently. Mreover, in the case that production process
need & | ongd\EETEYi MEAKN NFTGRIHIED Pk nblyghghembss ten ophpE s otomwacd 25
can be kept trenely small between the light emtting 69 di.odes

manuf act ur &d 19 9%e BarelerIyeaBe the HYdu@ i vissirpmnsbedertnghtl so
emtting dggﬁes manufactured in the |atter stage of the production run.

Ther ef or e, & bs foyarsy leausr wevepengithst efhisi ngadsotbatcanilseibn
prevented and the yield of production can be inproved. The epoxy resin
conposi ti o fof Ltidityr efentmang entediishescedbed i oan hebéi rsthiabedi negt can
be prevent yellow ng and has a high pliability, because a crosslinked

ol i gomer féRE@asyNdeddrs gl adnd et cyclicrepniyg rese nGd eash sentt K136 t he
aci d anhydri de or dicarboxylic acid. The epoxy resin conposition of present
i nverltd on. degiepseratitieedumasihyge sifnbduehphotstomihysoéncehemeépexynr.esin
conposition can be freely controlled by the anount of the acid anhydride or
t he di car b@R¢l ifd upiedcemt thetassitadr M&y cahwer shaudiat ity ang hag, | aag pot
life. Enbodinent 2 Fig. 6 is a schematic sectional view of an SMD type
light em t #engCdirotld, abyer BpngNie SécondEenmbddedethepétsdhes 20egnesent -
i nvention. The light enmtting diode of the second enbodinent' conprises the
LED chip 5 nadeThe femissipm pavelrtigthn afisa niKifee $eWacendysbeker
(Alx@&YInZzN, 0 ~ X ~1, 0~YS1 0sZs1l1 X+Y+2Z- 1) on a sapphire
substrate whaedehuthser whayen pade of Sa~AkbndNarf Supdtifuidd with Ga

i
e

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
increases ahd red component decreases but this change can

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



25 the LED chip 5 being placed on a gl ass epoxy substrate 12 ~0 t'hat has
a pair of lead electrodes 12a, 12b. The LED chip 5 has a light emtting

| ayer made of at |east a nitride sem conductor |ayer. Positive and negative
el ectrodes provided on at |east one surface of the LED chip 5 are 5
electrically connected to | ead el ectrodegs12a, 12b with electrically
conductive wires 7. In the light emtting diode of the second enbodi nent, a
fluorescent material simlar to that of the first enbodi nent is dispersed
inthe light transmtting resin 18. 10 The fluorescent material dispersed

i.n the Iiggbn&ﬁﬁﬁgggétfdggg%%§H@c;%a%%pihs%%eoge%h%géhgggggﬁgﬁ%rggpi%cles of

| arge particlé size 81 and the fluorescent particl Ble

szt o Thupuie vy ot corieqiiage ey el ! e e

particles l"'arge partic size
i nprove th t power gf the light emttjng diode, whil reventing
i rregul ar 28 g% %FﬁﬁroccuBFFﬁassy ths B?Okﬂgu?+?ﬁﬁ%%%%nt%bEPFF§F§§tof'
smal | particl%.size 86; %n t he Iiggt emtting di,ode of this present
i nvention, P2ETa5d%y FBLFR dstr PHER i d (RIS idticonblas net p¥CpldeBEabl y
used for t%e Ii%ht transmtting resjn 18h However, in the second_
enbodiPment CETPREG TS r ERITRTEERDT b o DEher el ¥ ktey i RSt &dee ol ighEl i ng
t he inside ott%he ackage, other epoxy resin, glass, silicone resin, 25
acrylic re§Mtsinthe ORE sGPPabPE f URPFRESPr odudtifip nétigodusem Ry &l so be
used. Enbod%g%nh 3 .The Ii%ht emtting di ode according to the third
embodi ment POP LPAETINESERRT nvietHG RS cpr | BastaglesD &hiag 5 has/i njean
constitution, for exanple, shown in Fig. 1 or Fig. 6 capable of emtting
ul travi ol ePTPRPTRC - htVe PpEgk dfednfenponenh makher titwavedsiytd fegi on
around 400 nm ,An LED chip capable of enmitting ultraviolet ray can be
easi | y madBapifgesnineg aa SegileoptiliEtdngl sjedebasgabde ami¢mitein® an
sem conductor on a sapphire substrate. In the light emtting diode of the
t hi r dOenbodniennedd atesicolor ghabs ast panki.s sonewhat resistant to the
The photoluminescent fluorescent particles described
- above can be manufactured as follows. First, as the
materials to make Y, Gd, Al aﬁd Ce, oxides- thereof or
compounds that can easily turn into such oxides are mixed
15 in stoichiometrical proportions thereby to make the stock
material. Alternatively, a 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 coprecipitated
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



ultraviolet ray is used as the light transmtting resin, and a fluorescent
mat eri al having the particle size 15 distribution described in the first
enbodi nent is used. For the material of the fluorescent material, YzQZS: Eu
fluorescent material that is excited by light of short wavel engths in the
ultraviolet region and emts red |ight, 5(P0,)3Cl: Eu fluorescent

material that is excited by 20 |light of 'short wavel engths in the
ultraviolet region and emts blue light or (SrEu) 0 ~ AIsO that is excited
by light of short wavelengths in the ultraviolet region and emts green

i ght can gg % ed. Alight.emtting djode that emts white |light can be 25

nmanuf act ur i wav EFENGEh YonYarsF oY ayeindmae Pakb Bild,
m xture of a eg%light eniét'ng éluorescent material, a blue light emtting
fluorescenwaﬁéﬁ i al SRR & GteendFi gt @M ti fbeYedior EScemPtingd al 2on t he
“surface of gh &ED,eIenent. ngesides the fluorescent material described
above, 3“.p,9§8 uginescepsr fadepescRRt ResA3SHES: Mh, GJ20Z : Eu or LazQzs
Eu may be used as the red fluorescent nmaterial, Re5(P04)3Cl: Eu (Re is at
| east one el eneAl $&lcedtichty raghtdiigiy Hode f Hae apresgint | i BabZAbDGE02,
Eu, or the |ike may be used as the 10 blue fluorescent material. The |ight
em tti°ng ditbee Phgpapivaisie seeintt ifdgostsaent grervidleshimgy | conbatcetwan be
.. made by using these fluorescent materials. In the light emtting diode of
the third efbodicwent kisdsceofheyttuéprscedtimimbiari ghrnetsi Slacekstbat
fl uorescent
material activated with cerium and/or other fluorescent
material added thereto.
When two kinds of yttrium aluminum garnet fluorescent
10 material having different ©proportions of Y being
substituted with Gd are mixed, light - of desired
'chromatiCity'cap be'obtained easily.  Particularly when a
fluorescent materiél having higher' proﬁortion 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 a
solution, which is prepared by mixing a crosslinked
oligomer obtained by reacting an epoxy resin containing an

alicyclic epoxy resin, which accounts for 65% by weight or

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



‘15 particles of large particle size 81 and the fluorescent particles of
smal | particle size 82 simlarly to the first enbodi nent, the wavel ength
conversion |l ayer capable of efficiently converting |ight of ultraviolet
region is formed so that the light emtting diode of high |lum nance 20 can
be obtained. Particularly when fluorescepy materials of a plurality of
types are used to emit mxed light, it.is preferable since irregular color
can be effectively suppressed by the light scattering effect of the
fluorescent particles of small particle size. 25 Wien a thin |layer having
wavel engt h nverti 73.functionis fornmed froma mxture of such
quorescenggﬁgfgpigﬁ Cdege}gbeﬁié% e?othéﬁgl&HﬂesééﬁﬁdnéﬁbrﬁélseBPéVerably
have simlar nedi.an particle size %ndnparticle shape, since this nakes it
possi bl e t §IAVRIERH orTi i nf x SBAg AN i ¢ f eperma kel @iriits  agented by
the different fluqorescent materials thereby to suppress irregular color. In-
the third ﬁbS&PﬁgnEP &rPPér@ﬁ%rw@%@ﬁ@ﬁ@PHYc8n9895i§ﬁ Pafersolmybaakdo be
formed fromdifferent fluorescent nmaterials. In case different wavel ength
10 conver sPBn dfayRR KB edrt Yot @nE) £ | tier E8eednsidieedfals mownt mgredren
multiple layers, it is preferable to forma red light emtting fluorescent
mat er Pal , &2ghBemhiidhttharihBl meh¥n JoreEcehe  nateidal semicandhiatoti gkt
emtting fluorescent material one on another in this order on the LED chip
in 15 consPaBraeden fofl lowed: banshiringnyétbf heathngl uor escent material for
ultraviolet ray, since this causes all layers to efficiently absorb Iight
in the ultravi ofee rkighih. tFanshéthbng, resiins $r éhesakorndint sthecpayticl e’
sizes of different fluorescent naterials are controlled so that the 20 bl ue
f1 uor escentanaesr ivellmsincheof athestrasddi dregmudé ctresicoatbakl aedthy t he
green fluorescent material and then the red fluorescent material in order

t o have theapaehni cdwerigesgehtt hehdt uabsscest baier ilalyhéteci £ase 1fg ogbt he

| ower | ayer to the upper layer in the nultiple wavel ength 25 conversion

| ayel§, sihée0Phitdmalsl ass muidh aws otkatr ays the prior art. Therefore,

the light emitted by the LED chip of the nitride
,SemiCOndUCtorfcapable'of'emitfing blue light_andllight of.
which Qavelength hasvbeen conﬁerfed can be extrécted.tolthe
outside. Because of éomparatively high pliability, the
15 light transmitting resin 8 reduées the thermal stress
caused by a difference in thermal expansion coefficient
between the light transmitting resin 8 ana 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 1light

25 transmitting resin 8 contains, as an essential component,



74 efficiently transmt up to the topnost |ayer and al so nmakes it possible
to have the ultraviolet rays conpletely absorbed by the nultiple wavel ength
conversion l-ayers. The wavel ength conversion | ayers for different colors 5
may al so be formed on the LED chip in such a configuration as stripes,
grating or triangle. In this case, the M%yers i ncluding the different
fluorescent materials may be di sposed at "a distarice fromeach other, which
i nproves the color mixing performance. It is also preferable to form 10 the
wavel engt h conversion |ayer so as to cover theLED chip as.a whole, since
this makes_jt I b prevent .the ultraviolet rays from bei ng absorbed
in the out %t‘dég?’g’ th%gié% iCH&\éF‘éQilﬁlg %oﬁ&ﬁﬁﬁ?iﬁclfﬁ%ﬁtﬁe%h%o@isrmm of
t he presen a%ﬂvegtign rglates to.a_nethod for producing the fluorescent
material that i SOSBPEERT T oft AG i PREYER €8 A @i eaEbox vl ki 2l ducknad
fluorescent material is synthesizeg that chromaticity of the emtted |ight
can be pre¥enf eU°Pr GHFERFT RYFRT andt f e 2BSE¥RPontht LeabheRe ¢rriainedafrom
decreasing. A nEthod for %ynthesizin the fluorescent material is disclosed
in JapanesB* URR%3hi Radepaierh P%%Yli”é‘g’f"r‘énaﬂﬁphﬂ%@/rlgﬂabd)hym&éns'atéous
materials of fluorescent material are mxed in stoichionetrical proportions
and 28 borFRehePH: i s AeFed IshePét othe fraspedtiitve t kompioxkents barag as 75
fired. Japanese Unexam ned Patent Publication No. 36038/ 1986 discloses such
" a nethod as°¥5P¥®us materials of fluorescent material are nixed in
stoichionetrical. proportions and bariumfluoride is added thereto as fl ux,
5 with the FPX%tYiree®bhhg processed to grow particles. Wen bariumfluoride
and boric acid is added as the flux to the fluorescent nmaterial so as to
assi st the growbne® p&deitight dnemamiitdiing ofeshe i htisd Inmghitobhai ned
by the irradiation with excitation light shifts and the red 10 conponent
decr eases.high t Bd ghdur tramsbtlianeer, dhi fisi reqhierat ittidty ehet hgpsewytted
i ght of fluorescent material is suppressed by adding a liquid to the
m xtbPe befesinfusedy ithethextneseoft t evenkeoh makeoualks ofof | ¥aressent
materials and the flux

weight or more, preferably 90% by weight or more, of the

whole épogy resin component (total amount of only the epoxy .-

resin éxclﬁding a curing agent) and tﬁe lcontent .of :an
aromatic component serving as a coloring cbmponent,

15 especially a phenol derivative, is reduced as small las
possible. As the alicyclic epoxy fesin, for example;
epoxidated cyclohexene derivative, hydrated bisphenol A
diglycidyl ether and. 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—B’,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



15 including barium fluoride. It is supposed that addition of the liquid
during tiring nmakes the m xed materials. denser ‘and i nproves reactivity so
t hat honogeneous fluorescent particles of uniformparticle si.zes can be
obt ai ned. The effect can be inproved further by pressurizing during 20
firing. The nore the anmount of the |iquigl added, the better the particle
shape and the higher the effect of suppressing the chromaticity shift of
the emtted Iight. The amount of the liquid added is preferably within a
range fromb5 to 200 25 wt % nore preferably within a range from 10 to 70
wYand 6, Jmsty 4 & Yo thi range from 50 t.0 7Q w % of the m xed
material . The-above eﬁ\%% gxgﬁnk gggﬁﬁgﬁc%‘d %lfolayac&flc}’}’gl RS T, QR ?589 to Ce,
as the actj.val; a far fluorescent material. 5 Al so according to
t he net ho efQfxgggdg%?%gé%sﬁggg'preferable to fire the fluorescent materia
of the fous : J t, the.m xture' .of the mxed materials ..of |
fIuoresceﬁf&ﬂﬁfggﬁghgqghdO#hglgl5&%&§lﬁﬁoa§ﬁ§ﬁs conprising a first firing
10, at npsphere and a second

step of firing,_n an air.qr akl y. yeduci > C
firing step of o ring ?ﬁlg Fﬁ@ﬁ%?ﬁéﬂﬁt%Bsgﬁgﬁﬁbogyihctﬁ@lﬁve§§htthdention,

t he weakl ucing atnosphere, refers t n at nosphere that includes oxygen
of S\l%h a%@%‘gf e tRE eceéit Readie t %quwemr@&yg@musaréam red in
the reaction pof formng the desired fluorescent material fromthe m xed
naterialro?hégﬁf ?@&grFSPrééﬁn56dpﬁéVéﬂv%df¢lkwwtn%cﬁenbngland the
| i ght absqrbing efficiency can be prevented from decreasing, by carrying
out the T¢P§Puﬁﬁrﬁ@é-step until the process of forming the 20 desired
fluorescent material is conpleted in the weakly reducing atnosphere. The
reduci ng atnosphere in the second firing step is a reduci ng at nosphere that
has hi gher reducing power than the weakly reducing atnmosphere. A
fluorescent material Ghaving high efficiency of 25 absorbing excitation

| ight can be obtained| by firing in two steps as descri bed above. This
makes it posg tolfeduce the anount of the fluorescent material required
to obtain tHe des hromaticity and obtain a light emtting di ode having
hi gh efficiegcy of extrgcting lighy, for exanple, 5 when the method is
applied to tlhe lijght itting diode. Variation Exanple 1

HOOC——R,—COOH )
10

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

15  anhydride, succinic anhydride, 1,2-cyclohexanedicarboxylic
anhydride, 3-methyl-1,2-cyclohexanedicarboxylic anhydride,
4-methyl-1,2-cyclohexanedicarboxylic anhydride, phthalic
anhydride, 4,4’ ~-biphthalic anhydride, hexahydrophthalic

anhydride, methylhexahydrophthalic. anhydride,



(Light transmtting resin) While a particular epoxy resin is used in the
first enbodi nent, according to the present invention, the light 10 emtting
di ode may. al so be nmade by m xing other resin or glass and the fl uorescent
material described in the first enbodinment.. In this case, materials that
can be suitably used as the |ight transEitting resin include |ight
transmitting 15 resins having good weat grability such as ot her type of
epoxy resin (for exanple; nitrogen-containing epoxy resin), acrylic resin
and silicone arid glass. Alight emtting diode of high output power can be

made al so E E orescent, mat er i consi sting of fluorescent
particles ¥ §gﬁyg ﬁggaB%#f?Bﬁﬁhgikﬁ éﬁ@ﬁaqiﬂﬁescéﬂﬁ yoriageds methydl |
particle siz resin_as descrijbed above. A pigment may al so be
added t ogeth %C Y@ﬁé Fluoréécgﬁ@|ﬁH%ﬁ¥Q@XYkﬁQhéclﬁghﬁQﬂfﬁ%ﬁmmleng
resin. In order to |n%rove weatherabi lity of the light 25 transmtting
resin, an WREFavitARt PabsBERAnd e inhgnwlidicarbaxWd caddedidi o 202’ +i ght
transmtting resin, and further an antioxidant, organic zinc carboxylate,
acid anhydmlalée@yldlwéb@wlt@rrp@gh@, ofxakiac aaidal ssubeimiddeda¢ivdt he
light transmtting resin.
adipic acid, 1, 6-hexanedicarboxylic acid, 1,2~
cyclohexanedicarboxylic acid, 1,3—cyclohexanedicafboxylic
acid, 1,4-cyclohexanedicarboxylic acid, o-phthalic acid,..m-
phthalic acid, and p-phthalic acid.
When an epoxy resin is mixed with an acid anhydride or
10 dicarboxylic acid to form a crosslihked oligomer and then
the crosslinked oligomer is cured by mixing a cation curing
lagent, the acid anhydride or diéarboxylic acid is mixed ' in
the émount within a range from 0.005 to 0.5 mol, and
preferably from 0.0l 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 aromatic

25 sulfonium salt is decomposed by heat and/or ultraviolet



5 Variation Exanple 2 (D ffusing agent) Further according to the present
invention,. the light transmtting resin may include a diffusing agent in
additi-on to the fluorescent material. For the diffusing 10 agent, barium
titanate, titanium oxide, alum num oxide, silicon oxide, calciumcarbonate
or the like is preferably' used. Organigidiffusing agents such as nel anin
'resin, CTU guanami ne resin and benzoguananm ne resin can al so be used. The
light emtting diode having good directivity can 15 be nade by addi ng the
di ffusi ng agent as descri bed above. The diffusing agent in this '

speci ficatj : i a I i . and ] ess than 5 a m
It is pref eirjia%???g?ﬁ%eat ﬁg%%ilgbggﬁnzg%agjén% r%gvél?%g%rrgai gﬁ) @zﬁf’teirc?ltee §t ze
within a rangg,drom I ~ Si ' 0 causes satisfactory random
reflection of Iri{'g'ht ?ﬁ%@dé%ysf[mee%%% (r}ﬁ?%i%dn% tqﬁrelgﬁfwﬁescsé%ftc%‘é?i al

and suppr i ~col or.that tends,to _occur when the fluorescent
particl es%@%&ﬂp&gﬁ C rga(tsef ze. | salhésed. UsE ‘3118 di ff usThf AYet al so

makes it I t.he half 25 width.,of the Iight em ssion spectrum
nar r ower 2?1%%)' l‘gcl)%oopm%ﬁ{#;e‘l i ght tt FRGL8I oFEIRAT MG M ghSeBl orPurity.
The di ffus] agent. -havin ian rticle size or 1 ~nmor over and |ess
than%l ,~é"£%11acglefr}) r 8‘!‘1?%5? St ?%&e‘??e?i il neBpent i gt BriRhew ¥ rom
the LED chi%out. 5 ﬁ’%n i{ﬁiove the viscosity of the resin wthout
decr easi ng® THHR aE MY A nepRte t AeSaese cef A sutliabdreduning
process of filling the recess of package with a resir~_ by potting or the
like, it iYfade ngsi%té% Hsled se9ERE fisudteaterabhnt veedl in the
substanti al Icén&r;i formly in the resin 10 that is contained in a syringe and
mai ntai n tHt it igh;2 Hfh g diamdr® HP yicel G O3 maddudtaiesdri e
achi eved even when the fluorescent particles of large particle size that is
rel ativel yyiA% f4-AHG %@ Bufh &9ly sk moke qune fisraddan fuaem Q .HO b de
di scussion, the diffusing agents used in the 15 present invention have
di f Fef ent L9 Dm0 e RAffich @rort RPN GEIUdvadenticl e sizes, and can be used
in proper conbinations according to the application. Variation Exanple 3
(Filler) (BExpmafiqtier accor di ng to the present invention, the |ight
~transmitting resin.may contain fillers, in addition to the fluorescent
mat eri al . Specifiadndgserdfal thhaprobuhydei asaticabol hastil ker aapedrutmane as
those for the diffusing. agent, although the nmedian particle sizeis = .
“di fferent .imdads | pehylens igilvdnls, spéeithiydanhieong hpso hpditan ey lade: si ze
within a , :
glycol, triethylene glycol, propylene glycol, 1,4-
15 butanediol, and 1,6-hexanediol. 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 to 3.0 equivalents,
based on the acid anhydride or dicarboxylic acid.
The epoxy resin composition used in the light
transmitting resin 8 may contain component other than those
described above. For example, the light transmitting resin

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



80 range from5 a mto 100 a rn. Wien the filler having nedian particle
~size in this range is included in the light transmtting resin, variation
in the chromaticity of light emtted by the light emtting diode is

i mproved by the 5 |ight scattering effect and resistance of the |ight
transmtting resin against the thernmal sghock can be inproved. This nakes it
possi ble to prevent such troubles as breakage of wires that connect the LED
chip and el ectrodes of the package and peel off of the bottom 10 surface of
the LED chip and the bottom of the package recess even when used at high

t enper at ues. u N emdti i 1 0 i reliabi Ll an be
provided.&%bfgggeﬁ?h??lbsgﬁ%ﬁgﬂkasgﬁgfgi§%§%eé&?ggglfﬁe($$UP%%¥§sngthe

resin at t I r an extended period of 15 tine and applying a
required %ﬁ%gﬁt% % rdt ﬁg\iﬁflfaﬁzégfr ansmtting resin to a desired position, thus

.allow ng far ciio Lth.a high yi.eld. ,The filler has preferably
simlar parti gl%zl%s?éeg:q%ﬁ%/%ﬂ H@%ﬁﬁ@gt 5%h§31(9h%f tt‘?‘?élﬁ‘lrfltfotr]&%eﬁ?g%t rial.
In this 20.specification, the expression "simlar particle size" nmeans that
t he diffe%&%gegpk %ﬁedﬁgﬁfé eSa%gigﬁ 2dil7e is I ess than 20~, and the
expression simlar shape’ ans that the djfference in the roundness factor
(lendth of ci Pg#ﬁﬁ‘ erp%tﬂg%d ofr}%a fqza%lrbg r & & 1% hET 8RBl EFARTad eHe pPoj ect ed
area of 2,5 ;hgﬁparticle/ Ien%th Erojecteg of circunference of the . 81
particl e) RatieSpr E9EnPETREBdeditde 20PebPEL At $PBLYERE PaPPilBtéoBhape to
the true circle s less than 20% Use of such a filler results in
i nteracti YA16P tife RTSRAEREAY FarEditanealdlynh&isiinderan hepokrusesiphe
fluorescent 5 material to be favorably dispersed in the resin thereby to
suppr ess PAEN r#RgAGd caPSYAragen Et“h% fg ugpEdeantCwring | Agemtd t REAfi || er
preferably have nedian particle sizes within a range-from15 ~ mto 50 ~ m
nore pref SMABRY wWhhAi nSelvaiRRy f radd 2d1d)m o ®mOthed mofrheppamingl es can be
10 di spersed with desirabl e distance fromeach other when the particle
si z89 ar eSESHELONY eYhilght BE PARGETEEsEYi FeachbpdeanThpexakesini wipbssi bl e
to secure a path to extract light and inprove the directivity while
prevent i ngnt RE1KuRNRIAS 1dat EAsPyNf pomrasstéakedgoddgomert Ardminkkaggof t he
filler. .15 When the light transmtting resin including the fluorescent
materi al &he taros9liirdiecdhf ophgoner evdithesa i nat henr ange ndesagéred abdve is
appl i'ed by the m nmeograph printing, dressing effect can be provided in
whi ch t hecdiréhgg bhadedast imest diéd.f r ofdroadedmpaadi twleen i rtHeheldighicng
process 20 after curing the light transmtting resin, thus inproving
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-aﬁhydride can be
‘prevented in case of applying the light tranémitting fesin
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 iﬁproved.

The method (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, 1is reacted with an acid anhydride or



t he mass production performance. In order to achi eve good dressing effect
in the dicing process, it is preferable that the filler of larger particle
sizes i$ included. Good dressing effect can be 25 achieved for effectively
restoring | oaded dicing bl ade when 82 the light transmtting resin
includes a filler having nedian particlessize within a range from1l5 ~ mto
50 ~cm nore preferably within a range from20 umto 50 ~cm Vari ation
Exanple 4 5 (Light emtting surface) According to the present invention

the light transmitting resin surface that serves as the light emtting

surface of gt | emLtt ing di ~a.clrved surface. 1n th ase of
the Iight g%??f?%gpgﬁgggh%g' é%é?ﬂ%egﬁ¥%9?h§lggé8n8-éﬁ%&%ﬁrﬁﬁﬂnw h‘&ﬂgch t he
resinis ded -0 the]§Qg§ t lig ranspi.tting resin surface is
pref er abl)r/Tgé 6r5rrgn(§)l|’n a cue%{/aeebdﬁesuffr?% ebsgi.ég poglgcmog\m Ranededhran
directivit i.nce light _capnot be refl ected rd,on the side wall of the
package ingPﬂ?Q %guk§§2e8£ PPgﬁ?r@n?tFFﬂasS?ngﬁaggkﬁo%eEu%%eﬂ PreRer
emtting surface can be fornejvb appl.ying the_light transmtting resin

i ncl udi ng ﬁ@%%gégPy‘§Uﬁ§?ance IH¥§p P%éa't%epéﬂﬂhwﬁrﬂﬁb 74 ¢l aPF pinting
usi ng.a nask. 39 égiﬂ' 7A) gaving apertures forned therein 20 in _

cor r e3pondBALECPBIEAEAFRAFIPHEAE PRgRt PEAMOtORg ditodes Mipids wibketbe is
illustrated in Fig. 7A and Fig. 7B. Wile the surface of the |ight
transmitti AgeF¥si et ed tRIEEES i bHdtBbovan us@aiidy besbidsidecur oed
surface after thernpsetting of the resin, the surface can be fornmed in 25
any desiretdlSAEREXYLE6r @CAG-t 0 The mRaGhign dweitweds theorsfiogur areshnof the
mask 39 and the quantity of resin applied. Wth this nethod, the |ight
enmitting déddetdsgn asd dreantivdtidedosatishabouyiliy iacidasiss ppoefierabhy. Even
when the light emtting diodes of the present invention 5 including

f | uor escentopadretetleatofracm gbepaeratiizesiate winicH | theesceld paatttbas of
smal| particle size are manufactured in a |large quantity over a | ong period
of tife, vawechtasnsxidathen| ightlessi ddiked ypaof aavance can e kepse exsfremel y
smal |l between the light emtting diodes 10 manufactured in the early stage
of the protivet iagid vanbydride, | thlet meactiony dimdes stanufRchuredringehe

| atter stage of the production run, thereby inproving the yield of

product i onfréirabeet, 1 when3 60 | hoons. | sTusele asasdeofroties i @l cafbbRe116 nask
39, producing cost can be reduced and the light emtting surface of a :
desi red cuawidgcanhbe riactednbyt ik wiseh Df éhQaﬁFéfQ&%ﬁﬁ%HdhﬂfﬁftBerwm

expansi on coefficient between the silicon and the [ight transmtting resin.
Variation Exampbers. 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 150°C (preferably 60
to 1207C).
Then, a solution is prepared by mixing the resulting
_crossiinked 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.

mounted, and then cured with heating to form a 1light

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



20 Wi le the LED chip and the package are connected by nmeans of wires in
the first enbodi nent, although the present invention is not limted to this
constitution and such a constitution may al so be enployed as the LED chip
is mounted in the nounting area | a of the package by flip 25 chip-bonding
wi th conductive material and output lighl is 84 extracted fromthe
substrate side of the LED chip. Since the package has the insul ating
section 4 located in.the nounting area la (through hole) with the thin
nmetal . sheets 2a, 2b exposed on both sides as showmn in Fig. 1, it 5

suffices t t dl e over.the in
sgct:on 4 %% cg%%%g?ot pos ?ggfg dg% ? e?%c oﬁ%sig$¥iﬁghi%b chip

di tly to,t t | Vi t le 6
10 The 11 oh? %?‘ﬁuﬁs”ﬁ?gées o?ﬁth%?n&é&ae&ng%fggcﬁlﬁ\éggé?ﬂ{?{ o SR gs.

_descrlbed are S%g@ ?Hn emgttin di odes, al though the present
i nvention l? & Jh%? a? e%‘g)tjo‘é’({’ FoFortsttiot t|’h8HrsFor exanpl e, the
fl uorescent mat f@lé@gﬁ% Pr thete%$§¥ res descrlbed in the first
embodi nent can e Us 1 ghTET ¥4 ofPamheginaktiar such as
dlsplgy, 8 seg @ éo% and_buyl | et tgg That is, use of the '
,fluofescent na ?lgﬁ ddritBed®f n Y &@Sod nEpmpaakbiont Ek%%lble
to make a i ht % f ; ng.di ode of high outgut power and use of the epoxy
resin desé??%%ﬁl ﬁ@a YsﬂSeM&ﬂﬂQﬁQﬁPWm&%s he E@%ngﬂertwemmhiepflght
emtting diode of hag S|Iabl|lty. _
the crosslinked oligomer during the process. The higher
the proportion of carboxyl groups, which are converted into
an ester as a result of the reaction with the epoxy resin
10 or promotor, among carboxyl groups of the acid anhydride or
dicarboxylic acid, the better the "pliability of the
resulting 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 Ffirst
embodiment with stable quality satisfactorily in mass

production.

25 In. this producing method, since a plurality of



The light transnmtting resin described in the first enbodi ment can be
applied not only to light emtting 25 elenents such as |ight emtting diode
but also to |ight 85 receiving el ement such as phot odi ode. The present
invention will be described in the follow ng exanples and is not limted
only to such exanples. 5 Exanple 1 The §\D type light emtting diode as
shown in the sectional view of Fig. 8 is fabricated - as a light emtting

di ode of the present invention. The LED chip conprising a |light emtting

| ayer made of InGaN arid having a main peak 10 of 470 nmis used as a LED

hip 5. | [ ght e 11 i ng. di t_Exanple |, th kage is | ded
esin boyP 1 Brrt | ot b1 e T hE SRR o it TR 4 GeNASE L. The
el ectrod 2 22 i nsert | ded jnto the b t of th

Cecin 24, TRG T CHID A He R EReIYS DA b T o ST MOV AR,  Nor e

. specificall t cl eaned, sapphire substrate is set in to the reactor
chanber ergléfEferEJ:yaanﬁéﬁﬁéagus‘?{\gat R HeEdy gal PEuRachagegass used.:

trimethylindium (TM) gas and. ammpnia gas as a reactive gas, and hydrogen
gas as a .q@h‘?ripé‘g:kj’:g)?, 'éﬁaeg“gllé{nelﬁas“.‘a%dbzfo EgBidpent 3l afegHesiiig as a
inmpurity gas. .The LED chip conprises a AlGaN | ayer as a | ow tenperature -
buf f et | ayféﬁ?s‘-’aif%ﬁmﬁdb]pg&f‘@m | BayRYUE L b e e hr rgls et le i 0L A titiatkness .

about 15000 ~), a Si-doped GaN | ayer as an n-type.contact |ayer on which an
el ect r ode SR IHelO ( £hiBRYREENY aF6at 680 Apcha prrkampedaGdN d ayer

- 86 to enhance a crystallinity (thickness , about 3000 ~ ), a nufti-Ilayered
fiImi|1ttﬂ??%ﬁrﬁ%ﬁezP%ﬂRﬁnlﬁéﬂtice made of a non-doped. GaN | ayer ..
(thickness . about 50' ~) and a S.i doped GaN | ayer ( thickness . about 300
~.) as a n-typelhs ddiHG Binayabstratd 1101 aymped dd,mfiar tharfpdranp of a .
super lattice made of a non-doped GaN layer (thickness . about 40 ~.j and a
non- doped latGan ted eregin v Kitsigskne sshofrtor? @ vy sint drg .2 .t nem At e s
crystallinity of the light emtting layer,a light emtting |ayer in the

muf t§i0 quaret wAwead ity reft bhecughhdéest 181laompatherad tGaly |tayare tHddwgness
about 250 ~) and a non-doped InGaN |l ayer (thickness . about 30 A), a

mul ti| ayerigd fthilem dhrechaofioref ofthicknessmer | arbsee sécaidly- dopedtHnGaN
(thickness . about 25 A ) and a M)-doped GaAl N (thickness . about 40 ~) and
a GaN | ayehmoigid bole NP les mafsb he t ypelgontiactullaayeor (thdcddiraslar about

1200 ), which are sequentially fornmed, on the sapphire substrate.
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 lOla.is tapered, light emitted by the'LED
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

emitting element.

25 The metal base plate 102 has separation grooves formed



The sem conductor wafer on which nmultiple nitride sem conductor |ayers have
been fornmed in such a way is etched partially to expose a part of the
n-type contact 20 |ayer. Then, on the exposed p-type and n-type contact

| ayers, the n-type and p-type el ectrodes are forned, respectively, using
sputtering technique. Thereafter, the rgsulting wafer is cut into the
respective light emtting device to fabricate a LED chip which is able to
emt blue 25 |ight. 87 The LED chip fabricated in the above-.nentioned
way is die-bonded with a die bonding resin 6 to the hollow of the package
formed by tMelr@iing iRt e@rdldsycnlRn@adt§l asld odeso2d aRd 220,10, thesesin
24. Each electrode of 5 the¥)LED chip and each ofo‘t%%e ﬁgaggel ecﬁo%gleﬂa and
22b are wigr@drdes; Usidgwgehd M rentuhaving a.dlaeger of ' |
respecti veglr y, to establish electri cncgnneét igon.e(glﬁr%érrgl%e t]?fé%? {ﬁ%}elnpr esent
inventiong (+¥q, 8Edt2) a2 2 36PALR1 21 178 Qs [ [ % abaut .20 . percent of Y
is-10 subg}ei t ut egl%vm' t haGé1 gnﬁ%\%ni%c J'nhgﬂsectzﬁcesn e\rggl 2 ala%%cleé‘eg’ltfécgﬁrlill. 429 -
,umisu f t rd al he fluorescent material. i
conposed oi%%é%%egioréerfsbg{eﬁetsa%ggr?%%sﬂ)gftll'l rérels%g?h%?erEF}E n naeaC?l

fl uorgascegllt‘_lece I’f%l g%h%% %%les_ lclka%%gs}]i&%?e si.ze and has a vol une-based

particle stributron a icﬁltFio S*2A and 2B. In the flat range

havi ng a sl ope ,0f 0.4 n.t.he curve of the,vol - base article size
distribution  Pheaim 2 Jigtal Sh8Sh 2par el SOSES2E B9y EPS3Pakd ¢ he
particle sizer froml1l. 371 a to 8. 379.,um That ' _is, 4.: 6 vol
% of the \%ﬁ@l & gggffu%e?@gntt elfl%?i)cﬁﬁﬁﬂ%s%? £%9 RNt thatd al of
smal | particle size.of particle.size smaller than 1.371u mand the
r emai ni ng 9% %8 ol%lo%ecc}%rai 405 €2 PGSkeYEnt material of large particle
size of a partf%@le si,ze Itj{ger than 8.379 cm The central particle size of
the 25 fluoreséer ndter 4l cIRRSK39%d BSFREPAY set ERpngPAEERSdtY0 ©f88 have
such a particle size digtribution is 21.4 a mand the distribution
fr e.HLQencypéF?‘laﬁé’sat?o‘iﬁ‘e'- FRPDREd 18erft r arowar £p&| easihy openiroy 1218, e
particle .?ligfze of peak of. distribution frequency of the fluorescent
particl e' $h6f Masdndil2 §&r PecPessribeds 1@ter3 ~cm and the particle size of
peak of distribuytion f re%uen(_:y of the fluorescent particles of |arge
particle &teEntdngp ododEDuFRIR>st andard- devi ation i'n. the particle -
distribution of the. fluorescent particles of large particle size is 0.295.
10 The fl uoresd@&st AiPer CALPsSwhiSch aire adilestbended obtai priedgiterofined vy) -
(0.33, 0.33)- in a CE chromaticity diagram- and an epoxy. resin as a |ight
transmittPe§itdons ate mibedthrosghatholes 1lGrountdfg Theeassuldf nghepoxy
resin containing the fluorescent material is filled by 15 potting in the
hol 1éw of peF&agecksgemed Y. whinsl ithik eldE@ sc e drd bednabotveqd taadawiaiingof | ead
electrode with gold wire and cured to forma light emtting diode.

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 connect-e.d to the thin
metal sheet 2a and the thin metal sheet 2b, respectively.by
means of wires 7.
<First process: miméograph printing> -

25 ' The light transmitting resin (epoxy resin composition



The light emtting diode fabricated in such a manner can emt white |ight
of a high intensity and output. 20 (Conparative Exanple 1) To conpare, the
light emtting diode having the -same chromaticity coordinates is fabricated
in the sane way as in Exanple 1, except that (Yo, aCGdo,z) Xx.96~~-5~12

Ceo. oas fluorescent material having a wgde particle size 25 distribution,

of which the curves of volunme-based particle 89 size distribution are
shown in Figs. 9A and 9B, and a central particle size of 6.315 a mis used.
The lum nus intensity and the output of. the light emtting. diode

25~ 1 ot ey e A b o TOY eRF TP hq o obR® 0P BIfl 6 1.

25 ~, respectlve y, as conpare Yhe

This sho t according to the present _invention
can ethI%rllé(::]ht of é‘g%’t‘ ?&rg r@%@é}?&%tﬁ% r\‘/ﬁ\kqgelﬁ’gtah & Lnherfd %-he
chromati cidy for.& e mhlte | i 10 A stapdard deviation in
the parti c:f e SI ze 35 1St | 1%@2@%0 St 2SN u%r%s‘é%‘ﬁ‘ti Rt ERPaMIMECSr ard used -
in Cowpar s f.365 2, The light emtting diode

havi ng th %e%—ﬂ?%ﬁﬁ?lrg 1 CSBIedI% %@f@BFg@ﬁt@@ i Bhe hd igwte way
as |% except that 3856d0 00s~ 2. 750A-5012 ~ Ceo. zso0
quorescenm9ﬁ1%9?%ﬁ T%%eHaSWh? f Pasr 8s PN adatyr P4l aperenzesi fildd in
such a manner .t hat the material has a flat range where the cumul ative

per cent agé*of> W’t it 59 s ProPridiion and tHe 2@ fpaachc lapesitzeer diges from
1.371 a mto 8:379 ,u m the central particle size of the material is
25.626 ~u brﬁ”tgnesﬁFstsrq bGhaEn & rEéHéﬁgytb}f afai Hackagvesl ofarenel groiupe s
24.812 a, and' peak particle sizes of the distribution frequency of the
smal | parﬁ9ﬂ4$§ﬁ9Rgeﬁm papgefpdhts cArertures 113 (Fig3B). Thus the

mask used in the present invention is designed so as to
10 form the 1light transmitting resin layer not only in the
"through hotes but also in the surrounding thereof on the:
insulating substrate 101.  According. to the prdduciﬁg
method of thié embodiment, such a light.transmitting fesin'
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 é 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



. 25 size fluorescent particles are 0.613 and 28.012 ,u m 90 respectively.
The lum nous intensity and output of the light emtting diode of Exanple 2
i s enhanced by about 18 % and about 10 % respectively, as conpared to the
. light emtting. diode of Exanple 1. Exanple 2 can provide a light 5
emtting diode having a higher intensityglight emtting diode than Exanple
1. A standard deviation of the particle size distribution in the
fluorescent particles of large particle size is 0.259. 10 Exanple 3 The
light emtting diode having the same chroiii.aticity coordinates is

STop havi g S SR PATE ARt AR rg wpe KRTRb R o Ry SR T N Cer ™

Si 02 having a ¢ |" particle size o wer e

m xed at . ratia b ig f_1Q0 .. 50 and thereafter, the s

fluor esce#?atfrr%?‘értl%g‘fl%as)‘l?%g{’ Eia\%én%eetvﬁ?%spﬁfkﬁﬁeﬁnt@ hg‘ag‘ﬁoxgglgesi n
containrnq{tgghg:ffusLn%.a ent. .The light e 'ttiBg di ode of Exanple 3 shows
the sane. “itf ARSI T O ESAL SHELECET CExSRFReP2Cksae fHREgul-ar col or
can be 20 inhi%kted %pd a ooqlco or. tone can be' achieved, as conpared to
Exanpl e 1. Exafifit€4 'F’r?é“%ni%gtﬁ entt3hhgtBrpeRt Helphgremen shageehibnati city
.coorq;nates [ fabrica%ed in the sane way as in Exanple 1, 25 except that
the P ght SRS §iSthgt YeskRe cBrtigedilhy 2L Dokl whrkseing #bedes aRswas
provided using a nold on the LED chip which was electrically connected to
the subst PRSETIREIhGReVien Filgdigidpad | ilgishtenemitsdngi odéoHasi ngra smoot h
light emtting plane can be obtained and shows the simlar 5 properties to
t hose of E@gﬁﬁp@eg;bgk§wﬁ¢éng along the dashed lines shown in Fig,. 5.

Thus the light emitting diodes having uniform thickness can
be manufactured with high yield without variations in the
10 . size and'colof among the light emitting diodes. Thickness
of the light transmitting resin layer formed oh the
. insulating substrate can be 'changed ﬁreely b? éontrolling-
the thickness of the mask. | |
Now an example of method for the light transmitting
15 resin layer having unifbrm thickness and flat surface in
the portions where the piurality of packages are disposéd'
around the apertures 113 will be described below.
(Stepl)
First, the package assembly 100 having the through
20 holes.101a 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



The light emtting diode having the same chromaticity coordinates is
fabricated in the sane way as in Exanple 1, except that the |ight
transmtting resin containing a-10 fluorescent material was fornmed by
means. of an intaglio printing nethod using a mask 39 nade of silicone and
cured on the substrate to which the LERg£hip 5 was electrically, connected,
as shown in Figs. 7A and 7B. The light emtting diode having a curved |ight
emtting plane can be obtained 15 and shows nore even |ight em ssion, as
conpared to Exanple 1. There are provided on the substrate 32 positive

el ectr odes,. ~and _32b., respectively, in.correspondence with each LED chip.
20 ExanplgagéﬁﬁgneggxytpgsiﬁaéﬁﬁggiOﬁsﬁﬁmﬁ%ﬁ zmﬁgﬁirgprﬁﬁFFﬁéke si2® of 2.5
a mas a @i& y 5“91?‘ nt were_n xed at éhe.ratio by wejght of 100 . 50 and
thereafter hé sare %o?gggﬁﬁ? RECEMPAY 45 tIpRr stttk AmI 88 3Chked i xed

into 25 the epoxy.resin.containing the diffusing agent. Further 92 Si 02
havi ng a 8§Hﬁgar ﬁéﬁtigﬁg i 2&F %@ligﬁﬁas Zepin| efayer nef udenl fermhe
rati o of %g_ %to the epoxy resin. The resulting material is used as a
light tra g?‘fﬁeﬁg r 837 n Perhdormert e arfdifi t HAGREesIaEf wibef i Paelage t he
hol | gw of 5 the cabjnet having' a wall on which the. LED chip is :
el ectr i caPPyeRbAvect ¥ t o EPHHHING othpeddadiiagt mudwer winh thel dwakpedusi ng
an intaglio printin% met hod in the same manner as in Exanple 5. And then,
the resinSkdsecPdthe bt fafke 31gedss ttmdvhuieheonsatinl4bhickoesd hours
to 10 fabricate a light emtting diode having the sanme chromaticity
coor di nat 88089 itheExdiphe enithang ghiodes t t thygs diredelofingxaml koBehas a
longer lifetinme and emts even light. Exanple 7 15 The light emtting di ode
is fabric¥t€ddi-n the same way as in Exanple 3, except that the fludrescent
material simlar to that of Exanple 2 and Si OZ having a central particle
size of about Zhea mighitch txassmithingo thatinof thaitd findnekeent trateri al
as a filler are used. The 20 lum nous intensity of the resulting |ight
eni 0i ng f@ludeessenticmebisedabyitOapplasdconpaneditie dhathef afxantess3.
Exampl e 8

of the mask 112 under the atmospheric pressure as shown in

Fig.. 4A, énd the resin is 'deaerated by decreaéing the

pressure in this condition. The decreésed pressure is

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 light transmitting resin as in the first
embodiment, it is preferable to use a resin that has a
certain level of viscosity in order to ensuré homogeneous
dispersion, since the fluorescent particles of large
particle size pre;ipitate at a fast rate in the liquid

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



The light enmitting diode is fabricated in the same way as in Exanple .6,
except -that the fluorescent material 25 simlar to that of Exanple 2 and

Si 02 havi ng a roundness 93 which is different by 10 % fromthat of said
fluorescent material and a central particle size of about 25 ~cmwhich is
simlar to that of said fluorescent mategjal, as a filler are used. The

| um nous intensity of the resulting 5 light emtting diode is increased. by
10 s, 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

Cup por i onCof CFite euAreT Sad 138 %Eae iRy PEREdp B, BRSHGhEPandror " "

cup portion of the nount e

thereafter pgach rode, of i he. ip 5 and the nmpunt |ead 42a and
t he second Igad Egégg%é m??e-%%%déj' fgggeéfvvﬁﬁyPnusiggea H-PeOITABYI ng a

di aneter of,,.30+>¢ . m; 1 Xt " of, the fluorescent material simlar to
that of Ex ﬁgf‘e“%,g WA cag}gea@d;("u&sj{ 3”0‘"9{%‘3 obTRF A IRGhER DI PERSSYFigataan 0. 33)

ina CEc |, G i.aqr and_.an_epoxy resi a light transmtting
resin at agir:lgg?%é yet%//\s/e&gl%%tggns ‘—‘:‘fg% ?§m¥?’llP8d%iU%%tlﬁé'cmb decsardingunt

| ead and t , .20 cured at 150 for .1 hour to forma coating part. '
conta?ninggggfﬁiﬁﬁégﬁﬁﬁ Tatavi &P, ARG F,pﬁsﬁéﬁ%%nEQINﬂ%ﬂﬁLthéghg is
fornmed usi g the.%ransparemt eEogx esin, so as to obtain a round shape in
vi ew of |i8 PRERLEEARY BBSEPVAE gb| ¥hacoshbyYruithenhgdeanpasipe theht
emtting 25,diqde_has Sffects simlar to those of Exanple 1. 94 Exanpl e
10 The IanﬁnganFiBHP BRFLPRng dhBaedi §epaBrpEabbahi Wi shes sbyecamayeas in
Exanpl e 9, exgepx that, the fluorescent nmaterial simlar to that of Exanple
2, the, epBR§r et n9F AR choi Mipinigr thanserier ndncevisn saedcsi Cehdiavi ng a
roundness rhigh is different b¥ 10 ~ fromthat of said fluorescent naterial
and a cent F&9BaFPi BFEUE; YReRf ThBeLESOSNE RRbtialées| oErlarge pactiatea

rati o by weight of 100. 10 . 35 and the resulting mxture is filled in the
cup gp slZe are used. Also the light emitting diode can be

manufactured with high yield even when a resin of high-
-yiscbsity: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 irregﬁlar
color and uneveﬁnesé in luminance. To prevént this problen,
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 light
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



10 the, nount lead. Brighter and nore even light is enitted, as conpared to
Exanple 9. Exanple 11. . The LED chip.simlar to that of Exanple 1 is
pl aced in the hollow of the resin package into which the | ead 15 el ectrode
is inserted. The silicone resin which is a light transmtting resin, the
fluorescent material simlar to that ofgyExanple 1, the fluorescent naterial
conposed Yz.9ss~l s~~x ~eo0,03s having a central particle size of 13 ~, m
and Si 02 having a central particle size of about 0.5 ~c m20 are m xed at a
ratio by weight of 100 . 0.69 . 0.5 . 10 and the resulting m xing solution
is filled.iph Said_ ko f [ e |4 ght, em t.ting di.ode, The
resul ti ngr #%ﬁfﬂeﬁ‘?t 'ltt #%gbg?)gégéhagl effec egéhsoldﬁ‘ﬂfa?aflos t%nc‘%osoe&g?er&alh%l el a
good col o n i ng: and i gh brightness,, 25 anpl e, 12 95 The i ght
em tting %?% egfééggﬁggc% &d ?% ?%%gggﬁggm5§ea5e %gé%g ® 11, except that
the silicgggergggn which is a light transmtting resin, (Y,o0,9Cdo.1)
2. 965A~- 5~12%P 0,0~s having a central particle size of 30 a m the
fl uorescent na%grial.S ginilir t% that of Exanple 2, and Si OZ having a
central partichaeli 2aI8F S¥GUE 65 LQFWALL SHISRARatSHe 1D FRTFEEGht of
100 0.69 .. 0.3 . %0 and the resultin? nixiqg solution is filled in said
hol | Bw. TREE rBREPT i AGCF R AT EEFNEC i BUE: hdS) ef fAcERredrd | 3912899 0se of
Example 2, a 1g_gg£g col or, rendering and,a high brjghtness. . Exanple 13 .
Exanpl e 13P#EU4A MpP & of 1 atipt Baee At fonet fotnabiredi FRFward el ki r st
enbodi ment. I n Exanple 13, the surface-nmounted type of light 15 emtting.
di ode as SRMACEntRi fher Yartimnl calea. ofn thearpisk 1312t Bé (HOWHIPR5 is a
nitride sem conductor LED chip conprising a |light emtting | ayer made of .
I no, ZGab, NI whitElh RES o SioerRFF ot BYI Paeurafilct Drgssedle TS hntle t he
vi sible region. -More specifically, 20 the LED. chip 5 is fabricated by
forni ng nMreskdé lefiTondluéPomaug epBdosarieezel ddredreaibphBr d ndubsthat e |
using a TNG.(trinetthgaIIiun) gas, a TM (trinmethylindium gas, a nitrogen
gaslénd a2peopbwregds3weth thecarasler 1gas, Bingeandeof LABEMI negheedgedn thi s
case, the n-type nitride 25 sem conductor and p-type nitride sem conductor
| ayer s ar@weepsng opperltierpest ¢qet yedbgutsimdeSi ¢k Or amse Cp2ys sisr@, dopant
gas. The LED.chip 5 conprises a buffer |ayer nmade of GaN -

suction of the elevation stage 117 is not effective. But

displacemeﬁt between the'package assembly 100 and thé-mask.
112 does not occur because the elevation stage 117 1is
15 pressed. physically against the mask 112.
<Step 3>
Then the ambient pressure 1is increased to the
atmospheric pressure and, upon completion of pressure
iﬁcrease, 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 inciined
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



which is growm at a | ow tenperature, an n-type GaN |l ayer 5 which is an
undoped nitride sem conductor, a Si-doped GaN | ayer (n-type contact |ayer)
on which an n-electrode is forned, a light emtting layer in the nulti
guantum wel | structure in which one group consisting of the. GaN | ayer as a
barrier layer, the InGaN | ayer as an wegd layer and the 10 GaN | ayer as a
barrier layer is sandw ched between the N | ayers, a My-doped Al GaN | ayer
(p-type cladding |layer), and a ~My- doped ~ GaN | ayer (p-type contact ~

| ayer) , which are sequentially fornmed, on the sapphire substrate. The

-type . sem,Gongu [ d 15 tenperature_of 400 Cor nore
gf t glro f or Erﬁag I a%ﬁsn.d %%ﬁ%gn?%e%g(g%r%?aéggﬁl% B- tPpEEnFRLARTe

contact | S USt SXHPSs b ing.on the sane surface side, of the
nitride sg%?%Bﬁai%tor oﬁg?héegggghﬁgge§§ﬁ§tr Pl?hétgﬁs???véheaﬁﬁsﬁégative
el ectrode re.f on.each 20 coniact_ .| ayer, respectively, by
sputtering}éThbdﬁﬂgg% t Pn%ﬁlﬁﬂqqy Fed SHERE Ly 5QPuESSt TeISédt 5@ on the
entire surd; the p-type nitride m _conductor_ and thereafter, the
basi ¢ el eéﬁg eot{r%e f%?%@‘axp%% ﬁ%)arsf’ ath e R 7R3 Lideht memket r 688, bEhe
resu%tingfwate% %ﬁ]sg{ibed g d cut by 25 eternal forces into LED chips
whi R ar e SHPGRE S T §ROO§ P ede FiuddSCeFhe LED chip fabricated in the
above-nen&i%ned way is die-bonded with an epoxy resin into each via hole of
the packag&t5§®sémbiy which has been described in the first 5 embodi nent.
Each el-ectrode of the LED chip is electrically connected to the netal filns
2a and 2b, resPEVEEG FYByeRi PE Bordang asidngegukd waneegee Fweeblimar escent
material is fabricated as follow. ' Rare earth elements, Y, -Gd and Ce, are
di ssol vedPRTEH1PHSacR e aCad tigd ocBE ibdilehi seperpingd the pessistireg
solution i,s coprecipitated with oxalic acid. The resulting coprecipitate is
cal ci ned SRGregRdnghtaichelnCERR NG caprsci pinidtar indtal diienusteni @e are
nix&@. The resulting mxture as a flux is mxed with bariumfluoride and
filt&d 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

10Q, the light transmitting resin is cured and tﬁen 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 éan 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



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 iri-water with a bal
m |l and washed, separated, dried and then, at last, conbed to form
(Yo. 9ssGdo. 00os) z.7s0Als~iz Ceo.zso fluorescent material . 20 An alicyclic
epoxy resin conposite (viscosity 8000 nPa ~ s) obtained by m xing and
di spersing 17 wt% of said fluorescent nmalterial and 70 wt % of Si Oz having a
central particle size of 10 a minto the epoxy resin containing 20 wt % of
Si Oz having a central particle size of 25 0.3 ,umis used as a material for
seal i ng 98 Tn.this Exanple 13, .the mask 112 made of stainless
steel and a‘g\;lé%%l%’t%ie-c[léﬁéé”seié’f 9407 aMied $Lade e Hask dewirgsaent: he
same as in ?ﬁ%%éithat Ls described in the first enbodiment. The package
assenbly O WHi*AT thatLES "eth pPiRefocat B RrddikRaRed the therhedk in2 with
t he stage f.ar . el atiag hhe substrate nounted in such a way that the
operii ng sG-St RE viEd9R6I eEFanNaRAEGLIRE t oS Has ke emeing ingpnttet witYi
t he mask %%%_a ‘' Said light transmtting resin is applied to the end 10 of
t he mask MR %G Bt rit netPandaRer#bqteredof orepondsi g sedreriad
pressure is reduced _to 330 Pa. After the conpletion of deconpression, an-:
air gressﬁf}lél 0. 162 pShar tddpl £Bant cse¥rradni heurs iircl thed @s&0ofin the
operating direction with respect to the perpendicular |line of the 15 nmask
112 to ruRH e TSy URERfeRS S niBnéhdichecno biren Negsint he ipmimked of ntbe ttlzanber
is pressurized to 20000 Pa. After conpletion of conpression, an air
pressure GHrouvpd Wied€ss aqpbl¢wned 0oy heekbi f eMaBebmetj netinat Bhei it ifke
direction opposite. to said squeegee with respect. to the perpendicul ar 20
line of tHéekenskolrne cauralde kguredeevinyt bRoot hethdi Fechbiredcelt S
. reciprocating squeegee is repeated twice. Next, the stage for elevating the
subst r at eMag erdwdr ek ntd Separcdre bdeppackaged agsenbpyetipithhengaskhel12.
Then, the light transmtting resinis primarily cured at 25 ~ 85 C for 3
hour® andoseedndler] pncihed L&D t#ApC for 4 99 hours. In this.way, the
light transmtting resin having an snmooth surface is forned over the via
hol e and the i Abusatdaaap lirst r hoe thre eptdducHigent bBROGOIf the first

embodimént,ﬁ since .the- light transmitting resin ‘of high-
viscosity can be used, the resin and .thé fluorescegt
material can be prevented from separating from each other
15 in the period.after nixing the fluorescent material in the
iight transmitting resinltill 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 lot
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



Next, to the ultraviolet radiation cured dicing 5 adhesive sheet having a

t hi ckness of 150 a m and conprising an adhesive layer of 20 ,u min

t hi ckness is attached the package assenbly with the light transmtting
resin sid~_ of the assenbly opposite to the adhesive |ayer. The package
assenbly and the dicing adhesive sheet gpe cut into the 10 depth of 100 a m
using a dicing blade fromthe bottom of the package assenbly to cut away
respective light emtting diodes.' Finally,,the ultraviolet radiation 'is
applied to the package assenbly fromthe filmside to cure the adhesive

Whon 500 of L Sue T Bt mEeet S o Fyper LRt YRy PRl Jaria | TR di odes
Var rat§ ons 1T OB 1 ) are ang 10 hnig GFT 15 oip ERGR A ASHELR odes
o t1ing G VSt e Ee i ST Ty enpEtFrgLefoad (rge
Such & e THAC SheC SRRNRY GBF 1 BEPORAL VEbole deRol o BRTChEr2S Pikage |
Cur 1 ave of AT | At TS OF | nRa bacPREBkGLEn PRES Rt e of

substrateA¥Eéﬁik1§ng. ng rﬁgylting l.ight emtting diode is adhered to
i 21 9%r WA and Cut Bikay, Ligddn Itrgmsrdfitiimang meafirode

t he adhesive
conmes apart. Epeg 50Q.0of the resulting light enmtting diodes. are
observed, &R aFRehhOTEFCeRe (Rprkifieteofad axsitpapettiol Exaige 1.
Where 500 of |light emtting ,diodes weY~e inplenented, variations in color
t enper at ure"ur PREVEREAREdutT TRt wead tebdend nddodwar i fitdronexipe widroring

t enper at ur.e
irregular color.

10 Particularly in case the light emitting diode includes
YAG: Ce fluorescent material as the fluorescent material so
lgs to'emit white'iight, the fluoreséent 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 éurface 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 light emitting diodes are separated
through the dicing process as described‘_below after the
light transmitting resin has been cured.
<Second process: Dicing process>
(Dicing step 1)

25 After curing the resin, the packagé assembly 100 is



during producing for the light emtting di odes of Exanple 13 were reduced
-by about 20 % as conpared to the. -area on the chromaticity di agram for
the light emtting diodes of Conparative exanple. 15 (Exanple 14) The
-surface-nmounted light enitting diode is fabricated in the sane way as in
Exanpl e 13, except that an alicyclic epgxy resin conposite (viscosity .
15000 nPa s) obtained by m xing and di spersing 15 w % of the above 20
menti oned fluorescent material and 40 wt % of Si 02 having a central particle
size of 10 a minto the undoped one-|iquidcured epoxy resin including a
bri dged oIi%o rr is,used as.a material for a sealing nenber. The | um nous
i nt ensi ty 38Tt piFCafedtfidPeasSEEe tadt dhfarddhlo Esamgnet Rng Moeebler, 25
the reliability cap be inproved dramatijcally. 101 I n Exanpl e 15,
( Yo, BGdo, z§19¢ L 5o ATEEHBETDG, 08 6T PG @3 absutinererse@nsiskcey the
substituted with Gd and which has a central. ~ particle size of 21.429 ,u m
i's prepar ea°PRFRNY hBLEERER ST aEhe P Ekape e238emiphy F0Qorrdceme dhcEngal is
5 conposed of a fluorescent material of large particle size and a
f1 uor escent ot epral Mefes el sy tartiaklivethensane fadtenizigerhvang a
sl ope_of zero in the curve of ...the volune-based particle size
di st rPbut i 6hat thbaresul abbve pescdhyaddeofchimst icdredd sprevenindd ~faod t he
particle size 10 ranges from1l.371 u-mto 8 . 379 ~c m That is, 4 . 6 vol
o of the whoneng| abfesvdnnimapesislovdngr iiseslifdimar esaerbe parévehesd pf
smal | particle size smaller than 1.371 a mand the remaining 95,6 vol ~
conpri ses Makbresqerssijale | dces sefparartge patbi ckResi zrdlatigealt hangBt 379 a
m The central 15 particle size of the fluorescent material classified
usi ng a. seenlthingedhodes ovitdvensgichybeparticl e size distribution is 21.4 a
m and the frequency of the above-nentioned central particle size is 29.12
~. The particl elsicasoftipeakesifn di staphldédnaid eueasyopfusihe &1 H9sRsCent
particles 20 of small particle size is 0.613 a mand the particle size of
peakl®f dithat biuasoapbreguescyontespentiingr esceme pardiwld@s of thas@eh
particle size is 22.908 a m Where the fluorescent material having such a
particle shakesli sffrithe i packagesetssdiiel y UNiROUSoh tE£415) t ¥handapbohéd, 25
em tting output can be enhanced. -

Y . resin shrinks and sinks over the through. holes, resulting.

in décreased bonding strength because énly 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
resultiné 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



102 I n exanple 15, the surface-mounted type light emtting diode. is
fabricated in the sane way as in Exanple 14, except that 15 wt % of the
above-nmenti oned~fl uorescent~ nmaterial is added to the resin conposite. The
light 5 emtting diode of Exanple 15 can achieve an effect simlar to that
of Exanple 14. The brightness of the Iig? emtting diode of Exanple 15 i's
hi gher than that of Exanple 14. Exanple 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 Conparative exanple were prepared and the
characteri sti,;s. e re examned. 1. Preparation of the epoxy resin
conposi te de&zlp%%%/{rgéi \ggégﬁdg’?g eago‘?i'?'o FhRer8ipsedanst 15 gader afi
followi ng conditions \ere acid anhydride was added, the conversion ratio
of a carboxyt® gFoapPPE EACBSPEr it oI CiRY ekt i Auitkedy The esicarr.convrsi on
ratio is tgggﬁggio .%xpress d as a nolar percentage, of the carboxyl groups
i ncl uded i Y3 ablRdtLiRgdrdtRdesinitdiis habsabred 2;xonlent edaiat swst er :
groups. The ester nversion rati o was exam ned using a neutralization
reaction witH 93 A UtTHN. SBplerse s chiraly, haveobyros bhethbpoty keesi @S

di ssolyed iin 50 nL of ethanol and 0.1 N KOH solution in water was added. .
At the poi MULSS . ekt raf§atat itdn, thae Ratlagizsy obrokesBTB hatli datldrowalr ned
fromyellow,into blue (at pH 203 7.6). The anount of carboxyl groups

whi ch” ver e "6 IR BUEP ierkester agdeppl, wasideuernniingd 1usiate st FFrdxount
of KOH solution in water required for neutralization. 5 resin A .

Conpar at i v&héx it el gwe6iptoosdeeep bin@~mdmberpoxyrcys| abexyhBeEhHhe

3, 4- epoxy- cycl ohexanecar boxyl ate, which is a derivative of cycloheX. ene
epoxi dat ed T€3ipdidd tas ah &hiecykl gt epmiyt tiesi ndaede 028,40 ©5uBe9Z\Wuch
p-hydroxypthyl met hyl sul f oni um 10 Hexafl uoroanti nonate, which is an
aromati c sgefesitemasalne {adnlion rspenees ssahexaf hyoneagtbneryiaRd ang

~. ben~yl sul f oni um based catal yst,-.as,a cationic curing agent,. were put in
the 360 nLdisgolegck 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. <8%em B> Conparative exanple 7.68 g of propyl ene glycol
nonogl yci dyl ether is added (3w~ with respect to. the epoxy resin) as a

reaCtiYQ The package assembly that is fixed' closely on the -

| 'diéing sheet in step 1 is éutloff by means of a diéing
blade applied onto the lbottom 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 generated

~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 casé the
loading metal chips are pushed out so that dicing operation

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



20 diluent was added to the conponent of resin A The resulting m xture 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 104 256 ¢
(1.95e.eq) of 3 4' -epoxy-cycl ohexyl net hyl

3, 4- epoxy- cycl ohexanecar boxyl ate as a, n icyclic epoxy resin, 104.29 ¢
(6.09x10-1. nol) of the m xture of 4nethyl hexahydrophthali¢ 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 0.6 g of Benzyl phydroxyphenyl

nmet hyl sul f gni, I yor I te, which is, a benzyl sul f oni um: based
cat a%/ystj, gsglrgmgg'%ixgén]i%é)cgﬁlg%éggggn&h%‘%%eﬁ%&?% ?Héy %ﬁ_t'lf gupsﬁé’@k

flask. The r ' i xture stirred for 0.5 hour and the ester
conver si ontél%ti ?%égrgrgsghr &F’f%ﬁe%w{m ﬁé’*lrgﬁ’eaEGFEhé%F, $hee MAxt @re was

heat ed at ' far. 3 hours .,and further at 140. C for ,4 hours to be .cured.
15 resin DéiléggséﬁFﬁﬁﬁﬂQE%Qﬁ1%%%%?§”@5%¢%q§h© gfugregcent  particles .
- epoxy-cycl ghexyl met hyl ,3, 4- epoxy- cycl chexanecar boxyl ate as an alicyclic
epoxy resiﬂ? g?é?? Qa%g?ééﬁléiﬁenﬁﬁf bi ghhbagidregse of 4
.nethglhexahydrgﬁhthglic anh¥drate [ hexahydrophthalic 20 anhydrate at a
rati o of 70/30 afd 197 4igbtgsemdtiipgl ) dapdet hprondagkyceld abya mhenot er
were put in_the 300 nL four neck f]lask and the tenperature was increased
sl owl y wi t RFQOHGPEhdMdiohnderardbainezbaite 00the 100IIC f Grabémidiing The
tenperature was decreased slowy to roomtenperature. 25 Then, 0.6 g of
Benzyl p- h§8F Ry SRédyI: Sreformedii inheanally0onHekaf [nop caunt fammab €, tiai ch i s
a benzyl sul f oni um based catal yst, as a cationic curing agent, was added.
The resul t FR§UHRELDFe SBBSEFRERedandr On5 hber &hdotihh choler sb@in itaki 0 of
the carboxyl group into the ester group 5 was neasured to be 90.6 ~. After
measur enentSHhatingt Ghbstitstreated aur8sc€ b6r tRehdightandahenifheingt 140
C for 4 hours to be cured. resin E. present invention 10 The epoxy resin
conpé8it e H@SLiprdparsebstantiea shyrepnarlielr esi Nty ®veeph. thatf256 6f
(1.95e.eq) of 3" 4' epoxy=cycl ohexyl net hyl,
3, 4- epoxy- E§e| bRekagecarhok it eoatenn cilricoyckirenepaly siesidte 15£9%he
(9.4%$x10-2 nol) of the m xture of 4-nethyl hexahydrophthalic anhydrate

_ light transmitting resin is substantially flush with the-

outer circumferential Surfacé of the packa@e. 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 Eranémitting 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 characteristics.

In the light emitting diode of the'first embodiment

according to présent invention, the luminous intensity and

25 power can be increased by using florescent material



15 hexahydropht halic anhydrate at a ratio of 70/30, 2.9S g (4.75x10-2 nol)
of ethylene glycol as a pronoter and 0.6 g of Benzyl p-hydroxyphenyl

met hyl sul f oni um Hexaf | uor oanti nonate, which is a benzyl sul foni um based

. catalyst, as a cationic curing agent, were used. The ester 20 conversion
ratio of the carboxyl group into the eségr group was neasured to be 94.2
resin F : present invention The epoxy.resin conposite was prepared in the
same 25 way as resin D, except that 256 g (1.95e.eq)of 3' 4 106
epoxy-cycl ohexyl net hyl 3, 4-. epoxy-cycl ohexanecar boxyl ate as an alicyclic

epoxy resin, : Q%.SZ 10" 1 nné? of _the m xture of -
4-nethy|hé§5ﬁ§§ﬁ§%ﬁ?ﬁa i°¢ V@S Fhe HOLaRARERH Rabtd cdesy @fatsmadil a
ratio of 70/3Q, 4.72 .9.5 %7.60x 0-2 nol) of ethylene glycol as a pronoter
and 0.6 g Sfr_s‘é&%zeyl sr}-%ﬁyd Sy p | TgidRAsqaTonipaRtHelss uefoadtangenat e,
which is a_b néx]suLfoniun}based catal yst, as a-cationic curing agent, were
used. ThePE&EF Covéfsithl FAEPE S8NnG Harec flispepcegtons tierdal e estker gr oup
10 was ne%iﬂred to be 92,4 ~ 2. flexibility exam nation The |light emtting
di ode as. SHdwl§% Bf geafh NG RIRT cat ddheust hiprercaspbxyartschesomyfosi t es
Ato F and the inpact test in liquid phase was carried out to evaluate 15
f1 exi%bi | i Spadl PR&tisdiensime fadaamuesrdiir mMatEricl %was Mowed %nbeE the epoxy
resin conmposite of the light emtting diode used for this exam nation. In
this i npaéPtedstvalimg i dfphasescens mpadleri2) comsiateé ndispedispgi ig i n the
l'iquid phase of -40 C for one minute and dipping in the |iquid phase of 100
C for onetRenutteansnitdiost edr 0N t 0ta506 cayrtlees andk t height he numper of
the occurrence of cracks into the LED chip or of malfunction due to wire
open was érHArRegentedtanzimples of large particle size can convert
the wavelength of the light efficiently by controlling the
10 particle size thereof so that the particlés can be
distributed in the wvicinity of the LED chip. Since the
fluorescent particles of - large particle size of ' this
embodiment can be excited by the iidht in a broad
wavelength 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



25 100) . 107 The exam nation results are shown in table 1. For the resin
A 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 reached 100 o after 1000 cycl es.

For the resin B of which the erxibiIitggmas enhanced by adding a reactive
diluent, 7 %of nmalfunction occurred aftér 2500 cycles. On the other hand,
for -any resins C, D, E and'" F according to the present invention, the.
ratio of the 10 occurrence of malfunction was not nore than 4 % after 2500

l es. Pagili f he r.esi D, E d F in which the conversion
Yo et ades ShedurkftobRS (30 MReneatidl i ase it Ghet RFPQRE o0 |

was confirged that he epox esin, conposite of the present invention has a
nore excellent “t fFEﬁib?i%?é (HER- S HE  SHodss cBADERRFERERepbRY ER&i n oOf
which the flexibilifty is eghan ed using a reactive diluent. Table 1

Qccur rencerBti S of SHAPR unlfi ﬁ%ﬁlsep’fﬁ WOCESRE | eTHDO0 AVEIFEER®, cy ctle2000 -

o}

cycl e2500 cycl emal functjonResin A : Conparative ;
exanpl e39$1 1008805 crakkREBEn Bight emitting diode. can be
5 prevented and the yield of production can be improved. R

The epoxy resin composition of the present invention

described in the 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 dicarboxyiic acid.

The epbxy 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 thé

acid anhydride or the dicarboxylic acid, or the ester

15 conversion ration and has long pot life.

Embodiment 2
Fig. 6 1s a schematic sectional view of an SMD type
light emitting diode according to 'second embodiment of the
20 present invention. The light emitting diode of-ﬁhe 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 = Ylé.l, 0 = 2z = 1, X+ Y+ 2 =1) on a sapphire
éubstrate via a buffer layer made of GaAl, N, 0 = d = 1),

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



Conpar ati ve exanpl e0$0$1$4$7$cr ackResi nC 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$090$0$0$- 3.
| i ght resistance (yellow ng) exam nation | os The light resistance test
was carried out using the epoxy resins B and F. The test piece of 30 X 30 X
3 mMmwas fabricated and radiated with a non | anmp for 100 hours at 120 C
to exam ne the change in overall transmttance of 5 beam before and after
the radiation. The transm ttance was neasured with a spectroscopic
colorineter (made by Murakam Color Lab.). The exami nation results are

shown in Fi 1A an 1B. Fig.  11A shows.the overall trapsmttance of
beam bef oxlggrggdl}lgtsi n’ aa#(f Iﬂé;.l%ffé SHews 19° ojté‘?’al félio t&lgﬁsﬁ‘ﬂ:‘t of
beam after .radi ation., r the resin. B, a conventjonal epoxy resin conposite
to which a°r i%eﬂéﬁggenn‘ S ddbaY e h@atarkhi ffanE@dtn #h@itdige of a
short wavel ength gecrease and the col or, was changed into yellowin the
early stag8STTRENAPSROR t tAKRE" f ur tTRY L (S el Meoed iviRe” edegErordes short |
wavel ength and the yell owi ng was advanced renarkably during the |ight

resi st ancePFe¥i den qthe2bt H&2tananef glunfipce eef n the ahEBpenin ei mre
conposite of the present invention, no coloring was observed in the early

st agedand &teefrigalivgHionragikadnée tbead zdeftnass r é2ast ahdte with

exam nation_The heat resistance. test was carried out using the epoxy resins
A, B and Felgrériesdlyi eeedyrtagexwdgex 3.nm was fabricated and heated at
120 C for 500 hours in _an oven to exam ne the change in overal

transnittance ofnNb&am 25 9bdf e i afdierde hef helei agcolibe embasimientance
was :
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 ahdfthe-fluofescent particles-of. 
small papticlé size 82. Thus the.wévelength 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 enmitting diode, while preventing
irregular color from.occurring by means of the fluorescent
particles of small particle sizé 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



10.9 neasured with a spectroscopic colorinmeter (nmade by Murakam Col or
Lab.). The exanination results are shown in Figs.|2A and 12B. Fig. 12A
shows the overall transm ttance. of beam before heating and Fig. 12B shows
the overall transmttance 5 of beam after heating. The resin A a
conventional epoxy resin conposite to mp{ch 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 transmttance in the range of a short wavel ength decreased

and the col or gpan%e%alnto yel l ow during the heat resistance test. For
the resin™8Y 5 58n et epoxy resin conposite to which a reactive

di | uent m% %e 15 transmttance in the range of a short wavel ength
decr eased™&R W§n5olor was changed into yellow in the early stage. The
transnlttance f r, %ﬁcrease in the range of a short wavel ength and the
yel | owi ng was ' emEikE PnguPﬂﬁGethécppéﬁﬂngesF§taﬁéé tebirdoo on -

t he ot her hand for the resin F, an epoxy resin conposite of the present
i nvent | onETREABET RF wWelRe 0BEBEGBE iR VieRE Lear (cpmprigesaran t HEDyehiiowi ng
was advanced during the heat resistance test, but the heat resistance.was
bett & thBAViRgt Soonssiltugiops gon pyagpleenshpusséd Fite éxawm Fagi.on
110 The light emitting diode having a structure as shown in Fig.l was
fabricat e wARFPlepoxy ewstthindnpdsrevioBetndal aridht ke rain epeakasded |ife
test (current . 10 mA) was carried out at roomtenperature (25 C) and at an
el evat ed smisspenatin ea agbogthiwgvelanatiit y 85 85a2punéi ¢60 I8n.andAhd are
graphs showi ng changes in relative outputs Po % (the relative val ue of
out put s wh&Pe cttiee sagrild mf hemeltlyg sthgeaviolld wdyofah EPederisngyt he
current passed life test at roomtenperature and at an el evated tenperature
and a 10 hiagle Huni dioyingespestnieindudtsoshbapet nbBisgs. o3 andit4idkor. t he
epoxy resin conmposite of the present invention, the reduction of the LED
out pOt . dsemigohnidue twas osmal Isepphiae tshixistefitehe conventional epoxy resin
conposite B. 6. pot life exam nation

: In the light emitting diode of theé third embodlment, a

resin or glass "that is somewhat'-resistant to the
ultravioiet.raylis used as the light fransmitting resin,
and a fluorescent mdtérial having the pérticle size
15 distribution described in the first embodiment is used.
| For the material of the fluorescent material, Yg%S:HM
Eu fluorescent material that is excited by light of short
wavelengths in the ultraviolet region and emits red light, °
Srs(PO,),Cl: Eu fluorescent material that is excited by
20 light of short.wavelengths in the ultraviole£ region and
emits blue light or fSrEu)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



15 The change in viscosity over 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,
whil e the epoxy resin conposite of the present invention F 20 had a pot
|ife of about 40 hours. Exanple 17 The suyrface-nounted type light emtting
di ode as shown in Firg. 1 was fabricated. 1?7 this light emtting diode of
Exanple 17, a fluorescent naterial was mxed with 25 the light transmtting
resin. The LED chip 5 conprises a 111 nitride sem conductor device

i ncluding a %Lght.enittin% | ayer made of Ino, ZGao, eN seni conductor having a
monochr oni c®&nf s8i-&FUpEaR “oft A5 nki 9ht (el Vi kol flueresceThatatsrisahe sane
hED chip as tgﬁF of Exgnple 13 was used. 5 The package used was al so the
same as that ot WarkpPBetizenithiegf fsiasaserentmanetealaisaethdvas agseet he
sane as that,6 of Exanple 13. To the.above-nentioned resin F, 15 w~. of said
10 f1 uor esceh¥hafBLFELngnd AP rASCasit S hiad non athentsualfapar tld £| €nsi ze
of 10 a mwere ni xed and di spersed to obtain an alicyclic epoxy resin
conposite (MFRco5eReNt. 15000mPa~ s) as a light transmitting resin. 500
light emtting diodes were fabricated in the 15 same way as in Exanple 13.
The variations aP®Ridsv0 theht fworesoenti adesed B i cadSskived hi SHaey, wer e
exam ned. It was shown that variations in chromaticity anmong the |ight

50 cach’l i ant emtting arode: he reltan 2y ounl dOEnheena SRRl v,
as Conparedh%dmaﬁeb@i@ﬁ©§ussngheheedeﬁlﬂorescent material, Reg(PO,),Cl:
Eu (Re is at least one element selected from among Sr, Ca,
Ba and Mg), BaMq,Al;0,;: Eu, or the like may be used as the
10 blue fluorescent material. The light emitting diode
capable of emitting white light with high luminance can be

.made by uéing these fluorescent materials.

In the light emitting diodé of the third émb&diﬁent;
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 light of wultraviolet region 1is
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



A. Conparative Exanple The light emtting diode was -fabricated in the sanme
25 way as in Exanple 17, except that the resin A and the nmask 112 having
an opening corresponding to one via hole in the insulating substrate were
used. The em ssion unevenness. was observed and the even em ssion could
not' be achieved. The reliability decreaigd, as conpared to Exanple 17. 5
Exanple 18 The |ight emtting di ode was bricated in the sane way as in
Exanple 1.7,, except that the same fluorescent material as that of Exanple
15 was used and 15 wt ~ of the fluorescent material was included into the
resin F. T | i ght e n ode of Exanple 18 showed effects simlar
to those OESEQgﬁBPe 15 a %9 q%"ﬁ%eﬁ bWFﬁhtﬁ%séIﬁhé#cbhafluﬁrEﬁaﬁpte 17)
The follomnng exa l es, will cribe the synthesis of the fluorescent

mat eri al . :ﬂ?%ﬁqh?%intﬁ BeV8/ of fﬁlkﬂnﬁﬁﬁﬂntnameteahaby means

of a two- ste cal a%lon met hod in reduci ng atnospheres)
era ave similar median particle size and particle

shape, since this makes it possible to satisfactorily mix

5 light of different wevelengths emitted by the different
fluorescent materials thereby to suppress irregular color.

In the third embodiment, different wavelength

conversion 'layers may .also be formed :from differeat

fluorescent materials. In case different wavelength

"10 conversion layers of. different fluorescent materials are

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

.llght emitting fluorescent material, a green llght emlttlng

fluorescent materlal and a blue llght emlttlng fluorescent

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 efficiently 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 upper layer in the multiple wavelength

25 conversion layers, since this allows ultraviolet rays to



The following exanples relate to the nmethod of the fluorescent naterial
suited for the light emtting diode. 20 According to the nethod of Exanple
19, a flux is mxed into the mxture material which has been adjusted to
achi eve the composition of the fluorescent material and the resulting m xed
is filled in the crucible and cal ci ned 35 1400 C to 1600 C for 6 to 8 hours
in the weakly reduci ng 25 at nosphere and further, at 1400 Cto 1600 C for 6
to 8 113 hours in the reduci ng at nosphere. The resulting cal cination.
product is ground and passed through a conb of 200 nesh to forma

fl uorescent¢. ' IS, way,, the mxture consisting of the mxed raw

5 materi aréfaﬁgéf%%ﬂYUéP?é%laF clil%e’fjo u&l?\g%(%prﬁ%t st A ks fakehod

- conprising;the fi cal ¢cination step in _the weakly reduci ng at nosphere and
t he secongl%al %‘it)%léﬁ%ﬁ st8p }‘ﬁ‘VFhe t%@dudﬁ’?g‘%’ﬂﬁé@ﬁherreﬁ,ysso mRletobtyin ' a

fl uorescent, mat.erial havin hi gh absorbing efficiency of 10 the
excitati ona%%?%%éf%.%m%fe whieYeleeth ceanvenrg dnt dervasoent. materi al
is applied to the Iight em tting diode as shown in Fig.~l, the anount, of
the fluorescent Hat 8FY et ePEL i FEAVEESEBRalAYERE dosi ded fregremtc aro bers educed
and t§e l'i_ght gg%tting di ode having a_high efficiency of light 15
extracti o tarf bi° fi E0ERCAERBNbhE 28D Okil®ed nofsueicta reom finptert dn ar e
m xed at a stoichionetric ratio. flux . alum numfluoride) First, the
m xture neteriEF1RRS ob¥5d HEO b9r nEXiARIYE03, I6d2B3s AB2@3 adek Calerd a
stoichionetric ratio . To the 20 resulting m xture. material, alum num
fluoride i'NHAIERAs Bhe| udibherenkedfhiibheackat| nihkkrtber try 2 Hwurs.
Next, after renoving the ball, the resulting mxture is fired at 1400 to
1600 C fortieRs ! wlura dhshameakfyomedachngtatmpsphech dngroiidhermat 1400
to 1600 C for 6 to 8 hours
color mixing performance. It is also preferable to form
10 the wavelength conversion layer so.as to cover the:'LED chip
as a whole( since this makes it possible to prevent the
. 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 materials of fluorescent

material are mixed in stoichiometrical proportions and

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



25 in a reducing atnosphere. The resulting firing product is 114 ground.
and passed through a conb of 200 nesh'to forma fluorescent material. \Were
the resulting fluorescent material is irradiated with an exciting light in
the blue range, the fluorescent material emts light of (x, y) 5 (0.457,
0.527) in chromaticity coordinates,(JISZ8ﬁ§0). For exanple, where this
fluorescent material is used for the light" emtting diode as shown in Fig.
1, the simlar results to those of Exanple 19 can be achi eved. Exanple 21
(barium fluoride + boric acid is used as a flux 10 in Exarple 20) First,
the m xtureck rial i iLned m xj ng, YZ03, , Gd203, A1203 and CeQZ at
a stoichiongg?%?é ratigéggégfﬁeléﬁgﬁﬁw % xPatenkat dukdlicadionum Nowor i de

+ boric aci§65§89??§g gs a,flux and mxed with a ball mll mxer for 2
hours. 15 Next, arter PefbvPRgSt FéBad TeHhod et Yankows xmaterialsabti ned
at 1400 to %ggorc for. 6 to 8 hours i-n-a weakly reducing atnosphEre and
further at BrE8°EBho bRt o RBfour fiNeda réduci agoathbspéer bcaThe
resul ting caIcinaElon product is ground and passed through a conb of 200
mesh to 20 POPRYAT1PUSr 8BCem iiaterf Horifer st hddeds tihtaneg of |ator e5aent
material is %éra iated with an exciting light in the blue range, the
f | uor e3cent “HER eF &I M ERFRES | PRI oProgesgsd- to0gnsw, prEBd)esn chromaticity
coordi nates (JISZ8110). The fluorescent material formed using barium 25
fluoride as a fl¥xeha®2agilBnddiuarids uanadf boldometdial t ys anddedllss atsaal | er
anount of red conponent, a conpared to the material using other substances
as a flux. Elux to the fluorescent material so as to assist the growth.
of particles, chromaticity of the emitted light obtained by
the irradiation with excitation light shifts and the red
10 component decreases. |
In the fourth embodiment, shift in chromaticity of the
emitted light of fluorescent  material is suppressed by
adding a liquid to the mixture before firing the.mixture of
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 reactivity so that homogeneous fluorescent
particles of uniform particle sizes.éan 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



For exanple, where this fluorescent material is used for the light emtting
di ode as shown in Fig. 1, the simlar 5 results to those of Exanple 19 can
be . achi eved. Exanple 22 (10 wt~ of a liquid is added during calcination in
.Example 21) First,, the mxture, material is obtained by mxing YZO' Gdz03,
A120, and CeQz at a stoichionetric ratio, To the 10 resulting m xture
material, bariumfluoride + boric acid i%ﬁadded as a flux and mxed with a
ball mll mxer for 2 hours. Next,~afte.r renoving the ball, 10 wt % of a
.liquid such as pure water with respect to the resulting powder is added
and t he re§n%lstin n'txtuﬁr3 _is,%l.ei ned at 1400 to 1600 C for 6 J.5 to 8
hours in a wezi:klgr Tt ﬁlj dPhet eT@Rdef GroRerSt ta400 twt% 600 EHeor 6

to 8 hours _i,n a reduci,ng atmpsphere. The resulting cal cination product is
ground and “Hé‘é?e&latdtr%?g“h a TRV O fifsdh qeo eamndabicedr eycentding
~material. \Were the resulting fluorescent material is irradiatéd with 20 an
exciting |if§ht iPn FRLLBIQR rtéhg€e ta8 fihwr estématimneragénenificr | ight of
(X, y) - (0,455, 0.530) in chromaticity coordi nates (JI SZ8110). For
exanpl e, WHHEHERCSNY Joteddédt: material is used for the light emitting
di ode as shown in Fig. 1, the simlar 25. results to those of Exanple 19
can be achi eved?A150118CERBADRE 2B (3he5 meBhod &dr qpiddusiagded €urisng
calcination in Exanple 21) , First, the m xture material is obtained by
m xi ng Yz0Bre€gze®leatxostamel €he2 fioxestenthimatRiniiag réf i he Foublrg 5
resulting mxture material, bariumfluoride + boric acid is added as a fl ux
and mi xed ®FRPRIAmsAlt, nithe m mérthoe 2 durshe Nextixeal t 8fa &PV H0 Lie
ball, 37.5 wt%of a liquid such as pure water with respect to the resulting
powder is Zddedescedtt meteedalltsi rodrittairelis ol ehHedra slégﬁp'r@s%ﬁ%o C
for 6 10 to 8 hours in a weakly reducing atnosphere and Turther at 1400 to-~
1600 C fora6fiess Howieg stap educiingi ey sphereir Toe weakl{i peqgalgination
product is ground and passed through a conmb of ,200 nmesh to forma
fl uok8scenetmasphieak. amneaesehendeftilIrﬁh@gsf;lggobgsggmngagﬁrgay_.eaacin
irradiated with 15 an exciting light in the blue range, the fl uorescgnt
mat eri al eatmssphghe.of (x, y) - (0.458, 0.528) in chromaticity coordi nates
(J1SZ8110). For exanple, where this fluorescent material is used for the
light emtting Onodehas sSpowBehtl. HirSrenbidde StRi! ag resu - - hose
of Exanple 19 can be 'achiﬂgv_ed. . Exanpl e 24 C;(ngz w{t:%of v_vae%ﬁqﬁl ui dlﬂlgéu%gaéd .
during cal etmespeerénrExappl €02th H Hde mtur | al, s obtained
by m xi ng Y203,de203, Al zO and CealotrZHSasatp a stgH&#o%e “cgéér a(%}i%g?nT8%t he .

, 25 resul sholg & owcenTREioal tiRA | 4 FLUOE fRet PALS BF S Sxygen

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 méterial 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 wéakly reducing atmosphere.

A fluorescent material having high effiéiency of

25 absorbing excitation light' can be obtained by firing in two



117 added as a flux and mxed with a ball ml|l mxer for 2 hours. Next,
after renoving the ball, 62 wt% of a |iquid such as pure water wth respect
to the resulting powder is added.and 'the resulting m xture is calcined at
1400 to 1600 C for 6 5 to 8 hours in a weakly reduci ng atnosphere and
further at 1400 to 1600 C for 6 to 8 houzi in a reduci ng atnosphere. The
resulting cal cination product is ground d passed through a conb of 200
mesh to forma fluorescent material. Were the resulting fluorescent
material is irradiated with 10 an exciting light in the blue range, the

fl uorescent rial ] light of (x,,y) - (0.461, 0.526) in
chromati ci t@%%r%?n%%%}%ﬁ%%ﬂﬁi F%t?f% S, Rass ithis B9 umdisrent
material is.,used for the light_emtting diode as showm in Fig. 1, the
simlar 15 FasufPRURD, Oghﬁ‘% FlusLerent gneker irl achneledd todusttsid
ApplicabilL@Z The -rgien% invention can provide the light emtting diode
having a | €58 i Te4tFdr CREPRRLIGLEY PBF abtrinyad doelt2@mitddumet ididde and
high utility value . 118 CLAIMS 1. A Ii%ht emtting diode conprising an
LED chip hdAfif%d Blehgmifdhiangyy ehyextragsioy alight, déocormaunde,
sem c ductq&ﬁgn a light transmtting resin that includes a fluorescent
mat erizal  whf afgé% d s PR ing ttofthe ghitghdmientied iy sHiodiel.ED chi p
and emts |light of a different wavel ength, 10 wherein said fluorescent
material i n@UdEst N Joraddént! particles of small particle size and
fluorescent particles of |large particle size, said fluorescent particles of
| arge parti@i@ghf A&apamigting resin)
While a particular epoxy resin is used -in the first
embodiment, according to the present invention, the light
10 emitting diode may also be made by mixing other resin or
glass and the fluorescent material described in the first

enbodiment..
In:thié case,'materiéls that caﬂ be suitablylused as
the light transmitting resin include light ‘transmitting
15 resins having good weatherability such as other type of
epoxy resin (for example; nitrogen-containing epoxy resinf,
acrylic resin and éilicone 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 ad@ed together with the fluorescent
material to the light transmitting resin.
In order to improve weatherability of the lith

25 transmitting resin, an ultraviolet absorbing agent may also



distributed in the vicinity of said LED chip in said light 15 transnitting
‘resin to forma wavel ength converting layer, said fluorescent particles of
smal| particle size being distributed on the outside of said wavel ength
converting layer in the light transmtting resin. 20 2. The light emtting
di ode according to claim1l; wherein said fluorescent particles of |arge
particle size is prepared by controllindsthe particle size thereof within a
range from 10 to 60 a m 119 3. The light emtting diode according to
claims 1 or 2, wherein said fluorescent particles of small particle size is
pr epar ed bgec% rticle size thereof wwthin a range fromOo. 2

to 1.5 anm 5 hgadﬁg?BageéﬁgPFhﬁf%ﬂ%ﬂkiﬁkpqrt@ﬁknofandaﬁmmthéi aver ei n
t he peak diapeter ,of the particle size distribution of said fluorescent
particles BFCtAFHEaRhs t 00198 Ndicz 2 1 RC wicembOXy ladRge daidn A8hydriet ioEs the
| chelate compound of. zinc may aléo be added to the light
transmitting resin.
5 Variation Example 2
(Diffusing agent)

Further according to the present invention, the light
transmitting resin may includel 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 difquing agents such as melanin resin, CTU
guanamine resin and benzbguanaminé 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 specificatioﬁ has median

particle size of 1 nm or over and less than 5 um. It is
. préferable to use 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 irregularlcolor,that tends to occur when the fluorescent
particles of largé particle size. is used. .Use of the
diffusing agent also makes it poséible to make the half

25 width of the light emission spectrum narrower and obtain



10 peak dianeter of the particle size distribution of said fluorescent
particles of small particle size. 5. Alight emtting diode conprising a
LED chip made of a nitride sem conductor and a light transmtting resin
having 15 a fluorescent material which absorbs at |east a part of |ight
emtted by said LED chip and emts light of a different wavel ength, wherein
said fluorescent material is characterizé8 by a vol une-based particle size
distribution curve that is 20 flat in.a region of cumul ative percentage
fromO0.0l to 10 vol% 6. The light emtting diode according to claimb5,

120 mhereig#faid fluorescent material consists of the fluorescent particles

of small parts ety Anldid nhdiqdsotesters hhaht icolles pludianyge particle size
separated by said flat region and the peak dianeter of the particle size 5
di stribution of ¥ ¥ ftibv et eavephr havtiey ofediargeqaridicd essi@eois i thin
a range from20 to 90 tines the

, - 'nm or over and less than 1 uz m has lower effect of

interfering with the 1light emitted from the LED chip but
5 can improve the viscosity of the resin without decreasiné
the luminous intensity. When this effect is utilized in a
process of filliné the recess of package with a resin, by
potting or the like, it is made 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

'l.when the fluqrésceht particles of large pérticle.sizé that
is relativély difficult to handle is uéed. As éan be seenl
from the above discussion, the diffusing agents used in the

15 present'invention havé different actiéns dépending on the
range of particle sizes, and can be wused in proper
combinations according to the application.

Variation Example 3
(Filler)

20 Further according to the present‘invention, the light
transmitting resin mdy 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



peak di anmeter of the particle size distribution of said fluorescent
particles of small -particle size. 10.7. The light emtting diodes as in one
of clainms 1-6, wherein the nedian dianeter of the particle size
distribution of said fluorescent material is within a range from15 to 50 a
m 15 8. The light emtting diodes accorging to claim7, wherein a

di stribution frequency of said nedian dianeter is in aregion from20 to
500. 9. The light emtting diode as in one of clainms 1-8 20 further ,
conprising a diffusing agent along with said fluorescent material in said

l'ight transm t{i resin. 10. light emtting diode as in one of clains
1-9, 121%1“ éei“t’ﬁf%ié |ﬁ‘5h%°e;51%t%t i G- sulffPede the Jdild e gievindamaditarn ng
resinis a - surfgce. . 11. A met hod for, producing a fluorescent

nat eri al SPC%OLP%%CS‘S% nﬁlggst &} ofPH7 r i TRPYE il uFBCHIEdst ek the erlilghtand a

flux"Wher%féﬁ%%f%fTﬂa)fgsfﬂfiJE%ié%ﬁéwefnatﬁérgLromaticity of light
emitted. by the light emitting diode is improved by the

5 light scattering effect and reéistance of the 1light

| transmitting resin against the thermal shock can be
improved. This makes it possible to prevent sﬁch troubles

as breakage of wires that connect the LED chip and
electrodes of the package and peel off of the bottom

10 surface of the LED chip and the bottom of the package
recess even when used at high temperétures. Thus the light
emitting dioder of high reliability can be provided;
Moredver, it is made possiblé to fegﬁlate the fiuidity of
the'résin 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 fof

mass production with a high yield.

The filler has preférably 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 exp;ession *similar shape” means that the
difference ip the roundness factor (length of circumference

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

25 the particle/ length projected of circumference of the



firing process of firing in a first reducing. atnosphere and a second firing
process of firing in a second reducing atnosphere, said first reducing

at nosphere havi ng weaker 10 reduci ng power than the second reducing

at nosphere. 12. The method fo= producing the fluorescent material according
to claim1l, wherein said flux is alumnumfluoride. 15 13. The nethod for
produci ng the fluorescent material according to clains 11 or 12, wherein
said flux has bariumfluoride and boric acid. 20 14. The nethod for
produci ng the fluorescent material according to claim13, wherein said flux

has a |iqupdrticid? Frath %P@Qelfxeé ‘Ekgd;cfelscfr%a? i ?g%ggggg%angﬁ?{tgé havi ng

conprising a step of firing'a mxture o ~
I lor escent et et Par dReokdi 63t SrbPathEc1R bF 165 Here 408l dTFeqafd 1o
lmater. such a 'filler results in interaction of the fluorescent
material and the filler that causes the fluorescent
5 material to be favorab;y dispersed in the resin thereby to
suppress the irregular color. Both the fluorescent -
material and the filler preferably have median particle |

sizes within a range from 15 “m to 50  um, more preferably

within a range from 20 gm to 50 um. The particles can be

10 disperseq with desirable distance from each other when the
particle sizes are contfolled in the range described above.
This mak§§ it-possiblé to secure ‘a path to extract light
and improve the directivity while pre§entiﬂg the luminéus
intensity from decreasing due to the mixing of the filler.
15 When the light transmitting resin including the fiuorescent
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



17. The method for producing a fluorescent material as in one of clains
11-15, wherein said stock material includes 10 Y203, GdJ03, A1203 and CeO2.
18. A method for producing a flueorescent material conprising a step of
firing a mxture of a stock material and a flux having barium fluori de,
boric acid and a liquid. 15 19. The netagg for producing a fluorescent

mat eri al. according to clains 17 or 18, erein said liquid is water. 20.
The nethod for producing a fluorescent naterial as in 20 one of clains
11-19, wherein said stock material includes Y203, Gd03, A1203 and CeO2.
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. in the mounting area la {(through hole) with the thin metal
sheets 2a, 2b exposed on both sides as shown in Fig. 1, it
5 suffices to mount the LED chip so as to straddle over the
insulating section 4 and connect the positive and negative
electrodes of ‘the LED chip directly to the thin metal
sheets 2a, 2b, respectively.
Variation Example 6
10 The light emitting diodes of the embodiments and
variation examples described above are SMD type light
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 &arious 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 1light
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 light emitting

25 elements such as light emitting diode. but also to light
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The SMD type light emitting diocde as shown in the
sectional view of Fig. 8 is fabricated as a light emitting
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 1s a molded resin body
' formed'iﬁ-oné-pieCé of the base part and the side w;ll part.
The electrode leadé 22a and 22b ére 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 sapphlre substrate is set in to the reactor chamber.
and films are formed using trimethylgallium (TMG) gas,
trimethylindium (TMI) gas and ammonia gas as a reactive gas,
and hydrogen gas as a .carrier gas, and silane gas. and
20 cyclopentadiamagnesiﬁm as a impurity gas.
The LED <chip comprises a 2AlGaN 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
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to enhance a crystallinity (thickness : about 3000 A), a
multi-layered film in the form of a super lattice made of a
'nén—doped.GaN layer (tHickneés : about 50 A) and a si doped

GaN layer ( thickness : about 300 A) as a n-type cladding

'5 layer, a multi-layered film in the form of a super- lattice
made of a non-doped GaN layer (thickness : about 40 A) and

a non-doped InGaN layer ( thickness : about 20 angstrom{‘to
enhance a crystallinity of the light Iemitting layer, " a
light emitting layer in the multi quantum well structure

10 made.of a non-doped GaN layer (thickness : about 250 A) and
a non-doped InGaN layer (thickness : about 30 A), a multi-

. layered film in the form of 'a super lattice of'a Mg-doped
InGaN‘ (thickness : ~about l25 -A;) aﬁd a Mg-doped GaAlN
(thickness : about 40 A) and a gaNn 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 thé 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 réspective light emitting
device to fabricate a LED chip which is able to emit blue

25 light.
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is die-bonded with a die bonding resin 6 to the hollow of
'the: backage 'formed by hmldihg integrally the lead .
eléctrodes 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 U,
respectively, to establish electric connection.
In Example 1 of thé bPresent invention, (Y,,Gd,,)
2.06sB1s01,t  Cepo3s in  which about 20 percent of Y is
10 substituted with Gd and which has a central particle size
of 21.429 pgm is used as a fluorescent material. The
‘fluorescent méterial.is cémposed of a fluo;escent-particles
of large pérticle size and a flubregcent pafticles of small
particle éize and has a volume-based particle size
15 distribution as shown in Fig. 2A and 2B. In the flat range
having a slope of zero in the curve of the volume—based.
particle size distribution, the cuﬁulative percentage of
particles is 4.6 vol % and the particle size ranges from
1.371 um fo 8.379 Yom. 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 1.371u
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
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distribution frequency of the above-mentioned central
barticle size is 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 gm. A standard deviation
in the particle diStribution of'the-fluoresceﬂt particles
of large particle size is 0.295.

10 ' The fluorescent material, which is adjusted ﬁo obtain
light of (x, y) = (0.33, 0.33)-_in a CIE chromaticity
diagram’énd an epoxy.resin as a light transmitting resin
are mixedﬂat a-réti& of 16 : 100; Thé reéulting époxy.
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 ih the same way as
in Example 1, except that (Y0.6Gdg.2)  5.0658150;,:  Ce€y o35
fluorescent material having a wide particle size

25 distribution, of which the curves of volume-based particle
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size distribution are shown in Figs. SA and 9B, and a

central particle size of 6.315 um is used. The- luminus

intensity and the 'outpuf of the 1light emitting . diode

according to Comparative examble 1 are decreased by about
35 % and about 25 %, respectively, as compared to the light
emitting diode of Example 1. This shows that the light
emitting diode according to the present invention can emit
iight of'high intensity even in the wavelength‘range where
the chromaticity is low, for example, white light.

A standard deviation in fhe particle size distribution
of the fluorescent material which is used in Comparative
Example ‘1 is 0ﬂ365.

Exémple 2

The light emitting diode having the same chromaticity
coordinates is fabricated in the same way as in Example 1,
except.ﬁhat (Y0.995Gd0.00s) 2.750R1s01,: Cey ,50 LlUorescent materiai
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

particle size ranges from 1.371 um to 8.379 u 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
frequehcy of the small particle size and large particle

size fluorescent particles are 0.613 and 28.012 L m,

10
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10%b&5() emlt%lng diode having a higher 1nten51ty light emitting
diode than Example 1. -
A standard deviation of the particie size distribution
in the fluoreécent particles of large particle sizel i's
0.259. |
10  Example 3
The light emitting diode having the same chromaticity
~coordinates is fabricated in the same way as in Example 1,
except thét the epoxy rein and Si0O, having -a dentral
particle size of 2.5 um as é diffﬁsing agent were mixed at
15 the ratio by weight of 100 : 50 and thereafter, the same
fluorescent material as that of Example 1 was mixed intol
the epoxy resin containing the diffusing agent. The light
emitting diode of Example 3 shows the same. intensity and
output as those of Example 1. The irregular'¢olor can be
20 inhibited and a good color tone can be achieved, as
compared to Example 1.
Example 4I
The light emittind diode having the same chromaticity
coordinates is fabricated in the same way as in Example 1,

25 eXcept that the  1light transmitting resin contéining a
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chip which was electrically connected to the substrate, as
shown in Fig. 6. The light enitting diode having a smooth
light emitting plane can be obtained and shows the similar
S properties to those of Example 1.

Example 5

The light emitting diode having the same chromaticity
coordinétes is fabricated in the same way as in Example 1,
except that the 1light transmitting resin containing a

10 fluorescent material was formed by means of an intaélio
printing method'using_a mask 39 made of silicone and cured
on the substrate to which thé LED'chib 5 was élegtrically
connecfed; as shown in Figs. 7A and 7B. The light emitﬁing
diode having a curved light enitting plane can be obtained

15 and shows more even light emission,.as compared to Example
1.

There are provided on the substrate 32 lpOSitive
electrode; 32a and 32b, respectively, in Correspondence
with each LED chip.

20 Exanple 6

The epoxy resin and Sio, having a central particle
size of 2.5 um 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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resulting materlal 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 _iss
electrically connected to a pair of lead electrodes'with
gold wire using anlintaglio 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 light emitting diode having the same
chromaticity coordinates as in Example 1. ‘The light
emitting diodeiof Example. 6 has a longe;_lifétime and emits
| even iight..
Example 7
15 The light emitting diode is fabricated in the same way
as in Example 3, except that the flﬁorescent material
simiiar to that of Example 2 and Si0, having a central
particle size of about 25 pgm which is similar to that of
'said fluoreScent"material, as a filler are used.  The
20 luminous intensity 6f 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 1in Example 6, except that the fluorescent material

25 similar to that of Example 2 and Si0, having a roundness
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material and a central partlgle slze of about 25 ugm which
.is similar .to that  of said fluorescent ﬁaterial,‘ 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 view 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 électrode'of'tﬁg,LED'chip 5 and the
mourt lead 42a énd.the second leéd 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,

SO0 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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material similar to that of Example 2, the epoxy resin
5 which is a light transmitting resin and 5i0, having a
roundness which is different by 10 % from that of said
fluorescent material and a central particle size'of ahout
25 pum 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.
Ekample 11 |
The LED chipisimilar to that 6f 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;.56s81501,¢ Cey o35 -having a central particle size of 13 um
and Si0, 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 miking 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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light tranémitting resin, (Y,,4Gdy.,);.06sA150:5: Ceg.035 having a
central particle size of 30 pm, the fluorescent material
similar to that of Example 2, and Si0, having a centrai
barticle size 6f about 0.5 g m are mixed at a ratio by
weight of 100 : 0.69 : 0.5 : 10 and the resulting mixing
solution is filled iﬁ said hollow. The resulting light
emitting diode has effects similér to those of Example 2, a
good color rendering and a high brightness.

Example 13

Example .13 is an ‘example of ‘a producing method
according Eo thé first embodiment. |

In Example 13, " the surface-mounted ﬁype of 1light
enitting diode as shown in Fig. 1 is fabricated.

In Example 13, the LED chip 5 is a nitride
semiconducﬁor LED chip comprising a light emitting layer
méde of Iny,Ga, N which has a monochromic light emitting
peak of 475 nm in the visible region. More specifically,
the LED chip 5 is fabricated by forming nitride
semiconductor layers on the cleaned sapphire substrate
using a TG (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

semiconductor and p-type nitride semiconductor layers are
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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 cbntact iayer) oh. which an n-electrode is
formed, a light emitting layer in the multi quantum well
strﬁcture 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 iaye: is sandwiched between the GaN
layers, a Mg-doped AlGaN layer (p—type cladding layer),and
a Mg—'dqped'GaN layer (p-type contact - layer), ‘which are
Sequehtially 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 éxposed 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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devices.

The LED chip fabricated in the above-mentioned way is
die-bonded with an epoxy resin into each via hole 6f 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 materiai 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 ére 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
(Y0.595Gs.005) 2.750R15015¢ Ce€g 550 fluorescent material.

20 An alicyclic epoxy resin composite_ (viscosity
8000 mPa * s) obtained by mixing and dispersing 17 wt% of
said fluorescent material and 70 wt$ of §i0, having a
central particle size of 10 gz 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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In this Example 13, the mask 112 made of staihless
steel and having a thickness of 100 um is used. The mask
design is the same as in Fig. 3 that is described in the
first.embodiment. The package assémbly on which the LED

5 chip is located is inhaled to the mask 112 with the stage
for elevating the substrate mounted in such a way that the
opening side of the via hole is aimed at the mask 112, .to
make contact with the mask 112.

Said light transmitting resin is applied to the end

10 of the mask 112 in a predetermined amount required for
printing and the pressure is reduced to 330 Pa. After the
completion of decompression, an air pressure of 0.10 Mpa is
applied to the kﬁife 14 inclinéd 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 in 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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hours. In this way, the light transmitting resin haviﬁg an
smooth surface is formed over the via hole and the
insulating substrate on either sidé thereof.'
Next, to the ultraviolet radiation cured dicing
5 adhesive sheet having a thickness'of 150 pm and comprising
an adhesive layer of 20 um in thickness is.attached the
packagé assembly with the light transmitting resin side of
the assembly opposite to the adhesive layer. The package
assembly and the dicing adhesive sheet are cut into the
10 depth of 100 um using a dicing blade from fhe bottom of the
package assembly to cut away respective light emitting
diodes.  Finally, the ulfraviolet radiation 'is applied to
the package éssémbly from -the filﬁ.lside to cure the
adhesive layer and then the assembly is cut away into each
15  light emitting diode. When 500 of the surface-mounted
diode type (SMD type) light emitting diodes obtained in
this Way were tested for variations, it has been shown that
variations in chromaticity are small amoﬁg different light
emitting diodes and that‘Visually, there is no unevenness
20 in emitted light in each light emitting diode.
(Comparative Example)
The light emitting diode is fabricated in the same
way as in Example 13, except that the mask forméd in such a
way that one opening corresponds to one via hole of the

25 package assembly is used. The light transmitting resin
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filled in the top surface of the resulting light emitting

diode leaks on the top surface of substrate on each side.

The resulfing lighf emitting diode is ~adhered to the

adhesive sheet for dicing and cut away, each iight 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 1light emitting _diodes. wefre
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 aboutIZQl%, as compared to the area_on
the_chromaﬁicity diagram‘for'the light emitting diodes-of.
Comparative example.

15 (Example 14)

The surface-mounted 1light 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 5i0, 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 compared to Example 13. Moreover,

25 the reliability can be improved dramatically.
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In Example 15, (Y0.6Gdo.,)  5.465A1sGdy,: Ceg.03s in thch
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 pérticle size distribution, the cumulative
perce#tage of particles is 4.6 vol % and the pa;ticle size
ranges from 1.371 um to 8.379 Lm. That is, 4.6 vol & of
the whole fluorescent material comprises fluofescent
péfticles of small particle size smaller than 1;371;Lm'and '
the remaining 95.6 vol % comprises 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 u 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 uzm and the particle size
of peak of distribution frequency of the fluorescent
particles of large particie size is 22.908 um. Where the
fluorescent material having such a particle size
distribution is wused, the luminous intensity and 1light

emitting output can be enhanced.
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14, except that 15 wt% of the above-mentioned’ fluorescent-
" material is added to the resin composite. The 1light
5 emitting diode of Example 15 can achieve an effect similar
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 wére
10 epoxy resins according to the. present invéntion, and the
resins A and B of Comparative e){ample were prepared and the
characteristics thereof were examined.
1.. Preparatio:ri of the 'epdx'-.y resin compbsite
The epoxy resin composites A to F were prepared
15 under lthe 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 aé @ molar percentage, of the carboxyl
groups included in the acid anhydride, which have .been
20 converted info ester groups. The ester conversion ratié
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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7.6). The amount of carboxyl groups which were not
converted into ester groups was determined using the mount

of KOH solution in water required for neutraiization..

resin A Comparative 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
Hexafluoroantimonate, which is lan. aromatic sulfonium salt

(anion species is hexafluoroantimony) and a

_TbenZylsulfonium—based catalyst .as a catlonlc curlng agent

.)1)0)3)

we ()-

10T

were put in the 300 mL four neck flask. ° 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.

resin B : Comparative example

7.68 g of propylene glycol monoglycidyl ether is
added (3wt% with respect to the epoxy resin) as a reactlve
diluent was ~added to the component 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.

resin C : present invention
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256 g (1.95e.eq) of 3’ 4’ -epoxy-cyclohexylmethyl
3,4—epoxy—cyclohexanecarboxylate as an alicyclic epoxy
resin, 104.29 g (6.09x10" mol) of the mikture of 4-
methylhexahydrophthalic anhydrate / hexahydrophthalic
anhydrate at a ratio of 70/30, 2.56 'g (4.12x107? mol) of
ethylene glycol as a promoter and 0.6 g of Benzyl p-
hydroxyphenyl methylsulfonium Hexafluoroantimonate, which
isla benzylsulfonium-based catalyst, as a cationic curing
agent, were put in the 300 nL four neck flask. The
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 hours and further at

140 °C for 4 hours to be cured.

resin D : present invention

256 (1.95e.eq) g of 3’ 4’ —epoxy-cyclohexylmethyl

3,4—epoxy—cyclohexanecarboxylate as an alieyclic epoxy

resin, 9.57. ¢ (5.69x10® mol) of the mixture of 4-

. methylhexahydrophthalic  anhydrate / hexahydrophthalic

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 mlL four
neck flask and the temperature was increased slowly with a
multiheater and maintained at 90 to 100 °C for 16 hours.

The temperature was decreased slowly to room temperature.

Then, 0.6 g of 'Benzyl p-hydroxyphenyl methylsulfonium
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resulting mixture was stirred for 0.5 hour and the
conversion ratio of the carboxyl group into the ester group
5 was measured to be 90.6 %. After measurement, the mixture

was heated at 85 C for 3 hours and further at 140 °C for 4

hours to be cured.

resin E : present invention

10  The €poxXy resin composite was prepared in the same
way as resin D, except that 256 g (1.95e.eq) of 37 4’ -
epoxy*cyclohexylmethyll 3,4—eppxy—cyclohexanecarboxylate as
-an alicyélic epoxy resin, 15.95 g (9.48x102 mol) of .the
mixture of 4—methylhexahydrophthaiic anhydrate /

15 hexahydrophthalic anhydrate at a ratio of 70/30, 2.95 g
(4.75x10% mol) of ethylene glycol as a promoter and 0.6 g

of Benzyl p-hydroxyphenyl methylsulfonium

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 37 47 -
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mixture of 4—methylhexahydrophthalic anhydrate -/
hexahydrophthalic anhydrate at a ratio of 70/30, 4.72 g
5 (7.60x10™ mol) of ethylene glycol as a promoter and 0.6 g

of Benzyl p-hydroxyphenyl methylsul fonium
Hexafluoroantimonate, which is a benzylsulfonium—bqged
catalyst, és 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 light emitting diode as. shown in Fig. ‘1. was
fabficéted using Ehe epoxy reéin.composites-A to F'and:tﬁe
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.

" In this impact test in liquid -phase, the cycle
20 consisting of dipping in the liquid phase of -40 C for oné
minute and dipping in the liquid phase of 100 °C for one
minute was repeated 500 to 2500 cycies 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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The examination results are shown in table 1. For

the resin A obtained by curing the alicyclic epoXy resin

only with a cétibnic curing'agent,'thé malfunction.due to

cracks occurred since the initial stage of the test and the

ratio of malfunction reached 100 %

after 1000 cycles. For

the resin B of which the flexibility was -enhanced by adding

a reactive diluent, 7 % of malfunction occurred after 2500

cycles.

according to the

On the other hand,

present’

invention,

"the .

for any resins cC,

D, E and' F

ratio of the

~ occurrence of malfunction was not more than 4 % after 2500

cycles. Particularly, for the resins D, E and F in which thé

conversion ‘into ester was advanced, the occurrence ratio of

mélfunction Was 0 %.

It was confirmed that he epoky resin

composite of the present invention has a more excellent

flexibility than that of the conventional epoxy resin of

whiéh_the flexibility is enhanced using a reactive diluent.

Table 1
Occurrence ratio of malfunction Cause of
500 | 1000 (1500 [2000 [2500 malfunction
cycle |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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10- uF: $10%u&'( F@B" %&' 0 10%Ju&'() (s!10% u& ()- &$10% u& () -
$110% ug YL~ } %})g The test piece of 30 xgo X3 mm was

' ' & Z110%& 10-u
Yg?SZ§L&%E§%é¥§%8%¥1éédle loggd(%i%%!d$£%é%n(aamp fg% 530 hours at

120 C to examine the change in overall transmittance of

5 beam before and after the radiation. The transmittance was

measured with a spectroscopic colorimeter (made by Murakami

Color Lab.). The examination results are shown in Figs. 11A

and 11B. Figq. 1iA shows_the overall transmittance of beam

before fadiation and Fig. 11B shows the overall

10 transmittance-of beam after radiation. For the resin. B, a

conventional epoxy resin composite to which a reactive

diluent was added, the transmittance in the range eﬁ a short

wavelengtﬁ decreased and the.coior was changed'into yellow

in the 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.

Oﬁ 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 reeistahCe 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 X30 X3 mm
was fabricated and heated at 120 ‘C for 500 hours in an oven
to examine the change in overall transmittance of beam

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 presenf invention, in the early stage. But

10 for the resin A, the transmittance in the range of a short
wavelength decreased and the colof was changed into yellow
during the heat resistance test,

For. tﬁe fesin 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 cbserved
in the early stage and the vellowing 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 is 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. durlng llfe was smaller than

that of the conventional €PoXy resin compos1te 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,
while the epoxy resin composite of the present invention F
20 had a pot life of about 40 hours.
Example 17
The surface-mounted type light emitting diode as
shown in Fig. 1 was fabricated. In this 1light 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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25

nitride semiconductor device including a light emifting
layer made of In,,Ga, N semiconductor having a monochromic
emission peak of 475 nm in the visible range. That 1is,: the
same LED chip as that of Example 13 was used. |

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—mehtioned resin F, 15 wt% of said

fluorescent material and 40 wt} of S$i0, having a central

particle size of 10 um were mixed and dispefsed to obtain
an glicyéliq epoxy resin composife (viscosity : 15000mPa * s)°
as a 1ight transmitting resin. -

500 light emitting diodes were fabricated in the

Ssame way as in Example 13.

The wvariations among 500 1light emitting diodes -

fabricated in this way were examined. It was shown that

variations in chromaticity among the light emitting diodes

‘were small and there was no visual emission unevenness in

each light emitting diode. The reliability could be
enhanced extremely, as compared to the diode using the resin

A,

" Comparative Example

The light emitting diode was fabricated in the same

way as in Example 17, except that the resin A and the mask

)
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5 Example 18
The light emitting diode was fabricated in the Same
way as in Example 17, except that the same fluorescent
material és that of Exaﬁple 15 was used and 15 wt% of the
fluorescent material was included into the resin F. The

10 light emitting diode of Example 18 showed effects similar to

| those of Example 1 and had a highef brightness than that in
Example 17. | |

The following exampleé will.de$cribe the éynthesis.
of the fluorescent material.

15 Example.l9 (the synthesis of the fluorescent material by
means of a two-step ' calcination method in reducing
atmospheres) |

The foilowing examples relaté to the method of the
fluorescent material suited'fo: the light emitting diode.

20 According to the methoa of Example 19, a flux is
rmixed into the mikture material which has been adjusted to
achleve 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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n this way, the mixture consisting of the mixed raw

5 material and the flux is calcined using a two-steb
calcination method comprising the first calcination step in

the weakly reducing atmosphere and the second calcination

step in the reducing atmosphere, so as to obtain -a
fluorescent material having a high absorbing efficiency of

10 the excitation wavelength. Therefore, where the resulting

fluorescent material is applied to the light emitting diode
as shown in Fig. 1, the amount of the fluoreSCent'materiaL
required to obtain the desired tone can be reduced ahd the
light emitting diode having a high efficiency of 1light

15 extraction can be achieved. |

Example 20 (Oxides of each raw. material are mixed at a
stoiéhiometric ratio. flux : aluminum fluoride)

First, the mixture material is obtained by mixing

Y,0;, Gd,0;, Al,0, and CeO, at a stoichiometric ratio. To the

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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ange, %e luorescent material emits light of (x, y) =
5 (0.457, 0.527) in 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 21 (barium fluoride + boric acid is used as a flux

10 in Example 20)

First, the mixture material is obtaineﬂlby mixing
Y,0;, Gd,0,, Al,0, and CeO, at a stoichiometric ratio. To..the
résulting'mixture material, barium fiuoride + boric.acid is
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 using 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 ﬁeed
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 nixing
¥,0;, Gd,0,, 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 a2 ball mill mixer for 2 hours.
| Next, -after removing the'ball 10 wts of a . llquld 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
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 resulting 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 fluoiescent
material emits 1light of (X, y) = (0.455, 0.530) in
chromaticity coordinates (JISz8110).
For example, where this fluorescent material is used
for fhe light emitting diode as shown in Fig. 1, the similar

25. results to those of Example 19 can be achieved.
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5 resulting 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, 37.5 wt% of a liquid suchuas
pure water with respectlto the resulting powder is added and
the resulting mixture is calcined at 1400 to 1600 °C for 6
10 to 8 hours in a weakly reducing atmoéphere 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 fluorescent material. |
Where the resulting fluorescent material is irradiated with
15 an exciting 1light .in the blue range, the fluorescent
material emits light of (x, y) = (0.458, 0.528) iﬁ
chromaticity coordinates (JISZ28110).
For example, where this fluorescent material is used
for the light emitting diode as shown in Fig. 1, the similar
20 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
Y,0;, Gd,0;, Al,0; and CeO, at a stoichiometric‘ratio. To the

25 resulting mixture material, barium fluoride + boric acid is
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similar

15 results to those of Example 19 can be achieved.

- Industrial Applicability
The preséent invention can provide the light emitting
diode having a less irregular color, good reliability, good

20 productivity, and high utility value.
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distribution of said fluorescent particles of large
particle size is within a range from 20 to 90 times the

10 peak diameter of the particle size distribution of said

fluorescent particles of small particle size.

5. A light emitting diode comprising a LED chip made of a
nitride semiconductor and a light transmitting resin having
15 a fluorescent material which absorbs at least a part of
light emitted by said LED chip and emits light of a
different wavelength,
wherein said fluorescent material is characterized by
a volume-based particle size distribution curve that is
20 flat in a region of cumulative percentage from 0.01 to 10

vol%.

6. The light emitting diode according to claim 5,
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wherein said fluorescent material consists of the
fluorescent particles of small particle size and the
fluorescent particles of large particle size separated by
said flat region and the peak diameter of the particle size
distribution of said fluorescent particles of large
particle size is within a range from 20 to 90 times the
peak diameter of the particle size distribution of said

fluorescent particles of small particle size.

7. The light emitting diodes as in one of claims 1-6,
wherein the median diameter of the particle size
distribution of said fluorescent material is within a range

from 15 teo 50 um.

8. The light emitting diodes according to claim 7,
wherein a distribution frequency of said median

diameter is in a region from 20 to 50%.

9. The light emitting dicde as in one of claims 1-8

further comprising a diffusing agent along with said

fluorescent material in said light transmitting resin.

10. The light emitting diode as in one of claims 1-9,
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wherein the light emitting surface of said light

transmitting resin is a curved surface.

11. A method for producing a fluorescent material
comprising a step of firing a mixture of a stock material
and a flux, wherein said step of firing includes a first
firing process of firing in a first reducing atmosphere and
a second firing process of firing in a second reducing
atmosphere, said first reducing atmosphere having weaker

reducing power than the second reducing atmosphere.

12. The method for producing the fluorescent material
according to claim 11, wherein said flux is aluminum

fluoride.

13. ‘The method for producing the fluorescent material
according to claims 11 or 12, wherein said flux has barium

fluoride and boric acid.

14. The method for producing the fluorescent material

according to claim 13, wherein said flux has a liquid.
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15. A method for producing a fluorescent material
comprising a step of firing a mixture of a stock material

and a flux having barium fluoride, boric acid and a liquid.

16. The method for producing a fluorescent material

according to claims 14 or 15, wherein said liquid is water.

17. The method for producing a fluorescent material as in
one of claims 11-16, wherein said stock material includes

Y.03, GdOs;, Al,03 and CeO;.

18. A method for producing a fluorescent material
comprising a step of firing a mixture of a stock material

and a flux having barium fluoride, boric acid and a liquid.

19. The method for producing a fluorescent material

according to claims 17 or 18, wherein said liquid is water.

20. The method for producing a fluorescent material as in
one of claims 11-19, wherein said stock material includes

Y03, GdO3, Ale3 and CeO,.



