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 conductor

" device or sem conductor chip mainly constituted by a nitride sem conduct or
substrate and sem conductor layers 10 | am nated thereon in sonme cases and
also refers to a device including a sem conductor chip nounted 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 and epitaxial |layers fornmed thereon in a
chip are sinply called a subst r aPESCRIBEHNcases. 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
term nals and have the potentL%h{EMmﬁggm$ Whatdsi zed for illum nation for

| arger spaces or larger areas in the 20 quure. In order to utilize LEDs for
illumnation for |arger spaces or larger areas, it is required to increase
t he %ight 0 Lp%t f LEDs. Therefore, there is a need to enable flow ng

|l arg cur?%ﬁ?@aﬁﬁﬂgugh the el ectrodes of LEDs and overcone a probl em of

tenperature ingge E%QE% at; j = 2Pmbld 191 t he
construction gf aﬁégﬁfggge %?%ﬂicﬁgﬁgg%%%%ﬁﬁﬁg“%%??en¥*y %ﬁ%pos d (a
pat ent doeuiganémiliing dppatdiises Erbiel FER kAR sedicdduyioes. Calllightaytting02 1's
provi ded on a sapphire substrate 101 and a quantumwel|l construction 103
apparatus of the present invention refers to a semiconductor device or semiconductor
( chip mainly constituted by a nitride semiconductor substrate and semiconductor layers
10 laminated thereon in some cases and also refers to a device including a semiconductor
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
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is formed between n-type GaN | ayer 102 and a p-type GaN | ayer 104. Light
em ssion occurs at quantumwel|l construction 103. On p-type GN | ayer 104,
a p-electrode 105 -1 is formed to be in ohmc contact and on n-type GaN

| ayer 102 an n-electrode 106 is fornmed to be in ohmc contact. These

p-el ectrode 105 and n-el ectrode 106 are connected to a nmounting conponent
109 through solder balls 107, 108. The nounting conponent (sub-nount 5
conponent) is formed froman Si substrate and provided with circuits for
protection agai nst surge voltages fromthe outside. Nanely, in order to
prevent |large forward voltages or reverse voltages frombeing applied to
the light emtting apparatus, the electrical power branching circuit for
pr ot ect i nig fermed| tp ghtin ehtnictdontpchpbeme-tepei GaN byest 02 ut edlepbyyodehef isdi odes,
etc., plagjngd§$@hasis.on that main factors of circuit failure 10 for

seni condudt’8 SOANMIE G Ga, A, In or other group 111 el ement are

surge  vol t agegnauolarddeanslaaal. J@kLA0S0aEL Shaldicy &) SeBaRas Prot ection
'l be i n detal

agai nst surge voltages w b escri be ater. The above
GaN- basedcdnigonest H9athemighrsbiderbalis 10MAat08( alDhepndusnpiag Caipbrane (subOdoiunst
down- nounted and (a2) n-electrode |ayer 106 is fornmed on n-type GaN | ayer

102 30 15°anmpaneny) ghiormed Eam aned spbssiate #nd mraviked BathgircyispionipFateditsst rat e 101.

The construct'gon 0 based

f .the.Ga LER is.significantl 0 i cated as can
o seen’ | 1ehieh g8 volided® rERUR Slher “Rabpit HENHEL RS ERRRF AL o e on
n-type Gapbilag¥esr rthedse VIt Femitht 8&1 @f the BBEerR i healeth
constructi or?? i s”t hafesap%ﬁ?.rréfnsdl}bsgf%gt‘e f%Qtl.eig an .ittnsul gtor.sﬁinde t he n-
el ect r odecledncalpbwbebpncungleiccuitrfot petsapg e leghs ebsttingeppar@ds &s wel | as t he
above light emtting apparatus enploying a sapphire substrate, . there has
bggn of t eFPPEUYEREYRIERSIOdes, ey RICIREFMBNlagis QB(haS ey SACkRTE 0? Figgyd iaferey ol t ages

andjg for semiconductor of a nitride of Ga, Al, In or other group III element are surge

voltages such as transient voltage and static discharge. Protection against surge
voltages will be described in detail later.

The above GaN-based LED is characterized in that (al) p-type GaN layer 104 is
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 GaN-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., is



static discharge are provided in light emtting apparatuses enpl oying

GaAs- based, GP- based, or GaN-based conpound sem conductors for use in
light emtting apparatus (see patent docunents 2-4). Particularly, in the
case of GaN based compound 25 sem conductors, the breakdown strengths in the
reverse direction are about 50 V and thus are Iow, and al so the breakdown
strengths for the forward voltage are only about 150 V. Therefore, there
has been inportance attached to providing an electrical power branching
circuit for the above protection. Nanely, the above GaN based chip, etc., is
-2 fornmed on the Si substrate of the sub-nount and on the Si substrate the
protection <circuit including Zener diodes is constituted. It can be said

t hat sugglshedos thefSi samyratqoithe sili-owouct anduirt the § saistwe the protéveiopr oof of t hat

mai n factars. of c rcuit failure for se congyctor of a ni.tride of Ga, A,
In or ot heFCulRslising £ensr dindss isfoastitiede Fapdgsaidghal Bsesions ¢ iREBNt vol t age

and stati golaenal s, Be8AiSs, [ hbalt ft%&{}lfﬂ%r@%@%%tuﬁﬂ Beqyi ded with the

above protection clrcul een nown exanples o or m ng a

GaN- basedsehiighhdu@bt bt 4 Rigri APHRGALAISINGT RherGRBEYHY leleghei 47e SURSHORAEs Namel y,
LEDs constructed to emt |ight from a p-type GaN1 | ayer u5|ng a | am nat e

cons®r uct $ush apfrafsipne veltageaad statictdiseh®2€ substrat e backside/ SiC
substrate/n-ty uant um wel | nat e con structian (! | ht
ori Tt ng | ayer§ees iy ietEartAG eprepeion e@m@&éynmg\? B%%WO@HCQBH&A
utilized. ; ERUR0L HINGMIRAlex mptbeBRARE %‘Ntb's il Q %083
Pat ent Docunent 2: Japanee%(em at ent E‘ ﬁpng 7 1 UIS}% Eg%t% éat ent
Docunent &inddeparses eutidataent Nﬁiydljﬂ@Emﬁdfbmctédt&é{&ﬁfllOBLﬁfrcﬁﬁTaQﬁtyp@Q}‘aNTE nt 4:
J%panese Pat ent Layi ng-Open No. 1 1-220 1 76 Disclosure of the |Invention
layer using a laminate construction of (n—nlectrode on the SiC substrate backside/SiC
10 substrate/n-type GalN layer/quantum-well [aminate construction (light emitting layer)/p-
type GaN layer/p-electrode) have been also widely utilized.
Patent Document 1: Japanese Patent Laying-Open No. 2003-8083
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,

&)
ot

isrestricted. 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



Probl ens to be Solved by the Invention r In the case of GaN- based LEDs using

a sapphire substrate illustrated in Fig. 59, 20 the construction is
conplicated and the fabrication cast will be unavoidably increased. 1In
order to develop the denmand in | arge space illum nation applications, LEDs

are required to be cheap, and thus the aforenentioned construction is not
desirable. Furthernore, since p-electrode 105 and n-el ectrode 106 are

pl aced on the down- nounted surface side, the areas of the el ectrodes,
particularly the area of the p-electrode, 25 is restricted. In order to
enable flowi ng large currents to achieve high outputs, it is desired that
the p-electrode has particularly a | arger area. However, with the

const ruct iaswcialtibnsxtiﬂmjertntsnpﬁ\giingsezyo tlherades anohe stle ipaeidesitabbade i s
restricted and _ accordingly the light output is restricted, Further, in

di schar gi ng hediurgemers: Bare in @a%g%@insﬁ oomriamistlasting enths dirgstian RATHIE! t wo

| ectrod bl Furth th |
Fesi st ancd Lt BFTARCOLFLRS TRVEHE hocut P AT B BB %dsﬁést rate
through n-fgpe. G axe, g}%gﬁ%a G ERYE SR 1Bk OPDET AL RANL AR, | T eace

of the driving voltage ah eréfore, an increase of consunptlon

5 Pari i culPartignlariyf lfttfkbethwkh@ésnﬁ&lse Rtyget@aNntayyiie rédaled ay®ided ® sheduee@ i n order
to shorten the filmform ng processes, the yield of exposure of the n-type
GaN film vﬁlmlfomngpgmme&:a wlyld Qf@gpaﬂlé@of the i taips Cehefilabulidestantficanttof  heat

Gener al T GFERGhOSHFS B AL el ohee Fer A ais P herdRBYE rS T PO o t 11 ng
devi ce enph@&hgg a sapphire substrate, since the heat radiating area is
regtricted and al so the heat resistance (tenperature increase caused by unit
ntroduced endlugrenes cambd sad madenesi faaright enitieng deveres inshudogrthenboymer | i ght
em tltd ng %p i érfaﬁttt%lnso e%pcerza(r)r}ploymg a sapphire substrate, since the heat radiating area is
restricted and also the heat resistance (temperature increase caused by unit introduced
energy per unit area) is large, the injection current per light emitting apparatus can not
be increased. Particularly, in the case of using a sapphire substrate, since the area of
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.
25 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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be increased. Particularly, in the case of using a sapphire substrate, since
the area of the p-electrode is restricted, it is cormmobn to heat-design the
apparatus with little margin. 15 Further, in the case of GaN based LEDs
usi ng a sapphire substrate, since the heat radiating area is restricted, in
order to reduce the electrical resistance as nuch as possible to reduce
heat generation, it becones necessary to enploy a construction in which the
p-el ectrode and the n-electrode are conplicated in a conb shape to wi den the
contact area. Processing of such a conb-shaped electrode is not easy and the
20 fabrication cost will be certainly increased. As previously described,
the design of heat conditions is basically inportant for |light emtting
appar at usw¢erfanel bethvsan dhe Galy daypts whichrgererate and peuipagite dightoandghe sapphitere wi | |

be restriction due to heat. conditions . as, abpve. Therefore, in .order to
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pr edet er motdy eanigedktoethp erisatec e £ ansequiently; thee kighit emessicacafiiaencaitat theemaini nt er f ace

bet ween the.GaN.|. ayers.whi ch generate and pr ate light and the sapphire
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ngsequently, the light em ssion efficiency at the main surface of the
sapphi r e Somghe silepotions pethgdephtiaers. ASingethgratipof ghedighe wihih experiqnicet

Z)sz‘?: gﬂcgfc fa- (o:‘i/eet%(t:a}f iritgrniatlr%ﬁéétfiorﬁtis SithI‘?i 1E§ntl?lr1§rg§%}1 lals(o) ttkpeeéalgrlgyglrse% 'thiI,he I ght
the energy density of light emitted from the side portions becomes large. The sealing
resin placed at the side portions of the GaN layers and irradiated with the light is
damaged and this causes a problem of shortening the life of the light emitting apparatus.

In the case of a GaN-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 absorptton 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

supply capacity. Also, if the thickness of the p-type GaN layer is increased in order to

o
()]

flow currents uniformly through the entire p-type GaNN layer, the light absorption at the
p-type GaN layer becomes large and the output will be restricted.

Means for Solving the Problems



the above total internal reflection propagates through the GaN | ayers and is
emtted fromthe side portions of the GaN, | ayers. Since the ratio of the

| i ght which experiences 10 the above total internal reflection is
significantly large and also the GaN |l ayers are thin, the energy density of
light emtted fromthe side portions beconmes |large. The sealing resin

pl aced at the side portions of the GaN layers and irradiated with the |ight
is damaged and this causes a problem of shortening the life of the Iight
emtting apparatus. In the case of a GaN-based LED having a construction of
(Si C substrate 15 backside n-electrode/ Si C substrate/n-type GaN

| ayer/ quantumwel |l |am nate construction (light emtting |layer)/ p-type GaN
| ayer/ p-el ectlt @0g)otfj&t of¥el freddnn Bivkht@itto prénde g@ﬂ eaﬁdtiagaﬁparsﬂ'u@@s, the |ight
absorption ratio at fthe p-electrode is large and thus hig | i ght outputs
can not behielrhavesstnple cohsnstvss atal hiif tan wrfabycatathemilyandcarstpblyi s made to
reduce the c vgr e ratiaq of the p-electrode and nanely increase the opening
ratio to @@V@& Eﬁg$BE§B“PH%e Wﬁﬁﬁ@ngaﬂP&ﬁPméﬁFgg'on, currents can not be

flowed throughy tbg: &ﬂ&t&ﬁc%ég'ﬁlrakyspa%cg%wgot%x% B%g%ﬁwpﬁ%rhfsqg}%m gl.lﬂjtﬁ}l@(:t rical

resi stance of th& p-typ€ ayer. nseq t ssi on tan not be
act i ¥ at edapphraeusdiclidigg e nitiide semidotdiztomLibstratas tartysé hivide faficdndustot he 11 ght
em ssion output is decreased. Further, the electrical resistance will be
i ncr easedaygia@t & Hrss main surfagelside o4 ther misidesemfcondustorgahetFaie.i coirtypeditidper 25

IS Increased

SUPDI Y 2Rl Lty 80 AL IE AL CkERe, o, e Riume SR SYer, puprcr o
e et s o s GOk BT e priaigle VP
present ilayemptacedhbdtoepn thei rdeypkinghtie eemitdndugtappear atdigep-typbnehidhave sinpl e
Conf ruct sieglrilgonggcgo} lgggr a(% ?l?e ftl)r(gt Ll%i?lrsiu(r:fggg gde?. aSIinlt is liggtden?ia?ngsa}pggrla us, the
nitride semiconductor substrate has a resistivity of 0.5 Qecm or less and the p-type
nitride semiconductor 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.
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

QW]
(W)}

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 high light em ssion efficiencies for a long tinme period A light
emtting apparatus according to the present inventionis a light emtting 5
apparatus including a nitride sem conductor substrate, an n-type nitride
sem conductor layer 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 |ayer 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 Ccrhaped Elsstsodmia wiieh pretnyglectradietantl dlee pelecicodritretcomplieared insorder i s

down- nount ed so Ghat {H%Et iéwenitted fromthe second main surface of the
nitride séPEBRIBECEFIGhESIHIE at the opposite side fromthe first nain

surface. 15 W ishyct BheSGEANSbItHEL hQn dxBBlehr LHRBCBYBLHLIR dosheRl @yi ded on the

backsi de (second nmin surface) of the nitride sem conductor substrate with
a | ow el eptavidead proesstish aircdt agalise heboreltagey end iedmnediddewn-sekrgth meayebei s
provided with a | ow coverage ratio or high opening ratio, currents can be
f1 owed thP@d@ﬁgWﬂémﬁhﬂP@@Pnitride sem conduct or substrate. C Thus, the |ight

absorption rati.o.at the emtting surface becones |l.ower, apd.the |ight 20

o ot on ot 1 cFaiRy haiPER APl b e BR AR BRI PR g ©ha
light emphgibeRaiByepiedr at the side surfaces as well as at the second main
surface. The sane holds for the following |ight emtting apparatuses.

Furt her, the pFfusthe, thetnitrde semitboduntiorctsostiatey/eefess thea thaoki piaje anemibgh
electrical ,.resistance dges not forma light em.tting surface and therefore
t He p-typé”héahée%‘ffhfdegfwg\y Fotlyory &?asé%%% REApeD HiqSHES Al s SHSTHIPAEE of t he

F e ISR coetonel suses Bk EORLHBL) PRy e BAacoLS I
shapes kept. The same holds for a GaN substrate and AIN substrate which will be
described later.

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 AliGa;N
layer (x is in the range of from 0 to 1) placed more distantly from the GaN substrate
than the n-type Al.Ga ;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 AlyGa,«N layer at the first

2 main surface side. In this light emitting apparatus, the GaN substrate has a dislocation
density of 10%/cm” or less, and the p-type Al,Ga,.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 GalN 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 GalN

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.



and in dischargi ng generated heat by conduction. Nanely, restrictions caused
by heat requirenents nmay be drastically alleviated. Thus, there is no need
to forma conb -6 shaped el ectrode in which the n-electrode and the

p-el ectrode are conplicated in order to reduce the electrical resistance.
Since the GaN substrate has an excellent conductivity, there is no need to
provide a protection circuit against surge voltages and the breakdown
strength may be 5 made significantly higher. Further, conplicated process
steps are not performed and the fabrication cost my be easily reduced.
Further, the nitride sem conductor "substrate" refers to a thick plate
menber (_which may be independently portable and has a proper thickness and
i s differBuntheatlight is pouttecbfrotnfthe sde sefaces. ayer s" whi ch are not independently

and easily portahle with their sh s kept.. The sane hol ds r a N
SUbstrate and BHRCE B EPHOURISO UR Fett oider ROREMARERAnd Rt RERD! | ght
emtting r: J t10n . light emtting apparatus
i ncl udi nggﬂggéé%}su n@?rrl%cf[‘%t%\%&%ﬁﬂ} rséﬂg&gc{htdrn? glt ?g%r'conduct or substrate, an n-
15 type Al xGalA furthdr dgky erfixtingSapparanheofithd g st idveativ®istadigh) embtiied is an

n-type nitride sem conductor |ayer at a first main surface side of the GaN
subs®r at eapparapistipgheding Xcanduyasive Ay subgratd which i hsitridmigamiesindeetom 0 to 1)
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‘ first main surface side, and a light emitting layer placed between the n-type Al,Ga N
10 layer and the p-type AlyGa,.N layer at the first main surface side. The above AIN
substrate has a heat conductivity of 100 W/(meK) or higher, and the p-type AlGa; <N
layer side is down-mounted so that light is 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 AlGa;.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. 1 is 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 watfer;



light is emtted fromthe second main surface of the nitride sem conductor
substrate at the opposite side fromthe 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 aforenmentioned |light emtting
apparatus, since the GaN substrate has a dislocation density of 108/ cnR or
|l ess and the crystalinity is high and also the opening ratio is high, the
l'i ght output fromthe second main surface may be increased. -7 Further,
light is emtted fromthe side surfaces. Further, the continuousness of the
refractive index is maintained and the problem of the aforenentioned total
i nternal refl égi b aniillpstipgion shewing the glegemesar of thgisteckaflestaf g dppar at us of

the present inyention.s.a.light emiting,. 5 aratus including a

conducti ve Alﬁxgu ngdp%ﬁﬁwpgﬁﬁ?%mﬁ ﬁPﬁVﬁﬁgeggﬁ&@gﬁ%uctor substrate, an
n-type A" Galgichs ls%quu;(tﬁtiSn)éhcﬁwi%é M TE GhateSc ARt et oRRCIMdihg b dighSem conduct or
| ayer at a first main surface side of the AlN substrate, a p-type A .Gal.,,N
| ayer (O smittingdayer by thyl R df finnepaditivt &xthplefB;om t he Al N substrate than the

n-type Al Gai.,,N |ayer at the first main _surface side, and l.i ght
em t2ing | ayerFiB| Aiscd etiaden showing thessate af a wafsr when taigng shias g%‘ﬁ’%fs’ thse p-type

Al .Gi _, f i i ove AIN substrate has
2 hoat “condiar bR RSB B GE  aR O DS G

| ayer side is HoWhismUNiRALSA shdwihg kheOicelrenest the @bcirb@ dfife s'econd nai n
surface of the AIN substrate at t%e opposite side fromthe first main

surface. AN hég %isginghistiaanshywing gre raktion beinbgo theappliehprrentasd the
oyeel | ent P leal (3 fbesLBeLion Pbil A, Toerelors, o € 1 possiple to
trapsferring hggt|d kAMifiEaa09Vowad #RGeAlion (Riveen M &¥feht ddhsity 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;

Fi

aa

. 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
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the |l ead frame, etc. Further, the above AWN substrate al so dissipates heat,
which contributes to suppression of tenperature increases. Further, this
construction is predicated on that the AIN substrate is a conductive AW
substrate into which inpurities 20 have been inplanted to provide a
conductivity. Brief Description of the Drawings Fig. | is an illustration
showi ng an LED of Inventive Exanple A according to a first enbodi nent of
the present invention; 25 Fig: 2 is an illustration showing the |am nate
construction including a light emtting |ayer of the LED of Fig. 1; Fig. 3
is an illustration showing the state of a wafer when taking chips of a

| am nate construction out of the wafer; -8 Fig. 4 is an illustration show ng
t he pl aceﬁgﬁt(néﬂuﬂﬁ‘écwcééﬁaﬁ@wé)sacéﬂrdlﬂigjo tée thlIIﬂl anb%ilmgman illustration

show ng Conpar str on, sho he

| ami nat e constﬁ gf&f’nani ﬂ@ﬁtﬁaﬁ"ﬁdﬁ%‘ginﬁgm C”ré"?ﬂt fif’ﬁ‘sﬁé . g'ﬁ?é}ohﬁ)f’”teom% ‘%E‘E © of

Conpar at i Ngnt BXHIRbeHE: LEED'fh(gﬂugre'sc%neé"m'a{el'l‘dﬁtaEéﬁrHﬂE & RNn I e%%dﬂe%e of a
waf er when taking chips having the |am nate construction of Conparative
Exanpl e B out Big. he amflsﬂtgatxlénghoxamgsharelatﬂohth)stwmmtbana@imdncngemthadplheacerrent
of tpe el ectrodes gf Fi an illustration show ng the relation

bet ween t hE B th&}r[%%rﬁ‘t“dé}ﬁﬂlatﬂﬁ‘@resl‘:?r&ﬁtmaé‘ﬂtaﬂ)l}’t’hlf@rac?cﬁg@ﬂtt tHdnpl e A

and Conpa%lﬂ,(% dNfefxanple B; 10 Fig. 10 is an illustration show ng the
relation ween the current density in the light emtting |ayer and the

l'i ght out put fBig bhiesitillverabdaRRbWind tBehrkedBadsal iy the ligkasmitendlayer
and the light output of the LED (including fluorescence material) according to the third
( embodiment;
10 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 is 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
2 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;
25 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. 11 is an illustration showi ng an LED of I|nventive Exanple C according
to a second enbodi nent of the present invention; 15 Fig. 12 is an
illustration showi ng an LED of Inventive Exanple O according to the second
enbodi nent of the present invention; Fig. 13 is a plan view of the LED of

| nventive Exanmple C1 of Fig. 12; Fig. 14 is an illustration show ng an LED
of Conparative Exanple E; Fig. 15 is a plan view of the LED of Conparative
Exanple E of Fig. 14; 20 Fig. 16 is an illustration showi ng an LED of

I nventive Exanple F according to a third enbodi nent of the present
invention; Fig. 17 is an illustration showi ng the placenment of the

el ectrodes when taking chips having the |am nate construction of I|nventive
Exanpl e Fseygrthgfmbodenemifer; Fig. 18 is an illustration schematically show ng

the current flows_ in an,LED chi 25 b | culation.simulation;. Fig. 19 is
an i 11 Ustrat i ofiSsa et HESApRSReNmRGRRD elFvEMvedRra RiaseHing 5 ne

l'ight em tfeiBGdiR¥fbo@ehf’e LED according to the third embodinent; Fig. 20
is an illustration S?‘IOWI ng the applied current and the |ight output of the
-9 LED (no fl ubrgessenaceillostaiohahdwmgearldngl Ivedthe EtampleséSradiTnent ; Fig. 21
is apn illustration showi ng the current density in the |light output and the

| i ghP out BRFOTHRS than eigmshemborimantescence material) according to the third

enbodi nent; Fig. ,22 is,an_illustratio owi ng the.rel ati.on between the
applied curr enF%a%g1%af?elllgﬁfaitlﬁﬂfﬁ%‘ﬁ’flﬁﬁpq@]f’ﬁ%‘v%ﬁﬂe‘(i‘%’ﬁg}pzedpﬁécqr Hl\éﬁ scence
mat eri al : jahidig) eRE6QREHNY to the third enbodinent; Fig. 23 is an
illustration showing the current density in the light enitting |ayer

Fig. 36 is an illustration showing an LED of Inventive Example W according to
( the eighth embodiment;

10 Fig. 37 is an illustration showing the influence of the oxygen concentration on
the resistivity of the GalN 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 1s 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 -



and the light output of the LED (including fluorescence material) according
to the third enbodinent; 10 Fig. 24 is an illustration showi ng Moddification
Exanple F-3 of the LED according to the third enbodinent; Fig. 25 is an
illustration showing the LED of Fig. 24; Fig. 26 is an illustrati on show ng
the general outline of the transmttance neasurenent test of the LED
according to a fourth enbodinent; 15 Fig. 27 is an illustration show ng the
state in which |light passes through the substrate in the transmttance
measurenent test illustrated in Fig. 26; Fig. 28 is an illustrati on show ng
t he influence of the thickness of the substrate on the transmttance; Fig.
29 is an illustration showing the state after etching for device separation
in 20 oruélrchtadiowalgendzamg aof ight veiptii k8 EVAopIm®re; out of a wafer according to
afifth errbodbrregg,. lﬁ 30. i s an. |Ilu?ltrat|ondshovv| ng he stat when
etching for debi%& SePHPUSTHRNSROVIRBAdIeht emttng dvEFssacser af’rtri‘fel%}é Exanpl e
Mout of apugdigfen@nd formng an n- el ectrode on the bottom of an etching
slot according to’the fifth enbodinent; 25 Fig. 31 is an illustration

showi ng t he stﬁtgemksemretss:ifucngnaﬂ@reudﬁwu&e onehapaddcorade pf therlibge ematihgke LEDs
of Corrparatlve Exanple N out of a wafer and formng an n- electrode on the
bot t 8m of %Mﬁcee%céﬁﬂ‘f@ @I%fﬁl"”&’(%@r@ﬁlw@lm@ti he f| fth enbodinent; Fig. 32 is an

(Ll ustrati on Shavsa Ak ER e hIeN VS DI G A0cRBin0i8 @, 10
Exanpl e ReafGy iV dcBording to the thirteenth embodiment;
Fig. 48 is an illustration showing the light emission and reflection of Inventive
( | Example S5 according to the thirteenth embodiment;
10 Fig. 49 is an illustration showing the light emission and reflection of
Comparative Example T6 according to the thiﬁeenth 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 1s 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

2 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 -
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t he seventh enbodiment; Fig. 34 is an illustration show ng an LED of

I nventive Exanples S and T 5 according to an eighth enbodinent; Fig. 35 is
an illustration showing an LED of Inventive Exanple U according to the

ei ghth enbodinent; Fig. 36 is an illustration showi ng an LED of Inventive
Exanpl e Waccording to the eighth enbodinent; 10 Fig. 37 is an illustration
showi 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 am wavel ength) according to
the ninth enbodinent; 15 Fig. 39 is an illustration show ng the |ight
outputs of |ighte &¥ita Fiegs %févp@aés’le&hﬂlowmgaﬁheélﬁhﬁfa@éﬂ%ﬁ iltdsre ectiicdh currents

flow unif devcs fabricated from GaN
substrat e OWE%‘:&H\Q’;S gé?ri}&ﬁéh?eaﬁcgﬂﬂé%@gb ﬁh%‘g’ﬁ ?1 &R 8% rations; Fig. 40 is
an illustrati Oplosb@w d?ﬁll@étﬁ'tl%ﬁ%ﬁb@l’ﬁoQ%Qb&%ohﬂ itdf1® GaN substrate 20

transferred to an epitaxial layer; Fig. 41 is an illustration showing a
di sl ocati on bqui;celptlbaroﬁRefelrmteIGhamate&pl taxial layer to be a hol e-shape
recess; Fig. 42 i.s . an ill ustratl on _showi ng an off-angle distribution with

respéct to the cGaIBISH'i?FéraEf lg: legh emyifbag pyrtase dsecond WWSUQ@CW DEPEig. 43 is
o0 Lt AN SO0 ARIRIRLE M PRy PILTTs Ut pploced
«N layer, 6: p-type GaN layer, 11: n-electrode, 12: p-electrode, 12a: Ni/Au p-electrode
in discrete arrangement, 13: wire, 14: conductive adhesive, 15: epoxy resin, 21a: mount
( portion of lead frame, 21b: lead portion of lead frame, 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-electrode, L2: spacing of scribed lines (side length of
chip), L3: width of device separation slot, L4: side length of etched slot, D: diameter of
n-electrode, r: distance from the center 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

25 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,



enbodi nent; Fig. 44 is an illustration showng the results of w dening the
off-angle range -11 which allows generating an |ight output of 8 mWNor

nore; Fig. 45 is an illustration showing a light emtting device according
to atwelfth enbodinent; Fig. 46 is a cross sectional view focused on the
p-el ectrode of the light emtting 5 device according to a thirteenth

enbodi nent; Fig. 47 is a plan view of the penetratively viewed p-el ectrode
of the light emtting device according to the thirteenth enbodi nent; Fig.
48 is an illustration showing the Iight em ssion and reflection of Inventive
Exanpl e S5 according to the thirteenth enbodinent; 10 Fig. 49 is an
illustration showing the light em ssion and ref]ection of . Conparative
Exanpl e T6 accdngbribogingies eifihe pessprtrinentionivibpe descriged ving grayngs.

i Il ustraticon show.ng the light em ssion and reflection of Inventive Exanple
A for conparison, Elg. 51 is an illustration showing the main surface of a

GaN substrate :'F[}st\,/\/ﬁic@&paﬂ%nﬂbiﬂtb%‘rﬁi&!ﬁb%t&ée)ﬂfats@F RiRVRLSIr A8 APF@ANF appear in a
| atti ce shape in a fourteenth enbodi nent of %e present invention; Fig. 52

i's cross sentianahiohiiewnofidd SeeniGaiusidbstbsaue. | [Higistis anilhgtratie gloatres shape
11 08t at ARG ELh Rt Pyt i fich 25oriRG © 341% SUPPREHT CLREGHRENt of t he
PLSZ?Q? Oinmgigﬂngéngg;rlh@%has%e& BortheR a3t R Wohdthiktibh R EnPh AL laRE crystal
layer, which will be described later, on a first main surface side of a GaN substrate 1 and
a p-electrode 12 has been formed thereon. This embodiment has a characteristic that
( this p-electrode 12 is down-mounted to a lead frame mount portion 21a with a
10 conductive adhesive 14.
A second main surface 1a of GaN substrate 1 is the surface which emits light
generated at the light emitting layer 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 GalN 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 AlGa,.N layer 5 is placed such that quantum well 4 is sandwiched by p-type
AlGaN 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-



paral l el placenent different fromFig. 51, which is included in the
fourteenth enbodi nent of the present invention; Fig. 55 is cross sectional
view of Fig. 54; 25 Fig. 56 is a cross sectional view showi ng the |ight

em ssion and reflection of Inventive Exanple S7 according to a fifteenth
enbodi nent; Fig. 57 is a cross sectional view showng the |ight em ssion and
reflection of Inventive Exanple S8, which is another enbodi nent of the
fifteenth enbodinment; -12 Fig. 58 is a cross sectional view showi ng the

| ight em ssion and reflection of Conparative Exanple T7 according to the
fifteenth enbodinent; and Fig. 59 is an illustration show ng a conventi onal
LED. Description of Reference Characters 5 |: GaN substrate, la: |ight
enitting skithatas ((bscard imBign 1 supfelestpde 22 isformesbto qaamr theyeatire Rirfape ofype

Al xGl. xN | ayer, . 4. l.ight emtting layer), .5:. p-type . N | ayer,
6 o type ek im Ty B s BPbertoted S 28 Ehbricirisan bt e LD of

p- el ect r od@vertie EkIMPRIL WA bARGRABY . 13: wire, 14: conductive adhesive, 15:
epoxy resin, 2la: nmount portion of |ead frame, 21b: |ead portion of |ead

frame, 25: devi(at) A€kt affisabsttdtotngletbisy 0. 30 wirhtrepatiol tHeviptaesear at i on sl ot
26: fluorescence material, 35: high reflective film 50: chip boundary, LI:
si de & engt¥npieyeg- el bistsubueate hax: a repigidyityofd¥ 0 s Qe tived dislasatio denddy bengt h of

chip), L3:.w dth qf device ration slot, L4: side length of etched slot,
D: di anet elréﬂlé?m ar?%é’itg’ccké?%‘a@?ﬁg&“mstance fromthe center of light emtting

layer, t: thi Cg@/@fﬁhe%y&xgﬁég?mqﬁ% %)§¥t?ﬁ%ioﬁ;v§//ag?il§r%?edﬁncﬁgéﬁLguqﬁEe | ayer, 32

p-type I nGN | ectro uorescence 'pl ate, 46a:
surface ofwiithgrebasneRcdlogtie: G4 RuRtQ} LSt MOGYDTV et 4lePipess iChamicabl:

plcat e- shap\? crystal inversion domain, 52: t r'e(rwl.ch,_ 61: bundle (hole-

] apor Deposition). {Si-doped n-type GaN layer /a Si-doped n-type Aly,GaogsN layer

10 being a clad layer/MQW (Multi-Quantum Well) which consists of three layers, each
being a two-layers construction comprised of a GaN layer and an Ing15GagssN layer/a
Mg-doped p-type Alo2GagsN 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 pum were formed at the

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

deposition and lift-off method (see Figs. 3 and 4).  As the n-electrodes, a laminate
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shaped recess), RI: area having off-angle of 0.05, R2: area having off-angle
of 1.44'. Best Mddes for Carrying Qut the Invention 20 Either GaN
substrates with a dislocation density equal to or less than 106/cn2 or AIN
substrates with a thermal conductivity equal to or higher than 100 W (nK)
satisfy the condition of the above nitride sem conductor substrate that the
resistivity is equal to or lower than 0.5 Ocm The sel ective enbodi nents
of the light emtting device of the present invention including the

af orenenti oned nitride sem conductor substrates are 25 applicable as other
sel ective enbodi nents of the light emtting devices of the present

i nvention enploying a GaN substrate or an AIN substrate as the sem conductor

subst r at e cpyst %g@rrw,tinasfrqrn cheshstam aide, ofja GaNyeuddsnmandl dzyead0Qnmy/a

substrat e . pwhich. ar one of,nitryde sem conduct or . strate, .-13 Then,
onbo menid P 2 30 A0R S 2Dl 6% BFFRE BataEethid o fefiGosids noe
First EmboghiseaihelriedSh thetat @OSRREd SOtrvbdd MIRtIRAR:r BRIRER AsSBRBOIT €
substrate and a GaN substrate, which 1s a nitride sem conductor substrate.
Fig. 1 isbaow [EGs®¢a’ion showing 5 an LED of an Inventive Exanple A
according to a first enbodi nent of the present invention. There has been

for géd a | ani nAte ‘cohE Prafaiofh Al ur iy Uh? Gmessahidt im igs PERAdrin whi ch wll
€ descri 3§$fét%ﬁ{ thgg)gta/ﬁ? Haf\lsléyé}ﬁa'nﬂ aﬁ%tj %ﬁe@ v%kﬁ%&hggkn@ss% rﬁHl?ssfoEﬁ&? o@' an a

p-el ectro has or ire ereon.. is e I ment has a characteristic

that ( thilg gt Q6FcodRrdof (ie SWR-AHaUNt ethik a8 hefackatdPiRBhd MM spR@EL | On 21
awith a 10 conductive adhesive 14. A second main surface 1 a of GaN

subst r at e of iriegt gabéo shanfatte ashiachrasistanse td R4 Qeemer at ed at the |i ght
erf(t ting layer (g’sr}dSu ?qui_er?tlly?gg Ell%ggat%% iri iggr’joz\l/niddf,ctiheoa{]botvg icgnsstrltrc']:igg %v'as
10 scribed to form chip boundaries 50 as the side walls. The chipped constructions were
made to be light emitting devices. A chipped light emitting device had a light emitting
surface with a shape of 300 um square (a square with a side length of 300 um) and had
a light emitting layer with a shape of 300 pm square. 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 um.

(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,

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

- 16 -



This n-electrode 11 is fornmed not to cover the entire surface of the second
main surface. It is inportant to make the ratio of the portion that has not
been covered with n 15 electrode 11 | arger. Wien the opening ratio i s nmade

| arger, the anmount of light shielded by the n-electrode wll decrease and
therefore the em ssion efficiency of light emtted outside wll be
increased. N-electrode 11 is electrically connected to a | ead portion 21b of
a lead frame through a wire 13. Wre 13 and the aforenentioned | am nate
construction are sealed 20 with an epoxy resin 15. The | am nate
construction from GaN substrate 1 to p electrode 12, of the aforenentioned
construction, is enlarged in Filg. 2. In Fig. 2, the lamnate construction
of Fig. 1With aepamy rseitaanakeipe ighsfeanitinggleviee i be a Bmpan n-type GaN epi t axi al

| 2 is placed. on.GaN sub and - | Gaj XN | 3 i
over 2 12 o a5 T GINBRSLEALS, B Mo MR i ver 3 1

consi sti nglegfrodd 1 1Bk doWnlANSk&l dtheAbad M@ hount sy ﬁy SonddcAvé ¥@RRsipk, GAl_, N

| ayer 5 is placed such that quantumwell 4 is sandw ched by p-type

Al, Gal., Nll4yefrurtheartte n-etegpredells, cGanectdd foaylead Bamamcbuat pettippd 2GaNT | ayer 6 is
pl aced thereon, . In the aforenentioned construction, .quantum well 4 causes
i ght em s&epied fr@Tth‘Ff?ﬁg Fepunt a%mpp|twh.w§v§apreﬁecmo§¢ 1s1congeqied| eftrode 12 i s
formed to a1t ] I . D-ty ] i .

donn- mounf i ARey e B e S AET0h el SR e Yo BB feampi & A
wi Il be des@uite@dith(agdrpdefertradddairta SURSFTabAN &yt EOD. byADnSypd GE‘NH%&@GN to

the c-plane was 5 enployed. This substrate has a resistivity of 0.01 necm a
di sl ocat i &¥2 Bpsnedsorod sapphire suhstrated 04 andiaskmeledirasie 1400s farmed 2 ththaret ol | owi ng
| E(n nate (c:)gtrs]lsdterolfl%ei a70a With ‘A];h?c .rtihg% oergmgrr\}i(}ngg 1a§r%na§tg rcI)r?s%reu’ction 1s contacted.
10 The n-electrode 111 is electrically connected to a lead frame mount portion 12]1a or a
lead frame lead portion 121b through a wire or conductive adhesive.
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 um.
(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

[\
Ut

of the device was 300 um square and the exposed area of the n-type GalN 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
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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
Alo. 2Gao, 8N | ayer 10 being a clad layer/ MMV (Ml ti-Quantum Well) which
consists of three layers, each being a two-layers construction conprised of
a GaN layer and an Ino,i5Gao. 85N | ayer/a My-doped p-type Al o.2Gao. BN | ayer
being a clad | ayer/a Mj-doped p-type GaN layer). (a3) The |ight em ssion
wavel ength was 450 nmand the internal quantum efficiency was 50% which
was cal cul ated by, for convenience, conparing the PL 15 (Photo Lum nescence)
intensity at the low tenperature 4.2 K and the PL intensity at a room
tenperature of 298 K. (a4) This wafer was activated to | ower the resistance

of the Muudopsdomprddyyyepholt@litbograghyetedlgnglepeabop-deysitioN, Gadift-afermethnd. t he
My- doped {)-t%pe GaN | ayer had carrier concentrations of 5E17/cnB and
1E18/ cnB, Thec@pskaess\i8F ieatiifgaeniand therontast mstftanpe weye haisemeraadosefent . (ab)
Thi s wafe che y photolithography technique and RIE (Reactive 1lon

S
Et chi nQg) ror er%té(a%gdgped p-type |l ayers side to the Si-doped n-type |ayers.

By this etchipg) deyiepeidepdaabiaon o) 0ep-Ehe MANELI G RMidanaahigue device

separation as illustrated in Fig. 3. vi ce separation slot” had a wdth

L3 0% 100GaN eRposedleaQ3Otihe siiaseihidbeenatmbirel haakhesdeléceadf 300quntadtaseibst r at e,
whi ch was_the. second main surface, n-electrodes with a di ameter(D% of 100 m
wer e for nERf ickpess, the Bpatdreatmentiand thafqmsachrasistagcy meenthe Fameas Mosy o

photol it ni que, vapor deposition and lift-off nethod (see Figs.
3 and 4) hﬂg‘é&%éﬁ“xégé ee‘ix‘:'t rodes, a lamnate - 15 construction consisting,

from the bott omg}i®), Tif sat pkbedsaesass tROcdidspdndilg prav&dsesl@Oniettae Ti | ayer 20
nr( an Au ég};nerie iovgergrrlfv\ﬁs df ormed in contact w t%] t he GaN substrate.
p performe
10 (b10) Similarly to Inventive Example A, in order to facilitate the heat radiation
from the light emitting device, the light emitting device was mounted on the mount
portion such that the entire surface 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 GaN 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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This was heated in the atnosphere of nitrogen (N2) to | ower the contact
resistance to below |E-5 nR. 5 (a7) As the p-electrode, an N layer with
a thickness of 4 rimwas formed in contact with the p-type GaN | ayer and an
Au | ayer with a thickness of 4 nmis formed 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 f2cnR. (a8) Subsequently, as
illustrated in Figs. 3 and 4, the above construction was 10 scribed to form
chip boundaries 50 as the side walls. The chi pped constructi ons were nade
to be light emtting devices. A chipped light emtting device had a |ight
emtting surface with a shape of 300 gm square (a square with a side length

of 300 gnmbf ehtgutatits whith GRte RIFLEdd A JuBNR ot § BeRcRP 3R HmpREH. M Sguar e.
Nanely, as illustrated in Fig. 4, LI = 300 gmand L2 = 400 gm Further, the

wi dt h L3 ofsult eshdeuiicBigs8paimaFigof, widet retativély id€ comditod witeee duimeres ere D of
then electrode = 100 gm (a9) Referring to Fig. 1, the above chip was

mount ed oHYackRs wishavt l9glingiand therg aregrelafively bt lef roansadiation recqabinglien gad ype GaN

| ayer side of,.the abgve chi i.n conta wi.th the mount portion 2lato
forma 11 gl b temR A s et aerTafatafibs iy Aot Sale MiPRHa nount wer o
secused t grRRaibhndb R indRdsCOMALGHHIRA WASneSIRPLLahRE Hhhaicbeh Ween mL0 by a
conductive adhesive 14 applied to the nount portion. (alb) In order to
facilitat &nveetate Exadipht A@enénmateh anhmutputghit’ W, wthila @ cheparateye Bxample Bjht

emtting device was nounted to the nmount portion such that the entire
surface ofeherdedhan oyipet BaN2mer of the light emitting device was in contact

with the mount RoLtl G FUALDS oy G- 200RR) ¥l AGaPARFE dNeS! ve Wi th

hi gh heat conductivity s’ sel'e rane; a CuW based
| dad frangubairhd, @hw6§ﬁgvﬁldﬁ¢/é Ekipleaswaehehlyechnstrt@Bs BRHERN dhitakfAe resul tant

heat resistance was 8C/

10 film/sapphire 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
Comparative Example B, light was generated in the GaN epitaxial film and propagated,
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/cm® 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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(al 1) Further, conduction was established between the n-electrode and the
lead portion of the |lead frame by wire bonding, and then the light emtting
device was sealed -16 with an epoxy resin to make the light emtting device
to be a lanp. Next, a Conparative Exanple B will be briefly described. In
Fig. 5, a p- electrode 112 is down-nounted on the | ead franme nount portion
by conductive adhesive 114. Further, then electrode is connected to a | ead
frame nount portion 12l1a 5 separated fromthe | ead nount portion to which
the p-electrode is connected. A lamnate construction (Fig. 6) including a
light emtting layer is fornmed thereon and is contacted with a
predeterm ned area of n-type GaN | ayer 102. An n-type GaN |ayer 102 is

f or med oncurenafpingghsuigh tthan-¢yf0Gald hayenin the diretion gdealldlth thslayer med on t he
ar ea outsid? of the aria wi th which the aforenentioned | am nate

const r uct MUY Fireaseed. A48 raml. 19-the Eempa@tva Exampled, dettrpdalioy connect ed
to a | ead t portion 121a or a lead frane |ead portion 121b

t hr ough aﬁﬁﬁggﬁggg%@hductive adhesive. Light emtted fromthe light emtting
llayer is em ttpgiyligilgeentibe B4GRpRIDAMIKEIn SHRSA b LEANple BNtHRRAXY resin 115
is encapsul ated to cover the aforenentioned |am nate construction including
t he Sapphéledrasiead the peletBodbae placedppbpposite peutictsiang thdréfosauthsteriane angl ed
by 0.2 with respect ta the c-.plane was enpl oyed. The sapphire substrate had
2t hi ckneRSSBHity l?ﬁtrl%%ﬁorf-alrew&) Tiereéfelt prRRsEklsds pé%ve(lblzsreﬁ%95¢>§4) in

| nventive i t el j I : In the
case of " ChTEl oAb o AREh uFfor'Dob B 3IRE Y e SHOAN AL fuin bk RRden, " Do

and t her efhepeclédi@da 264 a0 dcOdee TiSHredtih® eREGicANhbRe@LRMIr Corhpaagiede,
;gﬁllarly to the p- electrode. Therefore, this wafer was etched fromthe
d

- doped BxampleBlinyduah the diectrodes exist at the same side.

10 Further, test results about the electrostatic withstand voltages of Inventive
Example A and Comparative Example B will be described.  The tests were performed
by generating electric discharge between the light emitting device and an electrostatically
charged condenser placed oppositely. At this 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 1s
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 GaN-
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

substrate main surface may be increased. Further, there will be no extremely-

o
Ut

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.



the Si-doped n-type layers using O -based gas by photolithography technique
and RIE to expose the n-type GaN | ayer for form ng the n-el ectrode. Then,
the sane device separation as that of Inventive Exanple A was perforned
(Figs. 7 and 8). The shape 25 of the device was 300 m square and t he exposed
area of the n-type GaN | ayer therein was 150 m square per device. Nanely,
the square step of the exposed area had a side length L4 of 150 m (b6) On
t he exposed n-type GaN | ayer, an n-electrode with a dianmeter of 100 -17 m
was formed by photolithography techni que, vapor deposition, and
lift-offmethod. The thickness, the heat treatnent and the contact

resi stance were the sane as those of |Inventive Exanple A (b7) A

p- el ect rode wadsghaswantsg axpepls. theprehasden apealy describgdcan expainie piise 5 GaN
d J 150. i . ~300 .
exposed ang %nmwg\%fgr{g%x Q?(S’impxegrm tg;gg%}{g gﬁ'éc[féj {7 Qg ogﬁ%/r{eﬁ%gcgf\}\%’?r nt[ m squar e

The t hi ckn8&sS™P _ reat ment ~ an e contact’ resrstanc he sane
as those gfht drilve Wieeléneaiting |4yer CORtruclit}) IR, KB HiBLAsSHmgadat he

corresponding processes of Inventive ~. Exanple A were perforned. 10 (bl O
Si mi | arl y theequinatent effectEmayrpe ebiained by grmpéayingoant AeGhi-Dhsubstrpie (whatein adi at i on
fromthe Light emtting.device, the |ight. emfti ice s_nmounted on the
mount ol §ireetien s Tl Brer P ther Peedonst R R e EERPREH "o *fhe
light em ttﬁa't'&%s@%é’t‘rfc@ha ivalert QRiaGELdeerewi th. In Fig. 5, the contact area
bet ween p-type GaN [ayer 106 and p-electrode 112 was set to 0.0675 mme. The
heat radi &ecoml Bhbdédimeht ght emitting 15 device occurs in quantum | ayer 104

and p-type GaN_ | ayer 106 and therefore this heat radiation is mainly
det er ni ned by #he segoad egtboginedns of thedwestnnveniiophkavestse BfanmlyC Bying-an

( increased area will be described. Inventive Example C has the same construction as
10 that of Inventive Example A illustrated in Fig. 1. However, 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 in 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
photolithograpﬁy technique, vapor deposition and lift-off method. As then 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

K]
(W}

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.



el ectrode 111 is also connected to nount portion 121a of the |ead franme by
conductive adhesive 114, but the heat radiation area is substantially the
af orenenti oned contact area r 0.0675 mMm®2. In Inventive Exanple A the

contact area between p-type GaN layer 6 | 20 and p-el ectrode 12 was 0.09

" mP2. The adhesive and the material of the lead frame were the sane as those

of the Inventive Exanple A In Conparative Exanple B, in reflecting the
af orenenti oned construction, the heat resistance was 10.4CW which was 1.3
times that of Inventive Exanple A, and therefore was degraded. (b 11) The
sanme process as the correspondi ng process of Inventive Exanple A 25 was
performed. (Experinments and Results) Inventive Exanple A and Conparative
Exanpl e B wer e(afptmfcdd) Whe brme processat axgthatcomespopdiag eramsses hémventedet er ni ned

currents re.applied to them_The lues - 18 outpyt lights which were
f ocused aﬁeﬁa%'? B‘u‘f’erﬁp&ﬁggnﬁgt ectar h@l‘%%%ﬁ‘rﬁﬁ%ﬂ?(gfﬁé Wrﬁé&@letp%@mﬂfom in
Fig. 9. | L. I j : [ kL nts are
nfect ed oy Ehac e T O I B At o

r econbi nafallowsand | ow chip-tenperature rise due to heat radiation, the

| ight output value increases in 5 proportion to the increase of the applied
current . BYe“élX%ﬁMféplef@r) injection of 20 mA, Inventive Exanple A generated

an out put of 8.mWN.while Conparative, Exanpl e ener '&gﬂ n, out put of 7.2
T T nvent i vESEGG AT AR by 2R B ES al 11 1 m Gan
| substr aﬁl@diﬁwidneof@ea&ﬁrvémrﬁglﬁ@Wpin%erﬁi\»é@am%_ler@yis%aﬁkféﬂ&&m 2 GaN
epitaxial 10 filn sapphire substrate. The sapphire substrate had a
refracti veedtrdiex 1 bhreafeced at 118 foandornesiof theGal isgtfatec arfiurshesfat | er t han t he
refractive index 2.4 of GaN. Therefore, in __. .
mounting the semiconductor chip, a reflective cup 37 is placed in the lead frame such
10 that it surrounds the semiconductor chip.
In fabricating Inventive Example C1, the 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 um. Each of the electrodes placed at the four corners has a shape 0of' 45 pm
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 pm (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 pm,
20 which is the same as that of Comparative Example B of Fig. 5.  The fabrication method
of Comparative Example D is 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 um.

Qv
Qt

(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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Conparative Exanple B, light was generated in the GaN epitaxial film and
propagated, and than the light was prone to total internal reflection at
the interface between the GaN epitaxial filmand the sapphire substrate.
For this reason, the output of Conparative 15 Exanple B was | ower than that
of Inventive Exanple A. However, when the current was increased five-fold
and 100 nmA was applied to Inventive Exanple A and Conparative Exanpl e B,
| nventive Exanple A generated five times the output, or 40 mA, while
Compar ati ve Exanple B generated only 25.2 nW (see Fig. 9). At this tineg,
the current density in the MQVIi ght enitting portion was 20 110 A/cn? in
I nventive Exanple A and 150 A/cn? in arative Exanple B. Nanely, the
current delgerede. i Mherpdoniug Wgﬂf&tW@Wﬁ@hﬂr%orpdhttMgﬁdcmedlmtwnﬂaveé Ed@m e A

| 1 t hat f th 1 Ex
Fovent] velheibpel R bR yBc oo RGeS e o T ﬁ%%.h@wsa@%aﬁa & for
radi ated peat oemletnhgpattgah\fg@y%rggﬁf\pﬁﬁwﬁﬁg}{'eﬁi&ﬁow b SRR ST T ace

side 25 of the subs e was no area in’ e current

denSI ty begparationiag it irc Bivehiwe Bita@iple Avfthe peifbefiediarithe deticCan®arsakiore
le B the heat radiating area was snaller than that of Inventive
Exa | e A3 and square Redt thuly dad a ddrgerntsiasd e Tha sliménsiomed thmexplecdearposbthemn-t ype GaN
| ayer, t ore th current density of the -19 current flow ng through
the n- typ @gﬁﬁf Erini QﬁgnéﬂV%EPFbﬁaﬁérallel to the layer significantly

i ncreased. As Q?dj hE’eKES'seH %@Wﬁ%ét —QPBI’(%egwu{ﬂ%itﬁla&x@Q Ak e

further increa e Furth vent|ve nparatlve

Exanpl e Bumt\hererfoﬁndﬂl lfyqﬁlfo(ﬁ(ﬁl&h@g}dplt}hecm@iee%ﬁdﬁ@@p@ﬁtﬁ)nmrﬂQﬁ‘ﬂoﬂTm&ﬂ@DSI te
gltlons and therefore there 1s no possibility of electrical
rt-cirébg thicknhre thefhppbtredtmenisandabe ponitect resigiempevare thecreagse shege of

10 Inventive Example A.

(d7) P-electrodes were placed on the p-type GaN 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
720 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

o
()}

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)



additional fabrication cost such as for providing a filmfor electrically

i nsul ati ng between the p-electrode and n-el ectrode for preventing

el ectrical short-circuits in Conparative Exanple B in which the el ectrodes
exi st at the sane side. 10 Further, test results about the electrostatic

wi t hstand vol tages of Inventive Exanple A and Conparative Exanple B will be
descri bed. The tests were perforned by generating electric discharge
between the light emtting device and an electrostatically charged
condenser placed oppositely. At this tinme, Conparative Exanple B was broken
at an electrostatic voltage of about 100 V. On the other hand, Inventive 15
Exanpl e A was not broken until about 8000 V. It was proven that |nventive
Exanpl e A had V¥ith Bleseme defirisetien miethedtaa plert w6 Comperanve Exampls IB@stt-mes t hat of

Conparativ ampl.e.B. Further, . in.lnventiv anpl e t he. GaN:- based |i ght
o Lyi g SETER BB s ASHorss Ut R B P50 & AR AP WIS R ERSgh ¢ he
GaN- based glg R hi Prias,. - de@dind i IS itted
fromthe basc%t}i(lp(?}? El)‘]% ldﬁleﬁ(}aﬁﬂse ﬁ)bggggc{bgtwatsﬁﬁg&?% tﬁgr ref rr(iléc%l Ilgeté)f:nfltégin

di f f er enc&abelayereld2tshetmthal Hesectrbt ghlt 1 pind pagiattesdef lamvéraepdsatlby Waseeh | i ght

emtting chip to the GaN substrate w thout experiencing tqotal internal
refl &t i ofonTeashetlsre, Faghesoppiapdetonil L h i sHERsRTOIGHEN WS JMER a4 theapphi r e

Subst ot s hETRARYE 40N FEILIESEL Sl BTV G Syt e 1 oh
Lhe GaN | ayer and Thor aror g LG Ca e e R ehy qred Lo
damage. Tieusuitst hgonductve adhesiwg 114 mes ptryidedsinrthe aeed dfynauneporsieallizihg of esi n.
{ ﬁ(g As t h?hei lggf Egtiw.a\c/\ewhlec)i(liacrgprlegﬁo_r;[dgg Eoe thga})%sil‘?i%g%f t erreels ech?és e gétpoed%s‘an'l"gé( ampl e of
10 chip was mounted to the lead frame while displacement of the chip and the lead frame in
the lateral direction, the longitudinal direction and the rotation direction were controlled.
(Experiments and Results)
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

)
Lo
o

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
(821

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
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i ght em ssion wavel ength 450 rim and the same effects may be obtained by
different |ight em ssion wavel engths and | ayer constructions. Al so, it goes
wi t hout saying that the equivalent effects nay be obtai ned by enploying an
Al xGai .. N substrate (wherein x 5 is greater than O and is equal to or |ess
than 1) instead of the GaN substrate, provided that the substrate has
equi val ent characteristics. Second Enbodi nent In a second enbodi nent of the

present invention, Inventive Exanple C having an increased area will be
descri bed. Inventive Exanple C has the sane construction as 10 that of
| nventive Exanple Aillustrated in Fig. 1. However, while the dinension L 1

is 0.3 nm (300 m) in Inventive Exanple A, L | is 3 mmor tenth and
t her ef or eemibttengadavacei mvingGOconstmessionnn winarturieats Bosnpd hr@ghase nttypsGalit ed i n

Fig. 11. First, the fabricati t hod of | t] Ex le Ci.
Fol | ows, PIiVR# DeeckeaRpRbeies uslages om s v tdsorwouare TBABRILLER 3 1 ne

correspongli; : ] nt i fo a | arger
Gan subst ParEREGE SRS Bt I R o SRR P L LR e S de
of the GaBkaintie B @neratdt aned @FdtT STIED MW £otr & bBeEéeter®bf 10A iamdane forned

with a pitch of 3.1 nmby a photolithogr aph}é t echni que, vapor deposition
and Pi ft - @ftputnedt ROmWAST eheppledenrmenidefs A20 Taus, &ramparativedhiempleEi on

o AR SRS 0 LA T LEeE 2 an A Taver 100 neia
e e e T T R
cor r esponggrificqntlpaeaplicdted bymniuciensknd Ppdess ssreqide doasr doanpaest with
(_ Inventive Example C, and therefore the fabrication cost increases.
10 Then, for Inventive Example C and Comparative Examples D and E,
electrostatic withstand voltage tests were performed. The tests were performed, as
previously described, by generating electric discharge between the light emitting device
and an electrostatically 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 GaN substrate, they
20 are much less prone to become obstruction of light emission, as compared with the case
where they are placed at the ce‘enterA 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.

Third Embodiment

o
ot

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



(c8) Subsequently, the construction was scribed to nake it to be desired
shapes and the chi pped constructions were nmade to be light emtting
devices. The chipped light emtting devices had a size of 3 mmsquare -21
(c9) to (cl |I) The sane processes as the correspondi ng processes of

I nventive Exanple A were perfornmed. Then, Mdification Exanple C I in which
the placenent of the n-electrode is changed fromthat of Inventive Exanple
C was fabricated as follows. 5 (Inventive Exanple C) Figs. 12 and 13 are
illustrations showi ng Inventive Exanple G which is an nodification of

I nventive Exanple C. Inventive Exanple C 1 is characterized in that n-
electrodes 1. 1 are placed at the four corners of the GaN substrate. Further,
for mountVRRgehe sustrienien cheor-elenirpde wze ard the pidestiodp sy i Aspgltaded in the

| ead frame, such that it surrounds,the sem.conductor .chip. .kn fabricating
| vent | ve BB ED A A g e AR BRALS SERHRE THR BBl 1 i Blesces o
I nventi ve sExa@pHR to5t¥WReR REfHAEIR o (EAWENMBTe prbPHEd Mith W fiRSedtBAR enpl oyed as
t he bonding wires and the dianeter of the cross sections of the Au wires

was 25 m niagerhl 26 td befoeined bs o shduite JUELL exdlillastratébinflogr 16c orTrertsstlsasipgs shape of
45 m_ 15 square. Then, Conparative ExanRIe Dwll be described, Conparative
Exanpl e DWr&sthrgeemplgsen Ipvgetyedraals hand Compatative &xamplesiGy H sachipwever

LI was 30 4 i i . i hus tenth
' Compar A2 Gltsublfhe SRR E1dshiby TREL Bopl it keI AR " Py er
for form igedflon- &R ehOApISE 1GAniH, 28 D EMineliding o ucyadten@smiteail -af

Comparative Exanple B of Fig. 5. The fabrication nethod
sealed with epoxy resin as illustrated in Fig. 1 and a white LED equipped with a

( fluorescence material 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 (%).

In Inventive Example F, L1 =8 mm, D = 100 um, and the opening ratio is
almost 100%. Also, in Comparative Example G, L1 = 0.49 mm, D = 100 um and the
opening ratio is 97%. In Comparative Example H, L1 = 8 mm, D = 7.51 mm and the

15 opening ratio 1s 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 Inventive
( Ekample 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.

(f12) In addition to the above (f11), a white-emitting lamp was fabricated by

o
Ut

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
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of Conparative Exanple Dis as follows. (Conparative Exanple D) (dl) A

| arger insulating sapphire off-substrate angled by 0.2 with respect to the
c-pl ane was enpl oyed. This substrate had a thickness of 400 m 25 (d2) to
(d4) The same processes as the correspondi ng processes of Inventive Exanple
A were perfornmed. (d5) In Conparative Exanple D, the sapphire substrate is
an insulator and therefore the n electrode nust be fornmed on the
grown-filnms side simlarly to the p- -22 electrode, Therefore, this wafer
was etched fromthe M)-doped p-type |layers side to the Si-doped n- type

| ayers by photolithography technique and R E using O -based gas to expose
the n-type GaN |l ayer for formng the n-el ectrode. Then, the sane device
separ at i ogenasttcdﬂh&O inmfdrdveatt bf/kgHoatpit evith 450 masvapemployedtd. The device had a
si ze of Séogn e and_thus had a | arger size. The di nension of the
exposed af Q?Fati meéeyﬁ GaN | ayer was 150 tm square per devi ce. (d6) On

h d
&e?ee?ﬁfﬁid By R Do S B o e 0GR Wiyl BIRE ot o 1
met hod. %;éli CKOERS oﬁ@@osﬂ%&thatvhﬁaé ﬁ%@ﬁvx?ﬁ‘ ¢ cﬁ‘?)o%ﬁ’i”%&th waSslighance vere

t he sane as those of 10 Inventive Exanpl P-el ectrodes were pl aced

on the p-thypeheGahfe bﬁatynelpresantmme@hoﬁlevl)(s@-@ﬁpareai Iin@ seleered. amée Gadl exposed
areas of 150 p. msquare of the n-type GaN | ayer for placing n-el ectrode had
been r enposubdtrite dad ehisslatetipe densitp af 6E 7R antnaglyalaress of 4 pmhi ckness, the heat

treat nent and c resi stance re the s as those_of 15 Inventive
20@? ?gnSI)al%es W% %mm% processes of Inventive

Exanpl e A ame processes as the correspon
Example A were performed.
(~ (g6) Subsequently, the construction was scribed into desired shapes and 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 (d»cm, 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 pm.

(} (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 uniformly from the n-electrode
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(d8) to (dl 1) The sane processes as the correspondi ng processes of

I nventive Exanple A were performed. Substantially, Conparative Exanple E

wi |l be described. Conparative Exanple Eis the same as Conparative
Exanples B and D in that a sapphire substrate is 20 enployed and

p-el ectrode 112 and n-electrode 111 are both forned on the down nounting
side as illustrated in Fig. 14. Conparative Exanple E is, however, different
fromthemin that as clearly illustrated in the plan viewin Fig. 15,

p-el ectrode 112 has a conb-shape, n-electrodes 111 are pl aced between the
teeth of the conb, and an insulator is placed between p-el ectrode 112 and

n-el ectrodes 111. This is intended for 25 uniform zing the current flow ng
t hr ough t FVHC é%%Md]\k{déyeéﬁ‘@stchléu Ated| Wy sipgaronsy g yesdfts Ofgﬁeﬁﬁf“iﬂé‘ﬁorﬁf ar eas

oo ; e o Y
ot hod of "ers SARSERLn I AEERTRRCEILE TRl O (B PPEKERRECT, .
- 23 Wt G ideHsarg figliliseates @omRbhadiliastritvatorehe SppeadiasadureatsExXFgpl e D, as

n- electrodes 111, five conb electrodes with a wdth of 0.1 nmwas forned
with a piténs of illugraiomshgwingshe dutrean densBy raticha tpe distaote ndehensis riivtheed at t he

remai_ni ng_ayrea.of n-t GaN | aye .such that n-electrodes 111 and
p-el &ctr ot Histangt Gokhike éantsyoﬁ)ﬁi% gt G BAE 3BT frer 1 PF QI RIS ensy

i nsul ator 444.9 chgér ﬁiutrhg AGHedroat §oddAABd Yes | {?f Rl bRfve SRS LI epn the
n-el ectrodes and the p-electrode in order to prevent the respective

el ect r odeshef quorenbédmgy eheat 4 madiduyn Sifentlyuadércitie hedectifode ahédecredsedfdthr to

prevent short- circuits, a conductive adhesive 114 was provided on the area
of nount BHFeaHA dispance figm themrleqtodd. f Alsee thetrese i8 oriiesihe sasant densifie

PoETL1 OO Pl [SSETBA ) A i AR S S T Erf B e 1o
10 - mm centered directly under the n-electrode. Based on the result, the size of the light
‘ emitting device was set to 8 mm square which was included therein. On the N-surface,
which was the second main surface, of the GaN substrate, n electrodes with a diameter
of 100 um were formed at the centers of chips with a pitch of 8.1 mm by
photolithography technique, vapor deposition and lift-off method. In this case, the
15 ratio of the area of the N-surface of the GalN 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 um 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. (i) 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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the lateral direction, the longitudinal direction and the rotation direction
were controlled. (Experinments and Results) Inventive Exanple C and
Conparative Exanple D were nounted within an integrating sphere and then
predeterm ned currents were applied to them The values 15 of output lights
whi ch were focused and output froma detector were conpared. For exanple,
when a current of 20 mA was applied, Inventive Exanple C generated an

output of 8 mW while Conparative Exanple D generated an output of 7.2 nW
On the other hand, when a current of 2 A (2000 mA) was applied, Inventive
Exanple C generated 100 tines the output, nanely 800 mW However,
Conparative 20 was broken. Therefaore, under the condition where

Exanpl.e C
Conpar at | @écteszajﬁﬁl%wmymﬁlahaf Cempprayve Fixample &5 pnfl the deaspetercofths sramdksofner e
applied t IV mple D.and.th epper.at ur. f th evice was
measur ed g‘%%@ﬁé@%&ﬁeﬁxe”& Aﬁheéetﬁées ut ?r‘,%ef {O f:i/\?g“s’ Clﬁérgr\l}gﬁh%‘f%hatﬁe gbrﬂrcr)’r mal heat

generati OEIqu@Fé?Mﬁﬂ'o@fﬂlggl/ﬁ EmMBFEFF thé civddrft e £ty TdBRESy hiitep iRl nLBle¥rddeg el 25
t hrough the n-type | ayer in the direction parallel to the layer fromthe

n- el ect r odelectrodmwds teqeirdd Wy havght diemetet oYy S pomt.i ofhwndn derseopdemainy
Conpar ati ve,_ Ex |l e D.was _broken. Thus, .in contrast_to Conparative Exanple
D, t Rere WEECF Qi emfiiins sprfacgh-e @Céipdéﬁwtbi%gafa%t\?i %@-ﬁhm&e@ Romed r uct ! on

in which rer i t [ - I - ierection
B T e T A T
portion weethodiagd thdowidedof thBissribias weo s as atli mer. EXaniib €ask, theompanatdtioe

Exanpl e E generated an output of 7.2 mWfor an applied current of 20 mA, and
an 5 out pwes gfour3d”mparfdeyican applied current of 2 A Thus, Conparative

E)(arrpl eE (2) Inventive Example F and Comparative Examples G and H equipped with no
10 fluorescence material were mounted within an integrating sphere and then predetermined
currents were applied to them. The values of output lights which were focused and
then output from a detector were compared. The results are shown in Figs. 20 and 21.
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 500 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

25 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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generated outputs which were 0.9 tine 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 perfornmed. The tests were
performed, as previously described, by generating electric discharge
between the light emtting device and an electrostatically charged
condenser placed oppositely. Then, Conparative Exanples D and E were broken
at an electrostatic voltage of 100 V. On the other 15 hand, |nventive
Exanpl e Crefgnhstwenndhke ppahsd ichrrapioand thoroultant fumiagnce fomide iwhilsramitting exanpl e

of fered a,significantl jgh electrostatigc wthstand vol.tage,. which was
appr oxi ma{“gbg esblpf’?cﬂgggtamr%??ertoﬁémg%r ‘arIg‘g}AJ)VJe‘S %lyeaél lhlllsgvgﬁf‘i ve Exanple
O had aneRank 0e £RlibRbIMEE MRk Rh: LhARe ARhA aABSim. AO0R M t her
since n-electrodes are placed at the corners of the GaN substrate, they 20
are nuch hassiapwanenploydiciadneentios Exudpliedhamf Cohpdrativeni esapda H, dst thenpar ed

with_ the case where they are placed at the center. As illustrated in Fig.
12, Phe nlugneance yareed dapendipg ap dbr yat &gl dhe age ahwhich dhq gg@rodejwasai0h| an

view, the n electrodes will never affect,the Iiémg em ssion.. aresult,
{nvent | ve?Bsdhor do& PRt s BYErR R W At ARt R IR el e ©

25 Third Epheglerent ddmphrithieEk@ipkoHi waat20imichp RHS3a N/ dhiyRBHdERely.
influences of the opening ratio at the tight emtting surface and ?he
el ect ri callhe Esimpamnye Eaimpledadakhautsimatof 18 dmichp dtiaghpplicutuprent ver e
d% er m neg.'?.S-I:At]gn(? \gfjasu bsrtorlyesrfl Ly grfl algp 'eed%Brerggxtno% lr()gxt. ! ?Axcvc\:%?dir?getrof ﬁrggez% abn)c/i 2235

10 only Inventive Example F generated high luminances at high currents.

Further, in the present embodiment, the applied current i1s 10 mA at a maximum
since if the current is increased above that, then the Joule heat density at the n-electrode
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 um 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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varying the substrate area, the p-electrode size and the n-el ectrode size.
As a test sanple, an LED having the construction illustrated in Fig. 1 was
enpl oyed. However, sone of the tests were perforned for a test sanple

. provided with a fluorescence naterial 26 to be fornmed as a white LED as
illustrated in Fig. 16. The test sanples 5 were three sanples, nanely

I nventive Exanple F and Conparative Exanples G H each including a GaN
substrate having a resistivity deviated fromthe range of the present

i nvention. For each sanple F, G and H, an LED including no fluorescence
material and sealed with epoxy resin as illustrated in Fig. 1 and a white
LED equi pped with a fluorescence material illustrated in Fig. 16 were

f abri cat edvas wn@é@ﬂrm@ an mt@gyawvassnm@recmdlth@uora@etermmw@rrep(we@ a@phed

p-el ectro re n-el ectrod P 100 In

P vent | ve Eismpe s ight EngSih,  EhE v oo Rait i e S TR B sl rost
100% Al sgyt hf‘fr%@@é’t@&br\/@aﬁ%@ﬁa}&l G At-dut utoof‘]SQmWr\NaPtrEne}QQd '?8rae[?1d t he

openi ng ratlo is 97% In Conparative Exang = 8 mm = 7.51 nm and
t he 15 opepplmg cnarbmtoaf‘ 29 rBA,%ndTehBOLftp.llDtchfGlaW wis gmbhmﬂtfooﬁnhhﬁleafmmneasﬂl oned
| nventive nparative Exanples G and Hw |l be described.

(1 nvent i véo%%%bﬂ@ q“ffe(“f‘l’f)lqté (PZ)OuthE of 2%eV prascessdaisdfer #hapRlistr espondi ng
processes 0 edt%ﬁ%% ve Exanple A were perfornmed. 20 (f6) Subsequently, as
illustrate 17, the construction was scribed to be desired shapes

and the chip- slﬂaﬁﬁ& @qnéhﬁwflamleﬁaﬁlm LEIQI'M'O\}?&@dtMtE‘Q fideMseqre The
resul tant light emiitting devices had a size of 8 nmsquare. (f7) to (ft 1)

The sane prtrelsdsmmsntehe 5060 im&hgneengbtpinetesses of | nventive Exanple A
WE(E per f or msquuivalent outputs can be obtained by placing a plurality of light emitting
10 devices which have small sizes and require relatively low applied currents. However, in
order to ensure placement accuracy of the device placement 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 GaN 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 and the wires will not be obstruction of

o
ot

light emission, and consequently the light output may be further increased.
Fourth Embodiment
In a fourth embodiment of the present invention, the influence of the GalN

substrate thickness on the light output will be described. By using three test samples
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25 (fl12) In addition to the above (fl 1), a white-emtting | anp was
fabricated by nmounting a fluorescence material on the n-el ectrode side of
the light emtting device which had been nounted on the nmount of the |ead
frame in (HO) and then sealing the Ilight emtting device with an epoxy
resin. For this, a fluorescence material which -26 generated 180 I mfor
watt of light output with 450 "m was enpl oyed. (Conparative Exanple G (g
) An n-type GaN of f-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
hi gher 5 than the range of the present invention of 0.5 f2cmor |ess, was
selected. The GaN substrate had a dislocation density of 1E7/cn? and a

t hi ckness “&fchaoe Inventiyplxamplesysy apf & having the 6288 g@s‘traguqrh@ taa pedpondi ng

b oc esses LR NINPAL ffrie S AP S AL AP EE QIR L OGL; SHORBUNEALLY. 1 he

construction was esire apes and

const ruct rrﬁa&bfn@atr@ﬂmleﬂhghtofqmtwsraslpcé@\wlneédesthsecresultant Ilght emtting
device had a size of 0.49 mmsquare. (g7) to (gl2) The sanme processes as the
corresponﬂmMgﬂwR&@@m@éﬁ)of I nventive Exanple F were perforned. (Conparative

- Exanmple H) 15 ) An n- e _GaN of f-substrate angled by 0.5 with respect
to tRe c-pl anem&é" Tsf¥BE SiplofFAubsift o e T%WsQFaWéhﬁ%ﬁPFﬁgtoéh? %a\f“aﬂe.wty of

h f
0-om or R0 Ehae Tl el Bl B SR oa Rt F Uil OBy ot
1E7/ c@ agﬁh@w&#ﬁ”“ﬁ%%@i sxﬁ%@t‘?at@‘haé*a%ch?esé Bﬁ?ooTh{ﬁ same processes as the

correspondl ng processes nventi ve
, (12) The following layers were formed in order on the first main surface of the
( GaN substrate by MOCVD. Namely, a laminate construction {a GaN buffer layer/a Si-

10 doped n-type GaN layer/a Si-doped n-type Aly2GagsN layer being a clad layer/a MQW
layer consisting of three layers each being a two-layers construction comprised of a GaN
layer and an Ingo5GagosN layer/a Mg-doped p-type Aly2GagsN layer being a clad layer/a
Mg-doped p-type GaN layer) was formed.

(13) The light emission waﬁfelength 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.

(14) to (15) 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 um were formed with a pitch of

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

-32.-



20 Exanple F were performed. (h6) Subsequently, the construction was scribed
into a desired shape and the chipped constructions forned |light emtting
devices. The resultant light emtting device had a size of 8 mm square.

(h7) to (h1l2) The sanme processes as the correspondi ng processes of Inventive
25 Exanple F were performed. (Experinents and Results) (1) For Inventive
Exanpl e F and Conparative Exanples G and H, the current distribution in the
area in which currents spread relatively uniformy fromthe n-el ectrode -27
toward the MQW I ayer was cal cul ated by sinulations. The results of the

simul ations were reflected on the device designs of Inventi ve Exampl e F and
Conparative anples. G and Fig. il trates a co illustration
of the spF¥5d6 {;Et ph bR e OIfl% % gﬁ%ﬁ éﬂﬁﬁl@ﬁ?ﬁﬁ%ﬁ’?@ﬂégg Ffé’d‘?:urrent
density r e 0 IS ce from

t he cent er%o? @%rﬁm%‘%/\n‘/lhééﬁﬂ&% r%lrtléil\{tr)\dg I{évgseéugfdn{f‘ﬂgl lcOt?r/[rF nt ggim E@Q at the

cent er of tHidi@ess; elearht pelemest Adftheeshtas ré&stﬁric)e widte tHeasahtletas Afioservfent i ve
Exanple F. the current density was at a maximumdirectly under the

n- el ect r odvenin® Feampaded with i ncreasi ng di stance fromthe n-el ectrode.
Al so. the rang ich the current densj exceeded 1/.3 of that, directly
indeP the n- o1 B2) Fhh e TRR oSS Gh e e rraE et 1Tt Rk B ed
directly undgefddaedn-el ectrode. Based on the result, the size of the Iight
emtting device was set to 8 mm square which was included therein, On the
N-surface, whii8hThes tkneha)nstema'rml vmasi soribed hacédesired slidpes Gad\hs chppedt e, n

el ectrodes with. a cl%lameter mwere formed at the centers of chi ps
with a pi PUStgetigns O?Wﬁdblighbﬁ@ttﬁpg 9%@%apﬁ§‘ef%séﬁ%ﬂtdlﬂét emifiing deyessdei i on and

lift-off gBl bpds A g case, the

10 (19) to (i11) The same processes as the corresponding processes of Inventive
Example A were performed.
(Inventive Example J)
(1) An Al,Ga,N off-substrate angled by 0.5° with respect to the c-plane was
employed. The resistivity was 0.01 Qecm and the dislocaftion density was 1E7/cm’.
15 The thickness of the n-type Al,Ga,.N off-substrate was 100 um. Three types (the Al
atom ratios x were 0.2, 0.5 and 1) of substrates were employed.
(i2) 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 a GaN layer and an Ing¢sGagesN layer/an Mg-dop'ed p-type Alp2Gag sN
layer being a clad layer/an Mg-doped p-type GaN layer) was formed in order.
(j3)~(j5) The same processes as the corresponding processes of the Inventive
Example I were performed.

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

Q]
(V)1

diameter of 100 um were formed with a pitch of 400 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 100

nm/a Ti layer 20 nm/a Au layer 200 nm) was formed in contact with the second main
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15 ratio of the area of the N-surface of the GaN substrate at which no

n- el ectrode existed, nanely the opening ratio, was substantially 100% per
device. The thickness, the heat treatnent and the contact resistance were

~the sane as those of Inventive Exanple A (ii) The result of Inventive
Exanmple G the range in which the current density exceeded 1/3 of that

directly under the n-electrode was a range with a dianeter of 0.7 mm 20

centered directly under the n-electrode. Therefore, the dianmeter of the

n-el ectrode was set to 100 min agreement with Inventive Exanple E, and the

chip size was set to 0.49 nm square, which was included in the dianeter of

0.7 mMm On the N-surface of the GaN substrate, n-electrodes with a di aneter

of 100 m WaSae fuAkbarRbsubsteter s This wasriegiedup ahingriatmesphre (9. isdwed by
phot ol i t hogr aphy.,techni que, va osition and |ift 25 off nmethod. In this
case, the?%ﬁ%ﬁ¥%ﬁr?ﬁ??ﬁga%2d86£@¥4 Yober device. The thickness, the heat

treat nent and j entive
Exanples A to @?ECFQ:P;)&F% %o%%ppzﬁ)g??%'eé%&i%%%pH, t%g%gﬁglggssgfl@ger\{}/awsé set to 8

mm squar &xampkgk eenepérforied. | nventi ve Exanple E. The GaN substrate had the
sanme _ -28 electrical resistivity as that of Conparative Exanple G and the
di anet er (ngrflﬁéfa%bergéﬁnﬁiﬁmcurrents woul d be 0.7 mm Therefore, in order to

fl t h h.th i nd.y .(,1/ 3 f th t
densi 1y ai rect (5D AERSREGR B bRty pE0 bubtahSh i TaS Phnrng ' 0"
have a di apBlgkd Of THis dbsiite ﬁra.}i'lua'sve_si?tri‘viéjﬂﬁi OS@ICQQerE]fwg c@s}_@d&'ﬁigﬁﬁ‘é‘nsﬁt}yiﬂ ht

emtting surface), n-electrodes wth aneter o . mmwere formed wth
a pitch oflE8/cin’rmiThis G0bWstratedgidanhickhes il gue (106@pan).deposi ti on and

lift-off method and the width of the scribing was set to 0. 1 mm In this
case, the openilgd tpakdlol hayamesisocassS @y reeorerspording proresses/efinvemivExanpl e F
and1%°”paﬁﬁg&gﬁ1§%§Q%L§§n§&f“d H equi pped with no
(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 L.
20 (k7) to (k11) The same processes as the corresponding processes of Inventive
Example I 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
25 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 um, while Inventive Example K had a greater thickness of 1

mm (1000 um). Fig. 28 illustrates the test results.
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10 fluorescence material were nounted within an integrating sphere and then
predeterm ned currents were applied to them The values of output |ights
whi ch 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,

I nventive Exanple F and Conparative Exanples G and H generated outputs of 8
MV 7.8 mMVand 2.5 mMVWrespectively, 15 which were consistent with the area
ratio of the area at which the el ectrode was not formed. Inventive Exanple F
generated the highest |ight output. Conparative Exanple G generated a-light
out put which was not high as that of Inventive Exanple F, but relatively

hi gh. Then, when 500 tipes_the current, or 10 A, s applied to them r

| nventive Exa eéerpn&ﬁglg%o%éﬁgfrpg%m@%ﬁ%pglqsqe@té\ﬁ:\eﬂg)gfrgﬁe LEH tid of 4 mwand
1.3 20 r i i r onsist i he, f.n which the
el ect rod(ZW\/?/angjsagl)agfVre E}&glr-%%ae : ?€7%t g%[%’ ao? 1@0/"eﬁgésrp\§%t|§‘jv%g; Expés?r%ﬁ%tggi ncreased in

propor t i ofExk@pletve tlapPtypeslof ®bErABY hdvinOAlat¥hahticyk aPPhi @d aunrweeke of 0.26 A
and thus at a current density in the light emtting portion of 110 A/ cnR.

However , figbsiented@nd gh of them hndt puansmattaice of 88%our ati on 25 with i ncreasing

by 5 app od UITEH ESTRAE R e GO PR PIBTI K SOVPRELEAG resylts of
| uni nance ANBARSLEHEIRNALS af fbrbet%?mc@&é)\'%/ﬁﬂ?@ﬂﬁbg e IBLARd WG ar?fnt%g‘?%nosanpl es.
Fig. 22 is an illustration shomng the -2 re?atlon bet ween t e appli ed
current anpharéiend eeniptaisterhmingt carreets fxere dgpicivks theme mMTHeivalyes bEBstpagui pped

with a fluorescence material. Fig. 23 is simlarly an illustration show ng
the rel at 18RS Feiewpretipeused are A tPHhHOMItedetegioisere OmPAEds aVEhen| A @rrEst ence

{Tﬁger I al Weso ?n%lw(?iyggpl{eg, fn@grﬁpéeiﬁlx%m%ﬁ(e%q%lng J 'e:mg1 %%m%%?g%@/re %Ixia%gle%anpl e H but

10 generated outputs of 4.2 mW, 5.4 mW (all the aforementioned three types) and 0.6 mA,
respectively.  This difference was due to the transmittance difference among the
substrates. GaN substrates have significantly-low transmittances with respect to 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 pm 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

In a fifth embodiment of the present invention, the fabrication yield of the

(8]
o

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 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 7201ni chip
and 234 Imchip respectively. The Conparative Exanple had a thermal limt
of 18 Imchip 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 Exanple F
generated high lum nances at high currents. Further, in the present

enbodi ment, 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-el ectrode

w || becone excessive and consequently significant heat generation wll
occur. ByCpmeriaHys Fyamples M, 2ehaing the spmea carstiusten ay thal oe®mpaaBYR | y reduci ng

the conta resi;stan the s effects may be achieved for currents up
to a maxi%%négpr%ﬁglg%lp"%gapp&,lr%\%?% s corresponding to an current density

of 110 A gp¥enti(t BxeRpleMe Exanples F-2 and F-3) The same processes as those
of the Inventive Exanple F were perforned. In Inventive Exanple F-2, an

n-el ectrode wi (lh) BhaljaameprocesBesals the pamrgsanndingprosksses F8Hverryedmmnpiad pl aced
at the center of a (aN substrate. In Inventive Exanple F-3, n el ectrodes of
450 Pm sqEFPWEF'B®Hl aced at the four comers of a GaN substrate (Figs. 24

and 25). A i | hsptfekaduidy Btha ol dyadBmidiey, AL O8I sodes p) aced at

the four corners were each electrically connected to e lead frane by
bondi ng wWar@aN stiveratdso GdNrtauffat lagsr/aSi-éopdd naiybe Sadhidydradla 8i-domisn-spet i on with
a dianmeter of 300 um In 25 this case, both the exanpl es had an openi ng

rati o of AabeUteshNolever teingtahdad lagers M&dWylaxes congispimgtal vireglaypgsieacicheing a

(L Fet] OREiB ST Eho s B P ICL L PR L b s, et
nat ¢pi al p-type Alo2Gag sN layer being a clad layer/an Mg-doped p-type GaN layer) was formed.
Referring to Fig. 2, the thickness t 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 Alg2Gag N 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 15Gag gsN layer/Mg-doped p-type Aly2GagsN 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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-30 was nounted within an integrating sphere and then predeterm ned currents
were applied to themto cause |light em ssion. The val ue of output |ight

whi ch was focused and output from a detector was neasured. An output of 8
mNV was generated for an applied current of 20 mA, and an output of 4 Wwas
generated for an applied current of 5 500 tinmes the current or 10 A. An

out put of 28 Wwas generated for an applied current of 70 A Further, in
the case of a while-enmtting LED provided with a fluorescence nmaterial, a
| um nance of 5040 | chip was obtai ned. Equival ent outputs can be obtai ned
by placing a plurality of light emtting 10 devi ces which have small sizes
and require relatively |low applied currents. However, in order to ensure
placenent3d€6uracy of the device placenent or prevent electrical short-

circuits, a constant distance is required between devices i.ch may

i ani 11 cant 1y TRERegebO AR Eme Precti B RS SR BEen S cae ¢ ne
cost in t e eaaSCER/ImEIS BRkic U Bemed ONHeIe! Whth &thRRdhs deyifGaievRgcording to
the present invention, these problenms may be 15 avoided and higher |ight
em ssi on eepapaiionmgrelfernmsl, diersdchedistot botsnmk é 284 wetehret sampletaiy fibteanddfad

cqul Vol entOEbEr A F LT nHAGS: Pt THE G A HBELR oY e
equi val en in t ZE. t

hi d ' . ' t ' I
Fo or 1 ess AR SRl A R s bR e idhedetyrd B, Sl Rl Mot et

the subst pakRnNAS nbhRaSRIR baltar Bfdrant $hd &ppRRdiafMen AheRsiiN8omieHRinkH1 SSi on
wavel ength and | ayer construction are changed. As illustrated in Figs. 24

and 25, byn tkeepthi arah¢ pottomdlevtesnf thisgpontia lesstaffedied thepfahdedicatyi¢lie cornets
of(the Ga%aiggggaaggxggﬁe%ge | ead frame through four Au wires
10 (n1) The same process as the corresponding process of Inventive Example B was
performed.

(n2) The following laminate construction was fabricated on a sapphire substrate
by MOCVD (see Fig. 6). (a GaN buffer layer/a Si-doped n-type GaN layer/Si-doped
n-type Alg,Gap sN 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 ;5GagssN layer/Mg-
doped p-type Aly,GagsN 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 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 GaN-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 GaN 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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with a sem dianmeter of 150 m the electrodes and the wires wll not be
-obstruction of 25 |light em ssion, and consequently the |ight output nay be
further increased. Fourth Enbodinment In a fourth enbodi nrent of the present
invention, the influence of the GaN substrate thickness on the |ight output
wi |l be described. By using three test sanples - 31 which are Inventive
Exanples |I. J and K having the sane construction as that of the LED
illustrated in Fig. 1, the light absorption of the GaN substrates was
determ ned. The fabrication nmethod of the test sanples will be descri bed.
(I'nventive Exanple 1) 5 (il1l) An n-type GaN of f-substrate angled by 0.5 with
respect to the c-plane was enployed. This GaN substrate had a resistivity
of 0.01 fREers sdd tethei Sitdepad novipaiendileyer byphawlithographTikchniGanasdBEr at e had a

t hi ckness of u i The fol.Jow ng .| ayer,s were formed.in order, on the
(et o bt raesliee s moves SulGHbRan B ot e mRahTs EAnie i it o

const ruct o0 U L I I r i -doped
n-type Al %h%Zk&g%OSﬁlﬁ\% glyigﬁggi %ngaﬁ %eﬂviage@?g%| a :drngag@l}lssﬁa?f {r%gvagf t hree
| ayer s eamipossiblego anifavenl) axerss tieomsipeuedN tiecianhe ivafedl oThaefcad) thérayer and an

I n0. 05Ga0. 9; N | ayer/a My-doped p-type Alo. 2Gao. sN | ayer beingﬂg clad layer/a
M- deped fRPEHSE LGHN xagead)suitace e mnwae AldG3)-« rtier or thn Babinhudlsr Biyenavel engt h

cai cul at CoERETE SRUBHT Bhc o gy - LBmBAR TRy Rl Brooe e 1 e A o
tenper at Ugi@er@ited - 2Ay KiRR&ts bR&iddd thokaRStLYi@t a room tenperature of 298 K
(i4) to (i5) The sane processes as the correspondi ng processes of Inventive
(Results of Experiments)
( The light cutputs were determined in the same manner as the first embodiment,
10 and as a result, Inventive Example L generated an output of 8 mW for an applied
current of 20 mA.  On the other hand, Comparative Example M generated an output of
7.2 mW for the same applied current. Further, in the construction of Inventive
Example L, even though the thickness of the n-type GaN layer was decreased from 3
pm 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 pm 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 (n5) of the test sample of Comparative
Example N, if the n-type GaN layer is made thinner to 100 nm (0.1 pm), 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 GalN
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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Exanple A were perfornmed. 20 (i6) The area in which currents spread
relatively uniformly froma dot-shaped n- electrode toward the MM | ayer was
calculated by sinmulations. As a result, the <current density was at a

maxi mum directly under the n-el ectrode and decreased with increasing

di stance fromthe n-electrode. Al so, the range in which the current density
exceeded 1/3 of that directly under the n-electrode was a range with a
dianeter of 3 nm 25 centered directly under the n-el ectrode, and therefore
the size of the light emtting device was set to 1.6 nm square which may be
included therein. On the N surface of the GaN substrate, n-electrodes with
a di aneter 00 wer e. f or med itch of photol i t hogr aphy
t echni que, b%ﬁﬁé og]%%qr?ﬁ‘(fﬂé’é?wl%f‘? LRSSty h‘?ﬂﬁiﬂmr}]tr{s?e{ﬁnsbjyl)SZ%té&% ®t he
ratio of {MeeaheRolH sa Gsthleftftﬁé;é%rr%f eff’eh,% SHRRVERAEFenthei Y flbrkffnce

n-el ectrode was not fornmed, nanely the dpening ratio, was substantially
100% per denéreabis ehipdoyetiho thnes svhitt-eenitieg . FTY eathatight amidtirtghveawabergacvas

resi stance were the sane as those of Inventive Exanple A 5 (i7) The sane
process a§h¥ﬁ@dcorresponding processes of Inventive Exanple A was
perfgrneds&&hghﬁE t he construction was scribed into desired shapes and
the chi ppe construc%l ons fornmed light emtting devices. The resultant

l'ight emi ttingIlgevixeeehsifentsdfzie grescht vemfisig Uy igfludke OF e digtoddtioh) The
same processes as the correspondi ng processes of Inventive Exanple A were

per f or med degsitipé thei GaN Ex@shr@teeorut)he (llghtlt)utmtt vl beatesarieds f Tesilsemplgse angl ed by

0.5 wth ¢ eS%(; é v&e?e ttwho samples v&uch were Inventive Example O with a dislocation density

( 7 of 1E6/cm’ and Comparative Example P with a dislocation density of 1ES/cm’.
10 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 QQecm and a dislocation density of
15 1E6/cm®.  This GaN substrate had a thickness of 400 um.
{02) to (o11) 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.
25 (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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enpl oyed. The resistivity was 0.01 fl.cm and the dislocation density was
1E7/cmt. 15 The thickness of the n-type ALKGl , XN of f-substrate was 100 m
Three types (the A] atomratios x were 0.2, 0.5 and 1) of substrates were
enpl oyed. 02) The follow ng | am nate construction was fabricated on the
"first surface of the Al .Gl _xN surface by MOCVD. (A Si-doped n-type clad

Al 0. 2Gao. $N | ayer being a clad |layer/a MQVIayer consisting of three |ayers
each being a two-layers construction 20 conprised of a GaN | ayer and an

| no. 05Ga0. 95N | ayer/an M- doped p-type Al o.2Gao.8N |ayer being a clad

| ayer/an Ma doped p-type GaN layer) was formed in order. (j 1)”-05) The sane
processes as the correspondi ng processes of the Inventive Exanple | were
per f or med.repejtin@ly fonen sppleddurmantofsi®dimse dhug, HeveativeEsampleQibeyr at e,

n-el ectrodes with. 5 dianmeter of 100 pmwere formed w a pitch of 400 m
by phot o G §her JEHFRIR0T WP WEEHS 1VEh CRRPA e FGPRPIft hod. e
el ect rodes wer : i sting,
From the bot tonr are( & rrr < nd ChpRaic B EF A shhe RN IMPELE, <00

nm a Au | ayiekne2Ondiierefes chusersgdivhlentiosat gedermidnrantiieas@dation mainorde33

surface of the Al~Gai..N substrate. This was heated in an inert atnosphere
to reduce to Vel dbaitthe efoFemsnsipagrtlicht oubratt differenca vasapp dug jorpfleencesal) The same

Per T or mod 1o8 ¢ EOEaYACT VB ATEN0 ! [ 3° 20PIRY E e ot DRI STHUPAPE angl ed
21 0.5, WIOLESRRChokd ki ABIF BRSO B Ly BBk, B2
substr at e af@emantidhied kewafis af thlis MiMead@OBxaNple O and Comparative Example P
(. generated outputs of 40 mW and 30 mW, respectively, for an applied current 100 mA.
10 Therefore, although the mechanism was not made apparent, a light emission
- output difference was generated at a high current density due to the dislocation density
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 (g7) 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 drv etching such as RIE or

wet etching. Besides this non-mirror-surface finishing method using etching, a method
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(k2) to (k5) The same processes as the correspondi ng processes of inventive
10 Exanple | were perforned. (k6) The size of the light emtting device
(chip) was set to 1.6 nun square, which was the sane as that of Inventive
Exanple G On the second main surface of the GaN substrate, n-el ectrodes
with a dianeter of 100 mwere formed with a pitch of 1.7 nmm by

phot ol i t hography techni que, vapor 15 deposition and lift-off nmethod. In
this case, the ratio of the area of the second main surface (light emtting
surface) of the GaN substrate at which the n-el ectrode was not forned,
nanely the opening ratio, was substantially 100% per device. The thickness,
the heat treatnment and the contact resistance were the sane as those of

| nvent i vewhichxaevhheicdlly plisi{ds Mlaytte thibed) [hhRe saseent RAHEEIBRAS aaBethbe
correspondi ng processes of Inventive Exanple | were perforned (Experinents
and Resul PéichgsHeipawesetehipg uﬁlﬁ%éﬁi@ﬂéomams ehe stclipniyyas Gopipsedit i4e Exanpl e

K havi ng i ckhesse the trans tt nces of the
exanpl es Fﬂhigﬁgﬁﬁéﬁéb ?P %ﬁflﬂfW: ghgi&e%Pméu%%H?i measur ed.
Figs. 26 agd £ thbh H&t&ﬁ’éﬁwﬁb@ipg&{“@/ftﬁﬂn tHé’Et&r'r&?oPﬁO dfurds @HonlhifbFM Lt ance
measurenent tests. lInventive Exanples had a thickness of 100 um
whi | & InvanﬁmvénEhﬁﬁmNSuﬁhh&dﬁaeghbhh$§UMBMQ&ﬂ&&&wmheﬁdﬁnﬁl(1000 m. Fig. 28
illustrates the test results. - 34 Referring to Fig. 28, the transmttances
of Inventive EXESP&a}l)divg samaﬁépcewﬁrﬁhﬂ@tqovr@smmﬂréoqcssﬂéroé Ipewiive 0% and

10% resp i ive Exanple J, three types of substrates having
Al atonlrgg&gég%‘N?A% Eglg(% and 1 were

(Comparative Example R)

(\ This was the same as Inventive Example F.
10 (Results of Experiments)
The light output was determined 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 GaN 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 concentration

within the range of 0.1 to 8 mol/l and a temperature within range of 20 to 80°C.
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fabricated and all of themhad a transm ttance of 90% 5 Inventive Exanples
I, J and Conparative Exanple K equipped with a fluorescence material to be
formed as white LEDs were nounted within an integrating sphere and then
predeterm ned currents were applied to them The values of output [lights
whi ch were focused and output froma detector were conpared. Wen a current
of 20 mA was applied, Inventive Exanples | and J and Conparative Exanple K
10 generated outputs of 4.2 MW 5.4 mN (all the aforenentioned three types)
and 0.6 mA, respectively. This difference was due to the transmttance

di fference anong the substrates. GaN substrates have significantly-Iow
transmttances with respect to lights wth wavel engths smaller than 400 nm
and in suckenh Egdedigienh xGal - xN substrate may be enployed as the present

invention to g hi £ i em.ssion, 15 Also, by decreasi.ngthe

b ckness of ¢ Acarr EbEmet Rinstilr R SRendih QoG- b BREANP R e 11
the thi ckagsstype ele@fo8Bh khe igh oBLEAH] FAMGEiIYd. CUlesChipldsaPléa wire

el ectrode to tyrllje MW wi | | becétl)}lrm t'lt[g)oo small and if the ?&Ji ckeﬁ{epssﬁ?s too | arge
the eni sé&ivesanedlés whiehweradnventie Magmbad Tad),pf esd BUsl y descri bed. Thus, the
thicgnessﬁis Té? eragkﬁtin the range of from50 mto 500 m Further, by
usi ng a t K™CEARXEME rate with a thickness of about 100 m as the

inventive exa”@lﬁg%steBZ Tﬁx@@{l&ggfdcgﬁeg%sttge C8Fre%o§§%iﬁg:}!é§%§§etsroﬂ&em?¥e be

reduced, which-'e abrication o |"ow emtting device. It
goes W t hgrimplaH weretpaaforthé® cost may be reduced by decreasing the
substrate thickness independently of the |ight em ssion wavel ength. Fifth
Enbodi ment 25 (1) &he pfelértendsodisfelimicatstd byrtbe frllosena methpdnt Ao\ leyee with

o oL e L OSSO AT LR I Loy g 1 for e
Whi g Wer gothSh @ddfet WEeomXRIMith the PAYPGaliMer. Then, it was heat-treated in an inert
atmosphere. Then, an Ag layer with a thickness of 100 nm was formed on the above
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 a result, a
2 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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sanme construction as that of Inventive Exanple A enploying a GaN substrate

and 35 Conparative Exanples M N having the sane construction as that of

Conparative Exanple B enploying a sapphire substrate. (lInventive Exanple L)

(11) The sanme processes as the correspondi ng processes of Inventive Exanple

A 5 were perfornmed. (12) The follow ng | am nate construction was fornmed 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.sN |layer being a clad | ayer/a MQW

| ayer consisting of three |ayers each being a two-|ayers construction

conprised of a GaN | ayer and an Ino. 1GaosN | ayer/an My-doped 10 p-type

Al 0. 2Gao. sN | ayer being a.clad | ayer/an My-doped p-type GaN | ayer) was

f or med. EPYs myertwitiee fnickness ofef pw). AgaBs With adfanSPLtéﬁffleW%’-ype GaN | ayer 2

was set to 100 ) T [OC h r ondi ng

processes of |A%ﬂﬁ?ﬁ§é§hﬁé3%%%é§ﬁeﬁ£§g?%%§?§F9<§3§§§¥§§*#ﬁ§£ﬁ§%g %ﬁ slots 25

for devi cexsgprPwk@pei@ed or med, the etched slot 15 bottons 25a were not

conpletely flat and had sonme projections and depressions. In the case of

| nvent i ve (IBxempledxampé/En if the center portion reached the GaN substrate or
i rman electrode etc,_at this portion

buffer |ayer, it . wa required to f
and Eher of or e (Soie (EhANG #40F HOCRSSURTT R SR WORS GRPTICEERE SEIBFH¥H 3 por t | on
| ess af f egted feEayieatien ( yield. 20 (Conparative Exanple M (nl) The
same process gs tﬁe 3{” respondi ng process of Inventive Exanple B was
per f or med. (t7) The p-electrode was fabricated by the following method. An Ni layer with
a thickness of 4 nm and an Au layer with a thickness of 4 nm were formed in order from
( the bottom side on the p-type GaN layer. Then, it was heat-treated in an inert

10 atmosphere. Then, an Al layer with a thickness of 100 nm and an Au layer with a

thickness of 100 nm were formed on the aforementioned Au layer. The p-electrode

fabricated in the aforementioned method had a contact resistance of 5E-4 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

Do
Qt

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%.
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(nm2) The follow ng | am nate construction was fabricated on a sapphire
substrate by MOCVD (see Fig. 6). (A sapphire substrate/a GaN buffer |ayer/a
Si -doped n-type 25 GaN | ayer/Si-doped n-type Al o.2Gao.sN | ayer being a clad
| ayer/a MQW | ayer consisting of three |layers each consisting of a two-I|ayers
construction of a GaN |l ayer and an Ino. 15Gao. s5N | ayer/ My-doped p-type

Al 0. 2GaosN | ayer/a My-doped p-type GaN |l ayer) was fornmed. Referring to Fig.
6, the thickness of Si-doped n-type GaN | ayer 102 was -36 3 um (nB) to (m
1) The sane processes as the correspondi ng processes of the Inventive
Exanpl e B were perforned. Here, when etched slots 125 for device separation
were formed, the etched slot bottons 125a were not conpletely flat and had 5
sone proj ecti orfB) andt1dephe ssnomocedsoamte correspbhding aseessts COhmpantitei ve

Exanpl e Si - doped n-type GaN | ayer 102 had the | arge thickness of 3 m
and t her efFREPIEHEVEERBIOT™MBSr ti on di d not reach the buffer layer and the

sapphire | - resul t, some changes in the depth or the bottom
fl at ness é@?%tfvseﬁ%xoaﬁal%ﬁyl ess affected the fabrication yield. (Conparative

Exanple N) 10 (@1)to{(h6) PR 665553 tﬁ@&r?&?é&ﬁ@ﬂ@bé@e@éﬂ%@&ﬁiv@f _
I nventive Exanple B was perforned. (n2) The tollow ng | am nate construction

was fabri Exemgledhwarespasiohine® substrate by MOCVD (see Fig. 6). (a GaN buffer
| ayer/a Si-doped.,\n;type N | ayer/ Si.-doped n-type Alo, 2Gao.sN | ayer being a
clad |ayer/a 7)|%1§/§1% chﬁ%trog@iﬁb\@rcw%e@ hupie ceckads,WHE TSR 1Y of a

t wo- | ayer I f.ao ) - doped
p-typeyAli}:%g%gIli\#lgg%@}/mg a@?ﬁ%ﬁ%ﬁ?@?@&“ﬁ%% \/vas&%yp }rﬁeﬁlé(d;ia BARe erri er])g

to Fig. 6enfilRauifbécckingsp-tope SiNdoRed Mhd yPRaEadidtaerval 32-maschd0 km

( Further, this electrode Rh was formed on a glass plate and the transmittance was
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 q8 of Inventive Example Q were performed.
(v8) to (v11) The same processes as the corresponding processes of Inventive
2 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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(n3) to (n4) The sane processes as the correspondi ng processes of |nventive
Exanple B were perforned. 20 (n5) In the case of Conparative Exanple N, a
GaN-based multi-layer filmwith a different lattice constant fromthat of
sapphire was fornmed on the sapphire substrate, and therefore when the

t hi ckness of the n-type GaN | ayer was 100 mand thus too small, a
multi-layer filmwth a high quality could not be obtained and the |ight

em ssion output was extrenely low. 25 Further, in the case of Conparative
Exampl e N, the sapphire substrate was an insulator and therefore it was
necessary to formthe n-electrode on the grown-filnms side simlarly to the
p-el ectro was made to _expose_the n-type @GN | ayer

ge. %hﬁrefore n attennt J

f or I f or m Ag2thé Wgéql’éEffegG%“%‘;? a%ﬁﬂ?f@“’t“ﬁidee\ﬁéfI%Ye“le%ﬁ'i‘%lﬂ%lelWJ-”doped p-type
3 g, he. 5 | = .

ST | v gidi B oS R, e UOn N Loyl o L T gl

i n Conpar sétiwéen Bretdtplote N2 ahdl €onduldti bk a@Rsive 4! RRilSh-THRREde Bxivipr 3N | ayer
was 100 m (0.1 um and thus small, it was Ir‘g)OSSI ble to uniformy expose
&l

t he n-typelecande Hyigselfiwastaighneefleetivitfraatefidr and inHeventige Eppopledd fian-t he

d - f h -1, Gal 1 N huf f I d di
ont Ro. ar BWrOgytags ERHE Bt her el thy HEhHB AT HorbE Wod al sor
at t enpt edcoérRlaRA ot %mxit@?&le&ms%ﬁ@ﬁe h6StteSside( Resul ts of Experi ments)

The light outputs were détermned in the sane manner as the first

enbodi nent, 1Whendnemtiae Exsmples S| ByErand wé wexaprpleled wyhreefhatresteace out put of

8 mMWfor an applied. current of_ 20 On the other hand, Conparative Exanple
i A

M gener at B@tea! lurepigrmes as whize Wﬁ%éi{ RRNeSHAR OUipYIS A Im,FifotlRer, in
t k(e const pye Mﬂqm()fresbg'&%N ¥St an applied current of 10A.  According to these results,
10 by forming the p-electrode from a high reflectivity material or by placing a high
reflectivity material between the p-electrode and the conductive adhesive, efficient light
utilization is enabled and accordingly the light output may be increased. Namely, by
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 GalN 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
- 2 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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Exanpl e L, even though the thickness of the n-type GaN | ayer was decreased
~from3 umto 10 nm equival ent output was obtained. Further, the n-el ectrode
may be 15 provided on the N-surface of the conductive GaN substrate, and
therefore it was wunnecessary to expose the Si-doped n-type GaN |l ayer. The
filmthickness of the light emtting device grown on the substrate is,
dependi ng on the wavel ength or output to be generated, generally 6 um or

| ess, and the thickness of the Si-doped n-type GaN | ayer whi ch occupies
nost of it may be decreased 20 from3 mto 100 nm according to the inventive
exanple. As a result, with the inventive exanple, the cost of filmgrowth
may be drastically decreased. As described with respect to the process (n5)
of the testoustadphamdy usiogpdral substraeantiyd egtemitfing herfaset y pe desgibedyer i s

made thinner to 100 nmJ0.1 , the yjel.d of .the -ty N.|l ayer exposure
wi Il be drdets B Fy*¥eyra %p%%&&g’%be b eHP%BSFE%?‘@&ﬁ?S?%S%&W’ o
uni f or m expeMIr&ofeSthe %@gea%npaﬁufaﬂwm%%%ﬁhmag@ga@&v@fmemsf@gg%ﬁd tae

t hickness of the layer'is too snm e current density o rrents

f1 ow ng t higlougnsiteance {sypaeticddily impypent. n the direction parallel to the |ayer
significantly increases_and consequently heat enerati on becones

si gnioi cant, whi%R 7ps &y dhstsatinnsbprang the inflencsafphe exizen sPReENHELABORDL ai ned,

s Compar 4 B RRTE. Ballubeul | 3bcRod) RN (386, oo o Y cour se.

t,
it goes w e Sa S rray ’be achi ev even when a

fluorescensger thRd @5i@dcn haBRrONSEH bPsdMdNnR MMPédneofbi:fakiBl 1d-ER1 Pemt he |1 ght
em tting wavel ength was changed. 5 Sixth Embodiment In a sixth enmbodi ment

of the preséighei nentisam an ilhetratidd shemdeg e infuench o tbe akygen codemsriatiyn of t he
Gae subst rogttge 'ggns%q?'ganlcie grt lig%lijgwpl)t%ta elvmét\llezllengteh gfe 455(%)rrirxl13 iendt'he -ggssetofsaa— alNes
10 substrate of 400 um. From the same figure, it can be seen that when the oxygen
concentration exceeds 2E19/cm’, the transmittance for light with a wavelength of 450
nm drastically decreases. From Figs. 37 and 38, increasing the oxygen concentration is
effective in decreasing the resistivity of the GaN substrate and widening 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

T

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

25 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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enpl oyed were two sanpl es which were Inventive Exanple O wwth a dislocation
density of 1E6/cnR and Conparative Exanple P with a dislocation density of
1E9/cn2. 10 Inventive Exanple 0 and Conparative Exanple P had the sane
construction as that of Inventive Exanple A (lnventive Exanple 0) (o I) An
n-type GaN off-substrate angled by 0.5 with respect to the c-plane was

enpl oyed. This substrate had a resistivity of 0.01 52-cm and a di sl ocation
density of 15 1E6/cnZ. This GaN substrate had a thickness of 400 Pm (02)
to (oll) The sane processes as the correspondi ng processes of Inventive
Exanple A were perfornmed. (Conparative Exanple P) (pl) An n-type GaN

of f-substrate angled by 0.5 with respect to the c-plane was 20 enpl oyed.
Thi s substlﬂ\éﬁtnévhgﬁaraplﬁé’sﬁlﬁ anvanpjied tumerg D £ erd.dhe oxyghnglosetiaban dwydet y of

1E9/cnR. This GN substrate ha t hi ckn of 400 u 1. ch he sane as
Lhat of PRVBII0 4O B Hrs e SR/ er RERN Shelram s HiuSSseaobie

i Gi Y . R | t
of Expor | NENALRY GERRECAA SEPUERD R (ST s QNRORPRE S BIIRE entitel"O2Y e

first enbdght@®nput of BSm besdld with biveditd Manipadip ExafipRnal akdapappiedve Exanpl e
P both generated an output of 8 mWfor an applied current of 20 mA and
generat ed cBUeAL00hAdmndnalyansrdieye umfprm Behtreaygseant | \Mamgely,ovheartha ppirensd

e o T LR S o D PP A 1 o
Example A having a square shape with a side length 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

( ' 5mm) and therefore by applying 3.6A (5.6A), a light output of 1.4 W (2.3 W) or more
10 may be ensured in proportion to the applied current and uniform light emission may be
achieved.

Also, for a GalN substrate with a thickness of 400 wm and for the same target
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 S 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 pm, the limut

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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I nventive Exanple O and Conparative Exanple P had the same resistivity and

t hi ckness and therefore cause equi val ent heat generation and heat radiation.
In order 5 to verify that the aforenmentioned |ight output difference was
not due to influences of heat, a pulse current with a duty ratio of 1% an
applied tinme of 1 us and a cycle tinme of 100 is was applied and conpari son
was made. This test results were equivalent to the aforenentioned results
and thus Inventive Exanple 0 and Conparative Exanple P generated outputs of
40 MW and 30 mA respectively, for an applied current 100 mA. 10 Therefore,
al t hough the nmechani smwas not nmade apparent, a |light em ssion output

di fference was generated at a high current density due to the dislocation
density @ibsireteeniedharmngpef 20 mierfddsirafthereat 2 suffielentivlergedrashave verifies

that the same effects . be obt.ai ne n.the light .emttin vel ength or
the | ayer C%ﬁ%tfarti?gtﬂegﬁlsg% r a%&?a‘ﬁﬁ)‘gjﬁ e%ardble\ghl%l“ﬁ%g %‘ér&eél%c‘guﬁﬁ‘?@rt:bﬁq%g\ﬁga provi ded
to forma b &4 i (" ehog) of the
present i %%%%?gﬂﬁg%dﬁgé}gﬁfﬁg%@gﬁgpﬁgn rabo%ﬁ?p@(é??g%% 8f I ni gﬂhﬁﬁg&t of the

sur face amidthtinesianst thadeveativd Bearhplg At whett qpplying 20 mide deskd eedfa Test

sanples enpl oyed were Inventive Exanples Q and R Inventive Exanple Q was
an LED i | thigknestoddOP wnkithis n8y berenablpd by phyees wofieentratens adtel tered greaser had been

non-mrroy, 2 face finished. |nventijve anpl e R n LED il lustrated

in Fig. 3?%%@?/%(1 ﬁifp BcHICKES R FODHTSHET Hebf Fremé%iqﬁﬂdowﬁ%emi ve

Exanpl e as the correspondi ng processes of
ol AL JBE BT RO SRATY

I nventive anp wer e rocess steps to be inserted
bet ween 7 andNgg) cdigetdlesiboti itk illtHeaietaNed s ubsthe atmdodmtbnt)ehedevi ce end

fagé were_made to be non-mirror-surfaces. The method
following test samples were employed.

10 (Inventive Example S1) A GaN substrate with a thickness of 400 pm which had
been n-typed with an oxygen concentration of 1E19/cm’. The resistivity of this GaN
substrate was 0.007 Qecm and the transmittance for light with a wavelength of 450 nm
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 Alp»Gag gN layer being a clad layer/MQW consisting of three layers each being of a two-
layers construction comprised of a GaN layer and an Ing15Gag.ssN layer/an Mg-doped p-
type Aly»,GaosN layer being a clad layer/an Mg-doped p-type GaN layer).

(Comparative Example T1) A GaN substrate which had a thickness of 400 pm
and had been n-typed with an oxygen concentration of SE19/cm’ was employed. The

25 resistivity of the GaN substrate was 0.002 Qecm 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 pm
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for making themto be non-mrror surfaces was perforned by dry etching such
as RIE or wet etching. Besides this non-mrror-surface finishing nethod
usi ng etching, a nmethod -40 which nechanically polishes may be utilized. In
t he present enbodi ment, a nmethod which perforns wet etching using a KOH
solution as the etchant was enpl oyed. A KOH solution of 4 nol/1 was
sufficiently agitated with the tenperature naintained at 40C and then the
waf er was di pped within the stirrer for 30 mnutes to non-mrror- 5 surface
finish the N-surface of the GaN substrate and the device end face. (g8) to
(g 11) The sane processes as the correspondi ng processes of Inventive

Ex le F . f ..{Co ti I Thi t h

vont | vo Bk BEn B SPE0 haR ORGP M el PReh S 5 e BRECSEH pul s
| nvent j . . _ 1
nventi v Exinl & Gl caneaares, B8 Qe I AR ince RIS Ll oo

out puts oOfvadelerbtV\oaNsh AmWdsaNYaN BiRPdInEioss btRPtha@fthd Bfofemdntibhéer, in the
case Inventive Exanple Q and Conparative Exanple R were equi pped with a

f | uor escepemditids veare thesameas leost of isgntaee Bxanple SILED, | nventive Exanple Q

generat ed ,an aut put 150 I m and Conparative Exanple R generated an
out pdt of (%“ tsﬂ&ﬁrt&eﬁ‘,}hgl nventive Exanple Q generated a hi gher |ight

en ssi on out pup.4dvin Bﬁlftfgﬁ%m%ittﬁ@yde()ﬁesé Ea ﬁ%?ﬁ@ﬁiiﬂ%ﬁ%ﬁp}ﬁ@%ege

obt ai ned even when the em ssron wavel engt IS s
because whentrubted abnd baogeand 20heAend dhalie! tofthérhe HuksativeeangidelSthe n 20 type
GaN | ayer are in a mrror-surface state, as illustrated in Fig. 33, total

i nternal gesratedd ighf QuUpWIBRao derthe aiberthaad.seempasativsfExamplesaN having a

hi @h refr g&{e‘ra}{gd 5&9%&\»‘"&% Comparative Example T2 generated a light output of only 5

10 mW. It may be said that the light output of 4 mW of Comparative Example T1 was an
output commensurate with the transmittance of the GaN substrate. The state of light
emission at the second main surface side of the GaN substrate, which was the light
emitting surface, of Comparative 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

2 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 emutting 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 GalN 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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therefore light is | ess prone to being passed therethrough. On the other
hand, as illustrated in Fig. 32, when non-mrror-surface finishing is
applied, the efficiency of light emssion to the outside nmay be increased.
25 Further, the inventors have found from experinments that when KCOH sol ution
is enployed for non-mrror-surface finishing, equivalent effects nmay be
obtained by performng the non-mrror-surface finishing using KOH solution
with a concentration wthin the range of 0.1 to 8 moU and a tenperature

wi thin range of 20 to 80C. -41 Eighth Enbodi nent In an eighth enbodi nent of
the present invention, influence of the reflectivity of the p-type

el ectrode on the light output will be described. Test sanples enployed were
five sanplbéen pieivemthaisiace the &ralN subsExtanpbleesdSit the light exitiing silg isa prdpvént i ve
Exanmple S) (s t s6). The.sa rrocesses. as the caorrespondi ng processes of
Fvent | ve mitaiied: bR kng d540e BERBASRER 5 drfed ten el S3Eae Fabr  cared by
the foll ow;. An. N | 3 i 8 u layer
W th  th SeRsaEevglCle Sk R A ersied RL P00 P AR et

w th the pittotpke BaNcdtayigield Dhdght entittivg sletiead totaneatted beyondresiimetet!.

at nosphere. Then, an A% | ayer with a thickness of 100 nmwas forned on the
abov® Au | ayePslogasiop bepdies indde Gehbiivstsate @s piorementioned awdransisied (oet hod had

o COm At oA Bl TR Bl ALK OBRS,
t hi ckness 60f askilligtatddan gl 40N Aokl @BdiNRahed bemalbakity fubstaailRct with a
gl ass plate was subjected to the sane heat treatnent and the
corresponds to the bundle density. These bundles 61 are hole-shaped recesses as
( illustrated in Fig. 41 depending on the film forming condition of the epitaxial film. The
10 density of hole-shaped recesses drastically affects the fabrication yield, in the case of p-
down-mounted light emitting devices including a GaN substrate as the emitting surface.
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 um x 500 pm 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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transmttance was determned. As a result, the transmttance with respect to
450 nm incident light fromthe Ni |ayer side was 70% Further, an Ag | ayer
with a thickness of 100 nmwas forned on a glass plate and the reflectivity
was determned. As a result, a -20 reflectivity of 88% was obtained with
respect to 450 amincident light. Then, (an Ni layer with a thickness of 4
nman Au | ayer with a thickness of 4 nmian Ag |layer with a thickness of 100
nm was forned on a glass substrate with the NN layer at the bottom and the
sane heat treatnent was applied. Then, the transmttance was determ ned. As
aresult, areflectivity of 44% was obtained wth respect to 450 nmi nci dent
light. 25 This reflectivity corresponds to the reflectivity when 450

nm i nci dedE2lcnghyicldassadh allbivs aighl fabecatidh mMayyherachievdr. a Haweleneds of 4 nni Au
el ectrode |ayer. wth a thicknes f 4 nm with a transnitfiance of 70% then
is refl ecFéﬂﬁg@atw%@dk@gdqna@é?xwfwﬁa apeyq &flmiﬂt@ﬁca@es BESHRE 1P ReMebasses

t hor ough iq: LW § - I f e Au -42 el ectrode

| aver wi tEgbgﬁ?%imébﬁée(@img&%lcﬁﬁ;c?ﬁtgéglﬁﬁf O\f/?viatcérrgﬁetr?g%saﬁsnﬂttance of 70% (s8) to

(s11) The sane Ip§AGRHISIAS dawcdshehiEReRSRA &d%me of @ees3iag adighl avpnt diee
Exanpl e F were perforned. (lnventive Exanple T) 5 (t |I) to (t6) The sane
pr oc@sses 1Y wéfe dsaysemblsanad tif Phipwerstiekerofut|theretemaad impastpd.e Fhaver e

per f or ned. %t? The p-el ecty od s fabricated by the follow met.hod. An
N 1 ayer sleEhodes e Bt RS e han A PAD S R EH AT ERRCEE of 4 nm
vere formegh dhOnaeInshbEQBR frBHﬁthggttE/Bé@e?ﬁig@nd%totr S ePsitiy PeAGRN LAY BEre Then, it
was heat-treated in an inert 10 atfosphere. Then,” an Al layer wth a
t hi ckness vafe dBRrvechagriarahty oflexhmaples innvhibh éhe dpltaxikinegs veds nb® rnedvette f or med
on(t he af orement i gned Au | ayer. The p- el ectrode .
area of the GaN substrate Where dislocation bundles distributed. In the areas where
10 dislocation bundles distributed, hole-shaped recesses with diameters of about 1 um were
observed The above hole-shaped recesses were not found in light emitting devices
capable of generating light outputs equal to or higher than 8 mW.
Further, in the step corresponding to the fabrication 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 is 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
( p S
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 GalN substrate and the n-type

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

o
ot

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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fabricated in the aforenentioned nethod had a contact resistance of 5E-4
c2.cn2. Further, of this electrode, a |am nate construction of (an N |ayer
with a thickness of 4 nnian Au layer with a thickness or4 nm was forned on
a glass plate and the sane 15 heat treatnent was applied to this
construction. Then, the transm ttance was determned and as a result the
transmttance was 70% w th respect to 450 nmincident Ilight fromthe N

| ayer side. Also, an Al layer with a thickness of 100 nmwas forned on a
glass plate and the reflectivity was determned. As a result, the
reflectivity was 84% w th respect to 450 nmincident light. A so, a

| am nate constructiaon of (an N 20 |ayer with a thickness of 4 nman Au

| ayer witH&Y ELHJSBRWé%§1V61‘ed4mﬁr1r’fé§he%tmll%9“é’rlc%af1%tl}fn thé g PERHRT100 nm) was
formed in a%{eqﬁfnedr%wggp%rg ?tﬁn O(ﬂ] é/PCt% tgrrgéaa%%hes Mjggtf{r@}l%ce%qgatcg& r 3ad® heat

treatnent was a ansm t'ance wa termned and as a

result, a Haehb%ﬁtsm\an i zﬁlfcrle‘lc?f% v2SeahAl BRdig emltﬁ@gs B&GEe oPmADE: thelAreaNCi dent
light. This Tfeflectivity corresponds to the reflectivity cal culated for the

case wher R Ay langd sféangle of I i5gMvepasdises gehuratedight betpafsiof Bay@rowi th a
thi ckness of 4 nnf Au el ectTode | ayer with a thickness of 4 n with a
t ranshi t t dvgher &ir a‘m%ﬂlft%@ﬁfqnéof%@ st ethatS dunéo Mupt [thg/@wstelfinity af theef | ectivity

gr eﬁt2 (r%)oggdelpgﬁt}ga faf“tsfﬁmée({ @“&3%5\% 'Q’fsr'r%te ' Pr‘? e;}b\g: _hher O%er’nh aglﬁ‘}?@%@gﬂ ﬁ‘énce of
70% -43 (88)y bl‘ac&ﬁr lan %)tyﬂ-@%l@ﬁ@%uﬁ‘érqﬁ%%q%a@ﬁ tah@tﬂ%@"cé@s’%aﬁﬁ’ NeHiclgis RL@gesses of
| nventive Exanple”F were perfornmed. {(1nventi ve Exanple U (ul) to (u6) The
sane processieseas Gahesubetrates pmdchJGngniz{rblagae,sb@Weémkrcﬁhttha/layers, tkxanpl e F were
Pg Lg(r:tms?d:ll% Her Cﬁ%sfléfgcee cc;neelag‘?:[vrﬂs?gl?evia@d.\Ahl\l/lgrr!e s\ggg‘ﬁgﬂly 1t 1S rharacanzegde w th
10 that n-type AlGaN buffer layer 3 is placed at the aforementioned place.
The following test samples were employed.
(Inventive Example S3)
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 an off-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 off-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 (all) of Inventive Example A of the first
20 embodiment. At this time, as illustrated in Fig. 43, an Alg15GaggsN 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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type GaN layer and had a high reflectivity and a thickness of 100 nm was
formed on the entire surface of the p-type GaN | ayer. The cont act

resi stance was 5e-4 S2cne. Further, this electrode Rh was fornmed on a gl ass
plate and the transmttance was 10 determ ned. As a result, the

transm ttance was 60% w th respect to 450 amincident [light. (u8) to (ui 1)
The sanme processes as the correspondi ng processes of Inventive Exanple F
were perforned. (Inventive Exanple V) 15 (v |) to (v7) The sane processes as
t he correspondi ng processes of Inventive Exanple S were perfornmed. (Process
steps to be inserted between v7 and v8) The sane processes as those

i nserted between g7 and g8 of |nventive Exanple med. (v8) to

_ le Q were perfor,
(vl 1) THabraahan praseesss éxl)4q (31 of bpveatyromamiie prfchetis erB;)OCllﬁ\‘?éht ilpe 20
Exanpl e r&or (1nyvent.i L e Y | Ve : |l e Wwas t he
same a5 |FOPErOE BT AT R BB RSl B B RN, ot pur s
wer e det efubiteél 1 iaRd bh A5 308, ;MRBALEr 13ferti ot pRteEPIReBBIGaN dibshatea resul t,
I nventive Exanples S, T, U V and Wgenerated outputs of 4.8 nW 4.8 nW
5.2 M\ 5ing thav-dyme GaMbifer layerappl i ed current of 10 A A di agram of
reflections at the nting sides of Inventive Exanples S, T is illustrated
in Fg. Fp%““ﬁﬂéﬁgg %?“?eflections at the nounting side of Inventive

Exanple U is i\lf‘illbgrfgrcaitr@rgc Jf@g}f&éﬂnma_es%?esétoqﬁglightcgrrﬁ'girng@e{?lt;e{ ?rwe%ﬁ%. ons at the

nounting side o nventive
Example S3 generated light outputs equal to or higher than 8 mW at the areas of 0.05°

to 1.5° including the aforementioned areas R1, R2 (see Fig. 44). However, in

( Comparative Example T4, only the light emitting devices formed at the areas with an
10 off-angles of 0.1° to 1.0° generated light outputs equal to or higher than 8 mW. At the

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 1s employed, an epitaxial layer having an excellent crystallinity may be formed by
- placing an Al ;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 pm was employed, similarly to Comparative Example T3.

[\
at

This corresponds to a dislocation density of 1E6/cm®.  As illustrated in Fig. 43, an
Alp 15Gag gsN buffer layer with a thickness of 50 nm was placed between GaN substrate |
and n-type buffer layer 2. The other conditions were the same as those of Inventive

Example S2.



illustrated in Fig. 36. In Inventive Exanples S, T, a high reflective |ayer
35 is placed between p-electrode 12 and conductive adhesive 14, while in

I nventive Exanple U, p- electrode 12 itself was a high reflectivity
material, and in Inventive Exanple V, non 5 mrror-surface finishing had
been applied. Further, in Inventive Exanple W any consideration was not
given to reflections at the nounting side. Wen Inventive Exanples S, T, U
and V were provided with a fluorescence material to be formed as white
LEDs, they generated outputs of 864 Im 864 In, 936 Im and 1044 Im
respectively, for an applied current of 10A. According to these results, 10
by formng the p-electrode froma high reflectivity material or by placing a
hi gh refIZE%?Wmﬁymﬁﬁﬂékﬁﬁmﬂbetween the p-el ectrode and the conductive
adhesive, effigient. ligh util.izati i s.enabl ed d accordingly the |ight
out put |y be PHET SotE el e RS TG AR sSR! Bk M ve
filmintoobhevddi§l LEHERAGIASEEnOS m%ééﬁ’%ﬁé‘aﬂ&'@SEM lefhidodetand conductive
adhesive, the l'ight em ssion output was further increased. 15 Further, as

| nvent i ve niorasqipe). V, Ady refsolt i wgs dbseriddshitfthee vafs dolteldasNps drety &t e and t he
end face as non-mrror surfaces, the |light em ssion output could be further

i ncr ased UsKpteA SR the 4@gREeolAbORt ¢ 8¢R wag semmed fien theaeripeasd thoed
pecause Woek dBS ik i LRLARLLR %g;g'sgdragye i B RAR AL Glas gL VI LY of

the Ag | ayer or l"'ayer a ron in ayer are

changed, tbgt@tfegGits [IFBYehRtifbiaided LRht anitizddNgees herdiaten MiSRith knNst ead of
Rh, an elenent with an equival ent or nore work function and an equi val ent

or nore r&fticedftangionyondylighs esniping ledcesmrdahiuateat efjtd mal wat appliedto e ef f ect s.
0, SR SRSk Bl A G o
subsr at e oafpt bfggulal @Yr gt ANE §a¥@Stermined.  This result was a yield of ;
100%. Tt is considered that when fabricating more devices an yield which is below
100% because of other fabrication factors than hole-shape recess and near 100% may be
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]
N

Similarly to Inventive Example A, the following laminate construction was
- fabricated on the Ga surface, which is a first surface, of 2 GaN substrate.
MQW 4 /Mg-doped p-type Aly>GaosN 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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grasped. It is characterized in that based on the relation, there was
established the relation between optinmal GaN substrate thicknesses and
oxygen concentrations for predetermned |ight em ssion areas, in a |light
emtting device which was p-down -45 nounted, nanely using a GaN substrate
as the light emtting surface. As described above, in the case of

p- down- nounting, the tight emtting surface is the GaN substrate, and

t herefore the oxygen concentration which significantly affects the

resistivity and the |light transmttance is particularly inportant. 5 Fig.
37 is an illustration showi ng the influence of the oxygen concentration on
the resistivity of the GaN substrate. According to Fig resistivities

equal to or | dRerbevlamgas: fF%?W@fW Wes ghaggcterizad Hythgblﬁbadﬂéﬂgrqi@ xygen

concentra 7} hi a WI ng the
o uence HSTN et S nisRsne o8B0 fin siaehith MEdaped BRAE AT LR Wth o
wavel engt \Qf W‘iﬁ:lglrﬂmvbﬂl\xe@( @Achfcc@rdl %Ntﬂ@ﬁﬁygﬁ%cﬁh‘ém‘gu & M From the
sanme figure, it can be seen t when the oxygen concentration exceeds ZE
19/ cnB, t klectrodmisydrtwaarfoenddin ﬁro@ss step (47) athepvadesngtp obfa735@s notm dr asti cal |y
decreases. From Fi , creasing the oxygen con entration is

ef feCti vepF‘ﬁor&%?@raégélilﬁ%adtcﬁgthé§t‘A§t?1?ﬁtIﬁ%§deé§YCE eVQAR Yideni ng
the Iight g, ﬁ{gﬁttl ng surface, but decreases the | i ght transrn'ttance.

Ther ef or e, to set the 15 oxygen concentration, the GaN substrate

t hi ckness (@ndpdrbvd Egdiplemisyting plan surface size of a GaN surface used in
a light emttlng devi ce down-nounted is significantly inportant. Fig. 3 9
is an illust raﬂlil&l@@hﬁwqmgntdﬁén\reesm Esargple devfgherifinsitembadiofent, ke Ag ght out put s

aner i n | RE Faer 5674 Fie Pass LD PRb RFCRN bEtRtS At UM AUy varyi ng
t h| qknesseg bt 19 1Byergen
(Experiments and Results)

In Inventive Example S4, there was p-type InGaN 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 TS. 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 TS5 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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concentrations in Inventive Exanple A. Wth respect to the |ight outputs of
the lanps, the larger the thickness and al so the higher the oxygen
concentration, the lower the light output. Also, with respect to the
maxi mum pl an surface size in which current flows wuniformy, the larger the
t hi ckness and al so the higher the oxygen concentration, the 25 | arger the
pl an surface size. According to Fig. 39, when the plan surface size in which
current flows uniformy is to be a square with a side length of 4 nm (a
side length of 5 mm, for exanple, in order to obtain a |ight output of
about 8 mMNVor nore with the size of -46 Inventive Exanple A and an applied
current of 20 mA, the oxygen concentration may be set to equal to or
great er t wah tBEASOMBf70% GANV Aubshe mflectnitylof d g hihekmedsorpfic20070% (equal

to or great t han 8E18/cnB for a square with a_side |length of 5 to
ensure a =|4.3%<h%n BRI ofAs FRSHIE AN Fbieativl E%@r{lmgsga%@haﬁt ?Lﬁ%trf{qr\ysgganm e A

and . an applJ,e84ow g ieve uniformlight em ssion
Nanel y, vﬁ%n 1?%% c%ﬂgﬁ?ﬁe tggtn%%%gg ﬁad%tazrﬁorllgfigt ent with the applied
current of 20 Beérthey whit€inghe presént lembodinene an Bpdiiml wasferisivyaiasahs guar e shape

with a side length of 300 m it corresponds to an f applied current of 3.6 A
(5. 6A) f ofledradsy apyemaierinl masheiempleyiest #s long as hmmgaierel as ¢ bighteflestivity 5nm) and

therefore_b ppl vi ng..3,6 5,6A),. a li out put 1.4 W (2.3 r nore
10 rmy b e RBe it oh prish eyisBage Hhrru Mo Fardsinpfl ght

em ssi on RBY g mAFk EuFdyedN SO, for a GaN substrate with a thickness of 400
m and for the sang target” perfornmance as the aforenentioned thickness 200
m the oxYpemewbhngntdim¢riton may be set to 3E18/cnB or nore for a square
wigh a side length of 4 nm (4E18/cnB or nore for 15 a square_with a side

| ehgth of 5 mj* HsREMmbodiNgN & harastesized i thptiefe §-gictipde NyAu layers

10 having a small contact resistance with the p-type GaN layer are discretely placed and an

Ag film is applied so as to fill the gaps to increase the light output. Fig. 46 is a cross
sectional view focused on the p-electrode. Ni/Au electrode layers 12a are placed with
a predetermined pitch on the down-side bottom surface of the epitaxial layer. 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 upper part of the p-electrode:

The discrete Ni/Au electrode layers 12a generally have a pitch of 3 um. The
pitch of 3 pum 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.

7 b
|

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 pm. Howeuver, 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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t he oxygen concentration nmust be set to below 2E19/cnB in order to obtain an
| ight output of about 8 mMWor nore with the size of Inventive Exanple A
when applying 20 mA. Further, in the case of a GaN substrate with a

t hi ckness of 600 m the limt 20 value of the oxygen concentration which
causes the light output to be 8 mMNor nore for the size of Inventive
Exanple A and the applied current of 20 mAis only slightly higher than 2.5
E18/ cnB whi ch causes currents to flowuniformy in a square area with a side
|l ength of 4 mMm Therefore, there is only narrow oxygen concentration range
which satisfies the aforenentioned two conditions. On the other hand, the
oxygen 25 concentration which causes currents to flow uniformy in the

squar e ar eacuptian, shesp-glectrpdmyith thef ab@vengpngrugbouway Ezgalb/rfsbr&naec{ #artBeore t he

oxygen co ntration rmssib range ,becones ightly |arger as conpared
with a sq %E%é’u\tﬁ‘{tﬁ”aﬁ O%Fedlé“qegngbﬁe&efsgl S‘ffEthaﬁcg‘?sll,o ccording to Fig. 39, in
t he case gﬂe&givgl}g(aﬁllﬁiecg(g)ess of the GaN -47 substrate is in the range of
200 mto 400 m there is’'a sufficiently |arge oxygen concentration

per m ssi bl e r abhgenwhd Exarepla B egasffhnviateg acosnderngtts thnsaher fabycationough a  square

with_a side length of 10 nmm and obtai ning an out put of about 8 mWor nore
wi t hot he BiOSEssef ag thasq phlarentive %ﬂ&lﬁ%%%ﬁgﬁt epRsdymeny 26lomEven i ke case of

2.5 M okBeasly 200 o s TR FIOPLSE, By RUIRD,EMEERLIAL L aRe <o

to or gre sO,”Tor a S§°0 hi's hay be

enabl ed b wﬁyegea/ithq%lg&?;ser@ﬁmmr esat AliQayRr withe@athRkndsBap 431 &aenB. Next,
concrete enbodi nents wll be described. Inthe enbodinents, the follow ng

t est sanpfamnedondheapiroyedacetBerediny ditenyveatExangives Serirmad GaiNgswulesistr at e wi t h
a ((hl Ckne?n%sko'go i%gr\q _isc\{\g]tielgr g.is?r%)q.lted Ni/Au electrodes (see Figs. 46 and 47). Then, this
10 was heat-treated in the atmosphere of an inert gas to change the contact resistance to
SE-4 Qecm’.  Then, an Ag layer was formed on the entire surface to fill the gaps of the
NVAu 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.

[)
Ut

(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. S mW, while Comparative Example T6 generated a light

-57 -



been n-typed with an oxygen concentration of 1E19/cnB. The resistivity of
this GaN substrate was 0.007 f2cmand the transmttance for light with a
wavel engt h of 450 nm was 72% Wen constructing a light emtting device
using the aforenmenti oned GaN substrate, the portions other than the
aforenentioned were in the sanme conditions as that 15 of Inventive Exanple
A. Nanely, the plan surface size of the GaN substrate was set such that the
light emtting surface had a square shape with a side length of 0.3 nmm (see
(al) in the first enmbodinment). (a2) The follow ng | am nate construction was
formed on the Ga surface, which was a first main surface, of the GaN

SN | ayer PAPS T Tp[gyﬁggg@%A;gp?gggﬁg Ve eberiis es 4 P ERINON
consi st | gt bR AYEES. SAEDELAR OF A IR SXERSAEANSLEUEII B

conprised of a ayer a

Al 0. 2Gao. fiNht ayrintikekiag (@verd ﬁde)' %aehédags%@sed@p@dtsp t@ﬁ@hecwﬂtﬂaay&he)
(Conparative Exanple Ti) A GaN substrate which had a thickness of 400 m and
had been rrtipyppé&dnyiardiivarxempleeho vieneht(Fag #8h oPn BEIGheBndabeahpicoyed. The

25 re5|st|V|t he_GaN substr 002 ftcmand the transnittance for
i ght witH"8 R‘/V(?Péﬁeg]t:‘ﬁarﬁ?le Ua%%&%a(ﬁ?,ég/z The conditions other than the

af or ement i onedy,; GOBHIEIBASIES € + 860,08 1 a le Si.
(Conparative Eghnp %?&ﬁf%g%’suggﬁrate @ﬁi@ﬁg /’5 hﬁﬁqﬁkgﬁseo 400 m -48
and had b&®En dﬁfﬁ@/@dpmdeb\diag\to)mgﬁmncmw@mm aa&ﬂe@ﬁwqf of288b6 hadrthendgA NPl oyed.
The resistivity of this GaN substrate was m and the transmttance for

light wi tyers Wieshercsnpyt BO°6rof Amopwhecade mliost ’ﬂv(e OEﬁﬁdugbt o8 agefedtivithan t he
gf ?Eﬁggp.t hgﬁ{f'gheglﬁ@%% éé/hﬁzg% r\{\oqrs?mél r%ﬁ‘e%%vg? of 53617%? O,&s a pé/s%ﬂtthe above rample S 1.
10 ratio of Inventive Example S5 was 86%. In Comparative Example T6, the light is
further reflected by the Ag layer placed at the down side of the Ni/Au layers and
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.
2 Similarly, when the area ratio of the Ni/Au electrodes 1s 10%, the light output 1s
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

when the area ratio of the Ni/Au electrodes is lower than 10% and is 2%, the light

o
Ut

output of Inventive Example S5 is only 9.6 mW, which is equivalent to that of
Comparative Example T6, and there is generated significant light emission unevenness

around the Ni/Au electrodes.
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P-down nounted light emtting devices of the aforenmentioned test sanples
were constructed and a current of 20 mA was applied to them Inventive
Exanple S 1 generated a light output of 8 MW On the other hand,

Conpar ative Exanples TI generated only 4 nWand Conparative Exanple T2
generated a |light output of only 5 10 nW It nmaybe said that the |ight

out put of 4 mWof Conparative Exanple T | was an output conmensurate with
the transmttance of the GaN substrate. The state of light emnm ssion at the
second main surface side of the GaN substrate, which was the light emtting
surface, of Conparative Exanple T2 was observed, and as a result, |ight

em ssi on intensitﬁpﬁifferences were found within the surface. Nanely, the
light 15 gﬁ?@%@%% PQH@?Ty was extrenely high around the n-el ectrode and

the Iight em ssl fhuckihetblindlt BRI GRLLY: HFat BA3ethatId kR G54 NG di stance
fromthe n-electrode. This was ecause currents ow ng thorough the

n- el ect r oguraitg ofi pirakiel fpldt € bigaplelcyy s i@aekio ddthdind ;b‘l@;:)ag?alﬂécf fiem thd Galve | i ght

em tting device because of the large resistivity of the GaN substrate.

Ther ef or e sulstrgie togtht spitasial byeuare semoyddyandrpotlecirades ars-phcsd at Sgaespestive
currents 20 concentrated. aresult, the light 1 §Sion output fromthe
entire |i gt *&ft P{lﬁ'thﬁéa?%gvégbmﬁ?“@} cligete vt" %?é%ﬁn é‘i’fﬁ’a@ﬁa@a’f%ﬁlﬁ}éi’et han t hat
of 1 nvent ick@ExAERId Bhains B R HIRQC0H FBMleAviE HthRRROK aRRtioRTrie present
invention i's characterized in that the'density of dislocation bundle in the
&GN subst Gabesubbtrae padiepgpeanunitede khapltonehd thingridevoitibe GaN @bstrastand ct ed to

increase the light output. In formng the GaN substrate, in order to inprove
the cryst &M% BIARICHYSH HSEionRgumainopropagateinhs spsPHalert ot cati®As i ch

gyl aoysgengiate e AAMCANATRA A O3l AR
t heri@bet welemiif shifeceCalth sbbisitindt £nitride Basconf@ctor substrate, areas where
dislocation bundles (= core) are concentrated have a crystal arrangement which is
inverted with respect to the surrounding crystal arrangement.  Therefore, plate-shaped
crystal inversion domains and dislocation bundles are the same in that the crystal
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
2 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

25 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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been proven that since the GaN substrate is placed at the light emtting
side in a p-down- nounted light emtting device, if the density of

di sl ocati on bundl es exceeds a predeterm ned value (a dislocation bundle
density of 4E2/cnR), then it will significantly affect the fabrication
yield of light emtting devices to an extent beyond estimated. 5 Di sl ocation
bundles in the GaN substrate as aforenentioned are transferred to p- type
GaN | ayer 6 which is an epitaxial film and 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 bundles 61
are hol e-shaped recesses as | illustrated in Fig. 41 depending on the film

forming c@mestiongy the mairesustiice.a¢ivall beidesaribgthiater10 density of hol e- shaped
recesses géas%icE{Iéwff%ﬁcts the fabrication yield, in the case of p-
down- mount BT HGH2BRI% 2/ng devi ces including a GaN substrate as the

emtting surfa _ : inSesP | I ntive
Exanple S2) A TGrg}\flles%- st %ﬁg&?ﬁgﬁa‘?c X h%fg@?ga\gé’gpﬁgf%%(ﬁug ocaact(? iag%r?%bundl es

per area epitdxiM)laydoside KasSDéirfacavfentan@r aeonassuefapd oyegdland hi Shearysesponds to

a dislocation density of  4E2/cnR2. The other conditions are the sane as

t hos@ of Hyowinn damanea i a5 SymmeOs it wepare (g hsstenam pukecet #re (BQ0mar at i ve
ation bundl e per

exanpl e, GaN substrate in which there is a.single . dislocat
area of 10) TECR67 i BN dh e ime MFeyaat el ool R FaBbHAL o a
di sl ocati girAenss BY sQffadHMHIEh GI RGN HehreoRdl Wh@d s BE 8rkhg iSRS those
of Inventive Exanple S2. (Experinents and Resuits) A plurality of 1ight
em tting demaiaeshewarfacesnatly safad if whivhiNhetonsspeatrangedabhviveia substrat es
on, an actual production basis. A current of 20 mA was aEpILed to the
( Example S6, a GalN substrate in which crystal inversion domains with a width of 30 pm
10 are arranged with a pitch of 100 pum in a lattice shape on the first main surface was
employed. The crystal inversion domains propagate to the epitaxial films formed on
the GaN substrate.
A laminate 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 GalN 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

[N
W]

domains 51 were dislocation-concentrated areas having a high dislocation density and
therefore easily etched out by KOH. The etching depth into the GaN 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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25 respective test sanples and the yield of light emtting devices capable
of generating |light outputs equal to or higher than 8 mMiWwas determ ned. As
aresult, the yield was 95% in the case of Inventive Exanple S2 and the
yield was 50%in the case of Conparative Exanple Ti. Nanmely, when the

di sl ocation bundle density is equal to or lower than -50 4E2/cnR, yields
whi ch all ows actual fabrication may be achi eved. However, the dislocation
bundl e density exceeds the above density, it becones inpossible to actually
fabricate light emtting devices continuously on a commercial basis. Light
emtting devices which were not capable of generating a |ight output of 8 5
mV wer e di sassenbl ed and the chip were taken out therefrom and i nspected.

The el ectirsaties filereas dspovied soram fihelcehsPeFigadsgn out by using a proper acid
solution and the chips were inspected fromthe p-type sem conductor | ayer
side. As aTessyidTest Repdts)were observed a plurality of exanples in which the

epi taxi al | ayer.,was not for int C area of ,the N substrate where

di sl ocati on bur?&llegﬁo‘é‘? ]téltvF?tbvgtEEg@mpi%&feWés EBHYCHANE alfﬁhHF@ltBE%?f“ﬁﬁe bundl es

di stri but edq . ROHEnITAREHANRLERBEN. WTHE 13hAERAGISdRhceahAbihtell HBMBLEut
observed Theaabéve hoIe-shapegﬁreCessesbmere not féﬁ%% #%Ii%ﬁ% enﬁ?&ing
devi Ges o©apah®. of Tigehightautmng id 1 ghimes tiielighs oaguabf 8 eaWroffinghere t han 8 MW
Further, in the step corresponding to the fabrication step (a7) of Inventive
Exanpl e AE3pmplsedfirst enbodiment, a current of 20 mA was applied to the 15

devi con i net udr R doTRoReRe Rafd et Sa T S b Pl opp S o v Orni o
SR A A e,
reCesses wemeinenireddedquiicihobbe lgtiecihiapeend aag baplate-sitaps ehistat itveesidrs di d not
PG s fnanged only in paraiel slong 2 Axed direetion on he fuain 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 semiconductor substrate in which dot-shaped
(plane-shaped or small-circle-shaped, in actual) crystal inversion domains regularly exist,
1t 1s 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
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
25 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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20 were not supplied, which resulted in |l ower |ight output. El eventh

Enbodi nent An el eventh enbodi nent is characterized in that an n-type Al GaN
buffer layer and an n-type GaN buffer |ayer are placed between the GaN.
substrate and the n-type Al GN clad layer 3. In general, substrates have
war page and GaN substrates have 25 particularly | arge warpage. Therefore, in
a GaN substrate, the off angle significantly varies within the substrate
surface, as illustrated in Fig. 42. Fig. 42 illustrates an exenplary
off-angle distribution with respect to the c-plane of a GaN substrate of 20
mm x 20 mm When an epitaxial filmis formed on this GaN substrate and then
the -51 GaN substrate is divided into |light emtting devices and then the

| i ght outputs ghe abged Ridrestesce e A6i vt faieiatdd tothe eMickend BbARicat the area
Rl placed at a corner and having an small off- angle of 0.05 level and the

li ght em methegl dévbells ZndSeeaystal in whichd édin®R harhbdengliffised by balogén angl e of 1.5
| evel can_not ne | i ts of or her I|ed
current of™@8{° ﬂtﬁ“et%’ﬂfti gﬁﬂ%‘ég%@gﬁéwq%&ag}%@?%q tﬂﬁg}ngpsggerﬁqg%n t axi al
filmfor cat.e LhLkustrated in
Fg a3 oy e e sl Rl B PR g ARt pRRsHEl 7 2
constant wiiclelss & 0F eth @singh cbbies @ olshirgabbchitesdndat s cut ainela AlddpaNvidtiad | ayer 3
between both the layers, the difference of lattice constant was all evi at ed.
Nore speceyld & pgcommodaied mathadaad fiamed i TheTouglingss of thy pistase eadthsuf f er | ayer
3is plac d.at, t orenent i ed place. The follow ng test sanples were
enpl oyed. f‘qlﬁsl@érﬁ’?ek{fgé"gﬁsr?ﬁ“‘éa Vfaﬁptrﬁaé(t;éﬂn‘r%ubst rate enpl oyed, as
iIIustratgﬂ %] 1v'§']§cla ﬁ n t he surface of 20 mm x 20 mm the off-angle with
t a

refpect t ntlnuously varied froman area with
In Inventive Example S8, projections and depressions were formed on the
10 surface 46a of the above fluorescence 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 GaN 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

construction ensures higher luminance than placing a fluorescence plate in a p-top-

[N
a

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.
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15 an off-angle of 0.05 to an area with an off-angle of 1.5. This GN
substrate had a resistivity of 0.01 nacm a dislocation density of 1E7/cng,
and a thickness of 400 um By using the GaN substrate having an off-angle
distribution, light emtting devices were fabricated fromrespective

posi tions of the above substrate of 20 nm X 20 mm r according to the
fabrication processes (al) to (all) of Inventive Exanple A of the first 20
enbodiment. At this time, as illustrated in Fig. 43, an Al o. 15Gao. a5N buffer
| ayer having a thickness of 50 nmwas placed between GaN substrate 1 and
n-type GaN buffer |layer (Conparative Exanple T4) A GaN substrate in which
in the surface of 20 mMmmx 20 mmthe off-angle with 25 respect to the

c- pl ane cont i nuexs] gmbaalirhents Hf presenn iraeetzonpisthe ahwhidh-cmgémwoh tile 05 to an

area with an off-angle of. 1.5 enpl oyed., This GaN substrate had a
resistivit ‘BWemﬁﬁﬁgeﬁﬁﬁﬁm5m3$§ﬁ@é%?¥6ﬁ¥ﬂ€ﬁsity of 1E7/cn2 , and a thickness
of 400 m A pl | J [ 14t L ' e b gat ed from
respective posﬁ}%odgé?{e ggfeIOJP Blgt%e ﬁ %’] l%e}t%}elggcy g%jzﬂ}é:%éflg}é@gt‘é Pl&%@%&} g%ecg}%é%{(al) to

(all) of Iconesitiaren Bxathh ehefraffe bihskyked &bmeMBodickERb 2B B/cnCanpaieat i ve
- Exanple T4, an n-type GN | ayer was formed in contact with GaNT substrate 1
and &n Al0hith@sooSHhR GaN fubstrh@yeffomaldOnon tpbeTeo. bet ween the GaN substrate

and the n-type GaN buffer layer. 5 (Experinents;and Results) \Wen current
of 20 mA was applIHIE §e CREIn PRECTENHIPE f%bEWéW%esr,norwweﬁ%mya%‘éﬁ%| e S3

gener at edCCFajl\gEEbsG?ttﬁgﬁ%?oe%ﬂ&%LiahoanQr uﬂkﬁ?ﬁﬁrﬁﬁ?%ﬁ?%é‘he&?@% ﬁﬁ?_@gf 0.05

to 1.5 includlng orenent1 oned areas wever, in
Conpar at i weffickatipbgreddithrondtytht RN dubbiratem This)ehed@idtic 65thk attimedapdr idye ar eas

Wi an 10 off- _anql es of 0.1 to 1.0 generated |ight outputs equal to or
hi dher t hag safiwiantinptilized to cause light emission.  Also, by setting the oxygen
10 concentration to 2E19/cm’ or less, a transmittance equal to or higher than 60% with
respect to light with a wavelength of 450 nm may be ensured and thus the transmittance
of the GaN substrate 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 pum to 600 um 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 pm 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 pm 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 pum 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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areas with off-angle levels of 0.05 and 1.5, the light outputs were |ower
than 8 MW This is because even though a GaN substrate in which the off
angle significantly varies is enployed, an epitaxial |ayer having an
excellent crystallinity may be fornmed by placing an Alo, 15Gaos5N buf fer

| ayer as descri bed above, according to Inventive Exanple 15 S3. Eleventh
Enbodi nent (2) An el eventh enbodi nent (2) of the present invention is
characterized in that by placing an n-type Al GN buffer |layer and an n-type
GaNT buffer |ayer between the GaN r substrate and n-type Al GaN cl ad | ayer
3, hol e-shaped recesses illustrated in Fig. 41, | 20 which are fornmed when
the epitaxial filmis formed on dislocation bundle areas in the GN
substrat e ewalithersmatler thabddiment, are elininated. (lnventive Exanple S2-2)

A GaN substrate. with di anmeter of 2 inch in which there is a,single
di sl ocation b P@PB@)‘ SRS, thsr oxyBeT £ QNCEB AR it Ep Sie agﬁOﬁ@lP&FC?vleto

Conpar at i vig; J { I i.fy of
E6l o 2. ACRREae) e AN ARl & SRARSAORN s et AR Y %,
t hi ckness @tofdhgnmtitaschiplsiae advieatofperiofaice Ufsire alrgact undvan lighityepesstost f er
| ayer 2. The other conditions were the sane as those of |Inventive Exanple
S2, -553 lighkpraissipp aifisienay). Réwuihes Yn viewer! thofahiipajiontrese getting phthelmgsér , t he
waf er surfa%cer%?t the,[. epi t axi al r side was observed by a differenti al

la
i nter f er enta & FPETSEE may, %fcgﬁm%fscanning el ectron microscope). As a

result, it was QImer ¥@6trhtdah whher &s1¥@sioR Bul@beare NRREHUIES 68 thedRstomaih | USt rat ed
in Fig. 41. An edge of about 5 nmwas renoved fromthe perineter of the
surface with a density of 4E6/cm” or less on average may be employed. Dislocation
( bundles are generated by discretely concentrating dislocations, which have been

10 unavoidably 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 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 rectangular surface
which emits light at the second main surface may be within the range of 200 pm 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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GaN substrate with a dianeter of 2 inch, and the renmining GaN substrate was
all constructed into light emtting devices. Light emtting devices were
taken out with a ratio of one out of 50 |light 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 8 mMWwas determ ned. This result was a yield of 100% It is
consi dered that when fabricating nore devices an yield which is below 100%
because of other fabrication factors than hol e-shape recess and near 100%
may be achieved. However, fromthe above yield test result focused on

hol e- shape recesses, a yield of 100% which is specifically desirable, was
obt ai ned. AEsaeufferHayerisod pmbariyperGeddufiehlageroa breplacaddetweandbe &ralNzed i n

that a p-type AMz:N | ayer having an increased.caonductivity_is pl.aced

out si de- of & Fﬁnw}fé{m@a‘ﬂa%&lawrég)éx éﬁgw Saééml%eygf g agHie an Ag

el ectrode j121gé/rer~ having a high reflectivity is placed on the entire surface
as the p-electrode. Therefore, there is no other netal electrode provided in

20 consi der at i 0By @toWihg tieunefipe QI Galliusiet DSL 45udli Anthbasyge Ghhbutef | ectivity
~at the down- side bottom and therefore |ight absorption which would occur
in the casleyafbetusanghetbrie Gapésualistratecnt itheleled targr, lachetadotapitakiad haininptght

em ssion efficiency nmay be i.ncreased. The test sanples were as foll ows.

(1 nvent i veCEXBHEOm g %%E’écehf“&.c%@%?‘)‘“%§‘a§ibﬁ1%ﬁ”é’?qdy to I nventive Exanple A
the foll ow ng | gu: i hricat e, which
aa it sarf e R N e e s B2 a0 B

| ayer 5 beinnfe daselvitdrd sy ekaN MbsteRascides tayqae vl eefiglobf anoMar thepedt | nGaN
| ayer 32 with a thickness of 5 nm 54
: areas with an off-angle of 1.0° or greater.

10 With this construction, even when the GaN substrate has warpage and the off-
angle varies as described above, a hetelo-epitaxial laminate construction with an
excellent crystalinity may be formed by providing the n-type AlGaN buffer layer as well
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 AlyGa; 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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The above | am nate construction was characterized in that it had My-doped
InGaN | ayer 32 with a thickness of 5 nmin contact with My-doped p-type GaN
| ayer 6. Also, while in Inventive Exanple A according to the first

enbodi nent an Ni/Au electrode |layer was fornmed in process step (a7), the
process step of (a7) was not 5 perfornmed and instead of this an Ag el ectrode
|l ayer 33 with a thickness of 100 nmwas fornmed. (Conparative Exanple T5) In
the construction of Inventive Exanple A of the first enbodi nent, an Ag

el ectrode layer with a thickness of 100 rimwas forned in contact with the
Ni/Au 10 electrode |layer. (Experinents and Results) In Inventive Exanple
S4, there was p-type InGN layer 32 in contact with p- type GaN | ayer 6, and

therefore 4081 ACEBRNRL oBNSk VIR Sndy BW-nI1aFBELELOLEIerlE SALRILE e £ORGEAS ati on

........

i ncreased and even though Ag reflécti've film33 having a work Tunction 15
whi ch was mphcad. griffuscnnkgeskigr ofselvasngthacederial of dret melectmadelbyppligipe | nGaN
| ayer 32 as. the p-electrode, the contact resistance hetween Ag. reflective

film 33 arkfims pestaperepthevigrkfunssioginayhsirepecedne ToergHre, tBamatsrial ar e

Conpari son,_ t:h Vi .V f ight _emtting
- devi ce of r}i %@tﬁ@vea@%%%%gedﬁﬁ %{%éh‘t H@gar“flgélnlrt\ag%g8&%%%%8#&‘%’?1%&1 i ght

em tt ng devi ceTiy MgQRRad@ativ e o EXRMBdBmERionta§-§hE TeGaNesnthhesrbataparn 20
was | ower than 0.05 V and significant difference was not found. Inventive
" Exanpl e Saviunéreaange efMgiagtms oGt $on’ of 1HAL/EmN when a current of 20 mA was
le T5 generated 9,6 mW Inventive Exanple A

Sgglalr ated's %7/‘90&5%‘4 Q{AV\SIEQI%%E%’FPBQ ctricphRoRENSiY Bt ReSUB GEer at ed a
hi g/f’ler L ok RH G R Eurrents introduced from the p-electrode may be sufficiently spread through
( the entire epitaxial films.
10 A p-electrode layer constituted by an Ag layer may be provided in contact with
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 GalN 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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25 because light traveling fromthe light emtting |ayer to the

p- sem conductor | ayers side was reflected at the Ag layer with a
reflectivity of 88% since there was no NN/ Au electrode |layer and the |ight
was not absorbed at an Ni/Au electrode |ayer. On the other hand, in
Conparative Exanple T5, the light reflectivity at the p-electrode |ayer - 55
was: the absorption of 70% x Ni/Au x the reflectivity OF A g x the
re-absorption of 7n% = 44% and was low. As a result, in Inventive Exanple
S4, the light output derived to the outside was 1.2 tine that of

Conpar ative Exanple T5. Further, while in the present enbodi nent an Ag film
was enployed as the p- 5 electrode, any material may be enpl oyed as | ong as
t he mat er i thbrehi@aso aeehi foh amhbloembsky afid/ theenid armatr'rtsthgnhit inC@:l&Ed mahbgh cont act

resi stance vvithgg pe InGaN | ayer 32. For exanple or Rh may be

enpl oyed. PEROF ﬁ@rqurﬁﬁde#éﬁbe w%erf?@mwré@mwfaﬁ%ﬁﬂlslmgg dieaeeitder i zed in
that as th tr . aV| ng. ] SI st ance
with the pI%%lype f‘%ﬁe mgjl ar e sgcr:tgf %LPD)#}& ace re%m us%% ?Bﬁﬁm |1§tl%nppl i ed

so as to finkkabkidgicpdst thh'e'l%r@ﬁ%@tldﬁéﬁ cbhgmcu@ﬁlhﬁytbe ré:dlﬁed 46 is a cross
- sectional view focused on the p-electrode. Ni/Au el ectrode |ayers 12a are

pl aced with a pfederdeciodedipiedcliscotely beerdbougicdef it p-typesitridace of t he

epi taxial |ayer. Further an 33 is placed fill therebetween and
“cover the WBUrerdngiar ?rtlaﬁpgwtrg(eha}&rpwet% %ﬁ?ff’%%‘%-l“qrd?yéf 2Bt SHGOPAY

el ectr Odehﬂé @%&H—@deli%ﬁn?f Om A4 v&}h§c aﬁlgltﬁgéééd mt}%‘ fértspﬁ eféctrg{{fe%&f A4l QWEd

t hrough t upper par the p ectro rete elec rode

~layers 12ap g@eeﬁtahéyedmawd@tm&m 26d th2 first prelectridd @y Bé pdvilels based on t hat
the(dl aneter of the range of current spread is 6 mat best in the typical
ype GaN | ayeWithridis chestpictigpecunpmsnnicoduged fpay thd pecledradhenay beesi stiviti es.

10 sufficiently spread within the surface and the reflectivity may be increased to increase the
light output.
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

semiconductor substrate surface and then proceeds toward the fluorescence plate side.

[N]
at

As aresult, 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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20 Namely, by setting the pitch to 3 m currents froma discrete el ectrode
reaches the adjacent electrodes. In order to flow currents through the

el ectrode | ayer without generating discontinuity, the pitch may be set to
below 3 m However, if the pitch is excessively small, the effective anmount
of extracted light will be decreased by the discretely placed N/Au

el ectrode layers. 25 For exanple, when the area ratio of the discrete Ni/Au
el ectrodes 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% (cal cul ation) is obtained, according to the construction of the
p-electrode illustrated in Figs. 47 and 48. Based on this 56 cal cul ati on,

t he p- el ecformue pbtdss.t he above construction was actual ly fabricated and the

| i ght out put .determ ned. The test sanples werg as foll . .(I'nventive
Exanpl e S5) | nv@rﬂ 'tb% PG ROPETUsiofg efhégfr PEREEen %%E‘&P%N wgY g%g{rﬂ‘ér sane
fabricatiop A pyocesses as those of Inventive Exanple A of the first

enbodi ment. However, in the fabrication step (a7) of the p-electrode, an N

| ayer with a thThkaess nifidd sérbidordistdratbRehte mdy BONtRLId Miatdrotidtempmbatpe GaN
~layer _and an Au layer with a thickness of 4 nmwas fornmed on the entire
surfaée thér dorharghenhe gectrieal momgr nasapent voltasds and sigtiadisemirgs togherask to
formdiscretely distributed Ni/Au el ectrodes (see Figs. 46 and 47). Then,
this 10 mﬁ?uWiat-treated in the atmosphere of an inert gas to change the

contact resi st anegigkto it SRUR: el dAMLeAYal BRI NAD 1AL BRhNRadche

entire surface to fi t he gaps of the” Ni/Au-el ectrodes and cover the N /Au

el ect r odesdisahafgerapphed edtiveed iheaitelde sémodeducldieubsaraaand thehlewn-mounted p-
diipretely-pla ed Ni/Au layers on the p-type GaN | ayer was 20% and the area
f

Ag was BB Ethéer sine the e gndlcier @&S¥ré@§“-amgérf§gwe%§a13 m (see
10 conductivity may be utilized as a ground member 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 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 pm or
larger.

With this construction, when currents are flowed from a dot-shaped or small-
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15 Fig. 48). (Conparative Exanple T6) A |l am nate construction was fornmed on
a GaN substrate according to the sane fabrication processes as those of

I nventive Exanple A of the first enmbodinent. As the p-electrode, N /Au

| ayers were placed on the entire surface in contact with the p-type 20 GaN

| ayer according to the fabrication step (a7) and this was heat-treated.

Then, unlike the construction of Inventive Exanple A an Ag | ayer was
formed on the entire surface in contact with the Ni/Au | ayer (see Fig. 49).
For conparison, the reflection behavior of |ight proceeding to the down side
in the same light emtting device as Inventive Exanple A was shown in Fig.
50. 25 (Experinents and Results) A current of mMA was applied to the

respect i vedlF? grlecEione.slorgonaspread anthey rrcsed fra@ ta%gtechs@ét%%% samraque

| i ght out d ent ht
Olutgput OlC'I)f pq}gtﬁgr{ﬁ[qvég@gbéua%&% Pat%: yéfwaEé L?gdgener a f%r agt I?dg%’{alb%? out put
of 9.6 MW thirtiheUN sithgatedrinlty ?é nItn@e ééngmnd%ﬂo@ BubsBatd ek Iaqa:ﬂoe@m@knetsbe

p-el ectrode and then emitted fromthe emtting surface, of thellght
proceedi nglrfthe msehjeheaethevthxcka@semf tnembbhesuhsumllmgnaiieddua@cﬁ@/wmswdﬁ) ther eached

- 86% (see Fig On. the contrary, t he rat| of Co tive Exanple T6 was
67% (&i g. a@Bectr@ﬂe P2 ol elgetrens WIH@%%%@@ $read when ﬁ%fﬁaméh%@aﬁin e A

et ectr oadrer o PlehBrp BB TER] &hind A B AR R o

reflecti vilight Qﬁd 8&% adrbrithng 1Mdfﬂ>¢ientlhgmnﬁ th&hicﬁbe Ro&UPB2RUingftht Feickness
p-el ectrode reflect 20% of the light with a reflectivity higher than 40%

(whi ch is oighe shors spbstratefd eqal td oysrefter % SO A, @vere skt thetrheleetpodesarea

( is reduced by the low electrical resistance, currents will sufficiently spread in the

10 substrate and the light emitting area in the active layer may be sufficiently widened.
More preferably, the thickness is 75 um or greater. However, if the thickness is too
large, the absorption at the substrate becomes significant and therefore, it is 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 smailer 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.
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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10 ratio of Inventive Exanple S5 was 86% In Conparative Exanple T6, the
light is further reflected by the Ag | ayer placed at the down side of the
Ni /Au | ayers and therefore the above ratio becones |arger than that of

I nventive Exanple A by the anmpbunt of the reflected light. It goes w thout
sayi ng that Conparative Exanple T6 belongs to the Inventive 15 Exanple in
the broadest sense. It is defined as a conparative exanple for conveni ence
in order to explain the present enbodi nent. The above Ni/Au el ectrode | ayers
may be substituted with Pt electrode |ayers or Pd el ectrode |ayers.

Further, the reflective electrode Ag | ayer may be substituted with a Pt

| ayer or a Rh layer. 20 Simlarly, when the area ratio of the N /Au

el ect r odes2ifswithogt heimg dffegted byuteptugeniesation Bt thenMfavhen 20 mA i s applied and
when the area r%%%? of the Ni/Au electrodes is 40% . the quht output is

10. 6 MW when 20 [RACTASS s§heRatea offisbonfinfeie rgnnshtnibegpare slastieste andnyvent i ve

Exanpl e SSthQ?aﬁfiﬁ%rgéglggb%iOQJ’?trm%”%;PH}orQi gher than that of Conparative Exanple

T6. However, n proven Trom éxperinents of the inventors that 25

when the area ravitloth@ conbiuddonAthe@lcBEEhRlesddvicel iBese dfvadied @9 atidledtof2% the
“light output of Inventive Exanple S5 is only 9.6 mW which is equivalent to
that 8f Carayaratd withewtheeeffesteddiycheaheanerationgetherveited si gni ficant |ight
~eni ssion unevengﬁss ar und the N/ Al,futel ectrodes. 58 .Four.t eqent h Enbodi nent A
fourteenth enbodi REISETOeS Y B5Rlasde i‘ﬁ9é’ﬁ_fri°6?lc‘?r_§er(§t?§tﬂéec‘_ﬁlg+ ®zed in that a
plurality @imiBeidictd!subdiAtEartiBP Suh ¥ $hedlonkdly fedl PO BeNFioaRagat ed from
the GaN substrate to the epitaxial layer are renoved and p-el ectrodes are
pl aced at theenitridspemicbuductor substrate may be 0.055 mm? or more. Further, the sum of
( the cross section areas of the bonding wires connecting the electrodes placed at the
10 corners and the lead frame may be 0.002 mm? or more.
With this construction, there will be hardly obstruction for light in the light
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 mum’, 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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5 gap areas of the plate crystal inversion domains. In the GaN substrate,

pl at e-shape crystal inversion domains are distributed in parallel with the
thick-wi se direction of the GaN substrate and appear in a stripe shape on
the main surface of the GaN substrate and the plate crystal inversion
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 lattice shape on
10 the main surface. In fabricating a nitride sen conductor substrate, areas
where dislocation bundles (= core) are concentrated have a crystal
arrangenment which is inverted with respect to the surroundi ng crystal
arrangenent. Therefore, plate-shaped crystal inversion domains and

di sl ocati on bun@helglaremitting aseanef the sddoat! mareswefags bhthe zhovamgetment i s
inverted with respect to that of the surrounding areas. The difference 15
bet ween t h&nbeamduptor shstraimmehbe & sice eaal 4o of leger ithan budx dgnmdi dihedight ons

are concentrated in a string shape t hi ck-li.ne shape, and therefore the
rystal i nvERCToenhdenerid e SURRE S ahs e pPes TR el S sbb g

plat e- shapggy 62 YS1:8leghlET0F 08er RIS Bitm X SNEnCT YakAr ThEVERShARidom®l be have
a plate shape. Nanel 9 in the“case of plate-shaped crystal 1nversion

donmumi s, dilslseaaidimgis sarfscedifstia A0owt @firide sdmidoddugtoe sulskernsd myy b&1aaizpl ane- shape
20 area with a thickness. The present enbodinent is characterized in that

crystal i neawekioor lawgeafhes Simmeheé mmapi t axi al | ayers are conpletely renoved
and al so crystal inversion dopains in the Ga substrate are renoved to a
predet er mi ned depafsTiRet AROYE FZW%&?% %Eﬁ?e&é’g{}%ﬁi Iéfg‘t SHHNg pEFEcet BE respect i ve
epi taxial |} FREE: At Rt £; - F T i L 45
respective ?@%%§¥eg eﬁﬁﬁgif§|w?§§€9§£ gﬁ%ﬁEﬁgﬁmgﬁg?B@ﬁgﬁ%ﬁg?ggéhggﬁ crysta

i nvVer si on Thioyreddustiomyf the nuabei cfprobapeteph\tke sipberddidBinpSndnts avd bk

pl at e-shape crystal inversion domains intersect one another on the main
surfafe orclpdiica @opEF SPIBMPHPR MY deErtlized TR ORI Matien, srgree il 9t ol

i nversion ponains are di,stributed in.alhgnnFnt iq a fixed
arger than I'mm X 1 mm mieans a size including I mm x | mm.

The above light emitting devices, including light emitting devices formed on an
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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-59 direction on the main surface, as wll be described later. (Inventive
Exanple S6) In the GaN substrate illustrated in Figs. 51 and 52, the first
main surface at the epitaxial |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
pl ane 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
I nventive Exanple S6, a GaN substrate in which crystal inversion domains
with a wwdth of 30 m10 are arranged with a pitch of 100 min a |lattice
shape on t Relovwerend whusre siffidiensly highsliche aiseipa ¢fficiuney atay degnsurader Byttt donai ns
propagate t,o the epitaxial fil formed pon.. the N strate. | am nate
const ruct i OfF l\lﬁg?aﬁ'g)rgrl@réelﬁse’?c{?ﬁdﬁ%s W@e@ﬂp §%Vsef’GﬁgTaZH§1gceg}lﬁi”ﬁgd%tv 5%t he same
fabrication pr enti ve: 3 to
(360) 15 of | nvent o e g TR A PR o R TB T PEeY o,
the fol |l ow ng prTheestspyasrifeseacdrdcion &yenid fodmedeoh) the Naridd yemibyndustong a nmask
“pattern which covers only the crystal inversion domains propagated to the
p-typ® GaNswuyrate bysenitaxighgionthd it is Flage tepthiqy, &val t#ksdengeayiare tnas f or med on
rea

e LSRR Ly THk 0005 oS D L JREK OLLET T Sl Eved
he ahove’ LT Sape T are” aSvaY o Sur PRFLRREINS (7 Bre b aRg Pty °0) @
i nversi on desteibed stymifidast ddst fddubBImmswbé acieveby Bigbbregerbtly AU funeor
epi(axi al I}easlger s such as the p-type GaN layer to the inside of the
10 A non-mirror-surface finishing may be applied to the area of the second main
surface of the above nitride semiconductor substrate which is not 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 (NH;) 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,PO,) 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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GaNl substrate and thus slots 52 were fornmed. The pl ate-shape crystal

i nversion 25 domains 51 were dislocation-concentrated areas having a high

di sl ocation density and therefore easily etched out by KOH The etching
depth into the GaN substrate was to the position at a depth of 150 mi nsi de
the GaN substrate fromthe interface between the epitaxial |ayers and the
GaN substrate. Then, the mask was renoved and an -60 insulator filmwas
deposited so as to fill slots 52 (Fig. 53). (Tests and Test Results) The
above I nventive Exanple S6 was constructed into a light emtting device and
a current of 20 mA was applied. The Iight enitting device generated a |ight
output 5 of 9.6 MW This light output is 1.2 tines the ght output of 8 nW
of Inventi vece%nﬁmen-mlr% sgfﬁ@@%@sqaﬁxaew ﬂl@@@swmmteaqu%ﬁ?ta% Exanpl e
S6, the pl alg ?aﬁ rCRIﬁ%HE}J: 1s d Vgtcﬁfng%r er{f% cﬁzww% a‘i’l\all%nﬂl?gn LD a lattice

shape, the p apecrys nver si-on e not reqU|red to be a
lattice Sh@cﬂﬁbﬁ%dﬁ&b{h Bﬁotlahﬁlbera%l‘lﬁ&%hﬁw@ta%redié’!!r@rﬂxﬁé@ﬁoﬂe@ﬂ&% fp'ﬁ@ssx@hf anged
only in parallel along a fixed direction on the main surface of the GaN
substrate, p@@lmh?UsonMQd.ln Fig. 54 (plan view) and Fig. 55 (cross

secti gnal viemb urt@gwé aen in the case whe{e a. nitride sem co ductor
subst Pate in whil Bfelgeio @veﬁéwdme& esmlqonéwte{ ByEHEpeee
actual) Cr%ﬁ&@#ﬁb&Y@ﬁﬁ QﬁﬂﬁﬁﬁV5?5B¥n it is possible to obtain

l'i ght outputs Targer an t I'nventr1ve Ie Asimlarly to 15

| nvent i ve ExanphéttShis c;d)eptemhoﬂghgm abfiBpBOIZ thE nﬂ)eateh soffadehdeahenbag hol es.
Fifteenth Enbodinent A fifteenth enbodi nent of the present invention is
characteri E@élelitﬁd arrhthe amount of leahit eeflesteg|tawardabe isecopH arreriswiinee of the abeveaN

apove the .senic
ra

SUbet rate SLbQ te may be mr‘reasegnd%lreferablv the resistivity is higher and is 0.7 or more.

10 A fluorescence member may be placed to cover the second main surface of the
above nitride semiconductor substrate.  Also, the nitride semiconductor substrate may
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 emiiting 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
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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chip and the sem conductor chip is sealed with a resin 15. There is novelty
in the 20 construction in which a fluorescence plate is placed opposite to
the GaN substrate formng the light emtting surface in a p-down-nounted
construction. Test sanples enployed are Inventive Exanples S7 and SS and a
Conpar ative Exanple T7. (lnventive Exanple S7) Inventive Exanple S7 was
basically fabricated according to the fabrication 25 processes of I|nventive
Exanple F illustrated in the third enbodinment. As illustrated in Fig. 56,
above a p-down-nounted 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 em ssion device. -61 The above fl uorescence

pl ate 46 wagndrariggab@sidy ahden felpbst aqafpﬁ)aafduﬁa{wcp& mOBR! fiedliel fedtidhkinZnSSe
crystal in mhlch I (i odine) had been diffused by halogen transport method

and this buYchAvsser weiaslisht emiteng deitieas aracenmectad frorashifsl arepfongectediin Cu to

di ffuse Cu ?ng the ZnSSe. Then, this bulk ZnSSe crystal was polished to a 5
t hi ckness o 5 mm using a coarse polishing machine and was cut into a
shape which couNdhuesammnmmmﬂamadpbnﬁﬂ®e>MQmHtmf@m@dthhhedeﬁmaRm of the

surface and t he si de af quoresc nce, pl ate

(1 nveﬁl ve BRI Isén g})e ‘faﬁa?l'Wv%(ﬂg? Q%W@%‘ﬁﬁ W%@ satishy jnwalﬂel megﬁaloﬁepr essi ons
were for ”E(ﬂ:o@dltlbﬁbeoﬂ{(ﬂe %&ﬁ\flMllél@caenﬂftlnﬁvf&VQQQV%Eé URE BSGRMHoWNeP k@b ly 46 whi ch
faces the GaNl substrate (see | i 7 The helggt of the prolectlons and

depr essi on$iraas IRy inalede maﬁélleé{\?@raég@tihmg:hox@pn i, thg cpseojveere itmneapasity of

g)?g:rgls Z' gg $hMASmthatbn gp{;‘ﬁﬁtu’? §d 4 FRb NG RE tl{em@lrlﬁ@ qspl?e%i th QQeSﬁghQ mdn'ﬂg entive

(~~ devices may be switched by the parallel/serial switching portion.
10

Industrial Applicability
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 1n less occurrence of total internal reflection between the light emitting

layer and an emitting surface, and therefore 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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(Conparative Exanple T7) 15 As illustrated in Fig. 58, above a p-top-nounted
chip, a fluorescence plate 46 was pl aced opposite to the chip and this chip
was sealed with an epoxy resin 15 to form a white |ight enm ssion device.
(Tests and Test Results) C Wen a current of 10 A was applied to the |ight
em tting devices constructed 20 fromthe above GaN substrate, the follow ng
| um nances of |ight em ssion were obtained. Inventive Exanple S7 generated
a lum nance of 800 Imand Inventive Exanple S8 generated a |um nance of 880
Im which were both high | um nances. qghkge ot her hand, the |um nance of
Conpar ative Exanple T7 was 540 1 m T ove results show that placing a
fluorescence plate opposite to the GaN substrate in a p-down nounted 25
construction ensureilpk Qg&nlgnhguggg g@gn pl acing a fluorescence plate in a
p -top- nnunteé‘const et one 2HPg as’ﬂ%engproven that the | um nance nay be
further increasédN shhstratekhiel istamitrigeseiioaduofor $ubgratd, uor escence pl ate whi ch

faces the GaN su e .1 0 urface, -6 . [ s of
present 1 nvent FohPs et et RurbHOR 8 R C e ARl e HPR. BN
enbodi nenteniceudhdtorisebsgatener at ed. The above GaN substrate has been n-typed by

oxygen dopi ng anc . trafli ' 1Rl Byt qgﬂg- xygen
atons 1E17/ Cn‘BQ? %%E%?’éé%%?c’ég%ﬁf{%ﬂ%?@ z{t%’lt‘{j:ﬁﬁteﬂgé;{n %I‘atb Ahggdecglgfeg u st(}lgéngg)i s from
100 m to 60O sad nBydesemicpdyctohmbsisaiedhan seid ndxpamitadd semicorduePiayesBdor nore, the
resistivity of atli?gt deén%% ﬁlgge},sgtrs P%r _ airpél?lrfa&csﬁﬁ?‘ﬁlggd %Meﬁp{al[]oerﬂ e hiffdcoduced

fromthe p-el ect may sufficiently spread throug e N substrate.
Thus, t he seihidenqueiér dayer @ed jspid [pdypsr nide semiconductor layer, wherein said nitride

semiconductor substrate has been n-typed by oxygen doping, the oxygen concentration is within
the range of oxygen atoms 1E17/cm’ to 2E19/cm’, the thickness of said GaN substrate is. from
100 um to 600 um, and said substrate has a resistivity of 0.5 Q-cm or less, and said p-type nitrice
semiconductor layer side is down-mounted so that light is emitted from a second main surf:-.. .

said nitride semiconductor substrate at the opposite side from said first main surface.

2, The light emitting apparatus according to claim 1, comprising:

a first p-electrode 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 formed from any one of Ag, Al and Rh which fills the 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%.

4. The light emitting apparatus according to claim 1, wherein said light emitting

apparatus has an electrostatic withstand voltage of 3000 V or more.

5. The light emitting apparatus according to claim 1, wherein
there is no protection circuit for protecting said light emitting apparatus against transient
voltages or static discharge applied between said nitride semiconductor substrate and said down-

mounted p-type Al,Ga, N layer side.
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be sufficiently utilized to cause |light em ssion. Al so, by setting the
oxygen 10 concentration to 2E19/cnB or less, a transmttance equal to or

hi gher than 60% with respect to light with a wavel ength of 450 nm may be
ensured and thus the transmttance of the GaNl substrate which forns the
emtting surface may be increased to ensure the [|ight output. The above
oxygen concentration range effectively works particularly in the case where
the thickness of the GaN substrate is from 100 mto 600 min a p 15

down- nount ed construction. Al so, the above oxygen concentration is within
the range of ofygenThilighkemiting aprarfis perosingfo iR, Mheredhe t hi ckness of the

GaN substrate ingrevs hbiekciid® godBOBrafth cikhi® McRBBg Mehdd HASIGs for alfdtedigkaidt he bot h
sides of the rectangul ar, surface which emts Ilight at the second main

surface mE9MSIFAL YOUReeF ot StiG IS8 er than 10 nm 20 Wth this construction,

| ight em ssion may be caused through the entire light emtting surface and
al so sufficient [ight outputs may be obtained.. Al so, the above oxygen
concentration rfay bghwgt%h?‘?fml“ﬁép 8°GF ‘W?g&‘ﬁﬂaﬁvgffﬁm 3E18/cnB to 5E18/cnB
and the thicknesslight einfitngGaaratub sdusatlightayisshd by dnipplicd heltaga g equaf foawmn 400 m
to 600 m Furéjger the both sides of the rectangular surface which emts 25
| i ght at . 1&6% mai n surface may be equal to or smaller than 3 mm Al so,
t he above oxygen concentration nay be within the range of oxygen atons
5E18/cnB to 5E]9/c and the thickness of the substrate may be from
100 mto 200 u Fgﬁ?ﬂégh?e’?lﬁ'é‘gaﬁoﬁaﬂmgfc gj(é)ngé? glalﬁﬁ?%gte?ngul ar surface which
emts |ight at thelidckness onchidrdiride sutidoadetofmbstiate is SGPmeeglagder.t 0 or smal | er than
3 mm By properly setting the oxygen concentration and the chip size
according to the thickness of the GaN substrate as descri bed above, a
proper GaN sub$t r at Ehatight deittie ipparatus 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.

10. The light emitting apparatus according to claim 1, wherein
the contact area between an electrode provided on said nitride semiconductor substrate

and said nitride semiconductor substrate is 0.055 mm? or more.

1. The light emitting apparatus according to claim 10, wherein
the cross sectional area of a bonding wire connecting said electrode and a lead frame 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.

13. The light emitting apparatus 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 semiconductor substrate
is 0.055 mm’ or more, and the sum of the cross sectional areas of bonding wires connecting said

electrodes placed at said corners and a lead frame is 0.002 mm? or more.
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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 achieved.
A GaN substrate in which dislocation bundles are distributed on the first
main surface with a density of 4E6/cn2 or | ess on average nmay be enpl oyed.
Di sl ocation \ bundles are generated by discretely concentrating

di sl ocati ons, which have been 10 unavoi dably generated during fornmation of

t he GaNl substrate in a string shape to_ distribute themalong the
substrate thi ch4wi sghbll%héért‘i"ﬁ‘ﬁaPWr‘tS‘r‘sd‘é‘ro“t”&gtPﬁ@t“ea%éV fRB crystalinity of

nost area of ttﬂresab%ra]eeakt Seblivmblradda®of BOhAIR tvmss:o@xeatstgrsulateiearbded plgd atem tti ng
devi ces havi ng ght ou%gbuts equal to or i gher than a predeterm ned val ue
may be fatf‘?‘fjé%ff‘%rﬂ R thele Fﬁ“&HS?%’iﬂWcart‘P?fﬁ yield. 15 The above dislocation
bundl es may be distributed on the first main surface wwth a density of

4E2/ cn2 or | ess_on aye {@ge and the both sides oflt e rectangul ar surface
which emts |idft at f HePT STEYISAPPASA 5P P28 RIS oWt hi n t he range of 200
lamto 400 m tKe light dnhiRing a®e inMhe se@ordll mdiurfatezefdaill ntytide semicbiduttgr dbsares as
above i ncl.ug? di sl ocation 20 bundl es, degradation of their characteristics

i s unavoi daBFE™End PHFs will directly lead to reduction of the yield. By
reduci ng the density of dlslocation bundl es as described above, the

reduction of t yield. vvrthr al l y-accessi bl e range
Further, bet wegﬁ théjhﬁbg’%m é)ﬁSastlS QL Ia%a { Clteﬁlep% Al,,Gal xN | ayer (O
< X < 1), an nheligheerdittinganda bfithé escondayan surfve dfeaip hadddenivontuntbambstmiet h t he

GaN substrate and e N buffer | ayer nmay be placed in contact
with the n ?/%Zeeeﬂtw(]sgquarﬁrehaxﬁa%/@ "™Burther, an n-type Al,Gl rN layer (0 <_
X <_ 1) may be placed in contact with the n-type GaN buffer |ayer.

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 mmx3 mm.

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 mmx5 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. 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.
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.
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In the case of aforenentioned hetel o-epitaxial |amnate construction, an
n-type -64 Al &GN buffer |layer and an n-type GaN buffer |ayer may be pl aced
bet ween the GaN substrate and the n-type Al,G.,N layer (0 < x _< 1) which
is a clad layer of the active layer. By providing the n-type AnGaN buffer

| ayer as well as the n-type GaN buffer 5 |ayer between the above GaN
substrate and the clad | ayer, a hetelo-epitaxial lamnate construction with
an excellent crystalinity may be forned. Particularly, the above | am nate

construction be _adyant ageousl n e case where the GaN
substrate incl udes ﬁ@?@‘t ngaar‘fp%?tf‘snagﬁodg{ﬁgté’fdaﬁ?% WFless and C areas with
an of f-angl e ofsaill siifa0e wlick aiseieen rfdd-ivirbirsutfhdedinésbedsis b s facoORhiclehs heartmon t he GaN
substrate has d the off- angle var,i cribed abo

et ol o epi TER AT Ra A RRTe AR R TN Rk TROB e REPpCRABI) oy
be forned (bJ;aOHDm/undn,n;gamimemmaﬂ%peaolmoﬁ;af\th*hﬂcelusdhaxgomr. as well as the n-type
GaN buffer |ayer between the above GaN substrate and the clad | ayer.

Di sl ocati on bundles may be distributed in the above GaN substrate and the 15
di sl ocati on burtdl es Timaigh emitéimppaystus apcdyding toakagh @2, véereino t he epi t axi al

| ayers pl aced A o A% RIRAL AASHD-LMRS AN o SHELELL UG, L e

n-type GaN buf fer WUt fer
| ayer. W tmlnbhs\sfacmﬁmsthpmm g atfidags ohabff sutferid aginl (V¥4 sqm;onbteldmclgnmq‘ acghnt | y

R el b e
and the n- Spy’penSGaN buf fer Iayer as descri bed above, dislocation bundles in

the epitaxial l|amnate construction including the light emtting |ayer may

be substantially renoved. Nanely, by the above n-type Al GaN
25. The light emitting apparatus according to claim 22, wherein

said surface which has been 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 provided on said p-type nitride semiconductor layer is formed from a

material with a reflectivity of 0.5 or more.

217. The light emitting apparatus according to claim 1, wherein
a fluorescence member 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 is placed opposite to the second main surface of said 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.
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.
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buffer layer and the n-type Al GaN buffer |ayer, dislocation bundles may be
termnated at the GaN substrate or near the |ayer thereon. 25 A p-type GaN
buffer .'ayer placed at the down side in contact with the above p- type
Al,Gai.,Nlayer (0 < x _< 1) and a p-type InGaN contact |ayer placed in
contact with the p-type GaN buffer |ayer may be provided. Wth the

af orenenti oned construction, the p-type InGN contact |ayer wwth an - 65
excellent electrical conductivity nay be placed as an underlayer on which
the p-electrode is placed. Thus, the necessity of selecting the material of
the p-electrode by placing prinme inportance on the work function may be
reduced. Theref3dre, A hghtpmittbrgiapparavds coinprising: el ect r ode nay be sel ected by

pl aci ng prinme ipportanc n the ref| ivity. etc.. 5 Th ncent.rati on of
Phe af or arent i RBq" s SR tatdfe adtsl e W 5mn 1 RIF A FORERRLIES o W
at ons | E18ppmrBudepart E@ineceBin saffat ér ppfallelabove construction, the el ectri cal
conductivity may be sufficiently ensured and currents introduced fromthe
p-el ectrode may be sufficiently spread through the entire epitaxial fil ns.

10 A p-el ectrod@. | aylde liglsesiitiing pppatatycomprifige $aid/lipht engittinp epparabséscdeerding cont act
with the - > RTRRY . jon, the
et ect i vi Dy g 1 Brd Y R Rl GO AS bak Bl Bl el b S BARNE 6 QORI IH
portion megmitseoni whereindmechid powesduprpdy ¢ibvait] tivglor mops parallechsacidny in whish s png t he

i gh : i q |
I gnt out pﬂ&re se&@héﬁ‘gxgl?rg%‘élﬁ%a%eéépéénh@&e‘a;ﬁ ?h?lilftéﬁagéco%@ctte% ipARe crysta

i nver si on domal ns g cont1 nuousl t hi ck-w se direction and
within the GaN substrate surface. The pl ate-shape crystal inversion domains

in the GaN subsfrat & fuh baficheAPphrRbAbRpidiare

a GaN substrate which is a nitride semiconductor substrate;

an n-type Al,Ga;4N 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 said GaN substrate;

a p-type Al,Ga, N layer (x is within the range of from 0 to 1), at said first main surface
side, placed more distantly from said GaN 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 AlGa,.
«N layer and said p-type AliGa,;..N layer, 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 pm, said GaN substrate has a dislocation density of 10*/cm” or less, and
said p-type Al,Ga;..N layer side is down-mounted so that light is emitted from a second main

surface of said GaN substrate at the opposite side from the first main surface.

34. A light emitting apparatus comprising:

a GaN substrate which is a nitride semiconductor substrate;

an n-type Al,Ga,; 4N 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 said GaN substrate;

a p-type Al,Ga;.N layer (x is within the range of from 0 to 1), at said first main surface
side ,placed more distantly from said GaN 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 Al,Ga, N layer, wherein

said GaN substrate has been n-typed by oxygen doping, the oxygen concentration is

within the range of oxygen atoms SE18/cm’ to 2E19/cm® and the thickness of said GaN substrate
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crystal inversion domains propagated to the n-type and p-type nitride

sem conductor layers fornmed on the GaN substrate may be renoved fromthe
p-type .nitride 20 sem conductor | ayers side through the n-type nitride

sem conductor |layers to a position inside of the GaN substrate. In contact
with the left p-type nitride semi conductor |ayers, p-electrodes may be
provi ded on the respective p-type nitride sem conductor |ayers. Wth this
construction, the light extracting surface nay be w dened, thereby 25

i ncreasing, t ght out I n the af orementj oned constructjon, the
pl at e- shapé % tﬁvstti%ﬂan% efF"é‘i o0 kB iaf9sm. vay é’ PaHgrdgs ?815501585.%5% °f nsi de
of the Gal\lloé/uﬂa%&rrlas&e;aia»p A ISGA, UK 143 Er. s1déh9ﬂbv¢nerﬂm11teﬂgo1tﬁaehgmlt Rtehittd dom aCI’ySt al

R e T e T e T e

t he proceskoti ﬁdesmﬁhmafnglﬂﬁr-smfﬁd‘eaﬂﬁchfm$1ghtrngsa‘id1&1aﬁesaﬂm is ¢qakalno susthalee of the
nitride set;rt? ]g)nductor substrate. Therefore, by using KOH solution, the
fabricati on*todt™of the aforenentioned construction may be reduced. 5 A
first p-electrode placed discretely over the surface of the p-type nitride

sem conductor |gyer ontact with t type nitride sem conductor |ayer
and a second p%el ec‘% P%hgem mnrgr?g%a“ft?soc&m rls]O\ﬁr‘n ch fills the gaps of the first

p- el ectrode anch@@i/mbslratekmmpsaymalemémnmrtdect@enbstram;ductor | ayer and the first
p- el ectrode MRyueBl RYEASH 15 LIRUR RS RUALS 8. iy €84 8 oRliaguCed

fromthe p-el ectr'o I Cloentt urface and
the refl ecierrmonq,ucmyydyetaﬁr@trreassmfataﬁldemésaaa@@l Nbsratd,l ght output. The

coverage ratio pf 08, dh RGPty AR hhde S 1 6951068 AL AAR LS ace of

side, placed more distantly from said GaN 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 AlGa,.
«N layer and said p-type Al,Ga;..N, wherein

said GaN substrate has been n-typed by oxygen doping, the oxygen concentration is
within the range of oxygen atoms 3E18/cm’ to 5E18/cm’ and the thickness of said GaN substrate
is within the range of from 400 pm to 600 pm, said GaN substrate has a dislocation density of
10%/cm’ or less, said p-type Al,Ga, N layer side is down-mounted so that light is emitted from a
second main surface of said GaN substrate at the opposite side from the first main surface, and
both sides of a rectangular surface which emits light at said second main surface is equal to or

smaller than 3 mm.

36. A light emitting apparatus comprising:

a GaN substrate which is a nitride semiconductor substrate;

an n-type Al,Ga; 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 said GaN substrate;

a p-type Al,Ga,N layer (x is within the range of from 0 to 1), at said first main surface
side , placed more distantly from said GaN 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 Al,Ga N layer, wherein

said GaN substrate has been n-typed by oxygen doping, the oxygen concentration is
within the range of oxygen atoms SE18/cm® to 5E19/cm’ and the thickness of said GaN substrate
is within the range of from 100 pm to 200 pm, said GaN substrate has a dislocation density of

10%cm” or less, said p-type Al,Ga,,N layer side is down-mounted so that light is emitted from a
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p-type nitride sem conductor |ayer may be within the range of 10%to 40%
Wth 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 inpossible to
flow currents through the epitaxial |ayers w thout generating

di scontinuity. Also, in the case where the above coverage ratio is higher
than 40% the adverse influence of the discretely-placed p- electrode on the

i ght extraction.efficienc copes, sjgnificant 0 A fluorescence plate may
be pl aced 5P g}afnesuf%cetolewfléa'}s{gg@ns &?ﬁﬁﬁe r?{ %ﬁro ?%’(S:% o1° ft%%nétherﬁr#rr?aalesué em %@nduct or
subst r at e apatides bf @ mctahgnlalsorfae twhichrentits lige as eaid soordiundio surfab steqed] & or By

pl aci ng t r nce plate directly above the nitride sem conductor
substrateqﬁghgﬁgFéﬁﬁﬁg the light emtting portion in a p-down-nounted

construction, light reflected at the fluorescence plate backside is

refl ected agai §7?L tp{‘l‘f%l%%i'&in %E&ﬁa“fs%?j“&% uctor substrate surface and then
e e plate si

proceeds towar orescen e. As aresult, the light output
may be i ncr easeadiaNHubstwigrwhinhas ofitridh eenditrodestdr st cence pl ate which faces

t he second mai a ‘R } tQr 1 be
subjected to aqsﬁlé{?%ec‘??%ﬂ%gé%}rgggg#g%{hg?ar%grg}mﬁglg%gtgéigg?ﬂq%{ ﬁgﬁﬁﬁ(ﬁove
const r uct i semicondyetot layghat acfiestymegdn judfacestde ptiaisk{eaN swbspralse furt her i ncreased. The

above nitride i tQn : NN . rQl nber 5
ve nitri Sa%gégﬁé&_xﬁ_lﬁf&? LR XBYngR S r Hbh o1 94 1S S NG AR

for dischargin ectri ower of transient voltages and static

di schar ge sids, plired mgreciiptaatly from said 6N sepsiptothactaid migps Agha-d fayes indg devi ce

agai nst transi %mghé/é?ﬁi&ﬁg @a%e@ﬁ'@aiﬁtfff’stt ktfain surface side , placed between said n-type Al,Ga,.
«N layer and said p-type Al,Ga,..N layer, wherein

dislocation bundles are distributed on said first main surface of said GaN substrate with a

density of 4E61cm’ or less on average and said dislocation bundles are generated by discretely
concentrating dislocations, which have been unavoidably 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 crystallinity of most area of said GaN substrate, said GaN substrate has a dislocation
density of 10%/cm? or less, and said p-type Al,Ga,.N layer side is down-mounted so that light is
emitted from a second main surface of said GaN substrate at the opposite side from the first main

surface.

38. A light emitting apparatus comprising:

a GaN substrate which is a nitride semiconductor substrate;

an n-type Al,Ga;xN 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 said GaN substrate;

a p-type Al,Ga N layer (x is within the range of from 0 to 1), at said first main surface
side, placed more distantly from said GaN 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 Al,Ga,.N layer, wherein

dislocation bundles are distributed on said first main surface with a density of 4E2cm? or
less on average, said GaN substrate has a dislocation density of 10%/cm’ or less said p-type
Al,Ga; 4N layer side is down-mounted so that light is emitted from a second main surface of said
GaN substrate at the opposite side from the first main surface, and both sides of a rectangular

surface which emits light at said second main surface is within the range of 200 pm to 400 pm.
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di scharge applied between the nitride sem conductor substrate and the
down-nounted p- type AJ al N |layer 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
vol tages and static discharge. Transient voltages and static discharge are
main factors of circuit failure for Il1- nitride sem conductors. \Wen the
nitride 15 sem conductor substrate has a high electrical conductivity as
descri bed above3g.it Atightmittingdppir@tectompridngyr ound nenber to significantly
reduce the fabrication cesses.and the  fabrication cost. The above |ight
emitting devi oct gl AR FRIRE i ast s inafittor Ssfiges of G equal “to
or | ower than 4an\h-tyblank Gy, Nolyyee i lisay ithegragge rof tiifomd@ tos Brwlddnid us haypesutkidd r at e
20 with a bighgleclilGel sSonducihyl the And AReLELare | ow electrical
resi st ance X Surfier éXt 2cur Pent's Y 8f s11|eg°hf em ssiron ey be injected into the
l'i ght em tting 4 gpyee AbGaapphyer 0gis inothe raugsl df figend) tod ), apsagfitst nydit supfatesssdeon.
Consequent | | ess..nu I hatteries t. be nt ng .this contributes
to reducti %%cegfn ofehdéstasnlﬂiggr,om\(/gvgelldg;;}'h?%I Elgoﬁtaa‘?%tgépfl&gfn't%e Wﬂ'ﬁg gaégri %nr(1i appar at us
equi pped wi t h thlesht egittingdapiet, tat sagf Gretvinaie surface didee placed thetsveerssaef f-type AluGaii n
saving 25 jcal r j The thickness of the above nitride
I\?fagecf tali;)d $afd aFt tglg)evrgl?G%.gﬁ gaggp Sh@dn

sem conduct or” substr amor larger. Wth this construction,
when currents asaal AlNoswbsdraferhasa heatl oandudtisityeef 100 VW/i(rarK]) or higi®r and a resistivity of

0.5 Q-cm or less, said p-type Al,Ga 4N 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, and

the heat resistance of the light emitting apparatus is 30° C./W or less.
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