TITLE OF THE I NVENTION Light Emtting Device BACKGROUND OF THE | NVENTI ON
Field of the Invention The invention relates to |light 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 light source of the display device of a portable

i nf or mat i OTITEEMRTIHE INVENTI@quUi red to enhance the |ight em ssion
performance. Therefore, there has been suggested a configuration for
preventing |ight Leght Emitige Revisgenness in fabricating a side-view type LED
equi pped w_t | 1.Lting device which has been assenbl ed
using a s%%ﬁgm@twg (p-top) nounted (see Japanese

Lai d- Open g Hf”th@‘fﬁ’@égﬁ@ﬁi on No. 2000-223751). According to this
suggestion, there is disclosed that two el ectrodes at opposite corners of
the rectangul ar Thbapentiorreiutdl tatighvéeminimnf deites hndbreepirtifulaty @eighee from

the light extracting side (top side), are placed such that they are |ied
al ong t he epiRadswcesifpared foem aftride semisonfiaciorew HerpinafterD) 2 hghtemyttingey st and
at the corners., Further,.there.is .a possibilit LEDs Wi, l|l be utilized
For 111 um REVESTerest B g Sfiind oBmPhy 3 comapiisd Wihy epithebiementeg 't o
i ncrease t kgndthidhbn e4llipsd \ﬁiﬁﬁhﬁglﬁ%ttfﬂ elefleAt”, BhIERIthdPise Méfongd ea
illumnation or for application"to portable information termnals. Fig. 51
i |1 ustrat ePestrptoarndthaBickgrountl Aat GaN-t ype LED whi ch has been currently
suggested (see J%%%nes?.l Lai d- Open Patent. Publication _No.CH%OO& 8083).. In
this GaN-type LEDYMtelighhemytng digfey Gafd}) havo been wdglyutligedsior dluanpaiion fer
substrate : jon.1 ' en
ntype &N%I?e;@%glwigezxﬁ‘caeggﬁg&Héﬂlé'\ﬁkArm%%E terihials OB 1 R nlding SO RRHLE

In the case of using LEDs as the light source of the display device of a portable

information terminal, it is 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 light 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). In
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 layer 102 and a
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1 p-type GaN |l ayer 104. Light em ssion occurs at this quantum well
construction 103. On p-type GaN |l 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 ohm c-contact
therewith. These p-electrode 105 and n-el ectrode 106 are connected to a
nmounting nenber 109 through solder balls 107, 108. Munting nenber
(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

Lransi ent yOagng) ot BT RforUSEAA 45 g ARl 860 chisRRYBE 1651UNt | ng

circuit I'ng thé emtting device is formed from Zener

di odes, inogg dl?fJe GaNdERY €04, a d]j BﬁcﬂrbcgahIOSaErfdrtnedgucdahame1sfman&nmecmrgac3ubJ ected
to Iarge forward currents and reverse currents, The protection from surge
vol t ages wihetevhith, dd?suhcrbemmtypfc@@cillayer 39%ren rglectrarle i@ @ﬁ‘é&!“@ékﬁttr&/pe LED
I's characterized, in that p-type GaN |ayer 104 is down-nounted and
(a2) n-el e@t"i@h@cr‘&?@ct% -formed on n-type GaN layer 102. This

GaN type LED haspg. gl 9J‘écfdo‘a§ f)g é{jd:f?réfélcfrg %ﬁ@géﬁ:fe‘éfgd'tgrﬁ Agurdtdg be seen
on

in Fig. 5 1. The'réa the n-electro ayer is fornmed on n-type

GaN | ayer mifBer Y8U thfbushkeidert tifls GOMSIOBUC MAamting Mehibeafsabimotst mhalber;apphl re
substrate 10 1 is an insulator and the n-type el ectrode can nat

provi ded oh02 isdfospgipghim e 6 allstratgtand lmpwdﬁ@ matheraisicpt Aef RietacHes thssligﬁb
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often beeng, a%tB}g%? El?&lﬂtflﬁﬁfresafo? 0 Qé{'futcoﬁd?fctdﬁ Qi RGEk I Al BRd I sletsurgeriotthgeng
device fromtransient voltages and el ectrostatic discharge is provided in
conj unct i 0gucM dshrankient! voliBesemieletirogatitedischarges aeeldctpapewer thuintingpeeuitPat ent

Publ i cation Nos. 2000-286457, 11-54801, ag 11- 220%7&% Par,ti cul arl
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currents. The protection from surge voltages will be described in detail later.

The aforementioned GaN-type LED is characterized in that (al) p-type GaN
layer 104 is down-mounted and (a2) n-electrode layer 106 is formed on n-type GaN
layer 102. This GaN-type LED has a significantly complicated construction as can be
seen in Fig. 51. The reason that (a2) the n-electrode layer is formed on n-type GaN
layer 102, which makes tﬁe construction complicated, is that sapphire substrate 101 is 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 emitting device using a
sapphire substrate, there has often been suggested that 2 circuit for protecting the hight
emitting device from transient voltages and electrostatic discharge is provided in
conjunction with the light emitting device (see Japanese Laid-Open Patent Pubhcatlon
Nos. 2000-286457, 11-54801, and 11-220176). Particularly, GaN-type compound
semiconductors have small reverse withstand voltages such as about 50V, and also have
forward withstand voltages of only about 150 V. Therefore, it is considered important

to provide aforementioned electric power shunting circuit for protection. Namely, the
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to provide aforenentioned electric power shunting Crcuit for protection.
Nanmely, the 2 aforenenti 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 II
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 exanple where a GaN-type light emtting device is fornmed on a
conductive SiC substrate. Nanely, there has been w dely known LEDs
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ot her handy,ghbbigionl 8f SroRstibebiechicalldbypBed Bdvess fraofofthppinhindactstsiust r at e
illustrated Tn Fig. 51 has a conplicated construction, which unavoi dably

i ncreases ditaitffahreschat iidservissnducgirasechi as Ga Al @nd Exare purgeaoltagassugh as
| nexpensive in order to devel op %%ﬁnd in various illumnation
appl i cat i dR&Nsienk¥oliAREY BRERTTASHG ¥8fuction is not preferable. Further,

since p-electrodg,dO3 tﬁ{'g‘f’&?ﬁ%ﬁgﬁt‘%@ L %@gﬁﬁ%&@éeﬁﬁgﬁi%uﬁm% préefigrount i ng

surface side, theareas o arti the 'area of the

p- el ect r odgycuiitS thefShdsibebeRnowharéaipld héreUGdNUge light ermintisg dongeriovi de hi gh
outputs, it is desirable that the p-electrode has a | arge area, However,

the const riscmednnialdonduatine SIC pupstriieg. Namelyp thers basdeemwidghekaown KEDs

restricting the |ight output. rther,. in.vi f [ ' at

gener at ed "?‘l’ﬁg’s‘?’tﬁlégéﬁy%ﬁ} 1ﬂe‘gr?ﬁre?ﬂngt,m%oniag\flﬂgotwsp)trgé% g{ﬁ%ﬂ;ﬁ% ?rhg’t% the two
el ectrode B Gal] eP'(gﬁﬁQJéaf}o@élen&Lerﬁa;eﬁeurfﬁ:%w@ﬁc stgag/Sie a | arge
resistance to currerts Tlowmng in the direction parallel to n-type GN

| ayer 102, suMsirate/mgype Cadsleydramhntgeneelbhimmtahlidyertdosstefctpe (lightermatéisgs in t he
power consunption. Particularly, in the case where the thickness of the
n-type GaNayer)/p-type GaN layer/p-electrode).

On the other hand, the aforementioned GaN-type LED using a sapphire
substrate illustrated in Fig. 51 has a complicated construction, which unavoidably
increases the fabrication cost.  Since it is necessary that LEDs are inexpensive in order
to develop demand in various illumination applications, the aforementioned construction
is 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, it is
desirable that the p-electrode has a large area. However, the construction Hustrated in
Fig. 51 restricts the areas, thus restricting the light output. Further, in view of
discharging heat generated in association with currents, it 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
layer is reduced in order to shorten the film formation processes, the yield of exposure

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



| ayer is reduced in order to shorten the filmformation processes, the

yi el d of exposure of the n-type GaN filmis degraded, in addition to the
af orenenti oned heat generation - 3 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 light emtting device can not be nade

| arge. 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 little margin. Further, since the

af orenentioned GaN-type LED using a sapphire subst rate restricts the heat
radi ati ng MW?TtCOBHM!%dMTWS%COWS necessary to utilize a

conf i gurat i on | nglulhng Inbd L6RkE 6T NARROCRS flgRhbials @Bfdt el ect rode

for increasing area s not easy to

manuf act ur Padtabi%g %réaqgrpesﬁﬁmeﬂxd 2B08RE h&A essistinee (1Bb YergRirdtatetise dueab @asi ng t he
manuf act ure cos As previously described, the design of heat conditions is
basi cal | y éngpgy introtiuésdrper bing bteapiilarge, ragd desréforsthe Whentedagureant perptingle nade to
generate hwgn out puts,, the aforenentloned h t conditions. introduce

restrictio teﬁétrt’é‘gélc“ﬁ%éantm%ﬂ@fdé 41ge.j s arg Fb HaBE Fasei SP8E t o use

conplicate 1.9 I

Furt her, %@Pe %Ub%gr ogﬁeem a‘g{ﬂ?‘%ﬁleﬁ rS %/ﬁ%&tﬁawewﬁ{lya %cgggn&?ﬁlﬁg

devi ce fO{Srmda]mo%)eﬂ@ﬁﬁlﬁbﬁQieggﬁﬁg R\aﬂqﬂltﬂlémd@m nmount ed and the back surface
of the sapphire”™ substrate is used as the light emtting surface, |ight

wi th a predet er nFneherj mmedhnafoamgtr@oneﬁ GgNetaD*eLE%uslnglﬁesaﬁﬂlB}%lbé@at?o t ot al
reflection at.th %ﬁund betweenthﬁb Nlalt_é andtt 54 paohlre
substrate éqsfrécrtsﬁ’re AJate ‘Erﬁ‘f"dh‘brﬁ“’? Pl RRPIES dEc Y IS U i t ted t o

out si de, Sh%@%nﬁﬁﬁu@né@ﬁﬁ%ﬁé dfﬁ’c% blﬁg %ﬁecﬁgﬁyﬁndzn-é]eéﬁgdéﬁxﬁ&@ﬂgre

substrate refrac Narmely, light with an
i nci dent  ap@ @nthcearealthdrébebiedni gk not&naymsmnuﬂmream&ezb)om shaped | be
confined within the Gala layer and wi|l not be emtted to

electrodes, thereby certainly increasing the manufacture cost.

As previously described, the design of heat conditions is basically important for
light emitting devices. When an attempt is made to generate high outputs, the
aforementioned heat conditions introduce festrictions thereto, and therefore it 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 will 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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the outside. This reduces the light emtting efficiency at the main surface
of the sapphire substrate. This problemof the light emtting efficiency
is inportant. However, there are still other problens. The aforenentioned
|l i ght subjected to total 4 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 aforementioned totally-reflected light is
consi derable and also the GaN | ayer has a small thickness. This wll
darmage resin which is placed at the side portions of the GaN | ayer and thus
irradiated with the light. This wll induce a problem of shortening the

life of the light .emtting, device. Further, with a GaN-.t L havi ng a
const ruct i &€ ?0"(‘5‘# RFQB??éEEtg‘IhHB’&L(S]PF f}ﬁ]g laygs apd gﬁ?fsaed%‘tc%‘fl ﬁg}"‘%?’ sE.;'?)bstrat g/ SiC
substrate/ pn-t. N I : ' - I t tion

(T aht “em DongREpERE daY e 336 KR U A UALREenfBIRERIRIGACT ) 00

from the pprawfs will Behigh, stk t6aatip Of tieeantthint of Mitaforementidned to the outside
because of the high Iight absorption at the p-electrode. If an attenpt is

nmade to retually-reflbaed bglringesidatabls and alseghp ayer bava smalhBligknestcr e t he
opening ratio, in order to. inhcrease the anount,of ytted Light, currents
can not beHl metrﬁ?‘ﬁﬂ@ﬁ%t‘ﬁ@_aﬁﬂartrﬂée sile ngn@fi\}?xpg%ﬁlagrﬁgg ﬂgffe p-type GaN
layer has g hig @itﬁ?ltncr Bhe eﬂiﬂ»@ipﬁl‘auce-r?ﬁfo%ié?ﬂ &6 shohibRE (RIS oF A2 lfgﬂﬂ not be
e e q ecreasi ng

activated roug I'Te quant um we construction; thereby

the light emitasd eeieutput. Furthernore, the électric resistance wll be
i ncreased, which will induce problens of heat generatjon and power ﬁuppl y
capacity. Al so, Fithemwithadp¥-typs LFid bavisg pGeR 1 ple(ap preleGiends oiths he

p-type GaN | ayer.in or 0, _.unifor fl ow n the entire
p-type Gal aq%n@f;a?e f’ﬁ‘i‘ g&{/\ﬁ"\tblw?t«%@fé is%lfg% n'ﬁ'l?? E?ﬂ"‘?‘l ﬁgérﬁqcutgnh{%%- type GaN
layer will mﬁéaéénas»e} @(_‘itﬂﬁuéﬁﬂ?nt{'ﬂght@mi{tln%hﬁycr}?}lw}ﬂ@@ﬁl\ﬂ:ayaﬁﬁpﬂeww!\fﬁN:hl t is
an object of the present invention to provide | |ght emtting devices which
have a si mpiis tiginffrauria p-tayet ide, Spht camldionbe efficenty emistefl 4p theceutade can
provide a Eclsc%nsé é)fg trf]lEa high light absorption at the p-electrode. If an attempt is made to reduce

the coverage ratio of the p-electrode, namely increase the opening ratio, in order to
increase 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 GaN layer, this will restrict the output
since this p-type GaN layer will absorb a large amount of light.
SUMMARY OF THE INVENTION

It is 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 high light

emission efficiency for a long time period, and can be easily miniaturized.

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

semiconductor layer and a p-type nitride semiconductor layer placed more distantly from
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em ssion efficiency for a long tinme period, and can be easily mniaturized
A light emtting device according to the present invention includes a
nitride sem conductor substrate with a resistivity of 0.5 S2cm or |ess, an
n-type nitride sem conductor |ayer and a p-type nitride sem conductor

| ayer placed nore distantly from-5 the nitride sem conductor substrate
than the n-type nitride sem conductor |ayer at a first nain surface side
of the nitride sem conductor substrate, and a light emtting |layer 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 layer is nounted at the top side which emts

l'ight and fﬂé%tﬁﬁg%miig&ﬂcﬁﬁ%gbstﬁ{e thiye 11 pe hAfde sfcchdstidglgecitechsode i s

placed at the top side. In the aforenentioned light emtting device, a
si ngl e el emhincdefacessifd aicthel natide deemicandpctsr sebsfrate, @ 4 ight gmittigatayenhi ch
enabl es extracting a | arge anount of |ight w thoyt causi nt% t he el ectrode

‘ |
to interf eplacedhetvegirihe 8 migile spmcopgyctor laysrang theqsBEWItNge i ace only a

singl e el ectr.ode, wWhich enabl IC] . ' _
parti cul ar IEREc ISR e ik Hapé BE BhicHBubdt BIERERS R0 Mo prbi niice

i ni at uri zadnhieshdabtod Yy nfountddl 2 i edob Qiiletviiith exaitslighn ahditHenghgrds pabide
phones. A pad electrode may be placed in conbination with a single

el ect r ode. aMhedowneile, adecsinglel elsctapde if plagediatithe topstidegl e area in a pl ane
view, they are regarded as a sipgle electrode. Wth .the aforenentipned

pl acement, when frh&ae -%F‘@E‘W‘%‘B‘iﬁ&t&é‘lﬁ@g dgBiih- ?@Eﬁtrqcﬁés Bﬁﬁ?ﬁ?dﬁ ace
side of the n- bl sew q t - [ thagt | 1 ght
i tting O SALRR? eRldibg " Rick BRENE! QraSnl Ak am R VORISR LT e

n-type nit ghdmpsaatleomnedecioaitedeloshd gt emssiviml Funhe| it dd needssaryato deepr ovi ded
since the GaN substrate has a |lower electric resistance, whi ¢ch enabl es

gener at i ngohlygrsingle ¢lgetrodeoprhish esablgstrrducing the ticknesses pf LEDSWRATHEYIRTSCHE on.

Nanely, in_the case ere the -el eci.rod Il de. i S. - , the
n- el egtrlodéh‘? ebﬁﬁg\‘?f\é\fgﬁf"ﬁﬂv W%ngé'k Ehlffg%ééslr%ggé%ﬁg%n@?ﬁ%ﬁb ace) of the
nitride Semﬁﬁ%Mﬁtt&fmiﬁﬂpﬁElhéﬁg pBAYbIB GhéndsOWAGl@Glldctrode fragibs phateéin and

therefore even when the n-electrode iS provided with a | ow coverage
combination 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 emitting surface. Therefore, in the case of using a GaN substrate as
the n-type nitride semiconductor 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
light may be emitted from the side surfaces not only from the second main surface.

This is applied to the following light emitting devices.
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ratio nanmely a large open ratio, currents can be flowed through the entire
nitride sem conductor substrate. This nmay reduce the ratio of |ight
absorbed at the emitting surface, thereby increasing the |ight em ssion
efficiency. It goes without saying that |light nay be emtted fromthe side
surfaces not only fromthe second main surface. This is applied to the
followng light emtting devices. 6 Al so, when the current is not
significantly large, the p-type nitride sem conductor |ayer side may 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

wi t hstand vol tage. Further, conplicated manufacture processes are not
required, therebhlsoewhen thg currpet inpefuseicandy lees themypeingReeeni tting device

I s based on t.he prem se that the af.or nt..on | t-ri.de sem conduct or
substrate F@‘B‘?"‘ﬁﬁtomﬁﬁﬁﬁﬁ%f“iay/ CPWe?S%E%E%]}%%F‘%%Pﬁg“ﬁ“FH de seni conduct or
“substrate’ refe itl BRGu AR BF tHRaVIN SuiRfraR Rk ésahe nedebiikness
whi ch can be indg%ré}#g’eﬁﬂ%&tgg?ri ed ang?i s distingui shed froma "filnf and

"layer" whofprogidéngi ﬂfﬂfoit&tibﬁ cireuit agdisendenvoliagenandyalsa sigroficandy anlefinges t hei r
shapes. This is applied to a GaN substrate and an AN substrate which wll
be descri btg withstand valtegeght enitting device according to the present

i nvention includes nitride .sem gonductar r ith a
di sl ocati on dens?\‘?ﬁl‘ﬂf corppiicatsd n&nufagﬁ.g? P essﬁg:l?r;%/;%]g?}ﬁ%@-@%p@a&gp&?g is
within the dcbg 1) which is an n-type nitride semiconductor |ayer
and a p-tyb}&qﬁ%@ﬁ?xlﬁ f{ayer (x is within the range of 0 to 1) placed nore
di stantly from t Tae Gal emihmigrdaviee isttased drethe-prgmise Mak e bforrmentyanedat a fir st

main surface side of said GaN substrate and a Iighkh’ m tthi %ﬁ-' ayer placed
bet ween t haitride sgpeiconsiugica subsiiateds af arprgoRBSHNE tPpe @&’1‘- S er. An

Subst rat o SHPERTSIG ashaere” SleRgh e iy MERORAATRE B BHBDPRRCD, 11T T
mai n sur f aggekREPwRicR 8l BEhhesRdémiyaniddded it distmished froir -“film” and

“Jayer” which are difficult to independently carry without changing their shapes. This

is applied to a GaN substrate 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%/em? 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 and a p-type Al,Ga,,N layer (x is within the range of 0 to 1) placed
more distantly from the GaN substrate than the n-type AlGa,N layer at a first main
surface side of said GaN substrate and a light emitting layer placed between the n-type
AlGa,N layer and the p-type Al,Ga,,N layer. An n-electrode is 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 Ai,Ga;N layer, one of the n-electrode and the p-electrode 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.

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

interfere the light emission. Further, it is necessary to place only a single electrode,
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the p-type Al xGl-xN | ayer, one of the n-electrode and the p-electrode is
nmounted at the top side which emts light and the other is nounted at the
down side, and the electrode placed at the top side is constituted froma
single electrode. Wth this construction, a single electrode is placed at
the top side for emtting 1|ight, which enables extracting a | arge anount
of light without causing the electrode to interfere the |light em ssion.
Further, it is necessary to place only a single electrode, 7 which enables
reduci ng the sizes of LEDs, and particularly reducing the thicknesses of
LEDs. This enables mniaturization of portable information termnals It is
easy to lower the electric resistance of the GaN substrate. Therefore, an

excel | ent t L : t hsl | ' bstrate
whioh 1o TBEAALNeatl el DFLEDR BTk AR Re b e M 8
mount i ng, LEDaddThis@nalies minkuredaties bEpatablatifanatgetrminalshe af or ementi oned
light emtting device, can increase the |Ilight output fromthe second main
surface. It goesltif easyde loyesyithryeleqine repistance pbihe Q@Pﬁ{bsﬁﬁ@éd gBerefasgy anar ge

currents, the, Light .emtiing,.deyice can be p-to unt ed. (ng.down nount ed)
to provi dee’é‘:&ugﬁ_tcg’@gh%tfy Juleﬁg F}éeaaéﬂ‘alca\;\ﬁ_of‘ Hgl?séfﬁac’f&/lbqo?ggégt,’&@&p‘ﬁpggésed heat
gener ati ony o Mgk Andh hidhCrREIRE $ad duedb thPp AW MéurAink! A la88ikibAy Ci rcui t
agai nst surge voltages and reduction in the mahufacture <cost. Further, the
cont i nui t ythefeffebis ané hdemitdges of thd eforementlomedrligittemining devike,cdan imreasetites t he

occurrence_of the aforenentioned prgoblemof total reflection. A light
emitting dbghteatpyidromthe sgeanidimaly surdssi conduct or AIN substrate with a heat

conductivity of 100 W (m or nore, an n-type ALxGal- | aye s within
the range of 0 t'¢°ff %P@%a@gé t_ﬁ’{h[e{}gkéer%fstrﬁ’l gdgﬁgﬁgﬁgﬁ%m#%&er and a
p-type Al X(Gark-omfitting @6ice Can bSp¥b Mbinted fn-0RE hRihtdd) tPprbvidela@offlagiios

distantly ffomthe AN substrate than the n-type Al XGl-xN layer at a first
mai n sur f aceressetbwithstartevoliajsess slpptesa¢dheat peheaationg Eliminativin ofi theynécgysaty ofl aced

bet ween the n-{ype Al xGl-xN |ayer and the p-type xGl-xN | ayer. An
n- el ect r odBTQVAIIDE B PTIBFHODFIEHH pgaaRst wrtgﬁValt%ésﬁ‘ﬁfﬁﬁ@wrbﬂﬁﬁ%@émﬁ?@ﬁe Al'N

substrate cost.

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 is within the
range of O 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 layer 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 Al,Ga, N layer.
An n-electrode is 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 is provided in contact with the p-type Al,Ga,.,N layer, one of the
n-electrode and the p-electrode 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.

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

ability. Therefore, heat can be transferred from the aforementioned p-type AlGajxN
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which is the main surface at the opposite side fromthe first main surface,
and a p-electrode is provided in contact with the p-type A xGl-xN | ayer,
one of the n-electrode and the p-electrode is nounted at the top side
which emits light and the other is nounted at the down side, and the

el ectrode placed at the top side is constituted froma single electrode.
AN has a significantly high heat conductivity and an excell ent heat
radiating ability. Therefore, heat can be transferred fromthe

af orenenti oned p-type Al xGal-xN 8 layer to a |lead frame, etc., to suppress
tenperature rises in the light emtting device. Further, heat can be al so
radi ated fromthe aforenentioned AN substrate, thereby <contributing to

the Suppreﬁ%ﬁa& a%%&e ﬁg{g@,f&&.U{oesughr;eg&mﬁl&%t%-kgia&s BThd ﬁgaﬁ?gnﬂgggamé based on

the prem se“that t or enent substrate 1s con trve AN

substrat e Fafther, Wt ein boiles tdditsd fidy ehdoaforendniionddedIN subsirare] tereby
conductivity. In addition to the inprovenent of performance achieved by

t he af or emepmtribwieng taitht suppaession atitemperaterg risehe Therlisht ewithrmhdeieeds bysedhe

can e obt 4 ik b abfierentorid AR i SRR st ent s on

ot her than : : [ : | oviie! 01t e ' duct or
substrate vvvb};l‘kthﬁl 1@?@%;%%}%9@%@?&%&%& | - c# gr %gg g{nﬁ?ytﬁ)&ggqﬁﬂ ride

sem conducimprobeyei odperfarnienty pehigvied by dee afSementmebddigh hdaayenduptiaiag thenor e
distantly fromthe nitride sem conductor substrate than, the n-type nitride
seni conduc€Bects aghigved by she afprpmentipneddight epaisting dryicsfaceordingte thejpresent

sem conduct.rg/r ,gubst rbat% .arad a light emtting |layer placed between the
n-type ni t MPEE AN S aﬁ%‘i or layer and the p-type nitride sem conduct or

llayer. The nitri delight emhi6iAg de\iteOiccsidRpitoahE preSeriizh6h Gthert thén @wn si de and
the p-type nitride sem conductor layer is nounted at the top side which

emi ts | i ghtaforsherttionbd defics inoedesi anmiride scemeonduxt orosubstrdte withglresistivitytdfng
devi ce can be p-top nounted (n-down nounted) to provi de adyvant ages of

i ncreased W HsmmpilesiopR AgERe Nitridg SpRICORUFIHIJAYer JBA @ PAYPHAIN] | ni nat i on of

the necess isgx}{icgﬁd\f&oor\ﬁy%ir r]:])pdcgd R (ﬁgt%ﬁt%nﬂgrln ! riiiEride semiconductor substrate than
the n-type nitride semiconductor layer at a first main surface side of the mtride
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 nitride
semiconductor layer is mounted at the top side which emits hight.

With the aforementioned construction, the light 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 2 GaN substrate with a dislocation density of 10*/cm?

or Jess, an n-type nitride semiconductor layer and a p-type nitride semiconductor placed
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agai nst surge voltages and reduction in the manufacture cost. Further, the
continuity of the refractive index can be naintained, which prevents the
occurrence of the aforenentioned problemof total reflection. As

previ ously describe, the aforenmentioned light emtting device may be
either a light emtting element (chip) itself or a nounted Iight emtting
el ement construction equipped with a light emtting elenent. A light
emtting device according to the present invention other than the

af orenenti oned devi ces includes a GaN substrate with a dislocation density
of 108/ cnR2 or less, an n-type nitride sem conductor |ayer and a p-type
nitride sem conductor placed 9 nore distantly fromthe GaN substrate than
the n-type nitrijde sem con or at first mai.n surface, side of,the GaN
subst r at e, M4 d&@t%ﬁf@ﬂb&ﬁ%ﬁjﬁwwﬁm thE BRSO PREnARE A TSk 1 deo
sem conduct f - I §rd ) £ : GaN
substrate }réﬁnﬁ%ﬁa{ééaﬂgg f%}ﬁg}@g\%\%ﬂ% {s?bf:l égryngﬁ%lﬂgmﬁt?@ gg@%@? %F‘Id?éﬁ{si%enlﬁggnductor
layer is proyé fededentidtndhepr &'?;Qemmlj@ t8 figideiseicondifteordhyer enehé | oned
construction enabl es providing high light em ssion efficiency at high
current rafid sublsirath i§ mospted af the down|sulw add sheop-fitieoninde semicopdictardayenisr |
simlarly to the aforenmenjioned p-ton nmounted |ight emtting device, this
constructi (BFP“S%?HS}F%KHP ea‘ﬂ@‘ﬁlhfrg’(j% f increased withstand vol t ages,
suppressed heat geaeFaLh8ftioned cbiBiRhdPthabes g%iﬂ%ﬁ%ﬁ'ﬁﬁm MisggPVvi ding a
protection circuit agalinst surge voltages an reductl oh in the manufacture
cost. Furt fficienchet kigh cumeittringef whith is geeific to loav disideationadensities. méiunthed, ned,

whi ch prevents the occurrence of the aforenentioned probl em of total
ref | ect i on Singlaglytatheafprsmenterademtopdnaunted bghy emutgng devies, thiheenstvEd® may be

ith | i ght 1t | enent hi | f | 1 tti
ol enont ot PR edlG s etk ased or iy TR eetedon 0, cgoi ng
and ot her QpinGGlien of BRUIEESty M@ﬁ'ﬂﬁlﬁ%ﬁﬂoﬁéﬂéﬁimsqgﬁfnsﬁ%?gq WiRgeMnd

i nvention wll become nore apparent fromthe followng detail ed description

of the preshrtionh hikamanfachee cosik eFurther ctha comtoite of tietrafradtive avdes wpmnyi ng

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS ,
be maintained, which prevents the occurrence of the aforementioned problem of total

reflection.  Similarly to aforementioned, this 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.

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 is a view illustrating device separation slots provided in 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 invention sample A,

Fig. S is a front view of the side-view type LED of Fig. 4,

Fig. 6 is a view illustrating the laminated-layer construction of a comparison
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Fig. | is aviewillustrating the |am nated-layer construction of an
I nvention sanple A according to a first enbodi nent of the present

invention; Fig. 2 is a viewillustrating device separation slots provided
in a wafer during the fabrication of invention sanmple A, Fig. 3 is a plane
view of Fig. 2; Fig. 4 is a perspective viewillustrating a side-view type

LED equi pped with a |ight emtting device of invention sanple A, Fig. 51is
a front view of the side-viewtype LED of Fig. 4, Fig. 6 is a view
illustrating the | am nated-|ayer construction of a conparison - 10 sanple
B according to the first enbodi nent of the present invention; Fig. 7 is a
view illustrating device separation slots provided in a wafer during the
fabricatio S0 - El ' l .ylew of Fig. 7; Fig.
0's a per SOREERRBARFh PSR SrPogstotint BreduRiBBithe" i pped w th o
light emtting dey gqs @kieoliBafHing dev @ralon Klo® préfidedirPa WafehBunmgew of
the side-view type LED of Fig. 9; Fig. 11 is viewillustrating the relation
bet ween t he¢heafapticatidn oficompinisandample B;i ght  out put, according to the first
enbodiment; Fig. 12 is viewjllustrating the relation between the current
density in the MO 8dfhaPiaRe vViewf®ut put, according to the first

enbodi nent; Fig. I ' ' L: RIRAL I
guantum effi ci en(lz:gg" 9\;%%%%@4@%%&@%@%&@? a%eat g%?@%&%%%ﬁgpgégeﬁtﬁgnat ed;
Fig. 14 i s lighMdrgivving dewidelofitbmgarisbe sdrgpialB; on bet ween the applied current and
the lum nance of a white LED equi pped with a fluorescent materi al

accordi ng to theHg rl8tis a fenovewohthe stegviewsypesLEDWIEE. % | ustrating the

uhi Lo LED caur ppEtE il ohvEAeRt o R PP et Egp Rt AR € ighe °

output, according to the first embodiment;

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

Fig. 13 is a view illustrating comparison of the external quantum efficiency
when the influences of heat generation are eliminated,

Fig. 14 is a view illustrating the relation between the applied current and the
Juminance of a white LED equipped with a flnorescent material according to the first
embodiment;

Fig. 15 is 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 is a view illustrating the laminated-layer construction of an invention
sample C according to a second embodiment of the present invention;

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

Fig. 18 is a view illustrating the mounted construction of invention sample C
according to the second embodiment of the present mnvention,

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

Fig. 20 is 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
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to the first enbodinent; Fig. 16 is a view illustrating the | am nated-I|ayer
construction of an invention sanple C according to a second enbodi nent of
the present invention; Fig. 17 is a plane view of Fig. 16; Fig. 18 is a
view illustrating the nmounted construction of invention sanple C according
to the second enbodi rent of the present invention; Fig. 19 is a front view
of the side-view type LED of invention sanple C, Fig. 20 is a view
illustrating an image of light extraction in an invention sanple F
according to a third enbodinent; Fig. 21 is a viewillustrating an inage of
i ght extraction in a light emtting -11 device which has not been
subjected to a non-mrror-surface treatnent; Fig. 22 is a viewillustrating

the mount ede LaNSHEWEL! AR L0ln LBKENIGY AR sriactbathagcor ding 1o a

fourth enbodi nent prese Invention; Fig. 23 is a viewillustrating

the nount ed consFigugl isarview ilantrafiveiht neunsdmphsinictioaof ovetioy sawpldsds f our t h
enbodi rent of the present invention, Fig. 24Ais a viewillustrating the
shape of t hrd Hiacedrdingde sifowl embedimenaftthepresenp Vet i on sanples J and K

T ust rating & shBarbiape gt e AR ER S B me i BB
the nitridgcoedhe AN Gbath SHBSdimekif i preenivbaibrsanpl es J and K according
to the fi ft?‘l g‘%oﬂent of the present invention, and a viewillustrating
a | ong rectangul Big. 3hApes vieingllu@ting the shimvefithe nittdesemiepndnetonsihitrals
constuclion oL Liven 20 SAPLES AN K ELladtl B bael st Lhe
het ransmetd aie g sivde SO 1 conatct or substrate of i nvention
sanples | and K agCoadiingvie® illfiratihf the shape of the nitride semiconductor substrate
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 is a view illustrating the mounted construction of invention samples J
and K,
Fig. 26 is 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 nitride 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 nitride
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 is 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 stxth embodiment;
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enbodi nent; Fig. 27Bis a viewillustrating the nethod for neasuring the
transmttance of the nitride sem conductor substrate of conparison sanple
L according to the fifth enbodinent; Fig. 28 is a viewillustrating the
transmttances of the respective nitride sem conductor substrates

according to the fifth enbodinent; Fig. 29 is a viewillustrating the
I nfl uences of the oxygen concentration of a GaN substrate on the
resistivity according to a sixth enbodinent; Fig. 30 is a view illustrating

the influences of the oxygen concentration of a GaN substrate on the
transmttance for light (wwth a wavel ength of 450 rin) according to the
sixth enbodinent; - 12 Fig. 31 is a viewillustrating the |ight outputs

and the plane si ??%1 i 2 .E\Qri'llusg"dﬁﬁgemtﬁigﬁtl QUMD AP Planelsples Id Whikh €m tting

devi ces fabricate rom GaN substrates™ having various thicknesses and
oxygen coneemértaflow maifommiy. foBRglitemittivip devicds falsrioatddi frgn GaiNesubsmatehe GaN
substrate Erqpagat ed to the epitaxial layers, according to a seventh
enbodi nent haymgvargms thjcknegsepand PYIESE CORGEAGARMBes in the GaN substrate

propagated to the. Lt axi al., | [ S he .co f ' - concave
portions; Fig. 3?‘5‘ SBE Q/YIEWIIHSF%Q?% %?rlgshlél tﬁ?‘n{gg%fsfl 8%%%?%03)?1%%?# %u Fon

rel ative t @pitiga GayBls2iRorditd 1 NseRefeBRimbUBiE{enat € W th a size of 20 nmx 20
mm according to an eighth  enbodinent, Fig. 35 is a viewillustrating a

buffer |ayer pl aFed3bestavdew ifustratiagh\caabmtthaGeN suhstrattpropegathd td thd | ayer,
according to the eighth enbodinent; Fig. 36 is a,viewillustrating the
wi dened of EPuaal dayednte c@fﬁﬁéwnapgé%-tym%%eimgﬂwsgm out puts equal to or

P gher e eSS 18 8530 BB RN T o o pine i
within a GaN substrate with a size of 20 mm x 20 mm, according to an eighth
embodiment;

Fig. 35 is a 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 illustrating 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 emitting 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 embodiment of the present invention,

Fig. 41 is a view illustrating light emission and reflection in a comparison
sample 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 illustrating the main surface of a GaN substrate in which
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enbodi nrent of the present invention; Fig. 38 is a cross sectional view
focusing attention on the p-electrode of a light emtting device,
according to a tenth enbodi nent of the present invention; Fig. 39 is a view
illustrating the light emtting device of Fig. 10, wherein the

p-el ectrodes are transparently illustrated; Fig. 40 is a view illustrating

| ight em ssion and reflection in an invention sanple S5 according to the
tenth enbodi nent of the present invenntion; Fig. 41 is a viewillustrating

| ight em ssion and reflection in a conparison sanple T6 according to the
tenth enbodi nent of the present invention; Fig. 42 is a viewillustrating
light em ssion and reflection in invention sanmple A for conparison in the

tenth enbodje e@{yaagﬁm&g&pdﬁx&gﬁ}%1gﬁic_9 -fgaﬂp% héco?d%?o%d él!e\!réﬁl{ ating

t he main surfac rate fate-type cr sa

i nver si on reegiodimsenappeharprésentinbéitionce shape, according to an eI event h
enbodi ment of the_present invention 44 is a cross sectional view of

t he GaN subst r at €18 1445 2 CEASP ARFLORY vgﬁvapgﬂl@ﬁaéis@ﬁty@t@dﬂustrnm@ﬁ@iat&égpons of
Fig. 43; F'cgysta?S \}es a Cross ﬁﬁmlﬁg view illustrating invention sanple S6
accordi ng t HE T BVERRS 8 Fig. 46 is a plane viewillustrating

paral l el - pl aced g dg’it4% Meeosg@a/csfbﬁm w&vm&&&aﬁg lﬁ@eaheﬁa.g&léfssraemrdﬁxg%nthose

of Fig. 43, included in the el eventh enbodi nent cro

secti onal \/Lheakﬁnt}FergbodﬁﬁentEl g. 48 is a cross secti onal view illustrating
i ght em ssion and reflectlon in_an jinvention sanple S7 according to a
twel fth enbodi mertg @b 1t pglane viesnilustiajiag prigtel-pacgd p@ewt@eaprb%s%vem i onal

view i 11 usteabhiallonkoRThos 8709 Lelhert Rlcllohenb gL on sarpl e S8

of anot her enpodi nen according the present
invention; Fig. 3gidyifaCrd3s Seciailividabf Migeag:illustrating Iight em ssion

and reflection in a

Fig. 48 15 a cross sectional view illustrating light emission and reflection in an
invention 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 a view illustrating a conventional 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, ight

output and luminance.

(Invention Sample A)
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conparison sanple T7; and Fig. 51 is a viewillustrating a conventional
LED. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Next, enbodi nents of the
present invention will be described using the draw ngs. First Enbodi nent
In the first enbodi nent, side-view type LEDs were fabricated using |ight
emtting devices p-top (n-down) nounted on GaN substrates and including an
n-el ectrode forned on the back side of the GaN substrate according to the
present enbodi ment. Further, side-view type LEDs were fabricated using
conventional light emtting devices. Then, conparison was nade

t herebetween in ternms of the size, light output and | um nance. (Ilnvention
Sanple A) -14 Referring to Fig. 1, there is fornmed a | am nate construction

f -type Ga an n- a i Il
Cayer (act e I aelefiE oI, s Reomheiithte QbSuctc dhgh no et M e e
Al xGal- xN [sg¢el/abhfpensiGRENGMN: BayatltiGuausiwellRyer (aesve e @ domistinge

surface (first main surface) of a GaN substrate 1 by epitaxial film
formati on pH(AdErsNIAdMGaie Malangrtype ddGaTiié layat $/an guripe GalNvieyer 6/vejer may

be f d f N/ | nxGal- Th f |anipated.sets. i X

5 but. 1y TS DER faAMOd R the GRISCE AL THG SSTHCEheCs PR HBEs 1 BE ePipialng
Tt GaNel i ' i ] i1l b
Por ed on fi inaffofitbrdd fiuf Bhe GUREE: 4. "l ot dRafiBC e BYer bl 011 0

back side fimed fiohe(CaaN/ISIRELINRL e THexinbert dfdathimbtedcatsiionsualty b osht ofaythee
aforenentioned |ight emtting device of the aforenentjoned invention
sanpl e A whore. helhedight emisting furfacaischpsuwsfore efhstinrype Gadllaygr&emdy 0.5 from

ire) eat Lof iherey e DELpERbaRE AR M) tteRed 7 R bt of Futny 500
The t hi ckngs §-eplctrbBewal B RIREE bR BRtbacRMde 1a of the GaN substrate.

Next, the fabrication method of the aforementioned light emitting device of the

aforementioned invention sample A will be described.

(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 the substrate was 400 pm. The thickness of the aforementioned GaN
substrate was decreased to 200 pm 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 Aly2GagsN layer 3/three sets of MQW (Multi-Quantum Well)
layer 4 consisting of GaN and Ing;:Gag ssN/Mg-doped p-type clad Aly2GaosN 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 a low temperature of
4.2 K and an emission wavelength of 450 nm and the PL intensity 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 S. Mg-doped p-type Alp>GagsN layer 5 and Mg-doped p-type

GaN layer 6 had carrier concentrations of SE17/cm’ and 1E18/cm’ respectively which
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substrate was decreased to 200 mbefore the formation of the n-el ectrode
which will be described subsequently. (2) A GaN buffer layer (not shown in
Fig. 1)/Si-doped n-type GaN | ayer 2/Si-doped n-type clad Al 0.2G0. 8N | ayer
3/three sets of MW (Milti-Quantum Well) layer 4 consisting of GaN and

I n0. 15Ga0. 85N My- doped p-type clad Al 0.2G0. 8N | ayer 5/ My-doped p-type GaN
| ayer 6 were epitaxially grown on the Ga surface of a GaN substrate by
MOCVD (Metal Organic Chemical Vapor Deposition) (Fig. 1). (3) The internal
guantum efficiency was 50% which was cal cul ated for conveni ence by
conparing the PL (Photo Lum nance) intensity at a |ow tenperature of 4.2 K
and an em ssion wavel ength of 450 nmand the PL intensity at a room

tenperature _of 298K an eni ssion wavel ength of 450 m (4) This wafer
was subj ect'&tf %eéergﬁneé&yﬁapwgﬁube%e@gss to | ower the resistance of M- doped

p-type layer 5. My-gdopefl Y 6f 360 ARt Wiz doRed By type
&GN | ayer 6 had rri e?QS@%%%ﬁ??@F%g@g?ﬂéélg/ grrB aﬁ% | E18/ cnB o

respect i vekyrmy Nhhavirgda thiskhéss &€ damihntesu hyvilia b khickersusShmnton g-bpe As

P-el ectrodes, transparent electrodes 12 of 300 tnD were forned by form ng
N havi ng &atapdkriesdon adworlayarscoastriciivnmgthea pitdhokh eE35brm4see ig.ohans t ype

GaN | ayer 6. to forma _ two-1layers . construction w.th itch L2 of ,350 pm
(see Fig. Zigaddby pﬁnfgplltgyg@phsbwsmww@g%a% POSLAR g @SMS\%&&F“&

deposi tion i ' . | £S5 t t he cont act
resi st ance@%ﬂg@;%&é’lﬁ%&ﬁ%% h%?t,areglgﬁﬁ %:Ir%?j cl)alo'iagﬁgrgr'aplﬂi/rh%\’? ni que and
vapor depo?hbﬂoﬁfhog%ﬂy e cRfib i OARISvApBO BefaiRion) padl dlétt@desl{rainsiicwn)ofitilO0 m wer e
formed at the centers of transparent electrodes 12 with a pitch of 350 m
(6) Ref err idipetey oFil§0 pdy were formddens ttho ckntarg ofiansparieneedlewstasies & B avithat pitch
surface of N-surface 1 a of GaN substrate 1. As the n-el ectrode, a

| ami nat ed IPAy&Y HBonstruction of Ti 20 nmf Al 100 nm{ Ti 200 nm Au 200 nm was

formed in this O(rggl):f[ie FIEI&%E% ﬁ%?lsgng’?_%terﬁga& 1108s Birfe§ SLEAHE BndiRduAa i et er

D and were pl ace
N-surface 1a of GaN substrate 1. As the n-electrode, a laminated layer construction of

Ti 20 nm/Al 100 nm/Ti 200 nm/Au 200 nm was formed in this 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 of 325 um{.  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. 3, this side-view type LED is equipped with a light

emitting device (chip) fabricated according to the aforementioned fabricating method.
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devices with a pitch L2. This was subjected to a heating process in an

I nert atnosphere to reduce the contact resistance to below | E-5 S? cn®.

(7) This wafer was etched fromthe My-doped p-type |ayer to the Si-doped
n-type |l ayer, using C-type gas, by photolithography technique and RTE, as
illustrated in Fig. 2 and Fig. 3 to formdevice separating slots 25 with a
width L3 and a predeterm ned shape. (8) Then, the construction was scribed
to separate this along cleavage planes 50. The chi pped constructions were
made to be light emtting devices. The resultant |ight emtting devices
had a size of 325 nD. Since the MW Ilight emtting portion had an area of
0.09 m® and the p-side pad el ectrode had a dianeter of 100 m the ratio

of the porti . : : ' : ' d with
the p-pad b eRlubt et isBrERRIn BN YR U R ahE ot PEFCE

Ref erring heriZonlly4 andaiigh 3 Bis elddtrfcaly esmeéteavid yRidlelpalelestrodg2Pplackdn th a
light emtting device (chip) fabricated according to the aforenentioned

f abri cat i nat tretcewer of thd Gectanghlar eheipet i e ober oW of A knepd lais electicelly t hat t he
sides of the rectangul ar shape .are li.ed_ _horizantally- An line 31 is

ol ectri cal FeCiHac e aersot O s baricr a2k Pisuoisb e e et ehBfelny or o
the rectan S ., ' | I heal |y

connect ed ?%{Jf%%, e g%:)tﬁr%%{e}%ggyg)%fdgg%qgg%?#gr?{l%%l% 03}18% F}lﬁesgg%tf)d\}\ggds the |ight
emtting somtheedwithhed sleelreally cstmeqed delip phacingepdraak 3Zaiof the deadfframee GaN

substrate is contacted wth and electrically_connected_ to chi P 1-P| aci ng
portion 32kewf frame 3P esprovidadaith a congaversharedasflective murpyfoq refiecting light

From the: CRERCS SrPTae (e i ppftbed F761BY, Chill o« Bt ADRERLC,
of the con?afﬁeDgh@ggg@@wsyﬁgdwwqugﬁaden the case where this side-view type
LED is enployed as a illumnation |light source of the display screen of a
port abl e i nf or maili the casy wheralthis side-view tyke 6ED isemployed pek hwmirgitign|lighiei gh.
source of the display screen of a portable information terminal, the thickness or the
height S will weigh.
(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 no 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 light 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
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 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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(9) As previously described, the aforenentioned |ight emtting device was
nmounted at the center of the lead franme including the reflective mrror
such that light would be extracted fromthe p-layer side. P-type pad

el ectrode 22 was placed at the center of the device and there was no need
to provide the n-electrode on the same side *as the p-type pad el ectrode,
nanely the top side. Therefore, thickness S of the LED |anp after nounted
could be made to be 0.5 mm even in consideration of the space required
for wire bonding. (10) In nounting, in order to enhance heat radiation from
the light emtting device, the light emtting device was nounted such that
the entire surface of the GaN substrate was in contact with the nounting

ti th h dhesi ve- . An JAg- t dhesi. i_t.h hi
Conduct i vi TS e RIES e el R SO iBee o el ey R 35 he o i e
a high heaEhi?‘Pﬁ%ﬁW{ﬂ light #om RELRGEAndficlibe | RothelTdPRcentidleddlis way,
the resultan eat resistance was 8 W (11) Further, a fluorescent

mat eri al  wisoresuent material which geretaed i &ilkn pérdeWanfdight betput 6f45Omimwand Au | i ne
31 were resin-sealed with an epoxy resin 33 to forma . white-|I

\ L . l.ght .| anp.
For exanpl emploed | Resin Idfciae igredds windowridronened ¢ 188 of g?ﬂhﬁ%&teri al

woul d gene e,yell.ow fl uorescence,. on recejyvi i et 1 from
the Coni b 0 s Es eliRttel pHIRERRE AR wal s R FLoulH Pl At fER it

{1 uor escentrofhgihiplto sfread IAE BFESN Wb dibicely FTeRESiat Gfhdbd0ardm per |
Wof |ight output of 450 nmwas enployed. Resin 33 facing with a side

wi ndow 34 epsemed dlic lghsfrdm spreatimgen dfe directadyi ofethe sidorfer lizoneter. el 1§ pti cal
curved shape and_had a curved surface which allowed light emtted fromthe
chip to spteamparisopamglerlct i on of the |onger dianeter of the side wi ndow

and_ prevented Usabhal e WusBRCat i HOP LGS\l byt

di aneter. (Conparison rring to ent1 ona

si de-view E-Mﬁlﬁn%ﬁariﬁésof&ﬂid icampdriwnts_hmglelﬂ.g Hthe lawirtatddrigyeteohstructibn bhtie
conpari son sanple B. The | am nated-1ayer construction of the |[|ight

em tting déightemittingalsmoarf sunpasisap samite Bds thesamans thas of Hyentym sappldi on
sampl e A and is an n-type GaN layer 2/an n-type Al,Ga,N layer 3/a multi quantum well layer
(active layer) 4 consisting of (Al,Ga;,N/AlIn,Ga, 5, N)m/a p-type Al,Ga:N layer 5/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;-N)n.  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 GaN layer 2 and then an n-electrode is 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 101 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 is an insulator and the N-electrode
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and is an n-type GaN | ayer 2/an n-type Al xGl-xN layer 3/a multi quantum
well layer (active layer) 4 consisting of (A xGl-yN Al x|l nyGal-x-yN)nlfa
p-type Al xGal-xN layer 5/a p-type GaN | ayer 6 which have been forned on a

sapphire substrate 101. The multi quantumwell |ayer nmay be formed from
(GaxN I nxGl-xNm The light emtting surface is surface 6a of p-type GaN
|l ayer 6 simlarly to invention sanple A and p-electrodes will be forned on

this surface 6a. However, since sapphire substrate 101 is an insulator, an
n-el ectrode can not be provided on the sapphire substrate. Therefore, the
edge portion of the |lam nate construction is cut away fromsurface 6a to
the inside of n-type GaN |ayer 2 to expose n-type GaN layer 2 and then an

n- el ect r odgisSbadpr@vidde dn e dahr st IRdp-chdfrbéx; Aamély thé yipevnChllh Sidg/er 2.
Next, the fabrication nethod of the aforenentioned |ight emtting device of
conpar i son Thasphewsenhivingde dasisrteddayer pongtretian of Fig. avray eishadfofg of f

hi trate 101 deviated.by 0.2 f h =pl d. Th
Chi ckness OfE-BPEPCuBREIAEES IR S ARt OBEIFLS ™8 GoPAYRTE PO sampl e A, the
t hi ck ARk L des.
(2)to ) VIRSIERRERF ek ot e REI QLR 7 EROHIT Bine Lt SolTbeE 0,

conpar i son 298 frmirg, anthde@tdiktand fe&m Sonn 26 fsidevice sepungtidrh@milbretoabdseofie - 18
must be provided on the sane side as the p-el ectrode, nanel %/ the growmn-film
si de. Thusgventien seaipde Alseciig 7 dral Fign)nafldd deeigesrhad ersizeraf 32 ounldpnd-i g, 6

hed f -d d p- I S| - d n- N 2 [
Gt ype gad-RRIOdSRbLORFeBERSN, PR echa T PRAATYGr PEOBEChi ng)
t f | NQ: - : [od | ots 125
For “dovi ce COVErafarrBeR o0 fnt b BB dicB B Rk O BN SRR Ly 7

and Fig. 8).t E@Ga?ﬁﬁ&,%el@&%@s&ﬂlﬁaﬂﬁg 32hnfeterafd00 pnehvertfoatasbyl 12 wer e
formed on p-tyype @GN | ayer 6. The exposed portion of n-type @GN 2 had a

shape of 1pbotithogeaphy itevihiguelend eapor dppasitipnandhe thaginesy, thetheaing BROSEFs n- t ype
GaN | ayer, n-el ectrodes. 111 havig a di amet erf.of 100 m wer,e formed by
phot ol i t ho P& pHyCOERch FiSEHRECEE S/ EBW%%%S?%? VeI SR E khess, the heating

process (6) and (7) The p-electrodes were formed as follows. In the device having a
size of 325 pm0, the transparent electrode Jayer 112 was formed on the portion of
p-type GaN layer 6 corresponding to the L-shaped portion other than the exposed
portion 150 uml in the portion of 300 pm0, 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  diameter of 100 pm 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 um0.  Since the MQW light emitting portion had an
area of 0.0675 mm? and the p-side pad electrode had a diameter of 100 um, 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 is equipped with a

light emitting device (chip) 110 fabricated according to the aforementioned fabricating
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and the contact resistance were the sane as those of invention sanple A

(6) and (7) The p-electrodes were forned as follows- In the device having a
size of 325 nt, the transparent el ectrode |ayer 112 was fornmed on the
portion of p-type GaN |layer 6 corresponding to the L-shaped portion other
than the exposed portion 150 nD in the portion of 300 nm*, which was the
portion other than the separation allowance required for device
separation. The thickness, the heating process and the contact resistance
were the sane as those of the invention sanple A. P-side pad el ectrodes
having a dianeter of 100 mwere forned near the centers of the transparent
el ectrode layers. (8) Then, the construction was scribed into predeterm ned

shapes and p{dig,d, legﬂ%lﬁﬁﬁﬁﬁﬁﬂgii@ﬁ%l%ﬁ SudiRAg thé)d#agoﬁah ghd ?Fm%t ting

devi ces. The result emtti devi ces a size of 325 mt. Since
the MQW | i gittarguidr tshapg mhn.fdliwizoimdy anAmmameBlﬁ):%icmﬂ? camekctdieop-sdede pad
el ectrode had a dianeter of 100 m the ratio of _the portlon of the |ight

ext ract i ng Padeesisededy placaga ﬁrﬁﬂenﬁ?é\?éﬂt@demwlﬁfﬁéaﬂﬁ-@é@ﬂ Ay ira 388 (openi ng

% id \/ f hi
i de v ow Ehpuicabpr s RERIT 1T e oG b8 o e s T Al ) %0
fabri cat ed gt tBthe%cfrB@e ﬁafOP BRRRD U ANed Joridd $Af (?f']ﬁd’ é&n@?ﬁ kmah wdsght

emtting device 110 is placed such that the di agona ne of
rect angul aprethajed towaﬂdsﬁd& Irpht emivtgsurface AnTHeuothemmnd 3 aAu need lcbos r| cally

ted t : | ectrode 22 pl dat th t th
Fect angul aiEa SPPGRY RuEh fIRG: e 31D PR PEPERI Y Kot eg e
n- el ool 00§ c1d 0 i0bSIack i colladd ool S Kl Gphdoing SgRDeCt o0

to an el ectrode (nho ead por Ion vvh| ch
was  protr edeted baskoves] frdie thd gy froftwiatd. nOPrafer dbe €hip Tilveis @labed atethel ferhl Au | i ne
alb is electrlcally connected to an el ectrode of a chip nounting portion
32a of thePOBY@ ﬁheafr@ecaveﬁémdfqua\wé s8dages provided with a concave shaped

war m.t he chip

Frontverd. Pref okabt b feih o e SisamOld fng BELHS1 tne [ 2T ane
including the reﬂectwe 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 inchined 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 light emitting device, the light emitting device was mounted such that
the entire surface of the sapphire substrate of the light emitting 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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poi nt of the concave-shaped curved surface. (9) The light emtting device
was nmounted at the center of the lead frame including the reflective
mrror such that |ight would be extracted fromthe p-side |ayer, as

previ ously described. In this case, since the n-electrode and the

p-el ectrode were both placed at the top side, the chip was installed such
that it was inclined by 45 with respect to the |ongitudinal direction of
the LED | anp, in order to provide a space for wre bonding of the
respective el ectrodes- Therefore, even though the chip was nounted
simlarly to invention sanple A the thickness of the |lanmp was increased by
t he anDunt caused by the inclination of 45, nanely by 0.14 mm and

t hi ckness (10) In mounting, simlarly to invention
sanmpl e A | g{ﬁttargﬂgélgﬁa ce heat radiation fromthe light emtting

device, the li ghﬂn erdet td makeleonpeisv@in temn of #e ot of blak lighthinvendion e sur f ace
of the sapphire substrate of the |ight emtting device was in contact wth
t he rount i Agmpler awshcommaaserisample/B vegiel moated dman teghatingasphenean tlweat@et he

th t t heat d t
he. i 11 er SR DRUOENERCIRErR 3B mof RS HIEh o ESea A AR PIE AR i ch
was 1.3 ti etiine@lcutrBM Sl glnedsﬁf&gﬂ%{c?td%aﬁ&'@l véh*ﬂ%mﬁ%%h r?ﬁé éﬁmﬁféa‘ix Hes
degraded. (11) The sane proce ention sanple orm a

whi t e- | i ghtwas abjbectedfy 4 fetpaor ansrthe hglct dhemu lviafued mtpnd?easmtthe dmkcaonamparl son
in termof the output of blue lig I nventjon npl e, A and conpari son

sanpl e B wh@trﬁﬁdm 378 ﬂh%Flgni%grI&trphav%hbr@s?lecorlﬁltltaﬁ%WQerattlée CYTFaY & a
fl uorescent, E@Eeoﬂrﬁkﬁehﬁ‘?@@\ﬁ‘%&%ﬂ »Ol%ﬁo%lthé‘ag] ggkhieheregélatﬁ% fe%o‘?ﬁ%d%?&weed) and

then a prec] rrent was a cause lig em ssi on.

The eni t t ededdnationsim tﬁ@M(?thQ)d:rQMd ﬁl&d@ﬁlﬁ@tfaﬁfre ABsintthe dbvig dueauthestt val ues

output fromthe detector are illustrated in Fig. 11 and Fig. 12. In

rel ati vel y genkrafiorcis el the hghtwiugpus velue praporigenally mcrdasgsevitieicieasing eppiefQw

Ay e N o Skaniple, whea 2 cutrent of 20K was njeied, iAventon sample A and
comparison sample B both generated an output of 8 mW. Further, a fivefold current,
namely 100 mA, was applied thereto, 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 injection (the current density in the MQW light emitting portion of
invention sample A was 111 A/em’®, 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

invention sample A.  Furthermore, in comparison sample B, the n-electrode was
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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
with increasing applied current. For exanple, when a current of 20 mA was
i njected, invention sanple A and conparison sanple B both generated an
output of 8 nW Further, a fivefold current, nanely 100 mA, was applied
thereto, invention sanple A generated a fivefold output, nanely 40my
whi | e conpari son sanple B generated an output of only 24 nW(Fig. 11). As a
reason for this, the follow ng reason can be considered. Namely, invention
sanple A had a relatively large heat generating area as conpared with
conparison sanple B and therefore generated a smal |l er anount of heat per

gt “om PRt BEIE SRS ERb el Bitr, bl Y GE AR apfyy op TR
current dengidny ﬂcnmhg et(%tj{!hbglttyp@mamwm aloﬂgrtlﬂd 1@ybrotvhﬁamnﬂrer$mmedml eB

was 148 A/cnk, when ected current was md). Further, a GaN
substrate ma\hlemggeaeﬂadaﬁ conductivity higher than that of the sapphl re

substrate of conparison exanple B was e one the trode
was provided on WW@@M&’@%’F@F@%"@N@ 221 B§ F‘ F‘i ‘they c‘?r}-apél:'@gent ed

the  ocoury ences 1ol Lhans, IavhidesuhipnR vcomdqnlps:wertﬁ@e ganﬁ.strlops

t he ot her ntione Fnvention sanpfe A are

conver sel yystiughagy. SRS MthsATR pi(jf?vha@hca psémhﬂeerredtﬁabn phthedighng ar ea
than that of “invention sanple A Furthernore, in conparison sanple B, the

n- el ect r odemitesg eﬂﬂ:leﬁqrﬁmethxmntehed@npomed n-type GaN | ayer, and this

significantly increased the density. rrents f|OWI t hr oy n-type
GaN Iayer al ong tfh‘és: I“&?’élref tipclals t\‘%\“ﬁh@}w? cah JEp usﬂ o ”gegpf ‘?’i} ion.

Fur t her, % rl%e ;f g}rgﬁjl Veltﬂ@?gﬁ&ﬂd&?ﬁhé}%o%ﬁ sEérfE‘Haiérﬁfiwai Hﬁta‘ﬁé&arﬂf a GaN

subst rat e R ocation nsr ty coul I nprove

bt bvent ed FequaCT T ay SRIEA Hﬁ‘twaﬁt”?}“%'“““e?‘?’?%'f*ﬂ‘nfs o t‘?f"p‘“fdncﬂct ed
(F;) urrents. current was 100 pA, and as ?he duty ratio wasggradual]y decrea);ed from 1009/0 tth

output 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 crystallinity of the

epitaxially-grown films formed on a substrate having 2 low dislocation density which is

specific to invention sample A.

-22 -



Thus, in order to isolate the influences of heat, tests using pul se
currents were perfornmed simlarly under the condition where no fluorescent
material was installed and resin-sealing was applied. Here, the applying
time was set to 1 p.m The applied current was 100 pA, and as the duty
rati o was gradually decreased from 100% the output was neasured. The

out puts of both invention sanple A and conparison sanple B were increased
Wi th decreasing duty ratio. However, when the duty ratio was from 5%to
1% the outputs of the both sanples were constant and saturated. Therefore,
it was determned that the influences of heat were elimnated. Based on
this result, the applied pulse current value was gradually changed wth a

duty ratio of 1oeaife! DonGl 4Rl ST Bl S, o
Fig. 13, the mét;ﬁéleé&ode%aﬁlhwa Rithd SHRBRY pOitiGRAAA S Aers A }@osszdﬂey:r eas ed
Wi th increasing current- conpare Fu this, the external quantum

effici encyoﬁélecptnvdrshortmlrsampl é)nﬂthwasher hml‘smamm]mrisqn sammde Bntheumelestradge
current reached 100 previ o descr even if the chip size of
conpar i sona’%‘g |Reeleety eqr?lellambt ¢ & Fﬁ%g&??f%rﬁﬁ@“%%‘imp‘&&eﬁg %Y area
as that of n‘i E?’ Se! 06} %F?%gtgfg‘?]ﬁggsulgtﬂlﬁttﬂ@é efe?{m@tr Afe ﬁae{:l@%%dg T each

P- down- nou In or re 1rs—no erence 1 n |at|on

t hrough t hethied isérdet € pre@nP shidrbBifcusd MiRirébeBvedn Tht iHRARsAdanple dbesaist put s
at high currents, S|nce such high outputs are caused by the crystallinity

of the epra:cpumea'd higirrosynprievéntreddivemad theorases is tismamfetira sty a Iow

di sl ocati on densi ich js peci f o i nvent on . sanpl e, A urt her,
in invention sa E‘é a%}eramt}%ed fltg"ohgl%tef’r\‘ﬂ?"és vebgen e@]ye’t]:l’r‘? cFa‘c’and t he

p-el ectrodg, O@nﬁ%%h@%ﬁn&%oﬁ%@ﬁl h%?aséhﬁns}a@e&' th REEQidnS NO

possibility ectri ort-circ |ts the other hand, In conparison
sanpl e B, wheelengthaat Itlmieyera:nﬁlstmhﬁorpmlohﬁmgeddmvanmnphmpled&ozmpdtnmdsame si de
and therefore it becone necessary pr ovi de afilmfor electrically

i nsul ati ng eﬂ‘Piéalpmé%étSraé&émﬁﬁG d wifd the 'é‘P@WS@IéafFIP &m BHEIET, IbeeRsVithPWr der "t o

prevent  shorfiz chir. 4l 3 chlSY ERSHUE Sy oE S YRR SATBAR H65Ru0b

provide similar effects, provided that it has equivalent characteristics as the substrate of
a light emitting device.

Next, Fig. 14 and Fig. 15 illustrate the result of measurements of the luminance
which is equivalent to the light 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
4.3 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 lJuminances.

Further, in the case of comparison sample B, even if an attempt is made to
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require it, which may prevent additional increases in the manufacture cost.
The aforenentioned results of the Iight outputs have been nerely
illustrated as an exanple for a |ight em ssion wavel ength of 450 rim Even
if the light em ssion wavel ength and the | ayer construction are changed,

I nvention sanple A can provide equivalent effects as conpared with the
conpari son sanple. Further, it goes wthout saying that an Al xGl-xN
substrate may be enpl oyed, instead of a GaN substrate, to provide simlar
effects, provided that it has equival ent characteristics as the substrate
of alight emtting device. Next, Fig. 14 and Fig. 15 illustrate the
result of nmeasurenents of the |um nance which is equivalent to the |ight

Ba™ 12, " Whlete oo pitbnenpin FEodlmitdes BpP IR SRrrn e e Sdhpen tipd o7 11
gener at ed. fohllAANEGe Rl fieShE WOk bihe G 3hA beIBRRES 18 81 eqlOtled

| um nance © escri the 1 nvention sanple can réduce the

thi ckness gnMabhifned bydnventigf sahWAL S thér® aterhp pasdettiodowi oee off qipesiteout put s
as conpared with conparison sanple B, even though the invention sanple and
conpar i soncaraeplof tiik: ¢ty end the nsertrode ki the Sithes comgs fherebyagqangapt is made to
reduce the chip size of conparjson sanple B in order to reduce the

t hi ckness additiopal P%ﬂ?ﬁ,fma‘?'i“gg@ﬁ]i‘% space for forming the n-electrode and a

fixed area of th -R l.ect r i ult, the
opening ratio w ﬁe%éﬁg’i@%&?‘i‘%@%ﬁ“@ gé?%%é%%mﬂv%dﬁ?hg?event t he
gener at i on;Qkem&itohkd ir0Bhtidnl @ftbleOd hildlESmpParisbh BimisleBes ThEwlectrostatic n t he case
of conparison sanple B, even if an attenpt is made to - 23 place sides of

the chip i withstand heltageitests whre fecfoginedil platingithedight emitidne deviceand@nyi ew t ype
equl val ent SleEEORITLCEEHLE TR D DO TN OPROS A Xt TE S8 The °
The ot her -G8 g e B e T bondi no.
electric discharge was caused. 7
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 times 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 comparison 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 1E9/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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Next, electrostatic withstand voltage tests were perforned for the

af orenenti oned i nventi on sanple A and conpari son sanple B. The

el ectrostatic w thstand voltage tests were perforned by placing the |ight
emtting device and an electrostatically-charged condenser such that they
wer e opposed to each other, then causing electric discharge therebetween
and neasuring the voltage therebetween when electric discharge was caused.
As a result, a breakdown occurred in conparison sanple B at an

el ectrostatic voltage of 100 V. On the other hand, a breakdown did not
occur in invention sanple A until the electrostatic voltage reached about
8000 V. Therefore, it was proven that the electrostatic wthstand voltage
of invention sanple A was about 80 tines that of

I ' | e B.
Second EnbB&TEAEE Having e strpe g%mhﬁbgﬁnmﬂﬂpﬁéawleéézﬁaq%hmi RO
characteri zed i, férké?}tle %Edcaltig%s?}?etréo%a%%‘fégljﬁtirgiegancglq%gxqstdnggle%im#lg D and a
conpari son Sanple Were T p-down-tmrounted an he “ba surface of the n-type

layers or Ry bdvbe HesMtea AT andSiHistioasenpRD MfPBusmfidendedbf them tti ng
surface. Inverition sanple D had a dislocation " density of 1E9/cnR, which

was out of dislhveaticandpasiof welieskammed on density of light emitting devices
according to the present invention enploying a nitride sem conductor
substrate (puentieg Samplefuted di sl ocation density. However, invention sanple

oot nvant oRerefifie i PEoaFid 13 bl R VF e 4AERRLLT 1O TO Lhe

present invention. enbodrment I'fe su rate was

enpl oyed to forﬂgﬁm SPRLRAR a8 viReA Y 039° fréth LIRDblaHE@ /2886, t Ther ovi de an
n- el ectrode and p-el ectrode on the | am nated-|ayers side of the sapphire

substrate @l shoswatehadi rdsiasiey 6800 Rah rodisiocdtionaiensity afii E6Zinendlaect r ode
having the same size as that of invention sanples C, D could not be forned
and t her ef thieknesseoff4riing at Thathicknese a¥as daereatied 0 A0 noeeforeshpirmabersober e

made nmainly between invention sanple,C and invention sanple D and thus
i nfl uences G%Ftr? S"'El‘laéllyd‘&é{‘c"i%tﬁ)”oséﬁg’h were exam ned.

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

(5) On the N-surface of the GaN substrate, n-electrodes with a diameter of 100
pm 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 Ti 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, Ni 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 inert
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 layers, using Cl-type gas, by photolithography technique and RIE to form device
separating slots 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 pm3.  Since the MQW light emitting portion had an

area of 0.04 mm? and the n-pad electrode had a diameter of 100 pm, the ratio of the
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(I'nvention Sanple C) Referring to Fig. 16 and Fig. 17, invention sanple C
wll be described. (1) A GaN off substrate deviated by 0.5 fromthe c-pl ane
was used. The GaN substrate had a resistivity of 0.01 fl-cm a dislocation
density of 1E6/cnR and a thickness of 400 m The thickness was decreased
to 200 p. mbefore the formation of electrodes simlarly to invention
sanple A (2) to (4) The sane processes as those of invention sanple A were
applied. (5 On the N-surface of the GaN substrate, n-electrodes with a

di ameter of 100 mwere forned at the centers of the devices with a pitch
of 250 m by photolithography techni que and vapor deposition. As the

n-el ectrode, a lamnate construction of Ti 20 nmi Al 100 nmM Ti 20 nm Au 200

nm was forned.in this. order .on he substrate. .Thj,s, was_supjected to a
heating pr BREVE qftheight extracting ﬁ‘(‘i&‘ifﬁé’?%&!t‘gas PRt fuered Hﬂhjc%%?'%ﬁ e%@gf’é’i ance to
bel ow | E-5 : ; o = s :» Ny havi ng a thi ckness of 4 nm and
Au havi ng (g&t?e fng%%@?agg@ﬁ(%ﬁﬁé?g aﬁgﬁgég"?)l‘n order on the entire surface
of the p-ty$ide GidwITgpelLED) forma two-layers construction. This was
subjected to a heating process in an inert atnosphere to change the

contact resistan€® This Eght emitting deyicy wanp-dowamequnigsat dbe-srater fof iad ifiame

My- doped p-type | ayers.to the Si-.dope n-type |ayers, .usi.ng .Cl - e gas,
by phot ol i FHX‘SP%H%PE&%&P&Xédeiﬁ’ﬂa%‘i?’(%"‘f"&'ﬁ\?@é\‘ﬁ’ g mds%%"'é}"ﬁ%i%e LB 9551 1
a predeter @il(fhetﬂﬁtsl P@rougigc)ee Bred ot ﬁ)@'ﬁ‘ﬂ%{{éﬁﬁi’d@'ﬂs WRstred ildBg 191Le Fig.
predet ermi ned shapes and the chipped constructions were nmade to be |1 ght
em tting dav) ceA cofddetivesdHetianl4 haglemplogad td mogntdhisi deeie loatd the ddaddrande. 225

nD_ Since the N[-T)Nl i&ht emtting Portion had an area of 0.04 mm2 and the
n- pad el ectY-Berkbelpettpds 1di wasenleged 3t theesgntey of the dewies.o Hhere was boBeedySr t j on of

e I SRR RS KRBoke PUBIE RS el Py o
and therefore the thickness of the side-view type LED lamp after mounting the hght
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 emitting 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 employed as the lead frame.  As a result, 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 {)-cm, a dislocation density of 1E9/cm’ and a
thickness of 400 um. The thickness was decreased to 200 um similarly to invention
samples A, C.

(2) to (11) The same processes as those of invention sample C were performed.
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(9) This light emtting device was p-down nounted at the center of |ead
frame 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
enployed to nount 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 the thickness of the side-viewtype LED | anp after nounting the

- light emtting device could be decreased and thus the aforenentioned

t hi ckness S could be nade to be 0.4 mm even in consideration of the space
required f@i Wi r.e bgndln%g (10) In nmounting, in order to enhance heat

radi ati on FrOPRAHN mtting device, the light enmitting device was

mount ed such th )mea P St 305, Blrel Be b b UDS A eBBahdgoNt act

with the nountin por esive W hi gh hea

conduct i vi fgedWaghesauRthads cﬁJl@:aﬁ@:MélﬁIty ¥£ 1 BYBS anda Udckntof00yiM.t ype
|l ead franme with a high heat conductivity was enployed as the | ead frane.

As a resul SimilaHe to ineentidnasamples dt, (r &=l [3t the tecknass WasGlreageditp 200ritther, a
fluorescent material was nmounted on the n-electrode side and then the
devi ce was resi n(Z3éa(Ddhgiseme RFOCEHEX IS et of INVENLgR $@PKKMY te | i ght enitting

| anp. A fluores t mat er i al e 0 Olm
per 1Wof the Ii@ﬁ %PWP B?mﬂggbh}%sﬁégggﬁgﬁggﬁ E'gu%orrnlé'gé\ |on%§8(ISS

(1) A GaN ﬁ:ﬁgoﬁdg% Ex?él&tr%%ﬁttﬁéjsamé SePsthOMelebBobe, RbABR oiafe used. T he GaN
substrate had a resistivity of 0.01 ram a dislocation density of 1E9/cn?
and a thi Mmed-hyerms@umonﬂt’e tﬂ‘hndgmlmafmwhﬂthduadzhsedsdopc@doo mhesi milarly
to invention sanples A C. % The sarre processes asr,l se of
i nventi on é@m@tlgﬂ%W@C?ﬁé@Sf‘Mﬁﬁ%hed thedvigsoped pripelaYess 1) E;@)

i nsul ati ngnﬁyypquylfgrs? us%flgj Cch Py%%t 13 By pl’%%ght%g%gpkgytegl‘xrgﬂer Mﬁﬁeto(‘ex%@}ﬁe nas

n-type GaN layer for forming the N-electrode and form device separation slots similar to
those of comparison sample B.  The size of the devices was 225 um{] and the exposed
n-type GaN portion had a size of 150 pmD 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 pm0), 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 umilin
the portion of 200 pmlJ, 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 pm near the
center of the top of the L-shaped transparent electrode. However, there was only a
space of 50 pml] and therefore chips having the same electrode pattern as that of
comparison sample B could not be fabricated.

{(Experiment and Result)
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used. The substrate had a dislocation density of IE7/cnR2 and a thickness of
400 m Simlarly to invention sanples A C and D, the thickness was
decreased to 200 m (2) to (4) The sanme processes as those of invention
sanple A. (5) In conparison sanple E, the substrate was an insulator and it
was necessary to provide an n-electrode on the sane side as the

p-el ectrode, nanely on the |am nated-|ayer-construction side. Thus, the
waf er whi ch had been subjected to the aforenentioned processes was etched
fromthe M)-doped p-type layers to the Si-doped n-type |ayers using

Cl -type gas by photolithography technique and RIE to expose the n-type GN
| ayer for formng the N-electrode and form device separation slots simlar
to those of conparison sanple B. The size of the devices was 225 j.tn and
the exposed n-tpéerchncomstitiorowherad faiorsspent gratergdwas npleplacgd gndignly devi ce.

On th d n-t N, | ay. trode h f 100
o m vas. T of SECEeBPE BRRIPLUSABH TR AT FApUre RS bt RN The
thi ckness, oh{Agt &@ﬁtrﬁe&fanﬁé&ceﬁa ré%ﬁ'l? lﬁmtlsln?@érﬂ@te d & lﬁmﬂsesmieﬁmhsane as

t hose of the conparison sanple ectrodes were fornmed as

foll ows. | gederatediaybapuhal/l my éorsuna@pbefd cuirzeﬁt o120 A dnd gesgpaeéah oetpacdf ode
was fornmed on the portion of the pe GaN [ ayer correspondi ng to the
L- shaped péf&imY asdparoutima e dfé ra p@@éwlﬁdﬂtf%rﬂn@wh@@uﬁﬁm *f?0 mAe portion

f 200 nt, ,whi ch
P eqar e t HVelith B hal 3l S huRn Afick R thvee RERRLE il e AR %Bny ¢ e
contact resi %f"ﬁ@@lﬁlo\%ﬁﬁgfe@ aﬁ@H&aas%cL MRSBwRE diseeiid MhsBP TRty The

t hi ckness, the heating rocess and the contact resistanceé were the sane as

t hose of ceamge Csavnldsgengtate Hghdrlighaémisipi owvpatsrthgettiose of invention sarppld D.
el ectrode having a dianmeter of 100 m near the <center of the top of the
L- shaped t SHN8 pReaifn ssmpde ¢ gae InvepngnampleJp cpesedgquiyplent heat gqﬁa@élosﬁﬂ@o n

comar son e aRE: UL PEwIERE FAEE) bASRBRA B Ry I orburery
Under the ggodi 1@0%-‘6@(95-%uﬁe Ehﬁa{t%ﬁleﬁﬁut?%tﬁf 6181% YRS af 2hplRh@ B8k (ﬁtrjq_lsonl y
was applied thereto and comparisons were made.  As a result, for an applied current of
50 mA, they 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 dislocation 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 dislocation density.
Further, it 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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resin-sealing was applied, simlarly to the first enbodi ment, measurenents
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

I nvention sanple D. Since invention sanple C and invention sanple D caused
equi val ent heat generation and heat radiation, this difference was not

i nduced by influyences of heat n order to verif. this, a,100

mcyor e- putsBaiGRRonsmRE G o b Foamed, ek vl bemisb pTR ot 1 s
was applie r | - (F1 IR o] ¢ applied
urront. of £ ol o PR AiecE BRE LR BRI Byl ol demsitRin B EP 1
10.5 nmw, sMQWaint Mifficdiiesfehalrihg thy epeninkad@h of e preletiedies whithsvillprevesen
clarified, the Iight em ssion output I fference at a high current was
caused f r otheighreratian effight petpals eqiwyklontdoitose of invienyon shinfpiet and énveplern f r om

I nfl uences of at. Also, when the |ight em ssion wavel ength and the | ayer
constructi B e changed and when a fluorescent naterial was nounted to
make t hem i s ight LEDs, invention sanple C generated 1.261m for
an appliedT@H$ggﬁ@mgﬁmgo mMA and 3.15 Imfor an applied current of 50 mA,

whi | e i nventi on EakhptitrdRngiidanéit Sserfbriodonstel asathe ligitpdutget wdsreaninedf 20 mA
and 1.89 Imfor an applied current of 50 mA. Nanely, simlarly to

pr evi ous| yfod@s dnvieneen sample ¥ adightwasra lighe emitiieg deweeprovidehbyiapmung there were

provided effects of the | ower, dislocation density. Furth |

Iossi bl chERS SRS IR o e Pes e e FBRES iyt RBlhe same
di anet er aémmags- §evile FrOMBOE WAR a 3898 6S1afer bENARY (ROTBA PR $ARPARI Be  Si Nce
t here was notI spageﬁrrequi redaf or |5r0\5/l éi ng them g%ﬁprevi%usly descri bed.
Even if theustmepowfiot leadfkposed: portion of the n-type GaN | ayer and the
sizes of the n-electrode and the p-pad el ectrode are reduced and an

n- el ect r o€V PRSI Bane size - 28

Referring to Fig. 20, a non-mirror-surface treatment has.been applied to 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 mechanical polishing. The
present invention employed a method using wet etching with KOH solution as the
etchant. For invention sample F, KOH solution with a concentration of 4 mol/l
(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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as that of invention sanples C, D can be forned, there will be caused

probl ens of heat generation at the el ectrodes, heat generation due to
excessive current densities in the MMWand difficulty of ensuring the
opening ratio of the p-electrode, which will prevent the generation of

|'i ght outputs equivalent to those of invention sanple C and invention
sanple D. Third Enbodinent In the third enbodi nent, perfornmance such as the
| i ght output was examined for an invention sanple F which was a |ight
emtting device provided by applying a non-mrror-surface treatnment to the
af orenenti oned i nvention sanple C and for a light emtting device provided
with a reflective | ayer between the light emtting | ayer and the nounting
portion (lead frame, etc.). (lInvention Sanple F) Referring to Fig. 20, a
non-m rr or F8HfEte treat nent has been applied to the back surface of the

GaN substr I ight emtting surface and the side surfaces of
the GaN su?#g?:l{é%gn@c?%ﬁl%}ii de surfaces of the | am nated-|ayer construction.

Namely, the N sOhtasentiin dabipleCaht sHabtdrb@indthel 4 Righ eefbctiwy filacesisof the
device were nmade to be non-mrror surfaces. For comparison, Fig. 21

i |1 ust r at eplaged wnrey thegi-electyirde dsellustratediin Figd22r oAs hipgiiectradetl2) Ngwibei ce 10
having mrrar surftaces

. . As .t he thod . for formng, nop-Mmrro rfaces,
there are HEEHRSHREO u‘%ﬁ“ﬁg‘a‘ﬂl"?ﬁ" ??éogﬁéﬁ’aé@‘gﬁ%éra ©t e ﬂﬁg“’aﬁ’ﬁrﬁet hods

usi ng nechani cal; L shing. . I AVERLL fANE : d using
wet etching w tarl\n %}g%foggitgﬁggasmpﬁgéﬁg%rgﬁg t%lﬂfor |%€%ﬁ%ﬁigg§n% e F, KOCH
sol ution Wiérimatiof ¢RE@IMORIte it Whs FdoWh imouhedl and MR)s wasupsidefdosimgnt This
agitated with the tenperature maintained at 40C and then the wafer was

i mrer sed i iwas lSebjedted tsohgating PEaEAsSID anmehi AB0SRher3D Iawanthe sontactaisaptgecet he
N-surface of ﬁrge &GN substrate and the device end faces to mrror surfaces.
Fourth embd@PReht 9™ the fourth enbodi ment, the influences of the

reflective | ayer Ryl et AR WIR S nkifsl 674 nf A% AP Gich b ARLIRE: b 1 NO
nmpl e C were

devi ce of invention sa
4 nm, as those in the aforementioned three-layers-electrode, were attached to a glass

plate and then subjected to the same heating process. Then, the transmittance was
measured. When incident light with a wavelength of 450 nm was directed thereto from
the Ni 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
light 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
Jayer with a refiectivity 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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-29 exam ned. (Ilnvention Sanple G The invention sanple Gis characterized
in that a high reflective film35 is placed under the p-el ectrode as
illustrated in Fig. 22. As a p-electrode 12, NN with a thickness of 4 nm
Au with a thickness of 4 nmand Ag wth a thickness of 100 nmwere forned
in order to formthree lam nated | ayers on p-type GaN |l ayer 6 during the
film formation (when nounted, it was p-down nounted and thus was

upsi de-down). This was subjected to a heating process in an inert

at nosphere to | ower the contact resistance to 5E-4 fl-=2. Further, an Ni
filmwith a thickness of 4 nmand an Au filmw th a thickness of 4 nm as
those in the aforenentioned three-layers-electrode, were attached to a

glass pl at,gdea gk H-RRBrSA:AMARK ot iRvdniiBn §8RBe BaBlithBe PMIGESD. HWRen, the
transmttance was neasured. en incident” light with a wavel ength of 450

nm was di r pedietiotib R et Wi filmowith & ltkchiessofenm; dreAt fikm switht 4 thinkeessax 4 hix¢o
Further, an g? filmwth a thickness of 100. nmwas attached to a gl ass

pl at e andhflhf FiEp Pt thickges s 10 aadpean Awféﬁ Wit # Hirnesy qigop npp werey i
N T Pt SRR MR 0l B vl REELL B b Rty T,

a N filmwth m ~an €ss’ o nm and

an Ag- fil e diRogpeht BHORESIHE Lok raitRESo 5B NG’ in order on a gl ass
plate to forma three-layers construction and then this three-layers

constructi on was Asutljfiatveich 4 thitkness cffdame amdhiri Ao ditin lvatht 4 thickpessofdam, Been,
the reflectivity was neasured. \Wen incident Ilight with a wavel ength of
450 nm was thfise gbhe dfarpraentioged lapunated layers, were pitaghed Ao aqglaph plate andrthect j vity

it . f I VitV t - { ' [ t light
ot o oo {7 bF St anE B, MR nERRUI R ce Vi AT, PR 90k
4 rimand tRfsoivtandel WiB M4 Foranditiint KPIRST 490 nfh dIFEcdtFon the/ NSdY. t tFRaRGer, of

70% then was reflected by the Ag ayer with a reflectivity of 88% and
t hen passedn Al fibughthtathickiess iof did@vhintwas atthchedne sglass plate and thedeflehviiu il m

Sl o 1y e Seasired * THe rehecinly Wal B39 fot bidene tighf 074G R, Mrhed, WM O
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-layers 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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The invention sanple His characterized in that a high reflective filmis
pl aced -30 under the p-electrode simlarly to invention sanple G
illustrated in Fig. 22. As a p-electrode 12, a N filmwth a thickness of
4 nm an Au filmwith a thickness of 4 nm an Al filmwth a thickness of
100 rimand an Au filmw th a thickness of 100 nmwere formed in order on
p-type GaN | ayer 6. This was subjected to a heating process in an inert

at nrosphere to | ower the contact resistance to 5E-4 f2-cn2. An N filmwth
a thickness of 4 rimand an Au filmwth a thickness of 4 rim as those in
the aforenentioned | am nated | ayers, were attached to a glass plate and

t hen subjected to the sane heating process. Then, the transnittance was

measured. The N2 tance 70% f ci. dent 50 nmdirected
reasured. TN IR E LSS 83 o s S I e Bk e 2 1 ot
attached t gragofihdsce WAsthésarad. t ge ’ErﬁﬁAnﬁﬁﬁﬂc\é'v@a)é GOWﬁrrﬁ?&éﬂfﬁ toThQOnm
reflectivity was 84% for incident |ight of 450 nm i Im with a
t hi ckness QExlzbrnnemam‘anﬁl Imwith a thickness of 4 r| m and an A film

with a thickness. of 100 rimwere fornmed in this order on gl.ass plate to
forma |aninat e@mlégwrtg thedfyst andcrerend emh?éﬁne%.ngeaﬁlaﬁmﬁ%ﬁ égthealgeg

construct | %ﬁ@?@%e?%’?&r&%g&jforttﬁe fel cﬁ@g?es{]%%pllég 8§1§ 1&1]? G, H and

af orenent i rocess an IVI s 'meéasured. The
reflectivi usgeﬁaate&%%eﬂ@ht OfEC1 SOML 8 Yingiwt squw&&drg mnW hroISanr @fph@(ﬁ&ﬁr’ifdnl y
agrees with the reflectivity cal cul at ed by assuming that the incident |ight
wth a wav@lféagm ofvasonisampleds wgludingowghiledize Natdrial generated AmWi ckness of

4 ri mand Au fllg]HWIth a thi crness of 4 rimwith_a bran m ttance of
70% then W& Frenhse@ osyeent matessal vay mpunted 10 generate white Gkt t the FespSGvEnd

t hen passe ' t k film
with a thi g&l%gfe g‘%régﬁ Nm"['#cgbrﬁ atﬁsh?lri gn@epgfﬁt}gﬁd 1 623}5111?9%:} lﬁkﬁ}\l/lﬁt I on
Sanpl e 1) ThfehtofentrhAn EaeRich sample @namﬁ:ﬁgerrd efective nidierial gensrited 126 Rh
having a high reflectivity is enployed for the p-electrode in invention

sanple C (3®e Fig. 23). A p-electrode 12 was formed by depositing Rh

having a high refPJrgr%tt e o%maegtqor%dtrglsuﬁtlérﬁ%venuon 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 hight 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 light 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
Rb.

Fifth embodiment



100 rimon the entire surface of p-type GaN | ayer 6, the Rh being in

ohm c-contact with the p-type GaN | ayer. The contact resistance was 5E-4
flcm2. - 31 A Rh filmas the p-electrode was deposited on a glass plate
and the transmttance was neasured. The transmttance was 60% for incident
light of 450 nm (Experinment and Result) Simlarly to the first and second
enbodi nents, 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 nW 8.4 nW 8.4 mWand 9.1 mWfor an applied current of 20
mA. I nvention sanple Cincluding no reflective material generated 7 nW
Further, when a fluorescent material was nounted to generate white |ight,
the respective gauplfigih cgfideindngdf thelpieBemaneatioh, varidhs tyes df ifridem 1.51 I'm
and 1.64 Imfor an applied current of 20 mA. Invention sanmple C including
no ref | ect sereicomdustdr ahbsratrsveare gmployed aﬁaﬁﬂﬁwbﬁ@tam@h@hﬁaéﬁ@ﬂ results,

I nvention s | e [F havin rror surfac vent i samles G H

i ncl udi ng 3“Hit" W@WE@JF&F@S{#"%C&%H@F pLOY5 e E‘ﬁ‘]’%@é O?Q'ﬁd“ﬁ ention

sanpl e | eg&h@bﬂﬁcﬂﬁtcﬁ‘ sbBhitd \%E}Ieeeﬁﬁﬂn}ﬁ%d et el &l tofeQEmfnréQh@c}ﬁkfc%r[sﬁg@Oﬁom d
generate higher Iight outputs than invention sanple C. It goes w thout
saying t hatidamwnype QEDslampazeng\a snalphioknedeareipllavgd letetal énbes trflueficzs

di fferent em ssjon wavel engths. |t has _been cl arl fied from

exper i rrent@ gmsban%of the kight gurtige swafm@f g Py sufsrate hang asstivedon with a
concentr at i,Q from 0.1 to 8 noll (nol/dnB) and a tenperature
in the ranéléqﬂe%sm %‘%ef(gng' may be enpl oyed to provide equival ent effects.
It goes W {hRtitich hat the reflective electrode will provide effects

for any wavel ength when the |ight em ssion wavel ength is changed, even
t hough the degr e@heinventidremmyplchis chaactbezed imthay thtabrkndse of dierGeNt he

flect t f. th | d A | t.h b t f
the Au | ay SHOSHEF 8 RGN | Jhent MIbe: SRagyaieron FABEL BOPISOBES! oy.
i nstead of ¢ lare APht R EERE Su2e Snfes Mg RURALLWRPE N Lrdiftink Shirhee hife also

eqU|vaIent
exanuned.

(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 pm.

(2) A GaN buffer layer, a Si-doped n-type GaN layer, a Si-doped n-type clad
Al ;GaggN layer, three sets of MQW layer consisting of GaN and IneesGagesN, a
Mg-doped p-type clad Alo>GaosN 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 2 room temperature of 298K and an emission wavelength
of 380 nm.

() 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 emitting devices.  As illustrated in Fig. 24 and Fig.
25, light emitting devices including a light emitting surface, namely back surface 1a of

substrate 1, with a size of 250 um( and light emitting devices including a light emitting
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or nore than those of Rh to provide effects equivalent to or nore than
those attained by Rh. Fifth enbodinment 32 In the fifth enbodi nent of the
present invention, various types of nitride sem conductor substrates were
enpl oyed and a GaN substrate and an Al xGal-xN substrate having a reduced

t hi ckness were enpl oyed. Influences of the nitride sem conductor substrate
were exam ned. In order to exam ne the characteri-stics of a side-viewtype
LED I anp having a small thickness and a large lateral |ength, influences

of the shape of the light emtting surface of the GaN substrate having a
reduced thickness were exam ned. (Invention Sanple J) The invention sanple
J is characterized in that the thickness of the GaN substrate is reduced.

Further, as wll .be descri.hed later, in-addjtjon FRg.a

square |i gﬁ%ﬂgﬁﬁl&i%&es%rjfsgé‘g? xsarr'}%]l“e’ésrcﬁago\?]igér‘lttgeh'a Egé)?%\%gg@?a%@we%ti ng
surface WegQirdhsPoriBXANEREHe arledsd oAhERIIr@hdntis B iuberfe G FhRY thyd&ide from
the c-plane was used. The @GN substrate had a resistivity of 0.01 f2 cm a

di sl ocat i osepdemohtsiptotiadlieesh eanoved dnd wetd.6Xknmas (225 LWHD)and 022 mMmtRASbuf f er

| ayer, a Si-doped n-type GaN | ayer, a Si-doped n-type clad Al 0.2Ga0. 8N
| ayer, thrge x875uo), REDActtger ineesthe niakstrofe yd\e diameiss@f A8GHOL SN, a

- doped p-t) | ad Al O. . 8N | -doped p-t GaN .
grown i n " BRHRR! B R G et s Eie g et BB vRe bRy BB B 5) e
i nter nal qH?éIEc%HEFJ jefiing MtYosyRRref%, af06%, ¥RSectipbigul ated by conparing the
PL intensity at a J’wt nmperature of 42 K and an efn ssion wavel engt h of

380 nm and($iie VRiw-TgpehbBED)y at a room tenperature of 298K and an eni ssion

wavel ength of 3 80 nm (4).to (7). The sane processes ﬁs t hos 1t.lhe
i nvention sanpl e(% Ty hgh emytngdeyices were p-down mounted at the center of the lead

frame including a reflective mirror such that light was extracted from the n-layers side
(see Fig. 25 and Fig. 26). The n-electrode was placed at the center of the device and
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 um x
Imm.

(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 enhance heat radiation from the Jight 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 light 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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(8) The construction was scribed into predeterm ned shapes and the chi pped
constructions were nade to be light emtting devices. As illustrated in
Fig. 24 and Fig. 25, light emtting devices including a light emtting
surface, nanmely back surface la of substrate 1, with a size of 250 .inD
and light emtting devices including a light emtting - 33 surface with a
size of 250 4mx 1 mmwere fabricated. The areas of the MWW Ilight emtting
portions were the areas of the aforenentioned substrate from which the
device separation slots had been renoved and were 0.051 mm®2 (225 nl10) and
0.22 m? (225 mx 975 jtn), respectively. Since the n-electrode had a

di aneter of 100 gm the ratios of the portions of the lIight extracting
surfaces i r i n-el ectrode (opening ratios) were
85% and 92%%%%%%%%@1@%%%?@?%%&? Vbe LED) (9) This light enitting

devices were p- dQWALIRYN QEF sabstidies deoft@l byod 51 fiemltaclpldne arepe ised| uThag a
reflective mrror "such that |ight was extracted fromthe n-|ayers side

(see Fig. ffbsmames Fida redfjivityTofd o 6l @nta dislecatas dphsityed 1E7/omi@ndent er of the
device and there was no need to provide a p-elgctrode on thq_6 p.si de.
Ther ef or e, thidkeessiifdRAess ofhe suhyraseschadhiegtingp ef AECPTRARHORS XSt -ﬁo@:gti ng can
be decreased, and thus the thickness S could be nmade to be 0.425 nmm even

i n consi de?’éﬁﬁon of the space required for wire bonding. Fig.26 is a view

illustrating a S{zﬁ% {! B HeXBfRe bRIeaRYh PR M idveitidi @Riple Petel peronted/i ce
formed on a substrat aving a narrow surface with a size of 250 mx 1nmm
(10) I n no@@émpegisoh Sempledl)t emitting device was nounted using a high
thermal conductive adhesive such that the entire s ace of thg.hGaN

f
substrate was i n{Dahabtoff sybstrate deviatsd Myitny ﬁhe&ﬁﬁ;??lwé§ﬁ%¢p't Enhance

nigh hoat SuRTBEA e ST AL Ak GEteral AP IBE BUERARY D0

frame with i onductivity was selected as the lead frane. Wth
this way, toﬁleprlrnglgltﬁb??rlntl)qheat resistance was 9 W (11) Further, a
fl uorescent mate(ijab (WBSTHERMEe po@sses ketivsebiinvenide sample Javate 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 (a 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
pmD and 250 um x 1mm.  As a result, as illustrated in Fig. 28, the transmittance of
invention sample ] 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%.
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this device was resin-sealed with an epoxy resin to forma white |ight
emtting lanp. As the fluorescent material, a fluorescent nmaterial capable
of generating 180 Imfor 1 W of light output of 3 80 nmwas enpl oyed.
(I'nvention Sanple K) The invention sanple Kis characterized in that an

Al xGl-xN substrate is -34 enployed as a nitride sem conductor substrate
(1) Al xGal-xN off substrates deviated by 0.5 fromthe c-plane were used.
The substrates had a resistivity of 0.01 S2-cm a dislocation density of
1E7/cm2 and a thickness of 100 p.m The substrates had three types of A
conpositions x= 0.2, 0.5 and 1. (2) to (11) The same processes as those
for invention sanple J were performed. (Conparison Sanple L) (1) A GaN off
substrate devi at brebtjorsadipter o mvehtdorcsapipdn and sompartson Fampledubpippede had a

resistivity.of Q Ols) cm . a, gi sd ocation deEsit\é.of 1E¥/f'rr2 and a thickness
of 1 nm (1888 10 fhyereste material 390 resip-ssalad. P9 spieauLsanple fi3TengPn SR i on
sanple J - t | f 4 ' t this
conpari so\rllvkgaf'?llr(%lpl%l%glc pﬁﬁg%dsﬁliplglee IT}té\&g | ;S‘s‘i"gg%?%‘t\?g"r? f@h@ggﬁgﬁ;ee fgﬁ&a%qtﬁﬁgr ef ore
it was out LEDsHdfe mcunteliipsn intdgxniighsphore aat thenaspredoterhtited @spacivay e
substrates of invention sanple J (a GaN substrate with a thickness of 100
nm and i nvaprliedhesgiepl hxemuieddight wrs focusedgntp a detesterand then oAyt figm a

substrate thi ckness signif.ican smal ler. than that .of th fore ti oned
First tot MR o SorBiitsea R e ihpy 8hn LR sttt R ol GRS Mt ane 1y
| arge subshmghgckhiveleiReorméd GaN substrate with a thickness of 1000 m
were prepared and neasurenents of the transmttance were perfornmed for

i nci dent |ight wWhena onerest &fifftthAcfasplied) mvastion dample hiredntion fample B7A and
per T or od B COEAISB STREL BSPRIoGH 2 B (F MO S TGaaRy e
two types of light emitting device sizes), 5.4 mW (the luminance was 0.97 Im: for both
the two types of light emitting device shapes and all the three types of x) and 0.6 mW
(the luminance was 0.11 lm). Further, when a current of 240 mA was applied, the light
outputs of invention sample J and invention sample K having a size of 250 um0 (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,
invention 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 uml x 1 mm generated 64 mW (11.6 Im) 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 extracting greater amounts
of light. 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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nD and 250 mx Imm As a result, as illustrated in Fig. 28, the
transmttance of invention sanple J was 70% (the transm ttance was the
sanme value for both the two types of the shapes of the light emtting
surface), and the transmttance of invention sanple K was 90% (the
transmttance was the sane value for both the two types of the shapes of
the light emtting surface and all the three types of conpositions x = 0.2,
0.5 and 1.0), and the transmttance of conparison sanple L was 10% -35

| nvention sanple J, invention sanple K and conpari son sanple L equi pped
with no fluorescent material and resin-seal ed, and invention sanple J,

I nvention sanple K and conpari son sanple L equipped with a fluorescent

terial to be f d whi t LE : ted.i i.nt t i ng-sph
and then a BPbaddtilHfotis be exrasYEY larep fishossseraidugadpike Bat pioRgne
was T ocusedaidiey g HRLBGL0UelRbed NehebRUbedn @Ry oh Ak Hith S8 GIon COTPal | sons

of the |ight output® values output fromthe and the | um nances

wer e per f or@elenpihicthe ahiCihiesEld bredirall) SOVES S@EPjMI e8or exavimpd, ithhsdaeml e J,
i nvention sanple K and conparison sanple L generated 4.2 mW (the |um nance
was 0.76 | provesdrospexperimsntsithas in gysles toopnifarein speenidtcuirants guen ahous | umys 5.4

MV (the | um 0.97. Im  f both the t A f li 1tti

devi co shaget Zanemhy T 1B chl & Bo5AEBISIP sshiieatibkmgs S 1 | Mhifance. vas

0.11 Im. Furth L i G ' t put

of invg)nt i_oﬁrsarerg:lugE ?ghr?g’sugF\%ﬁaﬁoﬁggﬁﬁwg@@gg&é& gﬁszatérﬁgwelégg&%m(]apu >

current dergibbiin®nt febtcdd/ theBhmiesiRametofitht FalN dibsteht€ widch efdblegnies of heat
and these sanples could not generate |ight outputs commensurate with the

current. Héabsigation of laweaest light smitpngdeviceayi Hgogs witheutsrying thaidhi repulisin

ted 50, MWV (9.1 I m. which ] t hat ted f li ed
Qur rent of TobeHRn O g BBt Al TS on ST arLrDE STTIR . x|
mm gener at g hpé}m?q/l\{g(?%}fange Jafl’ﬂane )tﬁﬂg%h}hvﬁ%c la&h3pe mﬁf: ifRRGAaRthlds0r an

applied curfent o atorenentioned results, the di'fference in
the |ight ¢abipgth stzerofapo amdl k Gnm etdbl@rihcredsingOthedred@hile atmetdining thée

difference in the transmttance of the substrate. A )
thickness S of the side-view type LED at a small value, namely 0.425 mm. Ths
enables generating high outputs commensurate with the area. It goes without saying
that the lager the substrate thickness set for uniformly 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
light 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 light emitting surface, and therefore the oxygen concentration which largely
affects the resistivity and the light transmittance will become particularly important,

Referring to Fig. 29, resistivities equal to or lower than 0.5 3-cm can be

realized by setting the oxygen concentration to 1E17/cm’ or more. Referring to Fig.
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GaN substrate has an extrenely low light transmttance for the short

wavel ength range shorter than 400 rimand therefore for the wavel ength
range shorter than 400 nm the wuse of an Al.,Ga, ,,N substrate enabl es
extracting greater anounts of light. Further, reduction in the thickness
of the GaN substrate al so enabl es extracting greater anounts of |ight.
However, in view of spreading currents uniformy through the n-type |ayers,
excessively small thicknesses can not provide uniformlight em ssion, which
may prevent generating sufficient outputs, or concentrate light locally
thereby locally degrading the -36 resin. On the other hand, excessively

| arge thicknesses will degrade the light extraction efficiency as

previ ousl y 3deshen ﬂﬁduxyﬁ&h&foﬁé@ﬁﬂtioﬂ%%éﬂéﬂﬁa@ﬂﬂ‘J’Tem? itBR raesig iR For light

wavel ength, the thickness is preferably 50 mto 500 m For exanple, it has
been proveX¥ith & avdsase oivdnm shesply idacreasger FromuFigf 26 ad/Figp} & ankreasmgent s
over about Jt mmas _in a.250 X 1 chip, it .is re irable tq set

t he thi cknéi%%opcgegﬁochnti%t?nﬁf e@%’?ﬁ@’rr%ﬂ’ég 8?63%?“"55’ gﬂi‘e shostietesidi ng a
smal |t hi ckitesesi ' ; SGhlc ' - n e cost
of the GaN sugas'is%nrfg Z?%Flg%iﬁ%tﬁﬁ%nabl g’sﬁ{{tﬁgweggaégp}eggilygﬁﬁwﬁﬁoﬁacg-fgt@& F#%’ht
enitting ddeixEsN substoefor wed inauighs emitting dévade tblbep-mesnted thé settingdihei on of
the cost regardless of the fight em ssjon wavelength. Further, formng a
light eni t CFHEFISARFEERtgn. theRuckness apd the bght ewitting Dleas siznbgromes the

I nvention Havi a size of 250 nD x 1 nm enabl es increasing the
area whil e§ |nctg§t|]ynllpxﬁ’éhfq%e t hi ckness S of the side-view type LED at a
smal | val ue, nanReferAind@PFigM 1, Thiré is 28ARINRS tHIL RN ALENGe Mhigkhey bkt 4iso
commrensurate with the area. It goes without saying that the |ager the
substrat e tthé kighershe exigen concgniirstmmnthe lewercthdiiply muputefitle hnpdegbmeshe

n-type |layers, the.larger_t l.ongi tudi nal size can be set, as previously
descri bed. Sixt hq{@ﬁ%%q}?e}f‘fg i &ft‘g‘@WPE"t Wﬁﬁ“ aﬁ\ﬂ?@és‘nzﬁé‘bﬁ’?‘ﬂiﬁ’ﬁb‘”ﬁgsﬂ?@’ si xth
enbodi ment @ff ; thaui i e relati et ween
t he oxygen co‘r)\]té]ggtl%ﬁ%gﬁ hgyf “?ﬁg“m&éﬁb‘%ﬁ%? ?%?ga %ﬁ%ie?lg%h ‘Srfgm S 1i\§}idtr§é}a{§d

li ght trangentratzndehhestpbesi’ gvasiethe skeerf Sivehtion sariphedCrenin ipplied

characterized in that based on the relation, there was established the
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 light 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 light emission. Namely, if the current density is matched with the
current density obtained when a current of 20 mA is applied to the light emitting layer of
invention sample C having a square shape with a side length of 200 um, the applied
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, light 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 um, when
the target performance is the same as 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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rel ati on between optimal GaN substrate thicknesses and oxygen
concentrations for a predetermned light emtting area for light emtting
devi ces p-down nmounted, nanely light emtting devices in which the GaN
substrate serves as the light emtting surface. As previously described,
in a p-down nounted |light emtting device, the GaN substrate forns the
light emtting surface, and therefore the oxygen concentration which

|l argely affects the resistivity and the light transmttance will becone
particularly inportant. Referring to Fig. 29, resistivities equal to or

|l ower than 0.5 92cm can be realized by setting the oxygen concentration to
1E17/cnB or nore. Referring to Fig. -37 30, when the oxygen concentration

i s greater , a55%h g ht | dalald oW 1&L@ngt h of
450 nm Sha%%{]@@%ﬁ@g@gth%%%%% g. 2%£an %gutge S%Ot,gaivr?]c%@leégsi ng t he oxygen

concent r at ihan 1E3 92k’ @cbideetd providd lightantpute eqesd tcsdi Migher thdn T mdV Gafli theibstrat e
and increasing the light emtting surface, but decreases the |ight
transmit t apigeof muentionsemple G & ap appligd<ypent et M8r use in a light enitting

device to be p-npunted, .i1he setti.n h X n .copncent i on, e

t hi ckness and th “T‘\E‘ejh‘f’ t{%?ﬁatsF Piﬁsnbg%\g}féh][sﬁ“;gr%%%s&'sc%wP??étdnflfnyaﬁ!ﬁ

| mportant. A b3 : ' hagw bsihltBé gdes t he

t hi ckness gﬁgeglcégéﬁ%ﬁﬁfe?orm%hng? i’ﬁ%@&@é%@%&%@@ﬁ ra}tﬂilaté]n, the | otwer t he

| i ght out puf inéntidnesamahgC Fecanmpplied diefeat of 2(gmAo whilg oxyen chbncentbonsl e, when

the plane size in which currents.flowunifornly is a squay e gl?\/i ng a side
| ength of 69l #nPY &Feater than SR ¢/smocan prowyde unforss garrent JowsLhiopgh & squars ght

OuBUL o T4 RakNehlcd Sl MMRILLAE SO Gl oR RN St e

of 20 mA en c¢Bncentration can

3E18/ cnB ( efhmalE 1Dndrcah efidues ligﬂﬁ@ﬂtpﬁ@&{l}lﬁm droiigher sauSreWnivith tie siedef | engt h
of 1nmm) for a GaN substrate having a thickness of 50 mto ensure |ight

out puts eqirxention sampi¢ Glierr an appkied qurpant af 20 mAhetheieby PEeyeRding $&NEIRaNbN  sanpl e
o 1 SO EOGLEIL L 0 L TR Bl or 90 o0
obtai ned when a Wﬁh&?fef&?iné@o 8. 35 ;APR! da8dwhéretheGhNGbstRiM hdsing | ayer of
invention sanple C having a square shape with a side length of 200 m the
appl i ed thickness of 100 um to 300 um, 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 um, 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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current 20 mA for the size of invention sanple 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 | my). Wen a current of 125 mA (500 mA) is applied
thereto, light outputs equal to or greater than 44 nW (175 mW can be
ensured in proportion to the applied current, while wuniformlight em ssion
can be achieved. Further, in the case of using a GaN substrate with a

t hi ckness of 200 m when the target perfornmance is the sane as that for a
t hi ckness of 50 m the oxygen concentration can be set to equal to or

hi gher than 1E18/cnB for a square wth a side length of 0.5 nm (2E18/cnB
for a square with a side length of I nmm. In the case of a 38 thickness of
200 m the be set to ,a value equal to _or |ower

t han 1E19/ é%‘gﬁq&dd’erreﬁ%‘“ﬁr%pr%g fﬁ F@kﬁtﬂd@df%méﬁa@%ﬁﬂ 850 fyrlight yitdre t han 7

mMVwi th th nt i-Qn led current o

Further, 1 R EEREn3E4sPHALT 13° aRBERBimed CapEUnRPle wEt wobRhEd nBrisioo
any oxyge@n@mﬂgae&lﬁ@mn@& t%@@arﬂ@éoﬂaitib\ﬁh 9§tHo|sQBfaf@%tné&d%véﬁ'txgﬁﬁm%l@an 7
mMVwi th the size of invention sanple C for an applied current of

whi | e oxyg@ﬂemptdhnafoathmnedamrabnt oNamelyy thatpiane sihaof thie 174N sibstrate wasovi de
unlformcur Llows thro 3[{@ uare . area wWith a side Iengﬁh of 0.5 mm
However , 8ﬁ° DASBIE BHG CRYSLiBg SYrEAGE becampasi SORANS/VEEBa 8idh ensur e

| i ght out pqgn%t | | invention
sample C fo a}ﬁ&é(g%f‘wg% f:eﬂ?é glﬁ% th;qucg)ng]&%o@éé% g@v@%tflgfrll wmggm ficant
reduction |laimhdited—llay§htormmﬂwn Wil fonéical @iigsuifacé ArHitH Wadihe FF3tSRAIAN.
Further, referring to Fig. 31, in the case where the GaN substrate has a

t hi ckness @arfagookthe GadY Sibstwaterby M@@W s (A Prdoped Datypy G@hﬁlﬁyaﬂae‘htdomg!gen
concentratlon I ch enabl flo rrents. unif throu
cquare. wt e AROSRITRG RS dR iy R ANMEME B E bt o ke e @l °

or hi gher chﬁ’d"su?lgm% idyet E@lsﬁa&ﬁn%m hE'éé%Fd GINIARPAR dn o0 GAlRPP! | ed
current of mA.” For a’“thickness of f tm an “oxygen concenstratlon

range fronﬂ@Eﬂ!8Mg¥ﬂop&ﬂ gﬁﬁ,ﬂnﬁlﬁdd}iﬁ}a@ﬂﬁhyeﬁ)eﬁﬂp& cladayerda Ma-ddped pstypeGaBO0 m  an
oxygen con?ayet)r ation range from 6E17/cnB to 5E18/ cnB enabl es that.
T

(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 Q-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 {3-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.

(Experiments 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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Simlarly, referring to Fig. 3 1, in the case where the GaN substrate has a
t hi ckness of 200 4mto 300 p.m there is also a practically sufficient
oxygen concentration range which enables flowing currents uniformy
through a square with a side length of 2 mmand al so generating outputs
equal to or higher than 7 mMNwith the size of invention sanple C for an
applied current of 20 mA. Next, a concrete enbodinment will be described.
The follow ng test sanples were enployed in the enbodinent. (lnvention
Sample S 1) A GaN substrate having a thickness of 200 p. mwas enpl oyed
wherein the GaN substrate had an oxygen concentration of 1E19/cm and thus
was n-typed. The GaN -39 substrate had a resistivity of 0.007 O-cmand a
transmitt ad@eenéragsos light ohipyhef 24P nitw and svhigll capytt lof SfmW5gespentivalye It can

af orenent i pned N bstrate embled into light emtting device

under theI gﬁﬁ@d%ﬁaﬁj}i‘%ﬁ@@é‘t ?ﬁgg@sqsﬁcoﬁﬁpwmpgﬁﬂwﬁﬁ%ﬂ‘f@{%gsarr;: e SC
t th i I t i ®@AN

Suberr at o SonRfAEERE e Bhlm e SR dan Dbl Eop copRisoh BBl

becomes a ggutheeonditibn af E%Iﬂ%_rniésﬁﬂgirdk_dbfser()ecﬂfrﬁmtﬁé edcehd bRin(shHatdof the second
enbodi nent)- (a2) The follow n | am nat ed- 1 ayer construction was fornmed on

t he Ga- sur Cabesubpinte forming thedight eraissiomsunface,anflas @ result, differeceed is theslightit e by
MOCVD. (A Si-doped N-type N.l ayer/a Si.-dop n-type.Al 0. 2Gao, 8N. | ayer
b g a e RSy SHeBS e B R E sl Nl EGRHE eERER MER 2t 1 ng

of two |aygyas ‘éﬁ?ﬂ?@rﬁél?@ﬁéb%‘o%é hfrBlie ahd MR bAYGhis @S infiAsity Shalp{a0- 85N
| ayer/a My-doped p-type Alo.2G0. 8N | ayer being a clad |ayer/a - doped

p-type GaNdet¢ragsed withGooneasingsdistaiRanidne thEl i-eldct@add. s Thist wasttecaise hheahighi ckness

of 400 tm was .enpl gyed erein the GaN substrate had an oxygen
Soncent r at FELSHY SEL: Qﬂﬁ%’b&memﬁwn\ﬁ%uﬁcmﬁﬁemnaqh@uea&he%ﬁ S¥PdtEoMad a

wavel engt n it HAGHL AR bE QRAR bi AR Ep emil ddice, . T xR

portions WelieSoccurrence of light emission only around the p-electrode where currents were

concentrated.  As a result, the light emssion output from the entire light emitting
device of comparison sample T2 was lower than that of invention sample S1.
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 crystallinity of the most region therebetween of the GaN substrate was
improved. It was proven that when the dislocation bundle density exceeds a
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 sane as those of invention sanple S 1. (Conparison Sanple T2) A GN
substrate with a thickness of 400 mwas enpl oyed wherein the GaN substrate
had an oxygen concentration of 2E 16/cnB and thus was n-typed. The GaN
substrate had a resistivity of 1.0 fl-cmand a transmttance of 90%  f or
light wth a wavelength of 450 nm The other conditions other than

af orenenti oned portions were the sane as those for invention sanple S 1.
(Experinments and Result) The aforenentioned test sanples were assenbl ed
into p-down-nmounted light emtting devices and a current of 20 mA was
applied thereto. Invention sanple S1 generated a |light output of 7 mW
whi | e conpari son sanple Tl and conparison sanple -40 T2 generated a |ight

out put of AnStraced anHiga3s i dkpendmyl diihe Gim Forig EQRIRS dfMB¢ ¥pitakial MY, be sai d
that the light output 2.9 mWof conparison sanple Ti was an out put

comensur aflée densitytafdolertyps ndrcaverpaations drasicai\atfacksthe fabeicaticoryiddwpar i son
sanple T2, the condition of |ight. enm ssi.on bserved fromthe second
mai n surf afe %?n'PﬁBnteéé‘ﬂg"s%g{"lg E‘C?%‘Pﬁ’i’}Hé‘ Tth\é%}f UHRSEYPHH éﬁﬁﬁ@ce, and
as a resul t,..¢i ces inthe light emssion intensity were found within
t he surfactgwtglg%ﬁa,%t he Iight emssion intensity was extremely high

around the n-el e%é@‘@liﬁvﬁﬂ%tdshﬁrdpﬂ@hﬁereeingﬁjyem intensity sharply decreased
wi th increasing distance fromthe n-electrode. This was because the high
resi stivit {ngentimeSamme §4bstrate prevented currents flowi ng through the

-el ectrode f ficient]y. .eadi,. th h th f .of .t i ght
ot i g devi o AN spBR iR shOH P AR BT ARCE R SPBR ont'y
around t he g1 RLEGH bAfie WAEK: ri%h'feﬂ?_@lt S00ehS: 560 ed?ltarv@,tagg- s g?{rgs@%&s _the

| ight em ssion output fromthe entire light emtting evi ce npari son

sanpl e T2 wasa distovation bamdld Beisitypsf 4H6/@N (4RHICRYND ehed cdndiffensentrs tiendaani nent
The seventh enbodinment of the present invention is characterized in that
the di sl o@athassobimvemtiongamplet§l- of the GaN substrate in a p-down nounted

light emt t(bggparison Sample T3)

A GaN substrate having dislocation bundles was employed, wherein a single
dislocation bundle was distributed per 10 pm x 10 um. This corresponds to a
dislocation bundle density of 1E10/m”® (1E6/cm?).  Other conditions were the same as
those of invention 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 light emitting devices capable of generating
hight outputs equal to or more than 7 mW was determined. As a result, invention
sample S2 provided a yield of 97%, while comparison 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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device was restricted to increase the |light output. By concentrating and
collecting dislocations which generate unavoidably to discretely

di stribute dislocation bundles during the formation of the GaN substrate
in order to inprove the crystallinity of the nbst region, the
crystallinity of the nost region therebetween of the GaN substrate was

I nproved. It was proven that when the dislocation bundle density exceeds a
predet erm ned val ue (a dislocation bundle density of 4E2/cnR), this wll
drastically affect the fabrication yield, beyond expectation since the GaN
substrate is placed on the light emtting side in a p-down-nounted |ight
emtting device. The aforenentioned dislocation bundles in the GN

substrate r - er. 6, ,whi is a ' fal film
and appear %(%%mjt&’%‘gﬂé%} h%i’%’a’%’é)?ﬁ"ﬁ?élégagg?ig]%k%erfasAi‘sIalrgJ; trg'tae@m%ﬁ I'g. 32.
Therefore, chipe, tde&!vm@abbgaavéategdhﬁalcrﬁm trlcWadiny SuriehsARkitRhdd/ndtbeegFoRiTent
with the core density. Cores 61 becone hol e-type concave portions as -41

i | | ustr at edt the peirgons38 disttepaondbunglesin theaG4N bubsfrateni Ahereovete obsenve t he
epitaxial fi|nms. The density of hole-type concave portions drastically

af fects t hdolealype eeficavhpytienyhaying adiamest Abtheutd Hm gfribe aastions AGtheevi ces in

ol Tout o CEMSHBPROBIS, oSy otk bk B e Ak P e
substrate faewhw?aghb% %Pg?d;?drliingﬁgﬂﬂ &ﬁp&@fa%@dm 8y RigherWh&! Bitwa singl e

di sl ocati on bundl e was ed per 500 mx 500 mon average. This
corresponds to &udhsi, ecatrentrofli(meh evad epiedyto olfie dbfeinefti¢dd2estsBnple@irher

conditions were the s as those, of invention sanple Si.. (Conparison
Sanpl e T3) the @wv&%&@}p@ #laiTosdgs Badhese denmnd. b reuliuahe ighb PBNIEBE  wher ei n

200 e AL S AL RSk 128 BT,
condi t i ons |yweérethi © Vs aMEhifitras bdt@s thé eledivaiet mere &fbadlded Brhole-type concave
portions thereby short-circuiting between the p-electrode side and the n-electrode side.
This prevented currents from spreading through the active layer, thereby preventing
sufficient currents from being supphied. This resulted in the low light outputs.

Since the yield depends on the dislocation bundle density, the larger the chip
size, the lower the yield becomes. Comparison sample T3 had a light emitting surface
with a size of 400 um({], and therefore the yield was 75%. However, the inventors
have discovered from experiments that when the chip size is 400 pml], the yield is
degraded to about 50%.

Eighth embodiment
(Eighth embodiment (1))

The eighth embodiment (1) of the present invention is charactenzed 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
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(Experinment and Result) The aforenmentioned GaN substrates were assenbl ed
into a plurality of light emtting devices on the basis of actual
production. A current of 20 mA was applied to the respective test sanples
and the yield of light emtting devices capable of generating |ight
outputs equal to or nore than 7 mMNWwas determ ned. As a result, invention
sanple S2 provided a yield of 97% while conpari son sanple T3 provided a
yield of 75% Nanely, dislocation bundle densities equal to or |ower than
4E6/ n2 can provide vyields which enable production. Wen the dislocation
bundl e density exceeds the aforenentioned density, it becomes inpossible
to continuously product light emtting devices on a commercial basis.

Li ght emi t tsurfgcedside (¢ep sibié)c liglg enditiag eeviees foghdd axthputgiboRR Myihdaia dorfith/ wer e
di sassenbl ed and the chips were extracted therefrom and exam ned. The

el ect r odes anddawng asmak afffangie of R 58 kevebandean tha regionB2 Mangataamescind
solution and the.chips. were .-42 examned fromth -type . .semi,condyctor side
Chereof | AdeungaJgiie SRagls Ofi i AFel gRroot eeperais Lah Byt Gar § Tl cE et

epi taxi al fg | | | oN ' t he
portions offbtlﬁ?ﬂc@g% P%Jrrl&gt?gg?gﬂsﬁpl ?%ﬂg%&%@gaggﬁpgﬁg&y%ﬂgyﬁhg observed
hol e-t ype cphadsidilmpe fdrimed dnhkyGay sabdiatgret Rierdfbreaoillistidtedah Rigigspai ti ons of
the dislocation bundles . Such hol e-type concave portions were not found

ih n |h i gh': herﬁ“t;ﬂipﬁ@’afz a@?fﬁ] %@a@aqgubtweéﬂGngrzbgﬁragang ﬂlitgah}n_g@gatpac s%@wal to or
i gher an A rther.. a cunr 0 pplj.ed to the

af or erent 1 dmeEnet BEaHEP thoe M RN Retcets Ay T3 Hagofiee 20 ABad®Phad
been for medzabuffer B berddif thd BN sBBatd K AIGBN Q8S1abad, Woddefio

af orenenti oned hol e-type concave portions all had a driving voltage | ower
than | V. Tlewgaigdake ifemnseintthelaticeconssas Muore sperifediiydhé prebamk e- t ype
concave portiaons thereby s,h%[ité;}gﬁrcuiti n bet&gen t he .p-el ectrode side and

the n-el ectSWEIAgNY s charpgteriz {eyPe MG putter layar S) ivplacsdpt i ough t he
active | ayedrfca‘eﬁlr%ﬁﬁcﬁﬁﬁ pggig¥§nti ng sufficient currents from being supplied.
e e low 't

This result Int I'ght outputs. Since the yield depends on the
di sl ocati on bundlEhedeieiihy test fengiesy weae ehpioyedi p
(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, hight 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 Aly5GagssIN buffer layer having a thickness of 50 pm was
placed between GalN substrate 1 and n-type GaN layer 2.

{Companson Sample T4)

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. The GaN substrate

had a resistivity of 0.01 Q-cm, a dislocation density of 1E7/em’ and a thickness of 400
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size, the lower the yield becones. Conparison sanple T3 had a |ight
emtting surface wth a size of 400 n', and therefore the yield was 75%
However, the inventors have discovered fromexperinents that when the chip
size is 400 n, the yield is degraded to about 50% Ei ghth enbodi nent

(Ei ghth enbodi nent (1)) The eighth enbodiment (1) of the present invention
Is characterized in that an n-type Al GN buffer |ayer and an n-type GaN
buffer |ayer are placed between the GaN substrate and the n-type Al GaN
clad | ayer 3. Substrates usually have warpage and GaN substrates have
particularly | arge warpage. Therefore- GN substrates have off angles
which largely vary within the substrate surface, as illustrated in Fig. 34.

Ref erri ng Fi I.£1: epi ' 0 . I- su?st_rate,
t hen the Elgjnstﬁgalgfaﬁt nbiflg%g%}\?ﬁg}é%‘h?‘&%%%%tﬁ ”é%@?ﬁﬁgs e‘“‘gﬁ‘%’e@%‘% hen t he
l'ight out pyHesGAY sitifralel @Bdrdir@Molthd tati@Mlab@FaRHiQLiOR prote@foninivbntidae GaN
substrate placed at the light emtting - 4 surface side (top side), |ight

emtting deampes dfcherfut embodimentegilnnomparispi sgmple T4, eon+igpe Galldeyenwang a
smal | off angle of_ Q,0% Ilevel and on _the region R2 lying at, a corner and
havi ng a Ig? 3(9pr:§$]§4 trate 11ang anaie1sGagssN Syergayrs Mot Slj‘ﬁ?d RrtvpeR e or 8

mWV or hi gh@{ay%ﬁgt{%gaﬁdoﬂeg%gg?w%éﬁof 20 mMA. This is because of the poor

crystallini e ep fornmed on the GaN substrate.
Theref ore, (Bstdddddsti@ ed in Fig. 35 an attenpt was made to place an
n-type Al GaN buffer layer 71 having a lattice constant internediate
bet ween t hose of Atduere@adf Hlindt wast appheditothGhshtamitingdesices  dnvengiann- t ype
GaN buf f er

order 1o AHTHe S EenTRE HERY SRETR 8" B IS it FRTL ISP S inggyponeles |
bt 1 or | ay 8y O91 e B o e Roae Ty S har e b [,
test sanpl @gizeRfe0 eipkaadm (séd Fi¥88).1 Movweyen) witkSddmparison sample T4, only
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 ]eve1§ of 0.05°
and 1.5° generated light outputs below 8 mW. This was because invention sample S3
included the Aly 15GaggsN 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 eliminate
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 um x 10 pm.  This corresponds to a dislocation bundle density of

1E6/cm?®.  As illustrated in fig_ 43, an Alg1sGaogsN buffer layer having a thickness of

_45.



A GaN substrate having off angles relative to the c-plane was enpl oyed, the
off angles varying continuously froma region having an off angle of 0.05
to a region having an off angle of 1.5 within the surface of 20 nm x 20
mm as illustrated in Fig. 34. The GaN substrate had a resistivity of 0.01
fl-cm a dislocation density of IE7/cnB and a thickness of 400 m By using
the GaN substrate having the off-angle distribution, light emtting
devices were fabricated fromrespective portions of the aforenentioned GaN
substrate having a size of 20 nmx 20 mm according to the epitaxial-Iayer
fabrication process for invention sanple A of the first enbodi nent. As
illustrated in Fig. 35, an Al 0.1SGao. 8SN buffer |ayer having a thickness of
50 mwas pOagedadplboudcrrtvedN Galsibsate 1l andndtype GapebieNldyay2r Qther
(Comparison Sanple T4) A GaN substrate having off angles relative to the

c- pl ane wasordipdnsyade thersemgfas thasp gf wyentionyppmpled@nt i nuously from a regi on
havi ng an f angl f. 0.05 to a region having an off angle of 1.5 within
t he surfacg{?ffsﬁjg]fﬁwolﬁ) 20 mm The GaN substrate had a resistivity of 0.01

Qcm a dislocati rgﬁrfﬁﬂrﬁé{iogfof Herd ?tﬁﬁal"’mﬂr%‘ it RRR Ry sid0Qrfaté ofMthe A
plurality of light emtting devi ceg were fabricated fromrespective
portions ofwafdrivens Ghdérsetowith atdéferanial wtengreénoe miarosipt and 8EM BSeennif@br i cat i on
process for_invention sanple A of the first enbodi nent. I n conparison
sanpl e T4, Blgstrandigrosenng) | afer 1ol ng bplerbpesaneayr PomiRN 3s4p £ig 4hM#S an

Al a.l sGao. gsN ,bu r | I d_bet h te and
the n-t ype%%a%' I ;rg‘gF‘?‘“?ﬁaﬁ %1’%3%%9&@218?% %la %gﬁ‘ﬁgﬁpéhoﬁcﬁ%gﬁi&f plied to
the |ight e@ktidnivwith &Gtk 8 abdul $ahhivai aseAbRdEntdligheBRithigdevideght Aout put s of
8 mWor nore fromthe regions having off angles of 0.05 to 1.5 including
t he af or emsingledigbtiemigtirigodeyicRiwasRtrasied frem@yriysiiblight amitingidevigss aad 8i ze of 20
mm x 20 mm (see FEi,qg.36). However, wth, conpar.ison.sanpl.e. T4, onl l.i ght
e 1t ng eoERor Pl A wes AP tagondhin h g C e LERGPEC e Spabs ] o
coul d - gengrabferkingiight bRt 6 s WY Aord Wi detdind 9 THRTeMiYGeI@blas ANl ©

| evel s of
100%.

Ninth embodiment

The ninth embodiment is characterized in that a p-type AlGaN layer having an
increased conductivity is placed outside of MQW 4/p-type AlGaN clad layer 5/p-type
GaN layer 6, and an Ag electrode layer 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-laver construction was formed on the Ga-surface, which 1s the
first main surface, of a GaN substrate. (/MQW 4/Mg-doped p-type Alo2GaosN layer 5
being a clad layer/Mg-doped p-type GaN layer 6/a Mg-doped InGaN layer 72 with
thickness of 5 nm).
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and 1.5 generated |light outputs below 8 MW This was because invention
sanple S3 included the Alo. 15Gao. s6N buffer layer and this enabl ed
formati on of epitaxial |ayers having excellent crystallinity even though
the GaN substrate with largely-varying off angles was enployed. (Eighth
enbodi ment (2)) The eighth enbodinent (2) is characterized in that an
n-type Al GaN buffer |ayer and an n-type GaN buffer |ayer are pl aced

bet ween the GaN substrate and n-type Al GaN clad layer 3, simlarly to the
ei ghth enbodi nent (1), in order to elimnate hole-type concave portions as
illustrated in Fig. 41 which generate when epitaxial filns are formed on
the portions of dislocation bundles in the GaN substrate as described in

the tenth enbodi . . i Qn. I - SLm | ar to co rison
sampl o T3, “a. can B BEPPEER BRI frspifrsols Ptabeed fe RABRT,

di sl ocat i oy igRGHRIaRIMY Rifkch thIRBESS N5 AREIs Pr&ViREBihicBRaBURRl € was
distributed per 10 mx I0 m This corresponds.to a dislocation bundle
density of Mg-@dyedrRtypé€ralN layestt: atFadhem infingentié8 saraple Alo ad BiidAm edpholdef f er

| ayer having a thickness of -45 50 4m was pl aced between GaN substrate 1
and n-t ypelagenwaiagt dgrmegyas thep-eleehede oncibadrwnsivs, ard wsiepdthersob andet hose of

I nvention gg S2. (Jests a esult). After the formation of the

epi t axi al aé{glﬁfl?a‘?%ea%;]pclif‘%l%ﬁiogﬁglﬁ{ﬁ{?e"r"%s)sff)%efurface of the wafer was
observed wWtdmpariibh SempRiTA! i nterference mcroscope and SEM (Scanni ng

El ectron M croscope). As a result, no hole-type concave portion as in Fig.
41 was found. ThAs Antlectedediyes hibsng athackinassiofd 08 ndi emefuetheppladdi arncthe except
the outer edge .portion with a width of about 5 nmm was assenbled into |ight
em tting dé(l/%é'e‘?l‘?mﬂde@Yﬁblaéthei@P}F“@ﬂetﬁlal%@aﬁ@ﬁd@@mv%- extracted from every

50 light em-ttd vices and a current of 20 mA was applied thereto.
Thus, the @‘éesisaa@%flgﬁ%iﬂ@ht emtting devices capable of generating a |light

out put of 8 MmN olnveRtich S@fplel Sl SR8 P-ty G35 1AkErat inYoflabt WAE p-type
GaN layer 6 and therefore had a low acceptor level, thus increasing the carrier
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 T5 generated 8. 4 mW. Further, a lamp of the
same construction as invention sample 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 $4 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 T3, 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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100% N nth enbodi nent The ninth enbodinent is characterized in that a
p-type Al GaN | ayer having an increased conductivity is placed outside of
MW 4/ p-type AlGaN clad | ayer 5/ p-type GaN |ayer 6, and an Ag el ectrode

| ayer having a high reflectivity was placed over the entire surface as the
p-el ectrode on the down side. Therefore, no other electrode is provided in
consideration of the work function. Wth this construction, the device has
a high reflectivity at the down-side bottom portion, and this reduces |ight
absorption which would occur in the case of using other netal el ectrodes,

t hereby increasing the light emtting efficiency. The follow ng test
sanpl es were enployed. (Invention Sanple $4 (see Fig. 37)) Simlarly to

t he epit axi=aj4of anrpat ﬁfi‘rleﬂ‘éﬁ%‘:itfgéﬁfdeq%.' Oﬂs?frcéuﬂvﬁma'ix?@nﬁ €84, hive
foll owi ng | am nated-Taver construction was formet on the -surface, which
is the filightomput estradtad &y thefoussidsabbched 31 trhes thiy Mdpakordanptt 5.t ype

Al 0. 2Gao. $N layer_ 5 being a clad | ayer/ My-doped p-type GaN | ayer 6/a

M- doped | nGaN | ¥l a?lzﬁwgltrmwas emplipgddasshe prelestradg in tha Giventiorasamplareny i oned
| am nat ed- | ayer,construction is. acterized.in that - doped | nGaN
aver 75, wiE RV B SHBLMET pisidh TR IDCIpR R Hona cwrafece ity AP RoniEtea
p-type GaN hiz G Mo 1.Qr Ni ¢f r,qde

| ayer was ;%)S?SY%E? g%ttlj] ﬂ;f tg E%G%Ifl gygg?ﬁ%gjgﬁgkn&?h 8\%?1[ lysl?:ggg; gﬁgelﬂﬁﬁt}%a

t her eof anoABh rhayteremioyeyvi ng a thi ckness of 100 nm was forned

(Conpari son Sanple T5) An Ag el ectrode |ayer having a thickness of 100 nm
was furthefreﬂﬂhaﬁf@wdéﬁﬂﬁhe Ni / Au el ectrode |ayer, as the p-el ectrode placed

PN 1 o 359 il FR SR Rt e eht Mveion 32 charseterized 1 that Ky AR ' YP°

layers having a low contact resistance with the p-type GaN layer were discretely placed

and an Ag film is applied to fill the gaps, as the p-electrode at the down side, in order to
increase the light output. Referring to Fig. 38 and Fig. 39, Ni/Au electrode layers 12a
are discretely placed with a predetermined pitch on 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 12ais 3 um. The
pitch of 3 pm is based on that the diameter of the area in which currents spread is 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 is preferable to set the pitch to below 3
um. However, if the pitch 1s excessively small, the effective amount of extracted light
will be reduced by the discretely-placed NifAu 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 is 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) is obtained. Based on

this calculation, p-electrodes were actually fabricated and the light output was measured.
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GaN | ayer 6 and therefore had a | ow acceptor |evel, thus increasing the
carrier concentration. Therefore, even though Ag reflective film 73 having
a work function which was not significantly high was placed in contact
with p-type InGN |layer 72 as the p-electrode, the contact resistance
between Ag reflective film73 and p-type InGN |ayer 72 was not
significantly increased. The driving voltage of the |ight emtting device
of invention sanple S4 was conpared with the driving voltage of the |ight
emtting device of conparison sanple T5. As a result, the difference

t herebetween was smaller than 0.05 V and thus no significant difference
was noticed. Invention sanple S4 generated a |ight output of 10. | mWfor
an appliedT%urant of 20 ﬂ@’ whi |l e cq?parison sanple T5 generated 8.4 m\N
Further, a P§AYIo3fng (st samples WSRHEDPIR¥EY on as i nvention sanple A (a GaN
substrate qmﬁgjtggﬂﬂg gfmﬁ nat ed-l ayer construction) which was p-down
nount ed ge erateg a 'g%t output of 7 mMW The reason that invention sanple

S4 generated a hisghspitatialdbiinatédaser asnstlesa whefibafmydadcordisg foothk ghe Si nce
an Ni/Au el ectrode [ayer was not provided and I|ight fromthe |ight

emtting | fapecatianpiperss ehthapios anvepderdsampby Clodyher sesonibembadiment] edntheé by t he
Ag | i.th a.reflectiyjty aof 88% wi t bei. bsor b t Ni / A
ayer " onARERitrr o Ao b e e ook e BREnEs TROREST Or WRoTI ty. of
light at t = _— ' 9 - ' th

ria?l ec?i Vi ??H%P%Rgﬁiﬁﬁg@a%éslg? t{%nrﬁia@?l?%g%b?%fpfz’a /ga{i'%%]g& {ﬂ‘ﬁ{e@e ectei vity

becanme | owforffedanrths eitire sinifdde thetwemt INemt, paiterhiig Sas apPRed the@hs uarg puUt
extracted to the outside reached 1.2 tines that of conparison sanple T5.

Wi | e an Agestst meskeasfosmpslisstasely-alistritsehNEAB slectdéesi(seet Fig. I amiigoiP)sanpl e,
teri@al v b | d provided that th terial h hj gh

Fet) ecti vi 10 £ORURERRT VS aljid1Bn Nerite HOFTRE RN S FEroPRIRAS ch i s

not signi fi.gaeliye &ﬁﬁ&?res&%c@@?@—h@-cﬁp. Siibs .‘%% A mﬁ'l:ro%%jfon:ﬁ@&“ h

enbodi ment The tenth enbodi ment of the present ntion rs characterized
i n that N /oAer the aptinesutfaoeito illahd gapsadthieldi/ A ekbisdderaad vbidi thei/put ype GaN

| ayer were discretely placed )
electrodes. e 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 Ni/Au layer was placed over the entire surface of
the p-type GaN layer and then a heating process was applied 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 emitting 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

S5 generated a light output of 10.1 mW, while comparison sample T6 generated 8 4
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and an Ag filmis applied to fill the gaps, as the p-electrode at the down
side, in order to increase the light output. Referring to Fig. 38 and Fig.
39, Ni/Au electrode layers 12a are discretely placed with a predeterm ned
pitch on the down-side bottom surface of the epitaxial |ayers. An Ag |ayer
73 is placed to fill the gaps and cover the down-side bottom surface of
the epitaxial layers and Ni/Au el ectrode | ayers 12a at the down-side
bottom surface of the epitaxial layers. Further, a typical pitch of
discrete Ni/Au electrode layers 12ais 3 m The pitch of 3 pmis based on
that the dianmeter of the area in which currents spread is 6 m at best in a
typical p-type GaN | ayer or p-type Al GaN cl ad | ayer because of the

resistivitine®. Nheebto ofitie tighttrefigtdda tid p-elctredsland thenémeiell ot g9 @ si ngl e
discrete electrode reach the adjacent discrete electrodes. In order to
f1ow cur r eSMEtNG suTiens. eweof the ight prenagatay toveerdithermountingusider(down sidohiromui t v,

it is pref e to set th Lt.ch 1.0 low 3 m ver, if the pitch is
excessi vel 3562%13VFflayflhéeaéﬁ?‘g%@é&%eefﬁ%uﬁs o&s EWPBJE‘%_@& Itﬁ‘é’htlhe will be reduced
by the di sqfstb@ksioNedsaARd iNchMPaBopGhmBrerd dyesBs F a{iag.l eh the
construction of the p-el elctcr og% iol I us?rat ed in Fi g.ghége(an EfgdghEBQ, when
the area r afdremertidneé rdtio/iAthedight ematdes devidecdf imreatich samie € wagd®eed is 20%
the |ight (r§§.fle2§tivity (calculation) = the reflectivity of 88% x the area
ratio of 888BAHhe reflectivity of 40% x the area ratio of 20% = 78%

| cul ati i ' ' | cul ati -el ect
Sotually 1 abti catdi B Rt s0% of M R kel dfwar®ife S5 BB RN g
test sanpl esfleseddent €A @yesipying 180¥E 61 the B-charmele wik)a réﬂe@ﬂit}@l‘k@%‘-dnﬁﬁﬁéﬁat ed

| ayer construction was fabricated according to the sane abrication
process as 20kaef the lightrivasireflestedsairihy Ni/Budyershscapstng20% i ot prelectroden t he

|20 eat | o 2R988BL o ol GNEE 2058, « Al S B B 1S
thickness @hveftiéh SRS S5.11RE ABFerihibhEs ABE Was 884 | 3 ColBefi&R samPferts,
patterning was applied thereto using a resist mask to form
di scr et el yhghswas funthedrefledtdliatehe dprlmde plataksn the dowBSidanf tHei i/ A3 Ryer,

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 in order to describe the invention sample.

The aforementioned Ni/Au electrode layers 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.

Similarly, 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 sample 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 T6 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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Then, this construction was subjected to a heating process in an inert gas
at nosphere to change the contact resistance to 5E-4 S2-cnR. Subsequently,
an Ag layer was formed over the entire surface to fill the gaps of the
Ni / Au el ectrodes and cover the Ni/Au electrodes. The Ag | ayer was nade as
a reflective electrode. The area ratio of the discretely-distributed Ni/Au
el ectrodes relative to the p-type GaN | ayer was 20% and the area ratio of
Ag was 80% Further, the pitch of Ni/Au el ectrodes 12 was set to 3 p.m
(see Fig. 40). (Conparison Sanple T6) An epitaxial |am nated-Iayer
construction was fabricated on a GaN substrate according to the sane
fabrication process as that for invention sanple C of the second

enbodi ment Elenth grlldenentode, an Ni/Au | ayer was placed over the entire
surface of the IE)rlr-ty e GEN | ayer and then a heating Rroces,s was._ applied
thereto. Next, hep@@‘fﬁfﬁ embgHaent ek the RTESENtiFNERTEN B Fharamisnaedan that 2ag | ayer

f d -t i . the NL/Au | Fi 1). Fig.
151 st r & By p Bardll ole SUGLA B i Bion oM peB¥ e by T
traveling shsstmidhd the eplomml bissle a}enelanihétg@hnagﬂﬁh]fgtéléwro@eyatf-‘tﬁe abwhRideRtd on

sanple C. (Tests and Result) A current of 2 was applied to the
respect i ve placgthat thairespesitye gep regions df sl pletatsbebedryhtal amiebsoh migmne. and t he

of 110, 1 nPHIFTE SRR PEGo RGPS 76 MBS a8l (O46° THEVHHRe rat | o of
e LS o s 66 5 TR TR GRS |1
from the atipewhapaydhe plarastinpdd 86/%tal Bwersfongegidiiy)are ffopagirpateepivixiah t hi s,
the aforenentioned ratio in conparison sanple T6 was 67% On the ot her
hand, the l&fesrereft .88 r &ig 43 iand Fige 4fillpsirateplate-phaped €uystad yersiddvent i on
sarml e C 3B %y e b QYR hAR IR ¢ 5. S0% of The I i
The present invention is characterized in that the aforementioned plate-shaped

crystal inversion regions in the epitaxial layers are removed to a predetermined depth in

the first main surface side to separate the respective epitaxial layers and p-electrodes are

provided on the respective separated epitaxial layers {see Fig. 45). Plate-shaped crystal

inversion regions may be lattice-shaped crystal inversion regions consisting of

plate-shaped crystal inversion regions itersecting with each other on the main surface as

illustrated in Fig. 43 or may be paralle] 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 a
thickness and are placed in a plane shape.
(Invention Sample S6)
In the GaN substrate 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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reflected at the Ag occupying 80% of the p-electrode with a reflectivity of
88% and then 20%of the light was reflected at the Ni/Au | ayers occupyi ng
20% of the p-electrode wth a reflectivity of above 40% (not sinply a
reflectivity of 40%. As a result, in invention sanple S5, the

af orenentioned ratio was 86% In conparison sanple T6, |ight was further
reflected at the Ag | ayer placed at the down side of the Ni/Au | ayer, and
this reflection made the aforenentioned ratio higher than that of invention
sanple C. It goes w thout saying that conparison sanple T6 bel ongs to the

I nvention sanples in a broad sense. Conparison sanple T6 is nmerely defined
as a conparison sanple for convenience in order to describe the invention
sanpl e. Theeverse duesiioni ofrethei-pline, Hesurinoxiwad mperssriaceyin lychicheGh atoats wireh Pt

cl cot odo Ao HGledE e epRaGEIT st HreioTsiis ByiFe bPs pat-RAeE n SHish or 1
when t he A= T hey i - el r.qge 0 | out put for
an appl i egétgﬁlrs rﬁ% Qg?{gfg n%&” b\g@ﬁfgsgﬁhﬁ}%ﬁ% %Ji)g}gﬂrt%y%ﬁ:éiﬁg%?alt he N /Au
el ect r odesinversiofQ8giofd taving@hiAdeSIBE L Qhd aﬂa?ﬁlwma it &M00Qfm 34 1HEA was

9.3 nW Thus, the invention sanple generated higher |ight outputs than
that of chmpmeinsunaeswpd enpieyade pditdicnigtad mvetsonaegans weteqpropigateddo thevhen

the area rat.jo. f tge Ni/Aheb rgdes was 2% which is |lower than 10%

i nventi on %%{‘?ﬁlg R Lored gn e g@fﬂ" Blhut of only 8.4 mNwhich was

equi val ent 1o tehe AhnirfuMByer LBAARNDA BF ihOerRR salfe S WA YaBiicndl mERY e ed
e was |1 ght v

fromexperinents that ther em ssi on unevenness, nanely

extremel y theglforemgitionediGadi smbstaateaedording thithe’saned falsdidaddr procefslaskha\ognt h
enbodi ment. The, el event h enbodi nent  of the present invention is
char act er | F¥ention sapale G Isithe Bbpestioprpracasapl e ppilegtiodsimpak patiesn o

| ayers ar e EPRLT sBLAREAANs 3R WS e S TRET B ot R ) Sced o
t he respecilluyate@ih Figgi40Rss Hplitd > Bk HL9pS GANAEYeF by EplectrbiETFEeRRVr€i ONS.
Pl at e-shaped crystal inversion regions are distributed in parallel to the
t hi ckwi se 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 substrate 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 invention sample S6 the plate-shaped crystal
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direction of the GaN substrate and appear at the main surface of the GaN
substrate in a stripe shape. The pl ate-shaped crystal inversion regions
are propagated to epitaxial layers 2, 3, 4, 5, and 6. Fig. 43 and Fig. 44
illustrate plate-shaped crystal inversion regions placed in a lattice
shape on the main surface. The present invention is characterized in that
the af orenenti oned pl ate-shaped crystal inversion regions in the epitaxial
| ayers are renoved to a predeterm ned depth in the first main surface side
to separate the respective epitaxial |ayers and p-el ectrodes are provided
on the respective separated epitaxial |ayers (see Fig. 45). Pl ate-shaped

crystal inversion regions may be lattice-shaped crystal inversion regions
consi st i ng iffersintleSron haRRCarfan&d Ml a laftiée khdpeNplahapsl drivt&lnsResionegiinkh each
other on the main surface as “illustrated in Fig. 43 or nay be parallel

pl at e- shapett mtyequsted itohavess lattice elyiperasd whiy bl plate shaped grystal amwersinst ri but ed
in a single direction on the in surface as wi |l be descripbed er.

Pl at e- shap&pIsAstaneed W\Péf@ﬁbﬂ?%@?laﬁg?’gﬁﬁméﬁi i e SRR P S8 at | ons
are concentral e o Miidkafbalt Bfp 6854 ki 47! AARoSRAAEChsE b alink o GAKET S on
regions are simlar to disloCatron undl es of cores 61 IlTustrated in Fig.

32. Howevesubsatd et vetiicH dgahaped (hitogdlyeplahevimapad ossmalpepusbiaheped) ceysid de | i ne
shape, pl ate-shaped crystal inversion regions 51 have a thickness and are
pl aced in #nvsr¥arcregivapare reguivbnplaesd, Sanpssiblegy gereretdighhoutputs dighst an
illustrated in_.Fig.43 and, Fig. .44, the first i urface at. the

bl taxi al < ASSF myFafion e G Sl 1o Mo edemRT o BBROR e s SE 20 el

t he c-plan T =P ed crystal inversion regions which were
surface-symﬁhr#?éfét?%ﬁ%ﬁge@?i rst main surface were (000-1) surface, nanely
t he -c-pl aeyelfinembbédimentaxi s was grown in the - 51 reverse direction. In
the c-plane, the surface was a Ga-surface iin which Ga atons were arranged,

while in the crydthatweihembodimental A rasprt BYEOPAR 5 GRARCIETIREGHPE @ i n whi ch
N atons rranged, I n.inventi ! o ding
Cryetal | ToSIRRGR B e fiidcay RbYeIhe SRRy cfip SO0k D HCB! Gty
pitch of 1Q@bdtrmeN ahdfurthbl thitconBriittioH i RaRdWith Lfphayed Thdfkds & hyed@lin

i nversion regions were propagated to the )
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 S§7)

In the process for forming the epitaxial laminated-layer construction of
invention sample $7, 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 emtting
devices. The resultant light emitting devices had a size of 225 um[J.  As illustrated in
Fig 48, a fluorescent plate 46 was placed above the chip which was p-down mounted
such that it faced with the back surface of GaN substrate 1 and further the chip was
sealed with an epoxy resin 15 to form a white light emitting device.

Fluorescent plate 46 was fabricated with the following fabrication method. A
bulk-shaped ZnSSe crystal in which I (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.  Subsequently, this bulk ZnSSe crystal was polished
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epitaxial layers forned on the GaN substrate. The | am nated | ayer
construction of invention sanple S6 was fabricated using the

af orenenti oned GaN substrate, according to the sane fabrication process as
that of invention sanple C. In the fabrication process of the p-electrode,
a mask pattern capable of covering only the crystal inversion regions

whi ch were propagated as illustrated in Fig. 44 was applied to the p-type
GaN | ayer and p-electrode |ayers were fabricated only on the nask gap
regions in the c-plane. Then, the mask pattern was renoved. Subsequently,
the aforenenti oned GaN substrate was held in 8N (normal) KOH at 80C with a
mask applied to the entire second main surface (back surface) to etch away
the crystaig 4 Nin8dsUT Of ALK duBR pbiidtedg M8 dhdSHed @ Sntb A BESOwWhidh
epitaxial layers such as the p-type GaN layer to the inside of the GaN
substrat e ¢anr feorcnominotsted in the Radtfmnehajée sorfpet ald thohak sudace afghens 51 were
regions in_which dislocations were _concentrated wi.th a high densitt and

t hus were @‘é%rﬁc}‘?me?lﬁtl"récﬁpwtea@ﬂh the afzementirged meHiod hied arpechongss Bubst at e was
150 p. mfrﬁn@the boundary between the epitaxial |ayers and the GaN
substrate 171Nside the GaN substrate. Subsequently, the mask was renoved and
an i nsul at {1agerkich iR SEPOsited to fill slots 52 (Fig. 45). (Tests and
Result) The aforenentioned invention sanple S6 was assenbled into a |ight
em tting devi celmndemionsampbetS8ohspafitien’weva fommmdl dnexlrfabed @it af fludsesaentesul t
the light emttin device generated a |ight output of 8.4 mMN which was
1.2 times PRE 49 T@ﬂae fagadgvith g‘erﬁﬂN gostrpte (paedrie: 4% t fhrnkeight\af aapesities weent i on
sanmpl e C. evi ou escribed, while in.invention sanpleg, S6,the

o e shapS DA B¢ ER BEIngBnect® e a0 RAPEORATRREEY TREGMELS ; ce
shape, pl at&rsElBMAA werY HetdameRY M3k BRinvERIANAmpRIg NOt required to have a

| attice shape and nay be pl ate-shaped crystal inversion regions arranged

i n paral | e(Cahpargoa Ssinplgl E)di recti on on the main surface of the GaN
substrate as iIIust{ated in_Fi ?0 46 and Fig. 47. Al so, in the case of using

a GaN As illustrated in Fig. 50, a fluorescent plate 46 was placed above the chip whic
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 hght emission luminances
were as follows. Invention sample S7 generated 1.39 Im and invention sample 88
generated 1.51 Im and thus the both samples could generate high luminances. Onthe
other hand, comparison sample T7 generated a lJuminance of 1.05Im.  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 luminances 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 Juminance.

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

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

oxygen concentration of 1E17 to 2E19 oxygen atoms/cm” and a thickness of 100 pm to
600 pum.
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substrate in which dot-shaped (actually, plane-shaped or

smal | -round-shaped) crystal inversion regions are reqgqularly placed, it is
possi ble to generate |ight outputs higher than that of invention sanple C
simlarly to invention sanple S6, depending on the size and depth of the
etching holes. Twelfth enbodi nent The twel fth enbodi nent of the present

I nvention is characterized in that a fluorescent plate 46 is placed above
t he sem conductor chip such that it faces with GaN substrate 1 and further
this construction is sealed with a resin 15. There is a novelty in that
the fluorescent plate is placed such that it faces with the GaN substrate
serving as the emtting surface in the p-down nounted construction.

| nvention sanpl eg §Zttﬁg‘ihe§§r]§{eﬁ!:dh%ErEt?&t%ﬂtb'ﬁ\)ﬁlugeﬁp{ité"aphl%ﬁémﬁ mmsarmle

T7 were utilized s te I nvention Sa e process for

form ng t hetoep/dndX tiel rebigtivitp af d@-GAY subsaatesian be iicosasaf and therefitre oarramsipl e S7,
basically, the sanme processes as the correspondi ng processes for invention

sanple C vvé}t@dﬁé‘%d‘ pmebe p-Fieetiode ‘Fﬁé b@csnﬁ'tcrem!r sprfadinsoughithe GaN; SHbéirate

predetermn shapes t uctio to..be |ight
i tting | GEcRenes pafciet iR anE BRCHEILE; BF A AR e GRiB didont 25
p.m'. As i r i hah 266d above
the chip V\E!.déiﬁ&\/ﬁ%?%ﬂh the 0g%mte nfglgxg f‘&ﬁt@ﬂ\?% %\%{?d&?mo?%stt he back surface
of GaN substonafem’ amdsxﬁluandeerqualhe oc highenthan 68%adae the wnsunedsfor dgbtcyith esi n 15

to forma white |jght emttlgeg devi ce. Fl uorescent EI ate 46 was f brlcated
with the foaveangty of 46Y neathetshy merersng the trasmittags pbthe Lradbanbstrais;

ohi ch | (1 eghae). BedRoan b fuasd M IRLagen AR L Ly RRow! 2Brc ed and

then this bul ape rys ere of Zn, Cu

to diffuse aﬁsemmtmnkmax?g%ﬁ%@nceﬁu&mage is Yartichiasly REFtdivé T&Se Gaybt al  was
polished -53 to a thickness of 0.5 mm using a rough polishing disc and then

cut into assisapte thivkoéss roge flve ddcomtod8€@di.i n the | ead frame. The surface
and the back surface of the fl uorescent plate fabri c%t ed with ti_Jr1e
af or ement i oned nELABEr. MERiTemgRLinTed §3ygen concegfrajion may be in the range from

2E18 to SE18 oxygen atoms/cm’ and the thickness of the GaN substrate may be in the
range from 100 pm to 600 um. 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 also generating sufficient hight 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 1o 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 also generating sufficient light outputs, even when the chip size is increased
t.o 2 mm0 at maximum.

A GaN substrate having dislocation bundles distributed over the first main
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m (lnvention Sanple S8) In invention sanple S8, asperities were fornmed 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 mand the pitch of
the asperities was set to 5 mon average . The other constructions were
the sane as those of invention sanple S7. (Conparison Sanple 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 with an epoxy resin 15 to forma white light emtting
device. (Tests and Result) The aforenentioned GaN substrates were assenbl ed
into light emtting devices and a current of 20 mA was applied thereto.
The resul t anfack oftite @l stistyatelwith ndasag equid teondwentHanWES/dnii\eardvienige sanpl e
S7 generated 1.39 | mand invention sanple S8 generated 1.51 I mand thus

the both sBApPesmplyed wheren thedipeation brndlankavs beamcresied by diseretehand,

conpari son_sanple. T7..generat e | um ce of . 1,05 | The,.abo ults
show ¢ hat 5?ﬂ§§3ﬁﬁa‘éln§ @f’%ﬁ82%*3@%??&%@@&%@&& dqr{;e;%%@iw%‘ﬁf e d@%ﬁ
substrat e §ibstratelinte QWtritNAp £ ARVDHR thélh afig WieCsuBbiPal€ thic ek difteHdn Innan

pl aci ng a fluorescent prfg;t ef) in a p-top- rmun?ed duevi ce. Thus, it has been
proven t hatrdeht mpughetie sosfallingy of thehmost frégion eSthe aforghattientdGalN f aced with
the GaN substrate further increases the |um nance. Next, enbodinments of the
present i ntt®En will be enunerated even though some of themwill overlap
wi th the aforenmeqti | : | eIV rate is
n-typed with oxyggﬁ?go ngtbglgéggﬁgstsﬁgﬁa?%%?ggﬁﬁg%ﬁ{ég '[H?glfl onpgq?{g%gﬂ to 2E19
oxygen at ogaecdtihgdiptit Gutpids @l 86 oohigh&iGhih fpicdetefifidedvalue with aBigiset ting the
oxygen concentration to a value equal to or higher than 1E19 atons/cn8,

t he resi st fabpgatiopryiglhe GaN substrate can be increased and therefore
currents

The aforementioned dislocation bundles are distributed with a density equal to
or lower 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 400 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 GaN 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 Al,Ga,,N layer (x is in the range from O to 1) may be placed
in 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 0 to 1) which is 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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I ntroduced fromthe p-electrode can be sufficiently spread through the GN
substrate, which enables sufficiently utilizing the width of the active

| ayer 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 ength of 450 rim 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 m
to 600 m_ Further, the aforenentioned oxygen concentration nay be in the

range from . 2E18.t t i t he GaN
substrate }FF&V %I}ethe%ﬁé&%srréé h%oc% 1%% ﬁagréb%ﬁ mﬂ&mbotL%l de | engt hs
of the rectaRgud \%ﬁl@@@é‘xceﬁéiﬁfc%ﬁllﬁﬁtyﬁ:ﬂﬁbé fhiedeni tting surface at the

af orenenti oned second nmain surface may be equal to or smaller than 0.5 mm
Thi s confi gurati ©he afnadnﬂleeasomﬂidsmmgteldrlw censtgstionmay be advpatagaonghe | | ght

emtting surface and also nera ent t out put s... Fur

t he aforen@ﬁ??&%@%@ﬂgﬁné A 8&91 Bﬁ%ﬂbgfﬂ}tﬁw e} & FreddT VER2R 8 18 to
5E18 oxygen ato tiRb f @EI}JF He in the
range fron?nﬁzi%e‘{;si%n%&gw%&%glgo?%&m%]e&“gﬁg?ﬁs 0 ét%@‘sa{rﬁeﬂ%tﬁ’g gu} ar - shaped
light em ghLagpesurface at the aforenentioned second main surface nmay be
equal to or smaller than 2 mmand the both side | engths of the

rect angul ar - shap@dttsthisfcanfguitidn) by hidjhg theeriype iAiGalN boflerdeyeitas wredl as the

af orenenti oned second main surface may be equal to or smaller than 0.5 nm
This confi guypsa FaN b@ﬂ‘arblaxéag betwesn the Galy rsubsaarm%@xddhe eoelayene helRore | ght
emtting surfa and SO generati n%hsuffl |ent ht ou%&.l even when
the chip sFRIEX ﬁnﬁﬂq’té gacontsgucglq% gn ‘F?iﬁ"f]i%ﬁ{ys £d Y501 ng

di sl ocati OGJhQHMl(ﬁzﬁgg Swa{eql%gqﬂ%égto i c{ﬂ'é@ surface of the

GaN substraté w't ensit an 4E6/crr8 on aver age
A p-type GaN buffer layer may be placed in contact with the aforementioned

p-type Al,Ga,,N layer (x is in the range from O 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 layer 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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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 the substrate thickness direction in order to inprove the
crystallinity of the nost region of the aforenentioned GaN substrate. This
configuration enables fabrication of |ight emtting devices capabl e of
generating light outputs 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/cn2 on average on
the first main surface and the shorter side length of the light emtting

surface at the afp¢ gfoRiidnnssd @ﬂqgﬁ%tﬂiﬁéxﬂa)sﬂbﬁl_a@?la@bypb%dsm inbersionange from
200 p.mto 400 m Wwen a mniaturized light emtting device as descri bed

above i ncl uxgess egiendiog abntomobsindi ths thithvaspdirdcopmand evarfthe GeNduebstrate wi | | be

unavoi dabl egraded, thereby directly resulting _in reduction.in the
yield. By ?l&gqigi ngh% Hatecfilps P LVersiPR fRgion b Meramy PUSUAL BEPHEBRE above,

t he reduct| ¥ ' I ' i r L | y acceptabl e
range. Bet \%\Qg&rﬁl @HéeljgigP )cf)ééértgrﬁ} ?]gaﬁg%dégﬁhgfﬁg{seﬁg & gag% t?]%elluﬁl?dteype Al G3.,, N
layer (X i semitéhdubsrlaegdofméohiht Gal subsiiatd ate/RemoAb&EbdimtE haypd siyele 1S

placed in contact with the GN substrate, an n-type GaN buffer layer is

pl aced in ewricestucirdgyersite the GolNsubyr@anhranghithe nitypeatitrigda gemisengpatgpe

Al,, G, ,Nlayer_(x,is.in the r e fromQ to 1) may.be placed in contact
with the niBle Bbeinbpiabylf TR-iRE o Ach-Hpeioe srBeBifinriaer

| am nat e- | t MoTak SElf Myouf fer

| aver and Shth R R BRRRDE lenfond Ml e prAVAR! IR AN
substrate aaodichinef thetpyiype AtridéasbmicoNdh@pelaydrx. is in the range fromO to 1)
which is a clad_layer for the active |ayer. By addi ng the n-type Al GaN

®

buf fer |ayer as WA thiscophguraten, the lishieriacting sirfage can Bg widened to increase
the hight 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 light extracting efficiency can not be neglected.

A fluorescent plate may be placed apart from the aforementioned nitnde
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bet ween the GaN substrate and the clad | ayer, a hetero-epitaxial

| am nate-l ayer construction with an excellent crystallinity can be forned.
The aforenentioned | anm nat ed-1ayer construction may be advant ageously

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 AnGaN buffer |ayer as well as the n-type GaN buffer |ayer between
the GaN substrate and the clad |layer, 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 GaN buffer

| ayer may kenipbmivecbrisobstaed ach tivit tilfadebevicftae esoont naiiedirfape bi/he nAtdézal ., , N
| ayer (x is in the range fromO to 1) at the down side thereof and a
p-type | nGEWiewnfugtnr shkspeate. may be placed in contact with the p-type GaN

Cayer i th an  eR3OIFER: CIGERFIIIH CiraTcPOv By THage FehprHbEe Under the
D- €l ect rodeukauETonBd i ASEEFAESN bOEpREARARLM oA iEl Sk Al

mat eri al tr ayer consi er ation uncti on.

Thi's enabl mhsehﬁciumge bhmermub&rsc@k plfe daidephel Rflédtedia thesurgepof tier at i on of
the reflectivity, for exanple. The aforenentioned p-type InGaN contact

| ayer may ke senigprsoeios taward itmfludresceiplatangés atespltthe Sghitawipytersbe o |
E21 atoms/an th the aforenenti oned configuration, a sufficient

el ectrical 85% ctivity can be ensured, thereby enabling spreading

currents introdugge sifRadrAR MroPéseer pRe1d Y QUG with BR BT Raif BRI H
films. A p-electrode |ayer consisti ng of an Ag | ayer may be provided in

contact w the nitride sefusoadenttn whatitpriy be subjeeedocoraspaities-dgranng pocksst he
i 111 m0. dovi ce, THSAIYPETIOA ERROSHG G A% BFTERA<1585% HE RBHSBHSHIPg duce  he
light | osgﬁicfegg);_eby i ncreasing the |ight output.

The aforementioned light emitting device may be sezled 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 emitted 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, m 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 LED, 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 miniaturizing 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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- 57 The aforenentioned GaN substrate may include plate-type crystal

I nversion regions extending 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
t hrough the n-type and p-type nitride sem conductor |ayers fornmed on the
GaN substrate are renoved fromthe p-type nitride sem conductor |ayers to
the GaN substrate through the n-type nitride sem conductor | ayers.
Further, in contact with the portions of the p-type nitride sem conduct or

| ayers which are left after renoving them p-electrodes nmay be provided
for the respective portions of the p-type nitride sem conductor | ayers.
Wth this co fiq)r@b%gp the Iight extracting surface can be wi dened to

i ncrease  t'Re&*8% gﬁ tYUPOT®ri r st el ectrodes may be pl aced over the surface

of the p-type nitrhjdensaeRiGPRAVREOSurhRY r&m} f&sg&wﬁgggﬁggg%npf&ype

nitride sem conductor layers and a second el ectrode rom Ag may be
provi ded suwatsidehdierebl enabreaining sedbkedtand dighfpetfbamaricee Baplerothistdoafifiratén

el ectrodes and covers the p-type nitride sem conductor |ayers and_ the
first el ecehomates themesesssnpf piaviingonpretrsbre deded for oratpcting tholight emaigng

currents introduced, fromt - el gct rodes er .the surface i le.

ner east ng RS e tae PER o eee iaFL B obRES o Dlafiett ierE FingieBo T pisFide e
coverage I afdtBetRin dirdBit &rQriFBIMg BB AhtEnfiting delike RloAl@shsieht ¥ditaBeebeCt r odes
relative to the surface of the p-type nitride sem conductor |ayers may be
i n the rangkectrbstaim difchzrged %hch Hroudd bootheryuseadppbied betaetrethesfdrementemiet y
spreadi ng i ntroduced currents over, the surface while ensuring.the

el ect ri cal "HBARISRERIFRNduGtor suRstate@d the B-bepe niffige S%rﬂlaﬂn%%riwﬁ nd¥o%nabl es

ai sconti nub ok b G ARS8 P AR Sonblr ARMIne"GisBH Wipcing, o .
ef fects of Zehe dibdes ot ®lalindbabatkch ParBlefCidlRgesordediitstatit @lithaggd.r act i ng
efficiency can not be negl ected.

Further, the aforementioned light emitting device may be constructed to cause
light emission when a voltage of 4 V 1s apphed thereto.

Use of a nitride semiconductor substrate 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 light 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 light emitting device.  Further,
this is effective in saving the power consumption.

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

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 GaN substrate or n-type nitride semiconductor substrate into the
inside. Therefore, it is preferable that the GaN substrate or n-type nitride
semiconductor substrate has a large thickness. If the aforementioned 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 insufficient light emission or no light emission. By setting the
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A fluorescent plate may be placed apart fromthe aforenentioned nitride -
58 sem conductor substrate such that it faces with the second main surface
of the nitride sem conductor substrate. By placing a fluorescent plate
directly above the nitride sem conductor substrate formng the |ight
emtting portion of a p-down-nounted 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
i ght output can be increased. The surface of the fluorescent plate to be
faced with the second main surface of the nitride sem conductor substrate
may be subjected to an asperities-form ng process. The aforenentioned

be sub . . . erent i oned
o or onent | SRRTER oiHe B RERGERRSAEL S GERT s BTy T

i nclude a fhikor ks afitbmemivaed setistraibepaiisé bDthe dbwteleetrld rgbibtivity) theteby devi ce
and any portion of the resin. The fluorescent nenber generates

f | uor escenéeffigientixineteasing thej light emitidng patien intthe activedeservgven when g t t ed from

th into.,th t si de.  Thi fi i bl i | i di

whi te 11 ghi-SATOLF A BEDHLEChaHREE PEREAL SR ro o6 ARAMS8es of t he

present in ﬁ‘v tnwl‘én?ﬁ@&icﬁn@s?é{cgﬂﬁre@tlaggﬁp% 9&&#9&1 AT%He ﬁ.\%sﬂ?h@%ﬁgnﬁt the
e 1l I'n p f the

center of ght " emtting device, ane view o respective

| ayers. Theeatge@s®nt TR« aif thitkh@t st RN@&RRED dirstiatlel thgn S0 Wf | Thent
space for wire bonding. Further, in the case of constructing a side-view
type LED, tiiekmessilipgefemblyeaualaanr smalier ¢han@0tim ekdhewse peferdbly equdbtodrew t ype
LED. Further, the aforenmentioned |ight emtting device nay be constructed
such that sealigrdban3@wumype LED equi pped with the light emtting device

RRRCTRA = WU % JE A1 o R TR B
portabl e i RAQEATRS IHRDpeRAFTAIRI & the transparent portion is higher than 50%.

This configuration can increase the emitting efficiency of light from the light
emitting surface. The greater the opening ratio, the smaller the amount 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 um. 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 pm.  This configuration can reduce the height of the side-view type
LED to below 0.4 mm.

Sides of the aforementioned top-side surface which are opposed to each other
may both have a length of 400 um 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 is 50 um
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I ncludi ng, for exanple, portable phones. The aforenentioned light emtting
devi ce may have an electrostatic withstand -59 voltage of 3 000 V or nore.
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
fromthe outside. Nanely, there is no need to provide a protection circuit
for protecting the light emtting device fromtransient voltages or

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

af orenentioned nitride sem conductor substrate and the p-type nitride
seni conducérai thee dightr emittivigrdevice - bwo aldupted inerderite imect tegdnts ﬁqm wngle an

el ectric povver shunting circuit inc]uding. Zenger. diodes for W th
such transf EﬁfOQFcﬂttt}éFg%t%Pfgleéth HRIRg %‘@F%E‘Wa‘alﬁfé‘i’“‘ﬁﬁﬁ‘? FraFents ﬁé o

af or ement | HGfgtd &Pf{aceea? tht ki %&mg%%ﬁéﬁy P e OHIRE GHEBRCAoR o ARG i that

em ssi on en a Vvo a nt

sem conduciiyitep ldiﬂétd[raétﬁmhﬁ]\éllék@t}alnhhglbn tresidd difstion eanchecdet 10 1.9 mmmd t hus
having a | ow el ectrical resistance enables injecting a sufficient current
to cause $mgler. emission with a | ow applied vol tage to cause | i ght

I ssi on. Thi th mb f batt b
contri buting redh ?%@Eemw%pn@“@aﬁéesﬁmep%‘wpﬁéﬁés B lgmec han P e War i on
buting | _
ofTactive in savig el olinel R b aM GREMERCH dRtued el T 1 5,

sem conduciipepatlifetisa mechaaseees@vé Ringjeraa rises wilhdanfiagegke ight @ifingm t o
500 m Wth this conflguratlon when flow ng el ectrons froma dot-shaped

n- el ect r oddevies. s?tmtctfosarﬁatnnmre@m wsdistangeer heperesisignes is a8 Arapetany desigpr ead
W th increasing st ance the surf ce of the trate or n-type
nitride se%‘%‘ﬁnd B?m’é’ﬂﬂL% Ql&tl'@aﬁ TESigrangs ﬁshg?”d@t t%ﬁ%?

preferabl e frl]@ﬁnerf[ﬁﬂeﬁy Eélla{u% OrHcﬂ'éévé? gi'évidqu' deSEHPef OBV EE Y the

substrate R8s a arge 'R ness ment | oned substrate has a
heat resistance to 30 °C/W or less, it is possible to prevent reduction in the light emitting

efficiency or damage of the light emitting device, even when sufficient electric power is
introduced into the light emitting device. The half-reduction of the heat resistance was
realized by using 2 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 light emitting devices.

The thickness of the aforementioned n-type nitride semiconductor layers may
be set to 3 pum or less.

The n-type nitride 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 pm or less, the cost can be significantly decreased.
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t hi ckness smaller than 50 m when the n-electrode has a small area,

el ectrons can not sufficiently spread when they reach the active |ayer,

whi ch i nduces portions in the active |ayer which generate insufficient

i ght em ssion or no |ight emi ssion. By setting the -60 thickness of the

af orenenti oned substrate to 50 gmor nore, currents sufficiently spread

wi thin the aforenentioned 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 snmall area. Mre
preferably, the thickness is 75 p.mor nore. However, when the thickness

I s excessively |arge, the absorption at the substrate can not be

negl ect ed. M&ggrﬁggfgrragg’ fhben;tiie ilg%ismr%lﬁﬁ.‘ Pesgqual to or smaller than 500

gm The t ess 1S preferably equal”"to or smaller than 400 p. m and nore

preferably equal The aforemé&iidhedp-typranitrideGeditondittordhreire dowanagurtéd;ct r ode
at the top side has an area ratio bel ow 50% and therefore the opening

rati o or tBedtheqosper elrthe preond snin sirfacethack surfaseobihe Toaremerdiepedyitide on can
i ncrease the emttin ffici.en of . light from.the ligh emttin rface.
The or oat ePTREMSIAR SHER AP HEh 150! QR S pr B Sife R TREAEE SRR or beq by
the n-el ecrsﬁlggc‘i‘ec%da ﬁ&%gf‘g‘e%‘ b O0EEathRg: | 1 ght output. Therefore, the

abl'y

opening rati o I's prefer Yoand nore preferably 90% At | east one of

the sides of the Tafswoafipratiomnen prowenslight genurhtad et theVlighesmitiing legerdidm of 3 50
gm This configuration can reduce the height of the side-viewtype LED to
bel ow 0.5 ®heingptaly reflected aksthe gerond maimauriicecs thg emiiengsustaserdn e shefined

R N N T
af or ement i agAL tHaPtheise sGHhded G thhdihaREbSayRP BOSBMcLioh RAF Be Aih@ted RNe DOt h
have a | engt’h of 400 gm or greater. The aforenentioned configuration can
| engt hen t meninhgyot-senfdcettieagnentir f ace while maintai ning the di stance between
opposite sides OfThte g?orgrggrgt%rﬁgéj ls@r%ac%? \%Bl%h taveabge}'l)églgjected 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 (NH;) 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 aspenties. The
Ga-surface side is not etched. |
The aforementioned surfaces which have been subjected to the
non-mirror-surface treatment may be surfaces which were made to be non-mirror
surfaces using at least one of sulfuric acid (H;SOy) solution, hydrochleric acid (HC)
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 to 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 alkali solution, predetermined asperities intervals can be provided.

-63 -



| ength, resulting in increased area and increased |ight output. Sides of
the af orenenti oned top-side surface which are opposed to each other my
both have a length of 1.6 mmor smaller. Wien the m nimumthickness of the
nitride sem conductor substrate is 50 m-61 and the light emtting device
I's p-down nounted, in order to inject currents froma single electrode 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

| onger side direction can be set to 1.6 mmor snaller. The aforenentioned
heat resistance nay be equal to or |ower than 30 C/W The light emtting

efficiency of th mtt n evice.is t.e ture rises.
Further, excessi 3.8 % a?lﬁcreg 03#3%&‘0%{“1"}8 %i‘ g?ﬁ'é'l %Fé‘wﬁpéﬁ% ng

devi ce. Th‘ﬁ{a?ér%'l@nthta'}@ﬂécﬁc‘%ééﬂapfoeoﬂﬁ?ﬂe?EI?&BQPS.Or heat resistance is an

| nportant design factor nventi ona , the heat resistance has been set
to 60 G W(the dJhreenfpiratisrechnpatent alisotpgioatofilightlat theHovmng; susfacegside/i ousl y
described, by setting the heat resistance to 30 CWor less, it is

possi bl e t @nginsieass the amoont eflighhreflaeted t@vﬁrdéhﬁae@qmﬂgmw@fswfé@eéﬁdbe or damage

of the light emttin evi ce, ent el ric .power
"ht r oduced OB oS PR € 1 AErate e ik fefeiinn St Bbtn RO ERA IR peat
resi stance opighef @@ pzed by using a GaN substrate having a |ow resistivity
as previouslydescribed. Further, the portion at which tenperature rises
nost | argely may Arfweesenttraerplser atayrbe phapadbudhahatrit é@uees the sesond nEOC under
continuous light emtting conditions. A Wth thi s conf Ifﬁlgét%l on, ,the

t

t enper at ur SuEgceraf shefpremsationed piiridn seraispadusion substiate s ¢ BT y, nanely

Sut 11 L?Qﬁt PR r b Py RGP I o, o, bAFAONG pARETT 0

llargely | gagérbeTRdradsencempared Wi th conventional light emtting devices.
The thickness of the aforenentioned n-type nitride senm conductor |ayers may
be set to 3 p.m Jhelafgementioned configuration enables forming a white light emitting LE

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
light 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 a 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 light emitting device may be connected in parallel.

The aforementioned configuration enables providing an iJlumination apparatus
constituted by the aforementioned high efficiency light emitting devices, by utilizing a
high current power supply.

An illumination 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 parallel are connected in parallel,

This configuration enables matching the capacity of the illumination apparatus
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The n-type nitride sem conductor |layers are epitaxially grown on the
nitride sem conductor substrate. Therefore, if the thickness of the n-type
nitride sem conductor layers is excessively large, the filmform ng
process will require long tine and also the material cost wll be

i ncreased. By setting the thickness of the n-type nitride sem conductor

| ayers to 3 mor less, the cost can be significantly decreased. -62 Mre
preferably, the thickness is set to 2 .imor |ess. The aforenentioned
p-type nitride sem conductor |ayers are down-nmounted, and the portion of
the second main surface (back surface) of the aforenentioned nitride

sem conduct or surface which has not been covered with the el ectrode nmay

have been &ty @FARE of thedpd Wit slippiy Whilé sifsAaf: the Eakt@itting lddnditiedf thgur at i on
can prevent Ilght generated at the light emtting layer from being totally

reflected atspedtyedightormuittmgi devens.f damthenthe deregrentivneigposverfsapply crauibe
ey oo AT LA bt P A
| ami nat ed- 1, a?ﬁtu?%']ﬁécfet{%hﬁ@ {)Gmﬁa %%Etaﬁﬁlhmottﬁ&é%ﬂ? ggt'ifhgﬁ& éslHiJ hge

treat nent. orenentl one ace whi ¢ ave

non-mi rror bs yiviteied thll’o@ghm%rﬁarmys@ﬁl switdhiggfortdti.ch wer e made to be
non-mrror surfaces using cPOt assi um hydr oxi de (KOH) sol ution, sodium

hydr oxi de (NaO—I) Vileihe embodiments of the(pesent iswintion daveobecatdeaibad inthe

sol ution. he. af or ned. no rror-suyrfac reatnent , only the

N sur f ace BPOV ARG HE ETPRE T MR B EPLET DS EATEYS AT our f ace

wi th asper 'ilidsﬁﬁtlve-rﬁ@ théz?cog Eof BfeSr egﬁn{/ecntl'ams £t GiABed 1d e s8 bRAbEARRALs @ped
surfaces which have been Subjected to the non-mrror-surface treatnent may
be surfaceshe/\ﬂnvmower@hemﬂ@etotﬁt}imenvmnemsrdeﬁned syt alessiptisn mythatcldireastd one
of sulfuric aC| d (H2S»4) sol ution, hydrochloric acid (HC ). solution,
phosphor i ¢ BRydes eauiraients tothdessaipting af b clasps endsal ‘tﬂrl(anmﬂ}s %hlatﬂilwoa%d ot her

acid sol ution. The light emitting device of the present invention employs a nitnde

semiconductor substrate having a high conductivity and therefore, regardless of p-down
mounted or n-down mounted, (1) only a single electrode can be provided on the light
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
is 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 is simplified, the
light emitting device is easy to manufacture and has an excellent maintainability.
Therefore, it is expected that the light emitting device will be widely utilized in the

illumination apparatuses of portable information terminals including portable phones.
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The af orenentioned surfaces which have been subjected.to the
non-mrror-surface treatnent may be surfaces which were nade to be
non-mrror surfaces using reactive ion etching: RTE). Therefore,

non-mrror surfaces with an excellent area di nension accuracy can be
provided with a dry process. Also, by conbining photolithography techni que
wth RIE which is a dry etching or wet etching wusing alkali solution
predeterm ned asperities intervals can be provided. - 63 The el ectrode

pl aced on the nounting-surface side may be formed froma 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 the anount
of light reflectadhbuphahél pfedent SReafich IR vRes HEscAB@ Ald illiieratef iR demm it isoned
substrate. It is desirable that this reflectivity is higher and is equal to
or hi gher tlaanly onderstood theiothe sarenits byewdyeaf ibsyratien qmda@@mp&mﬂy atchis npt tocover s
the second, main  surfa of .the aforenention nitride sem conduct.or

subst r at o, PAJAKSR bY WaY 4F FIterion. Sus-APUs it ceane & QTP Sanb TERHOn RAGIENIEE | ast
one of i MpuLl, & § o~ generate fluorescence. The
aforenentigﬁggwggagﬂgﬁggéﬁg ﬁ%ﬁg F%gm%orning a white light emtting LED
The light emtting device of the present invention may include nore than
one aforenentioned configuration of a light emtting device and these
configurations of a light emtting device may be connected in serial. The
af orenenti oned configuration enables providing an illum nation apparatus
equi pped with a plurality of the aforenentioned high efficiency |ight
emtting devices nounted on a lead frame, by utilizing a high current
power supply. Also, the light emtting device of the present invention may
i nclude nore than one aforenentioned configuration of a light emtting
devi ce and these configurations of a light emtting device may be
connected in parallel. The aforenentioned configuration enabl es providing
an illum nation apparatus
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constituted by the aforenentioned high efficiency light emtting devices,

by utilizing a high current power supply. An illum nation apparatus may
include light emtting devices of the present invention and a power supply
circuit for causing the light emtting devices to generate |ight and in

the power supply circuit, two or nore parallel portions each including two
or nore light emtting devices connected in parallel are connected in
parallel. This configuration enables matching the capacity of the

illum nation apparatus -64 to the capacity of the power supply while
satisfying the light emtting condition of the respective light emtting
devices. Further, the aforenentioned power supply circuit may include a

paral | el / sgr.l it chi ortion when the capacity of the illumnation
appar at us MJ\iWég and the wiring to be applied to the |ight
emtting devices may be switched through the parallel/serial swtching
portion. Wiile the gb di nrents, of the present. |nventli escri bed
in the above delg‘cr{'?L ‘_ﬁﬁ%ﬁn,rrl%fqgede&?ﬁgapﬁgﬁfl% aV\Hf“c#%S %{/cgg_ eégﬁy !bggﬁgé d above
are mer el yyith ol S URAY oY 8. 5204 nt H8eSCAPE-tie ditile BERREAGuctSMMBRE (P btiaHirROl
limited to these enbodinents of the invention. The scope of t’he invention
i s defi nedmhin subfacdfécsf said mdesemkendicdmmbsirade (li)rrot agetypeqiiiidal ents to

the description of the clainms and all variations within the scope. The
light emi t sanKgontigios dayer (3) placed moendistepiefiomsaidarinde yemigopdyctiqrfubstrate

sem conduciQr,, substrate having .a hj onductivity an ref.or :
regardl esshgfthadl-%? ’%fpﬁd’i}ﬁg'éﬁgwfoﬁugmayﬁ{)%ﬂagaﬁrgt(rf?mgﬁ y aS%sel’ %ﬁ‘f%"gh‘

el ectrode &%Hmbglapérg\é) ?ﬁslsdq;waﬁl daldfltype @itHilE LM cSHULRR SayeFty)taR@kaid (2) DY
enpl oying the aforenentioned nitride sem conductor substrate with a high
conduct i vi pytypemitralesemipnguctoniayemgbindtisaid first maimsafaceisdedwhergint  enitting

devi ce can be provided, Further, in the case &éég-dovm nounti.ng, (3) the
heat radiation €8H0b®id HpKdssemcopinster substrage d 99 Briyhe BLNYE conpl i cat ed

el ectrode ¢ ?I,,L[cﬁlg{o@g%gg&s@@sdmk LA thB GNGhe %&g%{,ﬁsingmarﬁ%éammscan be

gener at ed. tivity 1s inproved an eré 1s no need to
provi de pr glaeed ktGthe Bbwe Wide, dndra siiphé €i6dttodg is placed dt g toprsidet i ng devi ce from
transi ent voltages or electrostatic discharge. Further,

2. Alight 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 hight emitting layer (4) placed
between said n-type Al,Ga; N layer (3) and said p-type Al,Ga,,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.

-67 -



light emssion froma |arge area can be generated and the electrostatic

w thstand voltage is inproved. (5) Since there is no significant
discontinuity in the refractive index from the light emtting |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 ot herw se caused by total reflection. (6) Since the construction is

sinplified, the light emtting device is easy to manufacture and has an
excellent maintainability. Therefore, it is expected that the |ight
emtting device will be wdely utilized in the illumnation apparatuses of

portable information termnals including portable phones. -65 Al though the
present invention h en descr.,i hed dillustr ted in detail, .i

cl early under st ogd &E%F tﬁ@‘%‘&ﬁé‘w‘%"' E@Qﬁéﬁf’r%‘f’g 9 FB@%?’a‘Y gan sad @irrpl e only
and is not of the
present i n@%ﬁ?ﬁ%ﬁ(]%el ng rﬂlgl m teed&fp s erg E %gbeger ne F% E%aﬂgp% ggg cl ai ns.

WHAT | S CLBWNEDRub&raid hasfarl dxgyigen ecsﬁcteﬁtrangmdﬁewsqanmﬁlmlmgo 2B19okygele
sem conductor substrate (1) wth a resistivity of 0.5 fl-cmor less; an

n-type nit piods/aerndarttigkness of Hepm(8)508mm first nmain 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 h d f
gl zzlet gzdsgl | i Shgyp?&? ﬂt s lﬁg%&i? ?’lbgtat%or%lﬁ%?cg s\l%ﬁ*nnfégﬁe &hrﬁﬁj @Ry n surface

nitride

sem conduckuMstrafy@) 1s(rﬁdum¢mhtsﬂad bp sittetanBes Mifpet dathSEFbELIOHIAE, curndlsamer (5) at
sai'd first main surface side, wherein one of said nitride sem conduct or

substrate N shstraghes 0 exygen poncentsasionge thesengtuters 2El 8ye PEL & pxygennount ed

at the top Sld whi ch 1ts 1] and e other js. . placed_at the down
side, and &% glaetgﬂ‘?ﬁﬁ f%wgégab{iy@ﬁl&elﬁ%bsgpg@g fghq ight emtting
devi ce co SHBS 1) with
a di sl ocap?e(r% gg%ésltl eofs{"%% g%&%ﬁf‘?ﬁ&gﬁg an n%@%gd %w%fla’?%ﬁr“ﬁg%er@(x IS
Wi t hin the0rsangeordéssO to 1) which is an n-type nitride sem conductor |ayer

(3) at a first main surface side of said GaN substrate (1) and a p-type
Al7,Ga, ,,Nlayer (x is within the

5. The light emitting device (30} according to claim 2, wherein said GaN
substrate (1) is mounted at the top side and is n-typed with oxygen-doping, and said
GaN substrate has an oxygen concentration in the range from 3E18 to SE18 oxygen
atoms/cm’ and a thickness of 200 pm to 300 um, and the both side lengths of the
rectangular-shaped surface of the light emitting surface at said second main surface are 2

mm or less.

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 disiocation 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, wherein said
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range of 0 to 1) (5) placed nore distantly fromsaid GaN substrate (1) than
said n-type A4G1l xN layer at said first main surface side, and a |ight
emtting layer (4) placed between said n-type AdGal.,,N layer (3) and said
p-type Al,,Gl.,N layer (5) at said first min 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 fromsaid
first min surface, and a p-electrode (12) is provided in contact with
said p-type Al,,Gl _,,Nlayer (5), and one of said n-electrode (11) and
said p-electrode (12) is nounted at the top side which emts light and the
other is nounted at the down side, and the electrode placed at the top

i de i i f .si.ngl | de. -67.3. T l,i LLti B
devi ce ( Sopviaceitpmgi S gresrfiad offrcv feCar Sefive wilbe iy cF P2k
mount ed at o g5 LPRvASE aft e sBorfer seGchoth H“th@’ﬁgﬁieéﬁﬁﬁ | ffac@itdaRideondaN

substrate has an oxyden concentration in the range fromIlEL7 to 2E 19

oxygen at g @iicandvithis theGlpRrTrom 200 0th #MI0QUMO0 m 4. The light enmitting
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 &GN

substrate has an_oxygen concentration in the range from 2 t.0 5E18
SLons/ ons and . Ent ABF el BHIDEGeNET DO R FO AL PATE TR of the |

rectangul apg TN lshig L ryBEAl Gl N RYES GGEirthe $RgE fRfEON
mai n surfaggl%%r%gggg. 5 rr?nﬁ"gtrrﬁ{3 «gg;asdg?lgThgﬁl I ggal ’gqm tiﬁg %Jleviece 8?30)

accordi ng t®1r{3j m 2typetrdGeNrbuffar klyssqN]) is phiséd atoenat) with sad B subatratehe t op
side and is n-type oxygen- dopi ng, . and sai d, GaN substrate S an

d with h
OEygEn conéf@mﬁl attmémﬁﬁ bufe’ laygn g ig PB%?@EFB’“Y“G‘ with gaid potype Al %#B%%’nﬁ and a
oot angar al b AL RATRLGRN Bfer (R B s RO Of B plpced in,

mai n surf aggnt@éewrth sdihypd GAS buffer layer (2).

9 The light emitting device (30} according to clairn 8, 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.

10. The light emitting device (30) according to any of claims 2-9, wherein a
p-type GaN buffer layer (6) is placed in contact with said p-type Al,Ga,.xN layer (x is in
the range from 0 to 1) (5) at the down side thereof and a p-type InGaN contact layer is

placed in contact with the p-type GaN buffer layer (6).

11. The light emitting device (30) according to claim 10, wherein said p-type
InGaN contact layer has a Mg concentration in the range of 1E18 atoms/cm’ to 1E21

3
atoms/cm’.

12. The light emitting device (30) according to claim 10 or 11, wherein a
p-electrode layer formed from Ag, Al or Rh is provided in contact with said p-type

InGaN contact layer.
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6. The light emtting device (30) according to any of clains 2-5, wherein
di sl ocation bundles are distributed over the first main surface of said GN
substrate (1) wth a density of 4E6/cnB or |ess on average, wherein the

di sl ocati on bundl es have been created by discretely concentrating

di sl ocati ons whi ch unavoi dably generate during the formation of the GaN
substrate into a string shape to distribute them along the
substrate-thickwi se direction in order to inprove the crystallinity of the
nost region of said GaN substrate (1). The light emtting device (30)
according to claim6, wherein said -68 dislocation bundles are distributed
over said first main surface with a density of 4E2/cn8 or |ess on average,
and the shorter 'de heﬁﬁﬁh of. the %ﬁ&@ emtting surface at said second
mai n surface i s Wt hipe REE eputhipe dev D acqerdipg womymf chumy el W@ﬁltemem tting

devi 30

substrate (45 %%%’%9%’3?%}% SR P sl ARG RgichS N ENERE om o

to 1) (3), caitindobdps hHe Gadkasd diedctiba¥ed 1n(a7 dnglk 81r£ﬂt%ﬁ€ﬂtmrptfﬁ@ﬁﬁ§ﬁbs¥i’hfeh said
GaN substrate (1), an n-type GaN buffer layer (2) is placed in contact

with said ﬁl-llf%qgesaﬁd date-type érystal inegrson (epignsaAt) ip AbadGalitsypseratd andGal ., , N | ayer
X isin th ranefrmOIo 3 ced. in act with said n-type
EBaN buf f er pﬁéﬁ/@tp (CE)St gIverFioa rF% @ﬂf‘ﬁg@ﬁ?ﬁaﬁ‘?q{i Sa@w@@eesé)?-tm*amﬂeng to cl Zl:om
8, wh

er ei nsSaicnddRMr 1@%&5@ an o ?&h '@lﬁfsu@g ?ﬁ%a%r}emo%ﬂ ?}Hm% d@ﬁ%klei ght

0.10 or Iess and a redion Wt or nore.

em tting deitii¢esendtindactootagen@) side &Iﬂ;he()ﬁs@d @l sak] Gatd subvrared( lmtlﬂougdrsIa)tpe &N
buf f er Iayer (6). is placed in contact with said p-type A,,Gal.. N |ayer (x
isin thelr &Prg@twdeosﬁv@w@qur lewy (i, amhen e@mﬁctgvlabthmertm of e Ritypet ype

| nGaN cont [ ont W th the N.b | ayer
(o 5O Rittige SeREondbeioP | BE53) WHORH REafH ooyl Bety Belecbosierhe el o
p-type In 1@&1%?‘% rEs’ib)é&fve%?n&sWt}?@ﬁ?ﬁétrﬁtﬁHé Qéimbﬁh&'&?or’l@w?f»)o‘c 1E18
at ons/ cnB 1E21 atons/cnB

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 mitride 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, 4N layer (3) at said first main surface side, and a light emitting layer (4) placed
between said n-type AlGa N layer (3) and said p-type AliGa 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
AIN 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),

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
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12. The light emtting device (30) according to claim10 or 11, wherein a
p-el ectrode | ayer formed fromAg, Al or Rhis provided in contact wwth said
p-type |InGN contact layer. -69 13. The light emtting device (30)
according to any of clainms 2-12, wherein said GaN substrate (1) includes
pl ate-type crystal inversion regions (51) extending continuously in the
thickwi se direction and in a single direction wwthin 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 sem conductor layers (3, 5) fornmed on said GaN
substrate are renoved fromsaid p-type nitride sem conductor |ayer (5)

side to the.ins] f sai: t ugh said n-type nitride

sem conducPlgﬁgqs‘l%\t&g? %(p3s)]& lgﬁ%?sﬁnﬁ%g%h{n}cﬁné\n&%lﬁ&%&e& portions of the p-type

nitride sem conductor |ayer (5) which are left after renoving them

p-el ectrodes (12) are provided for the respective portions of the ﬁp-type
rst

nitride sem condu6t oThe bght emitting davice aeerdinggiotany of tlaimsg] -d&\dompriseg)
according to, claiim 13, erejln said ate-type .crystal.i.nversion, regi ons
(51) are r BTﬁB‘?Fér(ﬂ’dﬁ%elﬁﬁ) iynﬁqd cﬂ"ttéﬁﬁ."e‘%%‘? s‘ﬂfa\%&ﬁfheé%*yﬁ PHY GRS i si ng
a nitride ] : ) ;L AM ivity of 100
W (m K) or%@rﬁg%@{tﬁguﬁ?%@%ﬁﬁﬁe f%ﬂ;%drmd ?(tO?]sag@e\n“%t)ﬁf%qgﬁde range of 0O
to 1) (3) wphéledirads (720) formtedeomiAtyg; iAdler Rewhbadnfillsahogagdsaf ¢hie fast prefectredes mai n
surface side of said AIN substrate (1) and a p-type Alh,&%%T”N | ayer (x is
wi t hin t he (132 39@ ceyerpsaigp-rype(msidp seasendusias I@i%&ﬁ?ﬁyﬁa‘fi Ps%lFQ}TQQ%cN
substrate 8];2) than said n-type A xGal ,,N layer (3) at said first main
surface si fﬂand a light emtting layer (4) placed between said n-type
Al,, Gl ,,Nlayer (3) and said p-type AlxGl ,'Nlayer (5) at said first

mai n surface side, wherein an n-electrode (11) is provided in contact with
a second mai n surfac&hefiglaittingldhvisaibsordagto dyimeh bcwhérgintthecongragesur f ace

at the opposite.side fromsajd first main _ surface, anpd a p-electrode (12
"8 br vt dodeiooLBit S5t P-ARHRO 1) Telge (RS e DRea Ly arbe e (12)

semiconductor layer is in the range from 10 to 40%.

18. A light emitting device comprising a nitride semiconductor substrate (1)
with a resistivity of 0.5 ©-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.

19. A light emitting device (30) comprising a GaN substrate (1) with a
dislocation density of 10%/em? or less, an n-type nitride semiconductor layer (3) at a first
main surface side of said GaN substrate (1) and a p-type nitride semiconductor (5)
placed more distantly from said GaN substrate (1) than said n-type nitride

semiconductor (3) at said first main surface side, and a light emitting layer (4) placed
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one of said n-electrode (11) and said p-electrode (12) is nounted at the
top side which emts light and the other is nmounted at the down side, and
the el ectrode -70 placed at the top side is constituted froma single

el ectrode. 16. The light emtting device according to any of clains 1-15,
conprising first p-electrodes (12a) placed discretely over the surface of
the p-type nitride sem conductor Ilayer (5) in contact wwth said p-type
nitride sem conductor |ayer (5), a second p-electrode (73) forned from Ag,
Al or Rh which fills the gaps of the first p-electrodes (12a) and covers
said p-type nitride sem conductor |ayer (5) and said first p-electrodes
(12a). 17. The light emtting device according to clains 16, wherein the

cover age atio of ;said first ctr des tiv 0 the surface of
said p- typé CeeR ?%n“WH@ﬁ&E"gF YeLgr 3?“? Sﬁlélprg’ﬁﬁg%aom 10 to 40%

18. A "ghgenﬁgaﬁ&uagllaggygg%bg@aﬁfs&aaﬂgsu?fa& Llae C%@ne%iﬁ“ conductor substrate

(1) with aresistiv I-cmor less, 'an n-type nitride

sem conduct or | aysd GaR)suditrate {1)isinounad at therdbanesidsi aid saif pstypelniide | de
sem conductor substrate &1}1 and a p-type nitride sem conductor |ayer (5)
pl aced nor semicendyator jayer lss@rowdndmheéogaﬁ?E’bﬁéﬁﬁftﬁéﬂlgﬁhbstrate (1) than
said n-type nitride sem conductor |layer at said first main surface side,
and a light emtting |layer (4) placed between said n-type nitride

sem conductor |aygr i) hgﬁ@nﬁcﬁ m%de\ﬁcé(ﬁ@?aéﬂo?dmgﬁ) Sierd PRRAeEdPisloaxedn (5) at
said first main surface erein said nitri de sem conductor substrate

(1) is noubbeilesadre dheitdosnower de fastdnainisotfage-of prid GaN sibdizats €hj ‘lmhlductor
layer (5) is nounted at the top side which enits lig i;t ﬁl Ab

emtting déensds 0( Sﬁﬁ/cﬁb@pﬁqsépﬁgveéa%awhﬂ%%tdf‘%ﬂcén?ll unRgigsihaye ?ﬁnsl ocatl on
density of 108/ 853, Al A

first ﬁreﬂﬁd é(cdéscé‘“rta‘é CBPC salatdn g(;%ﬁlg {6)5 Wﬁh%?%& g’,ugén%fatéax t'ghrgl) dgt :

sem Conductfé};naﬁé), of HeaSaq s 8teGhtdladyiiing/sHapO o digiruteahks lahmgrtm e (1) than
said n-type nitride sem conductor (3) at said first main surface side, and
a |ight enislstmate-thinkense(dectorpipedder 10 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 Jength of the light emitting surface at said second

main surface is within the range from 200 pm 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 AJGaN 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).

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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between said n-type nitride sem conductor |ayer (3) and said p-type nitride
sem conductor layer (5) at said first main surface side, wherein said GaN
substrate (1) is mounted at the down side and said p-type nitride

sem conductor |ayer (5) is provided at the top side which emts |light. 20.
The light emtting device (30) according to claim 19, wherein dislocation
bundl es are distributed over the first main surface of said GaN substrate
(1) with a density of 4Eb/cnB8 or |ess on average, wherein the dislocation
bundl es 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 along the substrate-thickw se direction in
order to inproves4herke Ngh alhiting Byviqf ackbﬂiﬂ@t%tang%g E1fnsOf-23 SaheiralNd
substrate (1). 21. The light emtting device (30) according to claim 20,
wher ei n salight egiiingdavice (30) insthled vathgesn $31)idnd irethdoy e flusmseknf megtbenati n
surface with a densit f 4E2/c .or |l ess on_ average, .and the shorter side
length of ewepcrr?laﬁpi’ A ﬁshtﬁ&@as GiEe 3t 403 RO Tosin S DuPIGE [ s wi ¢ hi n

h . >EL O ST
hccor ding ToSEGRCmRirbe: bRy GresochOB ot BRI U SMENKRE RN (o)
and sai d nefitied fAX&Ed rethh (33Y & thé $uisidei N the range from0 to 1) (3), an

n-type Al GaN 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

Al GaN buffer layer (/1) .and.said n-type Al XGas XN | a X 4s in the range
fromo to 1) (3 2rs biaked HmBat dnpie dRidng Camm cheehcl 2nrbdpPepdl ayer

(2). 23. Tﬁﬁ%lle'egamro&érhtt&b'f@p §8/k SR ce B e eeREdMeidiRntiRk Mdovidghgopi N sai d
GaN substrate (1) includes a region with an off angle of 0.10 or I'ess and
a regi on winthplane wkWw ofamigirespeftive lfyecy nore. -72 24. The light emtting

devi ce according to any of clains 1-23, wherein said light emtting device
(30) is sealed with resin (33) and includes a fluorescent nenber at any

gggt isgi” dOf sai d bf 90, e ChfBng B ECaRBIRE W A9 LRI -28 Ak fkrbfiShA (33)
light emtting device (30) is constructed such that a side-view type LED equipped with

the light emitting device (30) has a thickness of 0.5 mm or less.

27. The light emitting device according to any of claims 1-26, wherein said
light emitting device (30) is constructed such that a side-view type LED equipped with
the light emitting device (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
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fluorescent menber generates fluorescence on receiving said |light and white
light is emtted fromsaid resin (33) to the outside. 25. The |ight
emtting device according to any of clains 1-24, wherein said single

el ectrode at the top side is placed at the center of said light emtting
device (30), in a plane view of said respective |layers. 26. The |ight
emtting device according to any of clains 1-25, wherein said |ight
emtting device (30) is constructed such that a side-view type LED equi pped
with the light emtting device (30) has a thickness of 0.5 mmor |ess. 27.
The light emtting device according to any of clains 1-26, wherein said
light emtting device (30) is constructed such that a side-view type LED

equi pped Wirhhisiert Relthdeg bt elbirbdtatigdishbwigee (30) has a thickness of 0.4 nm or
| ess. 28. The light emtting device according to any of clainms 1-27, having
an electrostatic withstand voltage of 3000 V or nore. 29. The |ight

itti devi ipg.to. f. clal 1-28 i hey. I t
orovi ded a.pr ot ealt Rt PR Ao e pdbtTiagyeCety o KR Fafs FhEh shlebl c.
(30) from yehannani whel d a6BRe aF o) EFIEASLAIA diaahar ge, uhi ch woul d be

ot herwi se a etween said nitride sem conductor substrate (1) and
said p-type nitride sem conductor layer (5). 30. The light emtting device
according to claiim 29, wherein there is . not _ provide n electri.c power
shunting circui t 3enclhelighf exitiag dayiegiB0) eerordiag o ﬁ’@’gﬁcﬁl‘ﬂmééi% w ?P“

t ransi ent |t r. r 1.Cr1disC I'Qﬁﬁ ' Lt b

devi ce acc\éiglgingtgg?%e éﬁ%@fc' {oﬁgt}sﬁné{el(_lgb?s J\Xﬂé%ﬁe%gﬁg& e‘:%ﬁ?%gﬂﬂég on when a
vol t age of V or less is applied thereto. 32. The light emtting device
(30) according to any of clains 1-31, wherein said nitride sem conductor

substrate (1) has a thickness in the range from50 pmto 500 pm 33. The

light emtting device, (30) according to. an f clains.1-32, erein said
el ectrode at the38op [&f a@tmﬂ@a d&Y‘é%lhOAIaF rg‘@ﬂé‘@v‘*‘%%‘iﬂﬁ‘stlhg?%’&m%g ratio

or the said electrode at the top side has an area ratio below 50% and the opening ratio or the

transparent portion is higher than 50%.

34. The light emitting device (30) according to any of claims 1-33, wherein at

least one of the sides of said top-side surface has a length of 350 um or less.

35. The light emitting device (30) according to any of claims 1-34, wherein at

least one of the sides of said top-side surface has a length of 250 um or less.

36. The light emitting device (30) according to claim 34 or 35, wherein sides
of said top-side surface which are opposed to each other both have a length of 400 pm

Or greater.

37. The light emitting device (30) according to any of claims 34-36, wherein
sides of said top-side surface which are opposed to each other both have a length of 1.6

mm Or greater.

38. The light emitting device (30) according to any of claims 1-37,
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transparent portion is higher than 50% 34. The light emtting device (30)
according to any of clains 1-33, wherein at |east one of the sides of said
top-side surface has a length of 350 pmor |less. 35. The light emtting
device (30) according to any of clains 1-34, wherein at |east one of the
sides of said top-side surface has a length of 250 mor |ess. 36. The |ight
emtting device (30) according to claim34 or 35, wherein sides of said

t op-si de surface which are opposed to each other both have a | ength of 400
m or greater. 37. The light emtting device (30) according to any of
clainms 34-36, wherein sides of said top-side surface which are opposed to
each other both have a Iength of 1.6 mmor greater. 38. The light emtting

devi ce (30) accar 4 constructed to have a heat
resi st anceg%]lstr%% %Q/\g%vreal resg@ne&ﬁfﬁl ‘JCéﬁ)ZOrl %ting device (30) according
to any of clains 1-38, V\/nereln the portion at which tenperature rises nost
|l argely will have a tenperature of 150C or |ess under continuous |ight

em tting conditi®hs. THOlighT brittingbdvienB0) acegrdieyiocany (@i t-3Bwhereino any of
clainms 1-39, wherein said n-type nitride sem conductor |ayer i3$ has a

t hi ckness threpsmcmatlvelsghtemermwerwsgn@stéqu@lyvﬂ@hw tempenatyre 8E LG Pfg to

any of clajns 1-40, wher type nitride sem conductor |layer (5) is
down- nount %asuréflr‘?ﬂc?rﬁgm%ﬁé'%ﬁmﬁ#m%E%IldYtEéléond mai n surface, which serves as
the light emtting surface, of said nitride sem conductor substrate (1)
whi ch has not been covered with said el ectrode has been subjected to a
non-mirror-surfaée tThelightemitid®devides(30) aeording taanygaf@launbb-3@3’®)lel’amcordl ng
to claim4l, wherein said surfaces which have bee ected to the

non- i rror Sﬁdlﬂﬂwtfﬁ@é@wd%@%!ﬁfﬁ)c@éat@oﬁl‘%ﬁﬁsﬂg “'héfdéssto be non-mirror

surfaces using potassi um hydroxi de (KOH) solution, sodium hydroxide (NaCH)
sol ution, amonia (NH3) solution or other alkali solution.

41. The light emitting device (30) according to any of claims 1-40, 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 electrode has been

subjected to a non-mirror-surface treatment.

42. The light emitting device (30) according to claim 41, 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 (NHs) solution or other alkali solution.

43. The light emitting device (30) according to claim 41, 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 (H2S04)
solution, hydrochloric acid (HCI) solution, phosphoric acid (H2PO,) solution,

hydrofluoric acid (HF) solution and other acid solution.

44. The light emitting device (30) according to claim 41, wherein said

surfaces which have been subjected to the non-mirror-surface treatment are surfaces
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43. The light emtting device (30) according to claim4l, wherein said
surfaces which have been subjected to the non-mrror-surface treatnent are
surfaces which were nade to be non-mirror surfaces using at |east one of
sulfuric acid (H2SO4) solution, hydrochloric acid (HCI) solution,
phosphoric acid (HZPO4) solution, hydrofluoric acid (HF) solution and

ot her acid solution. 44. The Ilght em tting device (30) according to claim
41, wherein said surfaces which have been subjected to the
non-mrror-surface treatnment are surfaces -75 which were nmade to be
non-mrror surfaces using reactive ion etching (RTE). 45. The |ight
emtting device (30) according to any of clainms 1-44, wherein said

el ectrode plpahefere mddeso 'EE%Bfahﬁﬁoﬁéﬂﬁcés%sﬁ@r@&‘&w%ﬁ&ﬁét@hﬂ@(m al witha
reflectivity of U S or nore, 46. The light emtting device (30) according
to any of clainms 1-45, wherein a fluorescent plate (46) is placed such

that it covers the second mai.n surface gf sal dnitride. .sen corvlgﬂléctor
substrate (1). 4% Tihae fgkjrmigizedeying(Wdercading sy aneiaiamsd- TFiT, f

S SR b BRSSPl hRSRH Y frkeiy =

mai n surfagfodforgadi@. nitride sem conductor substrate (1). 48. The |ight
emtting device (30) according to any of clains 1-47, wherein the surface
of said fluorescent plate (46) to be faced with the second main surface of

said nitride se on r. supstrat.e has .been subj ecte n .
asperities-forni ﬁé %Si’glé I EMIHE depise ﬁ]()éﬁgco(;ﬂlpgg? AY #e@?‘gléq(%)warﬁﬁeé%?di ng
to any of @hgje¥Bent fa%e 4\@!5' np;ﬂhd&d s3éH t‘ﬂaﬂ't E(S\}eflsethﬁ%gécffl@%gﬁfac@ P 3i8 AftSdd 1)
i ncl ude at | east oeo urities and defects h generate

fl uor escencsenicﬁﬁduc@oﬂsugkttatem)tt| ng devi ce (30) corrprl sing nore than one

said light emtting device (30) according to any of clainms 1-49, wherein
these light emtting devices (30) are connected in serial or parallel.

47. The light emitting device (30) according to any of claims 1-46, wherein a
fluorescent plate (46) is placed apart from said nitride semiconductor substrate (1) such

that 1t faces with the second main surface of said nitride semiconductor substrate (1).

48. The light emitting device (30) according to any of claims 1-47, 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.

49. The light emitting device (30) according to any of claims 1-48, wherein
said nitride semiconductor substrate (1) include at least one of impurities and defects

which generate fluorescence.

50. A light emitting device (30) comprising more than one said light emitting
device (30} according to any of claims 1-49, wherein these light emitting devices (30)
are connected in serial or parallel.

51. A light emitting device (30) comprising said light emitting devices (30)
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51. Alight emtting device (30) conprising said |light emtting devices
(30) -76 according to any of clainms 1-49, and a power supply circuit for
causing the light emtting devices (30) to generate light, wherein in said
power supply circuit, two or nore parallel portions each including tw or
nore said light emtting devices (30) connected in parallel are connected
in parallel.

according to any of claims 1-49, 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.





