TITLE OF THE I NVENTION Light Emtting Device BACKGROUND OF THE | NVENTI ON
Field of the Invention The invention relates to |ight emtting devices and
nore particularly to light emtting devices formed fromnitride

sem conductors. Hereinafter, "a light emtting device" refers to "a |ight
emtting elenent” or "a nounted |light emtting elenment construction

equi pped with a light emtting elenent”, unless otherw se nentioned.
Description of the Background Art White light emitting diodes (LED) have
been widely utilized for illumnation for the display devices of portable
information termnals, etc., including portable phones. In the case of using
LEDs as the |ight source of the display device of a portable information
term nal , MITLE QOrUUEROVENTHEMKNance the |ight em ssion perfornmance.
Therefore, there has been suggested a configuration for preventing |ight
emtting unevenheshEmntthghtevisgt i ng a si de-vi ew type LED equi pped with a
GaN-type |1 1Lt i has been assenbl ed using a sapphire
substrate ?ﬁ%ﬁgmﬁﬁgﬁﬁ%?@%see Japanese Lai d- Open Pat ent

Publ i cati opjdNPer 209Q:edd3721) . According to this suggestion, there is

di scl osed that two el ectrodes at opposite corners of the rectangul ar shape,
in a plane view Jhetdventidrgeiatatd thighngudeg deicks amd mbee pargéitladxiorigd®t i ng  si de
(top side), are placed such that they are lied along the thick-w se
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Further, there.,s.a passibility that LEDs.will be.utili.zed for illum nation
for 1arge. Jepaeddidy RS spinhd Mhemcor o ronwd vel ebiiedBete 11 gh
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agpl ication to portable information termnals. Fig. 51 illustrates the

c

nst uct i oWestripioGalitiePackipkDndiirch has been currently suggested (see

Japanese” Lai d- Open .Pat ent Publicatign _No. 2003-8083).. In _this GNtype LED,
an n-type GaN Iamltelltg%t F@“BF&)G}IPQ%%(OL@PH‘%‘%{BWiW‘élelé’dlﬁ‘é‘tz?dafoéﬂ natiog{ef a
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In the case of using LEDs as the light source of the display device of a portable

information terminal, it 1s required to enhance the light emission performance.
Therefore, there has been suggested a configuration for preventing light emitting
unevenness in fabricating a side-view type LED equipped with a GaN-type light emitting
device which has been assembled using a sapphire substrate and n-down (p-top)
mounted (see Japanese Laid-Open Patent Publication No. 2000-223751). According
to this suggestion, there is disclosed that two electrodes at opposite corners of the
rectangular shape, in a plane view of the light emitting device from the hght extracting
side (top side), are placed such that they are lied along the thickwise direction of the
side-view type LED, namely they stand at the corners.

Further, there is a possibility that LEDs will be utilized for illumination for large
spaces or large areas. There is a need to increase the light output efficiency of LEDs
either for large area illumination or for application to portable information terminals.

Fig. 51 illustrates the construction of a GaN-type LED which has been
currently suggested (see Japanese Laid-Open Patent Publication No. 2003-8083). 1In
this GaN-type 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 Jayer 102 and a

S1-



p-type GaN | ayer 104, Light em ssion occurs at this quantum well
construction 103. On p-type Gale' |ayer 104, a p-electrode 105 is forned
such that it is in ohmc-contact therewith. Further, on n-type GaN | ayer
102, an n-electrode 106 is formed such that it is in ohmc-contact
therewith. These p-electrode 105 and n-el ectrode 106 are connected to a
nmounti ng nenber 109 through solder balls 107, 108. Munting nmenber
(subrmount nmenber) 109 is forned froma Si substrate and is provided with a
circuit for protecting the light emtting device fromsurge voltages from
the outside. Nanely, considering that main factors of circuit failures for
1l sem conductors such as Ga, Al and In are surge voltages such as

transi ent ye{ieaGQs iQer mﬁcmgateaﬁssfond@&g@% 485 q@dhngh SlldofistRRWeH 18uNnt i ng
circuit for protecting the Tight. emtting device is fornmed from Zener

di odes, i nOompdape CalNgrgydhd, a plelecirpdmt 0ewiferimed gudethat 8 if mombecontagubj ect ed
to large forward cyrrents and reverse _currents. The protection from surge
vol t ages W[V BYEF T8RP BVer AVBean rrlecta rlé’ﬁéh%qrﬁ’ﬁééu%tﬁﬁttlﬁlpe LED
is charactgr] "l - p-type GaN | ayer 104 is down-nounted and (a2)
n-eIectrodgl+é@§$(%W%Q?gm&%%%%d on n-type GaN layer 102. This GaN-type LED

has a signifi canThase @adlidtiodatlofl ab@nwldcticlié 006 &% cofech tose@BudtthgFi 9. 51. The
reason that (a2) the n-electrode |ayer is formed on n-type GaN | ayer 102,

whi ch nakesemher tishistraugb splder adlap 07 cHiBed Mountmp atentep fhubmeustubembeil e 101 i s
an insulator.and t n-t el ectrode can . not be praqvided an the sapphire
substrate. Eﬁ%wafgm%w# Bihstralvang asPiogicg @&@@B O g p e lighh

GaN-t ype : i I t r i j: ght

oni 111 ng o ooy AEaamr A0gL ShRlRs 220 e s, | SRR BRRR R i st ed
t hat a ci r fatdrs bbeirquitdueess fiog I bemichghictore sadhtas igr, G und &n breamrderaitsgent

vol tages and_el ectrostatic discharge. is provided in conjunction with the
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sem conduc reverse W and voltages such as a and

al 50 have tHeqigheeitiid Rsicamibny Blih@8secald @Nhige TRHd 459es alhekelore, it is
considered inportant to provide aforenentioned el ectric power shunting
circuit forurmpenss.ectheqmotenisomefrgm suitge voltages will be described in detail later.
The aforementioned GaN-type LED 15 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.  This GaN-type LED has a significantly complicated constfuction as can be
seen in Fig. 51.  The reason that (22) the n-electrode layer is formed on n-type GaN
layer 102, which makes the construction complicated, is that sapphire substrate 101 1s an
insulator and the n-type electrode can not be provided on the sapphire substrate.
For light emitting devices using GaAs-type, GaP-type, and GaN-type
compound semiconductors, as well as the aforementioned light emitung device using &
sapphire substrate, there has often been suggested that a circuit for protecting the light
ernitting device from transient voltages and electrostatic discharge is provided in
conjunction with the light emitting device (see Japanese Laid-Open Patent Pub}icatibn
Nos. 2000-286457, 11-54801, and 11-220176). Particularly, GaN-type compound
semiconductors have small reverse withstand voltages such as about 50 V, and also have

forward withstand voltages of only about 150 V. Therefore, it 1s considered important

to provide aforementioned electric power shunting circuit for protection. Namely, the



af orenenti oned GaN-type device, etc., is formed on a subnount Si substrate
and on the Si substrate a protection circuit including Zener diodes is
provided. A plurality of suggestions of protection circuits as descri bed
above is proof of that main factors of «circuit failures for |11

sem conductors such as Ga, Al and In are surge voltages such as transient
vol tages or electrostatic discharge. Besides the aforenentioned |ight
emtting device provided with a protection <circuit, there has been known an
exanpl e where a GaN-type light emtting device is formed on a conductive
Si C substrate. Nanely, there has been wi dely known LEDs configured to have
a | am nated-1ayer construction as follows to emt light fromthe p-type GaN

layer: (ana@r@ebh@i6aRntyhI8eh@C kicS Us fRmed 8h aduiShbus W StHsahe/ 2dGen the

substrate/ n-type GaN | ayer/ quantum wel | | am nated-|ayer construction (light
enmtting SiogpbstydtpatpypectGaiNitcatendypdied Zetar doales 1s@uovibed. ot Agturblandf t he

af orenenti oned GaN- gype LED using a sappgi re substrate iftlustrated in Fig.
51 has a cHIBSEIIORE OFPIBFRICRSEEHIEAS ARt esd Ghavios asast ! thah spgplegiory

fabricati O&acg.\?f[asft%@grﬂ ﬂﬁqﬂl steaiﬁscﬂnpwﬁﬁgnﬁﬁsﬁ%}yast &g,tAlLa%QSI %Feeerineﬁ(gFaggé Yieh iagl or der

to devel op rnvario ati on applicati ons, or ermrent i oned

constructi gfnsidn® voRigep e bREABI ic disuhhARr . Since p-el ectrode 105 and
n-el ectrode 106 are placed on the down-nounting surface side, the areas of

the el ectrodes, Pasidésaht aforgnertened bght@mitting depcepmoided dath 4 protessibni cted. I n
order to flow.large currents to provide_high tputs, it _is desirable that
the. p- el ectFote T1RLE "4 Hegh SROP 83 HPRIEVEFTE R FeN CORBheN ETVHRE PR Er at e i n
Fig. 5 11 eshihcht dRBUAIRMAC shilihed CSULhaL e bAChdchAlbei0khB LETH! Lher, 11
view of discharging heat generated in association wth currents, it is not

pref er abl ectdfaurddne Hawe a lehiestkd-dder baypenstiar & fpllaceth ant bge s tigce.
Further, there is a Ialr\ﬁge resi stance to currents flowng in the direction

paral | el tBtYpe EobidaveaNan ayesctrpde onps back saifaccniaediherbsigessiCat i on and,
wer e the. PERREEERs I B NG SRR D ke B b o e
the film fpreBtliQPe PrBCRPGRSeleétRRicyl €l d of exposure of the n-type GaN film
is degraded, in addition to the aforenenti oned heat generation -3
On the other hand, the aforementioned GaN-type LED using a sapphire
substrate llustrated in Fig. 51 has a complicated construction, which unavoidably
increases the fabrication cost.  Since it 1s necessary that LEDs are inexpensive in order
to develop demand in various illumination applications, the aforementioned construction
15 not preferable.  Further, since p-electrode 105 and n-electrode 106 are placed on the
down-mounting surface side, the areas of the electrodes, particularly the area of the
p-electrode, is restricted. In order to flow large currents to provide high outputs, 1t is
desirable that the p-electrode has a large area. However, the construction illustrated in
Fig. 51 restricts the areas, thus restricting the light output.  Further, in view of
discharging heat generated in association with currents, 1t is not preferable that the two
electrode layers are placed on one surface.
Further, there is a large resistance to currents flowing in the direction parallel to
n-type GaN layer 102, which may cause heat generation and, therefore, increases in the
power consumption. Particularly, in the case where the thickness of the n-type GaN

fayer is reduced in order to shorten the film formation processes, the yield of exposure

of the n-type GaN film 15 degraded, in addition to the aforementioned heat generation



and power consunption increases. Further, it can be said for light emtting
devices in general that the heat radiating area is restricted and al so the
heat resistance (the tenperature rise due to unit energy introduced per
unit area) is large, and therefore the injected current per single |ight
emtting device can not be nade large. Particularly, in the case of using a
sapphire substrate, the area of the p-electrode is restricted as previously
described and it is usually to performheat designing with [ittle margin.
Further, since the aforenentioned GaN-type LED using a sapphire substrate
restricts the heat radiating area, it unavoi dably becones necessary to
utilize a configuration including intricate conb-shaped p-el ectrode and

n- el ectr odgnd ﬁgwgp&g@@%m intlagsegont act area therebetween. It is not easy to
manuf acture these conb-shaped electrodes, thereby certainly increasing the

manuf act ure cost FuAlerpiteun beisdiy faddgbt erbetilhg ddveced esgeperabfhahdmtheaondi tions i s
basically inportant for light emtting devices. Wen an attenpt is nmade to
gener at e hidatBgasea § regp@ed adplena hedienstpasst(thed papepne NPt @upi
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Further, tRQgkeerhistig RFVRRIcEMED e RAdeGe. VMc@a BN theRQsd bOlingem tti ng
device fornmed on a sapphire substrate is down-nbunted and the back surface
of the sapphiphge sgbdtte, thecaresofitbe d-cestiode i egfhitted b pravingskydebaied ahd ght wi th
a predeterm ned inci%ﬁpt reater wi.ll be subjected to total

angle. or
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since GaN has a refrac about Ire substrate has
a refract restrictpdeheaf radaaug atkea 8t ulNavmidayly Uecgints vdckdsagnoiunbizeent angle e
equal to or higher than sin- 1(1.8/2.4)4.2 will be confined within the GN
| ayer and WPIEHaRoHBCladng axtEcate comprehasd grelectrofigiagd petrstiade fo7aneeaing
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still ot herkldetrobée BerebineriaihRrifdreitid0Re thanifbiursetat ected to total -4
As previously described, the design of heat conditions is bastcally important for
hight emitting devices. When an attempt is made to generate high outputs, the
aforementioned heat conditions introduce restrictions thereto, and therefore 1t is
unavoidably required to use complicated electrodes in order to alleviate them as much as
possible.
Further, there is a problem as follows. When a GaN-type light emitting device
( formed on a sapphire substrate is down-mounted and the back surface of the sapphire
\ substrate is used as the light emitting surface, light with a predetermined incident angle
or greater will be subjected to total reflection at the boundary between the GaN layer
and the sapphire substrate after propagating through the GaN layer and is not emitted to
outside, since GaN has a refractive index of about 2.4 and the sapphire substrate has a
refractive index of about 1.8. Namely, light with an incident angle 6 equal to or higher
than sin-1(1.8/2 4)=4.2° will be confined within the GaN layer and wiil not be emitted to
the outside. This reduces the light emitting efficiency at the main surface of the

sapphire substrate. This problem of the light emitting efficiency is important.

However, there are still other problems. The aforementioned light subjected to total
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reflection will propagate through the GaN | ayer and then is emtted fromthe
side portions of the GaN | ayer. The energy density of the light emtted
fromthe side portions will be high, since the ratio of the anmount of the
af orenentioned totally-reflected light is considerable and al so the GaN

| ayer has a small thickness. This wll danmage resin which is placed at the
side portions of the GaN | ayer and thus irradiated with the |ight. This
wi |l induce a problemof shortening the life of the light emtting device.
Further, with a GaN-type LED having a construction of (an n-electrode on the
back surface of a Si C substrate/Si C substrate/n-type GaN | ayer/ quantum wel |

| am nat ed-l ayer construction (light emtting |ayer)/p-type GaN

| ayer/p-el ¢ ecagglvﬂy\ggﬁ)goat Eﬂr"m?)%k{ aI\? a8 Jn*a%ha; ils%ﬁa%ehdsfir%ﬁ’thé %}?Qt can not

be efficien he cause I'i'g absor ption

at the p- elp@ﬁrﬁdrfadmé Gaﬁ@ax%itﬂ%edeﬁgyr@éﬁi@t\f @fth@ﬁglﬁﬁarmitétﬁfr@ﬂz\/tﬁé gde ratio of
the p-electrode, nanely increase the opening ratio, in order to increase

t he anount p@f‘tIC@ﬁlWIHéJd highgkinge tharateneisthe amonot oflike @fbtﬁmtlpmcbugh the entire
type GaN Ia he t. &N, | .a hj gh el cre t ance.
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Fur t her nor ectric resistance w € | ncrease

probl ems ofirrhdisted ganemhatighn ahd willieducs uppbhle@apakdrtening Ak §ife, ofithe Aghtat t enpt
is made to increase the thickness of the p-type GaN layer in order to
uni formy femwng@ﬁw@ms through the entire p- type GaN Iayer this wil

restrict the out SI nce GaN | a sor |, ar anmount
of 11 ght . SUMART NN BR-EB e Gladtogrer SR ReBen o s anc  on
to provide yatig Eﬁrfa%@‘cifta'g‘ig sﬁﬂ?sYﬂafe‘?SiCV!ﬁbﬁthe/H%X& @aﬁ 'lzmé}/éu&r@u%'vgél‘lr ation thereby
making it easy to fabricate, can provid light  em ssion efficiency

for a long lammretepléayanatpnsinxdtlcxaﬂlgbe:amaamg Mvm)/mktapmGaNdWer/A—dla:cgme}swhmh| ng
devi ce accordi r]% g pr esent |ng\§]ent| on.in udes a. n?ﬁwg sem conduct or
substrat e ViEYS N Zoimsie prigyer gidegfigyt Cey ek ks elpeily et £ OHIT de
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the coverage ratio of the p-electrode, namely increase the opening ratio, in order to
mcrease the amount of emitted light, currents can not be flowed through the entire
p-type GaN layer since the p-type GaN layer has a high electric resistance. Therefore,
light emission can not be activated through the entire quantum well construction,
thereby decreasing the light emission output. Furthermore, the electric resistance will
be increased, which will induce problems of heat generation and power supply capacity.
Also, if an attempt is made to increase the thickness of the p-type GaN layer in order to
uniformly flow currents through the entire p-type GalN layer, this will restnct the output
since this p-type GaN layer will absorb a large amount of light.
SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide light emitting devices which
have a simple configuration thereby making it easy to fabricate, can provide a hugh light
emission efficiency for a long time period, and can be easily miniaturized.

A lighf emitting device according to the present invention includes a nitride
semiconductor substrate with a resistivity of 0.5 Q-cm or less, an n-type nitride

semiconductor layer and a p-type nitride semiconductor layer placed more distantly from



the nitride sem conductor substrate than the n-type nitride sem conductor

| ayer at a first nmain surface side of the nitride sem conductor substrate,
and a light emtting |ayer placed between the n-type nitride sem conductor
| ayer and the p-type nitride sem conductor |ayer. One of the nitride

sem conductor substrate and the p-type nitride sem conductor |ayer is
nmounted at the top side which emts |ight and the other is placed at the
down side, and a single electrode is placed at the top side. In the

af orenentioned light emtting device, a single electrode is placed at the
top side for emtting light, which enables extracting a | arge anount of

| ight without causing the electrode to interfere the |ight em ssion.

Further, itk 8iAgCessaintulb®r RiRGSte tAM Hed- ?F@Hhﬁd@éeﬁﬁ&dﬁg&or Yé(@brczh Apabl es
reduci ng the thicknesses of LEDs, particularly the thicknessés of side-view

type LEDs. riinsudaneldsofithaniatdersemadonductof subsiratajpdne a light emireng tayet er ni nal s
i ncl udi ng portabl e phones. A pad el ectrode maybe placed in, conbination with

a single el Rlged Dgiveoprbnn T YREJEINEE semicopust ol laver rFEs A- WPanEfdgl e area in a
Pl ane vi e, Lhay Rl E: LEBaT 50 29BNk AELaThEo0Ry N Lk 1S, REeAERNC | oned

pl acenment , ectroade Sirface side

of the n- tyﬂ@mlwnﬁﬁaem@@m mﬂt&atamhe&up%fdeaevfﬁch SRfVESt asd fRethdrghplag tting
surface. Therefore, in'the case of using a GaN substrate as the h-type

nitride senitdbedore ede sand st sirgl eele@rcsiens placededtels topdeiecan be provided since

the GaN substrate has.a | ower eI ctric resistance, whic bI es enerati ng
hi gher 1i ght outlﬁdp‘é affy epenURBed ight eaitERE ARYCH Svielg ?%?Cé@tgfa " in the

case where f, %1de%re{:<rﬁ(sftfljﬁgrolgltsdv & Er?ab QR IR tafqgrge%E PH}% ! E(N?tﬂ ut' S

previded on the bac econ marn s 1tri

sem conduct eiusing ks dledideay iméfae HRVHigdt eslskiod. metlarsq&cesaml tblwcef ore
even when the n-electrode is provided with a | ow cove@ﬂgﬂD ratio nanely a
&

| arge open @3y peinglewrleceios, ‘E}aﬁh preablels sedgingtihe tytknesses naraqularly the
cem CondC e SU0s! (B TS L COHCE LRl Bl S ARROTDeO 21 L1
Wi t hout sayinfignfahiad terinsrﬁmmm T%on%ﬂlé 51%119,& r Omptah%1e§tr9@e ﬁ’nﬁﬁ B@g@@emt only
fromthe second mai n surface. Is is applied to the follow ng |ight
enm tting dewrgsation-with a single electrode. When these electrodes are formed in a single area
in a plane view, they are regarded as a single electrode.

With the aforementioned placement, when the p-electrode side is
down-mounted, the back surface side of the n-type nitride semiconductor substrate
serves as the light enutting surface. Therefore, in the case of using a GaN substrate as
the n-type nitride sermconductor substrate, a small n-electrode can be provided since the
GaN substrate has a lower electric resistance, which enables generating higher light
outputs with the same electric power injection. Namely, in the case where the
p-electrode side is down-mounted, the n-electrode is provided on the back surface
{second main surface) of the nitride semiconductor substrate having a low electric
resistance, and therefore even when the n-electrode is provided with a low coverage
ratio namely a large open ratio, currents can be flowed through the entire nitride
semiconductor substrate.  This may reduce the ratio of light absorbed at the emitting
surface, thereby increasing the light emission efficiency. It goes without saying that

hight may be emitted from the side surfaces not only from the second main surface.

This is applied to the following hght emitting devices.
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Al so, when the current is not significantly large, the p-type nitride

sem conduct or | ayer side nmay be used as the light emtting surface. Further,
the excellent conductivity of the GaN substrate elimnates the necessity of
providing a protection circuit against surge voltages and also significantly
enhances the withstand voltage. Further, conplicated manufacture processes
are not required, thereby reducing the manufacture cost. The light emtting
device is based on the prem se that the aforenentioned nitride

sem conductor substrate is of an n-conductive type. Further, the nitride
sem conductor "substrate" refers to a plate-type nenber having an
appropriate thickness which can be independently carried and is

di stingui shed fro LES to

i ndependently car ?%l/S%wt 1165%6 C?Egrﬁtgllshgytﬁ elﬁar%g1 6gé$h%hit?e%§{d§ppl ied to a GaN
substrate asghiamnddcidrdasestidahmybbiuedd avtht liper desipgisbdeced ater. A 1ight
emtting device according to the present invention includes a nitride

seni conductor s u bEuitkarethegrcdighistande@ivily o the @i |seldtaieorlimesies thy né$35110f8/ cne
or |ess, 0] mhlch
7S an- ety p@ FiovHR TRt PiodiHeb ArE Grershpishe SRRt gt o SRERe SRhegd (X T
within the [}@r\glglsgndq,oqtg d) placed nore distantly fromthe GaN subst rate
than the n-type Al, %\Ilayer at a first main surface side of said GaN
substrate and a Ithheremm}bhda@dlmmfacpjrapﬁ:ﬂtekBet wearnt rdypired tthigeby reducital _, N

| ayer and the p-type Al,G] _,N layer. An n-electrode is provided in contact
with a secoflt RENkGeercasle of the GaNi substrate which is the main surface
at the opposite ?thg\?‘,ﬁ}i‘the nﬁ?gedew[cggstebagdg n %Ig{{?rfcn%,g}atﬂw af@r el ectrade is

prgw ded in conta A TSP el ect r ode
the p- ehrAdd Q6@ RIUERYBEREaRs bheh nkoRhrtide rypi CPuleﬁEﬁ&e'n!tﬂBé and the
other is mounted at the down side, and the el ectrode placed at the top side
is consti tuf-v‘@dlcmd')mca “smbx:gla‘@”ebferstm@d:éatewnmnembq hewmgtan appiopnatea si ngl e

el ectrode i aceda thet S|defor emtting. |ligh whi ¢h enabl es
extracting L e&ﬂ?‘“% Ctaﬁéﬁﬁita“ééﬁg’i% ﬁ%@é braca ridte an
interfere th L ONnhya
single el ect frag%)eg,mv\ﬂ?%%gﬁa %{Héﬁﬁﬁgﬁnﬁ%%? rz“&&l?gi o?‘ glﬂﬁ&&l o patntllll cularly

reduci ng t hés dpplieknes S@Bl sabstrate and an AIN substrate which will be described later
A light emitting device according to the present invention includes a nitride
semiconductor substrate GaN substrate with a dislocation density of 10*/cm? or less, an
n-type Al;Ga, N layer (x is within the range of 0 to 1) which is an n-type mtride
semiconductor layer and a p-type AlyGa;4N layer (x is within the range of 0 to 1) placed
more distantly from the GaN substrate than the n-type Al,Ga,,N layer at a first main

surface side of said GaN substrate and a light emitting layer placed between the n-type

T

Al,Ga, 4N layer and the p-type Al;Ga;.N layer. An n-electrode i1s provided in contact
with a second main surface of the GaN substrate which is the main surface at the
opposite side from the first main surface, and a p-electrode is provided in contact with
the p-type AlyGa; N layer, one of the n-electrode and the p-electrode i1s mounted at the
top side which emits light and the other is mounted at the down side, and the electrode
placed at the top side is constituted from a single electrode.

With this construction, a single electrode is placed at the top side for emitting
light, which enables extracting a large amount of light without causing the electrode to

mterfere the light emisston.  Further, it is necessary to place only a single electrode,



LEDs. This enables mniaturization of portable information termnals It is
easy to lower the electric resistance of the GaN substrate. Therefore, an
excellent crystallinity due to the dislocation density of the GaN substrate
which is 108/ cn2 or |ower, and a high opening ratio due to the p-down
mounting, in addition to the effects and advantages of the aforenentioned

light emtting device, can increase the |I|ight output fromthe second main
surface. It goes without saying that when there is no need to flow | arge
currents, the light emtting device can be p-top nounted (n-down nounted)

to provi de advantages of increased withstand voltages, suppressed heat
generation, elimnation of the necessity of providing a protection circuit
agai nst surgeicl ehdbbgesdai thedued +fAIEDY) ahdeamdolafigedducmg thotdicknbases bfer, the
continuity of the refractive index can be maintained, which prevents the
occur r ence D8 -helkis spadiasinshsganron] rariable infermptioreteraidelson. A | ght

o LLL9, Jev1 0 Lel ot B i SE ASLSRRLL L AL SR LR D A, oo

conductivity of 1 _ X I'S"within

the range @kelfent @ry@;’r)allifﬂ%‘éb@ tStha sl B ddtisit] bH e SRIN eRgERWiich Ayer and a
p-type Al,&1.,N l'ayer (x is within the range of 0 to 1) placed nore

di stantly frSfont e losied, sndos hightopetingratiotdue to the/pdoh nGabting) ih agditiomto a fir st
main surface side of the MN substrate, and a. light emitting |ayer placed
bet ween t het%ﬁ @i’fwé %9@&@%&?@ @@5% Pf%%ﬂﬁlﬁ@ecﬁhw FEIHDE dgvice, QAP Higesase t'?lAn
n- el ectrodelélé'nh%c)ﬁ{ %Yh@ﬁndthle?ec%ﬁﬂkﬁﬁsu%&? a second nain surface of the AN

1C p|s the mal '

substrate n surface at’ the opposite side fromthe first

main surface, andit@oePwRh@GtsEAREHaE WREDWEEEH nomheE® Y B&K 1abké Burkdis, Rhd Ype
Al /Gl.,N |l ayer, one of the n-electrode and the p-electrode is nounted at

the top si déghihinghingditise tangietp-topdneunted @t dewn mountedhtoeptovide ahentapanoki de,
o e o Rss Ptted Sl oR e S talatl el L R SO
af or ement | oheg bty ktor R A NERL ORRePEd FRIRL D S MEARADE, |
suppress teemperature rises in the light emtting device.

Further, the continuity of the refractive index can be maintained, which
prevents the occurrence of the aforementioned problem of total reflection.

A light emitting device includes a nitride semiconductor AIN substrate with a
heat conductivity of 100 W/(m-K) or more, an n-type Al,Ga; N layer (x 1s within the
range of 0 to 1) which is an n-type nitride semiconductor layer and a p-type Al,Ga;..N
layer (x is within the range of 0 to 1) placed more distantly from the AIN substrate than
the n-type Al,Ga,..N iayer at a first main surface side of the AIN substrate, and a light
emitting layer placed between the n-type Al,Ga, (N layer and the p-type AlGa N layer.
An n-electrode 1s provided in contact with a second main surface of the AIN substrate
which is the main surface at the opposite side from the first main surface, and a
p-electrode 1s provided in contact with the p-type AlyGa,N layer, one of the
n-electrode and the p-electrode is mounted at the tap side which emits light and the
other 1s mounted at the down side, and the electrode placed at the top side is constituted
from a singie electrode.

AIN has a significantly high heat conductivity and an excellent heat radiating

ability. Therefore, heat can be transferred from the aforementioned p-type Al,Ga; N
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Further, heat can be also radiated fromthe aforenentioned AIN substrate,
thereby contributing to the suppression of tenperature rises. The |ight
emtting device is based on the prem se that the aforenmenti oned ALN
substrate is a conductive AIN substrate into which inpurities have been
injected to provide conductivity. In addition to the inprovenent of
performance achi eved by the aforenenti oned high heat conductivity, the
effects achi eved by the aforenmentioned light emtting device according to
the present invention can be obtained. A light emtting device according to
t he present invention other than the aforenentioned device includes a
nitride sem conductor substrate with a resistivity of 0.5 fl cmor less, an
n-type nitrj i r b tall L LQAGYct or | ayer
b1 aced mor o b A A e L A e
n-type ni tridehes drhcandgcdrraliaye froat the aforesientiaied ANrdubaeatsitbaebf t he
nitride sem conductor substrate, and a light emtting |layer placed between
the n-type ¢iRRugas 1o Hie uppgseebel Emperatuge gseshe Thedighleermiting dexicganbaseshduct or

thep. type O i piEms S RATERBH D A ALkl PR el A RtAe frcn ™"
emi ts | i ghtwhidh idpdriRs AEQS QBN E@0RG feenat EYsducavity t NG JuigiBh (oM ti ng device

can be p-top nounted (n-down nounted) to provide advantages of increased
wi t hst and vioipregpesnt oSprsfresseccheatd igethe riiremanticgleil iighdteriorondfictishiy, the

necessity of _.providing a protection ¢jrcuit . agai nst surge vqltages and
feduct i on | FECHECHRNHEIT X 1P EgeRtion Lgmeﬁnaltttnﬁélaeeﬁﬁtapfrﬂﬁélgg 10 e Rrpeent
refractive j - i.at ai ned, which prevents the occurrence of the
af renentioﬁg%ﬁ%?ggﬁgggg thal reflection. As previously describe, the

af orenmenti oned | i ghigheghitfiigdevite seeadinpYo b getdneinvantidnghiherahar theng el enent
(chip) itself or a nounted light emtting el enent construction equi pped
with a |ightfommentiprpy davisgargludeaainitgie sammrendustpr gobstaee wik eresisiyity 6f t he
pr esent in\\ll\ﬁgﬁilon ogher than the, afarengnti 2ned !gcf\/i ces i.g_fc# udes a GaN
substrate wWHYEATdF S -OPedERds BSgPnAlgRr dNeT ansf @ paRe milfiien_t ype nitri de
Sem CondUCt&rmi&?rﬁﬁﬁt&gﬁg’eﬁggéetdm&e@%sttin&l %o%ﬁﬂe%?@ﬁ\é%&rﬂ{ca%&?&%ubét £l

t he Su h

distantly from strate than e n-type nitride sem conductor at a
first the n-type nitride semiconductor layer at a first main surface side of the nitride

semiconductor substrate, and a light emitting layer placed between the n-type nitride
semiconductor layer and the p-type nitride semiconductor layer.  The nitnde
semiconductor substrate is mounted at the down side and the p-type rutride
semiconductor layer is mounted at the top side which emits light.

With the aforementioned construction, the hght emitting device can be p-top
mounted (n-down mounted) to provide advantages of increased withstand voltages,
suppressed heat generation, elimination of the necessity of providing a protection circuit
against surge voltages and reduction in the manufacture cost.  Further, the continuity
of the refractive index can be maintained, which prevents the occurrence of the
aforementioned problem of total reflection.  As previously describe, the
aforementioned light emitting device may be either a light emitting element (chip) itself
or a mounted light emitting element construction equipped with a light emitting element.

A light emitting device according to the present invention other than the
aforementioned devices includes a GaN substrate with a dislocation density of 10%/cm”

or less, an n-type nitride semiconductor layer and a p-type nitride semiconductor placed

-9.



mai n surface side of the GaN substrate, and a light emtting | ayer placed
between the n-type nitride sem conductor |ayer and the p-type nitride

sem conductor |ayer. The @GN substrate is nounted at the down side and the
p-type nitride sem conductor |ayer is provided at the top side which emts
light. The aforenentioned construction enables providing high |ight em ssion
efficiency at high current range, which is specific to | ow dislocation
densities. Further, simlarly to the aforenentioned p-top nounted |i ght
emtting device, this construction can provide advantages of increased

wi t hstand vol tages, suppressed heat generation, elimnation of the
necessity of providing a protection circuit against surge vol tages and

reduction if t ; _ i fractive
i ndex can bgﬁﬁftgﬁt%%&t%h@ia@%%%%%gﬁag%Itiehne }g%crﬁt?irla grs]!é}gic%%/du?{hoga%ﬁm

af or ement i omed spriadd @de of the GiadN substedtk eanitiadight Shitith@lalyyr glacedbervesrrlid oned,
this Iight em tti,&g device nmay be either a light emtting el enment (chip)
itsel f or al-RgAuiEde Segicenduaienlayry 2ed Ewghtyre sHE e stirondue@uigyped T th a

light emtt} nt. Th r i ng _.and her. obj ects. features pect s
and. advant 88 sSPE s el FoGeR rBR s T o BE RS s B B o B ¢ he
fol | ow ng dgtaided: dRS6p isi,tagiv@ﬁb}pgmitstﬁégppresent i nvention when taken in
conjunction with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi g. 1 i $hmaferewentibherstanatristigpntenebleapionalirgrhigaight epdsssnr uct i on of
an invention,_ sanple.A according tao a first enbodinment. of the present

i nventi on; Tﬁ‘&.encg})*}@l%‘ CHTERRE fainggs‘t’li”&}ﬂ isﬁae%‘é‘ifiocl Ws‘%gg?aélppélﬁn%tl‘eét S%B?E‘Vi ded in
a wafer durj ' [ f. I ' s?]{ﬂm =l B ' . pl ane

Vi Ew of Fi g%l&g?rlgbgt.hgﬁgrgﬁgﬁ%%r@ csj getgk’ %Ogl%%dg%hf us"l?gr ﬁ%\ilér:?gglés %n%i@@iogw type
LED equi ppecknwrbiida adVvdngdpes efrinctdatd wiehstand voltagary aippragedsisaphanedtionl g. 5 is
a front view of the side-viewtype LED of Fig. 4, Fig. 6 is a view
illustrati n@}lfﬂlﬁ@thwﬁthaﬂéﬁsslm@éf@ddﬁgg E RERTREHPTOTTCHIt @B RpSshEggryoltaggs@nd sanpl e

B accordi ng, 404 08nthe Shn SRR IRN RlntN Pl SRy bHE Nt Mle index can
be maintained, which prevents the occurrence of the aforementioned problem of total
reflection.  Similarly to aforementioned, this ight emrtung device may be either a light
emitting element (chip) itself or a mounted light emitting element construction equipped
with a light emitting element.

The foregoing and other objects, features, aspects and advantages of the
present invention will become more apparent from the following detailed description of
the present invention when taken in conjunction with the accompanying drawings.

( BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1 is a view illustrating the laminated-layer construction of an invention
sample A according to a first embodiment of the present invention,

Fig. 2 1s a view illustrating device separation slots provided n a wafer during
the fabrication of invention sample A,

Fig. 3 is a plane view of Fig. 2;

Fig. 4 is a perspective view illustrating a side-view type LED equipped with a
light emitting device of inventicn sample A,

Fig. 5 1s a front view of the side-view type LED of Fig. 4,

Fig. & is a view illustrating the laminated-layer construction of a comparison
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Fig. 7is aviewillustrating device separation slots provided in a wafer
during the fabrication of conparison sanple B; Fig. 8 is a plane view of
Fig. 7, Fig. 9 is a perspective viewillustrating a side-view type LED

equi pped with a light emtting device of conparison sanple B, Fig. 10 is a
front view of the side-viewtype LED of Fig. 9; Fig. 11 is viewillustrating
the relation between the applied current and the light output, according to

the first enbodinment; Fig. 12 is viewillustrating the relation between the
current density in the MW and the |ight output, according to the first
enbodinent; Fig. 13 is a viewillustrating conparison of the external

quantum efficiency when the influences of heat generation are elim nated,

The | um nageiBf docpltE Rl pR R Bl B R Tt o7 1 acoor ding

to the first enmbgdi magnk viehi Bustiding edcd icp¥tatibh Wty Soliagd the wash abHen
between the current density in the MMWand the | um nance of a white LED

equi pped wi tle fabritationef cempanmteample Baccording to the first enbodi nent;

Fig. 16 is a viewdllustrating the.|am nated-Ilayer construction of an
i nvention sanpl eF@ngBrpE"ﬁ“ﬁdPef”o‘Jfg&%?;ond enbodi ment of the present

invention; Fig. 1%&d49$; | i : bk i i :
illustrating the %ﬁéu%tlgé%gb g%tl\r(hgﬁwgﬂu%&%%égﬁei %%Nééﬁplféer)%q&gg%wo‘rwg? ﬁg to
the second d&ghomhiiriigtdevfcetdieoppasentarhpied®)tion;, Fig. 19 is a front view of
the side-view type LED of invention sanple C, Fig. 20 is a view illustrating
an i mage of |ight FeatlPaee frent Ylﬁ“’&ﬁth%Y’P‘BﬁYM#é’fﬁg-Qé:cordi ng to a third

IO T E LR TSR SRR b P s
NoN- M r 1 or - SUFhACR S8R 1WBM first embodiment;

Fig. 12 1s view illustrating the relation between the current density in the MQW
and the hght output, according to the first embodiment;

Fig. 13 1s a view illustrating comparison of the external quanium efficiency
when the influences of heat generation are eliminated,

Fig. 14 is a view illustrating the relation between the applied current and the
luminance of a white LED equipped with a fluorescent materia! according to the first
embodiment;

Fig. 15 15 a view illustrating the relation between the current density in the
MQW and the luminance of a white LED equipped with a fluorescent material according
to the first embodiment;

Fig. 16 1s a view illustrating the laminated-layer construction of an invention
sample C according to a second embodiment of the present invention,

Fig. 17 15 a plane view of Fig. 16;

Fig. 18 is a view tllustrating the mounted construction of invention sample C
according to the second embodiment of the present mvention;

Fig. 19 is a front view of the side-view type LED of invention sample C,

Fig. 20 1s a view illustrating an image of light extraction in an invention sample
F according to a third embodiment;

Fig. 21 is a view illustrating an image of light extraction in a light emitting

- 11-



Fig. 22 is a viewillustrating the nounted construction of invention sanples
G and H according to a fourth enbodi nent of the present invention; Fig. 23
is aviewillustrating the nounted construction of an invention sanple |
according to the fourth enbodi nent of the present invention; Fig. 24Ais a
view illustrating the shape of the nitride sem conductor substrate of

i nvention sanples J and K according to a fifth enbodi nent of the present
invention, and a view illustrating a square shape; Fig. 24Bis a view
illustrating the shape of the nitride sem conductor substrate of invention
sanples J and K according to the fifth enbodi nent of the present invention,
and a view illustrating a |long rectangul ar shape; Fig. 25 is a view

i 'l ustrati ngevideaviBindsatht GeaShblielcdah aQbninivenih Fitesadibhas;, J and K Fig. 26
is a front view of the side-view type LED equi pped with the light emtting

devi ce of inventilip. Fanp esw ilatreling thEmpun@d Aohsnativn evnvehtist sampleads t he

nmet hod for neasuring the transmittance of, the nitride sem conduct or
substrate o"f‘ndﬁ%\?é?ﬂrglﬁﬁ tQ afpHires embogygen OE(E’FOWG?%“’("SW% fifth enbodiment;

Fig. 27B is a viepij H}t\ﬂ Riﬂgtr%tg&fgrt“@%% i Yon TRATUG 0fEn E‘r{@gnt[orngsggﬂpt ance

of the nitride sefficonductor su ate of conparison sanp ing to
the fifth esnbathg®the fduirth erBfodiBe of ki@Wwredentisbeionng t he transm ttances of

the respective nitride sem conductor substrates according to the fifth
embodi ment; Fig. P8 74 & avview ilustraieg deisheperafdhe pitiideersaeepndpctonaibsigigen
enbodi mont ; SRPgenp sEPsS st 1R dPedp ra o BRSSP ulpgen
concentrati g4 Plied ﬂhgglgltﬁé@%]g@g 6ha@B. 1 he transmttance for light (wth a
wavel engt h of 450 nm according to the sixth enmbodinent; - 12 Fig. 31 is a
view il | ustrati ngFigh#4B isghtiewuliyptringitid shdye qflthneitsdezeemidondwdtdciubstrate
of invention samples J and K according to the fifth embodiment of the present invention,
and a view illustrating a long rectangular shape;

Fig. 25 1s a view illustrating the mounted construction of invention samples J
and K;

Fig. 26 15 a front view of the side-view type LED equipped with the light
emitting device of invention samples J and K;

Fig. 27A is a view illustrating the method for measuring the transmittance of
the mtride semiconductor substrate of invention samples J and K according to the fifth
embodiment;

Fig. 27B is a view illustrating the method for measuring the transmittance of
the nitride semiconductor substrate of comparison sample L according to the fifth
embodiment;

Fig 28 is a view illustrating the transmittances of the respective mtride
semiconductor substrates according to the fifth embodiment;

Fig. 29 is a view illustrating the influences of the oxygen concentration of a
GaN substrate on the resistivity according to a sixth embodiment,

Fig 30 1s a view illustrating the influences of the oxygen concentration of a

GaN substrate on the transmittance for light (with a wavelength of 450 nm) according to

the sixth embodiment;
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currents flow uniformy, for light emtting devices fabricated from GaN
substrates having various thicknesses and oxygen concentrations; Fig. 32 is

a viewillustrating cores in the GaN substrate propagated to the epitaxial
| ayers, according to a seventh enbodinent; Fig. 33 is a viewillustrating
cores in the GaN substrate propagated to the epitaxial |ayers, the cores
formng hol e-type concave portions; Fig. 34 is aviewillustrating the

off-angle distribution relative to the c-plane wthin a GaN substrate with
a size of 20 mMmm x 20 mm according to an eighth enbodinent; Fig. 35 is a
viewillustrating a buffer |ayer placed between the GaN substrate and the
AJGaN cl ad | ayer, according to the eighth enbodinent; Fig. 36 is a view

illustrating the ng@r_%%n? vf%WiHﬁ‘& iﬁﬁ@ﬁ%@@@fgﬁ& a%h'tf?%‘ﬁlgn%?gﬁiﬁh?h% 1 ght-

out puts equal to hi'gher than ing to enbodi nment ;

Fig. 37 is carréne\Woll it mBt fordight erhigdvie @ickt fabgcdey frog GalNeobstiattg t0 a ninth
enbodi rent of the present invention, Fig. 38 is a cross sectional view

f ocusi ng atheemgivenowthickeespesaind oxygecopterdralipgfait  emitti ng devi ce, accordi ng
to a tenth enbodinent, .of the,present invention; Fig.. 39 is Vi ew
illustrating the I]I‘T;gfhtls @Hief”tlﬁlﬁﬁr_lggic%es_dﬂ Hﬁu(g& i‘&sg%‘?é:‘rrg?aﬁaﬁeﬂéo% el ectrodes
are transpapgkhiMayerd Hggdrﬁhg% a Eb@ntfOniRiiReny! €W 1l T ustrating |ight em ssion
and reflection 1nan’'invention sanpfe S5 according to the tenth enbodi nent
of the present i figrtiionyiek fustdtingsoees\ thy GdN sidistratel prgpdgatgdtto i ssi on and

reflection in a conparison sanple T6 according to the tenth enbodi nent of
t he presentepitaxiaieyesh thegages lppming helestypocondavs Fe@iEpfig | i ght em ssion and

(el cetion |0 | epLon, SRRSO SOTREE 0 DS SRR,
GalN subst r af;enih B N §lbstrad Jifh As: SYREMGT Y 86 fm, | AY&GRIZAD hePANS appear in a
| attice shape, according to an eleventh

embodiment;

Fig. 35 is 2 view illustrating a buffer layer placed between the GaN substrate
and the AlGaN clad layer, according to the eighth embodiment;

Fig. 36 is a view 1illustrating the widened off-angle range which allows
generating light outputs equal to or higher than 8 mW, according to the eighth
embodiment;

Fig. 37 is a view illustrating a light emtting device, according to a ninth
embodiment of the present invention,

Fig. 38 is a cross sectional view focusing attention on the p-electrode of a light

) emitting device, according to a tenth embodiment of the present invention;

Fig. 39 is a view illustrating the light emitting device of Fig. 10, wherein the
p-electrodes are transparently illustrated;

Fig 40 is a view illustrating light emission and reflection in an invention sample
S5 according to the tenth embediment of the present mvention,

Fig. 41 1s a view illustrating light emission and reflection in a comparison
sampie T6 according to the tenth embodiment of the present invention;

Fig. 42 is a view illustrating light emission and reflection in invention sample A
for comparison in the tenth embodiment of the present invention;

Fig. 43 is a view 1lustrating the main surface of a GaN substrate in which
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enbodi ment of the present invention; Fig. 44 is a cross sectional view of

the GaN substrate illustrating the plate-type crystal inversion regions of
Fig. 43; Fig. 45 is a cross sectional viewillustrating invention sanple S6
according to the eleventh enbodinent; Fig. 46 is a plane view illustrating

paral |l el -pl aced plate-type crystal inversion regions different fromthose
of Fig. 43, included in the eleventh enbodinent. Fig. 47 is a cross
sectional view of Fig. 46; Fig. 48 is a cross sectional view illustrating
| ight em ssion and reflection in an invention sanple S7 according to a
twel fth enbodi nent of the present invention; Fig. 49 is a cross sectional
viewillustrating light emssion and reflection in an invention sanpl e S8

mvanti on: Vg RS ARRERGE Ao BpnF o YR e PEPRER 1 B

reflection moalm@@apﬂ%gigy@nﬁ@mt@n:r?, and Fig. 51 is a vi ew illustrating a
conventi onal LED. | PTION OF THE PREFERRED EMBODL' V1ENTS Next,

enbodi nents of t Heg gidasentoss seasionilonewiof thefeNiastritsalbstraiingthe tpdate-timawi ngs.
First Enbodi rreaﬂ In.the fi rs% n‘g@dl ment, side-view type LEDs were
fabri cat ed G5} Q]“Wefwreg@ﬁ?? Figg?devi ces p-top (n-down) mounted on GaN

substrates and T rigk udiing Aks sfks ﬁha%éwﬂﬁsm%%@gﬁ{q@&&@@% BL88inghot he

Gal e' substrate ac | ng t e pr esent rther, e-vi ew
type LEDs wﬁéaeﬁ@ﬁwbmaéﬁdwﬂﬁlng conventional light emtting deV|ces Then,
conpari son was made t herebetween in terns of the size, i ght output and
| um nance. (I nvertigdt® 1sambflﬁé vigw Ulngrregaearallplgplaesdrilge-tipe ergelanvyessioror med a
| arn' nate Corrégltozﬁé‘ glti’ferent gomatﬂose ofyP?g. 4%‘1ncluded in the eleventh embodiment.

( Fig. 47 is a cross sectional view of Fig. 46;

Fig. 48 is a cross sectional view illustrating light emission and reflection in an
mvention sample S7 according to a twelfth embodiment of the present invention;

Fig. 49 is a cross sectional view illustrating light emission and reflection in an
invention sample S8 of another embodiment, according to the twelfth embodiment of the
present invention,

Fig. 50 is a cross sectional view illustrating light emission and reflection in a
comparison sample T7; and

Fig. 51 is 2 view illustrating a conventicnal LED.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, embodiments of the present invention will be described using the
drawings.

First Embodiment

In the first embodiment, side-view type LEDs were fabricated using light
emitting devices p-top (n-down) mounted on GaN substrates and including an
n-electrode formed on the back side of the GaN substrate according to the present
embodiment. Further, side-view type LEDs were fabricated using conventional light
emitting devices. Then, comparison was made therebetween in terms of the size, light

output and luminance.

(Invention Sample A}
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| ayer 2/an n-type Al.G1_,N layer 3/a multi quantumwell |ayer (active

| ayer) 4 consisting of (A xG,.xN Al xlny,Gi.x.yN)nfan p-type A xGal xN

| ayer 5/an p-type GaN | ayer 6 which have been formed on the surface (first
mai n surface) of a GaN substrate | by epitaxial filmformation in order
fromthe bottomside. The nulti quantumwell |ayer may be fornmed from
(GaxN I nxG, xN)m The nunber of |lamnated sets is usually 3, but may be
nore. The light emtting surface is the surface of the p-type GaN | ayer 6
and p-electrodes which will be described later will be fornmed on this
surface 6a. Further, an n-electrode will be forned on the back side |a of
the GaN substrate. Next, the fabrication nethod of the aforenentioned |ight

emtting device @felk :0r [ i At J SRl il scri bed.
(1) A GaN off su §¥etr”f§fget°?e‘§i E?‘Eﬁ%@f’a%‘.*%d ?%gﬁﬁ%tﬁgoc-plgﬁnegfméé{sﬂ 55233.2‘@‘?% GaN

substrate hadr 2/an asysd AYGhy,Nofayér. Vd mdthguatuch slell ¢aier (rtidensed) ¥ oohsidtng/ cnP
and a thickness of the substrate was 400 m The thickness of the

af or ement i 6hH6W-CanNN/ Allvsbziat ¥ )masp-daerddspdNtlayer OGrrm-bee dra ke § whight i on of

t he n-el ich will be. d i bed b o (2 GaN_buf f
er” Enos e s RSBl mRac BRI ool Py R o7
clad Al 0. 2Gag robhakigy §f orde! HEBENS 850 kiaM kil gildhtith WAl Y6)et dnay bayer 4
consi sting of GaN and | no. 15Gao. s5N My- doped p-type clad Al 0. 2Go. 8N | ayer

5/ Mg- doped farntedpfeonGiBNdlreGa 6 Njer eTlepmingoet af lapigredwetoms usirdlyGabsumisloe of a
GaN substrate by MOCVD (Metal Organic em_cal Vapor position) (Fig. 1).
(3) The i nt®¥hal ¥E‘iﬂé&¥ﬁ&¥ﬂ“€ﬁ$ ﬁ@if@%aﬁ%g%e%f thap-expefaaN &yrcoirad ed for

conveni enc?~%¥ct?o2!gg%wcg ﬁ:\afl BE gl ENRLS v\!"ﬂlflg%: gﬁg}%ﬁ)ogitﬂ%ggﬁﬂeyéaat gﬁphée}‘,"’PL

t enper at ur an em sSsi on wave rrman

intensity ah ndelé@@de WEIBE ftired ©n 16 bARBcARDf A EENSSbAMavel ength of 450
m (4) This wafer was subjected to an activation process to | ower the

resi stance of MjVedbpeaifapricativs methed offhe Myretogragned higlgemitting Zevoe sitheayer 5
o I 0P LD ML YEI S g, sarcLor poncontratl ons of SELT]om ant
(1) A GaN off substrate deviated by 0.5° from the c-plane was used. The
GaN substrate had a resistivity of 0.0 Q-cm, 2 dislocation density of 1E7/cm” and 2
thickness of the substrate was 400 um. The thickness of the aforementioned GaN
substrate was decreased to 200 pum before the formation of the n-electrode which will be
described subsequently.
(2) A GaN buffer layer (not shown in Fig. 1)/Si-doped n-type GaN layer
2/Si-doped n-type clad Al ,GagsN layer 3/three sets of MQW (Multi-Quantum Well)
( layer 4 consisting of GaN and Ing ;sGag ssN/Mg-doped p-type clad Alo2GagsN layer
5/Mg-doped p-type GaN layer 6 were epitaxially grown on the Ga surface of a GaN
substrate by MOCVD (Metal Organic Chemical Vapor Deposition) (Fig. 1).
(3) The internal quantum efficiency was 50%, which was calculated for
convenience by comparing the PL (Photo Luminance) intensity at 2 low temperature of
4.2 K and an emission wavelength of 450 nm and the PL intenstty at a room temperature
of 298K and an emission wavelength of 450 m.
(4) This wafer was subjected to an activation process to lower the resistance of
Mg-doped p-type layer 5. Mg-doped p-type AlpGagsN layer S and Mg-doped p-type

GaN layer 6 had carrier concentrations of SE17/cm’ and 1E18/cm’ respectively which
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(5) As P-electrodes, transparent electrodes 12 of 300 m* were fornmed by
formng Ni having a thickness of 4 nmand Au having a thickness of 4 nmon
p-type GaN layer 6 to forma two-layers construction with a pitch L2 of 350
m(see Fig. 2 and Fig. 3) by photolithography techni que and vapor
deposition. This was subjected to a heating process to | ower the contact
resistance to 5E-4 S2.cnR2. Further, by photolithography technique and vapor
deposition, pad electrodes (not shown) with a dianmeter of 100 mwere forned
at the centers of transparent electrodes 12 with a pitch of 350 m (6)
Referring to Fig. 2, an n-electrode 11 was fornmed over the entire surface of
N-surface | a of GaN substrate 1. As the n-electrode, a |lam nated | ayer

construct i QerofeterbhingdPbyAkNmedPehsdt Ti 200 N Au 200 nm was formed in this
order on the GaN substrate. The n-el ectrodes had a dianeter D and were

pl aced at the ceiiiehsPalectibées, tanipasst wiettodes ARt BOL 2m{Tves: foamedhib) ected to
a heating process_in _an inert atnosphere to reduce the contact resistance

to bel ow | fommugg Nirbavigers thigkngsseffderm aad Astheliag afthiskneshof fEmdepRdyEs- t ype

| tot i - doped. n-t | i -t talith h
e e e P o B Sy SE B P Sh B 938 3P e Pl s g 2
separati ng gy 84 gy %ﬁo‘éﬁﬂi{h%g?agm/ tchnibde Wv&oﬂﬁ@ﬂﬁf&fnm e wah@BRciel ) 2 ThEN,

the constructidon"was scribed to separate 'this along cleavage planes 50. The

chi pped comhsitinggirbces tovemer ted@ntet hsistangbto 8fd4t Dicag. dBuitkesby The resul t ant
light emtting devices had a size of 325 kn(]. Since the MMWIight emtting
portion hajowhthagephyfednigoe pndvaned depesitipns pabeclgelipdes éeaisbawnhwidb a di amet er
of 100 m the ratio of the portion.,of the |ight extracti ur.f.ace which
was not | CotHPEtROTNR R ROaR P COBBRMET AErojoade Bivk DS de
Vi‘ew Type lolf_ﬁgoﬁﬁrerri ng to Fig. 4 and Fig. 5, this side-viewtype LED is
equi pped with alTight emtting device (chip) fabricated according to the

af orementi oned f 36} Refatrlnggo Pid N0dn n-elékbrolit ghtvag forniddngetltheieptirelfdirfuse ¢fl aced
such that the sides of the rectangul ar shape are lied
N-surface 1a of GaN substrate 1.~ As the n-electrode, a laminated layer construction of
Ti 20 n/Al 100 nm/Ti 200 nm/Au 200 nm was formed in thus order on the GaN
substrate. The n-electrodes had a diameter D and were placed at the centers of the
devices with a pitch L2, This was subjected to a heating process in an inert atmosphere
to reduce the contact resistance to below 1E-5 Q-cm®.
(7) This wafer was etched from the Mg-doped p-type layer to the Si-doped
n-type layer, using Cl-type gas, by photolithography technique and RIE, as illustrated in
Fig. 2 and Fig. 3 to form device separating slots 25 with a width L3 and a predetermined
( shape.
(8) Then, the construction was scribed to separate this along cleavage planes
50. The chipped constructions were made to be light emitting devices. The resultant
light emitting devices had a size 0of 325 um{J.  Since the MQW light emitting portion
had an area of 0.09 mm?® and the p-side pad electrode had a diameter of 100 pm, the
ratio of the portion of the light extracting surface which was not covered with the p-pad
electrode (opening ratio) was 91%.
(Side View-Type LED)
Referring to Fig. 4 and Fig. 5, this side-view type LED is equipped with a light

emitting device (chip) fabricated according to the aforementioned fabricating methed.
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horizontally. An Au line 31 is electrically connected to p-side pad

el ectrode 22 placed at the center of the rectangul ar shape. The other end
of Au line 31 is electrically connected to an electrode of a | ead portion
32b protruded towards the light emtting surface. The n-el ectrode provided
on the back surface of the GaN substrate is contacted with and electrically
connected to a chip placing portion 32a of the lead frane. Lead frame 32 is
provided with a concave-shaped reflective mrror for reflecting |ight
emtted backward fromthe chip frontward. Preferably, chip 10 is placed at
the focal point of the concave-shaped curved surface. In the case where
this side-view type LED is enployed as a illumnation light source of the

thi s e LED i 5 em . ! | of
et ot S wi i s e TS pleSLP TR ATae B lhe kBl SARERR IR T

em tting demiatdies ARQANLRD Bl elddgiceBntameatd tdhg-sldeadd feleatiedé DT hMekdng t he
reflective mrror such that light would be extracted fromthe p-layer side.

P-type padaiehegererde thorsgangplenshage at Ththetherendt afrAwling Heis glepirselland t here
was no need to provide the n-elecirode gn the sane side s. the p-type pad
el ct r ode. SHIRERH Y RESEHEOW We Chetrpac: PRiERhESBE br THLATEDE | Anp

af ter mounighoeoUtt he|dads fi@y@d%nﬁh@mcﬁm&ce dF thOGNAGbatdon of the space

. . e
required for wire bonding. ( n nounting, 1 n order to enhance heat

radi ati on temmttheithiaghtleemictily tmmneded tce chip pdacingglurtieni2d ofihe dendifzenenwas
mounted such that the entire surface of the GaN substrate was in contact
with the nb&Htir#ge porsTendehpatigrroaevapheradvellective apures 1o reficgHeg gt with a

Mo hec eaniisLL Y 95 NS e ARSI RGN IR ) e

frame with a e y Wwas selec a ad frame.” Wth

this way, pbieof @subb@nt shARH hRsiStAnee was 8 W (11) Further, a _
fluorescent material was nounted on the n-electrode side and then the chip

and Au line 31 wéreresi whgeasieddeiviel tape BEDXy empliyad 382 ilonfigationdight
e LR LS R S e S e
bl ue |ight h@,gjﬂtg egh ‘INE‘J%H? t he

(9) As previously described, the aforementioned light emitting device was
mounted at the center of the lead frame including the reflective mirror such that light
would be extracted from the p-layer side. P-type pad electrode 22 was placed at the
center of the device and there was ne need to provide the n-electrode on the same side
as the p-type pad electrode, namely the top side.  Therefore, thickness S of the LED
lamp after mounted could be made to be 0.5 mm, even in consideration of the space
required for wire bonding.

(10) In mounting, in order to enhance heat radiation from the hight emitting
device, the light emitting device was mounted such that the entire surface of the GaN
substrate was in contact with the mounting portion through an adhesive. An Ag-type
adhestve with a high heat conductivity was employed as the adhesive, and a CuW-type
lead frame with a high heat conductivity was selected as the lead frame.  'With this way,
the resultant heat resistance was 8 °C/W.

(11) Further, a fluorescent material was mounted on the n-electrode side and
then the chip and Au line 31 were resin-sealed with an epoxy resin 33 to form a

white-light lamp. For example, this lamp was designed such that the fluorescent
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chip toemt whit light fromthe entire construction. As the fluorescent
material, a fluorescent material which generated 180 | mper 1 Wof I|ight
out put of 450 nmwas enployed. Resin 33 facing with a side w ndow 34 opened
at a side surface of a cabinet 37 had an elliptical curved shape and had a
curved surface which allowed light emtted fromthe chip to spread in the
direction of the |longer dianeter of the side w ndow and prevented the |ight
fromspreading in the direction of the shorter dianeter. (Conparison Sanple
B) Referring to Fig. 6, a conventional side-viewtype LED is equipped with a
light emtting device of this conparison sanple B. The | am nated-| ayer
construction of the light emtting device of conparison sanple Bis the

same as that t?rfal %ﬁ%’%&%}é&ﬂﬁu%ﬁres@%eié‘I%E'ei{?ihg%ﬁf% 1@%‘6 i’e%rfic%?r{% n-type

A ,Gl., ayer 3/ t1 quantum well1 layer act ayer) 4 consisting

of (A, Gal chiybAmid wkitAdht froNhe/entife- donpeucion Gals (i flegrescel matefiall ype GaN

| ayer 6 which have been forned on a sapphire substrate 101. The nul ti

quant um welfluoresgent meggjiabwhith gpasiated d/P (reReN WhoGaht ouput @f 45ham| Waght

emtting surface, i§ su ce 6a..of p-t GaN |l ayer 6 simlarly to,.invention
carpl e A adEEecRrotit el sBa B RS gt p el iR ol noe
sapphire subsf;pahe)bldal icsrad slha?;%%@%% a c@ed SurlL S QPR 1N8E eliRielr OVi ded
on the sapphire substrate. Therefore, the edge portion of the |am nate
construct i drom thecbip @waseal irothe slireétdeeofGhe loagérhbarmersi diethefside-viiggew GdN | ayer

2 to expose n-type GaN |l ayer 2 and then an n-electrode_is provided on the
exposed sweuakeddhe heht from magding s thodiraqaen of theshergrrdigmetton met hod of t he

af orenent i i.ght i t4{ ng device of conparison sanple B will be
descri bed Rn%%‘g%%%}ﬁ.sa%@e%jn insul ating off sapphire substrate 101 devi at ed

b_y( 0.2 fromthe Reiran€to Mass US@vertital idLCHPRIFpOILEDNE cUPSIdRikIea 400 m
Simlarly to invention sanple A, the thickness was decreased to 200 m

bef or e t he eitmgtdewvine of thisrremphBstr sadgde B ( 2Tht eminktedFhigesenmstrpttonedsiss as (2)
Lo (4 of enkion SRS A (o), L1, AR Son, SamRL e B Lhe substate i
the p-el ecty,g¢iean NAPRIGAN R/ MRl MG IR layer 3/a multi quantum well layer
(active layer) 4 consisting of (Al,Ga, N/ALIn,Ga;.xyN)n/a p-type AlGa, ;N layer S/a
p-type GaN layer 6 which have been formed on a sapphire substrate 101.  The multi
quantum well layer may be formed from (Ga,N/In,Ga;..xN),. The light emitting surface
is surface 6a of p-type GaN layer 6 similarly to invention sample A and p-electrodes will
be formed on this surface 6a. However, since sapphire substrate 101 is an insulator, an
n-electrode can not be provided on the sapphire substrate. Therefore, the edge portion
of the laminate construction is cut away from surface 6a to the inside of n-type GaN
layer 2 to expose n-type GalN layer 2 and then an n-electrode i1s provided on the exposed
surface of n-type GaN layer 2.
Next, the fabrication method of the aforementioned light emitting device of
comparison sample B will be described in detail.
(1) An insulating off sapphire substrate 161 deviated by 0.2° from the c-plane
was used. The thickness of the substrate was 400 um. Similarly to invention sample
A, the thickness was decreased to 200 um before the formation of the electrodes.
(2) to (4) The same processes as (2) to (4) of invention sample A.

(5) In comparison sample B, the substrate 1s an insulator and the N-electrode
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Thus, the wafer having the | am nated-|ayer construction of Fig. 6 was etched
from My-doped p-type layer 6 to Si-doped n-type layer 2 using O -type gas
wi th photolithography technique and RIE (Reactive lon Etching) to expose
n-type GaN layer 2 for formng an n-electrode and formslots 125 for device
separation simlar to those of invention sanple A (see Fig. 7 and Fig. 8).
The devices had a size of 325 nt* and p-electrodes 112 were fornmed on p-type
GaN | ayer 6. The exposed portion of n-type GaN 2 had a shape of 150 tnt per
single device, in a plane view. On the exposed n-type GN | ayer,

n-el ectrodes 11 | having a dianmeter of 100 mwere forned by

phot ol i t hography techni que and vapor deposition. The thickness, the heating
process amdist beepooiiedoh thieshwtsidies thepeldcheds aamelsht hasen-6Im sidvent i on
sanple A (6) and (7)_ The P-electrodes were formed as follows, In the device
havi ng a dind the wales having thefanippigadpisr eprstiureen eldds. ¢ aypeptchadirals f or med on

the portion,of -type.GN/7 | r correspondi.n the L-.shaped portion
other ¢ han MaoRGHtER 19300 o7 SR FRRCTRBRE 0P C PR Tol mh . whi ch vias
the porti O@h%hﬁfo%}szﬁﬁtéchﬁiquém (I@élcﬁ’lfé IBWEI%né)%‘be@Q J—pre RN 16Fer

separation. The thickness, the heating process and the contact resistance

wer e t he sanfer fismidpomen-elbcttdue andVemt slots Karfpt devite separaiicesipddr el thoderoddes
having a di aneter of 100 mwere forned near the centers of the _transparent

el ect rode hpetian sangye AHesee Fig hearoFist $ ) ctThesleviaes kadrad esofi 3350 8wkt er mi ned
shapes and t he hi d constructions r.e made be light .emttin

ot cos. TREIFAET Dt VegRTICH b aRAERS halE SressEPHORIEM IR s noe
the MOW I i LAt Rt Dh%q f p- si de pad
el ectrode %g%\l glﬂ%l(? grﬁ@%&@é%b %10 S?{%lee %ﬁab&gf&ar%ﬁéégmpgﬂgggﬁﬁde | i ght

extracti ng nstypé GaBl lwhdr Cielobrsodeot] 1 ¢ by eingd dvdnidiertdia 0ppadherecfostéd Bge (openi ng
ratio) was 88% (Side View Type LED) Referring to Fig. 9 and Fig. 10, this
si de vi ew tPpp@litEBErapdp tgckniage pispeabonideppsition | Smw thapliness, tle rating processi p) 110

S NI R R A RS

(6) and (7) The p-electrodes were formed as follows. In the device having a
size of 325 uml, the transparent electrode layer 112 was formed on the portion of
p-type GaN layer 6 corresponding to the L-shaped portion other than the exposed
portion 150 pmil in the portion of 300 umli, which was the portion other than the
separation allowance required for device separation. The thickness, the heating
process and the contact resistance were the same as those of the invention sample A,
P-side pad electrodes having 2 diameter of 100 um were formed near the centers of the

[ transparent electrode layers.

(8) Then, the construction was scribed into predetermined shapes and the
chipped constructions were made to be light emitting devices. The resultant light
emitting devices had a size of 325 um{d.  Since the MQW light emitting portion had an
area of 0.0675 mm” and the p-side pad electrode had a diameter of 100 pum, the ratio of
the portion of the light extracting surface which was not covered with the p-pad
electrode {opening ratio) was 88%.

(Side View-Type LED)
Referring to Fig. 9 and Fig. 10, this side view type LED 130 15 equipped with a

light emitting device (chip) 110 fabricaied according to the aforementioned fabricating
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rectangul ar shape is lied horizontally. An Au line 3la is electrically
connected to p-side pad electrode 22 placed at the center of the
rectangul ar shape and an Au line 3 Ibis electrically connected to

n-el ectrode 111. The other end of Au line 3la is electrically connected to
an el ectrode (not shown) of a |lead portion 32b of |ead franme 32 which was
protruded towards the light emtting surface. The other end of Au line 31b
is electrically connected to an el ectrode of a chip nounting portion 32a of
the lead frame. Lead frame 32 is provided with a concave-shaped reflective
mrror for reflecting light ( emtted backward fromthe chip frontward.
Preferably, chip 10 is placed at the focal point of the concave-shaped

curved surfaggad. (91),1 Hifb‘?'mitl ghtfevi%@‘lfl@Es@a&@%h&ﬁh&%e%‘éﬂﬁﬁ%%f tee center of
the | ead frame |nc uding the reflective mrror such"that |ight would be

extract ed freomnguer sparsiiclbed hyreroptalips pne lonesd 1y mjeis@rmdjlgchonhwwdﬁos;a -gdse,
since the n- Iectrode al§d the p-electrode were both pJaced at _the top side,
p

]the chip wie Jiclksiraft capacrd AlihbEonter ol qea@ng%rcﬁhwewwf% ing éé‘b@ctfto t he
ongi t udi nal, glécfa ﬁ‘cbﬁ{éct%é t(%g 21debrBak #P: e’g}% %ere Ogéﬁﬁ?nve'ﬂ%t %glgé}a&?w or

w re bondi ng ive electrod even e chip

was  nount ednsddidd @rdmﬂé&ou@ymtsh@wn)s@mhﬁ Portibhe2s Bf ki gase b Wiigh Wap was
i ncreased by the amount caused by the inclination of 45, nanely by 0.14 mm

and t hi ckngsstr8idgdgoansls the bght emittiog @rfadcs. ndbebihegendsofidil king yliw i nvention

sarrpIeA in order to enhance heat diation fromthe tting
devi ce, t h&l§o¥ Y&Hﬁ"iﬁﬁeaé"&%\‘?{é@éo% TP 2s e SR T aur f ace

of the sap&maa%m SHOR € B JiliPa btbe STEA LI CARMhE RS B RNERCT W LD

(e nounting portion. heS| ve and rame materi a t he sane
t hose afmittay eadkiward ﬂanmphecbﬁp ficancatni Rgférhisly hehiyt 10 BYlsedncthedo@lt o t he
dlfference of the substrate, the heat resistance was 10.4 CW which was
1.3 tines tavat Githe sppsate-tharedeumpedsuifagnd t he heat reS| stance was degraded.

(11) The sarre br 96635 By aliaP ek GBS hRRBTPhE cBnfPof T s o 11 o

including the reflective mirror such that light would be extracted from the p-side layer,
as previously described. In this case, since the n-electrode and the p-electrode were
both placed at the top side, the chip was installed such that it was inclined by 45° with
respect to the longitudinal direction of the LED Jamp, in order to provide a space for
wire bonding of the respective electrodes. Therefore, even though the chip was
mounted similarly to invention sample A, the thickness of the lamp was increased by the
amount caused by the inclination of 45°, namely by 0.14 mm, and thickness S became
0.64 mm.

(10) In mounting, similarly to invention sample A, in order to enhance heat
radiation from the hight emitting device, the light emitting device was mounted such that
the entire surface of the sapphire substrate of the light emutting device was in contact
with the mounting portion. The adhesive and the lead frame material were the same as
those of invention sample A. Concerning the heat resistance due to the difference of
the substrate, the heat resistance was 10.4 °C/W, which was 1.3 times that of invention
sample A and the heat resistance was degraded.

(11) The same process as that of invention sample A to form a white-light

lamp.
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In order to make conparison in termof the output of blue light, invention
sanpl e A and conparison sanple B were nounted in an integrating-sphere in
the state where a fluorescent material was not installed (but resin-sealing
was applied) and then a predeterm ned current was applied thereto to cause
light em ssion. The emtted Iight was collected by a detector and the |ight
out put val ues output fromthe detector are illustrated in Fig. 11 and Fig.
12. In relatively ideal conditions where the current is injected into the
MM | ayer w thout |eaking, there are relatively few non-radioactive

reconbi nations in the MW /I ayer and the tenperature rise in the device due
to heat generation is |low, the |ight output value proportionally increases
Wi th i ncr eadixpgrimppt dndResclty rent . For exanpl e, vvhen a current of 20 mA was

i njected, invention sanple A and _conparison sanple B both generated an

out put of 8 mn Fm@rﬁérrto %akfelC@B?PéT"éP”clﬂrtWEh?f the HHFPEF of bibeight, m«ﬁgw&pm i ed

t her et o, |n¥%¥t

edaflvefoldo ne nW while
conpar | son St & 33 SReR CadTaRIT, s G A SRl e AT he Y,
reason for \svher%,a ﬂmesfcéﬁtlmmvwa@a@pﬂsﬁm et fe@ﬂassaesiiﬁfgeﬂas NpIEd)Yand thé?lVaent' on
sanple A had a relatively large heat generating area as conpared with

conpar i son prApkrniBedndratsaekppledghretodpadus lghtkhmssionnoling eroittel dight per
unit area for t rrent |n ection h current. densi in the
light enittAHC %@Fﬁ%ﬁ ad#’tech{\ﬁéﬁt‘ DN ohiR ﬁueﬁa@ltputﬁo we%% 3 the
current den I e le B
e Sl I, LS, B OB

substrat e haydcregl 1atd"lt(haM@W"I]dymtvilM1d1Yleh]ug@%eﬂehﬁ@rdidl@%lydéwhhﬁ-radiamher e
su strate of conparison ex e B was enpl oyed. Further, the n-el ectrode
provi detEcammb tT’I@rEON@@?@fMgBVéW&éa’éﬁ th@ﬁ@npymuwa@tmal@f‘e equud@ﬁ t@uhé-vent ed the

8? per  hana. 2Rt s RO7 SHEYRT nEit PR bioas Rl bafblesn LoinbieaTe aputd®
Convet sl FARkede P U oIk o0 8ok LR, g at o o2
n- eIectrodecmmgmmamsmnﬂﬁédmnhgtMﬂmedamgeqmnef&péNGaEbmmyezﬁvahmcmhwm
significant lnzmle};] (ir 8 ?nsﬁdwgsha%pﬁlgint lart ¥o invention sample A generated a fivefold output,

namely 40mW, while comparison sample B generated an output of only 24 mW (Fig.

11).

As a reason for this, the following reason can be considered. Namely,
invention sample A had a relatively large heat generating area as compared with
comparison sample B and therefore generated a smaller amount of heat per unit area for
the same current ijection (the current density in the MQW light emitting portton of
invention sample A was 111 A/cm?, while the current density in the MQW light emitting
portion of comparison sample B was 148 A/cm’, when the injected current was 100
mA). Further, a GaN substrate having a heat conductivity higher than that of the
sapphire substrate of comparison example B was employed.  Further, the n-electrode
was provided on the N-surface side of the GaN substrate, which prevented the
occurrences of portions having extremely high current densities.

On the other hand, if the aforementioned features of invention sample A are
conversely studied, comparison sample B had a smaller heat radiating area than that of
inventton sample A, Furthermore, in comparison sample B, the n-electrode was
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currents flowi ng through the n-type GaN | ayer along the | ayer, which further
i ncreased the heat generation. Further, even though the nmechani sm has not
been clarified, the use of a GaN. substrate having a relatively | ow

di sl ocation density could inprove the crystallinity of the
epitaxially-grown filns such as the MO which prevented reduction of the
light emtting efficiency for large injected currents. Thus, in order to

i solate the influences of heat, tests using pulse currents were perforned
simlarly under the condition where no fluorescent material was installed
and resin-sealing was applied. Here, the applying time was set to 1 m The
applied current was 100 A, and as the duty ratio was gradually decreased
from 100% foheed outheukpued nras Gabidayef hendatis pighiicafitljbiatheaded thntéahy shnpl e A
and conparison sanple B were increased with decreasing duty ratio. However,
when the duyrepttlovinatrepginthe s9ypeoCabgayenalopg thsupyerovhich &rHst ceassd es were
const ant aqﬂ ﬁgturateg. Therefore, it was determ ned that the influences of
heat were effAFH&ed2" Bhsed on this result, the applied pulse current val ue

was gradual Iy changggr &tkd thoBgl tHedmdchbhion Ohs A0HREE clalBe®XhelRAf ANt UM
efficiency was calcul ated fromthe outputs. The result "'of the cal cul ation

is illustratubstritehiigg a iQatively IFivglisld@tion densitytcenidainprayading cnystelihitg bEncy of
conpari son ianple_? decregsed with increasigg current. . copmpared with
this, the RtEPHIAEIAYDMET fucE e REMEW, WHER PTYRNEARFIUELIN olide bght

substanti al | y L]t reached 100 mA. As previously
descri bed, %r%{/ltetﬁl%{‘b?ﬁ?ﬂ%ygﬁ%lg}gsei@gagéj%rg%%ri son sanple Bis increased to

provi de the same Neat inf@dérabiistthta fiRdnMsent&odf Heht, kdduaninpGiulsaiplestsAvaand
urt her conparison sanple B is p-down-nmounted in order that there is no

f
di T f er ence penformedsimilady andesrihe ¢nndiigph whese soByercaest mewnphvisiosiaiedyide B can

not generate high outputs. at high currents, since such hi outputs are
caused by tfﬁémt?r%\%a"r’ Si arl?ﬁ]{'ipéofﬁle_trgréhe aRAlYag HHe WASGEL RN BT n OF 6P on a

subst 25 eyl g, AL LGkl OB, ISIBLAY LB e BREL L BpE e Lo
the n-el ect&Q@e was measured.  The outputs of both invention sample A and comparison sample

B were increased with decreasing duty ratio. However, when the duty ratio was from

5% to 1%, the outputs of the both samples were constant and saturated. Therefore, it

was determined that the influences of heat were eliminated.

Based on this result, the applied pulse current value was gradually changed
with a duty ratio of 1% and the external quantum efficiency was calculated from the
outputs. The result of the calculation is illustrated in Fig. 13.  In Fig 13, the external
quantum efficiency of comparison sample B decreased with increasing current.  As
compared with this, the external quantum efficiency of invention sample A was
substantially constant until the current reached 100 mA.

As previously described, even if the chip size of comparison sample B is
increased to provide the same heat radiating area as that of invention sample A and
further comparison sample B is p-down-mounted in order that there is no difference in
heat radiation through the substrate, comparison sample B can not generate high outputs
at high currents, since such high outputs are caused by the crystallimity of the

epitaxially-grown films formed on a substrate having a low dislocation density which is

specific to mvention sample A.



and the p-electrode are placed at the opposite positions and thus there is
no possibility of electrical short-circuits. On the other hand, in

conpari son sanple B, the n-electrode and the p-electrode are placed on the
sane side and therefore it nay becone necessary to provide a filmfor
electrically insulating the p-electrode and the n-el ectrode from each other
in order to prevent short-circuits therebetween. The invention sanple does
not require it, which may prevent additional increases in the manufacture
cost. The aforenentioned results of the |ight outputs have been nerely
illustrated as an exanple for a light em ssion wavel ength of 450 nm Even
if the light em ssion wavelength and the | ayer construction are changed,

invention sanpl e pyrG@n iPHOVAHR saf@Id X alfRE cohbatba saﬁ%l@wm@er@@m%&& the
conparison sanple. Further, it goes without saying that an Al xGl.,N

substrat e rmy tixep-elepiroyeare plavsd editie opposit€pNsisiohs sndathes thexe 1s po pesakehtyi i | ar
effects, praqvjded that it has equival ent characteristics ﬁ he substrate of
a |ight emoEisayIcab OB NERt ,O#?fge. other heRd. 1ric§MPABSaN spRiRle R tthe PIfteCHadhl t of
measur enent i i I j i t, for
Mvent  on <ad e b Achf 218 Uhiltash UG AR R el BerdiheBR LG

a current QB_pi&QdMﬁMfor&ﬁH&rﬁcﬂﬂjr insiME 1hep-sladtilde aAd tikaneeat&dt foheaimnance
of 7.2 Imwhile conparison sanple B generated a | um nance of 4.3 Im As

descri bed, dthes i pudsntd prevertrsbbe-cauty ibcigberwere t heinesion aamdplsidoes nft a
si de-view type LED |, and provide hi.gher outputs as conpared with
conpari son rg&‘ﬁf?p‘?vé”%?hng\%ﬁret"gwﬂltpﬁg lg?W%SHF "o e%ﬁ%&m&% stonpari son sanpl e

B have the sane i i : i i chip
si ze of conpari soﬁﬂysgﬁp%%ﬁﬁorﬁ}ﬁﬁg%f}%g?ﬂlteg{g?lggﬁ%gst ag@?ﬁngﬁeﬁe}ggkl%ﬁaﬁeﬁgsl anp,
an' et chi ng aspmedpledbr & dphd angssidiewavelaltcdf 45dennan dE enfif the dighy @nissién t he p- pad
el ectrode are required, and as a result, the opening ratio wll be

si gni fi cantWyvelragteandeahe laxpi eumsiRquongF @ changed. fey cgboreramiion @R PTEuds | ci ent

0, 00 DAL | LGRS L S RMECARR SRR ARD. AR >
with the | oagint Wit AalAlghd, 9QtsuBAra@f mbBe ehPRyYd, SVtdaMRE a GaN substrate, to

provide similar effects, provided that it has equivalent characteristics as the substrate of

a light emitting device.

Next, Fig. 14 and Fig. 15 iliustrate the result of measurements of the luminance
which 1s equivalent to the hight output, for invention sample A and comparison sample B.
As illustrated in Fig. 14, when a current of 100 mA was applied, invention sample A
generated a luminance of 7.2 Im while comparison sample B generated a luminance of
43 Im.

As described, the invention sample can reduce the thickness and size of a
side-view type LED lamp and provide higher outputs as compared with comparison
sample B, even though the invention sample and comparison sample B have the same
chip size. Even if an attempt is made to reduce the chip size of comparison sample B
in order to reduce the thickness of the lamp, an etching space for forming the
n-electrode and a fixed area of the p-pad electrode are required, and as a result, the
opening ratio will be significantly decreased, which will prevent the generation of

sufficient light outputs or luminances.

Further, in the case of comparison sample B, even if an attempt is made to
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LED, the thickness of the side-view type LED can not be reduced to a val ue
equi valent to that attained by invention sanple A since there are the

p-el ectrode at one of opposite corners of the chip and the n-el ectrode at
the other corner, thereby requiring an additional space for w re bonding.
Next, electrostatic withstand voltage tests were perforned for the

af orenenti oned i nventi on sanple A and conpari son sanple B. The electrostatic
wi t hstand voltage tests were perforned by placing the light emtting device
and an electrostatically-charged condenser such that they were opposed to
each other, then causing electric discharge therebetween and neasuring the
vol tage t herebetween when electric discharge was caused. As a result, a

br eakdown QGeHKI8E of the CRFNADARRE wiBIMRL SorBidlindNiRLEST 505t Bk Siewslpkage of
100 V. On the other hand, a breakdown did not occur in invention sanple A
until the éFdytthosticddness ofahd sde vieeagpelERb@uino8bOkdVcedberelwmr euniztentvas
proven that the ele ;rostatic w f hstand vol tage of invention §anple A was
about 80 t itHrE&t pHANCGHPY IVEHOARIBIS 4 St her argdhconaletntrsat PBR ! PAROSEEcond

oo Tt B B SRy LB R SR AL AL O ki g | nvencor

p- down- nount@doasdphheobask botdih@ace of the n-type layers or the n-type
sem conductor substrate was used as a light emtting surface. |Invention

sanpl e D had a diNgxocdtdtostatidentbstayd vfltapEstr@erewpieifotmedafor thee of the range

of dislocation density of light emttin devi ces cordi to the present
i nventi on GHIFBERIRTEY RE LT A COA ST BT Pl f%@?%@%atlpeduced

i s1 00t | OB EnSh by EOWEN Glre hAKERLE A0 ,5RFRI . BNBT L AE biedudy, ot her

types of lig emttl evi ce's accor e present 1 nvention. In the
present erhodoprtitallyachamiep bbfidensd ket dbethensesipoyaliotcach other, ahemar i son
sanple E and an attenpt was nade to provide an n-el ectrode and a

p- el ect r odéawng plectrig issbarseitheespeaieen apgd aeasuring dhe ypiRe therehgbreanavienand

down- mount egeggr?cedigmreé\gacstgagge. However, an -24 n-electrode having the sane

size as tha i nvertion sanples C. D could not be forned

As a result, a breakdown occurred in comparison sample B at an electrostatic
voltage of 100 V.  On the other hand, a breakdown did not occur in invention sample
A until the electrostatic voltage reached about 8000 V. Therefore, it was proven that
the electrostatic withstand voltage of invention sample A was about 80 tunes that of
comparison sample B.
Second Embodiment

The second embodiment of the present invention was characterized in that an
invention sample C, an invention sample D and a companson sample E were
p-down-mounted and the back surface of the n-type layers or the n-type semiconductor
substrate was used as a light emitting surface. Invention sample D had a dislocation
density of 1ES/cm?, which was out of the range of dislocation density of light emitting
devices according to the present invention employing a nitride semiconductor substrate
having a reduced dislocation density. However, invention sample D was included in
other types of light emitting devices according to the present invention. In the present
embodiment, a sapphire substrate was employed to form comparison sample E and an

attempt was made to provide an n-electrode and a p-electrode on the laminated-layers

side of the sapphire substrate and down-mount these two electrode. However, an
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and therefore the fabrication thereof was di scontinued. Conparisons were
made nainly between invention sanple C and invention sanple D and thus

i nfluences of the dislocation density were exam ned. (Ilnvention Sanple O
Referring to Fig. 16 and Fig. 17, invention sanple Cwill|l be described. (1)
A GaN off substrate deviated by 0.5 fromthe c-plane was used. The GN
substrate had a resistivity of 0.01 O-cm a dislocation density of 1E6/cn®
and a thickness of 400 m The thickness was decreased to 200 m before the
formation of electrodes simlarly to invention sanple A (2) to (4) The
same processes as those of invention sanple A were applied. (5) On the
N-surface of the GaN substrate, n-electrodes with a dianeter of 100 mwere

formed at the. GeQt ﬁaﬁrﬁg{hets%egﬁx hE B3t U hlerioR! sEﬁBh?Agtf ﬁg&#_ﬁae@ybe formed

phot ol i t hography tec gue and vapor deposition. ectrode, a

| am nate andterafodte the fabficationdRerosl whs dQ@ntiniell ZTOnparidehsA0de nmadeas f or ned
in this order on the GaN substrate. This was subjected to a heating process
in an i ner Maglybepiser vewionrseapleeC @wém@@moacstampbsﬂ) gnd e inflepegsailitheE- 5

0-cnR2. (6) g at.ml eﬁtrode Ni Havi ng a thickness of 4 rimand Au having a
t hi ckness 514U HhASEFL "FE REF M or der on the entire surface of the p-type
GaN | ayer {(QwERIdN@mpbive;l ayers construction. This was subjected to a
heating process in an inert atnosphere to change the contact resistance to
5E-4 SbenR. (7) TRafessringfeeFigwesaretpell, inventdhenidle Gopedepletoyiped| ayers to the
Si -doped n-type la ers, using C-type gas, by photolithography technique
and RIE to form &I@\ﬁK@I\ ait palrshieterflgvistasthy Wt fiom the edéane pras weel. shllse. (8)

Then, the truction was.scrib into predeterm ned sh and t he

chg pped Comﬂ@ﬁﬁfﬁﬁga%g%ﬂ%Of@(}h)gi-prpgﬁglsgﬁﬁqq S%Qﬁﬁé@?mT tesul tant
light em ti; ' ha ' i }\%}Q{l\é enkttin
po?ti on ha lgﬁr}gsg&gfa 0. gﬂéwgsﬁyﬁsﬁéﬁg%g&gé@gaég 8 ha lﬁ%i :t]gﬁg er 019
100 4m t heldkabie @hildriaoiRRnied tangile af the |ight extracting surface which

was not covered with the n-pad el ectrode

(2) to (4) The same processes as those of invention sample A were apphed.

(5) On the N-surface of the GaN substrate, n-electrodes with a diameter of 100
nm were formed at the centers of the devices with a pitch of 250 um, by
photolithography technique and vapor deposition.  As the n-electrode, a laminate
construction of T1 20 nm/Al 100 nm/Ti 20 nm/Au 200 nm was formed in this order on
the GaN substrate. This was subjected to a heating process in an inert atmosphere to
reduce the contact resistance to below 1E-5 Q-cm”.

{6) As a p-electrode, N1 having a thickness of 4 nm and Au having a thickness

( of 4 nm were formed in order on the entire surface of the p-type GaN layer to form a
| two-layers construction.  This was subjected to a heating process in an inest
atmosphere to change the contact resistance to SE-4 Q-cm’.

(7) This wafer was etched from the Mg-doped p-type layers to the Si-doped
n-type layess, using Cl-type gas, by photolithography techmque and RIE to form device
separating siots with a predetermined shape.

(8) Then, the construction was scribed into predetermined shapes and the -
chipped constructions were made to be light emitting devices. The resultant light

emitting devices had a size of 225 uml].  Since the MQW light emitting portion had an

area of 0.04 mm? and the n-pad electrode had a diameter of 100 um, the ratio of the
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(opening ratio) was 80% (see Fig. 16 and Fig. 17). (Side View Type LED) (9)
This light emtting device was p-down nounted at the center of |ead frane
nounting portion 32a provided with a reflective mrror to forma side-view
type LED such that light would be extracted fromthe n-layers side as
illustrated in Fig. 18 (see Fig. 19). A conductive adhesive 14 was enpl oyed
to nmount this device onto the lead frane. N-pad el ectrode 11 was pl aced at
the center of the device. There was no need to provide both the p-el ectrode
and the n-electrode on the top side as conparison sanple B and therefore

t he thickness of the side-view type LED |lanp after nmounting the |ight
emtting device could be decreased and thus the aforenentioned thickness S

coul d be t uired for
i e bondi B e e e o t ne

l'i ght em t {(dopegingdend)oess 8dYe (dee §id. 1€t Figng 79levi ce was nounted such that the
entire surface_of the GaN substrate was in contact with the nounting
portion. ARSBAgMopdyaehER)ve with a high heat conductivity vvas enpl oyed as

t he conductive a I: 4 CuW t ead h heat
conductivity was%;% 15%"31[ eglét%f‘%ge‘f”ée Haﬁﬁg%’“ rﬂ%unéec{ fent[?ro leafl A% ant
heat resi Sh@ueanyBsrtidn G2¥\brdvidel Wit 4 Rleetiv thirk rt@?&rﬁﬂé siFBLRG §he WBRD nMOUNt ed
on the n-electrode side and then the device was resin-sealed”wth an epoxy
resin to fonchthawiight wobldgjttemmﬂeﬁlﬁrmgnﬂmnfplayerAsfdlemsulhzstrmd imEigei$ &dee Eapabl e
of gener at a lum nance_of 180 | mper 1Wof the out of . 450 nm
was enpl oyéa? (4 GORHICHEH adhigaE &4 mjasewlweé;awn@rlm Vicﬁtoét%&&tl%@fjef@% 0.5

[rom he ¢ ehalgoImR S NS FUN OF Bhand Sphag ko 0,0
wds decr ea@ﬁﬁnd@brﬁﬁ%d@-&leﬂﬂréwm th@nieli¢BBlE B theStapRIdeSs kofpar(sdh sﬁrﬁpié Bl) The
sane processes as those of invention sanple C were perforned. -

( Conpar i soandtgptfereRhe thickness of the side-view type LED lamp after mounting the l1ght

emitting device could be decreased and thus the aforementioned thickness S could be

made to be 0.4 mm, even in consideration of the space required for wire bonding.

(10) In mounting, in order to enhance heat radiation from the light emitting
device, the light emi“cting device was mounted such that the entire surface of the GaN
substrate was in contact with the mounting portion. An Ag-type adhesive with a high
heat conductivity was employed as the conductive adhesive 14, and a CuW-type lead
frame with a high heat conductivity was emploved as the lead frame.  As aresult, the
resultant heat resistance was 9 °C/W.

(11) Further, a fluorescent material was mounted on the n-electrode side and
then the device was resin-sealed with an epoxy resin to form a white light emitting lamp.
A fluorescent material capable of generating a luminance of 180 Im per 1W of the light
output of 450 nm was employed.

(Invention Sample D}

(1) A GaN off substrate deviated by 0.5° from the ¢-plane was used. The
GaN substrate had a resistivity of 0.01 Q-cm, a dislocation density of 1E9/cm? and a
thickness of 400 um. The thickness was decreased to 200 pum similarly to invention
samples A, C.

(2) tc (11) The same processes as those of invention sample C were performed.
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(1) An insulating sapphire off substrate deviated by 0.2 fromthe c-pl ane
was used. The substrate had a dislocation density of 1E7/cnR and a
thickness of 400 m Simlarly to invention sanples AL C and D, the

t hi ckness was decreased to 200 m (2) to (4) The sane processes as those of
invention sample A. (5) In conparison sanple E, the substrate was an
insulator and it was necessary to provide an n-el ectrode on the sane side
as the p-electrode, nanely on the |am nated-|ayer-construction side. Thus,
t he waf er which had been subjected to the aforenentioned processes was
etched fromthe My-doped p-type layers to the Si-doped n-type |ayers using
C -type gas by photolithography technique and RIE to expose the n-type GaN
| ayer for {OsmpargohSemitect)ectrode and form device separation slots simlar
to those of conparison sanple B. The size of the devices was 225 m* and the
exposed n-type GaMupwostlaitng $apphice off substrhte B0iated hyet 2%fremrilt epioeinge. On the

exposed n-type N | ayer, an_N-el ectrode having.a dia er o 00 m was
formed by Yot J%FHW %@%Pﬁ“ﬁ’ﬂ@eﬁﬂﬁ C{ilal&?#cnﬁ saitgﬁk?ﬁss‘?%@&q HPckness,

t he heati ng. - he,contact . esi stapnce were the t hose of

t he conpar iglsngl;\a?@gﬁ% Vggggn %aé‘}plelsﬁg ‘gf"é‘i @C&Fgﬁé‘gg“%}” &> ﬁS‘%fﬁ%sagi‘gﬁ?@ﬁ%m. In the
device having a §1)z8 (§f ThdmeBrocAsds23 ARRBILE HveRidiCabpiteavas formed on the
portion of the p-type GaN | ayer corresponding to the L-shaped portion other

t han the exposed{pdntcoompanfonlahpkr) thasubisitgte peastanomsutator20d i¥was neshisety was

the portion other than the separation _all owance required fqr device
separ at i on !0 i@t tﬁndkaé‘é%‘?detq{’etﬁﬁéﬁ?? Hee bﬁ"géés‘ge%e{% P EEt resistance

were the sagg, 25,8005 el LAYENR OrisaNRL & of A% AN EARS et digali N

pr.ocess an resi stance were as those conpari son

sa{rrpl e B AfvremédtRNBd pHRSssaBaas biehdd PvhdRe RipP@shetlpesbe fasi@rshl@vﬂerQ-@Fed anet er
of 100 mnear the <center of the top of the L-shaped transparent electrode.

However, t heype lasers osing CGirtymspges by ohosbthogtiphy techhignefint BIE HI ppobatheng t he
sare ol eoL 190 PAIELD ASCLIRL ol SOmRarLeen sammte B ool oL e
f 1 uor escemthcﬁ@to?%rﬂbar%ﬁ sﬁﬂﬁle@.aeﬂ@ RLFUY Yevices was 225 umCi and the exposed
n-type GalN portion had a size of 150 pm(! per a single device. On the exposed n-type
GaN layer, an N-electrode having a diameter of 100 pm was formed by
photolithography technique and vapor deposition.  The thickness, the heating process
and the contact resistance were the same as those of the comparison sample B.
(6) The p-electrodes were formed as follows.  In the device having a size of
225 pml), a transparent electrode was formed on the portion of the p-type GaN layer
({ corresponding to the L-shaped portion other than the exposed portion of 150 umllin
the portion of 200 umbl, which was the portion other than the separation allowance
required for device separation. The thickness, the heating process and the contact
resistance were the same as those of invention sample A.  The thickness, the heating
process and the contact resistance were the same as those of comparison sample B.  An
attempt was made to provide a pad electrode having a diameter of 100 pum near the
center of the top of the L-shaped transparent electrode. However, there was only a
space of 50 pm{ and therefore chips having the same electrode pattern as that of
comparison sampie B could not be fabricated.

(Experiment and Result)
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resin-sealing was applied, simlarly to the first enbodi nent, neasurenents
of the Iight output were perforned. As a result, invention sanple C and

i nvention sanple D both generated an output of 7 mWfor an applied current
of 20 A and generated an output of 17.5 mWand an output of 10.5 nW
respectively, for an applied current of 50 mA. Invention sanple C had a

di sl ocation density about three orders of magnitude | ower than that of

i nvention sanple D and because of the | ower dislocation density, invention
sanple C coul d generate higher Iight em ssion outputs than those of
invention sanple D. Since invention sanple C and invention sanple D caused
equi val ent heat generation and heat radiation, this difference was not

| nduced by i nf | uBRGESHOLolERn white QHEFesl B WEHALY wal Bbenin@a 40 ofeyC e- pul se

current with a duty ratio of 1% and an applying tine o s was applied
t her et 0 aneksmesrplany wanspphed simiball.to Ase first @sbddimeifitpmeasurapmts eftthe lighitent of
50 mA, they generated an output of 17.5 nWand an output, of 10.5 nw,

similarly. OUtPHEWeEGEEOEYEn AhoRFHILIAEHER RAAPIS f #MsInVItio sUAPIE Pabathi ed, t he

ligh i SS] ' hi gh f h
af or enent  Svaieieh ST Slegpt 7 B Ry oot b Rabtt 263 et ARn A B oeob e
Al'so, when1tReni Gltan@ukSFicPN0WanRl engtdivandrdrhe abgw&ircuﬁgﬂts(gfrsocﬁqmn wer e

changed and when a fluorescent matérial was nmounted to nmake themto be white

| i ght LEDdyventwesatipbnC dadpldisl@agemderattg dbdut 26rek wrdsos obmagnuphe dver uhanent  of
20 mMA and 3.15__ Imfor an applied current of 50 mA,. while invention sanple D
gener at ed ihabgf JysRtion salﬁlplealgﬁml Berapsfr ofahs logrer dislagation densitganyeAleRr an

I od _ o e AN . H
Febul t of e tedee AR e SpThRE bbbl SO Bt EEASEAEER ne
| ower di sl ggrt ifenteNGhip¥e CR4a thRAtior %niﬁegDicﬁD%Sdgbivﬁlehﬂldaf Satiefifioniafd

conpari son sanple E, electrodes having the sane diameter as those of
i nventi on Seatph@stion, this diffdrepoerpias netondusadpy énfBencesiofbeatt hby erderte veofy a space

oduLr e { ok B ng L 85 prevously descrlped, Even ol iz o
=00 L1, P, B SHEBIAELE S EpRHRR Angs, T £l prbupe byt Lhscanr <1
probl ens ofsOmedtthey generated an output of 17.5 mW and an output of 10.5 mw, similarly.
Therefore, even though the mechanism has not been clarified, the light emission output
difference at a high current was caused from the aforementioned distocation density
difference, not from influences of heat.
Also, when the light emission wavelength and the layer construction were
changed and when a fluorescent material was mounted to make them to be white light
LEDs, invention sample C generated 1.26 Im for an applied current of 20 mA and 3.15
Im for an applied current of 50 mA, while invention sample D geﬁerated 1.26 Im for an
applied current of 20 mA and 1.89 Im for an applied current of 50 mA. Namely,
similarly to previously described, the result of the experiments showed that there were
provided effects of the lower disiocation density.
Further, 1t was impossible to provide, in comparison sample E, electrodes
having the same diameter as those of invention samples A, C and comparison sample B,
since there was not a space required for providing them as previously described. Even
if the size of the exposed portion of the n-type GaN layer and the sizes of the

n-electrode and the p-pad electrode are reduced and an n-electrode having the same size
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generation at the el ectrodes, heat generation due to excessive current
densities in the MMWand difficulty of ensuring the opening ratio of the
p-el ectrode, which will prevent the generation of |ight outputs equival ent
to those of invention sanple C and invention sanple D. Third Enbodi nent In
the third enbodi ment, performance such as the |ight output was exam ned for
an invention sanple F which was a light emtting device provided by applying
a non-mrror-surface treatnent to the aforenentioned invention sanple C and
for alight emtting device provided with a reflective |ayer between the
light emtting |ayer and the nounting portion (lead frane, etc.).
(I'nvention Sanple F) Referring to Fig. 20, a non-mrror-surface treatnent

has been appihbesk iheertiBe safekCSDIchRbE fdtnet NBefeal Behstisadt@obionibNgeae | i ght
emtting surface and the side surfaces of the GaN surface and the side

surfaces ogenerationairilreaglestroday deat@sneratiercdueco. exkeastepurrentiendtisunttiice of t he
GaN substr n e end. surfaces of .the .device re made.to he non-mrror
Sart acos. | MR ARRaENSr SRUSER oprnits PUP S 5P RaBeTom TSRt FEeTY
emtted fr i : k£ A i ] ey : nmet hod
for form ng@ gh%h&?fgigé%? ? %’ggss%qﬁﬁ ﬁ%&g&g}{g&ﬁoe%‘%%g%g#ﬁégga}d léﬁgh?ﬁg such
as RIE or vafiplechi ng and net hods using nechani cal polishing. The present

invention enpl oyed a nmethod using wet etching with KOH solution as the
et chant. Féhird bydadingmt sanpl e F, KOH solution with a concentration of 4 no/l

(ol 7dre) vas sull|ent LY, sobiat sl Lhe, Lomeral e relatatned ot a0c
PLouies | R aaieyslaseal i ntheubre e iy R o 19
i nf | uences nof-ntitrer-nefdce ateatwent ayde afirauirdieded hotmearsatipie € aadifdrladight and t he
'Tght emt terlmqgngd (daé/\;igeeprg*tfidieg \\;/v(i%cgtai rgfrllec?ige alygr bCet\\vlvveeénethe -liégt gn);i%mgr}gy%} and the

mounting portion (lead frame, etc)).

(Invention Sample F)

Referring to Fig. 20, a non-mirror-surface treatment has been applied tc the

back surface of the GaN substrate forming a light emitting surface and the side surfaces

of the GaN surface and the side surfaces of the laminated-layer construction. Namely,

the N-surface of the GaN substrate and the end surfaces of the device were made to be

non-mirror surfaces. For comparison, Fig, 21 illustrates an image of light being

emitted from light emitting device 10 having mirror surfaces.

As the method for forming non-mirror surfaces, there are methods using dry

etching such as RIE or wet etching and methods using mechamcal polishing.  The

present invention employed a method using wet etching with KOH solution as the

etchant. For invention sample ¥, KOH solution with a concentration of 4 mol/]

(mol/dm?) was sufficiently agitated with the temperature maintained at 40°C and then

the wafer was immersed in the ultrasonic cleaning machine for 30 minutes to change the

N-surface of the GaN substrate and the device end faces to mirror surfaces.

Fourth embodiment

In the fourth embodiment, the influences of the reflective layer provided

between the lead flame and the light emitting device of invention sample C were
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(I'nvention Sanple G The invention sanple Gis characterized in that a high
reflective film35 is placed under the p-electrode as illustrated in Fig.
22. As a p-electrode 12, NI with a thickness of 4 nm Au with a thickness
of 4 nmand Ag with a thickness of 100 nmwere formed in order to form
three lam nated | ayers on p-type GaN layer 6 during the film formation
(when nmounted, it was p-down nounted and thus was upside-down). This was
subjected to a heating process in an inert atnosphere to |ower the contact
resistance to 5E-4 QcnR2. Further, an N filmwith a thickness of 4 nm and
an Au filmwith a thickness of 4 nm as those in the aforenentioned
three-layers-el ectrode, were attached to a glass plate and then subjected
to the sane_heatjng process. Then, the transmittance was neasured. Wen

i nci dent | PS8 th a wavel ength of 450 nmwas directed thereto from the N
side, the gﬁ@mi%tﬁﬁ@%y\as 70% Further, an Ag filmw th a thickness of 100
nmwas attached to a glass plate and the reflectivity was neasured. Wen
incident |ight ®Th¢mvantwavehghgGhs farabtdizad in thasa High ecfleedvd fler i, the
reflectivity was 88% Then, a N_ filmwth a thickness of 4 nm an Au film
with a thi efgﬁ@s@d@f the meteetreiicas ilgtrated imFig €3 aAs Ribcierdese 3L, Wowithm wer e

| am nat ed i,n order. on a, glass plate to.form.a, three;layers struction and
then this CRISES Shte ABnaPa BieRars G24 "L cae aah edhichtsss 5 (iR Sned
heating pregsRsin dfdePio fohR thRENSGhAN [YerdRR eﬁlﬁ@éwamayééwmn Ghagrf |ight
with a wavel ength of 450 nmwas directéd theréto, the reflectivity was 44%
This refl émtatiot ywhgreesnted, ihwide dowh hechied dnyd tinal wad gtseld-downd s sl ng t hat
the incident light with a wavel ength, of 450 nm passed through the N film
with a thi &@nesgecssd W mbraking PEAcEssAD an feftrAtiOERNCE CHPRRNESSOBRCUeHIRYGEt h a

tr(ansm'ttaftlcg %f 70% then was reflected by the Ag layer with a
reflectivit?/ % %E?%and then passed through the NI filmwth a thickness of

4 nmand the Aupfjhdp ¥ Khgn WithGKRRRSesObf 4 nnh Pl RRR AithibRReEOf 70%
again. (lnvention Sanple H) The invention sanple His characterized in that

a hi gh ref Bemt, iav érdse imthe afpbmemtned Boeathgen-ddraope ehvaetaittached $o miglaay | y t o
I nvention ?3 artrthlm% t%;eli lsdb?gcgcerdattoetge isarll'neFlim%ﬁngz gr'océsss. aThen, the transmittance was
measured.  When incident light with a wavelength of 450 nm was directed thereto from
the N side, the transmittance was 70%. Further, an Ag film with a thickness of 100
nm was attached to a glass plate and the reflectivity was measured. When incident
hight with a wavelength of 450 nm was directed thereto, the reflectivity was 88%.

Then, a Ni film with a thickness of 4 nm, an Au film with a thickness of 4 nm and an Ag
film with a thickness of 100 nm were laminated in order on a glass plate to form a
three-layers construction and then this three-layers construction was subjected to the
aforementioned heating process. Then, the reflectivity was measured. When incident
light with a wavelength of 450 nm was directed thereto, the reflectivity was 44%. This
reflectivity agrees with the reflectivity calculated by assuming that the incident light with
a wavelength of 450 nm passed through the Ni film with a thickness of 4 nm and the Au
film with a thickness of 4 nm with a transmittance of 70%, then was reflected by the Ag
layer with a reflectivity of 88% and then passed through the Ni film with a thickness of 4
nm and the Au film with a thickness of 4 nm with a transmittance of 70%, again.

(Invention Sample H)

The invention sample H is characterized in that a high reflective film is placed
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p-electrode 12, a Ni filmwth a thickness of 4 nm an Au filmwth a
thickness of 4 nm an Al filmwth a thickness of 100 nmand an Au film
with a thickness of 100 nmwere formed in order on p-type GaN | ayer 6. This
was subjected to a heating process in an inert atnosphere to |ower the
contact resistance to 56-4 f2-cm2 . An N filmwth a thickness of 4 nm
and an Au filmwith a thickness of 4 nm as those in the aforenentioned

| am nated | ayers, were attached to a glass plate and then subjected to the
sanme heating process. Then, the transmttance was neasured. The
transmttance was 70% for incident light of 450 nmdirected fromthe N
side. Further, an Al filmwth a thickness of 100 rimvvas attached to a

gl ass pl at ﬁnﬁ{n’%%ﬁ'%l ERLLESHINL 6 infBHpARARHE e ThRed BlHiE0k Vidya Vs B4% for

incident lig nm T sso 4 nm an Au

filmwth p-didvuedeessa Nf fikh withanbicRiesAbf 4 hinanA il w1thha tdkeess ¢if4 k0 nm
were formed in this order on a gl ass plate to forma |am nat ed- Iayers

constructi @nAlflhewuhtaﬁh@kn@ﬁpﬁé%dmlaaéénémcfdmswuﬂm@tchldmem@f Kbjreseed to the
ane heati ocess as the r.ement ed heat ro e and then the
Coflectivi ?@F@Qg SR BF avre RENIERT Aot TUR O Sabed% 1 SReRe Pt Fright of
450 nm Th {?lo%te}e tlé{wéig{h%%6nt‘é‘ttt£ﬁ§t91?cert8fsfsea‘?h :W cal cul ated by

assumng t at t inci dent a wave engt of 450 nm passed t hrough

the Ni fil thhA@aNifﬂlﬁlWﬂiﬁ&t}ﬁékr&smmmd heAQdilmivith atHidknasstdfidciness of 4
nmwith a transmttance of 70% then was reflected by the Al layer with a

refl ectivi thosein heuwaamentitand paysaed iah¢ré>l}g$fetdﬁé€hﬂd 1§ 2| haspplate @d #it ckness of
4 nmand th L{({]{%@]Wthathlckne Sﬁ’(‘j wth a transm tt Z.of 70%
again. (I noRRiEs FrS¥TRE PSatipR @GSNt ﬁ%ﬁﬁwﬂrw@@ CRAPLSER 2&B5i n t hat
a (mat eri al tﬁhsﬁ%&gw@s r_zglﬁ)r lﬁggérﬁqaghtvcmo Infh (ﬁgge{éayﬁ&lnftwm e P-1elrgEL rode in
|nvent| on sanple C (see p-electro ornmed by depositing

Rh havi ng an il ditm refhl e@ﬁdkmstssofabﬂnﬁi Wil lsclesiso afglast @it andihe tréfecaiity r e
surface of p-type GaN | ayer 6, the Rh being in ohmc-contact with the
p-type GaNwWayesesurghe Elnicgdestivitysvasiibcier weslenelight pf48¢pm. - Then, a Ni film

with a thickness of 4 nm, an Au film with a thickness of 4 nm and an Al film with a
thickness of 100 nm were formed in this order on a glass plate to form a
laminated-layers construction. Then, this laminated-lavers construction was subjected
to the same heating process as the aforementioned heating process and then the
reflectivity was measured.  The reflectivity was 42% for incident light of 450 nm.

This reflectivity agrees with the reflectivity calculated by assuming that the incident light
with a wavelength of 450 nm passed through the Ni film with a thickness of 4 nm and
the Au film with a thickness of 4 nm with a transmittance of 70%, then was reflected by
the Al layer with a reflectivity of 42% and then passed through the Ni film with a
thickness of 4 nm and the Au film with a thickness of 4 nm with a transmittance of 70%,
again.

(Invention Sample I)

The invention sample I is characterized in that a material Rh having a high
reflectivity is employed for the p-electrode in invention sample C (see Fig. 23). A
p-electrode 12 was formed by depositing Rh having a high reflectivity and a thickness of
100 nm on the entire surface of p-type GaN layer 6, the Rh being in ohmic-contact with

the p-type GaN layer. The contact resistance was SE-4 Q-cm’.
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A Rh filmas the p-electrode was deposited on a glass plate and the
transmttance was neasured. The transm ttance was 60% for incident |ight of
450 nm (Experiment and Result) Simlarly to the first and second

enbodi ments, neasurenents of the light output were perforned for the
respective test sanples. Invention sanples F, G H and | generated bl ue
light of 8.1 MmN 8.4 nW 8.4 nWand 9.1 mWfor an applied current of 20 mA
I nvention sanple C including no reflective material generated 7 m\

Further, when a fluorescent material was nounted to generate white |ight,
the respective sanples generated a lumnance of 1.45 Im 1.51 Im 1.51 Im
and 1.641mfor an applied current of 20 mA. Invention sanple C including no

reflective materisgRh@enes dlegdeldotdfile Wi depbmel bhe Adepenerid @eed results,
i nvention sanmple F having non-mirror surfaces, invention sanples G H

i ncl udi ng &rahsrgittanesf Wascneagarefli | he trdesmitthece pvas| 6984 fardecidem dghtrafdafinon sanpl e
| enpl oying_a high re({kec”ve material for the p-electrode could generate
hi gher 1i ght*R5d &g Kew'y nvention sample C. It goes without saying that

non- i or_ Sur' aGesh o 64 5 QMR ERL Shl Sl LAt 1 g

em ssi on wavel engt hs. een c m experinments t in the

case of USioﬂ@ad&@dt@?&rﬂiﬂn@dﬂi‘oﬂ{ﬁl‘ke&pwﬂbhMt winiflesa ¢ovEREOh kahpledF | @, Hhed r ange
from 0.1 to 8 nol/ (l_m)I/dnB) and a tenperature in the range from20 to 80C
may be enplesysdted Hlyslight ofed. baquiVy dlentY, et and 3.1 ¥ der e epmdiad ceagntng t hat

the reflectj i ] ffects. f | h when th
| ght e SS1 O M areRGIOR Pableta AEE R Tostt e L el B0 TR of oct s can

not be flatd yhdesqleh Q?ﬂo%s%@gﬁ?ﬁgf %&é Fx%ﬁliltgéi td gé';[e te mﬂle’gglétlf %?r:é?ﬁgﬁé'et he Al

| ayer and the absorptances o ayer an e N

chianged. | tsainlepgesiriib@a tunin@eplody 45i1mst Sadmot. 5Rim aadd 1ed4eloefol ahapplied a wor k
function and reflectivity equivalent to or nore than those of Rh to provide
ef fects equvahiedft2dmAor Inyspieon yeapie Garcduding ng redlgctbie mmgialgeperated H6di nent
In the fifﬁ% enbodi ment of the present invention, various types of nitride

From the aforementioned results, invention sample F having non-mirror
surfaces, invention samples G, H including a high reflective film under the p-electrode
and invention sample I employing a high reflective material for the p-electrode could
generate higher light outputs than invention sample C.

It goes without saying that non-mirror surfaces will provide equivalent effects
for different light emission wavelengths. It has been clarified from experiments that in
the case of using KOH solution, KOH solution with a concentration in the range from
0.1 to 8 mol/! (mol/dm®) and a temperature in the range from 20 to 80°C may be
employed to provide equivalent effects.

It goes without saying that the reflective electrode will provide effects for any
wavelength when the hight emission wavelength is changed, even though the degree of
effects can not be flatly described since the reflectivities of the Ag layer and the Al layer
and the absorptances of the Au layer and the Ni layer will be changed. It is possible to
employ, instead of Rh, an element having a work function and reflectivity equivalent to
or more than those of Rh to provide effects equivalent to or more than those attained by
Rh.

Fifth embodiment

)
1
2
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sem conductor substrates were enpl oyed and a GaN substrate and an Al xGal - xN
substrate having a reduced thickness were enpl oyed. |Influences of the
nitride sem conductor substrate were examined. In order to exam ne the
characteristics of a side-viewtype LED | anp having a small thickness and a
| arge lateral length, influences of the shape of the light emtting surface
of the GaN substrate having a reduced thickness were exam ned, (Invention
Sanmpl e J) The invention sanple | is characterized in that the thickness of
the GaN substrate is reduced. Further, as will be described later, in
addition to sanples having a square light emtting surface, sanples having
a narrower light emtting surface were also examned. (1) A GaN off

substrate devi at Bothb%iA embbiiBnt BEthe phdsamenV@siolS@eiond Hpes &BMrfgbst rate had
aresistivity of 0.01 fl cm a dislocation density of I'E7/cn2 and a

t hi ckness #fmi¢@@iugior gMsirateSanro employed ander Gal sgbstrivpard an Alxfe 16N | ayer, a
Si -doped n-type clad Al o, 2Ga0.8NT | ayer, .three ts of l.ayer consisting
of | Gan anaSiiBEsdelne aarflcR IR THSPRE B c) L OATGS P65 Wildeayer . a

M- doped psdnfipdiis shuale WELS SR | 1 orBldglexpflink e GAraihlALLoaf he CGaN
substrate, by MOCVD. (3) The internal quantumefticiency was 50% ich was
cal cul at edsidy-vievotypal EDgatnpehabing iantretishitiheas amat d lavget lewepe tanipth; enflokneds 2 K and
an em ssion_wavel ength of 380 nmand the PL intensity at a roomtenperature
of 298K an8f &8 shiesyitmlighh gertang serfacsoS g Ga sebpjratehaying amgducgdne processes
as those tpﬁ inventian sagPle C were performed. (8) The construction was
scribed in C‘%%Sd‘%?f&ﬁﬁ%rﬂl& 'shapes and the chi pped constructions were nade
to be |ighinediidchidagpieyi ces. As illustrated in Fig. 24 and Fig. 25, |ight
emtting devices including a light emtting surface, nanely back surface | a
ofl substrate 1, Thé tdvemticsi samnptef ] i2 sBaractptizedna tHat gt thekmdéss iofi thedealil ces
including a light emtti] n% -33_ surface with a size_of 250 mx 1 mm were

f abri cat edSubsHate4s eedycesk ¢ h!éthm Wlbpﬁ described later, n addition to samples having a

square light emitting surface, samples having a narrower light emitting surface were aiso
exanined.

{1) A GaN off substrate deviated by 0.5° from the c-plane was used. The
GaN substrate had a resistivity of 0.01 Q-cm, a dislocation density of 1E7/cm” and a
thickness of 100 um.

(2) A GaN buffer layer, a Si-doped n-type GaN layer, a Si-doped n-type ciad
Alp2GagsN layer, three sets of MQW layer consisting of GaN and IngesGagesN, a
Mg-doped p-type clad Aly,GagsN layer, a Mg-doped p-type GaN layer were grown in
order on the Ga-surface of the GaN substrate, by MOCVD.

(3) The internal quantum efficiency was 50%, which was calculated by
comparing the PL intensity at a low temperature of 4.2 K and an emission wavelength of
380 nm and the PL intensity at a room temperature of 298K and an emission wavelength
of 380 nm.

(4) to (7) The same processes as those the invention sample C were performed.

(8) The construction was scribed into predetermined shapes and the chipped
constructions were made to be light emrtting devices.  As illustrated in Fig, 24 and Fig.
25, light emitting devices including a light emitting surface, namely back surface 1a of

substrate !, with a size of 250 umQ and light emitting devices including a light emitting



emtting portions were the areas of the aforenentioned substrate from which
the device separation slots had been renoved and were 0.051 mmez (225 nt')
and 0.22 mmez (225 mx 975 n), respectively. Since the n-el ectrode had a

di ameter of 100 m the ratios of the portions of the |light extracting
surfaces which were not covered with the n-electrode (opening ratios) were
85% and 96% respectively. (Side View Type LED) (9) This light emtting

devi ces were p-down nmounted at the center of the lead frane including a
reflective mrror such that |light was extracted fromthe n-layers side (see
Fig. 25 and Fig. 26). The n-el ectrode was placed at the center of the device
and there was no need to provide a p-electrode on the top side. Therefore,

t he thickn . the side-view.type LED.|l anp after nountin :

decr eased %%%Cgﬁvﬁtg k!‘f’%én“ C%f%%@ KEsd ’é%%%ﬁ%?nﬁgtg%dtﬁ? %reﬁseo%ﬁlﬁ%@mlgq‘gven in
consi der at @il pdrhBnsSREEEhd YL bBHe hiRFeriintiBnePRBEHRE from GhRE thSd&il ew
illustrating a side-view type LED equi pped with a light emtti ng devi ce
formed on spsulist slatshaddeemgensovedrndwesld DECemAi(RDS amsl) zad 07222667 26 1 nm
(10) In nmounting, the light emtting device was nmounted using a high therm
conduct i veHRghB8} v).sessctivelt tfhéCEetgG preéecyad¢ hacka dlametrs oEARP subsher ate was in

contact wth t nount i n rtion, i.n order to. enhance heat .radi ation from
hal et "B bF s otts o8 R lh et actils Sifrce: VBT SO e g e

conduct i vi g\ dEMLRY%E saadhesbae, BefUW type lead frame with a
hi gh heat cor? u?t‘fe(/qﬁt yxglaastﬁé)e%vgget ed/ggsétb(ﬁ%’ re?]g%(tjl@? ame. Wth this way, the
resul tant (tedd ViesTspeaDEB)Was 9 C W (11) Further, a fluorescent materi al
was nmounted on the n-electrode side and this device was resin-sealed with

an epoxy resin t@)fldistight amitties Aeaces Vs p1PHg Mennkd Aghe proten afdhelsednt
o out ol RSB RNEPly SRRk B R ok TRk B R gk, V6
sampl e K | geghas astfd Faedes). N THial-elddrdibxéa hiachl sUiislcbbrof the deviddtandenpl oyed

as a nitride sem conductor” substrate. ‘
there was no need to provide a p-electrode on the top side. Therefore, the thickness of

the side-view type LED lamp after mounting can be decreased and thus the thickness S
could be made to be 0.425 mm, even in consideration of the space required for wire
bonding. Fig 26 is a view illustrating a side-view type LED equipped with a light
emitting device formed on a substrate having a narrow surface with a size of 250 pm x
lmm.

(10) In mounting, the light emitting device was mounted using a high thermal
conductive adhesive such that the entire surface of the GaN substrate was in contact
with the mounting portion, in order to erhance heat radiation from the light emitting
device. An Ag-type adhesive with a high heat conductivity was employed as the
adhesive, and a CuW-type lead frame with a high heat conductivity was selected as the
lead frame. With this way, the resultant heat resistance was 9 °C/W.

(11) Further, a fluorescent material was mounted on the n-electrode side and
this device was resin-sealed with an epoxy resin to form a white light emitting lamp.
As the fluorescent material, a fluorescent material capable of generating 180 Im for 1 W
of ight output of 380 nm was employed.

(Invention Sample K)

The invention sample K is characterized in that an Al,Ga,.,N substrate is
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(1) Al.Gal N off substrates deviated by 0.5 fromthe c-plane were used. The
substrates had a resistivity of 0.01 m a dislocation density of 1E7/cn®
and a thickness of 100 m The substrates had three types of A conpositions
x =0.2, 0.5 and 1. (2) to (11) The sane processes as those for invention
sanple J were performed. (Conparison Sanple L) (1) A GaN off substrate
deviated by 0.5 fromthe c-plane was used. The substrate had a resistivity
of 0.01 f-cm a dislocation density of 1E7/cn2 and a thickness of 1 nm
(1000 m. (2) to (11) The sane processes as those of invention sanple J were
performed. It was difficult to scribe and then break this conparison sanple
L to make it chips as invention sanple J, and therefore it was cut to nmake
it chips. QEEE’%E& geRtiandeResithldiod B8 sfrespect i ve substrates of invention
sanple J (a substrate with a thickness of 100 m and invention sanple K
(Al xGl -)N, x = 01)2Al,0a;53Nastsubs@atehastiaigd bao Salisin tee-jlhickaessed. The
significantly smaller than that of the aforenentioned first_to third

enbodi ment sutwtrdtes baparesinits afipPé (Lomaw distpeatian densify o T/gmf andgee substrat e
thickness i . (a GaN substrate with a thjckness of 1000 n), were prepared and
measur ementidckiess ofel 00than s g bseaenbidkthe ypisl il comppsipreht 03.dm with a
wavel engt hao 380 nmas illustrated in Fig. 27A and Fig. 27B. For invention
sanple J and invention sanple K, neasurenents were perforned for the two
types of light emyi(n0) BhY faBRSFocdIsHTRE Yhce Sor ilknaBAl s@Rfle Mwerd F¥ForMed 2
result, as illustrated’in Fig. 28, the transmttance of invention sanple J
was 70% (t heompamomi Satmpiecle) was t he sanme value for both the two types of the

shapes of the Ii(?kgi em't'éékn‘ga surface), and the transpttance of jnvention
sappl e K was 909 tx A& off smstratericaiaipddn he’ Samdhs aiplase fGe Utk h thée two

types of th s of the light~emttin urf.ace a | 2t h hree types
of " composi tTHAL s g5t Bl R d B LBk R R B s R T eon
sample L V\@%W(:gw@ﬁmhpventi on sanple J, invention sanple K and conparison
sanpl e L equi ppe

(2) to (11) The same processes as those of invention sample I were performed.

It was difficult to scribe and then break this comparison sample L to make it chips as
invention sample J, and therefore it was cut to make it chips.
(Experiment and Result)

The respective substrates of invention sample J (a2 GaN substrate with a
thickness of 100 um) and invention sample K (AlxGal-xN; x = 0.2, 0.5 and 1.0) having
a substrate thickness significantly smaller than that of the aforementioned first to third
embodiments and comparison sample L having a significantly large substrate thickness

{ (a GaN substrate with a thickness of 1000 um) were prepared and measurements of the
transmittance were performed for incident light with a wavelength of 380 nm as
illustrated in Fig. 27A and Fig. 27B. For invention sample J and invention sample K,
measurements were performed for the two types of light emitting surfaces, namely 250
uml) and 250 um x Imm. As a result, as illustrated mn Fig. 28, the transmittance of
invention sample J was 70% (the transmittance was the same value for both the two
types of the shapes of the light emitting surface), and the transmittance of invention
sample K was 90% (the transmittance was the same value for both the two types of the
shapes of the light emitting surface and all the three types of compositions x =0.2, 0.5

and 1.0), and the transmittance of comparison sample L was 10%.



with no fluorescent material and resin-seal ed, and invention sanple J,

i nvention sanple K and conparison sanple L equipped with a fluorescent
material to be forned as white LEDs were nounted in an integrating-sphere
and then a predeterm ned current was applied thereto. The emtted |ight was
focused into a detector and then output from the detector. Conparisons of
the light output values output fromthe detector and the |um nances were
performed. When a current of 20 mA was applied, invention sanple J,

i nvention sanple K and conparison sanple L generated 4.2 mW (the | um nance
was 0.76 Im for both the two types of light emtting device sizes), 5.4 nW
(the lum nance was 0.97 Im for both the two types of |light emtting device
shapes and al | theettionesamiplepe mvehition) saatpie K.a6d gbhpiridee shmplelaapdppeds 0. 11

|l m. Further, when a current of_ 240 mA was applied, the_light outputs of

i nvent i on Wihppdlugresernt matesiat anshresiarpeiled. land anvergomsagpie].orvepson sgmple o

current depsjty of 474 AlcnP) decreased with ti due tao influences of heat
and these Rehée@eedSigmibe gRRerRratt f fheosurpue Edhhs B e e Wi ¢ ne
current. HOPBN&fere molNRR ﬁﬂin&%ﬁﬁlng-s%h@&%}éh@%e% ShréGet&imigelotHdnt ¥ad MM
generated 50 MV (9.1 Im which™ waS 12 tines that generated for an applied

current of a@liedferetnd @hsemitteddighi was Kangedentols derdtorpnd tbérzeutphit 240 nfl x 1

mm generated 64 MWV (11.6 |.m) which was 12 tinmes that generated for an
appl i ed cuﬁ\ﬁéjﬁfecﬁ?“ 2§ OmRarisqng of H’éﬂgﬁbP‘étﬁ’éh‘fﬁhéfﬁé’d‘tR”é%@m the defesttiend deence in

the |ight : jed current of 20 mA was caused by the
difference%%géﬁﬁggﬁégﬁgﬁﬁ?%jnce of the substrate. A GaN substrate has an

extremely | ow | i ghentlcansmi dft28NER Waraphhl, sivertionauplEn hinfiangenplskor t er
than 400 nmand therefore for the wavel ength range shorter than 400 nm the
use of an Aid Campaxisos svstle htasnerated|4ed md¥ (tha ringnagresstCe™o lmdonbashdlfe | i ght .

Furt her, ductiop.in the thick f 1 .ubst r at b
ext 1 2t | ngPp BEEs o LEHbGHIIGPE AFVi BiRe) TR BPe NGB 0 LhoAt B cur rent
uni for my I%g%gtb?ésrb‘? lighttéﬁﬁlﬁidﬁacbé&/{ﬂ% ’é}%ap%§g§§§ﬁ Melikres Web of B SHNEE fnﬁ? Cca” not

provide unitormtight &m ssioff, may prevent nerating su i ent

out put's, of(the angiefice akae 0l 11dhY). | Baahdrywh&tes elyert of 240 yAdegs asbling, thbBght 36
resin. On the other hand, excessively |arge thicknesses will degrade the
| i ght ext r @gtpitsrof invention sample J and invention sample K having a size of 250 pm(J{(a

current density of 474 A/cm?) decreased with time due to influences of heat and these
samples could not generate light outputs commensurate with the current. However,
imvention sample J having a size of 250 pmD x 1mm generated 50 mW (9.1 Im) which
was 12 times that generated for an applied current of 20 mA, and also invention sample
K having a size of 250 um{] x 1 mm generated 64 mW (11.6 lm) which was 12 times
that generated for an applied current of 20 mA.

In the aforementioned results, the difference in the light output for an applied
current of 20 mA was caused by the difference in the transmittance of the substrate. A
GaN substrate has an extremely low light transmittance for the short wavelength range
shorter than 400 nm and therefore for the wavelength range shorter than 400 nm, the
use of an Al,Ga,;..N substrate enables extracting greater amounts of light.  Further,
reduction in the thickness of the GaN substrate also enables exiracting greater amounts
of ight. However, in view of spreading currents uniformly through the n-type layers,
excessively small thicknesses can not provide uniform light emission, which may prevent

generating sufficient outputs, or concentrate light locally thereby locally degrading the
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efficiency as previously described. Therefore, depending on the |ight

em ssion wavel ength, the thickness is preferably 50 mto 500 m For

exanple, it has been proven fromexperinents that in order to uniformy
spread currents over about 1 mmas in a 250 nD x 1 mmchip, it is nore
desirable to set the thickness to 50 to 100 m Further, the use of a GaN
substrate having a small thickness as in the present enbodi nent reduces the
manuf acture cost of the GaN substrate, which enables the fabrication of |ow
cost light emtting devices. It goes without saying that this results in
reduction of the cost regardless of the |ight em ssion wavel ength. Further,
formng a light emtting surface of the chip wwth a rectangul ar shape as

the invent r@Qm sanptiRothdtamhd Exdessivale 185e ARtk wil degiiBcaRahbRexiR@®asi ng
the area while maintaining the thicknéss S of the side-viewtype LED at a

smal | val uefiicramehyp@vibRSy apscribed. s Thenefbte degpadimg anithglighit gmisidnput s
comensurate with the area. It goes w thout saying_that the |ager the
substrate PrHvelRpEEsths ghicknsss ispratereplyyp 04gp dadPheme uFpPe MRt ibasiPetthe  n-type
| ayers, the_larger the |aongiiudina ize.can he set. a revi o

desor bed. DS RPRBUGTRERE i ghoRers FRAgPRe I el el RrRE R T 28 e
enbodi ment jpf 25HEDT 836kt chiph¥ K bR A S0 A5 &4 1R hcRALss 1180 £ @8 LAn between
t he oxygen concentration of the GaN substrate and the resistivity and |ight
transm ttance ha$ubben tignaspéd Galhaibstrate haviegbeskirdntkness ashatleciresehzed in

t hat based on the relation, there was established the relation between

opti mal GaRMeaHEensfesduess thx meBwaciunrPsbri e Fadonbate.abhigh gnabs the

pr edet er m o L BRSE: r for -light, emttin evi - ount ed,
ey 11 gatcaiflbr S8 e e Bifing Ahatest e ke PP B Bl e
lilght em t be@tisHbf BeQost rO8arBIEVAAHS liyhtdL86idibRsbeldnBthd  [Fust@¥ forinit £d |1 ght
emtting device, the GaN substrate fornms the light emtting surface, and

t her ef or e fight omygesucianc efthe abip ovithvhiectangalagdiape aathe atestiotheammpes stivity
and the light transmttance will becone particularly inpportant. Referring to
Fig. 29, r®38Yiagpwiaeiodgse sl x d anpenpligieincrenang tregreaswhile eaptapeng theal i zed by

5501108, TNBEIIER NSRRI . K AE LR BL RGE B0 Ml 0 P10 3T
transm tt arfghléOgenkt@iRE high outputs commensurate with the area. It goes without saying
that the lager the substrate thickness set for uriformly spreading currents through the
n-type layers, the larger the longitudinal size can be set, as previously described.
Sixth embodiment

Light emitting devices according to the sixth embodiment of the present
invention are based on that the relation between the oxygen concentration of the GaN
substrate and the resistivity and light transmittance has been grasped. The sixth
embodiment is characterized in that based on the relation, there was established the
relation between optimal GaN substrate thicknesses and oxygen concentrations for a
predetermined light emitting area for light emitting devices p-down mounted, namely
ight emitting devices in which the GaN substrate serves as the light emitting surface.
As previously described, in a p-down mounted light emitting device, the GaN substrate
forms the hight emitting surface, and therefore the oxygen concentration which largely
affects the resistivity and the light transmittance will become particularly important.

Referning to Fig. 29, resistivities equal to or lower than 0.5 Q-cm can be

realized by setting the oxygen concentration to 1E17/cm’ or more. Referring to Fig.
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with a wavel ength of 450 nm sharply decreases. From Fig. 29 and Fig. 30,

i ncreasing the oxygen concentration is effective in reducing the
resistivity of the GaN substrate and increasing the light emtting surface,
but decreases the light transmttance. Therefore, for a GaN substrate for
use in a light emtting device to be p-nounted, the setting of the oxygen
concentration, the thickness and the |ight emtting plane size becones
significantly inportant. Referring to Fig. 31, there is a tendency that the
| arger the thickness and also the higher the oxygen concentration, the

| ower the light output of the | anp beconmes. Referring to Fig. 31, for
exanpl e, when the plane size in which currents flowuniformy is a square

having a sBOewh@ngit BxfafenQobceftufich S igt@tdranet JE Bifcrd’, B8 travishit@dnde Fortlight
generate a light output of 7 mvwith the size of invention sanple for an

appl i ed cufthenvavsiength ¢id50 nohsharply deateasenc diiomdiig. P ardiFiped & éicreasingqual t o
or higher than 3E18/cni (equ to or higher than 7E18/c or, a square with
a side Ieng'leho’%geliﬁ‘?ﬂce?t@rn%ngs mé%"ﬁ's@&‘%f?‘lg HE TG VLY Pﬁ?hf{f%’é\iéu%fr a@(qu to
ensur e | i glter QP ualib Ditgb QEcredBathe TigWriMshikidlde SiTRErefse OF

i nvention saﬁpl%gc fgg'antgﬁ%??%g’g%?régﬁsgg féngKM% Igﬁngengﬁafﬁﬁ% uni form
l'i ght em s$bronGalNantstyte fof utene adight enittingedesideyto bs pradwhed] the tditiighef theur r ent
density obtained when a current of 20 mA is applied to the light emtting

| ayer of PHRYESHIOBFENEAHN dhedhikpess gnd thedight emytpmhplang $ike BECOMEE | engt h of 200

m the applLi r.ren O mA for the size of invention sanple C corresponds
to an appl imgg%gﬁnﬁ}ri’eln O{L)t?n%‘ 125 mA (50 mA) for a square with a side |ength of

0.5 nm (a side | @Rghindio HipMI1 theVBN t@ndedEy 8AF 11MlarkdOnBMhiliaflls i aids appl i ed
thereto, light outputs equal to or greater” than 44 nW (175 mW can be

edsured i n thor lo gleer ttheooxyigen tdneemtppionethe dawerathe Jighttrutmt ofi thef lammblecgrhés. emi ssi on
can be achieved. Further, in the case of using a GaN substrate with a
t hi ckness of 200 R§{eriipele Fignd, freganrserhet tamlasesze imphich Rrgatsdi® for a

. ckness SRRl LUByBIOSE, SRTERR D SO CERGRE B8 oMY
for a squagensthieh lghsbstgul MbhR With theriBe.of hivehfiéh fagde Offovan oplikdi ckness of
200 m the oxygen concentration nust be set to a value equal to or |ower

current of 20 mA | the oxygen concentration can be set to equal to or higher than

3E18/cm’ (equal to or higher than 7E18/cm® for a square with a side length of 1mm) for

a GaN substrate having a thickness of 50 um to ensure hight outputs equal to or higher

than 7 mw with the size as of invention sample C for an applied current of 20 mA while

generating uniform hght emission. Namely, if the current density is matched with the

current density obtained when a current of 20 mA is appiied to the light emitting laver of

invention sample C having a square shape with a side length of 200 pum, the appled

current 20 mA for the size of invention sample C corresponds to an applied current of

125 mA (50 mA) for a square with a side length of 0.5 mm (a side length of 1mm).

When a current of 125 mA (500 mA) is applied thereto, hight outputs equal to or greater

than 44 mW (175 mW) can be ensured in proportion to the applied current, while

uniform light emission can be achieved.

Further, in the case of using a GaN substrate with a thickness of 200 pum, when
the target performance is the same ag that for a thickness of 50 um, the oxygen

concentration can be set to equal to or higher than 1E18/cm’ for a square with a side

length of 0.5 mm (2E18/cm’ for a square with a side length of 1 mm). In the case of a
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than 1E19/cnB in order to provide light outputs equal to or higher than 7 nW
wth the size of invention sanple C for an applied current of 20 mA
Further, in the case of using a GaN substrate with a thickness of 400 m any
oxygen concentration can not provide light equal to or higher than 7 miWw th
the size of invention sanple C for an applied current of 20 mA, while
oxygen concentrations equal to or greater than 5E17/cnB can provide uniform
current flows through a square area with a side length of 0.5 nm However,
oxygen concentrations equal to or |ower than 1E19/cnB can ensure |ight
outputs equal to or higher than 6 mMVwith the size of invention sanple C
for an applied current of 20 mA , thereby preventing significant reduction

for an appl i ‘of 20 m , thereby preventing si
rotorring LaoEre gt Hh RS ORTa P R PR el W B s

of 100 m t ¢haBQ® 18)cni’ e bRlet fo propidadightc@ltpyts sl k6 behigh@XgeN nOWREEthe at i on
range which enables flow ng currents uniformy through a square with a side

| engt h of sige sf wiventien sample (gEnanarplag wurepueisiegdal to or hi gher than 7 nW

with the size of _ inpventjon sanppl.e C n appl.ied curren 20 mA. For a

t hi ckness of 1OOFH?H%{nmt ?%Eﬁgﬁﬂﬂ%@é&ﬁ%&ﬁatggﬂﬁ‘e& ’f}‘fcgﬁ?si‘@%é%#@%‘/ 2E

19/ cnB8 ena t i : ; tLon range
fromer]  sPeneantonraRhedite bARAT gl o0l sdTbr ARMEPHECT HEPRAEMNE QL TN AN

in the casequautmntéampw@mhanMdecdﬂmt af 20 RIAC kigis dxpien20fcehmpations300 m
there is also a practically_sufficient oxygen concentration range which
enabl es f| 8afahip eugrealst SandEl dical yan providghindose garrentiioms through deqkashgt h of 2

nm and al sQ_gengrat.i.ng out puts equ to or higher than 7 mMVwth the size
o nvent 1 GiFsdit sobogl BN Suf Hener arvbdt SastRbofe Sl Sokifec o
erfbodi nent gy IE 10R-neless ehRedight REtJudd LW RriEster BRI @W wiBiIR: pdoyed in
the enbodi nent. (Invention Sanple Si) A GaN substrate having a thickness of
200 m was enwphinyreshnyhet domant dpplichdNirrstb§ L0 atle, thactbaproxeygeysigoficent rat i on of

1E19/cm and, t hus, was n-typed. The GaN 39_ substrate had a resistivity of
0.007 S2- CARCHHORI iha e ot Pdnls polisope B?lfqrrfér&%t FPESHIOR:

Further, referring to Fig. 31, in the case where the GaN substrate has a
thickness of 100 um to 300 pm, there is a practically sufficient oxygen concentration
range which enables flowing currents uniformly through a square with a side length of
0.5 mm and also generating outputs equal to or higher than 7 mW with the size of
invention sample C for an applied current of 20 mA. For a thickness of 100 pm, an
oxygen concentration range from 2E18/cm® to 2E19/cm’ enables that.  For a thickness
of 300 um, an oxygen concentration range from 6E17/cm’ to SE18/cm’ enables that.

( Similarly, referring to Fig. 31, in the case where the GaN substrate has a

| thickness of 200 um to 300 pm, there is also a practically sufficient oxygen
concentration range which enables flowing currents uniformly through a square with a
side length of 2 mm and also generating outputs equal to or higher than 7 mW with the
size of invention sample C for an applied current of 20 mA .

Next, a concrete embodiment will be described.  The following test samples
were employed in the embodiment.

(Invention Sample S1)
A GaN substrate having a thickness of 200 um was employed wherein the GaN

substrate had an oxygen concentration of 1E19/cm” and thus was n-typed.  The GaN
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wavel ength of 450 nm The aforenentioned GaN substrate was assenbled into
light emtting devices under the sane conditions as those of aforenentioned
i nvention sanple C except the aforenentioned portion. Nanely, the plane
size of the GaN substrate was made to be a square such that the |ight
emtting surface becones a square with a side length of 0.2 mm (refer to
(1) in the second enbodinent). (a2) The follow ng |am nated-I|ayer
construction was forned on the Ga-surface, which was the first main

surface, of the GaN substrate by MOCVD. (A Si-doped N-type GaN | ayer/a

Si -doped n-type Alo.2Gao. 8N | ayer being a clad layer/a MQWI| ayer consisting
of three layers each consisting of two | ayer construction conprised of a

GaN | ayer @pdrAdhdd9rekREey 860007 aVeh bl MinsloRashde dr¥pe, M1 aghGen BN | ayer
being a clad | ayer/a M)-doped p-type GaN |ayer). (Conparison Sanple Ti) A

GaN subst ratgwelengthhofal SOhine k nBssafoderméiomed WaeN sutptroy exhswherndbiat intwelighaN
substrate had. an oxygen concentration of 5E19/cnB and. thus was n-tyPed. The
GaN  subst§itEerisyices prder thg spmeyopditionsythese of gofementioned HYRABULHERIGT  35%

for 1ight .é“e%%pﬁ@e%c‘;’r%&%ggéngd%Ioﬁldb?xo %‘mael&r}t%heo lgneegsfizceooﬁféépﬁ Ors]sugé}r {gﬁgi”

af or ement i one rtions were € sa |

(Conpar i sofadaiMed shddreAubiiNabiheHioh@dittMal fircd BicokRE R SqRfe 4RB apas
enpl oyed wherein the GaN substrate had an oxygen concentration of 2E16/cnB

and t hus wesgthof §gedm (Tifer tGAN) inghdbsdcrad emhadimant) es(ad) Tue follovfing. 0 S2 c¢cm and
a transmttance aof 90% f or .Ii%igt

condi ti ons ABHMEd- YAFOBT BICERR fE ﬁl{m@tﬁg Sgrﬂi“? \ﬁlgl*‘%‘%a‘q’h%é’? ngh’?regg% “'{E}%gsgt P g;
nvent) 1 SR8 1Sl SEEOTND NS oA g glevarmy enedaiest,
clirrent ofn-Bemd 1B syl Being held layer/s M@W laper coasiytlng Sithregaversabad a | i ght
output of 7 mW while conparison sanple Ti and _conparison sanple -40 T2
gener at ed WFiRHE ofdiitoparer spngngtipdcerapngd of g iralblaygrand gp s asiige sespect i vel y.
It can layer/a Mg-doped p-type Al;2GaggN layer being a clad layer/a Mg-doped p-type GaN
layer).

(Comparison Sample T1)

A GaN substrate with a thickness of 400 um was employed wherein the GaN
substrate had an oxygen concentration of SE19/cm’ and thus was n-typed. The GaN
substrate had a resistivity of 0.002 O-cm and a transmittance of 35% for light with a
wavelength of 450 nm.  The other conditions other than aforementioned portions were
the same as those of invention sample S1.

(Comparison Sample T2)

A GaN substrate with a thickness of 400 um was employed wherein the GaN
substrate had an oxygen concentration of 2E16/cm” and thus was n-typed. The GaN
substrate had a resistivity of 1.0 {2-cm and a transmittance of 90% for light with a
wavelength of 450 nm.  The other conditions other than aforementioned portions were
the same as those for invention sample S1.

(Experniments and Result)

The aforementioned test samples were assembled into p-down-mounted light

emitting devices and a current of 20 mA was applied thereto. Invention sample S

generated a light output of 7 mW, while comparison sample T1 and comparison sample
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be said that the light output 2.9 mWof conparison sanple Tl was an out put
commensurate with the transmttance of the GaN substrate. For conpari son
sanple T2, the condition of Iight em ssion was observed fromthe second
mai n surface of the GaN substrate formng the |light em ssion surface, and
as a result, differences in the light emssion intensity were found within
the surface. Nanely, the light em ssion intensity was extrenely high around
the n-electrode and the light em ssion intensity sharply decreased with

i ncreasi ng distance fromthe n-electrode. This was because the high (
resistivity of the GaN substrate prevented currents flow ng through the

n-el ectrode from sufficiently spreading through the surface of the |ight

em tting dé€¥igereratfiiadighbsutpheef 2. hmvt drel oleghiongt ef 6inWj mispecemelysi brraonl y
around the, p-electrode where currents were concentrated. As a result, the
li ght eni 5243%6#! i g6tlieht gwPEhe ” S of sompgitonsmnple HigWatigh P¥Bof  conpari son
sanple T2 - i.n ti S di ment
The sevent Foranire R dht PRl POl GANORIR-R “rhn e SRV I BTR et the

di sl ocat i om2 btip@bedidemss hght @miskidg vkad NbseHdst frah@hé SeconPmaVilraBUst @ | 1 ght
emtting device was restricted to increase the |ight output. By

concent r at Oad sahsirate fdreng thyg lighti estisseeat suofase, whil abh a genby dffereneravioitadighy t o

di scretely distribute dislocation. bundles during the formation of.the GN
Subst rar e FRSSPHERTTY S G000 PG SUAE: niPebh (e RESHOR SYFSHY 't he

crystal linj LOn f ..t ; e was

i nproved. liv%y\e/\)/ggm%é?g\l/lgg%h@?g\l}ﬁgr?fegﬁé@%&tsd}qggggﬁoeﬁﬁ 1Ekﬁonn§?? gng ns%{ exceeds a
pr edet er m dexeased wéth(iacrdasigodigbhcedrdiuthdreeldansiet y Tafs widsDecad?y thetfigls wi | |
drastically affect the fabrication yield, beyond expectation since the GaN
substrate fesispyinteithe Pahabsirgnprevented cuments flgwmethepugh ghsmelssiupdedioni ght

e {119 SR TSA0A SIRIN.L0GHEAL 3| REALh Ol MIACER. | N1fFGAN gubStrat e

are transferre ayer S axl a m and appear

on the epi fiRXdcBhrréddeMIASHICARiESorPdnly &Duhd tHéSS-ERERSUd Wherk Burréds weherefore, the
di sl ocation bundle density is substantially in agreement with the core

density. CosresntdtetdhecAne rbsltethefight aosoaveutpor fromnbke agire Yghtichditisgr at ed i n
g 33 dggvei\gedci)fn c%n(l)pr;lrigg]r? ssfnilpllénl' £ Was .on er(‘:d?ar;ldt. Eltl S m\?Jntigr? Sany tiz E?X tal films.
Seventh embodiment

The seventh embodiment of the present invention is characterized in that the
dislocation bundle density of the GaN substrate in a p-down mounted light emitting
device was restricted to increase the light output. By concentrating and collecting
dislocations which generate unavoidably to discretely distribute dislocation bundles
during the formation of the GaN substrate in order to improve the crystallinity of the
most region, the crystallimty of the most region therebetween of the GaN substrate was
improved. It was proven that when the dislocation bundle density exceeds 2
predetermined value (a dislocation bundle density of 4E2/cm®), this will drastically affect
the fabrication yield, beyond expectation since the GaN substrate is placed on the light
emitting side in a p-down-mounted light emitting device.

The aforementioned dislocation bundles in the GaN substrate are transferred to
p-type GaN layer 6 which is an epitaxial film and appear on the epitaxial film as cores 61

as illustrated in Fig. 32.  Therefore, the dislocation bundle density is substantially in

agreement with the core density. Cores 61 become hole-type concave portions as
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The density of hol e-type concave portions drastically affects the
fabrication yield of p-down-nounted light emtting devices in which the GN
substrate serves as the light emtting surface. The follow ng test sanples
were enployed. (Invention Sanple S2) A GaN substrate having di sl ocation
bundl es was enpl oyed, wherein a single dislocation bundle was distributed
per 500 m x 500 mon average. This corresponds ( to a dislocation bundle
density of 4E6/nm2 (4E2/cnR). Other conditions were the sane as those of
invention sanple SI. (Conparison Sanple T3) A GaN substrate having

di sl ocati on bundl es was enpl oyed, wherein a single dislocation bundle was
distributed per 10 mx 10 m This corresponds to a dislocation bundle

density of illubtifiédrh ¥ig S depindigtdiathe 6B Girtriignsontiod dfftiee gitaRiaPimst hose of
invention sanple S2. (Experinment and Result) The aforenentioned GaN
subst r at esThefensas 9& hbledrpd ¢tmeavs portienaldrasyicalty affegtstthe &biicationyidéwf ces on the

basi s of actual product.ion. .A curr.ent. of .20 s.applied to .t

respect i vepidggﬁf“‘gaﬁ%ff‘i@g}&ﬁam‘f%LéﬁYl&?Sdn 8‘1“1'“‘?%1 @Hﬁaﬁﬁbﬁ%ﬁ& SE¥ET Bebe Béﬁabl e of
gener at i Ngem|dighturpidt PUt s equal to or nore than 7 mWwas determined. As a
result, invention sanple S2 provided a yield of 97% while conparison
sanpl e T3 provi d&He folpmengiesf sampRYowedoemplpyedli sl ocati on bundl e densities
equal to or_ | ower than 4E6/n2 can provide Yyields which enable production.
Wien the dilgveereiSsmpiupdl e density exceeds the aforenentioned density, it

V _ o _ | c the af orementione
ooy oi o bast oA GHS SFRERHE duGRRe Rhndkhs SPRbRE"RreRE S80e oot 1 ower
than 7 m wRicearic Bansenty @dioned bBes whims 6T SmeslAaEed THELstigBANd

exam ned. The el ectrodes were renoved fromthe extracted chips using proper

adi d sol ut toadahdatidrebwidiepdenvier & 4B6AR” @EMEmYd Otlemcbititimstwee tisenireonduct or
side thereof As a result, in a plurality of

as those of invention sample S1.

(Comparison Sample T3)

A GaN substrate having dislocation bundles was employed, wheretn a single
dislocation bundle was distributed per 10 um » 10 pm. This corresponds to a
dislocation bundle density of 1E10/m* (1E6/cm?®).  Other conditions were the same as
those of mvention sample S2.

{Experiment and Result)

The aforementioned GaN substrates were assembled into a plurality of light
emitting devices on the basis of actual production. A current of 20 mA was applied to
the respective test samples and the yield of hght emitting devices capable of generating
light outputs equal to or more than 7 mW was determined.  As a result, invention
sample S2 provided a yield of 97%, while companson sample T3 provided a yield of
75%. Namely, dislocation bundle densities equal to or lower than 4E6/m” can provide
yields which enable production. When the dislocation bundle density exceeds the
aforementioned density, it becomes impossible to continuously product light emitting
devices on a commercial basis.

Light emitting device which generated a light output lower than 7 mW were

disassembled and the chips were extracted therefrom and examined. The electrodes

were removed from the extracted chips using proper acid solution and the chips were
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chips, there were observed epitaxial filnms including portions which had not
been grown at the portions of dislocation bundles in the GaN substrate.
There were observed hole-type concave portions having a dianmeter of about 1
4m at the portions of the dislocation bundles . Such hol e-type concave
portions were not found in light emtting devices capable of generating

|l i ght outputs equal to or higher than 7 mMW Further, a current of 20 mA was
applied to the aforementioned test sanples in the state where the both

el ectrodes had been fornmed. As a result, the light emtting devices having
the aforenenti oned hol e-type concave portions all had a driving voltage

|l ower than | V. This was because the el ectrodes were enbedded in hol e-type

concave péfaigdistdheiepyyprhemicoaiids ddddeRef Ve, tdiglt inelhehlgdg si de and
the n-electrode side. This prevented currents fronlspreadlng t hrough the
(2

active | ay®nps, theee s grseved epikrxial Slns includmg pocrane vthechf lradmob eeengerewppl i ed.
This resulted in the w | ight outputs. Since the yield depends an the
di sl ocat i off tﬂ%ﬂ%@“ﬂ@t@\é\tf’%t%ﬁw nh’lg? ﬁletie gﬁ‘ﬁq%ﬁ%atesﬁg‘?remég? at he vyi el d
becones. ri ; -] 1114 i a size of
200 4n0. ar PR RReAR okl o Hidrh @S ofABhL L 1M 2ihd Aifondtide® O\

di scover edditloedticaxR@bieFeNSsc hak-tyfraddnbhie foMidhsShere nbsfohad imiaht ehating el d is
degraded to about 50% Ei ghth enbodi nent (Ei ghth enbodinent (1)) The eighth

enmbodi ment dgviges stpableeofigensrehing ightentiutnequsl wherrtaghtee thanddm®h t hat an  n-type
Al GaN buffer laygr and an n-t NT buffer layer are.placed between the
GaN substrate aﬁ‘b‘ﬂi‘eﬁeﬁ‘ ﬂ-lff%@}(z‘?&"'é? %RPth%Fheﬁ%rS{?B%&ﬁ?é?t SR Y have
war page an g@é\l‘,? rity I r cef ore, GaN
substratesgﬁgve 0 %Qﬁg%g§@§*&ﬂ¥gﬁﬂ%§}§§F§§§%§y aﬁgﬁﬁﬁmtﬁ%gﬁﬁkéﬁﬁgﬁé surf ace,
as il | ustr asecksihavihi ghe déremeRgbeiirhiolgtype chhq@ve Bértiont alehad ariiahg bokage are
formed on this GaN substrate, then the construction is divided into |ight

em tting dEVWeEEandnY. t H8is wasderaush theotleqhipdss weretsieberiighin holaniype cpgFadeyi ces
PR e SRS ST
corner This prevented currents from spreading through the active layer, thereby preventing
sufficient currents from being supplied. This resulted in the [ow light outputs.
Since the vield depends on the dislocation bundle density, the larger the chip
size, the lower the yield becomes. Comparison sample T3 had a light emutting surface
with a size of 400 um{J, and therefore the yield was 75%. However, the inventors
have discovered from experiments that when the chip size is 400 pmll, the yield 1s
degraded to about 50%.
Eighth embodiment
{(Eighth embodiment (1))
The eighth embodiment (1) of the present invention is characterized in that an
n-type AlGaN buffer layer and an n-type GaN buffer layer are placed between the GaN
substrate and the n-type AlGaN clad layer 3.  Substrates usually have warpage and
GaN substrates have particularly large warpage. Therefore, GaN substrates have off
angles which largely vary within the substrate surface, as illustrated in Fig. 34.
Referring to Fig. 34, if epitaxial films are formed on this GaN substrate, then the
construction is divided into light emitting devices and then the light outputs of the light

emitting devices are measured with the GaN substrate placed at the light emitting

4

Ll



and having a small off angle of 0.05 level and on the region R2 lying at a
corner and having a large off angle of 1.5 |level can not generate |ight
outputs of 8 mMWor higher for an applied current of 20 mA. This is because
of the poor crystallinity of the epitaxial filns formed on the GaN
substrate. Therefore, as illustrated in Fig. 35, an attenpt was nade to

pl ace an n-type Al GaN buffer layer 71 having a |lattice constant

i nternedi ate between those of the GaN substrate and Al GaN cl ad | ayer 3 and
an n-type GaN buffer |ayer 2 between the GaN substrate and Al GaN cl ad | ayer
3, inorder to alleviate the difference in the lattice constant. Mre
specifically, the present enbodinent is characterized in that n-type A] GaNT

buf fer | ayefirfack side (RIpG@S, ﬁllt%mtinglﬁ;gﬁm@&mmh@@igi&ﬁ RN yidd& 4 &:-haW ng
test sanples were enployed. (Invention Sanple S3) GaN substrate having
of f angl es anéhating & smal vfiangle pf A196° Was! adpinaie tigidrhR2 biifg atangines avdr yi ng
continuously froma region having an off angle of 0.05 to a region having
an of f anghavipg 2iarge gffapgla of h&° deief eavanop gerzmatbelt oopwHP 8 WIdrdighent ed in

Fig. 34. The GaN.substrat i stivity.of 0.01 S2. di sl ocat |
ensi ty of CIET RS GRPLOL A BRhosl ok St B ol A eNE el Euns rate

having the ePi‘tixiﬁ'ﬁﬂh@forﬁk@ 'b? itlﬁ]’(gﬁlq RubstlabNt T8RErbdeNgk iHEM 165\ & 5f gpri cat ed

fromrespective portions o af orenenti oned GaN substrate having a size

of 20 mm x aBémphwacmeddiondadeantihype dpGabufer lbger €1 Haadnpiadaticooomstantess f or

invention sanple, A of the first enbodinment. As illustrated in Fig. 35, an
Al 0. 15Gao. SRtRMpRdiAtepetpgethopsof thy GeN wivsikaie 8ad HGEY clad\gyer 3 spdara-time ween

GaN subst r "éaﬁ‘\l B‘Uf?é???ﬂg %%Pﬁve(e?‘ggﬁrea@%‘\é gtrﬂgsgr'a%egagﬁcrmﬁai\lsagd ﬁg&@ ?r} gr‘&r f% GaN

substrate having o gresr ane was enpl oyed,” the off

aflgl es var yilpgate iy differeHed i the RIAR coRARN etk BEecataly, ihapebar of 0.05 to a
region having an off angle of 1.5 within the surface of 20 nrmx 20 mm The

GaN subst r &mbodimeat & chergristized nyhasn-gpoAlGaN bnfferdaytir Sl ocple¢adrat densi ty of
| E7/ cnB and_.a thickness .of 400 -44 pm A plurality of light emtting devices
were fabri CEUERHBET PREBRRti ve portions of

The following test samples were employed.
(Invention Sample S3)

A GaN substrate having off angles relative to the c-plane was employed, the off
angles varying continuously from a region having an off angle of 0.05° to a region
having an off angle of 1.5° within the surface of 20 mm x 20 mm, as illustrated in Fig.
34, The GaN substrate had a resistivity of 0.01 Q-cm, a dislocation density of 1E7/cm®
and a thickness of 400 um. By using the GaN substrate having the off-angle
distribution, light emitting devices were fabricated from respective portions of the
aforementioned GaN substrate having a size of 20 mm x 20 mm according to the
epitaxial-layer fabrication process for invention sample A of the first embodiment. As
illustrated in Fig. 35, an Alp1sGagssN buffer jayer having a thickness of 50 um was
placed between GaN substrate 1 and n-type GaN layer 2.

(Comparison Sample T4)

A GaN substrate having off angles reiative to the c-plane was employed, the off
angles varying continuously from a region having an off angle of 0.05° to a region
having an off angle of 1.5° within the surface of 20 mm x 20 mm. The GaN substrate

had a resistivity of 0.01 Q-cm, a dislocation density of 1E7/cm’ and a thickness of 400
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the GaN substrate according to the epitaxial-layer fabrication process for
invention sanple A of the first enbodinent. In conparison sanple T4, an
n-type GaN | ayer was formed on GaN substrate 1 and an Al10. 15Gao. 85N buf f er
| ayer was not placed between the GaN substrate and the n-type GaN | ayer.
(Tests and Result) A current of 20 mA was applied to the light emtting
devices. Invention sanple S3 generated |ight outputs of 8 mWor nore from
the regions having off angles of 0.05 to 1.5 including the aforenentioned
regions R, R2 in the GaN substrate having a size of 20 mmx 20 nmm (see
Fig.36). However, with conparison sanple T4, only light emtting devices
formed on the regions having off angles fromO0.1 to 1.0 could generate

| i ght out pyim of A @lurdlte bf gt @mifling dewigesonG e fabrich@d dfdm espective geriomsof 0. 05
and 1.5 generated |ight outputs below 8 MW This was because invention

sanpl e S3 theGhNdulkstrabreaspUinsGbe spNxHayer fabagasiongrdcashfos isabored
formation of epitaxjal. | ayers. havi excel l ent crystalljni ven though
the GaN suBERPEYEOLIE first MERRSPh, JPrgTBRTSon P IET hetl eivpr SRS At b
enbodi nment i efrhodi t {.2) 1 i n-type
A GaN bt f & e s A R NP PR e iace o 3R B T
GaN subst r aiN sutdirixetayip€he Aty Rgled ayer 3, simlarly to the eighth

enbodi ment (1“1)’ in order to elimnate hole-type concave portions as
i Il ustratedTpts mdgResnlt) whi ch generate when epitaxial filnms are fornmed on

the portions of dialesarron-bundl esiih s ie \GANGHel st .25 deser bed 10

the tenth enbodi rrent nven conpari son sanpl e

T3, a GaN suiplerS3t genbavddghe oGipdtRif8rm W ordmoreTedin acreBrMk RGVisH sfragatd on
bﬁ?dles was enpl oyed, wherein one dislocation bundle was distributed per 10
p X

x 10 pmofPHiSstoclorTissipding shet dorenntdmdatgions BuRiE & thef&mN substrate hEAg 2. As
illustrated in Fig. 43, an Al 0.15Gao. 85N buffer_ |ayer having a_ thickness of
-45 50 t m iezetizbaampethen(seaRissimst Havever. with caipyponcanrbuf4 ol ayer 2.

Q her light emitting devices formed on the regions having off angles from 0.1° to 1.0° could

generate light output of 8 mW or more. The regions having off angle levels of 0.05°
and 1.5° generated light outputs below 8 mW. This was because invention sample S3
included the AlysGag 55N buffer layer and this enabled formation of epitaxial layers
having excellent crystallinity even though the GaN substrate with largely-varying off
angles was employed.
(Eighth embodiment (2))

The eighth embodiment (2) is characterized in that an n-type AlGaN buffer

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

AlGaN clad layer 3, similarly to the eighth embodiment (1), in order to elimunate
hole-type concave portions as illustrated in Fig. 41 which generate when epitaxial films
are formed on the portions of dislocation bundles in the GaN substrate as described in
the tenth embodiment.
(Invention Sample S2-2)

Similarly to comparison sample T3, a GaN substrate having a diameter of 2
inch and having dislocation bundles was employed, wherein one dislocation bundle was
distributed per 10 pm x 10 um.  This corresponds to a dislocation bundle density of

1E6/cm?®.  As illustrated in Fig. 43, an Alg15Gag gsN buffer layer having a thickness of
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conditions were the sanme as those of invention sanple S2. (Tests and Result)
After the formation of the epitaxial |ayers, the epitaxial-I|ayer-side
surface of the wafer was observed with a differential interference

m croscope and SEM (Scanning Electron Mcroscope). As a result, no

hol e-type concave portion as in Fig. 41 was found. The entire GaN substrate
having a dianeter of 2 inch except the outer edge portion wth a wdth of
about 5 mm was assenbled into light emtting devices. A ( single |ight
emtting device was extracted fromevery 50 light emtting devices and a
current of 20 mA was applied thereto. Thus, the yield of light emtting

devi ces capable of generating a light output of 8 mMWor nore was

det er m nedsg TiREwh EFHEdda - wadnab N \Wetsktratk 002 rNWETe GLIbes: 1Rt 2 Thett nt h

enbodi nent is characterized in that a p-type ‘Al GaN | ayer "havi ng an

i ncreased conbiimtsiware yhei samplas tede ofinvet®nchmp@82/ p-t ype Al GaNl cl ad | ayer
5/p-type GaN layer 6, and an Ag el ectrode | ayer having a high reflectivity
was pl aced (beftrandfesulghnt i re surface as the p- el ectrode on the down side.

Toe . 0, W BB e SHBMAREL ORI G B PP

function. Wth thi's construc C ctivity at the

down- si de Ratdr o RBEd QNwitR B diffdibial REbHeeSck MAfbs@eAnd BERD(Scwhhigsh woul d
occur in the case of using other nmetal el ectrodes, thereby increasing the

| i ght emi t BlasgroeMicriseonsy. Ahe résolt) mwhaigtirestonsavegiosgomeyia Fegrgll oxeed.
(I'nvention_ Sanple.S4 (s igQg. 37)) Simlarly tq the epitaxial

bt it e FRPAY . CBRene SN S RPRE PSSR AT o0k oxtRE PoPPShedes

| am nat ed- i i.chai s the
(rrst i n PO A0S LS bf AR A R SENBRE AL oA © Dm0 i
| ayer 5 beingig lghcémittingdeeiceMpsdapedepfbypeea ightemittihg dMjedapéd | nGaN

|l ayer 72 with a thickness of 5 nnm). -46 The aforenentioned | am nated-| ayer
constructi GRTER of RE e wef epriteditheretgat Thus, the yield of light emitting devices capable

of generating a light output of 8 mW or more was determined. The resultant yield was
100%.
Ninth embediment

The ninth embediment is characterized in that a p-type AlGaN layer having an
mncreased conductivity is placed outside of MQW 4/p-type AlGaN clad layer 5/p-type
GaN layer 6, and an Ag electrode Javer having a high reflectivity was placed over the
entire surface as the p-electrode on the down side.  Therefore, no other electrode is
provided in consideration of the work function.  With this construction, the device has
a high reflectivity at the down-side bottom portion, and this reduces light absorption
which would occur in the case of using other metal electrodes, thereby increasing the
light emitting efficiency.

The following test samples were employed.

(Invention Sample S4 (see Fig. 37))

Similarly to the epitaxial laminated-layer construction of invention sample C,
the following laminated-layer construction was formed on the Ga-surface, which 1s the
first main surface, of a GaN substrate. (/MQW 4/Mg-doped p-type Alg2GagsN layer 5
being a clag layer/Mg-doped p-type GaN layer 6/a Mg-doped InGaN layer 72 with a

thickness of 5 nm).
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My- doped InGaN | ayer 72 with a thickness of 5 nmis provided in contact with
My- doped p-type GaN | ayer 6. Further, in invention sanple S4, an N /Au

el ectrode |ayer was not fornmed as the p-el ectrode on the down side, and

i nstead thereof an Ag |ayer 73 having a thickness of 100 nm was forned.
(Conparison Sanple T5) An Ag el ectrode |layer having a thickness of 100 nm
was further placed on the Ni/Au electrode |ayer, as the p-el ectrode placed
at the down side. (Tests and Result) Invention Sanple S4 included p-type
InGaN | ayer 72 in contact with p-type GaN layer 6 and therefore had a | ow
acceptor level, thus increasing the carrier concentration. Therefore, even
though Ag reflective film73 having a work function which was not
significantly hi e afasenmpEndord lamintedtlagt conditucpet kpehataoteaibed mythat a72 as the
p- el ectrod t he contact resistance between Ag reflective film73 and p-type

e
I nGaN | ay®de-dopeddrGaldaysr ¢amiheethickyess A6 aBg8 @ToVI¥RS BCPYRAGBI t age of t he

light emt{jin evj ce Lnventi sanpl e was caonpared with the driving
vol t age ofMghcg)plel é)htbfge g%lktlfiYeﬁé%‘ dgglﬁgg’l m‘(’:e&%ﬁrsiu%lﬁ saﬁ?)ﬁé/A'PBeﬁec Q% resul t,
the differpp&avishir ehelcedremeasiecda® brtthe 4BARA sQiedandVingrRel kDR A3l gni fi cant
di fference was noticed. Invention sanple S4 generated a |ight output of 10.1

mwV f or an kappl i3duvogrartbivknessfof 200 ni, wastfoineedconpari son sanple T5 generated
8.4 mW Further,. a Eanp QII the sanme construction as invention sanple A (a
GaN subst r $t ¥ORAEEORPEPRRI @) | ani nat ed- 1 ayer construction) which was p-down

mounted gener at eﬂn%éél?éﬁoﬁ?‘i%@t’%ﬁ%gd% tﬂ%ei%? 16@%%@%2& Rthe! @Xfégltc}n%esa”p' ©

S4 generated a high 1'g SCri be ove 1S a oWs. Since

an N/ Au eNpauredeol@loer, Wathenptle@fai¢ipiedd anthe doin@hsidd rom the 1ight emitting
| ayer towards the p-sem conductor |ayer side was reflected by the Ag | ayer
wilth a ref (TsstsiapdtResdt) 88% wi t hout bei ng absorbed at an Ni/Au layer. On the

ot her hand, in c rispn sappl.e. TS5, the tivity of light at the
p-el ectrode | ay&%‘itloé]bngg? gghm’éﬁd%@}@o}ov Bt f”ﬁ?ﬁ%ﬁ”?% %‘cfﬁgc?g?t$ BERYity of Ag
x 1 e-absor phNQRyR® afill Yherefbfe madHiw dobstor 08, Bk IRFddsMb e DpgaT™ oW As a
result, wth invention sanple S4, the

concentration. Therefore, even though Ag reflective film 73 having a work function

which was not significantly high was placed in contact with p-type InGaN layer 72 as

the p-electrode, the contact resistance between Ag reflective film 73 and p-type InGaN

layer 72 was not significantly increased.  The driving voltage of the light emitting

device of invention sample S4 was compared with the driving voltage of the light

emitting device of comparison sample T5.  As a result, the difference therebetween was

smaller than 0.05 V and thus no significant difference was noticed.

Invention sample S4 generated a light output of 10.1 mW for an applied current

—

of 20 mA, while comparison sample T35 generated 8.4 mW. Further, a lamp of the
same construction as invention sampie A (a GaN substrate and epitaxial laminated-layer
construction) which was p-down mounted generated a light output of 7 mW.

The reason that invention sample S4 generated a higher light output as
described above is as follows.  Since an Ni/Au electrode layer was not provided and
light from the light emitting layer towards the p-semiconductor layer side was reflected
by the Ag layer with a reflectivity of 88% without being absorbed at an Ni/Au layer.

On the other hand, in comparison sample T5, the reflectivity of light at the p-electrode

layer = absorption of 70% at the Ni/Au x the reflectivity of Ag x re-absorption of 70%
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i ght output extracted to the outside reached 1.2 tinmes that of conparison
sanple T5. Wile an Ag filmwas enployed as the p-electrode in the invention
sanple, any material may be enployed provided that the material has a high
reflectivity and a contact resistance with p-type InGN |layer 72 which is
not significantly large. For exanple, Al  or Rh may be enployed. Tenth
enbodi nent The tenth enbodi nent of the present invention is characterized in
that NN/Au |ayers having a | ow contact resistance with the p-type GaN | ayer
were discretely placed and an Ag filmis applied to fill the gaps, as the
p-el ectrode at the down side, in order to increase the |ight output.
Referring to Fig. 38 and Fig. 39, Ni/Au electrode |ayers 12a are discretely
pl aced wi t fi 44%pr ctinscthaireflegtipis bdvama lawe Jomessitdwithaveonesianine 84.6be t he

epi taxial Jayers. An A r 73.js a to fill the gaps and er the
down- si de L@%fw t§ﬁV¥g?£&%$ePH§“%ﬂF¥%§$§ﬁtFﬁVéL?‘gﬁﬁnﬁﬁw ’@F@Efﬁ%de | ayers
12a at the down- gjie 1MW SEE A6 GedOfs thS-cRRIrbAXintthe LRYAESh salfipld BB . 2@
typi cal pitch of di sglrlgt%e Ni /Au e egetrgée ngerrs 1§a ?s 3 m S‘?@ ’pli%{ch of 3
m i s basedmateriahmby béemdiogakpenidet thdcheansanialrhanhhah refiecteny andpreeseacti s 6 m
at best in a typical p-type GaN | ayer or p-type AnGaN cl ad_| ayer because of
the resi squwaﬁ%whma%ﬁz(}%\}layé& 3 which penqp isigaicaylyzlarge. ¢ for Bmmpls, 8 m a
single dis e | ect rode reach the adjacent discrete electrodes. In order
to flom1cu§£§%P¥W F%ﬁ&ﬁm he electrode |ayers w thout causing

di scont i nuitkh dnfboldfnda ef erable to set the pitch to below 3 m However, if
the pitch is excessively small, the effective anbunt of extracted |ight

will be reduced BYetdnth einsedimbrt ofthd preesoht Mvekionak ekdractegzdday dras Ni/Bar

exanple, wth the construction of the p-electraode illustrated in Fig. 38 and
Filg. 39, ArsHEING AdamCRTRE! tSpSienge Wit s relvee (rPbHaYeniHere Rissreeiplaesdet ol y

| aced i s I; ; 1.VJ I = | Y of
Beox the aredt PRT OMalRRac B Mot I Pl e kR RBL BRI 10 Y O
20% = 78% (iadageitirtlighnputpst. OlRedériag to Base’laaFigt ¥9, Nitak eletdddednyers 12a

p-el ectrodes were actually fabricated and the Iight output was neasured.
-48 The f oRTeoWFagtelygsaced i scrredeipranipgfopitpies. the down-side bottom surface of the

epitaxial layers. An Ag layer 73 is placed to fill the gaps and cover the down-side
: bottom surface of the epitaxial layers and Ni/Au electrode layers 12a at the down-side
bottom surface of the epitaxial layers.

Further, a typical pitch of discrete Ni/Au electrode layers 12a1s 3 um.  The
pitch of 3 pm is based on that the diameter of the area in which currents spread 1s 6 pm
at best in a typical p-type GaN layer or p-type AlGaN clad layer because of the
resistivities. Namely, by setting the pitch to 3 um, currents from a single discrete
electrode reach the adjacent discrete electrodes. In order to flow currents through the
electrode layers without causing discontinuity, it 1s preferable to set the pitch to below 3
um. However, if the pitch is excessively small, the effective amount of extracted light
will be reduced by the discretely-placed Ni/Au electrode layers.

For example, with the construction of the p-electrode illustrated in Fig. 38 and
Fig. 39, when the area ratio of the Ni/Au electrodes which are discretely placed 1s 20%
the light reflectivity (calculation) = the reflectivity of 88% x the area ratio of 80% + the
reflectivity of 40% x the area ratio of 20% = 78% (calculation) 1s obtained. Based on

this calculation, p-electrodes were actually fabricated and the light output was measured.
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(I'nvention Sanple S5) An epitaxial-lam nated |ayer construction was
fabricated according to the sanme fabrication process as that for invention
sanple C of the second enbodinent. In the fabrication process of the

p-el ectrodes, an N |ayer having a thickness of 4 rimwas forned on the
p-type GaN | ayer and then an Au | ayer having a thickness of 4 nmwas forned
on the entire surface thereof Next, patterning was applied thereto using a
resist mask to formdiscretely-distributed Ni/Au el ectrodes (see Fig. 38 and
Fig. 39). Then, this construction was subjected to a heating process in an
inert gas atnosphere to change the contact resistance to 5E-4 fl cn®.
Subsequently, an Ag |layer was formed over the entire surface to fill the
gaps of th&hd\follawiegd esttsangks vanedempiveed.t he Ni/Au el ectrodes. The Ag | ayer
was nade as a reflective electrode. The area ratio of the

di scr et el yUgvatiepSamale M)/ Au el ectrodes relative to the p-type GaN | ayer was
20% and the areg_ratlo,qf A s 80% . Further he pitch of N /Au

el ectrodes 12 vvagnseg%m?%g m%e\é\@aeygr ﬁm&?mg[fﬁn. Wfsc%hg%a??ds%%ogg%{ge&?éﬁm%\n

epi taxi al FAREARINGHotY 8] thEORS iRl dPRMMRSC forbid eadmeMbdmbaN stpstrate
according to the sane fabrication process as that for invention sanple C of
t he secondfabendsmadi precess ofdhe p-gewiodes, rod layanhiNingha thickness ofadsnplvased over t he

entire surface of  the p-t%{e GaN | ayer and then a heating process was
appl i ed t h&reed oniase-tyne{pFalk lavenand teman Audavehaene ¢ HUEREs o Sampiee C, an Ag

| . f h i / iq. .
ayer was Fc%élt%?%{]%{gér%utrp g%rganr%%lﬂrle?goiﬁ,r Nfé%{; p%fé?{ f? S}’aléno éﬁ%c# ﬁ% %E ? \g%r?%? F: iggh:ll)

Fig. 42 il ates, "ror ari

traveling rdspweask to@rd Anaresdipliskiivled NDAL eRErb8dsNGect@y] Teamf Figngnt i on
sanple C. (Tests and Result) A current of 20 mA was applied to the

rdspect i ve Themlthis eonstiuitien devsubgssteditalartiestingprogess de st metaxds atmasgharnth t he
| i ght out puﬁs wer e neasured. inv tig%n sanple S5 generated a |]ght, output
of 10. 1 mAFhIRBF IR CBIGAFISSERCS Hinfé F6Mgenerbseaienty.an AgaypyvasioEmedt i o of

the Iight peflRetafle i ldiGo RnThesidoteenal B0 6M A8 o4am Koy

electrodes. The Ag layer was made as a reflective electrode. The area ratio of the
discretely-distributed Ni/Au electrodes relative to the p-type GaN layer was 20% and
the area ratio of Ag was 80%. Further, the pitch of Ni/Au electrodes 12 was set to 3
um (see Fig. 40).

(Comparison Sample T6)

An epitaxial laminated-layer construction was fabricated on a GaN substrate
according to the same fabrication process as that for invention sample C of the second
embodiment. As a p-electrode, an NVAu layer was placed over the entire surface of
the p-type GaN layer and then a heating process was apphed thereto. Next, unlike the
construction of invention sample C, an Ag layer was formed over the entire surface of
the Ni/Au layer (see Fig. 41).

Fig. 42 illustrates, for comparison, the behavior of reflection of light traveling
toward the down side in a light enutting device of invention sample C.

(Tests and Result)

A current of 20 mA was applied to the respective light emitting devices

fabricated as described above and the light outputs were measured.  Invention sample

SS generated a light output of 10.1 mW, while comparison sample T6 generated 8.4
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emtting surface, out of the lIight propagated toward the nounting side (down
side) from the active |ayer, reached 86% (see Fig. 40). As conpared with
this, the aforenmentioned ratio in conparison sanple T6 was 67% On the

ot her hand, the aforenentioned ratio in the light emtting device of
invention sanmple C was 40% (Fig.42). In invention sanple S5, 80% of the

| i ght propagated toward the down side was reflected at the Ag occupyi ng 80%
of the p-electrode with a reflectivity of 88% and then 20%of the |ight was
reflected at the Ni/Au | ayers occupying 20% of the p-electrode wth a
reflectivity of above 40% (not sinply a reflectivity of 40%9. As a result,

in invention sanple S5, the aforenentioned ratio was 86% | n conparison

sanple T6. mvk | Ofhe W8 kB diREAAGE Bl PlicdtRcAlo hibhemiptanisd @t the doun

side of the Ni/Au layer, Isre on made arorenmentioned ratio
hi gher t haemitthed suefact, e of ilelighapiobegded totvagbhe mdunkiay kids dydvagsitéetom
conmpari son sanple T6 belongs to the invention sanples in a broad sense.
Conpar i sonthsaspyelays, ieschedridlsy (sgeFignd0) asAsecommaped Wb this, shempl e f or

conveni ence.in order,to describe the i.nventian, sanple. The aforenentioned
N 1A el ectiPbRe Ryt el SHEbph SRt BRHSYR T Bt Fiscnen Byd €0y pg

el ectrode EhSiohel LS the e hASn I \L@ ; ; ] 4 be

repl aced V\/l!ﬂt%?; a F%tO ﬁlyergl%trh P% f%&%{rﬁ{é %Heﬁz}%ﬁ%%ﬁﬁtigxgseg%ati o of the
Ni / Au el ec{higdes was 10% the light output for an applied current of 20 mA

was 10.3 mW Wien the area ratio of the N /Au electrodes was 40% the |ight
output for an aphl nEeptienspBple 5f 800 ehihekght 9grapagaipd towird the dewn pidemes on

sanpl e generqat.e pgher 1ight &P t han t hat . of onpar i sanple T6
dopendi g SbEd ahEAck ok §he SOl Fe fatfrbREVS 2 e TETPEY BF B RBTNR o
ellect r odes 2 phsof2Re ligh vl réffecle@WR thd AR 19%s doBYSMY 20V, SRR fegansfat ed a

Li ght output of only 8.4 mWwhich was equival ent to that of conparison
sanpl e T6 wsundl a reflectivity enttarve 4686 cov empdy £ refiactexpyef 4Otnt s Akhatsuther e was

| i ght em ssion_unevenness, nanely extrenely high Iight em ssion _around the
N TAU ol ec EPERHAR SAmpinS S, PheAfGrmtETBRBRSHB MES 86% | In cOmparison sample T,

light was further reflected at the Ag layer placed at the down side of the Ni/Au layer,
and this reflection made the aforementioned ratio higher than that of invention sample C.

It goes without saying that comparison sample T6 belongs to the invention
samples in a broad sense. Comparison sample T6 is merely defined as a comparison
sample for convenience i order to describe the invention sample.

The aforementioned Ni/Au electrode lavers may be replaced with Pt electrode
layers or Pd electrode layers. Further, the Ag reflective electrode layer may be
replaced with a Pt layer or Pd layer.

Similerly, when the area ratio of the Ni/Au electrodes was 10%, the light
output for an applied current of 20 mA was 10.3 mW, When the area ratio of the
Ni/Au electrodes was 40%, the light output for an applied current of 20 mA was 9.3
mW. Thus, the invention sample generated higher light outputs than that of
comparison sampie T6 depending on the area ratio. However, when the area ratio of
the NI/Au electrodes was 2%, which is lower than 10%, invention sample generated a
light output of only 8.4 mW which was equivalent to that of comparison sample Té6 and
the inventors discovered from experiments that there was light emission unevenness,

namely extremely high light emission around the Ni/Au electrodes.
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The el eventh enbodi nent of the present invention is characterized in that a
plurality of parallel plate-shaped crystal inversion regions propagated from
the GaN substrate to the epitaxial layers are elimnated and the

p-el ectrodes at the down side are placed at the respective gap regi ons of

t he pl ate-shaped crystal inversion regions. Plate-shaped crystal inversion
regions are distributed in parallel to the thick-wise direction of the GaN
substrate and appear at the main surface of the GaN substrate in a stripe
shape. The pl at e-shaped crystal inversion regions are propagated to
epitaxial layers 2, 3, 4, 5 and 6. Fig. 43 and Fig. 44 illustrate

pl at e-shaped crystal inversion regions placed in a |attice shape on the
mai n sur f aBevedtheniyodimemt | nvention is characterized in that the
aforenentioned pl ate-shaped crystal inversion regions in the epitaxial

| ayers are renpvdde tlgventhemblediment ofste grsert iventiarhie chireeieripg in thainf ace si de
to separate i rs and p-el ectrodes ar provi ded

i ial |l
on the r esﬁ&ggﬂéﬁggg@{fﬁ Iﬁ{%gfdﬁ\%%’ )é'lygtﬁl m? g’r@P S Qs Prepgatedgiom F;}ea'f’@] shaped

crystal i Q%tgfr%iqu tﬁ% it%?%l lg%g ?Ige] 41&%641&?51&1‘"{%9@%&%8& tth@ﬁg\%ﬁ isﬂg alreegi ons

consi sting at e- shiape I nversiron regrons rntersecting wth each

other on t pRceMAINhE shat®e @8p rdgidrd O tad istelsRagfeld @rysfd ibfersidtyrebdnpar al | el
pl at e- shaped crystal 1 nversion regions which are aligned and distributed in

a si ngl e dPlaseshapad srystahiaveraion regipfiseare distribnied in jparalielse thedickvaseer .

Pl at e- shaped cryst lL.nversion regions are regions in whj di sl ocations are
concent r at gﬁe‘%vﬁ){‘t‘?ﬁi&e ﬁ?‘éﬁu‘&séfﬁéfi %"@. P@F%{ﬁéﬂgﬁfgﬁga‘l fﬁ?é{% the ?%r@élléﬁﬁiﬁe Pé&gi ons
are simlarg il 0 [ ) : [ | ByiEl 32.
Covever o e M oant PN BRA SRl CoR T s HERRBLEE S IR Do

sHape, pl alayesitaped, Lraydtal Fignveasd Big. #edlusnste plathshaped critshil okesgs and ar e

pl aced in a plane shape, (lInvention Sanple_ S6) In the GaN substrate
illustrat e(‘ieﬁ‘?f'lsl-‘filﬁﬁeﬂ,@‘ éﬁ@thﬁi%@%‘lﬂ thepeain pyrcemai n surface at  the

oPLartal-Laver Shoc i SHEARER.AELEOLPY AL B RO Bt (1

c-plane. The plat _ _ Ion
sur f ace- sy gpRtdl irf@tsidnGekiBls thiths Epitaiil Ry Sl afACMoVE] & { Pleletkimipbd Bg8Rin Nanel y

the -c-plane, and the c-axis was grown in the -51 reverse direction. In the
c-pl ane, t hle Byt haveuviae sleGa-ssparhiadhe faspsshive bpiGaiahlayens ang peclectrodes are
provided on the respective separated epitaxial layers (see Fig. 45). Plate-shaped crystal
nversion regions may be lattice-shaped crystal inversion regions consisting of
plate-shaped crystal inversion regions intersecting with each other on the main surface as
illustrated in Fig. 43 or may be parallel plate-shaped crystal inversion regions which are
aligned and distributed in a single direction on the main surface as will be described later.
Plate-shaped crystal inversion regions are regions in which dislocations are concentrated
with a high density. Plate-shaped crystal inversion regions are similar to dislocation
bundles or cores 61 illustrated in Fig. 32.  However, while dislocation bundles have a
string shape or a wide line shape, plate-shaped crystal inversion regions 51 have 2
thickness and are placed in a plane shape.
(Invention Sample S6)

In the GaN subsirate illustrated in Fig 43 and Fig. 44, the first main surface at
the epitaxial-layer side had a surface orientation of (0001) surface, namely the c-plane.

The plate-shaped crystal inversion regions which were surface-symmetrical to the first

main surface were (000-1) surface, namely the -c-plane, and the c-axis was grown in the
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arranged, while in the crystal inversion regions the surface was a N-surface
in which N atons were arranged. In invention sanple S6, a GaN substrate

i ncluding crystal inversion regions having a width of 30 am and arranged
with a pitch of 100.xmon the first main surface was enployed. The crystal

i nversion regions were propagated to the epitaxial layers forned on the GaN
substrate. The |lam nated | ayer construction of invention sanple S6 was
fabricated using the aforenmenti oned GaN substrate, according to the sane
fabrication process as that of invention sanple C. In the fabrication
process of the p-electrode, a nmask pattern capable of covering only the
crystal inversion regions which were propagated as illustrated in Fig. 44
was appl i gdveree dinestipnt yinghGaildnaythe sarfabepvasl eGasadeeliaydich Geatemsfvedoe i cat ed

only on the nas p.regions in the c-plane. Then, the mask pattern was
renoved. ﬁﬁﬁéﬂsafté‘ﬁ}%wa ey et Teaias EANFaerYes ANeSUREe MavEch N N

(nor mal) L h @ 4 i to i in surface
(back surfa!gé?g)q %Bg%%a'amgﬁﬁgogfg%élggéi %gé%ugﬁ}%t%&c%ﬁg%&ﬁﬁe first main

surface t hhoa6Bn tdiorRMiabidg iadbidthl 58N 5m 3HE Brr@el RAtHT hivddeorGal | Ikygkhd 0 the
inside of the GaN substrate to formslots 52.7 Pl ate-shaped crystal

i nver si on fireghainsufdceweasempdgyedns The cwisiatnvelisehoegibnowsrevpeoprgatedric ¢t r at ed
with a high density ?nd hus %rﬁ easily etched by KOH The etching depth
in the GaNPighet!pyireionmed pReh RN SHYSURE boundary bet ween the epit axi al

| ayers and the I, L. NSi r ly, the
mask was remved%gﬁﬁ&gﬁetdil%gfgﬁﬁggﬁ n11n‘§V\;3<'g.‘gi 0@3%@@??&??@% ﬁ%%@{%}lgs 52
(Fig. 45).théTasthemindeReaN substihe BEQERERAtHOAGR hBYRANLL BibcsdRltBt 96 Was
assenbled into a light emtting device and a current of 20 mA was applied

t Heret 0. Asventiossamnple G hdnithgfabrieationtprongss ofhe peclaptnode.a maskapatieght out put  of
8.4 mMN which was 1.2 tinmes the |jght output 7 mW of the light emtting
devi ce of FHROURCT BAVETAEHNE toe Crﬁétaij‘?‘é?ff’l%é RIonSeRiurh BEEF PIAREAEEYS 4% i nvent i on

Sarpl 5, I8 RLES 12 MRE pUSL e ) TSP PRl RSV s Sidensed 1 o
fabricated only on the mask gap regions in the c-plane.  Then, the mask pattern was
removed.

Subsequently, the aforementioned GaN substrate was held in 8N (normal)
KOH at 80°C with a mask applied to the entire second main surface (back surface) to
etch away the crystal inversion regions on the first main surface through the epitaxial
layers such as the p-type GaN layer to the inside of the GaN substrate to form slots 52.
Plate-shaped crystal inversion regions 51 were regions in which dislocations were
concentrated with a high density and thus were easily etched by KOH. The etching
depth in the GaN subsirate was 150 um from the boundary between the epitaxial layers
and the GaN substrate inside the GaN substrate.  Subsequently, the mask was removed
and an insulating film was deposited to fill slots 52 (Fig. 45).

(Tests and Result)

The aforementioned invention sample S6 was assembled into a light emitting
device and a current of 20 mA was applied thereto.  As a result, the light emitting
device generated a light output of 8. 4 mW, which was 1.2 times the light output 7 mW
of the light emitting device of invention sample C.

As previously described, while in mvention sample S6 the plate-shaped crystal
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are not required to have a lattice shape and may be pl at e-shaped crystal
inversion regions arranged in parallel along a single direction on the main
surface of the GaN substrate as illustrated in Fig. 46 and Fig. 47. Al so,
in the case of using a GaN substrate in which dot-shaped (actually,

pl ane- shaped or snall-round-shaped) crystal inversion regions are regularly
placed, it is possible to generate |ight outputs higher than that of
invention sanple Csimlarly to invention sanple S6, depending on the size
and depth of the etching holes. ( Twelfth enbodi ment The twel fth enbodi nent
of the present invention is characterized in that a fluorescent plate 46 is
pl aced above the sem conductor chip such that it faces with GaN substrate
and furt hemvedsios regiosd weretar@ngddsin Sdadiee shapt hplatesiaped chastal Thersor gannovel ty
in that the fluorescent plate is placed such that it faces with the GN
substrat e ¥&mpt FRguiied 1q ke ardettice shgps and a6k be platrehaped eatahivyersiea

e o i AR AR e S R B e it )
I'n the prog@sgatkqs iifRfHedth Fi?%@&’d& ﬁg! & | jmh nahedsa@yehsisonshRuct i on of

i nvention sanple S7, basically, the Sane processes as the Tcorresponding
processes fubstratemvehtchaiot-sisappt éacBialler glamesapedredsmahmund shepedporgystalict i on was

scribed into predeterm ned shapes and the chi pped constructi g@ wer e made
to be |i ghfIVERFONTERENS Yevsdaly Plaredbwossble 1o BeMyate fghi Quipnty Bighedahad a

ol aced abot A PhgY alich saPIc WL e keishie Rt LoaRaRRe Rt SaddhdiTn (e

back surfaggRbr GaNtaustg@te 1 and further the chip was sealed with an
epoxy resin 15 to forma white light emtting device. Fluorescent plate 46
f abri c@welfthwirttiodirhentf ol | owi ng fabricati on nmethod. A bul k- shaped ZnSSe

crystal in which (iqdi ne) had beepn di T sed by hal pgen transfer was
fabricated and tﬁéﬁt\fﬁﬁgelﬁ PURIENAQIHAe PSR YEGAPMHIS SCRE%0R 14 2an

s e ooafBay i Aty hALARE P B lBoCPIFE BRmAEL Lty Y o o1
pol i shi ng ditsga@ndarddfanhautisicbiPratishapealadhingh a resir.z 15. There is a noveity in
that the fluorescent plate is placed such that it faces with the GaN substrate serving as
the emitting surface in the p-down mounted construction. Invention samples S7 and
S8 illustrated in Fig. 48 and comparison sample T7 were utilized as test samples.
(Invention Sample S7)

In the process for forming the epitaxial laminated-layer construction of
mnvention sample 87, basically, the same processes as the corresponding processes for
invention sample C were performed. Then, the construction was scribed into
predetermined shapes and the chipped constructions were made to be light emitting
devices. The resultant light emitting devices had a size of 225 pmll.  As illustrated in
Fig.48, a fluorescent plate 46 was placed above the chip which was p-down mounted
such that 1t faced with the back surface of GaN substrate 1 and further the chap was
sealed with an epoxy resin 15 to form a white light emitting device.

Fluorescent plate 46 was fabricated with the following fabricaﬁon method. A
bulk-shaped ZnSSe crystal in which T (iodine) had been diffused by halogen transfer was
fabricated and then this bulk-shaped ZnSSe crystal was heated in an atmosphere of Zn,
Cu to diffuse Cu into the ZnSSe.  Subsequemntly, this bulk ZnSSe crystal was polished
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can be accommodated in the |ead frame. The surface and the back surface of
the fluorescent plate fabricated wth the aforenenti oned nethod had a
roughness Rmax of 1 m (lnvention Sanple S8) In invention sanple S8,
asperities were forned on surface 46a of fluorescent plate 46 to be faced
with the GaN substrate (see Fig. 49). The height of asperities was set to 2
m and the pitch of the asperities was set to 5 mon average . The other
constructions were the sane as those of invention sanple S7, (Conparison
Sample T7) As illustrated in Fig. 50, a fluorescent plate 46 was pl aced
above the chip which was p-top nounted such that it faced with the chip and
further the chip was sealed wwth an epoxy resin 15 to forma white |ight

em tting deviheknéstestosS mnoudresaitduph Pobshadgodienmnit thenad iftaN sapstvhighes wer e
assenbled into light emtting devices and a current of 20 mA was applied
thereto. THE heasaPmmegated ghthedsnddiamem | Theisudnaccend thepackaurfees 9IGWE. | nventi on

Thue the bRCERi e SRR A g e SRS Rend hana.

conpari son,ganple T7 generated a | um nance of 1.05 Im The above results
show that placing a fluorescent plate such that it faces wth the GN
substrat e (InvenaopSdoipte-§B)unt ed devi ce can ensure higher |um nances than
placing a fluorescent plate in a p-top-nounted device. Thus, it has been

proven that the Monegnsensumplacs, afperifies wernedomeaicanurbreadts efflussesceried wi t h
t he GaN trate further... the | umn. . {. di nent f th
e o OB e B A R R Pt B TR RA TDE R TR TR Mo | e
with the ajpfeoey a&;&@p@t@ff?eﬁga@%g@me;f%g akqre thO&Q%ﬁlNrﬁgBmef ate is

n-typed w th oxygen-doping an an oxygen concentration of 1E17 to 2E19
odygen at ogmksauRidmndvee thy sakipas shasé of RemidrosampRS™ -54 By setting the

oxygen con&&gﬁ&gﬁgggm;gkgr%alue equal to or higher than 1E19

As illustrated in Fig. 50, a fluorescent plate 46 was placed above the chip which
was p-top mounted such that it faced with the chip and further the chip was sealed with
an epoxy resin 15 to form a white light emitting device.

(Tests and Result)

The aforementioned GaN substrates were assembled into light emitting devices
and a current of 20 mA was applied thereto.  The resultant light emission Jurminances
were as follows. Invention sample S7 generated 1.39 Im and invention sample S8
generated 1.51 Im and thus the both samples could generate high luminances. On the
other hand, comparison sample T7 generated a luminance of 1.05 Im.  The above
results show that placing a fluorescent plate such that it faces with the GaN substrate in
a p-down-mounted device can ensure higher Juminances than placing a fluorescent plate
in a p-top-mounted device. Thus, it has been proven that the roughed surface of the
fluorescent plate to be faced with the GaN substrate further increases the luminance.

Next, embodiments of the present invention will be enumerated even though
some of them will overlap with the aforementioned embodiments.

The aforementioned GaNN substrate is n-typed with oxygen-doping and has an

oxygen concentration of 1E17 to 2E19 oxygen atoms/cm’ and a thickness of 100 um to

600 um.
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atons/cnB, the resistivity of the GaN substrate can be increased and
therefore currents introduced fromthe p-electrode can be sufficiently
spread through the GaN substrate, which enables sufficiently utilizing the
wi dth of the active |layer to cause |light emi ssion. Further, by setting the
oxygen concentration to a value equal to or lower than 2E19 atons/cnB, a
transmttance equal to or higher than 60% can be ensured for light with a
wavel engt h of 450 nm thereby increasing the transmttance of the GaN
substrate which serves as the light emtting surface. This enabl es ensuring
the light output. The ~. aforenentioned oxygen concentration range is
particularly effective for the GaN substrate thickness range from 100 mto

600 m Further, i : rati : [ he range
From 216 to SECLSabaen AEare sl g RO O R e R Cbst rate

may be in ttoes/andnge résioivitd 0DthnGa 606trae cThee botdasal O therfitrbsueéntt he
rect angul ar-shaped surface of the light emtting surface at the
af or ement i BHeduaEBHE theh-Alestipdesar bauyiisiently srraad theouph theriipNesubstees 0.5 mm

This configurati enabl.es causi ng |i.ght i ssion over the.entire.light
eritting  BUPeb@lerRR Gl (haba et a it A TR R ABE R Bion Per |« e
af or ement i pRQKL Oy 81 LARG hRbh QAR Rea {4lud [ @N&90fvEOMan 3E18 to SEI8
oxygen atoms/cr%f?»]?)(}}':mdlt%iﬂea tﬁ%ekness orf tnhe GaNusu satrat eomay be in the range
from 200 mutbos30C, atrafinettat eqgsil de of Bightrihan60%hen be etsungifoatighthaied | i ght
emtting surface at the aforepenti oned second nmain surfaceiggé be equal to

£

or smal | er WavHength ohfis hpr, by Berragpg the teRgFangs of e Gadt gllea¥iighaped

surface of i - bt ngesurf he r i S nd main
surface rraf/érg% Aesci[ggbg}}t%mét&‘%% FP%If 1o&r %Eﬁgﬁg%%%nﬁn@\%n%fﬁ?gg@ooﬁj?ﬁgma |80n enabl es
cdusi ng | i gfdterReitpatdBx ¥R botdefir &t thed ik ghticenhY effedive Savthacanand al so
generating sufficient I'i'ght outputs, even when the chip size is increased
to 2 nmD asubtsarierthitkneds Gale Swbst(late tha00 pg: di sl ocati on bundl es di stri buted
over the first main, -55 surface of the GaN substrate mﬁLh a density equal
to or |ower thanFuER¥cHe ag}qelagglfoﬁgtéoxygen concentration may be in the range from

2E18 to 5E18 oxygen atoms/cm’ and the thickness of the GaN substrate may be in the
range from 100 um to 600 um. The both side lengths of the rectangular-shaped
surface of the hght emitting surface at the aforementioned second main surface may be
equal to or smaller than 0.5 mm.
This configuration enables causing light emission over the entire hght emtting
surface and also generating sufficient light outputs.
Further, the aforementioned oxygen concentration may be in the range from
( 3E18 to SE18 oxygen atoms/cm’ and the thickness of the GaN substrate may be in the
| range from 200 um to 300 um. The both side lengths of the rectangular-shaped light
emitting surface at the aforementioned second main surface may be equal to or smaller
than 2 mm and the both side lengths of the rectangular-shaped surface of the light
emitting surface at the aforementioned second main surface may be equal to or smaller
than 0.5 mm.
This configuration enables causing light emission over the entire light emitting
surface and alsc generating sufficient light outputs, even when the chip size is increased
to 2 mml] at maximum.

A GaN substrate having dislocation bundles distributed over the first main



may be enpl oyed, wherein the dislocation bundles have been created by
discretely concentrating dislocations which unavoi dably generate during the
formation of the GaN substrate into a string shape to distribute them al ong
t he substrate thickness direction in order to inprove the crystallinity of
the nost region of the aforenentioned GaN substrate. This configuration
enabl es fabrication of light emtting devices capable of generating |ight
out puts equal to or higher than a predeterm ned value with a high
fabrication yield. The aforenentioned dislocation bundles are distributed
with a density equal to or |ower than 4E2/cml on average on the first main
surface and the shorter side length of the light emtting surface at the

af or enent i enéate o€ ten@aNaibstraterwigdce demyty lzqualio bhiower amget Bo'om @0&venageo 400 m
When a mniatuyrized light emtting device as_ described ove includes

di sl ocat | oFARR &mﬁqye%‘@heﬁ@flm HeReatioprounlss BexF kesn wemeﬁg)a PRFERISY dabl y

degraded, LNBLEMALALREREN, LRRULEANGo, EGUNSE LS, Ae KRl educi ng

the densit : Ion I'es’ as e reduction in the
yield can bestreftifidocd @fing hape tPRidEIbLEAEN Rt alYsafeanigRnes BeirygRA id he
af orenenti oned GaN substrate and the n-type ,G@1 ,Nlayer (x is 1in the

range fromodier ¢o Mproanthe-cryspedlinkly GANTe boftiregioh af te aferepleneawdiGalont act with
the GaN substrate, an n-type GaN buffer layer is placed in contact with the
n-type Al GANSUBifffer 1ayer and the n-type Al.Gal ,N layer (x is in the range

fromO to 1) mayrhe d%'nﬁgnfrgﬁoﬂ :fha?l%@?a%?i%aﬁqnt& l%glﬂ?erﬂl‘tﬁﬁ%‘j&‘evﬁ%'cgiéﬁfog:e&f layer. In

the case of a hetero-eprtaxia am nat e-1 ayer” construction escri bed
above, angemdrypey [EhGadiphtsfehedl tb ay highanthana predeyprired Nalnaffittra higher may be
pl aced between the GaN substrate and the n-type Al,G1_,N layer (x is in
the range fabssprnyeld) which is a clad layer for the active Ilayer. By

TR R e R M e
| 'am nat e- | @y &fwer than 4E2/cm’ on average on the first main surface and the shorter side length
of the light emitting surface at the aforementioned second main surface may be in the
range from 200 um to 40C um.

When a miniaturized light emitting device as described above includes
dislocation bundles, the performance of the device will be unavoidably degraded,
thereby directly resulting in reduction in the yield. By reducing the density of
dislocation bundles as described above, the reduction in the yield can be restricted to a
practically acceptable range.

Between the aforementioned GaNN substrate and the n-type Al,Ga;.N layer (x is
in the range from 0 to 1), an n-type AlGaN buffer layer is placed in contact with the
GaN substrate, an n-type GaN buffer layer is placed in contact with the n-type AlGaN
buffer layer and the n-type AlyGa,N layer (x 1s in the range from 0 to 1) may be placed
n contact with the n-type GaN buffer layer.

In the case of a hetero-epitaxial laminate-layer construction as described above,
an n-type AlGaN buffer layer and an n-type GaN buffer layer may be placed between the
GaN substrate and the n-type Al,Ga, N layer (x is in the range from O to 1) whichis a
clad layer for the active layer.

By adding the n-type AlGaN buffer layer as well as the n-type GaN buffer layer
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construction with an excellent crystallinity can be forned. The

af orenenti oned | am nated-|ayer construction may be advantageously enpl oyed
particularly in the case where the GaN substrate includes a region with an
off angle equal to or lower than 0.10 and a region with an off angle equal
to or greater than 1.0. Wth this configuration, by adding the n-type Al GaN
buffer layer as well as the n-type GaN buffer |ayer between the GaN
substrate and the clad |ayer, a hetero- epitaxial |amnate-I|ayer
construction with an excellent crystallinity can be forned, even when the
GaN substrate has warpage and the off angle varies. A p-type GN buffer

| ayer may be placed in contact with the aforenentioned p-type Al,Gl ,N

| ayer (x ilsetivaert the GahgebsfrarermO theocldd lagdr, & hetettowpitasialiandites-£9tr and a p-type
I nGaN contact |ayer may be placed in contact with the p-type GaN buffer

| ayer. Wt ¥PrsHBCH Gy ishanexshed cestlingicar Peformedp- t ype I nGaN contact | ayer
with an excell ent ectri.cal, .conduct, vit .be pl aced under the

p- el ectrode | aye?},1e %IREF n%%ftlgneddlérél}négegélgy?ﬁénﬁg‘@gg Ffay%ng‘éaé’ltae%f)Fﬂb t he

materi al  ofmplBgedpLHQRATPHANE A48 kRt B0 TRINIRILA e thchRies b REmi¥PHAthfHRet | on.
Thi s enabl es selecting the material of the p-electrode in ™ consideration of
t he refl ectigle ¢qual fooor lewanihhe 0. IThendé oegiorewith aned qagleyepeallto GaNraaost act | ayer
may have a_ My concentration in the range of 1E19 atons/cnB to 1E21

at oms/ cnB. R € W°t he af or enent i oned configuration, a sufficient electrical

conductivity cany,be,ensured,..thereby enablin readi currents introduced
Fom Che. b o carwitnEasiafaidn B Eind BROLHPL AIERR AU S S e o

I S I : ¢ b th

ot oy eront oeing Ger? bufeh 186s bR flen VGRQ SOOI P GO IBC it L T°

cdnfi gur at bgiiial RenikRENR6t Eotistrictth willeaDolbns: ofystdiRity kb fRMel dveg devi ce,
nanmely the nounting portion can be increased to reduce the light |oss,

t her eby i nehemtier{spN RebstregHias suatyrge and thsofT ditpde wires.enent i oned GaN substrate
may include plat ﬁ_pt—%g;))ee Cgarl\}/l%fﬁgr lziyg}/ 1%2.}8' Lg lrnllaced in contact with the aforementioned
p-type AlyGaixN layer (x is in the range from 0 to 1) at the down side thereof and a
p-type InGaN contact layer may be placed in contact with the p-type GaN buffer layer.
With the aforementioned configuration, a p-type InGaN contact layer with an
excellent electrical conductivity may be placed under the p-electrode layer, and this
decreases the necessity of selecting the material of the p-electrode layer in consideration
of the work function. This enables selecting the material of the p-electrode in
consideration of the reflectivity, for example.

The aforementioned p-type InGaN contact layer may have a Mg concentration
in the range of 1E18 atoms/cm’ to 1E21 atoms/cm’.

With the aforementioned configuration, a sufficient electrical conductivity can
be ensured, thereby enabling spreading currents introduced from the p-electrode through
the entire epitaxial films.

A p-electrode Jayer consisting of an Ag layer may be provided in contact with
the aforementioned p-type InGaN contact layer.

With the aforementioned configuration, the reflectivity at the bottom of the
light emitting device, namely the mounting portion can be increased to reduce the light

loss, thereby increasing the light output.
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regi ons extendi ng continuously in the thickw se direction and over the GaN
substrate surface. The plate-type crystal inversion regions in the GaN
substrate and plate-type crystal inversion regions propagated through the
n-type and p-type nitride sem conductor |ayers formed on the GaN substrate
are renmoved fromthe p-type nitride sem conductor |layers to the GaN
substrate through the n-type nitride sem conductor |ayers. Further, in
contact with the portions of the p-type nitride sem conductor |ayers which
are left after renoving them p-electrodes may be provided for the
respective portions of the p-type nitride sem conductor |layers. Wth this
configuration, the |ight extracting surface can be w dened to increase the
light output. Finst.Rh&fdhedesGIR%ubS R AGEHRVE DI R SRtsidhe p-type
nitride sem conductor layers in contact wth thg p-type nitride

sem conductegiorsayxending rdninuosdg dnthe ehielewiso deedtonrmd ofveotie AgNapstoae pr ovi ded
such that the second electrode fills the gaps of the first el ectrodes and
covers t hes‘ﬁ’-%ccﬁpeThF pPlatedype grys@binyerecs regiafap shaalN suherats ang plaiedyps odes.

Thi s conf! gl o8 sR30LAS, SUDLLEIATId Y PR LANGgSLent god 1t roduced from

the p-el ectrodes over ( i ncreasi n ereflectivity,
thereby i nesgiaendigtdrgyerd foehéd OMiRWEaN fltRireR ¢ agkovedtiot Bk ptiBe nitride

af orementioned discretely-placed first p-electrodes relative to the surface
of the p-t ypeicanduciaidaysemtiocbs (adtsubstfasy treughahe beypanitrive seauapoedudtoom 10 to
40% This gﬁnfiggrahion enabl es. suffi ci ent % spreadig% i ntroduced currents
over the @iFfacE HAFH & HEST PHY hReTEPRG P BIVREGHHESF cOpdu Aye
ratios | owgh;&Nap;eE0ReC Aol thEfd Je%tr%h&%@gbéw&‘bﬁ@& %orFtH%PéégEbtRQe .

epi taxi al layers w thout causing drscontinuity. SO, wWith coverage ratios

hilgher t hapoiHs of iR radypehBedeidneednguoabr lahersdi scretel y-pl aced p-el ectrodes
on the light extracting efficiency can not be neglected. A fluorescent plate

may be placed apdYith thisoipnfigeratipnrt iesthediing isuifaetecan bs gvideneH £ HiRasOr
substrate %th Ehat it faces with the second main surface of the nitride
e light output.

First electrodes may be placed over the surface of the p-type nitride
semiconductor layers in contact with the p-type nitride semiconductor layers and a
second electrode formed from Ag may be provided such that the second electrode fills
the gaps of the first electrodes and covers the p-type nitride semiconductor layers and
the first electrodes.

This configuration enables sufficiently spreading currents introduced from the
p-electrodes over the surface while increasing the reflectivity, thereby increasing the
light output.

The coverage ratio of the aforementioned discretely-placed first p-electrodes
relative to the surface of the p-type nitride semiconductor layers may be in the range
from 10 to 40%.

This configuration enables sufficiently spreading introduced currents  over the
surface while ensuring the electrical conductivity. Coverage ratios lower than 10% can
not enables flowing currents through the epitaxial layers without causing discontinuity.
Also, with coverage ratios higher than 40%, the adverse effects of the discretely-placed
p-electrodes on the hight extracting efficiency can not be neglected.

A fluorescent plate may be placed apart from the aforementioned nitnde
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sem conductor substrate. By placing a fluorescent plate directly above the
nitride sem conductor substrate formng the light emtting portion of a

p- down- nount ed device, light reflected at the back surface of the
fluorescent plate can be then reflected at the surface of the nitride

sem conductor toward the fluorescent plate. As a result, the |ight output
can be increased. The surface of the fluorescent plate to be faced with the
second main surface of the nitride sem conductor substrate nay be subjected
to an asperities-form ng process. The aforenentioned configuration can
further increase the light extracting efficiency. The aforenentioned |ight
emtting device nay be sealed with resin and may include a fluorescent

nmenber at emicqeiutiopRultiratderch gl it gk biihnge @0hE nadnhrivay optktniteide of the
resin. The fluorescent nenber generates fluorescence on receiving |ight and

t hus whi t esdnigpridugior sulsragsri tted fromthe resin to the outside. This
configuration enabl es. easj | rovi di a white. light, emtti devi ce havin
t he a]g or ement i ongﬁ pga&{f%rﬁ %@%QSI%BW Hlﬁ%gg?@lé’éﬁpv? H\?éﬁ?‘fiﬁﬁ?mﬁo’%cﬂﬁbqr_e el ectr odeg
at the tOpsﬁsg%e%iﬁg t@elgﬁgmﬁ{ixéé F&‘tiﬁﬁ%&c g%}—&fw —Hl%uhﬂegrakvicggibﬂttfe QCtgdav' ce,

in a plane view ectiv ayers. The aforenentionéd~confi guration

enabl es pramhelbiack urkigé bf tedbreapAe plateddanWeltBen Rbded g thEwifierof then t he case
of constructing a side-view type LED, the configuration can reduce the

t hi ckness Bitridengergeaidugtosipwarpaha fiuprescentipiase.,  Ahe resullr Bdight oripe dan§ht
emtting device y be constructed such that a side-view type LED equi pped
with the Ifnéfﬁasee itting device will have a thickness equal to or smaller

than 0.5 mmor eqyakufReQr s Mldr&kerdthafie & fe 1102 With $hERBB B RIshiadWr Zi Ng
the display devices of portable information termnals including, for

exXanpl e, pthetratvide sphivneduct@hebstfae ewpht sdneded ot asperitisifngnide piasessnay have
an electrostatic T\ﬁ{et oﬁérggrgion-cd gognﬁ\églatti%g ecar? Ihrt?I:l(?al(‘) glc%a(s)er thg?irggt' extracting
efficiency.

The aforementioned light emitting device may be sealed with resin and may
include a fluorescent member at any portion of the light emitting device and any portion
of the resin.  The fluorescent member generates fluorescence on receiving light and
thus white light will be emutted from the resin to the outside.

This configuration enables easily providing a white light emitting device having
the aforementioned advantages of the present invention.

A single electrode at the top side may be placed at the center of the light
emitting device, in a plane view of the respective layers,

The aforementioned configuration enables providing a sufficient space for wire
bonding. Further, in the case of constructing a side-view type LLED, the configuration
can reduce the thickness of the side-view type LED.

Further, the aforementioned light emitting device may be constructed such that
a side-view type LED equipped with the light emitting device will have a thickness equal
to or smaller than 0.5 mm or equal to or smaller than 0.4 mm.

This enables mimaturizing the display devices of portable information terminals

including, for example, portable phones.

The aforementioned light emitting device may have an electrostatic withstand
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This configuration provides durability with respect to surge voltage from
the outside, thereby maintaining stabled and hi gh performance. Further,
this configuration elimnates the necessity of providing a protection
device for protecting the light emtting devise fromthe surge voltage from
the outside. Nanely, there is no need to provide a protection circuit for
protecting the light emtting device fromtransi ent voltages or

el ectrostatic discharge, which would be otherw se applied between the

af orenentioned nitride sem conductor substrate and the p-type nitride

sem conductor |ayers. Mdxre specifically, there is no need to provide an

el ectric power shunting circuit including Zener diodes for dealing with
such transigfdoe \W@RO@DCLrGhorel ectrostati c di scharge. Further, the

af orenentioned light emtting device may be constructed to cause tight

em ssi on when a Vhistagfeguitich povideshphdikg witterespar: tdsegooleagaifton the

sem conduct or. substrate. having a high electrical conductivity _and thus
having a | BWsKrBeePy: Biayasing swhicd abs ighPeripHpEKei njudhes s OnEsraben rent to

cause |ight 1.SS] it h . i -yol e | ght, em .ssion.
This r educg&mﬁﬁqgﬁ{ﬁﬁ%ﬁggf ’t%f’ fa‘%ﬁ:ﬁftg iﬁén%ip&%feguﬁid%%n{oté&r&? %@Eék{/%éﬁ?ﬁ“ﬁ%ti ng
reduction devisdfeord tResuryev@itge fidnthhe 08isidel  Aninidy, WBroAtdORARPBF RTINS

equi pped with the light emtting device. Further, this is effective in
savi ng t he ppoetion congtfutprokctingtbe dglireengmg ideviee fioint trargientertiagencduct or
Substrate have hi ckness in. . the range from50 mto 500 m Wth this
conf i gur at g@ﬁ*{@%ﬁﬂ@ﬁ%ﬂffﬁ&%@ﬁéﬁ @a%?ﬁsowwea@p@&&ﬁafﬁ%% TERERIRIED o
smal | area ps : ner. i - id hyspcr easi ng
G st ance 1 Pane G A8l Ao ERRIAR LB CRASE BhLoRRLERTS TGS

séni conductpdcifRulg thidt & ddrieed th@rovidesindgectridpsedrahentingt ciicgit pHohiddgabl e t hat
the GaN substrate or n-type nitride sem conductor substrate has a |arge

t hi ckness. Zeperididesferdeakng Wihsechsitansentaadtapesoreleqiastakndisshasgal | er t han 50
m when the n-elﬁ .area,.. el ectrons sufficiently

spread when they ﬁ%@%gﬁ‘te% ésrﬁ%‘ﬁ%\’rp/'gllelfi Yght erithing Gevich gy E’g%ﬁgﬁghcbﬁ?ﬁoicﬁusﬁhe
active | ayieh aMiisdh OBGLL Abigk REUN |sGhBINMd thk:@f em ssion or no |ight
em ssion. By setting the -60thickness of the aforenmentioned substrate to 50
m or nore, currehissofahftiidd samitgndspioeatbstrate having a high electrical conductivity

and thus having a low electrical resistance enables injecting a sufficient current to cause

light emission with a low applied voltage to cause hght emission.  This reduces the

number of batteries to be mounted, thereby contributing reduction in the size, weight

and cost of an illumination apparatus equipped with the hght emitting device. Further,

this 1s effective in saving the power consumption.

The aforementioned nitride semiconductor substrate may have a thickness in
the range from 50 pm to 500 um.

With this configuration, when flowing electrons from a dot-shaped n-electrode
or small area n-electrode, the electrons increasingly spread with increasing distance from
the surface of the GalN substrate or n-type mtride semiconductor substrate into the
inside. Therefore, it is preferable that the GaN substrate cr n-type nitride
semiconductor substrate has a large thickness. If the afcrementioned substrate has a
thickness smaller than 50 um, when the n-electrode has a small area, electrons can not

sufficiently spread when they reach the active layer, which induces portions in the active

layer which generate msufficient light emission or no light emission. By setting the
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wi thin the aforenenti oned substrate because of the low electric resistivity,
thereby sufficiently increasing the light emtting portion in the active

| ayer, even when the n-electrode has a small area. More preferably, the
thickness is 75 mor nore. However, when the thickness is excessively

| arge, the absorption at the substrate can not be neglected. Therefore, the
t hi ckness nmust be equal to or smaller than 500 m The thickness is
preferably equal to or smaller than 400 mand nore preferably equal to or
smal ler than 300 m The aforenentioned el ectrode at the top side has an area
rati o bel ow 50% and therefore the opening ratio or the transparent portion
i s higher than 50% This configuration can increase the emtting efficiency

of 1ight fEkﬁéﬂnfe&eoﬂth@Qﬁr?ﬁﬁtg&%é‘%b%m&fe%% H}?}h@r BbRALG eI &&ﬁlgns?her&g“ 0,

the smal |l er the anount o absor bed the n-el ectrode an t he

hi gher t hewlithghthe afdrpmtntiochbe k@ifsatie, bethige oDPRNIOW G dcaid @sibtdvityl eksbabl y 75% and
nore preferably 90% At |east one of the sides of the aforenentioned

top-si de s8¥Hgeathyigreasie the light pytngRoTBO% M the aghyedlayesndveg Whse thn can reduce
the height _of th ide-viewty LED .tq.bel ow.Q.5 Al so, at |east one of
the o das. BIISHE%s Pt SHEHT Hehoa bpreitb e ibf ot hebm S fengt nof 550
pm This copflegtt 3iHeAThEMbrhedUCactiif Rah IRt mohnidpricH SSnd h@Wrh¥Ren nbED toO
bel ow 0.4 mm Sides eo? ﬁfﬁe a?sgremgnt ﬁlgﬁg%&t’op- saFddgﬁtslur%ace |rch arg opposed

to each ot beneglemyd boTherbfave tite thRReEsE nfst ¥DEupMoosr @ialiat thin 50hem.  The

af orenenti oned configuration can |l engthen the light emtting surface while
mai nt ai ni néhicknesdis preferablyguelse vr opplos ithas 40des aod monepreératdnegglahto ghape at
a fixed length, resulting in increased area and increased |ight output.

Si des of t A@ekFdhaE RBned top-side surface which are opposed to each ot her
mdy both have a lﬁ@%% of m, kr‘liess of

the nitride sem con uoc?ferg?m%s% gﬁggtoréde;s&{sm%%t%ér%de- %gf}l ggeﬁ?a@clhlgéf [ Egsﬁb("caenm tting
device is pnelersre tHeWwpbRdy rithh QtHEtrakParehi S&tiof WHiSKY: Shdnrsom.a singl e

This configuration can increase the emitting efficiency of light from the light
emitting surface. The greater the opening ratio, the smaller the amocunt of light
absorbed by the n-electrode and thus the higher the light output.  Therefore, the
opening ratio is preferably 75% and more preferably 90%.

At least one of the sides of the aforementioned top-side surface may have a
length of 350 pm.  This configuration can reduce the height of the side-view type LED
to below 0.5 mm.

Also, at least one of the sides of the aforementioned top-side surface may have
a length of 250 um.  This configuration can reduce the height of the side-view type
LED to below (.4 mm.

Sides of the aforementioned top-side surface which are opposed to each other
may both have a length of 400 pm or greater.

The aforementioned configuration can lengthen the light emitting surface while
maintaining the distance between opposite sides of the rectangular shape at a fixed
length, resulting in increased area and increased light output.

Sides of the aforementioned top-side surface which are opposed to each other

may both have a length of 1.6 mm or smaller.

When the minimum thickness of the nitride semiconductor substrate 1s 50 um
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el ectrode at the center of the light emtting surface and distribute the
currents through the entire surface of the light emtting layer in the

| onger side direction as well as in the shorter side direction, the length
in the longer side direction can be set to 1.6 mmor snaller. The

af orenenti oned heat resistance may be equal to or lower than 30 CW The
light emtting efficiency of the light emtting device is degraded by
tenperature rises. Further, excessive tenperature rises will danage the
light emtting device. Therefore, the tenperature resistance or heat
resistance is an inportant design factor. Conventionally, the heat

resi stance has been set to 60 C W(the aforenentioned patent literature 1).
However, asndthevighushytidedvidebhephdoby seintédnan drider toheptt cuesnstfesoe single30 C/ W
or less, it is possjible to prevent reduction in the %%%ht emtting

ef fi ci ency®lsftr dae eamteriod the light emitiing pyitpceand distribuiedhe gaents trpvah ent

electric p r..is. _kntreduced into the li.ght .em tting.device. e .

nal -1 edub e ies et REAF TRl Dol %ad el SRR ARTE iR dre
substrate Baidigide dire¥idre sleSkhgth inthdforReLMHONSd Yo R be Bado 1/6URNGr . the
portion at which tenperature rises nost |argely may have a tenperature
equal to osmilemer than 150C under continuous light enmitting conditions.

Wth this configuration, the tenperature at the portion at which tenperature
ri ses nost | ar geilye afpapraenpioppdheat geststange may hg epwa)ée or toaver Bandé "W bel ow
150C, thereby egsur.i a _suf fd ci ent i |ight ,emtting efficiency.
Further, the |i fgﬁsjiﬁﬂge 1}tg1|ggeg?1%1/ency QhéFﬁlgﬁQWEt@‘%%%ﬁH%ée feﬁ bé’onvenjt i onal
light em t%énﬂﬂsrﬂﬁz\’é Fes - ﬁxhﬁe?,"léx%&@%%en%eritb?e ﬂe@%ﬁ%ﬁ@ﬁﬁglightte){rﬁﬁin itride
sem conductor layers may be set to 3 .imor less. The n-typeé nitride

sdnmi conductevicd. ayBresefaree thepetparanird yesgraowsnooineat hesistante isthd imperntaiesget or
substrate. Therefore, if the thickness of the n-type nitride sem conductor

|l ayers is &3&ussiGparvgntioaplye the heat resisignseohasibsen st 6@ 88 SC{WI(ther equire 1 ong tine
and also the _material_cost,. w|]| i;acreased. By setting the thi.ckness of
the n type lAPTHTAset B RiaLTS IS ) AErERT ot Bt Aty LU AE e

si gni ficankly 8e65833690 “COR WS, PI:SRGBRY predBS: reMhGHoNeS thelligns Ehittiy 2 M o

| ess.
efficiency or damage of the light emitting device, even when sufficient electric power 1s

introduced into the light emitting device. The half-reduction of the heat resistance was
realized by using a GaN substrate having a low resistivity as previously described.

Further, the portion at which temperature rises most largely may have a
temperature equal to or lower than 150°C under continuous light emitting conditions.

With this configuration, the temperature at the portion at which temperature
rises most largely, namely the light emitting layer, can be set to below 150°C, thereby
ensuring a sufficiently high light emitting efficiency.  Further, the life can be largely
lengthened as compared with conventional hight emtting devices.

The thickness of the aforementioned n-type nitride semiconductor layers may
be set to 3 um or less.

The n-type nitnide semiconductor layers are epitaxially grown on the nitride
semiconductor substrate. Therefore, if the thickness of the n-type nitride
semiconductor layers is excessively large, the film forming process will require long time
and also the material cost will be increased. By setting the thickness of the n-type

nitride semiconductor layers to 3 um or less, the cost can be significantly decreased.
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The aforenentioned p-type nitride sem conductor |ayers are down-nounted,

and the portion of the second main surface (back surface) of the
aforenentioned nitride sem conductor surface which has not been covered
with the el ectrode may have been subjected to a non-mrror-surface
treatnment. This configuration can prevent |ight generated at the |ight
emtting layer from being totally reflected at the second main surface, or
the emtting surface, to be confined wthin the aforenentioned substrate,
thus reducing the efficiency. It goes without saying that the side surfaces
of the | am nated-|ayer construction nmay be subjected to the
non-mrror-surface treatnent. The aforenmenti oned surfaces which have been

subj ected fyt BRfeA0Y; t'm:'ﬂ{l?{ne%ﬁr s8G8 A A3t ept may be surfaces which vere
made to be non-mrro surfaces using pot assi um hydroxi de (KOH) sol ution,

sodi um hydr oxi deThiafot§mentibtiéd praype mnidenemicoiid}ordayens arenloom-mbieed,al kal i
sol uti on. Wth the aforenenti oned non-mrror-surface treatnment, onlgl t he
N-surface afd thepertamet éh@?ﬁwa@ sapresirigee Qrek surése) of thaatoremensiongd Bitideace wit h

ntoh have BBET T Suted 7% hE 1SR s kS PR IR e e
surfaces W@lhtgébt&?{oea ROQirt R - RermPORedhehor  surfaces using at |east one of
sul furic acid (H2SO4) sol ution, hydrochloric acid (HCl) solution,

phosphoric acid ([h@l%@ﬁﬁgmaﬁaﬁ¢anrpre\tvy1dhgiﬁlgamafrmdact}ré light éntisgy lavérdronand ot her
acid sol ut| on. The aforenentioned surfaces which have been subjected to the
non- mi r r or beig tefally refleciedraihe sespng anadn prtce TR eHItURS @ﬁaﬁ@émbs cpefined

o B Re Bd STSL AT B BB R LSS R o T L

sur f aces vvlt exce d with a

drly processayidy &@s theide GOTRIEH Iomgaenﬁainaieui Me%cﬁ&m@ gbleubMdidy faltke Whi ch
is adry etching or wet etching using alKali solution, predeterm ned

asperities npnﬁmrmab\sf@artreb@lqm OVI ded - 63 The el ectrode pl aced on the
mounting-surface ﬁle a oremgntlone aces wgnc{;nhave been subjected to the
non-mirror-surface treatment may be surfaces which were made to be non-mirror
surfaces using potassium hydroxide (KOH) solution, sodium hydroxide (NaOH) solution,
ammonia (NHs) solution or other alkali solution.

With the aforementioned non-mirror-surface treatment, only the N-surface of
the GaN substrate may be efficiently made to be a surface with asperities. The
Ga-surface side 1s not etched.

The aforementioned surfaces which have been subjected to the
non-mirror-surface treatment may be surfaces which were made to be non-mtrror
surfaces using at least one of sulfuric acid (H;S0,) solution, hydrochloric acid (HCI)
solution, phosphoric acid (H,PO,) solution, hydrofluoric acid (HF) solution and other
acid solution.

The aforementioned surfaces which have been subjected to the
non-mirror-surface treatment may be surfaces which were made tc be non-mirror
surfaces using reactive ion etching: RIE). Therefore, non-mirror surfaces with an
excellent area dimension accuracy can be provided with a dry process.  Also, by

combining photolithography technique with RIE which is a dry etching or wet etching

using alkah solution, predetermined aspernities intervals can be provided.
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material with a reflectivity equal to or higher than 0.5. This configuration
can prevent absorption of light at the nounting-surface side and increase

t he amount of light reflected toward the second nmain surface of the
aforenenti oned substrate. It is desirable that this reflectivity is higher
and is equal to or higher than 0.7. A fluorescent nenber may be placed such
that it covers the second main surface of the aforenentioned nitride

sem conductor substrate. Also, the nitride sem conductor substrate may
include at | east one of inpurities and defects which generate fluorescence.
The aforenentioned configuration enables formng a white light emtting LED
The light emtting device of the present invention may include nore than one

af orementi oned cORé @t ade Mike@fonaht HB0AtiRNIHabO G dE Bl b8 famebdtiiese
configurations of a light emtting device may be connected in serial. The

af or enent i ontdiatwithiagefteativione@nabl eshigheovhadion an il | umi nation appar at us
equi pped with a %.ural Lty of the aforenenti oneﬂ hi %h efficiency_light
emitting devi ces . PRSORISHAN GR0IREGENT RbSREPHOB T (1ght) 3T sishgountiigghifath §dht power

SUPDl Y. Al 981 rklid b OB SN0, deNLE S .0Ls e pLEORAL LMentgn ey [ nc ude

nore than one atorenentr oned<con ura ting device and

these’ conf kfpwéraértiened Qfbstraxel | BME desmableithg tKlevdfleeWBMs BsheosAas @il i~
paral l el . The aforenentioned configuration enables providing an illum nation

appar at us otbigherithenn @d. by the af orementioned high efficiency light emtting
doui ces, DY U1 | Leh g 8o il cUrLont, poter subRl Yo Anllumnetion e s
poner SUBPLERAEU A SAUSIRRS i BlbRPLAAAS, Tothg e bianr oL
i Acl udi ng sewicomiuctmrsebdtiaghinag mchide ragfedﬂ\oine esinganities hedldefactpahehl el are
connected in parallel. This configuration enables matching the capacity of
the illuni S&%4re)S TapRaseEtis - 64 to the capacity of the power supply while
satisfying the | 'I%Q tafo?er:'ﬂqé]{[njoplgd &St 1giu¥a£t1%1q egng]és%rming a white light enutting LED.
The light emitting device of the present invention may include more than one
aforementioned configuration of a light emitting device and these configurations of a
hight emitting device may be connected in serial.
The aforementioned configuration enables providing an illumination apparatus
equipped with a plurality of the aforementioned high efficiency light emitting devices
mounted on a lead frame, by utilizing 2 high current power supply.
Also, the light emitting device of the present invention may include more than
one aforementioned configuration of a light emitting device and these configurations of
a hight emitting device may be connected in parallel.
The aforementioned configuration enables providing an illumination apparatus
constituted by the aforementioned high efficiency light emitting devices, by utilizing a
high current power supply.
An illurmination apparatus may include light emitting devices of the present
invention and a power supply circuit for causing the light emitting devices to generate
light and in the power supply circuit, two or more parallel portions each including two

or more light emitting devices connected in paraliel are connected in parallel.

This configuration enables matching the capacity of the illumination apparatus
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respective light emtting devices. Further, the aforenenti oned power supply
circuit may include a parallel/serial switching portion when the capacity
of the illumnation apparatus is nade variable, and the wiring to be
applied to the light emtting devices nay be switched through the

paral l el /serial switching portion. Wile the enbodi nents of the present

i nventi on have been described in the above description, the enbodi nents

whi ch have been di scl osed above are nerely illustrative and the scope of
the present invention is not limted to these enbodi nents of the invention.
The scope of the invention is defined by the description in the clainms and

i ncl udes equivalents to the description of the clains and all variations

Wi t hi n t hetsthepepackhef thegitwee miply ndilel eatisBangothe libkt giegndonditwani tien enpl oys
a nitride sem conductor substrate having a high conductivity and therefore,
regar dl essTepe@ivd bght ermiingtdsaices. rFudthen theintesentipngd pawss sapely sgFet el ect r ode
can be provided.on the light emtting.surface. Further, by .enpl oyi ng

t he af or enBh¥ il%‘ilu%@ arﬁa[rqlley ~T@ WE%%I&‘%H?D W %&erc&{)%m% Otfﬁh%%hpﬁﬁn%nducti vity
and also b - h h O Il [ 3k Ll s I be
provi ded. Ilépr tr%g!r{\q,1 r?%éivﬁ}elagg’s@dg? Qw vfnt%%r%rgﬁhl%e?%,th%g%ﬁtieﬁg&ﬁg%he%a@%gti on
can be i npbevedchedhbroagh shenraikbsbriabswitaditigderaoconpl i cat ed el ectrode
configuration and further hjgher qutput |ight em ssion can be generated. (4)
The conducti vi t Whik the:pipbrdigents @f thegresensinyentiqa dgve beeprdsserehed pi Beect i on
circuit for,protectin he.l i,ght em.ttjng.device fromtransient voltages or
el ectrost atanveaéeg%ri%lro ge‘.hgﬁﬁ‘rb? ngr}e,ms %1%{1:1\%%3%ijgﬁoﬁdoa%oge garragreltgr ea can be
gener at ed AnGirhii@ SR §RpE BF tie piedehSihadidiod ™ AR TeniteldSo hHERE @¥BHdinterts 0Bl NCe
there is no significant discontinuity in the refractive index from the
lifght eni t theigvérgiger The sdvpe sifibetinedndon isi dpfited sy thegizsqipoioe it teldrimotral | y

refl ected, .thereby ., preventing efficiency reduction and resjn degradation at
the side. RS NIRRT e dEsBwtiBn HE?WCW%%%HV%WPB%‘&FJ“P&? #PF-on. (6)
Since the constr h: j i i i 1.i.gh: 1 k1 . ice is easy to
manuf act ure and ﬁgghlg}% é@égg’rglrgé%k{ger?gﬂir?tpgfg%gﬁw%%?%%&(yrsg%é?@é it is expected
that the | isghicofddctdri sogsteyhbeng\d highBendMcd@ibyandt thedeZ@d, deBaridlegs of p-Gowh nat i on
appar atuses of portable information term nals including portable phones. -
65 Al t houdhPunkes gsmed@w monyied: (1o anhdssingterie@esecah b8 pardddd onide ightted i n
detail, it s

emitting surface.  Further, (2) by employing the aforementioned nitride semiconductor
substrate with a high conductivity and also by p-down mounting, a miniaturized light
emitting device can be provided. Further, in the case of p-down mounting, (3) the heat
radiation can be improved, there is no need to provide a complicated electrode

configuration and further higher output light emission can be generated.  (4) The

conductivity is improved and there is no need to provide protection circuit for protecting

—

the light emitting device from transient voltages or electrostatic discharge. Further,
light emission from a large area can be generated and the electrostatic withstand voltage
1s improved.  (5) Since there is no significant discontinuity in the refractive index from
the light emitting layer to the substrate, light is less prone to be totally reflected, thereby
preventing efficiency reduction and resin degradation at the side surface, which would
be otherwise caused by total reflection. (6) Since the construction 1s simplified, the
light emitting device is easy to manufacture and has an excellent maintainability,
Therefore, it 1s expected that the light emitting device will be widely utilized in the

llumination apparatuses of portable information terminals including portable phones.
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clearly understood that the sane is by way of illustration and exanple only
and is not to be taken by way of [imtation, the spirit and scope of the
present invention being limted only by the ternms of the appended cl ai ns.
66 WHAT IS CLAIMED IS: 1. Alight emtting device conprising: a nitride

sem conductor substrate (1) with a resistivity of 0.5 Sl.cmor |ess; an
n-type nitride sem conductor layer (3) at a first main surface side of said
nitride sem conductor substrate (1) and a p-type nitride sem conductor |ayer
(5) placed nore distantly fromsaid nitride sem conductor substrate (1)
than said n-type nitride sem conductor |ayer at said first main surface
side; and a light emtting |ayer (4) placed between said n-type nitride
sem conduct or | ag@hogh)tha Pebsedtiifhentiby B Hdkeh GERebEEMIBNSHEEDN detiiier i 5) at
said first main surface side, wherein one of said nitride sem conductor
substrate ¢leyrlaniestoat that thpeame isrhiydeayseilcondoe kot exdngyeonly 53d issiohtunt ed  at

the top sigegﬁgigh em f i ght and.the otherfjg pl aced at .t he down_ sjde, and
a single ePBEAFBEY My OE IHalioTh the $pIta0g SSORE! TAMBresTnt VSaNR beareimied,. t yped
wi t h oxygep: [ [ has an oxygen concentration in the
range froing?gt@%mgﬁﬁ f%@?@%ﬁﬁg§%%§§§n1 and a thickness of 100 mto 200
urn. 2. Alight emtting device conprising a nitride sem conductor substrate
GaN substrate (1) wth a dislocation density of 108/ cm or |ess, an n-type
Al,Gj.,Nlayer (x is within the range of 0 to 1) which is an n-type
nitride sem conductor layer (3) at a first main surface side of said GaN
substrate (1) and a p-type Al,Gi.,Nlayer (x is wwthin the range of 0 to 1)
(5) placed nore distantly fromsaid GaN substrate (1) than said n-type
Al,Gl.,N layer at said first main surface side, and a light emtting |ayer
(4) placed between said n-type Al,Gl ,N layer (3) and said p-type

Al ,Gj.,N layer (5) at said first main surface side, wherein an n-el ectrode
(11) is provided in contact with a second nain surface of said GaN
substrate (1) which is the main surface at the opposite side fromsaid first
main surface, and a p- electrode (12) is provided in contact with said
p-type Al,Gal ,N layer (5), and one of said n-electrode (11) and said

p-el ectrode (12) is nounted at the top side which
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emts light and the other is nounted at the down side, and the el ectrode

pl aced at the top side is constituted froma single electrode, and said
substrate is n-typed with oxygen-dopi ng, and said substrate has an oxygen
concentration in the range from 1E17 to 2E19 oxygen atons/cnB8 and a

t hi ckness of 100 mto 200 pm -67 3. The light emtting device (30)
according to claim2, wherein said GaN substrate (1) is nounted at the top
side and is n-typed with oxygen-doping, and said GaN substrate has an
oxygen concentration in the range from|E 17 to 2E 19 oxygen atons/cnB and a
t hi cknessWHATI®OLAPMEDAS:600 gm 4. The light em tting device (30) according
to claim2, wherein said GaN substrate (1) is nounted at the top side and
is n-typed with oxygen-dopi ng, and said GaN substrate has an oxygen
concentrat i on li A lightemitingdevice oo EDLE: 4 nitri§EESioryugton subsiors(iewBh and a

t hi cknes I

rect angulsrasﬁ){uvﬁ?gpe IH‘% 5%% afmyﬁg Hﬁ;&%%%nﬁgoﬁ%d?&or 1@}319(;3,E§Tﬂ aéségaa'?] sgg?cg second
mai n surfSact?@faill':ém@ldésqmmqndmlt@s@str@e(lThmﬂ 2 p-igyprt niteide semiiengditioy flayer (FB0) accor di ng
to claim op side and
R A e L R s i e
concent r aemnisandugior laxer pigaigdirdt main sgifacg gide; @ncsflmt emiftiparayat GhplaceBetapt a

t hi cknes f

rectangul & Ao R P A nd B ey P Srh RS 1 D8 7 e one
mai n suer@fénaanelffﬂceﬁﬁ\eovhereéss 6. The Ilght em tting device (30) according
to any of cl a'o%o?saé’mtsal gﬁﬁc@nﬂ'ct%tﬁ%ﬁf:ateqrﬂ) an@%'eﬁdj% ?ﬁ)e ﬂfn@da@blﬁltc&ldgé{&ed over the

first main surface of GaN substrat density of 4E6/cnB or
| ess on d9&F gt manned afithe tehadyivipoeitsilight ab@:ﬂi'a pthgr lhd@@d@b@ﬁdwr\esaiee@d by

di scr et el yiip fg%i&%ﬁeﬁ@ﬁl&d@@atﬂlh%ﬁ?ﬁ@é L@Ns whi ch unavoi dably generate during the
formation o substrate into a string shape to distribute them al ong

t he substr at e-stidisetpte is niped oxith 9y gerdentinge indisaidispRsHee Bas spReyegR ystal | i nity of

the nost &HRAWRHIRTN BRI FIBSS mtg%xfgu atorhs/crkhd a1l Bne 8 BF 160 ROrodevi ce (30)
accordin to claim 6, V\%er ein said dislocation bundles are distributed over

said firstOO#Ein surface with a density of 4E2/cnB or |ess on average, and
the shorter side length of the light emtting surface at said second main

surface is wthi n_the_r.ange_ o o .
2. A light emitting device comprising a nitride semiconductor substrate GaN substrate (1)

with a dislocation density of 10%cm? or less, an n-type Al,Ga;.N layer (x is within the range of 0
to 1) which is an n-type nitride semiconductor layer (3) at a first main surface side of said GaN
substrate {1) and a p-type Al,Ga, N layer (x is within the range of 0 to 1) (5) placed more
distantly from said GaN substrate (1) than said n-type Al,Ga, N layer at said first main surface
side, and a light emitting layer (4} placed between said n-type Al,Ga,. N layer (3} and said p-type
AlLGa N layer (5} at said first main surface side, wherein

an n-electrode (11) is provided in contact with a second main surface of said GaN
substrate (1) which is the main surface at the opposite side from said first main surface, and a p-
electrode (12) is provided in contact with said p-type Al,Ga, N layer (5), and

one of said n-electrode (11) and said p-electrode (12) is mounted at the top side which
emits light and the other is mounted at the down side, and the electrode placed at the top side is
constituted from a single electrode, and

said substrate is n-typed with oxygen-doping, and said substrate has an oxygen
concentration in the range from 1E17 to 2E19 oxygen atoms/cm® and a thickness of 100 yum to
200 pm,
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from200 gmto 400 gm 8. The light emtting device (30) according to any of
clains 2-7, wherein between said GN substrate (1) and said n-type AlGl., N
| ayer (x is in the range fromO to 1) (3), an n-type AlGN buffer |ayer
(71) is placed in contact with said GaN substrate (1), an n-type GaN buffer
| ayer (2) is placed in contact with said n-type Al GaN buffer layer (71) and
said n-type Al Gai_,N layer (x is in the range fromO to 1) (3) is placed
in contact wwth said n- type GaN buffer layer (2). -68 9. The light emtting
device (30) according to cl wherein said rate i ncludes a
region with an Btfefl‘gatrfg‘?‘%‘“%ﬁevffeiw)6?°°'ld§’§§° o] %WP%'&PBﬂ?%?Fﬁu‘ﬁH&‘é%lﬁ Sangl e of

% 8 o\rNh Niinted & theliBg sibid @ﬁﬁs ;Efyﬁdwlngoxgigew&gmg 3 saTtD(Gﬂfj slibirgud Has any  of ﬁl ai rrg
-9, erein a p-type | utfer i s ce |nc nt ac th sai

o Lype e SRRp e o F e Shvern b 2yt LR e tomn o de
t her eof amoto@d0Puiype | NnGaN contact layer is placed in contact with the p-
type GaN buffer layer (6). 11. The light emtting device (30) according to
claim 10, wherein said p-type InGaN contact |ayer has a My concentration in
t he range of uEBhedighteditin® ddvive 1305adontingn® daimR, whekein Thieé GhNglstrae{1lf isi ng devi ce
(30) accordin [ whereipn a p-el ectrod | ayer formed from
hay ) AT o e’ G G Rk by e S Hon R S GR T es WS act T ayer
13. The ldxgdth cansbrtttatlmgmde:vrmge frb&@)zlamnxibngermmﬁswnhhd & thivka®s @£ 108, wherein
said GaN su at e udes ate-type crystal inversjon_ regions (51)
oxt endi ng br D Rty FRE e e et B ad SR A e TRl SUEPRS) o di f ect i on
Wi t hi n t herf{eabt ssidBsdon@meinSutfdcase 0.53@h dr Ipdsat e-t ype crystal inversion regions
(51) in the GaN substrate and plate-type crystal inversion regions
propagated to said n-type and p-type nitride sem conductor |ayers (3, 5)
formed on sai d. tﬁl\lﬁghsamhsihg aéveceama atcordingedcliimiywharid spd Oylieubsirite (10e

sem conduct 9 e.in strate (D

t hr ough salua{‘c"d atatMe tgp glg% an% tsyge Wcltt)n%ﬁ%etn'd%plf]% angsa Cg?aﬁbcfra%le > &ont act with
the por tdxges cmfcerttiaempmm;ppmgmﬁbmmﬂzes &érﬂl&mq@mattmnsfémfwda(lﬁcknmhofcﬁware | ef t
after renopv t hem zLrodes ective
portions ot {0{} %O "Lm %“96*3" br? I3 sen%té%rﬁ arg;gtUEr'H]age S acf gf{he %ﬁmfﬁi i ght
emtting deaﬁieaesa(dséb)ondimamrsuifangamanntanlem.lS, vvherel n said plate-type crystal

i nversion regions (51) are renoved using KOH sol ution.

6. The light emitting device (30) according to any of claims 2-5, wherein dislocation
bundles are distributed over the first main surface of said GaN substrate (1) with a density of
4E6/cm’ or less on average, wherein the dislocation bundles have been created by discretely
concentrating dislocations which unavoidably generate during the formation of the GaN substrate
into a string shape to distribute them along the substrate-thickwise direction in order to improve

the crystallinity of the most region of said GaN substrate (1).

7. The light emitting device (30) according to claim 6, whergin said dislocation bundles
are distributed over said first main surface with a density of 4E2/cm” or less on average, and the
shorter side length of the light emitting surface at said second main surface is within the range

from 200 pm to 400 um,

8. The light emitting device (30) according to any of claims 2-7, wherein between said
GaN substrate (1) and said n-type AlGa N layer (x is in the range from 0 to 1} (3), an n-type
AlGaN buffer layer (71} is placed in contact with said GaN substrate (1), an n-type GaN buffer
layer (2) is placed in contact with said n-type AlGaN buffer layer (71) and said n-type Al,Ga;..N
layer (x is in the range from 0 to 1) (3) is placed in contact with said n-type GaN buffer layer (2).
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15. Alight emtting device conprising a nitride sem conductor AN substrate
(1) with a heat conductivity of 100 W(mK) or nore, an n-type Al,Ga _, N
|l ayer (x is within the range of 0 to 1) (3) which is an n-type nitride
sem conductor layer at a first main surface side of said AIN substrate (1)
and a p-type Al,Gai_,N layer (x is within the range of 0 to 1) (5) placed
nore distantly fromsaid AIN substrate (1) than said n-type Al,Gi., N | ayer
(3) at said first main -69 surface side, and a light emtting |ayer (4)
pl aced between said n-type Al"Gai _,N layer (3) and said p-type Al.Gi _, N
| ayer (5) at said first main surface side, wherein an n-electrode (11) is
% ovihded iR cONTigAighidniitling dS&RQ30) acﬁfaidﬂ]gswélﬁlafj&w?éreﬁahldGgN]l:shbsﬁ'atbsn)I’ate (fl)

ich is.the main surface.at  t site side from sai [ ; mai n surface,
and a p. i TisHe pih 3 L Haial Py BERIRE bt WP R gt TR o N
| ayer (5), one of said n-electrode (11) and said p-electrode (12) is nmounted
at the top si

t . t.ed at d
si de, and thqufﬁg ?@é@”ﬁ%%%%ﬁeg@ ?ﬁ@%Péﬁn??a 8%§k§ég§§$?$ﬁpgﬁw%$§n1gmgingle
el ect r odeéffdBayei {6@islplagédt in edritct wmlgsmnypceAaGaQN tHyergx tisoin @ryangé fromditers 1- 15,
t d t f f
the b typd it 1t aBrnoBi bt o)l PO R BBl SYf Llfa®.  Vpe

nitride sgri@drdifetiayer (@yer (5) a second p-electrode (73) formed from Ag,
Al or Rh which fills the gaps of the first p-electrodes (12a) and covers
said p-type nitride sem conductor layer (5) and said first p-el ectrodes
(12a). 17. Thdll Thghightemittibg deyice €9) agording or daimng 01 wheedimsaidsp- t}gﬁq InGhaler ei n t he

coverage crogttiét ?r{hai?lg% coxtcentdattso m%!xei rg%%gﬁ% a(tc;rgs?%mjrtgiﬁl aYo ffhit he surface of

said p-type fi Y m con ron110 to 40% and
said substrate is n-typed with oxygen-doping, and said substrate has an

oxygen  concensrAklan duyhie, 8PS LLAML KFd!iB £EL SreaNasaLons/ omt and a

t hi ckness of t emttin evi ce ‘conprising a
nitride Jdaysf @Un@iufmhg,sﬂ losRh mtpeov{dey mmonthctanth 313 ps)me ViiGiaN @htag.l&e92. cm or
| ess, an n-type nitride sem conductor layer (3) at a first main surface
side of said nitride sem conductor substrate (1) and a p-type nitride
semni conduct or !BalhedigtE)nittipg deyisd (3P acsording teaamy lof/cldime A 18 ablebrai sard GadN

sem cond UGhsRhte ) %ﬁJd@st ;ﬁaté—i]y})e EIJS}QQ i@%j‘sgn '?égwﬁp% 1 ?é)&éﬂ'dﬁlﬁ continuously in the
thickwise direction and in a single direction within the GaN substrate surface, said plate-type
crystal inversion regions {51) in the GaN substrate and plate-type crystal inversion regions
propagated to said n-type and p-type nitride semiconductor layers (3, 5) formed on said GaN
substrate are removed from said p-type nitride semiconductor layer (5} side to the inside of said
GaN substrate (1) through said n-type nitride semiconductor layer (3), and, in contact with the
portions of the p-type nitride semiconductor layer {5) which are left after removing them, p-

electrodes (12) are provided for the respective portions of the p-type nitride semiconductor layer

(5).

14. The light emitting device (30) according to claim 13, wherein said plate-type crystal

inversion regions (51) are removed using KOH solution.

15. A light emitting device comprising a nitride semiconductor AIN substrate (1) with a
heat conductivity of 100 W/(m.K) or more, an n-type Al,Ga,.,N layer (x is within the range of 0
to 1) (3) which is an n-type nitride semiconductor layer at a first main surface side of said AIN
substrate (1) and a p-type Al,Ga N layer (x is within the range of 0 to 1) (5) placed more
distantly from said AIN substrate (1) than said n-type Al,Ga,N layer (3) at said first main
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sem conductor layer at said first main surface side, and a light emtting

| ayer (4) placed between said n-type nitride sem conductor |ayer (3) and
said p-type nitride sem conductor |ayer (5) at said first main surface
side, wherein said nitride sem conductor substrate (1) is nounted at the
down side and said p-type nitride sem conductor |ayer (5) is nmounted at the
top side which emts light, and said substrate is n-typed with
oxygen-dopi ng, and sai d substrate has an oxygen concentration in the range

from 1E17 to 2E19 oxygen atons/c and . a thickness qof 1 mt 00 pm -70
SN T et e R e e e S R

di sl ocat is@n pdgRAI{GA, Nlhyct @B/acdul st MadSSrfa@nida-whepe nitri de sem conduct or

| ayer (3) at a first jn.surface side of said, GaN substrate, (1) and a

oot ype i tri ad el Lo S FPued st eot SERN TR BN d N
subst r at eulfsirite t D ahich ad the naih pyréacaatittiel cppostiesidcibont said Bust rGBy sudfaces andch -1 r st mai n
surface side .alight emtting. layer, (4) ac bet ween said n-type
nitride st eﬁ%“%dsgﬁaéstpé?‘”%g% 0“{5'?)“’1%3‘%‘3%(? Aﬂ’f—ﬁ%’&ggayeﬁ?ﬁ’ri de seni conductor |ayer
(5) at said fionséfsaidinrelestioded Tl asd G, p-albvarbd (2 )dsuncunfsalt s bptsidatsbichl) i s
nount ed at .t do si de and, saj -1 ni.tride semco ctor.. layer (5) is
provi ded chyts Fﬁlé a?&(lj\{pﬂ)e %‘}“‘dés ’Rﬂ}“&eﬁ aL}ﬁ'f ?Oswr%gl?%h?nfi ﬂgnegecg%(ﬁg’\ as‘fffgés%%k reé?pegqes's n-typed

Wi t h oxygensticeadifrog a stk dairddesubst rat e has an oxygen concentration in the
range from1l E 17 to 2E19 oxygen atons/cm and a thickness of 100 mto 200
pm 20. The light emtting device (30) according to claim 19, wherein

di sl ocati on buadihediglstremittic dtvice basbrdthg dv@y of Hank il r1St comprisingsfmsfrace of said GN
substrate j ' f 6/ enB | ess . ver n the
ai'si ocat 1 5shP Dl R, Rl BERRER Ol v BREyaRD s RnBRe YRS

di sl ocat icontsct whith edid pHipape oitrikizbskiyicgreingpdayer (liriseagnd preleftodatitl) toomef frathe GaN
substrate, | e S i Skri | .

substr at e%ét' ﬁiﬁgrk% ‘iﬁe]&{d@ geﬂéet%qug&itl%q-gggéeﬁec{r%é% ﬁ%gr)g\ﬁl(g&%ﬁlggg@%te gitrllclieni ty of the
nmost r egisonicofdugan leyeCNasi dattfirsipeslegtigdes 32a). The |ight enitting device (30)
according to claim 20, wherein said dislocation bundles are distributed
over said first main surface with a density of 4E2/cnB or | ess on average,
and t he short é7. Biedight|eavittjngdeyice adverding dhtlaimeil §, twharginghy doseregeattiosdisald second

main sur ffﬁﬁ%-ei!eﬁtréﬂeg h'ng rglgk?ve to the surface of said p-type nitride semiconductor layer is in the
range from 10 to 40%, and
said substrate is n-typed with oxygen-doping, and said substrate has an oxygen

concentration in the range from 1E17 to 2E19 oxygen atoms/cm’ and a thickness of 100 um to
200 pm.

18. A light emitting device comprising a nitride semiconductor substrate (1) with a
resistivity of 0.5 Q.cm or less, an n-type nitride semiconductor layer (3) at a first main surface
side of said nitride semiconductor substrate (1) and a p-type nitride semiconductor layer (5)
placed more distantly from said nitride semiconductor substrate (1) than said n-type nitride
semiconductor layer at said first main surface side, and a light emitting layer (4) placed between
said n-type nitride semiconductor layer (3) and said p-type nitride semiconductor layer (5) at said
first main surface side, wherein

said nitride semiconductor substrate (1) is mounted at the down side and said p-type
nitride semiconductor layer (5) is mounted at the top side which emits light, and

said substrate is n-typed with oxygen-doping, and said substrate has an oxygen
concentration in the range from 1E17 to 2E19 oxygen atoms/cm” and a thickness of 100 pm to
200 pm.
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range from 200 mto 400 m 22. The light emtting device (30) according to
any of clains 19-21, wherein between said GaN substrate (1) and said n-type
Al.Gj ,Nlayer (x is in the range fromO to 1) (3), an n- type Al GaN buffer
| ayer (71) is placed in contact with said GaN substrate (1), an n-type GaN
buffer layer (2) is placed in contact wwth said n-type Al GaN buffer |ayer
(71) and said n-type Al Gl ,Nlayer (x is in the range fromO to 1) (3) is
placed in contact with said n-type GaN buffer layer (2). 23. The light
emtting devi Ceoéﬁﬁ% according to claim 22, wherein said GaN substrate (1)

i ncl udes a red?® tteW'tﬁ‘PB‘?:?F'Fe Gaysmpgsinga GeN sostrated) Witkya disloepm s h an of f

angl e of dk.i0%@ ofREsCan n-tyfdnidlle séﬂﬂ@onﬂhcﬁﬁi‘lay%}ét'a'ﬁ%t ﬂﬁws@@aca@le@mhﬁg to any of
clalrn;123?[uggere|n saldllght emtting devig is sealed with resin

ce
(33) and $AbiHHEE () and 4 grreirige %fr@f?ﬁrécluctaf (%stm‘)ﬁ CBSﬁa”Hf/ frgu;sgid GaNghy
em mt:) ting sipyraeel)and sany-tpRmiti® se@fcosdb®r (3paisild ﬁﬁ&)‘nam Quitéhcs dild add d1gphescent
me er gener at

fl yorescence on receivin and ite light is
enitted f‘?‘BWP%gV?i (Perdaeed hetypen said pfyge gitpdss H% "35“0"'#?9’ qt3|) Cﬂ‘i’tsa‘gh i%¥R% ng devi ce
accor di Nonifride wcoaaucairmymsﬂm%dﬁmlewafa&&ﬁdé whenrgh e el ectrode at the top
side is placed r of s ht . em devi c in a plane

he cent tl
view of saidS$ pgsﬁﬁgcsp?s\;gte (Ryspaunt 6‘”h "Isfdﬁﬁt“s%‘ffﬂ?fy?ﬁ@mtﬁi&?‘? NGy di ng t o
anyhof hcl1a§veﬁ§5_)gisp?&;;dewaﬁheuops%%wﬁﬁc}ke@&tllgmrtdt| nﬁ fjew ce (30) is gonstruct gg
such that a sid ew type equi the |i emttin evi ce
has a thi cknessg‘%é'l’bsﬁat%'sm Yo ygeg'g"pl%@“dlsia‘&ﬁ‘t‘bs ﬁigg"fslaﬂﬁ’%?@('/l ge accor di ﬁ\g :
to any ofcoidediration i tBEranyd B I 73G2KH 9lokgh alfik/inl 41 a tdlertegdf (BQ)m fos
constructg)g such that a side-view type LED equi pped with the Iight emtting
devi ce }"has a thickness of 0.4 nmor less. 28. The light emtting
device according to any of claims 1-27, having an electrostatic w thstand

vol tage of 30 ht tt| ng, devi.ce accor to any of
i me1 5g, it e 5?'%1{5%?@% bl o B EReERT B e,

prot ect i ndistStaited olvérghd firétimdin supfgcethe vdi € OaN] am}traier(amwtﬂr adﬁwﬁf JPa@thbgess or

el ectrostatic di s har i ed bet.ween said

nitride scg’rﬁv%%gfd‘d TP eé&ﬁ?@&%"#ﬁ“&%&“ cé?ag?\%y ?Vﬁgtglﬁlc??‘"’eﬁ&a 2ni conduct or

| ayer (5)dislocations which unavoidably generate during the formation of the GaN substrate into a string
shape to distribute them along the substrate-thickwise direction in order to improve the

crystallinity of the most region of said GaN substrate (1).

21. The light emitting device (30) according to claim 20, wherein said dislocation
bundles are distributed over said first main surface with a density of 4E2/cm’ or less on average,
and the shorter side length of the light emitting surface at said second main surface is within the

range from 200 pum to 400 pm.

22. The light emitting device (30} according to any of claims 19-21, wherein between
said GaN substrate (1) and said n-type Al,Ga N layer (x is in the range from 0 to 1) (3}, an n-
type AlGaN buffer layer (71) is placed in contact with said GaN substrate (1), an n-type GaN
buffer layer (2) is placed in contact with said n-type AlGaN buffer layer (71) and said n-type
Al,Ga; 4N layer (x is in the range from 0 to 1) (3) is placed in contact with said n-type GaN buffer
layer (2).

23. The light emitting device (30) according to claim 22, wherein said GaN substrate (1)

includes a region with an off angle of 0.10° or less and a region with an off angle of 1.0° or more.
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30. The light emtting device according to claim29, wherein there is not
provided an electric power shunting circuit including Zener diodes for
dealing with said transient voltages or electrostatic discharge. 31. The
light emtting device according to any of clains 1-30, which causes |ight
em ssion when a voltage of 4 V or less is applied thereto. 32. The |ight
emtting device (30) according to any of clainms 1- 3l, wherein said

el ectrode at the top side has an area ratio bel ow 50% and t he opening ratio

or the transpa -2 portjaon is higher than 509 3. .The light .emtting
Gevi ce. (30 he et gt prlidiadente foring wrny S5Mgp e A hisin Wb WS or ¢ ne
si des of daiic (B@ps salekwslureiia(3) ralindudeenfiidiesodnt BEAbes m apy pbreissof s3id. The |1 ght
emtting device.(30). according tq any of. clains, 1- 33 wherein at |east one
of the o et <GiteliPaiCeY pifel fedlie Rt By b SrenotRhE fhePles 35 *The
i ght em tluomgerde ¢h ceei(isg)Iaidltghoardiwhite tight &l eanitad Fdmomid3dsin (ABap eienusiddes  of
said top- side surface which are opposed to each other both have a | ength of

400 pmor greater. 36. The light emtting device (30) according to any of
clains 33 - 3525.\ithetigt emgiigeiviof accading ttanp oBildes 404 fveeindaidosinglkr e opposed to

each ot her t.h_have | en 1, r. qr er . . Th ] emtting
dovi ce. ( 30\ R8T Gp B SR Pt e UFRRY gl ARRE g oy WEmhlib °Th o
r esi st ancef ofd 8@e@viVagers.| ess. 38. The light emtting device (30) according
to any of clainms 1- 37, wherein the portion at which tenperature rises nost
| argely will have a tenperature of 150C or |ess under continuous |ight

em tting condi £¢.dhs lighd emittipalelicgdvcording totanp gf dami ¢€5,(v8@)eireeidigtii amgtting any of

clainms 1- ' ' z ReRgq! j. - - . has a

Ehi ciness ‘pee4 T Sl S@l Gufyht et bPLeS EliRRRGHE BT o) QYSHnd RiclT °,
any of cl &Gbask-thiggesswiiBpeimosladsd p-type nitride sem conductor layer (5) is
down- nounted, and the portion of the second main surface, which serves as

the light emtting surface, of said nitride sem conductor substrate (1)
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(30) has a thickness of 0.4 mm or less.

28. The light emitting device according to any of claims 1-27, having an electrostatic

withstand voltage of 3000 V or more.

29. The light emitting device according to any of claims 1-28, wherein there is not
provided a protection circuit for protecting said light emitting device {30) from transient voltages
or electrostatic discharge, which would be otherwise applied between said nitride semiconductor

substrate (1) and said p-type nitride semiconductor layer (5).
30. The light emitting device according to claim 29, wherein there is not provided an
electric power shunting circuit including Zener diodes for dealing with said transient voltages or

electrostatic discharge.

31. The light emitting device according to any of claims 1-30, which causes light

emission when a voltage of 4 V or less is applied thereto.

32. The light emitting device (30) according to any of claims 1- 31, wherein said

electrode at the top side has an area ratio below 50% and the opening ratio or the transparent
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have been subjected to the non-mrror-surface treatnent are surfaces which
were made to be non- mrror surfaces using potassium hydroxi de (KOH)

sol ution, sodium hydroxide (NaOH) solution, amonia (NH3) solution or other
al kali solution. -73 42. The light emtting device (30) according to claim
40, wherein said surfaces which have been subjected to the
non-mrror-surface treatnent are surfaces which were nade to be non- mrror
surfaces using at |east one of sulfuric acid (H2SO4) sol ution, hydrochloric
acid (HCl) . solution hosphoric acid (HZPO4) solution, hydrofluoric acid

( HF) sol&P?Bﬁ“éﬁHQGWWéﬁ‘a0|d solution. 43. The light enmitting device (30)
according to claim40, wherein said surfaces which have been subjected to
the non-mrror-surface trea nent are urfaces whi ch re made to be non-
mrror surfacédd ‘f?gifl?hje bt deyee {ghpcae 'ﬁgwgan(ﬁéifé)lms S8 AR PR R ¢ ¢ ng
devi ce ( 3Djhe siaeTcHid@pliside facOlas € laaptf®f 350 ddor ¥9Erei n said el ectrode placed
on the nmounting side 1s forned froma material with a reflectivity of 0.5 or
nore. 45. The light emtting device (30) according to any of clains 1- 44,
wherein a fl uonel’:h@digﬂteﬁltﬁﬁgede(/ééﬂmj @c@hlage)chngsutdnalmhat33l whavell eflcast dne second
mai n surfggg 8 nltrld Sﬁﬁ] E@ g strate (1). 46. The light

em tting P ?c’§ﬁ mBé@SFﬂ AHY"r e 'R (ﬂ@ﬁr %1- 45, wherein a fluorescent

plate (46) is placed apart fromsaid n|tr|de sem conduct or substrate (1)
such that it f th.the, se in s ai .d

seni conduct or gﬁ]ﬁlg e@‘rﬁ"l%d.evﬁe/&(ayﬁ?énﬁlir@?tc ? f’ﬂ% ngg?/'fléges(%fﬁi)‘g%%bor ding to
any of clsalke mﬁ‘faﬁewlﬁﬁh arebgosddno dok otheirbothdave ajéngslamfdoﬁ Luar geatennt plate (46) to
be faced with the second main surface of said nitride sem conductor
substrate (1) has been subjected to an asperities-form ng process. 48. The
l'ight emittings. dléwiliglﬁ e(n&@n)g d@eico(30) argorting ey chlajﬂnais}m351whékéﬁn sMbse:rfei n said
nitride bstrate nBurltles and
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conprising nore than one said light emtting deV|ce (30) according to any

of pl aims 1- ? Thwglln‘t%%nr{mgghc%wce }309 c%orgmg ¥0ta|n§] gf qa:r\r/lls ?ej% (go%gt}'uc%d ?o hav ncp ected in

serial or paralle
heat resistance of 30 °C/W or less.

38. The light emitting device (30) according to any of claims 1- 37, wherein the portion at
which temperature rises most largely will have a temperature of 150°C or less under continuous

light emitting conditions.

39. The light emitting device (30) according to any of claims 1- 40, wherein said n-type

nitride semiconductor layer (3) has a thickness of 3 pm or less.

40. The light emitting device (30) according to any of claims 1- 39, wherein said p-type
nitride semiconductor layer (5) is down-mounted, and the portion of the second main surface,
which serves as the light emitting surface, of said nitride semiconductor substrate (1) which has

not been covered with said eiectrode has been subjected to a non-mirror-surface treatment.

41. The light emitting device (30) according to claim 40, wherein said surfaces which
have been subjected to the non-mirror-surface treatment are surfaces which were made to be non-
mirror surfaces using potassium hydroxide (KOH) solution, sodium hydroxide (NaOH) solution,

ammonia (NH3) solution or other alkali solution.
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50. Alight emtting device (30) conprising said light emtting devices (30)

according to

causing the light emtting devices (30) to generate |ight, wherein
power supply circuit, two or nore parallel portions each including

nore said light emtting devices (30) connected in parallel

paral | el

-75

42. The light emitting device (30) according to claim 40, wherein said surfaces which
have been subjected to the non-mirror-surface treatment are surfaces which were made to be non-
mirror surfaces using at least one of sulfuric acid (H,80,) solution, hydrochloric acid (HCI)
solution, phosphoric acid (H,PO,) solution, hydroflucric acid (HF) solution and other acid

solution.
43. The light emitting device (30) according to claim 40, wherein said surfaces which
have been subjected to the non-mirror-surface treatment are surfaces which were made to be non-

mirror surfaces using reactive ion etching (RIE).

44, The light emitting device (30) according to any of claims 1- 43, wherein said

electrode placed on the mounting side is formed from a material with a reflectivity of 0.5 or more.

45. The light emitting device (30) according to any of claims 1- 44, wherein a fluorescent
plate (46) is placed such that it covers the second main surface of said nitride semiconductor

substrate (1).

46. The light emitting device (30) according to any of claims 1- 45, wherein a fluorescent
plate (46) is placed apart from said nitride semiconductor substrate (1) such that it faces with the

second main surface of said nitride semiconductor substrate (1).

47. The light emitting device (30) according to any of claims 1- 46, wherein the surface
of said fluorescent plate (46) to be faced with the second main surface of said nitride

semiconductor substrate (1) has been subjected to an asperities-forming process.

48. The light emitting device (30) according to any of claims 1- 47, wherein said nitride
semiconductor substrate (1) include at least one of impurities and defects which generate
fluorescence.

49. A light emitting device (30) comprising more than one said light emitting device (30)
according to any of claims 1- 48, wherein these light emitting devices (30) are connected in serial

or parallel.

50. Alight emitting device (30) comprising said light emitting devices (30) according to

.74.

-74 any of clainms 1- 48, and a power supply circuit for
in said

two or

are connected in



any of claims 1- 48, and a power supply circuit for causing the light emitting devices (30) to
generate light, wherein in said power supply circuit, two or more parallel portions each including

two or more said light emitting devices (30) connected in parallel are connected in parallel.
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