DESCRI PTION Light Emtting Apparatus 5 Technical Field The present
“invention relates to light emtting apparatuses and nore particularly to
light emtting apparatuses formed fromnitride sem conductors. A |ight
‘emtting apparatus of the present invention refers to a sem conduct or
“device or seniconductor chip mainly constituted by a nitride semni conductor
substrate and sem conductor |ayers 10 | am nated thereon in sone cases and
also refers to a device including a sem conductor chip nmounted on a
nount i ng conponent and sealed with resin in sone cases. Also, it nmay refer
to the both in sone cases. Further, a sem conductor chip is called a chip in
sone cases. Further, a substrate i ial layers fornmed thereon in a
chip are sinply called a substraiﬁg%ﬁggﬁﬁékgases. 15 Background Art
Currently, white light emtting diodes (LEDs) have been wi dely enpl oyed for
illum nation of conpact electronic equi pnent such as portable information
termnals and have the potent iladfitBmittgheppatdthd zed for illum nation for
| arger spaces or larger- areas in the 20 future. In order to utilize LEDs for
illumnation for |arger spaces or larger areas, it is required to increase
"~ the 14 ght t ' LEDs. Therefore, there is a need to enable flow ng
Iargé§curﬂ%§?§&%ﬁF%Lgh the el ectrodes of LEDs and overcone a probl em of
tenperature i nOMRRFPASGAKSRGN BY R RS g RRNAhE APparkilibhs 2B nidr Pokicakas t he
construction of a GaN based LED whi ch has been 25 currently proposed (a
pat ent docahghrtentitinglapparhivsesGaNnéhfen HitEde sanicoaducpers Gall lighagreittiggd2 i s
provi ded on a sapphire substrate 101 and a.quantumwell construction 103 is
forned bet’ie¥ ﬁt”ﬁ-‘)? g’r?epr%%RF NYFRIONTRTSEAG SEMEONGIHEOTCEN Gef SPMICORIUGt PG ht

em ssion - QeGHE lg%t)nﬂﬁ?t@? %Tav?ﬁlrilde CORSEAHELr AoshdB: afdheRidhBEt P NyLRYer 104,
a p-electrode 1 1 1s fofmed to be in ohm ¢ contact and on n-type GaN
| ayerQ 102 laninateé tlecéonod8oth@@ases and alsoresterts @o helevite alahidthgtosiraainductor

chip mounted on a mounting component and sealed with resin in some cases.  Also, it

may refer to the both in some cases. Further, a semiconductor chip is called a chip in

some cases. Further, a substrate and epitaxial layers formed thereon in a chip are

simply called a substrate in some cases.

15
Background Art
Currently, white light emitting diodes (LEDs) have been widely employed for
illumination of compact electronic equipment such as portable information terminals and
have the potentiality to be utilized for illumination for‘larger spaces or larger areas in the
20 future. In order to utilize LEDs for illumination for larger spaces or larger areas, it is

required to increase the light outputs of LEDs. Therefore, there is a need to enable
flowing large currents through the electrodes of LEDs and overcome a problem of
temperature increases caused by heat generation. |
Fig. 59 illustrates the construction of a GaN-based LED which has been
25 currently proposed (a patent document 1). In this GaN-based LED, an n-type GaN
layer 102 is provided on a sapphire substrate 101 and a quantum-well construction 103
is formed between n-type GaN layer 102 and a p-type GaN layer 104. Light emission

occurs at quantum-well construction 103.  On p-type GaN layer 104, a p-electrode 105



These p-el ectrode 105 and n-el ectrode 106 are connected to a nounting
~conponent 109 through solder balls 107, 108. The nounting conponent
(sub-nmount 5 conponent) is forned froman Si substrate and provided with
‘circuits for protection against surge voltages fromthe outside. Nanely, in
order to prevent large forward voltages or reverse vol tages from bei ng
applied to the light emtting apparatus, the electrical power branching
circuit for protecting the light emtting apparatus is constituted by Zener
di odes, etc., placing enphasis on that main factors of circuit failure 10
for sem conductor of a nitride of Ga, A, In or other group IIl elenment are

surge voltage ch a tranS| ent . vol t age static dischar Protection
agai nst sﬂlsr%gme%m gé “WW“ a%%ﬁ%&"d{"%ﬁ 3{)# arf&‘[eg‘f“méf%go%ﬁove

GaN- based ¢hERJits behR ﬁﬁltc%ht;‘@p in that (al) p- type GaN layer 104 is

down- nount ed and (a2 ? n-el ectrode layer 106 is formed on n-type GaN | ayer

102 so 15 that Theght-clestreds 1tSexhdfn-elentidie 1baaksicdacatd sapploungngubstrate 101.
The construction of the GaN-based LED is significantly conplicated as can
be seen i §ORPnENLHO9 ﬂﬁ@u&fe%#ﬁ baih Y7, 168) Th?emﬁurémé@pmeéeqtéwrmpgmf ormed on

- n-type @o%ggﬁ%nt)tlg%?rmw{alr St shl‘]%%t?ﬁg ?u?d H_r(S)_)(ldséH Gl cncé ﬁ? ﬁrcﬁétgnaoq he n-
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el ectrode aganstROtgeIB) t@&é@\ﬂcd@qle%tgadme PRI, 18 0 I 83 ﬁ@t«@m 128 fsrwiied | as the

above |ight emtting apparatus enploying a sapphire substrate, there has
been oft ew0§@@g@sr@draehfattagﬂsrfmm baing applipd ot thetl ngbnexagmmatartms;heent vol t ages

and statl dIS har I’OVId din ligh ttin ar at uses enpl oyi ng
GaAs- base& ﬁc %3 GHRF‘E) @tEGW%GB%Eg%ém‘E‘gﬁGBQ 'BHE ¥ or use in

li ght em ¢ 431 BECtc PRLERS HOGHIERAL n the
case of G%Rt%lggsggeggn%oﬁiﬁ&“égf%eﬁl c'?) du %ﬂm *ﬁ%@“ﬁ%é%{%gﬁeg‘%@{eﬁgﬁi in the

revelse diforesetiiamdacter aiba)nntrlcﬁbf\ﬁamd Intdnwsheaeoupoll] elamehtars aurgtie br eakdown

strengths for the forward voltage are Onl)ﬁ about 150 V. Therefore, there
has been .Vﬁlﬁ%ﬁetSéh%aSéf%na@ﬁfewlf@ée ArGOYRER dHeFhargcel EEIEFHOA AZBBWT €D anchi ng

circuit f t mely, the above GaN-based chip, etc., is
-2 forrredQ/rglrE&“t?“% Bé’ﬁe%ﬁ?@rcg% de n“% € sub-mount and on the Si substrate the

protection cCi rkiabold\GhNG2BGAERBis Habdesizes ic@AS(ll § plrpt GAN IS0 1beissal d
t hat suggestions of man
down-mounted and (a2) n-electrode layer 106 is formed on n-type GaN layer 102 so

15 that light is emitted from the backside of sapphire substrate 101. The construction of
the GaN-based LED is significantly complicated as can be seen in Fig. 59. The reason
that (a2) the n-electrode layer is formed on n-type GaN layer 102, which is the cause of
such a complicated construction, is that sapphire substrate 101 is an insulator and the n-
electrode can not be provided on the sapphire substrate.

20 As well as the above light emitting apparatus employing a sapphire substrate,
there has been often suggested that circuits for protection against transient voltages and
static discharge are provided in light emitting apparatuses employing GaAs-based, GaP-
based, or GaN-based compound semiconductors for use in light emitting apparatus (see
patent documents 2-4).  Particularly, in the case of GalN-based compound

25 semiconductors, the breakdown strengths in the reverse direction are about 50 V and
thus are low, and also the breakdown strengths for the forward voltage are only about

150 V. Therefore, there has been importance attached to providing an electrical power

branching circuit for the above protection. Namely, the above GaN-based chip, etc., i3
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protection circuits. as above are the proof of that main factors of circuit
failure for sem conductor of a nitride of Ga, A, In or other group Il

el enent are surge voltages 5 such as transient voltage and static discharge.
Besides the light emtting apparatus provided with the above protection
circuits, there have been known exanples of form ng a GaN based |i ght
emtting apparatus on a conductive SiC substrate. Nanely, LEDs constructed
to emt light froma p-type GaN layer using a | am nate construction of
(n-electrode on the Si C substrate backside/ SiC 10 substrate/ n-type GaN

| ayer/quantumwel | | am nate construction (light emtting |ayer)/p- type GaNT

| ayer/ p-el ectrode) have been_also wdely utilized. Patent Docupent 1:
Japanese Iﬁéff’ﬁﬁtonﬂgilglr%‘gﬁ%aéﬁ Oﬁlgl.e sppoRLsbEs! opieeH sulpsHRlFtER ProectiPipanese

Pat ent Layj.ng-: - Ng-.., 20 : te . ent

Layi ng- oo Rb PHIn87a6T TeRa SRrueR i he o ecug BAPEErA® 0o cpen
No. 11-22@#ct6ctiobickehiesdsradoed atchie prdwveof thenmkihadtentoficicliefBaleod by t he

I nvention In the case of GaN-based LEDs using a sapphire substrate

i || ust r at éemicandrictpr o5g nitride of Ge, sohsor eibei goup Slletamint ewtsetzeamdtagtre

fabrication,cast w increased. In order to develop the

|l be unavoi.da
demarfd i nS'Ilﬁlra(féraélffﬁ%tevqlﬁﬁfh?ﬁdré?tfcocﬁs"éﬁ Fications, LEDs are required to be
cheap, and thugetihe @t %l‘%@ﬂ%tln‘g@ggarﬁﬁﬁ rEHELD Qi ke RYe Q%é&i%tqlc?muits,
Furthernore, since p-electrode™1 and n-el ectrode 106 are placed on the
down- nounieee hawgrtat bnsidesanfies difemsngt Gahebake tiphtoadgingmaptiaasicard y t he
area of the p-elegtrode, 25 js resjricted. In order t nabl e fl owi ng |arge
currents FB“CE’(?HY%g‘é’I%%@tﬁatB-utEﬂ"ln@,ya \[‘ED? sonsyaisterdq efrﬁtdtg%f ﬁ'@mpa- RitEE F¥de has
particul af].y, &; Hind@ 8t HONEVE (-t R dl BE th CORSLEUELL O kibsErated in
Fig. 59, t é g?%%égf{% egg?EFgﬁﬁ}%ﬁ€ .nggéfﬁf%%gd“%ﬁ%*&%§%§$ﬁﬂﬁ§ry t he
| i ghtO out pulfstiate/n-88t IGaN Rder/duantubeivell iamigits cbast@ictign (At egriies Ayed/pin 3
association with currents, providing two el ectrodes on one side is not

desi r abl e YyPeréalY apipelstrodrmave beenatsgevidelyivditizatce to currents flowing in
the direction ﬁ’g{eg{fl)glﬁuré%}ﬁtlg apaHOR oA P LIRS i g %B6; §B8Y | aver 102, which

causes heat ge
Patent Document 2: Japanese Patent Laying-Open No. 2000-286457

Patent Document 3: Japanese Patent Laying-Open No. 11-54801
15 Patent Document 4: Japanese Patent Laying-Open No. 11-220176

Disclosure of the Invention
Problems to be Solved by the Invention
In the case of GaN-based LEDs using a sapphire substrate illustrated in Fig. 59,
20 the construction is complicated and the fabrication cast will be unavoidably increased.
In order to develop the demand in large space illumination applications, LEDs are
required to be cheap, and thus the aforementioned construction is not desirable.
Furthermore, since p-electrode 105 and n-electrode 106 are placed on the down-

mounted surface side, the areas of the electrodes, particularly the area of the p-electrode,

8}
ot

is restricted. In order to enable flowing large currents to achieve high outputs, it is
desired that the p-electrode has particularly a larger area.  However, with the
construction illustrated in Fig. 59, the area of the p-electrode is restricted and

accordingly the light output is restricted. Further, in discharging heat generated in



i ncrease of the driving voltage and, therefore, an increase of the power
consunption. 5 Particularly, if the thickness of the n-type GaN | ayer is
reduced in order to shorten the filmform ng processes, the yield of
exposure of the n-type GaN filmw ||l be significantly degraded, besides the
above probl em of heat generation and power consunption increases. Further,
as can be said in general for light emtting devices including the above 10
light emtting device enploying a sapphire substrate, since the heat
radiating area is restricted and al so the heat resistance (tenperature

i ncrease caused by unit introduced energy per unit area) is large, the

i njection current r light em{ting par at us can not Be.i creased.

Parti cul aralsiﬂcwi“ﬁnt“f%gl USRS opTOYSHFS VR ‘g‘%ﬁﬂﬁ‘??%ﬂ eUbEHs 519t d&YRRE: t he area of
t he p-el ectrode,i| r e guaely] : - { O tus
with little rra?:éﬁlr%?‘r“?%’ ﬂggﬁeﬁﬁgrréet el casg%gtf %@Lﬁggig‘g%‘%ﬁ%@“g’gﬁ%@a

sapphire syl §udkteate Frbeeh Al @AY 14y 8d] @Y iifictada88esi Ral 8dkfaioh@fd ahn order to
reduce the electrical resistance as nuch as possible To reduce heat

gener at i onncredse loé denksitecdaganyd, tierebm, ay iraensf thd poivencemumptioeh t he
p-el ectrode and the n-electrode are conplicated in a conb shape to wi den the

cont att arPé&.‘CUhrrb(c%}éﬁ iipkpess ofi ghe R lxgdsredreed iﬁlc%l@?fit@ Sh@'lterbté@y. and the
20 fabri Caélllngglﬁfglgg Ero\@e%}e%,gﬁe igllrdto?leg Jsub %E?ﬁ%@qﬁet g‘%?f Rﬁrﬁ}@/lﬁﬁ?é}épgg?n&b{ bed,

the design o con ion s basica i ng

appar at usekgaded Wasdesdhe abd @Rbbles JTade deferabb@bit Howgé ubitlon there wil |
be restriction due to heat conditions as above. Therefore, in order to

al | evi at e 18iE3eHs nuch as possible, a conplicated el ectrode shape nust be

enpl oyed. 25 Fyrther, there are the foll.owi ng proplens. |In the case where a
Cant based |1 ghtt e i PG> Sh PtetE el B el S Be2BERT met dinb s 405 «
do"\“wmuntlﬁgﬁt &Hitt‘ir{gadevldéeen@%é}?ng ;§'seﬁ>%hi‘?$ sUbRfa2 2RI the héé{@%iétﬂ{gearéé)fs“ the
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light emtting surface, light wth an incident angle greater than a
pr edet er mmedctahghdalex gerliceneeistahot @tmpantteraiatrensef daesdd byrunitintrbducédi nt er f ace

between the GaN | ayers which g%en,erat,e and pr opaégte,l,i ght and the sapphire
“subst r at e, Si&i%d PERYET p5e) ‘Isilagj&% U 1yeCHeR CHETE pett Y9y SREtinG RPRAGIES 6 N nce t he

refract! vggegm%ﬁ%f; @ﬁpﬁ%@é% iR 3ROMusthe® APPhil\GobiEliE ARl Y dadey of GaN

the p-electrode is restricted, it is common to heat-design the apparatus with little margin.

15 Further, in the case of GaN-based LEDs using a sapphire substrate, since the
heat radiating area is restricted, in order to reduce the electrical resistance as much as
possible to reduce heat generation, it becomes necessary to employ a construction in
which the p-electrode and the n-electrode are complicated in a comb shape to widen the
contact area. Processing of such a comb-shaped electrode is not easy and the

20 fabrication cost will be certainly increased.

As previously described, the design of heat conditions is basically important for

light emitting apparatuses and when an attempt is made to obtain high outputs, there will

be restriction due to heat conditions as above. Therefore, in order to alleviate this as

much as possible, a complicated electrode shape must be employed.

Do
o

Further, there are the following problems. In the case where a GaN-based light
emitting apparatus formed on a sapphire substrate is down-mounted so that the back
side of the sapphire substrate forms the light emitting surface, light with an incident

angle greater than a predetermined angle experiences total internal reflection at the
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with incident angles 0 >_ sin" (1.8/ 2.4) ~ 4.2 wll remain wthin the GaN

| ayers and will 5 not be emtted to the outside. Consequently, the |ight

em ssion efficiency at the nmain surface of the sapphire substrate will be
degraded. Although the problemof the Iight emission efficiency is
inportant, there are still other problens. The |ight experienced the above
total internal reflection propagates through the GaN | ayers and is emtted
fromthe side portions of the GaN |l ayers. Since the ratio of the Iight which
experiences 10 the above total internal reflection is significantly |arge
and also the GaN |l ayers are thin, the energy density of light emtted from

b one g Rateer S IS v e80RL ARt Al PSR g ono
t his caus , e if Jhegli

appar at us%ﬁsﬁraﬁl gmcgéﬁg%fl%gp@ﬁ%gg e L%Jgohtgsggtgi}% Sélcl)&r\egt?% ﬂ%{glcgtrjlé %ge)f SiC
subst r at e of ddpphiae ksibdet N8 ehe dierrefiadtSie thidku S Faddt igabetityPe GellNnely, lights

| ayer/quantumwel | |amnate construction (light emtting |ayer)/ p-type GaN
| ayer/ p- &Yiddngidens pngles 0 ety ddt8/h) Fidghitwill reman pidhipthe kveisd@ad withe | i ght

absorption ratio at the p-electrode is.la nd.t hus . hi.gh ,ght .out puts
can bt oaobfH ofad e MR o Il Gty B Ry S et ap b il t o
reduce th%ur‘f&\é%rf@igaesab?ﬁifé)su%trétg%ilpb@b@%ue@d? AanduRiR| probIBaRaReE e openi ng
ratio to 20 increase the amount of |ight emi ssion, currents can not be

f1 owed t hreoisglontefesiary isiepprtatty gerdGan stihyptgrer pebbunse dhetlight dkipgherededct ri cal
resi stance, of the p-type N [ayer. Consequently, |ight em ssjon can not be
acti vat ed tfeerﬂbeﬁawtelﬁé%gﬁé %@Ctéﬂ]’aﬂpﬂ%ﬁa\%ltﬁmu%ﬁ?témﬁyéﬁa“érﬁjeff“r‘il?g the Iight
em ssi on QuULbUL . eelgased chyl r, &he.electri-cal: o eststanse. wll be

i ncr easedqg)trrl'g %h!dg p\(/gmeﬁn ?Jn uc‘éﬁg ?Pr“ %’bl égrﬁQ of E‘h%gf Ogg%é}%'lé ?’3‘%“5%5&3‘0“@% 25
supplly capkcitoye tdbiSaterdal rdflaetidrs elghgsantflatcb@n®alsy piee GalN 1dy@yedreitifin} Nncr eased
in order to flow currents uniformy through the entire p-type Gil |ayer,

the |ight teb¥erptdenpityael ighbemjitedyinam thenideppstionsdeenmes leegege Taadedling out put
will be restri d. Means for Solvi h ropl e -5 Lt 4iS. an. object of the
present i E%sédé}gl?%eﬁl att(t)hepﬁéc;evﬁ) Ge°rs (gg;)flrfk{e 2%1’1\%1% eﬁga%%ﬁrgr R s%léh th\fﬂllogﬂlshave sinpl e
const r uct idamsgeihdtthid T2 a8 2 Beol@R bf siredingand lité of @dighaBmsitiadhyparRuoVvi de

high Iight em ssion efficiencies for a long tinme period.
In the case of a GalN-based LED having a construction of (SiC substrate

15 backside n-electrode/SiC substrate/n-type GaN layer/quantum-well laminate
construction (light emitting layer)/ p-type GaN layer/ p-electrode) for extracting light
from the p-layers side, the light absorption ratio at the p-electrode is large and thus high
light outputs can not be emitted to the outside efficiently. When an attempt is made to
reduce the coverage ratio of the p-electrode and namely increase the opening ratio to

20 increase the amount of light emission, currents can not be flowed through the entire p-
type GaN layer because of the high electrical resistance of the p-type GaN layer.
Consequently, light emission can not be activated through the entire quantum-well
construction, and thus the light emission output is decreased.  Further, the electrical
resistance will be increased and this will induce a problem of heat generation and power

25 ‘supply capacity. Also, if the thickness of the p-type GaN layer is increased in order to
flow currents uniformly through the entire p-type GaN layer, the light absorption at the
p-type GaN layer becomes large and the output will be restricted.

Means for Solving the Problems



A light emtting apparatus according to the present invention is a |light
emtting 5 apparatus including a nitride sem conductor substrate, an n-type
nitride sem conductor Jlayer at a first main surface side of the nitride

sem conductor substrate, a p-type nitride sem conductor |ayer placed nore
distantly fromthe nitride sem conductor substrate than the n-type nitride
sem conductor |layer at the first main surface side and a light emtting

| ayer placed between the n-type nitride sem conductor |ayer and the p-type
nitride 10 sem conductor layer at the first main surface side. In this |ight
emtting apparatus, the nitride sem conductor substrate has a resistivity
of 0.5 f2-cmor |ess and the p-type nitride sem conductor |ayer side is

down- nount ed so t hat is emtted.fromthe _second. main surface of the
nitride sem cohdaer ePJeekﬂﬁb@ BESE TN YRR D ISIYRY e LIgh R ting APPHAIUSES r st mai n

surface. %chﬁaOe El T go%@év?ét% agc?t}{u%tagn Be %a)é gatga &% lgoag EStBB vided on the

backsi de (‘'second i n surface e ni sem<c bstrate with

a | ow el egtdvideatligh Bt SHAREA. efﬁaweeff@mmnewm pinied. t he n- el ectrode i's
provided with a TOM/coverage ratio or hlgﬁ opening ratio, currents can be
flowed through 4 kgt emitiingapparsthelaccosding midie orasentsutrstipatses lightlemitting he | i ght

absorption ratio.a the e ttin rface, becones omer nd t.he ht 20

i o9 o driTtrEREp ks BEYerePEa S ST i o Sar TRUT gt ha
light emggigan ﬁ@ﬁfmﬁ’lﬁ%ﬂffa@tsdek@f thd 91%1Meﬁ%%au&§r Wlirar@Sa pltyddirragcond main
surface. The sane holds for the followng light emtting apparatuses

Furt her, ttmeicpadugcpe lojet pladel smerd dmanhlgcﬂ‘rmn thamerdmedmohawqtngsmsﬂnatg hhan

electrlcal resi st ance does not form ht _em g surface and. t herefore
the p-typdielBEenEHEe payepndustor aygpa § 6lﬁ &aghs ¢ ARb2 SEhtfOREBINGT t he

p-type ”' 44 cpﬁa&%“&e%?é‘edl%‘%é Rlropniflde sIHi%n&0£§Jlg%¢t 'q&’@ha’ Pt ﬁg‘%ﬁbﬁgeous I n

flowing | a currents and suUppressing h generaflon I'n di scharging

geneltat ed sﬁﬁﬁbndm&tdﬂbm&ﬂ@ﬁ fhe first Wi biytfack eﬁibr | Tt th@NBhe et Pppahdad, the
requi rements may be drastically alleviated. Thus, there is no need to forma
conb -5 sidpéeseatieendueige substrale ek atrhustivitg 086 SrQerm ankess tnsl the gHape r ode ar e

SRR T ANEIE T BN R R
second main surface of the nitride semiconductor substrate at the opposite side from the
first main surface.

15 With this construction, the n-type electrode is provided on the backside (second
main surface) of the nitride semiconductor substrate with a low electrical resistance.
Therefore, even when the n-electrode is provided with a low coverage ratio or high
opening ratio, currents can be flowed through the entire nitride semiconductor substrate.
Thus, the light absorption ratio at the emitting surface becomes lower and the light

20 emission efficiency may be increased. Further, it goes without saying that light
emission may occur at the side surfaces as well as at the second main surface. The
same holds for the following light emitting apparatuses.

Further, the p-type nitride semiconductor layer side having a high electrical

resistance does not form a light emitting surface and therefore the p-type electrode layer

o
ot

may be formed on the entire surface of the p-type nitride semiconductor layer. This
construction is advantageous in flowing large currents and suppressing heat generation
and in discharging generated heat by conduction. Namely, restrictions caused by heat

requirements may be drastically alleviated. Thus, there is no need to form a comb-
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provide a protection circuit against surge voltages and the breakdown
strength may be 5 nmade significantly higher. Further, conplicated process
steps are not performed and the fabrication cost may be easily reduced.
~Further, the nitride sem conductor "substrate" refers to a thick plate
menber which may be i ndependently portable and has a proper thickness and
is differentiated 10 from"filns" or "layers"” which are not independently
and easily portable with their shapes kept. The sane holds for a GaN
substrate and AMN substrate which will be described |ater. Another light
emtting apparatus of the present invention is a light emtting apparatus

i ncl udi ng N, substrat ich.is a nitride sem conductor. substrate, an n-
15ty pe AR SO TS o el Mea e B SRR BT CPB ISR arS an
n-type nitph QRS al SQRsUstRLtdayer at a first main surface side of the GaN
substrate, a p-type Al XGl.,,N layer (x is in the range of fromO to 1)

pl aced nore di startthy GhNawbithee aNh esudlkht edreluctiign theheismotngpetoAl . Gai . XN
| ayer at the first main surface side, and a light emtting Iager pl aced
bet ween t HEOYIds § peotoqlioggircuikagagse purgp § OLaass pog %érwlsde‘ammgt yeay bgt t he
firstg 20 | ide. In this light emtting apparatus, the GaN
subst%ate ggsgﬂ[fgﬁgkgéﬁ%h density of 10s/cm or |ess, and the p-type

Al . Gl., N | ayerpusihee cbﬁlé)ﬂ&\ﬂé& ProYELk 8€ps Bretid@berfbrintbatantd Sheblit£Bnfbam t he
second main surface of the nitride sem conductor substrate at the opposite

si de frommdyebefdasibtreduded. surface. This construction is predicated on that
t he above GaN substrate .of the. present, 25 inveption ha condyctivity and
the el ectrical SE&@@F%F UHdgsem ng%fé?rl f”‘?%@f&éﬂgr%‘i‘? a@&%iﬁaﬁﬁﬁl ®the effects

of the af qugpemti QQEQeéénQQ%th 'Aaﬁoie%dwpggfg&g?thiaén@%nhhgdﬁ%%mﬁééé_stfate has

a dislocation density of 10%/cn? or |ess the crystalinity 1s high and

al sol0 t he fopehiilng” patlapers’swhichhre ndéndepghitentpimpiasily pontdbhewikcloskd mai n
surface may be increased. Further, light is emitted fromthe side
surfaces. SERREHKEP, tINE SEBANPHASIHEL sustiptrerndetNarbpivaie Miidxvilldemai nt ai ned
and the problgmy f; the aforenmentioned total internal reflection will not
occur.

Another light emitting apparatus of the present invention is a light emitting
apparatus including a GaN substrate which is a nitride semiconductor substrate, an n-
15 type AlkGa N layer (x is in the range of from 0 to 1) which is an n-type nitride
semiconductor layer at a first main surface side of the GaN substrate, a p-type Al,Ga, N
layer (x is in the range of from 0 to 1) placed more distantly from the GaN substrate
than the n-type AliGa,..N layer at the first main surface side, and a light emitting layer
placed between the n-type Al,Ga;..N layer and the p-type AlGa.N layer at the first
20 main surface side. In this light emitting apparatus, the GaN substrate has a dislocation
density of 10%cm” or less, and the p-type AlGa. N layer side is down-mounted so that
light is emitted from the second main surface of the nitride semiconductor substrate at
the opposite side from the first main surface.
This construction is predicated on that the above GaN substrate of the present
25 invention has a conductivity and the electrical resistance may be easily reduced. In
addition to the effects of the aforementioned light emitting apparatus, since the GaN
substrate has a dislocation density of 10%/cm’ or less and the crystalinity is high and also

the opening ratio is high, the light output from the second main surface may be increased.



A further light emtting apparatus of the present invention is a |ight
emtting 5 apparatus including a conductive AIN substrate which is a
nitride sem conductor substrate, an n-type A ,;Gi.,N layer (0 < x < 1)
which is an n-type nitride sem conductor |layer at a first main surface side
of the AIN substrate, a p-type Al xGai.xN layer (0 <_ x 5 1) placed nore
distantly fromthe AIN substrate than the n-type Al ., Gai _xN |l ayer at the
flrst main surface side, and a light emtting | ayer placed between the
n-type Al xGi. N 10 layer and the p-type Al Gai _,N layer at the first main
surface side. The above AIN substrate has a heat conductivity of 100 W (nK)

or hi gher d the.p-t. A, xGi., N layer side is down-nmounted so that
light is gﬁ%[}?reggqgﬂg?ﬁl%%gfré)érbgﬁmwﬁa%%rface of the AIN substrate at the
opposi te side ELamdt iR bhfifloulBds of el 8 &tivAl R 8SmBinBiRAiahl GRYbYIR gh heat
conductivity and thus is excellent 1n heat 15 dissipation ability.

Ther ef or e of ilte afsremost&ingt eothbinsmpg reffestidremien@tocew. i ncreases in the |ight
emtting apparatus by transferring heat fromthe above p-type Al xGl.xN

layer to the Peligheyrlight emgiing apparatiep! the peesapoveenipN st eaitEng| so
di ssipat e - Whi cont r.i bu ression.of te rature increases.
Furt hégr, t% H&zﬁg%hﬂé@g ﬁnc?tal %)%B}létw%pé@csﬁutgga)ttr%g%hc that Rflg%se lg?ngiﬁ Strate is a

- conduct i vautdtes MbslfRt £ GRLN WRiqh <4 FBYS ivhieSs 20nhdyenibRERhMBhARkGD tO
provide a conductivity. Brief scription of the Drawings Fig. | is an

i 11 ustrat ilayar sthofwstgaianutfidd side dfithe AIN webskzaanplpetype adCar. N agert (0 sax <f i r st

enbodi nent._of the present inventiogn; 25 Fi is an illustration show ng

.2
the | am nadt 8legshapredtpyly ﬁ%ﬂh@ﬁ%@%@ﬁgm @ity padlCayeY lager atfiee LED of
Fig. 1; Fig. 3-is.an i.LLustration show ng the.state of a. wafear-when taking
chi ps of 519 SLII%F# ?\ué-fa & 518%1’5 ﬂtrdtfglﬁﬂgrelmgﬁﬁﬂ o grt}H%C%\kf\/é’fg@“r/e;e“E%e ‘I‘—'i”\/glig.ae ‘ﬁxTagggn

i 11 usy rat ilger st BGyhd8L 0k ACEIRE at Oe fiREmeIneGHhAISge OfTHe Bove3AINFi 9. 5 is

an illustration show ng Conparative Exanple B, Fig. 6 is an illustration
showi ng t Isebstrare rakdeatoratinaottyed DOV (adrRporhighghend taipttypaylLaye¥ of the
LED of Coﬂjy%rr sai’c;ié i%%o%?rgg$rﬁec? ;so that light 1s emitted from the second main surface of the

AIN substrate at the opposite side from the first main surface.

AIN has a significantly high heat conductivity and thus is excellent in heat
15 dissipation ability. Therefore, it is possible to suppress temperature increases in the

light emitting apparatus by transferring heat from the above p-type Al,Gai.N layer to

the lead frame, etc. Further, the above AIN substrate also dissipates heat, which

contributes to suppression of temperature increases.  Further, this construction is

predicated on that the AIN substrate is a conductive AIN substrate into which impurities

20 have been implanted to provide a conductivity.

Brief Description of the Drawings
Fig. 1is an illustration showing an LED of Inventive Example A according to a
first embodiment of the present invention,
25 Fig: 2 is an illustration showing the laminate construction including a light
emitting layer of the LED of Fig. 1;
Fig. 3 is an illustration showing the state of a wafer when taking chips of a

laminate construction out of the wafer;



5 Fig. 7is an illustration showing the state of a wafer when taking chips
having the |am nate construction of Conparative Exanple B out of the wafer;

Fig. 8 is an illustration showi ng the placenent of the electrodes of Fig. 7;
Fig. 9 is an illustration showing the relation between the applied current

and the |Ilight output for Inventive Exanple A and Conparative Exanple B; 10
Fig. 10 is an illustration showing the relation between the current density

inthe light emtting |layer and the light output for Inventive Exanple A
and Conparative Exanmple B; Fig. 11 is an illustration showi ng an LED of

I nventive Exanple C according to a second enbodi nent of the present
invention; 15 Eia lustration sh f ventive

Exanpl e a accEr“dlgﬁsgarf %lugrﬁlont :qgwgleé Hla%er%eélg%‘%te?e&fmgﬁ O(%[;Frl%s%ent i nvention;
Fig. 13 is a plransvi awiRbirdthe sERingfcdmpientie el e Cl1 of Fig. 127 Fig.
14 is an illustrati on show ng an LED of Conparative Exanple E; Fig. 15 is
a plan view of thhé 1§ &DlloftrComzhpwingthe Bramapd eorstroftida igeludidg a:h@hﬂ:i g. 16 is an

illustration sh D nventi le F according to a third
embodi rrenf“mﬁfmﬁ %ég%HhE ?‘fo\é?ff‘l?aéﬁwelﬁ/x@mp?gps an illust ragl on showi ng t he
pl acgment of theg, @h?&ﬁ ﬂl‘ag‘?ﬁlom%pwﬁgfh@gatecol?'a%af&a%hé}gtaéﬁg chi gh?x?ﬁgg%he

construction of A nventive out of the wafer
i Il ustr at lainge hematiciad byCsipaaiig: EtenptaiBoanbf fleovafer, n an LED chip 25 by

calculation sinulation; Fig. 19 is an illustration scherratlcally show ng t he
current densit V& &tlf &0 IHHSTFH@H SIhPt}jH‘E téwlﬁ@qﬂ??@t Pﬁ%rel%‘fmﬂ%@ﬂf@ according to
the third enbo S_an ovmn the appli.ed current
and the |ight glﬁﬁgg% glu?tﬁat on SQ"Y.“E% % uorevg%eélnce %Flilré?r)% aﬁ%é}berdl ng to

the third 116‘F\EQQ@|~LBE‘@“HVE'M916 FEhnipfe ARnd t:h bia@ilk BRaBpieW: Ng the current density
inthe |i gﬁt out put and the [i ght out put of the LED (no fluorescence
mat di al ) accofd ng it o Hlhgrativinsbowimp dleh rekatipn between the current density in the
light emitting layer and the light output for Inventive Example A and Comparative
Example B;
Fig. 11 is an illustration showing an LED of Inventive Example C according to a
second embodiment of the present invention,
15 Fig. 12 is an illustration showing an LED of Inventive Example C1 according to
the second embodiment of the present invention,
Fig. 13 is a plan view of the LED of Inventive Example C1 of Fig. 12;
Fig. 14 is an illustration showing an LED of Comparative Example E;
Fig. 15 is a plan view of the LED of Comparative Example E of Fig. 14;
20 Fig. 16 is an illustration showing an LED of Inventive Example F according to a
third embodiment of the present invention;
Fig. 17 is an illustration showing the placement of the electrodes when taking
chips having the laminate construction of Inventive Example F out of the wafer;
Fig. 18 is an illustration schematically showing the current flows in an LED chip
25 by calculation simulation;
Fig. 19 is an illustration schematically showing the current density ratio in the
light emitting layer of the LED according to the third embodiment;

Fig. 20 is an illustration showing the applied current and the light output of the

_9.



Fig. 22 is an illustration show ng the relation between the applied current
“and the 5 light output of the LED (including fluorescence material: white)
according to the third enbodinment; Fig. 23 is an illustration show ng the
current density in the light emtting layer and the |light output of the LED
(i ncluding fluorescence material) according to the third enbodinent; 10
Fig. 24 is an illustration show ng Moddification Exanple F-3 of the LED
according to the third enbodinment; Fig. 25 is an illustration show ng the
LED of Fig. 24; Fig. 26 is an illustration show ng the general outline of
the transmttance neasurenent test of the LED according to a fourth

enbodi nment; Fhg. 27 0s an.idlustratio how . he state in which |ight
passes thigieh@restfsenaPi 1B e IR RS M enent 1 eost
illustrated inpg @128 ilbkteatiod&hb®imdnthé bihres W8kdi9n shawhheutbhieaddhtuence of
the thickness of the substrate on the transnmittance; Fi g. 29 is an

i |1 ustrat ilight ahpwiaighe hBDdnatflsoektaace statdiah gefwdinggvitiethgd panbatingmt;i n - 20
order to take of Inventive, Exanpl e out of a wafer. according to a
CTeh onbod: i 228 4 TSGRHOTSHON PYRLat Felt areBtshi g ceisT SPRPE ML et chi ng
for devi C@igﬁte&ﬁﬁé’ttdf‘?ﬁb LED @fcHRing idr@kende e @l CREDALASLNE (FXamplg M out of
a wafer and formng an n- electrode on the bottom of an etching sl ot

accor di ng embodiveent;i ft h enbodi nent; 25 Fig. 31 is an illustration show ng the

state when etching for device separation in order to take LEDs of
Conpar at i ve Exanpld NedUstERion sRavee the qur it dpmefy an the-ligdt emitirglayen t he

bot t f t i j . Lft ; 1.4. i
Dot om of RGN Beost 8RS80 RS OLOELL N BINIALIRRL B > o0
seventh erhpddment;, Fig. 33 is an illustration showing an LED of Inventive

ExanPIe R according to the seventh enbodi ment;
0 Fig. 24 1s an illustration showing Modification Example F-3 of the LED

according to the third embodiment;
Fig. 25 is an illustration showing the LED of Fig. 24;
Fig. 26 is an illustration showing the general outline of the transmittance
measurement test of the LED according to a fourth embodiment;
15 Fig. 27 is an illustration showing the state in which light passes through the
substrate in the transmittance measurement test illustrated in Fig. 26;
Fig. 28 1s an illustration showing the influence of the thickness of the substrate
on the transmittance;
Fig. 29 is an illustration showing the state after etching for device separation in
20 order to take LEDs of Inventive Example L out of a wafer according to a fifth
embodiment;
Fig. 30 is an illustration showing the state when etching for device separation in
order to take LEDs of Comparative Example M out of a wafer and forming an n-

electrode on the bottom of an etching slot according to the fifth embodiment;

[ ]
W

Fig. 31 is an illustration showing the state when etching for device separation in
order to take LEDs of Comparative Example N out of a wafer and forming an n-
electrode on the bottom of an etching slot according to the fifth embodiment;

Fig. 32 is an illustration showing an LED of Inventive Example Q according to a

- 10 -



Fig. 34 is an illustration showi ng an LED of Inventive Exanples Sand T 5
according to an eighth enbodinent; Fig. 35 is an illustration show ng an LED
of Inventive Exanple U according to the eighth enbodinent; Fig. 36 is an
illustration showi ng an LED of Inventive Exanple Waccording to the eighth

enbodi nent; 10 Fig. 37 is an illustration show ng the influence of the
oxygen concentration on the resistivity of the GaN substrate according to a
ninth enbodinent; Fig. 38 is an illustration showi ng the influence of the

oxygen concentration on the transmttance of the GaN substrate with respect
to light (450 nmwavel ength) according to the ninth enbodinent; 15 Fig. 39

is an ill ration show ng the light outputs of light emtting devices and
pl an surfgg\;eengrf%rg%c’dﬁrﬁer\l/\%ﬁhich currents flow uniformy, wherein the |ight

emtting devi cgsg 308§ g flabiitat Bewinsom (EaNos HRShi R BEGnpRYR RGcHangith
t hi cknesses and oxygen concentrations; Fig. 40 is an illustration show ng

di sl ocat i dbe $syemthembpdintene GaN substrate 20 transferred to an epitaxial

| ayer, Fig. 41_is .an illustration show a.di sl ocation buyndl e transferred
to an epitaxi a|#1%~|323}%fm flysteaiion Sﬁ‘BW@g a{'ﬁ) PE §%tfve%’&mpﬁeélg]%nd:ﬁ illustration
showng an Qi imanghe dhst &byt hop- W th respect to the c- plane of a GaN
substrate of 200mmx 20 mm 25 Fig. 43 is an illustration showi ng a
construction i FigidisSdhamillosidtem shawerg and KD af &denthet Bveeipld Dectatdingubst r at e

and the AlGaN cl ad | ayer according to an eleventh enbodinent; Fig. 44 is an
i || ustrat itBneIsHEWRgdtKatr esul ts of widening the off-angle range 11 which

o Fovs, gener at g 1. L AR 0 BE BES e v
enmbodi nentthe eighth embodiment;

10 . Fig. 37 is an illustration showing the influence of the oxygen concentration on
the resistivity of the GaN substrate according to a ninth embodiment;

Fig. 38 is an illustration showing the influence of the oxygen concentration on
the transmittance of the GaN substrate with respect to light (450 nm wavelength)
according to the ninth embodiment;

15 Fig. 39 is an illustration showing the light outputs of light emitting devices and
plan surface sizes in which currents flow uniformly, wherein the light emitting devices
were fabricated from GaN substrates having varying thicknesses and oxygen
concentrations;

Fig. 40 is an illustration showing dislocation bundles in the GaN substrate

20 transferred to an epitaxial layer;

Fig. 41 is an illustration showing a dislocation bundle transferred to an epitaxial
layer to be a hole-shape recess;

Fig. 42 is an illustration showing an off-angle distribution with respect to the c-
plane of a GaN substrate of 20 mm x 20 mm,

25 Fig. 43 is an illustration showing a construction in which a buffer layer is placed
between the GaN substrate and the AlGaN clad layer according to an eleventh
embodiment;

Fig. 44 is an illustration showing the results of widening the off-angle range

-11 -



Fig. 46 is a cross sectional view focused on the p-electrode of the |ight
emtting 5 device according to a thirteenth enbodinent; Fig. 47 is a plan
view of the penetratively viewed p-electrode of the light emtting device
according to the thirteenth enbodinent; Fig. 48 is an illustrati on show ng
the light em ssion and reflection of Inventive Exanple S5 according to the
thirteenth enbodinent; 10 Fig. 49 is an illustration show ng the |ight

em ssion and reflection of Conparative Exanple T6 according to the
thirteenth enbodinent; Fig. 50 is an illustration showing the |ight em ssion
and reflection of Inventive Exanple A for conparison; Fig. 51 is an

|IIustrat| the main surface.of GaN substrate in which 15
pl at e- sha 5&% W@@%?%*S%@H&%uﬁgfgﬂﬁgé)ﬁ MY®a lattice shape in a
fourteenth e”ﬁ@'z&%ﬁ@&n Qlilstfrafl%nl%% ty ﬁo'EY@ﬂﬁhf ﬁ’%‘de\F&egaccé%lﬂgStoCJ Qugasect i onal

view of the GaN Substrate |Ilustrat|ng‘1 e plate-shape crystal inversion
domai n of emibgdinteht; Fig. 53 is cross sectional viewillustrating Inventive
Exanple S6 of the 20 fourteenth enmbodiment of the present invention; Fig.
54 is a plan vilésy40/i @l§fq5&§?°h‘@n§IVa@cV\éf%H%eﬁ@”ctP%’teéﬁFC“iOﬁ@@f Hedighbiemiing in a

par aIEI) el pcfe%%%gggﬁ‘dﬂ“ h?r@&%]enftﬁgr%olzl E:nt51 which is included in the

fourteenth resent '1hvention; Fig. 55 is cross sectional

view of Fig. S5&ig 1Eh91an5/6ew §fﬁle(b'é@éiﬁat1$§l9tvl&\?b@ Ap- Me@vodhiwhdggtithe | ght
em ssion and reflection of Inventive Exanp according to a fifteenth

enbodlnenﬁmMFmgdeﬁaeﬁ@mahmgt%@w$bdﬁmmma¢bwmamn$homnng the light em ssion and

refl ection of nv nt|v IS ano embodi.pent .of the
1t eont nenpodifnains at fiyf B FeginedhlliGl suiss ARAT SR OR b SRBI g 1 he

l'i ght enlsg@g@kagg_&gphgp%uggﬂggemgpp@§6@%$Me Exanpl e T7 according to the
fifteenth enbodiment; and Fig. 59 is an i1Tudtrati on showi ng a conventi onal

LED. 10 Fig. 49 is an illustration showing the light emission and reflection of
Comparative Example T6 according to the thiﬁ‘eenth embodiment;

Fig. 50 is an illustration showing the light emission and reflection of Inventive
Example A for comparison,

Fig. 51 is an illustration showing the main surface of a GaN substrate in which

15 plate-shape crystal inversion domains appear in a lattice shape in a fourteenth
embodiment of the present invention;

Fig. 52 is cross sectional view of the GaN substrate illustrating the plate-shape
crystal inversion domain of Fig. 51;

Fig. 53 is cross sectional view illustrating Inventive Example S6 of the

20 fourteenth embodiment of the present invention;

Fig. 54 is a plan view illustrating plate-shape crystal inversion domains in a
parallel placement different from Fig. 51, which is included in the fourteenth
embodiment of the present invention;

Fig. 55 is cross sectional view of Fig. 54;

25 ‘ Fig. 56 is a cross sectional view showing the light emission and reflection of
Inventive Example S7 according to a fifteenth embodiment,;
Fig. 57 is a cross sectional view showing the light emission and reflection of

Inventive Example S8, which is another embodiment of the fifteenth embodiment;

-12 -



Description of Reference Characters 5 1: GaN substrate, 1 a: light emtting
"surface (second main surface), 2: n-type GaN layer, 3: n-type AlxGai _xN

| ayer, 4. MWV (light emtting layer), 5. p-type Al,Gu_ ,N layer, 6: p-type
~GaN layer, 11: n-electrode, 12: p-electrode, 12a: Ni/Au p-electrode .in

di screte arrangenent, 13: wire, 14: conductive adhesive, 15: epoxy resin, 21
a. nmount portion of lead frane, 21b: |ead portion of |lead frane, 25: device
separation slot, 25a: 10 bottom of device separation slot, 26: fluorescence
material, 35: high reflective film 50: chip boundary, L1: side |length of
p-el ectrode, L2: spacing of scribed lines (side length of chip), L3: width
of device separatign slot, L4. side l.ength of. etched slo D... di ameter of
el actrode. | T REE PORPPR ReH R e B P e PR ¢

thi ckness @fmdardiveExE@ble! BY &lcordids totht KRN GRN AREAChnd ayer, 32: p-type
InGaN | ayer, 33: Agelectrode 15 Tayer, 46: fluorescénce plate, 46a: surface
of fl uorescencé&igplSatieamilltibtrasronj seotvingrescoamehtiodeldriEi3si ons, 51: pl at e- shape
crystal inversion donai r} %2: trench, 61: bundle (hole- shaped recess), RIL:
area havi ng of RSSFAtENGT Releygncefpharagicds having of f-angl e of 1.44'. Best
Modes- for Carryi Lnyent i on: ' : nates. yw.th a

di sl (S)F)cati on de?li's i@tﬁnggﬂ%lg’tlg ' }égﬁ Ieérg@néggﬁé&fg%cg%?h%ﬁéﬁ% kﬁs%ﬁ%‘wgt es wth a
ther mal cauByérys tyrty@@uelGd;QNoaydt] #haQW lladht 20GtiNY [af8r) K- S8bE fiYGa,t he
condition of the above nitride sem conductor substrate that the resistivity
i s equal & layst, G ovigpe Cabidagersl Qn-deatrothel X g adectiode, BlebddAwemelsctedde he | i ght
emtting device of the resent inpvention including the afor nt i oned

i de s SOREISEOR REbs LT aths | Ar @ oulsaen 15 0oy el 40t dhgile

enbodi mentprin Jh@udl Gk 2691 bid AR KE BES fi@inel I dBYiBS SdparatioR 4RATI RN

enpl oying a GaN substrate or an AN substrate as the sem conduct or

subst( at e Hotommgldeyicagepassionstot sib shpasesncam@eNak b shigatafleotiveafilmAB Bt
substrate ich are _one of nitri m_conduct or. sybst r at -13 Thgn,

enbodi ment&IPdURRRY gr bsitstlengiv e e-:e etrs_ 3 L 2hepague A spersdlerngideranathg
S g e S RS RS U R S R o S
Fig. 1 is m#edtiddgst datdnae iphothke Renter of light emitting layer, t: thickness of n-type
GaN layer, 31: n-type AlGaN buffer layer, 32: p-type InGaN layer, 33: Ag electrode
15 layer, 46: fluorescence plate, 46a: surface of fluorescence plate with projections and
depressions, 51: plate-shape crystal inversion domain, 52: trench, 61: bundle (hole-

shaped recess), R1: area having off-angle of 0.05°, R2: area having off-angle of 1.44°.

Best Modes for Carrying Out the Invention

20 Either GaN substrates with a dislocation density equal to or less than 10%/cm” or
AIN substrates with a thermal conductivity equal to or higher than 100 W/ (meK) satisfy
the condition of the aBove nitride semiconductor substrate that the resistivity is equal to
or lower than 0.5 Qecm. The selective embodiments of the light emitting device of the

present invention including the aforementioned nitride semiconductor substrates are

Lo
@)

applicable as other selective embodiments of the light emitting devices of the present
‘invention employing a GaN substrate or an AIN substrate as the semiconductor
substrate by employing, as the substrate, a GaN substrate or an AIN substrate, which are

one of nitride semiconductor substrate.



5 an LED of an Inventive Exanple A according to a first enbodi nent of the
present invention. There has been forned a | am nate construction including a
light emtting layer, which will be described later, on a first main
surface side of a GaN substrate 1 and a p-electrode 12 has been forned
thereon. This enbodi nent has a characteristic that this p-electrode 12 is
down-nounted to a |l ead frane nount portion 21 a wth a 10 conductive
adhesive 14. A second main surface | a of GaN substrate 1 is the surface
which emts light generated at the light emtting |layer and an n-el ectrode
11 is provided on this surface. This n-electrode 11 is fornmed not to cover
the entire surface of the second main surface. is inportant to nake the

t
rati o of the pqrhteg,o&l,,ﬁofa%erl?féfﬂﬂggrﬁg@gnfe%% ol Bgcﬂbééusﬁloed}%fvg%? 11

:
| arger. When the opening ratro | ar ger, %%e anount™ of shi el ded
by the n-gigcEmbdéimend | decrease and therefore the em ssion efficiency of
light emtted outside will be increased. N-electrode 11 is electrically
connected to a Hishd cporriignn willbeghadg Debeeenfarsapghiret subgioaih and siadl 13. Wre 13

and the afo ntioned | am nate copnstruction ar eal e 20.with an epoxy
esin 15 STHE T L 62 GOHA FICETOHCTT SR o ds trare EFHie) SPEdE ode 12,
of the af %Q@%fﬁﬂﬁﬂeﬁg@%ﬂaﬁﬂf mccdﬁémg% Q"ﬁ_gﬁ‘érribedi'?ﬂ&tR of?@helppesghtg- 2, the

| am nat e construction of Fig. is shown upside down. Referring to Fig. 2,

an n-type iGahtiepi t Bherahas tegefortheds lphmerdoosin@Gah islibbig atight miting an n-type
Al cGl_xN layer .3 ig formed thereon. Further, there is rmed thereon a 25
quant um weyen (KR i Mfé?rgteﬁﬂgebfow fﬁe%m&gs& NEENEIRS SR Sfhreserl N

| ayers. A p._ 1cGal BH 1S p ) 4 s
andw ched Ty ot Pt (RHG iR, ENARHIUE Ao BHARHRERY 03
p-type GaNhis aydctidde 32 N ésatmouhedeon leddfrantemah@pefist 2 eneigh gonst ructi on,
quantumwel | 4 causes light em ssion. -14 Further, as illustrated in Fig.

1, al®- el condusdise aghesigeflér med to cover the entire surface of p-type GaN
| ayer 6 and i

| nventive Exaiﬁ$§§%ﬁaﬁﬁﬂ}%%ﬁﬂgf%%fggﬁgu %%%9;kggﬂg§%gggﬂﬁ%¥%§§§¥ Ebfgd by 05
W th respeghethRdlahehedicht &RNERyer and an n-electrode 11 is provided on this surface.

This n-electrode 11 is formed not to cover the entire surface of the second main surface.

It is important to make the ratio of the portion that has not been covered with n-

15 electrode 11 larger. When the opening ratio is made larger, the amount of light -
shielded by the n-electrode will decrease and therefore the emission efficiency of light
emitted outside will be increased.

N-electrode 11 is electrically connected to a lead portion 21b of a lead frame
through a wire 13, Wire 13 and the aforementioned laminate construction are sealed

20 with an epoxy resin 15. The laminate construction from GaN substrate 1 to p-
electrode 12, of the aforementioned construction, is enlarged in Fig. 2. In Fig. 2, the
laminate construction of Fig. 1 is shown upside down.

Referring to Fig. 2, an n-type GaN epitaxial layer 2 is placed on GaN substrate 1
and an n-type Al,Ga; xN layer 3 is formed thereon. Further, there is formed thereon a

25 quantum well (MQW) 4 consisting of Al,Ga,N layers and Al In,Ga;,N layers. A p-
type Al,Ga1.N layer 5 is placed such that quantum well 4 is sandwiched by p-type
Al Ga;. N layer 5 and n-type Al,Ga,..N layer 3, and a p-type GaN layer 6 is placed

thereon. In the aforementioned construction, quantum well 4 causes light emission.

- 14 -



5 enployed. This substrate has a resistivity of 0.01 m a dislocation
density of 1E7/cn2 and a thickness of 400 p.m (a2) The followi ng | am nate
construction was fabricated on the Ga surface, which is a first surface, of
the GaN substrate by MOCVD (Metal Organic Chem cal Vapor Deposition).

(Si -doped n-type GaN | ayer /a Si-doped n-type Al 3.2Ga0.3N |l ayer 10 being a

clad layer/ MW (Mil ti-Quantum Well) which consists of three |ayers, each
being a two-layers construction conprised of a GaN | ayer and an

| nu. 15Ga0. 35N | ayer/a My-doped p-type A10 2Ga0.5N | ayer being a cl ad

| ayer/a Mg-doped p-type GaN | ayer). (a3) The light em ssion wavel ength was
450 nm and_the internal quantum efficiency was 50% which was cal cul at ed
by, for c I epdbstratgdpnlignd & prelepirodslZ iskenmed ta FoMEdae AREY SHREERE| ty at
the lowte 2 K i ntensi_t a I t ture of 298
K. (a4) Thé@ﬁ\%\gayrrﬁ és6 zg@ﬁ?@g é%&flgllrﬁdlc’)wel\r?ex ’ﬁefx?rzésaiug% énnegkgorgo ﬁﬁlﬁgﬁ%%oped

p-type | ayesntivd Eeadvbldoped] Be dospabedl GaN | ayer and the My-doped p-type GaN
| ayer had carrier concentrations of 5E17/cnB and 1E18/cnB, respectively,
whi ch were det dehi AN off-shystiasd dnghaslhyd. 8hreith respad@)to T s plaaé eraswas et ched by

phot ol it hography technique and RIE (Reactive I|on Etchinpg), fromthe M-doped
p-type | afgﬁ‘@g@pde%g’é Spptratg -%fc?préﬁi‘“h"-lttyﬁ@-qlagg}é‘f@aa%91°C%tfﬂn§jeéil¥"}’h‘i’fng, devi ce

separati on 5 0 achi eve device separation as illustrated
inFig. 3.0 ﬁ%&é@?actﬁﬁ%‘gepsggg?@g@y ot had a width L3 of 100 m 25 (a6) On

the N-surface gh2fThie Ba6%ingi1gainafe doR&r(GANT walBYica{e8 onWhi Gh swascd he second

mai n surface, n-electrodes with a diameter(D) of 100 mwere formed at the
cent ers ofwhibleiseHirpissuniatd) ofi thei Gl safstrdBhOynVIDEC oD dMetal trggniafhgmicelc hni que,
vapor dep‘gsi tion and lift-off method f{see Figs, 3 and 4).

g _ f et € 3.and 4)., As the
n- el ect r od&¥POr PPaiHiipmt e (S0l My pe BRINGHEE Gher QQIeA g tYP? SinetResNbBYEom si de,

o (8 8t 30 A (NEQARLOLR s LAV, SRaTEIBR A Lpyer, 20
at nospher ebeifg Awio-REER cOHMNZuction tampriseti BE 2 CRN A¢dr n8ShThANGS 3IP0 laybgh oW | E- 5
Qe Mg-doped p-type Aly.Gag 5N layer being a clad layer/a Mg-doped p-type GaN layer).
(a3) The light emission wavelength was 450 nm and the internal quantum
efficiency was 50%, which was calculated by, for convenience, comparing the PL
15 (Photo Luminescence) intensity at the low temperature 4.2 K and the PL intensity at a
room temperature of 298 K.
(a4) This wafer was activated to lower the resistance of the Mg-doped p-type
layer. The Mg-doped p-type AlGaN layer and the Mg-doped p-type GaN layer had
carrier concentrations of SE17/cm’ and 1E18/cm’, respectively, which were determined
20 by hall measurement.
“(a5) This wafer was etched by photolithography technique and RIE (Reactive
Ion Etching) from the Mg-doped p-type layers side to the Si-doped n-type layers. By
this etching, device separation slots 25 were formed to achieve device separation as
illustrated in Fig. 3. The device separation slot had a width L3 of 100 um.
25 (a6) On the N-surface at the back side of the GaN substrate, which was the
second main surface, n-electrodes with a diameter(D) of 100 pm were formed at the

centers of the chips with a pitch of 400 m by photolithography technique, vapor

deposition and lift-off method (see Figs. 3 and 4).  As the n-electrodes, a laminate

~
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5 (a7) As the p-electrode, an N layer with a thickness of 4 nmwas forned
in contact with the p-type GaN | ayer and an Au | ayer with a thickness of 4
nmis fornmed on the entire surface thereof (see Figs. 3 and 4). This was
heat-treated in the atnosphere of inert gas to change the contact
resistance to 5e-4 (xnR. (a8) Subsequently, as illustrated in Figs. 3 and 4,
t he above construction was 10 scribed to formchip boundaries 50 as the
side walls. The chi pped constructions were nmade to be light emtting
devices. A chipped light emtting device had a light emtting surface with
a shape of 300 um square (a square with a side length of 300 m and had a

light emtting l.ayer with shape of 3Q0 squar e. Nanel as_illustrated
inFig. 4, COnLCHOR BoRsRiBRd TS ﬁ@p%@n}ﬁl_g?sﬁ?wé?{mrﬁ@ ae A 13S0l 04 Headevi ce
separ at | or$4Qf o Fnmim &9916&@]@%;@% Qhﬁé@i{r]l%romgcp\fvitﬁ he G.8kasknpde = 100

p.m (a9) Referring to Fi t above chip was nounted on the nount
portion 2WThés wafheatddamchef stmoephetecdt ditnagent(he) o-1bwpetheabdhniaayesistaheketoof t he
above chip was in contact wth the mount portion 2la to forma |ight
enmitting dE\PMeEE-STRec} ght enmitting device and the nount were secured to

each .ot her and cgnducti on established therebetween 20 a ,conducti ve
adhesi ve 14 appgfiﬁégs %‘8 pf%%c\{\ér?éﬁ’ﬁn ﬁ@?ﬁfa‘ﬁﬂ“ a(télict.lf)n?ﬁsr‘i’ rier e gc};fngéi“?! tate heat
radi ati on bhr@B SRR tHel PhHpe TN & %nd @YX iAGElaydrRAtH 4 Bilkne &BrUtddG HEYILE Vas
mounted to the nmount portion such that the entire surface of the p- type GaN
| ayer of ttheedtirgbirfaemtidreofdsadedugcs andg)i nTidontaabtatwidatedtihehenaimobphpos t i on.

Further, as_ the adhesive, an Ag-based adhesive w.th high heat conductivity
was sel ectdddnertoms 4o ghagge theecontastirpistanee taSed\W a8 ed | ead franme with high

conductivity mag%ﬁﬁkgcpggd §§ﬂ§§8%§ﬂ}#%3:§§9 r s%{tant h@ t..resistance was

o A L heat .resl <
8C/W (al 1) FOFher SEShHuEt IoR wes ThsEdn e S CRORe SR Y HE WY &Pect r ode and

the iead spaddi t0To@i chifBoli@Rded F@ERLHBYIdWAls DONEY fifippean@nitheiohfifetd ght
emtting device was sealed 16 with an epoxy resin to nake the |ight

em-tting deadede be bgfeemittingrdgvicdextA claip t emritieg Exagepiad aBight kinitbeg bri ef |y
descri bed. In Fi

Tount - por SHBRDY T bATe O 85 HTEERFLR STHS SHRCHEN St Gh 01 BEY PORG s
connect ed Jl%h@exjnﬁﬁ‘& fa&&%tﬂ@%&;e %?55(5 Ak sjaa&'% Namely, as illustrated in Fig. 4,
L1 =300 umand L2 =400 um. Further, the width L3 of the device separation slot =
15 100 um and the diameter D of the n electrode = 100 pum.

(a9) Referring to Fig. 1, the above chip was mounted on the mount portion 21a
of a lead frame such that the p-type GaN layer side of the above chip was in contact
with the mount portion 21a to form a light emitting device. The light emitting device
and the mount were secured to each other and conduction was established therebetween

20 by a conductive adhesive 14 applied to the mount portion.

(a10) In order to facilitate heat radiation from the light emitting device, the light
emitting device was mounted to the mount portion such that the entire surface of the p-
type GaN layer of the light emitting device was in contact with the mount portion.
Further, as the adhesive, an Ag-based adhesive with high heat conductivity was selected,

and as the lead frame, a CuW-based lead frame with high conductivity was selected.

o
Ut

Consequently, the resultant heat resistance was 8°C/W.
~- (all) Further, conduction was established between the n-electrode and the lead

portion of the lead frame by wire bonding, and then the light emitting device was sealed

216 -



5 separated fromthe | ead nmount portion to which the p-electrode is
connected. A lamnate construction (Fig. 6) including a light emtting

| ayer is formed thereon and is contacted with a predeterm ned area of
n-type GaN | ayer 102. An n-type GaN layer 102 is forned on a sapphire
substrate 101 and an n-electrode 111 is fornmed on the area outside of the
area with which the aforenentioned | am nate construction is contacted. 10
The n-electrode 111 is electrically connected to a | ead frane nount portion
121a or a lead frame |ead portion 12l b through a wire or conductive
adhesive. Light emtted fromthe light emtting layer is emtted outside

t hrough sapphire substrate 101. An epoxy resin 115 is encapsul ated to cover
the aforenenti oned | am nate ogsﬁtrucﬁj on i.ncgugi n% t he sapphire substrate.
15 (b 1) A" ?Slp?ﬂoﬁ‘?ér?sﬁlstﬁl%%lﬁeﬁée FHCUbYer Ve &hgi 288y 0.2 with respect to
the c- plane wasexePtoVSiativeEx33PBIWiA b3wbstly aleribad antdy okagss of 400 um
(b2) to (b4) The sane processes as (a2) to (a4) in Inventive Exanple A were
appl i ed t clactreds dpphvidosnsubgttedor the(lpd) frame moentcastomby Comduatiat adhesigxanpl e
B, the sapphire substrate is an insulafor 20_and therefore the n-electrode
must  be foﬁged?bﬁh%rh@egre&mpﬁ? ISrhRonasied tosg i1 Hpmg meynt RN lefact r ode.

Ther ef or e, I h g = C - erg side to

t he g_dogg%ﬁ?%@?\ﬁ%&?{ Sﬁﬁsﬁﬁﬁﬁgﬂ%ﬁgﬁﬁgﬁ‘ %{ggdeg{/%%%ﬁgﬁ%%%ﬁ ﬁ%gar/'ap‘ﬁy t echni que
and RIE t dam@xfeaseasthlrdon (Hiy 08 ikeiih@y ¢ichf @nittfrgrisjends fohaedtieteatandde. Then,
the sane device separation as that of Inventive Exazgilie A was perfornmed
(Figs. 7 anatagied withe pRagiermsedogres Ren-dens @aN leysr 500 BeYRer @aldayer he
exposed area.of the n-t . GaN | ayer..t herei n, was .p.Mm squar. er device.
el y. ¢ no2dbrarat ol 3B ERR L ROl A B e R P TR RS 150 o
(b6) On t hetgadPersadaRa kydeyiEaNteayftmeRibddd @ngelte 08 st Mictibn & ingiveiger of 100
-17 umwas formed by photolithography technique, vapor deposition, and
|iftlff miehoeectroted 11 i dkateealy coheechashto at lpashi sree moantpartien ¢ @t aca

oSt stance er e, e, SaE 95 L Hose o Lventive Sl & (57) A
Light emitted from the light emitting layer is emitted outside through sapphire
substrate 101. An epoxy resin 115 is encapsulated to cover the aforementioned
laminate construction including the sapphire substrate.
15 (b1) A sapphire insulating off-substrate angled by 0.2° with respect to the c-
plane was employed. The sapphire substrate had a thickness of 400 pum.
(b2) to (b4) The same processes as (a2) to (a4) in Inventive Example A were
applied to the sapphire substrate.
(b5) In the case of Comparative Example B, the sapphire substrate is an insulator
20 and therefore the n-electrode must be formed on the grown-films side, similarly to the p-
electrode. Therefore, this wafer was etched from the Mg-doped p-type layers side to
the Si-doped n-type layers using Cl-based gas by photolithography technique and RIE to
expose the n-type GaN layer for forming the n-electrode. Then, the same device

separation as that of Inventive Example A was performed (Figs. 7 and 8). = The shape

o
Ot

of the device was 300 um square and the exposed area of the n-type GaN layer therein
was 150 um square per device. Namely, the square step of the exposed area had a side
length L4 of 150 pum.

(b6) On the exposed n-type GaN layer, an n-electrode with a diameter of 100

- 17 -



5 GaN exposed area 150 um square had been renoved fromthe device of 300 .sm
square. The thickness, the heat treatnent and the contact resistance were
the sane as those of Inventive Exanple A (b8), (b9) The same processes as
t he correspondi ng processes of Inventive Exanple A were perforned. 10 (bl0)
Simlarly to Inventive Exanple A, in order to facilitate the heat radiation
fromthe light emtting device, the light emtting device was nounted on the
nmount portion such that the entire surface of the p-type GaN | ayer of the
light emtting device was in contact therewith. In Fig. 5 the contact area
bet ween p-type GaN |l ayer 106 and p-electrode 112 was set to 0.0675 mm¥Z. The
heat radiation of the light emtting 15 device occurs inpggﬁptun1layer 104

and p-t ypeTCHANOIBSePY RFBORHRASTERRY BF e, HEROTHERES Y RANG wethpdi nl y

det er mi ne : a ~electr [ -
eIectrodqug¥u§§E§rg%qggﬁﬁggﬁgﬁj%gqﬂga%%%%6%$$%ﬁgf%%igggngggpgg%O?rane by
conduct i vénveatileeSiavildl A4, but the heat radiation area is substantially the
aforenentioned contact area 0.0675 mm2. In Inventive Exanple A, the contact
area between p{t%peA Geledtpgewas plgedinn ths-retyoe (Gadtleydran whech0h® 9-tipz.  The
adhesi ve %%%,the materjal of the Iggd franme re the.sane as those of the

| nvert i ve BRaRHPEdRe3 AP EiNge Desnrporedromihe desfigeRti30f gip papare.

- aforement gﬂggﬂcm&swe%sg%&%ﬁggea&mg% %Jnff‘%d.t%s?s?ﬁl%e\e@e% %;Q-sﬁ%ys t‘é’é%%iz) WASSLSS

times tha ['nventive , ererore was degraded The
sanme procé&senas Eteenpl®Ar espondi ng process of I nventive Exanmple A 25 was
performed. (Experinents and Results) lnventive Exanple A and Conparative
Exanpl e B wer e GRou®Pedhepams progesses 45ty rarssnpndipherosespdol Ineentiyeedet er ni ned

currents applied _them The values 18 of output |ights which were
f ocused ag%&gaggg?%ﬁé%#ﬁgﬁﬁétector were conpared. The result is shown in

Fig.109. In Fi g(bl%? SURieeTy tbehwdntive Exarhsle @l icoridt td RBisitA@k desUhliaNGS are
injected without [eaking and there are relatively little non-radiation

r econbi natliconthamght dngttingltiepice cthp bglttamisingidseicel was trouhtedtonrtheliraunon, t he
|1 ght out ngtio\rqas{xc ethia'p t re%ggreessuirfgce of the p-type GaN layer of the light emitting device
was in contact therewith. In Fig. 5, the contact area between p-type GaN layer 106
and p-electrode 112 was set to 0.0675 mm’.  The heat radiation of the light emitting
15 device occurs in quantum layer 104 and p-type GalN layer 106 and therefore this heat
radiation is mainly determined by the area of p-electrode 112. In the case of Fig. 5, n-
electrode 111 is also connected to mount portion 121a of the lead frame by conductive
adhesive 114, but the heat radiation area is substantially the aforementioned contact area
0.0675 mm’. In Inventive Example A, the contact area between p-type GaN layer 6
20 and p-electrode 12 was 0.09 mm®. The adhesive and the material of the lead frame
were the same as those of the Inventive Example A.  In Comparative Example B, in
reflecting the aforementioned construction, the heat resistance was 10.4°C/W, which
was 1.3 times that of Inventive Example A, and therefore was degraded.
(b11) The same process as the corresponding process of Inventive Example A
25 was performed.
(Experiments and Results)

Inventive Example A and Comparative Example B were mounted within an

integrating sphere and then predetermined currents were applied to them. The values
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5 proportion to the increase of the applied current. For exanple, for
injection of 20 mA, Inventive Exanple A generated an output of 8 miW while
Conparative Exanple B generated an output of 7.2 mW Inventive Exanple A
was mainly constructed by a GaN epitaxial film GaN substrate, while
Conparative Exanple B was mainly constructed by a GaN epitaxial 10
filmsapphire substrate. The sapphire substrate had a refractive index of
about 1.8, and this was significantly smaller than the refractive index 2.4
of GaN. Therefore, in Conparative Exanple B, |light was generated in the GaN
epitaxial filmand propagated and than the |ight was prone to total

i nt er nal flect he i ter between the GaN e |taX|a In1and t he
sapphire 5038%’}1%1@ tSYf ‘F t“fﬁr% %daoar?(a Wg eGP OESP AT LR P?xarrpl e B

was | over (A Ak iffid 0Yent ke oF apphﬁfae@ r,);emsﬁdmmqvhér@eu wt;ﬁlat was

i ncreased tive-fold and’ 100 mA I nventive Exanple A an

Conpar at i me&awph@;tlfeaklngvaﬂtthm aEsqammlvelyAttmpIaﬂadoﬁ rat@mbinaties atdhe out put,
or 40 mA, while Conparative Exanp B generated only 25.2 nmW (see Fig. 9).
At this tu%chlpﬁ@ﬂ@wﬁ%%fw@mtptfyaﬁ rﬁdltaH@n,N@/\lﬁght@ﬁtPUéNﬁlﬂlﬁilrwgeaﬁ%ﬁrlfll on was 20

110 % CnQ &olrpgne{%t hv?nc% éTB)!" t%e aﬁgine%&?r%nfa‘/ (‘Fn? e:\%r{x}? ng I' 11’1 EIXI? E?@F}r::l e B

Nanely, e FeUr Tt denS| po I"on ventive

Exanpl e A InWaGvd BXG@le '[Ah@ﬁeia"f@i arOdutp it f@AAMA Ratilke \(® ripedd e ExBmp B S Means

that in Inventive Exanple A the heat radiating area was sufficiently large
for radi atgenerbteden angput he7.d-eWect r ode was provi ded on the second main

surface side trate sp that there no ar ich the
current densi tjn‘f‘fé‘g&hg @ﬁ?‘f Ve qoéllsté‘éae ?ﬁ%ﬁ) pﬁ@“ﬁ@ﬁ’éa I:M]

Conpar at i g, aRinge BokdiareaExhafledl {NQ mafiyP& n‘é@ﬁctﬁ | L @faN Hanxdpat of

| nventive Exanple A and further the n- e ectro ornmed on the exposed
n-t yde GaMlhaygthireanshitateer efhersepphie sobmramhacﬁaef&mwvamdém abeil191 8uandent

flowi ng through the n-type GaN layer in the direction paraIIeI to the | ayer
signifi caﬁltnwvaﬁ HEREgBly. smaé}eratha@&mrﬁfratheﬂ&d@xé&@%@@lﬂa véhEeiorplie B, heat

ng(rj'rIp:f’ ;?PVCe a{‘ﬁ%r Exg&p% Oht w%s éen% a.’ted th &%ﬂlepn%mgf(ﬁrqpin% prOpacrgledke in

and than the light was prone to total internal reflection at the interface between the GaN
epitaxial film and the sapphire substrate. For this reason, the output of Comparative
15 Example B was lower than that of Inventive Example A.
However, when the current was increased five-fold and 100 mA was applied to
Inventive Example A and Comparative Example B, Inventive Example A generated five
times the output, or 40 mA, while Comparative Example B generated only 25.2 mW
(see Fig. 9). At this time, the current density in the MQW light emitting portion was
20 110 A/em® in Inventive Example A and 150 A/cm’ in Comparative Example B.
Namely, the current density in the MQW light emitting portion of Inventive Example A
was larger than that of the Comparative Example B.
This means that in Inventive Example A the heat radiating area was sufficiently
large for radiated heat and the n-electrode was provided on the second main surface side
25 of the substrate so that there was no area in which the current density became
significantly large. On the other hand, in Comparative Example B the heat radiating
area was smaller than that of Inventive Example A and further the n-electrode was

formed on the exposed n-type GaN layer, and therefore the current density of the
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5 el ectrode and the p-electrode are placed at opposite positions and
“therefore there is no possibility of electrical short-circuits. Therefore,
it is possible to prevent increases of additional fabrication cost such as
for providing a filmfor electrically insulating between the p-el ectrode
and n-el ectrode for preventing electrical short-circuits in Conparative
Exanple B in which the el ectrodes exist at the sane side. 10 Further, test
results about the electrostatic withstand voltages of Inventive Exanple A
and Conparative Exanple B will be described. The tests were performed by
generating electric discharge bet ween the |ight enitting devi ce and an

electrostatically. char conden | ace osi t el At. this time,

Compar at1 Qe dbing BREE s P one ooy 1B B i P BeRn erlep it v hbout 100
V. On thes@ﬁlh@intl@efﬁthasla@V6ﬂ§ hY@suﬂthEﬁ@@B}nRarAnV\@Exﬂ%le@r akan.ditidd about 8000
V. It was proven that Inventive Exanple had an el ectrostatic withstand

vol t age whirther waseaBl. ti nes t hat of Conparative Exanple B. Further, in
| nventive Exanple A .the GaN-based |ight emtting device is forned on the
GaN subst r at e. THhBieldr¥entiyg ExemAtuyHinke ndaNDpMatéE Fragmle Bribeting chi p i's

ggbg?’:’,m;t ggfé@tlﬁ:l(?cﬂe a2 tfl@ lec’frgg'é aﬂejaelfc{&ri]gexﬁb&s)f'tg E})Stlth&lsl%glﬁ Ifhe%tg?e Ere 1p$%

ereis n racti rence between t | i ght

- propagat epodsitality bh ele&eibhi-shbasaduitd. ghtheesfore! it Rgpaskible tb @révest ﬁtﬁhﬁ@ bstrate

wi t hout experlen0|ng total internal reflection. Therefore, as conpared with
const r uct irgEoRah fapREEtPnosbpishias Eorqupdinatdilingor dagr iegllydnsulsting briveeeCaN- based
light e

surfacenL§§B£%F%5? é@é&lQEﬁ¥¥%B$fWFH§#@o efgkﬁé%ﬂ§q§§F§%H§$St&%%ﬁﬁgﬁ;rated

l'i ght e”‘$§hQ? ﬁf@ﬁM&H@ﬂé%ﬂ%ﬁo@éséi%%dﬁﬁ@sb%¥%ﬁea”d_ther?fore_the seal i ng
resin wll be subjected to danage. Thus, the life tinme will not be

restli ct ed by FhsthEQﬂmmgmnmshﬂmeeRﬁUAsmkmmdmmnﬂndmgeswanmmﬁvethere has
been nere descri bed an exanple of the |jght em ssion wavel ength 450 nm
and the - s%émelﬁfﬁee@dsgﬁﬁyars%vgngméé \M@ ba.d@f@bé&t The teats vats BEigmed

wavel engt lB? g?r%ﬁatlr@%%ct&%ﬂ%hgf@Be?\gé%l Qrft e'nﬁttlgg%%w\% E@%{“ ?lﬁﬁgds 1c51§¢[a; the

equi val ent cts na tai ned oyl ng ubstr
(wher ei n xharged condenser placed oppositely. At thlS time, Comparative Example B was

broken at an electrostatic voltage of about 100 V.  On the other hand, Inventive
15 Example A was not broken until about 8000 V. It was proven that Inventive Example
A had an electrostatic withstand voltage which was 80 times that of Comparative
Example B.
Further, in Inventive Example A, the GaN-based light emitting device is formed
on the GaN substrate. Therefore, even though the GaN-based light emitting chip is
20 down-mounted so that light is emitted from the back side of the GaN substrate, there is
no refractive index difference between them. Thus, light propagates from the GalN-
based light emitting chip to the GaN substrate without experiencing total internal
reflection. Therefore, as compared with constructions in which a sapphire substrate is

employed to form a GaN-based light emitting device, the light output from the GaN

W)
Ut

substrate main surface may be increased. Further, there will be no extremely-
concentrated light emission from the sides of the GaN layer and therefore the sealing
resin will not be subjected to damage. Thus, the life time will not be restricted by the

sealing resin.



5 is greater than O and is equal to or less than 1) instead of the GaN
substrate, provided that the substrate has equival ent characteristics.
Second Enbodi ment In a second enbodi nent of the present invention, |Inventive
Exanpl e C having an increased area will be described. Inventive Exanple C
has the same construction as 10 that of Inventive Exanple Aillustrated in
Fig. 1. However, while the dinension LI is 0.3 mm (300 n) in Inventive
Exanple A, LI is 3 mmor tenth and therefore the area is 100 tines in

I nventive Exanple C, as illustrated in Fig. 11. First, the fabricating

met hod of Inventive Exanple Cis as follows. (lnventive Exanple C) 15 (cl)
to (c5) The sane processes as the correspondi ng processes of Inventive

Exanpl e A were pané preRtie RbfnpR, 1haFes beaNneiehsddsatiRdiRsexempledfere (c6) On
the second main surface at the back side of the GaN substrate, n- el ectrodes

‘with a di dightenisoin Wacelengtlr ¢3¢ omned the sdmeaeffictsohaobe Ghtainadihy Biffesent

phot ol i t hogr aphy .t echni que, vagpor deposition gnd lift-off nmethod., As the

hel ect r odd@nt THSSIOT W SENE IS ABALPEL EV IO sl SHnl SOFF BHNPHE2HBE L si de, of
(a Ti lay : : AloVing AYArGLoNIL QY8 200 nm
~was for rregﬁei: %&%&%@ed\?\% rtn? t9 %gﬁ%gqgg b9gi& ggyglfc’ a?h%‘%%&?ve G%ﬁté\ﬁﬁg?ggtxe. Thi s

was Heat eds gmat@nthanrand at eypaptoesrdeds ohareJunsteddhet the GaNaobstraes ipsvdaded t o bel ow
| E-5 82+crr€ég (c;% The sane process as.the correspondi ng process of Inventive
Exanpl e AHgdhe 9hsirde hat savdvalqot sharaigddistient | y, the construction was scri bed
to make it i red shapes and the chipped constructions were nmade to
be Iight é%%@%?ﬁ%gﬁgbfﬁés. The chipped light emtting devices had a size

of 3 nm squar e. In3keddd)enttdd{ntdnl bf HRG reRMENRINGI6ESHEStHS BxAgpRAT hespeadi ng
processes of Inventive ExaqEIe A were Efrforned. Then, Modification Exanple
s}

Cl i n whi drrreased picacelrbpdescoped hdnyensive Exrople G kasdhe pryegicdnsonstitnags of
| nvery Ive t%%%év%n&/e %arrflpqg K iﬁggtr%lgedaiﬁ Figf. ql, | %Wever, while the dimension L1 is
0.3 mm (300 um) in Inventive Example A, L1 is 3 mm or tenth and therefore the area is
100 times 1n Inventive Example C, as illustrated in Fig. 11.  First, the fabricating
method of Inventive Example C is as follows.
(Inventive Example C)
15 (c1) to (c5) The same processes as the corresponding processes of Inventive
Example A were performed, but a larger GaN substrate was employed.
(c6) On the second main surface at the back side of the GaN substrate, n-
electrodes with a diameter of 100 um are formed with a pitch of 3.1 mm by a
photolithography technique, vapor deposition and lift-off method. Asthen electrodes,
20 a laminate construction consisting, from the bottom side, of (a Ti layer 20 nm/an Al
layer 100 nm/a Ti layer 20 nm/an Au layer 200 nm) was formed in contact with the back
side of the above GaN substrate. This was heated in an inert atmosphere to reduce the
contact resistance to below 1E-5 Qecm®.
(c7) The same process as the corresponding process of Inventive Example A was
25 performed.
(c8) Subsequently, the construction was scribed to make it to be desired shapes
and the chipped constructions were made to be light emitting devices. The chipped

light emitting devices had a size of 3 mm square.



5 (Inventive Exanple ) Figs. 12 and 13 are illustrations show ng I nventive
Exanple O which is an nodification of Inventive Exanple C. Inventive
Exanple C is characterized in that n- electrodes 11 are placed at the four
~corners of the GaN substrate. Further, for nmounting the sem conductor chip,
a reflective cut) 37 is placed in the lead frame such 10 that it surrounds
the sem conductor chip. In fabricating Inventive Exanple Cl, the sane
processes as the correspondi ng processes of Inventive Exanple A were
performed. However, four Au wires were enployed as the bonding wires and
the dianmeter of the cross sections of the Au wires was 25 m Each of the

el ect rodes pLages) BtaNapt e SRLIRES.IAR (B SNBRAOL fEedibe ARcagAr e, Then,

Conpar ative Ex escri ara Ive as t he sane

construct iBxamg® A hate pdrfodstd at Beknl Mddifibatibn Ek‘@mpmm in Iv&ndbaﬁle%memem( 0.3 mm)
in Conparative Exanple B, LI is 3 nmand thus tenth in Conparative Exanple

D. The si 2étheq-gctrade lb@f@g@mﬁ@m thateofinvteppec Bsphplafewas Gbri¢asechisng an
n- el ectrocilei s 150 m 20 which is the sanme as that of Conparative Exanple B
of Fig. 5. éfabrlcatlon nmet hod of Conparative Exanple Dis as follows.

( Conpar at '(M@erﬁ&@'ﬁ?&aﬁl p)cﬁdl) A larger insulating sapphire off-substrate
angled by 0.2 with respect to the c-plane was enployed. This substrate had

a thickness of F43012ren®53 éxdzuustmtlém%oiﬁhg lnaereivptoempkeds] ahichhean

correspondi d%,%:gr oce es of Inventive nmple A were Cﬁgrfor rreglghtg In
Conpar at i V& Velitﬁ’é Esapplfi Fe Q].Yﬁ%tﬂ‘ferﬁ"@fqu Qh 1S TIACER 8P alRherefore
the n ele lg y to the p-
27 el ectr%¥ EQQ er:a%I Pﬁcéaoﬁlr{fs%g&?a g?gﬁggfgfg{{@ﬁéﬁ r%ﬁiﬁlt?he k)aegg%}ed n-type

| ayers si deuhtng tHeaehicotldpeer ¢hip, taytpRedtiay et 305 fdivet oh tHelegy phy suddchni que
and RI E usjng d - based gas. to expose the n-type GaN layer for formng the

n- elldct r odiat ttTwEIRUNGSHBS §YREORIGIAE €h Psepar atl on as that in Inventive Exanple

A of was perf OrIH?a%nczEPn% Ildnxei\evnltl(\:/g Dr}lg'r(ljlp% ¢ f,%ﬁ"e same processes as the corresponding

processes of Inventive Example A were performed. However, four Au wires were
employed as the bonding wires and the diameter of the cross sections of the Au wires
was 25 pum.  Each of the electrodes placed at the four corners has a shape of 45 um
15 square.
Then, Comparative Example D will be described. Comparative Example D has
the same construction as that illustrated in Fig. 5.  However, L1 was 300 um (0.3 mm)
in Comparative Example B, L1 is 3 mm and thus tenth in Comparative Example D.
The size L4 of the portion of the n-type GaN layer for forming an n-electrode is 150 pum,
20 which is the same as that of Comparative Example B of Fig. 5. The fabrication method
of Comparative Example D 1s as follows.
(Comparative Example D)
(d1) A larger insulating sapphire off-substrate angled by 0.2° with respect to the
c-plane was employed. This substrate had a thickness of 400 pum.
25 (d2) to (d4) The same processes as the corresponding processes of Inventive
Example A were performed.
(d5) In Comparative Example D, the sapphire substrate is an insulator and

therefore the n electrode must be formed on the grown-films side similarly to the p-
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5 3 mm square and thus had a | arger size. The dinension of the exposed area
of the n- type GaN | ayer was 150 um square per device. (d6) On the exposed
n-type GaN substrate, n-electrodes with a dianmeter of 100 umwere fornmed by
phot ol i t hography techni que, vapor deposition and lift-off nethod. The

t hi ckness, the heat treatnment and the contact resistance were the sane as
those of 10 Inventive Exanple A (d') P-electrodes were placed on the
p-type GaNt |ayer in which device separation slots and the exposed areas of
150 um square of the n-type GaN layer for placing n-electrode had been
removed fromthe device area of 3.1 mmsquare. The thickness, the heat

h ' h f . I [
Ecaml o ASRER" ¢ TPy e Ui gy ol ae ot SR aE R Bt P ocesces

of I nvent insesi-dapadn! @/pé\lag@fs%y%bmmg@aphgtﬂ&% Nk Al RYE u6R tdavansExanpl e E
wi |l be described. Conparative Exanple is the sanme as nparative

Exanpl es B epdsEitiem-typaGad lsppbi foemsiglibe n-atestrbde. ZTheanthecymd davide

p-el ectrode 112 and n-e|lectrode 11 re both formed_on the down nounting

si de as i FIR3EROZt28 gt it V@I?“Vf@xa@@#p‘grogf"ia%ée@rgﬁﬁl eT%e id§‘,’1°?1g%£€é‘|z? OHi f f er ent

o ol Cot o 125 s L SE AN Kekortohl ZRE B E Vb B B e pioin e

teeth of tfpe GoIMayeranss BID umRguraber ddvicepl aced between p-el ectrode 112 and
n-electrodes 111. This is intended for 25 uniform zing the current flow ng
t hrough the p- é@&T dgexpertd nHephGeNesobsttte ntdeqsrosieentth afbameter ohl®X ar eas

in which the current density becqnes extrenely |large. The . fabrication

ot hodof HERE B S TR EISHENE et sevans) Ao s of AR Ekanpl & B
23 Wth 1 hee 3208 LA Al {0fmIBL DAGhaS A {1 eRhaddOTRAL AU S BX AL ©¢D, as. n-
el ectrodes 111, five conb electrodes with a wdth of 0.1 mMmwas formed with

a piltich ofinveOti%e Fxanf{ftt ¢s. 14 and 15). The p-el ectrode was formed at the

remai ning area, of n-type GaN |ayer 102 such _that n-el ectrodes 111 and
p-el ectrode 112 {Mdreleefrcadenyplacer qmphe p-type Gal layer in which device

separation slots and the exposed areas of 150 um square of the n-type GaN layer for
placing n-electrode had been removed from the device area of 3.1 mm square. The
thickness, the heat treatment and the contact resistance were the same as those of
15 Inventive Example A.
(d8) to (d11) The same processes as the corresponding processes of Inventive
Example A were performed.
Substantially, Comparative Example E will be described. Comparative
Example E is the same as Comparative Examples B and D in that a sapphire substrate is
20 employed and p-electrode 112 and n-electrode 111 are both formed on the down
mounting side as illustrated in Fig. 14. Comparative Example E is, however, different
from them in that as clearly illustrated in the plan view in Fig. 15, p-electrode 112 has a
comb-shape, n-electrodes 111 are placed between the teeth of the comb, and an

insulator is placed between p-electrode 112 and n-electrodes 111.  This is intended for

| Q)
at

uniformizing the current flowing through the p-electrode and the n-electrode to prevent
formation of areas in which the current density becomes extremely large. The
fabrication method of this Comparative Example E is as follows.

(Comparative Example E)



5 fromeach other. Further, an insulator 119 for surface protection was
formed at the gaps between the n-el ectrodes and the p-electrode in order to
prevent the respective electrodes frombeing electrically short-circuited.
Further, in order to prevent short- circuits, a conductive adhesive 114 was
provi ded on the area of mount portion 121a of the |ead franme which
corresponded to the position of the respective electrodes. The 10 chip was
nounted to the | ead frame whil e displacenent of the chip and the |lead frane
in the lateral direction, the longitudinal direction and the rotation
direction were controlled. (Experinents and Results) Inventive Exanple C

and Compar at | vey K aTRh BuRL o TRUGAG: 44 DA di0L 80EANLNG phere and

t hen predetermn currents were a ied to them e values of out put

| i ght s whiddetregesel 10 Gus eshmiasldcootias withf 4 @titiaofiel eeh oasieimedooipanich of-or
exanmpl e, when a current of 20 mA was applied, Inventive Exanple C generated
an out putO-o>mms(figy and &S)Contwrraelpaten pengd ydhereatagdngres of puypof 7. 2

nvent ve EBRaEe! € gHEr Aradage (e r AetshEple "Ramis 800 LM Hovever
Conpag at i ieorEX & tRerC Falhdvasgn QELQF‘L%S -llg-mh?'ﬁ@m&cepro%ﬁ@ﬁ waforaRAadt tHeon where

Conpar ati ve Exanple D was not seale resin, electric currents were
appl i ed t agphpaeat ihea-Esarpleal tag-¢émrode enpeleatuprevoft thdwespistivee was

measured by a thernoyiewer. As a result, it S pr.ove t hat abnormal heat
gener at 1 orfGCBFY BURBENE Rse 1ol TR e dur F GRS T RTRLY BT 1oea 25
through thefind YREnGRIVE BYRKIvE N 15 Bes Bdeedd ANnparalditlouhPpdiiBnl 18y 86 f rom the
n-el ectrode toward the NCNVﬁlght emtting portion ané)co%sequent y

Conpar at i wee Exdifiphe viiskesrrdopaiied to THeymsition of did registctitoel@anplas at The Exanpl e

D, &ﬂ?re was fabricated a I%ﬁht -24 emtting device having a construction
in ch b Wt SOt NG tddTage Whits dHsrlgasecaped the phip apd ihe leatbirame #ct i on

paral el 40 LSl et AR J BB Ad5 LRI M b s 1
Exanpl e E @epeimdedar@Rauiput of 72 mWfor an applied current of 20 mA, and
an Inventive Example C and Comparative Example D were mounted within an
integrating sphere and then predetermined currents were applied to them. The values
15 of output lights which were focused and output from a detector were compared. For
example, when a current of 20 mA was applied, Inventive Example C generated an
output of 8 mW, while Comparative Example D generated an output of 7.2 mW. On
the other hand, when a current of 2 A (2000 mA) was applied, Inventive Example C
generated 100 times the output, namely 800 mW. However, Comparative Example C
20 was broken.
Therefore, under the condition where Comparative Example D was not sealed
with resin, electric currents were applied to Comparative Example D and the

temperature of the device was measured by a thermoviewer.  As a result, it was proven

that abnormal heat generation occurred at the area in which currents intensively flowed

o
91

through the n-type GaN layer in the direction parallel to the layer from the n-electrode
toward the MQW light emitting portion and consequently Comparative Example D was
broken.

Thus, in contrast to Comparative Example D, there was fabricated a light

.24 -



5 output of 720 inWfor an applied current of 2 A Thus, Conparative Exanple
E generated outputs which were 0.9 tinme that of Inventive Exanple C. Thus,
in order to obtain performance near that of Inventive Exanple C,
significantly-conplicated constructions and processes are required as
conpared with Inventive Exanple C, and therefore the fabrication cost

i ncreases. 10 Then, for Inventive Exanple C and Conparative Exanples D and
E, electrostatic withstand voltage tests were perforned. The tests were
performed, as previously described, by generating electric discharge
between the light emtting device and an electrostatically char ged

condenser A8ESeARPORI] Yons S GORAN GHVE oBIRUBhSDhed B wete broken

at an el ec ros I C VO O nven

Exanpl e Clyesinnat dpéais%rpammu to t8ORYEr BHAPhVa- e1lyata@da/tov¢ah¢tﬂem@w Y exarrpl e
offered a significantly high electrostatic withstand voltage, which was

appr oxi mateglitying@ottiomezert atritofed h& heowpatCanparetiex@moi@Es E. | Aperparatve Exanpl e
Cl had an enj ratio nuch an 50%.and al no 100%, Further,
since n- ol SeTPEde S U AEA o0 fat Sorarapnlt ftﬁéenéa?ﬁ%ab%ﬁnatae they 20
are mngich | heg of gconpar ed
with the coggﬁt%zi?(gmﬁﬁgy ar %&g%%éﬂg%f?ﬁe ggk%g?am%sﬁ?ﬁ%{sﬁtﬁéed in Fig.

12, then eesatteddaspuas whichmaced Sainesthdeofdhvdntiee Exbinple T.ayer, in a plan view,

the n electrodes will never affect the Ilight emssion. As a result,
| nventi ve Exanﬂhélserwé%@ﬁt%ehﬁawrﬁwrgw r@é&tba&%flpwveﬁm@me.% Exanpl e C.

25 Thir 4 ETRRLIRNLod 0 LA ROBRLIENL Bl e L clent LA, |

i nfl uence sur fface an

electri calrn@av@‘ﬁamge@, aﬁmﬂu%esﬂ@%f@if%n%sﬂ1h@reh§e§ht out put were
determ ned. The adjustnment of the opening ratio was Ferforned by - 25
varylthg the sub8tenafioe luestaye Exrenpie €laad tGomfaraive &xamgles Reandeect rode size. As

L TN R AN NN TR
provi ded wWrdJloalyf ééé@ﬁ&%cﬁgélerﬁﬁt’%[écﬁlc B&hbRe B RLMBRAIAS caitthE HevibED as
illustrated in . he test sanpl es
and an electrostatlcally charged condenser placed oppositely. Then, Comparative
Examples D and E were broken at an electrostatic voltage of 100 V. On the other
15 hand, Inventive Example C was not broken until about 8000 V.  Namely, the inventive
example offered a significantly high electrostatic withstand voltage, which was
approximately 80 times that of the comparative examples.
Inventive Example C1 had an opening ratio much greater than 50% and almost
100%. Further, since n-electrodes are placed at the corners of the GalN substrate, they
20 are much less prone to become obstruction of light emission, as compared with the case
where they are placed at the cénter. As illustrated in Fig. 12, the n electrodes are
placed outside of the active layer, in a plan view, the n electrodes will never affect the
light emission.  As a result, Inventive Example C1 can achieve higher outputs than
Inventive Example C.
25 Third Embodiment
In a third embodiment of the present invention, influences of the opening ratio at

the light emitting surface and the electrical resistance of the GaN substrate on the light

output were determined. The adjustment of the opening ratio was performed by

- 25 -



5 were three sanples, nanely Inventive Exanple F and Conparative Exanples G
H each including a GaN substrate having a resistivity deviated fromthe
range of the present invention. For each sanple F, G and H, an LED
‘including no fluorescence naterial and sealed with epoxy resin as
illustrated in Fig. 1 and a white LED equi pped with a fluorescence materi al
illustrated in Fig. 16 were fabricated. The opening ratio was 10 defined as
follows {(area of p-electrode - area of n-electrode/ area of p-electrode) x
100 (%9. In Inventive Exanple F, L1 =8 nm D = 100 um and the opening
ratio is aInDst 100% Also, in Conparative Exanple G L1 = 0.49 nm D = 100
m and t he enj 01s 97% a le H L1 = mm D =

7 51" and ey Sl e s B slr S0 S ey SRR SAC methBEETof ¢ he

af or ement 's@ﬁk?}é AOVEDtHaYRg u@x@dmir@ct%n IM@&% Y2 1ExaRhAsyde anthidwg | 1 be
descri bed nventive Exanple F) (fl) to (f5) The same processes as the

corres ponchomg op tloctests esraferfonved fonaetestExapjel proide weh pehioossaede 20 (f 6)

Sub tl I trated Fi_g, th t t bed to b
dgsffgﬁeé‘ﬁa%s%ﬁéﬁhoi»aioré%ﬁ%sgh@%ﬁ&a&@lpﬂa&dﬁ‘) ohired N ERCBREL L ng
devi ces. tﬁrgﬁkﬁrﬁspﬂ‘%énir{r@lé‘inv%m&ét .?F'aﬁ@%ogﬁﬂ dﬁwé 'E%éi fes% 'ﬁ‘lezft‘ﬂ“ar €.

(f1) to (fI esses as e corres I'n essé

| nventive 1n&xmg)h GalN mgt&at@ﬁw@g m15t1‘215y d&iadgd framadel tztrig@ rd)f'ﬂQt prbenabove (fl
1), a white-emtting |anp was fabricated by nounting a fluorescence

nat eri al dRvanHen n- Eresel sawisF de a@d K h@ LEDyineludiigtnoi fﬂg)r@ﬁévm@enatmﬂ@hd had
been nount e

nmount of, th t,hen sealing the
light eni tsteicd ngéfb\?P%?’éy WS &]ﬁlsgf)t(‘?g(f ﬁlqaaﬁ?’rh“%ﬁ‘l%gg e%ulmeﬁio‘?’g%?:ence mat eri al
whi ch - 261, gengeat et B0k mirm il Fiyatd wae thth R EedOUtTAE bpWhih S rAROWAM Was
enpl oyed. (Conparative Exanpie G ~(gl) An n-type GaN of f-Substrate angl ed
by 016 w tdefinespefotlowvo {(drea of pkhnrodds arce i hayetroddattaNiof dlestdae) kat e havi ng
a resistivity of 0.6 0-cm which was higher
1007(%).
In Inventive Example F, L1 = 8 mm, D = 100 pum, and the opening ratio is
almost 100%. Also, in Comparative Example G, L1 = 0.49 mm, D = 100 pum and the
opening ratio is 97%. In Comparative Example H, L1 =8 mm, D = 7.51 mm and the
15 opening ratio is 31%. The fabrication methods of the aforementioned Inventive
Example F, Comparative Examples G and H will be described.
(Inventive Example F)
(f1) to (f5) The same processes as the corresponding processes of [nventive
Example A were performed.
20 (f6) Subsequently, as illustrated in Fig. 17, the construction was scribed to be
desired shapes and the chip-shaped constructions formed light emitting devices. The
resultant light emitting devices had a size of 8 mm square.

(f7) to (f11) The same processes as the corresponding processes of Inventive

Example A were performed.

S\
W

(f12) In addition to the above (f11), a white-emitting lamp was fabricated by
mounting a fluorescence material on the n-electrode side of the light emitting device
which had been mounted on the mount of the lead frame in (f10) and then sealing the

light emitting device with an epoxy resin. - For this, a fluorescence material which

226 -



5 than the range of the present invention of 0.5 c2cmor |ess, was sel ected.
The GaN substrate had a dislocation density of | E7/cnR2 and a thickness of
400 .tm (g2) to (g5) The sane processes as the correspondi ng processes of

I nventive Exanple A were performed. (g6) Subsequently, the construction was
scribed into desired shapes and the 10 chi pped constructions forned |ight
emtting devices. The resultant light emtting device had a size of 0.49 mm
square. (g7) to (gl2) The sane processes as the correspondi ng processes of

I nventive Exanple F were performed. (Conparative Exanple H) 15 (hl) An
n-type GaN off-substrate angled by 0.5 with respect to the c-plane was

enpl oyed. A GaN of f-substrate having a resistivity of 0.6 S2cm which was

nigher ot DBRCHAE EG00R o DS RESSEI LMER a0l (08, L -om or Less, vas

sel ect ed. stra sl ocat’ on enS| 1E7/cn2 and a

t hi ckness( @6m?ggua95£$ﬁae 69 (hS) The sane processes as the correspondi ng
processes of Inventive 20 Exanple F were perfornmed. (h6) Subsequently, the
construction w@gws%wnhﬁﬂ(BﬂﬁoﬁauUEsnewuﬂshap@5&ndhth¢eddhhbpe@km@w&$ructions
formed light emtting _devices. The resultant ght emtting device had a

size of 8eWﬁ’i0§@fhar% M- Sﬂwtl@ﬁl@vmﬂi@ereﬁlé‘h‘étymf&@%é@; which@sceeheEs pondi ng

Reault ) {0 oEn ob e pfaeriangy 8n ef 13 eBRbaRAT s iRl eLPCORNA 1 the
current . st il adbARcAR§ s hicha aurtenkso sRaAd rel atively

uniformy fromthe n-electro t owar Vaver'was cal cul at ed by

si mul ations. Tie2)resyd )t Eheahmit peokity hatliecansrespwitigeddeated lorntihe devi ce
designs of Inventive Exanple F and Conparative Exanples Gand H Fig. 18
i |1 ust r at Eamplesheef RO PRfust rati on of the spread of currents. Fig. 19 is

an 1 l1ustrati op,ShoMgeldle s oS loiEPA Yrib ih® Abirdd'GaflLSLANGE 1o Wherein

r is the
10 chipped constructions formed light emitting devices. The resultant light emitting

device had a size of 0.49 mm square.

(g7) to (g12) The same processes as the corresponding processes of Inventive
Example F were performed.

(Comparative Example H)

15 (h1) An n-type GaN off-substrate angled by 0.5° with respect to the c-plane was
employed. A GaN off-substrate having a resistivity of 0.6 Qcm, which was higher
than the range of the present invention of 0.5 Qecm or less, was selected. The GaN
substrate had a dislocation density of 1E7/cm® and a thickness of 400 pum.

(h2) to (hS) The same processes as the corresponding processes of Inventive

20 Example F were performed.

(h6) Subsequently, the construction was scribed into a desired shape and the
chipped constructions formed light emitting devices. The resultant light emitting
device had a size of 8 mm square.

(h7) to (h12) The same processes as the corresponding processes of Inventive

25 Example F were performed.

(Experiments and Results)
(1) For Inventive Example F and Comparative Examples G and H, the current

distribution in the area in which currents spread relatively uniformiy from the n-electrode
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5 radial distance fromthe center of the MWIlight emtting |ayer 4. The
current density at the center of the n-electrode is defined as 1. (i) The
result of Inventive Exanple F. the current density was at a maxi mum
directly under the n-el ectrode and decreased with increasing distance from
the n-electrode. Also, the range in which the current density exceeded 1 /3
of that directly under the n-electrode was a range with a dianeter of 12 10
nm centered directly under the n-electrode. Based on the result, the size of
the light emtting device was set to 8 nmm square which was incl uded
therein. On the N-surface, which was the second main surface, of the GaN
substrate, n electrodes wth a dianeter of 100 umwere forned at the

centers oftoRhidige MOW BydRidERaRhlafdby Mot aht tEeas aphy sie@hidgue, vapor
deposition and lift-off nmethod. In this case, the 15 ratio of the area of

t he N-sur frage rglected @nGaddsuidesdesigne oblinveltiveExampte- B bet Comgeragxé Exadples namel y
t he openi rafio,.. .substanti al | 0% per device. The thickness, the
hoat i reat bt aEE TRATSGRER fcopested tieuhie @ e W pios St

I nventive & s n(dhh o tiye: I . the.range in
whi oh the ‘ous Penpsuionishbbinklf EETHk Lo AP Y BBRELT kot e

n- el et r odedinkdistandedh@e thal dehited o ltha MBOQ®Y light cthitfinpa 204 cemhetederdideastyl y under
the n-electrode. Therefore, the diameter of the n-electrode was set to 100
“min agrectréiftcenier R thevierlegtindemscdaiped aEl. afitThheeselhpplnyentevalaende Ft o 0. 49

nmm squar e, [ 1 ncl d in the dianeter of 0. the N-surface of
the.can Lot Sohh A F el B drARer e Jeelelg n e Rl vl ot the
centers ofincredbiddsdivhiide fonPteGhel@étrdied MR YheREOhiwNSGIRROM ALk EIUE,

vapor deposition and Iift 25 off nethod. In this case, the opening ratio was

about 97%esedde{3cel thatkreethy endse s n-ele¢teodeanas a raege withta digndetehel Bont act

resi stance were the.sane a hose of | nventive .Exanples Ato E .(iii) In
Corphl at | VRS rRa RET wEe ™S Siodins oSt Totts TR S ea e Wi eetrent

Wi th I nvendgimg feanphas &t «f @%@%Bha%ls’%ﬁ&h%@s iRadddd@erare Gdiehestrigcal
resistivity as that of Conparative Exanple G and the dianeter of the spread
of currenvisciweas thelsecddd fnamsurldver &ftbe &aN subgradgm ¢lectfddeswwithirar@mnhatet hr ough
the 8 mm square uniforntz (1/3 or more of the current density directly
under the H-18p ¢t peedprmedy theyceaters of etes WHB apéghuPF 8d 8 Mave a di ameter of

7.51 nm B%%?dlitl?or]grztxpl?l?l tgc%%%ﬂg vr[a%iop deposition and lift-off method. In this case, the

15 ratio of the area of the N-surface of the GaN substrate at which no n-electrode existed,
namely the opening ratio, was substantially 100% per device. The thickness, the heat
treatment and the contact resistance were the same as those of Inventive Example A.
(i) The result of Inventive Example G: the range in Which the current density exceeded
1/3 of that directly under the n-electrode was a range with a diameter of 0.7 mm

20 centered directly under the n-electrode. Therefore, the diameter of the n—electrode was
set to 100 pm in agreement with Inventive Example E, and the chip size was set to 0.49
mm square, which was included in the diameter of 0.7 mm. On the N-surface of the
GaN substrate, n-electrodes with a diameter of 100 um was formed at the centers of
chips with a pitch of 0.5 mm by photolithography technique, vapor deposition and lift-

25 off method. In this case, the opening ratio was about 97% per device. The thickness,
the heat treatment and the contact resistance were the same as those of Inventive
Examples A to E.  (iii) In Comparative Example H, the chip size was set to 8 mm

square in agreement with Inventive Example E.  The GaN substrate had the same
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5 surface (light emtting surface), n-electrodes with a dianeter of 7.51 mm
were formed with a pitch of 8.1 nun by photolithography technique, vapor
deposition and lift-off nethod and the width of the scribing was set to 0.1
mm In this case, the opening ratio was about 31% per device. (2) Inventive
Exanpl e F and Conparative Exanples G and H equi pped with no 10 fluorescence
material were nounted within an integrating sphere and then predeterm ned
currents were applied to them The values of output lights which were
focused and then output froma detector were conpared. The results are
shown in Figs. 20 and 21. Wen applying a current of 20 mA, Inventive

EX&WP' e F §?¢E€\,¢§Pﬁ€8@t"’ | X€hat @f@%ﬁ%&twe %gcgmlﬁleg@ 08 & ec?an?e"é{:rpc%ttﬁe By gV 7.8

respect | veI were* consi s area ratio of

t he ar ea atirréfts @outdwe @V%ﬁﬁ I 0URerdRSe, NRbrde tdBEW cLt¥ @Rt ¥ IERamRhA F
generated the highest |ight output. Conparative Exanple G generated a |ight

out put whisgereasiferotly fi/ghr mere biathe @ﬁrrem\denmy\mreEﬂmm@ tIE: n-eloctroda) tei vel y
hi gh. Then, when 500 ti rre e current S ied to them
| nventive r‘él%cﬁiﬂ%é WS AT f@gmq%m%ﬁg?e}%enﬁ% }&iﬁeﬁ%ﬁ & 4 mW and

1.3 20 mNy,esREBLANGL¥: né‘g@}f%%%"#&%ct?&d‘é%Rﬁ{&ej‘élaﬁ?{bﬁepo%*ﬂg%ﬁ@vekégo%%&h the

el ectr ode Was not out put of arative increased in

propor t i onwithoa pik ca°p8p1 medby phbb’tbletht)ortaph}f)t;eﬂ:hﬂML&i; v&;ﬁbr&i@pdysnﬁm adrlifepff of 0.26 A
and thus at a current density in the light emtti ngl portion of 110 A/ cn?.
However, fRGRRG ﬁ@rfh@mdtbwéﬂ&ﬁcahmgfv@ééhtée U hingt atinghis sssewtherpremas 631 ng

t enper at ur, generation and Conparative Exanple G was broken
by an applvlgaesg"%gﬁt%ﬂe)ral%éepfe%aﬁ A Figs. 22 and 23 illustrate the results of

| um nance measypen®Bits/eMandier adf coapenatilORLtn 1B 6ant YPesuisfedtwist nsanpl es.
Fig. 22 is an illustration showing the -29 relation between the applied

cur r Eht arfBiordseence sigrarighwerteumpwrdpe withrantintegwhing éplens and then piegBisraiged pped
with a fluorescence . . | Scsi n|IIu tratio show ng
the rel ati‘OH BeNEefPR ﬁgt%ﬁ\ﬁ%ntﬂgn"&ﬁi‘e% P‘ﬂfﬂ?tnl&r%%w ey ﬂdLF@Hescence
Fﬁge“ al W& QNRLAYSH aldRebdy SRt ¥6mEXBAP! Bhdreane LFOMATALING. Exanpbe H  but

When applying a current of 20 mA, Inventive Example F and Comparative
Examples G and H generated outputs of 8 mW, 7.8 mW and 2.5 mW respectively,

15 which were consistent with the area ratio of the area at which the electrode was not
formed. Inventive Example F generated the highest light output. Comparative
Example G generated a light output which was not high as that of Inventive Example F,
but relatively high. Then, when 300 times the current, or 10 A, was applied to them,
Inventive Example F and Comparative Example H generated outputs of 4 mW and 1.3

20 mW respectively, which were consistent with the area in which the electrode was not
formed.

The output of Comparative Example G increased in proportion to the applied
current to 0.1 W at an applied current of 0.26 A and thus at a current density in the light

emitting portion of 110 A/cm®.  However, from then on, the output reached saturation

o
(W2}

with increasing temperature caused by heat generation and Comparative Example G was
broken by an applied current of 10 A.
Figs. 22 and 23 illustrate the results of luminance measurements for the

aforementioned three types of test samples. Fig. 22 is an illustration showing the
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5 lum nance varied depending on the area ratio of the area at which the

el ectrode was not placed. Thus, when the applied current was 10 A the

| um nances of Inventive Exanple F and Conparative Exanple H were 720

I chip and 234 I michip respectively. The Conparative Exanple had a therma
limt of 18 Ira/chip at an applied current of 0.26 A and was broken by an
applied current of 10A. According to Figs. 22 and 23, 10 only Inventive
Exanpl e F generated high |um nances at high currents. Further, in the
present enbodi nent, the applied current is 10 mA at a maximum since if the
current is increased above that, then the Joule heat density at the
n-electrode wll becone excessive and consequently significant heat

generati or}FmiéA bRGE the B¥plldCL B2 g}%k@?esﬁﬁ%ﬁ wﬁina{Lﬁ b ﬁle%ﬁt;e%%u% by

sufficiently reducing the contact resi st ance, e sane effects“may be

achi eved fI@DLafuippRE Svithih fi@réschioel matetigur Fent3 afsinfarly/sn iMNt@kioh S
corresponding to an current density of 110 A/cnR. (lnventive Exanples F-2
and F- 3)  Thewigarke sladioa dseeceadhe ¢woraat and thhdurningrast | Vde Exasrplerciones e
performed. In..lnventjve le E-2 n-electrode with . a . dianeter D of 1
mm (an ar é%atgfal &a§§%’ploﬂﬁd Eﬁ%}gﬁﬂg Eﬁ‘la‘g‘@%g: %f{deé?fgp%%‘feeg{%‘?m%}%hﬁmgﬁbst rate.
In |dentHMﬁmE&ﬁmﬁh@jEa%ndﬂg%hQﬁé&QQ%ﬁkﬂﬁkﬁ?gegh§@Hﬁﬁ%h@@é&mﬂk@ﬁ%qKﬁt the
four corners of a GaN substrate (Figs. 24 and 25). As illustrated in Fig.

- 24 and Fi gplac2d, The, whet ghetappldeiscupteateds & At He lminances @f fierestiver e each

el ectrically connected to the |ead franme by bonding wires. The bonding
Wi s vier ATPA T 8% GREPHAHVSEErads FBEE ToN IRICHP HUd 4TSI BPPSo0shh |n 25

this case, ; I i rat | f : )9 urt her,
Sim a1y 8 o RR R P a P ARER PR BIchd & oo 300l SRR 0T

cup- shaped) 1¢hlaa€ tiay &rdked by wasppidagednt & 104 arddeotdind fVERS i 20ean@xanpl e F,

t he exanpl e having no fluorescence material -30 was nmounted within an

i nt elft at i myplsiamerteedxdmpledhggnceaded bishiureidanses tidngls cwiesnés. applied to themto
cause light e

out put fron1anhﬁfgggéqJgggéghggﬂgggggiﬁ%%ﬁ%%g:23%Q%%39§a§228%ﬁ%%gT%%dfor an
grjflr leﬁfl g ]g;wc@ Hth® burdlht Aincraidd aBo RULRU th@fth41oMvest denay at 8@ f-aectadieappl i ed
- will become excessive and consequently significant heat generation will occur.
By increasing the size of the n-electrode or by sufficiently reducing the contact
15 resistance, the same effects may be achieved for currents up to a maximum current of 70
A, which is corresponding to an current density of 110 A/cm”.
(Inventive Examples F-2 and F-3)
The same processes as those of the Inventive Example F were performed. In
Inventive Example F-2, an n-electrode with a diameter D of 1 mm (an area of 0.785
20 mm?) was placed at the center of a GaN substrate. In Inventive Example F-3, n-
electrodes of 450 pum square were placed at the four corners of a GaN substrate (Figs.
24 and 25). As illustrated in Fig. 24 and Fig. 25, the n-electrodes placed at the four
corners were each electrically connected to the lead frame by bonding wires. The
bonding wires were Au wires and had a cross section with a diameter of 300 um. In
25 this case, both the examples had an opening ratio of about 100%. Further, similarly to
Inventive Example C1, a reflection cup 37 which was a cup-shaped reflective body was
placed.

Similarly to Inventive Example F, the example having no fluorescence material
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5 500 tines the current or 10 A. An output of 28 Wwas generated for an
applied current of 70 A. Further, in the case of a while-emtting LED
provided with a fluorescence material, a |umnance of 5040 | m chip was
- obt ai ned. Equi val ent outputs can be obtained by placing a plurality of |ight
emtting 10 devices which have small sizes and require relatively | ow
applied currents. However, in order to ensure placenent accuracy of the
devi ce placenent or prevent electrical short- circuits, a constant distance
is required between devices, which may significantly increase the entire
size or may significantly increase the cost in the case of establishing
conduction_of each device. According to the present. i nvention, these
b obl e i) TBEILE UEHn SR ERATH TG TIGHT SrSErURE DU at Wi BETCbt ai ned
wi th conpligkighytd g SRIR enfidfFRer TAE vERBLE SRLLMLRUAGESSasHBclRalndl
conventional processes, a substantially equivalent cost and a required
m ni mum sianeput Tiven 5 derectef fvectnsasupgd. beAmocitpeve® eWewanhererénd AodGal ., N

i S gregéﬁr than O and is_equal to or Jess than 1) is enpl oyed

t

substrate (x.i h )
i nst ead of2PRIEMNTSHLL 1A, FRbY erauie 4 Wavas Srackiassior ap appiisd URENsYne

~ char agt erigji t i.ght eRiwsi.2n, I nd | ayer
cons?fuctf%&tgﬁgqc %ﬁ§§39 RTIPﬁ%%%ggég%ghﬁé$%§ﬁn§%%§ggpgéanﬁggeIectricalIy
connect i ngutibgt ¢f-7l £ct rodes placed at the cornets of the GaN substrate and
the lead frane through four Au wires wth a sem dianeter of 150 m the
el ectrodes and hundenin &g oasd of anwhilesemioing kel trrovidest wizh alflugrescense ssi on, and
consequently the |ight ou .be further increased. Fourth Enbodi nent
In a fourfﬁ%gﬁﬁdHWHgﬁpc%P%ﬁﬁgl %@%ﬁ?SPW@@ﬁ@ion, the influence of the GaN
substrate thi cknessonobidfs!da@BE oBURH Iy WIdctnolReridRE S At oB¥iMsi ng three
test sanples -31 Which &re fnventive E%énpfggﬁgf j’aﬁggﬂ %an%% t he sane
const@ uct idgmicaswhithhaof smdilesizek B rdqhirs relatvet) low dpplied dyrrdnbe  |Haghéveahisor pti on

of the GaN substrates was determ ned The fabrication nmethod of the test
sanpl es Wiqrﬁerﬁ@ egRee Plapepent G@W@ytqf\;ge @y%l@e{n)ent or prevent electrical short-

circuits, a constant distance is required between devices, which may significantly
increase the entire size or may significantly increase the cost in the case of establishing
conduction of each device. According to the present invention, these problems may be
15 avoided and higher light emission output may be obtained with completely the same
number of fabricating process as that of conventional processes, a substantially
equivalent cost and a required minimum size.
The same effects may be achieved even when an Al,Ga,;..IN substrate (x is greater
than O and is equal to or less than 1) is employed instead of a GalN substrate provided
20 that the substrate has the same characteristics and even when the light emission
wavelength and layer construction are changed.
As illustrated in Figs. 24 and 25, by electrically connecting the n-electrodes
placed at the cornets of the GaN substrate and the lead frame through four Au wires
with a semi diameter of 150 pum, the electrodes an’d the wires will not be obstruction of

light emission, and consequently the light output may be further increased.

[N
(91}

Fourth Embodiment
In a fourth embodiment of the present invention, the influence of the GaN

substrate thickness on the light output will be described. By using three test samples
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il) An n-type GaN off -substrate angled by 0.5 with respect to the

5 (i
c-plane was enployed. This GaN substrate had a resistivity of 0.01 fcm and
ad

i slocation density of 1E7/cnR2. This GaN substrate had a thickness of 100

m (i2) The followng |ayers were formed in order on the first main surface

of the GaN substrate by MOCVID. Nanely, a |lam nate construction (a GaN
buffer layes/a Si- 10 doped n-type GaN | ayer/a Si-doped n-type Al o.2GaosN

| ayer being a clad |ayer/a MQWI ayer consisting of three | ayers each being a
two-| ayers construction conprised of a GaN |layer and an | no. 05Ga0. 95N

| ayer/ a Mg-doped p-type A0 2Gao.sN | ayer being a cl ad Iayer/a My- doped
p-type Ga i 1 s 380 nm
The” Tt or nal At Ee kg Bkdifles £ ribe KM S S0 ER BRI T

conveni- enmmylu@@m@m Fig. 1,hRe Rkht absdrefish bHthaGadl dubwiritenpes aétb‘ﬂ’rﬁnétf 4.2 K and
the PL intensity at a roomterrperature of 298 K (i4) to (i5) The sane
processes T@@@hﬂi@a@@ﬂ medipd wdilirgeprsoneles e6ll be dessubett i ve  Exanple A were

per f or med. rea in which currents spread relatively uniformy

froma dot(hwf’??ﬂt ?’ﬁ‘mpiﬁ @ctrode toward the MQW I ayer was cal cul ated by

si mulations. As(ll Pﬁﬁ?%ﬂgn £ GANNE. sGON 80 End&NS) 6 Yo WRE r&be@ 1R W%QI\Ja@Ct ly

under the n-el ectrode d decreased wi th 1'ncreasing di stance fromthe

n- el ectr od@pldded o, ThidEGaMNanYetratd hallhehsidiRey 080 Dembs ctens 4 Yisloexiaediaditd/ 3 of
that directly under the n-electrode was a range with a diameter of 3 mm 25

centered difiEZtchy. udtlierGaheubstratedet rabickneandf tMawmf ore the size of the |ight
emtting devic S to 1.6 mm squar,e whji ch y. be i.ncluyded therein. On
the N surface ¢ %>%ﬁé @N“ts%?tsr"éﬁr%%rﬁleéll%@idﬁba% SirEHmain grEsRs thef 100 m
wer e for e iy Ultey! 2 PRRL 04 st N GG 1, apor
deposition and T t%/f} oszrP }épp chasﬁg&%ﬁ@@% ?o‘%}:‘g‘h@ Sér ea of
Ga sliy f acelopéd hhgpeGadN $a:ybs(ﬁ Satiepatn- vy%pleoﬂtlo 1GeMigkesdinogelad Wsr/aoQfAor med,
nanely the opening ratio, was substantiall é@lOO% per device. The thi ckness
the heat t%@é@%ﬁ%mglﬁémﬁéaﬁ%@% befrigst SruRres werdructien semRrisd o Rdae of

Inventive IE?&E‘QPA §n 0.05Ga0 95N layer/a Mg-doped p-type Aly»Gag gN layer being a clad layer/a
Mg-doped p-type GaN layer) was formed.
(13) The light emission wavelength was 380 nm. The internal quantum

15 efficiency was 50%, which was calculated for convenience by comparing the PL
intensity at a low temperature of 4.2 K and the PL intensity at a room temperature of
298 K.

(i4) to (i5) The same processes as the corresponding processes of Inventive
Example A were performed.

20 (i6) The area in which currents spread relatively uniformly from a dot-shaped n-
electrode toward the MQW layer was calculated by simulations.  As a result, the
current density was at a maximum directly under the n-electrode and decreased with
increasing distance from the n-electrode.  Also, the range in which the current density

* exceeded 1/3 of that directly under the n-electrode was a range with a diameter of 3 mm

25 centered directly under the n-electrode, and therefore the size of the light emitting
device was set to 1.6 mm square which may be included therein. On the N surface of
the GaN substrate, n-electrodes with a diameter of 100 pm were formed with a pitch of

1.7 mm by photolithography technique, vapor deposition and lift-off method. In this



5 (i7) The sanme process as the correspondi ng processes of Inventive Exanple
A was perfornmed. (i8) Then, the construction was scribed into desired
shapes and the chipped constructions fornmed |ight emtting devices, The
resultant light emtting device had a size of 1.6 nmsquare. 10 (i9) to
(111) The same processes as the correspondi ng processes of |nventive
Exanple A were perforned, (Inventive Exanple J) (j 1) An Al Gal,, Nl
of f-substrate angled by 0.5 with respect to the c-plane was enployed. The
resistivity was 0.01 S2crmand the di slocation density was 1E7/cnR. 15 The
t hi ckness of the n-type Al Gl.xN off-substrate was 100 m Three types (the
Al - atomr Ld 9% Rﬁti%'f?neoarga! tOGe? su%%e%)} h%TGzﬁ\'T' ts)u SSEAESS W crhethennPglé) r%(a'e 02) The
foll owi ng Tar nate CONStTUCTT Bh° Was aE)rlcate of the 1irst "surtace of the
A, , Gal_xNv&Uioh &seneBYndMhdiVBe dpbnidk rARDRMs BaisyREalt) ashoAber &eae. 8Nnkayer being
a clad layer/a MM | ayer consisting of three |ayers each being a two-I|ayers
const r uct itbigkx@s,cberpedt sieatneeht andGan chatpetrresistdncervém choBGetsIBNe dyer / an
My- doped p-type Al 0.2Gao.5N |ayer being a clad | ayer/an My-doped p-type GaN
| ayer) vvagnﬁ’%ﬂ?%?xflﬂp]&‘%er. 0 )-g 5) The same processes as the corresponding
-~ processes of t I L N f 4.6 econd

mai n iurface om)ﬁgl\é%%lb %C,eﬁxfgu éstg?‘g@tsésﬁcﬁygﬁgg?{sg%gfsh%n?&e?% a%@% i amet er of
100 um werweasfpetfoededv th a pitch of 400 um by photolithography technique,
vapor deposition and |ift-off nethod. Then el ectrodes were constructed by
forming a | am(Rtldcadhs covcben vansiribed myo desitsehshanes ped therehinerd (a Ti | ayer
20 nn/ an I Ti...l ayer. 20 n/a Au_layer 0On formed in
contact wi OﬁLt Cglogégogrﬁlag%}i%nerégmgsd%‘r/lf %15(':enI(r)}ﬁ"3 't %l@a% 1%‘%:2??&%‘%%@% asdea. Thi s
was heat ediderbfans maesdua@t nosphere to reduce the contact resistance to bel ow
lE-4 Qcn2. 07) to 011) The sane processes as the correspondi ng processes of
| nveti?i ve ExandoAilneTke grerd popgsses as the corresponding processes of Inventive

Example A were performed.
(Inventive Example J)
(1) An ALGa;.N off-substrate angled by 0.5° with respect to the c-plane was
employed. The resistivity was 0.01 Qecm and the dislocation density was 1E7/cm’.
15 The thickness of the n-type AlyGa;N off-substrate was 100 um. Three types (the Al
atom ratios x were 0.2, 0.5 and 1) of substrates were employed.
(12) The following laminate construction was fabricated on the first surface of
the AlyGa,.N surface by MOCVD. (A Si-doped n-type clad Aly,GagsN layer being a
clad layer/a MQW layer consisting of three layers each being a two-layers construction
20 comprised of a2 GaN layer and an IngsGagesN layer/an Mg-dop'ed p-type Alo.2GagsN
layer being a clad layer/an Mg-doped p-type GaN layer) was formed in order.
(33)~(j5) The same processes as the corresponding processes of the Inventive
Example I were performed.

(j6) On the second main surface of the Al,Ga, N substrate, n-electrodes with a

o
(@}

diameter of 100 um were formed with a pitch of 406 um by photolithography technique,
vapor deposition and lift-off method. The n electrodes were constructed by forming a
laminate construction consisting, from the bottom, of (a Ti layer 20 nm/an Al layer 10C

nm/a Ti layer 20 nm/a Au layer 200 nm) was formed in contact with the second main
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5 (Conparative Exanple K) (kl) An n-type GaN off-substrate angled by 0.5
wWth respect to the c-plane was enployed. This substrate had a resistivity
of 0.01 mand a dislocation density of |E7/crn2. This GaN substrate had a
‘thickness of I mm (1000 m. (k2) to (k5) The sane processes as the
correspondi ng processes of inventive 10 Exanple | were performed. (k6) The
size of the light emtting device (chip) was set to 1.6 nm square, which

was the same as that of Inventive Exanple G On the second nain surface of
the GaN substrate, n-electrodes with a dianmeter of 100 mwere forned with a
pitch of 1.7 nn1by phot ol i t hogr aphy techni que, vapor 15 deposition and

lift-off rre S the atio.,of the are second main
sur f ace. (I THAE Ui EHugm SRkl ol e L bt Fara e ikrec e
n-el ectrodg. M\?r?tad%%sxstirf&'é@ﬁgelo@zal@hblc’&? opening ratio, was substantially
100% per device. The th ness the heat treatnment and the contact

resi stance wer €the (j$@Ehasinidmseeseds dsnvetdrtespondmxapiokesses ofA@vddsivr to (ki 1)

The sane processes as the correspondi ng processes of Inventive Exanple |

| vvere perf(ﬁ’i@‘@(ﬂ’e%%@fﬂfﬁfﬁ@m@ and Results) Substrates | of Inventive Exanple
, J and R, v e K having different thicknesses were prepared

and the trans a]?atlgenﬁé%m@m{)he exanples for incident 25 light with a

wavel ength of 3 80ARMWES GaRRAEWRGatelhRd b7 0. AN tPkspdct H)Stthé%tpﬁaﬂeh\@aﬁener al
outline of the light transm ttance nmeasurenent tests. Inventive Exanples I

and J haobnqalmh:dckﬁhS$ubﬁtraﬂ£mMesm1tyeoﬂm(ﬁ'leﬁbcmanEnamMcanKn Haditq ofr eat er
thickness of 1. mm (1000 p.m. Fig. 28 illustrates the test results. 34
Ref erring o’ CF?ilg Trgs G@Néuhsﬁféﬁﬁshﬁdtat@%é@wﬂIfrﬁmémqovlem]ixanpl e | and J and

Co t Ex 90% and, lO‘V t t
Eonpal Ve b B O K TR el S e S SRR bR o et ED. ' 65 and

I wer@ fabhhpdd ede@r@hhef themhad a transmttance of 90%

(k6) The size of the light emitting device (chip) was set to 1.6 mm square, which
was the same as that of Inventive Example G.
On the second main surface of the GalN substrate, n-electrodes with a diameter
of 100 um were formed with a pitch of 1.7 mm by photolithography technique, vapor
15 deposition and lift-off method. In this case, the ratio of the area of the second main
surface (light emitting surface) of the GaN substrate at which the n-electrode was not
formed, namely the opening ratio, was substantially 100% per device. The thickness,
“ the heat treatment and the contact resistance were the same as those of Inventive
Example I.
20 (k7) to (k11) The same processes as the corresponding processes of Inventive
Example [ were performed.
(Experiments and Results)
Substrates 1 of Inventive Example I, J and Comparative Example K having

different thicknesses were prepared and the transmittances of the examples for incident

1o
ot

light with a wavelength of 380 nm were measured. Figs. 26 and 27 illustrate the
general outline of the light transmittance measurement tests. Inventive Examples I and
J had a thickness of 100 wm, while Inventive Example K had a greater thickness of |

mm (1000 um). Fig. 28 illustrates the test results.
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5 I nventive Exanples I, J and Conparative Exanple K equipped with a
fluorescence material to be fornmed as white LEDs were nounted within an
integrating sphere and then predeterm ned currents were applied to them
The val ues of output [lights which were focused and output from a detector
were conpared. Wen a current of 20 m A was applied, inventive Exanples |
and J and Conparative Exanple K 10 generated outputs of 4.2 mW 5.4 mW (all
the aforenmentioned three types) and 0.6 mA, respectively. This difference
was due to the transmttance difference anong the substrates. GN
substrates have significantly-low transmttances with respect to lights

W th vevel engthg. SRk Lokl B 00, AT 804, LPSHER T 6Re. Y el XN

substrate may resent o nven enerate higher |ight

eni ssi on, O&nﬁr@tﬁzeﬂ%ﬁrrm%é ngst b@% Jntl abne ssspedtiviele %Nﬁvéiﬂibétrate hi gher
light emission may be achieved. [f the thickness iS too small, the spread

range of dinarr@&f—tlstfﬁfﬁ@tmplehefwbsteateszluarvalta@omhetml>Q7’f7®/\42ICP Sbe¢dmertoo smal |

and if th thic ) too, large the Jjon efficiency will be degraded
~as previo W?ﬁ é ﬁ B theqoad a W@“F%?Eﬁgtéiﬁ preferably in the range of

froms0 umto Q0. FRUGERET .7 LY Cthth gatfi‘zetﬁyang@qbl % B (Jf.g)\gftﬁgte with a

t hi ckness of about 100 m as t’he I nventive exa rication cost of
t he GaN substasatree mrm]ertmétcr edioced asvheh L EDalntees mbained eathirom ofegaatingw cost

light emtting eV|ce goes w t hout %giingathat t he cost nmay be reduced
by decr easPhgcengt e§dB§FF§W€W9WPERW§§§ﬂ¢ @ﬁﬁ#yj3ﬁV@h@st%WPubnlSS|on

vavel engt Mg it FIRSHLIERLES. b, Aok f&e*a%?m&' Tofpa gl A0l

i nvention rication i ekness Iayer

which is f@wmAmSap§1aaastdvaﬁ@evniahﬂm ICaQaqrah@@a%mom%e@ﬁmb@xewpl oyed were
three sanples, which were Inventive Exanple L having the sane construction

as tHat ofgeneratedtquiputEREHRIBNAS érmWolpil bl ao@aninBoystttheee dypestand3® 6 @ohpar at i ve
Cramples N8y e AB SO conet ruct| on 28 Uhaluol, Camparative | Seamp e
processes @i, COMESRONALNG RRGERIRT - Riv ek Anees FRMRbE:tA lights
with wavelengths smaller than 400 nm and in such a case an AlxGal-xN substrate may
be employed as the present invention to generate higher light emission.
15 ~ Also, by decreasing the thickness of the GaN substrate, higher light emission
may be achieved. If the thickness is too small, the spread range of currents from the n-
electrode to the MQW will become too small and if the thickness is too large the
emission efficiency will be degraded as previously described. Thus, the thickness is
preferably in the range of from 50 um to 500 um. Further, by using a thin GaN
20 substrate with a thickness of about 100 wm as the inventive example, the fabrication cost
of the GaN substrate may be reduced, which enables fabrication of a low cost light
emitting device. It goes without saying that the cost may be reduced by decreasing the
substrate thickness independently of the light emission wavelength.
Fifth Embodiment
25 In a fifth embodiment of the present invention, the fabrication yield of the
thickness of the n-type GaN layer which is formed on a substrate will be described.
Test samples employed were three samples, which were Inventive Example L having the

same construction as that of Inventive Example A employing a GaN substrate and
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5 were perfornmed. (12) The follow ng | am nate construction was formnmed by
MOCVD (see Fig. 2). (a GaN substrate/a GaN buffer |ayer/a Si-doped n-type
GaN | ayer 2/a Si-doped n-type Alo.2Gao.8N |ayer being a clad | ayer/a MW
layer consisting of three |ayers each being a two-layers construction
conprised of a GaN | ayer and an Ino.1Ga43.9N | aver/an My-doped 10 p-type

Al 0. 2Gao. sNl ayer being a clad |ayer/an My-doped p-type GN ayer) was forned.
Referring to Fig. 2, the thickness t of Si-doped n-type GaN | ayer 2 was set
to 100 rim (13) to (113) The sane processes as the correspondi ng processes
of Inventive Exanple A were perfornmed. Here, mhen etched slots 25 for

devi ce separation re fo the et ched sl ot t 25a.wer e not
conpl et el OfPARRLYR GX waal%&ﬂg\?bmce@ﬁsalﬁs C%Sama%w @ Ao case of

InventlveEgéggg@gmhlo Ve ol IEQ% center portion reached the GaN substrate or
buffer |ayer, of required to forman el ectrode etc. at this portion

and thereﬁmwann@dhﬂmphdmges in the depth or bottom fl atness of this portion
| ess affected the fabrication vyield. 20 (Conparative Exanple M fn1) The
sane process adlli RBe same BopeRes BghpruEessnding pinsesies vidlnpsaigs Examplasds
'perf r med, éng%frmsdfollomnng | am nate construction was fabricated on a
sapphlre <S4 it by MOCVD (see Fig. 6): (A sapphire substrate/a GaN

buf fer |ayer/a(8 THORAGWind MRthate2SonGdNbtl AUSLY FSHmEAPREMOT Y BRSe¥i0. 2G20. SN
| ayer being a clad |ayer/a MQWN|ayer consisting of three Iayers “each

con5|st|n@aGﬁNaubMUHWaﬁbb%méﬁn§weM@Sr¢nxdﬁ1apeéhbﬂayﬂﬂVaﬁdd@nﬁxinm615cao S5N

o mecl. RATCR G B 1t i 60 Pt WS COr S et et Hoey FRcicanie Rayer 102
wes  -36 3,umcl ma«utma ol The, SATPRLAPERPRPLATSLIR IGQFACARONNLD0

processes 0 PRvent | ve erfor he “When e
sl otid 125 pftgpe AQ\,fG@oeSN 1&@@®remglammmy@/ahmgm@ped peyrt Gite thyst)avastothetrs 125a

were not Coerftc?rllr?c'E t%l 1¥10f’|) atlge gl?ccllcngsasq of Si-doped n-type GaN layer 2 was set to 100 nm.
(13) to (113) The same processes as the corresponding processes of Inventive
Example A were performed.
Here, when etched slots 25 for device separation were formed, the etched slot
15 bottoms 25a were not completely flat and had some projections and depressions. In
the case of Inventive Example L, even if the center portion reached the GaN substrate or
buffer layer, it was not required to form an electrode etc. at this portion and therefore
some changes in the deptﬁ or bottom flatness of this portion less affected the fabrication
yield.
20 (Comparative Example M)
(m1) The same process as the corresponding process of Inventive Example B
was performed.
(m2) The following laminate construction was fabricated on a sapphire substrate
by MOCVD (see Fig. 6): (A sapphire substrate/a GaN buffer layer/a Si-doped n-type
25 GaN layer/Si-doped n-type Aly2GagsN layer being a clad layer/a MQW layer consisting
of three layers each consisting of a two-layers construction of a GaN layer and an
Ing 15Gay gsN layer/Mg-doped p-type Aly,Gag sIN layer/a Mg-doped p-type GaN layer)
was formed. Referring to Fig. 6, the thickness of Si-doped n-type GaN layer 102 was
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5 sone projections and depressions. However, in the case of Conparative
Exanple M Si-doped n-type GaN | ayer 102 had the large thickness of 3 m
and therefore the center portion did not reach the buffer layer and the
sapphire layer. As a result, some changes in the depth or the bottom
flatness of this portion less affected the fabrication yield. (Conparative
Exanple N) 10 (nl) The sane process as the correspondi ng process of

I nventive Exanple B was performed. (n2) The follow ng | am nate construction
was fabricated on a sapphire substrate by MOCVD (see Fig. 6). (a GaN

buffer |ayer/a Si-doped n-type GaN | ayer/ Si -doped n-type Al o 2Gao. 5N | ayer
being a clad | ayer/a MQV I ayer consisting of three | ayers each 15 consisting

of a twn-F%&@rs construction of a GaN | ayer and an | no. 15Ga4. 85N | ayer/ My-

doped p-type A Vi N f or med.
Referring to é?8§§%8ngpgh?ﬁ$@ﬁﬁgg% gggﬁ@§8g§§§ﬁg?? ka%ﬁ%%f%@%ﬁ 102 was 100

m (n3) tdn@mﬂyeEhmnﬂa&bwﬁﬁg@dbﬁﬁ&iaﬁﬂﬁhpwhmmﬁeﬁﬁ@nd$mQSQﬁ@easses of

| nventive npl e B were perfor 20 (n5£ In the case of Conparative
Exanpl e N, Se%?rm‘ﬁ%éaﬂ?ﬁﬂ ﬁhe qt@yérs Of DPPHE f B %W ergi nof é@l@nl@teiYaﬂett.a@é haénst ant

fromy hat heSARRNIIE MRSLOLIRY O LS. SARNLLE cpURRLEALE: Fandicer f or e

when the t SS 0 ayer was oo small, a

mul ti -1 ayesi-dbpédm i geGan Iruygmmdl thy lasSUHnELAOL o8 LaRtAl @E&e@@tﬁe%nﬂek ght

em ssion output was extrénmely low. 25 Further, in the case of Conparative
Exanpl e N,potthm @épphraaeh guhsffeabgerwad tlaersapplmsajllaﬁdror Aandeduite s@hockanges was
necessary ilms side simlarly to the

n-el ectrode on the. g
p- el ect rod’éthﬁq%éfr'pe?rotﬁé botipmdlangpsRf th}é§°ﬁtﬁﬂ’ée9ts&%%66§@ fehacatiopydd. GaN | ayer

for form AF Q by etching this wafer fromthe My-doped p-type
37 Iayersp{@&@g qv?ﬁe§§§ g@ped n-type GaN | aver by photolithography

t echrd que and RhE Thsdai@ febediaarlle @agespoad@y @focedsofl Thiaisive &kedpleB Fag. 31,
in Cowparatlve Exanple N, the thickness of the Si-doped n-type GaN | ayer

was 100 mpedomngdy) and thus snmall, it was inpossible to uniformy expose

the n-type GaN | %yﬁge tloﬂoxtmk}leg lg\@ufngtre COI]QZ?L{C%OI? s fabrrllcated on a sapphire substrate

by MOCVD (see Fig. 6). (a GaN buffer layer/a Si-doped n-type GaN layer/Si-doped
n-type Alg2GagsIN layer being a clad layer/a MQW layer consisting of three layers each

15 consisting of a two-layers construction of a GaN layer and an Ing;5GagssIN layer/Mg-
doped p-type Alp2Gag sN layer/a Mg-doped p-type GaN layer) was formed. = Referring
to Fig. 6, the thickness of Si-doped n-type GalN layer 102 was 100 um.

(n3) to (n4) The same processes as the corresponding processes of Inventive
Example B were performed.

20 (n5) In the case of Comparative Example N, a GalN-based multi-layer film with a
different lattice constant from that of sapphire was formed on the sapphire substrate, and
therefore when the thickness of the n-type GalN layer was 100 um and thus too small, a
multi-layer film with a high quality could not be obtained and the light emission output
was extremely low.

25 ~ Further, in the case of Comparative Example N, the sapphire substrate was an
insulator and therefore it was necessary to form the n-electrode on the grown-films side
similarly to the p-electrode. Therefore, an attempt was made to expose the n-type

GaN layer for forming the n-electrode by etching this wafer from the Mg-doped p-type
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5 appeared in the exposed surface the n-type Al.,Gl x |layer or the GaN
buffer | ayer depending on the area. Wt etching using thermal phosphoric
acid, etc. was also attenpted, any etchants provided the sane results.
(Results of Experinents) The |ight outputs were determined in the sanme
manner as the first enbodinment, 10 and as a result, Inventive Exanple L
generated an output of 8 nWfor an applied current of 20 mA. On the other
hand, Conparative Exanple M generated an output of 7.2 mWfor the sane
applied current. Further, in the construction of Inventive Exanple L, even
t hough the thickness of the n-type GaN | ayer was decreased from3 umto 10
nm equi val ent out put was obtai ned. Further, the n-electrode my be 15

provi ded on_the N-surf.ace of the~conductiv substrate, and refore it
bas unnedBebary boa abpe? rrePEoRT I b H Ry RNNERL B fo BRI R T Cness

of the |i gkihg ©Mbhdeldds deNb&eyd! AWMuLRtddNE FlBSt at dnpagativedBPBHME NYten t he
wavel ength or output to be generated, generally 6 .tmor |ess, and the

t hi ckness tlo¢knebseoiShe 8bpemtdm-typp €&ralalhy drayasrl 0@hing (0. b ¢an)pind shussstallpft was may be
decreased. 20 f| gm?{w*rfntq 100 nm according. to the inyentive exanple. As a
result, WITPPSFRE WO URYRHRY FEPQSE Abpi-dyper praY Lyt indhe pfem gf BRIFRT male

dr astz cal | r: ivhed wi th 4.es t RQ@ (n5) of the
t est %samlaépeg%% éﬁ%ﬁ%&? ?@eﬁ?@%ﬁ%?&yﬁ% tp’ll‘gaf'ﬁg?%%rfg%b@ aglg‘?&i s made

t hi nner t dedd@ingaron(tBe ire) , Wddetchingl@in@fthérbal phosbi@ec £eid\ kayek aByposure wil |
be drastically degraded, which is not practical. Also, 25 even if uniform

exposur e RECRpgH] AW dtehants prejfided the kioe srgyltadvances, since the thickness of
the | ayer 'g }too E_r_rall %ge current density of currents flow ng through the
n-type GalReSAUy&F EFRFTYH8%Sdi r ecti on paral el to the |ayer significantly

increases and %@%@H&kﬁﬁ%dthﬁ?@&eter&ﬁﬁ'ﬂ @tk OomnReGRIRS aSing T dticaBBHimaMRi Ch
prevents practical |ight outputs from being 38 obtained, as Conparative

Exanidl e Bandag heeshiitrlsventinb ddthmpletl ¢seeatdd gn oBpyt of ¥ m¥olorse,applied goes wi t hout
say N (hat e SATe, o fecl am b B cued even Mien 2. fLersacence
wavel engt h 1gJgy £ HRNGGREL applied current. Further, in the construction of Inventive
Example L, even though the thickness of the n-type GaN layer was decreased from 3
um to 10 nm, equivalent output was obtained. Further, the n-electrode may be
15 provided on the N-surface of the conductive GaN substrate, and therefore it was
unnecessary to expose the Si-doped n-type GaN layer.
The film thickness of the light emitting device grown on the substrate is,
depending on the wavelength or output to be generated, generally 6 um or less, and the
thickness of the Si-doped n-type GaN layer which occupies most of it may be decreased
20 from 3 pum to 100 nm according to the inventive example. As a result, with the
inventive example, the cost of film growth may be drastically decreased.
As described with respect to the process (nS) of the test sample of Comparative
Example N, if the n-type GaN layer is made thinner to 100 nm (0.1 um), the yield of the
‘n-type GaN layer exposure will be drastically degraded, which is not practical. ~ Also,
25 even if uniform exposure is realized by future technology advances, since the thickness
of the layer is too small, the current density of currents flowing through the n-type GaN
layer in the direction parallel to the layer significantly increases and consequently heat

generation becomes significant, which prevents practical light outputs from being
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5 Sixth Enbodi ment In a sixth enbodi nent of the present invention, the

i nfl uence of the dislocation density of the GaNl substrate on the |ight
output will be described. Test sanples enployed were two sanpl es which were
I nventive Exanple O with a dislocation density of 1E6/cnR2 and Conparative
Exanple P wth a dislocation density of IE9/cnR2. 10 Inventive Exanple 0 and
Conparative Exanple P had the sane construction as that of Inventive
Exanple A. (lInventive Exanple 0) (of) An n-type GaN of f-substrate angl ed by
0.5 with respect to the c-plane was enployed. This substrate had a
resistivity of 0.01 Dcmand a dislocation density of 15 |EG cn2. This GaN

substrate &%?agne% Esht&%gzgrgt(sx) eol]é.xa é)gef Blin (l'pezéirstte(%ﬁltéo%}jirlx%% I_ge% St ngell)ﬁ;@‘f\’gf g as the

correspondi ng prOCEss nventrve anp perfo Cofpar at i ve

Exanpl e P)it 4dek JwidBuiisalpendeaht oinfe srebstnate RAGLQHRY enw fbréRspRect to the
c-plane was 20 enployed. This substrate had a resistivity of 0.01 S?-cm and

a di sl ocatmaeriad eresinlyyedfto farED4 winize-ciiitiog GEN oruths tigltt enittang veavelengthness of 400
m whi ch mgs the sane as that of Inventive Exanple O (p2) to (p 11) The
sane procéS¥Ef%as the corresponding processes of Inventive Exanple A were

- perf oy med.g; 2k FRRathds of Experinents) The light outputs were determ ned as
the same manner as the first enbodinent. As a result, Inventive Exanple O
~and Conpar at i vén Exanipérebdlilnettiofgenpreadne thvamiantheuhflucake 8f thid/disdscaginon appl i ed
current of 20 mA andﬁgenerated out puts of 40 mNV and_30 m/V -39 respectively

f d
for an appleley s et sepstragoomike ghuutritivillipeidgeribganpl et 02helys generate a
hi gher i %Eﬁ)é‘oﬁgpg%b@g%og%é%%s &ﬁg}?%@?@ﬁ%ﬁ%%&%@@%‘ avﬁslgéaqggl ngi)t

| nventive npar ati ve he sane resis |V|yty and
t hi ckness dngsichenald abpeatise ERagubé® 9tk a ARdicagan@mity en1Ryemheat radi ation.

" Oerder Inventive Example O and Comparative Example P had the same construction as that of
Inventive Example A.
(Inventive Example O)

(ol) An n-type GaN off-substrate angled by 0.5° with respect to the c-plane was
employed. This substrate had a resistivity of 0.01 Qecm and a dislocation density of
15 1E6/cm”.  This GaN substrate had a thickness of 400 pm.

(02) to (ol11) The same processes as the corresponding processes of Inventive
Example A were performed.
(Comparative Example P)
(p1) An n-type GaN off-substrate angled by 0.5° with respect to the c-plane was
20 employed. This substrate had a resistivity of 0.01 Qecm and a dislocation density of
| 1E9/cm®. This GaN substrate had a thickness of 400 um, which was the same as that
of Inventive Example O.
(p2) to (p11) The same processes as the corresponding processes of Inventive

Example A were performed.

o
U1

(Results of Experiments)
The light outputs were determined as the same manner as the first embodiment.
As a result, Inventive Example O and Comparative Example P both generated an output

of 8 mW for an applied current of 20 mA and generated outputs of 40 mW and 30 mW
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5 to verify that the aforenentioned |ight output difference was not due to

i nfl uences of heat, a pulse current with a duty ratio of 1% an applied tine
of 1 us and a cycle tinme of 100 us was applied and conpari son was nade.
This test results were equivalent to the aforenentioned results and thus
~Inventive Exanple 0 and Conparative Exanple P generated outputs of 40 m N
and 30 nW respectively, for an applied current 100 mA. 10 Therefore,

al t hough the nmechani smwas not made apparent, a light em ssion output

di fference was generated at a high current density due to the dislocation
density difference and not influences of heat. The inventors have verifies
that the sane effects nay be obtained when the light emtting wavel ength or

t he | ayer j v f r , i i's provided
to form R Te R A e T R R B "o the

present i nesdrbte@rhigheh@ghtrdnliskiicautplt d3@omphret avith Sompaatvd Exdnsfle g of the
surface and the end face on the |light output wll be described. Test

sanpl es enpl oyéevapByeExana and Exmpaspiee kyagpde Rhad theesgmevesistiviiighé Q was

an LED il i ig.. 32 in i th rface,and t.he end_fa had been
nonemir ror S Bl et bR Bfe i RS WS o b bR o et e

in Fig. 330 Wﬂiﬂ)}hhdﬁaﬁb ifofemeBAEitdRAt FuthlOdiffstehéacas AdtHuehethluehswsat i ve
Exanple Q (qgl) to (q7) The same processes as the correspondi ng processes of

I nvent i ve heExapplse cErent vathpediftp ratedof 126, 4nRppbestsms bépsistaod beyilasieret@d
bet ween qYQand g8) The N surface of the GaN . substrate and th? devi ce end
face were INEde W8 2BRISIAI FPMPEHCQTESAB.  TRHE RETHOHS Wess CHMals 1 H¥m t o be

non-mirror f&%%@%ﬁﬁd Y& P& t%?ﬁl@eﬁ}’ve‘%%nﬁﬁecﬁiaﬁ@ C%H’rﬁ%{ﬁ%a %xgmﬁre p Vet

et chi ng. Bes I'S non-mrror-surface fi1nrshing using etching, a

met hod - 4Qendrated ooguhast Wahiyaiol0 SesedprytiRg), Wdd dnl @pted tirdnbeopresent
enbodi ment, a nethod which perfornms wet etching using a KOH solution as the
et chght was enplhsiasere, AthokghHtheghephpripmafas aohmlaie orparentf4 light emidsipnagi t at ed

1" Che Leperaire, T DLe ned ot L BOC, NS LhEnLNS HEY ot B W thiT
difference and not influences of heat. The inventors have verifies that the same effects
may be obtained when the light emitting wavelength or the layer construction are
changed or a fluorescence material is provided to form a white LED.

15 Seventh Embodiment
In a seventh embodiment of the present invention, the influence of non-mirror-
surface finishing of the surface and the end face on the light output will be described.
Test samples employed were Inventive Examples Q and R.  Inventive Example Q was
an LED illustrated in Fig. 32 in which the surface and the end face had been non-mirror-
20 surface finished. Inventive Example R was an LED illustrated in Fig. 33 which had not
been non-mirror-surface finished.
(Inventive Example Q)
(q1) to (q7) The same processes as the corresponding processes of Inventive
Example F were performed.
25 ' (Process steps to be inserted between q7 and q8) The N-surface of the GaN
substrate and the device end face were made to be non-mirror-surfaces. The method
for making them to be non-mirror surfaces was performed by dry etching such as RIE or

wet etching.  Besides this non-mirror-surface finishing method using etching, a method
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5 surface finish the N-surface of the GaN substrate and the device end face.
(g8) to (g 11) The same processes as the correspondi ng processes of

I nventive Exanple F were performed. (Conparative Exanple R) This was the
sane as Inventive Exanple F. 10 (Results of Experinments) The |ight output
was determ ned as the sane manner as the first enbodinent. As a result,

I nventive Exanple Q and Conparative Exanple R, respectively, generated
outputs of 4. 8 Wand 4 Wfor an applied current of 10 A. Further, in the
case |Inventive Exanple Q and Conparative Exanple R were equi pped with a
fluorescence 15 material to be fornmed as a white LED, Inventive Example Q

gener ated an . out put. 50 i m,and. .Co rative Exanple R generated an

out put of G aN&% P;P,Jﬁ%hqs e %Z%ﬁﬁﬁ@@ 6@@%8%59@81@&’ ﬁ-if%g?f i ght

eni ssi on : Ut it i 1 . be

bt ai ned ot Re s B A b U e AT T LT 7
because WH thlatisupf aeael/ands tuféciemty {caaedobith the tatipshiued Raatainedree N 20 type

GaNt layer are in a mrror-surface state, as i|llustrated in Fig. 33, total
Cinternal 4P&f predtieathq wafsr viedippedpithin the st U BERISONRE-TEANIhavi ng a

hi gh yefracti ve. i Xy an ther e . light iis |ess prone to being passed
her ot hr oagie GBS b feonbh Sl Sorirdlept S Rhg ™0 tnen

hon-m rror-sur f(@&)ecof(hﬂ]_)slmerhgm'e%r@dé@eb 88 iheldaere§i dnldflaqREdksRE of [8Rhtivem ssion
to the outside may be i'ncreased. 25 Further, the inventors have found from
exper i nenttxampktF wherpekiOrinsdl ution is enployed for non-mirror-surface
finishing, equivalent effects my be obtained by performng the
non-nirroﬂggﬁPF&E€3£¥%?@ﬁP§g using KOH solution with a concentration wthin

the range of O~l:t.0.,8n00l 11 -1 ratgre within range of 20 to 80C. -41
Ei ghth Enbodiné#?‘?%’Eﬁ”%f@ﬁ?ﬁgéﬁﬁégﬁﬁgﬁg‘df the present invention,

i nfllence Résultbef Egpdridcdntayi ty of the p-type electrode on the |ight output
wi Il be described. Test sanples enployed were five sanples which were
| nventi ve Exarrﬂihéélggl, oufputiwas\dezgignngd as the same manner as the first embodiment.

As aresult, Inventive Example Q and Comparative Example R, respectively, generated
outputs of 4. 8 W and 4 W for an applied current of 10 A.  Further, in the case
Inventive Example Q and Comparative Example R were equipped with a fluorescence

15 material to be formed as a white LED, Inventive Example Q generated an output of
1150 im and Comparative Example R generated an output of 960 Im. Namely,
Inventive Example Q generated a higher light emission output. It goes without saying
that the same effects may be obtained even when the light emission wavelength is
changed.  This is because when the surface and the end face of the substrate and the n-

20 type GaNN layer are in a mirror-surface state, as illustrated in Fig. 33, total internal
reflection is prone to occur at the surface of the GaN having a high refractive index, and
therefore light is less prone to being passed therethrough. On the other hand, as
illustrated in Fig. 32, when non-mirror-surface finishing is applied, the efficiency of light
emission to the outside may be increased.

25 Further, the inventors have found from experiments that when KOH solution is
employed for non-mirror-surface finishing, equivalent effects may be obtained by
performing the non-mirror-surface finishing using KOH solution with a concentraticn

within the range of 0.1 to 8 moV/l and a temperature within range of 20 to 80°C.
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5 (Inventive Exanple S) (sl1) to (s6) The sane processes as the corresponding
processes of Inventive Exanple F were perforned. (s7) The p-el ectrode was
fabricated by the following nethod. An Ni layer with a thickness of 4 nm
and an Au layer with a thickness of 4 nmwere formed fromthe 10 bottom

| ayer in contact with the p-type GaN | ayer. Then, it was heat-treated in an
inert atnosphere. Then, an Ag layer with a thickness of 100 nm was forned
on the above Au layer. The p-electrode fabricated in the aforenentioned

met hod had a contact resistance of 5E-4 f2ocn2. Further, of the

af orenenti oned p-electrode, (an N layer with a thickness of 4 15 nm an Au

| ayer Wt!ﬁi%tﬂﬁirﬁ%&lﬁr%ﬁ of 4 nm fornmed in order fromthe bottomlayer in
contact with a glass p& ate was subjected to the sane heat treatnent and the

transm ttance Wasn eght@rembodtnenfsf therpessaht invdnfientinfinsit bf draeflsutivity bEspect to
450 nm incident |ight fromthe Ni layer side was 70% Further, an Ag | ayer
with a thittambes cleirodpon Hip liggsovtaried tsrileacrireds s Tpttapmplgnamploged BElect i vity

was det er @ . ef t Vi of % was obtained with

r espect tgbggagnpr%%s\y%g]{ig’é%ﬁeltfrﬁvf’rgﬁ%%%ﬁlglne?%( gnth?([ anlda\g//gr with a thickness of 4
nnf ars Au l(myedtiveiExBmgletd)i ckness of 4 nman Ag layer with a thickness of 100
nm was formed on a glass substrate with the Ni |ayer at the bottom and the
_same heat treafsiem (seadhapwhé prpcesFhess, the herrespanding prapnsses valoveastver ni ned.  As
aresult, E% relf lrFECti vity of,44% was obtained with respect to 450 nmi nci dent
light. 25FFAPRICTeVPEPErOIMS  corresponds to the reflectivity when 450

incid i i M hi cKi: 4 nm A
nmincident |igh _Tﬁi@%seq&trotd@rv@dléggbr#cgﬁd(bgl%lé %M%mg théth8q ! ,AﬁN?%ér%r Rftn4 nm Au

el ectrode | ayer with a thickness o transmttance of 70% then
i s refl echebiclatest bied Ag andperAuaydr vathr efhidaedswif tynnofver8Bvmahfiotrhéa passes

t horqugh (the NI layer with a thickness of 4 nmand the Au 42 el ectrode
|aye1$0 wi t ROROPARIEK Heswtast Wathiihg P-tergphY lNpt h Tdiepr An@anedtraEdon ardwt (s8) to

| 1) Th : ' '
(1) TSRO D253 ek LR 1 RAGESRERho AL v

Au layer. = The p-electrode fabricated in the aforementioned method had a contact
resistance of SE-4 Qecm’.
Further, of the aforementioned p-electrode, (an Ni layer with a thickness of 4

15 nm/an Au layer with a thickness of 4 nm) formed in order from the bottom layer in
contact with a glass plate was subjected to the same heat treatment and the
transmittance was determined. As a result, the transmittance with respect to 450 nm-
incident light from the Ni layer side was 70%. Further, an Ag layer with a thickness of
100 nm was formed on a glass plate and the reflectivity was determined. As aresult, a

20 reflectivity of 88% was obtained with respect to 450 nm-incident light. Then, (an Ni
layer with a thickness of 4 nm/an Au layer with a thickness of 4 nm/an Ag layer with a
thickness of 100 nm) was formed on a glass substrate with the Ni layer at the bottom
and the same heat treatment was applied. Then, the transmittance was determined.
As aresult, a reflectivity of 44% was obtained with respect to 450 nm-incident light.

25 This reflectivity corresponds to the reflectivity when 450 nm-incident light passes
through the (Ni layer with a thickness of 4 nm/Au electrode layer with a thickness of 4
nm) with a transmittance of 70%, then is reflected at the Ag layer with a reflectivity of

88% and then passes thorough (the Ni layer with a thickness of 4 nm and the Au
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5 (t 1) to (t6) The sanme processes as the correspondi ng processes of

I nventive Exanple F were perfornmed. (t7) The p-electrode was fabricated by
the following method. An N layer with a thickness of 4 nmand an Au | ayer
with a thickness of 4 nmwere forned in order from the bottom side on the
p-type GaN | ayer. Then, it was heat-treated in an inert 10 atnosphere. Then,
an Al layer with a thickness of 100 nmand an Au |ayer with a thickness of
100 nmwere forned on the aforenentioned Au | ayer. The p-el ectrode
fabricated in the aforenmentioned nethod had a contact resistance of 5E-4
necnf?. Further, of this electrode, a |lamnate construction of (an N |ayer
with a thickness of 4 nnmfan Au |l ayer with a thickness of 4 nm was forned

on a glas ~ LI es [ to this
construct i%%eﬁ%r@ﬁﬁ‘ilgﬂ%?%%}gfgﬁgéﬁgsr%cff?l aﬁ#@g%ﬁéﬁ%&ﬁﬂ%ﬂﬁg@gaﬁ fgg%a result the
transm ttance @3 td QUOIWILS sdreSPRctsstPashbO coirdBpbildihg grfcesskd ghinvédtdm t he Ni
l ayer side. Also, an Al layer with a thickness of 100 nmwas fornmed on a
gl ass pl attxamplg &t wererpsfioseed vity was determined. As a result, the
reflectivi%%({ vas 84Y% V\i.th respect to 450 nmincident light. Also, a

| ami nate ¢ONSYPGEHEBRE (an NI 20 Iayer with a thickness of 4 nman Au

layers with a tmlgk@?@?ﬂ?@ s dPoBEss &Y asl tBY 85rrdbbb iy pldebGKNESEy@ivd00 nrn) was
formed in order fromthe bottomon a gl ass substra?e and the sane heat
- treat nent Bvasprgpieederfbheed. the transmttance was determ ned and as a

result, a reflectiyity of 42% was obtained wth respect to 450 nminci dent
light. This thﬂb gg@ipﬁlwrotsiswa\é?%ﬁa@dtba t%@ﬂ%ffqgémtﬁWtyA%&ﬁl &XPfa‘EVéB for the

e et & ffefndlth D iatn 2D, bl A PRARARLN AN POy LAYAE MO 2

t hi ckness o Au el ectr ayer wwth a thickness o

transm tt aRcleotofim 08pn theentips G2 laged edhah, it hes Aentltayed invkd et reflectivity
of 42% and then passes thorough the (Ni layer wwth a thickness of 4 nnf Au
el ectd ode afBgseRengi t Ahep. tanidkavss withfa thickpgss B4R Am A Aw leyeamdia t ance of

(nvent i ve ENe 0 T e ST AT AR ER PR RAR e B &R & B AR BE (i) “The.
Same proCeaRRecA% HRGIGMERTRRA H it PRRACESHER PlsistdNKEBE 578 Qecm®.
Further, of this electrode, a laminate construction of (an Ni layer with a thickness
of 4 nm/an Au layer with a thickness of 4 nm) was formed on a glass plate and the same
15 heat treatment was applied to this construction. Then, the transmittance was
determined and as a result the transmittance was 70% with respect to 450 nm-incident
light from the Ni layer side. Also, an Al layer with a thickness of 100 nm was formed
on a glass plate and the reflectivity was determined. As a result, the reflectivity was
84% with respect to 450 nm-incident light. Also, a laminate construction of (an Ni
20 layer with a thickness of 4 nm/an Au layer with a thickness of 4 nm/an Al layer with a
thickness of 100 nm) was formed in order from the bottom on a glass substrate and the
same heat treatment was applied. Then, the transmittance was determined and as a
result, a reflectivity of 42% was obtained with respect to 450 nm-incident light.  This
reflectivity corresponds to the reflectivity calculated for the case where 450 nm-incident
25 light passes through the (Ni layer with a thickness of 4 nm/Au electrode layer with a
thickness of 4 nm) with a transmittance of 70%, then is reflected at the Au layer with a
reﬂectivity of 42% and then passes thorough the (Ni layer with a thickness of 4 nm/Au

electrode layer with a thickness of 4 nm), again, with a transmittance of 70%.

- 43 -



5 Exanple F were perforned. (u7) As the p-electrode, Rh which was an ohm c
"electrode with respect to the p- type GaN |l ayer and had a high reflectivity
and a thickness of 100 nmwas formed on the entire surface of the p-type
~GaN | ayer. The contact resistance was 5e-4 t2ocn2. Further, this electrode
Rh was fornmed on a glass plate and the transmttance was 10 determ ned. As a
result, the transmttance was 60% w th respect to 450 amincident [|ight.
(u8) to (u 11) The sane processes as the correspondi ng processes of

I nventive Exanple F were perfornmed. (Inventive Exanple V) 15 (vl) to (v7)
The sane processes as the correspondi ng processes of Inventive Exanple S

were perforned., (Pr steps to be inserted between v7 a v8). The sanme
processes as t KEq 4o ?ﬁﬁiip? PEOHEER adfﬁ%%r‘ﬁgoﬁng HOERSFVY ‘BEXEMIFPe Q were
perforned{hg%@k}t@e&ﬁ%ﬁ%}mg@e sanme processes as the correspondi ng processes
of Inventive 20 Exanple S were perforned. (lnventive Exanple W Inventive
Exanpl e W(lwmsntivecExqaiphe B3 | nventi ve Exanple F. (Results of Experinments) The

| i ght outputs re determned in the same nmanner as the first enbodi nent.
25 As a resul t,UDiedup) Ve Buemspessses as the qgrregpendinargessersaaldavestivput s of 4. 8

mw 8 and 4 Wfor an applied current of 10 AL A
diagﬁ%nlogméggkﬁég¥¥%§% At the nmounti ng sides of Inventive Exanples S, T is

_illustrated in (E70As 8@ p-decteiRIRAMHh Wafdnetini©BSciabdd wigh FRpEt: kdehesp-de of
I nventive Exanple Uis illustrated in Fig. -44 35 and a di agram of

ref | ect i orf¥pebaliieyenmuhiadrghigh aleofivityrand ntthigkndsx afpdentaias foimddust that ed i n
bet voon p-BHBCHBLRS A A DL ORI LT v o BAREISs GBIl ST TSR ent i ve -
Exanpl e U’Fupthexe, LGeLEadS e Rn WhS flrfnellR aagli%k gﬂtar Sld e L YiridafRLEL al . and in
| nventive Exanple V, non
10 determined. As a result, the transmittance was 60% with respect to 450 nm-incident
light.
(u8) to (ull) The same processes as the corresponding processes of Inventive
Example F were performed.
(Inventive Example V)
15 (v1) to (v7) The same processes as the corresponding processes of Inventive
Example S were performed.
(Process steps to be inserted between v7 and v8) The same processes as those
inserted between q7 and 8 of Inventive Example Q were performed.
(v8) to (v11) The same processes as the corresponding processes of Inventive
20 Example S were performed.
(Inventive Example W)
Inventive Example W was the same as Inventive Example F.
(Results of Experiments)
The light outputs were determined in the same manner as the first embodiment.
25 As a result, Inventive Examples S, T, U, V and W generated outputs of 4.8 mW, 4.8
mW, 5.2 mW, 5.8 mW and 4 W for an applied current of 10 A. A diagram of
reflections at the mounting sides of Inventive Examples S, T is illustrated in Fig. 34, a

diagram of reflections at the mounting side of Inventive Example U is illustrated in Fig.
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5 mrror-surface finishing had been applied. Further, in Inventive Exanple
W any consideration was not given to reflections at the nounting side.
When I nventive Exanples S, T, U and V were provided with a fluorescence
‘material to be forned as white LEDs, they generated outputs of 864 Im 864
Im 936 Im and 1044 | m respectively, for an applied current of |DA.
According to these results, 10 by formng the p-electrode froma high
reflectivity material or by placing a high reflectivity material between the
p-el ectrode and the conductive adhesive, efficient light wutilization is
enabl ed and accordingly the light output may be increased. Nanely, by

|t 1 oduch 19 A0 e O oRLLEELESH KSR EEERLIO9P d Lol 1o

bet ween th ctrode and con ive adhesi ve, en ssi on out put

was furt hefustraier @ap@d36 15InAuiddieE Exasplen 8emt & Wh EXR¥Bl €laYer ByisfpPicad ng t he
N-surface of the G!™"|l substrate and Fhe end face as non-mrror sur f aces,

t he |i ght betwessipesieatipdpUf apdgbatustvd adhekize 1# nehibaisdaventi® Ehougla U,lpe degr ee
of effects,can not.be.flat]ly descri.bed because when the |ight em ssion

Savel cngt RO O T Y PER (e VP Gr el HE RGeS B 1 dEr and t he
absorpt i onyiifadextRb fRgindi Y &4 changged,; id B obt ai ned
for any 20lwavg%gngth.ﬁ%%é%?%iﬁg%ﬁgﬁiof Rh,géﬁqgﬁgﬁ%%t mﬁgﬂvgﬁg qui val ent or
. mor e wor k chusiddratom washt@iveaqo rafktods abthemoentingfdidect i vity nmay be enpl oyed

to achi eve equivalent or nore effects. N nth Enbodinent |[n a ninth
enbodi ment of tHEEEEEVE 5Xawale Soh; Utard Y Blet promidsé Midenuonescessfgen 25

concent  at 900! £5hsh ¥ L, PECHRCANSUDTLIALE adtesdd Glloss 1y

transm ttance was errzed*In that based dn’t

rel ation, ahfienes wasegstaally shet dpped Ei8taat boT0 Rt weardiapts ke EANtsubstrate
t hi cknesses and oxygen concentrations for predeterm ned |ight em ssion
areal) i n by fpirghg therr-elestrededeam e dightrieBertivds matetehar woplagope dih nanel y usi ng

oo SR S L ALLALDG, UL ges A dongii Red ooy 11 Lhe
and t her ef@tig:toRgs SHYBEMNNE ABCRBLER h oML Slgnkhicantd y Rihegts the
resistivity and the |ight transittance is particularly inportant.
introducing Ag, Al or Rh reflective film into the p-electrode itself or between the p-
electrode and conductive adhesive, the light emission output was further increased.
15 Further, as Inventive Example V, by forming the N-surface of the GaN substrate and the
end face as non-mirror surfaces, the light emission output could be further increased.
Although the degree of effects can not be flatly described because when the light
emission wavelength is changed the reflectivity of the Ag layer or Al layer and the
absorption index of the Ni layer are changed, the effects may be obtained for any
20 wavelength.  Also, instead of Rh, an element with an equivalent or more work function-
and an equivalent or more reflectivity may be employed to achieve equivalent or more
effects.
Ninth Embodiment
In a ninth embodiment of the present invention, the relation between the oxygen
25 concentration and resistivity of the GaN substrate and the light transmittance was
grasped. It is characterized in that based on the relation, there was established the

relation between optimal GaN substrate thicknesses and oxygen concentrations for

predetermined light emission areas, in a light emitting device which was p-down-
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5 Fig. 37 is an illustration show ng the influence of the oxygen
“concentration on the resistivity of the GaN substrate. According to Fig.
37, resistivities equal to or lower than 0.5 9.cmmay be realized by
~setting the oxygen concentration to 1E17/cn8 or higher. Fig. 38 is an
illustration showi ng the influence of the oxygen concentration on the
transmttance for light with a wavel ength of 450 nmin the case of a -GN 10
substrate of 400 km Fromthe sane figure, it can be seen that when the
oxygen concentration exceeds 2E19/cnB, the transmttance for light with a
wavel ength of 450 nmdrastically decreases. Fron1Figs 37 and 38,

i ncreasi ng_t he ox n _conc ation is ctive in.decr

resi stivi 1%9/ ud’? dl?ﬂgrg%%lﬁs@aﬁec? ﬁﬁt& a\?\/lﬂ?]eel hﬁ&m{tH%D PTG g‘ﬁla ?Raﬁ.‘sur face,
but decr eapgse, ih@iclda@his ﬁ&@s%—@ﬂ&uhﬁﬂg%e il erianhe sur‘f'&\élxst PSRN bLiRirdR oxygen
concentration, the GaN substrate thickness and tThe light emtting plan

surface sing eheméfoee t@aNxmnfcaoeemedn mhich slgnglventgnaffecisrge deistiviey dolwhenount ed

is S|gn|f|1 %ﬁf? .irhp%ortant B’ 3 9 is an illustration showing the results
of determ'$ Hf TRRANCR S BATUHLAGUFBGTEN and the plan surface sizes of |anps

~in which currens n F]faﬁ’ﬁmﬁfat (Jnos%wd[g} E‘lﬂﬂeﬁééeof oerd DoNBhGaii AP cat ed

from GaN substrates having var nesses and oXygen concentrations in
I nventi ve thExauplietyfof (W GraNrﬁssnmé t Acddiding t@Rilg. BUtrpeistR/itdds etjhedt tbaaps, the
| arger the thickness and al so the higher the oxygen concentration, the |ower
the |ight lowerthar 0.5 s may tbh rfpﬂé@@fbbﬁt settfmgﬂheomanrmmqﬂt@hogmﬂéwcxgu ze in

whi ch current flo th ar thw ness and al so.t he hi gher
the oxyger’ CHI&Ent 1ialtfgnlf‘i anflﬁié%%%oﬂ sjﬁoazér}gg t?lﬁé’d;‘}fa&‘f‘? %tﬁ § 30=°8 |C91écen§\ U5t di nggt 0
Fig. 39, whehe hti#qrszﬁrﬂe?fyrrlf@l@%ﬂ@' aZ@averbn‘MH &MS@WHE ﬁﬂhe Eéé@"éﬁ‘a eI\ Or mMy is to

be a square with a side [ engt h of mm (a side length of 5 nm, for
exanfl e, isoboratieof 409 bt aFronatel @i‘mre fxguteputcambe drauhatBviad/ibe oxypree Wit h t he
size of -46 Inventive Exanple A and an applied current of 20 mA the oxygen

‘concent r atqoéﬁnﬁféyo%éxce%?tf’ﬁ 1§/ &g uhe W@S@ﬁta@%@ﬁé‘gh&‘ﬁ%a@ﬁl@%ﬁh of450a GaN
substr at €n @Iﬂst‘?cahg 'dg%?gg%%? hoftrf)nglgos 37(21%8 I‘bl%l mEr%asmo ﬁne o%srggn ctorﬂ@?ntgagl%gl CnB f or

a square Wi a Si i) 'to ensure a °
more W th difeeislia @e@%aélﬁbvﬁietrés\/s@lvﬁj%@m%@aﬁq ﬂb@trat@@n@-mdnﬂ@ the light
emitting surface, but decreases the light transmittance. Therefore, how to set the
15 oxygen concentration, the GaN substrate thickness and the light emitting plan surface
size of a GaN surface used in a light emitting device down-mounted is significantly
important.
Fig. 39 is an illustration showing the results of determination of the light outputs
and the plan surface sizes of lamps in which currents uniformly flows, wherein the lamps
20 were fabricated from GaN substrates having varying thicknesses and oxygen
concentrations in Inventive Example A.  With respect to the light outputs of the lamps,
the larger the thickness and also the higher the oxygen concentration, the lower the light

output. Also, with respect to the maximum plan surface size in which current flows

uniformly, the larger the thickness and also the higher the oxygen concentration, the

O
Ut

larger the plan surface size.
According to Fig. 39, when the plan surface size in which current flows
uniformly is to be a square with a side length of 4 mm (a side length of 5 mm), for

example, in order to obtain a light output of about 8 mW or more with the size of
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5 current of 20 mA, and al so achieve uniformlight em ssion, Nanely, when
the current density is made consistent with the applied current of 20 mA
for the size of Inventive Exanple A having a square shape with a side

|l ength of 300 ;um it corresponds to an applied current of 3.6 A (5.6A) for
a square with a side length of 4 mm (a side length of 5nm and therefore by
applying 3.6A (5.6A), a light output of 1.4 W(2.3 W or nore 10 may be
ensured in proportion to the applied current and uniformlight em ssion may
be achieved. Also, for a GaN substrate with a thickness of 400 .tm and for
the sane target performance as the aforenentioned thickness 200 um the
oxygen concentration may be set to 3E18/cnB or nore for a square with a

si de | engt : ARl : : 5 i i gth of
e G s e R A e A S G

concent r atseoid dquslito e giaterttBansl 1BV rZEdO4 GalN substedtaeithtadxhdRheks Bf 200 Likght
out put of about 8 mWor more with the size of Inventive Exanple A when
appl yi ng Zequaii® orgreathethan BH18/ha” Eagesqotreavidanside bngthaafe mi) o antuné ekness of

600m the limt 20 val f the. trati i ch the Iight
output o B R ot TR I Rt e BBy (he  ©
appl izd cubkehtofol BR, A dis LBleVe ShifeHht light Rh@IRh. NARIZ whe LR Giinhi ch

causes currents to flowuniformy in a square area wth a side length of 4
mm  Ther efdsngty it nede comsisoanlt withghe applios pgeented 30 enA fat thesize afiwemttiech
satisfies the aforenmenti oned two conditions. On the other hand, the oxygen
25 concentFRIPE MAYIES 2 Sauas e shapg vy 9d¢ sngthew3QRiN g frespenrdséo 8fuar e ar ea

wth 2 st deplengtd ofy 8 a8 b APRUL AEARIB AR, NPT SLAT L DR Sy gen

concentration perm SSi onmes sli arger as conpared with a
squar e W t3mm) &idd@erefngb a@ilyidg BTHA FUBA T @NligheeaptdbMigs 0 (X3 §V) &Smoten the
case where the thickness of the Ga' NN -47 substrate is in the range of 200
um t ¥ 400 p#y be gvepred imprpstifon;te itkeanplied eurgent exy yeifornclight emissianinegy be

per m ssi bl eprange whi ch enables flowing currents uniformy through a square
with a sid& 1Iekéength of 10 mm and obtai ning an output of about 8 mWor nore

Wi th the size ofjsd 16r 4 BYSNLbYEENANT 181k 84 6P RhYINAGo2Bie Wine tigiihe case of

a
performance as the aforementioned thickness 200 um, the oxygen concentration may be

set to 3E18/cm’ or more for a square with a side length of 4 mm (4E18/cm’ or more for

15 a square with a side length of 5 mm). However, in the case of a thickness of 400 pm,
the oxygen concentration must be set to below 2E19/cm’ in order to obtain an light
output of about 8 mW or more with the size of Inventive Example A when applying 20
mA.

Further, in the case of a GaN substrate with a thickness of 600 pum, the limit

20 value of the oxygen concentration which causes the light output to be 8 mW or more for
the size of Inventive Example A and the applied current of 20 mA is only slightly higher
than 2.5 E18/cm’ which causes currents to flow uniformly in a square area with a side
length of 4 mm. Therefore, there is only narrow oxygen concentration range which
satisfies the aforementioned two conditions. On the other hand, the oxygen

25 concentration which causes currents to flow uniformly in the square area with a side
length of 3 mm is about 2E18/cm’ and therefore the oxygen concentration permissible
range becomes slightly larger as compared with a square with a side length of 4 mm.

Further, according to Fig. 39, in the case where the thickness of the GaN
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5 thickness of 200 m this nmay be enabl ed by oxygen concentrations equal to
or greater than 2E19/cnB. Also, for a thickness of 400 m this nay be
enabl ed by oxygen concentrations equal to or greater than 8E18/cnB. Next,
~concrete enbodi ments will be described. In the enbodinents, the follow ng
test sanples were enployed. 10 (Inventive Exanple S1) A GaN substrate with a
t hi ckness of 400 m whi ch had been n-typed with an oxygen concentration of
1E19/cm . The resistivity of this GaN substrate was 0.00; U9cm and the
transmttance for light with a wavel ength of 450 nm was 72% When
constructing a light emtting device using the aforenenti oned GaN

substrate, the orthons otEer than t he af orenenti ned re in the same

condi t i onsubsEateHm the ragge ohgRAHMAE 480 Armp tRera IS gigntly! F’r@e[ﬂxé{&f"%urface si ze
of the Ga'é'or?clégt?% Lo%;o rﬁﬁ%ﬁbﬁ% &)ﬁ %&% estﬂ%?vu{o r%enfs)rﬂrﬁf%hﬁ% tﬁr%r g%e had a

square sha

enbodi ﬁentsﬁuarc{&ah a B 1émdth @N@&Iﬂ@mmhﬁmggﬂ%hf;ﬂ%f beu%&animﬂreon the Ga
surface, which was a first main surface, of the GaN substrate by MOCVD. This

“had a Iggﬂ\n@tfﬁée @m@ﬁtﬁmﬁmweohvaﬁxqr@p SA- \dque@d | piyut?/%imeaNIh@l}eeqaﬁaog ?Opﬁd
n-type N 1la ad |ayer/1VI consi sting of three
| ayer’s ea ﬁlkﬁ‘@f% 2(95 F’a’{ntt may, %ﬁege;\)éf”l%ﬁ?f’ |C8?FCBH%¥QS§QH31 1ép oa C%R‘Fr | ayer and
~an Inc.ib5 I yen/an ng a clad
| ayer/ an %‘%ﬁg T t)%% E%N% tgic es“& 4?%@%ara i Med&% of‘yi?rl A GaN

SUbStratecMUeﬁth\athﬂ@ equdl hb ekBester ofand®q swm®. and had been n-typed with an
oxygen concentration of 5E19/cnB was enployed. The 25 resistivity of the

GaN substrate West, Go002te@atodanahts Wil ter rheﬂt ahctde embodimghts, et h a
wavel engtb. pf 450 nmwas 35% The conditions other than the aforenentioned
condi t i ondO{REFRE PRl aThis AL EWBLYEGf | nventive Exanple SI. (Conparative

Exanpl e T2) A gﬁ%ﬁ%% & 9 £ B.Rady ritzééwghrletﬁﬁk@ssép ?%m éﬁcxﬁﬂgd had been

n-typed with an oxygen concentration o was enpl o

resi sti vi tyemod-tytphil svitGaiN siyhat caicentvaion bf QEQenr anthd heistivignsithistGadNee f or
light wth a wavelength of 450 nmwas 90% The conditions other than the
af or ement iseriédte woitP i Pnemwad éhe tianssdiracaoriigbbwith e wavelengtned 48R ampl e S 1.

was 72%. When constructing a light emitting device using the aforementioned GaN
substrate, the portions other than the aforementioned were in the same conditions as that

15 of Inventive Example A. Namely, the plan surface size of the GaN substrate was set
such that the light emitting surface had a square shape with a side length of 0.3 mm (see
(al) in the first embodiment). (a2) The following laminate construction was formed on
the Ga surface, which was a first main surface, of the GaN substrate by MOCVD. This
had a laminate construction of (a Si-doped n-type GaN layer/a Si-doped n-type

20 Alp2GaggN layer being a clad layer/MQW consisting of three layers each being of a two-
layers construction comprised of a GaN layer and an Ing 15Gag gsN layer/an Mg-doped p-
type Alp2Gag sIN layer being a clad layer/an Mg-doped p-type GaN layer).

(Comparative Example T1) A GaN substrate which had a thickness of 400 um

and had been n-typed with an oxygen concentration of 5E19/cm’ was employed. The

25 resistivity of the GalN substrate was 0.002 (ecm and the transmittance for light with a
wavelength of 450 nm was 35%. The conditions other than the aforementioned
conditions were the same as those of Inventive Example S1.

(Comparative Example T2) A GaN substrate which had a thickness of 400 um
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5 (Experinments and Results) P-down nounted |light emtting devices of the

af orenenti oned test sanples were constructed and a current of 20 mA was
applied to them Inventive Exanple Si generated a |ight output of S nW On
‘the other hand, Conparative Exanples Ti generated only 4 mWand Conparative
Exanpl e T2 generated a light output of only 5 10 mMN It maybe said that the
| i ght output of 4 nWof Conparative Exanple Ti was an output comrensurate
with the transmttance of the GaNl substrate. The state of |ight em ssion
at the second main surface side of the GaN substrate, which was the |ight
emtting surface, of Conparative Exanple T2 was observed, and as a result,
light em_,ssi i.ntensity. . diff Lt hi f . Nanel y,
the |1 gnt To"anr SBrERBH FifahoRh ERCERcHRatol O PELALE B LRI o ode ani

the |ight resBtisB) eNthid GLERSHstMtedR @St D Chlchyardass aasesltwhdelfot et @agi 19 di st ance
fromthe n-electrode. This was because currents flow ng thorough the

n- el ect r odevdiengthof 48U funi wisdhy Eipr eaditwnt hiher thie theafofearatiofied he | i ght
em tting devi.ce because of the large resistivity of the GaN substrate.
ThereforeFOP%ﬁﬂﬁs%ﬂ?é@?%ﬁ“ﬁ@éUFFéé%®ﬁvaééﬁﬁﬁﬂeéﬁe p- el ectrode where

currepts 3%x&9ﬁ&ﬁ&%&ﬁﬁ&§umﬁs aresult, the light em ssion output fromthe

entire light emtting evice of Conparative Exanple T2 was | ower than that

. of Inventive BEPadphemBunted Tight dniftingaidivizenss Ae bivnéherivhod tasesiinpdds wére present
invention is characterized in that the density of dislocation bundle in the
GaN subst rCapEUstedAng adsIhfUAN Bd Wasgrplieshiottherag Hegniée FrampdsStestricted to

| nor ease LRl INtaBURRNLe ol e R e G SURSBERL S el ptdr To Hprove

t he crystéﬁ i ni areas of rate, i'ons which

unavoi dablgéngefenalyel ane a6P06RPhMhalEExaNle 4 Hefsatedanight pethesSoBdfy 5
distributed discretely to increase the cystallinity of nobst areas

t herEbet weel. i At mAebcsad dubtherigheoutpyt dfasmWiof GempaprivyErentiall 1svasee t he
&GN substrate is

N subst e sophaced ot Are LLoht, e itian sle o anp dosey ount o
oot o mapdoa v Loyl shasia an o eptenghiynpludSpl il iiten 1§ L)
ext ent beyontling stifae] eiComparative Example T2 was observed, and as a result, light
emission intensity differences were found within the surface. Namely, the light
15 emission intensity was extremely high around the n-electrode and the light emission
intensity drastically decreased with increasing distance from the n-electrode.  This was
because currents flowing thorough the n-electrode did not sufficiently spread within the
surface of the light emitting device because of the large resistivity of the GaN substrate.
Therefore, light emission occurred only around the p-electrode where currents
20 concentrated.  As a result, the light emission output from the entire light emitting
device of Comparative Example T2 was lower than that of Inventive Example S1.
Tenth Embodiment
A tenth embodiment of the present invention is characterized in that the density
of dislocation bundle in the GaN substrate of a p-down-mounted light emitting device is
25 restricted to increase the light output. In forming the GaN substrate, in order to
improve the crystallinity of most areas of the GaN substrate, dislocations which

unavoidably generate are concentrated and dislocation bundles are distributed discretely

to increase the cystallinity of most areas therebetween in the GaN substrate. It has
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5 Dislocation bundles in the GaN substrate as aforenentioned are transferred
to p- type GaN layer 6 which is an epitaxial filmand appear on the

epitaxial |ayer as bundles 61, as illustrated in Fig. 40. Therefore, the
dislocation bundles density substantially corresponds to the bundle
density. These bundl es 61 are hol e-shaped recesses as illustrated in Fig.

41 depending on the filmformng condition of the epitaxial film The 10
density of hol e-shaped recesses drastically affects the fabrication yield,
in the case of p- down-nmounted |ight emtting devices including a GaN
substrate as the emtting surface. The enployed test sanples were as
follows. (Inventive Exanple S2) A GaNT substrate. in which there is a single
di sl ocat i AFChARYFEDapEncethg radf subsimate splagedat %@dlgﬁlﬁ@aﬁt%@?%@@ W&8V8npl oyed.
This corr : di shqeat i Sl 1y ..of (= of her conditions
are the sgﬁn@%g%%{%‘gggng ° ﬁ%%niﬁ@%gﬁgg%%?gggcﬁt?m%fl éoggrr%gg% C|lsv2£e Exanple T3) As
t he conparpéder@m@¢anBiug (a dislaNi SR EeAeBsityoMH G dmT) NBER itivall ighiffoahts, ,

di sl ocation bundle per area of 10 um x 10 um on average was enployed. This
20 corr espdiadshe Gbrcationlyoaddof bght denising dedtesitE@hemEnt Myendestamatedndi ti ons are

plurai ity of | IECRRPCEIIG: BU0F L Ve bhuprITRE T R PAYSFELLE | ve
a1

~above Ga £8 v@:ﬁbhﬂ@aﬁ@%ik@eﬁal an‘?%&%ﬂp@&r &?‘ﬁiesep_itédﬁ%}fe?% bifdid0 M was
applied to'the 25 respective test sanples and the yield of light emtting

devi ces cdpald dusfatgendiatdOng Theghire ot distsatguialndles densityisgheanttaign 8 mV was
determ ned. As a resul % the yield was 95% in the case of Inventive Exanple
S2 and t heoyeEgdnksths 0ungla detty c ad aessPuEthal atcihpde-shaRatiRcesT325 Nanel vy,

when the dj %'ugfe?ti.ix?&. QPBQrLe%ngg%ﬁf &Y il fo%&é?go%okggﬁ:ﬁed\;g@éﬁépﬁ%&gg%@5?1;1he452/ cne,

yields whic ows ~act ual ricatfion nma _ _ t'he _
di sl owat i arnéitynsihelcddapdd wcexeradsichiteafflomae Gonghfion yitlt, iBekOp®RSs of ppossi bl e
to actuall fabricate light emtting devices continuously on a commrerci al

basis. Li nempentehiehd evilitieg dancestindeding abialNcsybabiie apthegemitingtsungea | i ght
output of 8 The employed test samples were as follows.
(Inventive Example S2)
A GaN substrate in which there is a single dislocation bundles per area of 500
15 pm x 500 um on average was employed. This corresponds to a dislocation density of
4E2/cm®  The other conditions are the same as those of Inventive Example S1.
(Comparative Example T3)
As the comparative example, a GaN- substrate in which there is a single
dislocation bundle per area of 10 um x 10 um on average was employed. This
20 * corresponds to a dislocation density of 1E6/cm®.  The other conditions are the same as
those of Inventive Example S2.
(Experiments and Results)
A plurality of light emitting devices were constructed from the respective above
GaN substrates on an actual production basis. A current of 20 mA was applied to the
25 respective test samples and the yield of light emitting devices capable of generating light
outputs equal to or higher than 8 mW was determined. = As a result, the yield was 95%

in the case of Inventive Example S2 and the yield was 50% in the case of Comparative

Example T3. Namely, when the dislocation bundle density is equal to or lower than
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5 mV were disassenbl ed and the chip were taken out therefrom and inspected.
The electrodes were renoved fromthe chips taken out by using a proper acid
solution and the chips were inspected fromthe p-type sem conductor | ayer

side. As aresult, there were observed a plurality of exanples in which the

epitaxial layer was not forned in the area of the GaN substrate where

di sl ocation bundles distributed. In the areas where 10 di sl ocati on bundl es
di stributed, hol e-shaped recesses with dianmeters of about 1m were observed
The above hol e-shaped recesses were not found in light emtting devices
capabl e of generating | i ght outputs equal to or higher than 8 mW Furt her,

in the ste oares to the fabrication step 7) I nventive Exanple
Aof the 2 AP RSEIONS BEHF A 20 S A AL p| FELN 6" (He 15

af orenent iq ggﬁg ting
devi ces .ﬁ@fg%§ﬁgh§ ovegﬁf?“%gﬁgg% p@%@ﬁ% Sﬁagég&%lﬁmggﬂ%gh% &Hl V. This
i S becausedaliricete lighyefistingnddvites porin@ctisipdea sbaecadial bukie | ayers in the

n-el ectrode side were electrically short-circuited since hol e-shaped
recesses vere é%e&ae@nevidmcqswémemeféterr@aéapaéhopf@@neratme@ughﬁ qtlmwtéﬁ@s di d not

spread thrauaD iR, ASHLIE hENRT A ALLCLE0: BIHALE, Sl clir r oLs 20 vere

not supplie resu FoweT ent Sodi ment  An

el eventh em@ﬁsdaanére réméxRaramh alel hal thlfbntd&@by aflnga pydRr AbiGablubuh heq | ayer
and an n-type GaN buffer |ayer are placed between the GaN substrate and the

n-type AltiGadhigd \aereIlrasyeqtedsfromrthgenemmermemldgctuoataesr hdve Avar rage therd GaN

substrates hav parti cul e e. refore,

Subst 1 at o M PRECSFRGget el Ay ey B ke i Semaot Beded I e sur f ace,
as illustrat.ed hdGENGubdate Fhte d%zoda*'Jo“ﬁitrrda‘lseﬁ'itﬁﬂ_ﬁe@xelrﬁprh@'éﬁéa?&/hgﬂgg
distribution with respect to the c-plane of GaN substrate o mm x 20
mm Mhen aisl@ptid@Biailesfdidtributed, fhotasdpedreetssss ©alNdiatesdrs af hoand (inhemrd he - 51
GaN substrate is divided into light emtting devices and then the |ight

out puts are@serdest et At peaye hPF?eSWaP@CﬁItCCeW% wrﬁgloa@nnéén fghtpaditiag devieesar ea R

F: S(h'?deﬁ‘lt tl gPaCD(PJ dfeeén grgg %\{I r&g%u%% ?fﬁ‘l ar Oe%rc}1 haV| ng{xéol g?geegﬂ 22& ehgf 1.5
I evel can not gmp@eaiethk |s@btcoﬂ'é§®4hﬁ§1g(lf) tie AWVi&kion step (a7) of Inventive
Example A of the first embodiment, a current of 20 mA was applied to the
15 aforementioned test samples. The driving voltages of the light emitting devices
including above hole-shaped recesses were all lower than 1 V. This 1s because the
layers in the p-electrode side and the layers in the n-electrode side were electrically
short-circuited since hole-shaped recesses were embedded with the electrode, and as a
result currents did not spread through the active layer and sufficient amounts of currents
20 were not supplied, which resulted in lower light output.
Eleventh Embodiment
An eleventh embodiment is characterized in that an n-type AlGaN buffer layer

and an n-type GaN buffer layer are placed between the GaN substrate and the n-type

AlGaN clad layer 3. In general, substrates have warpage and GaN substrates have

o
(@

particularly large warpage. Therefore, in a GaN substrate, the off angle significantly
varies within the substrate surface, as illustrated in Fig. 42. Fig. 42 illustrates an
exemplary off-angle distribution with respect to the c-plane of a GaN substrate of 20

mm x 20 mm. When an epitaxial film is formed on this GaN substrate and then the
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5 higher for an applied current of 20 mA. This is due to that the
crystallinity of the epitaxial filmfornmed on the GaN substrate is not

hi gh. Therefore, as illustrated in Fig. 43, by placing an n-type Al GaNT

. buffer layer 31 having a lattice constant which is mddle of those of GaN
substrate I and AlGaN clad [ ayer 3 between both the layers, the difference
of lattice constant was alleviated. Mire specifically, it is characterized
in 10 that n-type AlGaN buffer layer 3 is placed at the aforenentioned

pl ace. The follow ng test sanples were enployed. (Inventive Exanple S3) In
the GaN substrate enployed, as illustrated in Fig. 42, in the surface of 20

M X 120 TN L ALE ARALE 0 T SRARELL0.L IR eplRngpconbLupuel Y varied

froman area an'o e 0 0 an af ea~w an oeff-angle of

1.5. Thi s deab¥hinstihgt higttentit@g deties Fertied iat }he@fealR Dplated &M coandligliocat i on
density of | E7/cnZ, and a thickness of 400 m By using the GaN substrate

havi ng an hatihg amghell dif'snglelod 0i0SH leviel gt the higlittemyindeleivice Sormed et tifeadsed cat ed
fromrespective positions of the above substrate of 20 nm X20 nm accordi ng

to the fabYitneonlaseodleangdsol Py leve) cen 1ah geserat e ORIt EVE OA of t he
first: 20 } t, A hi s td as 4t l. rat in Figq 43, ~an
Al o. i%Gao%%d%)g? E élppl egyclialpje tac\)/#i ir?SmAa tTI ﬁlls’cl)g?]%esté) tggt %8 CW%%\R%gyﬁlfgéeed bet ween

GaN subst regit&xidl fitid dorfreldyReh&SaiNBbEtedte IR high?. ThERRa! Atillkerakdanpige T4) A
GaN substrate in which in the surface of 20 nmx 20 mmthe off-angle with

25 respect43t by plaeing aphdyee SN bufbarddyer Yhhaeng 4 aonsearonspetawhich ks middef f - angl e
of 0.05 to.an ar wWith an off - I f 1.5 was I d. This GaN
substrate Cﬁ@?fs& 0?@31\‘599{3%%1 3?5 Aé)(c}%g C%.dg?ﬁer 3%87‘%6]682’5&! @%?ﬁéﬁs gley of 1E7/cn2,
and a thi cknes el 1A0Q BastAnik s Alelbied. Ohidrk SR L RYndevbaes: wer e
fabricated fromrespective positions, according to tthe -52 fabrication

pr ocHkses thalnytypo A{GIN byffoflajendenplaveal Exbopbennobnddydade r st enbodi ment. In

Conpar ati ve EXx le T4, an n-t %e GaN I:f\yer was formed in contact with GaN
substrate 1 and grfolgvang sehsp BEErBPI95der was not pl aced between the GaN

substrat e (1 RBthifNEaRiplyPH GaN buffer |ayer.

In the GaN substrate employed, as illustrated in Fig. 42, in the surface of 20 mm
x 20 mm, the off-angle with respect to the c-plane continuously varied from an area with
15 anoff-angle of 0.05° to an area with an off-angle of 1.5°.  This GaN substrate had a
resistivity of 0.01 Qecm, a dislocation density of 1E7/cm?, and a thickness of 400 pm.

. By using the GaN substrate having an oftf-angle distribution, light emitting devices were
fabricated from respective positions of the above substrate of 20 mm X 20 mm,
according to the fabrication processes (al) to (ai 1) of Inventive Example A of the first

20 embodiment. At this time, as illustrated in Fig. 43, an Aly15Gag ssN buffer layer having
a thickness of 50 nm was placed between GaN substrate 1 and n-type GaN buffer layer
2.
(Comparative Example T4)
A:GaN substrate in which in the surface of 20 mm x 20 mm the off-angle with
25 respect to the c-plane continuously varied from an area with an off-angle of 0.05° to an
area with an off-angle of 1.5° was employed. This GaN substrate had a resistivity of
0.01 Qecm, a dislocation density of 1E7/cm’, and a thickness of 400 um. A plurality

of light emitting devices were fabricated from respective positions, according to the
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5 (Experinments and Results) Wen a current of 20 mA was applied to the |ight
emtting devices, Inventive Exanple S3 generated |ight outputs equal to or
hi gher than 8 mWat the areas of 0.05 to 1.5 including the aforenentioned
~areas R, R2 (see Fig. 44). However, in Conparative Exanple T4, only the
light emtting devices forned at the areas with an 10 off-angles of 0.1 to
1.0 generated light outputs equal to or higher than 8 nW At the areas wth
of -angle levels of 0.05 and t.5, the light outputs were |ower than 8 nW
This is because even though a GaN substrate in which the off angle
significantly varies is enployed, an epitaxial |ayer having an excell ent

crystallipit: r j . 1S .er | ayer as
describedﬂ%%%%g§%§§%€%§#%§q9ggwﬁ3%ﬁﬁkggwéggﬁgﬁé%lﬁgggégbéﬁg%gﬁleEﬁgodinent
(2) An el eygpifiticeBeahile Y, (2)-tife GE IQELFRNMorinBY BNEdn@dtt Wth@hav acteri zed in
that by placing an n-type Al GN buffer |layer and an n-type GNT buffer

| ayer bet subsiate HeandaN Alsubet ssMtbefanldyer-waspet plaGa\bativaeh thayeN Sibstiatice- shaped
recesses il strateg_#gﬁé%a 41, 20 which are formed when the epitaxial film
i s formed®¥narsyecHet [¥fe areas in the GaN substrate as the tenth

enbodi men Befik il R (I'nventive Exanple S2-2) A GaN substrate wth a
di anet er g?qgﬁﬁﬁcﬁaﬁ% mﬁ?§% there is a single dislocation bundle per area

~of 10 um x 10 Whenasuerp] of2dnAsidx dppliddytotthe Cotitpatiaing \devikssampleative3. 25 This
corresponds to a dislocation density of 1E6/cn2. As illustrated in Fig. 43,
an A10. 1sExtnps N3 gndrated ligheputpits kqeal thpekigberghot 8 BOV nhihaaseasloaddd*bet ween

same as t Hobs: b MHraht rAPEeBtant we @l ntcer sor oA S SRl Rosul 1 &) AT ter
form ng t bgn@RiatidX ERAmpIRYRN onll ke WA BMitBHE hAGE:sFErd¥t: BRI LaXI B hayer si de
was observed by a differential interference mcroscope and a SEM (scanni ng
el edOr on offiangles oHPe) to AS° geteestad tighti dutpaseias er wreldglidhattantdheMé wastheo
hol e- shape recess as
- areas with off-angle levels of 0.05° and 1.5°, the light outputs were lower than 8 mW.
This is because even though a GaN substrate in which the off angle significantly
varies is employed, an epitaxial layer having an excellent crystallinity may be formed by
placing an Alg ;5Gag gsN buffer layer as described above, according to Inventive Example
15 S3.
Eleventh Embodiment (2)
‘An eleventh embodiment (2) of the present invention is characterized in that by
* placing an n-type AlGaN buffer layer and an n-type GaN buffer layer between the GaN
substrate and n-type AlGaN clad layer 3, hole-shaped recesses illustrated in Fig. 41,
20 which are formed when the epitaxial film is formed on dislocation bundle areas in the
GaN substrate as the tenth embodiment, are eliminated.
(Inventive Example S2-2)
A GaN substrate with a diameter of 2 inch in which there is a single dislocation
bundle per area of 10 um x 10 um was employed, similarly to Comparative Example T3.
25 This corresponds to a dislocation density of 1E6/cm®.  As illustrated in Fig. 43, an
Alp.1sGag gsN buffer layer with a thickness of 50 nm was placed between GaN substrate 1

and n-type buffer layer 2. The other conditions were the same as those of Inventive

Example S2.



S5 illustrated in Fig. 41. An edge of about 5 mmwas renoved fromthe
perineter of the GaN substrate with a dianmeter of 2 inch, and the remaining

GaN substrate was all constructed into light emtting devices. Light
emtting devices were taken out with a ratio of one out of 50 |ight
emtting devices and a current of 20 mA was applied to the Ilight emtting

devices. The yield of light emtting devices capable of generating a |light
10 output of equal to or higher than 3 niWwas determ ned. This result was a
yield of 100% It is considered that when fabricating nore devices an yield
which is below 100% because of other fabrication factors than hol e-shape
recess ang near 1 0% ?% lg achi eved. However, fromthe above yield test
result fo E)sg%eanberq Sha(51|d R %e recesses, a yield of 100% which is

specifical 'y degid #ftheng msepgmlanmd thelaaE%quatda aEMtaﬁQmaﬁrtsmws

enbodi ment is characterized in that a p-type Al GaN | ayer having an

i ncr eased abesrderclyi o diffgrengalphtadectncumsirakeopd aﬂ‘qQ/\&EM (sypmindldBaiionl ad | ayer
5/p-type GaN layer 6 and an Ag el ectrode | ayer havi ng a high reflectivity
is placed r’@ﬁ”ﬁ‘l‘?@ebnt“ﬁ% %re%]&rlf é’ééog%?“teﬁéheﬁ 1478 ¢¥as GACICTHRP TGRS, 25t here is no

ot hers et . glegty prlespr oKl 08ck {20 ERRFIACLALIAN Bl ALK hunGLEgR. T s

const I’ uction has a vt om an erefore

l'i ght absakaN budstrive mﬁﬂn af\@uﬂnétesa@w inchNardRBe €%EnifE GASI fugsteitb s aliet al
el ectrodes may be reduced and |ight emni ssion ef fici ency may be increased.

The test ﬁﬁ%ﬂ@@dmwloééemmmga@@/w%( | hl\gémmwten@@/ms eestakereeutPyigh a45)) 25
Slmlarlyt ventlv thefollovmn te con cLion was
fabri cat ed? tb?‘lo gaﬁalgpemmmdﬁwc%s andg gt Eﬁﬁga@g* Mo apgﬁék? bstrate.
, MOV 4 i Marsogeig rf?r‘de)&p@s Ahr%gyanaw ib 1 \eittiag el ings caao%l@@f bayedinkMirieped p-
type GaN | ayer 6/ an Ma do | ayer "32 with a thi ¢kness-of 5 nm 54
The Hbove duamt nﬁﬁ@atm]@tmglmﬁrlthﬁm SvadV shadeetreined edlinrashiatvas & yieddofy- doped

InGaNIay tha 5 nmin contact w.t dope type GaNT
| ayer 6 §‘b iCPRs! fﬂﬂf ﬁ%w F%éb%ﬁﬁlf’éorﬁd%&%%% ﬂagt‘%@%hﬁégﬂwgt
enbodi ”Entm@% Mcélﬁ%)of%hﬁi:Hb?ig&ldr@fx&&s"%ﬂ% ERERL S RcRE LS $HER hA/Be the

process step of
- achieved. However, from the above yield test result focused on hole-shape recesses, a

yield of 100%, which is specifically desirable, was obtained.
15 Twelfth Embodiment
A twelfth embodiment is characterized in that a p-type AlGaN layer having an
increased conductivity is placed outside of MQW4/p-type AlGaN clad layer 5/p-type
GaN layer 6 and an Ag electrode layer having a high reflectivity is placed on the entire
surface as the p-electrode. Therefore, there is no other metal electrode provided in
20 consideration of work function. This construction has a high reflectivity at the down-
side bottom, and therefore light absorption which would occur in the case of using other
metal electrodes may be reduced and light emission efficiency may be increased.
The test samples were as follows.

(Inventive Example S4 (see Fig. 45))

[N]
ot

Similarly to Inventive Example A, the following laminate construction was
- fabricated on the Ga surface, which is a first surface, of a GaN substrate.
/MQW 4 /Mg-doped p-type Aly,GagsN layer 5 being a clad layer /Mg-doped p-
type GaN layer 6/ an Mg-doped InGaN layer 32 with a thickness of 5 nm/
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5 perfornmed and instead of this an Ag el ectrode layer 33 with a thickness of
100 nmwas forned. (Conparative Exanple T5) In the construction of

I nventive Exanple A of the first enmbodinent, an Ag electrode layer with a

t hi ckness of 100 nmwas fornmed in contact with the Ni/Au 10 el ectrode

| ayer. (Experinments and Results) In Inventive Exanple 54, there was p-type
InGaN | ayer 32 in contact with p- type GaN | ayer 6, and therefore the
acceptor level was low. Therefore, the carrier concentration increased and
even though Ag reflective film 33 having a work function 15 which was not
significantly large was placed in contact wwth p-type InGN |ayer 32 as the
p-el ectrode, the contact resistance between Ag reflective film 33 and p-type

InGaN | ayer 3%h9iagoJ&quflgl%féo%fsﬁﬂ;[xﬁg)inrvi/a‘é%ﬂ&rla&eh%(ﬂi‘ﬂ'tg@%rﬂdg%o@@s made

between the driving voltage o Ight emtting device of |nventive
Exanpl e S4n@aid layke3 Dwititiangickedst af e noafin cofect wighMeedd pedi prgpel SuiNcley 6.
Conparative Exanple T5. The difference therebetween 20 was | ower than 0.05 V
and si eni filCanthilginngenive &gy noacesding o theiisptameodmmempn gy generat ed an

| i ght out 11, en_a_curren 20 mA was ied, while
~ Conpar ati @%?Eg%%ﬁ%é%%egfﬁt% é%geés.r %egnﬁ B’Iﬂrlﬁlgrr?tcles\/s\gsl?ep&afg J] | e A Oéener ated 8
nW As pr @Eﬂf@r@ﬁédﬁnd@@@éaldbﬁdhis hﬂ}A%@éch@d&l@E‘ijﬁwﬁﬂ aQRIRAAS st haher |1 ght
out put 25 because light traveling fromthe light emtting layer to the

- p-sem conderstedr | ayers side was reflected at the Ag layer with a
reflectivi {;% of t880/}%si nce kﬂere was no Ni/Au electrode |ayer and the |ight
was not absBPREATEESMAE FAL el ectrode layer. On the other hand, in

Conpar ative Exaile&oh@rudiBg ofinghtivefkRehd Xi dithdirst @ﬁb@c}iﬁkﬁ?aﬁ ade |ayer -55
was: the absorption of 70% x N /Au X the reflectivity of Ag’ x the

r e- absor pteleommodd lay@!withma ddnasxb @8 nimowas Asmad mesuktdct with thaWgALi ve Exanpl e
S4, the Iight out put derived to the outside was 1.2 tine that of
Cor’rp]epr at | FECERSHBYE T5. Further, while in the present enbodi ment an Ag film

was enpl Oxggpe@iﬁlehgeana'l{esults)

In Inventive Example S4, there was p-type InGalN layer 32 in contact with p-
type GaN layer 6, and therefore the acceptor level was low. Therefore, the carrier
concentration increased and even though Ag reflective film 33 having a work function

15 which was not significantly large was placed in contact with p-type InGaN layer 32 as
the p-electrode, the contact resistance between Ag reflective film 33 and p-type InGaN
layer 32 did not become significantly large. Comparison was made between the driving -
voltage of the light emitting device of Inventive Example S4 and the driving voltage of
the light emitting device of Comparative Example T5. The difference therebetween

20 was lower than 0.05 V and significant difference was not found.

Inventive Example S4 generated an light output of 11.5 mW when a current of
20 mA was applied, while Comparative Example TS generated 9.6 mW. Inventive
Example A generated 8 mW.

As previously described, Inventive Example S4 generated a higher light output

25 because light traveling from the light emitting layer to the p-semiconductor layers side
was reflected at the Ag layer with a reflectivity of 88% since there was no Ni/Au
electrode layer and the light was not absorbed at an Ni/Au electrode layer. On the

other hand; in Comparative Example TS5, the light reflectivity at the p-electrode layer
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5 electrode, any material may be enployed as |long as the material has a high
reflectivity and not-significantly-high contact resistance with p-type

I nGaN | ayer 32. For exanple, A, or Rh may be enployed. Thirteenth

Enbodi nent A thirteenth enbodi nent is characterized in that as the

p-el ectrode Ni/Au |ayers 10 having a snmall contact resistance with the
p-type GaNl | ayer are discretely placed and an Ag filmis applied so as to
fill the gaps to increase the light output. Fig. 46 is a cross sectional

vi ew focused on the p-electrode. Ni/Au electrode |ayers 12a are placed with
a predeterm ned pitch on the down-side bottom surface of the epi t axi al

| ayer. Furt he e | aced to fi.ll therebetween apd cover the
doun si do "Bor piar et P 1< B ieyiohyne * BRGERPIHEer BEL1Gae
layers 12a. 4484 Gnd s i I 2 A AR\l QWImenﬁ&eEPamlﬁé g@t{h{e@tghtva&m%ehk}é@&gh the
upper part of the p-electrode. The discrete Ni/AuU el ecdtrode |ayers 12a

gener al | y tizaweside piat ¢t tofie BGanof Jdreparpiitecixandpl3Th i s based on that the

di aneter of the r rrent spread is 6 4m at best the typica
p-type GaN | ay@ung Wthﬁ"elrﬁ FYH'ée%Ie@N%E‘P%mP Apdimdies gl ?W?Qlaﬁ theRi stivities.

20 Nayrel y.. by, dee%x} HﬁtetrQ B 6E0mbiBya 40 181%55{ %Q%fatérfa@ M8y fh ?éfﬁetcﬁwg%f“ rode

reaches the acent el ectrodes in or currenf’s throu

. el ectrode ahcay@tr-s@mﬁmuy -highedd@tast te3@tats Nl tppé InGaN ?erpﬂt ClFormyahpleset to
below 3 m However, if the pitch is excessively smal the effective anount

of extracﬁﬁdﬂﬂﬂ@ﬁ@Yhﬁﬁﬂmbﬁegecreased by the discretely placed Ni/Au

electrodeg%rg %b ?(gortexanple, when the area ratio of the discrete Ni/Au

el ectrode °e3 ﬁnl? n reflectivity (calculation) = the reflectivity of

88% x .the area A alikQnt e8P tied: NEchat £5drB6d VinhYasohe $A8XbB R ALLAY& AL I O 20%
= 78% (cal cul ation) is obtained, according to the construction of the

p-el%btrodehghmsmHamadannmﬁmgs\mavﬂmmdyASGaEngdaanmmhmsW138ﬁdamdh0ulation

t he p-e[ectr de. with the abqye construction s act ual | ricated and the
light out pta™ Waléaa@teérsmaﬁé%%*w@apééwg%fﬂ g g fﬁra g‘aéoaﬂ%@enuve

Exanpl e SR} Ayt YS SRl pSedaricf am/A%aéi@c@roag e9edi NG Fophhs Same

fabrication
a predetermined pitch on the down-side bottom surface of the epitaxial iayer. Further,

an Ag layer 33 is placed to fill therebetween and cover the down-side bottom surface of
15 the epitaxial layer and Ni/Au electrode layers 12a.  Fig. 47 is a plan view of the p-
electrode viewed through the dpper part of the p-electrode.

The discrete Ni/Au electrode layers 12a generally have a pitch of 3 pm.  The
pitch of 3 um is based on that the diameter of the range of current spread is 6 um at best
in the typical p-type GaN layer and the p-type AlGaN clad layer due to their resistivities.

20 Namely, by setting the pitch to 3 um, currents from a discrete electrode reaches the
adjacent electrodes. In order to flow currents through the electrode layer without
generating discontinuity, the pitch may be set to below 3 um. However, if the pitch is
excessively small, the effective amount of extracted light will be decreased by the
discretely placed Ni/Au electrode layers.

25 For example, when the area ratio of the discrete Ni/Au electrodes is 20%, light
reflectivity (calculation) = the reflectivity of 88% x the area ratio of 80% + the
reflectivity of 40% x the area ratio 20% = 78% (calculation) is obtained, according to

the construction of the p-electrode illustrated in Figs. 47 and 48. Based on this
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5 processes as those of Inventive Exanple A of the first enbodi nent.

However, in the fabrication step (a7) of the p-electrode, an N layer with
a thickness of 4 nmwas forned in contact with the p-type GaN | ayer and an
An | ayer with a thickness of 4 nmwas fornmed on the entire surface thereof
Then, patterning was performed using a resist mask to formdiscretely
distributed Ni/ALL el ectrodes (see Figs. 46 and 47). Then, this 10 was
heat-treated in the atnosphere of an inert gas to change the contact
resistance to 5E-4 nR. Then, an Ag | ayer was forned on the entire surface
to fill the gaps of the N /Au electrodes and cover the Ni/Au el ectrodes to
forma reflective electrode. The area of the discretely-placed N/Au | ayers
on the p-t AN, 9 9 r, the
oi tch of KT ah gt PXRE PR FR USRS Dane Bba% O AR BT GlNEEL 1 Ve
Exanpl e T&ghﬁdt@mm@t@t&ﬁlﬁr&ﬁr UThe @Rt S(ﬁﬁpl@WﬁE(iS(ﬂﬂlo&/sGaN substrate according
to the sane fabrication processes as those of Inventive Exanple A of the
first enbéHWmﬁm@EWM$M¢@5)p el ectrode, N /Au Iayers wer e placed on the

t f t di to th
Fabri carton st by ST Sl R gD e SHRRIRE The. ||
consty uct lpe&e@;es LQURRE b B EXARTE G %f/&g: ﬁ@w&ﬁbo\aﬁﬁeétor R0, h@eentire

surface in contact with the Ni/Au layer (see 49). For conparison, the
- refl ecti odatveh@aen step Gf7) lof gtetp- ciemocﬁhdarnm tagert\lmeh aidm:kns:ssdcﬁéi mm wasdosaate | i ght
emtting device as lnventive le A was shown in Fig. 20. 25 (Experinents

and Resul tl%yoraé\aféaw%ﬁh? p&ffpezﬁamamaén%bﬁuéwef B”tthﬁléhltclé%fﬁé@f P8 VRGht emitting

device fa o] re;determ ned.
mvent i ve R te @Rt aR e B0 B kel b her bRl R

Conpar at i veacEX@ﬁfphed a’@efg@rrtesrfamed N1/A|ug=.nérf@ae@astn@uﬁos of6 £hd6t 7w TE&H thier, the
ratio of the light which was reflected at the p- el ectrode “and then enltted

from% he evdstheptnigeaied nabeatmssphgse of argmertpgrawe@‘@nggtm CORRENESISENEs® | ayer to
(ne Ut 0, 1RO 9150 SRR B0 B0t F 4% Ry LIS ORI Tory
the above N1/Au electrodes and cover the Ni/Au electrodes to form a reflective electrode. The
area of the discretely-placed Ni/Au layers on the p-type GaN layer was 20% and the
area of Ag was 80%. Further, the pitch of Ni/Au electrode layers 12 was 3 um (see
15 Fig. 48).
(Comparative Example T6)
A laminate construction was formed on a GaN substrate according to the same
. fabrication processes as those of Inventive Example A of the first embodiment.  As the
p-electrode, NI/Au layers were placed on the entire surface in contact with the p-type
20 GaN layer according to the fabrication step (a7) and this was heat-treated. Then,
unlike the construction of Inventive Example A, an Ag layer was formed on the entire
surface in contact with the Ni/Au layer (see Fig. 49).
For comparison, the reflection behavior of light proceeding to the down side in

the same light emitting device as Inventive Example A was shown in Fig. 50.

[AN]
(o}

(Experiments and Results)
A current of 20 mA was applied to the respective light emitting device fabricated
as described above and the light outputs were determined. Inventive Example S5

generated a light output of 11. 5 mW, while Comparative Example T6 generated a light
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~when the area ra

5 ratio of Inventive Exanple A was 40% (Fig. 50). In Inventive Exanple S5,

the Ag which occupies 80% of the p-electrode reflects 80% of the |ight
proceeding to the down side with a reflectivity of 88% and the Ni/Au |ayers

.whi ch occupy 20% of the p-electrode reflect 20% of the light with a

reflectivity higher than 40% (which is not sinply a reflectivity of 40%.

As a result, the above 10 ratio of Inventive Exanple S5 was 86% In

Conparative Exanple T6, the light is further reflected by the Ag | ayer

pl aced at the down side of the Ni/Au |layers and therefore the above ratio

becones | arger than that of Inventive Exanple A by the anount of the

refl ected,| e A t } : : I LeJ el ongs

to the Invartr e ST e R i Y 18 e R TR Al PR T

conpar at i wed gxarplted form clonaaittirgsuefacd, pf dedight proceadgiromttheagivedart

enbodi nent. The above N /Au el ectrode | ayers may be substituted with Pt

el ect r ode ¢ Bpapaungpg sipg (@@mﬁlﬂ@d@ap%sﬂe&@z (EaFthds) Qe theegoneen e el ect r ode

Ag | ayer ) substituted w a a or~a,Rh | ayer O Simlarly,
TR ATHERE Y Tvaf et SR o aBol A nBoah B s

11. 8 MWV wWhgn &qnmtin@@fgbﬂe@W@ij%\/ﬂg tsbl)e area ratio of the NUAu el ectrodes
is 40% the light output is 10.6 when 20 mA is applied. Thus, dependi ng

- on the area rain byventivedermipleS Exbopgevissh genpieale® «lihd pghectrode paflectsi gher

t han that of rative Exanple T6. However, jt has be ven from
experi mn@gﬁo‘%gﬁ&htﬁ&wa%%%do“@?%‘%hf‘ﬁ eqrey ‘?fg%g%a@&{eﬁ\g‘/ it/ Au

el ectrodes,, 03k09 el Adob Noill f ntive
Bxanpl o SEIr S RS e T R e S e an e b R P L THeR | U
Exanpl e Téighanitiat ke wihichge ner sahiplgt asiefienitifvite ah40%). ghhs endssls| tha abovevenness
around the Ni/Au el ectrodes. 59 %?frteenth Enbodi rn::nt1 A fourteenth

enbod ment2tr OfiREEngVe ESHEPE M ekt B sindhairrrstiars eanig Tohe ight iy ural ity of

parallel plalerFRARA 0§ NS hahayePYRES KA A5 BF AR3EALEA LSyt he GaN_

therefore the above ratio becomes larger than that of Inventive Example A by the
amount of the reflected light.
It goes without saying that Comparative Example T6 belongs to the Inventive

15 Example in the broadest sense. It is defined as a comparative example for convenience
in order to explain the present embodiment.

The above Ni/Au electrode layers may be substituted with Pt electrode layers or
- Pd electrode layers.  Further, the reflective electrode Ag layer may be substituted with
a Pt layer or a Rh layer.

20 Similarly, when the area ratio of the Ni/Au electrodes 1s 10%, the light output 15
11.8 mW when 20 mA is applied and when the area ratio of the NI/Au electrodes is 40%,
the light output is 10.6 mW when 20 mA is applied. Thus, depending on the area ratio,
inventive Example S5 generates an light output higher than that of Comparative

Example T6. However, it has been proven from experiments of the inventors that

O
Ut

when the area ratio of the Ni/Au electrodes is lower than 10% and is 2%, the light
output of Inventive Example S35 is only 9.6 mW, which is equivalent to that of
‘Comparative Example T6, and there is generated significant light emission unevenness

around the N/Au electrodes.
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'substrate to the epitaxial |ayer are renoved and p-el ectrodes are placed at
the respective 5 gap areas of the plate crystal inversion domains. In the
GaN substrate, plate-shape crystal inversion domains are distributed in
parallel with the thick-w se direction of the GaN substrate and appear in a
stripe shape on the main surface of the GaN substrate and the plate crystal
i nversi on domai ns propagate to the epitaxial layers 2, 3, 4, 5 and 6. In
Figs. 51 and 52, pl ate-shape crystal inversion domains are placed in a

| attice shape on 10 the main surface. In fabricating a nitride sem conductor
substrate, areas where dislocation bundles (= core) are concentrated have a
crystal argapgsiertpWBiGhiis inverted with respect to the surrounding
crystal arrangenent. erefore, plate-shaped crystal inversion donains and
di sl ocati on bumlf®steadtd ehidediBRAEof the hhabnttifenciby & chbracarizeh@gen®y 1 s
inverted with respect to that of the surrounding areas. The difference 15
bet ween t HeurBlay of paratl¢l alate-phapherysted envefsiadi donérst iropadataddiass thedbgNocat i ons
are concentrated into a.string shape or .thick-line shape and therefore the
Crystal | NVRPEoH o Rl 2Sote SO irg 2oRGEHec e S A ER el Rhge Pote

pl at &5 shapag afday 8t e pldly 65 $ta PR AR dBThaink he1rCthy 31l sub'st'?é(t@,‘r;ﬁ&t_@fkhgﬁé”’_ﬁ“ ns have
a plate shape. Nanely, in"the case of plate-shaped crystal inversion

domai ns, dirsstad caversomsd camagn schirs tistributeeidn \phtabelaviti gleehicklenisd diseciion af fheane- shape

20 area w a . thickness. The present enbodi nent js characterized in, that
crystal i $bsiiaigaRRrRReST 1 § HEPS eiaPe QR ith mﬁlwéﬁgcea@féﬁ%%ﬁyl%bﬁra&e Fehoved

and al so ¢ | . I ?ﬂﬁﬁ' I - Sk t£.a % to a
predetermLﬁée/gltd%ecﬁ%ﬂM?%"%%sﬁgeh I rs??ﬁg?%a&%foftaﬁggb %a?é(xjﬁg?afy’éﬁsdfghféﬁsgz e (refe;lspecti ve
epi t axi al Higeyy6t and 6B dlgelshiredrand ipread @Cddrdesarantacpd Vi daite @hagelm 25
respective isolated epitaxial |layers (see Fig. 53). The pl ate-shape crystal

i nvetSi on themam sysfaemy [péabrigetinscenigidspemicondesponibdierta 31825 Whsihi ch

pl at e-shapge,crystal jnversiqn tersect .one another.on the main
surface orCESrlr%lcﬁl 18%'%%%dr19asl I ecloregr

rdoréal tnstec% ave al arrange whic
_ _ j [P T aRGERRR Y VSR R o BB Wi stal
i nversi on jg@mRt Nathakshedi Stthé ButQthdidy @& dtARMBAtendhta TheteMre, phe-sitipegct i on on
the main surface, as will be described later.” (Inventive Exanple S6) In the
GaN subst reaysealiinverssary doneadns andFligecatisd bamless2¢ thehramfeiin ghtat theianysalr f ace at t he
arrangement 1s inverted with respect to that of the surrounding areas. The difference
15 between the both is that in the case of dislocation bundles, dislocations are concentrated
1nto a string shape or thick-line shape and therefore the crystal inversion domain has a
- string shape, while in the case of plate-shaped crystal inversion domains, the crystal
inversion domains have a plate shape. Namely, in the case of plate-shaped crystal
inversion domains, dislocations are distributed with a higher density in a plane-shape
20 area with a thickness.
The present embodiment is characterized in that crystal inversion domains in the
epitaxial layers are completely removed and also crystal inversion domains in the GaN

substrate are removed to a predetermined depth in the first main surface side, and then

the respective epitaxial layers are isolated and p-electrodes are provided on the

[3]
(1)

respective isolated epitaxial layers (see Fig. 53). The plate-shape crystal inversion
domains may be lattice-shape inversion domains in which plate-shape crystal inversion
domains intersect one another on the main surface or may be parallel arrangement in

which plate-shape crystal inversion domains are distributed in alignment in a fixed
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epitaxial |l ayer side has a surface orientation of (0001) surface or c-plane.
The crystal 5 inversion domains, which are symmetric with respect to the
first main surface, are (000 1) surface or -c plane and are grown with the
_c-axis inverted. In the c-plane the surface is a Ga surface in which Ga
atons are arranged, while in the crystal inversion domains the surface is
an N surface in which N atons are arranged. In Inventive Exanple S6, a GaN
substrate in which crystal inversion domins with a width of 30 m 10 are
arranged with a pitch of 100 umin a lattice shape on the first main surface
was enployed. The crystal inversion domains propagate to the epitaxial
films forned.Qn tﬁ@m%u?ﬂpétr%l‘?beé\eécﬁﬂeﬂﬁ{e? construction was forned using
t he above Gacf\l ubstFate Accordr e same fabrication processes as
those of I(hivenlve\Bxafmprgd)e A (see steps (al) to (a6) 15 of Inventive
Example A). In the step for formng the p-electrode, the follow ng process
was perfornmed ihgedaN afostrar)illusiatag ig FidsyS Lgichip, a‘ihfrrﬁ@kmp@tsﬁlécﬁﬂew eh covers
only the cr. i nv nmai n rop e
11 Yot £ ot S e S B L SRR PR LG Il s P P e B e ar eas
at the m%e&?&ﬁdom WA ard Eﬁnrﬂ@t%% vAAH kBt Wase ﬁ?s'i‘%?rgsur?age %‘@muent ly,

t he sem conductor subsStrate was held wthin 8N (nornmality)-KOH at 80C with
. the enti ré)smiam@r raplansard ae grqvavkh shaeyxipinveied. ablovhe GaNnsulgst r at e
covered wit k to renove the crystal inversjon dorral ns_on the first

mai n surfd acebfya §@éHifﬁfg% lﬂmfbﬁg‘ﬁa@fwém@& paxIes Waﬂ@wé SEEHLHEVERENp- t ype GaN

| ayer to dlaﬁ'xalngﬂltx di%rﬂf:e KhE N gﬁ%@(‘rﬁ%fa %1?91‘3 aEJ‘Mgangre&’t SqyiRfg formed. The

pl at e- shape cr I nversi o oca i'on- concent r at ed

ar eas havnmcgmglem B Chins b PeREe 0N WwHRRSHfsYal aRdrsidn@mediey Riteasiidin Fohed out by
KOH. The etching depth into the GaN substrate was to the position at a

deptl of Jaﬁe()armmgadswuib atiteh GANTO sirbiatarlattiee ﬁkrapmohhlee himt prhasogadetaeen the
epi t axi al ers and the GaN substrate. Then, mask was renoved and an
-60 i nsul éfne oyedll nT Mg veialiaesrsion dgpaing Piapagse |t0 &ecﬁpstaeelf( grmwgion  (Test s
and Test R{; gh{; ?xbs-m?e above Inventive Exanple S6 was constructed into a
ght emt |ng
A lammate construction was formed using the above GaN substrate according to

the same fabrication processes as those of Inventive Example A (see steps (al) to (ab)

15 of Inventive Example A). In the step for forming the p-electrode, the following
process was performed instead of (a7). Namely, by using a mask pattern which covers
only the crystal inversion domains propagated to the p-type GaN layer as illustrated in
Fig. 52, p-electrode layer was formed on the c-plane areas at the mask gaps, and then
the mask pattern was removed. |

20 Subsequently, the semiconductor substrate was held within 8N (normality)-KOH
at 80°C with the entire second main surface (back side) of the above GaN substrate
covered with a mask to remove the crystal inversion domains on the first main surface
by etching through the epitaxial layers such as the p-type GaN layer to the inside of the
GaN substrate and thus slots 52 were formed. The plate-shape crystal inversion

25 domains 51 were dislocation-concentrated areas having a high dislocation density and
therefore easily etched out by KOH. The etching depth into the GalN substrate was to
the position at a depth of 150 pm inside the GaN substrate from the interface between

the epitaxial layers and the GaN substrate. Then, the mask was removed and an
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and a current of 20 mA was applied. The light emtting device generated a
light output 5 of 9.6 mW This light output is 1.2 tines the |Iight output
of 8 nWof Inventive Exanple A As previously described, while in Inventive
Exanpl e S6, the plate-shape crystal inversion domains were arranged in a

| atti ce shape, the plate-shape crystal inversion domains are not required
to be a lattice shape and nay be pl ate-shape crystal inversion 10 donai ns
arranged only in parallel along a fixed direction on the main surface of the
GaN substrate, as illustrated in Fig. 54 (plan view) and Fig. 55 (cross
sectional view). Further, even in the case where a nitride sem conduct or
substrate in which dot-shaped (plane-shaped or small-circle-shaped, in
actual ) cr, ' i : [ a0l (i £xkst, it is possible to obtain
T aht but pare R RO fIE A e o W simi [arty 1o 15

| nvent i ve (ExspldeT&S6Reslgpndi ng on the size or depth of the etching holes.

Fi fteenth Enbodi ment A fifteenth enbodi nent of the present invention is
characterized ilhephayte aveftivadxagelentewpl ernstraged Kitgp dsEwppasiEet o GaN
substrate 1 ove .t sem conduct.or . chip and. t he seni conduct.or. chip, is

seal ed i e A B Gt 2 R BOMEHT (b TeR et B e BHEPRER R Bh PP 0l o
fl uorescenge spht € Tiis ARGRBHUORPOSHiEs R ligheo BN SUDSIY 8F RBiveh@dfdn Ng the
light emtting surface in a p-domm-nounteﬁ construction. Test sanples

enpl oyed d&xemplevent i ve Exanpl es S7 and SS and a Conparative Exanple T7.
(I'nventive Exanple S7) Inventive Exanple S7 _was jcally fabricated
according to tHE Hr%w%@?S&%b%%%w%@@vsﬁxm@% e Pﬁ%ﬁ‘ﬁg?@ Y5t ustrat ed
in the thi ' [ hat. ' L Qs D - down- nount ed
chi p. - a £ SRR e BhrghiodRNALE sl Bt Bl Bp O L BB "o "t e
GaN subst rdat@ind aBkbtirbgiRBitd bvasars@Adhask Md Ma@be FRRXhapEiyRaliavé@ionorm a
white light enission device. -61 The above fluorescence mate 46 was

f abri®at edlopying herangsd ay mgpafadlbl dlera 4 Bred direchonlon fiebndik sERBSeofchy Sl i n

o o000 A SeD i SR Dl lekaten < epspery el and (i
Further, even in the case where a nitride semiconductor substrate in which dot-shaped
(plane-shaped or small-circle-shaped, in actual) crystal inversion domains regularly exist,
it is possible to obtain light outputs larger than that of Inventive Example A similarly to

15 Inventive Example S6, depending on the size or depth of the etching holes.
Fifteenth Embodiment
A fifteenth embodiment of the present invention is characterized in that a
fluorescence plate 46 is placed opposite to GaN substrate 1 above the semiconductor
chip and the semiconductor chip is sealed with a resin 15.  There is novelty in the
20 construction in which a fluorescence plate is placed opposite to the GalN substrate
forming the light emitting surface in a p-down-mounted construction. Test samples
employed are Inventive Examples S7 and S8 and a Comparative Example T7.
(Inventive Example S7)

Inventive Example S7 was basically fabricated according to the fabrication

L)
() ¢

processes of Inventive Example F illustrated in the third embodiment.  As illustrated in
Fig. 56, above a p-down-mounted chip, a fluorescence plate 46 is placed opposite to the
back side of the GaN substrate 1 and the chip was sealed with an epoxy resin 15 to form

a white light emission device.
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Cu to diffuse Cu into the ZnSSe. Then, this bulk ZnSSe crystal was polished
"to a 5 thickness of 0.5 mmusing a coarse polishing nmachine and was cut into
a shape which could be accommpdated in the |ead frane. The roughness of the
~surface and the backside of the fluorescence plate was Rmrax 1 m (Inventive
Exanple S8) In Inventive Exanple SIQ projections and depressions were
formed on the 10 surface 46a of the above fluorescence plate 46 which faces
the GaNl substrate (see Fig. 57). The height of the projections and
depressions was 2m and the average pitch of the projections and depressions
was 5m O her structures were the sanme as those of Inventive Exanple S7.
(Conparative Exanple T7) 15 As illustrated in Fig. 58, above a p-top-nounted
chip, a fluoredéeneeflugrescape %@%N@eé@%ﬁgé@ﬁ@ %owmé F%'?ﬂcﬁ“%d this chip

was seal e t.h [ m ssnon devi ce.
(Tests ang‘ﬁmed 2%@?? s?’sﬁ\ﬁésml mcvﬂk%l?iefn dlfl e)%wke\%\%gl ap|c§ilby &5 "t he Ii ght
emtting eewd fp@@t&n@cﬁ@&Eﬁ&ﬁﬁﬁ&ll@@n@S@&yEtﬁﬁN%ﬁ%d@ﬂ%&#ﬁ%E&ﬂ%@@fZr’ﬂ@mf ol I owi ng

| um nances of |ight em ssion were obtained | nventive anpl e S7 generated

a Iuninan&@toﬁdﬁeeChmanﬂezmSQQtrm@mEﬁahbinSSSeg@ﬂ@kﬂt@@ﬂahﬁhanance of 880
ich bo h Iunlnance On the other hand, e | um nance of
1 U SAILS T Geies BAG PO ioHE AT B PES et SUSROW TREE VAlaci ng a

: i uorescerasﬁd%%&@ongﬂ &ﬁtfl@leﬁg'?raﬁ%l\l FHORoRh&s 0P 1R RrdOWhdTRUNt ed 25

construction ensures um nance than p aC|ng a fluorescence plate in a

p-top- mu@&k@de@@&&tﬂm&sc@rme pldte has Resn- pgﬁyen that the [um nance nay be
further increased by nmaking the surface of the fluorescence plate which

faces the (BatrtyafsematesSPo be a rough surface. -62 Next, enbodinents of

present invention, sonme.of which overlap with the afogggpgtlog
embodi ment's, witt FBBTSHETRAT éﬂ*”?ﬁé“'bdv RPN F At BTHAL 58N n-typed by

oXygen do@ﬁr‘?&eaﬂag oF iR BXYYBMorescence plate 46 which faces the GaN substrate (see Fig,

57).  The height of the projections and depressions was 2 um and the average pitch of
the projections and depressions was 5 um. Other structures were the same as those of
Inventive Example S7.
(Comparative Example T7)

15 As illustrated in Fig. 58, above a p-top-mounted chip, a fluorescence plate 46
was placed opposite to the chip and this chip was sealed with an epoxy resin 15 to form
a white light emission device.
(Tests and Test Results)

~When a current of 10 A was applied to the light emitting devices constructed

20 from the above GaNN substrate, the following luminances of light emission were obtained.
Inventive Example S7 generated a luminance of 800 Im and Inventive Example S8
generated a luminance of 880 Im, which were both high luminances. On the other hand,
the luminance of Comparative Example T7 was 540 1m. The above results show that
placing a fluorescence plate opposite to the GaN substrate in a p-down mounted

25 construction ensures higher luminance than placing a fluorescence plate in a p-top-
mounted construction. It has been proven that the luminance may be further increased
by making the surface of the fluorescence plate which faces the GaN substrate to be a

rough surface.



concentration is within the range of oxygen atons IEl 7/cnB to 2E 19/cnB and
the 5 thickness of the GaN substrate is from 100 mto 600 m By setting the
oxygen concentration to 1 E17/cnB or nore, the resistivity of the GaN
substrate maybe increased and currents introduced fromthe p-el ectrode may
be sufficiently spread through the GaN substrate. Thus, the wdth of the
active layer may be sufficiently utilized to cause |ight em ssion. Also, by
setting the oxygen 10 concentration to 2E19/cnB or less, a transmttance
equal to or higher than 60%with respect to light with a wavel ength of 450
nni maybe ensured and thus the transmttance of the GaN substrate which
forms the emtting surface may be increased to ensure the |ight output. The

above oxygen c i r . ive rti .ar in the case
B R A R e L T i R
down- nountaédtegeidhediehboiimeds S@ill Hehpumb@y®l oxygen concentration is within
the range of oxygen atons 5E18/cnB to 2E19/cnB and the thickness of the GaN

substrate i s wilthhiabovterfealN anlesératsfhas beenn-20ed By LeyZO0laping FRdrthhexygetthe bot h

i des of th t angul, face which emits. |ight at th d nai
Surface my BATEURE B LI HEHCLE AR T /20 W Th LT EORSL Ut f on

ligh%ieni§ﬁ£ﬂﬂsg@¥8%%aﬁqﬂﬁﬁgﬂé%ggH%EO%ESHBQ%Qﬁﬁllight emtting surface and

al so sufficient t outputs tal ne | so, the above oxygen

~concentration maykehiigwhd biyeh Rendeafn@tonad 18Xy @R tnedrs, thd Bkt of he5EL8/ cnB

and the thickness of the GaN substrate may be within the range from 400 m
to 600 m JadY suhstrate mig bpdrdieasediard @frentraniredicad giomtheuelediredemiydts emits 25
light at t second ikbn surfa may .be equal to or.spaller. than 3 mm Al so,
the above LospaBn et b b R it ERe Rk SeE el o
SE18/ cnB the shiftRhTiBili-ane thee tibhickiass ofalid8y GafNng wRksskate may be from 100
mto 200 um Further, the _both sides of the rectangul ar 'surface which emts
li ght0 at tchecestratoomdtorddi 18/ swrdrdess, aragnsbettance 8qe tabr higherthen@%eeritt han 3 nm

By Properi X2t Ling, Lhe, Syaen Eopentratl on and e, ot p, Size accorcing 0

substrat e Jrey B $@strate which forms the emitting surface may be increased to ensure the
light output.  The above oxygen concentration range effectively works particularly in
the case where the thickness of the GaN substrate is from 100 pm to 600 yum in a p-

15 down-mounted construction.

Also, the above oxygen concentration is within the range of oxygen atoms

SE18/cm’ to 2E19/cm’ and the thickness of the GaN substrate is within the range of
from 200 yum to 400 um. Further, the both sides of the rectangular surface which emits
light at the second main surface may be equal to or smaller than 10 mm.

20 With this construction, light emission may be caused through the entire light
emitting surface and also sufficient light outputs may be obtained.

~ Also, the above oxygen concentration may be within the range of oxygen atoms

3E18/cm’ to SE18/cm’ and the thickness of the GaN substrate may be within the range
from 400 um to 600 um. Further, the both sides of the rectangular surface which emits

25 light at the second main surface may be equal to or smaller than 3 mm. Also, the above
oXygen concentration may be within the range of oxygen atoms SE18/cm’ to SE19/cm’

and the thickness of the GaN substrate may be from 100 um to 200 um. Further, the

both sides of the rectangular surface which emits light at the second main surface may be
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according to the chip size in view of performance (entire surface uniform
light emssion, 5 |light em ssion efficiency). Further, in view of the
fabrication cost, setting of the nost desirable conditions may be achi eved.
A GaN substrate in which dislocation bundles are distributed on the first
main surface with a density of 4E5/cnR or | ess on average nmay be enpl oyed.
Di sl ocation bundles are generated by discretely concentrating dislocations,
whi ch have been 10 unavoi dably generated during formation of the GaN
substrate, in a string shape to distribute them along the substrate
thick-wise direction in order to increase the crystalinity of nost area of
t he above GaN substrate. Wth this construction, light emtting devices
having i htﬂ?ut utﬁ equal, to or higher than a predeterm ned val ue nay be
fabri cat ed Wi R OGSRTGH A P8t i on yield. 15 The above dislocation bundl es

may be di stri bufyesopstytfeeidd th@b)éj@nr&oﬁégnftrﬁﬁ@n Md fRe BhipdeRsictordrly 14 cn2 or
| ess on average and the both sides of the rectangular surface "which emts

i ght at ttheksscohtle MalNsubsirfitaaes desayibdrbabwive e propbreGaldngestate BO0basatt o 400
m |In the case where mniaturized_ |light emtting devices as above .include
~di sl ocat i GREOTSHSBRIH B Sigraigrarrac] B S TAR SRl RUE AT &g WHIOET 18 TS HPvof dabl e

and this w L& - d educt | f Yl : of cl t he
Gensi 1y of e SfiEFEYahER], Finnd PR BPuR SR ) colPbel PR, T e
~yield may desirdbipdonditiohs mag bpretdéiedal | y- accessi bl e range. Further, between

t he above GaN substrate and the n-type Al YGai _xN layer (0 S x 1), an n-type
Al GaN buf fer | dyEeNmastiée i1 wiskh dislocaienn ndlegatndistiuied andbsest me@ and 25

o0 7ot YPS SR Rl SR RLESTE R Bl O B Befge A oo,
i n cont actyuniilbaeR@ndiade RO discAeibubiRhtrh@¥edislodMohaviiaseaeheaf or ementi oned
het el o-epi taxial I'am nate construction, an n-type -64 Al GaN buffer |ayer
and #h n- tupeoidbly parkfated dunpgriomagticbefphaCel shettwes m & keinGabipesubst rat e and
][ 25 ep _ ' ypedis%Arlik))(uct;el'tHeNm elllglygetrhe(sgbs?ra)t(e t_hicji)-wivswe1 Idfr?ctfo% iral1 orCJe?(tjo ln%%/e%ge t%]; the active
crystalinity of most area of the above GaN substrate.
With this construction, light emitting devices having light outputs equal to or
higher than a predetermined value may be fabricated with a high fabrication yield.
15 The above dislocation bundles may be distributed on the first main surface with a
density of 4E2/cm® or less on average and the both sides of the rectémgular surface
which emits light at the second main surface may be within the range of 200 um to 400
pm.
In the case where miniaturized light emitting devices as above include dislocation
20 bundles, degradation of their characteristics is unavoidable and this will directly lead to
reduction of the yield. By reducing the density of dislocation bundles as described
above, the reduction of the yield may be kept within a practically-accessible range.
Further, between the above GaN substrate and the n-type AliGa,;.N layer (0 < x
< 1), an n-type AlGaN buffer layer may be placed in contact with the GaN substrate and
25 an n-type GaN buffer layer may be placed in contact with the n-type AlGaN buffer layer.
Further, an n-type Al,Ga;. N layer (0 < x < 1) may be placed in contact with the n-type
GaN buffer layer.

In the case of aforementioned hetelo-epitaxial laminate construction, an n-type
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By providing the n-type Al]GaN buffer layer as well as the n-type GaNl buffer
5 layer between the above GaN substrate and the clad | ayer, a

het el o-epitaxial lamnate construction with an excellent crystalinity may
be fornmed. Particularly, the above | am nate construction may be

advant ageously enployed in the case where the GaN substrate includes areas
with an off angle of 0.10 or less and areas with an off-angle of 1.0 or
greater. 10 Wth this construction, even when the GaN substrate has warpage
and the off- angle varies as descri bed above, a hetelo-epitaxial |am nate
construction with an excellent crystalinity may be fornmed by providing the
n-type Al GaN buffer layer as well as the n-type GaN buffer |ayer between

t he above LaLe nd t e I r, tipon bundle y be
ai'str 1 but ey e BB Be SRt e R hE SRR RE T oy e
made not tQbhed LANSESL ﬁéjAI 6, Ih*fay%po{ot@%'/al WIANELS: o@i@lﬁ?& Fhhe 4G

af orenenti oned n-type A buffer layer and the n-type GaN buffer |ayer

pl aced in lagontact with the n-type Al GaN buffer layer. Wth this
construction, the fabrication yield be significantly increased, even
when a GaN subs@ta@@dﬁ@ﬁhﬁ@ tap%ﬁ{ﬁ‘@ab%ﬁ%é@ter anwelAgthed- é@ﬁ@at\&/ byfEer enpl oyed.

Namely, 20 e‘?%et‘&l At b‘oUg N%B& dﬁl %(?;Jc\th?% A48 n,ga}/t?ételéne%t 08 1Qm{ pe GaN

buffer |ayer escr ed a ove, i-on e epi axi a

“lam nate mﬂawdct@hm@m dnnesdeéltbinh eyt Bnityl (Rt be @ﬁhtdl ng |ayer nay be
substantially renmoved. Nanely, by the above n-type AJGN buffer |ayer and
the n-type Al Gal?\ar‘mﬂ&ré/s theappeve lammt@ccatstrgmcmmw @@admytaseoqsmemlmgx at the

GaN substrate or ayer therean. 25 A p e uffer |ayer placed
at the dowh 1%‘?%6? e@dhﬁ‘ g‘é& #itﬁtt%” E%Véasp""lt iﬁae(%% 1N dsPern¢ 0 < x5
1) and a Qr&%R& s é@gb Ia¥ Eplaced in contact with the p-type GaN
buffer |ayéer ”“ ‘he af orenenti oned construction, the

p-typg |nGaN CO\Mtﬁ(ﬂtus l:@dé?rhct‘i\éﬁ Qv@fﬂwhen t@é Ga@xﬁt%tdrﬁemaﬁmﬁptagw@dtrﬁmuctl vity
may be placed as an underlayer on which n,-electrode rs placed. Thus,

t he necessngle afiese dastriteg abbee, rdicttd- atblta@tfal talnenqme ebestiucoatewlly apl acing  prime
![ rr’]rgor t anceex(c)e eElth cery\sl\tgﬂrgtyfrggycl;é f%rmgf g bgroltfﬁi?nuoc gn—t}-géa A?(EES\] %uﬁ‘erquertr%ts %vrehal of
as the n-type GaN buffer layer between the above GaN substrate and the clad layer.
Dislocation bundles may be distributed in the above GaN substrate and the
15 dislocation bundles may be made not to be transferred to the epitaxial layers placed on
the aforementioned n-type AlGaN buffer layer and the n-type GaN buffer layer placed in
contact with the n-type AlGaN buffer layer.
With this construction, the fabrication yield may be significantly increased, even
when a GaN substrate having a high dislocation bundles density is employed. Namely,
20 by placing the n-type AlGaN buffer layer and the n-type GaN buffer layer as described
above, dislocation bundles in the epitaxial laminate construction including the light
emitting layer may be substantially removed. Namely, by the above n-type AlGaN
buffer layer and the n-type AlGaN buffer layer, dislocation bundles may be terminated at
the GaN substrate or near the layer thereon.
25 A p-type GaN buffer layer placed at the down side in contact with the above p-
type AliGa,N layer (0 < x < 1) and a p-type InGaN contact layer placed in contact with
the p-type GaN buffer layer may be provided.

With the aforementioned construction, the p-type InGaN contact layer with an
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p-el ectrode may be selected by placing prime inportance on the reflectivity,
etc. 5 The My concentration of the aforenentioned p-type InGaN contact | ayer
may be wthin the range of My atons IEI8/ cnB to 1E21/cnB. Wth the above

construction, the electrical conductivity may be sufficiently ensured and
currents introduced fromthe p-electrode may be sufficiently spread through
the entire epitaxial filnms. 10 A p-electrode |ayer constituted by an Ag

| ayer may be provided in contact with the above p-type I nGN contact |ayer.
Wth the above construction, the reflectivity at the nmounting portion or
light emtting device bottomportion may be increased to reduce the |ight

| oss, thereby increasing the Iight output. 15 The above GaN substrate

i ncl udes pkeallentsirsprecat egrsiualivitynmeyr o¢ placadmvarnnederdsyeeortivhighconpielgtadd y in
the thick-wise .direction and.w thin the GaN sub ate, surface., .The

bl at e- Shapbl Rt AN fFCFCrOH GoMHFHEETIF TR CaN BUBSITHP S SUPPEEE and

pl at e- shapemeGryshalce AMRE MoRDALCHRH Mgy BE ARAGAT edrHeperb Rl DSl 3R ched- t YPE
nitride sem conductor layers formed on the GaN substrate nmay be renoved
fromthe p-dlyppwdaintayibdec2bed byiptomgdycinarimpaytens @i e réflecgughetche n-type

" | ayers to a position jnside of the GaN substrate. In

nitride sem conductor

cont a‘gt with tﬁgeﬂ\é% ponseRigHIONATithe eforapsntippsiRrexrsrinCrirep@ct laves Bt Yodes may

_be provid J3 iythik dessem conductor layers. Wth
this consﬁgbc P%E?E%ﬁggﬁféﬁ%ﬁégﬁﬁégfﬁﬁékggg ace may be w dened, thereby 25

i ncreasi ng the Witigtie a0b{®ednstrhetidn eneadl @k e BéHRBSHHCANS S HUEhdienly t he
pl at e- shape crystal inversion domains mnay be renoved to a position inside

of the GaNTsusebatd aurenisynikahcsolnoni dha p-arerede ery\bersgflickeatlpbpreed Smapsh cryst al
inversionLdonajns.%¥ﬁrg§Fsolution, - 66 there is no need for a photo mask,
and t her e PSS HER A2 HETS this process may be performed concurrently with

e 28E3s, Lor PABSThAL Bcutol hLn  Segly miputface of the
the above p-type InGaN contact layer. :

With the above construction, the reflectivity at the mounting portion or light
emitting device bottom portion may be increased to reduce the light loss, thereby
increasing the light output.

15 The above GaN substrate includes plate-shape crystal inversion domains
extending continuously in the thick-wise direction and within the GaN substrate surface.
The plate-shape crystal inversion domains in the GaN substrate surface and plate-shape
crystal inversion domains propagated to the n-type and p-type nitride semiconductor
layers formed on the GaN substrate may be removed from the p-type nitride

20 semiconductor layers side through the n-type nitride semiconductor layers to a position
inside of the GaN substrate. In contact with the left p-type nitride semiconductor
layers, p-electrodes may be provided on the respective p-type nitride semiconductor
layers.

With this construction, the light extracting surface may be widened, thereby

25 increasing the light output.

In the aforementioned construction, the plate-shape crystal inversion domains

may be removed to a position inside of the GaN substrate by KOH solution.

When removing the plate-shape crystal inversion domains by KOH solution,
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the fabrication cost of the aforenentioned construction may be reduced. 5 A
first p-electrode placed discretely over the surface of the p-type nitride
sem conductor |layer in contact with the p-type nitride sem conductor | ayer
and a second p-electrode formed fromAg which fills the gaps of the first
p-el ectrode and covers the p-type nitride sem conductor |ayer and the first
p-el ectrode may be provided. Wth this construction, currents introduced
fromthe p-el ectrode nmaybe 10 sufficiently spread within the surface and the
reflectivity may be increased to increase the |ight output. The coverage
ratio of the discretely- placed first p-electrode on the surface of the
p-type nitride sem cqonduct or nmay be within the range of 10%to 40%
Wth thist %g%waeiié@faPMO@FaéétWésqremamhﬁw ‘?ﬁﬁiﬁqb@&éﬁ@ured and 15

intr Oduce}eﬁ‘dﬁﬁ@a{)%c@é{nt 1§}!Ij{hfe &Q; %o¥ R rrrﬁ?rg{ %&%&%g@\sﬁﬂg tﬁéjgecg‘ﬁc? In the

case wher ove coverage |o 'S omer s 1npossible to

fl ow curr endis sarﬂrc@ugfhetdﬂtelde@&hicaxcﬂ@korl say&fage. W THE@fbreg B @EiAE KIWH solution,
dlscontan|té' Al so, in the case where the above coverage ratio is- hlgher
than 40% thh baﬁv@ﬂ§@Hﬁﬁﬁh%éﬁé@nﬂmmm¢¢£mw%@%émén%”ﬁhﬁééw el ectrode on the

‘Iight extractio eff| i n econes n|f cant quore cence plate may
be pl Yced oppoéAlrJf1 C 8(&%8@8%8&&%&6 %Vrefg'te USEFC%%“ﬁeHﬁYRﬁ r&iﬁ ds%en‘i conduct or
~substrate s@mslbhdﬁd&&wé?% @my& Wiltth8 Fttgfbéjﬁtr?o%rgeﬁ%‘mﬁ&gfla§é1‘Q%E 2&k&nd BY
pl aci ng the fluorescence plate directly above the nitride sem conduct or
substrate mdacstadtetfburmngl frdre Ag which @3 theigapgs pftvhe ifiest prdiecarode dodwievaoutiiced

. construction, refl ected at the quorescence pl ate backside is
refl ect ed PAg&F ﬁlt‘é‘%e feRECORdEston By onanddht BesharacHOds BE R RFY14Sr f ace and then

prooceeds to""afdvu?ﬁr &h%{'ﬁs*?ﬁﬂgerrmtafr‘erom 48 o A% LRSI de miE: | 1 Nt out put
may be increased he surface’ 6f the above ffuore§tence pl at’e” Whi ch faces

t he Beconduffeientlp sprbat @ith@fthé haefdt and o sRdEtcRNdidg b@ﬁnoseal@éd fodh€reiR)tbe
subj ected to a projection/depression -67 formng process. ~. Q Wth the

above condighuedtPen, the |ight extraction efficiency may be further

The coverage ratio of the discretely-placed first p-electrode on the surface of the
p-type nitride semiconductor layer may be within the range of 10% to 40%.
With this construction, the electrical conductivity may be ensured and
15 introduced currents may be sufficiently spread through the surface. In the case where
the above coverage ratio is lower than 10%, it is impossible to flow currents through the
epitaxial layers without generating discontinuity. Also, in the case where the above
coverage ratio is higher than 40%, the adverse influence of the discretely-placed p-
electrode on the light extraction efficiency becomes significant.
20 A fluorescence plate may be placed opposite to the second main surface of the
nitride semiconductor substrate apart from the above the nitride semiconductor substrate.
By placing the fluorescence plate directly above the nitride semiconductor
substrate constituting the light emitting portion in a p-down-mounted construction, light

reflected at the fluorescence plate backside is reflected again at the nitride

oo
Ut

semiconductor substrate surface and then proceeds toward the fluorescence plate side.
As a result, the light output may be increased.
The surface of the above fluorescence plate which faces the second main surface

of the nitride semiconductor substrate may be subjected to a projection/depression
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i ncreased. The above nitride sem conductor substrate nay be utilized as a
ground nenber 5 for discharging the electrical power of transient voltages
and static discharge to the ground. In order to protect the light emtting
devi ce agai nst transient voltages and static discharge applied between the
nitride sem conductor substrate and the down-nmounted p- type Al Gau_, N | ayer
side, the nitride sem conductor substrate having a high electrical 10
conductivity may be utilized as a ground nenber for discharging the high
voltages to the ground. Consequently, there is no need to provide
protection circuits such as electrical power branch circuits including
Zener diodes .in order to address the above transient voltages and static
di schar ge."° 881 %At vol t ages and static discharge are main factors of

. il bl mofri . note 12
circul ai | ur eyfiRtne dobve %&s{rhﬁt:%grﬁ% IYD‘B?%%CPBI?:S%??}’ hH bQ'ﬁh{}gﬁje

sem conductor substrate has a el ectrica vity as descri bed

above, it imayasbé utilized as a ground nenber to significantly reduce the
fabrication processes and the fabrication cost. The above Iight emtting
devi ce may causk®labgyr niiessminpnEyctappibsiste wlytog géitizest 2s agigrpd MEMEET | ower

t han V. ely. by | .oyl a nictride sen conductor .substrat 20 with a
i gh o1 ectP, aarsi R o el i S S T R Bsnce,
- sufficientgewd ents for light em ssion may be injected into the Iight
emtting layer by applying low voltages to cause |light em ssion.

Consequent | y, |lassdaiterpeatewstholaght emitéisg derdte dginstiyamtiend valtages hidsteant ri but es

to reductign,of the.size i ght .and cost, of an illumnatjon apparatus

equi pped vag%CHaﬁgﬁépﬁﬁ}earhﬁ‘*éﬁ?Pmﬁ?% I%ei?%‘@?d‘#ﬁ?rt Fptrate gp ﬂ?eséoéf‘fnlr@@&%g Pin
saving 25yel Rehh] 0alky QRS 1EONSUERLhRBndulRE shii GRS $.0f nibRBIakRYe nitride
sem conduct or substra{e may be 50 mor larger. Wth this construction, when
curr &t s ameddidtowe chaf e mtibzeadots-asgrapetmembarfat tischabdnatledigh ellages ade,

el ectrons ?pread as_they proceed fromthe surface of the GaN substrate or
n-type ni t'ff 8U88ni EORYHLIHY. Dolsdt panecd AP Yde RGN GE Ut WERADre, it i s

desirable goqpica power branch circuits including Zener diodes in order to address the above
transient voltages and static discharge. Transient voltages and static discharge are
main factors of circuit failure for III- nitride semiconductors. When the nitride
15 semiconductor substrate has a high electrical conductivity as described above, it may be
utilized as a ground member to significantly reduce the fabrication processes and the
fabrication cost.
The above light emitting device may cause light emission by applied voltages of
equal to or lower than 4 V. Namely, by employing a nitride semiconductor substrate
20 with a high electrical conductivity and therefore low electrical resistance, sufficient
currents for light emission may be injected into the light emitting layer by applying low
voltages to cause light emission. Consequently, less number of batteries must be
mounted and this contributes to reduction of the size, weight and cost of an illumination
apparatus equipped with the light emitting device. Further, this is effective in saving
25 electrical power consumption.
The thickness of the above nitride semiconductor substrate may be 50 um or
larger.

With this construction, when currents are flowed from a dot-shaped or small-
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that the GaN substrate or n-type nitride sem conductor substrate has a | arge
thi ckness. In the case where the thickness of the above substrate is

smal ler than 50 .tm when the 5 n-electrode area is small, electrons wll
not sufficiently spread when they reach the active |ayer of a quantum well
construction and accordingly there wll be areas generating no |ight and
areas generating insufficient lights in the active layer. By setting the

t hi ckness of the above substrate to equal to or greater than 50 m even
when the n-electrode area is reduced by the |ow electrical resistance,
currents will sufficiently spread in the 10 substrate and the light emtting
area int cty la Vi fici W e e f y, the
t hi cknessml?esa%glei‘/t%dg P glgétéa esrplF)e%\lE%\g;\ﬁe}%/eé/(r:p,rg!cl%f‘%Ji %‘r e tﬁ g?‘é‘%%‘:ees"w esGEIggug‘{tga?ége, t he
absor pti orprateypHgitsdedsni RhunBE ARG asitgRhdli tamkidandThérefeé of i@ dekifableS
desirable that the thickness is equal to or smaller than 500 um The

el ect r ode thatyhdearsobitoedonmttpeaitside oerdicosdustg yn diaee fs atlargeabiokressi t ri de

15 sem conductor substrate with an opening ratio of 50% or nore. Wth this
construct iBRE ¢ie™ ?rgﬁﬁe UFRASET oM g PR SEyFatz s F’Héﬁ%é%‘n@ Wi HhekHEace Ry

~be i rea%ﬁgeﬁ}r&% L, g0eh, 1t r@?ecﬁ'gﬁ%uﬁ/ggngtﬁﬁﬁilgienﬂ ?pr@%?w}'x% w%y?ea@gﬂ@& of 11ght

absorbed at the n-electrode a the lTarger t t” output. Therefore,
- the openi rgyer bk goantsm prefif@nablefiod 2% atcondingly titnd witbbeaneiegaeming nos 90% or
nore. 20 The contact area between the el ectrode provided on the above
nitride dight eshierstesperaung npuifisiepnlighthin dhanative daes e B wiitngcthethiskisst r at e

may be 0.0 or re. Wth this construction, a.inear current-|ight
out put chan b B Eers Ty oisalp Rl Pttt e At O e U s

squar e- sent £ANekiCEOhe & BlectWichiNeUbta kRl Reratd RBtLicichoyRYreRgat tngenerati on at
the el ectrode. The cross section area of the bonding W re connecting the
abovil el ecubsstiee amicthe tiple dnetdthgfareae thagctive |9eOR2y barRufGciembyr eide¥d h t hi s
construction, the |ight em;tti ng device may be operated to a current of -59
2 A wit houlowsairpigrablyt EettBigknsss Feht Lgen eF et on How ey pe fiihe Bickppss g fass sect i on

area of t rl%rgE’,OtRQ iags%rpygorneat ?k?ensrt]l%gttrailtg%eéo%es%?g%’fﬁ:a&l a%attflgrg%réa} Fftqs desirable
that the thickness is equal to or smaller than 500 pm.

The electrode may be provided on the second main surface of the above nitride

15 semiconductor substrate with an opening ratio of 50% or more.

With this construction, the light emission efficiency at the second main surface
may be increased. The higher the opening ratio, the smaller the amount of light
absorbed at the n-electrode and thus the larger the light output.  Therefore, the opening
ratio is preferably 75% or more, and more preferably is 90% or more.

20 The contact area between the electrode provided on the above nitride
semiconductor substrate and this nitride semiconductor substrate may be 0.055 mm” or
more.

With this construction, a linear current-light output characteristic may be
obtained to about 70 A with a 8 mm square-semiconductor chip, without being affected

by heat generation at the electrode.

[\
ot

The cross section area of the bonding wire connecting the above electrode and
the lead frame may be 0.002 mm” or more.

With this construction, the light emitting device may be operated to a current of
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the lead frame may be 0.07 mmZ or nore. Wth this construction, the |ight
emtting device nmay be operated to a current of 5 about 70 A without being
af fected by heat generation at the wire. The el ectrodes nay be placed at two
or nore corners of the nitride sem conductor substrate and the sum of the
contact areas between the electrodes and the nitride sem conductor
substrate nmay be 0.055 nmm¥Z or nore. Further, the sumof the cross section
areas of the bonding wires connecting the el ectrodes placed at She 10 coners
and the lead frane may be 0.002 nm®2 or nore. Wth this construction, there
will be hardly obstruction for light in the light extraction of the

sem conduct or chip. The sum of the cross section areas of the bonding wres
connecting/&@gﬂ‘glquro{g ARLQ%EP atrgpe corners and the |l ead frane may be
0.07 me or et FES Iy ALHCErACr foHe Wifere wi I | be hardly
obstruction_in TEH%Q:ﬁMSQEEtitoﬂ?%HaaﬁtthQQom whB8oldeiie ﬂ’i‘éggb’\t/c gtditsdeqngy may be

increased. The light emtting area in the above second main surface may be
0.25 2 dhe leaw freme Wiaytbetthi smadns irouet i on, by arrangi ng a predet er nmi ned

nunber of the above light 20 emtting devices, they may be substituted for
Can wider range ‘Sfth 831 SUSHECHN theiligat PERtnGRyHearayEsoPerHed Het cHsEWher e t he

1 ghts et 07 AR Ak, O] OV Wh A 35y of I wiumber of the 11 ght

em tting devices enploye econes "excessli ve 9 arge and they can not be

- substituted forTiexdationg iy bipiaedd Hnwappaioat Us@srs of thd digidgbove enbodi ment s
of the present invention, the light emtting area is desired to be |arger
wit hi n t heengageucter suhitrae angd thesue of kg ¢aitasheregs Bppvear therfledredns and de

senicondquor S icC

resi st ance ?Wgyﬁﬁ%%$%%§%xg?%%fgéggﬁw#%gﬁgﬁéggéégﬁﬁéiLgﬁgﬁkggéém%@éﬁple, t he
resi stivitife &bsd BRtiAH hleh 6y 1B TbERNANGEOL PR R AL SlekiSodls Placohht g1 the
light emtting area may be set to about 8 nmx 8 mmas |Inventive Exanple F.
- 70 Tthe IM@hﬁxemkhbéh@d@mmauMyU&@Q@kumﬁ@rnakﬂ surface of the above nitride
-sl-.ﬁgl flogﬂ? ctor pﬁﬁ tt}{is? Ec?nstrrrg tiol%,ethaereS {m lebeekgalgﬁly 0 8[ruocttiol1%rq?grht Enht?lg liéhtrrm x 1 mm
extraction of the semiconductor chip.
The sum of the cross section areas of the bonding wires connecting the
electrodes placed at the corners and the lead frame may be 0.07 mm? or more.
15 With this construction, there will be hardly obstruction in the light extraction and
the light output efficiency may be increased.
The light emitting area in the above second main surface may be 0.25 mm” or
more.
With this construction, by arranging a predetermined number of the above light
20 emitting devices, they may be substituted for an wider range of existing illumination
apparatuses. In the case where the light emitting area is smaller than 0.25 mm’, the
number of the light emitting devices employed becomes excessively large and they can
£

not be substituted for existing illumination apparatuses. In the above embodiments of

- the present invention, the light emitting area is desired to be larger within the range

o
(W) §

where currents sufficiently spread in the nitride semiconductor substrate. This means
that the lower the electrical resistance the wider the light emitting area may be made.
For example, the resistivity of the nitride semiconductor substrate is 0.01 ohm-cm, the

light emitting area may be set to about 8 mm x 8 mm as Inventive Example F.
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emtting area of the second main surface of the above nitride sem conductor
substrate nmay be a size equal to or larger than 3 Mfmm x 3 mm Further, The
light emtting area of 5 the second main surface of the above nitride

sem conductor substrate may be a size equal to or larger than 5 nmx 5 nm
As descri bed above, by wi dening the area of the light emtting surface, the
nunber of light emtting devices nounted in an illum nation apparatus may be
reduced. Thus, reduction of the nunber of process steps, the nunber of
conponents and the 10 el ectrical power consunption may be realized. For
conformation, a size equal to or larger than 1 mmx 1 nmm neans a si ze

i ncl udi 1 Th b h dev di l'igh
e L1 ng.devi coureriePhiai ot SR ORI SCBTTHR B Tiag! B OBt have & heat
r e.S' Sf[ anc%er%jco?f&)lgtwds%%str Egglaﬁ-gh% s1ze%g{1% qg"o? ?arQer} tﬁgnff 8’1' eQClyml%f hltelhgm i f

emtting device 1S degrade rature increases. Fur

excessi ve dnfitiaghedalifehd febRBSem s@f@c&@m@dbodehﬁnkie gdthicodctdrisnpsteteyi ce wil |
be danaged. Thérefore, the terrperature resi stance or heat resistance of

| i ght eni tmdyrig adexd ezqelsl tare largen thpo s hant< desi. grfuitet, dihe lighnemeittingarat by, t he

heat resi shances have bgen gt to abo t 60 CV gqsee t he aboye patent
i t erat ur d02§eCONd B3 Ftacy, %@W%‘gﬂ&r & SHBSPIUSIATSHRHEE® 108Y 8B EAVor | ess as

- previously, ﬁﬁ%%’r?a‘?grtflﬁaes g%l L Dqﬁ%‘ em ssion efficiency will not
e t

signifi cant. y decrease or I"i"g emtting device will not be damaged

even when suffigd @itrivldesbid Galwipewer theSiréaiTRhd Bcht emittihg shifght trem tting
devi ce. The above reduction in the heat resistance to half was realized by

usi ng a GTNmbsupklighaewmitiing ﬁe\acelsmlv@unm lstdnwlimnai@n@GSWItbemYMéuceﬁurt her,

in the aboye |I8ht em.tting.devi.ce, g era of the F 1Qn at

whi ch the teffEFatiaRettct éQIHH§F“I Ty @@nFW'?b PRSI Pﬁ%&eenlttlng
condid i OnSelect4bBo#AUenUimptRWEhay W fehlideh! SFGIO(E&E(SMTEIana sﬁeh&q&a?ﬂfp@l* ature of

t he portion at ich the tenperature increases nost largely, namely the

t enper at urlergef theiné rhinght menintdrsngideayendingaynthe 1BAC 71 or | ower and thus a

suffici ently hi gh |ight em ssi on efficiency g he ensured. Further, the
life may be | ar'g¥laporstighi gaittiag devrssamsidiieishb et doies fPmgRona t t i ng

devi ces. AIN substrate, may be formed to have a heat resistance of 30°C/W or less.
The light emission efficiency of a light emitting device is degraded due to
15 temperature increases. Further, if excessive temperature increases are caused, the light
emitting device will be damaged. Therefore, the temperature resistance or heat
resistance of light emitting devices are an important design factor. Conventionally, the
heat resistances have been set to about 60°C/W (see the above patent literature 1).
‘However, by setting the heat resistance to 30°C/W or less as previously described, the
20 light emission efficiency will not significantly decrease or the light emitting device will
not be damaged even when sufficient electrical power is supplied to the light emitting
device. The above reduction in the heat resistance to half was realized by using a GnN
substrate with a low resistivity as described above.
Further, in the above light emitting device, the temperature of the portion at
25 which the temperature increases most largely in continuous light emitting conditions
may be 150°C or lower.
With this construction, the temperature of the portion at which the temperature

increases most largely, namely the temperature of the light emitting layer, may be 150°C
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Preferably, the thickness of the n-type nitride sem conductor layer is 3 um
or less. The n-type nitride sem conductor layer is forned on the nitride
sem conductor 5 substrate by epitaxial gromh. If it is nade too thick, it
will take longer time to performfilmgrow ng processes and al so the
material cost will be increased. By setting the thickness of the n-type
nitride sem conductor layer to 3 umor |ess as previously described,
significant cost reduction nay be achieved. Mire preferably, it is 2 umor
|l ess. 10 A non-mrror-surface finishing my be applied to the area of the
second main surface of the above nitride sem conductor substrate which is
not coated with the electrode. Wth this construction, it nmay be prevented
that |ight t i ght, ;emitti. er.i.s.netlected gt t.he second
hac 11 ot GR0ET ALY SR A0,y ATLELLON hAVSDy Lay ke tharted e secon
substr at e_,tha\meehlayrlﬁawﬂgte?/_ dxfen ey @finRirdd Witk BEdkenlibn0NER eliftigulevigay i ng t hat
the non-mrror-surface finishing may be applied to the side surfaces of the
| ami nat e const Pudtriably, th¥ heclaisevel thenftpgeniwiieshmivasdineeriayrons i or lesur f ace
finished is a rface mthh has been non-mirraor sgrfaqf finished by using a
~ pot assi um hydr oXi°diYPREHHISHRETEHCLOD Y ST UH I 6% P A SE1°Gt i on, or
ammom a ( N'G@Qtra?é)i)}%éi&%a?[rro%ﬂerIf‘?‘J iL‘?Aa‘de s f‘l‘x&dkoﬂ%ill 4B lé%%r ARRUE
non-mrror-surface fTinisfing, a surface wih Targe projettions and
depr essi onsriony fixe gedwing ipeddebsgs old dbded. mathéa] Castsull bader&isele 1 By satingt ched.
The above surface which has been non-mrror surface finished may be a
surface \ih¢ ghckaass daknntips-miride semisondustos 1fienisheadh dylesssispgeaeusbeast one of
sul furic acid. (H2S04) 25 solution, hydrqchlorigc, acid_(HCl). sal ution,
phosphor i cd%é%?ibg?ddﬁ_f? ) CQOF PPN mﬁxfﬁ? BferEHi cMecr BT{HEY-SblSut #BrPTor ot her
acid sol utjigns. Al so, the above surface which has. been non-nmirror surface
finished may be a surface which has been non-mrror surface finished by
usi n0 RI E.  ThusA nby-ndrryr-fidfaee dosBsE Mgy ba appliednforth©tires of fiececod maian
excel | ent di pensi on accuracy nmay be obtained. Also, by either RIE which is
dry et chi riyriase ofghe abavsinigde ssgorduetdrisussiata wigh ismot coated with the
electrode.
With this construction, it may be prevented that light generated at the light
emitting layer is reflected at the second main surface, namely the emitting surface, and
15 thus confined within the substrate, which results in lowered efficiency. It goes without
saying that the non-mirror-surface finishing may be applied to the side surfaces of the
laminate construction.
The above surface which has been non-mirror surface finished is a surface which
has been non-mirror surface finished by using a potassium hydroxide (KOH) solution,
20 sodium hydroxide (NaOH) solution, or ammonia (NHs) solution or other alkali solutions.
By the above non-mirror-surface finishing, a surface with large projections and
depressions may be efficiently obtained. The Ga-surface side is not etched.
The above surface which has been non-mirror surface finished may be a surface
which has been non-mirror surface finished by using at least one of sulfuric acid (H,SO4)
25 solution, hydrochloric acid (HCI) solution, phosphoric acid (H,POs) solution,
hydrofluoric acid (HF) solution or other acid solutions.
Also, the above surface which has been non-mirror surface finished may be a

surface which has been non-mirror surface finished by using RIE.  Thus, by dry
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conbi nati on with photolithography techni que, a predeterm ned
~projections/depressions pitch may be obtained. 5 The el ectrode forned on

t he above p-type nitride sem conductor |ayer may be fornmed froma nateri al
with a reflectivity of 0.5 or nore. Wth this construction, |ight absorption
at the nmounted surface side may be prevented and the amount of I|ight
reflected toward the second main surface of the above substrate may be

i ncreased. Preferably, the resistivity is higher and is 0.7 or nore. 10 A

fl uorescence nenber may be placed to cover the second main surface of the
above nitride sem conductor substrate. Also, the nitride sem conductor
substrate may include at |east one of inpurities or defects which generate

f1 uor escengee. e i ot NEiABPYRREONIAI AL EAN ArihLLE LEDBY: G pRaLL uct ed.

The |ight “"emttihg device o e present 1 nvention may r e two or nore
15 above |Alghby eithdrtRIAgvitdeyiscies e@hidlg toh @&e elch@btus@iiatidalinglutler irces may be
connected in serial., Wth the above construction, an illum nati on apparatus
i ncl udi ng campingtiel with paetolithheraabnteshmilgh agfredet¢ranesd Qrpighiionsepidssigndevi ces
nount ed on., Ieag fé@ne etc., may be obtained by enploying a high voltage
power sup&f@?mﬁ8 °84HSfe, batteries for autonobile are about 12 V and

therefore the Highlec8ud frRA8d Q@Yﬂeca%%vé’f:-t%lﬂ?nif}[&%%ﬂﬁcoﬁ@ﬁté‘ﬁ/ﬁﬁtri R4y sy be
or ig

serially connected in four nore stages to cause | enission. Al so,

t he |ight femedtfianya devéreéwith atrhBeqpiveg en®. Sionverei on may i ncl ude two or nore
above light emtti devices and these.light emtting devices may be
connected in "B‘Zlﬂaﬂa?sewnsw‘ftwnﬁléﬂ&Ewgﬂ%%éﬁ? BOPRGA sUHeeeisideuRinit i on.
appar at us . . S : L

ov cos  mdy paiel ot B ERGURP B BIAEYMecte \0haN 55 pi BhE Rl Ll oPIEOID. | gt
em tting dewtee maybd nctcheyl | Redferdelyothhegsidtivghis legher hdi@ Wevr aese.of t he

present invention and a power supply circuit for causing the light emtting
devikes to - 73\ Berieycsne membar fedy besilensd Am@over the srsopbmein syifpes 9f ey cui t

;\rl\g ggngg%l Q CFax}rif%ldlpeE:@ a'scﬁrg(iﬁdc oprZsu.Csrc}quaﬁmg ictczglag,}'@e Qi P ge?mlcci)r%ﬂgto? %E}stiriapegmgye\/i ces
include at least one of impurities or defects which generate fluorescence.
With the above construction, a white LED may be constructed.
The light emitting device of the present invention may include two or more
15 above light emitting devices and these light emitting devices may be connected in serial.
With the above construction, an illumination apparatus including a plurality of
the above high efficiency light emitting devices mounted on a lead frame, etc., may be
obtained by employing a high voltage power supply. For example, batteries for
automobile are about 12 V and therefore the light emitting devices of the present
20 invention may be serially connected in four or more stages to cause light emission.,
Also, the light emitting device of the present invention may include two or more
above light emitting devices and these light emitting devices may be connected in
parallel.
With the above construction, an illumination apparatus constituted by the above
25 high efficiency light emitting devices may be obtained by employing a high voltage

power supply.

The light emitting device may further include other light emitting devices of the

present invention and a power supply circuit for causing the light emitting devices to
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serial. Wth this construction, it is possible to match the capacity of the
illumnation 5 apparatus and the capacity of the power supply while

satisfying the light em ssion conditions of the individual Iight emtting
devices. Al so, the above power supply circuit may include a parallel/serial
switching portion in the case where the capacity of the illumnation

apparatus is to be variable and the wiring applied to the light emtting
devi ces may be switched by the parallel/serial switching portion. 10

I ndustrial Applicability As a result of using a nitride sem conductor
substrate having a high conductivity and enploying a p-down-nounted
structure, the light emtting device of the present invention (1) has a
good heat geaaitatlighnempisopertd/in thopswarctupplggutuig twocompire patattel sectidi® iel ect r ode
shape, and ,enables |ight,em ssion of a high out.put; has an excel | ent
conduct Vit es hOE e Tssties Biricaneedid Bapial ke SR SERA G he | oh
emtting segMice against transient voltages and static discharge, enables

| arge area light em ssion, _and has a high electrostatic wthstand voltage;
(3) does not haVih SupeingiHbetian, itds BessiRts taunatsh e capacey raghei ilwminatex

~ decr egsi NGpb A Apk i&%P%t&R%d%%P%@?&hhggggggﬁJf’hfe%hﬁ?%iﬁét]j)gh results in

| ess occurfence of tota ter r ef I on €h the emtting
~layer and candivens ¢fithgindimduatbght amitting deeftor e Adspoildsabdee peasresuipplyef f i ci ency
or degenerati.on__of ,a resi n_a, si.de. surface pprtion . due,to the tatal
“hternal RrERer S Be Pl SR Gt RSl Rt h Bt lau i ng a
| ar ge- capahd fllympovien agpipalyisad@e ivarigspaad @k hyringapplied td Ok light érhittigg nat i on
apparatus for an autonp il%; and (g% can be easily fabricated 25 wth a | ow
cost becal§¥ce¥mpy &e sikahed by dresrardlist/ sl sHdng RBUPRAS hi gh nai nt ai nabi i ty.
Ther¥fore, the present invention is expected to be widely utilized for
various ill qin?tio roducts including the illum nation apparatus. for the
autonobiIé?Lb?$'éﬁmﬁ@ﬁ£§“’l. A light emtting apparatus conprising:

As a result of using a nitride semiconductor substrate having a high conductivity
and employing a p-down-mounted structure, the light emitting device of the present
invention (1) has a good heat radiation property, does not require a complicated

15 electrode shape, and enables light emission of a high output; (2) has an excellent
conductivity, does not require a protection circuit for protecting the light emitting
device against transient voltages and static discharge, enables large area light emission,
and has a high electrostatic withstand voltage; (3) does not have substantial
discontinuity of a refractive index decreasing from a light emitting layer to the substrate,
20 which results in less occurrence of total internal reflection between the light emitting
layer and an emitting surface, and thereforé avoids decrease in efficiency or degeneration
of a resin on a side surface portion due to the total internal reflection; (4) emits light
with a low voltage without requiring a large-capacity power supply and is especially
suited for an illumination apparatus for an automobile; and (5) can be easily fabricated
25 with a low cost because of'its simple construction, and also has high maintainability.
Therefore, the present invention is expected to be widely utilized for various illumination

products including the illumination apparatus for the automobile.
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a nitride sem conductor substrate (1); 5 a n-type nitride sem conductor
‘layer (3) at a first main surface side of said nitride sem conductor
substrate; a p-type nitride sem conductor |ayer (5), at said first nain
.surface side, placed nore distantly fromsaid nitride sem conductor
substrate than said n-type nitride sem conductor |ayer; and 10 a |ight
emtting layer (4), at said first nmain surface side, placed between said n-
type nitride sem conductor |ayer and said p-type nitride sem conduct or

| ayer, wherein said nitride sem conductor substrate has a resistivity of
0.5 mor less and said p-type nitride sem conductor |ayer side is
down-nounted so that light is en‘ittea roma second main surface of said
nitride semconductor substrate at thE?*d¥posite side 15 fromsaid first
main surface. 2. The light emtting apparatus according to claim1,
conprising: a first p-electrode (12a) placed discretely over the surface of
sai d p-type nitlri deligizemichpdppiratuslcay@risingt contact with said p-type nitride
sem conductor |ayer; and a second p-electrode (33) forned from any one of
Ag, Al and Rh vhiiEiefspmjcendusgor spbstegp6llof said first p-el ectrode and covers
said p-type nitri sem,conduct or_ | [ -an i.d _.first p-electrode, 3. The
TantSen Lui ng A 0Le SneFiftiy BEL AR SR anlh eleRee RS SBSaR A8 20 o o
sai d firstsepicoheedtbod®ssiet he surface of said p-type nitride sem conductor
layer is within the range of 10%to 40% 25 4. The light em tting apparatus
accordi ng to clapipE,nitike semigomrhictbrilaygh(S)eat satd firgt mppandteessideaplaged

el ectrostatic \Mtrﬁ ,ttand vglta e of. 3000 V‘% m)Fle. 5d The Light emtting
appar at us BUES @ £ i iRide spendbftor substraigdpen sad AbYRG Y EE i on ci rcui t
for prot eckifgnd@idr Lighinem tting apparatus against transient voltages or
static discharge applied between said nitride sem conductor substrate and
sai dl@own- mountalishpetytpee AlysrCe), 2 Bhil diyermmasn sleface side, placed between said n-

type nitride semiconductor layer and said p-type nitride semiconductor layer, wherein
said nitride semiconductor substrate has a resistivity of 0.5 Qecm or less and
said p-type nitride semiconductor layer side is down-mounted so that light is emitted
from a second main surface of said nitride semiconductor substrate at the opposite side
15 from said first main surface.
2. The light emitting apparatus according to claim 1, comprising:
a first p-electrode (12a) placed discretely over the surface of said p-type nitride
semiconductor layer in contact with said p-type nitride semiconductor layer; and
a second p-electrode (33) formed from any one of Ag, Al and Rh which fills the
20 gaps of said first p-electrode and covers said p-type nitride semiconductor layer and said
first p-electrode.
3. The light emitting apparatus according to claim 2, wherein
the coverage ratio of said first p-electrode on the surface of said p-type nitride
semiconductor layer is within the range of 10% to 40%.
25 4. The light emitting apparatus according to claim 1, wherein
said light emitting apparatus has an electrostatic withstand voltage of 3000 V or
more.

S. The light emitting apparatus according to claim 1, wherein
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6. The light emtting apparatus according to claim5, wherein 5 there is no
“electrical power branch circuit including Zener diodes for addressing said
transi ent voltages or static discharge. 7. The light emtting apparatus
~according to claim1, wherein said |ight emtting apparatus causes |ight

em ssion by an applied voltage of equal to or lower than 4 V. 10 8. The
light emtting apparatus according to claim1l, wherein the thickness of said
nitride sem conductor substrate is 50 umor larger. 9. The light emtting
apparatus according to claim1l, wherein an electrode is provided on the
second main surface of said nitride sem conductor substrate with an opening
ratio of 50% or nore. 15 10. The |light emttin ,apparatus according to claim
1, wherein théhesnt Brprosdian SEewesdn paﬁeféméé@adg@é» Y NIARPR AR BHSE ai d
nitride LG r St § o |.q itEi. ] yct or
substrate%ﬁghﬁﬁgggﬁéﬁﬁxggg%ﬁ%gé£5§%gm%ﬁ%eﬁ%%ﬁfagﬁyF ?%%%g%%gﬁgPus accordi ng

to clai m lbstvkessi ailvhaared-§eenhi,onalN afeasi@ a bonding wire (13)
connecting said electrode (11) and a lead frame (2lb) is 0.002 m®2 or nore.

12. The light ém tkhedighhppiting appasewsorcdomdgnato ciimiSnwhereinvher ei n t he cross

- sectiponal area pof a bonding wire connectin ai.d el ectrode.and a l.ead frane
Ts 0 By e o hoFe PoRS At RS PRANT SinitndS te fars IR AR RARRES ol A

- 10, wher ei Bidsainkies] §4E0AG diSicRliaggdeat two or nore coners of said nitride
sem conductor substrafe and the sum of the contact areas between said
el ectrodes and &ailherlight emdgtingsampacomstecd @ingstolrdtimdt evheeir0. 055 M or nor e,
and the sum of the. cross sectional areas -76 of bonding w res connecting
sai d el ect r odesa ligbs gMEHNG AHPATaEeT SEPS Ightiemispian gy £p aprlicf yolteeQRFCaNAR or
nmore.” 14. [ThelJght. et ting apparatus according to claim 13, wherein

10 : 8. The light emitting apparatus according to claim 1, wherein
“the thickness of said nitride semiconductor substrate is 50 wm or larger.
9. The light emitting apparatus according to claim 1, wherein
an electrode is provided on the second main surface of said nitride
semiconductor substrate with an opening ratio of 50% or more.
15 10.  The light emitting apparatus according to claim 1, wherein
the contact area between an electrode (11) provided on said nitride
semiconductor substrate (1) and said nitride semiconductor substrate is 0.055 mm” or
more.
11.  The light emitting apparatus according to claim 10, wherein
20 the cross sectional area of a bonding wire (13) connecting said electrode (11)
and a lead frame (21b) is 0.002 mm’ or more.
12.  The light emitting apparatus according to claim 11, wherein
the cross sectional area of a bonding wire connecting said electrode and a lead
frame is 0.07 mm? or more.
25 13.  The light emitting af.)paratus according to claim 10, wherein
said electrode is placed at two or more corners of said nitride semiconductor
substrate and the sum of the contact areas between said electrodes and said nitride

. . c 2 .
semiconductor substrate is 0.055 mm" or more, and the sum of the cross sectional areas
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the sum of the cross sectional areas of bonding wres connecting said
el ectrodes 5 placed at said corners and the lead frane is 0.07 mm or nore.
15. The light emtting apparatus according to claim1l, wherein the |ight
emtting area in the second main surface of said nitride sem conductor
substrate is 0.25 mm or nore. 16. The light emtting apparatus according to
claim1, wherein 10 the light emtting area of the second nmain surface of
said nitride sem conductor substrate has a size equal to or larger than 1
mmx 1 mm 17. The light emtting apparatus according to claim 16, wherein
the light emtting area of the second main surface of said nitride
~sem conductor _substrate has a. size equal] to or. larger tha mmx 3 mm 15
18, The IigROTGRE Pifieh GOHIS Rt ela%tsiﬁap%e%Seadaqom%%nc{}m@ﬁiﬁﬁn?ﬁ% i ght
emtting %Hﬁ%xﬂ&szﬁm§§cond mai n surface of said nitride sem conduct or
substrate has a size equal to or larger than 5 mMfMm x 5 mm 19. The |i ght
em tting appar a4us Taedighthmigtitepph@tudatcordhich clasm aonwhérkit ed to  have a
heat resistance of 300/ Wor less. 20 20, The light emtting apparatus
accordi ng to clthé pim of tisedressectivaal aspgsent dondiog vfires hennsoting wud electipdesh t he
"~ tenpetrature increases nost  |arge in. continuous light emtting conditions
i's 1§%C oﬂﬁygaé{$“ T?n?ﬁﬁngﬁﬁﬂgmL%?P?Pﬁbggﬁﬁhfﬁﬁﬁgaaccording to claiml,
~Wherein the thigknegs gh éﬁi‘tﬂgnastp)fﬁﬁxs@cwﬂdgﬁt%%mgﬁQ?QH{&teﬁ{ layer is 3 mor
| ess. 25 22. The l'ight emtting apparatus according to claim1, wherein the
area of the secbabghteimttsigrafaade tiof sesanddmaintsnifeke «fenidanmide c¢micosdirssr at e

which is not coated wth said el ectrode has been non-mrror-surface
fini shed. $35TaHis 41 yR 8RMOfS ng apparatus according to claim 22, wherein

77 said surfaceghingh [Bas.Hean Q@Qf |08 il h 3kl Pshied I's a surface
e

whi ch has been non-m rrof-surf a I ni Shed~by usi ng potassi um hydroxi de
(1 COH) sol ut i orthe gt eintinigyaekracofitakesecdaOhihinssaHatd efsaidotitraigremicand NtB)
solution or other alkali solutions.
substrate has a size equal to or larger than | mm x 1 mm.
17.  The light emitting apparatus according to claim 16, wherein
the light emitting area of the second main surface of said nitride semiconductor
substrate has a size equal to or larger than 3 mm x 3 mm.
15 18.  The light emitting apparatus according to claim 16, wherein
- the light emitting area of the second main surface of said nitride semiconductor
substrate has a size equal to or larger than 5 mm x 5 mm.
19.. - The light emitting apparatus according to claim 1, which is constituted to
have a heat resistance of 30°C/W or less.
20 20. The light emitting apparatus according to claim 1, wherein
the temperature of the portion at which the temperature increases most largely in
continuous light emitting conditions is 150°C or lower.

21. The light emitting apparatus according to claim 1, wherein

the thickness of said n-type nitride semiconductor layer is 3 um or less.

QW]
Ot

22. The light emitting apparatus according to claim 1, wherein
the area of the second main surface of said nitride semiconductor substrate
which is not coated with said electrode has been non-mirror-surface finished.

23. The light emitting apparatus according to claim 22, wherein
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24. The light emtting apparatus according to claim22, wherein 5 said
surface which has been non-mrror-surface finished is a surface which has
been non-mrror-surface finished by using at | east one of sulfuric acid
(H2S04) solution, hydrochloric acid (HCl) solution, phosphoric acid (H2PO)
solution, hydrofluoric acid (HF) solution or other acid solutions. 25. The
light emtting apparatus according to claim?22, wherein 10 said surface

whi ch has been non-mrror-surface finished is a surface which has been
non-mrror-surface finished by using reactive ion etching (RIZ). 26. The
light emtting apparatus according to claim1l1l, wherein said electrode (12)

provided on said.p-type nitride sem conductor layer.is formed . froma
rater ol wi th AP ORECYDF} JhOReB SRRy SRESL bR T e AT

appar at us REEAinieht @Gk ikd bmgrngip@m%siﬁhl%e@&@@@mmﬁrorﬁ 38diuis pl aced
(0]

to cover the second main surface said nitride sem conductor substrate.

28. The | igtoxeri(NeORY salppan,atrasmantoMdiy golutios loabthet alkah erletiionsa
fl uorescence plate %gg) is.FIaced opposite to the second nain surface of
said 20 nitridé sdnf CBMNATRTEE 2BRHANF FELTHIENP CRIBAESHAYSRI tri de

d_ 20 ni RRELIGE Bap3teat O ap ot o
25, whoroi n 1 he"Sur e FY b g SR IRRARR A NEREARAS Coma

- mai n surf deen afn-satst-sunfats ﬁﬁi@heﬁ&ﬁh@@@cﬁucda@trorﬁtﬂfshlﬁﬁt@dtaﬁblse)@)ﬁs@ww@ct ed to
a projection/depression formng process. 25 30. The light emttin
appar at us taéeshlarinageid gHEDaiomtpn, pitsplaric asid GLROu) sdetiope Rydrofierret ad subst r at e

i ncl ude at ast..one aof | rities and defects which generate fluorescence.
31. A Iigﬁpkzs%???%8wﬁﬁ%§¥§fﬁ@ﬂggﬂprising: -78 two or nore light emtting

appar at uses acogr difhg [ib® higind abpathstabeseinkit8Blaim e WhirBig apparat uses are
connected in serial or parallel. 32. The light emtting apparatus conprising
sai dll i ght eni tsaidsyrfagepainiat badwsen non-mirror-surface finished is a surface which has
been non-mirror-surface finished by using reactive ion etching (RIE).
26. The light emitting apparatus according to claim 1, wherein
said electrode (12) provided on said p-type nitride semiconductor layer is formed
from a material with a reflectivity of 0.5 or more.
15 27. The light emitting apparatus according to claim 1, wherein
a fluorescence member (26) is placed to cover the second main surface of said
nitride semiconductor substrate.
28. The light emitting apparatus according to claim 1, wherein
a fluorescence plate (46) is placed opposite to the second main surface of said
20 nitride semiconductor substrate apart from said nitride semiconductor substrate.
29. The light emitting apparatus according to claim 28, wherein
the surface of said fluorescence plate which faces the second main surface of said
nitride semiconductor substrate has been subjected to a projection/depression forming
process.
25 30. The light emitting apparatus according to claim 1, wherein
-said nitride semiconductor substrate include at least one of impurities and defects

which generate fluorescence.

31. A light emitting apparatus comprising:
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according to claiml and a power supply circuit for causing the |ight
emtting 5 apparatuses to generate |ight em ssion, wherein in said power
supply circuit, two or nore parallel sections in which two or nore said
light emtting apparatuses are connected in parallel are connected in
serial. 33. Alight emtting apparatus conprising: a GaN substrate (11 which
is a nitride sem conductor substrate; 10 an n-type AlGl ,,N layer (x is in
the range of fromO to 1) (3) which is an n-type nitride sem conductor

| ayer at a first main surface side of said GaN substrate; a p-type
A, , Gl _,tNlayer (x is within the range of fromO to 1) (5), at said first
mai n surface side, placed nore distantly fromsaid GaN substrate than said
n-type AhGal xN | - and, 15. [ AR 4). id first

mai n surface sixt 8,0?%’%%8 élgntbeerfﬂ\%ler%ngpg %Ahlsgﬂctc%dg&ﬁﬂoaﬁ%f arh tlhgs%elrfg%gnd sai d

p-type Al ,dnﬁ&ila%,abbir@dl@és,ar%@ﬁ&hﬁd&@k&iaﬁﬂ%a’iﬂm.trate has a dislocation
density of 10"/cm or less, and said p-type AhGal_ N |layer side is

down- nount ed sc2t hathe lighth¢mittengapipatass dompmsinh said digbheminerigrappsiatisaee of sai d

GaN substrate at the.opposite side framt first .n surface. 20 34. The
T oht e VPG AT DR CoOP At ekt T SaserBs L SRS caN subst r at e

~has bgen ngby, AR RINGiont g ithin the
R e S s R R R LR e e

subst r at e marefpacufiell@tionstio Wk tmo B5uordkad liphthdmietingt dppagtapparat us accor di ng
to claim33, wherein 25 said oxygen concentration is within the range of
oxygen at divBnestedgn palielpre seangctean 558t he t hi ckness of said GaN substrate

is within the range Qghtfeﬁg@#%t%gpﬁélﬁf@?g%%im and the both sides of the

“rectangul ar surface whic d main surface is equal to or
smal | er than 10 @¥N sab@ra85(1) Wiechl ik ghttrienidntithgusppan@tids; according to claim

33, wherein said oxygen concentration is within the range of oxygen atons
~ 3E181€nB to SEDS-uNE AdderitNdayeh(*ck ety rafgesHiftnca N éh@gtwimheis a8 niiyphi n t he
range of fnrit?ﬂ]e %grgicgmt}c?or layer at a first main surface side of said GaN substrate;
a p-type AliGa,;.N layer (x is within the range of from 0 to 1) (5), at said first
main surface side, placed more distantly from said GaN substrate than said n-type
AlyGa; 4N layer; and
15  alight emitting layer (4), at said first main surface side, placed between said n-
type AliGa;.N layer and said p-type AlyGa,.N layer, wherein
said GaN substrate has a dislocation density of 10%cm® or less, and said p-type
Al,Ga, 4N layer side is down-mounted so that light is emitted from the second main
surface of said GaN substrate at the opposite side from the first main surface.
20 34. The light emitting apparatus according to claim 33, wherein
said GaN substrate has been n-typed by oxygen doping, the oxygen
-concentration is within the range of oxygen atoms 1E17/cm’ to 2E19/cm’ and the
thickness of said GaN substrate is from 100 pum to 600 pum.
35.  The light emitting apparatus according to claim 33, wherein
25 said oxygen concentration is within the range of oxygen atoms SE18/cm’ to
2E19/cm’® and the thickness of said GaN substrate is within the range of from 200 pm to

400 um and the both sides of the rectangular surface which emits light at said main

surface 1s equal to or smaller than 10 mm.
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600 um and the both sides of the rectangular surface which emts |ight at
said second 5 main surface is equal to or smaller than 3 mm 37. The |ight
emtting apparatus according to claim 33, wherein said oxygen concentration
is within the range of oxygen atons 5E18/cnB to 5E 19/cnB and the thickness
of said GaN substrate is within the range of from 100 umto 200 um and the
both sides of the rectangular surface which emts light at said second 10
main surface is equal to or smaller than 3 mMmm 38. The light emtting
apparatus according to claim 33, wherein dislocation bundles (61) are
distributed on the first main surface of said GaN substrate with a density

of 4E6/cnR or |lgss 9n average and said disiocation - hundles are generated by
di scretely conc3g6nt raeillﬁé§%fpgﬁlr&%{1pﬁgﬁ%s, E}C\C/:\szlridclz tﬁa?@ﬁémgge\r?’g‘ﬁrﬁglvoi dably 15

generat ed duri n@id &8s teHteRiratldigs GAMnSHP$AnbaLE oxidtndtsthd SHB/&HERe to
distribute them_along the substrate thick-wise direction in order to

i ncr ease  t il Sémy'stndltheitiokneds afositl GadesubsofitesawdhiGahe smbs bf fivm.408umThe | i ght

emtting aﬁﬁ)tar atus according to claim33, wherein said dislocation bundles
are di st ri®0tien apdhthediogh sidessef tharestangplenaatage which erardighiat 2 sseouE2/ cm or

| ess an av&gigggﬁ&gqs E“ﬂg‘ﬂ poo(grhsn?aingregfwgg he rectangul ar surface which emts

| i ght "at sai d Second In surface is ™within the range of 200 umto 400 um

40. The |ight et tiHRQigAPAaTEILSRAEE McbidtodAnM33dhether ei n bet ween said
GaN substrate and said n-type Al,Gal xN layer (x is within the range of
fromO to 1), apidetygpeceiocasitingis anthinaghierangs by okygeplatmedSEI8/gontcact with

said 25 ubstrate and an n-ty N buffer |ayer (2)_.is placed in

cont act WIC?EHQ?% %ﬁttb%@ll%ﬂéﬁl\?fﬁﬁﬁf@’% g@&%?ﬁe l%w&h@éﬁﬂr%gwﬁﬁmmw miQ | ayer
(x i's within the of: A0 ok (3 LS placed in. contact wth the
n-type GaN‘dl?lﬁrigglf‘Cli ?}aﬂ%g)rt‘f Mﬁs.r%g‘ﬁcf“&ﬁ%l)areéﬁ%aff rvlvg‘]‘?cg%ﬁéfa‘tﬁé“‘a°3t§10°r%d|°r\%,1¥!g to claim

40, wber ei RainsBPackat epaad subsdlileathan Bnehudes areas with an off-angle of 0.
lii or less and areas wth an off-angle of 1.0 or greater. 42. The |ight

enitting apparatfus Hedghtiemigtinganpazstng 2000r ditgetoeilaim 33, wherein
dislocation bundles (61) are distributed on the first main surface of said GaN
substrate with a density of 4E6/cm” or less on average and said dislocation bundles are
generated by discretely concentrating dislocations, which have been unavoidably
15 generated during formation of the GaN substrate, in a string shape to distribute them
| along the substrate ﬁhick—wise direction in order to increase the crystalinity of most area
of said GaN substrate.

39. The light émitting apparatus according to claim 33, wherein

said dislocation bundles are distributed on said first main surface with a density
20 of 4E2/cm? or less on average and the both sides of the rectangular surface which emits
light at said second main surface 1s within the range of 200 pm to 400 pum.
40. The light emitting apparatus according to claim 33, wherein
between said GaN substrate and said n-type Al,Ga;«N layer (x is within the
range of from O to 1), an n-type AlGaN buffer layer (31) is placed in contact with said
25 GaN substrate and an n-type GaN buffer layer (2) is placed in contact with the n-type
AlGaN buffer layer, and said n-type Al,Ga;. N layer (x is within the range of from 0 to
1) (3) 1s placed in contact with the n-type GaN buffer layer.

41. The light emitting apparatus according to claim 40, wherein
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di sl ocation bundles (61) are distributed in said GaN substrate and said 5
di sl ocation bundles are not transferred to said n-type Al xGal,N layer (x is
within the range of 0 to 1) (3) placed in contact with said GaN buffer

| ayer. 43. The light emtting apparatus according to claim33 conprising a
p-type @GN buffer layer (6) placed at the down side in contact with said
p-type Al.Gai.,Nlayer (x is within the range of fromO to 1) (5) and a
p-type InGN contact |layer (32) placed 10 in contact with the p-type GaN
buffer layer. 44. The light emtting apparatus according to claim43,
wherein the My concentration of said p-type InGaN contact layer (32) is
within the range of My atons 1E 18/cnB to 1E21/cnB. 45. The light emtting
appar at us accorsdicrieal¥ sutstraierndadasangs ivainrg of-png&oed.¢6t prodss dndyresas( 33)

formed fr )| f o Al Rh in contact with said p-type |nGN
contact | %r. %%@?&glgg.ff\%hgr ﬁf%ﬂe?' emtting apparatus according to claim 33,
wherei n sai d G sUbstlipght @nittie] dpgeatslaat@disigapelacn wof wherkiaver si on domai ns
(51) extending ,.continuously in a plane shape in_the thick-w . se direction
~and a single didrlsg%ctai“i%ﬂgb\?‘ﬁ?l{@l?ﬁ@ dlsé'gb”éﬁcf\fnsséﬁs(tl}?}éts saerandsddi he pl at e- shape
crystmal i nNesaLien bURNIEY £8 n¥i ttrmsfbntehgo @ﬁ&instygém@fagwmy ¢8s #lHinRhat e- shape

crystal inversion donains propagated to said n-type and p-type nitride

senm conductege afdyierls (3 oplaged b sofastdvitaNis Y thudelagere renpved from said
p-type nitride semconduc |l ayers. Si t.hr -sai,d n-type nitride
éﬁ% 42 IQHt érﬁ%ﬂrlﬁ%ﬁalsatus a%go gm&% gpf%%éﬁf{f@ﬁ%@f p té/

sem conduct or ayers o a po on 1 nsi ,pe and in
contact w@aN binerllsfer (§)-flygee a?herdobimi sk i8 @ rhteonelitic s20d pitgyenSGapdelagat r odes

a7 he- | o wERneRT rpEaphErRie Hosbri Turs eharoaes Rrelp e
pl at 83 shape cefity&twkh ihBefpe CANIQIFRE Dedr € renoved to a position inside of
said GaN substrate by KOH solution. 30 48. A light emtting apparatus
conprising: 8Y4 ddediglimiyiegmpraciiscratBe\np icgﬂlﬂTl 43, wheipis i de
samdcondUCt UL shi N &5HcCntration of said p-type InGaN contact layer (32) is within the range
of Mg atoms 1E18/cm’ to 1E21/cm’.
45.  The light emitting apparatus according to claim 43 comprising a p-
15 electrode layer (33) formed from any one of Ag, Al and Rh in contact with said p-type
InGaN contact layer (32).
46. The light emitting apparatus according to claim 33, wherein
said GaN substrate includes plate-shape crystal inversion domains (51) extending
continuously in a plane shape in the thick-wise direction and a single direction within the
20 GaN substrate surface, the plate-shape crystal inversion domains within the GaN
substrate surface and plate-shape crystal inversion domains propagated to said n-type
and p-type nitride semiconductor layers formed on said GaN substrate are removed from
said p-type nitride semiconductor layers side through said n-type nitride semiconductor
layers to a position inside of said GaN substrate, and in contact with the left p-type
25 nitride semiconductor layers, p-electrodes (12) are provided on the respective p-type
nitride semiconductor layers.
47. The light emitting apparatus according to claim 46, wherein
said plate-shape crystal inversion domains are removed to a position inside of
said GaN substrate by KOH solution.
30 48. A light emitting apparatus comprising:

- 81 -



an n-type Al,G1,Nlayer (x is in the range of fromO to 1) which is an
n-type nitride sem conductor |ayer at a first main surface side of said ALN
substrate; a p-type Al,Gai_,Nlayer (x is in the range of fromO to 1), at
said first main 5 surface side, placed nore distantly fromsaid AN
substrate than said n-type Al,Gi.,N layer; and a light emtting |ayer, at
said first main surface side, placed between said n-type AlxGl , YN |ayer
and said p-type Al,Gai _,N layer, wherein said ANT substrate has a heat
conductivity of 100 W(nK) or higher, and said 10 p-type Al, Gal., N | ayer
side is down-nmounted so that light is emtted froma second main surface of
said AN substrate at the OpEOSIte S|de fromsaid first main surface. -82

a4 co abeata g 0N IR A
a conductive AIN suostrate which is a nitride semiconductor substrate;

an n-type Al,Ga;.N layer (x is in the range of from O to 1) which is an n-type
nitride semiconductor layer at a first main surface side of said AIN substrate;

- a p-type AliGa; N layer (xis in the range of from O to 1), at said first main

(@24

surface side, placed more distantly from said AIN substrate than said n-type Al,Ga;..N
layer; and

a light emitting layer, at said first main surface side, placed between said n-type
Al,Ga; N layer and said p-type AlGa..N layer, wherein

said AIN substrate has a heat conductivity of 100 W/(meK) or higher, and said
10 p-type AlyGa, <N layer side is down-mounted so that light is emitted from a second main

surface of said AIN substrate at the opposite side from said first main surface.
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