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DEVI CE, AND METHOD FOR MANUFACTURI NG THE SAME Techni ca
ﬁm i nvention relates to an optical sem conductor device
[ting diode of mainly 10 surface nounted type that can be
light of a liquid crystal digplay, full-color display,
anp of a switch, illumnation |light source, various indicato
¢ I'fghts, and a nethod for producing the sane, and a |ight

t r ans i oxy resin conposition that has 15 high light resistance
pli abi /MWMWMKe for the |ight emgscri®rTdogde. Background Art An, L

itride sem conductor 20 (InXGYAIl _X YN, 0 s X51, 0sY
s 1), a séM®dbnductor light enitting el ement capable of emtting blue |ight

bri ght ness has recently been devel oped. Light emtting devices
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DEVICE} AND METHOD FOR MANUFACTURING THE SAME

Teéhnical Field

| The ©present invenéion relates to an opticél
semiconductor device such as light emitting diode of mainly
surface mounted type that can be used for the back light of
a liquid crystal display, full-color display, built-in lamp
df'a SWitch,ji}luminati¢ﬁ.light.SOurce, varidus_indicators
and fraffic lights, and a.methéd for producing Ehe Same,
and a light transmitting epoxy resin composition that haé
high light resistance and pliability suitable for the light

emitting diode.

Background Art

S
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and
ED
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i ke

S An”*LEDH'qhip;fthat"usés a nitride ' semiconductor

(InGa,Al,,,N, 0 = X £ 1, 0 = Y £ 1), a semiconductor
light emitting element capable of emitting blue light with
high brightness has recently been developed. Light
emitting devices based on nitride semiconductor have such
advantages as higher output power than those of 1light

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~out put, power in a wavel ength regi on including the

wavel ength of green 5 |ight and longer. On the other hand, the applicant of
the present invention have developed a |light emtting diode that is capable
of emtting white light by disposing YAGy,Ce fluorescent material, a
fluorescent material capable of absorbing a part of blue Ilight emtted by
the LED chip 10 descri bed above thereby emtting yellow light, on the LED
chip and have applied for patent (International Publication No. W98/5078)

The 1'i ghis @tk BRiA! Qd%a'n dﬁftﬂtfe&hﬁor ?Lﬁ&b%r?%xo?rggbe SRsieLytion

of single-chip two-term nal 15 configuration, “capa synthe5|2|ng | i ght

fromthe LEDELEDShITE (Bl ity CREh perSRiE g%g]atng;ca 1ad fhecldpde and

li-ght froma uorescent materi suc I|g

t tt t he. LED chj d, em tt th t hesj zed

i Lo 1§ ght ERTRg Qﬁ%%ﬁ%’%ifsené PEsheE Wgﬂ?{‘aew??%.nﬁgg (SRR 1T o
nmodi fy th th ht tted ht t di ode f

ol ui Sh wni (5118 S or%{z"lgﬁﬁﬁn% Souh WAYELER]ERoAie: 9E%% he

conte of | uor,escent mat It  ma also b possible to emt yeIIOw
gg“ %&P% ApdahPPest 25 iﬁ& % AORArRan Y eof th

dlver5|f|cation o% t.he a p||C&%IOﬂS or t he Ilght em tting diode has

“gener at ed tHESHER leB’F Long hRaBGi (49 ¥R WSHet tIhtanew Flpﬂgh@l%i%h

hi gher Iun1€§§€ is capable of emitting white light by disposing YAG:Ce
fluorescent material, a fluorescent material éapable of
absorbing a part of blue 1light emitfed by the LED chip
10 described above thereby emitting yellow light, on the LED
chip and have applied for patent (International Publicatioen

No. WO098/5078) .
‘The llght emlttlng dlode is, despite the reiatively
simple constitution of single-chip two—terminai
15 | configuration, capable of synthesizing light from the LED
chip that is electfiéally connected to a lead electrode and
light from a fluorescent material such as YAG:Ce:included
| in a light trapsmitting resin that covers the LED chip, and
fgmittihg=the.gyﬁthééiiédehité'1ight théough_a"cohve# 1éﬁs,
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.



In recent years, chip light emtting diodes are widely 5 used as the |ight
source for illumnating switch, fullcolor display, back light for liquid
crystal display and the like. The chip .light emtting diode is nmade by
electrically connecting a light emitting elenent in a recess of a package
and covering the light emtting elenment 10 with a light transmtting resin
so as to seal the chip. On the other hand, the rapid advancenent in the ...
optical sem conductor technol ogy has been causing .a~great. increase in the
out put power'of the optical sem conductor devices and remarkabl e decrease
in the wavel ength of the 15 emitted light. Alight emtting diode made of a

nitride sem conddeanwhilerdivenpificatbonndbt thehlppillikapeaks HansiHy at
any wavel ength within a range from about 350 nmto 650 nm dependi ng on the

el enent s thbtghbnemitatiegt dddegttiasngeheratbayehe Idedtts bS50 aDE e
possible o emt 20 [ight with a high output power of 5 mWor over in

vi si bl e | i ghtitepghgndbbdeeyied engimserDt 1 DRgerwitham RGN il ng hear
ultraviolet and blue-green light) by using nmultiple quantun1me structure

in the |ight enilhingcéayeyesfsa chip i degsendcondus) Qilod%técfhzae Qli%tbﬂ}‘t put

power gives 25 rise to a new problem That is, fox "a optical

sem cofiductudedeviscethdall ighk esblir®E *8¢ei ¥ Un S hi ner gy,
it is inportant to prevent@?he nol di ng reS|ﬁﬁ%rogﬂggiﬁ% 5&?E§Pbrg$1 . by. the

Lhe opti cal 5 cem CeRdne or en b T apatete R o Fl ot Put: (i on

the optical 5 semiconductor chip apanese U on

No. 2000- 19i&1 kel osesna ngﬂlgb gl%?s%hee&%@tqh?xggmgg %%ﬁllﬁ;ap%orf%&leent,

an alicyclic epoxy resin inste resrn sin
cComponent . TF ARl SR oR alighE oS ERENs | 1S e boH o bon
igugl ?ega{‘%ec‘é%?ééh ﬁﬁ“éeg%i%/kﬁ%lﬁgén%\géﬁﬂ%%h lqggn%mQt Ig.%lgeteclren;[ehetr eof.
10 with a llght transmitting resin so as to seal the chip.
On the other hand, the rapid advancement in the
optical semiconductor technology has been causing a great -
'inerease in the output'power.of.the optical seﬁiconduetor
devices and remarkable decrease in the wavelength of the
15 emitted light. A light emitting diode made of a nitride
semiconductor, for example, can enit light with peak
intensity at any wavelength within a range from about 350
nm to 650 nm dependlng on the elements that constltute the
-_llght emlttlng layer It has also be made pos51ble to emlt
20 light with a high output power of 5 mW or over in v151ble
lighti region of wavelengths not. longer than 550 nm
(including near qltraviolet 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 is, for a optical



susceptible to deterioration of the. nolding resin even 15 after being
-irradiated with light for a long period of time and has rel atively good
pliability. Thus the sem conductor chip is less likely to be damaged by the
thermal stress. However, epoxy resin cured by acid anhydri de cannot be .
used in a surface nounted device (SMD) that conprises a 20 sem conduct or
chip nmounted directly on the substrate séirface, since such a device
requires it to forma thin filmof the nolding resin. That is, the surface
mount ed device requires a thin filmof the nmolding resin 1 mmor less in

t hi ckness forned thereon, the mxture liquid of 25 epoxy resin that is

appl i ed hassemicongductoradexiposdhato carb dnnier adrndedve. 1iloghvever, sathce t he
aci d anhydride curing agent has high volatility and high hydroscopicity and
takes a relathighyehenges itnks imppetanit b Qo the edldingheesasid
anhydri de curing agent absorbs noisture and evaporates 5 during curing,
thus maki ngfiém dbéinhgubttépiotfee@POYYLthESIAghe BhAPeEHMCEUERe SBEe8ROXY
resin that has cured unsatisfactorily cannot "denonstrate the proper = -
function ofgémsiated iy theat ivdtiwetitl hRAId RSy A rSiagdl theabpkYcal
deterlorated 10 For the reason described above, a cation curing agent such
as arogmt i Cs&mi ¢ondudt Al dhipp, commonly used instead of the acid anhydride
curing agent for such applications that. require thin filmsuch as surface

mounted device. JhSaradé OOkt LI erd! | BN f Ot i34 w%f a%@b}tl@@&smg even
15 when a mxture liquid thereof with epoxy resin is applied in ath

film beC&U&fséios@§/HohéiaihéyreE@HeESﬁta§h9§Sr, ﬁtﬁahhgﬂ %Bﬁgeaeﬂaent has

an intrinsic tendency to absorb blue Iight an having s

vwavel engt hsap 6;99¥¥¥59§bneb8ﬁ§ P@?ﬂ?eﬁﬂ EHEEdol%yP}l@%h%ﬁ %akaQy ks agent

is liable to discoloration, nanely to econe 0 ue'to-a sorptlon of

short Wavelﬁr‘i'gé%o %ggéa @ﬁ%wn'éb%%&f%& %Jlfll(}%ult L9142 cgggxy

resin that 1s tIOn curing agent I'n a Optl Cal sem uct or

devi cggt hat g }tr r%%lhec%"eé RL¥g | bﬂlﬁton%%@ 2%&%°rér?ra%’i‘&eaﬁﬂ%giaﬂ SO

because the cur ng reaé

contains substantially no carbon-carbon double bond, that
causes light deteri_o'ration,'. in a main skélet_on thereof. : As

‘a :result[' such an .epoxy resin composifion is less
susceptible to deterioration of the molding resin even

15 after being irradiated with light for a long period of time
and has relatively good pliability. Thus the semiconductor

chip is less likely to oe damaged by the thermal stress.

However, epoxy resin cured by ac1d anhydrlde cannot be
'used in a surface mounted deVJ.ce (_sMD) -_t_hat -comprylses__ .a'
20 semiconductor chip mounted directly on the substrate
surface, since such a device requires it to form a thin

film of the molding resin. That is, the surface mounted
device requires a thin film of the molding resin 1 mm or

less in thickness formed thereon, the mixture liquid of

25 epoxy resin that is applied has a larger area exposed to
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6 proceeds al nost only by the ring-opening reaction of epoxy groups, the
epoxy resin conposition thus obtained has a three-di nensi onal network
wherein ether bonds are arranged relatively orderly and has | ower
pliability. Thus there 5 has been such a problem when epoxy resin that is
cured by nmeans of a cation curing agent is 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 conductor chip and wire breakage. To inprove the pliability of epoxy

resin conpddie i dmesplesired t hHolevea! | ¢ined ithe ageid  adiReRRXYchEShg May
be 15 m xed with a | ow nol ecul ar wei ght reactive diluent such as

nmonogl yci dygegitheras prlgiglvedelt iglisi dld etileyr hyHQb%E@FYcS?@j}b&P@I' tagred

nonogl yci dyl ether. However, since such a reactive diluent inpedes curing

of the epody Fedsitiively DRHOIES HRESSAFOM LY £HCIGaROuLLE A0Mte Of thbe
ration 20 curing agent added, which aggravates the probl em of yellow ng-of"

the epoxy rRSid HRASIAd VhriHe HRH %b%foxlb%\/%&ggﬂrlhﬁ%&[;@g‘ﬁ?&ée&ﬂti on

has been made to neet the 25 various requirenents for t emtting

has been ,  the : | . . '
i ode grade Riridg cu¥iildd, eaﬁ%%%%t@g&g AEsdengt eed eﬁgtvgp%»gggg%ﬁﬁg

obj ect of the present 1vention iIs a wavel eng
ot om t g e ot oliss, bet ke || ghby o sSLon SHRLACURIL Stigregecond
an object of the present invention IS to provide a nmethod for producing the
light em t by i Q96 i 1npe %ﬁ%ﬁ%&ﬁ&[%@@%@gré%ﬂ?@%mtion of
| resin with the 1light 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 aéid anhydride curing_agént for such gpplicatibns that -
requiré Ehin film such as suffacé mounted device. The.
‘cation curing _agent allows for satisfactory curing eveﬁ
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
=_'éhdrtéf'waﬁeleﬂgtﬁs,_epoxy fesinrﬁhat-has bé¢ﬁ c@féd by;th¢  |
- 20 cation cufing agent is liable to discoioration, namely.to
become yellowish due to absorption of short wavelength
light. As a result, it has been difficult to use epoxy
resin that is cured by the cation curing agent in a optical

semiconductor device that emits or receives blue light and

25 shorter wavelengths. Also because the curing reaction



Third, an object of the present invention is to provide an epoxy resin
.conposition that is | ess susceptible 10 to yell ow ng and has high
pliability while being cured by a cation curing agent, and provide a |ight
emtting diode ._ having excellent |~:ght resistance and heat resistance
by: using such an epoxy resin conposition as descri bed above as a nol di ng
‘resin. 15 In order to achieve the objects descri bed above, a first |ight
emtting diode of the present invention conprises an LED chip having a
light emtting |ayer formed froma nitride conpound sem conductor and a
light transmtting resin thatincludes a fluorescent material 20.which

absorbs atptesséds Bambsef ohilghibyerﬁhtet &d nlyr=opled kgD r&hice iand ofmdpsoxdy ght  of
a different wavel ength. The fluorescent material includes a fluorescent

particles giosps|! vt égbﬁysiﬂeeiwdc@néémﬂﬁ@e@hueardﬂtcdi%cpf hbar ae
particle srze, wth the fluorescent 25 particles of large particle size

bei ng di st ¢hpekedih8nbi8nal8nkkwbPk! ¥hakethe kERC HoRds" drfee drihiiged
transmtting resin thereby to forma wavelength converting |ayer, and the

fl uoresceniepaﬂbékgs o¥deY B} | a@r hia§! @ ovlete DA eﬂ{@.ri byhed Ghdhe

outside of the wavelength converting 5 layer 'in t I'ght transmtting

esing 0 hoe BhER! by GEdHIlY dhade diRKyNGRIGh oY PR

descri bed above, the wav convertin yér nade o uor escent

barti cles glolar age pay Uil @ & 2@EaRChR00G e, | gty copor, elddcien |y

while the uorescent particles. tpartlcle si'ze di spersed in an
g[n.e?tisﬁrgr&!g g@g?&{lﬁ%g?;rcggg%&,ss%ﬂtrrsguiaaifgeco's‘%&-es's” 10 geddSieed ! oht
between the optical semiconductor chip and the molding
resin during | heating and «cooling of +the optical
10 semiconductor device, eventually leadihg to cracks
generated in the optical semiconductor chip and wire
breakage. |
To improve the pliability of ebo#y resin combositieh
cured with the cation curing agent, the epoxy resin may be
15 mixed with a low-molecular weight reactive diluent such as
monoglycidyl ether, polyglycol glycidyl ether, tertiary
carboxyl acid monoglycidyl ether. However, since such a
reactive diluent impedes curing of the epoxy resin, it
17beceﬁee 'neceSSafy:.to':;nefease 'tﬁe _amoqn; [6f”¥ﬁhe.5éa£ione”ﬁ'“
20 curing agent added, which agg:aﬁates the problem of

yellowing of the epoxy resin composition.

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

25 various requirements for the light emitting diode made of a



I nvention, the fluorescent particles of large particle size is preferably
prepared by controlling the particle size 15 thereof within a range from 10
to 60 ~u m which nakes it possible to distribute the fluorescent particles
of large particle size relatively sparsely in the vicinity of the LED chip
in the light transmtting resin thereby to have the wavel ength. converting
function perfoined,efficiently.. 20 In the first | i ght emtting diode of
the present invention, the fluorescent particles of small particle size is
preferably prepared by controlling the particle size thereof within a range
from0.2 to 1.5 a m which nakes it possible to prevent the fluorescent
particles dtt ¢ sepinanduatorsiase desemipedc ppovat-i ng and have the |ight

9 scattering function performed effectively, thus suppressing irregular
col or nore effediii@&ly. an . obigcso ofefthablpradant t Hevyerdid adi adwet etoof the
particle size distribution of the fluorescent particles of 5 large particle -
size is witBHOVide apgWavedsngbht cod@erting tlighteadmilityiref ediofet hhat =
particle size distribution of the fluorescent particles of snmall particle
si ze, whi chasmrettesr thighdf femdission chakagheréstiacti on. A second |i ght
emtting diode of the present invention 10 conprises a light emtting

el emen? forned fSemorad,serincoodijietor cidtael | phésénBnsinddntibd edisn that

i ncludes a, fluorescent nmaterial which absorbs at |east a part of |ight

“enitted by ptwvidgha emttiddgfet eproiduaidgeniis Night admetidd eneste

wavel ength, wherein the fluorescent material 15 is characterized by a
vol unme- basdthyiard igdad seas-producing performance.

Third, an object of the present invention is to

prbvide an epoxy resin composition that is less susceptible

10 to yellowing and has high pliability while being cured by a
cation curing agen't, anq provide a light emitting diode
hé?ing excellent light resistance and heat resistance by.
using éuch aﬁ ‘epoxy resin cbmpdsition as déséribéd ébox're és

a molding resin.

15 In order to achieve the objects described above, a
first 1light emitting diode of the present invention
comprises an LED chip having a light emitting layer formed
from a nitride compound semiconductor and a light

' tramsmitting 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 slize and a fluorescent
particles of large particle size, with the fluorescent

.25 particles of large particle size being distributed in the



distribution curve that is flat in a region of cunul ative percentage from
0.01 to 10 vol ~. This constitution nmakes it possible to obtain a Iight
emtting diode of high | um nance and hi gh output power: 20 In the second
light emitting diode of the present i-nvention, it is preferable that the
fluorescent material consists of the fluorescent particles of snal

particle size and the fluorescent particdes of |large particle size
separated by the flat region described above, while the 25 peak di aneter of
the particle size distribution of the 10 fluorescent particles of |arge
particle size is within a range from20 to 90 tines the peak dianeter of

the, partioticigiity difsttheuliEON.clodpt br fheorespent t panknetesngl s
particle size, which results in a light emtting diode 5 having high

effici ency thferlebght textfoaat i an. waveléegth I dordid-t3@&PNdalbght £1at tHg
diodes of the present invention, nedian dianmeter of the particle size
.distributidﬂim&e@henﬂlﬂpéﬁ%&ﬁmegatgwaﬂ5m§lprebg&@gEiéMt§iQ alyﬁ¥ﬁbfron1
15 to 50 ~c m which allows it to 10 inprove the efficiency'o? | i ght -
eni ssi on aniisaefibeteda én ghtheenblhitbRdedigreta Nigfe] MG RN nvdrtiiha! SO

made
5 layer in the light transmitting resin.

In the first 1light emitting diode having such a
constitutionlas described above, the wavelength converting
layer made of the fluorescent particles of large particle
size can change the 1light color efficiently while the

10 fluorescent particles of small particle size disperéed in
an area surrounding thereof suppresses irregular color.

In the first 1light- emitting diode of .the present
invention; the flubréscent particleé of largé ﬁarticle'size
is preferably prepared by controlling the particle size

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

"fﬁe w;Veiéngth ¢onveftiﬁg:fﬁﬁcfion'perfgfhed effi¢iéptly; :

20 In the first light emitting dibde of the lpresent
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 ugm, which makés it

possible to prevent the fluorescent particles of small

25 particle size from precipitating and have the light



possi ble to suppress the. formation of dense precipitation that may affect
the optical characteristic. In the first and second light emtting diodes
of the 15 .present invention, when the distribution frequency of the nedian
di aneter of the particle size distributionis in a region from20 to 50%

| i ght em ssion of good contrast with suppressed irregular color can be

achi eved due to less variation in the. paticle size. 20 Further in the
first and second light emtting diodes of the present invention, it is
preferable to include a diffusing agent along with the fluorescent materi al
in the light transmtting resin, which nakes it possible to achieve unifiorm
|i ght eni ssisgatilieringhdunctégn perdoirmed® fdeet ively,s yhue sigbressihg
Further in the first and second light enmitting diodes of the present

i nvention, tireegudhr eoilbri mpreurfffectdivetlye [ight transmitting resin is
preferably a curved surface. Wth this configuration, light emtted by the
light 5 enittingI¢l enenslss peatfieeabdd rtidte théepkake deineesytbe ltqght
transmtting resin and the atnospheric air when being extracted through the
light transmpatrtiieger edize tdigtheimitidriies tihe PBEbPEstbnROSIRIR 1R of
suppress the irregular color that tends to occur when the fluorescent

particlies oflat@el pageipdet isilfe sigewishused. rERgecifid €96y Lol oo Hitnes
extraction at the light emtting surface can also be . inproved thus

al | owi ng t o thenidealki @lifanéitldt @i @ part S PUL T POVRE st blikidn! ic¥tthe

emtting diode of the present invention 15 has a package that conprises a

metal Dase TNOKESCRALO! phAACIA LoFn BRaAY ShERtidTEt GoBal!l4hSch

positive and negative el éctrodes being joined via aresin insufator

G eunt o encarar Foe het ST RSIS SN Sio oS PACFARFLoY 0 e eby Torminh a
mounting area, am kERoAR RiBRAENER9t@int"Qiode of the present invention
10 comprises a light _e_mitting element formed from a
semiconductor and a light transmitting resin that includes
ia.flubre8cent material which absorbs at least a part of .
light‘emittéd by the iight emitting element and emits liéhf
of a different wavelength, wherein the fluorescent materiai
15 is characterized by a volume-based particle size
distribution curve that is flat in a region of cumulative
percentage from 0.01 to 10 vol %. This constitution makes
it possible to obtain a light emitting diode of high
-’;umiﬁangg"épQ pi§H76utput péWég; ..'. - . I
20 In the second light emitting diode of the preéent
invention, it is preferable that the fluorescent material
consists of the fluorescent particles of small particle
size and the fluorescent particles of iarge particle size

separated by the flat region described above, while the

25 peak diameter of the particle size distribution of the



mounting area and a light transmtting resin that fills the nounting area
so as to seal the LED chip. The light transmitting resin is forned '
continuously fromthe nounting area over the top of the surroundi ng side 25
wal |, while the top surface of light transmtting resinis 12 flat and
substantially parallel to the netal base and the side face on the
circunference of the light transmtting A€sin i s substantially flush with
the circunferential side face of the package. 5 The third light emtting
di ode having such a constitution as described above makes it possible to
provide a light emtting diode that has high reliability and is suited to
mass producfluwwresiewe phetlicybs tomndaryei partdyle i siter ved wirHimugusly
fromthe nmounting 10 area to the top surface of the side wall, the |ight

enitting surdrepe fromxPRNELDOI ot ihes erhér BehRPASHRERES OF the Ehgﬁlcle
emtting diode, thus achieving good beamdirectivity.~ The |ight ,
transm tti ngi 28Sidl s#eY bakaeni N6 udded Ehlibeescditt hed e f | .upLegcent
mat eri al capabl e of absorbing a part of Iighfcenitp%%rgga%ﬁi'Iigh% én?tting

el enent angpdefidid NGilzeghtwhichR didderent jppvs! eI;%fﬂ't %hltifict‘.‘igl agdygg a

fluorescent material tends to cause .~ Irregular or the constitution, of

the presenthdpMenti ah (?%f@&fén@yb&ftf%ﬂlég&p?%ﬂwg surface that

suppresses irregular c r. Median dianeter o € particle size :

di stribution of f(ﬁetlflgugg_g?gre%gﬁm éf?é H?R{:efe r.@leli \(/)\n igc%fa%]:agggnefrom

15 to 50 ~cm and nore pre y wthin a range from

el engt h Caare| A Pukeeran Beithg Aitherds) BE bile P ppetitE L8105,

wavel engt h "converting fu uorescen _ be pe r med
pr ovi ng. 1he 51 A eELe TR | 2180 RiertBouct R DReCPFEREY.
The. thi rd ITGMEEn { FROSR; dHem Cafpr Fai i) a i Mot WBLED ALIRHF nd-a Pdckage
assertyy Y VI0 tle APEHERLALY %r PAVRLSRY 58268 thd" Aty ' 1
light emitting diode of high luminance. It is also made
possiblg- -to_,'.sgpp'reSs the formation of derise preéipita‘tion o
that may affect the optical characteristié; | _ |
In the first and second light emitting diodes of thé
15 present invention, when the distribution frequency of the
median diameter of the particle size distribution is in a
region from 20 to 50%, light emission of good contrast with
suppressed irregular color can be achieved due to less
| variation in the particle size. - . o
20 - Further in the- first and second light emittiﬁg diodes
of the present invention, it is preferable to include a
diffusing agent along with the fluorescent material in.the
light transmitting resin, which makes it possible to

achieve uniform light emission with the irregular color

25 even more suppressed.



10 having a plurality of through holes that are grouped corresponding to
the nmounting areas, and a netal base plate having portions separated by the
resin insulator in correspondence to the through holes; a second step of
nmounting the LED chip in the nounting area of each package 15 fornmed with
the through hole; a third step of applying and curing the light
transnmitting resin on the top surface oflihe insulating substrate and in
t he through hol es by m nmeograph printing by using a nask 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 Fadhegesin Tthe £0Asti hudl e dFAES iightPessitt ihd Wiodes
satisfactorily mass-produce the light emtting diodes that have uniform
thi ckness aifd theatprdsgihit emividntidrsurdae el agick eddh U PR r Fred\SOThdg to
the produci ng nmethod of the present . 14 invention, the m nmeograph printing
i s prefer alliyhear £ eelsmut t | Qdﬁl@ﬁaién%ﬂe&%r@ﬁ?‘e of cﬂf@égasi 284,
i ncreasing the pressure. This makes it véery easy fo.renove bubbles so that
the 1ight eith i nthid odesnt{ird@Ven) €S$i YAt akh9RE el F’Xt N&he light
ular col or

characteristics, |ess unevenness in 1ight em ssion and ss irreg

can bg mangmacityrRd.c ldhRs e 4 h§c££9@£e&rgﬂs%tet 111G 2SI g:%ﬁ the. o

inorganic fillers,.in particular, air tends to be entrappe

as 10 T or Mol 5 dnalidil i datld dned G Al pHAIA ORI E Gl AR 1 G001 N

beconmes | ongér which also - S to cause Irregular color

i1 or and TrE e rraeaa {rhe’ - SERRETERARRbt R, R o Bl oFScahe

filler and the light transmtting reSrn, bu

PUDDT eSSt ORS00 8061 £3° gk S el

l'ight emtting avi ng rrattons rnt
Lot on' 5S8R, BT el RGOS SURIRN LRIl g e
10 large particle size is used. The efficiency of light
extraction at the 1light emitting surface can also be
 imp;oved thus_allowing to -emit light with ‘a higher .output
pdwer. | o |
A third light emitting diode of the present inventioﬁ
15 has a package that comprises a metal base consisting of a
pair of thin metal sheets that constitute positive and
negative electrodes being joined via a resin insulator for
electrical isolation from each other and a side wall bonded
o t'q “the circumferenceof the_. metal base "'-o“n _' one ‘sidé tr{er_éof-"z o
20 | thereby forming a mounting area, an LED chip mounted on the
mounting area and a light transmitting resin that fills the
mounting area so as to seal the LED chip.
The light transmitting resin is formed continuously

from the mounting area over the top of the surrounding side

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



20 resin, which accounts for 65~ by weight or nore of the epoxy resin, an
-acid anhydride represented by the general fornmula (1) or dicarboxylic acid
represented by the general formula (2) in an anount of 0.005 to 1.5 nol
based on an epoxy equival ent of the epoxy resin, and a cation curing 25
-agent in an amount of 0.005 to 1.5 nol based on an epoxy 15 equi val ent of
t he epoxy resin. (1) HOOC RZ-COCOH (2) whéeein Rl represents a cyclic or

al i phatic alkyl or aryl 5 having 0 to 12 carbon atons and RZ represents an
al kyl or aryl having O to 12 carbon atons. The epoxy resin conposition of
the. present invention can be cured by using the cation curing agent in the

anount 1/ 1Gltat 14dd0stibetanad aligh pardlnatl i tb t#ge Phb A1 abhsd0 RCcause t he
alicyclic epoxy resin reacts with the acid i anhydride or dicarboxylic acid

(hereinaf t erideef fa£€d oD Hlhe AR iadeiuth FAMHRYAI A9 OEhb g slghe)t fh i R g

crosstinked oligomner, having sone pol ymerizationdegree.” Therefore,

“absor ption r@fsild id bassBangisheyt raRwsl eneh ﬁ%{J 389 N £ atd Qi ¢
curing agent is inhibited, thus %aking it possli gggggﬁygggﬁ%gfglf%@?%g'of
the resul tif3GLRRHESHAL osition. The epoxy resin conposition of the

present invention has not only an ether bond due to the ring opening
reactimpn of epoXphgr O¥RIrdPUl1 IO 2BmEEEChgPOYMode having such a

constitution as described above makes it possible to.

provide a light emitting diode that has high reliability

and is suited to mass production. Since the 1light

transmitting resin is formed continuously from the mounting

10 area to the top surface of the side wall, the 1light

emitting surface is expanded to the entire top surface of

the light. emitting diode, thus achieving good beam
direCfiVify.. | | | : ' | | |

The light transmitting resin may also include a fillef,

15 that may be a fluorescent material capable of absorbing a

part of light emitted by the light emitting element and

:emitting light of a different wavelength.
| Although adding a fluorescent materiél tends to cause
‘“fi#fegu;§r_qdi0r,_the_cbﬁéfitﬁtidg;of Ehe:presgntziﬁvénfion.

20 makes_ a better 1light emitting surface that suppresses

irregular colqr.

Median diameter of the particle size distribution of
the fluorescent material is preferably within a range from
15 to 50 gm, and more preferably within a range from 20 to

25 50 u m. Using the fluorescent material having such



16 due to the crosslinking reaction between the alicyclic epoxy resin and
.the acid anhydride or the like, so that it has a three-di nensional network
formed by irregular' connection of epoxy resins. Therefore, the epoxy
resin 5 conposition has high pliability even if a reactive diluent is not
used and the use of the epoxy resin conposition in a nolding resin of an
optical sem conductor device reduces thejghermal stress produced between an
optical sem conductor chip and a nolding resin, thus making it 10 possible
to prevent problens such as crack and wire breakage. The pliability of the
epoxy resin conposition obtained by the reaction between the epoxy resin

and the acighraifid ighedy dneud kad e liddis, RcRR i % FAnkhe

nol ecul ar wei ght of the crosslinked oligomer. The higher the proportlon of

- carboxyl grdePsE1 WH-Ec@he ﬁQEé?iLfdt'o”tﬁéaﬁ ff&ﬁt%e Sed gé@ﬁ%{atgf %ﬁ‘?ﬂ

reaction -with the epoxy resin or a pronotor Geser rérna

~carboxyl gr(ﬁlbqsnc_{)tpt_.geeggr c@nﬂedrééj&f%%t to%tl'%%tlnf ];)ssl rélég y

oligonmer, the b er.the pliabiTity e resu

conpositio Sk | ider. follows. As the ester conversion
pr oceeds, Il atr I I zat1 on ygfe%%%fdg §%a%‘§‘-3}(§’rpi ‘de in the thin filmis |less
el % (0 S?Ct”he' 2R Rt Bhoqiang |dhe, trdny osmithiey dipde
ol i goner i I d preferably 70$ or.nore, The est onversron
ratio can %5%%%h 7t é%jbagk%e ?5%%??5 tﬁhﬁﬁﬁa?ﬁrelﬁndatrﬁﬁgﬁ?

resin conpogl t e sent nvention has dvant age that after
reacting a d“lccycg’fq cttE‘S ?"ég r11 aﬁma(’,:%&ngnhgt’:l?gﬁe STORIASIGk y B ¢
acid to obtain gosslhg i goner, a mxture of t he cr.osslinked

ol i goner a rts'rt:e 2HEP o P Jgn%géntpac%l?f"% eireablyn&ensietdrdcyet i @ epoxy
resin and a dride or .the like 10 are previously reacted in a proper
reaction vé’ qﬂgyit O?ﬁ] PAGKEIES; rméd%BPFlbﬁﬁeraraanﬁu ting e SYpstrate

Cros d nke copolyner %atron curing agent is nolded over the surface
of a-subst QgPréiP YenPEonbhEpBehdcietes ihat i 1areat PERUBRS: he

aci d anhydrrde can be revent ed
corresponding to the mountlng areas, and a metal base plate’

. havi’ng' po_r_tions .ls'epa'rate_d by the resin ,insulator_’ in
correspondehCe 'to the thtough holes; a. second step 'of
mounting the LED chip in the mounting area of each package

15 formed with the through hole; a third step of applying and
curing the light transmitting resin on the top surface of
the insulating substrate and in the through holes by

) mlmeograph prlntlng by u51ng a mask that has an aperture in

'_'_-._'.correspondence ‘to each group, and a fourth step of d1v1d1ng
20 the .pac-kage assembly having the light transmlttlng 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



15 during the curing reaction even in case of nolding in the formof a thin
film Since the viscosity of the mxture of the crosslinked copol yner and
the cation curing agent can be freely controlled by the amount of the acid
anhydride or the like and the estéer conversion ratio, the. viscosity 20
suited for handling can be easily set. The m xture of the crosslinked

copol yner and the cation curing agent hasi4l ready been polynerized to sone
degree, thus resulting in less change in viscosity with a | apse of tine and
|l ong pot life. 25 When using the epoxy resin conposition of the present

18 invention in a nolding resin of an optical sem conductor device,

functional paventien,sutheaniiddd@iaph fbHORESEENE sAGSHE IS %gﬂeérried
di ffusing agent particles and colorant ‘agent particl'es can appropriately

o oury SUthEILIT Mep ey O cybfe SEPoRbLKELI fOPaNI TERCROBL1AE |

~cation curing agent has a conparativ VI SCOSItY; ese Tunctio

part cl oo axnesypedstird n diiReRRIdY Lt veliPEELY B Refigobr GbbROE! LY oon

be exhibited in"a small 'content of the par

oL L S S R B DR

optical. sem conductor device _ | scatterin (
composi 11 ool (e S et it g b 1 g FRER AT e

cyCl ohexenc 1igil Ml b UGS Ao BICSu A dipysl O, ether and

a1 oyl <PoxY 5P NCABKES e PORSLRLe 190310180 SRONLI el oine o
composi 1 1 on P rRAEE ERery dX BatE1F N 2BnapEe teRfanko B ST ERPRAsal

aromatic digzonhumsali, aromatic iodoniumsalt and aromatic sel enium salt
can be pref g‘?‘aﬁft? SRR 280 TREs < q%‘h@iﬁq%ﬁf a LR ARG gpbxing.

suffig_ioent S.Hrsiongtfug op]tgical path length' becomes longer which also
tends to cause irregular color due to a difference in the
- specific gravity between the fillers and between the filler
ahd the light fransmittind resin[ but tﬁe irfegﬁlar éolor
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 epqu resin composition of the present invention
COﬁﬁfisgs'fén' e§oxy _fesin ‘containing _aﬁ TéiicYclié. éﬁégy"
20 résin, which accounts for 65% by weight or lﬁore of the
| epoxXy resin, an acid anhydride represented by the general
formula (1) or dicarboxyiic 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 éation curing

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



a small amount because of its fast curing rate. Preferably, the epoxy resin
-conposition of the present invention further contains a~ pol yhydric al cohol
~or a pol ycondensate thereof in the anmount of 0.1 to 5.0 5 equivalents
based on the acid anhydride or dicarboxylic acid. Exanples of the usable
pol yhydri c al cohol include ethylene glycol, diethylene glycol, trinethylene
glycol, triethylene glycol, propylene glpygol, 1,4-butanediol, and

1, 6- hexanediol. The pliability of the resulting epoxy 10 resin conposition
can be further inproved by adding these pol yhydric al cohol or

pol ycondensates thereof. An optical sem conductor device of the' present

i nvention QQﬁﬂﬁhiéﬁtabf|@ﬁﬂlé§dﬁy ke@finl €ad el ectrodes, an optica

sem conductor chip that is electfically connected 15 to the | ead el ectrodes
and a nolding resin that seals the optical sem conductor chip, wherein the
. epoxy resin conpositi of the present invention is used as the nol ding
resin. This cop: n makes it possible to manufacture the |ight
emtting dio ; Subject to | ess decrease 20 in the light em ssion or
reception effliciency dui to yellowﬁﬁg of the nmolding resin and is |ess
susceptibl e £ danmge tgOthe chip YHue to thermal cycle and to wire
breakage. Th inproving the light resistance and the 25 heat

resi stance ca ved remarkably particularly in 20 case the opti cal
~ sem conduct or device the present i invention is of the surface nounted
type made by joining the optical sem conductor. chip- on the surface of .a
substrate having | ead el ectrodes fornmed thereon, or a light 5 emtting

di ode chip conprising an optical sem conductor that has a light emtting

| ayer nade;aﬁoa}AQHQpLdgo@ﬂnicondqupr that includes at' least In and Ga and
a main peak of em ssion at a wavel'eéngth of 550 nm or shorter. A first

nmet hod for producing the fluorescent particles 10 of the present invention
is a nethod for producing the fluorescent nmaterial by firing a m xture of a
stock ., material and a flux, wherein the firing process includes. a first
firing prol88¥edh Rif rEPF§seRts 13 reyckitiuer ngliphediverad karld or setwhd
firin% progcess of firing in-a 15 second reduci ng at nosphere, while the
first %redu Pﬁén§t§b§ﬁhe?% rasbRBaREPTEcARE Ry FeRIeaents tane abevhdor
reduci ng atnosphere, The fluagrescent material that can absorb the

exci tati on2T¥igREVABHe Oeftoi di2efirPonpatemsduci ng t he 20-- f1 uor escent
materi al by this nethod. I E

The epoxy resin composition of the present invention

can be cured by using the cation curing agent in the amount
1/10 to 1/100 times as much as that in the prior art
10 because the alicyclic epoxy resin reacts with the acid
anhydride or dicarboxylic acid - (hereinafter referred to as
an acid anhydride. or the 1like) to form a crosslinked

~oligomer havingi some pdlymeriZatiOn;”dégrge,_ * 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 the present
invention has not only an ether bond due to the ring-

opening reaction of epoxXy groups, but also an ester bond



In the first nethod for producing the fluorescent material of the present
dinvention, alum numfluoride can be used as the flux. In the first nethod
for producing the fluorescent 25 material of the present invention, a
substance i ncl udi ng 21 bariumfluoride and boric acid can be used as the
flux in which case it is preferable that the flux includes a liquid. Wen a
subst ance including bariumfluoride andilgoric acid with a |iquid added
thereto is used as the flux, 5 variation in the chromaticity of the emtted
| i ght can be suppressed. A second nethod for producing the fluorescent
material of the present invention is a nmethod for producing the fluorescent
materi al byuéi g thei ¥r¥E819hkangt Ocdadil; Jrt %reit@leeﬁndt%f lWcyiigicei n the
flux includes bariumfluoride, boric acid and a |iquid. is method ~ gan
Suppress [ Bpoxar kabian and e A QITAheydYi Bl SHCLLINGKEMLH! il g the
eby. o]

fluorescent material manufactured ther 15 Accordi ng he produci hg

method, wehgt Can hasedateddioddi0ui fordorer drgenla TG PLoduGng et hod,

Y20" Gd203, A1203 and Ce02 can be used. SCription™o awi ngs - -
Fig. 1is gog Le CLj (YA of a type light emtting.di ofle
according to ???g?éenﬁggi%%ﬁggofﬁﬁﬁgsﬁreng§¥?£9§§{iJH%EFF89X§AIF *& glaph

ar 1 e CoSPQHTEL AR R B E L A SR L HOR ety sdtent
0 208 B ADSH AEm RS T B R E de o
the first ﬁ@&%&e'}te-si% F&@' a?ﬁA c;p iacaslchgg%]t_(i:gn ‘Lg{]o¥i S\évvgfceare %léelésed 'n
the thermal stress produced between an optical
_ semiconductof chip and a molding resin, thus making it
10 possible to prevent problems such as crack and wire
breakage.
The pliability of the'gpoxy resin composition obtained
by the lfeactioh between the'-epoxy resin and the acid
anhydride or 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 aﬁhydri_'dé or. the .l'_]_.ike.' in the- clr:c.'>.sslliln]<.-e_d__'_ .
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



m nmeograph printing in the produci ng nethod of the first enbodi nent. Fig.
-3B is a schematic plan view show ng an enl arged portion of the mask
shown.in Fig. 3A. 10 Fig. 4A through Fig. 4D are process diagrans of the
m nmeograph printing in the producing nmethod of the first .enbodi nent. Fig.
5 is a sectional view showing a part of a package assenbly after curing of
alight transmtting resin applied 15 byj$he m nmeograph printing in the
produci ng method of the first enbodinent. Fig. 6 is a schematic secti onal
view of an SMD type light emtting diode according to second enbodi nent of
the present invention. 20 Fig. 7A and Fig. 7B are sectional views show ng
processes of1{ Waleh bt LRI 1] j f i 1tting,di ode
Exanple 5. Fi gcjﬁzié@xf‘gls; !é?:ﬁetr?arti C se'ctaltdocpng?]![e\(iflséellv%}bgTy ?nd%ﬁgtrgg%é] i g%Pe
emtting digghes,ac LPg; il e of .t [ nt, 25 inpvention. . 23
Fig. 9Ais a gr algheg{llg%\ng%gghe voi u.rr%%%ais)gdr&%& s’f‘?i?ﬁ&ti Oh £XF vECEETMaPat i ve

frequency dj it | rijicle size)of the.fl.uorescent. material of.
conparating§§#%%§5¥3£ﬁ?%£ ~<§'|s a graph show ng the -

vol une- baseddi stqfy but i cur (distrihuytion g article sjze) of |,

t hef | uor escent rrllg é;r%%(?g%f ge\égﬁ‘arcacf%‘?@és%%é’ﬁploeg 1HE§ gPTEORR é%%HEﬁﬁPi c
sectiopal W typeljght enittingdi ode accordjng to, Exanple 9 of
t he prgsenﬁq |n§én%F%%$%ﬂ§gz. g’aﬁgkﬁFa é&%&P&N%ﬂ alyoyel v eROxY

t hedashed cirgcle in, Fig.-10A Fig. .11Ais a graph show ng light. transm ssion
rati oof ep&?%&f%§?ﬁ%6?%0%?%?03“8395?gelPﬁh 1rakberyhte #eid. t8FPRtaingi s a
gr aph showﬁ{g liégn tran nﬂgﬁjon rati oof epoxy resinconposition_after. |ight
resi stance ¥ estEEHY L s Y FAUFE shdni THHEUER PEanskessrsaspainksd epoxy

resi nconposition bhefor ermal, stabilify test.Fig. Z2Bis a gxaph show ng
li ght trans%‘:‘s%‘?w r%?ﬁ?oségsf AIBRP 1 8T HDnpeeRE | 6ANabeecunast .l WaeRbi | ity

test.Fig. is_a,graph showing the variation in the outputintensity ofa
|i ght eni tt%‘?g ﬁfbg%gﬁ%?n&pé’ﬁé(xyr?*’e@ neRdpasidi éﬁhéfélt‘hdenmrdiﬁgeréé‘,%ﬁ,

neasqL din service |lifetest at a normal tenperature.25Fig. 14 is a graph
show ‘S t hARRARERTIANS Y tFRaeteduin a proper cheacyion wesseght tenformng
di ode using epoxy resin conposition as the nolding resin, neasured in a
hi gh t enperét GFeSEhenkadg P gARRY yandf @-taixture gof13the grgsaphnkadwi ng
the variation in the 5 viscosity of epoxy resin conposition with tine.. Best
Mode for CHIBANGENUL 2Pfe 3 nFakiosn Newing epeentd isnbodidedt ©vsr t hbe
present invention will be described-below wi th reference to.the: )
acconpanyirﬁPrface of a substrate of an optical semiconductor device,
volatilization of the acid anhydride can be prevented
15 during the curing reaction even in case of molding in the
form of a thin film. Since the viscosity of the mixture of
the crosslinked copolymer and the cation curing agent can
be freely controlled by the amount of the acid anhydride or
‘the like and the ester conversion ratio, the. viscosity
20 suited for handling can be easily set. The mixture of the
crosslinked copolymer and the cation curing agent has
already been polymerized to some degree, thus resulting in

less change in viscosity with a lapse of time and long pot

life,.

25 When using the epoxy resin composition of the present



10 drawi ngs. Enbodinment 1 A light emtting diode of the first enbodinment is
-of surface nounted type. (SMD) conprising a light emtting diode chip (LED
chip) 5 sealed in a package with a light 15 transmtting resin 8 as shown
in Fig. 1. In the light emtting diode of the first enbodi nent, the package
conprises a netal base 2 and a side wall 1, the-side wall 1 being bonded
with the circunference on one side of thggnetal base 2.for making a
nounting area la. The LED chip 5 20 is die-bonded in the nounting area |l a
of the package and is, after wiring is made by wire bonding, sealed with
the light transmtting resin 8 (for exanple, about 1 mmthick over the LED

chip). I'n thevénghén et td NGoBaOEE @bsihe o @gENbpt PUEDNL | %Huc%ﬁldh'&%o%poxy
resin proprietary to the present application is 25 use as the sealing

resin 8, aﬂd’eﬁf@eﬁeﬁhhaﬁlbﬁéﬁn pa@litdes &y LSEEN] o PRI el iRlrescent
(fluorescent. material. particles) di spersed therein that tonverts the Ilght

tted b I E ht t
vl angth e S TR g PURAT AT p%é?faf#é% i o PARFaRE, °

ures.

First, |ighfq&esi $/:370%13d BERt ¥ S:""éé‘@?ﬁgl%%eglx%/ f?dcorrpols ‘ﬁg Qﬁ_ﬁe l'i ght

transnlttlng sealing resin 8 conpris Fhat

Cross nked 5T ThorerFLSHELE b ek iﬂee o bl %#”éﬂ%@??%a%ﬁ%%ﬂ?e
| nance 2‘?*?%*8% M, Bas ch oM BT e B iR A SeRe
Subst ance) TEATCIoEF o BHEERCTES, e Lﬁadaqrﬁirﬂ t Egdﬁ%%%%ﬁh”ﬁﬁgy
const i 1 Pé‘%ﬂ%%??ﬁs%é? 2 chEbirsy Lf%g&%fls%l“%ﬁﬁr A Eendhidhet @ FRRbE
descri bed '@oﬁj@éﬂl l%el&vxé Eg‘%%l{% gs, thereby making it possible to

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

As the aiicyclic epoxy resin in the epoxy 'resin‘
composition of the present -invention, for ekample;

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 p0351b1e to obtaln an epoxy resin comp051tlon

'_:whlch is less llkely to cause llght deterloratlon 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, aroﬁatic iodonium
salt and aromatic selenium salt can be preferably ﬁsed.

25 These cation curing agents can achieve sufficient curing in



According to this enbodinent, the netal base 2 of the package is nade of a
thin netal sheet 2a constituting a 25 positive termnal and a thin netal
sheet 2b constituting a 26 negative termnal that are bonded to each
other with an insulating resin 4 and connected to a positive el ectrode 5a .
and a' negative electrode 5b of _the LED chip 5, respectively, with wres 7.
51In the first enbodi nent, the LED chip 59s die-bonded with a die bonding
resin 6 onto the thin netal film2b. According to the present invention,
however, the LED chip 5 -- - -- nay -also be die-bonded onto the other than
metal film2a,or over both the thin netal film2a and the thin netal film

10 2b. <LED ahéqmB> dfiowt thedusghior aWist triag éh??ﬁg%a&@e first enmbodi ment
is constituted so as to convert the wavel ength of a“part or all of the

light enmitted by Rﬁ&féﬂﬂBl@hi&h§1eb@%yLEQSQEi?ﬁ§F3§i£§0Hag?e£§ﬁZH%Eﬁ§pgsCent

constitution that emts |ight of wavel engt _can excl
mat eri al . Wil weMaildroUF S ReG0 N deaiaiisSugh agy d GaN can be used for
the LED chip 5, according to the preéeﬁt ?nvgﬁ%ggﬁﬁfgg LgiFSﬁPg 5°F & .

preferably yseisycbritidndad@ SHHGUIRICEY ( X" 20 YN, 0 5 X 0SY,
X+Ys 1 cap?bl e of emtting I1ight 13{ s*ﬂcg(fda\%a%\%{éﬁtengqﬁ t(%l'a]t cg‘ﬁ 5.0

cliieranly cnolvadia Thugsaogi B! SR TG LER Clup 5, e L, LLon
by changi ng Tha i xeaane3a5c ok Y BpBaf { PRIV hAFEE dakedhen chppludeay e
const L1 L o0 duelerieT 0Dl IR AL gt e Pt ELOLUREL LoD Sty ue o
unct o1 5 SSAGe0 NGO SR LNERT L90 L L BESlelable o anpl o
um nance, W diasectueg of e YRilgnsihs ofcILa emssion s e
(act i a0 | ayavp i eABBLRICH in (HE" £ReERer | inRReucd; Prerdding rghese
Y hen 1 RARSBERES APl BBl Sor ESRREIRAERS SLLpGgre fret vaing e e
' ' v An'.optical semicondﬁctor _deViéé_'of the present
invention cbmprises at:least a pair éf leéd éléc£rodes, an
optical semiconductor chip that is electrically connected
15 to the lead electrodes and a molding resin that seals the
optical semiconductor chip, wherein the epoxy resin
composition of the present invention is used as the molding
;esip. Tbis constitution makes it possible to manufacture
;-the'light-gmiftiﬁg diode_fhét.is sque§£?£d_less'aécfeggéf
20 in the light emission of reception efficiéncy 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




15 When the LED chip 5 uses a nitride sem conductor, sapphire, spinel, SiC
Si, Zn0 or the like can be used for the substrate, but it is preferable to
use a sapphire substrate in order to formthe nitride sem conductor of good
crystallinity satisfactorily in mass production. The 20 nitride
sem conductor can be fornmed on the sapphire substrate by MOCVD process or
the like. It is preferable to forma buf2er |ayer such as GaN, ALN or GAI N
on the sapphire substrate and formthe nitride sem conductor |ayer having
pn junction thereon. 25 The LED chip having pn junction nmade of nitride
28 sem conductor may be nmade in doubl e heterojunction structure by form nj
the buffer ¢ayer tire t ptdapahi RrEWHARIS NG HAZE N o] e
| ayer, a first contact |ayer of n-type galliumni tdral dgffartﬁér]stlp%%%%é? ng |;
| ayer of 5 intetpeic Ui UM qald | B Alde | HS agLiye rp@f 4 i um
galliumnitride, a second cladding |ayer OPnSE?ygyﬁ%lﬁé%%ﬁPgMJQ%ﬂﬁqgtrﬂde
and a secontheondmicicd BY e e cdlidydieogal Ly m nitri successively in the
s ¥ s#uﬁ%/%n n&g‘ gﬁﬁo 88533&% viotléy vthen

order. \Wile the nitride sem conductor 0 yp€ _ (
ot roduced 50 o eyt 18ad, ClecTeodty, fPrfen *#Ee%‘s?ﬁv'e?alﬁfaﬁﬁ%@?é ’
ot eray ST 8 BT oS fo ey el e
p-type sinply by doping vi t‘#l ting .'[ayer made of a nitride

' semiconductor that includes at least In and Ga and a main

peak of emission at a wavelength of 550 nm or shorter.
A first method for producing the fluorescent particles
10 of the present invention is a method for producing the
fluorescent material by firing a mixture of a stock
mate_ri.al and a flux, wherein the firing process inc':l-udes. a
first firing process of. firing in a: fifst .redu.cingl
atmosphere and a second firing process of firing in al
15 second reducing atmosphere, while the first reducing
atmosphere has weaker reducing power than the second
reducing atmosphere.
_The fluorescent material that cah_ absorb the
"-c_a{xcit'at.:ion -'li_g'h't-_.-_ mqré ':_:.effiéi-e.nt_lyj. by produc:Lng | 't.:he‘_.-_ -
20 fluorescent material by this method. |
In the first method for producing the fluorescent
material of the present invention, aluminum fluoride can be
used as the fiux.
In the first method for producing the fluorescent

25 material of the present invention, a substance including



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. doparit. Thus the LED chip 5 20 using the nitride sem conductor can
be manufactured by formng the nitride sem conductor |ayers and then
cutting a wafer having el ectrodes fornmed at predeterm ned positions into

i ndi vidual chips. In order to have the ligght emtting diode of the first 25
enbodi ment emit white light, it is preferable to set the 29 wavel engt h of
light emtted by the LED chip 5 within a range from400 nmto 530 nmin
consideration of the . relationship of conplenentary color wth the Iight
emtted by bheifhugnaseent E&He'ﬁo%licﬁrﬁjci&‘ecé‘ﬁeget %s@&e‘éﬁ“tﬁé‘ef?u&' ght
transmtting resin frombeing deteriorating, and the wavel ength 1S nbdre

preferably GRicMi &858 atr 89SréFOFAARE PRY 0%ﬁ?3f?€%e+$qgﬁgg%héoélgﬁiaye

the efficiency of emtting light of the LE Frcrency

f itti | -~ thes i J o4 Of 1 uok teri [ T S
Tor o pr ef orabl o o her TS eyt Pt R LR Eahy PP eh b

i t hi f 45 7 T t. | ti b
E AR D e Ok o
mator o0, s apiefheh 8, e MreRbriian Peo Eni BRLed didtte SoRuPE:

substrate s%ﬁggggsgggphire or spinet has the p type and n-type el ectrod
fornmed on the Seni conductor surface side, the electrodes are forned~in a
desired shape 20,0 e . p-type.sem condyctor | ayer _and the n-type .

sem conduct or |a§e$?%€n%d%?¥§§?ré%rvgﬁ%auaéﬁ%sF ?oﬁfg?r?ﬁ%ePFk%gﬁ?Féﬁl
etching the_p-type seni copductor .so as,to.expose the n-type sem conductor.
Wen | i ght ?g tetx .t a%F%ﬁe?Eoﬁ'n’%Vﬁé‘?é’rﬂ cofidutt tgP&e,f?ﬁe¥’9°m FBened
almost ALl pyel: 89408 WELBEPPT AP PILIRG SEMEPRAVELOTOEEr LEopde o

10 material and a flux, wherein the flux includes barium
fluoride, boric acid and a liquid. |
..This:'methpd'.can suppréSS .the variation in the
éhromaticity of 'the llight emitted ffom the fluorescent-
material manufactured thereby.
15 According to the producing methéd, water can be used
as the liquid.
According to the producing method, Y,0,, Gd,0,, Al,0,

and CeO, can be used.

20 Brief Description of Drawings
Fig. 1 is a schematic sectional view of an SMD type
light emitting diode according to first embodiment of the
presént invention.

Fig. 2A is a  graph showing the volume-based

25 distribution curve (cumulative percentage of particle



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 consi derably when heated to cure. As a
result. when a liquid resin including a fluorescent material is applied to
cover an LED chip and is heated to cure,22pst of the fluorescent 10
material included in the resin is concentrated around the LED chip and
sedinment. Since the concentrated. particles of the fluorescent materi al
sedi nent one on another around the LED chip 5, only the fluorescent

materi al paitzes)eof dias efl warrsddit datdrl £higr stid acer sane@bdd chant | v
absorb light emtted by the LED chip. Thus many of the fluorescent naterial

particles.do notrifgul | y2per fiogg m ghe %@a%;henggtﬂbvﬁqw/er thRao pr&m@.rbggyédact
only to attenuate the |ight energy by blocking the Light of which

wavel engt hdikas e ore onaRieed (zﬁsﬁﬁ&ﬂﬁiﬁ:lﬁrherfféc%l?éﬁza%e ?”ﬁ?}ﬂ# | e

particles. This results in a decrease in the outpu

tt d T | td h
enitting disadrs)Te AW MUKt dumbiBe ANa rmegﬁm #{E0 rgabsﬁrnleéb S suc

a fluorescent material having a particular parti 25 si ze ution as
the wavel ength garversangsf uncséRBmPtic plan view of a mask used in

nmimeograph printing in the producing method of the first
embodiment.

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

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

Fig. 5 is a sectioﬁal view showing a partlof:a packége
assembly after curing of a light transmitting resin applied

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

Fig. 6 is a schematic sectional view of an SMD type
llght emlttlng diode accordlng to second embodlment of the
". present 1nvent10n .

20 Fig. 7A and Fig.' 7B are sectional views showing
processes of forming a light transmittihg resin of a light
emittihg 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.



31 all fluorescent material particles can be fully nmade use of, thereby to
‘inmprove the output power. of the light emtting diode . Specifically, the
fluorescent material used in the 5 light emtting diode of the first

enbodi ment consists of a group of fluorescent particles of large particle
siize 81 (first part of distribution) and a group of fluorescent particles

of small particle size 82 (second part o23distribution), while there is a
regi on between the first 10 part and the second part of the particle size
di stribution where substantially no fluorescent material exists.

According, to the present invention,. the fluorescent material of such a

particle size diFdgri budAon iiss used goaph eveyHouikgy f oeABL | G 1QIme-based
precipitation that has adverse 15 effect on the optical perfornmance and

prevent irddgtirdbutdber efirtvee etk Est1vehte fl@BnRSL UaS & PE: bk on 24 £Nd
Fig. 2B show vol une-based distribution curve of  the fluorescent nmaterial

used in theatitisl eeriodimest, tﬁieg-f%f@é;ﬁg}) . ti ' ' .
di stribution of the particle sizes 20 an Fﬂ%hﬁiggggéﬁg°§?é¥$¢iﬁﬁ%€¥§%
frequency @ikakpgeparticle sizes. As shown in Fig. 2A, the fluorescent

material used In the present invention consists of particles of sizes

12t region beteen thee cum at fve Deraont SEovARY | “En8!! Worthe Bsclf® ©
distribution curve (distribution of particle size) of the
'fluqrescent material of Comparative Example 1.
Fig._lOA is a schematic sectional viéw of a lamp type
light emitting diode according to Example 9 of the present
10 invention.
Fig. 10B is an enlarged view of a portion in the
dashed circle in Fig. 10A.
Fig. 113 is a graph showing'light.trénsmission iatio
of epoxy resin composition before light resistance test.
15 Fig. 11B is a graph showing light transmission ratio
.of epoxy resin composition after light resistance test.
Fig. 12A is a graph showing light transmission ratio
.of epoxy resin composition before thermal stability test.
fFigL”lZﬁ-is a graph shéﬁing 1i§hE trén§mis$idﬁ:ra£io :
20 of epoxy resin composition after thermai stability test.
Fig. 13 is a graph showing the variatioh in the output
intensity of a light emitting diode using epoxy resin
composition as the molding resin, measured in servicé life

test at a normal temperature.

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



32 0.01 vol ~ to 10 vol ~ where inclination of the curve .is zero. In the
flat region, that is a range of particle sizes |ocated between the first
part and. the second part of the distribution, there is substantially no
fluorescent 5 material. In the first enbodi ment, the fluorescent particles
‘of small particle size 82 accounts for 0.01 vol %to 10 vol % of the total
vol une of fluorescent material, while the4fl uorescent particles of |arge
particle size 81 accounts 10 for 90 vol ~ or nore of the total volune of
fluorescent material. According to the present invention; the fluorescent.
particles ~of small particle size preferably accounts for 0.01 volt to 5

vol t, of tHentestsdtwolafive aof 1filghtr eemettingt licle bREhYd] ggo;!?e resin
fluorescent particles 15 of small particle size in such™a shall anount

makes it pozsigns tionli sper tthd hand1diges ¢eBt nat gebalrkl the resi as
not.to block the light emitted by the EED chip'and,therFPuo?gségngﬁéﬁp

par tii cl es. dferiparrgetynss tared eh ByEehubidery. T3 £ evanting irregular color from
occurring. 20 It is also preferable tha¥'the peak di ameter of the particle

size distributi gigpf tfee filsuogl_esggg%hpagﬁc;vﬁilﬁsag o aggsigﬁégigglrﬁii eesiB;ei S

within a range from20 to 90 tines the pea meter 0

di striduti o stlodiftey I HURSBEENE P LbGhiSe s SR Pl € S12e 82 25
¢h & arge

When the two groups of particles have s ifference in
particle size, it is made possible to nake full use o.f the functions of
the two groups of fluorescent material particles (the. fluorescent

P lor escent & e orey SFTEED ST L B A1) convert the
MV6| ength) . Theydh ugkeFeetedPbhbshtiedls ST | R tlgngclageg#.:zeln%zention
will be described below with reference to the accompanying
10 drawings.
Embodiment 1
‘A lightﬁemitting diode of the:first embodiment .is of
.surface mountéd type. (SﬁD) comprising- a iigﬁt. émitting
diode chip (LED chip) 5 sealed in a packagé with a lighﬁ
15 transmitting resin 8 as shown in Fig. 1. In the 1light
emitting diode of the first embodiment, the package
comprises a metal base 2 and a side wall 1, the side wall 1
being bonded with the circumference on one side of the
.=met§1 base'zgfér makihg'a'mbun;ing.afea'iajlehe_LED chib.S"
20 is die-bonded in the mounting.area la of the péckége 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




has | ower efficiency of wavel ength' conversion, but can reflect and scatter
‘light thereby preventing irregular 10 color of the emtted |ight.

Therefore, the fluorescent particles of small particle size is preferably
di spersed in the light transmtti'ng resin instead of precipitating around
‘the LED. chip. The fluorescent particles of small particle size used 15 in
the present invention are prepared in a 2Bry snmall anmount wth the particle
'sizes thereof being far smaller than those of the fluorescent particles of
| arge particle size. This allows for the light emtting di ode having the
fluorescent particles. of small particle size favorably 20 dispersed in the
light transraed iaw tesisealfard imdsinigesamd tHe JdaiarR Y Mandiskes of
smal| particle size 82 are preferably within a range from0.2 to 1.5 a m
Thi s mmkes a t flossicblcanto poewetitl {he10bUBEESHEN AL IL] CHaditiRTRE)
particle size fromprecipitating and have the function to 25 scatter |ight
performed efifspairiscr] yehébeont daft! Useeeerd. +h34 1036 Cd spgl -
particle sizéﬁgg of particle Siggéqgéscribedtg%o&g%ﬁgrdIgﬁag%%rg?tgpg-in

the |ight ligransekittifgr esidud hatEphasig XEEOC:irigqgt gg? f1eelane can

be di sposed separately fromthe fluorescent particle | argé particle

size &l. SpeGidlaRitlY, 4l TeMPEESCEALs  1ight, thus providing the
following features.

First, light resistance and heat resisténce are

improved by using the 1light transmitting sealing resin 8

comprising the epoxy resin composition that can be cured

10 with a smaller amount of the cation curing agent because

crosslinked oligomer is formed through the reaction of
alicyclic  epoxy. resin andiacid anhYdride'or'dicarboxylid
acid. | | | |
Second, output power and luminance of 1light emission
15 are greatly improved by controlling the particle sizes of
the fluorescent material (wavelength converting substance)
that is dispersed.in the 1light transmittiﬁg resin in the
specific particle size distribution of the present
'fiﬁventioh.-d -. - : L . L
20 Now the constitution the light emitting diode of the
first embodiment will be described in detail below.
<Package>
According to this embodiment, the metal base 2 of the
package is made of a thin metal sheet 2a constituting a

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



material of the present invention consisting of the fluorescent particles
of large particle size 81 and the fluorescent particles of small particle
size 82 exists in such a state in the light transmtting resin that covers
10 the LED chip 5 as the fluorescent particles of large particle size 81
are located near the LED chip 5 and the . .: fluorescent particles of small
particle,. size 82 are dispersed substanZéally uniformy in the surrounding
thereof. O the fluorescent material dispersed in this 15 state, the
fluorescent particles of large particle size 81 function to convert the
wavel ength of the light emtted by the LED chip 5 and the fluorescent
particl es dfegahdlve phernthal sithat82atecabadedn tidieesthr HhEMgwi Bier egf wor k
to reflect the light thereby to prevent irregular color of the 20 emtted
light. The iMsiratsicentresrerd andfcomidtodait iaCbdsiitd e editsodee 5a
-i'ncl uded -t hat have a peak of particle size distribution-at a particle size
between thesl o revatfilweoredsraiodiarsy & eef Lg@j%higarst,'l He@piicte vaZyand
the 25 fluorescent particles of large particle size 81. It 15§ 35
difficult fwirtd Reiddguorescent particles of large particle size to absorb
and convert all the light to be converted. ‘The fluorescent particles of
arge Particle szatdl fiese cAbAEnent] ache 208 Sfh! Beigl aie 1Hagled o
sone portion of 5 light that is reflected by large uor escent material
particles. wicrosntee Wyrgidid fi Y, sdmﬁf refgan ti medi um
particle size are included al%ngéﬁn&%h 6t he u%#%sgggﬁ ;tﬂnae?cta%lcl géﬁgf% ar ge
particl e sigedhitdat i ; "@qf:- I n S f
fluorescent 10 _parr{h?(ﬁiést\r%f Q%;eﬁégée}ltgalﬁi C el g?zkel%gfr"%%d %@%I ?"g(rb tchgﬁ t5hose
of the flug tyehe k- ~pantd j 2...S0_1hat.pant of
light that P 8o B iEe ﬁgﬂa?ﬁg%htﬁo?‘g‘s‘?’cgdrﬁ%%aﬁf'}%e‘%gg?i| Z&&g 2801 ol e
size 81 is f t rti,¢l es ;of ., medi um particl_e.size
and convertdgg%ié&fg)og:ﬁ %tgl%erﬁhqg%%%ﬁglr#(%ngﬁ%e#]ldcﬁ:gﬁt %b&r‘o e(',c@r]rvgrléfnon of
the pgytiompf light emtted by the LED chip and reflected by the surfaces
of the fluorescent particles of |arge particle size as described above, it
i's made posgigy i@ @t ain desired chromaticity with a mni mumanount of 20 '
fluorescent materi and i nprove the |um nance. The mnedi an particle size of

e o ponemeent A U YDA L BeSbEe e BIELE Babptiiln °
Part o P TR FehAh Rt ARG b M
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 materiall. 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 p_:éf_('er_ab'ly_ uls'é's_.ia nitride '_semi_condlic.tc.jrr _(IngAlgGé;:g_"
200 N, 05X 0S7Y X+7YS 1) capable of emitting light of
short wavelength that can efficientiy excite the
fluorescent material. The LED chip 5 has the lightl
emitting layer made of In,Ga, 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



36 the surface of the fluorescent particles of |large particle size and
‘convert the color thereof. In general, the efficiency of converting

wavel engt h of |ight becones higher as the particle size of the 5
fluorescent material is larger. The light enmitting diode of the present.
invention is made in such a constitution as all light emtted by the LED
chip 5 is efficiently absorbed and convé&dted by the fluorescent particles
of large particle size 81, by designing the particle size 10 distribution
of the fluorescent particles of |large particle size 81 as described |ater
so that the fluorescent particles of large particle size 81 will. not be

di sposed orgystadnocoapoaidiod.t he WHIlhi phe $iEnce dHig flsiorngsgente
particles of large particle size 15 81 having |arger particle sizes anong
the fluoresocastitated al paiticl edthlert he pRRgRMInCtAwANt i ONsgrecEhsd i but ed
.as shown in Fig. 4A and Fig. 4B, the particles hardly precipitate in such a
state as thetpzbfjunkedonr stirictarask Wohbleardt & HflincPldn 3 Lructure.

preci pitated. while keeping 20 favorabl e distances Trom éach other. As a

result, i gh’atemh'fatsedMI)S”‘ﬁlﬂdiﬁcﬁrh,ipﬁn@?rﬁtﬁfctﬁ@nde%x“m;rr?”l whleidie

fluorescent particles of large particle siZe 81 that are Tocated near to

the LED chiapcbriiahqal&d thedirddint | yavenessh, Patt i £l eg,lrdabge masticle

size 81. 25 Consequently, nore fluorescent nmaterial particles can

cont i but ehpiblie SRS Sh@Beeh ki@l ohharahy el 6asl NILAS JLaN s e

absorption efficCiency and wavel eéngth conversionéfrficiency 0 ire

f1 uor escenbmﬂ%gbhmwitfho'iﬂ%rhhetro QBfn‘i‘hQn?SSi r\?\ﬁ%é%grge]%/ccﬁoisr}nggg Lhe not

t he5f |l uorescent material of “the prior art of par
e
r]"36f

PoperL cosveakhethal | de nespreeluiaulula.n LaLge, Rl |

fl uorescent materi al Since FhIS |"eads

[ vor eseerBRteotakal |t oRA 6L o5l U8 CT5E", STRLAST R per L on

of the fluorescent erial par 1 ght
con i ONgjf a f : _ terial particles that.. dq .not
conY?PELtec?g%ﬁga??gﬁtBgokggr%?géEgﬁgg&tgﬁegwéiﬂﬁéksﬁiﬁy?é%ﬁgkﬁt}%éhﬁon
rati o has : i ] hapce coul d_not 15be achi eved with the
fIuorescen?ﬁﬁgﬁggﬁ;ﬁ%%FQt%géﬁggﬁn %#??M%enTgﬁeaF bgﬁegéﬁﬁFgﬁﬂﬂi?ﬁ%% of ~
1l arge parti.gl: i 81lhaving_t he,nean rticl ize and the particle
si zodi ot ri Bt PaRe EARARR) B nt PG Fo A aRE ot Lo i i g s SRR LR Rt on,
robabi I'i ty ~t he.fl uorescent partigles of20l arge particle sjze 81 to -
Brecipitatéuagﬁ Iye§%es A @r4i$%q§%393qlﬁﬁ?ﬁﬂﬁihﬁzﬁh%%c%ﬁﬁl$ﬁﬁqicles
of Iargeparticke Sié% 8% can be dispersed nore sparsely than in theprior
art. AccorgPﬁa VW G&t&GSe the distance between eachfl uorescent nateri al

partigle and thg, light, em tting2osurface can be made relatjvely shorter,
Iigh?‘gof whi ch %hﬁg m%&[ hgﬁée eMSe8nver Rélirédn beemriGoR@YEPEo t he
outside while gaintaintng hi gh | uni.nance w t hout _bei ng absorbed by the
resin. BasPBPROBALEPt SBANESNt PICYi 3d t KOSt ithiee 1dker Gasulieiised for

the substrate, but it is preferable to use a sapphire

rY

substrate in order to form the nitride semiconductor. of
 gOOd ¢fys£aliiﬁity.sétisfééforily'iﬁ ﬁass p#6dﬁ¢ﬁionf; fhé
20 ' nitride semiéondﬁctor can be formed on the sapphire
substfate by MOCVD process or the like. It.is preferable
to form a buffer layer such as GaN, AIN or GaAlN on the
sapphire substrate and form the nitride semiconductor layer

having pn junction thereon.

25 The LED chip having pn junction made of nitride



5 of the fluorescent particles of |large particle size 81 according to the
-present invention has been descri bed above. According to the present

i nvention, as described above, the Iight emtting diode of high |umnance
and hi gh out put power can be achieved by using the flueorescent material 10
~consi sting of the fluorescent particles of |arge particle size 81 and the
fluorescent particles of small particle 28ze 82 and nmaki ng-the col or
conversion |layer made fromthe fluorescent particles of |arge particle size
8l disposed around the LED chip 5 at favorabl e di stances fromeach 15 ot her
in order to inprove the efficiency of extracting the light to the outside,

the |ight sesdrquriductoati omapd ble hghé canvergh@lef fhetepsyuntbigsder to
fluorescent material particles that do not contribute o the I1ght

conver si on sfrfidtianey bpar fbeheng0 e epudrerhel flepr E‘qiflerahepaééﬁ}?lhfﬁe of
| arge particle size 81 -axe preferably controlledwthin a.range Trom10 a m

to 60 a m JUNR R &b Po ey, 1Ond the '%lfﬁe%'ﬁhgeé-, ?8%19%1‘8&3{9 Jg from
r than 10

15 ~c mto 30 a m Fluorescent "particles snalle ~C m an ar ger

th the fl t ' : ' i t
an the fliugrascen nmréapiﬁﬁn%é{fiyﬂéé, péf%iféghgi%cﬁ%% ?%2?%?°’Ehere_by

precipitate and 39 precipitate dense nass ~in

e i

}5 .~ mand lIarg than' t orescent’ particles o particle size
52 have Niglhersun LeanGy, L0 RGP Al AR BE pLe dengebihiy e
Fasi n ¢ her Sy adeAde (8pH2T R CHESORE S oo 1R0RRAY pFc B Eved of
whi ch maked s T saE Asat, YRy 1% TR, SEHEET ) Uor cacent part i ol 66 of
g e oL e Y SR PR SRR AL 1
10 conductivity when not doped with an impurity, Si, Ge, Se,
| Te, C or the 1like is preferably introduced as an n-type
dopant in -order ' to lform'.the' desiped.'n-typei nitride. .
semiéoﬂductor and Zn, Mg, Bé,-Cé, Sr,-Ba or the 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 preferable to decrease resistance by
heating in a furnace, by plasma irradiation or the 1like
léfféfjiptrédudiné the_p-tyﬁé-dépant.:;Thus thé LEDgchié_5¥:.
20 using the nitride semiconductor caﬁ be manufacturéd by
forming the nitride semicondﬁctor layers and then cutting a
wafer having electrodes formed at predetermined positions
into indiwvidual chips.

In order to have the light emitting diode of the first

25 embodiment emit white light, it is preferable to set the



15 fluorescent particles of large particle size can be kept to within the
desirable range of 0.3 or |lower wthout specific classifying operation,,
and can be further controlled to 0.15 or lower by classification (the
inventors of the present application, verified that fluorescent ~
particl.es of , , . 20 large particle size having standard devi ati on of
0.135 can be manufactured by classificat2®n). The present invention

i nproves the output power of the light emtting diode by using the
fluorescent particles of large particle size as descri bed above thereby
m ni m zing 25 the blocking of the light by the fluorescent material. The

40 mat eri alwafverlerurlf | obr ddghmt ¢mittededyof ther gEDPatHir! 8 wWizdimsed in
the present invention is preferably one that has high |ight absorption

ratio, - hi glangeon\feosi og0ef frii arcy 5800 anWi 88 eI Qfra@4eint abisonthe
wavel engths. As 90 vol ~ or nore of the fluorescent material consists of.

the fl uoreseAnit itardtip) &Ff Worplidierodty Cb616E zoi 8 that1lgwe excetlent
optical characteristics (high light absorption ratio, high” conversion-
i
S

ef fi ci ency mndtRe WifdRoraaene! mexcdtadi Oian\aa\@leenlgé&ﬁ) to et Oﬁﬂgf 10
wavel engt hs around the main emtting wavel ength of the L chip can be

‘sati sfsactorliﬂgsmpowa{éxﬁekttﬁgotfe%riﬂvaff&glﬂg&fﬂrﬁg ngggeibfﬁrdaugrg}(}; &g&gt L899

di ode can be.” manufactured nore prefera escri bed

above, si nGmdiergiahts a4 NP EesEndl L hA LSS dINEELGD 365 the

fluorescent material of the above constitution, matéeri a

particles ean b8 seger ahed | We bBACKAYES NAIMGS! o  UNGli o0 b scatt er

l'ight made of the fluorescent particles of ‘s I" partrcle’size dr sper sed
Conversi on T hdd B O FrucrDs SENY dxeily BnboPnpoBE R EldnivrafS; 00
rom cach Grher US| iGht bt CPRE EREETC Ot hethf cSBRTOT ROERE on
Copanle Of iEidridid 100 s OhobedhARe QI B8V 8Ec* e I ERSN S
light emitted by the LED chip 5 within a range from 450 nm
tql475'nm. The present invention can also be applied to an
LED. chip that elftits .lj'.gl'llt .in ultraviolef regioh o!f a
wavelength shorter than 400 nm, by choosing the type of
15 fluorescent material.
Since the nitride semiconductor LED chip based on the
;‘.nsulating substrate such as sapphire or spinel has the p-
type and n-type electrodes formed on the semiconductor
Sufféce 's'id_e, __ t__:he-”.e“lec't_réde.s:.'_‘a__re_ fé_:;_med ‘--_iﬁi--_-a.;d.es'ir."ed _shépé o
20 on' the p-type semiconductbr 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 over

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



color can be obtained. Particle size distribution of the fluorescent
material used in the present invention is shown, bar the' vol une-based

di stribution curve. The vol une-based distribution curve is 5 drawmn by
measuring the particle size distribution of the fluorescent material by

| aser diffraction and scattering nethod. Specifically, the fluorescent
material is dispersed in a aqueous sodi umthexanet aphosphate sol ution havi ng
a concentration of 0.05 and the particle size 10 distribution is neasured
with a laser diffraction particle size distribution measuring instrunent

( SALD- 2000A) ,over a range fromO. 0.3 to 700 a min ari atnosphere of 25 C
i n tenper at tit@hhndrarsnit hing delpctrodecocdnaist inghe r asetrhin ny@taion,
medi an particle 15 size of the fluorescent material refers to the particle
- size at whi Ehlmke cumul ative percentage reaches 50 vol ~ in the

vol une- based distribution curve, and this value is preferably within a
range from ¥Eluergecentnsubstancarso preferable that the fluorescent

mat eri al includes the 20 particles of this nedian size with a high :
concentration, pfpeeifibky trawif@~ tof S5Gkhwl fUhetesdeht ONphEegugNCY)y.g The
light emtting diode having good contrast with irregular col or suppressed
can bedSobt asevdrby utimg ttieat | wof esnant IiRherd alrdBee bR fRfrePalihhs
having |l ess 25 variation in size as descri bed above. 42 This is becCause,
while the fViscostegt omrd | chasmobeterfig BULI! Godidssdd RbAsTRECARIGPAD! @
to cause irregular color than smaller fluorescent material particles,

gradi ng t hewhénongaard Baridurees ohsl af 9eeRAN, Clehai 28 %%&[é deggase
the variations in the particle size inproves the. 1rregular Tol or conpared
to a case oingledify Hariabiessent %&Bérhhgh’igeﬁbbgiea dhodgyvat %\peL&'bese”t
invention, the fluorescent material is preferably based on the yttrium

al um num oxeHepf | agdestenthdeie | o agdipat e i+t h ri 1 emt
i ght by absoflt))i ng the light em tteod ?fﬁe g‘eO\r%‘ftE:or? uc'lttgr@ Lgﬂ)h?:%%s%%g\yl ng

the |ight emhseroa1l avenvarde iof hditeLfR § m&g{l&ﬁ&é&gﬁ'? yh | e

al um num oxi de fluorescent material may be~ %Alo ; , ,&515 iéz/l%%ele?‘]?AG
Ce) ., Y, AlzDBD ERipPraRd"sglimEnef 15 these materials. The yttrium alum num
oxi de fluorescent material wth Ba, Sr, My, Ca and/or Zn included therein

r | so b dg i | SQn ' tQ . t ti f '

orowing crystal Soree RS PP bR ORI T8, S FThorsecart
owi ng ct 10-obTaln The TTUarEScent that BFi o haftrorescsh® = -

1 uor escent TeerarT sl Sy aRed i ¢ Aot VathhiE, SHoRER PR a8 sense

f th j | ow fl ials: (1) -

R A gL o R e s S R S

at ons §ei ngpeybahli Ut §e-#u dd égnlgﬁiciently absorb light emitted by

the LED chip. Thus many of the fluorescent material

particles do not fully perform the wavelength converting

function but act only to attenuate the light energy by

blocklng the light. of 'wh.icl:h'_wavl'el_‘]'.:.ength_ .h_la_'s “baen .éo_hveffé‘d .

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 preseﬁt invention employs

such a fluorescent material having a particular particle

25 size distribution as the wavelength converting function of




43 one el enent selected fromthe group consisting of Lu, Sc, La, Gd and Sm
(2) yttriumalum num oxide fluorescent material with part or all al um num
atonms being substituted with at |east 5 one el enent selected fromthe group
consisting of Ba, T1, 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 consisti¥g 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, Tl, Ga and. In. Mre
speci ficall the .fluorescent material is a photol um nescent fluorescent
particl es Pi%rEééﬁréécﬁptlaageﬂéaélpﬁ@tdnﬂ&s(MZGdbngu&A&Sﬁ&ae Gse(o®,< Z S
1) or a photolumnescent fluorescent particles represented by general
formul a (Rehershy) teRemBONE : tide 6ubpltapowkr GS thé light Baiksialy | east
one el.ement selected fromanong ¥, Gs, La and .Sc ,and Re' is at' |east
one, el enediodelected fromanong 20' A, Ga and In) . The fluorescent
material, due to its garnet structure, has high resistance agai nst heat,
light and wat er Spandfhaalag, exché atf 1o rrreddtMReaki B afsédound 4B@ nm
and a broad em ssion spectrumw th peak em ssion at around 580 nm and 25
tailibg uplighZOemiiting4dlibide Gienme ofi L€ babb@in&mt S8bRHi SEst BE a
phot ol um nescent, fl uorescent particles in a | ong wavel ength .regi on not

shorter thanodp0 ofm ERilobEsEENE OaethY:1ieac! diei ng ldqR L nghyhe
crystal. As the Gd content is 5 Fﬁbreased, peak agge&%ﬁg?€2§L%?E$tel

em ssion shfitstt tl afl aniosir Mamel ot Bnand, t ?gtoﬁgt g€ gﬂh&?jeggeﬁigect rum

al so shifts toward | onger wavel engths. This nmean t em ssion o ght of

nore reddi phredtdescagrbesaghievgdrbychBCr €asknd he te | ngeasi ng
the Gd content also 10 decreasesﬁthe Funinance o?bbldgggﬁggolgéfﬁesggnce

eni ssion. dbetfibotesaent WwBNY | y;ial sp ipghuyde ,
o “or O B FABGEESREN IR Bhe PV 18, RO, ERGLYH® bBbucdh, e, Bper

wavel ongt hpateoashl £ Wawert 3hard eir wee gogths when 8 Rat 90 Ao i

are substituted with Ga 15 in the yttrium al um num garn

ferial : t Th j.ssi length al 5. shif tihl
o o] on P fBOSCL A U 8 EEGHERLARE UL Bl 8858 Y
When~subst it | +party Y, it it ~is..20 preferabl

oo htbkang? Rl pRbemRen ikl i DEEARRRKRRL e

-the proportion of atons sul ] _ ~ a
Ce tent 14t utd . o 1.0, th | A t
Subst it ur enl o F Rt e Tl AERed 18 rethe (OB RORREr By disdisthatPed

conponent e t i hange.can 25 h ensated _for by increasin
thnge con’tg%%{’&gg }ﬁ]ofgghgtgog Ot “Pretipltat 1 BRaf  nas aliverse g

15 effect on the optical performance and prevent irregular

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

2B show volume-based distribution curve of the fluorescent

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

' _CﬁhﬁlatiVé'bérdentage-aiéfribgtiéh*dflfhé”péfticle:#iées1

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 sizeé

distributed as shown by the volume-based distribution curve

25 that has a flat region between the cumulative percentage of



45 conpensate for the decrease in the red conponent thereby to obtain the
desired chromaticity w thout decreasing the |um nance.. Because the

phot ol um nescent fluorescent particls which has such a conposition has an
excellent 5 tenperature characteristic, the reliability of the Iight
emtting diode can be inproved. Al so the use of a photol um nescent
fluorescent particles that has been prep@2ed to have nmuch red conponent
makes it possible to manufacture a light emtting di ode capable of emtting
an 10.internedi ate col or such as pink. The photol um nescent fl uorescent
particles described above can be manufactured as follows. First, as the
materi al s t®. fdakeoy, 3Gtko Al0aved1Cs wheresihbiinatiofn’ ofompeuUnss-ddiais can
easily turn into such oxides are mxed 15 in stoichionetrical proportions
thereby to zemke. t helrst thle nBlati alegidiniertigdt veky.a arapget ioh paepaced by
dissolving rare earth nmetals of Y, Gd and Ce in stoichionetrical

proportlom§1zesnuematbd8beﬁwéeﬁlﬂhéaEstﬂﬁbarﬁxéhactﬁé'gecond ﬁi%%FEPdUCt
of which is fired to obtain a coprecipitated 20 oxide nmateri al

copr eci pi t aftesl @distar iMAlteldg  itheFexedsW dilb St 4HE TN PXihde fPu&b%f‘é
m xed stock material. A mxture of the m xed stock materi al uor i de

such a8 bamatefiapyide. or amoni um fluori de added thereto as a flux is
put into a crucible and fired at a tenperature from 25 1350 to 1450C in air

at nosphere for 2r4 otfe hewist %odﬂ@.ﬁr 2.31 cmlsé d1b e by
i

using a~ball mll, washed, separated, S|eve o ai ne

“phot ol um neggent ﬁéf‘@l@ﬁéeg'&z@a%b' ‘é'c%%unts' 'fotxh% ldlghztdlerﬁ-' t8d NG d‘}oope% of

the present invention, 5 the photolum nescent fl'Uorescent particles may

cOntai N tWag @heTOEBEK NS By (g1 UILALUELAUAL I3LNEL {1 uorgﬁggere plerial

activated with cerium and/ or ot fluorescent materi al” adde When

two kinds ofiudiddcdne! walrtd@iQar ot hbikessant; M0 MBI gLl 3 d—%é\ﬁﬁs of

different proportions of Y being substit are m xe

T oor o Ok 98] WeI0 o8, BT DAL NBS SN | YorfBl Vhilihe! .%%“?@hoﬁ%%% s

fluorescent material having higher proportlon of
mmteri al hag g aver pr SRRt s?,b‘;‘%b'?ﬁi%5%'8%%%2%%&{9‘#%&5?8% a1
render i ng. per rén%%%rgééﬁ%ﬁtlﬁ’ﬁ"l GhoSToanmpll | HARIved ot STRE JORETTIRAY
2oplyi ng o Srafs, ME 0L W haard's tr%ﬁ%&t'ﬁgeéié'pé‘aﬁaﬁgh%;&%rby
i ?L”Sﬂcgﬁfnrfﬁ?%%@%ﬁ“%% %ﬁafs' St dhe neluaRarert e W 1P nh
acid f@hydrdidesﬁall particle size 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 partlcles of large partlcle size while

“Tfpreventlng 1rregular color from occurrlng _

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

25 When the two groups of particles have such a large '



47 di carboxylic acid (0.005 to 1.5 nol based on an epoxy equivalent) with a
‘smal | anmount of a cation curing agent &). 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 heating. The light transmtting resin 8
thus formed scarcely causes yel |l owi ng of 38he resin because the content of
the cation curing agent that absorbs blue light is 1/10 to 10 1/100 ti nmes
as nmuch as that in the prior art. Therefore, the light emtted by the LED
chip of the nitride .sem conductor capable of emtting blue Iight and ~
|ight of. vhikferenee eant pPartsidleensizeweited scamde passibledtbontale
out si de. Because of conparatively high pliability, the 15 |ight

transmtti nfukesise Sofetheefunkd ibher mel tdier as® aprd yf o diddeyaiige in

. thermal expansion coefficient between the Iight transmtting resin 8 and
 the LED chimateridlis peiiingléd pdsd blfd uorepicenent phativies safeh samiar ack
in, the LED chip 5 of the nitride sem conductor and breakage 20 of the wire

7. The conmuestticobhe ofitbée82pma)nilesistate@odiilghdn Wl tHe thikidreddent

transmtting resin 8 wll now be described in detail. The epoxy resin :
conposh ti orpaoinistidsit iofy Lhegki ghdrPhclde ardde! t 810 MzA%1Y Sc6RPEAE N hedS an
essential conponent, 48 an epoxy resin containing an alicyclic epoxy

resin as a wamelem@tiponent, - an acid anhydride or dicarboxylic acid, and a
cation curing agent. If necessary, it further contains a pronotor nmade of a

pol yhydric al cohrie oflackelsyeatdansat fcider 86f spldahal hsrof cidesfgapeptive
conponents are as follows. (Epoxy resin)
has lower efficiency of wavelength conversion, but can
reflect and scatter 1light thereby preventing irregular
10 color of the emitted light. Therefore, the fluorescent
particles of small particle size is preferably dispersed in
the light transmitting resin instead of precipitating
ér&und the LED.chip. | | | |
The fluorescent particles of small particle size used
15 in the present invention are prepared in a very small
amount with the particle sizes thereof being far smaller
than those of the fluorescent particles of large particle
size. This allows for the light emitting diode having the
' 'flu§fésbent 'pé%ticiés -6f' sméll_ pértiqie. size 'faﬁorébly=f
20 .dispersed-in the light trahSmitting resin. Particle siies
of the fluorescent particles of small particle size 82 are
preferably within a fange 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 function to

25 scatter light performed effectively. Also the fluorescent



Since the, light transmtting resin 8 nust maintain high |ight
transmttance, it is required that the epoxy 10 resin used in the present

i nvention accounts for 65% by weight or nore, preferably 90% by wei ght or
nore, of the whole epoxy resin conponent (total anmount of.only~the epoxy
resin excluding a curing agent) and the content of .an aromatic conponent
serving as a coloring conponent, 15 espeé*%]ly a phenol derivative, is
reduced as small as possible. As the alicyclic epoxy resin, for exanple,
epoxi dat ed cycl ohexene derivative, hydrated bisphenol A diglycidyl ether
and diglycidgl he ahydrfphthalate ester .can, be used .alone or .in

conbi nat i onPaFticles” aft ismall | paxticler cpize 82 niof apaspéxidat siizes

cycl ohexene derivative such as 3, 4-epoxycycl ohexyl net hyl -3', 4' - epoxyhexyl
car boxy| at e3e5§rabgei n abpFBnenhardivh dpgegéptiyatéexahydr ophe hal hightest er
and,” if necessary,. an epoxy resin nmade of a cycl ohexane derivative such as
hydr ogenat e§TBRSPAERSNIA TES i gthat dphsetrvdr , yeindcapedhl ermhythérefdyd i qui d
or solid 49 eg;?y resin made of bisphenol A diglycidyl ether can al so be
m xed, if négBsd&r ydisgowed aebgdatebyorfromdithar DyOHes@nitd) pA6tidEagci d
anhydride or dicarboxylic acid, an acid 5 anhydride represented by the

fol | owPng gefiefargeomantdqlly sizeli 82 boxSpdai faeiad 1 Prigse Nt Baobys ddvet
foll owi ng general formula ( 2 ) . (1) O ~10 15 HOOC RZ-COCH (2) In the
fornul as, Rmpatepiedenv$ athec| ipreserd i phmatdrtidkylcdisiatidndavdng #hd 0 12
carbon atons and RZ represents an ,al kyl or, aryl having 0 to 12 carbon

atonms. As tlféuaredcanhygrameclfexyr efamjdree tPEFEICHE lQ zéSegh PaARI oL
anhydri de, succinic anhydride, 1,2-cyclohexanedicarboxylic anhydri de,

3-net hyl -1, Zlugresbentnedirtdchesyldf amdylrpaeeicle size 82 exists in
4- et hyl - 1, 2- cycl ohexanedi car boxyl i ¢ anhydri de, phthalic anhydri de,

4, 4' - bi pht hahth anhythticleinhexndhyig@ht Babhhsm 8PS | 885in that covers
met hyl hexahydr opht hal i ¢c. anhydri de,

10 the LED chip 5 as the fluorescent particles of large
particle size 81 are located near the LED chip 5 and the
fluoreSCep; particles- of small "particle . size 82 ‘are
dispersed substantially uniformly in 'thé 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
particle size 82 located in the surrounding thereof work to

| .‘;éfiédt"tﬁellight'the;eby t0'prevent itfégu1ar éQlof of-the- N

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



50 trial kyl tetrahydrophthalic anhydride, and hydrated nethyl nadic
~anhydride.. As the dicarboxylic acid, for exanple, there can be used

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

1, 2cycl ohexanedi car boxyl i c acid, 1, 3-cyclohexanedi carboxylic acid,

1, 4- cycl ohexanedi carboxylic acid, o-phtt¥ic acid, nphthalic acid, and
p-phthalic acid. When an epoxy resin is mxed with an acid anhydride or 10
di carboxylic acid to. forma crosslinked oligoner and then the crosslinked
oligonmer is cured by m xing a cation curing agent, the acid anhydride or

di car boxyl dd ffécults foirxethe nflherasoent werbinlesr dTgeldrdum PaPOfcto 0.5
mol, and preferably from0.01 to 0.2 nol, based on an epoxy 15 equival ent.
Wen the epdrp rtesiabsdrie amd deanbyrti delothdi QdgBexWd bacishwaetdde
cation curing agent are sinultaneously m xed and cured, the acid anhydride
or- di car bofhki o lawiresicenti et it Ide GROVAEga phipialEaBgeef BAMHALOQ5 to
1:5inol., ""and preferably from0.1 to 0:8 inol, 20 based on an epoxy:

equi val ent la¢Gati enrgdten@ra@eind A dher G it @l %G Pord ¥n BRI €,

there can be used aromatic sulfoniumsalt, aromatic di azonium aronmatic

i odonsum salighgndthaeneis c sef k-t Hie Q%QEEtifﬁaéréHEEHEi E¥¥£ﬁ¥ S

deconposed by heat and/or ultraviol et 51 I'i"ght having a wavel ength of 360

nmor | essphetgenesat € 18 ¥under EXRP! a%ﬁ?g&ggh Lydﬁdeffﬁ&p&&ﬂt

sul f oni um Hexaf | uoroanti nonate ~ and Tri pheny um -

Hexaf | uor 0paespRaks. oFNGdctin SLFPOSIL] 012630, B IANWAICT AN (wighed bY

addi ng a snmall anmount of Triphenyl sulfonium uoroant i nonat e because

arount within & TeRas T B BOR0R 008 003 oI AT At aByer m 00001 (o

anount -within a range from preferably fro

ooy Toqui Mafteniat ghiclec Aidl [ 408 Lo PRah 0thBSE, AR MR cifSR AT

epoxy equi val ent. (Pronotor anples o

pr omgigor iaaw;d;elsshxkerrafg'eyio l.rtig']ilpet %)ik%?_%lgl %'sd?atoa{fe@gt@alne”t%&!e‘/co"

triethylene glycol, propyléne-glyc butane n

1. 6 hexanegeoknoThars eabeats g iR asd 3. PYusandensalg Ohtained by g he

condensati on polynerization norep t hese

pol yhydr ¢ akeobal . B agl iy o Aledholy or 0] yeondensal e thereq! 1o

‘used.in the ano w thirn“a Tange frony. and-
e PatEifed 6k 310-68 A eIl 82580 " 10° SRV e
fluorescent particles of medium 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
""_ibbtain jdési:ed3 chrqméticity'-With _a:'ﬁiﬁihumf am6ﬁﬁ£ iof;r
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



The epoxy resin conposition used in the light transmtting resin 8 may
contai n conponent other than those described above. For exanple, the |ight
transmtting resin 25 8 may contain fillers 10. In addition to the fillers

10, 52 it can contain various functional particles of diffusing agents
and colorants. The nethod of formng the light transmtting resin 8 wll
now be described in detail. 5 The nethod36f forming a light transmitting

resin 8 includes, for exanple, (i) a nmethod of applying a solution, which
is prepared by sinultaneously m xing an epoxy resin with an acid anhydri de -
and a cation curing agent, and curing the solution, and (ii) a nmethod of
appl yi ng a q@es§PEg§@ﬁ,0ﬁhtbﬁ fduprepeeatt pprtéatesngfanaegexpatrediciew th
an acid anhydride to forma crosslinked oligoner and m xing the crosslinked
ol i gomer wi$hze aamdtcanvenk ithe ageldy tekenffi ng the coating film For
exanple, when the light transmtting resin 8 i.s formed. in the thickness of

500 ~ m 15 or | e%s, gemeraipt Hitk (dffidisere} tef .cdBveatRngy Wade1ERgtAELRO
(ii), volatilization of the acid anhydride can be prevented in case of

appl yi ng t heighght becamnesi t hiig@eresids 8 thet hpar@iemal a&iddi nofil phand
curing the thin film Al so the viscosity. of the solution to be.' applied

is. eaSily Phucrescent edateriaheipollariged.i s ™! PIGIOY, en®tEbRY HR8de
wor kability is inmproved. The nmethod (ii) will now be described. First, an

epoxy resimofothal pregest fhveneléog e50MMdeeshNsubhi §hcarseYRLeibR" 285~ by
wei ght or nore of the 25 epoxy resin, is reacted-with an acid anhydride or
53 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 particle
size 81 as described later so that the fluorescent
”partic;es'qf large-particie Size 81 hill not.be'disposed
one on anbther afoun& the LED chip 5. o
Since the fluorescent particles of large particle sizé
15 81 having larger particle sizes among the fluorescent
material particles of the present invention are distributed
as shown in Fig. 4A and Fig. 4B, the particles hardly
precipitate in such a state as the particles are in contact
 with_ each  6the;,_ bﬁfﬁyare :pr§§ipité;edtrﬁhile ?kee§iﬁg “'”
26 favorable distances fromleach other. As a result, light
emitted by the LED chip 5 can be guided not only to the
fluorescent particles of large particle size 81 that are
located near to the LED chip 5 but also to all the

fluorescent particles of large particle size 81.

25 Consequently, more fluorescent material particles can



di carboxylic acid in the anmount within a range from0.005 to 0. 5 nol,
preferably from0O . OL . to 0.20 nol,. based on an .epoxy equivalent to
forma crosslinked oligoner in a proper reaction vessel. Wen using a

pol yhydric al cohol or a 5 polycondensate thereof as a pronotor, it is m xed
with the epoxy resin, together with an acid anhydride or dicarboxylic acid.
The reaction between the epoxy resin and7t he acid anhydri de or dicarboxylic
acid is preferably conducted at roomtenperature at which the side reaction
10 such as oxidation is less likely to occur. In the case of the acid
anhydride, the reaction tinme is wthin a range fromabout 1 to 360 hours.
In the cas€oBErikutgi d@r bblg| iconyerdionhef ehighionthemebiys Midiéasing ange
from. about 1 to 180 hours. To,reduce the reaction tine by acceleration of
15 the rin§h8pddighf raksorptiar efifiatedcpnhpdr wdeelehgtheasinwirsieat em may
be heated to 50 to 150C (preferably 60 to 120C) . Then, a sol.ution is.
prepar ed bgffigisgcyhefrthal éhbijrecfbastésdk@st aldtgarery with , a, cation’
curing agent;.in the~~ 20 anbunt within a range from 0. 00005 to 0.03 nol ,
preferably 0.0004 torfefl tol, obdadh ORlex1reROXYigHYl Vahentysitie nineed
solution is packaged in the inside of a mounting area Ila in which the LED
chip 5 of Eheopescede serfexdrducéer the MPENéLdarang hﬁHiEHr 24 ity heati ng
to forma light 25 transmtting resin 8. Preferably, the mxed solution is
54 subj ect siizés pareEMOCUprBPeRYyheabhfEoPleB0 @ 190C fOkeLsd Py 4 tpurs
and then subjected to secondary curing by heating at 140 to 150C for 2 to 4
hours. NbrtnemadefacM@ﬁd@ﬂhdedttﬁfdﬁﬁérE@ﬁgr5§%@ﬁﬂaﬁé€§ri§}'iﬁh%he
pliability of the epoxy resin conposition thus obtalne Inally 1s

proportionrésihhe ndirasdll BhiyengBlsoftd hen L |i%%€§ 8 GANRIrUld i the

process. The higher the proportion of carboxyl gr whi ch are converted

into an eshgtedsad restht @fe |ﬁ%ﬂE¥E¥QéDnP§hEH €§i§§9%¥cgf§§$g%§§ﬁﬁc aci d,

pronot or, anong carboxyl groups of the ac anhy

the betterptbgoptishi loet Ve E*ﬂﬁo%?%ﬂﬁ}ﬂtngna?:%%%%ggasaiozincli;cg_:gsfslé%iagn'doThe

.viscosity of the mxed solution o e crosslin t hE, cation

curing agepbtC¥dynke iti@el YesophLohls by just.i ng the 15 anount, Qf, the
aci d anhydri de orn tﬁe ester con\é/erléi%%r? rca(ﬁi‘(f 182161”1512@%%%5%5{ 3889“ he\/ari es

g e oo BECCRACMekeptBla e A SO IS LR Rentg e
O e 83 Sagle el ShAPodEn gl o, CAR DS o
fgiggggg déﬁgfagéiéﬂergkiéthggngEHEE%ww%%g i&%gliu%g%ghég %%%h%f%&hPrily
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
- inveﬂtion, ,prdbébility_ of ;the  fiuQrés¢entg’péftiéiésu.of,} e
20 large particle size 81 to precipitatel 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



production. 25 In this producing nmethod, since a plurality of 55 packages
are processed collectively to the step of covering . the LED chip 5 with
the. 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 10la that correspond to
a mounting area la of each package, and 38netal base plate 102. The

i nsul ati ng substrate 101 conprises, for exanple, a |am nated resin of

t hi ckness from0.06 mmto 2.0 nmand has 10 a plurality of through hol es
10l1a penetrating therethrough in the direction of thickness. Cross section
of the .. .Wavelkenghhhdlas 1be¢ennegonresrioadi can rbal agxtradtdédcttangwhay .

That is, the present invention is not limted in terns of the cross
sectional stidpeide tvid ltehr oaghthohéngOlhighat lusinafcde wviehesited e among

vari ous shapes. Inner wall of the through hole 10la is preferably tapered BN

neat the opdvsonped hhathd heesdiranet er t hereof increases from one side of
the insulating substrate (surface to be bonded with a thin inetal, shee.t)

toward the ot herBasile:contfept tdfe dontaio ANy ehe2@athecibr aygh-heleitdla is
tapered, light emtted by the LED chip toward, the inner wall can be

refleched tor etie aflludrescért wawaidl cshuss mMakiry@ | bapessib! & 8 |
extracting the light emtted by the LED chip 5 e fic%%nt?y ?rgﬁfﬁ%e ﬁight.

enitting elarmstding theHe e deate iphan® i582 hI&%Sbéfé?ﬁ&té%i:i‘ﬁlbgﬁogﬁ‘é%ef or ned

56 therein in correspondence to the through holes w e grooves filled.

Wi th an insul atimgesRsiny 4o the Palesehit iﬁﬁ%ﬁltiéﬂ?egiZtQEQBE'iBQﬁa[ExBB%”Et al

.sheet 2b are electrically isolated from each ot her e I nsu I'ng resin

4 1n each Smackagier Wogct ey RACSROSSE ALk Ul fandt PARA RLahNBILERLA

sheet 2a, the insulating resin 4 and a part o me b are

:);ggrsrgfl I N gdeed he@udhhd10henhi0déq i 'Eéﬁ%@iﬂ?&c.@xge'flﬁloszoes@&ﬁ@emg?fé%.qgﬁ'
y, the plurality of 10 packages are  di sposed I'n a group for edch
opening 1l%ddsidiei igpsks 1ike! ¢108rd886RPEL AtAk8es of large particle
size 81_and-the fluorescent particles of small particlé
SiZg_82 and making .the color conversion layer made from.the
fluoréscént particles of large parfiéle size él..disﬁoséd-
around the LED chip 5 at favorable distances from éach
15 other in order to improve the efficiency of extracting the
light to the outside, the light absorption ratio and the
'light conversion efficiency.
In order to fluorescent material particles that do not
 'contfiBu£e_jtq:“the_ ii§b£  c6nvér$ibﬁf'éffidieﬁcy,']paffiéle: 
20 sizes of the fluorescent particles of large particle size
81 are preferably controlled within a range from 10 um to
60 'u m, more preferably from 10 um to 50 g m and most
preferably from 15 um to 30 gm. Fluorescent particles
smaller than 10 g m and larger than the fluorescent

25 particles of small particle size 82 tend to precipitate and



<Mbunting of LED chip> ~ . The LED chips 5 are di e-bonded at predeterm ned
positions in the through holes (nmounting areas.) of the 15 package assenbly
constituted as described above, and wiring is provided as required by wire
bonding (Fig. 5). The thin netal sheet 2a and the thin netal 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 éPectrode, while a p-type el ectrode
5a and an n-type electrode 5b of the LED chip 5 are connected to the thin
nmetal sheet 2a and the thin nmetal sheet 2b, respectively by neans of wires
7. <First process: mnmeograph printing> 25 The light transmtting resin
(epoxy resiRreeipdsateordenglyof mass piesethei nvbgtian)résitat skerebyas
the sealing nenber: is applied by m nmeograph printing in a chanber. Fig. 3A
is a plan .detveasbhgt htheaskrahzmitddnce t hef M hegge aph prenidrgsasqer din

‘to the producing nethod of the first 5 enmbodi ment. The mask 112 has. a -
plural ity opaspeelesesshdBles SHRYA | N5Fi g, RA aRES tliaS}g; and §{4¢ ofpgach
aperture 113 being set so that a plurality of packages F one group

correspond fbuonesoént heapiphtldl &sf lskea X1 W3R i c IS A &G a1k &ISRdgh Bt he
present invention is designed so as to 10 formthe light transmtting resin

| ayer Bot ovéydéencyhecd hpedghphehes bakd alpy@dinittagesy Wyng;hheggaf on
the insulating substrate 101apAccording. E%Q?ﬁgnbrgﬁicﬁﬁgg%g hoéhof£§ is
enbodi ment , 1 sgehdarksghit thaansiddd n LN encth ptaips a oth
surface even g?t er rcuri ng gan 15&%% ?%fr‘gr;éa% giﬁg%hési n@é‘% %&f aé@lsenofégge

t hrough hol gsod@dengf prbeesss Ysatddip iPRdd ai:g??%ﬁgy} h%nk”ﬁ%ﬁﬂwgeiu as

substrate 101 by carrying out the m neograph usi ng € mas

descri bed appyeipPesesfaessdyy iR %Hés1@gagacE@%igekﬁg%ggy“%gékéﬁgfn 0
consisting of a plurality of ‘packages ar I sposed except -f or areas around
t he aperturgﬁelégaﬂgfgf%gﬂcés5fﬁf%g¥Eth to apply the light transmtting
resin wth a flat surface, as sho in Fig. 5. Thus the light transmitting
resinibayer havipgrgiptiorgy Lo ckpe eaqﬁégfgﬁﬁgﬂg C%rfigigégggflfaégg 25

portions where the plurality of packages are dispo
particle size are preferably uniform which makes it

”p9§siblé to effectively prevent the fluorescent particles
of 'lafge particle size 'from. pfecipitating' dehsély.-
Standard deviation of the particle size distribution of thé
15 fluorescent particleé of large particle size can be kept to
within the desirable range of 0.3 or lower without specific
classifying operation, and can be further controlled to
Q.15 or lower by classification (the inventors of the
"PteéénﬁlappiiCatibﬁ_verifi§d £ﬁét-fldorééééﬁf"péﬁﬁicieé?of_.
20 large particle size having standard deviation of 0.135 cén
| 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



as to suppress the variations in the thickness of the light transmtting
resin | ayer between packages and nake the light transmtting resin surface
of each~package flat. After formng the light transmtting resin layer in a
5 single step for the plurality of light emtting diodes as described
above, individual light emtting diodes are separated by cutting along the
.dashed lines shown in Fig. 5. Thus the | A8ht emitting di odes having uniform
t hi ckness can be nmanufactured with high yield without variations in the 10
size and col or anong the light emtting diodes. Thickness of the |ight
transmtting resin |layer forned on the insulating .substrate can be changed
freely by F?%&¢}n§%ﬂﬂﬁhﬁhfékﬁ§§§0©nttm@nhinie@bmfadargynwambichethod
for the light transmtting 15 resin |layer having uniformthickness and flat
surface in $he® Poedi dhs rrrasentpl inventionf ipaprefesratly dbrsposkdt
around the apertures.113 will be described below (Stepl .) First, the
package asst#®|yigh obidhliatsetntiamhrmigio 2thhgh esorivdes faei @grievandyt he
mask 112 is sucked onto a el evation stage 117 (Fig: 4A), the stage 117 is
lifted withandea paidkegearags anb| gx dlitits tainsh twevelsikgtiHg, al i gned and put into
contact with the bottom surface of the mask 112 (Fig. 4B). This makes it
possi bbe to brimsti9d paokage amsemitne 2r10@nhibnt P169PEIEEN W tHat bl ARSK
112 in such a state as 59 war pi ng of the package assenbly being

corrected. densists ngfoftidie Naokaegeentsephtyitie§0deClgdqas gesesdtped
above,. the light transmtting resin |ayer of uniforn1thicgness can be

formed on mizesudiathatl Hadve pacdererdt aspemBhY QA rletidPing iide fefyhng
menber in the warped state on the substrate |eads to variations in

thi ckness anigtet t hBsbirgbiognirativg dh DS confessi@nul & £ Pk idndPWahdyi ! d.
The light transmitting resin that includes the 10 fluorescent Taterial is

appl i ed on widsi darrfe t bE apRELUBLSOAS haeeﬂa_ﬁgtﬂé?,unﬂf%&heoft ESREET i ¢
pressure as shown in Fig:. 4A, and the resin IS ~deaerat by decreasi ng

the plessurnavdldnyths ebin®nthd hea feC r R &nlgthP, | ¥ thin
a range fron1100??% 400 Pa, which n%keséﬁgﬁﬁgngogg?%ﬂgngghefﬁiclﬁge JW

erove Dubldierp feafl Wie el fradibiily eOROUIROL {4 WREED LIS PAGK

assenbly 100 and the nask 112 are used, t ransm avi ng

a rel ativelghdi ¢hevi $698E! yelf,;md%gg usfdigd N se?ghem%,#?i{%gﬁfgéiﬁg% é-:_ ﬁl-.

is, used while being., 20 inclu in.the light Transnmi

the first qjmmy id s P PR A 1S .0 use a resin that has a certain
| evel of viscosity i'n order to ensure honbgeneous di spersion, since the

oot scent B el SRalbal SR E1ca) ERRPASERR. LSt Jile Tote 11

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
ligbt made of the fluorescent particles. of small particle

isize'82*dispe;5édhin tﬁe:regionfébaﬁf_ffémifﬁé"LED,¢hi§15_-
20 in the resin and.the color conversion layer made of the
fluorescent particles of large particle size 81
precipitated around the LED chip 5 with favorable distances
being kept from each other. Thus the light emitting diode
of the present invention capable of emitting light of high

25 output power and high luminance uniformly without irregular



60 to deaerate and~may lead to | ower yield of production. For this reason,
in the present invention, the mnmeograph . printing is carried out while
repeatl ng the pressurization and depressurization after renoving bubbles by
‘decreasing 5 the pressure, so as to make it possible to use the |ight
transmtting resin of high viscosity wthout decreasing the yield of
production. Thus a resin of high vi scosi ¥y} can be used in, order to
m nimze the color inconsistency that tends to occur when fl uorescent
particles of large particle 10 size are used. Al so the |ight enm tting diode
can be manufactured with high yield even when a resin of high viscosity is
used. In ca®laratamde sobominedt h the |ight transmitting resin including
bubbl es, the bubbles reflect and refract 15 light emtted by the LED chip

and Ilght enmttekhiyiche dizorebsenibueies i aF, theselhbPestBnEORSPEEYQYS
irregul ar col or- and unevenness in |um nance. To prevent ‘this problem |t. IS

‘very effechises iin stih@r psesagti LheenkabnC AOrseh 'b Uy epheSRe L Pased
| um nance,. to: repeat the cycle of .decreasing 20 ¥|d I ncreasl ng t?l

pressure aglist#ibut swasimes; vies @&Dllﬂ(é-“lgaééé Higﬂhﬁue{‘éﬁ” éﬁﬁ?g fgsin

that includes the fluorescent material. Bubbles included In the

transndtti niravesi By Meieadhed e achd OpReel <l %{rzé hﬁl%‘tgliburtﬁgﬂsrgf “c

resin and/or wre-bonded portion and wire 25 eakage, resultfing’in ﬁower

reliabilityEludyersdiante ma@er'iﬁ'lm"l?g} ehskhe @PPPfﬁétPg g%&%gggt%lﬁg

enbodi nent is very effectlve also’in inproving t

Then first atday of for We SWREP 'fl&ﬁééggn? g_a& deg%eased
perali on

pressure (Fig. 4C). A forvvard squeegee spatula used |n t

I s inclinediffsyayayed Wihh a[eﬁaﬁ@guf%o J181 BT hieGlnelt g)%o%f tre?sts?tn%%%%gakISIIZ

shown in Fig. 4C, and is presse y pneumatlc press
SO as to Mueyiand %qUESﬁEehhﬁaE§5hn 8! Y H3LC and  the particle size

10 distribution is measured with a laser diffraction particle
size distribution measui:ing instrument (SALD-2000A) over a
"range from 0.03 to 700 'um in an atmosphere of 25 C in
Atemperature and 70% in hum:.dlty | | |
According to the present invention, median particle

15 size of the fluorescent materiali refers to the particle
size at which the cumulative percentage reaches 50 vol % in

the volume-based distribution curve, and this value is
preferably w1th1n a range from 15 to 50 pm. It is also
.'_preferable “that . the fluorescent materlal 1nei£aes '- :th'e |
20 particles of thls median size with a high concentratlon,
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.



10 aperture 113 of the mask 112. Since the forward squeegee sweepi ng
operation is carried out under decreased pressure, suction of the.

el evation stage 117 is not effective. But displacenent between the .package
assenbly 100 and the nmask 112 does not occur because the el evation stage
117 is 15 pressed physically against the mask 112. <Step 3> Then the

ambi ent pressure is increased to the atno$fheric pressure and, upon

conpl etion of pressure increase, first cycle ;of return, squeegee, sweep,
is carried.. 20 out in a direction opposite to the forward squeegee sweep
(Fig. 4D). A return squeegee spatula 115 is inclined toward the noving
direction with ré8déctis obegausent iwhallei tbeof flumremsdntl 1parbleleseapt y
than the forward squeegee spatula 114 and is noved by |arger pneunatic
pressure thaRrgs pRaticae isd zeoBilarates sy ger clvikde drerdiisyn. i e ddiad i ght
62 transm-tting resin is squeezed again with a |arger contact area between
the return sqQiesgddagpaandlbldd 5Fimdreseensinataiabuphlrescaas, beyrAmued
efficiently fromthe resin that fills the apertures 113 so that the sealing
nmenber can bbe5 flubosésdentt lpanmithes o f Bsege<Pa ho1 Seweral gycligs of
forward and return squeegee sweeping operations are carried out while

;fggaéﬁng t Hecprassurthelevaebst honandni e asd Mg €VE! 85281 Aipabhist aHde
irregular color compared to a case of greater variations.

In the light emitting diode of the present invention,
the fluorescent material is preferably based on the yttrium
aluminum oxide fluorescent material activated with cerium

10 that can emit light by absorbing the light emitted by the
semiconductor LED chip having the light emission layer made
' of a nitride éemiconductor; |

The yttrium aluﬁinum oxide.fiuofescent mateiial may be.

YAlO;: Ce, Y;Al.0,,: Ce (YAG: Ce), Y,Al,0,: Ce or a mixture of

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

", fméﬁerial'péfticl§$ Qf-ﬁniform sizes.' “.. : o

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 following
fluorescent materials:

(1) yttrium aluminum oxide fluorescent material with

25 ‘part or all yttrium atoms being substituted with at least



10 and step 3, thereby to fill the aperture 113 with the resin of uniform
t hi ckness. <Step 5> Wth the nask 112 in contact wth the package assenbly
100, the light transmtting resin is cured and then the 15 nask is renoved.
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 surfacet3hat is flat and substantially
parallei,to the. bottom surface of the package. 20 Wen the net hod of

form ng the sealing resin by m meograph printing is enployed as descri bed
above, the light transmtting resin having relatively high viscosity before
curing can dme uskdmefbnseritidd/, fxdihi kRel Qrbie “cﬁﬁﬁsi@ctiﬁ‘ﬁj e aLlE,es'SEI of

| ow viscosity, the fluorescent 25 material "does not precipitate or mgrate
inthe resila, A8d ad@ smlesult, relatively good m xed state of the
fluorescent material can-be maintained. In addition, the period in which
the I'ight ‘transm2}i p@tiasin aT@ABARS E4ikag fl%%efs}%féﬂﬂﬁ%ﬁé’ffasfmtfﬁom
several tens of seconds to several 5 mnutes, far shorter an several .

hours in ! Near@ser 0bLROBYAA O Ehd LA SUBIL AL &S i L Rpufedsint o

t he through hol es and cured by heat. Mreover, Since cure

can also be@deruseisianiectidie 11’ eReRLAIR! el ALY cl e gan be

prevented from precipitating one 10 on ano n .
accordi ng t@, theq Pfeduci ng method of the first enmbodiment,., since .the
light transmtting resin of high viscosity can be used, the resin and .the

Fl uorescent matef4ql : R4EH separating fromeach other. 15 in
the period aft er(mﬁxyﬁgeﬁﬁg Pé{ uoreslgﬁejn%)g{gg]?e%ﬁéllorieﬁ Iri‘%t?ﬁr]tal']ah@#}i‘ti ng
resintillMi&gt' u te. .As a result, varigtions [n the
content of fluor escg(rilifE :}g:téellriﬁ)éf ?ﬁéxﬁ%dgﬁlpﬁ £ S%é&‘ﬁjfeéindﬁa}rt et | +gRst
emtting di Sa , N AL M Z thus making , .it possible to 20
manuf act ur e tﬁee}?lgﬁ‘?teﬁ]%?ﬁcﬁﬁd:ﬂ% es gﬂ? hIFRER FRPSASEIRY r?ftsﬂé'l'coﬁ;%r of
the egtte ig wi_thjn productiaqn | ot and.ano di fferent production
lots.” Viel g‘"—:{o’f :)Er%duac | or@éaﬁ%a sé’axfg: i P 0\?3&. ﬁEgEuPHE‘ f phBPescRaing
articles article size .25 can be prevented fromprecipitatin
'gelnsel_y negsfful%%gelg&%%é with Saé .1eas one F<)alement selectgd fr%m theg
'~ - group consisting of Ba, Tl, Ga and. In.
More specifically, the 'flubrescent-' material is a
photoluminescent fluorescent particles represented by
15 general formula (Y,Gd,,;),Al0,,: Ce (0 < 2 =< 1) or a

photoluminescent fluorescent particles represented by
general formula (Re;_.,Sm,);Re’0,,: Ce (0 £ a < 1,. 0 = b =
| 1_’,R.§ _is at ]_.gast' one element_sglected from among Y, Gs, La
| -: andSc ,a’n_ci Re’ is at ._l_ea"st. ,one._.'eieni_ent"_s:ellé._c'téd_",frém am§h§

20 Al, Ga and In). | |
The fluorescent material, due to its garnet structure,
has high resistance against heat, light and water, and has

an excitation spectrum peaking at around 450 nm and a broad

emission spectrum with peak emission at around 580 nm and

25 . tailing up to 700 nm.



surface of the LED chip in the period between filling the through holes
,and curing of the resin, so that wavel ength converting function of

t he, fl uorescent particles of large particle size can be effectively
utilized. Further, the 5 fluorescent particles of small particle size can
be distributed uniformy in the light transmtting resin around the
fluorescent particles of large particle %%e, thus preventing light
emtting diodes fromexperiencing irregular color. 10 Particularly in case
the light emtting diode includes YAG Ce fluorescent material as the
fluorescent material so as to emt white. light; the fluorescent materi al
has | ar ger speci?fgiﬁ%%DFYy t i@f t heeX¢igiatitaransmentiissgonesi nofand tgads to
precipitate densely. Even in this case, the 15 fluorescent particles of
large partikPetelyineseent hlppresaent paDUicl@SiDht@ti@@gdﬁ@@@i&h?@@f t he
-surface of the LED chip 5, so that the light emtting diodes of uniform

col or tenpeFedipe rah skontenftbanr ¢0rmhi aithybe . iMoo vE@ 16 CimEL P D6ESS-
will be described in detail 20 below. Individual light emtting diodes are
separ at ed t$f ougrdadd rdiugi)ngipr odess caystedcri beg behewdf t ebnkbgt! i ght
transmtting resin has been cured. <Second process: Dicing process> (D cing

step 1§ 25 M@@Eﬁa%@djngeahewaeeﬂangtheoﬁaqh@mg deEYHilon 1890 #4155 t{ﬁ&gynded
onto a dicing sheet on the light transmtting resin side. The bondi ng

strength cam bengerr waved esigtte e bleadengissr tagasieh (e dagka
assenbly 100 and the dicing sheet are made of substanti al":J'ITd;e t he sgbrelreso

materi al amshiftes Stéwatd plawgsr wavel segths, tﬂgié:t}hé%é:afhg@fqﬁﬁ/%%]ed
fromcom ng off and m s-positioning in dicing can be prevented, nmaKing
possi bl e t™Sephighe [ofo mbeel ndedadenl Lol ekl G didzd h Y on
yield. I'n case the resin is applied and cured by using a mask 1 hat” has
apertures coramspand) nghé 0ciheohdnyl duahckBEauRl RlenLlcdlteAGALe
assenbly, in contrast, the applied resin shrinks~and sinks. over the

t hr oulfh, . hid@ssagesWHe rlgmirihﬁ@@r&ﬁs}?ﬂ;@%ﬂﬂh {,@gggg}l&e%%%esj%g}y t he
Fhe

surface of the insulating substrate other than the areas over
{f ough holz neioxesenet mathl eyl A G Rl1 g £5cR, | AG0ETOU
correspondimg et hey) gt froual i o) IS SSLs hatgl e resn
that is to be diggd @ﬁqgg@_byl tn$Véf§h€Eﬁurafl ce gﬁlﬁg%ﬁﬁo%‘;’a%%\é\n %&%& ﬁg

di ci ng sheet as the bonding surface, us resul ;

i << posi L1 onnng T e iy R 42 Aol e GReRhin el i g 25
Goscribed amove (he EvE ERantAbl baREbErrLRgeRReRE Grtedirio BT 45! no
Sk L G5 BRebigon LGSR S Tt e

,such. undesitable cut surfaces hav

toward longer wavelengths when a part of Y atoms are

subspituted with Gd.

-: _Wheh”substitﬁtingja:pért §f Y étoms with'Gd, it.i§:
20 pPreferable to keep the proportion of Y atoms substituted

with Gd within 10% and increase the Ce content

(substitution) from 0.03 to 1.0. Whén the.proportion of Y

atoms substituted with Gd is less than 20%, green component

increases and red component decreases but this change can

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



5 burrs may break in the packagi ng process that foll ows. When the burrs
break to a depth, nmoisture infiltrates fromthe outside into the sealing
menber. This decreases the reliahility of the light emtting di ode and
causes such defects as netallic nenbers sealed inside are oxidized and 10
di scolor. <Step 2> The package assenbly %gat .is fixed~closely on the
dicing sheet in step 1 is cut off by nea of a dicing blade applied onto
the bottom surface of the package 15 assenbly al ong the dashed lines in
Fig. 5. The dicing blade has a cutting edge consisting of fine dianond

particles ond. e djanond bl ade of this constitution tends to be
| oaded Wi t?°?r‘\l§%g}saac'% B%rg}% éie&F RS A dihe reduesmponentnghetebyhtol i ght
emtting diggps thg 20 fill the space between the dianond particles. In
“order to avold thi E"ﬁroﬂ?@hfefit Fargmatécable withowt udecachaidgf i kher in
the light transmtting resin that makes the sealing nenber in-the first
process, i mMH G Ease t hBeraldeng Fhe al photptunimepusied Gltosestbat

di cing operatiqgn 25 can be carried out snoothly. Use of a filler of |arger
67 particl ®a&AElsncvRAshs hare spehat &orcoupbsditiient . halsi g t BRcbluerescent
parti&tes f large particle size as a filler increase the effect since the
f | uor scent-SPREEAEHES Fharrgkephstic) e thiezerdbialhilgit\hasdnass bigRtt he
light emtting diode manufactured by the producing nethad described above,
the-light FF&%§#PBtiﬁgoﬂésiﬁaseabeiSimprueddintegnakiytm@ t hget 0prsugf ace
of the insulating substrate and in the through hole of the insulating

subst r at e, Phefoduminescentt hef luapesceminsnpatt hgldd I s i habspaggial ly
parallel to the bottom surface of the package, and the outer

. ci rcunf er BREParedurticackawé mheh, .rdd gbdmpowastti hbkas. itegdidible to
substantially flush with the outer circunferential surface of the package.
As the |ighanufamsniet iand ¥gst nemsttongedioder chpabeet igre e?ﬂr’dct'ﬁQ'?r_{ ofpthe 15
light emtting diode, light emtting surface can be nade wder wth

i ncr édsed sbtpumeddate. cdborosach asnpenkhe |ight transnitting resin on the
insul ating substrate diffuses light fromthe LED chip nore effectively to
the outside, th&hki giHoteriiuntiimgschirtle thasra8e6ndi LGl Wik @S&gug@&e t he
1ight transgitting resin includes the filler, the effect 1s turther

.- enhanced bgbowe fcaherbe smanhdadtiedd 9ak efdiidyg  di oge has fayorgble -
light emitting characteristics. In the Iigh?%gigﬁging-gﬁggg’ofg héﬁg%rst

enbodi mentmatepidlag t® pagsent, i @cgnth@n,aﬁ&ec:leumd]&% NERBELLY agd 25
power can be increased by using florescent materf al cl'assrfied so as

to have theompuundscehhtp@@H(3é§i1§ 88Bh ! 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
proportion§_ip an acid.islcqprecipitated with oxalic acid,
. the prodﬁct-Qf'which is fifed_t6'obt§in a'Cbﬁrééipi£a£ea

20 oxide material. - The copreéipitated oxide material is mixéd
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



particle size and the fluorescent particles of. large particle size and

di sposing the florescent nmaterial to nake full use of each function. The
fluorescent particles of 5 snmall .particle size account for 0.01lvol%to

| Ovol % of the total volune of fluorescent material and are dispersed in the
transmtting resin to scatter the light. The fluorescent particles of |arge

particle size can convert the wavel ength the light efficiently by
controlling the 10 particle size thereof so that the particles can be
distributed in the vicinity of the LED chip. Since the . ~ fluorescent

particles ot. g art.icle, size of~ this enbodi nent can ' be excited by
the |ight i %lggér %E‘B-‘eiﬁd\?é'l eyt AXBYRE, ihewatenr bycarstingarai dladd aail onvert

the 15 maveh}nﬁtg of the light in the case that the wavel ength of the |ight
enitted frofftHE LED SRS res Pyiedchange sfievied cuto enbbtEieedf ore, it
is possible to provide the light -emtting diode with a good reliability and
agood . . B 858@??%??§¢?nt fluorescenbpantidieset hod for producing the
light emtting diode according to this enmbodinment, the |ight emtting diode
with a good Iumi hantRechaphét emistingcaiode pifodheegrefdenti entvent My eover
in the.case_that production process need a long period tine, variations in
the |ight ePesPBAtLERbRABACRE 251uanebeekeppaetl cbas! Ma§TRlont 18t wee t he
light emtting 69 di odes manufactured in the early stage of the '
product i on ?¥in B@Ee t heindghtoni yttniumi cabemiramif aeirieed i ddyedaider
stage .of . ~t he production run. Therefore, the irregular color of the |ight
em tting diftfeeriah etdvatedenwithancethem ybakdosf ﬁt@@yctﬂl%rf@%e@ﬁb

i nproved. The epoxy resin conposition of the present invention described in
the first éfderiiwhtadded btherretent yell owi ng and has a high pliability,
because a crosslinked oligonmer fornmed by reacting the alicyclic epoxy resin

reacts with 10 tWiemctwo akiydsi de gttdiear BOKME hGmaghtne TN 19RPELJeET N
conposition of present invention can be handl ed easily, since.. the

viscddty dratemiakpohaviesi n ddfiferiehiton paspderisee! v sont rol | gdiby the
anount of the acid anhydride or the dicarboge?ic acid, or the es?%#%¥5

conver si on thstituret hawilthng eat ldfe. RIRadi nent; ig. i .schemat i c
sectional view of -an SVMD type .light: enitting'diodgﬁggcofg?ngﬁf%lgggbnd

;;ggun et “afrantet 200ty esentbenvprbiaed Biilvht Bt ng g 9dg.ef Lhe
flﬁorescent | material having higher' éroﬁorfion of |
substitution is used as the fluorescent particles of largé

15 particle size and a fluorescent material having lower
proportion of substitution or no substitution at all is
used as the fluorescent.particles of medium particle size,
cq;p;.renderipg performance and_luminance can be improved

 at th¢ sameftime;.'. | | . e
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 fesin containing an

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

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



enbodi nent conprises the LED chip 5 nmade by formng a pn junction of a
nitride semconductor (Al x@GYlInzN, 0 s XS1, YS1. 0sZS1 X+Y+ Z-
1) on a sapphire substrate via a buffer layer made of GadAll _dN, 0 S d s 1)
, 25 the LED chip 5 being placed on a gl ass epoxy substrate 12 ~0 t hat
has a pair of |ead electrodes 12a, 12b. The LED chip 5 has a light emtting
| ayer nade of at least a nitride . seni ¢dhbluct or | ayer. Positive and
negative el ectrodes provided on at | east one surface of the LED chip 5 are
5 electrically connected to | ead el ectrodes 12a, 12b with electrically
conductive Ww.r 7..kn the light emtting diode of the second enbodi nent, a
f1 uor escent W%&t%zﬁ" Y1diChi 61t of4RA5 ofor hb. §i metl ehbsednent Be desey sed
in the |ight tnanig%%bin resin 18, 10 The fluorescent material dispersed
in the |ight¥rdAsH i_r’(%-trrbs@nsmﬁléorﬁﬂoﬁlrﬁi o¥f t he chltdonesnatingaggést es of
| ar ge, partigrﬁ zize-81 and the fluorescent particles of. small particle
size 82. Thi¥-OR o@a&@l@ngpﬁ'@@hveprﬁﬁgrabhytDOOQOI e | 01 0E hd LorNEssent
particles of large particle 15 size 81 is fully made use of thereby to

i nprove t he®BuBButeRiieredtivakentght tenthei ngsddedes shincurf i M i
irregular color fromoccurring by nmeans of the fluorescent particles of
snall'harti Pelli ybigh the (LD Idhjipt Serof itige dibiteldeofsdiliCorRIRIBY is
"invention,. 20 epoxy resin described in the first enbodinment is preferably
used for tHhBOPRERE, t Fahsavedi by cesing 18itkonexeingi n the second

enbodi nent, since the resin is nolded on the substrate instead of filling
the inside of théhgadkad, tramsmipoiygreesin @ aBBus SiEbirRBAE E&SIdL] 25
acrylic resin or the like suitable for the producing nmethod 71 may "al so

be used. En®adéeentyed 1owdnki gitt Eméttbagnmbyagdygxgﬁgngoﬁ@é% eolrhigid
enbodi nent of the present invention conprises an LED chip 5 having a

constitutiob2tion exarple, agbntn thathi 8bsdrBs HiG%e 61 £4RADLS Oi/?ﬁi td ng
‘ultraviolet ray with a main peak of em ssion in a short wavel eng regi on

ar ount0 400 A OAntiEBsChisp ruapakise wfatenihttRg Bripavhoket hgw can he
easily made by growi ng a sem conductor |ayer based on a nitride !
the 1light emitted by the LED chip of the nitride
,Semidbndgctor_capable'qf emitting blue li§ht and light of. .
which wavelength has_been conﬁerted can be extrétted'to.thé
outside. Because of comparatively high pliability, thé
15 light transmitting resin 8 reduces the thermal stress
caused by a difference in thermal expansion coefficient
between the light transmitting resin 8 and the LED chip 5,
thu; making it possible to prevent failures such as créck
| E in.the LED éhip 5.of.the'nitride sémicohducto:'aﬁd Breakégep”
20 of the wire 7. |
The composition of the €poxXy resin composition used in
the light transmitting resin 8 will now be described in
detail.
The epoxy reéin composition constituting the 1light

25 transmitting resin 8 contains, as an essential component,



10 sem conductor on a sapphire substrate. In the.light emtting di ode of
the third enbodinment, a resin or glass that is sonmewhat ..resistant to the
ultraviolet ray is used as the light transmtting resin,' and a fluorescent
material having the particle size 15 distribution described in the first
enbodi nent is used. For the material of the fluorescent material, Y20zS: Eu
fluorescent material -that is excited by Bfght of short wavel engths in the
ultraviolet region and emts red light, Srs(P04)3Cl.: Eu fluorescent
,material that is excited by 20 Iight of short wavelengths in the
ultraviolet_region and emts blue light or (SrEu) O A1203 that is excited
by |ight of2B8h&PC¥¥avEseHyt Rentainhagulan aglbtyel i@gepoxandeariint sagr @en
lirght can be used. A light emtting diode that emts white |ight can be 25
manuf act ur éB2Hy FORRPREN G wRiva eidtankydwidesian dimpaboxgdec aé2dyf aad

m xture of ared light emtting fluorescent material, a blue light emtting
f1 uor escent@ng@eionl caning ageren. | i Bhtneesdddnyg ift yoreseentoRREehisaly ON.

the surface of. the LED elenent. 5 Besides the fluorescent materi al

descri bed dpAmOtar msNg0of0a AN A R alcdiol k@ﬁA_ﬁZ?&zgg?deﬁgégé_ ; EEu

or LaZQZS Eu may be used as the red fluorescent materia PO4),d: Eu

(Re isSat |tereofie el Detatilsel eft athd r @@sPERRGvE \ o d My
BaMyZAl | SOZ~ : Eu, or the |ike may be used as the 1d§§fdgﬁrﬁﬂofésceﬁf

material. Thellowht enitting diode capable of enitting white light with
hi gh | um nance can be ..nade' by using these fluorescent materials. In the
i ght emtt(Bppxivadesiaf) the third enbodi nent, since the fluorescent :
mat erial consists of the fluorescent 15 particles of |arge particle~size

‘81 and the fludascenthparligntes tebnsm@tkiRa’ tiddi§ Sgz si, ok % to
the first enbodi ment, the wavel ength conver s?on %ayerbcgnp‘ig%l einglflh%m

ef fici ent | yhiognvedyheg trtmiaftaHde,avi ol gls rP&%&i‘%é Ogﬁs{-’_’ectalseopgggff the

light emttingdiode, of Hgh , lumnance . 20 can be al ned. Xularly

when X0 uor eseeit  BkaEr iigd St Prakehd! | ikt foPe, ed b0 &1 tym xed
light, it is preferable since ?rregul ar co otrl(%:ﬁgné%g&’g?#lec??%elﬁusﬁr essed

by the |ighteisaiat teri Reref f e¢te rafrabl féwfﬁgggggﬁlgﬁl&c e%e?f ogémlcgg

particle size. 25.V\hen a thin-layer having co rtin _
above, 1 he T1uor eosony hemiay EHERne e e ARGRRE e [ P B SBRFY T
size and pardie] e cRb20Bing W ARG ESERL] AR BhE TQARAST A oLy M X
aromatic component serving as a coloring compo'nent,‘
15 especially a phenol deri\}ative, is reduced as small as
possible. As the alicyclic epoxy resin, for example,
epoxidated cyclohexene derivative, hydrated bisphenol A
dig;ycidyl ether and diglycidyl hexahydrqphthalate ester
~.can be".used .aléne or"_in comblnatlon It 1s . baﬁtic_uia;.;;:y- '
20 preferred to mix an epoxidated cyclohexene derivative sﬁch
as 3, 4—epoxycyclohexylmethyl—B’ » 4’ -epoxyhexyl carboxylate,
as. a main component, with diglycid_yl 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



.5 light of different wavel engths emtted by the different fluorescent
materials thereby to suppress irregular color. In the third enbodi nent,
di fferent wavel ength conversion | ayers may al so be formed from different
fluorescent materials. In case different wavel ength 10 conversion | ayers of
different fluorescent materials are fornmed in nultiple layers, it is
preferable to forma red light emtting 49 uorescent material, ~ green |ight
emtting fluorescent material and a blue light emtting fluorescent
material one on another in this order on the LED chip in 15 consi deration
of the transmttance of each fluorescent material for ultraviolet ray,
si nce thi s SPR¥Yedra8im | B§ee sof obdspheneht Ry ddlgd ydd dyilglithier tduh WIgavi ol et
region. Furthernore, it is preferable that the particle sizes of .different
fIuorescen@ewwﬂéﬁdal§fhmece§@ntwolIed so that the 20 blue fluorescent
mat eri al has the | argest nedi.an particle size followed by the green -
f 1 uor escent(Agdide aindlydridiet loen diilkerbestyl i tosesepnt material. in order to have .
the particle sizes of the fluorescent material decrease fromthe | ower
layer to the upper thyencid tandyautitepldr Vaved @Gk 25 SOINET SO AYer S,
since this allows ultraviolet rays to 74 efficiently transmt up to the.
toprost | apshydrddel seprésestied BYSHHY 6o LIDWINE deie raht rﬁ%‘gnﬁil%t q,fﬁ)y S
conpl etely absorbed by the nultiple wavel ength conversion | ayers. e
mavelengtho¢omﬁgmmhnxykmgﬂécidwrg&féggﬁ@@dcg&o%ﬁeSfg@ﬁdwfﬁgtqég 4gd on
the LED chip in such a configuration as stripes, grating or “triangle. In
thi s case, fommullaydges .i ncl uding the different fluorescent materials may be
di sposed at a distance from each other, which inproves the color m xing
performance. It is also preferable to form 10 the wavel ength conversion
| ayer so as to cover the LED chip as a whole, since this nakes it possible
to prevent the ultravigplet, rays from being absorbed in the outside of the.
seal ing resin. Enbodi fent. 4 15 Fourth enbodi ment of the present invention
relates to a produci ng the fluorescent material that is suited
for the |ightf em NMTO\di ode, in which such a fluorescent material is
jcity of gﬁe emtted |ight can be prevented 'from
onent c be prevented from decreasing. A nethod
uorescent material is disclosed in Japanese .
_Unexam ned Pat cation No. 4985/1973.in which various materials of
fluorescent material §@re mxed in stoichionetrical proportions and 25 boric
acid is added theretoQs flux, with the m xture being 75

.shifting ang'red |20~ c
for synthesi A ng.

HOOC——R,—COOH )
10

In the formulas, R, represents a cyclic or aliphatic
alkyl or a;yl @avipglo to_12 ca:bon atoms and R, represents
_an.alkyl_or éryl.haviﬁg-Ojﬁd“IZ_carbgn atoh§._ As_éﬁe.aéid'f“;
aﬁhydride, for example, theré can be used ﬁropionic

15 anhydride, succinic anhydride, 1,2—cyclohexanedicarboxy1ic
anhydride, 3—methyl-1,2—cyclohéxanedicarboxylic anhydride,
4—methyl-1,2-cyclohexanedicarboxylic anhydride, phthalic
anhydride, 4,4'-biphthalic anhydride, hexahydrophthalic

anhydride, methylhexahydrophthalic. anhydfide,



fired. Japanese Unexam ned Patent Publication No. 36038/1986 discloses such
a method as various materials of fluorescent .material. are mxed . in
stoichionetrical. proportions and bariumfluoride is added thereto as fl ux,
5 with the m xture being processed to grow particles. Wen bariumfluoride
and boric acid is added as the flux to the fluorescent material so as to
assist the growh of particles, chromatispty of the emtted |ight obtained
by the irradiation with excitation light shifts and the red 10 conponent
decreases. In the fourth enbodi ment, shift in chromaticity of the emtted
light .of fluorescent material is suppressed by adding a liquid to the

m xture beforealkyltertdieydioghtiRlalc - ahheari yed ggltdelrlixﬂifa@édf En'é‘?:gﬁ{iﬁem

materials and the flux 15 including bariumfluori - 1'S suppose at

addi ti on ofnddi: | hauydrddelng AdTtRE BRERTHOAGIILX LI CEbA! Sudape, 20 25

and. i nproves reactivity so that honbgeneous uorescent particles®o

uni f or m par¢y i%EeSKHea ot @k n ' ' .. be j.nprovwed,
further, byﬁ%ﬁfsﬁra?lzi ﬁg (rj‘hgrlfdnglaf ?ri ﬁg?h%ﬁgl%%gggﬂgggﬁ%unatél@ t?é(}l iquid

added, the K&tvidiee .Gl s and .t hi r, the effect of .
suppressinéaﬁie éﬁrom§¥¥§%{?é3n2$B%¥ t%g%y%ﬁt BSFVghFPcfﬁglgnD&ﬁﬁqﬁ t he
li qui ds addegyi s prefe withip_ fram5 tp 200 w -, nore '
pr ef er abl y%\{/j\ndt%cﬁ a réﬁg&éyf romﬁylg ?%ﬁ%gﬁgagl?%xyflcm nﬁgfdprefetlalgl'y
within a I a8 & 0 ~ of the mxed material. The above effect.
can be enhanced‘;%%margﬁgqlncga%)@%llé:ddiaﬁlgd té’%é.cy& oh"ﬁéaﬁ‘ FFRE 8ﬁy§d€nt f or
the fluore terialy o S0,.aCcor di to the net for producing, it
is pref erag%gﬂ%’o. ﬁ?eéﬁleoqei)@&e&‘gﬁgoﬁagﬁ 3F1§f Pﬁgp"gg&rltlﬁ gﬁﬁgﬂl Hent
t he m xtur e mxed materials,of .fluorescent materials and the flux in
two steps 361%}}%%%9 %4 fﬁ'rpih%&a&llé:pa&ldf'i ring in an air or weakly
reduci ng 10 at here and a secqnd firi,ng step of firing in a reducing
at mosphere. In tHEEhrBFROINFET oS MTHESRARIER. apeaGddngnhyAEipRe s
referfoto aj_at %Fqﬁre t-ha tncludes oxygen of such a concentration that
at |east tH ¥ ?ﬁa?&ég A I8TReGuiTrarsiinkes (Fekgomar orndothiedy t he
desired fluqgrescent naHg%lal_fron1the m xed material. The fl uorescent
material carr bR AREEE 1 ldHANeEc REnChgegnBY: RéXinghe §BESPBI FYring
efficiency Canlxaégeventid fromdecreasing, by carrying out ,the first
firing. st I M heptOcRRYGFLIGG P il e ry b i a@d f LeoRéedndn
material is conpleted in, the weakly reduci ng at nosphere. The reducing
at nospher e $H t RO nHWithin jagrangp | Eremr d@@ngtat ndsphaad ,t handhas
hi gher '
g preferably from 0.01 to 0.2 mol, based on an epoxy
15 equivalent. When the epoxy resin, the acid anhydride or
dicarboxylic acid and the cation curing agent are
simultaneously mixed and cured, the acid anhydride or
dicarboxylic acid_is_mixed in the amount within a range
fram;Q,OOS”to'iﬁS mdl;’éhd”preferably frbﬁ'O;l.tojo;é,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



reduci ng power than the weakly reducing atnosphere. A fluorescent materi al
havi ng high efficiency of 25 absorbing excitation |ight can be obtai ned by
firing in two steps as described above. This makes it possible to reduce:
t he anount of the fluorescent maierial required to obtain the desired
chromaticity and obtain.a light emtting di ode having high efficiency of
extracting light, for exanple, 5 when tHa nethod is applied to the |ight
emtting diode. Variation Exanple 1 (Light transmtting resin) Wile a
particul ar epoxy resin is used in the first enbodi ment, according to the
present invention, the light 10 enmitting di ode may al so be made by m xi ng

ot her reS|dhthMhﬁM;mguhtWENélengEceﬂt3aatgm|@r(kggglggd gbRetBeef igr st
enbodinment.. In this case, ~ materials that can be suitably used as the

li ght transuititing r eExampielsudehkirgbt ' ihaladkt t TRy h@n&@s'@%lE%W1%&1900d
weat herability such as ot her type of . epoxy resin P exanpl e,

ni trogen- cdhnamﬂungoenmimohatbn) aCEMHIC resipp HQ nllcone |+
light emtting diode of high output power can bésnagg al so biﬁgﬁe lgﬁﬁg

f1 uor escentiexalfanbabpboBphstieng of fThuor ascent péE)&lFBE?L%lBB 20 éff“g?)
particle size and fluorescent particles of snal trelé si ze in suc a

resin ms d%ﬁ(ffflﬂ&@_@n@l]!?o%ul%df"ﬁ BldTR ém‘%{ SQmela%ﬂ\%%rﬁttoggfggﬁrl%t ! rove

fluorescent nateri al t he Ilg tran trng resin

weat her abi lsl¥oph uin fiehdadluctdabt 2RHatE BLEY oA ¢l {18K5E' EL 2030 P9

agent may al so
rate. The cation curing agent is preferably used in the

amount within a range from 0.00005 to 0.003 mol, preferably
from 0.0001 to 0.01 mol, and more preferably from 0.0002 to
10 0.005 mol, based on an epoxy equivalent.
(Promotor)
Exemples of the polthdric_elcehel used as a promotor
' include ethylene_ glycol, diethylene 'glycol, trimethylene
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 polyhydrlc alcohol or polycondensate thereof
'1s used in. the amount w1th1n '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 1light
transmitting resin 8 may contain component other than those
described above. For example, the light transmitting resin

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



be added to the light transmtting resin, and further an . antioxidant,
_organic zinc. carboxylate,, acid anhydride or chel ate conpound, of. zinc
may al so be added to the light transmtting resin. 5 Variation Exanple 2
(Diffusing agent) Further according to the present invention, the Iight
transmtting resin may include a diffusing agent in addition to the
fluorescent material: For the diffusingsgh0 agent, bariumtitanate, titanium
oxi de, al um num oxi de, silicon oxide, calciumcarbonate or the like is
preferably used. Organic diffusing agents such.as nelanin 'resin, CTU
guanam ne resin and benzoguanam ne resin can al so be used. The |ight
emtting dijed V4 ddits I V§ 5 made by addi, t he
di f fusing ageﬁ?ﬁﬁséﬂgggf?bggrggﬁ%%.fﬁ%&fﬁﬁh?%spggtéﬁgﬁf i Pt%ﬁ?%uSlng
_ specifiCathgenﬁésaﬂﬁdééﬂoPQﬁﬁggle size of 1 nmor over and |less than 5 ~c
m It is préeferable to-use the diffusing agent having nedian particle size

. within ara i 1 & Y _ 3 5 it 20 ¢ sati sf
+andom ref tect | aeoPeERgH: ot i8nd Phe® LiaRen ranart rieing uepechof
mat eri al an1§U{I8{JEEéI8€S?%}%é&S fli”tﬁqéf:%?ior that tends to occur when the

fluorescent particles O fze is used. Use of the diffusing
agent cal so makes, |t sible_tq make the half 25 w.dth of the |ight '
eni ssi50n spect r'lfjtrlr%‘ nggar% %ﬁd%@&%r}g 375% | FgaRseiELirgg eDde Bavi ng
hi gh coloriggiiéé. The diffusing dent havi ng nmedi an_particle size or 1 nm
~or over afnd- 1883 H3h, ARG KAL) | BwRPtRedcef aPPlKiBef ar PRGUKLOR:t he

l'i ght enittﬁd fromthe LED(ﬂgiibut 5 _can inprove the viscosity of the
resin w t W8t RedPeREERFTEk BXiInFiBuLteReeRs Yy niviag a0 seRPXEctepin
utilized in.ﬁgprocess. f fiIIing the recess of package with a resin by
potting or “thd 13%e2Ctf | nh¥dEIdes A e at ocab EpRr st iRg f lagsndscepnd
material substantiglly uniformy in the resin 10 that is contained in a
syringe anGYhtift at'rf,iHe t i‘?iog-%-ﬁdi'ti 88d ahdil het emstdad glofi ep®lytingr odyct i on
can ?@ achieied.even ., _When the fluorescent particles of large

part ¢l e. sFOLUELAR, WhiCh ol Bt PLePIred Y cheact bndaanl eppxyusedinAwithn be
seen . fromthe, above di scussion, the diffusing agents used in the 15
present i ndBnEtt¥ #pR¥dEide ckenformt 2 opsosiebbmkedgobhgonerr andembkipgriticl e
si zes, and can be used_in pr.oper conbinations according to the application.

Vari ati on ER@&npresslinked @ligomer with a cation curing agent, and
' ' curing the coating. fiim. | For exampie, when' the Ilight
transmitting résin 8 is formed in the thickness of 500 urﬁ
15 or less, the method (ii) is better. By employing the
method (ii), volatilization of the acid anhydride can be
prevented in case of applying the light transmitting resin
_8 ip the form of a.tmin film and curing the thin film.
:Al$o thé vi$Cbéity1¢fjfhe'501u£i6h ﬁo'bejappliéd'is-éasily
20 lcontrolled and the . pot life is prolonged, so that the
workability is improved. |

The method (ii) will now be described.
Eirst, an epoxy resin containing an alicyclic epoxy
resin, which accounts for 65% by weight or more of the

25  epoxy resin, is reacted with an acid anhydride or



20 Further according to the present invention, the light transmtting resin
may contain fillers, in addition to the fluorescent material. Specific
material that can be used as the filler are the same as those for the

di f fusing agent, although the nmedian particle size is different. The filler
25 in this specification has nedian particle size within a 80 range from
5amto 100 a m Wen the filler having58edi an 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 inproved by the 5 |ight
scattering effect and resistance of the light transmtting resin against
the t her maldistenrBospdr deadidr dxedthel nfoutek egi thiR08SiHang d Ok fUEVEN§osUCh
troubl es as breakage of wires that connect the LED chip and el ectrodes of

. the packagecantl. Pegodl pf prefethplhotdrem 1. grr{ace. 96 hbe, LER an?ngnt he
bottom of -t he package recess even when used at high tenperatures. Thus the

1ight e t tepigeyliengle vall dhitg e J e d i d iéﬁ’osé’%iehlpé‘d RS L St M@?R)’ﬂ;%e}t s

made possible to regulate the fluidity of 't resin at a consta vel .

over an exteyad fervedsel . 15 g'hgtﬁ Z,ggjbﬁ@plyi ﬁgl?ﬂgggg%:r eadléorﬁ)? '; O%fas%he

light transmitting resin to a desir oSitio | oW hg

produds i on gy iechdir@hed dhibredie 14! Lop A8 BLCT SRl ] a1 Barti Sl ©

si ze and/ or shape to those o scent rrat

speci fi cat igyyxy he rgxpLessi 98?%?1131-' ar,, paf ti Calgxet ﬁigﬁﬁéofegnﬁg&?ﬁtg thg?]éssi on

difference i'n tthe nmedi an part e size 1S les Cex

"siml s - : hhe dj N h d f I h
of ci v cunt rRREbAY G e dyT M PEBREEAL, BRI PR et tete B o

25 the partj e i . of_ciLrc erence of ,the 81 particle
t hat regresajen?t gé}tl%eggégrgéﬂg %E‘?%xiorﬁtél%gg?\’éy AFt pELd %pﬁr?ge’f I ¥rLe
circle is | - uch a filler resylts in interaction of.
the fl uorescen%&én%aerzé)gl r§§§ 13{165“ §Hetyre hﬁfe' 8’51}53% the silgsr ccearkion
mat erqial t favarabl v .dispersed in;the.resin thereby to re t he
ir regllu ar g‘sc'#glr .aas\éo?gici%telﬁffﬁzg%i%tlﬁg?éﬁ g%’ Sﬁ&theyfqu I%%pgﬁ%;%r%l y
have nedi arlhparti cle i‘hzés .\Hét hin a range from 15 ~cmto 50, a m nore
pref erabl y Wit hihtd PRRY r_f1 m 2EBPe Heagtier ?ﬁmqhéspdﬂ‘ﬁé}%saca?ﬁfb%e

from about 1 to 1360 hours. 1In the case of the dicarboxylic
'acid, the reaction time is within a range. from.abc.aut 1 to
180 hours. To reduce the reaction time by acceleration of
15 the ring-opening reaction of the acid anhydride, the
reaction system may be heated to 50 to 150C (preferably 60

to 1207C).
T_hen,l a .sol_ution .i_s prepared by mixing the _regult_ilng

:.cr_c')"s':s_.l.;_i_.nkéd- .."'b'l'i-gome_'r'-- with ., a., cation curlng "'a'g_ex:ﬁ: 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
la in which the LED chip 5 of the nitride semiconductor is
mounted, and then cured with heating to form a light

25 transmitting resin 8. Preferably, the mixed solution is



10 di spersed with desirable distance fromeach other when the particle
"sizes are controlled in the range descri bed above. This nakes it possible
to secure a path to extract light and i nprove the directivity while
preventing the lumnous intensity from decreasing due to the m xing of the
“filler. 15 When the light transmtting resin including the fluorescent
material and the filler of particle size%4in the range descri bed above is
applied by the m nmeograph printing, dressing effect can be provided in
which the dicing blade is "restored froml oaded condition in the. dicing
process 20 after curing the light transmtting resin, thus inproving the

mass produstbgacpedf anpﬂiﬁlar?n el Wy "?ﬁ{]ﬂe #\ﬁ %({O%djrtleozsfd’tg’(?ffoencg ien

the dicing process, it Is preferable that t |'er of rger parti

sizes is ihol ulechouiand athices $hrg e%h@gtecq:@@ b%ﬂ%@&éﬂ&é’fﬂ :‘(gjrfggslecr;i.}y vely

restoring | oaded dicing bl ade when 2 the light transm ng resin-
-includes ankhthifl Baving ggdhg@qgafggcbetgigehgﬁEQin a range from 15 ~c m
to 50 ~c m nore preferably wthin a .range from?20 ,u mto 50 ,u m L

Vari ation ExanpMeréd Bpéki@ht ﬁg&hbhn%igqr&@p%kséggg%gigggggn%gﬁfﬁ%esent 

e £ 150G SUrT acengl giEi ity CBA {1l dods. MY bE 3 Chrved Surface, In
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e e
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o A et O L
resin_incIuq?g§§ﬁ%cgggg§y8§ugg_gﬁ%&é %%3%%%$e8ﬂgﬁ§réFﬁ %ﬁnyﬁ§ i aph
20 T cor ranpenslr. s rdsettor obe 1A B (RouenShih kesibcess
tranbon tt 9b PEofiobbfy, MR chE ol a7 aHBR Odo bR §otdo SMbY T icls P
L ik e 8 o b S
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Even when the Ii%h& %nitti i odes of _the present ‘invention - :
mixXed 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.

"_<Maanacturing method of embodiment 1>

" Now a method for producing. the _l'igh_'t"éml,i-.ttlinq diode of

20 the first embodiment will be described below.
This producing method is a method for producing the
surface mounted 1light emitting diode of the first
embodiment with stable quality satisfactorily' in mass

production.

25 In this producing method, since a plurality of



5 including fluorescent particles of large particle size and fluorescent
particles of small particle size are manufactured in a |large quantity over
a long period of time, variations in the |light em ssion perfornance can be
kept extrenely small between the light emtting diodes 10 manufactured in
the early stage of the production run and the light emtting di odes
manufactured in the latter stage of the $oduction run, thereby inproving
the yield of production. Mreover, when silicone is used as the nmateri al

of the 15 mask 39, producing cost can be reduced and the light emtting
surface of a desired curve can be fornmed by meking use of the difference in

t he ther mabaekpgasi anecpebtiskedt chbanween vih %b'kﬁ%nsﬂgg BEecb%%QH
I an tﬁg

transmtting resin. Variation EXanple 5 20 ile the LED chip

package. artheonpbcthRipby WEaRStBk Wikd$ it?ahlag ks i mgn Lt,hough
the present ‘invention 'is not Iinited@?b thﬁsggéﬁgéﬁpu??gggégg @88 agg

~constitutiassemrylgl o M PYeE as bﬁ%r%@?ﬁgrgi_cgfoingéigﬁﬂ%ggd i Ei‘g%fii\/e.

nounting area |la of the package by flip 2 I'ng h ‘condluc

mat eri al aPHeoysdikadd Ohisdenbl B4 1axt h%@lteedb%f%sx{e&(}ﬁ%ﬁ%}t r %gf@ia%fino‘c the

LED chip. Since the package has the insulati | oC Pn the

poth &1 dee: e Ehoun Thopnavtqd ¥ PRurdTAEy, BeTEhaGuaRRhicBnots FRREES (o

both sides as shown in Fig. 1, es’to as to

neoative o cots anendo el "ReBREAE e QTG R (halR pR R

negati ve el ectrodes of the t8 2a,

2b, respechiyel Ypa¥arHatian anple 6 10 The light emtting di odes of the
enbodi ments and v%r?a ?%%8e§§%ﬁles descri bed above are SMD type |ight

itting diod | L] tion is~ not_linmted to thi
Consti tuti on.  Phreexanarat 0 PhBREP et el Y aPBpFireancrer ehaTBMARya15

stitution. For examp o 8¢ Pedinafer erenaps,
i odes of varranedoreeth ot CREARGERA B8 BoakRnbPcar Brmananguhes:

Th [ : I ial d i bed i he fi
o nort Rabafi P BES et egT iiale I TL612 e Bta bita  FhgrarbaBuaR i gn

out put po usg of .t.he e y.[esin described in the first enbodi nent
~mmkes it \;I)%gs?%?dee tcgirr%‘i?emé‘ | B%fu t@ PA§ - di odeF Vs hisgetian apifl i Ehe

?through hole  101la may kxa_6va1, circular or rectangular.

That is, the.preéent_ihvéntion is nof limited.iﬁ 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 tapered neat the opening so

that the diameter'thereof increases from one side of the
_i?su;ating_“substrate (surfaqe to be bonded with a thin
metal sheet) __tqwa_rd:_' the other -s"iﬂd;._a'." When the inner wall of

20 the through hole 101a.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 light transmitting resin described in the first enbodi nent can be
applied not only to light emtting 25 elenents such as |ight emtting diode
but also to |ight 85 receiving el enment 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 SMD type light emtting di ode as
shown in the sectional view of Fig. 8 isSdabricated as a light emtting

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

| ayer made of InGaN and having a main peak 10 of 470 nmis used as a LED
chip 5. In the light emtting di ode of Exanple 1, the package is a nolded
resin bodytRerads i¥n oserpeependentke ttxaseheartthxacnﬂgﬁ heolesdeyiwadl | tRart .
The el ectrode | eads 22a and 22b are insertion nolded into the base part of
the resin @uooVhe LEHDIed pwisth ke fdnselatdnhy rekinnos,us8o0ft HERCVEL IRt hod.
More specifically, the cleaned sapphire substrate is set in to the reactor

chamber armetalnsheee faremd tRenghihi meLRY! gakkiupy(IND) eﬂéétr calb
trimethylindium (TM) gas and ammopnia gas as a reactive gas, ¥ogen

gas as: a isalated gasm eak®h thde WASthéNh A0 LY P %%ﬁg'@ n mas a
impurity gas. The LED chip conpri ses],cgg Al GaN | ayerl as ow t(alr%gegg%ﬁre

buf f e | aypackagaorhdapedeCabckayes heeeplignggsa crystallinity (thickness .
about 15000 fir), a Si-doped GaN'layer as an n-fype contact |ayer on which

an el ectrode i sa2paf-@r g&d thiihi g{gms @Qp%agl@@é) {ﬂg%la%rg%g%gggl?d GaN

| ayer ' 86 to enhance a crystallini ty (thickness

nul 1 -1 ayeasd B IgBith shecher Bhah hPE hali ] ggNg?gseer fpﬁgtehl Tflopgd Ga

| ayer (thickness . about 5f A) and ped ness
about 300 MréSqR Hoggp@oggagﬁh B9cR a multi-layered filmin the form
of a super~I att?ce made of a non- 8 %gxgaﬁlel ayer (thickness . about 40 -~)

and a non- dopedAj_ggaaNlhayelh( t 20 ,angstr enhapce a
crystallinity of the Iight gmtrd% ngrgee;yer an%’ly, £He pﬂ?af&y ot

10 packages are disposed in a group for each opening 113 of

the mask 112 to be described later.
<Mounting of,LED'chip>'
‘The l.ED chips 5 -are -di.e—bohded at predetermined
positions in the through 'holes (mounting areas) of the-
15 package assembly constituted as described above, and wiring
is provided as required by wire bonding (Fig. 5).
The thin metal sheet 2a and the thin metal sheet 2b
| are exposed in the through hole, and the LED Chlp 5 Jﬁ
' gbonded onto the thln metal sheet 2b. that is a. negatlvet.-
'20 electrode, while a p-type electrode 52 and an n-type
electrode 5b of the LED chip 5 are connected to the thin
metal sheet 2a and the thin metal sheet 2b, respectively.by
means of wires 7.
<First process: mimeograph printing>

25 The light transmitting resin (epoxy resin composition



light emtting layer in the nulti quantumwell structure 10 nmade of a

non- doped GaN | ayer (thickness : about 250 ~) and a non-doped I nGaN | ayer
(thickness . about 30 A), a nmultilayered filmin the formof a . super

| attice of a My-doped InGaN (thi‘ckness . about 25 ~r ) and a My-doped GaAI N
(thickness . about 40 ~) and a GaN | ayer doped with My as a 15 p-type
contact |ayer (thickness : about 1200 Ap;7 which are sequentially forned, on
t he sapphire substrate. The sem conductor wafer on which rmultiple nitride
sem conductor | ayers have been forned in such a way is etched partially

~t o~expose a part of~the n-type contact 20 | ayer. Then, on the exposed

p-type. amf nthegpepeeoséntt imuaitSor)hesn-dnpe aBfvest e ehecty %Q%L%egafe .
formed, respectively, using sputtering technique. Thereafter, f%e resul ting

waf er is cndmbeént ois EBE@ b ¥ URith b4 4 0 e vl Id cat LED
Chip which is able Pf)p%rﬁt bl%\e&@lzﬁéé%?f‘mﬂe@’gﬁ'ﬁgg S t(?%a%\i)%glﬁri Fa i

ol 1 ow of The = Backamer redoEy S g o7 cdrary ght hiel Elntstrebitdes
2pa and 2ghiiethe pasorathg Sarh ke oA ol SobBEAFR TR, a0 ggch of
oot er tymdhe eopR ek 11058 AR Lt BANBELLONT 1
vhi oh sbouds Znans contegl s 0 bt Uy Sl and i hay e
par 1 ol o a8 oy (1ZorBabort PAPEPLAEY OTf SHAFKSGR ( P& OBF 7874 has a
vol ume- basedr RS R4 °eS' 8fle of the apertures 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 holes but also in the surrounding thereof on the
| iﬁsu;ating substrate 101. - According. to the producing
method of'thié émbodiment, such a light.transmitting tesin;
layer that maintains a smooth surface even after curing'can.
15 be formed on the inner Surfaces of thé through holes 101la
of the insulating substrate and on the insulating substrate
101 by carrying out the mimeograph.printing using the mask
112 as described abové.
_ 'Spe'_cif_j,"éiail;y,_'-_in,._'t'l'hi:s _protlucingl method, _'.g;:oups"' 'eéch .
20 consisting of a plurality of packages are disposed except
for areas around the épertures 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



15 distribution as shown in Fig. 2A and 2B. In the flat range having a

sl ope of zero in the curve of the vol une-based particle size distribution,
the cunul ative percentage of particles is 4.6 vol $ and the particle size
ranges from1l.371 a mto 8..379 ,;u in: That is, 9:6 vol ~, of the whole 20
fluorescent material conprises a fluorescent material of small particle
size of a particle size. snmaller than 1.8g1l,u mand the remaining 95.6 vol
~ conprises a fluorescent nmaterial of large particle size of a particle
size larger than 8.379 a m The central particle size of the 25 fl uorescent
material classified using a settling nethod to 88 have such a particle

Soc, oty mitoTemdes o0t it S QISR GRRERG L M,

above-nentioned central . particle size is

eak of ~ ditsgdn . I G h S £ rticles of 5 |1
Barti cle size |§M‘{bt@%hl am gf\)éltg gkpgrr’%%‘g?éeﬁs%;%e%k(?%%ﬁeaﬁngf ntﬁ]%e[ r?’ggti on

frequency -ofidie §+UERSEEM g gir‘flﬁqf%fafeceld%)gfq ' rfpé,(%:ll%ﬁselt ﬁia. s 22.908

~cm A standard deviation 1 n the par IFuor escent

ticl fol j [ i $4 95...10 The.fl t terial,
hi ch 15 ad) ust o0 (o ohUarErg i G 5#opE Bppnond bEing Begis Thvar e 2

re myed aUHLEeNm, M MBIl T b bRy RIS eboeaTnrRg he
(1o escemodmienial |35l ol pRundt | (e haplowgt Lhe package
Fabr 1 cat ed RIS e i, g henicasTincy inee” aheegntnFessi by and
ey o A RS, I ot sty s

in Exanple,l, except that (Yo Q,Z) Z.SSSAl s~~z Ceo.03s fluorescent
material ha r{&aréu%%léu’b%?twa:gcg’il%‘ Hedistwithautorvaniatitnsh imether ves
of volldlms-based article 89 size distribution are shown in Figs. 9A and

9B, and a Cerft% aé)n‘{)a‘??i‘érfea‘g?’i% bheglaghtaepitsingediodns. . | Thinkress

intensity %rid ttq'xee Olitipglﬁt Oft’ra'fnhs?niltitglrl]'fg enJ.jetstiinng Iay%irOd%ormed on the

- insulating  substrate can be changed fréely by controlling.

thé thickness of the mask. | | o |

Now an example‘of method for the 1light transmitting.

15 resin layer having uniform thickness and flat surface in
the portions where the plurality of packages are disposed
around the apertures 113 will be described below.

(S‘t.epl)
RO Fir.'.'st., the 'I'pac'kagé -a'ssémb._ly. 100hav1ng the thfbudh-*

20 holes llOla 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



according to Conparative exanple 1 are decreased' by about 5 35 ~ and
about, 25 ~, respectively, as conpared to the light emtting di ode of
Exanple 1. This shows that the light emtting diode according to the
present invention can emt light 'of high intensity even in the wavel ength
range where the chromaticity is low, for exanple, white light. 10 A
standard deviation in the particle size ggstribution of the fluorescent
material which is used in Conparative Exanple |.is 0:365. Exanple 2 The
light emitting diode having the same chromaticity 15 coordinates is
fabricated in the sanme way as in Exanple 1, except that ~Yp, ggSGdp, 005~

2. 75QA15~1 WagEmPS o ff | U0ees parkafat eébébmbiyusﬁé’mérh'c%ﬁ ueigscent »

material is classified in such a nmanner that~the erial has a fla range

where the aappiaig V@f.ﬁﬁéc %eOfass%gﬁléglfé &3r9?% %e?‘l?r FSSE%Féhe 20

particle size ranges from 371 amt

size of th%H&ieel’l alnd s 12%1{126 t"i'arﬂsn{%ec éit I’I]e%l.itnl 0 a&r ggge fyltlﬁféfgglnd

central partlcle size is 24.812 ~, particl

di stributi g ifdeancyaf e Pa tlcl si ze_and particle 25
size fluorescent partic esﬁgre d %eof‘élrgaﬁ]e Ogo%ﬁ@sp%%?k%‘é?y The

lum nays i tensidik, apgoout py h I| ht emtting diode of Exanple 2 is’
enhanced by about BS[18i16|()and abc j; é %h %&9?? 48 ddfparatredo. the

light emt can rQV|deaI| ht 5 emttin
di gde havi tnég;dag:eﬂ ﬂ | nten5| t}?a%? ﬁfea% tt'? naadﬁlé‘&éof‘ﬁar?-n&x'é%@énﬁssb A ’

st andar d dea f i |str| ution in the fluorescent
particles o ?r gtgh%arl ote S|Jztct Oéﬁgg Smfles 3 ting Illnthfo‘é@r?ttl ng

di ode havi @ Qﬁe sanme chromaticity coordi nat es is fabricated in the sane
way as in anpl'e except that the epoxy rein and Si02 having a central

The light transmitting resin that includes the
10 fluorescent material is applied on outside of the apertures
of the mask 112 under the atmospheric pressure as shown in
'Fig.. 47, and the .reein ls 'deaerated by deCreaSing the -
p'res:sure. in this condltidn. The decreesed preesure is
preferably within a range from 100 to 400 Pa, which makesl
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 heving
a relatlvely hlgh v1scos:.ty can be used.
| In case the fluorescent materlal is used whlle be.lng_., ,
20 included in the 1light transmlttlng resin as in the first
embodiment, it is preferable to use a resin that has a
certain level of viscosity in order to ensure homogeneous
dispersion, since the fluorescent particles of large
particle size precipitate at a fast rate in the liquid

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



particle size of 2.5 ~cmas a diffusing agent were m xed at 15 the ratio by
wei ght of 100 . 50 and thereafter, the sane fluorescent material as that of
Exanple 1 was m xed into the epoxy resin containing the diffusing agent.
The light emtting diode of Exanple 3 shows the sane. intensity and out put
as those of Exanple 1: The irregular color can be 20 inhibited and a good
col or tone can be achi eved, as conpared ¢® Exanple 1. Exanple 4 The I|ight
emtting diode having the same chromaticity coordinates is fabricated in
the sane way as in Exanple 1, 25 except that the light transmtting resin
containing a 91 fluorescent material was provided using a nold on the LED

chi p whi ch adlederted @ald wmaponest ab Luwdie t pat [ ig.
:6. The light emitting di ode having a snoot hyg"él'?ﬁ o% ro&ﬁcﬁfﬁfgﬂe gaﬁ be

obt ai ned arthishowalslb@,Si ihl akhe PHPEsELE €S) ntLJl%ie oty Exa]ma)]!n %%%pEﬁfarrpl e
'ha S

5 The light- emtting di ode havi ng the sanme c omatlélty coo

fabri cat ed pridtiqgane Jeyrasd | &Exﬁﬁgig }e%g%fﬁ% ofh tp%\g%%??%‘al% héané

transnmtting resin containing a 10 fluoresc

of an intagnd Hagh u one and cured
on the sub?}rat&eégt)%gé\’/\hﬂ%:ih% he LE%EEE rgﬁ‘\%g%ggl g)?l?’ l@&ll ﬁﬂ’é%?%’on as

- shown §n Fithe prefditd,B. Sc‘;’hg8 a tif ng%?édg%eﬁv & t:brﬁrved Ilght

emtting plane can be obtai n nd Shows

cl oot odes Topitiby ’5?%21%%??&2{ R At %&%%ﬁzi'{r%ech. b
20 Exanpl e f ghke o‘i’p%@édh%%'l%nandTﬁ'uszah%\elsgg gfcg{lé}rla‘lrlggééig; ecan be
used inl order to minimize the color inconsistency that
tends to occur when fluorescent particles of large particle
10 size are used. Also the 1light emitting diode can be
manufactured with high yield even when a resin of high
' \_risc_osity:i's used. ' |
In ca.se se.al'ing .is done 'Witn the' light tranémitting |
resin including bubbles, the bubbles reflect and refractl
15 light emitted by the LED chip and light emitted by the
fluorescent material, resulting in conspicuous irregular
color and unevenness in luminance. To prevent this problem,
it 1s very effectlve 1n suppressmg 1rregular color and
unevenness 1n lum:.nance,. to. repeat the cycle of decrea51ng
20 - and increasing the pressure as in this embodiment when
applying the 1light transmitting resin that includes the
fluorescent maferial. Bubbles included in the light
transmitting resin may aleo lead to peel-off of the light

transmitting resin and/or wire-bonded portion and wire

25 breakage, resulting in lower réliability. Therefore



size of 2.5 ~c mas a diffusing agent were mxed at the ratio by weight of
100 . 50 and thereafter, the sane fluorescent material as that of Exanple 2
was mixed into 25 the epoxy resin containing the diffusing agent. Further,
92 Si02 having a central particle size of 6 a mas a filler is included at
the ratio of 70 wt~ to the epoxy resin. The . _ resulting material is used
;as a light transmtting resin. The ligbt transmtting resin was filled in
the hollow of 5 the cabinet having a wall on which the LED chip is
electrically connected to a pair of |lead electrodes with gold wire using an
intaglio printing nethod in the same manner as in Exanple 5. And then, the

resin was remevahtoBS5tRefbubBleguby &hd hidthBar ofathi40 efbb@indnifoyis to 10
fabricate a light emtting di ode having the same chromaticity coordi nates

as i n Exanpéeylefféetiv@Mlso efi timpsbheipfe ) Lf1anpiqi§has a | onger
difetine and emts even |ight. Exa%g%é %R€51$%e.lig ﬁqé%#?ting diode is
fabricat ed<gpephg>same way as in Exanple. 3, except that the fluorescent
material simlar to that~of Exanple 2 and Si 02 having a central particle

i f bout 2 Lehni i el h : id fl t,
htor il oat nén TEBLENCYEL8! el Bprkrhl B 8laedblebb 35 RaE Misd ) ng
| i ght 1t i 1 1 0, =3, to that of Ex |
s IE S (Bt e Crodbe Bt Flan At o %%_rw%gds FesgSas i n
Exampl o 5 SPAEERA 1P usclt fn WALESSEIL-ATIH 13 1520 TnEd TorkBrtl M8t [ om
t hat of i J , | . ir.t.icl i f ,about 25
Cum whi iﬁ*?fé‘%‘??ﬂf S?%O%S{l' L8 E%*?%a?fﬁﬁﬁéiwaﬁ " o35 SAQEN 1Ry | [ o
s oaeay B8, 48 g Wl Mt nd Sut Gl G Ssdude afaLoshe thfoun i n
ehd 200 sk 9121 WY OBo’ RohePUnd qilesd %tle V2510 & Phea Ohe' " P

10 aperture 113 of the mask 112. Since the forward squeegee
sweeping operation is carried out under decreased pressure,
su¢tiqn pf.the.elevation stage 117 is not effective. But
displaceﬁeﬁt bétween ﬁhe'package'assembly 100 and the mask‘
112 does not occur because the elevation stage 117 is.

15 pressed physically against the mask 112.
<Step 3>

Then the ambient pressuré is increased to the
.atmospherié .pre§sure _and,_ upon completion of pressure
'incréase,;firSt;¢yclé §f‘retﬁthSQﬁeééeé,sWéép i$'éérriedﬂ R

20 out in.a direction opposite to the forward squeegee sweeb
(Fig. 4D). A return squeegee spatula 115 is inclined
toward the moving direction with respect to the vertical
line of the mask 112 more steeply thanlthe forward squeegee
spatula 114 and is moved by larger pneumétic pressure thah

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



10 of Exanple 1) is die-bonded with epoxy resin 42 to the cup portion of
the mount | ead 42a nade of bright plated copper . and thereafter,: each
el ectrode of the.,LED chip 5 and the nmount | ead 42a and the second | ead 42b
are wire-bonded, respectively, using a wire 7 having a dianeter of 30 a m
15 The m xture of the fluorescent material simlar to that of Exanple 2,
which is adjusted to obtain light of (x,62y) (0.33, 0.33) in a CE
chromaticity diagramand an epoxy resin as a light transmtting resin at a
ratio by weight of 5 100 ~.s fill,ed in" the cup of. said nount |ead and
then, 20 cured at 150 C for 1 hour to forma coating part containing a
f 1 uor escenttramisevittalingFueshear isa sepiveeenldgdineyilidN s 4Pat§ef OEBREaE NY
the transparent epoxy resin, so as to obtain a round shape in view of |ight
emitting ohseavatdtorcp dhe rkiFessliéagel 28Batypg highta:Ryr £hé NRagk di ode
has effects siml.ar to those of Exanple 1. 4 Exanple 10 The lanp type
light emittil2g BubBeesSchAabbécabgdvi - Yy e e except
that the fluorescent nateri al sin?lg?'%gg%ﬁg€ﬁ% y€§5§%|EH3F¥?EEE g%%%y
- resin 5 whifgh lisS thel | rthhr@RS Miqt i Ln d_S. i r dpess

which ~is different tﬁglghf%?’r o389 that cRElBalindo b | OURREES |
centr&@ partinglsgedi f 5 a filler are mxed at a ratio by
wei ght of 100 . fg %ggg %ﬁgg?ﬁ%grﬁgﬁ?%?ﬁg m xture is filled in the cup of
10 the nmouristkpads Brighter and nore even light is emtted, as conpared to
Exanple 9. .Exanple 11. The LED chip simlar to that of Exanple 1 is
pl aced~in the h f esEn e_Jlnt ich the lead . 15.

gklay, o %%@feé St NePPGLeg amﬁi%%£$%na§$?%ﬁ?e?riwgﬁprgng

el ectrode-is inserted. e silrcone resin

1 uor bscont PReLSrPAT Conposeit V3l0@ne suh318  Fertal ST kb pERSPHFe

Bhout ‘05 JeekPagties ML 1 b0 B sGRE 1o iboro ' Bhgo St SE. 1

Fabr et o 31F SRPCH | PRESY 48 thin Fae Feefiyie ohlS onfth FeGFeatnnas

EI{SﬁEﬁeggg&;gkékgﬁérgﬁgﬁﬁgegggnple 1, a good color rendering and a high
| <Step 5> |

With the mask 112 in contact with the packagé assenmbly

100, the light transmitting resin is cured and then the

15 mask is removed. Thus the light transmitting resin formed
integrally in the through hole wherein the LED chip is
placed and on the top surface of the insulating substrate

can be .made to have top .su;face that is flat and

N subs;anﬁially*ééfaliéi_tp]fhepbpttém*Surfadé 6f thé ﬁackégé;'

20 When the method of forming the sealing resin by
nimeograph printing is employed as described above, thg

light transmitting resin having relatively high viscosity
before curing can be used. Consequently, unlike in the

case of using a resin of low viscosity, the fluorescent

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



95 The light emtting diode is fabricated in the sane way as in Exanple 11,
except that the silicone resin which is alight transmtting resin,

(Yo, 9Gdo, 1) 2.965A~-5~12 Ceo0.03s having a central particle size of 30 a m
the fluorescent-material 5 simlar to that of Exanple 2, and Si02 having a
central particle size of about 0.5 ~c mare mxed at a ratio by weight of
100 . 0.69 . 0.5 . 10 and the resulting 63 xing solution is filled in said
hol l ow. The resulting light emtting diode has effects simlar to those of
Exanple 2, a 10 good col or rendering and a high brightness. , Exanple 13
Exanple 13 is an exanple of a producing nethod according to the first

embodi nent .a | resixktnp| eeldtivbiys ool emiedt 8dat¥ P fOf thé 9 yby SyHdrt N9
di ode as shown in Fig. 1 is fabricated. In Exanple i3, the LED chip 5is a

nitride sematerdiadt oran EBeChigd mioitidd) N 1 | 4@t ¢ £om f t Itlill% | gygi ogeds, of
I no, 2Gao, eN whi ch has a nonochromc light emtting peak of- .475 nn1|n the

visible regllnm:h Mbihe speghti ceddysmPOrihe LERGhi B (fghaﬁl at&fdrcl ﬁ%’

formng nitride sem conductor |ayers on the cleaned sapphire su

using a TMEBdrtwingePhslcedls! e 43S sévdMi1 (Eédéreéf‘y%éw h%’odﬁeﬁlt rogen

gas and a dopant gas with a carrier- gas by neans o I'n" this

case, & he mribypes)i tfade 5B rsen CE’ﬁS‘ ClQlyedaq plg{n%{ﬁg &ge S‘%"' O ctor

|.ayers are 96 formed, respective by using ant
gas. The LEQttghi JUBY i §8S ff e e. ich,is . grown at
a | ow terrpearaa:ttur'gppaqrn n- typ]éﬁ?Gavﬁllpialygglée%' c%é@g éﬁ tﬁ’r?d}ﬁ)eevgd] AREP J’g’

el ot rods g R KB g A e mpLhefutheuhing |

n-el ectrode is or med ht em t 1 NQ

‘'structure i I of the NJ]a as..a barrier
Faygr ut heIt:&r}f\gg:\lq;:&a%(iah‘ri-egts(,:%L g!g a\f\lgqs ﬁa;lg?d anﬁe{%eqﬁﬁrﬁaﬁf’ﬁyzg‘%§e§oﬁaﬁl i er

I d t

cl adding | esey rod, 8‘3?%%%5 SR Ty PR B aRtRitat 208 oMen! on

are' jgequegti g r phire substrate. The p-type
sem conduct or ?%}Eal%%ea L%E ?ﬂggt’errper ature of 400 C or nore after
e and n-type contact

formng layers. ¢ Ia e each, of t
layers is exposeﬁ{lg ﬁf%hl rﬁ?%on ﬁfar%ros‘ﬂ‘}q‘la’(ge %@G&O%f ofhethvet fiigst
-sem CondUCE%OBQmEH% Sa@ﬁb'eret%umtl 5'1% tra_ns'mitting resin ‘of high-

v1sc051ty can be used, the resin and .the fluoresceht
material can be prevented from separating from each other.
15 in the period after mixing the fluorescent material in the
light transmitting resin till application to the substrate.
As a result, variations in the content of fluorescent
mater1a1 included in the res1n among the llght emlttlng
ijdlodes can be mlnlmlzed, thus-;maklng_ 1;, poes;ble to'
20 manufacture the light emitting diodes wiﬁh less variatien
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 size

25 can be prevented from precipitating densely near ‘the



~,~ The ;positive and negative electrodes are formed on each 20 contact

| ayer, respectively, by sputtering. The netal thin filmis fornmed as a
transl ucent electrode on the entire surface of the p-type nitride

sem conductor and thereafter, the basic electrode is forned on a part of °
the translucent electrode. The resulting wafer is scribed and cut by 25
eternal forces into LED chips which are 64 ght emtting 97 devices. The
LED chip fabricated in the above-nentioned way is di e-bonded with an epoxy
resin into each via hole of the package assenbly which has been descri bed
inthe first 5 enbodinent. Each electrode of the LED chip is electrically

connect ed surfheemetfaltid ILED 2ahind ifb theesparidd ehatyeni E€109RY RIS NG
gold wire. The fluorescent nmaterial is fabricated as follow. Raré earth

el enents, ¥hraighntholes amel diwsiyedfi khan Adiaf @t tRataWa®efength
stoichionetry and the resulting solution is coprecipitated with OX&iIC

aci d. The cenubriigg. Cupctdopi (Gf ethéS flAbTeRSEndNGhattie 0b ajped 4 j de of
coprecipitate and al um nuim oxi de are m xed. The resulting mxture as a fl ux

| s m xed wpabtharbusiideatinlepancedidderdfy | pte1ibeacr uckhlenand then.

heated at 1400 C for 3 hours in the air to obtalin a burned produ

b G duabri FRj ig h T B d, ted,
r1 60 and Then o aconeLBarliintsl JUr AT ogliuliSE) "SE58  cBRNOY ©
Ceo:zso : fhyer : i : [ LC .eSi:n _conposi te
(visézsity Bgoogﬁgggas)ﬂgﬁfg$ﬁ£% bgﬂnfﬁPﬁglgﬁghéis§§?§¥%§%§5nﬁt~ 5?§%hid
fl i - f S i tral tjcle.si f
O P arophal e SfudRedtdnt] pRtaslas (e aGRgl Mol € Bl ©

10 a minto the epoxy resin containi ~of

particl e stggsOf ; Is se terjial f seal | ng_nenbers. 98

T thi s Excmat o B ho R CHEES " EnEesind Flodhe okl shiSnderng

t hi ckness PerQQlﬁH”%bfoP§ed- The mask design is the sane as in Fig. 3 that
e

is described in the first enmbodi ment. The package assenbly on which the LED
ik RNt i Rt SR A
I's aimed ayagheciugtydiesclfs K. £00 agl gkghfiggrgggén%lﬁéterial so
lés to'emit'whité_light, the fluorescent matefial-has larger
specific gravity than the light .transmittinQ resih.-and
tends to precipitate densely. Even in this case, the
15 fluorescent particles of large particle size 81 can be
prevented from precipitating densely near the surface of
the LED chip 5, so that the 1light emitting diodes of
uniform color.temperature can be manufactured reliably.
Nowthe dicing process will be described i'_n_"dej':éii_f B
20 below. Individual light emitting diodes are separated
thfbugh the dig¢ing process as describéd_below after the
light transmitting resin has been cured.
- <Second process: Dicing process>
(Dicing stepll)

25 After curing the resin, the package assembly 100 is



Said light transmtting resin is applied to the end 10 of the mask 112 in a
predeterm ned anmount required for printing and the pressure is reduced to
330 Pa. After the conpletion of deconpression, an air,pressure of 0.10 Ma
is applied to the knife 14 inclined at 30 in the operating direction with
respect to the perpendicular line of the 15 mask 112 to run the squeegee in
one direction. Next, the inside of the clénber is pressurized to 20000 Pa.
After conpletion of conpression, 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 Iine of the mask 112 to 'run the. squeegee
in the otheporfie@dcenbn. aTHicingcspeetatdmgtiseubbgiee tsaneptetelgt wegen
Next, the stage for elevating the. substrate is |owered to separate the
package asseidty frBnet hontslg 14Prefifth, ¢de beghinéreassilt tdinad egha i s
primarily cured at 25 ~ 85 C for 3 hours and secondarily cured at 140 ~C.
for 4 99 bonding|sutfacesvyf the paghageraBsgbliyngoseshd PRY¥I B8cdAg -
snooth surface is forned over the via hole and'the . insulating substrate
on either sshieet hareohmade NExtsubstdreiallyavhel dbmeadiAldAmicusd diei ng 5
adhesi ve sheet having a thickness of 150 ,um and conprising an adhesive

| ayer ®f 20frat mplanédi ckngss késau%acmt&ﬁﬁga%ﬁg%é%fgﬁéeﬂ%%t Brhhe

light transmitting resin side of the assenbly opposite to t esive

| ayer. The gmeiegeoassandl #isngosne 18hendo ; L Mer SGetLEr Lpo the
10 depth of ldgﬁ?un1using aldig?ng %IadeagﬁgﬂPﬁﬁg&g%f%§ﬁ1%§.?ﬁgygggggge

assenbly t arin@WRoSSINRCT itk kel 278 t tyi ditﬂgesingfigbﬁéhkx’ ﬂplﬁFm

ultraviolet radiation ~is applied to the package asse romthe

.side to C gkl t thEn QONESd &/® wmprhfg}g b@jgdg he assenbly is cut away into
each 15 light emtting di ode. Wen 5 of the surface-nounted di ode type

(SVD type) |ightreniddd %éﬁf&%ﬁl ofd aéﬁs‘;g?ié& aﬂascﬁg%%;ﬁg%;ﬁgeg xfnr%éh

variations, it has been shown that var fons 1n C re.s

1 : oh Ciri - _ h ' 1) h -
LS Bt $A8 LoPLbE Ly pUERoANlng g Y ALty ek Eoutn

(Comoer o | yotaoicne THSCAAR. FRGHALY TIRCColan L BEE oGl L pe e
PEn "9, CoTIEERP e LA n a0 el "EE" BERE SERGTE YRRLEERE I
The T esul t 1yt eRPaeedrEonitee, A Ro hrafeiuts PHLVashes Do Gt Sfor
di cing and gyt Tp@(l’la%i?ll& lé@l%tlegq:ét iorgqurdit%%% CefiEs aa eaa[s;[' over thel
15 through holes makes contact with the dicing sheet. 1In case
a larger amount of the resin is applied and cured by using
the mask that has apertures correspbnding to the individual
throggh holes, on the other hand, the resin surface becomes
.:ﬁighérithanfthé”tbp §ufﬁac§ 6f'thé ihsﬁiatiﬁd.sﬁbStfafé' 
20 that is to be diced and only the fesin surface ﬁakes
contact with the dicing sheet as the bonding surface, thus
resulting in very weak bonding strength'between the package
assembly and the dicing sheet that leads to mis-positioning
in dicing. When dicing is carried out with the package

25 assembly and the dicing sheet held together in unstable
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When 500 of the resulting light emtting diodes are observed, there are
burrs on the top surface, as conpared to Exanple 1. Were 500 of |ight
emtting diodes were inplenmented, variations in color tenperature during 10
produci ng were exam ned. Variations in color tenperature during producing
for the light emtting diodes of Exanple | 3, were reduced by about 20 ~, as
conpared to the area on the chromaticity®68 agramfor the light enitting
di odes of Conparative exanple. 15 (Exanple 14) The surface-nounted |i ght
em-tting diode is fabricated in the same way as in Exanple 13, except that
an alicyclic epoxy resin conposite (viscosity . 15000 nPa s) obtained, by~
m xi ng and afl Himgas~ desicribefd tdlzowdpoveha0 oy oned f Lgorcesrens £
material and 40 wt~ of SiOz having a central particle size of 10 ,u minto
~ the undopedirshenlisgpoddtiediagoxin resdidingicl ydiTigkel pr tdgesk@ld gomefné s
-used. as a material for a sealing nenber. The |um nous intensity and output
are increaseédrhtas emdmprdmed dbodxanpiieus 3 opvarigeKe maygb 4109 rBhiabi dhdy can
be i nproved dramatical l'y. 1ol Iri Exanple 15, (Yo,BCGda.?2) 2.9ssAlsCGd12:
Ceo, 03s i nusdedi rdinls . @0t psuceateof tatShavhsbbwed Wiy Gd j@nd whigh has
a central ~particle size of 21.429 ~cmis prepared 'in the sane way as in
Exanpl® 13bulhes f hagr ebgeak mat ethal packa§oRRORG UsP E}qaeref& ws.
material of large particle size and a fluorescent material of sma

particle siwtmn Ithd NsuftatbranmetBay s %équxzeefﬁf'ﬂé e%"ff?x{?f the

vol une- based particle size distribution, the cunulative percentage o

‘particles ithet Su¥fide andd %&atéﬁ'g‘f\!}ﬁglsig?e Q.rangﬁ?s‘;{id%@rﬁe'a%é% dato

8.379 a m That is, 4.6 vol ~ of uorescen erial conprises

fl uorescentrel X1 A es ool &I hiBAL I Ghorolde STBULC ald'A0ah ALl % (Rnd

the remaining 95.6 vol ~ conpriseS fluorescent particles o arge particle

size | argergdfedt 8. & fhe I re.iclie si of it fl uor escent
mat erial classif isgdéghginﬁgmébégt?Fﬁ%égc%etsk%gégtao&h%}gies&cﬁe éoxplagr}tezlec(* eaécfze
distrigouti QAdH1or 4 a mand the frequency of the above-nentioned central
parti-cle size is 29.12 ~. The particle size of peak of distribution
frequency g 44 uorescent particles 20 of small particle size is 0. 613
a mand the particle size of peak of distribution frequency of the

| orescent har e Soatll SEsRBRAE) SNE" 1 AR el R e
L ous LR Yo e LAV B e e 002 1,
e 2o Wi | MR b HRRP! phbBhnSautizig b 1o SEOUSL BT onec

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
cqnstitution tends to be loaded with metal chips generated

as -saw @ustEWhén cutﬁingquf;thetlight eﬁifﬁing-diodes tﬁat'

20 fill the space betweén the diamond particleé. In order-to
avoid this problem, it is preferable to include a hard
filler in the light transmitting resin that makes the
sealing member in the first process, in which case the
loading metal chips are pushed out so that'dicing operation

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



5 emtting diode of Exanple 15 can achieve an effect simlar to that of
Exanpl e 14. The brightness of the light emtting diode of Exanple 15 is

hi gher than that of Exanple 14. Exanple 16 Four kinds of resins C, D, E and
F, which were 10 epoxy resins according to the present invention, and the
resins A and B of Conparative exanple were prepared and the characteristics
t hereof were examined. . 1. Preparation 7 the epoxy resin conposite The
epoxy resin conposites Ato F were prepared 15 under the foll ow ng
conditions. Were acid anhydri de was added, the conversion ratio of a
carboxyl group to an ester group was estimted. The ester conversion ratio
i s the rat Pertdoleessize adnarenlsas parceopegetioh bhe ffpy] JURYRY
included in the .acid anhydride, which have been 20 converted into ester
groups. Théhest lucueseenitonpantiolvss eRaMdiRe UphpgialBeusisdi zaign
reaction with KOH solution. Specifically, 1.00 g of the epoxy resin was

di ssol ved -ifil13@miimdreddwnthe addfdc BiKEH $8kULQABRBRECHa1RS Added. AL
t he point of neutralization, .the color 25 of the BTB indicator turned from

yel | ow i nt efbllaegeatpaptticlFi%dhas M MU HAnRfsscar boxyl groups whi ch

were not converted into ester groups was determ ned using the nount of KOH

.sol utsion in wattey re@Ui NEGHOr HABWHHIdld Zaf4i LeSH ~gcoppar agive
exanpl e 256 (1.95e.eq)g ofq%' 4' -epék;{cyéfgﬁ%x?Pﬁﬁﬁ%%tﬁred BRAT Pl

3, 4- epoxy- 9%BQ@§?%@EH@&Y!&¥5%:i%CP habhsva, deievaf %a}gtgftggx%mt&%ﬁ%@e

epoxi dat ed conpou as an alicyclic epoxy resin and enzy

p- hydr oxyphegyh neridw! syl Egphud 18+ %@ﬁh?ogﬁﬂﬁﬂéntégeSu¥@£§Qa%g gﬂe.

aromatic sulfoniumsalt (anion speciés | s hexafl uoroanti hony

Denzyl s RASLIBIBEP S - B 601 A0 © SUELR BT BT B 1

the 300 nL four necKk flask. The resulting mXturé™wa hour
R e T A s SRt L
ronoslorct dvbssbicrs | susdtase ey, A IRES e, S GPOREESk The 25
X e Ve AT, Iod M LT E e G 0TS B S e
D light transmitting.reSin is substantially flush with the- -
outer circumferential Surfacé nf the packaée. As tne iight
transmitting resin is fotmed over the entire surface of thé
15 light emitting diode, light emitting surface can be made
wider with increased output power. Moreover, since the
light transmitting resin on the insulating substrate
dtffuses 1ight from the LED chip more effectively to the
'n.outéide,”thé lignt.eﬁitting3diodé.naSngnd'direttitityt_ in
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 present invention, the luminous intensity and

25 power can be increased -by using florescent material



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

3, 4- epoxy-cycl ohexanecar boxyl ate as an alicyclic epoxy resin, .104.29 ¢
(6.09x10-1. nol) of the m xture of 4 nethyl hexahydrophthalic anhydrate /
hexahydrophthalic 5 anhydrate at a ratio of 70/30, 2.56 ' g (4 .12x10-Z
nol) of ethylene glycol as a pronoter and 0.6 g of Benzyl phydroxyphenyl

met hyl sul f oni um Hexaf | uor oanti nonat e, whi%h is a benzyl sul f oni um based
catal yst, as a cationic curing agent, were put in the 300 nL four neck
flask. The 10 resulting m xture was stirred for 0.5 hour and 'the ester
conversion rati o ,was nmeasured to be O~. After neasurenent, the. m xture was
heated at 85l28Sifépdaspoasstoahdveutheeflabradbesit! partiichosroft Smyel
cured. 15 resin D : present invention 256 (1.95e.eq) g of 3' 4

- epoxy- cycl BAEk§Ahet hglzs, 4andoxyheyclfdhexaseeatbopukaielas asfal isyghic
epoxy resin,. 9.57 g (5.69x10-2 nol) of the m xture of 4 :

. met'hyl hexpaytiopat Bakecandhydispbsihg~thexahyde spbhbahkce2fa BNby dpake at a
ratio of 70/30 and 1.77 g (2.85x10-2 nol) of ethylene glycol as a pronoter
were put infehé 36@ mf f eachneduinddiask antheh@luRFRARLY MBS d1¥Y egped
slowly with a nmultiheater and maintained at.90 to 100 C for 16 hours: The

t enper at ur esmatldparessdd shiowl ¥ckauh®OoFLLCBRBRILYLE- +45 % O of
Benzyl p-hydroxyphenyl nethyl sul fonium 105 r%x§?V§oF§a%§Pﬁgﬁéﬁ%E Tchis

a benzyl sul tonalnwbasee & af Visbre 96erit CALLOPLE1 CYRUNG AOGIN g AR Adged.
The resulting m xture was stirred for 0.5 hour and the conversion ratio of

the carboxythegr otpansing tthegest@isif OUf 5 ¥RstPEASULRE tqiR§+90. 6 wpAfter
measurenent, the m xture was heated at 85 C:?or g hgﬁgs gﬁgﬁFdrtherTgi 140

C for 4 houfbubpebeentr phreienes For BRESRNpdPiN 00120 T & %f€5i”

conposite was prepared in the sane way as r excep

(1.95e. eq) the 3wadelepgEn=e6¥CaRexU MRt W sici i
3, 4- epoxy- cycl ohexanecar boxyl at e as %ﬁt al i clyccﬁeln(}:lgp&\g/ cfoe%'clrn?llfgl.%Stlbe

9. 48%00- 2 i @fet hgigbxt £4- gt hyl t hal | hydrite 15
( patdiefet heinbxt eherabrd- 1B xhggtlxggmrzo%gga&%ﬁ fédrg' rpg?) y

hexahydropht hal i c anhydrite at a ratio of

et hyl ene 9|&£§irﬂﬁu@e@r9ﬂpﬁﬂﬁ:a@@c@n@tgh%& aﬁﬂigLEB'Qéﬁényp ?ﬁ gbégga

met hyl sul f oni um Hexaf | uor oant i nonat e, ich 1s enz Ul fo

Cal 1750, SelrsblantC cuitioraBeTs: Ve USRI TUh Estgr 20 comision

ratio of the carboxyllgrpup Into the ester”gr : _fgh.z ~.
Same 25 uay moreapR EART BHC, BRBTYR oY, “308 edyants 1P . Droad
wavelength band, the fluorescent particles can convert the-

- 15 wavelength of the light in the case that fhe wavelength of
the light emitted from the ILED chip varies by a change of
the current. Therefore, if is possible to provide the light
emitting diode with a good reliability and a good

o productivity. o
20 In the method for produciﬁg the lighﬁ 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



106 epoxy-cycl ohexyl net hyl 3, 4-epoxy-cycl . ohexanecarboxyl ate as an
alicyclic epoxy~resin, 25.52 g (1.52x10-1 nol) of the . . mxture of

4- et hyl hexahydr opht hal i ¢ anhydrate / hexahydrophthalic anhydrate at a
ratio of 70/30, 4.72 g 5 (7.60x10-2 nol) of ethylene glycol as.a pronoter
and 0.6 g of, .Benzyl p-hydroxyphenyl nethyl sul foni um Hexafl uoroanti nonat e,
which is a benzyl sul fonium based catal y##9 as a cationic curing agent, were
used. The ester conversion ratio of the carboxyl group into the ester group
10 was neasured to be 92.4 ~. 2. flexibility exam nation .The |ight

em ,tting~ diode as shown in Fig. 1. was fabricated using the epoxy resin
conposi t esIACHESF mandfided-ungshcint bk icudliygusthPhase Wate CoF6AEEL DA O
evaluate 15 flexibility of the resin. No fluorescent material was m xed
into the epuRy amdi theonjdghite efitbénbi olfoddd t kiane FAQRYE ddSednf Ofpd hi s
exam nation. ‘In this inpact to t in |iquidphase, the cycle 20 consisting of
- di ppi ng i nlahteki quitdgehasef of thd0 Grbatcensn Fuhe, - ik U RYNT iy d he
liquid phase of 100 C for one minute was repeated 500 to 2500 ¢ycleés and

then, the hnmbgulat thelegcubfencded! 1GIAAKS dnfitcd i i -
éﬂ&ﬁw’%ee;ézasdglogﬁaq{ Vo7 The

mal function due to wire open was exam ned (test sa

exam Rati opreeented ane shewpibddt 8Bl Srddu&Piod Near 854 NiAb PR ned by
curing the alicyclic epoxy resin only with.a cationic curing agent, the

mal function dueThe epaksS raiy r@&nﬁé@fﬁér??%.fnifg%alp]%ﬁaeggt O{._Ig%é}?fhfo%t and

the 5 ratio of malfunction reached 100 ~ arter 0*cycC € rTesin B

fowhich 18 L di i di | L [~ of
o ich thesélkenedi fht !h%%l%@%ﬁ%élﬁ&%@ A% %;%qﬁéa\%%?t f%?ﬂg% Lsi ng

mal functi on occurred after 2500 c the o

G on . andnd Begoriag opl DenBI £EGN nERYARLT 0N oS 1180 Oy 406,10

occurrence of mal function was not re ti o~ a ) :
a5 advanced ™t he Socis REHAE r BP0 AT WS Sn A WEESOn. FeRF T et idaht | r ned
that1be epegny &&8dNanhydride or dicarboxylic acid.
The epoxy resin composition of present invention can
be ‘handled easily, §ince_- the viscosity of the epoxy ‘resin =
composition can be fre'elQ controlled:by thé émoimt of the
acid anhydride or the dicarboxylic acid, or the ester.

15 conversion ration and has long pot life.

| Embodiment 2

lFig. 6_ i_s a schematic sectional view of an SMD type

- light emitting diode according to "_.'séﬂcon'd.- embodiment of the L
20 present invention, The light emitting diode of fhe second
eprodiment comprises the LED chip 5 made by foi-ming a pn
junction of a nitride semiconductor (Al,Ga,In,N, 0 S X S 1,
0= Y=1 0= 251, X+7Y+2=1) on a sapphire
substrate via a buffer layer made of GaAl, N, 0 < d = 1),

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



conposite of the present invention has a nore excellent 15 flexibility than
that of the conventional epoxy resin of which the flexibility is enhanced
‘using a reactive diluent. Table 1 Cccurrencerati o of mal functionCause of 500
cycl e1000 cycle , 1500 cycl e2000 cycl e2500 cycl emal functi onResin A :
Conpar ati ve exam | e39$100$100$100. $100%crack..Resin B : Com arative ex

| 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 e ~0~0$03$0%$0%-
3. light resistance (yellow ng) exam nation 108 The light resistance test
was carried out using the epoxy resins B and F. The test piece of. 30 X 30.
X 3 mm was thasbhesagepadid off ddizat esll g titodes XeTWN 129 foKe 108 howys at
120 C to exam ne the change in overall transmttance of 5 beam before and

after the raditas om. 1Tghtt reamist ir@NTey¥as mABasS Wl 4R 3 tSRECLI PSEQPI C
colorinmeter (rmade by Murakam Col or Lab.). The exaninatign results 5%%

shown in Fi gemitdAdaototlBlafeg, 1lAEdiavs,d h.%nﬁveﬁ?blilsﬁ(rénsg.lé%??&?egf

beam before radiation and Fig. 11B shows the overa transm ff'ance of

beam af ter padivatiean.orFoatt NS Ind. sqrFARUEY 4 O QY i conposite
to which a reactive diluent was added, the t%aggai??énce |ncﬁgﬁe%réﬁgg of a

short %Bavel ebgthrileal egsathrbidie €8l of S iLnt el in the '
early stage. The trans%i ttance further d%%@eaegggrelgﬁgfg t eé/’r arlﬁlgg o"1(l":‘;}'l short

wavel engt h amdctbgcaglyoabﬁgu&@§vgdwgpg§d remar kably during the |ight
resistance test. On the other hand, for thée resin F, an epoxy resin

TR e S TRCHEGISRECPRISE 0 Y 0B P QUBSY b dull g
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 light
transmitting resin 18 consists of the fluorescent particles
of largg particle size 81-andﬁthe_fluorescent'particlés of
small papticle size 82. Thﬁs the.wévelength cohvérting'
function of all the fluorescent particles of large particlé

15 size 81 is fuliy made use of thereby to improve the output
power of the 1light emitting diode, while preventing
irregular color from occurring by means of the fluorescent
particles of small particle size 82.

" In the light emiﬁtiﬁg“diode“ﬁf this preséﬁt invention}f '

20 epoxy'resih 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



20 4. heat resistance exam nation The heat resistance test was carried out
using the epoxy resins A) B and F. ., The test piece of 30 X 30 X 3 nm was
f-abri cated and heated at 120 C for 500 hours in an oven to exam ne the
change in overall transmttance of beam 25 before and after the heating.
The transm ttance was 109 neasured with a spectroscopic colorineter (nade
by Murakam Color Lab.). The exam nation’Yesults 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 which a cationic curing agent
was added, M¥Yowd@oa bier ausedii.t t ance simlar to that of the resin F, an epoxy
resin conmposite of the present invention, in the early stage. But 10 for
the resin AmboddmendnSmi ttance in the range of a short wavel ength decreased
and the color was changed into yellow during the heat resistance test. For
the resin B, a dmmweﬂﬁ@hmalemﬁatﬁn@eshﬁo@gnpggbggdiggmh%&h ée&ﬁ&fﬁf | .
di l uent was added, the 15 transmttance in the range of a short wavel ength

decreased esmbodiment! @f Veise CpaBgEAtI ﬁh@eﬁ%kbﬁv"cbﬂg#ﬂgega%w L%'t@tgﬁ‘. The

transmittance further decreased in the range of a Short waveleng dnd t he

yel | odi ng hawiadvancedsteratkably rdy eRamphe, ! Eﬂg&nrﬁ?!lffcf‘.ncf c?}resEti 20 On

the other hand, for the resin F, an epoxy resin conposite of the pr%’sent

i nvention, en@capblid ngE V@ﬁi@@ﬁﬁ‘dvﬁﬂtkngfe@aféﬁt %@ﬁgeﬁgg%ihh §) | opv ng

was advanced during the heat resistance test, rresistance was

better thaemilkatoal ireSi nsgérQSW_‘;velilégsqft%r rxfe[ﬁio%asasze% r{d f&)@éﬁgi. lnat i on
ruc ;

110 The light emtting diode having a € as snown i h

fabricat edrg®i g A £ URPOSE { F ... and the current, passed
life test '(curren?pfagfg i NA) was f:)%ll?lrr?gzdﬁo%{}g’dtdre&orﬁatyer?ﬁé’r WIS 0 and
at an el evaked Dy EGPSE ALY : j idit 5C, 85 ~). Figs. .13 and 14
are graphs show r%{; changedsJ ?n%%e lgﬁy\f‘gjb(#&#pmufag%aqaﬁcﬁeoﬁeﬁat%*fgﬂ ue of

ot PGS MISEALEORUBEADE. ol DBRELE ABOIFECLE 107 L) O VEDATLIOITE,
and a 10 high hegl ¢heys i fREPEREELEhY af8a2OP Ll HAS ebdiSent, a
~ resin or glass that is " somewhat- ‘resistant to the
ult'raviolet -raly is used as the light t:ransmit'ting resin,
and a fluorescent material having the particle size-
15 distribution described in the firsf embodiment is used.
For the material of the fluorescent material, Y,0,S:
Eu fluorescent material thét is excited by light of short
wavelengths in the ultraviolet region and emits red light,
- 'érs-(PQ.);Cl.': .Eu'_.'f.luo'resc_:'ént_' '..,.mat'e:r_'ia'l.' :-that __.i"s'__ex'c'i_te_'c_i._ by 3 =
20 light of short'wavele.ngths in the ultraviol.et region and
emits blue light or (SrEu)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



for the epoxy resin conposite of the present invention, the reduction of,
the LED output during life was snaller than that of the conventional epoxy
resin conmposite B.. 6. pot |life exam nation 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. |I5. The conventional epoxy resin
conposite B had a pot life of about 25 holgs, while the epoxy resin
conposite of the present invention F 20 had a pot |life of about 40 hours.
Exanpl e 17 The surface-nounted type light emtting diode as showmn in Fig. 1
was fabricated. In this light emtting diode of Exanple 17, a fluorescent
mat eri al wa® fria auil xtivre m‘taneredgmnghtaemmttmqlgfn@@r@scéfﬂﬂ@ hEELDAD, S
conprises a 111 nitride sem conductor device including a |ight en1tt|ng

|l ayer made @f bhoe2GagN eefittdnduct Diokesddit amgPRLERT Oy eH‘ S&i‘é’éh peak
of 475wmin.the visible range. That is,-the sane LED chip as that” of

Exanpl e 13 \dshits eshi tt {Ehe ﬁh@dﬁﬁ@@céﬁ’@dm&@érﬁéﬁooﬁ he éa%r%%ctehﬁ]f
Exanpl e 13. The fluorescent material used was also the sane as t

Exanpl e 13. LE® telempeve- menti oned resin F, 15 w~ of said 10 fluorescent
material and 40 wt~ of SiQz having a central particle size of 10 ~cmwere

m xed &nd di sper 8@idesobtalen C Si te (Vviscosity
: 15000nPa s) as a ﬁlgﬁt trans%???#ﬁgﬁggg ﬁQQéyléf JeSEFR0EL " © ﬁ°¢éi

3.5MgO * 0.5MgF, * GeO, : Mn, MgeAs,0,,: Mn, Gd,0,: Eu or La,0,S:
Eu may be used as the red fluorescent material, Reg (PO,) ,CL:
Eu'(Re is at least one element selected from among Sr, Ca,
Ba and Mg), BaMg,A1,0,;: Eu, or the like may be used as the
10 blue fluorescent material. The 1light emitting diode
capable of emitting white light with high luminance can be

. made by using these fluorescent-materials.
| In the light emitting dlode of the third embodlment,
since the fluorescent material consists of the fluorescent
15 particles of large particle size 81 and the Ffluorescent
particles of small particle size 82 similarly to the first
embodiment, the wavelength conversion layer capable of
efflclently convertlng lJ.ght of ultrav1olet reglon is
.eformed so that the llght em1tt1ng dlode of hlgh lumlnence_]”";
20 can be_obtalned. Particularly when fluorescent materials
of a plurality of types are used to emit mixed light, it is
preferable since irregqular 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



500 light emtting diodes were fabricated in the 15 same way as in Exanple
13. The variations anong 500 light emtting diodes fabricated in this way
were exam ned. It was shown that variations in chromaticity anong the |ight
emtting diodes were small -and there was no.visual em ssion unevenness in
20 each light emtting diode. The reliability could be enhanced extrenely,
as conpared to the diode using the resi M3A. Conparative Exanple The |ight
emtting diode was fabricated in the same 25 way as in Exanple 17, except
that the resin A and the mask 112 havi ng an opening corresponding to one
via hole in the insulating substrate were used. The em ssSion unevenness was

observed afiunclidoavensenicmerh ¢eomd aotmbeachi ge¥edsudhe fRldEDsddttY
decreased, as conpared to Exanple 17. 5 Exanple 18 The light em tting diode

was fabricaatdrinlshe desor il asabhdvdxanphe 1Eluere8pbnihatndther sane
fluorescent material. as that of Exanple 15 was used and 15 wt~ of the

f | uor escenprefegabdly Wave nelwided iné@idhepseeim & sThe 1Qd |  {ting
di ode of Exanple 18 showed effects sinilarpto tﬁoseSO'@E%agbﬁggéFéﬁ? had a

hi gher bri ghapess dihae s ifaEa@mpteplisifie tg! :s%wfg%&@gﬁpﬁ&gﬁiﬂ% lhe

describe the synthesi s of the fluorescent materia

methoq i 1 rede rer atereher Soy e et s aneefad ol PSR ot hod
of the , Tl go6sestentehatbdlattl tR4riQ) L& LTINS A 060y,

In | the third embodiment, different wavelength
conversion layers may also be formed from different
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
light emitting fluorescent material, a .green light emitting
_flﬁorescent.méterial and a blue light émitting'fluoreécenﬁ
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
:fdiffe?ént fluOrgs¢§n£ maﬁ¢ri§ls-ére cbh£foliéd-so that”fhé-
20 blue fluorescent material has the largest median particle
size followed by the green fluorescent material and then
the red fluorescent material in order to have the particle
sizes of the fluorescent material decrease from the lower
layer to the wupper layer in the multiple wavelength

25 conversion layers, since this allows ultraviolet rays to



- 20 According to the nethod of Exanple 19, a flux is mxed into the m xture

material which has been adjusted to achieve the conposition of the
fluorescent material and the resulting mxed is filled in the crucible and
calcined at 1400 Cto 1600 C for 6 to 8 hours in the weakly reducing 25
at nosphere and further, at 1400 Cto 1600 C for 6 to 8 113 hours in the
reduci ng atnosphere. The resulting cal ci tion product is ground and passed
through a conb of 200 nmesh to forma fluorescent material. In this way, the
m xture consisting of the mxed raw 5 material ~ and the flux is calcined
using a two-step calcination nethod conprising the first calcination step
in the weal@ffieierthy transptevp 4wl the topmosdt dalyeirnahidoa lsbemakes he
reduci ng at nosphere, so as to obtain a fluorescent material having a high
absorbi ng ef%i cPeng{bbé 100t hkaeaci thei onlweueliebgth. rijer elompladane the
resul ting-fluorescent material is applied to the light emtting diode as -
shown i'n Fiapsdrbedenntimmul trifp ltehavafidlematedbniargibal 16¢awsr.ed to
obtain the desired tone can be reduced and the light enitting di ode having
a hi.gh effici enchhefwivehéndth exdrivsts Don CaayHes aESE CHEE e EXARDPIR 120 5
(Oxi des of each raw nmaterial are m xed at a stoichionetric ratio. flux ~.
al uni num f Inagy i alb3o Fbe sformd® ot xthé eLABt 8Rig! 1hSsAPhALNEEnRY st nY203,
. &d203, A1203 and CeQZ. at .a stoichionmetric ratio: To the 20 resmﬁti ng
m xture matas i stripés)m gt iflgiasd deri snapdled u d pixed . w a
bal | mill nixer folféz hour o Next | afte?p?erm%?ngh%eé%gﬁ,%ﬁeqrags?b‘{%ti ng
mxture is fnelRiaig 1466 t Q1600 or £ SPUT Spd ; Kl edycl ng
at nrosphere and furt%er at 1400 to 1600 f&:u?g?g%&% gm g%i?ls % iﬁréag rl]eb uci ng
at nospher e.dildio s Wit i Hoafdtd Chad I edq.,through
a conb of Zoahﬁésh to forma #P%%ngggn%aggt%F%%fiQV@EQQ ?ﬂgrggéélﬁﬁﬁb_
fl uorescentcdmderhakihs beragdi W t N; .€X6LLI j Lin e Hl ue
range, the fl uorescenténgt e?‘?gﬁagﬁ?ts H%h%so?ﬁ%% %%éfeg%% .645127(,gl 5%§ ) in
ChT oMY | CF ih aRvE T HLRLIGh 1606:CXATOLC MBS B LEHOLERGEM

di n"Frg. I, &

material is used for the light emttin ode "as "shown i
simlar regdity Whd1ROSEs Bl AHPs e nbh% &2 PeLE50I EYE o prevent the
' ; ult:ravj.olet_ rays from being absorbed in ltlhe Outs_id_e of . the.
sealihg resin. | | o . o |
Embodiment 4
15 Fourth embodiment of the present invention relates to
a method for producing the fluorescent material that is
suited for the light emitting diode, in which such a
- fluorescent material is synthesized that chromaticity of
_._'ﬁhe 'er.n_i't.i:ed llght __c':all'n..be. _pfe‘v'g_e'p_te-d. "3'fi:om.,5hi'ftzi'n-g. and red
20 componént can be preventéd from decfeasing. -

A method fof 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 being



Exanmple 21 (barium fluoride + boric acid is used as a flux 10 in Exanple
20) First, the mxture material is obtained by m xing Y203, ., GdZG3, A1203
and ,CeQZ at a stoiChionetric ratio: ~ To.~.the resulting m xture material,
barium fluoride + boric acid is added as a flux and mxed with a ball ml]l
m xer for 2 hours. 15 Next, after renoving the ball, the resulting m xture
is calcined at 1400 to 1600 C for 6 to 8 urs in a weakly reducing

at nrosphere and further at 1400 to 1600 C for 6 to 8 hours in a reducing

at nosphere. The resulting calcination product i ground and passed through a
conb of - 200fnes to 20_forma fluorescent material. Wiere , the resulting
fluorescent *haf€ri al i 2PAR8ARat dHeHamingd exBeteny | i Rblicatiwn bl e .
range, the scent material emts light of (x, y) - (0.454, 0.531) i
chromaticit 6§gé?aﬁﬁ§t9ésGJP§E§1§@Fh'Huméthmdeasemarnausrmatermamedo¢5| g
barium 25 fluoride as a flux has a longer y value of chromaticity and. 15
a smal | er atoBRFe8EEREd , @amonparieted o e neteiicalomeithdcauher
substances as a flux. For exanple,. where this fluorescent material is used
for the |igRFORAFELIPRY @NGdaas ushofiluoni @ gisl added SiHE &0 Sagegulks t
those of Exanple.|9 can be achieved. Exanple 22 ( 10 wt$ of ~a liquidis |
added Quringithl theamizhure Beingl pradesbedsto yhewnbytuieiggterial is
obtai ned . by m xi ng Y203, Gd203, A1203 and Ce02 at a stoichionetric ratiol.

- To the 10 resuItWhgnnbntumm niheydidde BRI Worfiluoidde tsPddepcid kfeadded
as a flux and mxed with a ball mll mxer for 2 hours. . .. Next, after }

removi ng thelbal to thewfiuofesceht guatiesUED s0a8sPEhCa¥BESE WhEh ES%EﬁCt fo
the resulti ng~powder is added and the resulting m xture is caIC|ned at 14 ?0

to 1600 C fof ﬁanﬁicbes,hohr@maﬂu@impa5fythgdgﬁiﬁgeatﬂp@ggeggtg He&ubgher
at 1400 to 1600 ~C for 6 to 8 hours in a reducing atnosphere: e res

| ti
caIC|natlontmeodmmhduatgbnundiﬂﬂdeggﬁﬁgglgﬁrqggﬁng §9fPt§fa%90 h el foT
a fluorescent naterial. Where the resuJd,ting fl'uorescent material is
i rradifit ed ednpoRénandexeeédsdg. | i ght in the blue range, the fluorescent
material emts light of (x, y) - (0.455, 0:530) in chromaticity coordi nates

(J1S28110) . . Foxnemwpf@;rmeérﬁaédmeﬂ&Uoﬁrgfg?”mi?ggﬂg{gﬂnéhbﬁgs‘ﬁ? EgE LN

light emtting diode as shown in Fig resu Gse bf

Exanpl e 19 éra'htib@daqmgﬂ*itedof fluorescent material. is suppressed by -

adding a liqu1d to the mixture before firing the mixture of

f
{
the mixed materlals 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 can be obtained. The

'feffect can be

1mproved further by pressuriz1ng duringf"
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



116 Exanple 23 (37.5 vt~ of a liquid is added during calcination in Exanple
21) First, the mxture material is ~obtained~ by mxing . Y203, Gdz03,
A1203 and CeQz at a stoichionetric ratio . To the 5 resulting m xture
material, bariumfluoride + boric acid is added as a flux and mxed with a
ball m Il mxer for 2 hours.. Next, after renoving the ball, 37.5 wt~ of a
liquid such as pure water with respect td6é he resulting powder is added and
the resulting mxture is calcined at 1400 to 1600 C for 6 10 to 8 hours in
a weakly reduci ng atnosphere and further at 1400 to 1600 C for 6 to 8 hours
in a reducing atnosphere. The resulting calci.nation product is .ground and
passed t hr Gt aPEBRBrably200 thigh 2 oreoige frdmh ubesenT0 mater icf . thber e
the resulting fluorescent material is irradiated with 15 an exciting |ight
in the bl uer¥edaraterial uorbse caabovaiteffatt eobhsbei ghhanded Xoy Yaddif§. 458,
- 0.528) in-chromaticity coordinates. (JI1'SZ8110). For exanple, where

“thi s~f | uor & ed nadditibni stasd¥ fer, thhe acghvaeiont ia@rdi ofterasthshot ~m
in Fig. 1, the simlar 20 results to those of Exanple 19 can be achi eved.
Exanpl e 24 flporescarit andfemiall i s added during cal cination in Exanple 21)
First, the mxture material is obtained by mxing Yz~a. Gdz03r Al zO and
CeCz a% a stoi cHlswmt miccaraling . tJo e 2BthoRSUEbENGrBaidinRy,™Eeri b,
barium fluoride + boric acid is 117 added as a flux and m xed with a bal
m 1 nixer grefrdtls stoNEire afHeerf T\omyEEent hﬁaEakka:LG%f\Mtgxdé)ff@uszui d
such as pure water with respect to the resulting powder is added and the
resul ting némdadimdrst cal ehaed naitxtiAQ0 t g£l6 f S IS ifga
weakl y reduci ng at nosphere and further gt 12%5£10ﬂ%%€% C&%g§r2%F5§8 ﬂ%urs
in a reducifigcaiemsaiertatdPEal £54hdi RHeCF1¢ixNaL] r@@érgg i and
passed t hrough a conb of 200 nesh to forn1éﬁklgg#g§ggnt te$§%#gg%@@¥e t he
resul ting fd upiescenir est b | watied it A i in
t he bl ue range, the flﬂig?esci%t naffgri?glb éLr?ﬁ ta\sM Ia{lg[ﬁ%rgpﬂﬁgh{/)%'%%ﬁ%l
0.526)0i n clitmyBPHerd Yak® i i 89»&%3 -lgﬁ?%p ) | s
fluorescent material is used ﬁrﬁfhﬁgﬁﬁt e t?f?\%l 0 eirgsa‘é?%%?c%xﬂé Fi g.
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atmosphere refers to an atmbsphere that.inélﬁdes.oxygen of

such a concentration that at least the quantity of oxygeﬁ

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

efficienqy can be prevented from decreasing, by carrying

.Qﬁf tﬁe_fifst-firingfétep_until ﬁhe prédessiof fo?ﬁiﬁgf£he

26 desired flﬁorescent. matefial is completéd in the weakly

reducing atmosphere. The reducing atmosphére in the second

firing step is a reducing atmosphere that has higher
reducing power than the weakly reducing atmosphere..

A fluorescent material having high efficiency of

25 absorbing excitation light can be obtaihed by firing in two
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material to the light transmitting resin.

In order to improve weatherability of the light

25 transmitting resin, an ultraviolet absorbing agent may also
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& 10%& () - 9ss109aybhher sagcording to the present invention, the light
transmitting resin may include a diffusing agent in
addition to the fluorescent material. For the diffusing
10 agent, barium titanate, titanium oxide, aluminum oxide,
silicon oxide, calcium carbonate or the like is preferably
used. Organlc d1ffu51ng agents such .as melanin res:.n, CTU
guanamlne resin and benzoguanamlne resin can also be used
The light emitting diode having good directivity can.
15 be made by adding the diffusing agent as described above.

The diffusing agent in this specification has median
particle size of 1 nm or over and less than 5 um., It is
preferable to use the dlffu51ng agent hav1ng medlan
partlcle siZe w1th1n a range from lum to 5 um, since 1t'

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

diffusing agent also makes it possible to make the half

25 width of the light emission spectrum narrower and obtain
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the light emitting diode having high color purity.

- The diffusing agent having median particle size or 1
nm-lor over and less than l” £ m has lower effect of
interfering with the light emitted from the LED chip but

5 can improve the viscosity of the resin without decreasing
the luminous intensity. When this effect is utilized in a
process of filling 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 ef production can be achieved even
'_.when the. fluorescent particles of large partlcle .size that_"
is relatlvely dlfflcult to handle is used As can be seen-
from the above discussion, the diffusing agents used in the
15 present invention have different actions depending on the
- range of particle sizes, and can be used in proper
combinations according to the application.
Variation Example 3
. '___-;__,(_F._i.i,'ljfir')'“ , s
20 Further eccording to the present invenfion, the light
transmitting resin may 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
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range from 5 um to 100 um. When the filler having median

particle size in this range is included in the light

emitted by the light emitting diode is improved by the
light scattering effect and resistance of the light
transmitting resin against the thermal shock can be
improved. This makes it possible to prevent such troubles
as breakage of wires that connect the LED chip and
electrodes of the package and peel off of the bottom
surface of the LED chip and the bottom of the package
recess even when used at high temperatures. Thus the light
emitting diode of high reliability_fcan be provided.

Moreever, it is made possiblé to regulate the fiuidity of

- the resin at a constant level over an extended period of

15

time and applying a required amount of the light
transmitting resin to a desired position, thus allewing for
mass production with a high yield.

The filler has preferably similar partlcle size and/or

YS,

'transmitting'resin, variation in the'chromaticity of light

"shape to those of the fluorescent materlal f‘ In thlsf*'

20

25

specification, the expression s1m11ar particle size” means
that the difference in the median particle size is less
than 20%, and the expression “similar shape” means that the
difference in the roundness factor (length of circumference
of_a true circle of the same area as the projected area of

the particle/ length projected of circumference of the
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partlcle shape to the true c1rcle is less than 20%. Use of.
such a filler results in 1nteractlon of . the fluorescent
material and the filler that causes the fluorescent
5 material to be favorably 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 pum to 50 um, more preferably

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

10 'dispersed with desirable distance from each other when the
particle sizes are controlled in the range described above.
This makes it possible to secure a path to extract light
and improve the directivity while prevenriﬁ§ the luminous
intensity from decreasing due to the mixing of the filler.
15 When the light transmitting resin including the fluorescent
material and the filler of particle sizes in the. range
described above is applied by the mnimeograph printing,
dre551ng effect can be provided in whlch the dicing blade
.;51s restored from loaded condltlon in: the d1c1ng process -
20 after curing the light transmlttlng resln, thus 1mprov1ng
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
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more preferably w1th1n a range from 20 ;zm to 50 ;tm

Variation Example 4
5 (Light emitting surface)

According to the present invention, the 1light
transmitting resin surface that serves as the llght
emitting surface of the light emitting diode may be a
curved surface. In the case of the light emitting diode

10 described in the second embodiment in which the resin is
molded on the substrate, the 1light transmitting resin
'surface is preferably'formed in a curved surface so as’ to
aéhieﬁe the desired directivity,‘ since light cannot be
reflected upward on the side wall of the package in this

15 type of light emitting diode.

Such a curved light emitting surface can be formed by
applying the light transmitting resin including necessary
substances dlspersed thereln in the mlmeograph prlntlng

‘3a u51ng a mask 39 (Flg jA) hav1ng apertures formed thereln_'

20 in correspondence to the individual light emitting dlodes;
This process is illustrated in Fig. 7A and Fig. 7B. While
the surface of the light transmitting resin applied as
described above usually becomes a curved surface after
thermosetting of the resin, the surface can be formed in

25 any desired shape according to the material and



10 10F: 109%& ()-y2s! 10%& ()- ! Sy, &10% ()-!1Sy, &10%& ()-s* ! 10%& () -

$7' 78C8, 99W§% QéH:! ! !s$§$)100/&' ()-1 S@BL0% {& ()-! [ @BLO% ()- &$10%&' ()-!
&$10% | & ()-&RI0%R' ()-W:;;; Y<<<zX9. =

106$109&' ()-!s6$109B3& () - Fy2s! 109 ()-'!'W@, ) 10% -

& ()--1#@, ) 10%$& ()--'Qs$$10°/&' ()- <<<§$ | >?2dB= 1010 (10%& ()-1!V
(10%06C& ()-1'L\  (10%C, C& ()-1!" @ @& ()-199 10% & ()- 10
1027 @ AAAAAA| gf [ < 10L10%VE. ()- 109 109 109  (109%9& ()-1!'V

(109%64648& () - 1!

configuration of the mask 39 and the quantity of resin
applied. With this method, the light emitting diode can be
manufécturéd.satisfactorily in mass prdduction.' Even when
the 1light emitting diodes of the present invention
5 including fluorescent particles of large particle size and
fluorescent particles of small particle size are
manufactured in a large quantity over a long period of time,
variations in the light emission performance can be kept
extremely small. between the 1light emitting diodes
10 manufactured in the eariy stage of ﬁhe production run and
the light emitting diodes manufactured in the latter stage
of the ‘production  run;'-thereby--improving the  yield of
production. o | B |
Moreover, when silicone is used as the material of thé
15 mask 39, producing cost can be reduced and the light
emitting surface of a desired curve can be formed by making
use of the difference in the thermal expansion coefficient
between the 5111con and the 11ght transmlttlng resin.
.;.Varlatlon Example 5 | o o | . )
20 - While the LED chip and the package are connected by
means of wirgs in the first embodiment, although the
present invention is not limited to this constitution and
such a constitution may also be employed as the LED chip is
mounted in the mounting area la of the package by flip

25 chip-bonding with conductive material and output light is
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extracted from the substrate side of the LED chip.
Since the package has_the insulating section 4 located
.-inlthe'mounting area la-fthrough hole) mith 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
| limited to this constitution | |
For example, the fluorescent material and/or the epoxy
15 resin described in the first embodiment can. be used in
light emitting diodes of various forms such as display, 8-
segment indicator and bullet type.
That is, use of the fluorescent material described in
'”the first embodlment 1nakes 1t p0351b1e to make a light:f'
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 11ght emitting

25 elements such as light emitting diode but also to light
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10

'formed 1n ‘one piece of the base part and the side wall part. :'

15

20

25

receiving element such as photodiode.
The ‘present 1nventlon will. be described in the

following examples and 1s not llmlted only to such- examples

Example 1
The SMD type light emitting diode as shown in the
sectional view of Flg. 8 is fabricated as a light emitting
diode of the present invention. ThelLED chip comprising a
light emitting layer made of InGaN and having a main peak
of 470 nm is used as a LED chip 5. 1In the light emitting

diode of Example 1, the package is a molded resin body

The electrode leads 22a and 22b are 1nsert10n molded into
the base part of the resin 24. The LED chip can be formed
by making use of MOCVD method. More specifically, the
cleaned sapphire substrate is set in to the reactor chamber
and films are formed using trimethylgallium (TMG) gas,

trlmethyllndlum (TMI) gas and ammonia gas as a reactive gas,

:V-fand hydrogen gas as a carrler gas, . and sllane _gasl.and

cyclopentad1amagnes1um as a impurity gas.

The LED chip comprises a AlGaN layer as a low
temperature buffer layer, a non-doped GaN layer to enhance
a crystallinity (thickness : about 15000 A), a Si-doped GaN
layer as an n-type contact layer on which an electrode is

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
| 'hori-dopéd GaN layer (thickneés : abd_ut 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 1light emitting 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 _latt_ice of '_a Mg-doped
InGaN (thickness : about 25 A ) and a Mg-doped GaAlN
(thickness : about 40 A) and a GaN layer doped with Mg as a
15 p-type contact layer (thickness : about 1200 A), which are

sequentially formed, on the sapphire substrate.
The semiconductor wafer on which multiple nitride
semiconductor layers have been formed in such a way is
-e.'tc'ped_"'.;pértiai_l'y ‘to éxpé-_'s;é: a part of the n-type 'conﬁacjt
20 layer.. Then, on the exposed p-type, and n-type contact
layers, the n—tyf:e and p-type electrodes are formed,
respectively, using sputtering technique. Thereafter, the
resulting wafer is cut into the respective light emitting
device to fabricate a LED chip which is able to emit blue

25 light.
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The LED chip fabricated in the above-mentioned way

is die-bonded with a die- bondlng resin 6 to the hollow of

,) 10%
()-

the - package formed by nmldlng 1ntegrally the lead :

electrodes 22a and 22b to the resin 24. Each electrode of
the LED chip and each of the lead electrode 22a and 22b are
wire-bonded using gold wire 7 having a diameter of 35 um,
respectively, to establish electric connection.

In Example 1 of the present invention, (Y,,:Gd,.,)
2.0658150,,¢  Ceg.oss in which about 20 percent of Y is

substituted with Gd and which has a central particle size

of 21.429 um is used as a fluorescent material. The

- 'fluorescent material 'is composed of a fluorescent particles

of large particle size aod a fluoreacent particles of small
particle size and has a volume-based particle size
distribution as shown in Fig. 2A and 2B. Ih the flat range
having a slope of zero in the curve of the volume-based

particle size distribution, the cumulative percentage of

particles is 4.6 vol % and the particle size ranges from

©1.371 um to 8. 379 pom. That- is, 4.6 vol % of the whole";

20

25

fluorescent material comprises a fluorescent material of
small particle size of a particle size smaller than 1.371pu
m and the remaining 95.6 vol & comprises a fluorescent
material of large particle size of a particle size larger

than 8.379 g m. The central particle size of the

fluorescent material classified using a settling method to
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have such a particle size distribution is 21.4 um and the
distribution frequency of the above-mentioned central
barticle size is 29.12.%ﬁ .The parficle size of péak of
distribution frequency of the flﬁorescént particles 6f

5 small particle size is 0.613 pgm and the particle size of
peak of distribution frequency of the fluorescent particles
of large particle size is 22.908 pm. A standard deviation
in the particle distribution of thé fluorescent particles-
of large particle size is 0.295.

10 The fluorescent material, which is adjusted to obtain
light of (x, y) = (0.33, 0.33) in a CIE chromaticity
diagram and an epoxy . resin as a light transmitting resin
are mixed'at a réti& of 16 100; Thé feéﬁlting epoxy'
resin. containing_ the fluorescent material is filled by

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

The light emitting diode fabricated in such a manner
“één,QMittwﬁitéclight df'a'high_intehéify”ahdégutﬁqt,
20. (Comparative Example 1) |
To compare, the light emitting diode having the same
chromaticity coordinates is fabricated in the same way as
in Example 1, excépt that  (Y,.,Gds.;)  2.06sB1501,:  Ceq.oss
fluorescent material Thaving a wide ©particle size

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

central particle size of 6.315 um is used. The luminus

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

A standard deviation in the particle size distribution

of the fluorescent material which is used in Comparative

Example 1 is 0.365.
Example 2

The light emitting'diode having the same chromaticity
coordinates is fabricated in the same way as in Example 1,
except that (Yg,495Gds.005) 2.750A150;5¢ Ceq..50 fluorescent material
is used. This fluorescent maferial is classified in such a

manner that the material has a flat range where the

'cumulatlve percentage of. partlcles is’ 0 077 vol % and thei7

partlcle size ranges from 1.371 g m to 8.379 u m, the
central particle size of the material is 25.626 pum, the
distribution frequency of said central particle size is
24.812 %, and peak particle sizes of the distribution
frequency of the small particle size and large particle

size fluorescent particles are 0.613 and 28.012 x m,
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respectively. The luminous intensity and output of the

light emitting diode of Example 2 is enhahced by about 18 %

and ' about IQ %, reSpeCfively), aé -compared ‘to. the light

emitting diode of Example 1. Example 2 can provide a light

5 emitting diode having a higher intensity light emitting
diode than Example 1.

A standard deviation of the particle size distribution

in the fluorescent particles of large particle size is

0.259.
10 Example 3
The light emitting diode having the same chromaticity
coordinates is fabricated in the samelway.as in Example 1,
except' thht theh epoxy rein and Sid2 having -a éentral
particle size of 2.5 um as a diffusing agent were mixed atl
15 the ratio by weight of 100 : 50 and thereafter, the same
fluorescent material as that of Example 1 was mixed into
the epoxy resin containing the diffusing agent. The light
emittlng diode of Example 3 shows the same. 1ntens1ty and
putput as those of Example 1. _The 1rregu1ar color can be”
20 inhibited and a good color tone can be achieved, as
compared to Example 1.
Example 4
The light emitting diode having the same chromaticity
coordinates is fabricated in the same way as in Example 1,

25 except that the light transmitting resin containing a
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fluorescent material was provided using a mold on thé LED
chip which_was eiectrically connected to_the substrate, as
shown in Fig; 6.. The light emitfing diode.having a smooth
light emitting plane can be obtained and shqws the similar
-5 properties to those of Example 1.
Example 5
The light emitting diode having the same chromaticity
coordinates 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 intaglio
pfinting method using a mask 39 made of silicone and cured
- Qn.the substrate to which the LED chip 5 was electrically
| connected; as shown in Figs. 7A and 7B; The light emitfing
diode having a curved light emitting plane can be obtained
15 and shows more even light emission, as compared to Exaﬁple
1.
There are provided on the substrate 32 positive
electrodes 32a and 32b, respectively, in correspondence
 'with_each-LED Chip,..' R K .
20  Example 6 |
The epoxy resin and Si0, having a central particle
size of 2.5 pm 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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S10, having a central particle size of 6 um as a filler is

1ncluded at the ratlo of 70 wt? to the epoxy re51n The

: resultlng materlal is used as a llght transmlttlng re51n

The light transmitting resin was filled in the hollow of
the 'cabinet having a wall on which the LED chip is
electrically connected_to a pair of lead electrodes with
gold wire using an intaglio printing method in the same
manner as in Example 5. And then, the resin was cured at
85 C for 3 hours and further, at 140 C for 4 hours to
fabricate a 1light emitting diode having the same

chromaticity coordinates as in Example 1. The 1light

' -. emitting diode of Example. 6 has a longer lifetime and emits

even iight.

Exanple 7

The light emitting diode is fabricated in the same way
as in Example. 3, except that the fluorescent material
similar to that of Example 2 and Si0, having a central

partlcle size of about 25 um whlch is 31m11ar to that of

_H*~,€sa1d fluorescent materlal, as a flller are used o The'

20
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lumlnous intensity of the resulting light emitting diode is
increased by 10 %, as compared to that of Example 3.
Example 8

The light emitting diode is fabricated in the same way
as in Example 6, except that the fluorescent material

similar to that of Example 2 and Si0, having a roundness
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which is different by 10 % from that of said fluorescent
material and a central particle size of about 25 um which
 is similar to that .of said ‘fludreécent material, as a

filler are used. The luminous intensity of the resulting

5 light emitting diode is increased by 10 %, as compared to

that of Example 6.
Example 9
As shown in Fig. 10A and Fig. 10B whiCh'is a partial
enlarged 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:thereaftér} each electrodé'Of'thg LED'chip 5 and the -
mount lead 42a énd.the second leéd 42b ére wire-bonded,
respectively, using a wire 7 having a diameter of 36 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 transmlttlng re51n at a ratlo by welght of
”115 : 100 is fllled in the cup of sa1d mount lead and then,_'.l
20 cured at 150 %3. for 1 hour to form a coating part
containing a fluorescent material. Further, a cannonball
type lens 49 is formed using the transparent epoxy resin,
so as to obtain a round shape in view of light emitting
observation plane. The resulting lamp type light emitting

25 diode has effects similar td those of Example 1.
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The lamp type light emitting diode is fabricated in

| the same way as in Ekample“Q, except that the fluorescent

10

material similar to that of Example 2, the epoxy resin
which is a 1light transmitting resin and Si0, having a
roundness which is different by 10 % from that of said
fluorescent material and a central particle size of about
25 pm as a filler are mixed at a ratio by weight of 100

10 : 35 and the resultiﬁg mixture is filled in the cup of
the mount lead. Brighter and more even light is emitted,

as compared to Example 9.

-Ekamplé 11 .

15

'“aand S:LO2 hav1ng a central partlcle size of about 0.5 ;Lm.T“’

20
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The LED chip simiiar to that of Example 1 is piaced in

the hollow of the resin package into which the lead

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

ngﬂAthz- Ce0035 hav1ng a central partlcle size of 13 bm

are mlxed at a ratio by weight of 100 : 0.69 : 0,5 : 10 and
the resulting mixing solution is filled in said hollow, so
as to fabricate a light emitting diode. The resulting
light emitting diode has effects similar to those of

Example 1, a good color rendering and a high brightness.

Example 12
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emitting diode has effects similar to those of Example 2, a
10 good color rendering and a high brightness.

Example 13

| - Example 13 is an example of 'a. producing method

aécording Eo thé first embodiment.

In Example 13, the surface-mounted type of lighf

15 emitting diode as shown in Fig. 1 is fabricated.
In Example 13, the 'LED chip 5 is a nitride
semiconductor LED chip comprising a light emitting layer
made of In0 2Gao oN whlch has a monochromlc llght emlttlng
_’peak of 475 nm in- the v151ble reglon More spec1f1cally,'

20 the ©LED <chip 5 is fabricated by forming nitride
semiconductor layers on the cleaned sapphire substratg

using a TMG (tfimethylgallium) gas, a TMI (trimethylindium)

gas, a nitrogen gas and a dopant gas with a carrier gas, by

means of MOCVD method. In this case, the n-type nitride

25 semiconductor and p-type nitride semiconductor layers are
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10 GaN layer as a barrier layer is sandwiched between the GaN
layers, a Mg-doped AlGaN layer (p-type cladding layer),and
_a_"Mg'—' doped “GaN ‘layer (p-type contact layer), ‘which are'_
sequentlally formed, on the sapphlre substrate o

The p-type semiconductor is annealed at the

15 temperature of 400 C or more after forming layers.

After forming layers, each of p-type and n-type
contact layers is exposed by etching on the same surface
side of the nJ.trlde semlconductor on the sapphlre substrate

"- --_.:The pos:.trve and negatlve electrodes are formed on eachl

20 contact layer, respectively, by sputterlng. The metal thin
film is formed as a translucent electrode on the entire
surface of the petype 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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The LED chip fabricated in the above-mentioned way is
die-bonded with an epoxy resin into each via hole of the
package assembly which has. been deséribed in the first

5 embodiment. Each electrode of the LED chip is electrically
connected to the metal films 2a and 2b, respectiﬁely by
wirelbonding using gold wire.

The fluorescent material is fabricated as follow.

Rare earth elements, Y, Gd and Ce, are dissolved in an

10 acid at a ratio of-étoichiometry 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 reSuiting
mixture as a flux is mixed with barium fluoride and fillea

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

- (lYlo_,'9;Gdo,'oo_5.)'2.75.°Al,,012: jIC..eo..'z_s.o- ,-f'l.\..ior'é___s'.cent'-..ipai_.:.e'f.ié-:l .

20 An alicyclic epoky fesin composite (viscosity ':
8000 mPa * s) obtained by mixing and dispersing 17 wt% of
said fluorescent material and 70 wt% of SiO, having a
central particle size of 10 g 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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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 qecompressioh, an air ,pressure' of 0,10 Mpa is
apblied to .the_ :kr.nife 14 inclined at 30 ° in the operating
direction with respect to the perpendicular line of the
15 mask 112 to run the squeegee in ene direction. Next, the
inside of the chamber is pressurized to 20000 Pa. After
completion of compression, an air pressure of 0.12 Mpa is
applled to the knlfe 15 1ncllned at 35 1n the dlrectlon '
_opp051te to sald squeegee w1th respect to the perpendlcular'.' :
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 havihg an
smoo_th surface is formed over the via hole and _the
insulating substrate on either side thereof.
Next, to the ultraviolet radiation cured dicing
5 adhesive sheet having a thickness of 150 um and comprising
an adhesive layer of 20 um in thickness is attached the
package 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 the bottom of the
package assembly to cut away respective light emitting
diodes.’ 'Fina'lly, the ultrav1olet radlatlon 1s applled to
the package assembly from the fllm 31de to cure the
adhes:Lve 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 chromat1c1ty are small among dlfferent llght
'_ emlttlng dlodes and that v1sually, t-_h,er.e_., 1_s _.no,_unevennes,s .
20 in emitted llght 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 formed in such a
way that one opening corresponds to one via hole of the

25 package assembly is used. The 1light transrhitting resin
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The resulting llght emlttlng diode is .adhered' to _the
adhesive sheet for dicing and cut away, each light emitting
5 diode comes apart.

When 500 of the resulting light emitting diodes are
observed, there are burrs on the top surface, as compared
to Example 1. Where 500'.of light emitting diodes were
implemented, variations in color temperature during

10 producing were examined. Variations in color temperature
- during producing for the light emitting diodes of Example
e13'were reduced by about'20 %, as compared to the area on

the chromat1c1ty dlagram for the light emitting dlodes of.
Comparatlve example.

15 (Example 14)

The surface-mounted light emitting diode is
fabricated in the same way as in Example 13, except that an
allcycllc epoxy re31n comp031te (v1sc051ty : 15000 mPa 's).

' obtalned by' m1x1ng and dlspers1ng 15 wt$ . of the above~3't 

20 mentioned fluorescent material and 40 wt% of SiO, 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, (Y,.,Gd,.;) ;. s6581sGd;,t Cego3s in nhich
about 20 percent of Y is substituted with Gd and which has
a central~particle size”cf 21.429.jtm.i§ prebared'in the
same way as in Example 13, The fluorescent material is
5 composed of a flnorescent material of large particle size
and a fluorescent material of small particle size. In the
flat range having a slope of zero-in the curve of the
volume-based particle size distribution, the cumulative
percentage of barticles is 4.6 vol % and the particle size
10 ranges from 1.371 am to 8.379 pm. That is, 4.6 vol % of
the whole fluorescent material comprises fluorescent
particles of small particle size smaller than 1. 371;1m and '
the remaining 95.6 vol % comprises fluorescent particles of
large particle size larger than 8.379 pu m. The central
15 particle size of the fluorescent material classified using
a settling method to have such a particle size distribution
is 21.4 p m and the frequency of the above-mentioned
| central particle size is 29 12 %. The particle 51ze of
ﬁg*peak of distribution frequency of the fluorescent particles
20 of small particle size is 0.613 um and the particle size
of peak of distribution frequency of the fluorescent
particles cf large particle size is 22.908 pm. Where the
fluorescent material - having such a particle size_
distribution is used, the luminous intensity and 1light

25 enitting output can be enhanced.
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25

14, except that 15, wt® of the above-mentloned fluorescent-
material is added to the resin composite. The 1light

emitting diode of Example 15 can achieve an effect similar

to that of Example 14. The brightness of the light emitting

diode of Example 15 is higher than that of Example 14.
Example 16

Four kinds of resins C, D, E and F, which were
epoxy resins according to the present invention, and the
resins A and B of Comparative example were prepared and the
¢haracterist"ics- thereof were examined.
1.. Preparatio:n of'.the epex& resin compos'itle

The epoxy resin composites A to F were prepared
under the following conditions.  Where acid anhydride was
added, the conversion ratio of a carboxyl group to an eeter
group was estimated. The ester conversion ratio is the

ratio, expressed as a molar percentage, of the carboxyl

| 'grqu'p's . J.ncluded in: the ' ac1d anhydrlde, " wh-ich have been

converted into ester groups. The ester conversion ratio
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

of the BTB' indicator turned from yellow into blue (at pH

S
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ulbenzylsulfonlum-based catalyst, :as a catlonlc curlng agent,.

were put in the 300 mL four neck flask The resultlng

mixture was stirred for 0.5 hour and heated at 85 °C for 3

15 hours and further at 140 °C for 4 hours to be cured.

resin B : Comparative example

7. 68 g of propylene glycol monoglyc1dyl ether is

eadded (3wt% w1th respect to the epoxy re51n) ‘as . a reactlve

20 dlluent 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.

25 resin C : present invention
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256 g (1.95e.eq) of 3’ 4’ -epoxy—cyclohexylméthyl
3,4—epoxy—cyclohexanecarboxylate_ as an alicyclic epoxy
ersin,':104.29 g '(s.osxioﬁ. mol) of the mixture of 4-
methylhexahydrophthalic anhydrate / hexahydrophthalic

5 anhydrate at a ratio of 70/30, 2.56 g (4.12x10? mol) of
ethylene glycol as a promoter and 0.6 g of Benzyl p-
hydroxyphenyl methylsulfonium Hexafluoroantimqnate, which

is a benzylsulfonium-based catalyst, as a cationic curing
agent, were put in the 300 mL four neck flask. The

‘10 resulting mixture was stirred for 0.5 hour and the ester
conversion ratio was measured to be 0%. After measurement,
 _the mixture was heated at 85 C. for 3 hourgland fu;ther'at

140 °C for 4 hours to be cured.

15 resin D : present invention
256 (1.95e.eq) g of 3’ 4’ -epoxy-cyclohexylmethyl
3,4-epoxy—éyclohexanecarboxylate as an alicyclic epoxy
resin, 9.57 g (5.69x10”° mol) of the mixture of 4-
' gméthyihexahydgophtha;ic_--ahhydgatg ;'/ 7:héxahyd;o§htha1{c
20 anhydraté at a ratio of'70/30 and 1.77 g (2.85x1072 mol) of
ethylene glycol as a promoter were put in the 300 mL 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.

25 Then, 0.6 g of Benzyl p-hydroxyphenyl methylsulfonium
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/ . .resultlng 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 epoxy resin composite was prepared in the same
way as resin D, except that 256 g (1.95e.eq) of 3’ 4’
epoxy%Cyclohexylmethyl. 3,4—eppxy-cyclohexanecarboxylate, as’ -
.an' alicyelic -epexy reSin,' 15.95 g (9.48x102 mol) of the
mixture of 4-methylhexahydrophthalic 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 ¢
of | Benzyl p-hydroxyphenyl methylsulfonium
Hexafluoroantimonate, which is a benzylsulfonlum-based
catalyst, as a catlonlc curlng agent,.were used : The esterw'

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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epoxy-cyclohexylmethyl 3,4—_epoxy—cycl.ohexanecarboxylaté as
an alicyclic epoxy resin, 25.52 g (1.52x10% mol) of the
- mixture of 4—méth&lhexahy’drophthalic érihydrate / _
hexahydrophthalic anhydrate at a ratio of 70/30, 4.72 g
5 (7.60x107% 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
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
fabficétéd usihg £he epoky“reéin éomposites'A to F'and.the
impact test in liquid phase was carried out to evaluate'

15  flexibility of the resin.

No fluorescent material was mixed into the epoxy
resin composite of the light emitting diode used for this
examination.

In thls 'i_It:lpa.ct.'. 'téfSt_': in llquld -p_has_e,' ‘the _cyéle

20 consisting of dipping in the liquid phasé of -40 °C for one.
minute' and dipping in the liquid phase of 100 °C for one
minute was repeated 500 to 2500 cycles and then, the number

of the occurrence éf cracks into the LED chip or of-
malfunction due to wire open was examined (tes_tl samples :

25 100).
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%8& ()-M) thaowesin( A obkaDedsby) -duditik e ) a¥icyd0ld epoxy resin

(109 & ()-mMl10% & ()- 10 % 10_% 10_9%8%40% 9%&' ()-M s3%40%@ %@’ () - M

x3940%EC YERR) Y With=a :catitiiie: \eqdDUppagént Mthé 103 BuhttT8n due to

(109 & ()-ml_ (10% & ()-nml (1099 & ()-ml (10% & () - ML=VWKY\ xY: 1010

10%E&& () - 0BEEE ¢geur JaVERifidg -tHK) }l kA1 BoageQo f 1K el t{ )artdL the

(10% & ()-mi|\|]>xY: 10103" 10%E&& ()- 10%E&& ()- Q $109%&E&& () -

VS109%ERE ()ratid 09E&RA] FunctiltEREathedab] RC5E04P 10658 LQE&es. For
10E&Y! : $109%&E8&' ()- V | @: $10%E&& ()-3 [l @: $109E&& () -3

dPl 9%' $10%8&8 (yesinh 9’ $f O¥frEéh (Lhd[ R8BSO was enhanced by adding

a reactive diluent, 7 % of malfunction occurred after 2500
" cycles. On the other hand, for any resins C, D, E and F
according to the present invention, the ratio of the
10 occurrence of malfunction was not more than 4 % after 2500
cycles. Particularly, for the resins D, E and F in which the
conversion ‘into ester was advanced, the-occur;ence ratid_of
malfunctioh Waé 0 %. It wés confifmed that he epoky resin
composite of the present invention has a more excellenﬁ
15 flexibility than that of the conventional epoxy resin of

which the flexibility is enhanced using a reactive diluent.

Table 1
Occurrence ratio of malfunction Cause of
500 1000 (1500 |[2000 [2500 |malfunction
RS : cycle |cycle |cycle |cycle |cycle | - . - . |
Resin A : - |39 % | 100 %[ 100 % | 100 -% | 100 % |'crack .
Comparative example '
Resin B : 0% 0% 18 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

The light resistance test was carried out using the

epoxXy resins B and F. The test piece of 30 X30 X3 mm was

fabricated end‘radiated with a xenon lamp for 100 hours at

120 C to examine the change in overall transmittance of
beam before and after the radiation. The transmittance was
measured with a spectroscopic colorimeter (made by Murakami
Color Lab.). The examinatioh results are shown in Figs. 11A
and 11B. Fig. 11A shows the overall transmittance of beam
before radiation and Fig. 11B  shows the overall
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 of a short

15

20

25

wavelehgtﬁ dec;eésed and the coiof was changed'into'yellow
in the early stage. The transmittance further decreased in
the range of a short wavelength and the vyellowing was
advanced remarkably during the light resistance test.

On the other hand, for the resin F, an epoxy resin

composite of the present 1nvent10n, no colorlng was observed
'1n the early stage and after the’ llght re51stance test

4. heat re51stance examination

The heat resistance test was carried out using the
epoxXy resins A, B and F. The test piece of 30 X 30 X3 mm
was fabricated and heated at 120 C for 500 hours in an oven
to examine the change in overall transmittance of beam

before and after the heating. The transmittance was

M

10&
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or Lab.). The examination results are shown in Figs. 12A
and 12BE_.Eig..12A shows the overall transmittance of beam. '
before heating and Fig. 12B shows the overall transmittance

5 of beam after heating.
The resin AQ a conventional epoxy resin composite to

‘which a cationic curing agent was added, showed a
transmittance similar to that of the resin F, an epoxy resin
composite of the present invention, in the early stage. But

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

For. tﬁe' feein B, a' cohventional 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 yellow1ng was advanced remarkably durlng
_the llght re51stance test |

20 On the other hand, for the resin F, an epoxy resin
composite of the present invention, no coloring was observed
in the early stage and the yellowing was advanced during the
heat resistance test, but the heat resistance was better
than that of resin B.

25 5. LED current passed life examination
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in Fig.l was fabricated using epoxy resin composites B and F
and the current passed life test (current : 10 mA) was
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 during 11fe was smaller than--
that of the conventional epoxy resin comp051te 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 comp031te B had a pot life of about 25 hours,
 wh1le the epoxy resin comp051te of ‘the present 1nvent10n F o

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 light emitting
diode of_Example 17, a fluorescent material was mixed with

25 the light transmitting resin. The LED chip 5 comprises a
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%0% )\ & (_)JS%XL rﬁ;g e r gCG3,.sN semiconductor having a monochromic
' " emission peak of 475 nm in the visible range. That is;'the
same LED chip as that of Example 13 was used.

5 The package used was also the same as that of

Example 13.

The fluorescent material used was also the same as
that of Example 13.

To the above-mentioned resin F, 15 wt% of said

10 fluorescent material and 40 wt% of SiO, having a central
particle size of 10 um were mixed and dispersed to obtain
'a'nlalicyc':lic_ epoxXy resin composite '(V'i-sc,o.si'tly '+ 15000mPa * s)
as a 'light transmitting resin. o |

| 500 light emitting diodes were fabricated in i:hé

15 same way as in Example 13.

The variations among 500 1light emitting diodes
fabrica{:ed in this way .were examined. It was shown that
varlatlons in chromat1c1ty among the llght emlttlng dlodes
'_.were small and there was no v1sual emlss:Lon unevenness in :

20 each light emitting dlod_e. - The rellablllty could be

enhanced extremely, as compared to the diode using the resin

A.
Comparative Example
The light emitting diode was fabricated in the same

25 way as in Example 17, except that the resin A and the mask
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insulating substrate were used. The emission unevenness was
observed and tlie even emission could not be achieved. The
reliability decreased, as compared to Example 17.
5 Example 18 _

The light'emitting diode was fabricated in the same
way as in Example 17, except that the same fluorescent
material as that of Example 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 higher brightness than that in
Example 17.

The following examples' will'de.scribe the .synt'hesis.

of the fluorescent material. |

15 Example 19 (the synthesis of the fluorescent material by
means of a two-step calcination method in reducing
atmospheres)

The follow1ng examples relate to - the method of the

".‘ﬂfluo.rescent material suited for the light. emitting dlode
20 According to the method of Example 19, a flux is
mixed into the mixture material which has been adjusted to
achieve the composition of the fluorescent material and the

resulting mixed is filled in the crucible and calcined at

1400 C to 1600 C for 6 to 8 hours in the weakly reducing

25 atmosphere and further, at 1400 C to 1600 C for 6 to 8
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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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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 obtained by mixing
. Y,05, Gd,0;, Al,0, and Ce0, at a stoichiometric ratio. - To. the =

re'sult'ing'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 hoﬁrs in a reducing atmosphere. The resulting calcination

product is ground andjpass'gd'thr'o'ugh_ a'_'c'omb"_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 méterial 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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5 results to those of Example 19 can be achieved.
Example 22 (10 wt% of ‘a liquid is added during calcination
in Example 21) | |
First, the mixture material is obtained by mixing
Y,0;y Gd,0;, Al,0, and CeQ, at a stoichiometric ratio. To the
10 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; 10 wtg of a lquld such -as
pure water with respect to the resulting powder 1s 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 1606 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 materlal
- Where the resultlng fluorescent materlal is 1rrad1ated w1th__.
20 an exciting 1light in the blue range, the fluorescent
material emits light of (x, y) = (0.455, 0.530) in
chromaticity coordinates'(JISZBIIO).
For example, where this fluorescent material is used
for the light emitting diode as shown in Fig. 1, the similar

25 results to those of Example 19 can be achieved.



10

15

20

25

116

Example 23 (37.5 wt% of a liquid is added during calcination

in Example 21)

First, the mixture material is'obtained'by mixing -

. ¥,0;, Gd,0,, Al,0, and Ce0, at a stoichiometric ratio. To the

‘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 such as

pure water with respect to the resulting powder is added and

the resulting mixture is calcined at 1400 to 1600 C for 6

. to 8 hours in a weakly reducing atmosphere and further  at

1400 to 1600 C for 6 to 8 hours in a reducing atmosphere.

- The resulting calc1natlon product is ground and passed

through a comb of 200 mesh to form a fluorescent material.
Where the resulting fluorescent material is irradiated with
an exciting 1light in the blue range, the fluorescent
material emits 1light of (x, y) = (0.458, 0.528) in
chromaticity coordinates (JISZBllO).

For example, where this fluorescent material is used

“V“for the llght emlttlng dlode as shown 1n Flg ‘1, ‘the Slmllar

results to those of Example 19 can be achleved.

Example 24 (62 wt% of a liquid is added during calcination
in Example 21)

First, the mixture material is obtained by mixing
¥;0;, Gd,0;, Al,0, and Ce0, at a stoichiometric ratio. To the

resulting mixture material, barium fluoride + boric acid is
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added as a flux and mixed with a ball mill mixer for 2 hours.
Next, after removing the ball, 62 wt% of a liquid such as
pﬁre water with reepeet to the'resulting powder is added and
the fesulting 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 meeh to 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) = (0.461, 0.526) in

- chromaticity coodrdinates {JISZ8110) .

Fbr example,-where this flﬁorescent material is ueed
for the light emitting diode as shown in Fig. 1, the similar

results to those of Example 19 can be achieved.

Industrial Applicability

The present 1nventlon can provide the light emlttlng

'dlode hav1ng a less 1rregular color, good rellablllty, good

product1v1ty, and high utility value.



