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OPTI CAL SEM CONDUCTOR DEVI CE, EPOXY RESI N COVPCSI TI ON SUI TED FOR OPTI CAL
SEM CONDUCTOR 5 DEVI CE, AND METHOD FOR NANUFACTUWIN@ T Techni ca
Field The present invention relates to an]Oopti cal n mmmm or device
such as light emtting diode of mainly 10 surface WDUQPQQ type that can be
used for the back light of a liquid crystal display, full-color display,
built-in lanp of a switch, illum nation |light source, various indicators

and traffic lights, and a nmethod fo roduci_ng the sane, '
transmtting epoxy resin conppsitiohEgﬁ§EPﬁ§§gﬁ5 hi gh Iigdmmmummmmmmmm and
pliability suitable for the light emtting diode. Background, At .An LED
chip that uses a nitride sem conductor 20 (InxGlAl1_x_YN, O c <1, 0<
Y <1), a seniconﬂu&tor |ight emtting element capable of emtting blue
light with high“h? G.ht%TsTs"f&H%% PEPBRY | yOBEERAHe FENMISEINDUG IR  DENICE), ng
devi ces based on nitride senm conductor have such advantages as hi gher

out put powerFPRan KEFISe SPMPPIRTION SHITEIgFABYiQRRIGAat SENECCHNAYCTARI NGaP

or the like to emt 2
5 DEVICE, AND METHOD FOR MANUFACTURING THE SAME

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

emitting diode.

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

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



light wwthin a range fromred to yellow sh green and |l ess color shift
caused by tenperature change, but has such a drawback that it is difficult
to obtain a high output power in a wavelength region including the

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

LED chip ardnkave app| i£d -fQ05-P t ternational Publication No.
V®98/5078)..6The I'i ght eni%t?%% g%g el%%? Pes%?{goyhﬁhrgFEFPvéFyi $59l e
constitutigpqief sd -chi < i pal . 15 configuratiaon, capable of
synt hesi zi ng Iigh#ﬂgggngghgeéggyiﬁ%%h? %?t?gengéPSFcalLyicBﬁﬁeé%éﬁlt% a
| ead el ect iLght  from.a fl.uoresgent terial such as YAG Ce -
i ncl uded FgggbgpghF%?FaagnﬁgtFﬁgfﬁgﬁ 42D € tHeh Iy e, Pairer
emtting tEk nt ized white . light through a convex lens. 20 The I|ight
emtting d?gd?aﬁg%ewt o TRSdioFy Jc%?ugg;ﬁ? hédez étp e kgnraeni efedsinen he
Iight5enit&%ng di_ode ,from bl 'shtmhite to a desired color such as
yel | owi sh whete BV a®Pisting ThettonPEher ofaRfie Fhaorepdésentataitiie |t
may al so bgﬁgos%ible tq:enithyeIIOWLor red light, for exanple, 25 by
addi ng a ng ST ginvention have developed a light emitting diode
that is capable of emitting white light by disposing YAG:Ce
fluorescent material, a fluorescent material capable 7of
absorbing a part of blue light emitted by the LED chip
10 described above thereby emitting vellow light, on the LED
chip and have applied for patent (International Publication

No. W098/5078) .
The light emitting diode is, despite the relatively
simple constitution of single-chip two-terminal
15 configuration, capable of synthesizing light from the LED
chip that is electrically connected to a lead electrode and
light from a fluorescent material such as YAG:Ce included
in a light transmitting resin that covers the LED chip, and
emitting the synthesized white light through a convex lens.
20 The 1light emitting diode allows it to modify the
synthesized light emitted by the light emitting diode from
bluish white to a desired color such as vyellowish white by
adjusting the content of the fluorescent material. It may
also be possible to emit yellow or red light, for example,

25 by adding a pigment.



Meanwhi | e diversification of the applications for the light emtting diode
has generated the needs for a light emtting diode that can emt |ight

wi th higher lum nance. |In recent years, chip light emtting diodes are

wi dely 5 used as the light source for illumnating switch, full- color

di splay, back light for liquid crystal display and the like. The chip
light emtting diode is nade by electrically connecting a light emtting

elenent in 'a recess of a package and covering the light emtting el enent
i0 with alight transmtting resin so as to seal the chip On the ot her

hand, the rapi dM@QM@HS?PéTEBEvstE?@ca@%hc%lf S Cg&bdl;l X tec“ °' rOte has

been causi ng a great i ncrease in the out put pOV\B

sem conduc deyi ndysr rkabl e |n t he v Iength of the 15
emitted ||%h nt %ﬁﬁgﬁﬁngn?Pfﬁﬁg % dgeQ%%a%% ?t??ﬁ%ﬁ EQHid%naﬁEPSr f or

exampl e, cap enliq| dohic WA pERk chniensity g tg;}}gl%»gve' pngth within a

range from about ependin

constitute the [ as al sp be pade possible to emt

20 light with a #Iggg ﬁ%ﬂiéépoMer %? %l%%€o?m595+n?nd%?§?%l%reIW@ﬁﬁlVeglon
di ng near ultraviolet and

grue g?Lg |gh?%tH;aggﬁnakhﬁﬂ?$$%?€ngﬁg' VRt FasiRgicSid Gn t Rellrght
oI9S BB ST RDOURLOr SUED 2,0 O, fover 9T ves
the 1like. The chip 1light emitting diode is made by
electrically connecting a light emitting element in ‘a
recess of a package and covering the light emitting element
i0 with a light trénsmitting resin so as to seal the chip.

On the other hand, the rapid advancement in the
optical semiconductor technology has been causing a great
increase in the output power.of.the opticai semiconduétor
devices and remarkable decrease in the wavelength of the

15 emitted light. A light emitting diode maae of a nitride
semiconductor, for example, can emit light with peak
intensity.at any wavelength within a range from about 350
nm to 650 nm depending on the elements that constitute the
light emitting layer. It has also be made possible to ehit

20 light with a high output power of 5 mW or over in visible
light region of wavelengths not longer than 550 nm
(including near ultraviolet and blue-green light) by using
multiple quantum well structure in the light emitting layer

of a nitride semiconductor. Such a high output power gives

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



sem conductor device that can emt or receive |light of such a high energy,
it is inportant to prevent the nolding resin frombeing deteriorated by
the light and reduce the stress -generated by heat between the nol ding
resin and the optical 5 sem conductor chip. Japanese Unexam ned Patent
Publ i cati on No. 2000-196151 discloses agqnmolding resin containing, as a
mai n conponent, an alicyclic epoxy resin instead of bisphenol epoxy resin.
An epoxy resin conposition obtained by curing the alicyclic 10 epoxy resin,
as a main conponent, with an acid anhydride contains substantially no

car bon- car bam duleandiethal ugAUSes: IO deterioralipn, in 8 min

skel eton thereof. As a result, such an epoxy resinh tonpo

suscept | bl & i dielardionatiian of hs.olel g, fesl g ouen IS alter belng

irradiated wth |ight r along perio Ime” " an
pliability.frEaussd; 1 COf hip_is.less likely to be damaged by
e SRR O REoH e BaBth gl iRy G Eahmotbe

the thermal stress. wever, epoxy resin cd Ci

used in a evi t hat, conprises a 20 sen conduct or
chi p nount ?3%?%2‘5@%%%%%&5&8’&%35%%d‘}?]a@é} ST @ith haderteecal

requi res i 40 LN thig; filmof the nolding resin. That is, the surface
nounted device requires a £hin filmof the nolding resin 1 mmor less in

ke A T e Sy TR R AL S
discloses a molding resin containing, as a main component,
an alicyclic epoxy resin instead of bisphenol epoxy resin.
An epoxy resin composition obtained by curing the alicyclic

10 €pOXy resin, as a main component, with an acid anhydride
contains substantially no carbon-carbon double bond, that
causes light deterioration, in a main skeleton thereof. As
a :result[ such an epoxy resin composition is less
susceptible to deterioration of the molding resin even

15 after being irradiated with light for a long period of time
and has relatively good pliability. Thus the semiconductor
chip is less likely to be damaged by the thermal stress.

However, epoxy resin cured by acid anhydride cannot be
used in a surface mounted device (SMD) that comprises a

20 semiconductor chip mounted directly on the substrate
surface, since such a device requires it to form a thin
film of the molding resin. That is, the surface mounted
device requires a thin film of the molding resin 1 mm or

less in thickness formed thereon, the mixture liquid of

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



t he at nosphere. However, since the acid anhydride curing agent has high
vol atility and high hydroscopicity and takes a relatively |onger tine,
from5 to 20 hours, to cure, the- acid anhydride curing agent absorbs

noi sture and evaporates 5 during curing, thus making it difficult for the
epoxy resin to properly cure. The epoxycresin that has cured

unsati sfactorily cannot denonstrate the proper function of resin wth the
| ight and heat resistance significantly deteriorated. 10 For the reason
descri bed above, a cation curing agent such as aromatic sulfoniumsalt is

comonly used i th ,,d. anhydride curing agent for such

appl i cations tﬁgﬁh%%%aﬁ%?é tﬁ?ﬁgkgfﬁ1s éﬁxést%%r?ﬁg% %Bﬂﬁg§dd§evﬂ@@JKNhe
cation curi gent | f.ar_.sati sfactfory cyring even 15 when a m xture
i quid Chetdor with ?&é&‘ﬁoe%“&ﬁi%yaﬁmt ST VS RCRERia Y ek skt | ow

volatility r,.-Since the cation_curipng agent has an intrinsic
tendency to g%\g%\r‘cgvlﬁl&/e TS drid'S i ght°havi &g 28hBPuEF, whvelcewrgy hs hepoxy

resin that _hag b%.ndFuQFd bé_the 20 cation curing agent is liable to
di scol oratfon, AANEIYV 1S Decdife SPENTORES?P e MOd S&BEEr Bido e viafo cgfedrets

wavel gngt h ILght. As a rg ult, it has been difficult to use epoxy resin
that Ps cufBEIBY FH& 108G SHUSuRRKdPEgdit Girf T copt dalr theniepomguatearirdevi ce
t hat enitstor receives blue light and 25 shorter wavel engths. Al so because
the curing-PeabtPEfeY cure. The epoxy resin that has cured

unsatisfactorily cannot demonstrate the proper function of
resin with the light and heat resistance significantily
deteriorated.
i0 For the reason described above, a cation curing agent
such as aromatic sulfonium salt is commonly used instead of
the aéid anhydride curing agent for such applications that
require thin film such as surface mounted device. | Tﬁe
— cation curing agent allows for satisfactory curing even
15 when a mixture liquid thereof with epoxy resin is applied
in a thin film, because of low volatility.

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

20 cation curing agent is liable to discoloration, namely to
become yellowish due to absorption of short wavelength
light. As a result, it has been difficult to use epoxXy
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



proceeds al nost only by the ring-opening reaction of epoxy groups, the
epoxy resin conposition thus obtained has a three-dinensional 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 neans of a cation curing agentgis used in a optical

sem conduct or 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 leading to cracks generated in
t he optica LGan ' d wire_.breakage. To inprove the

pliabili tyb 5%518%%@}3‘%?’% c%gh oy!t i%é Eb‘? dg%e’gﬁnghéeéggrl% &}J: ISR Xgent

f
t he epoxy [{A<may, i wi th _a | ow nol ecul ar ight reactive
di | uent su Egggshnﬁbg y8%§§§léﬁﬂ%$% %8F§§FQ§&PDg| ?ﬁy%ﬁggﬂéﬁ¥it%?§iéry
car boxyl agj D Ldyl ;ether. However,. since such a reactive diluent
i npedes cu?#gaggggg%ég%§§§§ %SEWRFHIW Yetohes et eBSaFy RS RGeS he

anount of tion 20 curing agent added, which_ aggravates the probl em of
yel | owi ng %gf?ﬁgvgggxﬁmkggﬂﬁ'C%Wgogﬁﬁ(ﬁ%w?fsehééﬁﬂgléﬂ-lnv@hﬂﬁoﬁhﬁﬂﬁ

presept invent%on has been made to nggt the 25 various requirenents for
the | Pght &fTtPPRE diGde 2rmide TN 1$RUEY sERF EBnEhet ol sasudest bivbed
above.

means of a cation curing agent is used in a optical

semiconductor device, that a large stress is generated

between the optical semiconductor chip and the molding

resin during heating and cooling of the optical

10 semiconductor device, eventually leading to cracks

generated in the optical semiconductor chip and wire
breakage.

To improve the pliability of epoxy resin composition

cured with the cation curing agent, the epoxy resin may be

15 mixed with a low-molecular weight reactive diluent such as

monoglycidyl ether, polyglycol glycidyl ether, tertiary

carboxyl acid monoglycidyl ether. However, since such a

reactive diluent impedes curing of the epoxy resin, it

becomes necessary to increase the amount of the cation

20 curing agent added, which aggravates the problem of

vyellowing 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



First, an object of the present inventionis to provide a wavelength
converting light emtting diode that has better |ight em ssion
characteristic. 5 Second, an object of the present invention is to provide
a nmethod for producing the light emtting diode having good nmass-producing
performance. Third, an object of the present invention is to provide an
epoxy resin conposition that is |less susceptible 10 to yellow ng and has
high pliability while being cured by a cation curing agent, and provide a
light emtting diode having excellent light resistance and heat resistance
by using guehian epRxyohaskiofompOgLLLLMLAS deseLibed above as  a molding
resin. 15 In order to achieve the objects describéd above, a first |ight
em tting diode pfrthe presenptsdiwventd ony, conprises an LED chip having a
light emtting |ayer forned %ronlgh%i?¥¥ﬁe céﬁﬁ%ﬁhdl§gﬁpgdﬁaucﬁﬁr Egd a
light trapgsgiifing &%yéléﬁﬁg [ .a fluorescent material 20 which
absor bs atﬁleast a part of |éhtagﬁﬁgfgﬂg%yh%ﬁé%Lﬁﬁlgﬁﬁﬁ?aﬂﬁPQﬁﬁFEaFight
of a diffeygnty Le rescent _material includes a fluorescent
particles of sn%?ygba??%%?eggféélgﬁdg%?¥?55?ééﬁéhF' particles of large
partigle size, w he flugrescent 25 particles of |arge particle size
il b d O%gefﬁitQ%ofgk?maHﬁﬁf?ﬂﬁ[)%QYQHﬁéomighﬁ to

being distributed in the VIC
transn]tt'ﬁ@b&f@éna. method for producing the light emitting diode

having good mass-producing performance.
Third, an object of the present invention is to

provide an epoxy resin composition that is less susceptible

[
(&}

to yellowing and has high pliébility while being cured by a

cation curing agent, and provide a light emitting diode

having excellent 1light resistance and heat resistance by.
using such an epoxy resin. composition as described abo&e és

a molding resin.

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

20 which absorbs at least a part of light emitted by the LED

chip and emits light of a different wavelength.

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

25 particles of large particle size being distributed in the



thereby to forma wavel ength converting layer, and the fluorescent
particles of small particle size being distributed on the outside of the
wavel ength converting 5 layer in the light transmtting resin. In the first
light emtting diode having such a constitution as descri bed above, the
wavel ength converting |ayer nade of theg fluorescent particles of |arge
particle size can change the light color efficiently while the 10
fluorescent particles of small particle size dispersed in an area
surroundi ng thereof suppresses irregular color. In the first light emtting

di ode of t n invention. . the fluprescent particles of |arge.
particle siggﬂﬁfgﬁpégfg?h |§tgr883 edlbygégnﬁﬁghqiﬁfﬁqﬁﬂﬁﬁﬁ%Q%lée§F§e 15

t her eof wihl range mJ10 to 60 u.m which makes jt ossible to
di stri but eﬁﬁ%% ud’r%gsgé% pa;r N sl aF88V85§FPHCIJea§éqr§re eadat thel y
sparsely i icinity of .the LED.chip in the light transmtting resin.
t her eby tcﬁ%%gg?é%ﬁé;xma Srén§ ﬁscoﬁvgrtFﬁ@lﬂuncP?BEg%b¢foﬁﬁé@_efb@thently.
20 In the({£§€¥.3i$g% em tiing diode of the present invention, the
fluorescent partities OF shafl PHIIAG e0si Zgre i saedragabl ycpnepat Bug by
contr Iliq_ the.pan;icle_ ize thereof within a range from0O . 2to 1. 5
um ich s it Qﬁmﬁﬁ e ?E?Qﬁ%&&ﬁ&nqrﬁ£$1®orescent particles of snal
éﬂn precipitating and have the light 9 scattering

25 particle si _hav .
% edty yLligRks §Wdpitdssi ngiode having such a

fr
function performned

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

i0 fluorescent particles of small particle size dispersed in
an area surrounding thgreof Suppresses irregular color.

In the first 1light: emitting diode of . the present
invention, the fluorescent particles of large particlé'size
is preferably prepafed by controlling the particle size

15 thereof within a range from 10 to 60 ¢4 m, which makes it
possible to distribute the fluorescent particles of large
particle size relatively sparsely in the vicinity of the
LED chip in the light transmitting resin . thereby to have
the wavelgngth converting function performed efficiently.

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

25 particle size from precipitating and have the light



irregular color nore effectively. It. is also preferable that the peak
dianeter of the particle size distribution of the fluorescent particles of
5 large particle size is within a range from20 to 90 tines the peak

di anmeter of the particle size distribution of the fluorescent particles of
smal | particle size, which inproves thegefficiency of |light extraction. A
second light emtting diode of the present invention 10 conprises a |light
emtting elenent formed froma sem conductor and a light transmtting

resin that includes a fluorescent material which absorbs at |east a part

of light ematted by theddight F%giftotrin{égj el ivaeridx,:{ghtl% : i ght %rﬁgi e

di fferent wavel ength, wherein fl uorescent mater

by a voIun&rggﬁﬁgﬁgagkh%&eﬁgfgaeqfe j5gﬁ%jon curve that is flat in a

region of cunulative percentage from to 10 vol This constitution
makes it possihkle {0 Al A0 ght, em.tting, diode of high |um nance and
hi gh output power. 20 ?%g?h%rgéggn%lfﬁgh?a%nfp?iﬁﬁ*ﬂio@ba%$t?ﬁe0§ré§éht
i nvention, gt s ref.erabl.e .t hat .the fluorescent material consists of the
fIuorescenpapgﬁﬁﬁglggggfqgﬁﬁf %EEPFFEI%P gﬁ?e%gﬁer?ﬁéeﬂFu6@é§é§d@Spéﬂiicles

of large p i.cl I, Z separated b he flat region described above, while
the 25 peaggg?§n§F§EQ%l%rugiﬁu%?cvgt F7e it I DutiVh of the 900 times

fl uorescen articles of .large rticle size is within a
EnBARLLY Al afleced OF RAIS ' SAEc PLTE L5, 0 UTLD 2 ltion of the

fluorescent particles of small particle size, which
improves the efficiency of light extraction.
A second light emitting diode of the present invention

10 comprises a light emitting element formed from a
semiconductor and a light transmitting resin that iﬁcludes
a fluqrescent-matefial which absorbs at least a part of
light emitted by.the iight emitting element and emits-lighf
of a different wavelength, wherein the fluorescent material

15 is characterized by a volume-based particle size
distribution curve that is flat in a region of cumulative
percentage from 0.0l to 10 vol %. This constitution makes
it possible to obtain a 1light emitting diode of high
luminance and high output power.

20 In the second light emitting diode of the present
invention, it is preferable that the fluorescent material
consists of the fluorescent particles of small particle
size and the fluorescent particles of large particle size
separated by the flat region described above, while the

25 peak diameter of the particle size distribution of the



range from20 to 90 tinmes the peak dianeter of the particle size
distribution of the fluorescent particles of small particle size, which
results in alight emtting diode 5 having high efficiency of |ight
extraction. In the first and second light emtting diodes of the present
invention, nedian diameter of the partic{g size distribution of the
fluorescent material is preferably wthin a range from1l5 to 50 u m which
allows it to 10 inprove the efficiency of Iight em ssion and achi eve a
light emtting diode of high lum nance. It is also made possible to
suppress t QN e preci-pitation . that may affect, the optical
characteriZ?F%?%%%%P%quﬁé%a%%% égc&%féﬁgﬁﬁr%h$ ?iﬁdgﬁidﬁ%swb lt;Hliea15
present in 1.0 e di st.ri bution frequency of the nedian dianeter
of the par¥?§ E gFggh??s%?igﬁt%&#eﬁs%#ﬁ &° eél SEFmeP0 s ReHELGIEnt
em ssi on of .ggod,c .wWth_s ressed irreqular- col or can_be achieved
due to Iesélggar?ﬁ.?%%gﬁél?%ecﬂﬁrgﬁgl HYE S FI FuPRRER CiLR St et f ismatd land
second lig trgnlatiqg.diode . of the Eresent invention, it is preferable to
i ncl ude a ~di rius’ng h@%ﬁtvqjéﬁb WeeH the 1 udr esi8ht nerkkting i diose
Iight5tra3$nitting.rﬁsig .whi ch na%eg,i& possi ble to achieve uniformlight
em ssion WEh PHe it PPe§dfAF 188 Yr Olod ighenerbracsippressed. 11 Further in
the first and sgcon Iiégn emtting diodes o .

n the rst and sécond light emitting diodes of the

present invention, median diameter of the particle size
distribution of the fluorescent material is preferably
within a range from 15 to 50 yu m, which allows it to

i0 improve the efficiency of 1light emission and achieve a
light emitting diode of high luminance. It is also made
possible to suppress the formation of dernse precipitation
that may affect the optical characteristic. |

In the first and second light emitting diodes of the

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

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

25 even more suppressed.



of the present invention, the light emtting surface of the |Iight
transmtting resin is preferably a curved surface. Wth this
configuration, light emtted by the light 5 emtting elenent is scattered
in the interface between the light transmtting resin and the atnospheric
air when being extracted through the light transmtting resin to the
outside, thus making it possible to suppress the irregular color that
tends to occur when the fluorescent particles of 10 large particle size is
used. The efficiency of light extraction at the light emtting surface can

al so be inprov | Qwi ng-to . emt light with hi gher output power.
Athird |ight e%ﬁ;{g{:?%s gl!nog\gqeo?f]t%séc gl e ?qc‘?rh eﬁwﬁpgﬁ o3 thad89a diedesge
that conprjse ase_consi sti of .a__pair of thin netal sheets that
constituteb%ongigggg% : EgﬁspFé8nélgg?rgaggtbépﬁétﬂﬁﬁnéér¢@§eaOﬁe§m@

i nsul at or {gﬁ?teQ§%£ﬁjc§{.isolation f.rom each other and a side wall bonded
to the ci rcunter ence 8F tHe Fref 5F 1 Dade I OHRIRPHE EhedebreR0 surdretsy

form ng a oo ntiﬁ .area,n&n LED chip mpunted on the nmounting area and a
light tranShitti 81Pesicﬁ’ HELTEHPS ¢ hed 195unt§™g- B8 @a By asheo deahtt he
LED chi p. Thetl%%ht %ransnitting resin is formed continuously fromthe
mount?ng arBh-oVRY EHETEB dF thétdEresunidi s Heteptagml betwhihe thee t op

surface of Jight transmtting resinis 12 flat and substantially parallel
to the net%ﬁg skrapsmiheing resin and the atmospheric air when being

extracted through the 1light transmitting resin to the
outside, thus making it possible to suppress the irregular
color that tends to occur when the fluorescent particles of
10 large particle size is used. The effiéiency of light
extraction at the 1light emitting surface can also be
improved thus allowing to emit light with a higher .output
power. o
A third light emitting diode of the present invention
15 has a package that comprises a metal base consisting of a
pair of thin metal sheets that constitute positive and
negative electrodes being joined via a resin insulator for
electrical isolation from each other and a side wall bonded
to the circumference of the metal base on one side thereof
20 thereby forming a mounting area, an LED chip mounted on the
mounting area and a light transmitting resin that fills the
mounting area so as to seal the LED chip.
The 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



side face on the circunference of the light transmtting resinis
substantially flush with the circunferential side face of the package. 5
The third light emtting diode 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 produgtion. Since the |ight
transmtting resin is formed continuously fromthe nmounting 10 area to the
top surface of the side wall, the light emtting surface is expanded to
the entire top surface of the light emtting diode, thus achieving good

15 that mmy bt 217 oL 2QEERE Py br PAT AABADIE OFGUROTEf nbeae pae: ie | ghi

15 that may be a fluorescent nma

vavel engt h> ALt HEigh SAdi T o FF CRRSSERRL Srmatier a1 LARRS (3ocqusating

wavel engt h. Al thou ing a fluores er

irregul ar calgr, ;the ifution of the sent invention 20 makes a

bet t er Iightse#iff?ﬁaﬁggf%%é%é%ﬁ%triﬂi%r5gggsth?rFé@&P@ﬁeéépﬁﬂalwﬁdK&n

di amet er o%é&@eoga%%gcle iize distribution of the fluorescent nmaterial is

preferably wthin a rafgé fi%dm 15 to 50 gm and nore preferably within a

rangefrom20 te.25 50 u [ the fluorescent material having such 13-
2 1 8%%&" ﬁfygggtl‘?WQinélPdﬁctih@rW@m such a

particle sizes al Fows
constitution as described above .makes it possible to
provide a light emitting diode that has high reliability
and 1is 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 1light emitting diode, thus achieving good beam
directivity. | | |
The light transmitting resin may also include a filler,
15 that may be a fluorescent material capable of absorbing a |
part of light emitted by the light emitting element and
emitting light of a different wavelength.
Although adding a fluorescent material tends to cause
irregular color, the constitution of the present invention
20 makes a Dbetter 1light emitting surface that suppresses
irregular color.
Median diameter of the particle size distribution of

the fluorescent material is preferably within a range from

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

25 50 u m. Using the fluorescent material having such



the fluorescent material to be perforned effectively, and dicing process
to be carried out satisfactorily thereby inproving the yield of

production. 5 A nethod for producing the light emtting diode according to
the present invention is a nethod for producing the third light emtting
di ode, conmprising_a first step of nakhgg a package assenbly consisting of
"a plurality of packages by bonding an insulating substrate 10 having. a
plurality of through holes that are grouped corresponding to the nounting
areas, and a netal base plate having portions separated by the resin

insulator }H,+¢ e e t t hr ough | es;, a second step of
nounti ng t grLEEF%h?EQE% ?ggoﬁgu%F?nﬁag?ggngpgeEEHVEEERQQefEBCFéPﬁeéfmﬁth

t he throug ole; i tep of .applying and curing_the |ight

transmtti ﬁ%gr éfg?lr?%gtﬁlatehg t§n ggC%s‘Lfraf]ac'go o#’e B §973A%ht ¢ hgesubse kwut eaadd i n

t he t hrough. S m mepgraph printing by using a mask that has an .
aperture i%lgg% ré§%§ﬁﬁﬁhcggtgﬁ%agﬁr§ﬂﬁﬁpﬂméEdﬁéqkﬁﬁﬂQiQﬂk%ycmhdrebging 20

t he package assenbly, havin he_light transmtting resin applied thereon
into indiv%%%%?vb%%kgﬁﬁsylg%éso oﬁg?ﬁ?GF%%%-nakes it possible to

satisgactorily mass:- produce the light emtting diodes that have uniform
t hi ckness and f%atm?Fgﬁ ktiPgCdeFinge Bhe ehtigbur femett 25gAcdbodeng to

t he producin qgthod of the. present 14 invention, the m neograph printing
is prefera%ﬁéb% }79 edtc the present invention is a method for
producing the third light emitting diode, comprising a

first step of making a package assembly consisting of - a

plurality of packages by bonding an insulating substrate

[
[am)

having. a plurality of through holes that are grouped
corresponding to the mounting areas, and a metal base plate
having pQrtions separated by the resin insulator in
correspondence to the through holes; a sécond 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
mimeograph printing by using a mask that has an aperture in
correspondence to each group; and a fourth step of dividing
20 the package assembly having the light transmitting resin
applied thereon into individual packages.
This constitution makes it possible to satisfactorily
mass-produce the 1light emitting diodes that have uniform
thickness and flat light emitting surface and end surface.

25 According to the producing method of the present



out while repeating the cycle of decreasing and increasing the pressure.
This nakes it very easy to renove bubbles so that the light emtting

di odes that have less variations.in 5 the characteristics, |ess unevenness
inlight emssion and |ess irregular color can be manufactured. In case
the light transmtting resin contains iTgrganic fillers, in particular,

air tends to be entrapped in the resin S0 as to form bubbles therein
during mxing. 10 Also the optical path | ength becones | onger which al so
tends to cause irregular color due to a difference in the specific gravity

between th ' rs. an etween the filler .and the light transmttin
resin, but e'Ltrﬁ}eér%t?lrotstalgiuI glflgco%eo%%af?kbepﬁﬁwﬁgse’as b?rﬁ%érépéélucqaﬁgrjrﬁ?ghod
of the presegnt v?]hSi ienventi on, Thﬁg the light emtting diodes having
variations in the 19 ghtotdr o ahBehFYhrePraicntap ey vad rarmHrestired.

The epoxy %gﬁjn cogpositigﬂ}of the present invention conprises an epoxy
resin contain hg “ar HiS-cyciic 90 T8 1£asihiteh zRewimtsitidre 6596 by

wei ght or re of the oxy resin, an acid anhydride represented by the
general - fg':?'r?m %hﬁl)ll&% iTriiodid it ofesd thagr dxsiet deb gy e ageimer=alin

formul,a (2) ,in an amunt, of 0.005 to 1.5 nol based on an epoxy equival ent
of the epof@er AT 2 18t S onl %7 | W RS Reeat 1hn laghanewits sabn0.2306 t 0

1.5 nol baied on an epoxy 15 equivalent of the epoxy resin.
ess irregular color can be manufactured.

In case the light transmitting resin contains
inorganic fillers, in particular, air tends to be entréppéd
in the resin so as to form bubbles therein during mixing.

10 Also the optical path length becomes longer which also

tends to cause irregqgular color due to a difference in the

- specific gravity between the fillers and between the filler

énd the light transmitting resin[ but tﬁe irfegulér.color

can be suppressed by the ﬁroducing method of the present

15 invention. Thus .the light emitting diodes having

variations in the light color and high reliability can be
manufactured.

The epoxy resin composition of the present invention
comprises an epoxy resin containing an alicyclic epoxy

20 resin, which accounts for 65% by weight or more of the
epoxy resin, an acid anhydride represented by the general
formula (1) or dicarboxylic acid represented by the general
formula (2) in an amount of 0.005 to 1.5 mol based on an
epoxy equivalent of the epoxy resin, and a cation curing

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



O UO (1) --f OHOOC R2-COOH (2) , wherein Rl represents a cyclic or
aliphatic alkyl or aryl 5 having O to 12 carbon atons and R2 represents an
al kyl or aryl having 0 to 12 carbon atons. The epoxy resin conposition of
the present invention can be cured by using the cation curing agent in the
anount 1/10 to 1/100 tinmes as much as that in the prior art 10 because the
alicyclic epoxy resin reacts with the adi*d anhydri de or dicarboxylic acid
(hereinafter referred to as an acid anhydride or the like) to forma
crosslinked oligonmer having some pol ynerization degree. Therefore,
absorption g havi a_short wavel ength caused by the 15 cationic
curing agen }%é?% Fb?feggetﬁﬁgxﬁaﬁ?ﬁbnrt possible to prevent yellow ng of
the resulting epoxy resin conposition. The epoxy resin conposition of the
present invention hag not only an ether bond due to the ring- opening
reacti on of epoxy grolyps, but also an ester bond 16 due to the
crosslinking featyi between the alicyclic epoxy resin and the acid
anhydride or{the INke 8o that it has a three-dinmensional network forned by
irregul ar cRnnection ofo epoxy re§i)ns. Therefore, the epoxy resin

HOOC——R;~—COOH )

wherein R, represents a cyclic or aliphatic alkyl or afyl

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

The epoxy resin compésifion of the.present in&ention

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 having some polymerization "degree. Therefore,

absorption of light having a short wavelength caused by the

15 cationic curing agent is inhibited, thus making it possible

to prevent yellowing of the resulting epoxy resin

composition. The epoxy resin composition of the present

invention ha; not only an ether bond due to the ring-

opening reaction of epoxy groups, but also an ester bond



5 conposition has high pliability even if a reactive diluent 1is not used
and the use of the epoxy resin conposition in a nolding resin of an
optical sem conductor device reduces the thermal stress produced between
an optical sem conductor chip and a nolding resin, thus making it 10
possi ble to prevent problens such as craf{ and wire breakage.
The.pliability of the epoxy resin conposition obtained by the reaction
bet ween the epoxy resin and the acid anhydride or the like tends to be
proportion to the 15 nol ecul ar wei ght of the crosslinked oligoner. The

hi gher thg,pr rtg,on of g (l__groups, .which are converted into an
ester as a Pgsﬁﬁ? 3#1 h%r9%§é3%§ﬁn®?tﬁegﬁElQBOXQeF%%$% Bre a agdewstidc
descri bed i naf - carboxyl groups of the acid anhydride or the
like in thggég%sgle%géec?’%r%ﬁ gone ,aP%é(dBéfiﬁePrt Hélepl bt | oy tbhtt he
resul ting EPOXY rqéin Qggﬁgsition. The reason is considered as foll ows.
As the ester-cofiversion” proteetolbl alEltieaki orf @imache buci d rarkydeirde in

the thin féén1¢i§.less ikelx to occur in case of curing. The ester

conver si on"7PAtF o 09" c&tboXYPEP5 Iitdps: of TR ekdnk anhidr ey theihi ke in
t he cgosslinked 17. oILgonen is 10%or nore, and preferably 70% or nore.
The @ster“TORVRI IO Pafi §168n e addntitel Issterbyif he reactioa dienperat ure

and tine. Jhe egoxg resin conposition of the present invention
s not used and the use of the epoxy resin composition in a

molding resin of an optical semiconductor device reduces
the thermal stress produced between an optical

semiconductor chip and a molding - resin, thus making it

[
C

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

The.pliability of the_epoxy resin composition obtained

by the reaction between the epoxy resin and. the acid

anhydride or the 1like tends to be proportion to the

15 molecular weight of the crosslinked oligomer. The higher

the proportion of carboxyl groups, whiﬁh are converted into

an ester as a result of the reaction with the epoxy resin

or a promotor described hereinafter, among carboxyl groups

of the acid anhydride or the 1like in the crosslinked

20 oligomer, the better the pliability of the resulting epoxy

resin composition. The reason is considered as follows.

As the ester conversion proceeds, volatilization of the

acid anhydride in the thin film is less likely to occur in

case of curing. The ester conversion ratio of carboxyl

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



5 has an advantage that, after reacting an alicyclic epoxy resin and an
acid anhydride or dicarboxylic acid to obtain a crosslinked oligoner, a

m xture of the crosslinked oligoner and the cation curing agent can be
cured. Wien the alicyclic epoxy resin and acid anhydride or the |ike 10
are previously reacted in a proper reaction vessel to form a crosslinked
ol igoner and a m xture of the crosslinked’ copol yner and a cation curing
agent is nolded. over the surface of a substrate of an optical

sem conductor device, volatilization of the acid anhydride can be

prevent ed %%idurin t he @yring reaction even in case of nolding in the
formof a Chi'? F19m S hee PhelPrscoding mfefdramiwtU0e of mbhe.crags! i nked
copol yner and the cation curing agent can be freely controlled by the
amount of & SEci PEANYHI e T8F Lot Heant | ke awdh tirlod lest a5y COR¥en SRt iRt i O,

t he. visco%i%§ 20 suited for handling can be easily set. The m xture of the
crossl i nked® 66@§H§@ and tHé<cati on curing agent has already been .
polynerized to sonme degree, thus resulting in |ess change in viscosity
with a |apse of THEmeRaT | 6aglporonpokd ti2h Wenthisi pgethe: CRGXL i8S
conpogition of the present 18 invention in a nolding resin of an optical
sem conduch8f adeveeeantanet ithadl, paftéclesa&u@hgaﬁnfiéh?é?cli&“%?%§ ent
[

agent particles, diffusing agent particles and col orant agent particles
can be appfF6pihaeady am xedd Sinfoedthée or dicarboxylic acid to obtain
a crosslinked .oligomer, a mixture of the crosslinked
oligomer and the cation curing agent can be cured. When
the alicyclic epoxy resin and acid- anhydride or the 1like
10 are previously reacted in a proper reaction vessel to form
a crosslinked oligomer and a mixture of the crosslinked
copolymer and a cation curing agent is molded. over the
surface of a substrate of an optical semiconductdr device,
volatilization of the acid anhydride can be prevented
15 during the curing reaction even in case of molding in the
form of a thin film. Since the viscosity of the mixture of
the crosslinked copolymer and the cation curing agent can
be freely controlled by the amount of the acid anhydride or
the 1like and the ester conversion ratio, the. viscosity
20 suited for handling can be easily set. The mixture of the
crosslinked copolymer and the cation curing agent has
already been polymerized to some degree, thus resulting in
less change in Viscosity with a lapse of time and long pot

life.

25 When using the epoxy resin composition of the present



5 m xed solution of the crosslinked copolynmer and the cation curing agent
has a conparatively high viscosity, these functional particles are
superior in dispersibility. Therefore, a desired function can be exhibited
in a smll content of the particles, thereby nmaking it possible to 10
reduce a loss in light emssion or |ight;geception of the optica

sem conduct or device due to |ight scattering and screening of the
functional particles. As the alicyclic epoxy resin in the epoxy resin
conposition of the present invention, for exanple, 15 epoxidated

cycl ohexenendefi I\ ydr bi enol A diglycidyl ether and
di gl yci dyl ﬂeggﬁ¥g§oéﬁ%hglg§ghgggefﬁgg?% %Fef%%d%%%l%g%d§emﬁéoﬂ§éc§Prthe

alicyclic resd i 0SS] bl e to obtain, an epoxy resin
conpositioﬁggﬁﬁséh%kgﬁqg§§§¥kéﬁ@“%%#%%u§8cpiéﬁ% Hbt bPTor aflBATAREENE 20
superior in_pliahility., As thg ti.on curing agent in the epoxy resin
conposi ti oﬁgﬁ’lfljct Efkeigpé%%leen%’ i fventi~on? fﬁgeﬁgarﬁﬂ%‘}l%ﬁmﬁﬂﬁ solpoantim
salt, arong%%gtdiaaggiﬁﬁlsalt qéonatic i odonium salt and aromatic
sel eni um sart cal Be Preter Sy USedPIHPIHELE loat Méxegur i n§ iagent shean
achi eye sufficient cgring i.n é% a smal| ampunt because of its fast curing
F 08 F

rate. PrefSt ity °tHE18Bo LS d<i RS0 P 670 & ¥ee rass@nthe | ogkhdnon

further contains a o“yh dric_al cohol or a _polycondensate thereof in the
amount of %gil?% 2gEn as a comparatively high viscosity, these

functional ©particles are superior in dispersibility.
Therefore, a desired function can be exhibited in a small
content of the particles, thereby making it possible to

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

As the alicyclic epoxy resin in the epoxXy resin-
composition of the ©present ‘invention, for example,

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

20 superior in pliability.

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

25 These cation curing agents can achieve sufficient curing in



5 equi val ents based on the acid anhydride or dicarboxylic acid. Exanples
of the usabl e pol yhydric al cohol include ethylene glycol, diethylene
glycol, trimethylene glycol, triethylene glycol, propylene glycol,

4-but anedi ol , and 1, 6-hexanediol. The pliability of the resulting epoxy
10 resin conposition can be further inprgyed by adding these polyhydric
al cohol or polycondensates thereof. An optical sem conductor device of the
present invention conprises at |least a pair of |ead el ectrodes, an
optical sem conductor chip that is electrically connected 15 to the Iead

el ectrodes @anghA Mol eh G Sst N, dhal ¢ Sf ¢gt%§he %%gH%cal sem conduct or chip,
br

wherein the epoxy resin conposition o 9iTReht i on is used as

the nolding resifs £0 t Makes it possible to manuf acture the
light enmitting di odee% |2§’?Es%bj%e‘5c to" T eSS PRI THSE R FhiherTe gt

s FZLS%SE&% tdrp” g%réQ?on%’%é%h.%e'w&r{%ﬂreﬁ eyh o nd 20
ects of rOV|ng e light resistance and the 25

wre breaﬁﬁg_ of h
heat resistance can e SAechi BV da na}?abFé pa@@PéHFarpﬁ i®.20 teaseSthe

optica se r_. device of the present invention is of the surface
nount ed typrgeq%or“rLa e OC]OIgﬁFﬁ ?rhetg‘ﬁtlﬁ%ﬂr dsémilesirdgs oprcifiparbastel sur f ace

of a substrate hayi Lead el ectrodes fornmed thereon, or a |ight
A E %Xa%ples o ge usable polyhydric alcohol %nplude

ethylene glycol, diethylene glycol, trimethylene glycol,
triethylene glycol, propylene glycol, 1,4-butanediol, and
1, 6-hexanediol. The pliability of the resulting epoxy

10 resin composition can be further improved by adding these
polyhydric alcohol or polycondensates thereof.

An optical semiconductor dev1ce of the present
invention comprises at least a pair of leéd élecﬁrodes, 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
resin. This constitution makes it possible to manufacture.
the light emitting diode that is subject to less decrease

20 in the light emission or reception efficiency due to
vellowing 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



5 emtting diode chip conprising an optical sem conductor that has a |ight
emtting layer made of a nitride sem conductor that includes at |east In
and Ga and a main peak of em ssion at a wavel ength of 550 nmor shorter. A
first nmethod for producing the fluorescent particles 10 of the present
invention is a nmethod for producing the,,fluorescent material by firing a

m xture of a stock material. and a flux, wherein the firing process
includes a first firing process of firing in a first reducing atnosphere
and a second firing process of firing in a 15 second reduci ng at nosphere,

whil e t he £54.st j tng&gﬂ weaker reduci ower than the
I e trk?edugﬁg‘caq he Q{O%mt t(f?a“flec%‘? aloﬁﬂa TarPEbsIth t he

second reduci ng atnosphere. uor escen

exci tationkj ; JYor £, ef ki g ent roducing the 20 fluorescent materi al
by this neghéghﬁfﬁptﬁ% %?rg%ﬁaeé%%gg?orn$98&ﬁgiﬁ@qﬁhém?@%oFé%dbhwﬂlm%teriaI
of the pr nt j.nventio {um num fluorj de can be used as the flux. In

t he firgtﬁﬁgihégn¥§%ﬂ%r3§£§¢%féka?¥uo?é%ﬁen?n Zshﬁatéﬁﬁﬂaﬁﬁ tHe pr esent
used as 1 RBFIE n LT B S35k SR Pt GBI (R Ao 1R | NS &
l'i quicd. %nt%.substan e including bariumfluoride and boric acid with a

li quid added tﬁgﬁétgl?geuégﬁqﬁs FygpR9 an optical semiconductor

that has a 1light emitting layer 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 fof producing the fluorescent particles

10 of the present invention is a method for producing the
fluorescent material by firing a mixture of a stock
material and a flux, wherein the firing process includes a
first firing process of. firing in a first reducing
atmosphere and a second firing process of firing in a

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

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

20 fluorescent material by this method.

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

In the first method for producing the fluorescent

25 material of the present invention, a substance including



5 variation in the chromaticity of the emtted |ight can be .suppressed. A
second nethod for producing the fluorescent material of the present
invention is a method for producing the fluorescent nmaterial by firing a
m xture. of a stock 10 material and a flux, wherein the flux includes
barium fluoride, boric acid and a liquigh This nethod can suppress the
variation in the chromaticity of the light emtted fromthe fl uorescent
mat eri al manufactured thereby. 15 According to the produci ng nethod, water
can be used as the liquid. According to the producing nmethod, Y203, Gd203
, Al203  apdrCefPrtaBrhecused: P Brigl;pescription of Drawings Fig., 1is a
schematic sectional view of an awﬁty%%lg??éhtBgm%ﬁﬁémf%?%%% g&%ﬁrﬂ?ng to
first enmboghiment -9k-.the ;prese i ntiop. .Fig.,2A is raph show ng the
vol ume- based 25Cdi§tribhti%n g%?égygcﬁhgﬁaggeefbBFcéﬁFiBgeéfapé%HPéﬂe 22
sizes) of the f{yoresc jal_of the first embodinent. Fig. 2B is a
%n&bsr?d%g{ ln?i‘ﬁ ut ¥ onEae fjd%%qllqeou%ﬁl‘gnbf)réquency

graph show ng the vol une-base distr
of particleg~;gsi . of the fluorescent material, of the first enbodinent. 5
p £cidl 288 OL ]{1 Ji adséjr%dr; LHBEKEEQed § nused as the flux,

Fig. 3Ais a schematic plan view
5 variation in the chromaticity of the emitted light can be
suppressed.

A second method for producing the fluorescent material
of the present invention is a method for producing the
fluorescent material by firing a mixture of a stock

10 material and a flux, wherein the flux includes barium
fluoride, boric acid and a liquid.

This method can suppress ~the wvariation in the
chromaticity of the 1light emitted from the fluoreScent.
material manufactured thereby.

15 According to the producing method, water can be used
as the liquid. |

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

and Ce0O, can be used.

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

present invention.

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

25 distribution curve (cumulative percentage of particle



m nmeograph printing in the producing nmethod of the first enbodinent. Fig.
3B is a schematic plan view showi ng an enlarged 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 enbodinent. Fig.
5 is a sectional view showing a part of ,3 package assenbly after curing of
alight transmtting resin applied 15 by the m neograph printing in the
produci ng nmethod of the first enbodinent. Fig. 6 is a schematic sectional
view of an SMD type light emitting diode according to second enbodi nent of

the presegi iayentiofe EP%E£SSCZ€%?ﬂ9t§£9a17§faé$eZ?f#%ﬁ?3$%%$f¥§ﬂghgrggg

processes of formng a light transmtting resin

o TFi g di ode Sedor ditng T Exeipl STEP0r 1R B RSenthes FAYBRETBASCSS
ased distribution curve (cumul ative

F;gduzﬁb;s%?zggl ut?%ﬁmg r%£$t¥§#§€§%§%jl%? t hESHYERF 8sceht P&t eiFaf of
CbnparatiW§izgg@qP%et&é Eﬁ&%gésgghlﬁngtggﬁgf gPogﬁngipgtvgmgg§§£§§€q
5 Fig. 3A 1s a schematic plan view of a mask used in
mimeograph printing in the producing method of the first
embodiment.

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

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

Fig. 5 is a sectional view showing a part of 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 1s a schematic sectional view of an SMD type
light emitting diode according to second embodiment of the
present invention.

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

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

25 invention.



di stribution curve (distribution of particle size) of the fluorescent

mat eri al of Conparative Exanple 1. Fig. 10A is a schematic sectional view
of alanmp type Ilight. emtting diode according to Exanple 9 of the present
10 invention. Fig. 10B is an enlarged view of a portion in the dashed
circle in Fig. 10A. Fig. 11A is a graph showing light transm ssion ratio

of epoxy resin conposition before Iight resistance test. 15 Fig. 11Bis a
graph showing light transm ssion ratio of epoxy resin conposition after
light resistance test. Fig. 12A is a graph showi ng light transm ssion

rati o of epoxy regin cgposist i b I ity._t Fig., 12B
is a graph shomﬁng | i ght trgnsg?55|§%'ratlgﬁg§% § gﬁﬁky V8 uWeCBﬁﬁg§ition
after thergebtsighthbhy é@ﬁﬁe Flnud di$ed 9£§§Q%§$§]‘é“ %r%tg{q'?at Lon in

the output intensity of a light emtting dio

conposi ti agikh l,diyng, & & I d iLn_s I|fe test at a
nor mal teg%%ra%%rg ngg |Q) gﬁ@ fﬁﬁgigp 8o v%ﬁingBﬁr?ﬁlVﬁe

out put 24 Ek£ﬁ£ﬂé'iy of a light emtting diode u5|ng epoxy resin
conposition. as the nolding resin, nmeasured in a high tenperature and high

hum dgty life t . Figg 15_.is a graph. sho t he varlatlon inthe 5
vi scosity of ep§§ resin cgﬁpo§1tlgﬁ m$%gl volume-based

distribution curve (distribution of particle size) of the
fluqrescent'material of Comparative Example 1.
Fig. 10A is a schematic sectional view of a lamp type
light emitting diode according to Example 9 of the present
10 invention.
Fig. 10B 1is an enlarged view of a portion in the
dashed circle in Fig. 10A.
Fig. 11A is a graph showing light trénsmission ratio
of epoxy resin composition before light resistance test.
15 Fig. 11B is a graph showing light transmission ratio
of epoxy resin composition after light fesistance test.
Fig. 12A is a graph showing light transmission ratio
of epoxy resin composition before thermal stability test.
Fig. 12B is a graph showing light transmissioﬁ_ratio
20 of epoxy resin composition after thermal stability test.
Fig. 13 is a graph showing the variation in the output
intensity of a light emitting diode using epoxy resin
composition as the molding resin, measured in service life

test at a normal temperature.

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



Best Mbde for Carrying Qut the Invention Now preferred enbodi nents of the
present invention wll be described belowwth reference to the
acconpanying 10 draw ngs. Enmbodinment 1 Alight emtting diode of the first
enbodi ment is of surface nounted type (SMD) conprising a |light emtting

di ode 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 ment, 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 the netal

RS 1 i 0 gy BTGNS £ 2 S S

the nmounting area la of the package an

bondi ng, seamedwitiht hggli itting.resin 8 (for exanple, about 1
mm t hi ck over%@fhelLED cﬁip?ﬁgln%§%§§ﬁbghfegh?ttiWEF iR oft e priedent

invention, te25:416 8RO I esi ri.etary to the present application is 25
used as theesggfing reé%ﬁ g?ggnﬁh%ﬁglggéﬂﬂﬁé t&Stn i ncl udes a fluorescent

material (fluor nt terial particles) . dispersed therein that converts
the |ight emttg?f%gy %ﬁg l%i Ght 967PEt i RGCHiLBEe LRED)Vahiation o iri glheof

diffesent §iuaxeleqoph and,.gmits;this Light, thus providing the following
Best Mode for Carrying Out the Invention
Now preferred embodiments of the present inventioén
will be described below with reference to the accompanying
10 drawings.
Embodiment 1
A light emitting diode of the first embodiment is of
.surface mounted type. (SMD) comprising a iight emitting
diode chip (LED chip) 5 sealed in a package with a 1light
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
metal base 2 for making a mounting area la. The LED chip 5
20 is die-bonded in the mounting area la of the packége and is,
after wiring is made by wire bonding, sealed with the light
transmitting resin 8 (for example, about 1 mm thick over
the LED chip).
In the light emitting diode of the present invention,

25 the epoxy resin proprietary to the present application is



First, light resistance and heat resistance are inproved by using the
light transmtting sealing resin '8 conprising the epoxy resin conposition
that can be cured i0 with a smaller anount of the cation curing agent
because crosslinked oligomer is formed through the reaction of alicyclic
epoxy resin and acid anhydride or dicarbexylic acid. Second, output power
and | um nance of light emssion 15 are greatly inproved by controlling the
particle sizes of the fluorescent material (wavel ength converting
substance) that is dispersed in the light transmtting resin in the

specific pasédcie shaesdisihbbpiion of Lhe EBSSQQE%iB%OQEEHn%nG\?PNOW the

constitution the light emtting diode of the firs i nen

described in W. a t hIS nbodi ,
net al baseéZ %fﬂcféhéesCtég{afkggggrrg%ﬁagg%&ﬁ%%%t %enr}&rre AI-“Shéet Eﬁr?ﬁi?ﬁuti ng

a 25 posi heet 2b.co stlt
negatlee t%&%ﬁ%éfqugﬁgggggbgﬁ{ ed £o gg%ﬁg %1 gi?%gaﬁml agéﬂinﬁh?e5|n 4
and connec to i ctr 5a and ne at ve electrode 5b of
the LED chjilg&l, reg%gggﬂgvecﬁ LS tlﬁ%an R %1 Fl gt ehbbeirRRht
LED ofi p 5,45 £l 5800t Wifeg dig bonding resiy u% L2 LIS A Pt

t he

following features.

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

10 with a smaller amount of the cation curing ageﬁt because
crosslinked oligomer is formed through the reaction of
alicyclic’ gpoxy resin and acid anhydride or dicarboxylic
acid.

Second, output power and luminance of light emission

15 are greatly improved by controlling the particle sizes of
the fluorescent material (wavelength converting substance)
that is dispersed in the 1light transmitting resin in the
specific particle size distribution of the present
invention.

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

According to this embodiment, the metal base 2 of the
package is made of a thin metal sheet 2a constituting a

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



According to the present invention, however, the LED chip 5 may also be

‘di e-bonded onto the other thin netal film2A or over both the thin netal
film2a and the thin netal film- 10 2b. <LED chip 5> Since the |ight
emtting diode of the first enbodinent is constituted so as to convert the
wavel ength of a part or all of the light emtted by the LED chip 5, the
LED chip 5 15 is nmade in such a constitution that emts |ight of

wavel ength that can excite the fluorescent material. Wiile various

sem conductors such as ZnSe and GaN can be used for the LED chip 5,

accordi ng doydhe,Pr esent JLpvention_the .LED chip 5 preferably uses a
nitride seﬁ?%onductor (IRéZI3%§¥g,igg0kVMFkﬁf<£§,EﬁRQ‘Y?t&?K Yith ) agapabl e
of emttingdight;0 t velength that can efficiently excite the

f1 uorescent nateri ac‘f _reﬁ:{e}r‘l L?E\I@é%i%or%’%%%e hbﬁ?gﬂﬁ?“%ﬁf?t?ﬁ%ﬁé@@? fade of

I nxGal_XN X S mnerein  wavel ength of the emtted |ight can be
changed Waﬁrﬁ;} :a ;& 25 tahge eﬁ%‘rﬁ%%‘lgu %g ﬁh?tIOE%S@“%Fn%y ehsrethgvehe, m xed
27 cryst%hjgpqEQ§%;Lpn. While the LED chip 5 nay be constituted in either

honoj uncti on structure, heterojunction structure or doubl e heterojunction

structure that h MS junction, PIN junction or pn junction 5 according
a i \a/%’h i gﬁ%sgt erROGIBeRE abFBet HEDeghlicy Sdoubl & drev@nd¢dnct i on

to the present i'n .
structure 1hat 2l QW 30y resin 6 onto the thin metal film 2b.
According to the present invention, however, the LED chip 5
may also be die-bonded onto the other thin metal film 24,

or over both the thin metal film 2a and the thin metal film

10 2b.
<LED chip 5>
Since the_light enitting diode of the first embodiment
is consﬁituted SO as to convert the wavelength bf a part or
all of the light emitted by the LED chip 5, the LED chip 5
15 is made in such a constitution that emits light of
wavelength that can excite the fluorescent material. While
various semiconductors such as ZnSe and GaN can be used for
the LED chip 5, according to the present invention the LED
chip 5 preferably uses a nitride semiconductor (InAl,Ga,,
20 N, 0= X, 0=Y, X+ Y = 1) capable of emitting light of
short wavelength that «can efficiently ekcite the
fluorescent materizl. The LED chip 5 has the light
emitting layer made of InGa, N (0 < X < 1), wherein
wavelength of the emitted light can be changed within a

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



em ssion with higher |um nance. Wde selection of the wavel engths of |ight
em ssion is made possible by controlling the chem cal conposition and

m xed crystal 10 conposition of .the sem conductor that constitutes the
light emssion |layer (active layer). The active |layer nmay al so be nade
either in single quantum wel | structure,or multiple quantumwell| structure
including a thin filmthat includes quantumeffect. 15 Wen the LED chip 5
uses a nitride sem conductor, sapphire, spinel, SIiC, Si, ZnO or the like
can be used for the substrate, but it is preferable to use a sapphire

substrate i r to formthe nitrjde.sem conductor of good crystallinity
dﬂfsogadle d %lu%rflon. {?ﬁ HC‘

satisfactorily Th nass pro 2150 fiPeri 4E&Dsefhddndict aratarbde

formed on the sapphire substrate, MOCVD, process or the like. It is

pr ef er abl ectorisotsﬁg‘%ﬁ% buf F8r | ayertiiich asPeBRIUATREGR GaAl N O Tee,

- sapphire ?% strate and formthe nitride sem conductor |ayer having pn
€

junction LR U5 0k TEDCH IS Rivi Spke jhataiamnaiderofs tiuatiee 28
sen conduct or e nade i n double heterojunction structure ormn
d%LrTBﬁ/b Td doubl e het i ti t t by f g
the bufferyertdh thes sapphftionsubBENat uasdibor momg, ron thendiufdrer
layer, a first contact |ayer of n-type galliumnitride, a first cladding
| ayer’ of BEXSHE%I GRi iR gBFEFERT NItV icam atti Ve | ayefepfbl aditum
galliumnitride, a second cladding |ayer of p-type alum num
employ double heterojunction structure that allows light
emission with higher luminance. Wide selection of the
wavelengths of 1light emission is made possible by
controlling the chemical composition and mixed crystal

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

.be made either in single quantum well structure or multiple
quantum well structure including a thin film that includes
quantum effect.

15 When the LED chip 5 uses a nitride semiconductor,
sapphire, spinel, SiC, Si, ZnO or the like can be used for
the substrate, but it is preferable to use a sapphire
substrate in order to form the nitride semiconductor of
good crystallinity satisfactorily in mass production. The

20 nitride semiconductor can be formed on the sapphire
substrate by MOCVD process or the like. It is preferable
Lo form a buffer layer such as GaN, AIN or GaRlN on the
sapphire substrate and form the nitride semiconductor layer

having pn junction thereon.

25 The LED chip having pn Jjunction made of nitride



galliumnitride and a second contact |ayer of p-type galliumnitride
successively in the order. Wiile the nitride sem conductor shows n-type 10
conductivity when not doped with an inpurity, Si, G, Se, Te, Cor the
like is preferably introduced as an n-type dopant in order to formthe
desired n-type nitride sem conductor ang Zn, My, Be, Ca, Sr, Ba or the
like is preferably added as a p-type dopant in order to formthe p 15 type
nitride sem conductor. Since it is difficult to turn the nitride

sem conductor into p-type sinply by doping with a p-type dopant, it is

pref er abl esdnp dagdgass reghstancge b eatj ng i;n furnace, by plasma
irradiation or the Iike af err}f}ntr%)ﬁﬁj%indl hed89$§8e &ﬁﬁﬁﬁq Yhe LED

chip 5 20 4sipg-dhe pitri i copdu can .be nmanufactured by formng
the nitride senicondugiorgﬁggggg gﬁ f%@%f%%t€@ﬁ6ra ORaf BRehaAARRLTE

or Ger ' 1o RAIE THe T B STy 4 oo of Ther 1 25 i ¢

he LED RIS Wi § AT B0 | dhpb TP o b6 Am o 336 eAcGons igaiest i of
Fuorecconl Wabert A SN (461 REG PG CpI 89Nt it RECEVE Ry oty aforimebiomy 1 esi
from bei ng. deterl orating, dllg.q Wavelengtn 1s more preferably set within

gallium nitride and a second contact layer of p-type
gallium nitride successively in the order.
While the nitride semiconductor shows n-type
10 conductivity when not doped with an impurity, Si, Ge, Se,
Te, C or the like 1is preferably introduced as an n-type
~dopant in order to form the desired _n—type' nitride.
semicoﬂductor and Zn, Mg, Be, Cé, Sr, Ba or the iike is
preferably added as a p-type dopant in order to form the p-
15 type nitride semiconductor. Since it is difficult to turn
the nitride semiconductor into p—type simply by doping with
a p-type dopant, it is preferable to decreaée resistance by
heating in a furnace, by plasma irradiation or the like
after introducing the p-type dopant. Thus the LED chip 5
20 using the nitride semiconductor can be manufactured by
forming the nitride semiconductor layers and then cutting a
wafer having electrodes formed at predetermined positions
into individual chips.
In order to have the light emitting diode of the first

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



nmto 490 nm In order to inprove the efficiency of emtting light of the
LED chip itself and the efficiency of emtting |ight by the excitation of
the fluorescent 10 nmaterial, it is nore preferable to set the wavel ength of
light emtted by the LED chip 5 within a range from450 nm to 475 nm The
present invention can also be applied t@an LED chip that emts light in
ultraviolet region of a wavelength shorter than 400 nm by choosing the
type of 15 fluorescent material. Since the nitride sem conductor

LED chip

based on the insulating substrate such as sapphire or spinel has the

type and nweypkerbelct rocfdesi@ntrr@hiazrtetctlebgenér@nﬂ%t o, i Sukfacs.,side
el ectrodes are forned in a desired shape it

0 on the p-type Sem conduc

layer and taege-tfpen @0 cenduebor skayegy by; Spyldarig., Mapor epg}s_lie

or the

| i ke after etching the p-type sem conductor SO as 16 eRpos

n-type senteDaguehonipWencbighbabs taxls ached fram the seni conductor
the el ectrode formed al most a?l 0 TRhe 4f¥ﬁ %ﬁetﬁég%ttﬁﬁégked

over 25 the sSurtace

semi conduchPr chay of 1 dRen s r@cdl i oliq t kansmdLd ng el ectr ode
n

consisting of a thin metal film <Ff Uorescent subst

> BERYET cthp

of the fl uprgesee i i 5..S al,_ t.i_me at_ of the liquidres
EseePLaMBhEr Bhgl SesPnSEYR belnq,eq? eriorating candi ghe

before curing. Viscosity of a thernosetting

15

20

25

wavelength is more preferably set within a range from 420
nm to 490 nm. In order to improve the efficiency of
emitting light of the LED chip itself and the efficiency of
emitting 1light by the excitation of the fluorescent
material, it is more preferable to set the wavelength of
light emitted by the LED chip 5 within a range from 450 nm
to 475 nm. The p:esent invention can also be applied to an
LED chip that emits light .in ultraviolet region of a
wavelength shorter than 400 nm, by choosing the type of
fluorescent material.

Since the nitride semiconductor LED chip based on the

insulating substrate such as sapphire or spinel has the p-

p_

t he
or
tion
t he

si de,

avity
in
ably

type and n-type electrodes formed on the semiconductor

surface side, the électrodes are formed in a desired shape
on the p-type semiconductor layer and the n-type
semiconductor layer by sputtering, vapor deposition or the
like after etching the p-type semiconductor so as to expose
the n-type semiconductor. When light is extracted from the
semiconductor side, the electrode formed almost all over

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



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, nost of the fluorescent 10 material included in the resinis
concentrated around the LED chip and sedinment. Since the concentrated
particles of the fluorescent material sgginent one on another around the
LED chip 5, only the fluorescent material particles |ocated near the 15
LED chip surface can efficiently absorb light emtted by the LED chip.
Thus many of the fluorescent material particles do not fully performthe

wavel engt higgayerd  Nos fungtd ony only to, attenuate the |ight energy
by bl ocki ngorhe 1R mr Ak of \l‘%\g&gl%g%gt RoNsdSheBr donver (a0 Mk adhe

ot her fluogesgent material particles. This results in a decrease in the
out put power of the light emtting diode. To avoid such a problem the

present inyention Lo h fluorescent material having a particul ar
particle 25 stesgggtr¥ Bf?gﬁcgg t he wavel ength converting function of 31

all fluorescent o1 al rti.cles n he fully nade use of, thereby to
i mprove the out%ﬁ?gggggr anyﬁ§y|i3 t éﬁh?tiﬁ Hogederent Speetrertall yist he

erbod mont “ERRE bt o BT a Hibup bof WIorndsti  paii] beforel argeipart i ol
size 81 Viscosity of a thermosetting resin decreases considerabl
y
when heated to cure. As a result, when a liquid resin
including a fluorescent material is applied to cover an LED
chip and 1is heated to cure, most of the fluorescent
10 material included in the resin is concentrated around the
LED chip and sediment.
Since the concentrated particles of the fluorescent
material sediment one on another around thé LED chip 5,
only the fluorescent material particles located near the
15 LED chip surface can efficiently absorb light emitted by
the LED chip. Thus many of the fluorescent material
particles do not fully perform the wavelength converting
function but act only to attenuate the light energy by
blocking the light of which wavelength has been converted
20 by the other fluorescent material particles. This results
in a decrease in the output power of the light emitting
diode.
To avoid such a problem, the present invention employs

such a fluorescent material having a particular particle

25 size distribution as the wavelength converting function of



(first part of distribution) and a group of fluorescent particles of small
particle size 82 (second part of distribution), while there is a region
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, thesfluorescent material of such a
particle size distribution is used to prevent the formation of
precipitation that has adverse 15 effect on the optical perfornmance and
prevent irregular color of the emtted |ight fromoccurring. Fig. 2A and

Fig. 2B shawmelgrmsdased, MHstirdbyid,an ve Qf .the fluorescent material
used in the first enbodi nent, Fli g. ngé eclcl;%s tchag1 bc%%hﬁlaﬁx \F@dg?er%seent%e

di stri but iteR @bt he, pagtiche shze ig. 2 ing.distribution
frequency of théxpartic1e sigeg.%iéggﬁgaﬁﬁf%:ﬁ?g.ggﬁ,qﬁﬂ T | 9o dsideht
materi al usedd N the present invention consists of particles of sizes

di stributed as shown by the vol une-based distribution curve 25 that has a
where' i nel i nat Foncar the ddrverts £ DG SR B ai wogheRd (it e A
o The. dFaP PRt o T n e s CubEtant 5 FyPRORHRbh bsEeRE LSS smattord al | In
the firStg?gggdkﬂ?nklugpgségggr%%%%Téﬂggtégl%grgg particle size 81
(first part of distribution) and a group of fluorescent
particles of small particle size 82 (second part of
distribution), while there is a region between the first
i0 part and the second part of the particle size distribution
where substantially no fluorescent material exists.

. According to the preSent invention, the fluorescent
material of such & particle size distribution is used to
prevent the formation of precipitation that has adverse

15 effect on the optical performance and prevent irregular
color of the emitted light from occurring. Fig. 2A and Fig.
2B show volume-based distribution curve of the fluorescent
material used in the first embodiment, Fig. 2A being the
cumulative percentage distribution of the particle sizes

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

As shown in Fig. 2A, the fluorescent material used in
the present invention consists of particles of sizes

distributed as shown by the volume-based distribution curve

25 that has a flat region between the cumulative percentage of



smal | particle size 82 accounts for 0.01 vol %to 10 vol % of the total

vol ume of fluorescent material, while the fluorescent particles of |arge
particle size 81 accounts 10 for 90 vol % or nore of the total vol une of
fluorescent material. According to the present invention, the fluorescent
particles of small particle size preferaply accounts for 0.01 vol%to 5
vol % of the total volunme of fluorescent material. Including the
fluorescent particles 15 of small particle size in such a snmall anount
makes it possible to disperse the fluorescent material in the resin so as

not to bl ogkothgolii ghte@m bt ed1bys t xg LED; ghi the fl.uorescent .
particles of large particle size while gpﬁgvgg??ﬁgoPrfﬁgdﬁhr Tot6T from

occurring.z200!1t isnakse preler abladhat. il pealc diameler, of Lhe, particle

size distribution of the fluorescent par es “of Ze 81

[ it hi - 20, | k_di t f the ticl
iz i St Ty bUeT on ol T he® ot cSCent LSt PEf ba 0F SRl FeRaRt B ECspEo 02.

size distribution o scent “part

25 When t hg, L woy; f_particles have such a large 33 difference in
particle sizerF%ﬁggﬁﬁﬁ é”%os?#%ﬁ% tosnaié§5§?ﬁ%l of*%t helFRReEFBRAE of
the tyo ggg?@érg% fluorescent material particles (the fluorescent
particles of sma }' particle size 82 mainly scatter light, and the

fluorescent 5 ticles.of . large particle size 81 mainly convert the
wavel engt h) . PRI EGE 2105 @ odgment, the fluorescent particles of

small particle size 82 accounts for 0.01 vol % to 10 vol %
of the total volume of fluorescent material, while the
fluorescent particles of large particle size 81 accounts

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

15 of small particle size in such a small amount makes it
possible to disperse the fluorescent material in the resin
SO0 as not to block the light emitted by the LED chip and
the fluorescent particles of large particle size while
preventing irregular color from occurring.

20 It 1is 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



The fluorescent particles of small particle size 82 has |ower efficiency
of wavel ength conversion, but can reflect and scatter |ight thereby
preventing irregular 10 color of the emtted light. Therefore, the
fluorescent particles of small particle size is preferably dispersed in
the light transmtting resin instead of pfecipitating around the LED chip.
The fluorescent particles of small particle size used 15 in the present
invention are prepared in a very small anmount with the particle sizes

t hereof being far smaller than those of the fluorescent particles of |arge

particle 8izZeerdhis 45]qM§r{951éh§iEE9th?n1%t52%53#3%§6E§¥£&gygg§kﬁn t he

fluorescent particles of small particle size favo

light transgiiti,8g8 KeSkR tdcl g Sizes of the fluorescent particles of
smal | particle size 82 aFe@Qgﬁgﬁéfh f%ﬁmf?%i%w% PaRYRS PEMOUSTESCENS g m

This makesyzid popsi ev t fluorescent particles of snal
particle si Ze from p%%}bﬁeg%i ngﬂﬁiend e THE Y und®a 9 e s250dcasmed 1 i ght
performed gf fectiyve Also f) uorescent. 3 particles of small particle
size 82 ofﬁpart%c¥eggfge§§ %g%#ibéﬁmgb‘V% %%égﬁy drecthbet Aleoraschet! i ght
transgntti oot not _yet.cured,. and therefore can be disposed
separat el y r%lﬁ?jf%% Pﬁio?gg ent® %H?g?esgjszeof Slareliphy t icoreegitzetBe.

Specificah&yvefggbgﬂyorescent material of the present invention consisting
of the )

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

10 color of the emitted light. Therefore, the fluorescent
particles of small particle size is preferably dispersed in
thg light tr;nsmitting' 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 very small
amount with the particle sizes thereof being far smaller
than those of the fluorescent particles of large particle
Size. This allows for the light emitting diode having the
fluorescent particles of small particle size favorably

20 dispersed in the light transmitting resin. Particle sizes

.0f the fluorescent particles of small particle size 82 are
preferably within a range from 0.2 to 1.5 rm. 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



-fluorescent particles of large particle size 81 and the fluorescent
particles of small particle size 82 exists in such a state in the |ight
transmtting resin that covers 10 the LED chip 5 as the fl uorescent
particles of large particle size 81 are |ocated near the LED chip 5 and
the fluorescent particles of small partggle size 82 are dispersed
substantially uniformy in the surrounding thereof. O the fluorescent
material dispersed in this 15 state, the fluorescent particles of |arge
particle size 81 function to convert the wavelength of the light emtted

by the LEDaciiigl®sandft henmdl voneseent; pardii gl egof article size 82
| ocated in the surrounding thereof work to]'refIéctofFig%qEﬁkf?ruﬁ¥ﬂﬁf to

prevent irdegdrdbeedl oabefvet hen 2@ 1 't&ﬁqﬁyi Q%. The .fl uorescent. materia
of medium particle size may al so bgmi ncl u elégt aétte havé a §§k ofljrﬁﬂtti cle

size di st rirbulsiQnr tahgd R id CLeasi 2g D ep those of the fluorescent
particles of small particle si ze 82 ande%ﬁg ggkfVﬂ%?%gceﬁ?dpéﬂﬁ§ﬁ§9¥Qﬁ

| arge particehe 1= zg; dg i pfficult f.or e fluorescent particles
of large particle é?%%?to g%%%?%tg%g é%%@%r?h%l%TPﬂEeFFﬁﬁF PG e cles

convest ed. orThe fJasescent. pariickes of 1 arge. ticle size 81 has a

| arger surface aFLaqgnd thé?e?%%é ?Eére ?%e%%ﬁﬁg%%¥¥doﬁh%fQQWQHﬂﬁCqmﬁu is
ar :
en

GF;L?gLF?ygxghg%gglL%#gggZ%fn$ﬂggé§éEﬂin& éigéeséoggiggggéero%hiihe
fldorescent particles of large particle size 81 and the
fluorescent particles of small particle size 82 exists -in
such a state in the light transmitting resin that covers

i0 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 substantially uniformly iﬁ .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
reflect the light thereby to prevent irregular color of the

20 emitted light.

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

25 fluorescent particles of large particle size 81. It is



particles of mediumparticle size are included along with the fluorescent

particles of large particle size 81 that have particle sizes smaller than
those of the fluorescent 10 particles of large particle size 81 and snaller
than those of the fluorescent particles of small particle size 82, so

that part of light that is not absorbed the fluorescent particles of

| arge particle size 81 is absorbed by the fluorescent particles of nedi um
particle size and converted 15 to different color. Through efficient color

conversion of the portion of light emtted by the LED chip and reflected

by the surfaees t flyores art es.of large particle size as
descri bed aboveCQTLt ?grna e pogggé? C?% Bﬁfﬁﬁﬁlﬁésﬁ%%dféﬁg%nﬁﬁréﬂﬁyemﬁth a
M ni mum anpy I scent mat er i d inprove the | um nance. The
medi an part?% ggs%%eo % fh ﬁfd%f?gieﬁ? pggﬁl&H&?QﬁtQm@$uﬁPnﬁartﬁdle si ze
is prefer fhin_a_r e fro times that of the fluorescent
particlesaP$ IargorSEF p§|§ar§ﬁ e§1O#nﬁ%?%ﬁePéFﬁbF9eOSBAQ)QﬂSha$nes

t her eof , m@ég makes it _possihle to efficiently absorb light reflected
on 36 the su??5c§d5fa?ﬁeaf GoPBEc éhesdtiecItde st Iargmpaptitien sfze and
convegt thf qgl er eof . In general, the efficiency of converting
mavelength of IlEﬁﬁ: beécomss HieGHed adt héapaet i ELvoskzeent thetebial

fl uorescent nate{lal is larger., The light emtting diode of the present
i nventi on R3" et n sukh SCBBRSFI tiitiondasficulty, such fluorescent

particles of medium particle size are included along with
the fluorescent particles of large particle size 81 that
have particle sizes smaller than those of the fluorescent
10 particles of large particle size 81 and smaller than those
of the fluorescent particles of small particle size 82, so
that part pf light that is not absorbed by the fluorescent
particles of large partiéle size 81 1is absorbed by the
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
obtain desired chromaticity with a minimum amount of
20 fluorescent material and improve the luminance. The median
particle size of the fluorescent particles of medium
particle size is preferably within a range from 0.3 to 0.9
times that of the fluorescent particles of large particle
size 81, more preferably 0.5 to 0.8 times thereof, which

25 makes it possible to efficiently absorb light reflected on



all light emtted by the LED chip 5 is efficiently absorbed and converted
by the fluorescent particles of large particle size 81, by designing the
particle size 10 distribution of the fluorescent particles of |arge
size 81 as described |later so that the fluorescent particles of
| arge particle size 81-will not be dispoged one on another around the LED
chip 5. Since the fluorescent particles of large particle size 15 81
having | arger particle sizes anong the fluorescent material particles of

particle

the present invention are distributed as shomn in Fig. 4A and Fig. 4B,

particles haedkyrrREECHRI t t as, the particles are in
z RERCLR! AL 4 SN & o1 & 29 (e, pay

cont act

can be guided not only to

with each other, but are preC|p|t

di st ances §£9g1§§ghcgﬁpg£t ﬁﬁ ?ggule g emtted by the LED chip 5
F articles of large particle size

UOFESCEH

81 that are IoggtggngggiftghghgkaD ggég ngut also to all the

fluorescent partic
fl uoresceni; £
light thereb |ncreaS|ng t'he? 157ght “8bs

es of farge part genvest EBHsééMéhﬁngthnﬁfe
erbgl %rtl es can 37 33 trlbute to the conversion of

conveg si ong, @%E%géﬁ n9fLhe,entire fluorescent material. In order to

obt ai n deS|re

i FPEFEFEE endy z8nd afavetbagt h

t he

BrA§ P8rfaFéfabl e

gfﬁaltﬁé %F?q%%resééﬁt%ﬁﬂhﬁl%ﬂltﬁ‘mmedppder art

of whi ch Q@ft{gée |ze are n loRroperly controlled, it is necessary to

10

15

20

25

1s made in such a constitution as
all light emitted by the LED chip 5 is efficiently absorbed
and converted by the fluorescent particles of large
particle size 81, by designing the particle size
distribution of the fluorescent particles of large particlé
size 81 as described later so that the fluorescent
particles of large particle size 81 -will not be disposed
one on another around the LED chip 5. | |
Since the fluorescent particles of large particle size
81 having larger particle sizes among the fluorescent
material particles of the present invention are distributed
as shown in Fig. 4A and Fig. 4B, the particles hardly
precipitate in such a state as the particles are in contact
with each other, but are precipitated while keeping
favorable distances from each other. As a result, 1light
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.

Consequently, more fluorescent material particles can



include a | arge anmount of the fluorescent material in the resin. Since
this leads to thicker layer of fluorescent naterial with the particles
pil ed up one on another, 10 proportion of the fluorescent naterial
particles that do not contribute to the |ight conversion increases and the
fluorescent material particles that do ngt contribute to the |ight
conversion block the light. Thus light extraction ratio has been | ow and
hi gh | um nance could not 15 be achieved with the fluorescent material of
the prior art. Wen the fluorescent particles of |arge particle size 81

havi ng t he-gman ighesjze article sjz di stripution properly
control l ed are &gggiagbié§%iecgﬁg%%%§08iﬁgénk%%ﬁ# %P@E&EW1i{?CB?a§h%9

fl uorescent,pafiighe ~2Q:lar article size 81 to precipitate densely
one on ané?ﬁe¥£?§£lgﬁg%6%?ﬁ§? t é@@{h%?%%csﬁg PEMELEPSS PorConY S iprar ti cl e

size 81 ¢ ol r r parsely than in the prior art. Accordingly,
because t%(raf%?csl'fgan ecﬁﬁ:'(tjc\/\k/{e:g;ne‘%etzlg% %%%?%%%%?ﬁ Tatrisl- particle and the
light emitting 25 surface can be made rel atively shorter, light of which 38
wavel engt h has eeﬁﬂ%%%SerE%d CBh bR effracedd ﬁégﬁﬁe bout sisderanhi tlee

mai ntai ni ng hi gh 1 ur 'Q%nﬁe?mjihog{ bei ng _absor bed Qy the resin. Basic
concept of controlTing the" partidi e*BPst?i R i B8Rt ®Tof whhehf |rforescent
particles qf | ar ge part%cle si ze, 81 accordiq? to the present invention has
been descritéd apdfe Ot Properly controlled, it is necessary to

include a large amount of the fluorescent material in the
resin. Since this leads to thicker layer of fluorescert
material with the particles piled up one on another,
10 Pproportion of the fluorescent material particles that do
not contribute to the light conversion increases and the
fluorescent material particles that do not contribute to
the 1light conversion block the light.. Thus li.ght
extraction ratio has been low and hiéh luminance could not
15 be achieved with the fluorescent material of the prior art.
When the fluorescent particles of large particle size 81
having the mean particle size and the particle size
distribution properly controlled are used as in the present
.invention, probability of the fluorescent particles of
20 large particle size 81 to precipitate densely one on
another is low so that the fluorescent particles of large
particle size 81 can be dispersed more sparsely than in the
prior art. Accordingly, because the distance between each
fluorescent material particle and the light emitting

25 surface can be made relatively shorter, light of which



According to the present invention, as described above, the light emtting
di ode of high lum nance and hi gh output power can be achieved by using the
fluorescent material 10 consisting of the fluorescent particles of |arge
particle size 81 and the fluorescent particles of small particle size 82
and nmaki ng the color conversion |layer nmeme fromthe fluorescent particles
of large particle size 81 disposed around the LED chip 5 at favorable

di stances fromeach 15 other in order to inprove the efficiency of
extracting the light to the outside, the Iight absorption ratio and the

light conveastdenethi cianchednn ebdekrtted | varesgent. Jmterial partigles
that do not contribute to the Iight conversion eff|C|ency particle” 20

sizes of thetéluerescend partdcdesief harge Rakbinghe s reppreferably
controlled within a range from 10 Jﬁ%to qgg u nln%bgg pﬁg g%a%ly E f 10 u

mto 50 u mavehamsty prefecaply from15 u mto 30 u m Fl uorescent
particles smaller t%an 10 u mand larger than the fluorescent 25 particles

of STal I parti cheest2e,A2oberdl | coReecipLLa! enand. 39, oL egipltate, densel y

mass in the liquid resin her eby ecreas

Fl uorgscent s i ¢l er m.an Iarger than the . fluorescent
particles of gﬁ%§|962§%§§ékh fkﬁgg %g%g I 'ghef T 8%t diftfencyL & o Spréci Pit at e

and pr oci pi4 8l £ fegsel VoA $85chL O 9.1 e3L0 han, those. | ar BSLa DB, a2 U
According to the present invention, as described above,
the light emitting diode of high luminance and high output
power can be achieved by using the fluorescent material
10 consisting of the fluorescent particles of large particle
size 81 and the fluorescent particles of small particle
size 82 and making the color conversion layer made from the
fluorescent particles of large particle size 81.disposed
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 1light absorption ratio and the
light conversion efficiency.
In order to fluorescent material particles that do not
contribute to the 1light conversion efficiency, particle
20 sizes of the fluorescent particles of large particle size
8l are preferably controlled within a range from 10 gm to
60 u m, more preferably from 10 gm to 50 gm and most
preferably from 15 pgm to 30 um. Fluorescent particleé
smaller than 10 x m and larger than the fluorescent

25 particles of small particle size 82 tend to precipitate and



produci ng process is controlled inproperly, the particles precipitate
densely in the liquid resin thereby decreasing the transmttance of |ight.
10 Particle sizes of the fluorescent particles of large particle size are
preferably uniformwhich nakes it possible to effectively prevent the
fluorescent particles of large particlegsize fromprecipitating densely.

St andard deviation of the particle size distribution of the 15 fl uorescent
particles of large particle size can be kept to w thin the desirable range
of 0.3 or lower without specific classifying operation, and can be further

control | echitecimhitlit@r degwrn by relsassithi capkonm (L heyi “é'@é‘#r?rs t?;(e}&?y
present application verified that fluorescent particles of 20 Targe

particle sdae-daying stradardadewationof O 13p; be nanufact ured by
classification). The present Cnvent i on anrovesﬁ%iggbutpugﬁﬁ§ﬁﬁsrﬁnqhe

l'ight em t4d.ng diode by using the flugrescent particles of large particle
si ze as déicribeéggb6€§a} %ﬁebyﬁ%$niﬁ$ziﬁb 55 Fﬂg bi-6¢RERg dathe T3gyht by

t he fl uoresGeMedmtari -1 ENe ani r..the .fluqgrescent particles of
e pﬁértﬂ_ﬂ 54%15 r‘g%; anl EHarf’t:Q_ct].e 5ize %rrzelﬁbarvaeolrgl%that

| arge particle size used in the present ‘invention’i's p _
range of exaltarion vkl engthe= 8 A B0 B bTarEhor 62BFeLHe 1 ut cent
material GRSl Pt S ofn t DRAL! YRLRRCNL ATt gl es 9f arge particle
producing process is controlled improperly, the particles
precipitate densely in the liquid resin thereby decreasing
the transmittance of light.

10 Particle sizes of the fluorescent particles of large
particle size are preferably uniform which makes it
possible to effectively prevent the fluorescent particles
of large Dparticle size from pfecipitating dehsely.
Standard deviation of the particle size distribution of the

15 fluorescent particles of large particle size can be kept to
within the desirable range of 0.3 or lower without specific
classifying operation, and can be further controlled to
0.15 or lower by classification (the inventors of the
present application verified that fluorescent particles of

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

The present invention improves the output power of the
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



size 81 that have excellent optical characteristics (high 1ight absorption
rati o, high conversion efficiency and 'a w de range of excitation

wavel engt hs), light of other 10 wavel engths around the main enmtting

wavel ength of the LED chip can be satisfactorily converted to other

wavel ength and the light emtting di odescan be manufactured nore
preferably in mass production. As described above, since the light emtting
di ode of 15 the present invention uses the fluorescent material of the
above constitution, the fluorescent nmaterial particles can be separated

into the layeerhaVi Mgt hehé umrgticer sterscatieri-{igh f the, .
fluorescent particles of small particle a%izel%% %iéggﬁggaﬁ?onﬁélFéaion

apart fromsthe LERJChip thl0pt8sihe KESLAL t;ne [ nversion |ayer
made of the fluorescent par%ic?es of Iarggegaﬁ%¢ﬁ%§é§€é? J_O?ﬁegpﬁgtated

around then&kEDhebhpl oMt t b Eayver able distange ing _kept fram each other.
Thus the |ight enitti%g di ode 19of thgggﬁééeﬁfaPn§§H¥?6ﬁl Rp&hFECOPREHI tti ng

light of high 25,04t pHinpovet apd;bi umi papce uniformy without
irregular 41 color can be obtainled.9 %%t?%?%ygpggnaistribution of the

fluorgscent matggi alg wsad kn the ent-inyention is shown by the
vol ume- based distribution cur%é.lgaégvo:hné¥basg UGrefFepht i BAtehtdt is 5

acer: 1 ESOPALERS T BO EAGGN SheRptiaen oLt gLl pneerelt

size 81 that have excellent optical characteristics (high

light absorption ratio, high convéfsion efficiency and "a

wide range of excitation wavelengths), 1light of other

10 wavelengths around the main enitting wavelength of the LED

chip can be satisfactorily converted to other wavelength

and the light emitting diode can be manufactured more
preferably in mass production.

As described above, since the light emitting diode of

15 the present invention uses the fluorescent material of the

above constitution, the fluorescent material particles can

be separated into the layer having the function to scatter

light made of the fluorescent particles of small particle

size 82 dispersed in the region apart from the LED chip 5

20 in the resin and the color conversion layer made of the

fluorescent  particles of large particle size 81

precipitated around the LED chip 5 with favorable distances

being kept from each other. Thus the light emitting diode

of the presert invention capable of emitting light of high

N . . e
25 output power and high luminance uniformly without irregqular



met hod. Specifically, the fluorescent material is dispersed in a aqueous
sodi um hexanet aphosphat e sol ution having 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 from0.03
to 700 u min an atnosphere of 25C in t&nperature and 70%in humdity.
According to the present invention, nedian particle 15 size of the
fluorescent nmaterial refers to the particle size at which the cunulative
per cent age reaches 50 vol %in the vol une-based distribution curve, and

t hi s val uecbsorprefiebabbytuihbdn a range from 15 to 50 u in. It is also
preferable that the fluorescent material includes the 20 particles of this

medi an si ze wi t haathigb semeentbatinnriopr eferahl ¥116H0m:20% .50 ual;
(distribution frequency). - The light emtting di.ode having goog'contrast

with irreggkarigokore %ﬁﬁﬂkﬁﬁﬁ@ﬁhﬁﬁﬂ:@ﬁlOpéabﬂggnb% U$HBIvHR &ggkﬁﬁcent
mat eri al nade up of particles having less 25 variation in size

descri bed abeveinAZiofhksris. be@ﬁusgolW%F—%a%Q% EEEQE%%B%lgnp%E&J l%s of

large particle size 81 are nore probable to cause i1 rregular olor than
smal | er fluprpscen! f@iout ah PRAL dasy; grading, tﬂ%éél%%f%h%en Pl ol es
of large particle size 81 to 5 decrease t varrations in the particie size

i mproves theuotEse@HEAM G 0r copPaned 10 & ;G358 Qf Jgreat er s\é%rtlt%trllons

method. Specifically, the fluorescent material _ is

dispersed in a aqueous sodium hexametaphosphate solution

having a concentration of 0.05% and the particle size

10 distribution is méasured with a laser diffraction particle

size distribution measuring instrument (SALD-20004A) over a

range from 0.03 to 700 g m in an atmosphere of 25°C in
.temperature. and 70% in humidity. |

According to the present invention, median particle

15 size of the fluorescent material refers to the particle

size at which the cumulative percentage reaches 50 vol $ in

the wvolume-based distribution ' curve, and this value 1is

preferably within a range from 15 to 50 um. It is also

preferable that the fluorescent material includes the

20 particles of this median size with a high concentration,

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

The 1light emitting diode having good contrast with

irregular color suppressed can be obtained by using the

fluorescent material made up of particles having less

25 variation in size as described above.



In-the light emtting diode of the present invention, the fluorescent
material is preferably based on the yttrium alum num oxi de fl uorescent
material activated with cerium 10 that can emt |ight by absorbing the
light emtted by the sem conductor LED chip having the |ight em ssion | aver
made of a nitride sem conductor. The ytaori um al um num oxi de fl uorescent
material may be YALQ,: Ce, Y3A15012: Ce (YAG Ce), Y,Al1201: Ce or a -

m xture of 15 these materials. The yttrium al um num oxi de fl uorescent
material with Ba, Sr, My, Ca and/or Zn included therein may also be used.

Si may al so be Tntkuded bocsuppsr essmitike tH@aQtlhePeQE?HEO‘%@a{}%f&}’ al,¢so as

to obtain the fluorescent material particles of uniform'sizes. 'n this

speci ficatlangetberyltréust ad upl ngpe oxbde pELYoLescent ri activated
with Ce is to be understood in a broad se%se 0 ?hggv\%?gggo&gge?%%&?ﬁcl ude

the fol |l owtdgorf LHaREeSEENY cPBt@IA S5 dl) Y. I m num oxide_ .
fluorescent material wth 25 Lpz;lrt or all ya%gtérﬂllﬂ g%%gr?%l%e?%g ghBgtrfut ed

with at |easé 43 .00 ed . frgm.t he ou onsi sting_of Lu, Sc,
La, cd and Sm (2) ytt(%rﬁd%eﬁéfﬁ%gg%n oafdgoflf%orgé‘céggfﬁatseﬁ%l i t RO part

o el HRRE B BRIt AR BT
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 semiconductor.

The yttrium aluminum oxide fluorescent matefial may be.
YA1O,: 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 suppresé the
reaction of growing crystal so as to obtain the fluorescent
material particles of uniform sizes.

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

(1) yttrium aluminum oxide fluorescent material with

25 part or &all vyttrium atoms being substituted with at least



- (3) yttrium alum num oxi de fluorescent material with part or all yttrium
atons being substituted with at |east one elenent selected fromthe group
consisting of Lu, Sc, 10 La, Gd and Sm and part or all alum num atons bei ng
substituted with at | east one elenent selected fromthe group consisting
of Ba, Tl, Ga and In. Mre specifically,sthe fluorescent material is a

phot ol um nescent fluorescent particles represented by 15 general formula
(YZ&d; _2),AI50L2: Ce (0 < Z 1) or a photolum nescent fluorescent particles
represented by general fornula (Rel _aSma) 3Re' 50i2 : Ce (0 <a<1 0<b
1, Re is atnéeastnene e S r d S¢ _and Re'
is at | east one eIenentbggﬁggsegﬁﬁﬁéﬁ?%%nﬁgbagnQ%PSlégigﬁdqﬁﬂ Y ThaCr
fluorescenty ratgrigh,sHdue to its garnet structure, has high resistance
agai nst heat, light and water, and has an excitation spectrum peaking at

around 450 nm a el [ S w th peak em ssion at around
580 nm and 25 p§||¥2593g”to AH% %ﬁgé E& Pgﬁé§°8F &5ai e =3 onebi ssi on

of the phq&gLun&ne§ entlakyggﬁs %g%s rtlcles i qﬂﬁgn W?veggggigﬁﬁgeglon

not shorter than 460 nm can rove
the cqyst ntent, i creased peak wavel ength of [|ight
S 191 phen X 58? %? E f% Véﬁgﬁ gﬁoﬁﬂdcpﬁéléﬁﬂpﬂeqéhﬁﬁgloﬁi/

emi ssi on shifts tOWArd onger
spectrum 59,4 1p,

(3) yttrium aluminum oxide fluorescent material with
part or all yttrium atoms being substituted with at least
one element selected from the group consisting of Lu, Sc,

10 La, Gd and Sm and part or éll aluminum atoms being
substituted with at least one element selected.from the
group consisting of Ba, Tl, Ga and In.

Moré specifically, the fluorescent material is a
photoluminescent fluorescent particles represented Dby

15 general formula (Y,Gd;;);Al.0,,: Ce (0 < 2z = 1) or

A1)

photoluminescent fluorescent particles represented Dby

general formula (Re, . Sm,),;Re’0,,: Ce (0

A

a < 1, 0 £ b

IA

1, Re is at least one element selected from among Y, Gs, La
and Sc and Re’ is at least one element selected from among
20 Al, Ga 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 a2 broad
emission spectrum with peak emission at around 580 nm and

25 tailing up to 700 nm.



shifts toward | onger wavel engths. This neans that em ssion

nore.reddi sh col or can be achieved by increasing the Gd con
Increasing the Gd content also 10 decreases the | um nance of
phot ol um nescence em ssion. The fluorescent material may al
Cu, Ag,. Au, Fe, C, Nd, Dy, Co, N, Tiédor Eu added thereto
The em ssion wavel ength also shifts toward shorter wavel eng
of Al atonms are substituted with Ga 15 in the yttrium al um
fluorescent material having a garnet structure. The em ssion
al so shifts tomaficlenger wavel enghfs tahena pakhieki¥pato
substituted with Gd.. When substituting a part of Y atons wt

of light of
tent.
bl ue
so include Tb,
as required.
ths when a part
num gar net
wavel engt h

fareé tne
&, it is 20

pr ef er abl ephotkbepi hbecPiOPOI id OB ntY B OHB-BAPSIht Ut £ g%é\peggn%flhi n

en the

10% and increase the Ce content (substitution) fromO0.03 to 1.

propor ti onr@§idh @é@n§héﬂ@§ﬁiﬁwé&d4@@tﬁmC@aﬁsbéeﬁﬁ%%@?%?éggbiﬁéfﬁﬂin

conponent

i ncreases and red conponent decreases

the decrease in the red conponent thereby to obtarn'the d

chromaticifycméd oyt gegkeasi;B¥ehhen bem e..Begause the |
phot ol unm nescent fludgescent pgr?icIégwﬁﬁ?ﬁﬁhégggﬁhﬁnaE%Hﬁgﬁ%iY?%ﬁrﬂas an

excel | ent

2 1§ﬂ§§£aua&%1%H@EﬁC%ﬁgf%ﬂ&’eﬂPﬁrég%REEEEE%yégééﬁP%Aigféo

emtting diode can be inproved. so t he use

10

15

20

25

shifts toward longer wavelengths. This means that emission
of light of more reddish color can be achieved by
increasing the Gd content. Increasing the Gd content also
decreases the luminance of blue photoluminescence emission.
The fluorescent material may also include Tb, Cu; Ag, Au,

Fe, Cr, Nd, Dy, Co, Ni, Ti or Eu added thereto as required.

The emission wavelength also shifts toward shorter |

wavelengths when a part of Al atoms are substituted with Ga
in the yttrium aluminum garnet fluoréscent material having

a garnet structure. The emission wavelength aléo shifts

toward longer wavelengths when a part of Y atoms are

substituted with Gd.
- When substituting a part of Y atoms with Gd, it is
preferable to keep the proportion of Y atoms substituted

with Gd within 10

oo

and increase the Ce content
(substitution) from 0.03 to 1.0. When the proportion.of Y
atoms substituted with Gd is less than 20%, green cémponent
incrgasés ahd red component decreases but this change  can

be compensated for by increasing the Ce content so as to

hange can?25 be
conpensat esli f Qigaap 1iiRGR@AST 0 the Cer¢epLent s@.as. {9 45 égn ggiatgsfor
Si



phot ol um nescent fluorescent particles that has been prepared to have nuch
red conponent makes it possible to nanufacture a light emtting diode
capable of emitting an 10 internediate col or such as pink. The

phot ol um nescent fluorescent particles described above can be manufactured
as follows. First, as the materials toqmke Y, Gd, Al and Ce, oxides
thereof or conpounds that can easily turn into such oxides are mxed 15 in
stoichionetrical proportions thereby to nmake the stock naterial.
Alternatively, a solution prepared by dissolving rare. earth netals of Y,

Gd and Ce tomstnkabkometr thal depreROEt KANSHEN A Ak H0kSHFO Lpitaped
with oxalic acid, the product of which is fifed to g%#%?% ghggéggc?éitated
20 oxi de nabesial . tiThe gopreLd pidiaisgh Oxd de, MLenial i § M L With
al um num oxi de to obtain a m xed stocklnﬁﬁgiaﬁsﬁ%%tniéfgkéggﬁnﬁhetﬁerd

st ock mat erwai nandef | uorigle- sueh a%héxﬂéﬁg@'1&M§A%F§égtgngﬁﬂéggéﬁgggride
fire

added thereto as a flux is put into a crucible an ature

Lo 2 SO, g SR R T TR LS

material is ground in water by using a bal

Rt A e = T T e S R

light emtting diode o present i'nvention,” 7 . .
f1uor esce%m?@fiﬁ?' €308y CoM a'kfé_t Wnp AP € klAr}g% O];:h%t t hsan g'lfumanum

garnet fluorescen
photoluminescent fluorescent particles that has been
prepared to have much red component makes it possible to.
‘manufacture a light emitting diode capable of emitting an
10 intermediate color such as pink.

The photoluminescent fluérescent particles described
above can be _manufactﬁred. as fOllows.' First, .as the
.ﬁaterials to make f, Gd, Al and Ce, oxides thereof or.
éompoundé that can easily'turn into such oxides are mixed

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

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

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

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



material activated with cerium and/ or other fluorescent nmaterial added
thereto. When two kinds of yttriumalum num garnet fluorescent 10 materi al.
havi ng di fferent proportions of 'Y being substituted with Gd are m xed,
light of. desired chromaticity can be obtained easily. Particularly when a
fluorescent material having higher propggion of substitution is used as
the fluorescent particles of large 15 particle size and a fl uorescent

mat eri al having |lower proportion of substitution or no substitution at al
is wused as the fluorescent particles of nediumparticle size, color

rendering peréQr ppnres ;and } : Lpproved .at the s tine. 20
<Light transmtting résinSi#Eggﬁpgﬁt%??aﬁgﬁ%?PFﬁb T 8 ﬁ?i rﬁéélby

applying avasebylobepuhitnd s piepated i maing o orgssiiked ol gorer

- obtained by reacting an epoxy resin containin

uhi o accouny eof 0k, 53DV el GF . OLo25. oIDLE pLThe epoxy resin, wi th an

aci d anhydride or 47 dicarboxylrc acrd €t o 1.5 mol. based on an
(b-Gbo0s o5, b3 K. *BrEPerBiFy o%8HE < o ottt atn Bt hacspony
cA 8l ot BB B e B 2 TRUOLLIG. B B2 8 Ll o (e, LEDEh P 0
or more kinds of yttrium aluminum garnet fluorescent
material activated with cerium and/or other fluorescent
material added thereto.
When two kinds'of yttrium aluminum garnet fluorescent
10 material having different proportions of | Y  being
substituted with Gd are mixed, ‘light - of. désired
'chromaticity'can be obtained easily.  Particularly when a
fluorescent material having higher proporfion of
substitﬁtion is used as the fluorescent particles of large
15 particle sizé and a fluorescent materiai having lower
proportion of substitution or no substitution at ail is
used as the fluo:eScent.particles of medium particle size,
color rendering performance and luminance can be improved
at the same time. |
20 <Light transmitting resin>
The light transmitting resin 8 is formed by applying a
solution, which is ;prepared by mixing a crosslinked
.oligomer obtained by reacting an epoxy resin containing an
alicyclic epoxy resin, which accounts for 65% by weight or

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



The light transmtting resin 8 thus forned scarcely causes yellow ng of
the resin because the content of the <cation curing agent that absorbs bl ue
light is 1/10 to 10 1/100 tinmes as nuch as that in the prior art.

Therefore, the light emtted by the LED chip of the nitride

.. sem conductor capable of emtting blueJight and Iight of which

wavel engt h has been converted can be extracted to the outside. Because of
conparatively high pliability, the 15 light transmtting resin 8 reduces
the thermal stress caused by a difference in thermal expansion coefficient

bet ween t hg; i ransm tfin | an he LED chip 5, thus making it
possi bl e tgl%?ggéﬁ?iigiréééé gﬁ%ﬁﬁgg %Pacg°£iﬂxﬂhebEE9chWb RIof eph&y

nitride segj br eaka 20 of the_wire 7. The conposition of

the epoxy ?gggﬂgggh%@sggiéh %sé&gﬁﬁ_Qﬂﬂyqqgﬁﬁ;?ré@&ﬁQﬁi¢@Fi@@iagamMII_

now be descki ped.in,. detail. The epoxy resin _conposition constituti-ng the

light 25 ??aﬁggPFtFﬂgSrgéban COHEE?ﬁ§?bé¥ 8n088sehiei Al Otompdnehtsed8 an

epoxy resigncontain&gg an alicyclic epogx resin as a main conponent, an
ar €

aci d anhydfi d&"orrP8feartBxyia e d, tandhea iagtiiden odurd mpageitg btea

necessary, it.furthe ntains a pronotor made of -a pol yhydric al cohol or

a poIycond%%sé?ewéthe%BSfLEébﬁﬁPﬂéfbVDﬁh%h¢e@p@c;dwesemh©@m®m¢SoﬁresaS

fol |l ows. ' )
mounted, followed by curing with heating.

The light transmitting resin 8 thus formed scarcely
causes yellowing of the resin because the content of the
cation curing agent that absorbs blue light is  1/10 to

10 1/100 times as much as that in the prior art. Therefore,
the 1light emitted by the LED chip of the nitride
.semiconductor capable of'emitting blue light and light of
which Wavelength has been converfed can be extrécted.to.the
outside. | Because of comparatively high. pliability, the

15 light transmitting resin 8 reduées the thérmal. stress. -
caused by a difference in thermal expansion coefficient
between the light transmitting resin 8 and the LED chip 5,
thus making it possible to prevent failures such as crack
| in the LED chip 5 of the nitride semiconductor and breakage

20 of the wire 7.

The composition of the epoxy resin composition used in
the light transmitting resin 8 will now be described in
detail. |

The epoxy resin composition constituting the 1light

25 transmitting resin 8 contains, as an essential component,



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

di gl yci dylaret gbxgnd-&d gl y hydr opht hgl.ate ester can, be used al one
or in conbgi1 nat ?oﬁg 't is pg!r)g?%ﬁhg%?y a% g?%f@g??éa Gk ﬁ?lsélboﬁsdaf‘ed

cycl ohexerﬁpaﬂ[;aréd/,@g;dﬂ/@n1_5ucg}1 asi aﬂhrﬁf’%ﬁ%&{d oh(%% %t h o’i‘)%% -glpgé%hexyl

carboxyl ate, as a nain conponent, i gl yci

Such ai‘”ﬂ’y%'r%agﬂ;lﬁ‘éf??@%. SRR AL G TR ofheb LR Srert Srorgar .
B so " be mieagodk Haggter s o&&hov Ly a7 PHRGT o B eendenas s ¢ he
he. Fol | owiiia Saer al CFORRIP R0 (T Gi-BHASE419 o CABPARFBRFeseREed Dy | he
fol |l ow ng i%eﬂ%rvf"sl,

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

25 diglycidyl ether, and epichlorohydrin. A liquid or solid



formula (2). O R O (1) HOOC R2-000H (2) 10 In the fornulas, Rl
represents a cyclic or aliphatic alkyl or aryl having O to 12 carbon atons
and R2 represents an alkyl or aryl having 0 to 12 carbon atonms. As the
acid anhydride, for exanple, there can be used propionic 15 anhydri de,
succi ni ¢c .anhydride, 1,2-cycl ohexanedi cagboxylic anhydride, -

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

4- et hyl -1, 2- cycl ohexanedi car boxyl i ¢ anhydride, phthalic anhydride,

4, 4" -bi phthal i ¢ anhydri de, hexahydrophthalic anhydride,

met hyl hexapyerophddiad | Gag@anbBydpiiden 201 tA i | t et rahydropht hal i
anhydride, and hydrated nethyl lng)diec anﬁ§d€4%%Yé&éyfnéfg?gaFBBxy1f%’acid,
for exanpb@,Hd&ﬁ@ﬂeiqa@éggggg%@.4,4'-biphenyldicarboxylic acid, 2,2'-

‘bi phenyl di carboxylic acid, oxalic acid, succinic acid, 5 adipic acid,

1, 6- hexanegdicgar REXY\dG RCI 3 2v exanedi car boxyl i c acid,
1,3-cyc|ohexanedicarboxylFb_ géfgﬁxﬁbglcf%P exanedi car boxylic acid,.
o-phthalic aci gs .4Re PhEBA! | i d,,.and_p-phthalic_acid. Wen an epoxy
resin is mxed Wth an ac?da%h y gfﬁ% of di6a5g8§ybb§y@F€£hci@nt@Cﬂdrn1a
crossl i nk I I t he crosslinked oligoner_ is cured by mxin
. Ca?ion %ﬁpggggﬁgeréﬂygse%%%diby & goifow1ng gé&eral formula'({) J

or dicarboxylic acid represented by the following general

formula (2).

(D

HOOC——R,—COOH )
10

In the formulas, R, represents a cyclic of aliphatic
alkyl or aryl having 0 to 12 carboﬁ atoms and R, represents
an alkyl or aryl having O>to 12 carbon atoms. As the acid
anhydride, for example, there can. be used propionié

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

anhydride, methylhexahydrophthalic. anhydfide,



agent, the acid anhydride or dicarboxylic acid is mxed in the anount
within a range from0.005 to .0.5 nol, and preferably fromO0.01 to 0.2
nol, based on an epoxy 15 equi val ent. \Wen the epoxy resin, the acid
anhydride or dicarboxylic acid and the cation curing agent are

si mul taneously m xed and cured, the aci dg@anhydride or dicarboxylic acid is
m xed in the anount within a range from0.005 to 1.5 nol, and preferably
fromO0.1 to 0.8 nol, 20 based on an epoxy equivalent. (Cation curing
agent) As the cation curing agent, for exanple, there can be wused aromatic -

el enium The sFERarT e BB The S s onpBte b e mRGRES

sel enium The aromatic oni um sa

ultraviolef gl Ligh i ng el ength of 360 nmaor less to generate a
cation. . Ex%%%?egnt efgg ‘i nc ﬁg@i rigg%i§?o§%f$%nFG&@'Hé¥§¥IGéﬁﬁﬁh?innnate
and Triphe ul ium Hexafl yoyophosphate,. The resin conposition can be
5 suffici eﬁ%{{ag/écugrace%g %}? a‘él%l?%g Lgdé Jtﬁg‘?fbﬂrﬁl%rmﬂﬁh%ylau@ul f @n2lm
Fbxafluorogg%%nnni € b causE.of its Iarge curing rate. The cation curing
agent is preferap é TP TR 1 he 2GhBunt SiREREn aCi@ngesheehnbc00805dt 0

O A et Il D ™ Sfban o "
) : ; ént . /
cyclohexanedicarboxylic acid, 1,3—cyclohexanedicatboxylic‘
acid, 1,4-cyclohexanedicarboxylic acid, o¥phthalic acid,.-.m-
phthalic acid, and p-phthalic acid.
When an epoxy resin is mixed with an acid anhydride or
10 dicarboxylic acid to form a crosslinked oligomer and then
the crosslinked oligomer is cured by mixing a cation curing
agent, the acid anhydride or diéarboxylic acid is mixed in
the amoﬁnt within a range from .0.005 to _0;5 mol, and
.preferably from 0.01 to 0.2 mol, based on an epoxXy
15 equivalent. When the epoxy resin, the acid anhydride of
dicarbéxylic 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
from 0.005 to 1.5 mol, and preferably from 0.1 to 0.8 mol,
20 based on an epoxy equivalent.
(Cation curing agent)
As the cation curing agent, for exXample, 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



-Exanpl es of the polyhydric al cohol used as a pronotor include ethylene

gl ycol, diethylene glycol, trinmethylene glycol,. triethylene glycol,
propyl ene glycol, 1,4 15 butanediol, and 1, 6-hexanediol. There can al so be
used a polycondensate obtained by the condensation polynerization of one
or nore pol yhydric al cohols anong t hesespol yhydric al cohols. The

pol yhydri c al cohol or polycondensate thereof is used in the amount within
a range fromO0.1 to 5.0 20 equivalents, and preferably from0.2. to 3.0
equi val ents, based on the acid anhydride or dicarboxylic acid. The epoxy

resin coniasjit amwisey & nwhbelbhghh ofer YA i O 1ESLNE %ﬁcﬁ%%aig‘

conponent ot her than those described above. For exanple,

transmttiqigiresi n 25:8npecontrainydd | 15815 I+ .addi t.j.on he. fillers -
10, 52 it can contain various function§1 pé%%?clikféﬁgﬁﬁ%ftégﬂéfnﬁﬁgénts

and col or andx& £ 1TRe owithed eft f or m ng the i ght_. itting resin 8. wll
now be described in detail. f The ne{ﬁgd of E%F#?%gagylight T4 4% i ng

o prepar 1 by ST Raery i x| htan RoL) T SRREIA L aErd amfaride
o0l v na & TG sarttran s Enbl S b Sy act T SO gp it T i t
an acid a%@n@%&ﬁ%ﬂ"ﬁéﬁ%ﬂ?&%éHé%%?ﬁéH%%%‘%é s deigLXEg gé curing
rate. The cation cUring agent is preferably used in the
amount within a range froﬁ 0.00005 to 0.003 mol[ preferébly
from 0.0001 to 0.0l mol, and more preferably from 0;0002 to
lO. 0.005 mol, based on an epoxy equivalent.
(Eromotor)
Examplgs of'the polyhydric_alcohol used as a promotor
| include ethylene glycol, diethyiene glycol, trimethylené'
glycol,  triethylene glycol, propylene glycol, i,4-
15 butanediol, andll,G—hexanediol. - There can also be ﬁsed a
polycondensate obtained'by the condensation polymerization
of one or more polyhydric alcohols among these polyhydric
alcohols. The polyhydric alcohol or polycondensate thereof
is used in the amount within a range from 0.1 to 5.0
20 eqﬁivalents, and preferably from O.Z_td 3.0 equivalents,
based on the acid anhydride or dicarboxylic acid.
The epoxy resin composition used in the light
transmitting resin 8 may contain component other than those

described above. For example, the light transmitting resin

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



the crosslinked oligonmer with, a cation curing agent, and curing the
~coating film For exanple, when the light transmtting resin 8 is forned
in thé thickness of 500 gm 15 or less, the nmethod (ii) is better. By

enpl oying the nmethod (ii), volatilization of the acid anhydride can be
prevented in case of applying the lightgbransmtting resin 8 in the form of
athinfilmand curing the thin film Also the viscosity of the solution
to be applied is easily 20 controlled and the pot life is prolonged, so
that the workability is inproved. The nmethod (ii) wll now be descri bed.

First, aniepoxyn’ esintGent&i a | J i, Xy . resin, ich accounts
for 65% by wei ght or more of tcﬂgs ggﬁggg%larles‘?%&?%l??eagt éﬁ%/ﬁcli%l% aci d

anhydri de ;Qfen?3 dﬁdxygygggﬂé§;uﬂ(ji n the anount within a range from 0. 005
to 0.5 nol, preferably from0.01 to 0.20 nol, based on an epoxy equi val ent
eac%ion vessel . Wen using a

to f ' A oLh '
ORI iy L R st R 58N8MpFbABYOF SR i i xed

pol yhydri c al cohol or pol ycon

with the [ 6RGXy ie$Nyd r .with an acid anhydride or -dicarboxylic
acid. The reac%ﬁon§fﬁfﬁﬁggﬁ%%§'éﬁogftfﬁérn and the acid anhydride or
at roomtenperature at which the

Si dorenct i on 16 s BRPAE RTaatTBRERS 1roobi Bl kel ASTdEdmS | Reoho Gase of
the acid Qﬂ@XﬂBE%?yf%@ee&%%%ﬁg?n(ESWEiﬁ%Qﬁggﬂo% %Sng%ig a solution,
| which is prepéred by simuitaneously mixing an epoxy resin
with ah acid anhydride and a cation curing -agent; and
curing the solution, and (ii) a method bf épplying a
10 §olution, which is prépared by reacting an epoxy resin with
an acid anhydride to form a crosslinked oligomer and mixing
the_crosslinked oligomer with a cation curing agent, and
curing tﬁe coating film. - For exémple, when the .liéht
transmitting resin 8 is formed.in the thickness of 500 um
15 or less, the method (ii) is better. By employing the
method (ii), volatilization of the acid aﬁhydride can be
prevented in case of applying the light transmittiné resin
8 in the form of a thin film and curing the thin-fiim.
Also the viscosity of the solution to be applied is easily
20 controlled and the pot life is prolonged, so that the
workability is improved.
The method (ii) will now be described.
First, an epoxy resin containing an alicyclic epoxy

resin, which accounts for 65% by weight or more of the

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



| di | id, the
fromabout 1 to 360 hours. In the case of the dicarboxylic acid,
reaction tine is within a range fromabout 1 to 180 hours. To redﬁce thg
reaction tinme by acceleration of 15 the rlng-openlng.reactlon offt eb?CIGO
anhydride, the reaction systemmay be heated to 50 to 150C (preferably
to 120C) . Then, a solution is preparedsay mxing the resulting o
crosslinked oligoner with a cation curing agent in the 20 anpunt wthin a
range from 0.00005 to 0.03 nol, preferably 0.0001 to 0.01 nol, ba?ed on an
epoxy equivalent. The nixed solution is packaged in _tge i nsi denou a s
mounti ng i Bearbaxyishbenal he LR Clthgu e Ofi LRenNLL rr'z’:gleﬁe%%ﬁ?tﬁrﬁégresi N
mount ed, and then cured with hgatlpgléz Org]a blg Eo i ar uring by
8. Preferapdyo.theol xea e U190 #5940  §HDLEC ?go adl,
heating at 80 to 100C for 2 tg%z 1Eours zndjﬁgnrSubmree?%e%ei%iei%gg?%d
CUI'i ng bYerk@)@%'@ u?‘@a]_.lezlrgt%ttpol g&r Qrcfo Q ? él 1i m ] er
o ong desct ed&here!nadt?r. |l P Ia%%%f'%nof %?ﬁegES?Zcififﬁieight of
conposi ti ofk 4 M, ORtaisned finpal SjRroportion to t
the crosslinked ol i gomsr during etrﬁedp_?’otgesas. p?ﬁft E?Jjgfr aatqg‘f:lblg og?rmgn of
car boxyl X‘Q" re converted' into an est, . : .
reac'??(on %t #??1% epgo%eartg%?%e Sfdﬁré’ﬁﬁ’ﬁl(gltf:arr&fﬁ;éalﬂwi oxd i‘?t/%%?g?ﬁfe t he
i - ' [ etter
aci d anhthﬂ&k&CN réﬂf%%rb°§¥gé%h%%' ’w& ﬁ an acid P anhydride or
dicarboxylic acid. The reaction between the epoxy resin
and the acid anhydride or dicarboxylic acid is preferably
conducted at room temperature at which the side reaction
10 such as oxidation is less likely to occur. Ih the case of
- the acid anhydride, the reaction time is within a range
from about 1 to 360 hours. In the case of the dicarboxylic
acid, the reaction time is within a range from about 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 150°C (preferably 60
to 120C).
Then, a solution is prepared by mixing the resuiting
crosslinked oligomer with a cation curing agent in the
20 amount within a range from 0.00005 to 0.03 mol, preferably
- 0.0001 to 0.01 mol, based on an epoxy equivalent. The
mixed solution is packaged in the inside of a mounting area
la in which the LED chip 5 of the nitride semiconductor is

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

25  transmitting resin 8. Preferably, the mixed solution is



resul ting epoxy resin conposition. The viscosity of the mxed solution of
the crosslinked oligonmer and the cation curing agent can be freely
control |l ed by adjusting the 15 anpbunt of the acid anhydride or the ester
conversion. ratio, because the viscosity varies depending on the nol ecul ar
wei ght of the crosslinked oligomer. <Mamgyfacturing nmethod of enbodi nent 1>
Now a nethod for producing the light emtting diode of 20 the first

enbodi ment will be described bel ow. This producing nethod is a nethod for
produci ng the surface nounted light emitting diode of the first

mbodi t s\ _ i | torily.i duction. 25 |
Thi's pr odust v et hod DeThes! oSorILr Yy FbrYsed fhRoRaghe A8 Gr beseded

col l ectivety 120 therstepngf ri . ED chip 5 with the |ight
transmtting resin, a paggaggﬁggsse %g%%%sﬁg%iﬁ&CBPQérﬁluFQFFPQ oPY

Clbst rat e SO Rty S OR APTN D 35 Ehtudn Hores 101a that  correspond fo
"o g Suedis S eatans it g tmal esp el 07 The
1015 ponet rat | g RELSERESEEH 1 ¢ ADS: FREFY o LR hFekHess i onostmssct | on
of the obtained finally is proportion to the molecular weight of
_the crosslinked oligomer during the process. The higher
the propo;tion of carboxyl groups, which are converﬁed'into
an ésfer_as a result of the'reéction with the epoky resin
10 br prombtor, among carboxyl groups of the acid anhydride or
‘dicarboxylic acid, the better the ‘pliability of the
resulting epoxy resin composition. The viscosity of the
mixed solution of the crosslinked oligoﬁer and the.catiOn
curing agent can be freely controlled By adjusting the
15 amount of the acid anhydride or the ester conversién_ratio,
becausé the viscosity varies depending on the molecular
weight of the crosslinked oligomer.
<Ménufacturing method of embodiment 1>
Now a method for producing the light emitting diode of
. 20 the first embodiment will be described below.
This producing method is a method for producing the
surface mounted light emitting diode. of the first
embodiment with stable quality satisfactorily in mass

production.

25 In this producing method, since a plurality of



t hrough hole 101a nmay be oval, circular or rectangular. That is, the
present invention is not limted in terns of the cross sectional shape of
the through hole 101.a that can 15 be sel ected from anong vari ous shapes.
Inner wall of the through hole 10la is preferably tapered neat the opening
so ‘that the dianmeter thereof increases {&omone side of the insulating
substrate (surface to be bonded with a thin netal sheet) toward the other
side. When the inner wall of 20 the through hole 10la is tapered, |ight
emitted by the LED <chip toward the inner wall can be reflected thereon and

di rect ed upxex h I LEip ible.to.extracting the light emtted
by the LEl[J)Epchi&Sgeége??ieglﬁgg??ié%?o%gi%gcﬁﬁﬁlly %Pﬁ thengtereaéneovesimge

met al baserpd atep ha ratjon, oyes formed 56 therein in
cor r espondence tol(?kﬁleﬁlt%r‘gﬁgﬁ ﬁ%{eegl%ghgfﬁasmb%b@%sr%+Il1eda\/\pahkaea

- i nsul ati ng, & £5iyh 4, hat._thin. metal sheet 2a and the thin netal sheet
2b are electri can)?y C%?lssglggﬁgg fPbmeaRhUbRhaEY by Tt heackaut at iisg nestn 4 in

each 5 pa e ‘XQ%Q he_packages are cut off. A part of thin nmetal sheet
2a, the insui atimg rgte”si ﬁsl?em%géf alpParfage tihe twwndimst ahnsheesulbtane

exposed i t.hr h hole 10l1a jn each package. Also in the package :
assenbl y, r%%%ecpﬁautreaﬁ%y RVIng $Hakayesi by eofli Epoesh i o ke groupe f ohagach
openi ng 113 q_j t he r’rgsk 112 to be described | ater.

orrespond to a mounting area la of each package, and a

metal base plate 102.
-The_insulating substrate 101 comprises, for example, 'a
laminated resin of thickness from 6.06 mm to 2.6 mm and has
10 a plurality of through holes 101a penetrating therethrough
in the direction of thickness. Cross section of the
~through hole  101a .may' be oval, circular. or 'rectangulér;-
That 'is, the present ihvention is not limited in terms of
the cross sectibnal shape.of the-throﬁgh_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
insulating substrate (surface to be bonded with a thin
metal sheet) toward the other side. When the inner wall of
20 the through hole 10la is tapered, light emitted by the LED
chip toward the inner wall can be reflectéd thereon énd
directed upward, thus making it possible té 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



<Mounting 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 descri bed 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 LEP6chip 5 is bonded onto the thin
nmetal sheet 2b that is a negative 20 el ectrode, 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 - means of wres

7. <First trovess: ini meogrepomiditd ngs 2&hdhenkbalh Q&gﬂ%ﬂikﬁkﬂg £gsin
a

(epoxy resin conposition 57 of the present invention) t serves as the

seal ing npmdmered sfappkdediih MACAHARRBERHNFHG; 4N 4a C Ly A, BAIis
a plan view of the mask 112 used in the-rn'_msc'f(;grapjh‘[Il éfiﬁ%?gg%ggcoégﬁ%g to

the produciatg Imeithad ofa the fﬂHéttlﬁr@Mﬁ%}%eetT% %hél;%%p%s‘iagl]o* each

plurality of apertures 113 - as shown in Fig. 3A  posi

aperture lkd1heidgrsal st hdtha rahit :kages of opne grou
correspond to one of the aperturegp%gBQkEié?%}lgﬁéggtﬁ351ﬁas Jdgéﬁ“ﬁh t he

Ipr esent i meRIMdqn ijgergets}jegrﬂﬁq:k%%e%s at]% 19, ot he Iight transmtting resin
ayer not only in the through holes but alsoi'n the surrounding thereof on
t he ' A part of thin metal sheet 2a, the insulating resin 4
and a part of_the thin metal sheet 2b are exposed in the
through hole 10la in each package.
Also in the package assembly,'-the plurality of“
10 packagés are disposed in a group for each opening 113 of
the mask 112 to be described later.
<Mounting of LED chip>
‘The LED chips 5 ére die—boﬁded at predefermined
po§iﬁions in the through holes (mounting areas) of. the
15 package assembly constituted as described above, and Wirihg
is provided as required by wire bonding (Fig. 5).
‘The thin metal sheet 2a and the thin metal sheet 2b
.are exposed in the through hole, and the LED chip 5 is
bonded onto the thin metal .sheet 2b that 1is a negative
20 electrode, while a p-type electrode 5a and an n-type
electrode 5b of the LED chip 5 are connected to the thin
metal sheet 2a and the thin metal sheet 2b, respectively by
means of wires 7. |
<First process: mimeograph printiﬁg>

25 The light transmitting resin (epoxy resin composition



i nsul ating substrate 101. According. to the producing mnethod of this
~enbodi nent, such a light transmtting resin layer that maintains a snooth
surface even after curing can 15 be. fornmed on the inner surfaces of the

t hrough holes 101a of the insulating substrate and on the insulating
substrate 101. by carrying out the m ngegraph printing using the mask 112
as descri bed above. Specifically, in this producing nethod, groups each 20
consisting of a plurality of packages are di sposed except for areas around
the apertures 113 where it is difficult to apply the light transmtting

resin withhfa that stdace, iasenshown ip Fg. 5 s the |ight transmtting
resin | ayer having uniforn1tﬁpbknggs an&%%zﬂs%%? %cé”isL%grﬁﬁﬁ'ﬁP%he 25

portions whetwt hes plgyialdd ¥y i i.sposed, so 5 as to _
R AL el SR T
e ot 1, Tt Yoy e M s
e L L D T g e ashed.
thic%nesswggﬁﬁlﬁg%ﬁanuﬂgg%B&%ﬁimf%% ﬁ?ahayPiPHagﬂFHoﬁﬁ @Qﬁﬁépﬁgﬁslﬂ@ the 10

size and ¢aql li.ght em.tt.ing di odes. Thickness of the |ight
transnitti%gg%gg?ﬁqga%gg'f3%%939&+qﬁﬂ§ and size of each aperture 113

being set so that a plurality of packages of one group
correspond to one of the apertures 113 (Fig3B). Thus. the
nmask useq in the .present inveﬁtion is designed so as to
10 form the light transmitting resin layer not only in the
through holes but also in the surrounding thereof on the
insglating substrate 101. According. to the préducing
method of this embodiment, such a light transmitting fesin
" layer that maintains a smooth surface even after curing can
15 be formed on the inner surfaces of the through holes iOlé
of the insulating substrate and on the insulatiﬁg substrate
101 by carrying out the mimeograph printing using the mask

112 as described above.
Specifically, in this producing nethod/ groups each
20 consisting of a plurality of packages are disposed except
for areas around the apertures 113 where it is difficult to
apply the light trénsmitting resin with a flat surface, as
shown in Fig. 5. Thus the light tranémitting resin layer
havinq uhiform thickness and flat surface is formed in the

25  portions where the plurality of packages are disposed, so



~insul ating substrate can be changed freely by controlling the thickness of
t he mask. Now an .exanple of nmethod for the light transmtting 15 resin

| ayer having uniformthickness and flat surface in the portions where the
~plurality of packages are disposed around the apertures 113 will be

descri bed below. (Stepl) First, the pagkage assenbly 100 having the
through 20 holes 10la facing toward the nmask 112 is sucked onto a

el evation stage 117 (Fig. 4A), the stage 117 is lifted with the package

- assenbly 100 and the mask 112 aligned and put into contact with the bottom

surface’ ofad he 2l (- vadfle LN S BES 1 AORSLDLe 1 bring the

package assenbly 100 into contact Wi tH

package r&a‘ﬁsmrtet%k%mssméi‘ o e%°°2b%%%dq%“pp§ﬁ[m%¥%n§£ﬁé[‘.eng

package assenbly is corrected as”descr

resin |ayer Qft WS QM kness, ¢ e for n one surface of the
package 5 asgglenb yanloo or“m ngsglfrhesausre%(?%go Rarkase idaded  state on

the substrate Ix tions.in_thickness anong the light emtting
di odes, thus résu tlng |nlkg éh }%V% t?ﬁespﬂﬁﬁﬂnﬂr§ﬁ§ﬁﬂtﬂﬂﬁ@rreslnithat

e S e L R
described above, individual light 'emltting diodes are
separated by cutting along the dashed lines shown in Fig. 5.

" Thus the light emitting. dlodes having unlform thlckness can
be manufactured with high yield without varlatlons in the
10 size and color among the light emitting diodes. Thickness
of the 1light transmitting resin layér formed on the
1nsulat1ng substrate can be changed freely by controlllng-
the thlckness of the mask. |
Now an example of_method for the light transmitting
15 resin layer having uniform thickness and fiat surféce in
the portions where the plurality of péckages are disposed
around thé apertures 113 will be descfibed below.
(Stepl)
First, the package assembly 100 having the through -
20 holes 10la 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 (Figqg.
4B) . This makes it possible to bring thé package assembly

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



Fig.. 4A, and the resin is deaerated by decreasing the pressure.in this
condition. The decreased pressure is preferably within a range from 100 to
400 Pa, which makes 15 it possible to effectively renove bubbles fromthe
resin. In this enbodinment in which the package assenbly 100 and the mask

112 are used, the light transmtting regspn having a relatively high
viscosity can be used. In case the fluorescent material is used while being

20 included in the light transmtting resin as in the first enbodinent, it
is preferable to use a resin that has a certain level of viscosity in

order Lo snsuingommensaisydiagersLogespice L, L uorescen) particles o
rovever | &gt o sbeb.h scasi i ) 111l €0, Lo deaerat e and my
rVenLI Onatha, M TR syt LIS RS0 Ul Lo epeating the
(he pressuraciznss Lormbe it aassiple Lo, vsg the 1 ght Lianemiting
resin of Begbaisconty capliedselinorder o moimze the calor
part ol e Bgthrtyar ety Alsg (R Light emiting diode canbe

among the light emitting diodes, thus- resulting in lower
yield.
The light transmitting resin that includes the
10 fluo;escent material is applied on outside of the apertures
" of the mask 112 under the atmospheric pressure as shown in.
Fig.. 4A, and the resin is ‘deaerated by decréaSing the
pressure 1in this condition. The decreased .preséure is
preferably within a range from.100 to 400 Pa, which makes
15 it possible to effectively remove bubbles from the resin.
In this embodiment in which the package assembly 100 and
the mask 112 are used, the light transmitting resin having
a relatively high viscosity can be used..
In case the fluorescent material is used while being
20 included in the light transmitting resin as in thevfirst
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 pre;ipitate at a fast rate in the liquid

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



viscosity is used. In case sealing is done with the light transmtting
resin including bubbles, the bubbles reflect and refract 15 light emtted
by the LED chip and light emitted by the fluorescent nmaterial, resulting in
conspi cuous irregular color and unevenness in |um nance. To prevent this

problem it is very effective in suppregsing irregular color and
unevenness in |um nance, to repeat the cycle of decreasing 20 and

i ncreasing the pressure as in this enbodinment when applying the |ight
‘transmitting resin that includes the fluorescent material. Bubbles

i ncl uded i fot Beakirght ahBansHi tEbAYtHESIHY .ahso_lead to peel-off of the
light transmitting. resin agh/or mﬁre-ggﬁgggl%gﬁtPgnpgﬁguﬁ£F8n25 BPEakage,

ethod of (i< enbod ment s her T e |V ASTR | ABFovRAGERES R
S out under” doct ased Frasadre (H o Gk, THOTETHE o Srubeasstrapatupn 114
The of the neeriis e ehbun T ARy, LaeovERg pubBlBSau pyepreanbrec
B e ) Rt e S KU SIS
- operation £§aﬁ§ﬁ§£§gn8uﬁeyfge£fdﬁf&ﬁagggc g§§§u&fﬁhout decreasing the
vield of production. Thus a resin of high viscosity can be
used in order to minimize .the color inconsistency that
_tends to occur when fluorescent particles of large pérticle
10 size aré used. Also the 1light emitting diode can be
manufactured with high vyield even when a resin of high-
-Viscosity'is used.
In case sealing.is done With'fhe light transmitting
resin including bubbles, the bubbles reflect and refract
15  light emitted by the LED chip and light emitted by the
fluorescent material, resulting in conspicuous .irregular
color and unevenness in luminanée.' To prevent this problem,
it is .very effective in suppressing irregqular color and
unevenness in luminance,_to repeat the cycle of_deéreasing
20 and increasing the pressure as in this embodiment when
applying the 1light transmifting resin that includes the
fluorescent material. Bubbles included in the light
transmitting resin may also lead to peel—off of the light

transmitting resin and/or wire-bonded: portion and wire

25 breakage, resulting in lower reliability. Therefore



suction of the elevation stage 117 is not effective. But displacene
bet ween t he package assenbly 100 and the mask 112 does not occur because
the elevation stage 117 is 15 pressed. physically agai nst the nask
<Step 3> Then the anbient pressure is increased to the atnospheric
pressure and, upon conpletion of pressuge Iincrease, first cycle of

squeegee sweep is carried 20 out

squeegee sweep (Fig. 4D). A return squeegee spatula 115 is inclined
toward the noving direction with respect to the vertical line of th

112 nore stegemlay kﬁa&Hé“bJBHPEHbeqHﬁggﬁgt égaéfl%hé% 8%§88é8eg&ged

| ar ger

pneumati c pressure than 25

hat in t e forwar

oper ati onvedy Wigedt@he 62 sot KNS HkbiAg r%%'e“rﬁlagtl‘geged again wit

| arger contact area between the return queegee sp

Y115 and t he

112, bubbkesgamsbe renoved efficiently fromthe resin that fills t
apertures 113" so that the sealing nenber can be 5 finished with snoother

surf ace.

<Ste raI es- of f rd and return squeegee swe
operat i ons are@géirﬁg gutﬁ&%g%é§§e%ea§%%% TR PIeSstifeePdacr £3%irAgd
he Soor 1 orE FrER e HRLERE S d Brb g b S o ¢ ko gorivard: squbegee

the aperture

10

15

20

25

res

spatula 114 used in this operation is inclined forward with

respect to the vertical line of the mask 112 és shown in

nt
112.

return

in a direction opposite to the forward

e nmask
by

h a
mask
he

ep|ng
and
fill

Fig. 4C, and is pressed by pneumatic pressure against the’

mask 112 so as to move and squeeie the resin 8 into the
aperture 113 of the mask 112. Since the forward squeegee
sweeping operation is carried out under decreased pressure,

suction of the elevation stage 117 is not effective. But

112 does not occur because the elevation stage 117 is
pressed physically against the mask 112.

<Step 3>

displacement between the package assembly 100 and the mask.

Then the ambient pressure is . increased to the

atmospheric pressure and, upon completion of pressure

increase, first cycle of return squeegee sweep is carried

out in a direction opposite to the forward squeegee sweep
(Fig. 4D). A return squeegee spatula 115 is inclined
toward the moving direction with respect to the vertical

line of the mask 112 more steeply than the forward squeegee

;patula 114 and is moved by larger pneumatic pressure than

that in the forward squeegee sweep operation. As the light



<Step 5> Wth the mask 112 in contact wth the package assenbly 100, the
light transmtting resin is cured and then the 15 mask is renoved. Thus
the light transmtting resin forned integrally in the through hol e wherein
the LED chip is placed and on the top surface of the insulating substrate
can be nmade to have top surface that isgdat and substantially parallel to-
the bottom surface of the package. 20 When the nethod of formng the
sealing resin by mmeograph printing is enployed as described above, the
light transmitting resin having relatively high viscosity before curing

can be usedrarGonsetitent rosinnkkkeq,A case of. uysing a resin of |ow
viscosity, the fluorescent 25 natgrigkggbééaﬁﬂ %ﬁihﬂiﬂ%%&%e%rcﬁﬁﬁﬁﬁte in
d.state of the fluorescent

the resin.arsm 6Bet@e&fSHhE, Ye8hati V, od m x
material can be naintained.l%%%ﬁ%ﬁt %%ég%%esB%€F5ﬂ th> AR HRhemalht

transm ttimng,resighr&Maifs wurid _ rmng process is fromseveral tens
of seconds to several 5 ninuteé?&?égfs%%fi%+egﬁgﬁ3@@W%r%ﬁeh6@$snihhahe case -
of  potting 1procEss Lpe i en resin. is poured into the through

hol es and cured by heg?. Rggzggg?.Fosfﬁ%%ttﬁﬁetPﬁéllﬂak@ﬁm@@rcuﬁﬁ1cb@ al so
be magle vy, ishld +itdhe & escent _ material particles can be prevented
_fron1precipifatingvgﬁg sﬁ?ﬁﬁ#%ﬁuﬁ%ﬁﬁaQﬁrthe LED chi p. Thus according to
the producishg method of the first

Several cycles of forward and return Squeegee sweeping
operations are carried out while repeating the. pressure
decreasing and increasing cycles similarly to the step 2

10 and step 3, thereby to fill the aperture 113 with the resin
of uniform thickness. |
- <Step 5>
With the mask 112 in contact with the packaéé assembly
100, the'light transmitting resin is curéd énd then the
15 mask is removed. _Thus the light transmitting resin formed
integrally in the through hole wherein the LED chip is
placed and on the top surface of'the.insulating substrate
can be made to have top surface that is flat and.
| substantially parallel to the bottom surface of the package.
20 When the method of forming the sealing resin by
mimeograph printing is employed as described above, the
light transmitting resin having relatively high viscosity
before curing can be used. Consequently, unlike in the
case of using a resin of 1low viscosity, the fluorescent

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



enbodi nent, since the light transmtting resin of high viscosity can be
used, the resin and the fluorescent nmaterial can be prevented from
separating fromeach other 15 in the period after mxing the fluorescent
material in the light transmtting resin till application to the
substrate. As a result, variations in thy content of fluorescent nmaterial
included in the resin anong the light emtting diodes can be m nim zed,
thus making it possible to 20 nmanufacture the light emtting diodes with

| ess variation in the color of the emtted |ight within a production | ot

and anong &i reenemt, prooctyon, | ie] d, of productiqn can also be
i nproved. Al so the quorescenS/p %?Fcﬁg§%ﬁ f%?@% B r i efdh9Eesgsngan. be

prevent ed rh4 o6 PE ECicRint atd ng deg near .the 64 surface of the LED chip
in the period between fiIIinS tE%gh%ﬁrougﬁnmﬁéifgﬁﬁhchhﬁgHﬁr%Q% iBsin,

so that wayel @ngtdhe convgyd | f ti.on of the fluorescent particles of
large particle si ze caﬁﬂgé g%ﬁ&ﬁﬁ?ﬁﬁ%ﬁ%ﬂﬁ%ﬁi@d.rﬁﬂﬁ%ﬁér,dﬂhéng the

fl uorescentopaftd ChES- sl article size can be distributed uniformy
in the |ight tré%g%fttgaa ?gs%ﬁgmangﬁﬁ hé MiSuStfeseaandsarts ctesenél| ar ge

T eoul ar Tearar 10 REr (TR Ty THTCaSEvEReL | MG Sontot e dbade | afl Ldes
YAG Ce flﬁ@fﬁsrf:genfbrggésegi %ln %ﬁqfc}}? Inlolljgregs%%gtin@:gser;gllifzg into the
through holes and cured by heat. Moreover, since the time
taken tp cure can also be -made very short, the fluorescert
material particles can be prevented from precipitating one
10 on another on the LED chip.

Thus according to the producing method of the first
embodimeht,  sian the * light transmitting resin of high-
vViscosity can be used, the resin and .the fluoresceﬁt
material can be prevented from separating from each other

15 in_the period after mixing the fluorescent material iﬁ the
light transmitting resin till application to the substrate.
As a result, variations in the content of fluorescent
material included in the resin among the light emitting
diodes can be minimized, thus making it possibie' to

20 manufacture the light emitting diodes with less variation
in the color of the emitted light within a production 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 pPrecipitating densely near the



as to emt white light, the fluorescent nmaterial has larger specific

- gravity than the light transmtting resin and tends to precipitate
densely. Even in this case, the 15 fluorescent particles of large particle
size 81 can be prevented fromprecipitating densely near the surface of
the LED chip 5, so that the light emttigag di odes of uniform color

tenperature can be manufactured reliably. Now the dicing process will be
described in detail 20 below. Individual light emtting diodes are
separated through the dicing process as described bel ow after the 1ight

transnittisgrfesenoliashbeemcw 9e6aRd RE968S %o G NG PrOGESS>
(Dicing step 1) 25 After curi ngkﬁi%he resin, pt ﬁesga%ﬁggg%gsgfel ]IJSPQLOBh?s 65
bonded onttheodili hglebeahdordihed ight +fLansnifti resi.n side. The
bondi ng strength can be increased dsi nce t%e?gg})ﬁdi %% sturaftac‘é%v%fe??igr‘

o et or ] and are 8 F1ar prance At B rEetriT PRE-ARIRS n berde

sane material and are 5 flat planes. a resu

prevent ed g4 c1€08kRg Qff and Qs it oni i.n dicing can be prevented,
maki ng possibl e to separate into thggz%ﬁkf}é\}&gu‘{aﬁq%z : e%iutrttihﬁ&'di BRs with

e aer t ur S8 Sors Suborel g o heotndCdFdtal SERESEYE | RoF8s G1an hebpackage
assenbly, discodiasy . JJ?%&¥M¥§(H£n the light transmitting resin
. around the fluorescent particles of large particle size,
thus preventing light emitting diodes from experienCiﬁg
irrégular color.
10 Particularly in case the light emitting diode includes
YAG: Ce fluorescent material as the fluorescent material so
.as to emit white light, the fluorescent material has larger
specific gravity than the light_.transmitting resin and
tends to precipitate densely. Even in this case, the
15 fluorescént particles of large particle size 81 can be
prevented from precipitating densely near the éurface of
the LED chip 5, so that the light emitting diodes of
uniform color temperature can be manufactured reliably.
Now the Qicing"process Will be described in detail
20 below. individual' light emitting diodes are separated
through the dicing process as described below after the
light transmitting resin has been cured.
<Second process: Dicing process>
(Dicing step 1)

25 o After curing the resin, the package assembly 100 is



resin shrinks and sinks over the. through holes, resulting in decreased
‘bondi ng strength because only the surface of the insulating substrate

ot her than the areas over the 15 through hol es nakes contact with the
dicing sheet.. In case a larger anount of the resin is applied and cured
by using the mask that has apertures cqﬁgesponding to the individual

t hrough hol'es, on the other hand, the resin surface becones higher than
the top surface of the insulating substrate 20 that is to be diced and only
the resin surface makes contact with the dicing sheet as the bonding

surface, thYSqehesHLLl RO 4R VEr Y. k bondi ng, strength between the package
assenbl y and the gi%?ng gﬁgéﬁgtﬁg¥§ﬁééﬂg f%ﬁn}%géBsgfﬁﬁﬁmhéth% geéiing.
When di ci ng; s carkjed t.with_the kage 25 assenbly and the dicing
sheet hel d %%‘éét helrﬂllgn bﬁ%sc%%*’b@f esééenggﬁdi‘?%ni% deseprped adevie the chips
tend to ¢ n .S-positioning in dicing is |likely to occur. The

l'i ght emi ?’??%8%%%%2%%% %%t‘é%‘%e%a $981 88SRBPEYshEA anAdekerdbténgut
surfaces tggéepag% burrs ogfthgjlike._The 5 burrs may break in the
packagi ng process’ EhEEWFoldTovPs Vet 2 hkY biihes Semeaknate ziadepidd  apest ur e
infil rateflfron% t he ouAside into the sealing nmenber. This decreases the
reliability of Pha"FF ght “&nft CERYIdr odd carfdh ifusesn due hprefeémiced Aisom

netallic nenbers sggled insi de are oxidized and 10 discolor. <Step 2>
coming orf and mis-positioning in dicing can be prévented,

méking possible to separate into the individual 1light
emitting diodes with high yield.

In case the resin is applied and cured by using a mask

10 that has apertures corresponding to the individual through

holes of the package assembly, in contrast,  the applied

resin shrinks and sinks over the through holes, resulting.

in décreased bonding strength because 6nly the surfaée of

the insulating substrate other than the areas over the

15 | through holes makes contact with the dicing sheet.  In case

a larger amount of the resin is applied'and cured by using

the mask that has apertures.corresponding to the individual

through holes, on.the other hand, the resin surface becomes

higher than the top surface of the insulating substrate

20 that is to be diced and only the resin éurface makes

contact with the dicing sheet as the bonding surface, thus

resulting in very weak bonding strength between fhe 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



The package assenbly that is fixed closely on the dicing sheet in step 1
is cut off by neans of a dicing blade applied onto the bottom surface of

t he package 15 assenbly along the dashed lines in Fig. 5. The dicing blade
has a cutting edge consisting of fine dianond particles around a bond. The
di anond bl ade of this constitution tendggdo be |oaded with netal chips
generated as saw dust when cutting off the light emtting diodes that 20
fill the space between the dianond particles. In order to avoid this
problem it is preferable to include a hard filler in the |ight

transm ttingosi@st foh hak rakes ther s6aLLngpBMher. in the first process, in
whi ch case the |oading netal chips areébugﬁgdéﬁﬁp%o that t8i & oBé?ation

“ncroases Tho operatron Ak EFr cbl. TSRS the YiNorEstBntoRET ol egher
o P S it g TUl b nalagen s ool s e Lo e
Ght P anom e ng Fes h SSal et of HBH TAYEQPLrty 6% te topkeurBbe of
Lhe 9ol ahina subgi gl e.pnd.fnhhe Sirgugh hole ol the, Lasuating,
E?:gthﬁ;réﬁ?#gf éﬁ%;%ﬁ%?%gﬁ?%gkogo gh%e %%ﬁa%%ﬁéigigr¥;g¥¥€¥ates from
the outside into the sealing member. This decreases the
reliability of the light emitting_diode and causes sﬁch
defects as metallic members sealed inside are oxidized and
10 discolor.
<Step 2>
The package assembly that is fixed élosely on the
dicing sheet in step 1 is éut off by neahs of a diéing
blade applied onto the bottom surface of the -package
15  assembly along the dashed' lines in Fig. 5;_ The dicing
blade has a cutting edge consisting of fine diamond
particles around a bond. The diamond blade of this
constitution tends to be loaded with metal chips generated
as saw dust when cutting off the light emitting diodes that
20 fill the space between the diamond particles. 1In order to
avoid this problem, it is preferable to include a hard
filler in the 1light rtransmitting resin that makes the
sealing member in the first pbrocess, 1in 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



light transmtting resin is substantially flush with the outer
circunferential surface of the package. As the light transmtting resin is

formed over the entire surface of the 15 light emtting diode, |ight
emtting surface can be nmade w der with increased output power. Moreover,
since the light transmtting resin on tle insulating substrate diffuses

light fromthe LED chip nore effectively to the outside, the |ight
emtting diode has good directivity. In 20 case the light transmtting
resin includes the filler, the. effect is further enhanced by the filler,

so that theddghtle eplitei nedicpdehas,fayorahle Light enitting
characteristics. In the light em tsti ngédi% 3%5 oPhetq rgfgﬁﬁﬁodi neptng
accordi ng thedr eseirdsreent i gArrt heLunipous intensity and 25 power can be
i ncreased by using flor escen? et erfe%l még ](S:‘_ilré%esi ﬁaé‘&'y Sas StéChaté the

f1 uorescentripardd cigsrofs snal [cle _size and.the fluorescent particles
of large particle size and d% s%gg‘%{:\{é tREF %P@s%@ﬁ’[orr?étcéﬂtalpﬁlbth@k@s full

use of eachff unRGtdo f res t ,panticles of 5 small particle size
account for O Oqf/dol (r’/‘%atrz)Eﬁe(\:C%/eloIlé 520 Ghte‘\%e }Plt%} aﬂa’RFfﬂelfr'Fe of fluorescent naterial

and are di spersed, i the . transm t.ting resijn to scatter the light. The
fl uorescent particl eq;sheof qIlactlj;hge A sidiedean Tegniiarat unad wawel gt h of

the light effigi Y, ntrol |i, the 10 particle size thereof so that
the parti c?efgdggﬁra@le m%?/% ?i g&t%&lg’%dt hBPoVer nithe otight LERchittiSiqice

t he - i i : '
resin seal is formed integrally on the top surface of the

insulating substrate and in the through hole of the

insulating substrate, top surface of the light transmitting

_10 resin is substantially parallel_to the bottom. surface of

the package, and the outer circumferential surface of the

light transmitting resin is substantially flush with the

outer circumferential surfacé df the paékage. As the iight

transmitting resin is formed over the entire surface of the

15 ligh? emitting diode, 1light emitting surface canzbe-made

wider with increased output power. ﬁoreoVer, since.the

light tranémitting resin on the insulating substrate

diffuses light from the LED chip more effectively to  the

outside, the light emitting diode has good directivity. 1In

20 case the light transmitting resin includes the filler, the

effect is further enhanced by the filler, so that the light
emitting diode has favorable light emittiﬁg 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



fluorescent particles of large particle size of this enbodi nent can be
excited by the light in a broad wavel ength band, the fluorescent particles
can convert the 15 wavelength of- the light in the case that the wavel ength
~of the light emtted fromthe LED chip varies by a change of the current.
- Therefore, it is possible to provide thegglight emtting diode with a good
reliability and a good productivity. 20 In the nethod for producing the
light emtting diode according to this enmbodinent, the light emtting
diode with a good |um nance characteristic can be produced efficiently.
Mor eover, dladdiercasesd had quct i P need a_ | on eriod tine,
variations in the |ight enﬁgiion %er %r%%ﬁ%égige%gnpﬁﬁtkgb?geﬁir%%%l% snal |
bet ween t hexd ighte engitdd Ng f i ode nuf actured in the early stage of

t he produg?}on run anéét%gﬁfig tgenf%€$%%s%?%Hespﬁﬁﬁh@g%%ur%@ i R ¥de

| atter stage tofcitdes roduet | . Therefore, the irregular color of the
light enitting diode canlllﬁb%a C@‘%pﬁéég\}len e%‘%njgf?ﬁ%s‘f/?ﬂ dFdtehidHUE? immkean be
i nproved. flhe epoXY Fesin.,co ition of the_present invention described.
in the first enbodiﬁen%aggh e-%#%%%ht y%ﬁ?o&EH@reéﬁénﬁa§@§Umq@hs of

pliakjlit C .a.crosslinked oligomer formed by reacting the
al i c;l%lcl i c)ééngggy%lr%‘%lﬁlreefd‘tzse TP toe AecPvahlydro deowsl Wi caf bmeyl i ¢

acid. Thet%@@ﬂ’Jé?ﬂﬂEC@Ppgfhgkggc%%tm§§¥z¥igfvggéig?ecigspersed in
the transmitting resin to scatter the light. Ihe
_fluorescent particles of large particle size can convert
the wavelength of the light efficiently by controiling the
10 particle size thereof so that the particlés can be
distributed in the Vicinity of the LED chip. Since the
fluorescent particles of  large particle size of © this
embodiment can 'be excited by the light in a broad
wavelength band, the fluorescent particles can convert the
15 wavelength of the light in the case that the wavelength of
the light emitted from the LED chip varies by-a.change éf
- the current. Therefore, it is possible to provide the light
emitting diode with a good reliability and a éood

_ productivity.
20 In the method for producing.the light emitting diode
according to this embodiment, the light emitting diode with
a good luminance characteristic can be produced efficiently.
Moreover, in the case that production process need a long
period time, variations in the light emission performance

25 can be kept extremely small between the 1light" emitting



be handl ed easily, since the viscosity of the epoxy resin conposition can
be freely controlled by the amount of the acid anhydride or the

di carboxylic acid, or the ester.- 15 conversion ration and has | ong pot
life. Enbodinent 2 Fig. 6 is a schematic sectional view of an SMD type
light emtting diode according to seconggenbodi ment of the 20 present
invention. The light emtting diode of the second enbodi nent conprises the
LED chip 5 nade by formng a pn junction of a nitride sem conductor (Al
GaylnzZzN, 0 < X <1, O0: Yc1l1 0: Z1, X+Y+ Z=1) on a sapphire

substr at e diicdess bubfhieFakayeeqamade ofe G@g@l&—dé\&afge ;89 t%ﬁé% %%Zg%égﬁ?r';EDf
0

chip 5 being placed on a gl ass epoxy substrate

| ead el ectndesant?achd?2by i dhe L&D Ghi : a light emtting, |ayer nmade
of at least a nitride sen?conductorIﬁ%y?ﬁg%%gsiPﬁgg%éﬁghﬁéaat?ve the

el ectrodes atfeavi ded, @0 at ¢l e 0 ce of the LED chip 5-are 5
electrically connect%% to Ieag%gleg?F§ é%gffé, EEB-mAFBer@ﬁ&aﬁn<xﬂh@

conduct i ve Y, VPN | { ght itting, diode of the second enbodi nment,
a quorescem:%Eiiﬁial §?ﬁ1l%§ t%ﬁghagaggtthgmﬁFE%Pg efg6deneman s be

di spey sed g e dd It ity NG resi 8. 10 The fl uorescent nateri al
di spersedp= n the Idl %Eltd tt{hraeg?s?n%lt% iogfg prr&c{]ur? e Gfdt &8s igpnaved .| uor escent

partlcle$ °f'Tﬂé“%é%¥§F9£Si§'%%m%%s%%?bﬁ*g%féﬁgrgiiigitpﬁﬂﬂgﬂg§;;”-

‘described_in the firsf embodiment can be prevent yellowing
and has a high pliability, because a crosslinked oligomér
‘formed by reacting the alicyclic epoxy fesin reacts.with
10 the acid anhydride or dicarboxylic acid.

| The epoxy resin composition of present.invention-can
~be ‘handled -easily, ;ince the viscosity of the epoxy resin -
composition can be freélf controlled'by the amoﬁnt of the
.acid anhydride or the diéarboxylic acid, or the ester

15 ‘conversion ration and has long pot life.

Embodiment 2
Fig. 6 is a schematic sectional view of an SMD type
light emitting diode according to ‘second embodiment of the
20 present invention. The light emitting diode of the second
embodiment comprises the LED chip 5 made by forming a pn

junction of a nitride semiconductor (Al,GayIn,N, 0 = X

A

1,
OéY__S_1,O§Z—_<-l,X+Y+Z=1)onasapphire
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



smal | particle size 82. Thus the wavel ength converting function of all the
fluorescent particles of large particle 15 size 81 is fully made use of
thereby to inprove the output power of the light emitting diode, while
preventing irregular color fromoccurring by neans of the fluorescent
particles of small particle size 82. In ?Be light emtting diode of this
present invention,. 20 epoxy resin described in the first enbodi nent is
preferably wused for the light transmtting resin 18. However, in the
second enbodi nent, since the resin is nolded on the substrate instead of

filling theynsi ckage, other epoxy resin, glass, silicone
resin, 25 acf@fﬁgﬁ?gii%égf ?ﬁeksggeegﬁFgﬁﬁpésfg?avhézﬁboddﬁkth%@thbﬁp?l
may also b . Embodi.ment . 3. The |Light emtting di ode according to the
third errb%di%ré%t aofrib%%et p?lagﬁmng n\;‘@g(ﬁroﬂ“%%?rppgse%t aheRED @himpitsidavi ng
~a constitution, for exanple, shown in Fig. 1 or Fig.. 6 capable of emtting.
uItravioIe%e%%fQHiﬁéifﬁma#ﬁyﬁéak of POBktd¥ronand anedwtiveavel engtddesgi on
around 400 nm_.An LED chi p, capable of emtting ultraviolet ray can be
easily ma8&°By o hgdd skhitonbet cFuriges bdsethonlaDnidhiges lore

senic%nductﬁr %n,a iﬁ@phire substrate. In the light emtting diode of the
t hi rd Jembo8i- e L4+ HesFNBECHPAs S hdraids sbnewhades esizst,ant 2b0 Wi

electrically conductive wires 7.
In the light emitting diode of the second embodiment,
a fluorescent material similar to that of the first
embodiment is dispersed in the light transmitting resin 18.
10 The fluorescent material dispersed in the light
transmitting resin 18 consists of the fluorescent particles
of large particle size 81 ahd_the-fluorescent particles of -
small pa:ticle size 82. Thus the.wavelength converting
function of all the fluorescent particles of large particleu
15 size 81 is fully made usé of thereby to improve_fhe output
power of the 1light emitting diode, while preventing
irregular color from occurring by means of the fluodrescent
particles of small particle sizé 82.
In the light emitting diode of this present invention,
20 epoxy resin described in the first embodiment is preferably
used for the light transmitting resin 18.
However, in the secqnd embodiment, since the resin ‘is
molded on the substrate instead of filling the inside éf
the package, other. epoxy resin, glass, silicone resin,

25 acrylic resin or the like suitable for the producing method



ultraviolet ray is used as the light transmtting resin, and a fluorescent
materi al having the particle size 15 distribution described in the first
enbodi nent is used. For the material of the fluorescent material, Y202S:

Eu fluorescent material that is excited by light of short wavel engths in
the ultraviolet region and emts red light, Sr5(P04)3Cl: Eu fluorescent
material that is excited by 20 light of short wavel engths in the
ultraviolet region and emts blue light or (SrEu)O A1203 that is excited
by light of short wavelengths in the ultraviolet region and emts green

| i ght can usesh e ligdy, emtting diode that emts white |ight can be 25
manuf actured by form ng a wavel ength conversion | ayer nade 72 of a m xture

~of a red lg@damEdd ifig fluorescent material, a blue light emtting
fluorescent material and a green light emtting fluorescent material on

descri bed. _above” 35HHO CUBVGRY GHUZS Wit CUSHRSOLO | WiE GBGE Eu or
(Re s at Tostohatft SECRE LIRSERL) Vit Srnr erae® en 460 WpE
rmter ai . RS T o o G 0PN g e e i GG th
hi gh 'U”l%aQ%%uﬁQHaQSf g%?%t?%g”%h%%a%ﬂ%%%tfE%g{%%ﬁgytangggnigLZk of
emission in a short wavelength region around 400 nm. _An
LED chip capable of emitting ultraviolet ray can be easily
made by growing a semiconductor layer based on a nitride
10 semiconductor on a sapphire substrate.

In the light emitting diode of the third enbodiment, a
resin or glass ‘that is somewhat: resistant to the
ultraviolet.ray is used as the light transmitting resin,
and a fluorescent material having the particle size

15 distribution described in the first embodiment is used.

For the material of.the fluorescent material, YJ%S:

Eu fluorescent material that is excited by light of ehort
wavelengths in the ultraviolet region and emits red light, -
Srs(PO,),Cl: Eu fluorescent material that is excited by

20 light of short wavelengths in the ultraviolet region and
emits blue light or lSrEu)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



In the light emtting diode of the third enbodi nent, since the fluorescent
mat eri-al consists of the fluorescent 15 particles of |large particle size
81 and the fluorescent particles of snall particle size 82 simlarly to the
first enbodinment, the wavel ength conversion | ayer capable of efficiently
converting light of" ultraviolet region i fornmed so that the Iight
emtting diode of high |um nance 20 can be obtained. Particularly when
fluorescent materials of a plurality of types are used to emt m xed
light, it is preferable since irregular color can be effectively

suppressed by thenilxitghle @t eFddo; c he | uor escent particles of
smal | particle size. 25 Wien a thinE%ége%mﬁg5§%% &;98F8ﬁ§?ﬁtc@ﬁ§§Fﬂ?ﬁg 73

function isafasned fiiemea BhXtykgq0f fl ugrescent . materials described
above, the fluorescen? materi al s gpr%?%%Q:Tﬁaﬁév@a St Rar #edi &n paeencl e

size and partiigteensh@apeg Sy ) kes it possible to satisfactorily
mx 5 |ight o? differentgﬁaveleﬁ%%%%ﬂgﬁ??f% l%ﬁ.?ﬁePﬁQW%ﬂﬁﬁﬂcef¢ﬁotéscent'
materials thenebyeshonsuppress irregular color. In the third enbodi nent,

di fferent wavel ength conversion |ayers may also be formed fromdifferent

fluorescent mategial $-5!n se-different wavel ength 10 conversion | ayers
of different fluorescent %ggerfg?%rg?%e?Brn%ﬂt?ﬁlﬁﬁlt¢9$@rib§@rsabeejs

preferable {0 m light emtting fluorescent material,.a green
| i ght errittIhSQJI&5 @gpﬁﬂrz GeO, : Mn, MdJ,As,0,,: Mn, Gd,;0,: Eu or La,0,S:

Eu may be used as the red fluorescent material, Re; (PO,) ,C1:
Eu (Re is at least one element selected from among Sr, Ca,
Ba and Mg), BaMg,Al;0,;: Eu, or the like may be used as the
10 blue fluorescent material. The light emitting diode
capable of emitting white light with high luminance can be

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

fluorescent particles of small particle size.

25 When a thin layer having wavelength converting



fluorescent material and a blue light emitting fluorescent material one on
another in this order on the LED chip in 15 .consideration of the
transmttance of each fluorescent material for ultraviolet ray, since this
causes all layers to efficiently absorb light in the ultraviolet region.
Furthernore, it is preferable that the panticle sizes of different
fluorescent. materials are controlled so that the 20 blue fl uorescent
materi al has the largest nmedian particle size followed by the green
fluorescent material and then the red fluorescent material in order to

have the pduhictlien sizestofmthe flupr eascﬁﬂ&_tfﬁlﬁfeeri)%' QS&E ﬁa@%gé%‘ér&e
e g 0 on

| ower |ayer to the upper layer in the nulti wavel en

| ayers, sineeetrhiagsal |@scribe@vi abgl orays 7 ficiently transmt up
to the topnost |ayer and al so makes Ft;xﬁé?b|§lP§§ﬁ5€8“ he%m§§2ﬁﬁ%ﬁet

rays compl greins-aghsonbak bysf e Pukifle, vpyal engthconver i on | ayers. The

wavel engt h conversion | ayers for different ‘colors —5

the LED chispapB,sugha confid o] ripes, grating or triangle. In
this case, tﬁg [ayers ?ﬁg%%dﬁégglts'hgtd?ﬁ?%érle efF%oPé‘%&é fChBE&Livalsl Hray

_. be sdispesgdtatop ﬁiti%itfg’}%l%t”&?gbgi‘gﬂgﬁ Qeréqiﬂégokgﬁggg\gié{%;gtor

m xi ng perfornance. al'so prefera to \ !

T posei bl £ fae ByBG: P el LAICr SUESFEY iy SUPPORBeRRE SABIOrDEO T { he

outside of the 1,  the thirg embodiment, different wavelength

conversion 'layers may alsoc Dbe formed from different

fluorescent materials. In caée different wavelength

10 conversion layefs Qf different fluorescent materials are

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

light emitting fluorescent material, a green light emitting

fluorescent.material and a blue light emitting fluoreséent

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

15 consideration of the transmittance of each fluoreséent

material for ultraviolet ray, since this causes all layers

to _efficiéntly absorb light in the ultraviolet region.

Furthermore, it 1is preferable that the particle sizes of

"different fluorescent materials are controlled so that the

20 blue fluorescent material has the iargest median particle

size followed by the green fluorescent material and then

the'red fluorescent material in order to have the particle

sizes of the fluorescent material decrease from the lower

layer to the . upper layer in the multiple wavelength

25 conversion layers, since this allows ultraviolet rays to



sealing resin. Enbodi ment 4 15 Fourth enbodi ment of the present invention
relates to a nethod for producing the fluorescent material that is suited
for the light emtting diode, in which such a fluorescent material is

synt hesi zed that chromaticity of the emtted |light can be prevented from
shifting and red 20 conponent can. be pravented from decreasing. A nethod
for synthesizing the fluorescent material is disclosed in Japanese

Unexam ned Patent Publication No. 4985/1973 in which various materials of
fluorescent material are mxed in stoichionetrical proportions and 25

bori c aci ceffiaderdl yherehonas p UKy %Ehtgﬂﬁ%g%&%%% Ing?zg% %ﬁ- |
s a

Japanese Unexam ned Patent Publication No

met hod as Maripossipieri gabs efhvef | Uges terdal are mixed
stoichionetrical proportions and barluﬁ$?§{§gz |s éﬁﬁ%d ?ﬂ%?£?5e5¥ flux,

5 with thebgxttke I fige PHOCESSEL |c es. barium fluoride
and boric acid is agged %s the§§ uxQYgitﬁgggléo PR n ¥¥¥3l so as to

assist the growie piveachiehesSqonG it of the emtted |ight obtained
by the irradiation Wit h eQC|ta?PoEE% %t aﬁ%F srgﬁj4ﬂgf%¥§9 € 190 kopponent

decr eases.mdy 4 heo RN ER-LBRO ft .in chronat|0|ty of the emtted
| i ght of quorescent natgr?E g#gggép6%g£s®& such a configuration

as stripes, grating or triangle. In this case, the . layers
including the different fluorescent materials may _ be
disposed at a distance from each other, which improves the
color mixing performance. It is also preferable to form
10 the wavelength conversion layer so as to cover the LED chip
as a hmole, since this makes it possible to prevent.the
ultrav1olet rays from being absorbed in the out51de of the

seallng resin.

Embodiment 4
15 Fourth embodiment of the present invention relates to
a method for:producing the fluoresceht material that.ié
suited for the light emitting diodé, in which such a
fluorgscent material is synthesized that chromaticity of
the emitted light can be prevented from shifting and red
20 ‘component can be prevented from decreasing.

A method for synthesizing the fluorescent material is
disclosed in Japanese Unexamined Patent Publication No.
4985/1973 in which various materials of fluorescent
material are mixed in stoichiometrical proportions and

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



-adding a liquid to the m xture before firing the m xture of the m xed
materi als of fluorescent materials and the flux 15 including barium
fluoride. It is supposed that addition of the liquid during firing makes
the m xed materials denser and inproves reactivity so that honobgeneous
fluorescent particles of uniformparticlis sizes can be obtai ned. The
effect can be inproved further by pressurizing during 20 firing. The nore
t he amount of the liquid added, the better the particle shape and the

hi gher the effect of suppressing the chromaticity shift of the emtted

light. The &oemt of Jdmandspii d tadgeshiinePreperably Wil q_;g:a%.r ang fromb5
to 200 25 wt% nore preferably within a range from 10 to W% andY

\ 6
- nmost  pref era@l 3840 396 ndbs¢ Boges f 5Q8K5Q LR +HQ MU h m xed materi al
The above effect can be enhanced by addi ng Fg%ﬁtyﬁéﬁﬁaﬁ(ﬂ?§§F{%§%é° he

activation Zigentedednt he mafdeyargscent-gmat ghial,. 5. Also_according to the
nmet hod for producing, it is preferagfé to&??Pe'thQJflﬁg?%g%%ﬂﬁe?ﬁ&%ﬁizﬂ of

the fourth preyadi ey , addepBE-XLRr & 190 A5 j Xe erials of fluorescent
materials and the flux in two steps céﬁ%?%%ﬁ%% g%&?%r§beFFFPn§“%t%ﬁP%ﬁ

1T g P e M A AR AT {he v

reduci ng ~ When barium fluoride and boric acid is added as the
flux to the fluorescent material so as to assist the growth

of particles, chromaticity of the emitted light obtained by

the irradiation with excitation light shifts and thé red

10 component decreases. |

In the fourth embodiment, shift in Chromaticity of the

emitted light of fluorescent material is .suppreSsed by

adding a liquid to the mixture before firing the nixtuie nf

the mixed materials of fluofescent materials and the flux

15 including barium fluoride. It is supposed that addition of
- the liquid during firing makes the mixed materials &enser,

and improves reéctivity SO that homogeneous fluorescent

particles of uniform narticle Sizes can be obtained. The

effect can be improved further by pressurizing during

20 firing. |

The more the amount of the liquid added, the better

the particle shape and the higher the effect of suppressing

the chromaticity shift of the emitted light. The amount of

the liquid added is preferably within a range from 5 to 200

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



atnosphere refers to an atnosphere that includes oxygen of such a
concentration that at |east the quantity of oxygen 15 required in the
reaction of formng the desired fluorescent material fromthe m xed
material. The fluorescent material can be prevented from bl ackeni ng and
the light absorbing efficiency can be prgvented from decreasing, by
carrying out the first firing step until the process of formng the 20
desired fluorescent material is conpleted in the weakly reducing

at nosphere. The reducing atnosphere in the second firing stepis a

reduci ng atmmsphpreréhabl has;iirghers i 0 han t he_weakly
reduci ng at nosphere. A flgorescent %atggpglqﬁg@}ﬁgéhiahn%%fVEFeﬁéy gte 25
absorbi ng exicidatdedight ca be, ' y.firing in tw 77 steps as
descri bed above. This makes it possi%ﬁ%ﬂﬁgjféﬁﬂ% € (He difditht oradHerg

fl uorescentpdratiari ahqgt gyhr t g..obt gi he desired chromaticity and
obtain a light enitting dioggj %ﬁbi%g RF% eﬁéﬁ%ﬁ%ﬁﬁﬂ? of 98REr ak® ¥ ngthid ght

for exampl &1» Mhenfihe mihad is applied to the light emitting diode.
Variation Exanple 1 (Light transmtting resin) Wile a particul ar epoxy

[he T 50 Lkt SEEPLg I T, SRRl 0o s Bssent a0
gl ass and %ﬂ%fkk%%ﬁ%squtfPPée%kglf¥§g¥g§%2%glkgggiféfséf Eggoﬁgg?yﬂ
embodiment, the mixture of the mixed materials | of
fluorescent materials and the flux in two sfepé comprising
a first firing step of firing in an air or weakly redﬁcing
10 atmosphere and a second firing step of firing in a reducing
atmosphere.

In the present invention, _the weakly. reducinq 
atmosphere referé to.an atmbsphere that:includes oxygen of
such a concentration that at least the'quantity of oxygen

15 ;equired in the reaction of fbrming the desired fluorescent
material from the mixed material. The fluofescent material
can be prevented from blackening and the light absorbing
efficiency can be prevented from decreasing, by carrying
out the first firing step until the process of forming the

20 desired fluorescent material is compléted in the weakly
reducing atmosphere. The reducing atmosphere in the second
firing step is a reducing atmosphere that has higher
reducing power than the weakly reducing atmoSphere.

A fluorescent material having high efficiency - of

25 absorbing excitation light can be obtained by firing in two



In this case, materials that can be suitably used as the |ight
transmtting resin include light transmtting 15 resins having good

weat herability such as other type of epoxy resin (for exanple,

ni trogen-containi ng epoxy resin), acrylic resin and silicone and gl ass.- A
light emtting diode of high output powej;can be made al so by including
fluorescent material consisting of quorescent particles of 20 large

particle size and fluorescent particles of small particle size in such a
resin as descri bed above. A pignent may al so be added together with the
fluorescent stepsessaletoribegl b9htetra t{in I n_order to inprove
weat herability of the light. 25 t?ans%ﬁgklhﬁkgé paﬁsﬁpﬁﬁaﬁporéﬁuce

absorbi ng agesat spaYindl $F 718, be; t he transnlttlng resin, and
further an antioxi dant, oré%nlcéggﬁgc%ng E§ﬁé5 d%#ﬂ“éﬁﬁ%dt@débbaln

chel at e conpreinde9f r&Z5N to the transmtting
resin. 5 Variation Exan%thMaE%E?FPUS|ﬁg %&ﬁﬂ% ?&&% ? et thmgdiodehe

present i nvieddi Q8. nilke | t tting resin may include a diffusing
agent in addItI%n t tﬁ% (ﬁd%gégen% %%?%ﬁln¢b#19hé/mﬁdnwengmﬁmeagent

bariungtitapade, jhdt 0 |de um oxide, silicon oxide, calcium
carbonate or the %é @gﬁéw%r% ‘yhg%dth%}bh%¢% %mittﬁm@gdageats such as
mel ani n res&i&ié@ién Example 1

(Light transmitting resin)
While a particular €PoXy resin is used ‘in the first
embodiment, according to the present invention, the light
.10 emitting diode may also be made by nixing other resin or
glass and the fluorescent material described in the first
embodiment..
In'thié case, materials that cad be suitably used as-
.the iight transmitting resin include light transmitting
15 .reSins having good weatherability such as other type of °
epoxXy resin (for example, nitrogen—containing epoxy reSin),
acrylic resin and silicone and glass. A light emitting
diode of_high output power can be made also by including
fluorescent material consisting of fluorescent particles of
20 large -particle- size and fluorescent particles of small
particle size in such a resin as described above. A
- pigment may also be added together with the fluorescent
material to the light transmitting resin.
In order to improve weatherability of- 'thev light.

25 transmitting resin, an ultraViolet absorbing agent may also



‘guanam ne resin and benzoguanam ne resin can al so be used. The |ight

em tting diode having good directivity can 15 be nmade by adding the

di ffusing agent as descri bed above. The diffusing agent in this
specification has median particle size of 1 nmor over and less than 5 u m
It is preferable to use the diffusing agent having nedian particle size
within arange from1l /i mto 5 gm since it 20 causes satisfactory random
reflection of light emtted by the LED chip and the fluorescent materi al
and suppression of .irregular color that tends to occur when the

fl uorescenbe palddc!es ehel arge o i .Spze is used. Use of the
di ffusi ng agent al so makes iﬁggbsgﬁﬁéégﬁﬁ§%%%% £RE Ral fa¥5 WRBEREBT afhe
i ght em ssh@RospaehEUM Jrovwer d o in 79 the light emtting di ode

havi ng high color purity. The di%?ﬂﬁlé%%&ﬁﬁﬁlﬁﬁﬁﬁnﬁc di aphydridel ersi ze

or 1 nn1o&h@yggeaQ%ﬂﬁg§% .u_mhas |ower effect of interfering with
the Iight enitted fromthgrﬁ% (%I%IHS BlitY 52¢5R Bfpravdethdovi Beosilighdf t he

resin w theytndgereasing S%ge | um nous intensity. Wien this effect is
utilized in a proces ifling the recess of package with a resir~..by

0
pottipg oryihe Like, pit i de possible to disperse the fluorescent
mat eri al subst%nt?al?%gﬁgf?g?n1y inthe resin 10 that is contained in a

syringe angnppEnt al i ondition, and therefore high yield of -
productiong%an %%92 h%@%zgfeven when the fluorescent particles of |arge

particle.size tP@%ther according to the present invention, the light
transmitting resin may include. a diffusing agent in
addition to the fluorescenﬁ material. For the diffusing
10 agent, barium titanate, titanium oxide, aluminum oxide,
silicon oxide, calcium carbonate or the like is preferably
use@. Organic.diffusing agents such as melanin resin, CTU
guanamine resin and benzoguanamine resin can also be used;
The 'light emitting diode having good directivity cén.
15 - be made by adding the diffusing agent as described above.
The diffusing agent.in this specificatioﬁ has median
particle size of 1 nm or over and less than 5 ugm. It is
_ préferable to use the diffusing agent having' median
particle size within a range from lum to 5 ym, since it
20 causes satisfactory random reflection of light emitted.by
the LED chip and the fluorescent material and suppression
of irregular color that tends to occur when the fluorescent
particlgs of largé pa;ticle size is wused. Use of the
diffusing agent also makes it possible to make the half

25 width of the light emission Spectrum narrower and obtain



is relatively difficult to handle is used. As can be seen fromthe above
di scussion, 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 conbinations according to the application. Variation
Example 3 (Filler) 20 Further according75o t he present invention, the
light transmtting resin may contain fillFers, in addition to the
fluorescent material. Specific material that can be used as the filler are

the sane as those for the diffusing agent, although the nedian particle
hi s specification has nmedian particle

size is diffedentndhg, fi 5 int .

size within a 80 gra%l%ér%% Sglg%q? AGPUN i ThesP kove Butiey. havi ng medi an
particle size inpfhis:.eange is_included in the |ight transmtting resin,
variation in theI%%r%h£?$%%?% SQGPFQ%@VQQﬁt%%ﬁkamwpahéitlghsieﬁikhiﬂg

di ode is iqB{oved bx the 5 light scattering effect and resistance of the
light transm Ofi nVFEsi M Agal et tHern hér mal rshaek caswbe brpeoved,y This

makes it p j t.0 prevent such troubles as breakage of wres that
connect thgﬁ%fg fitt bt t Iég‘?r odet tof enhiet pckage antk peeb ehfi pofp e

bottom 10 surface of the LED chip and the bottom of the package "recess
& tan PEQV B § ottt i i
even when USéd AP gh Y%ﬁp@ﬂé?8§é§y'ﬂﬁnihmerésghtwiehbhtlm&d?é&giﬁg hi gh
reliability, can be provided.
€ luminous intensity. When this effect is utilized in a
brocess of filling the recess of package with a resin.by
potting or the 1like, it is made possible to disperse the
fluorescent material substantially uniformly in the résin
IQ - that is contained in a_syringe and-maintain this condition,
and therefore high Yield of production can be achieved even
| when the fluqresceht particles of large particle size that
is relatively difficult to handle is used. As can be seen.
frpm the above discussion, the diffusing agents used in the
15 pre;entiinvention have different acfions dépending on-tﬁe
range of particle sizes, and can be used in proper
combinations according to the application.

Variation Example 3
(Filler)

20 Further according to the present’ invention, the light
transmitting resin may contain fillers, in addition to the
fluorescent material. Specifié 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 fiiler

25 in this specification has median particle size within a



Moreover, it is made possible to regulate the fluidity of the resin at a
constant | evel over an extended period of 15 tine and applying a required
anount of the light transmtting resin to a desired position, thus
allowing for nass production with a high yield. The filler has preferably
simlar particle size and/or shape to thgse of the fluorescent material.
In this 20 specification, the expression "sinmlar particle size" neans
that the difference in the nmedian particle size is less than 20% and. the
expression "simlar shape" neans that the difference in the roundness

factor (| engidyeoff g Nk @r @nce oof tr ircle of the sanme area_as the
projected area of 25 the particle/ *ghgtW%gﬁnégﬁeﬁ%kﬁeﬁﬂn%ﬂﬂﬁQH@#@%a®f t he

Shapt b Fher o FEEECTEED AR MUK BTN B LR,
1 uor escent. o ot er Lar to bart avor &1 b SeFbad TYioRRG LEAsin Aher STt fo
P N g e LR
10 G Sper oo it h HEel VAR diaice (750 c5eRTOERGFEWNER | RBe paridict 6
o205 arc sottokkadiin L ange desg | b aboye, | This mies. T possibi e
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
10 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 can be provided.
Moreover, it is made possible to regulate the fluidity of
the resin at a constant level over an extended period of
-15 ~ time and applying a required amount of the light
transmitting resin to a desired position, thus allowing for
mass production with a high vield. |
The filler has preferably similar particle size and/or
shape to those of the fluorescent material. In this
20 specification, the expression “similar particle size” means
that the difference in the median particle size is less
than 20%, and the expression “similar shape” means that the
difference in the roundness factor (length of circumference

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

25 the particle/ length projected of circumference of the



and inprove the directivity while preventing the lumnous intensity from
decreasing due to the mxing of the filler. 15 Wen the light transmtting
resin including the fluorescent ~material and the filler of particle sizes
in the range described above is applied by the m meograph printing,
dressing effect can be provided in whichgihe dicing blade is restored from
‘| oaded condition in the dicing process 20 after curing the |ight
transmtting resin, thus inproving the mass production performance. In
order to achieve good dressing effect in the dicing process, it is

pr ef er abl epehat clk¢ fuHdterropréasges t4 i zes is _i.ncl uded od
dressing effect can be 25 a%%ieved foﬁpgif%§%$$%léﬁrégpgtﬁﬁ&kidﬁ§e & ci ng

bl ade whenp82tithe khgpt tbapssi tt,B06$hR kRckudes a. filler having
medi an particle size within a range fF&ﬁ]l% é§1%§g§ot§ﬁ? 5hﬁre Bref 8fabl y

Wwithin a range fa ofi 20eymuted; B3 UM, Variation Exanple 4 5_(Light enmitting
- surface) According to the present i%véﬁ%%%ﬁéé§%ﬁ§'lP hﬁj“irgigﬁFﬁﬁpﬁ@tresin

surface thattseiyes asdtheplki gl e tty surface of the lLight emtting
di ode may be-a curved surface.lln%gLe %Q%% of 243 | i it efiteragcansde 10

descrbbed hacd hea seeondeeodiapat, iy} Wich the resin is ol ded on- the

substrate, the light transmtti ng&rgs}TSrPerSSlﬁ(# dce ﬁg& preEtet atbhl@"r@@y”éq in a

curved SUY§&§§&§Qsa$tBQ irregular color. Both the fluorescent
material and the filler preferably have median particle
sizes within a range from 15 um to 50 Lm, more preferably

within a range from 20 gm to 50 ;im; 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 Seécure a path to extract light
and improve the directivity while preventiné the luminéus
intensity from dgcreasing_due to the mixing'oflthe filler.
15  When the light transmitting resin includiné the fluorescent
material and the filler of pérticle sizes. in the range-
described above is applied by the mimeograph printing,
dressing effect cén be provided in which the dicing blade
tis restored from loaded condition in the dicing process
20 after curing the light transmitting resin, thus improving
the mass production performance.
In order to achieve good dressing effect in the dicing
process, it is preferable that qthé-.fillet..of. larger
particle sizes is included. Good dreésing effect can be

- 25 achieved for effectively restoring loaded .dicing blade when



achieve the desired directivity, since light cannot be reflected upward on
the side wall of the package in this 15 type of light emtting diode. Such
a curved light emtting surface can be formed by applying the |ight
transmtting resin including necessary substances dispersed therein in the
m nmeograph printing wusing a mask 39 (Fi g2 7A) having apertures forned
therein 20 in correspondence to the individual |ight emtting diodes. This
process is illustrated in Fig. 7A and Fig. 7B. Wile the surface of the
light  transmitting resin applied as described above usually becones a

curved surfave aftgit themmsetting edife Heghgcthe surtace can be forned
in 25 any desired shape according to the na#érigFe%nda83%&goﬁFig PEEBN of

“the mask” 3%adthi hga auantd tys of mgh@n %pqlair%egge-”g%}qh nfggg énng,lgggggtthe li ght

emtting diode can be nmanufactured satisfac “oA. Even

when the ljghd L4+ 00 Aipdss; pf ot esent Jnvention 5 including -
fluorescent par tliglg% es of 3{jarge prgra'ltiltgne&siJ?%oném%[51 ’f‘F“u&Pesscpeerparti cles of

snmal | partivwd:®i St zeh HeamgmnNuf actured in a large quantity over a |ong
period of time, wvariations in the |ight em ssion performance can be kept

extrergely smaldnbeinean fhediahl.jemtting diodes 10 manufactured in the
early stage of the production run'and the |ight emtting di odes

manuf actured in t1er a of the production run, thereby i rovin
the yield of AéE%ﬂjﬁﬂ@e 8689¢nd" bREsRLY invention,  the Y l{gkt J

transmitting resin surface that serves as the 1light
emitting surface of the iight emitting diode may be-a
curved surface. In the case of the light emitting diode
10 described in the second embodiment in Whicﬁ the resin is
molded on' the ‘substrate, the light transmitting resin
~surface is preferably formed in a curved surface so .as to
achie&e the desired diréctivity, since lighf cannot bé
reflected upward on the side. wall of the packagé.in this
}5 tYpe of light emitting diode. | -

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

20 in correspondence to the individual light emitting diodes.
This process is illustrated in Fig. 7A and Fig. 7B. While
‘the surface of the light® tra.hsmijtt'incj | resin applied’ a's."
described above usually beéomes a curved surface after
thermosetting of the resin, the surface can be formed in

25 any desired shape according to the material and



production. Mreover, when silicone is used as the material.of the 15 mask
39, producing cost can be reduced and the light emtting surface of a
desired curve can be formed by making use of the difference in the thernmal
expansi on coefficient between the silicon and the light transmtting
resin. Variation Exanple 5 20 Wiile the ¢£D chip and the package are
connected by neans of wires in the first enbodi nent, although the present
invention is not limted to this "constitution and such a constitution may
al so be enpl oyed as the LED chip is nounted in the nounting area |la of the

package by cbhifpg2®achbp- kondicpg Wi by.c uctive aterial .and output |ight
is 84 extracted fromthe subStrat%QEigggoghghéjfﬁDq@ﬁPﬁ?t§in%g th¥e Phackage
has the inapbateng feehi @pi4 RGaL i.n the unting.area.la (through

hole) with the thin netal lsheetsogg’, Q%Eegh%ggde8ﬁgngﬁ §iges £8nskEwn i n

Fi9 L innsukElaeaqt 0amuRL JBe LED Ghip 50 as Lo straddle over the

i nsul ati ng section 4 and connect fhée-posit

the LED chipedi neghky tg, i -dﬂin tal sheets 2a, 2b, respectively.
Vari ation Exgnple%G 10 %gﬁﬁﬁ t %QE?Fanogiod%%eofpfﬁéeéﬁbode@mﬁécand

GBI i R L N K
fluorescent particles of small particle size are
manufactured in a large quantity over a long period of time,
variations in the 1light emission performance cén be kept
extremely small between the light  emitting diodes

10 manufactured in the early stage of the production run and
the light emitting diodes manufactured in the latter stage
of the production run, thereby improving the - yield of
production. | | |

| | Moreoyer, when-silicone is used as the material_bf the

15 mask 39, producing cost can bé reduced and ‘the 1light
emitting»surface of a desired curve can be formed by making
use of the difference in the thermal expansion coefficient
between the silicon and the light transmitting resin.

'Variation Example 5
20 - _ ~While the LED chip and the package are.connectea by
;meahs,_of ‘wires 'in ‘the first embédimént, although the'.
presént 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



limted to this constitution. For exanple, the fluorescent material and/or
the epoxy 15. resin described in the first enbodi ment can be used in

light emtting diodes of various forms such as display, 8- segnent

i ndi cator and bullet type. That is, use of the fluorescent materi al
described in the first enbodi ment makes g4 possible to nake a light 2.0
emtting diode of high output power and use of the epoxy resin-described in
the first enbodi ment nakes it possible to nmake a |light emtting di ode of
high reliability. The light transmitting resin described in the first

enbodi nent edarrdeteapptred fi0d oyt ocLi ghli.enkty 5 el enments such as
light emtting diode but also to |ight 85 a?e%%ié#%gL%ﬁéﬁﬁﬁf'such as

phot odi ode. The Jimesenthd nyentdan wid | b ibed in the follow ng
exanpl es and is not linited onf%gto suchgeggﬁg{%s%ngSS%&bh&We41lQﬁét§WD

type |ight iemiHe nfoeh©dey agsrshoy i sectiqnal, view of Fig. 8 is
fabricated as a |ight eﬁf%tiﬁg dioégh%gsgﬁb%ﬁgégeﬁPﬁﬁnﬂﬁﬁiQﬂﬂnTM%tiED

chip conprissiddt«a 24, Pyf e L L a made of | nGaN and having a main
peak 10 of 470 nmis used g% %é?%%&c%?%h5§l%ﬁstﬁé ISTGHE & tFtlicng 1 dibde of

bace part’ anG the b1 SalTe pErE PEFRaTBECtY ot Feads Pddlan®vEsh dre
i nsertion E%E@Q%ﬂi%bosection 4 and connect the positive and negative
electrodes of the LED chip directly to the thin metal
sheets 2a, 2b, respectively. | i
Variation Example 6
10 The 1light 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.
| vFor example, the fluorescent material_and/or the epoxy’
15 resin described in the first ‘embodiment caﬁ be..used in
‘light emitting diodes of various forms such as display, 8;
segment indicato: and bullet type.
That is, use of the fluorescent material described in
the first embodiment makes it possible to make a light
20 emitting diode of high output power and use of the epoxy
resin -described in the first embodimen£ makes it-possible
to make a light emitting diode of high reliability. H
The light transmitting resin described in the first
embodiment can be applied not only to light emitting

25 elements such as light emitting diode but also to light



t he base part of the resin 24. The LED chip can be fornmed 15 by naki ng use
of MOCVD net hod. Modre specifically, the cleaned sapphire substrate is set
into the reactor chanber and filns are formed using trimethylgallium
(TM5 gas, trimethylindium (TM) gas and ammoni a gas as a reactive gas,

and hydrogen gas as a carrier gas, and siég%ne gas and 20

cycl opent adi anagnesium as a inpurity gas. The LED chip conprises a Al GaN

| ayer as a |low tenperature buffer |ayer, a non-doped GaN | ayer to enhance
a crystallinity (thickness : about 15000 A), a Si-doped GaN |ayer. as an

n-type contestel ayes ODeMbh€hs@lh el gc iis .25 formed (thickness : about
21650 A), a non-dop(ﬁéd &GN Iay%r 86 gt%ﬁggﬁgﬁggea crystallinity (thickness :

about 3000 A), a nmydi -fjr@é%rh%d | in_the formof a super lattice made of .
a non-doped GaN | ayer (thi cknesgh&ggllgét?%l 581% i SeScrddsd igaNthayer (

t hi ckness :rabuti 200 AL t.y. | adding 5 | ayer, a nulti-Ilayered
filmin the for mlorfé)a su elraesﬁ gdtn{al- cleso%r?gcdglldq‘l%dn&‘?-ld’oﬁéd SGEN kapeples.
(thickness : about 40 A) and a non-doped InGaN | ayer (-thickness : about

20 angstrom) to enhance a crystallinity of the light emtting |ayer, ,a
light emttingd lé’tnlthe multi quantumwel |l structure 10 nmade of a :
non- doped GaN layer (thickness : about 250 A) and a non-doped InGN | ayer

(thi_ckness : abolg_}e SgMﬁ), a rrubti- layered filmin the formof a . super
lattice of a My-'doped I té/éﬁ\?( hPEneSB: abbue Z508) and shavp: ddpedtGeAl N
sectional view of Fig. 8 is fabricated as a light emitting
diode of the present invention. The LED chip comprising a
light emitting layervmade of InGaN and having a main peak
10 of 470 nm is used as a LED chip 5. In the light emitting
diode of Example 1, the package is a molded resin body
formed in one piece of the base part and the side wall part.
The electrode leads 22a and 22b are inseftion moldéd into
thé base part of the resin 24. The LEb chip can be férmed
15 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,
trimethylindium (TMI) gas and ammonia gas és a reactive gas,
and hydrogen gas as a .carrier gas, and silane gas and
20 _cyclépentadiamagnesium as a impurity gas;
The LED chip comprises a vAlGaN layer as a low
temperature buffer layer, a non—doped GaN layer to enﬁance
& crystallinity (thickness : about 15000 A), a Si-doped GaN
layer as an n-type contact layer on which an electrode is

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



(thickness : about 40 A) and a GaN | ayer doped.with My as a 15 p-type
contact |ayer (thickness : about 1200 A), which are sequentially forned,
on the sapphire substrate. The sem conductor wafer on which nmultiple
nitride sem conductor |ayers have been fornmed in such a way is etched
partially to expose a part of the n-type gontact 20 |ayer. Then, on the
exposed p-type and n-type contact |ayers, the n-type and p-type el ectrodes
are formed, respectively, using sputtering technique. Thereafter, the
resulting wafer is cut into the respective light emtting device to

{abri cated |1 CHG Bhove. ey SHed ey | oL oF EXboRied WOLHTa HHQD ook g
Cl oot odes 535" nd S0t o HHE oot o thath & slPrbbibtLES thede Fofchi p
P havi ng & W arsrert Set Y GHAdRaT el oo 66t bl shdehoat rdoped
57065 50157 Bet2 038, 1 n HHAFERSaBodt BB HerientAdT ¢ i nadysabstatate v th
Fl uor sscont. We el | &l TOhe PPt SsEbtt Tt shPaifcre: Giimmesiber mtrice
fIuorescengngggtéglgsnogjdégégeéggriécég size and a Tluorescent parti§les
of small y (thickness : about 40 A) and

a non-doped InGaN layer ( thickﬁess': about 20 angstrom) to

enhance a crystallinity of the light .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 lat-t_ice of a Mg-doped

InGa-N. (thickness : about 25 .A) aﬁd a Mg—dopéd .Ga.AlN

(thickness,: about 40 A) and a GaN layer doped with Mg as a

15 pP-type contact layer (thickness : about 1200 A, which are
séquentially formed, on the sapphire substrate.

The semiconductor wafer on which multiple nitride
semiconductor layers have been formed in such a way 1is
etched partially to expose a part of the n-type contact

20 layer. Then, on the exposed p-type and n-type contéct
layers, the n-type and p-type - .electrodes are formed,
 respectively, using sputtering technique. Ther—eafter, the
resulting wafer is cut into the respective light emitting
device to fabricate a LED chip which is able to emit blue

25 light.



- particle size and has a vol unme-based particle size 15 distribution as
showmn in Fig. 2A and 2B. In the flat range having a slope of zero in the
curve of the volunme-based particle size distribution, the cunulative
percentage of particles is 4.6 vol %and the particle size ranges from
1.371 umto 8.379 gm That is, 4.6 vol %®of the whole 20 fl uorescent
material conprises a fluorescent material of small particle size of a
particle size smaller than 1.371u mand the remaining 95.6 vol % conprises
a fluorescent material of large particle size of a particle size larger

than 8.379 u m Theheentgmalcpas t Fhei ShZ€q0f 4t 25,f 1 uor escent terial
classified using a settling nethod to 88 hEEeQgﬁc%ﬂﬁﬂﬁhPFP%FSn§E?émy

di stributios icibohdednand, theq; di sinihy igf%%ffig}oe“é;ﬁggﬁgﬁéi EpS 1, 001

above-nentioned central particle size is
peak of ditgleri bsif dosyd reguepcy ofyd he rescent_ particles of 5 snall
| 4 y mEhHQn Br-€ &l Yor Bt r ile@s on

particle size is 0.613 gm and the? article’srze. : . .
m A Standara decr et nt T Rethart TS tRSLT LGt oRs6h ehectFadrosdont
Wi choi S adf bt ol [ B EhCa n ST RE o S(AC%) SleBregs 82sapnin2dbonEe
chromat i ci £y o dhagRaM §08a3" RRY Y, o9 25,3 1190t Lransmi tting resin
fespectively, to establish electric connection.
In Example 1 of the present invention, (Y, ,Gd,",)
2.96sA1s0,:  Ceg s in  which about 20 percent of Y is
10 substituted with Gd and which has a central particle size
of 21.429 pum is used as a fluorescent material. The
'fluorescent.m;terial.is cbmposed of .a fluorescent particles
of large particle size_and a fluéreéﬁent.particles.of sﬁali
particle size and has a volume-based particle'.size
15 distribution as shown in Figqg. ZA and -2B. In the flat range
having a slope of zero in the curve of the voiume—based
particle size distribution, the cumulative percentage of
particles is 4.6 vol % and the particle size ranges from
1.37) pum to 8.379 Lgm. That is, 4.6 vol % of the whole
20 fluorescent material comprises a fluorescent material of
small particle size of a particle $izé:éﬁéliér:thah<l;3§1p
m and the remaining 95.6 wvol % compriééé a fiuorescent
material of large particle size of a particle size larger
than 8.379 u m. The central particle size of the

25 = fluorescent material classified using a settling method to



are mxed at a ratio of 16 . 100. The resulting 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 |ead electrode with gold
wire and . cured to forma light enmtting diode. The light emtting di ode
fabricated in such a manner can emt whgge light of a high intensity and
output. 20 .(Conparative Exanple 1). . To conpare,- the light emtting

di ode having the sane chromaticity coordinates is fabricated in the sane
way as in Exanple 1, except that  (Yo.8Gdo.2) 2.965A15012: Ceo. 035

fl uor escenhafrat ericadl havd g i ant| Lze 25 distribution, of which
the curves of volune-b§ZégQ%§?¥1%?€§8 Rgg%ggaé%g?r?ﬁugioﬁ dt 8 spewrthen.

Figs. 9A adds®Bibardoa carig@inRartiel ecgize pf 6.315 u mis used. The
luminus intensity and the outpﬁﬁaof thetﬁ%ghgggﬁFtPFH5199890d€en§€@Hrding

to Conpar aphveieianyied agesdegpeased by about. 5 35 % and about 25
respectively, as conpared to the |ight q%ﬁ%t?? T A OdE16F BlanBeak1 ofThi s

shows that dtiberkbalt onenmettingndi,o accor di to the present invention can
enit light of high intensi!t“f/ %v%nd?% t eewafc“gioeﬁ?g‘icr?nrtan@élr\ﬁd@rl@Stl@é

chromatici Ly, f9r, exanpl e j light. 10 A standard deviation in
the particl eas?zgggi’tslf:(riiebusi&lzdrg; T 8\%1{:5 4 BoPesicdite marriale which b used

In Conparabbyg OEXéﬂEk?i%Uk%OQ'§§équency of the fluorescent particles

of large particle size is 22.908 “m. A standard deviation
in the particle distribution of the fluoresceﬁt particles
of large particle size is 0.295.

10 The fluorescent material, which is adjusted to obtain
light of (x, vy) = (0.33, 0.33) .in a CIE chromaticity
diagram‘and.an epoxXy . resin as a light transmitting resin
are mixed at a ratio of 16 : 100. Thé feéulting epoxy'

| résin éontaining the fluo;escent' materiai is filled by

15 'ﬁotting in the hollow of the package in which the.LﬁD ﬁhip
is connected to a pair of lead-electrode with gold wire and
cured to form a light emitting diode.

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

20 (Comparative Example 1)

To COmparé/ the ligﬂt émittiﬁg diode hévihg'the same
chromaticity coordinates is fabricated in the same way as
in Example 1, ‘except that (Y0.6Gdo.,)  5.965R1:0,,: Cep.o1s
fluorescent material having a wide particle size

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



Exanple 2 The light emtting diode having the same. chromaticity 15
coo-rdinates is fabricated in the sane way as in Exanple 1, except that
(Yo. 995Gdo. 005) z. 750AI 5012: Ceo: 250" fluorescent material is used. This
fluorescent material is classified in such a manner that the material has
a flat range where the cunulative perceglhage of. particles is 0.077 vol %
and the 20 particle size ranges from1.371 g mto 8. 379 ,u m the central
parti.cle size of the material is 25.626 g m the distribution frequency of
said central particle size is 24.812 and peak particle sizes of the

di stributi onzd r equereyyef chhe; sgald ticle.size and |large particle 25
size fluorescent particl s are 0, 6%&03% Eg szfsp n?ﬂgoam? espect AP8l @ The
| um nous i HtLNRSIdY ut.of t .Light emtting diode of Exanple 2 is
enhanced by about 1 Qg§9g%§ % gﬁtcgg ?eékgc#iWeﬁﬁ W Eonmpdhed Twnirhes | i ght
em tting dijedepf; Exa Ex 2 can provide a light 5 em-tting diode
havi ng a hi gher ilnt?éngﬂtgi |:l:ih§ht 8g}arnbﬁtti na% dEB?:ie et Bairg el ng -Alistaendar d

devi ation @f-dd1eyiRay tiS! j istribution in the fluorescent particles
of large partic eﬁg{ z%&i go%izg%givioeé? Fe 13 It fegheasnilt byngidiude

havi ng t he ;sane .City . cQordinagtes is fabricated in the sane way as
in ExgnpleB%,° Y UBHEDY & SRS, compared to the light

emitting diode of Example 1. This shows that the light
emitting diode according to the present invenfion can emit
light of high intensity even in the wavelength.range where
the chromaticity is low, for example, white light.

10 A standard deviation in fhe particle size distribution
of the fluorescent material which is used in Comparative
Example 1 is 0.365.

Exémple 2
The light emitting diode having the same_chromaticity

15 coordinates is fabricated in the same way aé in Exampie 1,
-except that (Y,.455Gd, 00s) 2.756A1501,1 Cey 45, FlUuorescent materiai
i1s used. This fluorescent materialris'classified in such a
manner that the material has a flat range where the

”cumulgtive pe;centage Qf_particles ist.O77 véi % and.the
-'201. ,péfficie size féngés. from 1:371  u'n; to 5;379..é.ﬁ, .tﬂé
central particle size of the material is 25.626 #m, the
distribution frequency of said central particle size is
24,812 5, and peak particle sizes of the distribution
frequency of the small particle size and large particle

25 Ssize fluorescent particles are 0.613 and 28.012 u-nu



except that the epoxy rein and -Si 02 having a central particle size of 2.5
umas a diffusing agent were m xed at 15 the ratio by weight of 100 : 50
and thereafter, the same fluorescent material as that of Exanple 1 was

m xed into the epoxy resin containing the diffusing agent. The |ight
emtting diode of Exanple 3 shows the s . Iintensity and output as those
of Exanple 1. The irregular color can be 20 inhibited and a good col or tone
can be achieved, as conpared to Exanple 1. Exanple 4 The light enitting

di ode having the sanme chromaticity coordinates is fabricated in the sane

ray 2 I Eesmcese12S onepU ARl Lbe LG (et Ling resl

containing a 91 fluorescent materia S

chi p whi chiwas telegkri;gal annected to the substrate, as :shown in Fig.
6. The Ii gh_\ti,@em tting l%i@ogéoﬁigvugﬁgkg‘a%“ﬁgc‘%tg 15; §Ra8fEe: g aplate 18ak be

obt ai ned aggdsh9w§ugh Sigil .5 prioperties to those of Exanple 1. Exanple
'5 The light enitting 3ioode" hg{ﬁsﬁgecgﬁgpe e thr GAftRagiad teodith natiehti s

, except that the |ight

fabricat ed.i,n+the sar as._in ample_1
transnittiﬁgQFggﬁﬁ §g§9§?§Fn§XSmE efEEor@§é@H@enﬁtéﬁhaprwasdéoanédghy means

of ansgintaglko..:pLintin thod using.a mask 39 nade of silicone and cured
on the-subg#%g%égéoQ%HF%%ngﬁglEEDEth' Befasivtersitrallight emitting

diode than Example 1.

| A standard deviation of the particle size distribution
in the fluorescent particles of large particle size. i's
0.259. B
10 Example 3
The light emitting diode having the same chromaticity
coordinates is febricated in the same way as in'Example 1,
ekcept that the epoxy rein and SiO, having a. centrai
perticie size Qf 2.5 um as a diffnsing'agent'were miged at
15 the ratio by weight of 100 : 50 and‘thereatter, tne same
fluorescent material as that of Example 1 was mixed into.
the.epoxy resin containing the diffusing agent. The light
emitting diode of Example 3 shows the same. intensity and
.output as those of Example'l. _Tne_irregular color ‘can be
.20 inhibited and a good: color tone can ne 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 1light transmitting resin containing a



connected, as shown in Figs. 7A and 7B. The light enmitting diode having a
curved light emtting plane can be obtained 15 and shows nore even |ight -
em ssion, as conpared to Exanple - 1. There are provided on the substrate 32
positive electrodes 32a and 32b, respectively, in correspondence wth
each LED chip. 20 Exanple 6 The epoxy regin and Si 2 having a central
particle size of 2.5 p mas a diffusing &gent were mxed at the ratio by
wei ght of 100 . 50 and thereafter, the sanme fluorescent material as that
of Exanple 2 was m xed into 25 the epoxy resin containing the diffusing

agent. Furtherer9 0 Lng a._ _central rticle size of 6 gmas a
PO TartPRliorSdcei Ofa0RYIRY DasSSH AR YHENEpaXFOLEsion. thee LED

er. uded af theratio’ o tfiEhepdxgoresin. T LED
[ Tansm (11 ng F oo ALt Re| FeR oA AL KoIPORAST 5 (o el mits g 2o vl |

transmtting resin was

*on which th hip.is _elegtrical connected to a pair of |ead
electrodes'sgtﬁ E%Igl%ﬁrg'us&hﬁ ;ﬁg#%t£$HQ§HQQ1QQQQ$rhﬂﬂﬂmgialﬁmHDS@ne
manner as iﬂﬂgﬁ?mﬁﬂf S, Andlthen, the resin was cured at 85.C for 3 hours
and further; 190 1Y RL#REr §2R ob20OPABANEst @nal Ishghts etiet tding XH ode

havi ng: the sanme .chromatigity coordinates as in Exanple 1. The |ight
eni ttigsng dipoaoeoeo?tﬁfa% etcrt? Ll Bsmgee Jifetime and enits

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
printing method using a mask 39 made of silicone and cured
on the Substrate to-which thé LED chip 5 was electrically
connected, as shown in Figs. 7A and 7B. The light.emitﬁing
diode having a curved light emitting plane cén be obtained
15 and.shows more evén light emission, as cbmpared to Exampie
1. |
There are provided on the substrate 32 .positive
elgctrodes 32a and 32b, respectively, in Correspondeﬁce
“with eaCh LED éhip. |
20 Example 6
The ‘epoxy resin and Si10, having a central particle
size of 2.5 um as a diffusing agent were mixed at the
ratio by weight of 100 : 50 and thereafter, the same
fluorescent material as that of Example 2 was mixed into

25 the epoxy resin containing the diffusing agent. Further,



even light. Exanple 7 15 The light emtting diode is fabricated in the sane
way as in Exanple 3, except that the fluorescent  material simlar. to
that of Exanple 2 and SiQ2 having a central particle size of about. .25 p m
which is simlar to that' of said fluorescent material., as a filler are
~used. The 20 lunminous intensity of the rgsulting light emtting diode is

i ncreased by 10 as conpared to that of Exanple 3. Exanple 8 The |ight
emtting diode is fabricated in the sanme way as in Exanple 6, except that
the fluorescent material 25 simlar to that of Exanple 2 and S 02 having a

roundness 93 5 Whi,eh IS different by .10 % fromthat of said fluorescent
-material and’a. cerrftgfgl Cgél(r%triedgl ga)séitzlegloﬂ‘ SISUtC 25 i fhideh @ ifsl Idie 1 to

that of saiidfilpyesgentypaterdal, as-a - filler are used. The | um nous
intensity of the resulting Sﬁt;latogrritti‘ﬁ °di%8d§hies tRFeasedipy MMheas
shown in Fi 10A and Fig. 10B

conpar ed t g4 at; 6 anple 9 As , g. 1 _
which is a 'peas'trlitliaﬂtaﬁrgH eﬁg%%gvli%v%ﬁgfg%ﬁags. 0Al9Phe tERDSBALSiNg (meminar to

that 10 of a 1) i Le:bonded with epoxy resin 42 to the cup portion
of the rmurrlrth%i(egg&ﬁia)cﬁlg SggﬁtbPﬁgrﬁe%%t‘éﬁgcéﬁﬁé?d dmd theer batiew, ogach

el ect rpde %%eth%ahﬁge%hlgaéi%gd ghewall on which the LED chip is

electrically connected to a pair of 1lead 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 TI for 4 hours to
10 fabricate a light  emitting diode having the same
chromaticity coordinates as in Example 1. The 1light
emitting diode.of Examplg 6 has a Ionger_lifétime and emits
even light. |
Example 7
15 | ’ The light emitting diode is fabricated in the same way
as in Example 3, except that the fluorescent material
similar to that of Example 2 and Sio, having a central
particle size of about 25 um _Whici_h i's‘-'similar_ to 'th'a_t." of -
-said fluorescent 'material, as' a filler éfe used. Thé
20 luminous intensity 6f the resulting light emitting diode is
increased by 10 %, as compared to that of Example 3.
Example 8 |
The light gmitting diode is fabricated in the same way
as in Example 6, except that the fluorescent material

25 similar to that of Example 2 and Si0, having a roundness



mount | ead 42a and the second | ead 42b are wire-bonded, respectively,
using a wire 7 having a dianmeter of 30 u m- 15 The m xture of the
fluorescent material simlar to that of -Exanple 2, which is adjusted to
obtain light of (x, y) _ (0.33, 0.33) in-a CIE chromaticity diagramand an
epoxy resin as a light transmtting resi@ at aratio by weight. of 5 100
is filled in the cup of said nmount |ead and then, 20 cured at 150 C for 1°
hour to forma coating part. containing a fluorescent material. Further, a
cannonbal | type lens 49 is formed using the transparent epoxy resin, soO

?—ﬁet?eiﬁf?l%?t%ﬁggffﬁZ%@?eh Ghe 8T ol gty emiting obseruation plane
t hose of 0 The Il anp type Ilght emtting diode is
“fabricated in éﬁﬁ§'§§%% ﬁa%nggr?i EﬁéﬁﬁFéGQSléﬁceﬁta&haﬂ:uhb flruoreseent

mat eri al sigd | ar h of t he epoxy resin 5 which is a |ight
transntttlﬁb re3|%q§%d ijﬁﬁvrﬁg a® t%uﬂaﬁ§§§iﬂﬁnﬂ1 m@temﬁbénenhsbwalo %

from that uore cent _nmaterial and a central particle size of
~about 25 u lrrllslgésrda % IPE?gar etrrt?lexe]d“%f-tn%lsr atMeemyl Wei git thle Msullirig 35
and the illed in the cup of 10 the. nount | ead.

I mxture is
Brlghter angqh) Tﬁﬁﬁﬁqqg%toé% & thegeasad énhﬁaleﬁ,tasExampre% txanpl e

11 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 €poxXy resin 42 tc-the cup
portion ot the mount lead 42a made of bright plated copper
and thereafter, each electrode of the LED Chlp 5 and the -
mount lead 42a and the second lead 42b are wire-bonded,
respectlvely, using a wire 7 having a dlameter of 30 U m,
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
re51n as a llght transmlttlng resin at a. ratlo by weight: of
5 lOO is fllled in the cup of said mount lead and then,
20 cured at 150 C for. 1 hour to form  a coating part
containing a fluorescent material. Further, a cannonball
type lens 49 is formed using the transparent epoxy resin,
S0 as to obtain a round shape in view of light emitting
_observation plane. The resulting lamp type light emlttlng

25 diode has effects similar to those of Example 1.



The LED chip simlar to that of Exanple 1 is placed in the hollow of the
resin. package into which the lead .is electrode i's inserted. The silicone
resin which-is a light transmtting resin, the fluorescent. materi al
simlar to that of Exanple 1, the fluorescent material conposed

Yz. 965A15012: Ceo. 035 having a central paticle size of 13 j um and Si02
having a central particle size of about 0.5 gm 20 are nmxed at a ratio by
weight of 100 : 0.69 : 0.5 : 10 and the resulting mxing solution is
filled in said hollow, so as to fabricate a light emtting diode. The
resulting kkghbrempting diode has effects simlar to those of Exanple 1,
a good color rendering and a high brightness. 25. Exanple 12 95 The |ight

em tting di ode isnLfahricat i n,t sane .way as in Exanple 11, except that
the silicone resin.w%ﬁ?%ié?éé %?gﬁ% FF&&%#&%i%bP?%sPﬁ,ﬂ?hi%ﬁaﬂﬁm)in

2. 965A15012: 1, Ceg 35, ,Aaving entral particle size of 30 u m the
f1dorescent materi al wg§sian%|gl%r E?}éarfl%g? gf EX&fpIte thatandhesi Dudiaws oegn i

156110, o8 R PSR B R e R o i s o sl
et 1095 e S A RTG53
Exanpl e 13 rioﬁ,lrﬁﬂqeeg(samh%cgf ias p&?%%gi‘:grgltne};yhogo % from that of said
fluorescent material and a central particle size of about
25 Hm as a filler are mixed at a ratiolby wéight of 100 :
10 : 35 and the resulting mixture is filled in the cup of
10 the mount lead. Brighter and more even light is emitted,
as compared to Example 9. |
Example 11
The LED chip similar to that of Example 1 is placéd in.
the .hollOW of the resin package into which the 1lead
15 electrode is inserted. The silicone resin whiéh-is a light
transmitting resin; the fluorescent material similar to
“that of Example 1,. the fluorescent material compdsed
Ylﬁguﬁon: Cemms-having a centrél particle size of 13 um
ahd Si0, having a central particle sizé of about 0.5 um
20. are mixed at a ratio by weight of 100 : 6.69 : 0.5 : 10 and
“the resulting miXing solution is filled in éaid hollow, so
as to fabricate a light emitting diode. The resulting
light emitting diode has effects similar to those of
Example 1, a good color rendering and a high brightness.

25 Example 12



according to the first enbodinment. In Exanple 13, the surface-nounted type
~of light .15 emtting diode as shown in Fig. '1is fabricated. In Exanple
13, the LED chip 5is a nitride -sem conductor LED chip conprising a |ight
emtting |ayer . made- of 1no.2Gao. eN which.-has a nonochromc |ight
emtting peak of 475 nmin the visible g gglon More specifically, 20 the
LED chip 5 is fabricated by formng nitri sem conductor | ayers on the

cl eaned sapphire substrate wusing a TMG (trinmethylgalliun) gas, a TM
(trimethylindium gas, a nitrogen gas and a dopant gas with a carrier gas,

ggm ggﬁgzc?];r Nggjé%pnﬁ/%g&jm t%%lgﬁiec%%s:&(;%dltgf% %@%r‘gé ;Iiadébgif%?%‘day
conpeses o bt er TS H PRI, B end Sl i Talpidatur e,
:2,.“-aggzépzﬁ%ﬂayer%w?@%@%%n%ac ) Jer e haetlooas feehecioring s
formed, a I emtting Jayer in the nulti quantumwell structure in
whi ch one gr oup con%?%??#g oFlFﬁeoéal\?q ajfefs ashea fBaoriesceniy era tdieal nGaN
sanaw ched bitwsen The % 78, ERefE A Chskd A amins o omectmact
layer), andpaar'til\éqe dg Eg gafN allbaglt?r gp tygemcgr;teacxiiieage;% -a Vw;;g?oarbey
weight of 100 : 0.69 : 0.5 : 10 and the resﬁlting mixing
solution is filled in said hollow. The resulting light
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
according to the first embodiment. | |
In Example 13, the surface—mouﬁted type of - light-

'15, emitting diode as shown in Fig. 1 is fabricated.

In Example 13, the LED chip 5 is ; nitride
semiconductor LED chip comprising_a light.emitting layer .
made of Inmgk%@N which ‘has a nmnéchromic light emitting
peak of 475 nm in the visible region. - More'speﬁifieally,

20 the LED <chip 5 is fabricated by '-"fg_riﬁirig 'n..'i.-tr.ide'
semiconductor layers on the cleaned sapphire sﬁbétfate
using a TMG (trimethylgallium) gas, a TMI (trimethylindium)
gas, a nitrogen gas and a dopant gas with a carrier gas, by

means of MOCVD method. In this case, the n-type nitride

25  semiconductor and p-type nitride semiconductor layers are



sequentially fornmed, on the sapphire substrate. The p-type sem conductor is.
anneal ed at the 15 tenperature of 400 C or nore after formng | ayers.

After form ng | ayers, each of p-type and n-type contact |layers is exposed
by etching. on the sane surface side of the nitride sem conductor on the
sapphire substrate. The positive and neg tive:.electrodes are fornmed on
each 20 contact |ayer, respectively, by sguttering. The nmetal thin filmis
formed as a translucent electrode on the entire surface of the p-type
nitride sem conductor and thereafter, the basic electrode is formed on a

part of thedtransl I Oq%% The resylting wafer is scribed and cut
by 25 eternal fofcg§§#%¥%%f%§héhi WREEH 2l pgRt Endot iay 07 dateitces.

The LED chipfabricated in the above-mentioned way is die-bonded with an
epoxy resin. into each via hole of the package assenbly which has been

described in the f%hst E engodiggnt. Each el ectrode of the LED chip is _
electrically connéffed Po AR meColPLYSes 2abaddezb lavespectdevelfy daw Wi re

bording. el 9ol WS Tg 1) Uprescont waLer al 1o tabr cated s follow
1 : 1 N atay@rratio
of steichiometry and the resulting solution is coprecipitated with oxalic
aci d. “The Vg‘iﬁf‘t ify 2opPeePpt Al rilslec dastimethdandorhe bt aiaegeaxicder of
layer (n-type contact layer) on which an n-electrode is‘
formed, a 1light emitting layer in the multi guantum well
st;ucture in which one group'consisting of the GaN layer as
a barrier layer, the InGaN layer as an well layer and the
10 GaN layer as a barrier iayer is sandwiched between the GaN
| layers, a Mg-doped AlGaN layer (p-type cladding layer),and-
a Mg- doped - GaN layer (p-type 'cpntact layer), which age
Sequentially formed, on the.sapphiré substrate..
The p-type semiconductor is annealed at the
_15 - temperature of 400 C or more after forming layefs.
After forming iayers} each of p-type ana n-type
contact.layers is exposed by.etching_on the same surféce
side of the nitride semicoﬁductor-on the sapphire'éubstrate.'
" The .positive: and.:negative reléctrddes  are >fo;ﬁed -on ;eachf‘
 '20 -'Contéct layer,.respectivély,'by sputtering;- The metal.thin
film is formed as ‘a translucent electrode on the entire
sqrface-of the p-type nitride semiconductor and thereafter,
the basic electrode is formed on a part of the translucent

electrode. The resulting wafer is scribed and cut by

25 ~eternal forces into LED chips which are light emitting



coprecipitate and al um num oxi de are m xed. The'resulting m xture as a
flux is mxed wth bariumfluoride and filled 15 into the crucible and
then, heated at 1400 C for 3 hours in the air to obtain a burned product.
The burned product is ground in water with a ball m Il and washed,
separated, dried and then, at last, conbeg,to form (Yo.99sGdo.0o05) 2 75
|sOi: Ceo.250 fluorescent material.. 20 An alicyclic epoxy resin conposite
(viscosity 8000 nPa s): obtained by m xing and dispersing 17 % of said
fluorescent material and 70 wt% of S 02 having a central particle size of
10 u mintodkekecepoxy resin containing 20 wt% of S 02 having a central
particle size of 25 0.3 gmis used as a material for sealing nenbers. 98

In this Exanple 28e the & %%g Bde of stainless steel and having a

t hi ckness of 100 gn1is-use§§ e#E%é%eik%ﬁgEh?saFﬁgesEﬁ@tagnéd Fag. i3 t hat
is described;ibdpthgaqf LA enbodi nent. The package assenbly on which the
LED 5 chip is |ocate ié%%hﬁg?e%p?éytﬁ@sﬁ€swlf¥2 Arth tvhe stalge of othe

el evating the.gubstr unted.in such-a way that the opening side of the
via hol e ispafnegéeuég %g&ﬁﬁékw%ifg. has ﬁﬁ%ﬁlcéﬁﬁ&éﬂbmmhhimhejﬂaskiiéz.
Said lgght transptting resin js lied to the end 10 -of the mask 112 in
a.predetern%ned&g%%%%t r%%%?r%’ ?%ng%rpﬁtthg BARE chéppiessieetiscaedyced

to 330 Pa. Aft > ,conpl etion of deconpression, an air pressure of 0.10
Mpa i s. ﬁ%CEQE £&OMh S metag films 2a -and 2pb, respectively by

wi;e bonding using gold wire.
The fluorescent material is fabricated as follow.
Rare earth elements, Y, Gd and Ce, are dissdlfed in an
10 acid at a ratio of stoichiometry and thé resulting solution
is copracipitated with oxalic acid. The resultihg
__copreqipitate is calcined and. the obtained .oxide  of
qurecipitate and aluminum oxide are mixed..”The resulting
‘mixture as a flux is mixed with barium fluoride and filled
15 into the crucible and then, heatedrat 1400 |
C faf 3 hours in the air to obtain a-burned product. The
burned product is ground in water with a ball mill ana
washed, Separated, dried and then, at last, combed to form
(_Yo.sasGdo.ooS)2.75_0A15012_1 C_eO.zso.'.fll’uore_S.Ce-nt' material’- =
‘20 E An - alicyélié epoxy ;eain composite-.(aiscosity
8000 mPa - s) obtained by mixing and dispersing 17 wt$ of
said fluorescent material and 70 wt% of Si0, having a
central particle size of 10‘ £ 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.



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 chanber 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 perpendicuP%r 20 line of the mask 112 to run
the squeegee in the other direction. This reciprocati ng squeegee i's
repeated twice. Next, the stage for elevating the substrate is lowered to
separate the packgge ssenbuy fromthe mask 112. Then, the |ight
transmitting resi i &5 mardURiCurdd Bhe P8SB51C2f arde haurscand ess
secondarigy Cﬁred at 140 C for 4 99 hours. In this way, the |ight
transmittiShGelesid HaMiRg & thhwoidssuofateoi u hotgedsamer the viahol e
and the insulating substrate on either side thereof. Next, to the '
ul travi ol EFSr4Hi 2t o uPeBediasi gy Biadhésittmtsheet dbavi Nge@ thi Gkpess of
150 pnlang,conprisin an adhesive layer of 20 min thickness is attached
the ~packagéSs<ERAGMANTh t h8hei glickagmsabbeibyr s Naside- tQE ihe
assegbly opposite to the adhesive |ayer. The package assenbly an&ithe
g

di ci g adResPvé SshHesatace ut inima bed heol@ntepidsiof 1 190, ¥ kNG 3 di ¢i ng

bl ade fromthe bottomof the package assenbly to cut away respecti-ve |i ght
emtting TAFogésvaringl the shibstirbtavineettdadiat sy, is @Q?l LRdet e
opening side ef the via hole is aimed at the ﬁask lléh_to
make contact with the mask 112.
Said light transmitting reein is applied.to the end
10~ of the mask 112 in a predetermined amount required for
printing and the pPressure is reduced te 330 Pa. After the
completion of decomp?ession,'an alr pressure of 0.10 Mpa is
applied.te'the kﬁife 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 direetiOnL-.Next, the
inside of the chamber is pressurized to 20000 Pa. After
'cempletion'of_coﬁpression, an air preesure of_O;lé Mpa 1is
applied to the_knife 15 inclined at 359.in,the.direCtion
opposite to séid'sqgeegee with reépect.te'the'perpendicuiar—
20 line of the mask 112 to 'run the Squeegee in the other
direction. This reciprecating squeegee is repeated twice.
Next, the. stage for elevating the substrate is
'lowered to separate the package assembly from the mask i12.

Then, the light ‘transmitting resin is primarily cured at

25 85 C for 3 hours and Secondarily cured at 140 °C for 4



‘the package assenbly fromthe filmside to cure the .adhesive |ayer and
then the assenbly is cut away into each 15 light enmtting di ode. Wen 500
~ of .the surface-nmounted  diode type (SMD-type) light emtting di odes .
“obtained in . this way were tested for variations, it has been shown that
variations in- chromaticity are small angng different light - emtting
di odes and that visually, there is no unévenness 20 in emtted light in
each light emtting diode. (Conparative Exanple) The light emtting diode
is fabricated in the sane way as in Exanple 13, except that the mask
fornmed in gich a y t _one eni ng, corresponds to one via hole of the
25 packageﬁasse'nbl §3f/\ﬁli Eﬁgge‘ﬁ?y’rhgﬁ ijghgh{:raﬁéﬁfﬁmﬂﬁgn@ es¢pinOlavingl ed in
“the top s of _the resulting light emtting diode |eaks. on-the top
surface o?griu S ra?ﬁe_r]ganceeacjhS sig%FmegctheoY%’éulﬁl?lg Yighthehettamg ditnde. is

adhered to, adhesi ve sheet for .dicing and cut away, each light emtting
5 di ode colrrrg’sﬁaaptajrqg 5(}#6%@8'@ F EhdhegsFlidengheirght.enmi tting di odes are

observed, there arl\?ee%lurr% on the top surface, as conpared to Exanple 1.
Where 500 of |ight it itRg HRedes erelolem enetiedéd pnvaciatdongi & ingol or
terrpg ature during 10 produci ng were exan ned. Variations in color
t enpet at urEP RIS FiRYddEHES o tiheckn g efii 150 ng i gdescofp Exarpye 13
were reduced by about 20 % as conpared to the area on

an adhesive layer of 20 um in thickness is attached the

packagé_ assembly with the light transmitting resin side of
the _assembl.'y 6pposite to the adhesive .layer. The package
assembly and the dicing adhesive .sh'ee_t are cut into'- tha
lQ depth of 100 pm using a dic_:iz-lg'blade from the k;oft'om,of the
paékage assembly to cut away respective '..-'light' erﬁift‘ing
diodes. Fi.nallyf the ultraviolet radiation "i_s applied to
the package assembly from the filrﬁ. -sid.e to cure the
-adhesive layer and then the assembly ia cut away i'nto_ea.c'h-
15 . 'light emitting diode. When 500 of the .surfacefmounted
.diode type .(SMD type) '.light emittirig diodes obtained in
t_his Way were tested for variat?ions, it has_béen‘ shown tha-t
»_-'_\za";iat"iqris in éhromatiéity are small among di'-'.ff.are'.rif llght
' erﬁitfing diodes and that ‘visually, there is na unevenness

20 in emitted light in each light emitting diode.

- (Comparative Example) -

The light emitting diode is fabricated in the same
way as in Example 13, except ‘that ‘the mask form'e.-d ia such a
way .that one opening corresponds to one via hole of the

25 package assembly is used. The light transmitting resin



‘the chromaticity diagramfor the light enmitting diodes of Conparative
exanpl e. 15 (Exanple 14) The surface-nounted light enmitting diode is

- fabricated. in the, 'sanme way as .in Exanple 13, except that an alicyclic
epoxy resin conposite (viscosity : 15000 nPa s) obtained by m xi ng and
di spersing 15 wt % of the above 20 nent[qgﬁp fluorescent material and 40 wto
of 'S"'02 having a central particle size 10 pminto the undoped
one-1iquid- cured.epoxy resin including a bridged oligoner- is used as a.
material for a sealing nenber. The |unminous.intensity and - output .are

i ncreased, £86 & red tao Exanple 13. Moreover, 25 the reliability can be
i npr oved drarrat‘?ggﬁ ;%?‘elo P Wﬁﬁ%ﬁ glifhe wesddd®) RigesAenCdt2ng =

Ceo. 035 iﬂj i ch t 20 .percent of Y is substituted with Gd and whi ch has
a central ﬁ%&%?c %Qggzgnoﬁ%flﬁﬁﬁb IURfRSe pPEpabE tira tehen seareh Waydas i n

Exanmple 1 h%heﬁ;lé_resce t. material is 5 conposed of a fluorescent
0 a

mat er i al arge partitl e'dte eHAdtdnm udiedeent snateheabdof tsnathe

particle %i e...ln the flat range having a slope of zero in the curve of
.the vol e Hased E‘B'bereﬁ cﬁa%r sHiAE R sand bent omyat heeaetmul By eemPDEF LGNt age
o B8R e A8 v ane e particle slze 0 Tanges 1o E7L prto
. , i 00 the whole fluorescent material conprises
fluorescent particles of small particle size smaller than 1.371,um and
When 500 of the resulting light emitting diodes are
observed, there are burrs-on the fop surface, as compared
to Example 1. ‘Where 500 of 1light ~emitting _diodee-.were
implemented, variations in coler temperature dering
10 'P;oducing were examined. Variations in color temperature
during producing for tee light emitting diodes of Example
13 were :edueed by about 20_%, es compared to the erea'on
the chromaticity diagram.for.the light emitting diodeseof-
- Comparative example.
15 (Example 14)
The surface-ﬁounted light emitting ‘diode is
fabricated_in the,same-way as-in_Egample 13, eXcebt that an
'aliCYClic epoxy resin eomposite'(Qiéeosity':’15060'£éa- ei
obtained by mixing and dispersing 15 wt$% of the above-
20 mentioned fluorescent material and 40 wt% of Si0, having a
central.particle size of 10 um into the undoped one-liquid-.
cured epoxy resin including a bridged oligemer 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.



t he renaining.gé 6 vol % conprises fluorescent pa{tic!gz g; tLgrge particle.
[ . tral 15 particle siz '
size larger than 8.379 u m The cent artic e size of The ich-a
- cent material classified using a se g T _
;L??EFZ size. distribution is 21.4 p m and theofrequency pfléhgize o
gbove-nentioned central particle size ;fugg.lz 32 ggstﬁg[;;c o Size of
' ( i i i f. the resce . ( .
peak of dlstrlputlon frequency o | . . Pk ot i atrbut i on
[ ize- d the particle size of pea _ _ |
P tency of the Tl verescana” i f large particle size is 22.908 u
of the fluorescent particles of large p Sl e ai e E
L{eaﬁngythe fl uorescent material having such a parhlclgssgée o it put
" distribution istisedXarRée uh‘inou(sYé,l,eleiﬁml tzyg?%ggG%gnE%%"'ﬁ/peqrfi gﬁﬁc%
hapced. 102 |In exanple 15, e sur -
g?rint P?ngndf’:‘ g8t 29 PaFcerdt e ith Iﬁﬁsmiww?@s%?%%gr%g géggﬂleﬁ??\e
o . _
that 15 wt % of the above-nentioned fluoresce . (LA s adeell to the
in iaeatrEle paghicbe epikbi BE d) pde, 9F Exanpl e 1 an
éffggtcgrﬁ?f;r to tﬁg;qgi Exanpl e 14. Thgﬁﬁrlﬁﬁﬁne535ﬁ=HQR?qlbhtTQWﬁttlng

f | ' 4. . Exanple 16 Four
i | &/ar5 as hingletaniglen that ofnExanple.l4. ¢
E:ggg 8; Figﬁﬁs C, D E agd F, which were 10 epoxy re |n§mgg%6¥%lngsto the

presedt invempoend afidat helusesidsnA ARd.B;9f S%m%ﬁéﬁé‘géﬁ?f% éesggge
prepared and the . o

_ -and a fluorescent material of small particle size. In the
flat rénge having a slope of zero in the curve of . the
Volume—based particle size distfibution,..the- cumulatiﬁe
percentage of particles is'4[6 vol % and the particle size

10 ranges from 1.371 pm to 8.379 um. That is, 4.6 vol % of
the whole fluorescent material comprises. fluorescent
particles of small particle size smaller than 1.371 gm and

‘the remaining 95.6 vol % compriées fluorescent particles of

larée particle size larger than 8.379° um.  The central

15 particle size of the'fluorescent.material classified using
a settling method to have such a particle si;e.distribution_
'is '21.4 .ﬁ.nr“and 3the"frequehcy' of thé -aboVe¥mentiOnéd
centfal particle size is 29.12 . The particle size of

'peak of aistributidn'frequency of the fluoresCent particles

20 of small particle size is 0.613 um and the particle siée
of peak of distribution freqdency of the fluorescent
particles of largé particle size'is,22.908 L. Where the
fluorescent material having such a particle size
‘distribution is used, the luminous intensity and light

25 emitting output can be enhanced.



characteristics thereof were exam ned. 1. Preparation of the epoxy resin
conposite The epoxy resin conposites Ato F were prepared 15 under the
followi ng conditions. Were acid. anhydride was added, the conversion ratio
-of a carboxyl group to an ester group was estimted. The ester conversion
ratio is the ratio, expressed as a nnla% ercentage, of the carboxyl
groups included in the acid anhydri de, i'th have been 20 converted into
... ester groups. The ester conversion ratio was examned using a o
"~ neutralization reaction with KOH solution. Specifically, 1.00.g of the
- epoxy resin was dirgsoled ki 5q5nL of et hanol and .0. 1 ‘N KOH sol ution.in
- wat er was added. Af-the-pofnt -of “HeutTHl i ZHTAEe Weangedor tapeof It tBTB -
i ndi cat or gﬂ&eggakr moyel liow inta bl.ue (at pH .103 - 7.6) The. -anount of
car boxyl groups ig% wgré%nog%ﬁﬁﬁﬂﬂﬁ%eﬂ1i £® &amerwayoaps inaLxdedgrani ned
using the ggunt solution.in water required for neutralization. 5
resin A Conpar gtﬁc\%fggg%}n% e.-%zg’%ﬁ( 19%95&heq)apasre-Btet’ioned fluorescent .
-epoxy-cychg? t hyl 4-epoxy-cycl ohexanecar boxyl ate, which is a
derivative 0 8§%égroh%xéﬂ£. oXitalt®8 cémpéandcaspasiad i cycltine epaxytr esin
and 0:6 g 8£.§§92él Q-Q%drox henyl nethyl sul foni um 10 ,
Hexaf Puor o5At F mbRgt §1ORRi & | W L&r drfat ¢an sabhbavenasakbEre(aNkeR ;3RECI €S
is hexaflugrogﬁt{nngyg and a _benzyl sul foni um based catal yst, as a cationic
curing agent, et 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 wefe
10 Cpoxy _resins according to theé present invention, and the
resins A and B of Comparative ekample were prepared and the

characteristics thereof were examined.
l./Preparatioh of the edey resin compésite
The epoxy resin composites A to F wefe _preparéd
15 under the following conditions;‘ Where acid éﬁhydride Qas
_ §qded, the conversion ratio Qf'a éérboXyl group'tojan ester .
| group ‘was eétimatedﬂ ‘The ‘éstef cén&érsioh :rafiol.is £hé
ratio, expressed as a molar percentage, of the carboxyl
groups included in the acid anhydride, ‘which have been
20 converted into ester groups. The ester conversion ratio
was examined using a neutralization reaction with KOH
solution. Specifically, i.OO g of the epoxy' resiﬁ was
dissolved in 50 mL of ethanol and 0.1 N KQH solution in
water was added. At the point of néutralization,_the célor

25 of the BTB indicator turned from yellow into blue (at pH



were put in the 300 nL four neck flask. The resulting mxture 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 : Conparative exanple 7.68 g of propyl ene glycol
monogl yci dyl ether is added (3wt% w th respect to. the epoxy resin) as a
reactive 20 diluent was added to the cpmponent of resin A The resulting
m xture was stirred for 0.5 hour and heated at 85 C for 3 hours and
further at 140 C for 4 hours to be cured. 25 resin C present i nvention 104
256 g (1.95e.eq) of 3 4' -epoxy-cycl ohexyl nmet hyl \

.3, 4- epoxy7cygl ohexagpgca ate-as a allcycllc epo resin, 104.29 g
(6.09x10-1 nol) of the %?§§%#e O La hé%éh¥ﬁ%ob%ﬂﬁél|weanhydbate /I
hexahydr oghtvBakbg 3,2RhY, e at a ratio of 70/ 30, 2.56"g (4.12x10-2 nol)
of  ethyl ene glycol gggae%%%%bﬁ%¥“§ﬁﬁ ki) %etﬁrmkﬁﬁ®lu%ﬁnmydhexmphﬁnyl

- met hyl sul § enjcgm Foantimonat e, which is' a benzylsul foni um based
catal yst, as a cg??g%#ggcu?l%® LJetUl TRe efqfutmeaut nele zadAonl four - neck

flask. The 10 resulting mixture was stirred for 0.5 hour and the ester

conversion ratio mes measured to be 0% After nmeasurenent, .the mxture
was geatSQ §{n3£ éor 3 hours and further at 140 C for 4 hours to be
cured. 15 Fesin YPREEMLVS e lon '

25§ (1.95e.eq)g of 3’ g4’ ~epoxy-cyclohexylmethyl

.3,4fepoxy—cyclohexanecarboxyiate, which is a detivative of
ICyclqhexene_epoxidated combound as an alicyclic epexy'reSin

and Q.6 g - of Benzyl p—hydroxyphenyl methylsulfonium

10 Hexafluoroantimonate, which is.an aromatic eulfoniunl salt
{anion Species is hexafluoroantimeny) and. a
_.benZylsulfonium—based catalyst .as a catlonlc curang agent,;
| were put in the 300 mL four neck flask The resultlng.
.mlxture 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.

reain'B ; Cohparative example
7.68 g of propylene glycol monoglycidyl ether is
added (3wt% with respect to the epoxy resin) as a reactive
20 diluent was added to the 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



256 (1.95e.eq) g of 3' 4' -epoxy-cycl ohexyl nethyl

3, 4- epoxy-cycl ohexanecar boxyl ate as an alicyclic epoxy resin, 9.57 g
(5.69x10-2 nol) of the m xture of 4- methyl hexahydrophthalic anhydrate /
hexahydr opht halic 20 anhydrate at a ratio of 70/30 and 1.77 g (2.85x10-2
nol) of ethylene glycol as a pronoter £ put -in the 300 nL four neck
flask and the tenperature was increased slowly with a nultiheater and
mai ntai ned at 90 to 100 C for 16 hours. The tenperature was decreased
sllowmly to roomtenperature. 25 Then, 0.6 g of Benzyl p-hydroxyphenyl

_hethylsuLfonrun110§56F§xgglPgroantinDnate, which is a benzyl sul f oni um based
" catalyst, ‘as a cat1oni rPRG-8denCt wad addedepPhg-cyesvhekpunatnjure

‘was. stirtrgdgf 5 d the. conversion ratio of- the carboxyl™ group’
into the es%er@%?&pcme%p&nfﬁﬁww & 902% Abner algasurlenentepbhe
m xt ure 'Wﬁﬁxﬂ?at t285 C for 3 hours and further at 140 C for 4 'hours
to be cured. résin Tsﬁré%eﬁé-ﬂHVéﬁtiomoim Thé epbxy mestir&onppsife was
prepared i resin D, except that 256 g (1.95e.eq) of 3' 4
- epoxy- cy%%ﬂ?x@%%%}%@%}ﬁé&&y- Arélsha@tanecat boxybriley@sopiah Al i cycl i ¢
epoxy- resin, 15.95 g (9.48x10-2 nol) of the mxture of ' _
4- metﬁ‘uyl hmtﬁ | ifc Bahier atfe 70430 hegabgdigophy habiLo-anfygsat e at a
rati o of EQA?Q@ 2.95 9 £4.75x10-2 cool) of ethylene glycol as a’ pronoter
and 0.6 g ylene "glycol 'as a promoter and 0.6 g of Benzyl p-

hydroxyphenyl .methylsulfonium- Hexafluoroantimonate, which

is a benzylsulfonium—based eatalyst, as a cationicecuring

agent, were_ put in the 300 mlL 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

14

the mixture was heated at 85 C for 3 hours and further at

140 °C for 4 hours to be cured.

15 resip D : present invention
256 (1.95e.eq) g of 3’ g4’ —epoxy—cyciohexylmethyi'
3,4-epoxy—cyclohexanecarboxylate. as .an 'alieyClic lepoxy
resin, 9.57 g (5.69x10% mol) of the mixture of 4-
methylhexahydrophthalic anhydrate / hexahydrophthalic
20 anhydrate at a ratio of 70/30 and 1.77 gl(2.85><.10‘2 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 T fer-l6'hours.
The temperature was decreased slowly to room temperature.

2 q .
5 Then, 0.6 g of Benzyl pP-hydroxyphenyl methylsul fonium



of Benzyl p-hydroxyphenyl nethylsulforiium Hexafluoroantinonate, which is
a benzyl sul foni um based catalyst, as a cationic curing agent, were used.
The ester 20 conversion ratio of the carboxyl group into the ester group
“was neasured to be 94.2 resin F : present invention The epoxy resin
conposite was prepared in the same 25 as resin D, except that 256 g

(1.95e.eq)of 3" 4 106 epoxy-cyclohexyl nmethyl- _
3, 4- epoxy-cycl ohexanecar boxyl ate as .an alicyclic epoxy resin, 25.52 g
(1.52x10-1 nol) of the mxture of 4-nethyl hexahydrophthalic anhydrate /

hexahydr oghkhah {,6r-a0hY ¢, t a ratio of 70/30, 4.72 g 5 (7.60x10-2 nol)
"~ of ethyl ene glycof asﬂgﬁﬁégggierwég h0.6“1; df BERZYILsglhpdiorybhesyl

‘met hyl sul £gak upyt He | uor Linpnate, which is a benzyl sul foni um based
cat al yst, as-ag%atig%%cgﬁugggébgégnt?d§ﬁ9¥ati&%ﬁtrTh@aést&ﬂdeduanveThéon

rati o of fheg,¢ Xyl into the .ester group 10 was neasured to be
92.4 % 2. flllegiﬂg?l i%ﬁé@g% n4fFPon SFA& TRAghtto&m t& g hiwde asd Shigwn in

Fig. 1. was,y i ed. usi pg_t he epoxy resin conposites Ato F and the
i mpact test?Y%ﬁ$¥éﬁﬁ%ﬁ€‘%s Pmﬁ%ec%? Petvbugrewp evatwatiee aStétexidipity of

the gesin, %p?% rescent. material was mxed into the epoxy resin
conposite o égﬁfﬂitggnpﬁtﬁﬁg6dﬁbde&ﬁﬁﬁrfmﬂa$¢ﬁement, 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 cbmposite was prepared in the same
way as resin D, except that 25¢ g (1.95e.eq) of 3’ 4’ -
.epgxyécyclohexylmethyl 3,4—epry—cyclohexanecarboxylate_ as
an alicyclic epoxy resin, 15.95 g (9.48x102 inols 6f -the
mixturg of 4—methylhexahydrophthaiic énhydrate /
15 | hexahydrophthalic' anhydrate af a ratio of 'ib/30,, 2.95 g
(4..75x10'2 mol) of ethylene glycol és-a.promoﬁer énd 0.6 é"
of | Benzyl p—hYdrokyphenyl . methylsulfonium
Hexafluoroantimonatg, which is a benzylsulfonium-based
_catalyst, as a cationic curing agent, were'used;. The ester
20 conversion ratio of the carboxyl group into the ester group

was measured to be 94.2 g,

resin F : present invention
The epoxy resin composite was prepared in the same

25 ' i »
way as resin D, except that 256 g (1.95e.eq)of 3’/ 4’/ -



exam nation. In this inpact test in liquid phase, the cycle 20 consisting
of dipping in the liquid phase of -40 C for one mnute and dipping in the
| i quid phase of 100 C for one mnute was repeated 500 to 2500. cycles and
then, the nunber of the occurrence of cracks into the LED chip or of

mal functi on due to wire open was exaning% (test sanples . 25 100). 107

The exam nation results are shown.in ta P€ 1. For the resin A obtained by
curing- the alicyclic epoxy resin only with a cationic curing agent, the
mal functi on due to . cracks occurred since the initial stage of the test and

the 5 ratiggHf d j reached 100 after 1000 cycles. For the resin B
of whi ch tér%)e fyl_% b]i%ﬁ’é 3“55%¥§ha§c d By yadivRgohaxppacaivexdi httentas 7 of
'nalfunctigﬁlo&gg&&eg.after 2500 cycles..  On the other hand, for any resins
C, D; E and, F ~aftotdi iPYY t heSphesedit- GZvent (lob2xod rasio off thg. 10 .

occurrence .of.. mal function was not _nore than 4 %after 2500 cycles. .~
ParticUIa?P%FuF%? théf:esiggmﬁthlQﬁdahYﬁﬁomhtbhlihe canvedsies i ntp ester

was advanged, . %Oo%%ﬁrrence ratio of malfunction was O It was confirned
that he epoxy resih 8&&6%i?%b¥ﬁr%§%eEﬁ*eéenﬁﬂﬁmwenfithhﬂg a4qnope
excell ent %5 flgxgbility than that of the conventional epoxy resin 6%
whi ci t he ‘I &8 pliﬁwlﬂs‘éﬁh@hﬁﬁh@msig@y&oﬂea&thyepg&mé@gg.anga%L%.%
b . : _ : :
© Benzyl p-hydroxyphenyl methylsulfonium
H i : : o .
exafluoroantlmonate, ‘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 g.
-2{ flexibility examination
| _The. light emitting diéde as. shown in. Fig. "1 was
fabiicated using the epoxy reSin compositest to F and:thé.
| impact test in liquid phase was carried out “to evaluafe
15 flexibility of the resip.
| No. fluorés;ent mate;ial' was mixgd info the epoxy
resin composite of the light eﬁittinéidiode ﬁsed for this
examinatidn. | |
In this' impact test Iin liquid phase, the cycle
20_ consisting of dipping in the liquia phase of -40 C for one
minute and dipping in the liquid phase of 100 °C for one
minute was repeated 500 to 2500,cyclés and then, the numﬁer
of the occurrence of cracks into the LED chip ér of -

- . .
nmlLunctlon due to wire open was examined (test samples

25 100).



-~ Mur akami

Cccurrence ratio of mal function Cause of 500 1000 1500 2000 2500 _
mal function cycle cycle cycle cycle cycle Resin A: 39 %100 % 100 % 100 %
100 % crack Conparative exanple Resin B: 0 %0 % 1% 4 %7 % crack
Conparative exanple Resin C: exanmple 1 %1 $ 3 %3 %4 %crack .Resin D:
exanple 0 %-0 %0 %0 %0 %- Resin E le 0 %0 %-0%0 %0 %- Resin
F: exanple 0 %0 %0 %0 %0 % 3. lig resi stance (yellow ng)

exam nation 108 The |ight resistance test was carried out using the epoxy
resins B and F. The test pi ece of: 30 X30 X3 mmwas fabricated and
radiated with a xepg ?g@ for. 100 hours at 120 C to exanine the change in
overal | transmi ttance 0 %%tajrﬁrber‘oﬁé ERdaaft ehovhe inadiadtlicon.. Theor

S transmitt su h.a spectroscopic colorineter (nade by :
a%?eo E;alt}m%b{j1 CI‘% t&% Rt i PAFRGuthe arlécyhdin igpdrygsreddA . and

‘11B. Fig. the ogverall transnmittance of beam before radiation and
S#I\?S/S {]g}é\ﬁo&er%]il%q r @M HIY t ageBtof theamadffieictiadi ahicon: For

Fig. 11B
the resin éacaif conventlér)nal epoxy resin conposite to which a reactive
di l uent was ‘added“THe 1 ahidifid tiditeln it ik stage of thehesdt él}?d’etﬁélgth

decr eased ar]Cd t he_col or was changed into yellow
- 97 "7 ratio of malfunction reached 100 % after 1000 cycles. For

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

‘a reactive diluent 7 % of malfunction occurred after 2500
.cyCles. 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 occurrence ratio of

: malfunction was 0 %. It was confirmed that he epoxy resin
comeSite -of ,the present invention has a more excellent

15 flex1bility than that of the conventional epoxy resin ofp

which the-fleXibility is enhanced using a reactive diluent.

‘Table 1
Occurrence ratio of malfunction Cause of
500 1000 1500 2000 {2500 malfunction
— cycle | cycle |cycle cycle | cycle
esin : 39°% | 100 %100 % | 100 %
Comparative example . 100 | orack
Resin B : 0 % 0 %

: _ 1% 4 % '
Comparative example : T | erack
Resin C : example 13 19 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



in the early stage. The transm ttance further decreased in 15 the range of
a short wavel ength. and the yellow ng was advanced remarkably during the
| ight resistance test. .On the other hand, for the resin F, an epoxy resin
conposite of the present invention, no coloring was observed in the early
stage and after the light resistance testg 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 X30 X3 mm was fabricated and
heated at 120 C for 500 hours in an oven to exam ne the change in overal
transmittance of Waami2ghbefere sandcaf t heating,, The transmttance
was . 10. 9. neasured_wﬁthﬁa spectroscggig?ggo_gﬁi%%%g?g?nggg Hﬁlﬁﬁr§%§ni _
12A _and 12B. Fi-g.-

Col or Labepox¥heeexagi Rabihan i esulls @& shown in Figs, . _
12Ashqmsf%he§bvgralr tranghﬁttaﬁ%%§§%%§ééﬁﬁcﬁep ré“ﬁééﬁpnd<§n@mFM@S 12B-

shows™ t he fayenabketir ananiblianeey 5;0% heam after heating, The resin A a
conventional epoxy resin cOnpositelg% Qhﬁ%%ona R oh?t %ﬂ?iﬁauéﬁeﬁﬁ was

added, sheowpd @ tpansmittance similar tq that of the resin F, an epoxy
resin conposite o? F%%h%%gseneei%bgﬂgFoﬁFiQV%WﬂQ%%$¥?H§WBQQQHGMtofO f or

docr cased” and tReCeel o e angit TRUD: JErT o DIUEFABSFRECRaE Wesi st ance
test. FprmEQ§uE@§iQi§h a %BQE%QEE%Q%Hceggfgr{ggégg‘(made by Murékami
‘Color Lab.). The examination results are shéQﬁ in Figs. liA
.and - 11B. Fig. 11A showé the ove:all transmittance of beam
_before radiation and Fig. .iiB shows- the ovérall
10 transmittance.of beam after radiation. For the resin. B, a
conventional epoxy resin composite to which a - reactive
Qiluent'was added; the transmiftance in the range of é short
wavelength decreased and the.coior was changed iﬁﬁo yellOQ
;p the‘eayly stage._ The transmittance furthef decreésed in
15 the raﬁgé‘ of a short waﬁeléngth.'aﬂd'-ﬁhe'-yéliowing Qas
advanced:remarkably during the.light resistance test.
On the other hapd, for the resin F, an epoxy.resin
- composite of the present invention, no colbring was observed
in the early stage and after the light resistance test.
20 4. heat resistance examination
| The heat resistance test was carried out using the
epoxXy resins A, B aﬁd F. The test piece of 30 X30 X3 mm
was fabricated and heated at 120 C for 500 hours in an oven
to examine the change in overall transmitténce of beaﬁ

25 before and after the heating. The transmittance was



" conposite to which a reactive diluent was added, the 15 transmttance in
the range of a short wavel ength decreased and the col or was changed into
~yellowin the early stage. The transmttance further decreased in the
range of a short wavel ength and the yell owi ng was advanced remarkably

- during the light resistance test. 20 Onoghe other hand, for the resin F,
..an epoxy resin conposite of the present invention, no coloring was '
observed . in the.early stage and the yellow ng was advanced during the
heat resistance test, but the heat resistance was better than that -of
resi-n B. 2B &undeD wilithr ent spassesk ddif i ' ' 110 . The light emtting
- diode having .a structure a%@ihom_iq\%ﬁeegllrggvﬁétf%gbr caaqeeg:%sbfhgﬁa]é?%&y
resin conpuslidred.aB .and Fheargakhg64EkLE ed life test .(current .. 10
md) ‘was carried out at~roomt'errpef%g%rg&fggé%)gﬁ%dsg?ménl%l%edl%“' o

t enper at urandaridm. hi hupmpdi C %. Figs. .13 and 14 - are graphs
on oy il SXofis el @V(E radl rterlaé‘tsi”\}(gt\%’lcﬁeq;? Qﬁpj)‘:tﬂputs

~show ng changes in relative outputs Po % (the

where t he beifiopét HdatliRg —@ar Ipf o St LS 100.9% of LED during the current
passed life test at rgom terrpegr atlﬁzgag éa{lnod}sa?tké%.o\é?@ﬂalt etrangiidizanae and a

10 hisgh hwi ety a'f@@Peﬁéét’?ﬁ%{; ‘As shown in Figs. 13 and 14, for the epoxy
‘resin conposite of the present invention, the reduction of the LED output.

during life was srgLl ap -th of the conventional epoxy resin
conposite B , E_?ésin ﬂ, 5 g&nvent}onal €PoxXy resin composite to

which a cationic curing agent was added, showedu.a
transmittance.similar'to that of the resin F, an epoxy rééin
composite of the present invention, in the éarly stage.r But
10 - for the resin A, the transmittance in the rangé of a short
wavelength decreased and the color was changed info vellow
during the heat resistance test.
For the resin B, a conventioﬁal eéoxy resin
Fompositg. to which a réactive ;diluent was_ added, the
15 ~ transmittance in the rangerof a.short wavelengfh debreased.
and.the color was ;hanged into yellow in the early stage.
The transmittance further decreased in the range of a short
wavelength and the yellowing was.advanced remarkably during
‘the light resistance test. | | |
20 » On the other hand, for the reéin F, an epoxy resin
composite of the pfesent invention, né coloring was observed-
in the early stage and the vellowing was advanced'during the
heat resistance test, but the heat resiétance was better
thén that of resin B.

25 5. LED current passed life examination



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. 15. The conventi onal epoxy resin
conposite B had a pot life of about 25 hours, -while the epoxy resin '
conposite of the present invention F 20,f)i@d a pot life of about 40 hours.
Exanpl e 17 The surface-nounted type light emtting diode as shown in Fig.
1 was fabricated. In this light emtting diode of Exanple 17, a =
fluorescent material was mixed with 25 the light transmtting resin. The-

LED chip 5 conprisesealididt Bhift ey sgm uct or device |nclud|n a light
emtting |layer made of [|nO. 2&088[\?5@%%%%&% %é\hrﬁ’& Lfo s nc

emi ssi on peakrol . 47GaBMELPr T RS r That is, the  same LED chip
as that of Exanple 13 was used. é{a%f%ir? %?(%@é TRYP REPSIdesnd sak Fas:

that of Exaaplhe3cufhent! n ter| ysed was al so the sane as-
that of Exanple.13. To the ;tp{)s\e/%%ne% |8ne1i]esrralce3| (RUEren wit 96.6f &l dwak0 |

fl uorescent_ ppigyi a of Si 02 having a central particle size of
10 mwere ?n xe‘%&aﬁhtd?g Le}fr O&‘dqtteénpc?rftaéﬂ?e a2l Coy i @poxy Qs ted |

conposi te t¥n§§P§tﬁ¥e an éOOQ1 %%%nﬁﬁ%f%Jgég%l%Eagfvltzlgg r§§Ian 14
are graphs show1ng changes in relative outputs P, % (the
relatlve 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 1nventlon, the
-reductlon of the LED output. durlng llfe was smaller than

that of the conventional epoxy re51n comp051te B

6. pot life examlnatlon

15 : A B - L
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 eonventional

€poXy resin composite B had a pet life of about 25 hours,
while the epoxy resin composite of the present invention F
20 had a pot life of about 40 heurs. |
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



500 light emtting -diodes were fabricated in the 15 sane way as in
Exanpl e 13. The variations anong 500 light enmtting diodes fabricated in.
this way were examned. It was shown that variations in chromaticity-anong
the light 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 resin A
Conpar ati ve Exanple The light emtting diode was fabricated in the same 25
way as in Exanple 17, except. that the resin A and the mask 112 having an
openi-ng corirtesipbndisegiteonangetyra A LN 5 insulating substrate were
'uged..gThe eni ssi on unevenness Masgbgggefvggﬁglg t hé egéghgniggiEﬁﬁ%%uld
not be achizxed. ndde ofellinabihi ty : j onpared to Exanple 17. 5
Exanpl e 18 The |i ght .errittn?‘tr%g cafodg,@%gglfﬁggﬁ%;t ea‘r}?ﬂgt'ﬁe BRRCDER Qs i n

Exanpl e l&mieciemt ddaat drheang, fip nt.. ;materi al as that of Exanple
15 was used and 15 wt % of the fldbrgggiﬁfuﬁﬁFgrﬁgpgﬁasi?ﬂﬂQMﬂﬁiiﬁhQ)the

resin F. ?h@mﬂijigmﬁfeggtghgg gkoggﬁgélgiﬁgﬁ%%big;s owed effects simlar -

to those of Exanple 1 and had a hig g an that in Exanple
17. TBhe follow || crihe the synthesis
| Bhe ol I ow ng Texanphegayd | lydescribe Lhe Hhe'®3ame  as that of
Example 13. '

The fluorescent material used was élso the same as
that of Example 13. » i
To the above¥mentioned resin F, 15 wt% of “said
10 fluorescent material and.40 wt? of Si0, having a central
particle size of 10 LM were mixed and dispéfsed to obtain
an.alicyClic epoxy resin composite (viscosity : 15000mPa - s)
as a.light transmitting resin. |
- 500 lighﬁ emitting diodes were fabricatéa in " the
15  same’way as in Example 13; | | .. | -
| The variations among .500 light emitting diodes -
fabricated in this way were examined. It was showﬁ thét-
variationsrin-chromaticity.among'the light emitting diodes
were small and there was no visual emiséion unevenness in
20 each 1light emitting diode. The reliaﬁility 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.l7, except.that”the résin A and-the mask



of -the. fluorescent faterial. 15 Exanple 19 (the synthesis of the
fluorescent material by neans of a two-step calcination nethod in reducing
at nrospheres) The foll owi ng exanples relate to the nethod of the

fluorescent material suited for the lLight emitting diode. 20 According to
the nmethod of Exanple 19, a flux is mx ? into the mxture material which
has been adjusted to achieve the conposition of the fluorescent materi al
and the resulting mxed is filled in the crucible and calcined at 1400 C

to 1600 C for 6 to 8 hours in the weakly reducing 25 at nosphere and

further; abvi40 £t k6304 . 113 hours in the reducing
at mosphere. Thgoresul ingggglégﬁggféﬁngb?%dﬁfi“Pgegfﬁﬂhdh§ﬁé passddiet hr ough

a conb of 1200188304t Qub f rescent terial. In.this way, the
m xt ur e Consistinggofqt%g£%}§eﬁ£$§mps gmat T oF1 TP R gvanness . eamlsci ned

using a twesst6Ry cipnat i met hod conprising the first calcination step
in the weakly red%géng%%tﬁ%%ﬁhéﬁ?%ﬁﬁfqrﬁ?%%%oﬁﬁtchﬁcaﬁhnbmad.stamein t he

reducing @ a , as_to,obtain "a fluorescent material having a high
absor bi ng %???g?g%ﬁ % TP IHY A tuBTedvdreFeagoie THeref ore, where the

resukting xghggéefient_naterial is applied to the light emtting diode as
shown in E g , e anount of the fluorescent material required to obtain

t he desired tone £an Pe reduced and the : _
: _ © light emitting diode was fabricated in the same

way as in Example 17, eXcept that the same fluorescent
material-as that of Exaﬁple 15 was used and 15 wt% of the
fluorescent material was included into tﬁe resin F, The

10 light emitting diode of Examble 18 showed effects similar to
those of_Example 1 and had a higher brightness than that in
Example 17.

' The following,examples will deécribe the synthesis.
:_Qf'tﬁé.fqurescent mater;al.,-{ |

15  Example 19 (the synthesis of the.fluoréscent ﬁmterial b?
‘means of a two-step ' calcination . method in feducing
atmdspheres)- |

The following examples relate.to the method of the
fluorescent material suited for the light emitting diode.

20 According to the nethod 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 fiiled in the'crucible and calcinea ét
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



light emtting diode having a high efficiency of light 15 extraction can
be achi eved. Exanple 20 (Oxides of each raw material are m xed at a
stoichionetric ratio. flux : alum numfluoride) First, the m xture materi al
is obtained by m xing Y2031 Gd203, A1203 and CeQ2 at a stoichionetric
.ratio. To the 20 resulting mxture mategrgal, alum num fluoride is added as
a flux and mxed with a ball mll mxer for 2 hours. Next, after renoving

the ball,

~the resulting mixture is fired at 1400 to 1600 C for 6 to 8

“hours in a weakly reducing atnosphere and further at 1400 to 1600 C for 6
to 8 hour $1028si ina theduedngiaymaspbspBerdhe uLting firing product
oLele R LRG| OB ELE

~ground and passed through a conb of _ _
. phbeuett He rsiintd nohd |y £5¢ terial is irradiated wt

‘exciting light in the blue rang%g,t he fluorescantoat 8

(X, y) _ Fofh 4521ubré2ddnt meheoipticity coordi nates (JISz8110). For

mat eri al

exanpl e,

be achi eved. Exanple 21 (bari

in Beanpl @220} Ehrstpgth I xtaure material _is obtained by mxing Y2C3,
G203, AL203 and CoBlat X st diidRs onEtri £oF

00 mesh to Torm

is 114

h an

Fi aPVefiesd Itght of

where this fluorescent material is used for the light emtting
di ode as shown inrhi gnid, wLhe §ﬁ€1$f§t6esults . 10 those of Exanple 19 can
Tum ¥l

Lot T des + PG @F Shesad xasl aafl
Gtred TBSimg  ResHWo-sgemi

.nateria',cgﬁéiHQ£i$HoﬁEgﬁoa 98&£Ei§fﬁg Lﬁe first calcination step in

10

15

20

25

the weakly reducipg atmosphere and the second calcination

ux 10

xture

step in the reducing: atmosphere, so as to obtain -a

fluorescent material having a high absorbing efficiency of
the excitation wavelength. Therefore, where the resulting
f;uorescent material is applied to the light-emittiﬁg diode
as shown in Fig..l,'thenamount of the fluorescent material

requi;ed to obtain the desired tone can be reduced.ahd the

tight emitting diode having a high efficiency of lignt -

éxtractiOn-can be achieved.
Example 20 (Oxides of each. raw material are mixed at a
stoiéhiometrip ratio. flux : aluminum fluoride)

First, the mixture material ié obtained by mixing
Y,0;, Gd,0,, Al,0, and Ce0, at a stoichiometric ratio. To the
resulting mixture-matefial, aluminum fluoride is added as a
flux and mixed with a ball mill mixer for 2 hours. Next,
after removing the ball, the resulting mixture is fired at

1400 to 1600 T for 6 to 8 hours in a weakly reducing

¢

atmosphere and further at 1400 to 1600 °C for 6 to § hours

in a reducing atmosphere. The resulting firing product is



added as a flux and mxed with a ball mIl mxer for 2 hours. 15 Next,

after renoving the ball, the resulting mxture'is calcined at 1400 to 1600
Cfor 6 to 8 hours in a weakly Teducing atnosphere and further at 1400 to
1600 C for 6 to 8 hours in a reducing atnnosphere. The resulting
calcination product is ground and passeg; 4 hrough a conb of 200 nmesh to 20
forma fluorescent material. Wiere the resulting fluorescent material is
irradiated with an exciting light in the blue range, the fluorescent
material. emts light of (x, vy) _ (0.454, 0.531) in chromaticity

coor di nat egTPUNSZ&ILD. pasIbe frhuaerescent Jmierial harmed .using barium 25
fluoride as a flux has a longer y val ue of chr%ﬁntziogi tIg}esé{hd LPIstomgal | er

amount of fédocespenentnatecnpared 0. Lhe terial, using ather substances
e TS itdn i s fddegescentt he

as a flux. For exanple, where this fluorescen

light em thabgrididdesas shemRtieR Rigpn Lyt simlar results to those of
Exanpl e 19 can be achieved. Exanpléggb ?EogﬁfiéngalPﬂ i &1 stheldedudur i ng
cal ci nati opang®, BExarpl £1.2de Fidst m.xture nmaterial is obtained by
mxing Y208, Gd2C8, Al2CB %nci;@oﬁ“ggtgréaét SitiSontt e ©ofti éx, Tolthe 10

resul 6ing mMxisye pgetLf) a I Lupride + boric acid is added as a fl ux
and nmixed with a bail n%l%mn?gééﬁg%;cﬁ hofPRrdinghas &IIT48Movi ngorhe

bal I, 10 wdab1a | {,ful ' ] pure water with respect to the resulting
powder is adé@% andhﬁ@kg %Hﬁ% aflugrescent material is used for the

light em%tting diode as shown in Fig. 1, the similar results
to_thosejof Example 19 can be achieved. . | .
EXample 21 (barium fluoride + boric acid is used as a flux
10 in Example 20) N
First, the mixture_material is obtained by mixing
YJ%{ GdJ%; Al,0, and Ce0, at a stoichiometric ratio. To .the
resulting'mixture material, barium.fiuofide + boric:acid is
added as a-flgx énd mixed with a-ball mill mixer for 2 hours.
15 Next,"affef rehoving the bali, thé‘ résulting mixture. is
calcined at 14qo to 1600 C' for 6 to 8 hours in a weakly
redgcing atmosphere and further at i400 to 1600 °C for 6 to
8 hours in a reducing atmosphere. The resulting calcination.
product is ground and passed through a cbmb of 200 mesh to
20 form a fluorescent material.  Where the resulting
fluorescent material is irradiafed;with an exciting light in
.the blue range, the fluorescent material emits light of (x,
y) = (0.454, 0.531) in chromaticity coordinates (jiszsilo.).
The fluorescent material formed using barium

25 fluoride as a flux has a longer y value of chromaticity and



the resulting mxture is calcined at 1.400 to 1600 C for 6 15 to 8 hours in
a weakly reduci ng at nosphere and further at 1400 to . 1600 C for 6 to 8
hours in a reducing atnosphere. - The resulting calcination product is
ground and passed through a conmb of 200 nesh to forma fluorescent
material. \Were the resulting fluorescef% material is irradiated wth 20
an exciting light in the blue range, the ?uorescent material emts |ight
of (x, y) _ (0.455,-0.530) in chromaticity coordinates (JISz8110). For
exanpl e, where this fluorescent material is used for the light emtting

~di ode as showsmaDl&d 9.amburdthe o+ n'?J r results to those of Exanple 19
‘can be achieved. 116 Exélrrpl e 23 531 5%%?‘%)8?“ ' | i YuiPureraddedodutthag

cal ci nati omaténi EXan@i gy Phd e mxture terial is obtained by
mxing Y203, Gd2081 Ar§g203 and %&éa&ceés ?tsoiacﬁggﬁetri c ratio. To the 5

resulting mxture gutes arhbum flyoride + boric acid is added as a flux
and nmixed with a ball mﬁpln%)'xgh%ro% t;“ﬁ:o OreReent apterimdnbwi ngetihe:

bal I, 37.5:y¢ %108 2 4iau h as. pure water with respect to the
resul ting powder is %J%;Héﬂatﬁcg%g( ﬁilorcgesﬁst iHGWRi #PuFagi.s leakbenetimal 22400 to
1600 € for &, 10 rs in_a weakly reducing atnosphere and further at
1400 to 1600 OC"%gcro8 %%esoﬁfoEf(?mip ea%rge&éf}i hgy achbepédre. The resulting
cal ci nati gi, [ roupd and passed through a conb of 200 nmesh to
forma quores@g?-zrrafJé(?i F." o1"a Mfguia is' added during calcination -

in Example 21)

First, the mixture materigl is obtained by mixing

Yg%, Gd,0,, Al,0, and CéO2 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 hoﬁrs.

.~ Next, 'after removing the ball, 10 wt% of ‘a liquid such as

pure water with respect té the resulting:powder is ééded and

the resulting mixture is:calcinéd at 1400 to 1600 C for .6

15  to 8 hours in a weakly reducing_atﬁosphere and furfhér ét

1400 to 1600 C for 6 to 8 hours in a redﬁcing atmosphere.

The resulting calcination product is ground and passed

through a comb of 200 mesh to form a fluorescent material.

Where the resulting fluorescent material_is'irradiated Qith

20 an exciting light in the blue range, the fluorescent

material emits light of (x, y) = (0.455, 0.530) in
chromaticity coordinates (JISZ8110). |

For example, where this fluorescent maﬁerial is used

fo: the light emitting diode as shown in Fig. 1, the similar

25 results to those of Example 19 can be achieved.



Where the resulting fluorescent material is irradiated with 15 an exciting
light in the blue range, the fluorescent material emts light of (x, y) _
(0.458, 0.528) in chromaticity coordinates (JISZ8110). For exanple, where
this fluorescent material is used for the light emitting diode as shown
in. Fig. 1, the simlar 20 results to thgse of Exanple 19 can be achi eved.
Exanpl e 24 (62 wt%of a liquid is added during calcination in Exanple 21)
First, the mixture material is obtained by mxing Y2031 Gd203, Al12G3 and
CeC? at a stoichionetric ratio . To the 25 resulting m xture material,

bari um f | dawinged e+ 2Bor(i30 . aciwd2i 5r14711addgd; as . g.fLux and mixed with a bal
mll mxer for 2 hours. Next, afterl?gnnvﬁ%g ?Hgdbétt}n%zcﬁ&©6%ﬁt%9miquid

such as pur Exaatée 2y h respect to the resulting powder is added and the
resulting mxture is calcined at 1400 to 1600 C for 6 5 to8 hours in a

- weakly reduci ng atapspher@and; fuitde t 00, to 1600 C for 6 to 8 hours
in a reduci ng at nosphere. Thelre E?tﬁhg Eéﬁi nat | SRt %%%@@ch|§Ugnaund and

passed througlcdgogomh,of 209 #gsh to form.a fluorescent material. \ere
the resul ting. flubrescent naterlalkls iSO C8E tiRiich rag ian eXo tiheg | i ght

in the bl vestanggy hhe o terial enits light of (x, vy)
(0.461, 0.526) in° | chF%ﬁgtﬁgﬁgggé%bF@Fﬁéws fd9p57de10) borr exarplia,

wher e- thl§dﬁb§oé§3§efﬁu§“§ﬁﬁ'mﬁxe&;wf%% a ball mill mixer for 2 hours |
Next,-after removing the ball, 37.5 wt$ of a liquid sach as
pure water with respect to the resultimg.powoer is added.and
| the resultlng mlxture is calc1ned at 1400 to 1600 (3 for 6
10 to 8 hours in a weakly reducing atmosphere and further at
1400 to 1600 C for 6 to 8 hours in a reduc1ng atmosphere
The resultlng calc1natlon product is ground and passed
through a comb of 200 mesh to form a fluorescent materialr
Where the resulting fluorescent material is irradiated with
15 - an exoiting light .in_ the blue range, the" fluorescent
| material emits light of (x, y) = (0.458, 0.528) in
chromaticity Coordinates (JISz8110). |
‘For example, Where thlS fluorescent material is used
for the light emlttlng dlode as shown in Fig. 1, the similar

20 results to those of Example 19 can be achieved.
Exampre 24 (62 wt% of a liquid is added during calcination
in Example 21) | |
First, the mixture material is obtained by mixing
'Yg%, Gd,0;, Alg% and CeO, at a stoichiometric‘ratio. To the

25 resulting mixture material, barium fluoride + boric acid is



for the light emtting diode as shown in; Fig. 1, the simlar - 15 results
to those of Exanple 19 can be achieved. Industrial Applicability The

present invention can provide the light emtting diode having a |ess
irregular color, good reliability, good 20 productivity, and high utility
value. LLOYD WSE 118 CLAIMS: 1. A light emtting diode conprising an LED
chip having a light emtting |layer made of a nitride conpound

sem conductor 5 and a light transmtting resin that includes a fluorescent
material which absorbs at |east a part of light emitted by said LED chip
and em ts dddght acf aa fdiuff anant;i € ty, rein said fluorescent

material includes fl uorescent )élggt‘%q%?gsgo?gggnﬁﬁpdﬁ’feﬁ G Ze havg's-

fluorescemtexpar tdtdeas eémodthd arge panhicle size, said. fluorescent
particles of large particle sg|} ze bel ngléli s@ri%%‘ﬁ e‘aﬁi A tHEWCisHay aF sai d

LED chi pputesaia@teli ghtht raBsaktt fgocfesin_to forma wavel ength converting
| ayer, said fluorescent partlécl Estgf tfsl%a:rlesﬁg};fpgl BOVeL el herddediand i but ed-

on the outgi.dg i el engt.h 15 converting layer in the |ight '
transmitting rgg{u%:ﬁgl d%ﬁé&% 3 He? Pebkedi afet 90 ofot R60farti dlox s ze

di st 5 but itgn gof, akd §}uqre particles of large particle sizeis
within a range from 20 t% gf)e%?éll#esr? ‘écbré%kaamaﬁﬁgél?e ahdt Haintheti dte si ze

- distribut il%ootcosqiég)of Ic,&orf%srcegt

The rgsulting calcination Pbroduct is ‘ground and passed

to 8 hours in a reducing atmosphere.

through a comb of 200 mesh to form a fluorescent material.

"Where the resulting fluorescent material iélirradiated with

10 an 'exciting light in the blue range, the fluofescent

material emits light of (x, y) = (0.461,..0.526) in
-chromaticity_coordinates (JISZ8110).

For example, where this flﬁorescent material is uéed.

for the light emitting diode as shown in Fig. 1, the similar

15 results to those of Example 19 can be achieved.

- Industrial Applicability

The present invention can provide the 1light emitting
diode having a less irregular color, ‘good reliability, good

20 productivity, and high utility value.



20 particles of small particle size. 2. The light emitting di ode according
to claiml1, wherein said fluorescent particles of large particle size is
prepared by controlling the particle size thereof within a 25 range from
10 to 60 gm LLOYD WSE 119 3. The light emtting dlodelgpqewﬂggg to
clainms 1 or 2, wherein said fluorescenalgartlcles of small partrcle size
is prepared by controlling the particle”Size thereof within a range from
0.2 to 1.5qgmimMs:4. The light emtting diode according to claim1, wherein
said fluorescent material is characterized by a volune-based particle size
distribution curve that is flat in a region of cunulative percentage from
0.01 to 10 vol % 10'5. The light emtting diodes as in one of clains 1-4,

wher ei n tha .nmediran ighanehet t Ohg tdEoRATddnr8 s$hgCan di. 8k r iUt 1,00, :9f, sai d
fl uorescent nateria? is mﬁthinga range rﬁion11 to 50 g#?H%S 639§%e l'i ght

emtting dilades areotdhddidfeClpidd Br WhaLelnga é’ér@&g}gyyeﬂq&hﬁﬂaggw of
said nedian dianeter is in a region from?20 to 50% . The T1g
emtting db@@eaaiibﬁtOﬂﬁaﬁgmfﬂﬁﬂdasr%sgnfgﬁgbe{ncludes a fluorescent
material which absorbs at least a part of light emitted by
said LED chip and emits light of a different wavelength,
wherein said fluorescent material includes fluorescent
particles of small particle size and fluorescent particles of
10 large particle size, said fluorescent particles of large
particle size being distributed in the vicinity of said LED
chip in said light transmitting resin to form a wavelength
converting layer, said fluorescent particles of small particle
size being distributed on the outside of said wavelength
15 converting layer in the light transmitting resin, and
wherein the peak diameter of the particle size
distribution of said fluorescent particles of large particle
size is within a range from 20 to 90 times the peak diameter

of the particle size distribution of said fluorescent

20 particles of small particle size.

2. The light emitting diode according to claim 1,
wherein said fluorescent particles of large particle size
is prepared by controlling the particle size thereof within a

25 range from 10 to 60 um.



conprising a diffusing agent along with said fluorescent material in said
light transmtting resin. 8. The light emtting diode as in one of clains
1-7, 25 wherein the light emtting surface of said light transmtting
resin is a curved surface. LLOYD WSE 120 9. A nethod for LppYwS3tng a
fluorescent material that includes fluqrgscent particles of small particle
size and fluorescent particles of largé particle size, the peak dianeter
of the parti.cl e Hieze idhst ebtti o of cdaisddruon 5E8“El§ir[?%rf igles of large
particle size being within a range from20 to 90 tines the peak'di aneter
of the particl e wsiczeindistgi b%é%‘s&ints@a@tfiE@@Eeéfe&Ban‘:éirqi%S_LeOf 3ol
particle size, the nmethod conprising a step of firing a xture of ‘&

stock mat eriisaprapdradfbyxcontedigiimsaind phepiffe fdfing A dclydes a first
firing process of firing in a first reducing atnosphere and a second
firing progesgeofrbhrong ¢& A segcpnd reducing atnosphere, characterized in
that said first reducing atnosphere have weaker reducing power than the
second 5reduci ng at nosphere and said first reduci ng atnosphere is an 15

at nosphere whi ch includes oxygen of such a concentration that at |east the

quantity ofa.oxyges neguire&giti i eiRachieBrQingf 'nagm} e desired
fluorescent material. 10. The né?héd fo? prgdu% h%S?%% Edrescent mat eri al

20 according tOwﬁbééﬂh9saM@effﬂd}é§€éitfhﬂ%ek§afjfgﬁéﬁgggé€g¥gz%%'by a

volume-based particle size distribution curve that is flat in

a region of cumulative percentage from 0.0l to 10 vol 2.

10

5. The light emitting diodes as in one of claims 1-4,

wherein the median diameter of the particle size
distribution of said fluorescent material is within a range
from 15 to 50 um.

15
6. The light emitting diodes according to claim 5,

wherein a distribution frequency of said median diameter
is in a region from 20 to 50%.

20 7. The light emitting diode as in one of claims 1-6 further
comprising a diffusing agent along with said fluorescent
material in said light transmitting resin.

8. The light emitting diode as in one of claims 1-7,

25 wherein the light emitting surface of said light

transmitting resin is a curved surface.
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11. The nethod for producing the fluorescent material accor
9 or 10,wherein said flux has barium fluoride and boric acid. 25 LLOYD

[ di ng
WSE 121 12. The nethod for producing the fluorescent 8§ bahSEaccor
to claim1l, wherein said flux has a liquid. 13. A netggg ?or pf oduci ng a

[ [ | es of snal
fluorescent material that 5 includes flgg escent partic
particle size and fluorescent particles g | arge particle S|ze t he peak

ticles
di aneter of9 theApamthobeferﬁrd&§&iﬂéﬂglﬂyﬁoQEsééhg $$HQE L&, Par
of large particle size being within a range from 20 g% tlnes t he peak

ticles
di anet er ofinciedpar Flobeesigrer hrdistibsbuEi gna Of 5&46&5 rie3cent; par
of small partlclg size, the nethod conprising a step o |r|ng a mxture

d and a
f st ock lumtrescaht apairai d1dix JraviaRgebghbpm {4 ugride, pori g, aci ;
quﬁld 15 14. The nethod for prodUC|%g g fl uor escent’ né% |aI accordi ng

to clains H2aoetds, onheheiphsaic d Isqléladdh§t¥‘@$&‘6 onl%f g@"ﬁi mﬁg?%;ﬁé%i q

producing a fluorescent material as in one alns

st ock nat epaakiches L@ESla\QQéB:ba@iQ%ﬂ.e g@zé‘lggﬁa@%t%? a range from 20
to 90 times the peak diameter of the particle size
distribution of said fluorescent particles of small particle
size, the method comprising a step of firing a mixture of a
stock material and a flux, wherein said step of firing

10 includes a first firing process of firing in a first reducing
atmosphere and a second firing process of firing in a second
reducing atmosphere, characterized in that said first reducing
atmosphere have weaker reducing power than the second
reducing atmosphere and said first reducing atmosphere is an

15 atmosphere which includes oxygen of such a concentration that
at least the quantity of oxXygen required in the reaction of

forming the desired fluorescent material.

10. The method for producing the fluorescent material

20 according to claim 9, wherein said flux is aluminum fluoride.

11. The method for producing the fluorescent material
according to claims 9 or 10,wherein said flux has barium
fluoride and boric acid.

25
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12. The method fo¥ producing the fluoréscent material

according to claim 11, wherein said flux has a liquid.

13. A method for producing a fluorescent material that
includes fluorescent particles of small particle size and
fluorescent particles of large particle size, the peak
diameter of the particle size distribution of said fluorescent
particles of large particle size being within a range from 20
to 90 times the peak diameter of the particle size
distribution of said fluorescent particles of small particle
size, the method comprising a step of firing a mixture of a
stock material and a flux having barium fluoride, boric acid

and a liquid.

14. The method for producing a fluorescent material according

to claims 12 or 13, wherein said liquid is water.

15. The method for producing a fluorescent material as in one
of claims 9-14, wherein said stock material includes Y,03, GdOs,

A1203 and CeOs;.



