; EFGHe3eDp6: T , STRUCTURE OF P- ELECTRODE AT THE LI GHT EMERG NG SI DE OF

LI GAT EM TTI NG DI CDE GROUND OF THE I NVENTION  The present
invention rel ates tolll@“MIlm“mW@fgf a p-electrode at the |ight energing
side of a light-emt I'ng, Hde, and pardicularly to a structure of the
p-el ectrode inproved so as not to obstruct the passing of light in a |ight
emtting diode using a w de-bandgap sem conduct or such as ZnSe or GAN.

Descri ption of the Backgr@QIRUWATURE ORPLEEECTRODEIAgde (hereinafter
referred to as LED) has an n-el ectrode on one of the two main surfaces (top

Curtace i 11 um rgEn g EOEMRRCING SPH DR LE AT ANGRITOR e g1 ng

surface. The el ectrode, usually nade of metal, is required not to obstruct
the passing of light. An LED such as an Al GaAs-bAsed LED has a structure in
which a p-type GAAs contact |ayer, having a sufficient electrical

conduct ivity. 1s bl aced BACKEROUNDO THENVENTION - ar ea il

ri ng-shaped p-electrode is placed on the contact layer. In thi

speci fi cagy p-el ectrode is also called a 20 bondi ng glygst r ode
becaus‘ée ?ﬁ@@t’ﬁ%@%ﬂ@\%e bondi ng. Because the p-type GaAs contact |ayer

has | ow resj stance, it has, the ability to diffusg a cyrrent injected from
the smal | - ari: Ppessnd vsadion kelaies tha struckurn °§@ngr¥9ctﬁ@iﬁ By e lﬂgbh
under the contact |ayer. In other words, the p-type 2 GaAs contact |ayer
desi r abl yertherginigaside af anlight-earittingfdiode,nand ppeticulbixly €6 arstructioee of the
narrow bondi ng el ectrode is fornmed on the p-type contact |ayer, this sinple

structur e%-%fébtdeJ 'hﬁkg&;éd/ sgi {,%]qﬁﬁ {d’l%bgﬁfurcgiﬁ;},ﬁ b@g@ﬁgrof WBRP iANalfEht-S

produced by using a haterl al at nmakes It cult to obtain a

| ow-resi stance psiype sem con tor, the sem.copductor itsglf ot

SuT T o erfmytnd diodB UeEE e Iapas At S aRANGHOT TS as2age G B andgap
sem conductor, it is difficult to produce a p-type sem conductor, par

ti cul 2 | yDasdription of theBackgrawpbAsteni conductor. This is the reason why an
LED usi ng such a sem conductor has difficulty in obtaining a | owresistance
p-type 10 gORpREenlittifE didde therefitfter feferreBRoGRTED) MasPiwvLdectrbldd bna
current-diffusing layer. Wth an LED having no current-diffusing | ayer, the

bondi ng eﬁ@&fl‘ ﬁ&ﬁ%&&a‘@ﬂs&?@%ﬁﬁ@ 2083t BRHadL) P a P1EHEEE B the

sufficien ype €

other. In the case of a surface-illuminating-type LED, either surface is used as
the light-emerging surface. The electrode, usually made of metal, is required
15  not to obstruct the passing of light.
An LED such as an AlGaAs-based LED has a structure in which a p-type
GaAs contact layer, having a sufficient electrical conductivity, is placed on the
pn junction, and a small-area dot- or ring-shaped p-electrode is placed on the
contact layer. In this specification, the narrow p-electrode is also called a
20 bonding electrode because it is used for wire bonding,
Because the p-type GaAs contact layer has low resistance, it has the ability
to diffuse a current injected from the small-area p-electrode, making the cur-

rent density nearly uniform under the contact layer. In other words, the p-type



| ayer .. Consequently, the current is localized at the portion underneath the
elec 15 trode. As a result, the effective area of the light-emtting
section is decreased, notably decreasing the |um nous efficiency. In
addition, the current crowding decreases the life of the LED. To prevent
the current concentration at the por tion directly under or in the vicinity
of the bonding el ectrode, an LED having no current-diffusing |ayer usually

has a stqucture in;which a | [ spd I ar neteal

ol et r ot ftigel YUt B RE T M BERb Ko Y R eR TR PR BRS¢ e
light-em_tting region., In this structure, the bonding elec trode is placed
on a porthemthe nareow hendingelectroderisfosmeden the potype epntashdayerothisct
with the p-type contact |ayer. 3 1In this specification, the thin netal

el ect r odgmplke steheturetanosufficienthediffisethepaneant.t hi n-filmnetal el ectrode”
to distinguish it fromthe bonding elec trode. In other words, the

p-el ectro “m I F!qu :ﬁf&a A chi -@nd t he
sem -t ranisjlg’arenf’a‘%vﬁ}%ﬁﬂ'nlS m n%%gfoe ec?lr%gggﬂgl\hgrﬁgg%qg {lﬁaeﬁ%%%gi&gg el ectrode
does not“iransi)n' t. light, the sem -transparent thin-filmpetal electrqode can
trandm cult ghebtaina lavrgsistantecptyressaugoRanstor, the;semiconductarogsell | he
pn junction can pass through the sem -transparent thin-filmnetal el ectrode
to exit cannobhesuffitiently. didfuse/dhe almbentigWitheas€GaiN-t onrZpSe-based hwidd-i | m
netal electrode covering 10 the entire p-type contact |ayer can transmt

I ght,  ihh% dbhpemikbR@G& ok Sit!iS il t6 ?yiieghce N Ay p& NenBEorfdirGot; Far- Part

of the upward light emtted fromthe ac | ayer 1's absorbed or refl ected

by the sem, -transparent, thin-film netal ;el ectrpde. . The axial ,ligh

it ensi SPURHY 2oORCrEySiERge BRSO pARCRE TR 5 e ARk Y B HER osses.
15 The absorption and reflection at the sem -transparent thin-film netal

el ec- t usirg guch asssxicondughon has difiruliliinohiniing 2 lowresistarme pdyphe

out side, de creasing the brightness accordingly To increase the |ight

i nt gpsi tcynfdet ilgﬁémﬂ's&a redilt,i thellEPscainot e piest ded sitha culrsentpdiffisiagd
reflection at the sem transparent thin-filmnetal electrode. In other

wor ds, iL &§ necessary to in 20 crease the transmttance of the netal
electroéey To achi eve this purpose, the thickness of the netal el ectrode

can be degr.eased. ver, if the nmetal eleg trode is excessively thin, the
electrica 1e}ésq%t1££\2§?‘ﬁngh%° Ccupean dusing ilakes ﬁ%@r’é%r@gg é@ﬁ“r@éﬁ‘gﬁ t he
effect of current diffusion by the netal electrode. For 4 exanpl e, when
Au is usede hentlieg alor® camnod Bifhse the nuremtrsefificiently in the p-type contact

layer. Consequently, the current is localized at the portion underneath the elec-
15 trode. As a result, the effective area of the light-emitting section is decreased,
notably decreasing the luminous efficiency. In addition, the current crowding
decreases the ].jfe of the LED. To prevent the current concentration at the por-
tion directly under or in the vicinity of the bonding electrode, an LED having no
current-diffusing layer usually has a structure in which an extremely thin
20 semi-transparent metal electrode made of Au, for example, is formed on the
entire surface of the light-emitting region. In this structure, the bonding elec-
trode is placed on a portion of the light-emitting region. Au can provide ohmic

contact with the p-type contact layer.



creased resistance. It is least 10 nm preferably about 20 5 thickness of
about 20 nm has a electrode, if the thickness is decreased flowinto the Au
el ectrode due to the in that the Au el ectrode has a thickness of at

Al t hough thin, the Au el ectrode having a ~mttance as |low as 40%to 60% or
so. In other woxds, about half the the Au electrode. of the light is
decreased by the presence of The published Japanese pate~t application
Zbkukai 2001;148511. entitled .Sem cqonductgr ki ght-emtt.i di ,de, " has

i scl osedtth this pReriGealom IBE, (A8 metal ieeirde JF setetmed B ey vy
mesh-shaped netal electrode is formed on the n-type contact |ayer, (b) a tr
spar ent fransparent thinyfilys magtali electzpdelctadistingash it from the dondingeleen tin
oxid (hereinafter referred to as ITO is formed on the mesh-shaped net al

el ect r ogigodNdn( 6thed WordH, heepagédtes@e hask ardwsl struthfreCethpbsed of HRe OXi de

el ectrode | aye (the bonding electrode is referred to as a pad 15 el ectrode

in ~bkukaj 120 . £ t | de tro ructure is
conposed OB SeBad g ik fiEtrafithtens ipdumh ficst) SRS WeiEhy

el ectrode, .and_the_n-type_c ntact |ayer. | TO provides ohm c contact wit the
n-tyfe ébmba@dmwhctrqsﬁ d?ﬁ%@?baraé{ﬁm%mg%ftgpcﬁwtrynapmme@mrﬁmgh t he
hick 1TO | ayer and proceeds into the n-type 20 contact layer with a uniform
di st ' butétah elddtralesant trankiiix lighe to hacerdaineextenb. Chnsdgirsdly, ighbgent he
ability to se the current. Therefore, the sem conductor |ayer (n-type

cont act r)ql pire I f h [ .

el ectri ggﬁé?/l ét(;)n 82]?1'5 jé‘?ﬁ% ?%ﬁﬁ)e%g é:}%iﬁ’gg(&:lt ?t\l/%%'[e'qgnn&%ﬁ.éﬂ) %gg{hm%ent ly,
the transparent electrode ig as thick as 600 nmto 1 a m Because the I TO
is | essT® Gﬁicﬁ%i,e kaéﬂb%a?%@“@i‘i%trode nmust be placed at the center of
the 1TO layer in order to obtain the uniformcurrent distribution

t hr oughouHowtewer,halphowgh tthe seomdiragspiemitr hde-film phekad celet¢trade covérimg cl ose
to the periphery of the 5 ITO |ayer, the current will not flow sufficiently

at yhe GRPRRLLE pPRel Wtadi Ry bhk ERRSAMI IR, Yis! ahbRitthRcs ANPALA!

el ectrode wi thout "using a nesh-shaped netal el ectrode has a problemin that

the junctli . i he ec .and t t cont.act
| ayer (%E@P’\}%a# sﬁ ag\('f)- ‘ﬁ'?%#lg?%gﬁt%aéjt;? F%PE%%&%a%gt %ﬁe@?gﬁi&ge.ggnﬁ?gh as
seven volts., aresult, a Iow%ﬁ vol tage drive canngt be perforned. In
the str dRYS¥I8 eseaxretlectarbby @ §omiiTansparend ton-filbmometal electpeds,
shaped netal electrode (Aul Ge) is placed on the peripheral portion of the
n-type dhetadnl Lightintexsitydergeddes yethe amquuttofahefabsoppion agd Fefldeondi ng
el ectrode. Wth the above-descri bed GaN-LED havi ng no nesh-shaped net al
el ectroqi‘ﬁmﬂ,gs(%gcause the current flows directly fromthe I1TO |layer to the
n- GaN contact layer, the voltage drop becones as high as seven volts. On
t he at her,hand, in.the se, of. the ove-descri bed structyre disgclpsed by
UhkdRai o8BS Absgsition el EaleRtion K PUS SERGURaRIRARRE dhiEaial elétne
mesh-shaped netal el ectrode produci ng no_voltage drop, and then flows from
t he mesliredeageareasasathecamonnd of bight emergieg Srom ¢ha do theyartside, deN
contact |ayer) producing a voltage drop of no nore than about three volts.
creasing the brightness accordingly. To increase the light intensity (brightness),

it is necessary to decrease the absorption and reflection at the semi-
transparent thin-film metal electrode. In other words, it is necessary to in-
20 crease the transmittance of the metal electrode. To achieve this purpose, the
thickness of the metal electrode can be decreased. However, if the metal elec-
trode is excessively thin, the electrical resistance in the lateral direction in-

creases, decreasing the effect of current diffusion by the metal electrode. For



. As expl ained above, in the structure disclosed in the Tokukai 2001-148511,
the current flows in order of the bonding electrode, the I TO | ayer, the
mesh 6 shaped netal electrode) and the n-type contact |ayer. The

n-el ectrode is placed at the side frod which the |ight energes. As opposed
tothis, as in the present invention, there is a structure in which the
p-electrode is placed at the side fromwhich the |ight enmerges. The n-type
cont act | Gl ks ' [
dens ¢ yoRditple ot BB eI Ihe kol B Ue, s PREREICRACL s BLichld
facilitating the cyrrent diffusiop. weyer, this process cannot. be applied
to the b BypR, @o?H—%é‘%ef}ta‘}‘FrreﬁF aBnat oo the-dune epwaﬁtﬁf%to fthe 1Bxanpl e.
Consequently, researchers and engjneers are required to devel op a surface
10 il | ucteastd ngsisyamecd. HD is alesivablé hhat ithydtAu eleekrddet has agthitkeess of att r ode,
par ticulaxly an LED using a w def bandgap sem conductor such as ZnSe or

@GN, in . L » ¢ the
o o ccr \RHE 10 prtietibly hduz 20 At HNchIREE (R, My EIGREN hAGEE 2

type con ayer to 1 ncrease the
optical out put. SUML~I AR,.Y OF [THE | NYENTI ON.An obj of, .t he present
Chveht i BRCKBER,0bRbaRT 20 SR %P?%%P@e&ﬁlmea%‘l@%&q BRtAeOF ROcBht act
wth a p-type contact |ayer of an| LED. The inprovenent is to be attained by
i ncr easothertwerds, ghout thet amovpt of thedightds decreasediby thedpresence ofr ease
the optical output of the LED. 20; According to the present invention, the
f or egoi fige Al R6étrb@e.at tai ned by offer ing a structure of a p-el ectrode
formed at the |ight-energing sidef of an LED conprising the foll ow ng

menber s: p 100 0 . tg: - . a ty di ng
| ayer for'frr‘%%l pﬁ%tg&ng?é%ggsgeﬁg%%kdu@g@%ﬁs #a g;z 2?%)}1 g%gkalclf Pe\?letﬁ{l g@er

formed on the n-type .claddi.ng |layer; (d) a.p-type cladding |ayer fornmed on
the act i'wwéﬂl,c%/qreslg tsmifizag ﬁdacthasaaﬁclqsg ndn ﬁgépﬁgtejﬂ‘én@a%lddi ng

| ayer; and 5 (f) an n-electrode fprned on the back face of the n-type

seng ongtiuichiresofbars IEDen Whécls (a)la esh-sh apdibmetal ekictxode 16 dopmedosn a
mesh-shaped sem -transparent thintfilmmetal electrode for diffusing

el ectri fhﬁgﬁgﬁﬁgpﬁﬁ]@%{%@g? t%x&%&x&eﬁ%g@l%ﬁgﬁ?ﬁ&nﬁﬁgﬁ@e BRNHH QY floect rode

for wire ect a covering portion having
a transm ttance aof at. l,east,.10% ap b openi n orty bei ng f.,ornmed of
St B derar el s unofRR i g e binatferFeiBintl Bk 110 BYoRhed o

the mesh-shaped metal electrode| and (c) a bonding electrode is formed at the

center of the oxide electrode layex (the bonding electrode is referred to as a pad
15 electrode in Tbokukai 2001-148511). In other words, the n-side electrode struc-
ture is composed of the bonding electrode, the ITO layer, the mesh-shaped
metal electrodg, and the n-type cqntact layer.
ITO provides ohmic contact with the n-type contact layer. An injected current
sufficiently diffuses through the thick ITO layer and proceeds into the n-type
20 contact layer with a uniform distribution. Because the ITO layer has an enough
thickness, it has the ability to diffuse the current. Therefore, the semiconductor
layer (n-type contact layer) is notjrequired to diffuse the current.

Although electrically conductiye, ITO is less conductive than Au. Conse-




at least 20% The bonding electrode is formed at the periphery of the
p-type contact |layer and is bonded directly to the nesh-shaped

sem -transparent thin-filmnetal electrode. 15 The above-descri bed LED nmay
further conprise an. n-type buffer | ayer be tween the n-type sem conductor
substrate and the n-type cladding | ayer. The above-descri bed LED may
further conprise a p-type sem conductor |ayer be tween the p-type cl addi ng

Laver  dphls i WARSAARLASALAVEE sy HUHRRYEARFGH WP LD Rk L L

sem conduct or substrate and the n-type cl addi ng | ayer and (b) a p type

seni contliOtis lessagomduictivec the bordipgtelectrodaddistdel pneed atithée bentertof pke con
tact |ayer. The foregoing LED having the n-type buffer |ayer may have the

fol | owi TIBO 1a§es tih Usiider eco &b’%)mi WRe Ardifdi®n %ﬁi‘i‘éﬁ”ﬁ'ﬁ!ﬁﬁl@ﬁh%ﬂbﬂhbﬁ Boup ft
n-type ZnSe Substrate; (b) the n-type buffer layer 1s an n-ZnSe buffer

the: ot {50 TERh DOBRARASHT 1Bk b ot To ol pRebheriiof the”

referred to as MaW active_|ayer or a ZnSeTe active |l ayer; (e) the p-type
cl addli njl'Odgpser ithe gugrenivydl ¥ Aawdswigicienjly at theioppysittportionspe cont act

| ayer conprises a p-(ZnTe/ ZnSe) MW | ayer and a p ZnTe layer fornmed on the
p- (ZnTe/ Z1ke G DD pieividedd witle the I'E00iraaspiafentalbftto 8o With et AsingPs

buffer |ayer and the p-type sem conductor |ayer may have the follow ng

structu { c ype ZnsS

subst r apsbiarqdnibthl BEL M RIZ A bCLIBH 3 1ALE A% BB BEflrBe e
n-type cladding_|layer is an n- Z l\/gSSe cl addi ng layer;_ 15 (d) the active

| ayer i&weewh é@ﬂ Bm@v 1-5yRe contagt tavrTin-Gal¥) s sapigh that t he
p-type cladding | ayer is a p- ZnNgSSe cl addi ng layer; (fj the p-type

sen conthe fanwadml eoltage alrpp heSeneayss hiﬁnchs(sp)vehheolps.t@a cesilgca lowyer
conprises a p-{ZnTe/ ZnSe) MMVl ayer and a p 20 ZnTe |ayer formed on the

p- (£nTefeih dﬁ@é’daﬁ%&beﬁ&féﬂﬁ&ﬂm ng LED may have the fol | ow ng
structure: (a) the n- type sem conductor substrate is an n-GaN substrate;

(b) the Tl ﬁpe s&uc uxl'englscﬁ}/ =] fnsth%nforego SN Cbﬁ&‘}'}aﬂzdﬁf ?48511 the mesh-

shaped metal electrode (Au/Ge) is placed on the peripheral portion of the n-type

contact layer excluding the central portion for placing the bonding electrode.

With the above-described GalN-LED having no mesh-shaped metal electrode,

15 because the current flows directly from the ITO layer to the n-GaN contact

layer, the voltage drop becomes as high as seven volts. On the other Band, in

the case of the above-described structure disclosed by Zbkukas 2001-148511,

the current first flows from the ITO layer to the mesh-shaped metal electrode

producing no voltage drop, and then flows from the mesh-shaped metal electro-

20  de to the semiconductor layer (n-GaN contact layer) producing a voltage drop of
no more than about three volts.

As explained above, in the structure disclosed in the Zbkukar 2001-148511,

the current flows in order of the bonding electrode, the ITO layer, the mesh-



(c) the active layer is an InGaN active layer; (d) the p-type cladding

| ayer is a p-Al GaN cl addi ng layer; and (e) the p-type contact layer is a

p- GaN contact | ayer. The foregoing LED having the n-type buffer |ayer may
al so have the follow 5 ing structure: ga) the n-type sem conduct or
substrate is an n-GN substrate; (b) the n-type buffer layer is an n-GN
buffer layer; (c) the n-type cladding |layer is an n-GN cl addi ng | ayer; (d)

the actiye |layer, hsyan | nGaN agtive |ayer. e he_patyvpe,cl addi nq | ayer
2Ca "o Abaart A A E AR e ¥imoBEhiadklpneh S pfa i 1 CPEE o, )
contact |ayer. The foregoing LED having both the n-type buffer |ayer and

t he p-tptdheside feomavchish theylightemenges Asaappased tpd%u@vasnlgx the presend: (a)
the n-type sem conductor substrate is an n-GaN substrate; 15 (b) the n-type

buf fer haveitids, there-isad dtriidtare iaywhich( the phelettrbilpds gllace ag thaysidei s an
n- GaN cl addi ng layer; (d) the active layer 1s an InGN active |ayer; (e)

the p-t ' I]ggjﬁr j -, &3 ' I ; .

sem conggoc oqrV aygg °iea Bi-nég%%?a%r; g’ﬁddéa ggh?g)t 1? X’gi‘ ps-“%%)lghggngg%ﬁ?ayer
st FcPPEnE, OpeabB S dEFIT G- Albie HuBh GFe A pg SSteBtyan LD
a stpPuc ’ . i an
conprising the follow ng nmem hers: 10 (a) a sapphire substrate; (b) an
n-type akddcisnthd eesistabhoe nfadilbmatinpetisappirent diffbsibnatioweve), this pedcess | ayer
formed on the n-type cladding |ayer; (d) a p-type cladding |ayer formed on

the acticy@nbfke raﬁppﬁe??]b tReR-tyRecoR At Ay et aY R d QR LPrdsBRt RiverRion,

cl addi ng | ayer; and an n-el ectrode fornmed such"that” after a certain
portion .of the fé)itaxi ally grown | ayer of the p-type contact |ayer, the
p-type CPRERAMBS-ayer, and the ac five layer including a surface portion of
the n-type cladding |layer is renoved by etching to expose part of the
n-type cl Qdusergmrgb%err,esemhnrela@dt engiaepxs are requizdddn develgxposudageart of
the n-type cladding layer. In this aspect also, the structure of the

p- elzpct ANdmifatiEiype BEMEsAusiignhd BSM td exitStlabaeh fHY p-dédtiodetpir-
el ectrode for diffusing electric current formed on the p-type contact |ayer

and a b } e . f i i . e a
o . YRy ShEERTP U BB YT bl S S B 1)
oPen N0 ROF § eyt H68 D hal 4 hsrddea et HRUS AN -

electrode in contact with the p-type contact layer to increase the optical output.

15 ' SUMMARY OF THE INVENTION
An .object of the present invention is to offer an improved structure of the p-

electrode in contact with a p-type contact layer of an LED. The improvement is
to be attained by increasing the light transmittance of the p-electrode in order
to increase the optical output of the LED.

20 According to the present invention, the foregoing object is attained by offer-
ing a structure of a p-electrode formed at the light-emerging side of an LED
comprising the following members:

(a) an n-type semiconductor substrate;



opening ratio of at |east 20% The bonding electrode is fornmed on a

peri pheral portion of the p-type contact |layer and is bonded directly to

t he nesh-shaped sem -transparent thin-filmnetal electrode. In this aspect,
the LED may further conprise an n-typg buffer |ayer between 20 the sapphire
substrate and the n-type cladding |ayer. The LED may further conprise a
p-type sem conductor |ayer between the p-type cladding | ayer and the p-type
contact | gyer. The LED. further c rise poth (a) ag n-ty uf fer
aver - bet (et prige spiding Leve Frmel B abs me B yrbbteoRdution REsatennd (b)
11 a p-type sem conductor |ayer between the p-type cladding |ayer and the
p-type cofm ant adtigeckayer forrhe oast@@m-,typmelal_d@mmgwerg the n-type buffer

| ayer may have the follow ing structure: 5 (a) the n-type buffer layer is

an n- GaN Wff priybaybiddia®lay&efoinieden ¢hedetivg lagser is an n-GN cl addi ng
| ayer; (c) the active layer is an InGN active layer; (d) the p-type

cl addi ng yer .l - iN . th - e cont act

| ayer is gé’iﬁégxﬁ %gﬂﬁgﬁkﬁ%rﬁo% %ﬁ@%? é@?%@%‘%‘,ﬁz‘ﬁé‘é‘%ﬁ%ﬂ%vi ng both the
n-type buffer layer and _the p-type seniconductor |ayer nmay have the

f ol 1w ng( @nyetelegrode fo ﬁntfglﬁeb%ﬁquaé‘@ of thern-t¥pe sericendustar swbq ayer ;
(b) the n-type cladding layer is an n-GN cl adding | ayer; (c) the active

| ayer i s strate1GaN active layer; 15 (d) the p-type cladding layer is a

p- Al GaN cl addi ng | ayer; (e) the p-type sem conductor |ayer is a p-GN

Layer: BAE dbictile gt 05 AB0LRE doBRisd® 2 ufRs AN AR Sk taMShardile

present 1nvention fers'a stru for a w
ZnSe- of, . LED, i.ch has |ow.p:type conductivity because of the
T culg Bt metalpFlegtroas B iy Lo tunteny SoRReh on. She i Gae o
mesh-shaped sem transparent thin-filmnetal electrode for diffusing
el ect r i contact ayer amd 2 bbodiigheleetrede fotwiredronding. Thadietal eltctrodethas
el ectrode has a covering portion and an opening portion fornmed of a

nul §4 t ugdp adoverBYSrtiol Bavinet BAn8hAtianee of h214i3t1199% 2hARH) 2 op B8ing

peri phery of the p-type contact layer. An injected current flows fromthe

bondi ng_el.ectyode 4 hro t he shedethip-fil myetal electrode to.t

o type BEHuI: PG fopBdE 4 A pBFRGE of wiplaub Ko Pt BpEBREARind un
formy includi ng t he peri(ggeral portion, so_that a uniform current

di st ri bat ieast 20%. The bonding electrode is formed at the periphery of the p-type

contact layer and is bonded directly to the mesh-shaped semi-transparent
thin-film metal electrode.

15 The above-described LED may further comprise an n-type buffer layer be-
tween the n-t‘ybe semiconductor substrate and the n-type cladding layer. The
above-described LED may further comprise a p-type semiconductor layer be-
tween the p-type cladding layer and the p-type contact layer. The above-
described LED may further comprise both (a) an n-type buffer layer between

20 the n-type semiconductor substrate and the n-type cladding layer and (b) a p-
type semiconductor layer between the p-type cladding layer and the p-type con-
tact layer.

The foregoing LED having the n-type buffer layer may have the following



5 is achi eved throughout the LED. Being the neshed structure, the netal
portion of the netal el ectrode does not cover the entire surface of the
p-type contact |ayer. Consequently, the absorption of the outgoing |ight by
the metal el ectrode can be decreased. §n addition) the netal portion
constituting the covering por tion is thin and transmts light, and the
opening portion is increased. As a re 10 salt, the output efficiency of the
light engrging. fromthe LED is increased, and it becones possible to offer
a hi ghl y"B4ft LED. According to the present invention, the p-el ectrode of
an LED has the fol lowng structure: (a) a nmesh-shaped thin-film netal

el ect r ode (Wathemg-tyme spmicondusior substzrate iBsamosiypednSe substratede of wi ndows
and a covering portion conposed of a thin nmetal filmis placed on the

entire suhpgse eftypbdulferlapeizimatZh8y buffeaddyd®) the netal electrode is
directly bonded to a bonding el ectrode for wire bonding placed at the

peri phery #(@Ltgher}?_ﬁgpé mamg%%%{riig%eﬁ_.%lﬁ@gggge%mm%gg%@ the pn junction

passes th openi ng on ox coverl ortion to exit to
t he outside. Sone part of .the_outgoing. |ight passes through the coyering
por t% on h&‘i Hee active daKer ys @ ZRG Sl %.m%@ o qrantm oelh dbersinptterast
10% The remaining part of the outgoing |light passes through the opening

portion wrtferréd tous MQIV) Actavshiyer anceZnIdD8Hhictivarbayeasi ng the 13 out put
efficiency of the outgoing light. According to the present invention, in

t he struc &S qug 'rfé{gﬁﬁ [ .¢glrcl e of each

w ndow of kﬁ]%eg%éwﬁaﬁportgy I nst;{]g)zr#e@%ghgpe Sé'%?f%, gﬁgparent thin-film
nmet al el egirode may have diame 5 ter, L, of a a m ) the
Cover i ng pBriBeciEhe Pttt ey SCrurprEas Ay ZnTEzD% e deeet andly bay

| east 10 nm and at nost 60 nm and (c) the opening portion of the netal

el ect r ode Zofdy layerefameshenithg pr-é'&n'Ee/ZmSSXJM)Q‘ng%. 10 In a

surface-illum nating-type LED using a w de-bandgap sem conductor such as

ZnSgpor Cohe Foégeas LD hiadiig botle UBé @etypedufféielayep lad@ ﬂﬁdﬁ-tg{;éi%gnﬁhe
p-type contact layer has high resistance and therefore it is difficult to
di ffuse el ect.ri r . i t i s difficulty, an LED havi ng an
i ncreas‘é‘(gmg%#(ﬁﬁ?a}g# ‘f‘?‘gr}]’t“‘%&?}‘\@bﬁe’ﬂéﬁgé crf/ltl]lller‘lcreasi ng the |ight
transmttance through the 15 i nprovenent, of the p-el ectrode in contact with
the p-t ypz?rbcﬁ’rﬂ%'éyw somiconduedor sukstpategisan prigpe ZnSeabsigatsy ed

p- el ectrode, however, the opening portion does not make contact with the
p-type coifbeidte haype bulferdayerst asnteSebaffeblaydry of i nsufficient
diffusion of the current in the p-type contact |ayer and the acconpanyi ng

de (c) the n-type cladding layer is an n-ZnMgSSe cladding layer;

15 (d) the active layer is a ZnCdSe/ZnSe MQW active layer or a ZnSeTe active
layer; .
(e) the p-type cladding layer is a p-ZnMgSSe cladding layer;
() the p-type semiconductor layer is a p-ZnSe layer; and
(g) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-
20 ZnTe layer formed on the p-(ZnTe/ZnSe) MQW layer.
The foregoing LED may have the following structure:
(a) the n-type semiconductor substrate is an n-GaN substrate;

(b) the n-type cladding layer is an n-GaN cladding layer;



20 crease in lumnous efficiency The current can be sufficiently diffused
when the p-type contact |ayer has a sufficiently |low resistance and the

wi ndow is suffi ciently narrow In this respect, it is desirable that the
wi ndow be narrower. More specifically,9 as described above, it is desirable
that the circunscribed cir 14 cle of the wi ndow have a dianeter of at
nost 100 a m On the other hand, if the window is excessively narrow, the

i ncr enent é@lcet%te%tﬂ}ét]% 'bp %gﬂgm a68G6S . As described above) according

to the pr I nventton, ructure fhe p-electrode forned at the

| i ght-enerqing side o LED is, effegt]| { n,j.ncreas 5 i,ng the out put

ef fici encﬁgbalech‘éﬂ’? ﬁiﬂ‘f‘ﬂ-ﬁéfﬁywsfq‘ BME@M&@Y‘% iveness is
particularly remarkable in an LED using a w de-bandgap sem conductor such
as ZnSe oKe)Ghl. p-BRb EEomESCRIFEH iS PG ANIEoDRAMINGEL0 Figure 1 is a vertical
cross section of the structure enployed in Exanple 1 iu which a ZnSe-LED
has the f Wl E . wiTus I n
n-type Zn'gie113 g%%’?’rlg% g’:ﬁﬂggfaﬁ?nzén%ieletgg%fbl aye?%égﬁﬁﬁ?%ﬁ/éggggggﬁggg}ilﬂgal ayer,
an zZnCdSe/ ZpSe N active |ayer, a p-ZnMySSe cl addi ng | ayer, a

p- Zn%e/ PAE SHEEWER er | a p- (ZnTe/ ZnSe) 15 MWl ayer, and a p-ZnTe |ayer (not
shown in Fig. 1); (b) an n-electrode is formed on the back face of the
n-type Zn$e) thebhsttype semipenductor hebstzate israpadGaly gnlsteater ode of t he
present invention is formed on the p-type contact |ayer conposed of the

p- (ZnTe/ ZubeihdvMybadriffeadyéhis an R0GANTButfeyRiverfi gure 2 is a plan view of
a structure enployed in Exanple 1 in which a ZnSe-LED is provided on its

p-type co t ol i ggﬁﬁl‘;éﬁp&_ A aving a nultitude of
regul ar hg{?gtglgnﬂaw ﬁtéyéfvggngrlr angg |n€t§?l>§-c?%¥(§bgq%§e€’ym‘retry Figure 3is a
pl an vi ew Qf _anot her_struyctur | oyed .in Exanple 1 in which a ZnSe-LED is
provi ded &E)Fh%aﬁl‘t’%/]ﬁ%'eédﬁ nq?ﬁ ¥Vﬁetlﬁy%’;rnesh-shaped p el ectrode having
a multitude of square wi ndows arranged in four-fold symme 5 try Figure 4 is
a plzan vi €@ tHe y-aypeaohidiing 3ayercisur p- AGAN ¢edding Expeplhadl i n which a
ZnSe-LED is provided on its p-type contact |layer with a nesh-shaped

p- el ect roc{B tﬁ@‘ﬂ-@ﬁp@c&ﬁﬂa& Ia‘ﬁ? i9f ﬁ-Umbéﬁta‘%W arranged in four-fold
y

sym netr

The foregoing LED having both the n-type buffer layer and the p-type semi-
conductor layer may also have the following structure:
(a) the n-type semiconductor substrate is an n-GaN substrate;
15 (b) the n-type buffer layer is an n-GaNN buffer layer;
(c) the n-type cladding layer is- an n-GaN cladding layer;
(d) the active layer is an InGaN active layer;
(e) the p-type cladding layer is a p-AlGaN cladding layer;
(0 the p-type semiconductor layer is a p-GaN layer; and
20 (g) the p-type contact layer is a p-GaN contact layer.
According to one aspect of the present invention, a structure of a p-electrode
is formed at the light-emerging side of an LED comprising the following mem-

bers:




lo Figure 5 is a graph show ng a neasured rel ati onship between the covering
ratio ~ of the nesh-shaped Au el ectrode and the axial brightness Q of the
ZnSe- LED produced in Exanple 1 in which the ZnSe-LED is provided on its p
type contact layer with a nesh-shaped1Bu p-el ectrode, wherein the axis of
ab scissas represents the covering ratio 6 and the axis of ordinates
represents 15 the axial brightness Q (when the contact layer is totally
covered with the elec tr det( o~ = 1), the axial brightness takes a val ue
of 1 as a PLRSPRR e.swsgﬁ?g’G is a vertical cross section of the structure
enpl oyed in Exanple 2 in which a GaN-LED has the follow ng structure: (a)

t he fol | obhgnnaipecladdinglayex formad oapihe sapphire swbstaatean i nsul ating 20

material): a GaN buffer |ayer, an n-GN cl adding | ayer, an InGaN active

layer, a pelhsabtiveddgéntoriidesn thed-type-addinglayer;(b) after a certain
portion of the lam nated | ayer of the p-GaN | ayer, the p A GaN cl addi ng

| ayer, an } i *gfm' i ce por 1s tion of the
n- GaN cl agg} 913’ I%er alﬁgir%%ﬁaﬁ{?g y g?%hu@gen%gﬁrei%%g part of the n-&N

cl adding |l ayer, an n-elecirode is fornmed on th posed part of the n GaN
cl adfi ng I@érpft@ﬁf‘{”é?c‘i e %W%‘L&B eNp-FyRe glagﬁgwf%' ; 3rdt he present
invention is forned on 5 the p-type contact |ayer (the p-GN | ayer). Figure

7 is a pl af) an evelettrade tfonatdrsachnihlad\efter a cBxiaip porfionrofwhiecdpitaxGallyLED i s
provided on its p-type contact |ayer with a nmesh-shaped p el ectrode having

a multitu I X 1 (¥ I I . 10
bETA LeD CEeOR BT RG e BB R s (B AR Rap e B o BREREY o
are expl ained bel qw.by.referri.ng to. the companyinng . dray ngs. In th

G ot ngs. YIS ARATRE st pttos of e H b e R e i Ss sesed
duplicated explanation. The ratios of the dinmen 15 sions in the draw ngs do
not necesdst etohingi tocexeoss part ht the p-dype ickaddipg. layer,cthiean-¢lectrode is

light-emtting elenent] The present invention ains at inproving an LED that

usegpZnSe fgfmedNn MY etpdied partiof thdangparl addingiagershen su~ciently doped

wWith inpurities, shows high resistivity because of the shortage of charge

Cor o S i e 105, e LR Sy AP NP BBl
P-type %3%?t%nls€greern]t thin-film metal electrode for diffusing electric current formed
on the p-type contact layer and a bonding electrode for wire bonding. The metal
electrode has (a) a covering portion having a transmittance of at least 10% and
15 (b) an opening portion being formed of a multitude of windows and having an
opening ratio of at least 20%. The bonding electrode is formed on a peripheral
portion of the p-type contact layer and is bonded directly to the mesh-shaped

semi-transparent thin-film metal electrode.

In this aspect, the LED may further comprise an n-type buffer layer between
20 the sapphire substrate and the n-type cladding layer. The LED may further
comprise a p-type semiconductor layer between the p-type cladding layer and

the p-type contact layer. The LED may further comprise both (a) an n-type buf-

fer layer between the sapphire substrate and the n-type cladding layer and (b)



17 Wth a w de-bandgap sem conductor such as ZnSe or GaN, the doping of p
type inpurities is not easy. Even if the doping is satisfactorily
performed, the activation rate is |low, and not many positive holes are
excited fromthe acceptor in many casdd. As a result, the p-type carrier is
scarce in nunber, and a current 5 injected fromthe narrow p-el ectrode
cannot diffuse sufficiently at the p-type contact layer. In the p-type

contact layer, the current,is _localiz at ,the ;pgntion direc under the
-6l oot AoRriybaserfgseilieth bayer 195 ReA e H-n oBRRAR e e, e P RE: o

el ectrode of the present invention is placed on the p-type con tact |ayer,
such as cantactdager.p- ZnTe, p-BeTe, p-GaN, or p-Al GaN contact |ayer. 10 [d.
Covering ratio a of the thin-filmelectrode] In a conventional ZnSe-LED,
the entirgn $Hid agrecef tHOEAD huRen€ ehé actypedrigifer ayeeMBaE havet theXollow-

sem -transparent thin-filmelectrode. According to the present invention,

the cover] . Qis not 1 but expressed as 0 < o~ < 1. The
transmt grr%g%{ﬁ?éf%f the covering portion varies with the thickness d of the

15 thin-filmel ectrode, .and hence is_d ted as ~i (d). In the pxesent
i nveRt | on,(a)ﬁ}éePhﬁY@I@ﬁﬂéﬁfger&aé’eEFW&’Gﬁg‘?gHﬁﬁr'Wﬁrhe conventional LED.
Consequently, when the thickness is the sanme, the covering portion, whose

covering r@) the nstype claddmgtlages ésran to-Gadhcladdimgel(y@r( c~ as in the
conventional LED. Unli ke the conventional LED, the thin-flm el ectrode of

the preseng) ﬂ'@’&ﬂ%é’&ﬁ@%%lﬂ@ﬂi%ﬁ%%&&“- 20 The opening portion, whose
Q,

ratio is 1- as a‘transmttance of 1.° THe presence of the opening
portion, h ver, may.create insufficjent, dif si.on of the current. The
current di%?ghty?@ Qﬂ‘i&'ﬁ‘gﬁﬁ‘ﬂgrl%ﬁpééfé?gﬂ?é&?géﬁyﬁﬁt%{]by the presence
of the opening portion. The current-diffusing power of the p 18 type

cont act | dpkthé p-typecpatadhlayer isvhpchaNatomdaet bageve of 0 to 1. As the diane
ter L of the circunscribed circle of the window of the opening increases,

the gurremh-tHid hysédtdthe BEDh 448 EtﬁﬁBSt-heH@-rt?ﬁe bh%r%%réﬁ%hddiﬁéﬂ ipg power

can be expressed as y (L). Wen the txansm ttance of the outgoing light at

the p 55?}{9‘%%158‘9&01'?%3% r@%ﬂﬁ%@gﬁﬁwﬂ??&?@ Qfe T for the conventi onal

nmet hod ¢ expres On the other hand, the

transm ttance T2 for .t resent invention capn be ex pressed by equation
(2). to Tz@)a@an-tmf_bx%% YEPys aﬁ%mg“ﬁ%i]%@a’éti ons, equation (3)'can
be derived. T2IT = v(~la(~+ ~1- v(L)I~(~}

(b) the n-type cladding layer is an n-GaN cladding layer;

(c) the active layer is an InGaN active layer;
15 (d) the p-type cladding layer is a p-AlGaN cladding layer;
(e) the p-type semiconductor layer is a p-GalN 1a3'7er; and
(® the p-type contact layer is a p-GalN contact layer.
The present invention offers a structure of a p-electrode for a wide-bandgap
ZnSe- or GaN-LED, which has low p-type conductivity because of the difficulty
20 in doping p-type impurities. The p-electrode comprises a mesh-shaped semi-
transparent thin-film metal electrode for diffusing electric current and a
bonding electrode for wire bonding. The metal electrode has a covering portion

and an opening portion formed of a multitude of windows. The bonding electro-



=1+ {y(L)la(d)-1} (1- o~) (3). If T2 T is smaller than 1, the conventi onal
met hod is superior to the nmethod 15 of the present invention. y (L) is
close to 1 but not necessarily larger than a (d). According to equation
(3), the present invention is effecti2 when ~i (d) is small (when the
thin-filmnetal electrode has low transmttance). Mre specifi tally, the
present invention is effective when the covering ratio Qis |less than about

0.8 (thg _opening raf o, i r ed Ie1
20 bel ofie HOFEACAE Bk pRreRy o the Wriibe Cpttac RutE IR mE el PRI Do
0.3), the anpunt _of_ the output IS |ncreased by at l|east. 10% [e.
Repbt | { flospRomLthe bpndme sbracds Shraigh Bomerhedchin gilmbmetabalentrods | m
19 netal el ectrode] The neshed pattern of the thin-filmelectrode can be
pr oducedo ke RtyP ecorttadt ldy drulh e furvemid isdiffved 4t guhastab aldcerodecati-be
used. Aregul ar pattern, also, can be used, in which the sane pattern is

t ! al's e us cl
ot r 22 pﬂt%?‘g‘?? Fihe RePhERA YallBny sh I & hifely Wl UBhibAoLY
two-f ol d t ti h th tt th
Shapé ofs EHUGHPAAR %ewyw ailyiB, Betng Hhainsaliod SEiiaeure. Abs Saeral pRTGgRar ¢, o

circle, or an ellipse. The photolithography can produce any type of the
t hi n-fi lofrthetmetadl dectrode db@s paitt @ver whieheritinee sarface afithegs-typh eontdut
opening ratio (1 - a ) is specified (this automatically determines the

cover i Ngaydr2Uofs Ol dntly Al dishr 6 of Bhé bﬁtgtﬁhgatgmw e ﬁié%&l fleefibiaen can

be used he procéess f'or obtalnlng the opening ratio - i n accordance

with the s e QW i S dbelow 15 [f

S x 1t of GePERrGRaRed U RABIRRE Re e rpr?rEEchenS%tmg%f BRed g 0% b ¢
rotational Iy symetrical pattern, the distance between the cen ters of the
nei ghbotiomyisihiacvad teansamds ighty and theopening poriiew 15 ineiegsed.pAoadteced by
the centers of the neighboring three wi ndows is expressed as 31~ZM214. The

shape ofsult)ehwotgeitt efficidicy ifthiediklitoeraer gy fasmtheddlD isAneidaskd, ghdsquar e
20 can be used. Fi gures 2 and 7 show a pattern in which the w ndow has t he

shape Ohﬁ%%o\%‘gégcg CI a9 s, rly%gbﬁﬁr]_‘ﬂbe symmetry of the arrangenent

of the wn es w y of the shape of the w ndow
Conse quentl e circunscri bed ircl he Wi n diamet er
of L = h@tié“&ﬁ%hﬂ%@%?’?»ot &PE eft*i‘?@ ‘t—é?fladl Eﬂ%g&ﬂ t he
openi ng ratlo (1 Q) as shown in equation (4).

lowing structure:

(a) a mesh-shaped thin-film metal electrode having an opening portion com-
15 posed of a multitude of windows and a covering portion composed of a thin
metal film is placed on the entire surface of the p-type contact layer; and
(b) the metal electrode is directly bonded to a bonding electrode for wire
bonding placed at the periphery of the p-type contact layer.
Light generated at the pn junction passes through the opening portion or the
20 covering portion to exit to the outside. Some part of the outgoing light passes
through the covering portion having an ordinary transmittance. The transmit-
tance is at least 10%. The remaining part of the outgoing light passes through

the opening portion without any loss (transmittance: 100%), increasing the



(1- a )(regul ar hexagonal w ndow) (314) (LZI M- (4). The value of (1 - 6)
varies fromO to 1. Hence, 5 0 <-_ (1 - ~ )(regular hexagonal w ndow) -< 1
(5). In the case of a square wi ndow, although the wi ndows can be formed at
the places arranged in six-fold symmet3y, the entire pattern cannot be in
six-fold symmetry because of the nature of the square shape. The w ndow has
an area of L212, where L is the dianmeter of the circunscribed circle of the

square atio (1- a ) is expressed by equation
(6). Sl)%% eﬁg’;gftaé]s')‘%%?gw “(L2/ 1V~ ' (6). However, when L =
(31 2/21 e hbori ng squares on the same axjg of symrejry are in
cont act \rercmrcgagrto ﬁ@rreser!h@%ﬂeemn tné}tariaﬁtﬁucyérq chtj\%@iec ad t hat
limt. In other words, (1- 6 )(square wi ndow) has an upper limt of 15 |ess
than 1. He)cihe éircumkcribed Jirdeudr eachi mdnddpw<of3thie? BpenthgBpottign ihnthehe case
of a circular wi ndow, the w ndow has an area of ~ L2/4, where L is the

di aneter Qfas (‘g%l_fl;}gﬁr L%r qﬂ&p 1t9P ele@trofe mk é(_pressed
by equation %I’%aﬂeg (e circular V\Ilﬁil’;é gp\% Eo?e a¥h%v§f' ?

(8)._ Howeyver t he nei ghboring circles are in contact vvlth one
another . F’e&g?gmoﬁt&b/hn&t Mphe increased beyond that linmit. In othex

wor ds, (1 21 6 )(circular window) has an upper |limt of |less than 1.

Hence, O (b)(the-cofedingipartioar ofthedaelal-electi@de ndh?kave AGbidkdess] d; ofFaur - f ol d
rotationally symmetrical pattern (Figs. 3 and 4)] In a four-fold

rotationgl] t . so, the distance between 5 centers of
eabt 18'HH aghfé‘t nfbsg gxgxgdagh

t he nei gh or| Nng W ndows 1's y M The area of the square produced by
the centers %1; t he  nei ghborl four dows_is expressed as .M. The shape
of the wi adheiopening PPFﬁlt”é edngt?ﬁnﬁqectrﬂd%mer gaw@@ur%nmg%a@@no or
equi l ateral triangle can be used However, in the case of a regular hexagon
or equi |l a8@%atlo 90%angl e) al t hough the w ndows can be forned at the pl aces
ar 1o ranged in four-fold symetry, the entire pattern cannot be in

foujg f ol dnSYNEErfhéd ileeSEnltyhBELEY WstnPla Wifle WaAdRWpS SéRfonGudttre 3

shows a pattern In V\:hl ch the wi ndow has the shape of a square; Fig. 4,

circle. ase the ua ow_sho try of
Che’ ar 1A ADSEOR RN SeNang Ry 8eeera%twe%§%ﬁﬁtct§9@81i‘%ape of
t he wi ndow. Consequentl 15 when the circunscribed circle of the WI ndow
has a dp-dye epntsct layenbaginghwesisiance gndahiesefoze 1t 17ddficnlti to diffu

| / Mdet erm nes the opening ratio (1 - 6 ) as shown in equation (10). (1- 6
) (squar gevtriciotidrent] RotWithstMding this difficulty, an LED having an increased

output of light can be offered by increasing the light transmittance through the
15 improvement of the p-electrode in contact with the p-type contact layer without
relying on ITO.

In the improved p-electrode, however, the opening portion does not make
contact with the p-type contact layer. This creates the possibility of insufficient
diffusion of the current in the p-type contact layer and the accompanying de-

20 crease in luminous efficiency. The current can be sufficiently diffused when the
p-type contact layer has a sufficiently low resistance and the window is suffi-
ciently narrow. In this respect, it is desirable that the window be narrower.

More specifically, as described above, it is desirable that the circumscribed cir-



The upper Iimt of the opening ratiois 1. Hence, 20 0 ~ (1 - 6 )(square
window) < 1 (11). In the case of the circular wi ndow shown in Fig. 4, the
opening ratio is ex pressed by equation (12), where Lis the dianeter of the
circle. (1 - 6 )(circular window) _ (14 |4)(LzZIIVI~ (12). 22 Wen L = M
t he nei ghboring w ndows are in contact with one another. There fore, the
opening ratio cannot be increased beyond that |imt. The opening ratio has

an uppef.liem . j ( o i whndow) ~
0. 765" (g0t thé pik LA iR (Fheaiole 104 T b On Pad b GHARL HHREC
earlier, conventionally, an electrode having a uniformthickness of 20 nm
cover s windewis excassivedy magtow,thepncyersenbot thet ontgpmmg light is deecreasedt ance
at a thickness of 20 nmis about 50% This neans nearly half of the |ight

i s absor bed dus@iiast hbovd, AdterdiNeCloifSprésedeih9as6on ! thd S&actid@ofham

whereas 10 the anmount of the absorption is decreased, the electrical
resistance. . This.in cre by L esi stance. extds emelydec es.the current
from t i Sestind onned FEThe ekt ERCelg SidE o AR T 17 RRRCEYF iR aEpRoge.
Therefore, .the thin-filmelectro de must, haye a thickness of at |east 10
nm 4 n g the entpateticiengy of the bight emerging fremythe LHL. Thispffagtivengss
thin-filmel ectrode having a thickness of less than 10 15 nm Even in the
coveri nig partitwlarborpmaekable imen LED nedial 4 ivide-bdndgapdeemichiductiat t he
nmetal filmhas a transmittance of about 10% This requirenent deter m nes
the uppgicH h87zhseford @aNt Ni ckness. Au is an excellent material because it
has |ow electrical resistivity and provides ohmc contact with a p-type
contact 20 | ayer. Depending on the production nmethod, when an Au film has a
thickness is 20 nm a highly conductive filmcan be produced with a
resistivity of about 2 X 10'6 ~2 cm In the present invention, the bonding
el ectrode is direct!| yBRUHEHRESCRIFTIAN ORTHEDRAWING| ect r ode.
Consequently, current can be injected su~ciently even when the Au thin-film

has;@ t hixiknes 8% Voitital Trddh Jeetidh dfitheQeAREEd enploytPiP BRIl aninTet hod,

when the thickness is 20 nm the Au thin-filmhas an ab sorption coe~.cient
of about ,5Q% n t hi gk S is reduced to 10 nm 5 whereas the
absorpthﬁ 8%%%@?%@@83&1%%?%“3 4t 30% the electrical re

si stance inevitably .increases. \Wen the thickness js reduced to | ess than
10 nm t hédetheckollogangrlayers arpctormed en qusnityre fnReashstapies aa@@nSe on t he

ot her hand,
buffer layer, an n-ZnMgSSe cladding layer, an ZnCdSe/ZnSe MQW active

layer, a p-ZnMgSSe cladding layer, a p-ZnSe/p*-ZnSe layer, a p-(ZnTe/ZnSe)
15 MQW layer, and a p-ZnTe layer (not shown in Fig. 1);

(b) an n-electrode is formed on the back face of the n-type ZnSe substrate;.

and

(c) the mesh-shaped Au p-electrode of the present invention is formed on the

p-type contact layer composed of the p-(ZnTe/ZnSe) MQW layer and the p-
20 ZnTe layer.

Figure 2 is a plan view of a structure employed in Example 1 in which a

ZnSe-LED is provided on its p-type contact layer with a mesh-shaped p-

electrode having a multitude of regular hexagonal windows arranged in six-fold



the upper limt of the thickness is determ ned by the necessity of the
transmt tance at the covering portion. It is desirable that the covering
portion has a 10 transmttance of at least 0.1. The transmttance is
expressed as exp(- a m where a is tig absorption coefficient and d is the
t hi ckness. Wien d = 20 nm the transmttance is 0.5. Therefore, the
absorption coefficient a is 0.0346 nmi 1. The thickness for obtaining the
transnlttanc of 0.1 can be calculated by us ing the equation 0.1 =

exp(-0. V3B nd the result is 66 nm However, the 15 electri cal
resistivity of athin filmvaries considerably with the production nethod
and condiFigone 3 iswa planr wiext pf angther shiustine empdoyest pe Bxamule Ham whicler
reproduci bility than any other netals. Considering the foregoing aspects,

t he uppgrzZASeUEDfist frovided kREHS hIypdontdét MerHRNEE a ixfésﬂf‘@h*aﬁé&pﬁo nm

(14). 20 As nmentioned above, this is a rough neasure. Actually, the

resistl ualsov Je th the ti ondi tions.
Ther of ofectons Hahif Homi R gls U subrE pInftHS ardRe PRl ae FndP G VR e or 1 1 on
has a transmittance of at |east 0. 1. 24 [1. Exanple 1 (ZnSe white LED
hav@g &Yhoneyconb-structured p-el ectrode)] Wth w de-bandgap

sem conductors, it is di~cult to obtain a p-type. Even when the p-type is

obt ai ned,FilgaQ@ulsis afplaheviesnot et havgrercstirucitive, empldyedniat Eﬁampléq i ffuse
the current at the p-type contact |ayer. ZnSe and GaN are typical

exanpl e FEH S QU based
ohi to LB ARSI HD I8 RGBT Redibibd coIAUF 18 SRR %?n%eogh@@fm e
LED that emts_b ue_Iight avi el engt.h of about 485 nm wever,

when t hB-cjes §0%g§mg 2 myﬂatm@dotimﬂﬁ windawis grrapged ge dewedold wsant ai n
type of color center, the blue |light generates orange-to-yellow
fluoresmetrye (the cen to ter wavel ength is about 590 nm) at the substrate,
and the que light and the fluorescence are conbined to produce white

i gfy - re%‘fsha?r% pheshdAngSa GRbaRted MWIAi S0P K&tSRehdRAERRrRH €N
No. 308774 ent| tled "white color LED'). Epitaxial growh process was

perforned. u egul a axy 11 u ui_ppe th a Zn
ol | aratiey o B ile Snfhsahinpl A% Hiceh Oa‘%qaéfi {heh BRE BB fiss @%%eeu
etc. The following |layers were forned on an n-type conductive ZnSe

si ngl e- En@eilaEDgutngiuced én Xiampleel im wdrich dhe Zavie-ERED txprdvidedonitarpt hod:
(a) an n-type ZnSe buffer layer 3 having a thickness of 1 ~c m 20 (b) an

n-type corktabt Pg%r%thaa Shesh- Eﬁ%ﬁbé&ﬂAﬁ PRICEFRRS vHerdir tRe Bxid 6 aBD
ZnCdSe/ ZnSe M-, 1W acti ve | ayer 5;

scissas represents the covering ratio ¢ and the axis of ordinates represents

15 the axial brightness ¢ (when the contact layer is totally covered with the elec-
trode (¢ = 1), the axial brightness takes a value of 1 as a reference).
Figure 6 is a vertical cross section of the structure employed in Example 2 in
which a GaN-LED has the following structure:
(a) the following layers are formed on a sapphire substrate (an insulating
20 material): a GaN buffer layer, an n-GaN cladding layer, an InGaN active
layer, a p-AlGaN cladding layer, and a p-GaN layer;
(b) after a certain portion of the laminated layer of the p-GaN layer, the p-

AlGaN cladding layer, and the InGaN active layer including a surface poxr-



(d) a p-type ZnMySSe cl addi ng | ayer 6 having a thickness of 0.5 ~c m (e) a
p-type ZnSe |l ayer 7 having a thickness of 0.2 a m and 25 (f) a p-type
contact |ayer 8 conposed of a p-type (ZnZl e/ ZnSe) MQW | ayer and a p-type
Zn~ layer, the p-type Znlle layer havilBg a thickness of 60 nm (alt hough
not shown in Fig. 1, the p-type ZnTe layer is fornmed on the p-type

(Zn~/ ZnSe) MMV | ayer). 5 The tenperature of the substrate during the

epi taxial ,gro S i A . r r

mai nt ai negﬁ)ﬁ %&%‘%@ @8@@@%‘%?‘.‘*%‘?‘%@5@ ﬁdfT]F&% 1&@%"%8@%8@@%
p-type inpurity tomthe N radical gun to the surface of the ZnSe substrate.
Chl ori ne Wa&radkeladging fayen apa-elastrade isdemmed oavthe expasednars offloe n-cel | .
Thi s concl udes the explanation for the process 10 of the epitaxial growth
on the n-1G4iN Zaddingdhger; dubsequent |y, chemni cal etching was conducted on
the surface of the epitaxi ally grown wafer such that the peripheral

portion 0f(%)%ggﬁisql%ﬂ%ﬁu@%/%ﬁ&ﬁ%eg%&;tt;r‘/dp&ebd%%\eé FoseBe 1A An 0 IORARIA] oh e

| i ght-em t't'i ng regl on. yer was expos
peri pheral, portion. A bondi ng_.el ectrqde 9 conposed 15 of Ti/Au for wire
bond?ng \N&ngl’dm?&)c%at: Y@%gﬂé“eﬂ'(%‘éﬁﬂﬁﬁﬁ)al portion of the p-type ZnSe

| ayer 7. The bonding electrode 9 was not intended to inject a cur rent

di rect |y FigureeT is tay plawview| efyarstiuctire vesployednide Examplaj2an winehcar r ent
to the p-type ZnTe layer 7 through the neighboring Au el ectrode 20. The
current GIEEDNiL PI8vided bheitaogebyaa Bo1tGicE qage&withe aTRgdthS

thin-film netal elec 20 trode 20) the p-type ZnTe | ayer (not shownpi-n Fig.

1), the p- ZnTe/ ZnSe). ayen nd_t he p-type ZnSe | ayer 7. t he
Ut r ent TR ARG L ERTUpUY of BeSflor BRRpbRE i D pE R o fold
deterioration. Therefore, the current is not intended to flow through the
peri pheS¥mMmeRyi on. The Til Au | ayer (the 26 bondi ng el ectrode 9) provided
at the peripheral portion is capable of blocking the peripheral current.

Nextzg a mesh-shaped Au el ectrode 20 having a honeyconb structure was forned
with a thickness of d= 20 nmon the entire surface of the light-emtting 5

region (central poHg : @q .ﬁgﬁpﬂ@?ﬂ or Til Au was
formed on the backIj ag@%@ﬁmgs;ﬁ_@%ié né%ﬁsu stra eﬁgfdtrgr the formation
of the el gctrodes and. 10, the, epitaxiall r QWn r S cyt to obtain a
i £ udckmatements 08 taarasonh ks vt Sripmel hilow, By detimis 405
shows a gl an view of one of the chips. The bonding electrode 9, 10 forned
on the the ascompanyuig drawiigsp Injthecdnayongd, thie sameowpbier or sign mefersur

to the same element to avoid duplicated explanation. The ratios of the dimen-
15 sions in the drawings do not necessarily coincide with the explanation.
[a. Material for the light-emitting element]

The present invention aims at improving an LED that uses ZnSe or GaN,
which has a wide bandgap and even when sufficiently doped with impurities,
shows high resistivity because of the shortage of charge carriers.

20 [b. Shape of the electrode]

The present invention aims to improve the shape of the p-electrode from

which the light emerges.

[c. P-type contact layer]



sides of the square and a projection at one side (this projected portion is
used for wire bonding). The honeyconb-shaped thin-filmelectrode 20 covers
the rest of the top surface. The p-type contact |ayer underneath the
honeyconb- shaped thin-filmelectrode 26 can be seen through the w ndows.
The current does not 15 flow downward directly fromthe bondi ng el ectrode.

I nstead, the current flows laterally tomthe bonding electrode 9 to the

thin-fil ectrode, 20, fromwhi ch the curren | ows rd. . Thescurrent
lowi ng | Pitthe WiGhaRdsnp RERIPAnctar sREb el Fava o ¢RS, dhRDPITA of i
w ndow The chip was fixed onto a |ead frame such that the top surface was
t he facéymhimpuritiespistyoteeasye dvendt thesdeningad satisfauterily adrigmnedy ghe
p- el ectrode (the bonding el ectrode 9) were connected by wi re bonding.

Fi nal | y qc£ibgtibh irhtdeslowe ann ol th Ain§ Postive holekGir@excitod s tHe dcédpfot anp.
As described earlier, the shape of the nesh-shaped el ectrode is produced by

27 formng a multityde of w Suc S .clrcles. squares. ;0r regular
nexagondh A Etaide ARE feptl, MR IE GRS 1S o icB o B SndokGRL o
four-fold symretry. Figure 3 shows a nesh-shaped el ectrode in_which square
wi ndéws injeetest front ¢he namrenr pieltciredarannpgt suificzenili a4 thesprtgpeped

electrode in 5 which circular windows are arranged in four-fold symretry.

The di ageitict laydr. I ¢he ip-typesemthetlayer,cihe afrreheisloodlived at des pgrigent 0 be
10 to 40 ,u m for ex anple. The optical output of the LED having the

0 fcal ou
Const ant ey, HHEE ek ANRrAE T g HRe) A3 HRatBh thE (b Ehafed
whi t e- | i ght i SSi ith li ght int it f 5 h | at i hi

pet voen R ALBBEHgelPaoge @t o mreSsak i hiian inalased &y Biesk-iRe come

emtted-light intensity (axial brightness) Q was neasured in the
| i ght - eracttliager, saghas dp-Zsdep-ZaleopBelkes p-Ghd); @ pAAl@aNctonddetslalyari ng a
different covering ratio 6 . The nmeasured results are shown in Fig. 5. The

axi 9915 [@f CoPssh S 2afio" BPIEIRA IR ibmQ¥&bAY ratio 6 ; the axis of
ordi nates represents the axial brightness Q The brightness of a

surface-i]lum nating-type L arjes with ap an . The total byightness is
obt ai ned HYafoRY PHHOPHgQEISB‘EIg@ﬁt er £pbae Sb'é'Paf?f’ ‘g{‘tﬁﬁrp'ﬁm%c‘ﬁ’rtﬁ?‘i CEpdere.
Al the emitted Iight beans are collected after they are reflected 20 by

t he spheoeerednwithha semictransyarentndanfiled elcdtrddes Avcbedingaindhet preesant al
brightness is obtained by neasuring the optical output of the LED with an

[ Str UgRAintRbioRd BSverlify BRAERL O nbba BhReRpAlssliad §0< |1 & herrher ds,

t he axi al brightness i e power of the light emtted to a specified

direction. The
transmittance 8 of the covering portion varies with the thickness d of the

15  thin-film electrode, and hence is denoted as B (d). In the present invention, the
thickness dis similar to that in the conventional LED. Consequently, when the
thickness is the same, the covering portion, whose covering ratiois o, has the
same transmittance B (d) asin the conventional LED. Unlike the conventional
LED, the thin-film electrode of the present invention has an opening portion.

20 The opening portion, whose ratiois 1 - ¢, has a transmittance of 1.

The presence of the opening portion, however, may create insufficient diffu-
sion of the current. The current diffusion at the p-type contact layer is affected

by the presence of the opening portion. The current-diffusing power of the p-



28 axi al brightness is roughly proportional to the total brightness.
Because the axial brightness is easier in neasuring, the axial brightness
is neasured for the conparison in this exanple. The neasured results
confirmed that as the covering ratio ®of the netal 5 el ectrode decreases,
the emtted-light intensity (axial brightness) Q increases. The foll ow ng
data are average val ues obtained by nmeasuring the brightness on a nultitude

of sanp d en Q
¥ o760t “’%‘dﬁgﬁy@%ﬁ%ﬁ PR B R Ich g ‘?fr}“%i?t@r%sth%dfﬂa%‘" when
0.49 (L 40 u, m, = 35, and when o~ = 0.49 (L = ,
136, Trﬁer Joni}éhercmumchErquaglreleseﬁt}m window vﬁrﬂmoz)mmqream ﬂbee of
the p-type contact |ayer is covered with a sem -transparent netal el ectrode
(Au el eehmaaa)diffiSingdipoweicr yctdecreases) Hepesdthd oufrent-diffusibipi powendahi on is
t aken as a reference and the axi al brightness at Q=1 is referred to as

1. The ho 5 i S usi ef erence
val ue. e?’o%% S‘X?‘ﬁ&"%‘%@ Ogﬁg\ (H’gg nﬁgflgagtgg)p,- t he
optical out put i ncreases by a factor of 1. 16 When the covering ratio a is
0. 615( t lebectrmte i3glemited bys7,GheSransthittapté d@forﬂ(hemmhpuhtibﬂ@l ersk6d bana
factor of 1.23. When the covering ratio 6 is 0.49 and L = 40 a m the

opti cal factor of no less than 1. 35 Simlarly, when
t he Covg?:%%%%%éte:&gﬁfélﬁgéia%éi‘%nd L =20 a m the optical output increases
29 by a fggtor %i/ no |l ess than 1.36. These data cIearIy denonstrate the
advant age*oT r( iding the opening portion in the net all:l ectrode. The
above data can be used to roughly determne the termy (L)I ~ (~in

equat i oD $he other haade thatteanenittaniirs 7, foi ¢hle pReserttimsiendion(cin be exbt ai n
the 5 average value of y (~/ ~ (~. The result is expressed by equation

(15). g&ﬁ)b};?ggéﬁoﬁézghe el ectrode thickness d is 20 nm Wen the

transm FEhce the diffusion power y (L) is about 0.8. The
axi al brightnes Qha I|tt| di fference between L = 40_.u mand L = 20 a m

THY s rre%S‘ ﬁl‘h}ﬁ B value of 10 40 ,u mor 1@s, the p-type
contact |layer has the ability to diffuse the current su~.ciently [2.

Exanpl e FrotdCaie b equbkivas| Emdtion () canb@ deeosd- structured p el ectrode)]

GaN i s another exanple in which the p-type |layer cones to have high resis
LIT = y(DIB(@+ {1- v(DIB(D} o

=1+ {vD/B(d-1} A- o) 3).
If 7,/ T} is smaller than 1, the conventional method is superior to the method
15  of the present invention. vy () is close to 1 but not necessarily larger than 8
(d). According to equation (3), the present invention is effective when 3 (d)is
small (when the thin-film metal electrode has low transmittance). More specifi-
cally, the present invention is effective when the covering ratio ¢ isless than
about 0.8 (the opening ratio is more than about 0.2). As described in Example 1
20 below, when the covering ratio is about 0.7 (the opening ratio is about 0.3), the
amount of the output light is increased by at least 10%.

[e. Repetitive pattern of the window of the opening portion of the thin-film



15 tance and therefore makes it difficult to diffuse current. Figure 6
shows an ex anple of a GaN-based blue LED to which the present invention is
applied. The following | ayers were forned on a sapphire substrate 22 by the
met al or gani ¢ cheni cal vapor depositioh9(MO CVD) nmethod: (a) a GaN buffer

| ayer 23 having a thickness of 30 nm 20 (b) an n-type GaN cl addi ng | ayer
24 having a thickness of 4 ~c m (c) an InGN active |ayer 25, (d) a p-type

Al GaN ¢ i 26 having a thickness of 0.1 ,um and (e) a p-type
GaN Iay%‘?&%g%gtlﬁﬁgja t hi ckness of 0.3 ~c m 30 Subsequently, as shown in

Fig. 6, et chi ng S CO cted a .corner por. lion,to se the n-type
CaRl ol addiie Téshe palios of §HE (G Rbmeglbbrraile sBR e RErdCRdRY LHgmkeRi T 1) ng
region. An n-type netal electrode 30 conposed of Ti/Au was forned on the
sur f acemfltithde of ponddwpaAn ivfegular pattgpe c@adeatsedd Anggudyepatied. alStien, a
bondi ng el ectrode 28 for wire bonding was fornmed on the foregoing

| i ght - el heNgsdde $h Which HBe' ke philerf i5ir8pbad FortahffkeOt Wdossibier ed

with a thin-filmnetal electrode 29 being conposed of Nl Au, having a

I
t hi ckness_of 20 and. having a hone nb,,struct.ure fter.the formation
of the. Bf use Acsdold FansPAR i Rte ot RS rb st icni po
havi ng the shape of a 300-,u msquare. Figure 7 shows a plan view of one of
t he chi pretrichbpatteracer adaosld spintionally symmeirigakpatteredlmthesedhireeer
stage of the chip at the lower right portion of Fig. 7. The bonding el ec
trode 2gatRens) theathaple dffthelpidow &l boahyi t9pe odudhngs apegilazhagaegod® | i ght
emtting region was covered with the nesh-shaped p-el ectrode 29 conposed of
15 Ni/A e _p r an be seen through the wi ndows of the nesh
shaped §1l‘é rgﬁfﬁ%%@%ﬁie%ﬁésﬂeg fixed onto a lead frane. The |l ead and the
bondi ng el ectrode . were connected by wire bonding. Finally, the_unit _was
encap sul 'Bh%d’hﬂt?e]héﬁ)rg@%)@ape@ UCB any; twee Q{IF e thinyilm)metal glpctrode
optical output of the LED of Exanple 2 was neasured under a constant 2o
cur zent patiden withuthiee samef e26ne¥s. fiWhdnctre apémigly yatie i(ght o)l isespecified
emssion with a light intensity of no less than 4 mMW Under this condition,

ool cot (e A pREHRIE dlecinines theltivera xalots). | pabterfl Bl EMIE 0

(hereinafter referred to as LED), the LED conprising: (a) an n-type
sem condatisfdes thé specifieation can be used. The process for obtaining the opening

ratio (1 - ¢) in accordance with the symmetry and the shape of the window is
explained below.
15 [f. Six-fold rotationally symmetrical pattern (Figs. 2 and 7))

In a six-fold rotationally symmetrical pattern, the distance between the cen-
ters of the neighboring windows is denoted by M. The area of the triangle pro-
duced by the centers of the neighboring three windows is expressed as 3"M/%/4.
The shape of the window is not imited to a regular hexagon. A circle or square

20 can be used. Figures 2 and 7 show a pattern in which the window has the shape
of a regular hexagon. In this case, the symmetry of the arrangement of the
windows coincides with the symmetry of the shape of the window. Conse-

quently, when the circumscribed circle of the window has a diameter of L =



5 (b) an n-type cladding |ayer forned on the n-type sem conduct or

substrate; (c) an active layer formed on the n-type cladding layer; (d) a
p-type cladding | ayer forned on the active layer; (e) a p-type contact

| ayer formed on the p-type cladding | &er; and (fj an n-electrode fornmed on
the back face of the n-type sem conductor sub 10 strate; the structure
conprising: (g) a nesh-shaped sem -transparent thin-filmnetal el ectrode
for diffoygiang is tqf . : t . . he
ot al oIl e e Yo | OO M e D BRhin Y80 (P2 e

of at |east 13% and%é*g%% aE openi ng portion being fornmed of a nultitude of
wi ndows %has WL @4y ratio of at least 20% and (h) a bondi ng
el ectrode for wire bonding, the bonding electrode being: (hl) forned at the

peri phery @f - tORrépilaphexapbnsal winder) = @A)/ AFA2) bongpd directly to the

mesh-shaped sem -transparent thin-filmnmetal electrode. 2. A structure as
defi ned cl.ai m wherein the L furiher conprises an n type buffer

| ayer be?t%l@e%ﬂ“teﬁg](ﬁ-'t Véevaal'é?ﬁ%%ﬂ&??(}r trate and the n-type 32

cl adding layer. 3. A structure as defined by claim1l, wherein the LED

furtlper cofpsl §bs a)(rebiba lsemgoaaliwihdow) agel between t(B). p-type cl addi ng
| ayer and the p-type con tact layer. 5 4. A structure as defined by claim

1, wh int LED t h ' : -.t buf f I
the -t ypi SR BSRALA SRsearaE i PR SoptBErdin R RS 203k (b)
p-type sem conductor. | ayer between the p-tygg cl adding | ayer and the p-type

cont act plagesrarrapged in sirrfgld gymmetrpcthenentisy patterm cannetdreeim six-fldt he
n-type sem conductor substrate is an n-type ZnSe substrate; (b) the n-type

buf fer Isgyanet:sy betasévbehbuidtare bfYké sqhtre Ehepd-Thowifilawdif0ahawenr i s an
n- ZnMgSSe cl addi ng | ayer; (d) the active layer is one nenber selected from

ot orr ety Ao P I dirin g SPIRGRE MECRATAYE B R Mivang THRRLD 0

cl adding, l ayer is a p-ZnMySSe cl addi ng Ii er; and (f| the p-type contact
| ayef c Pf’ﬁﬂ"i@@é)l’ﬁ“ﬁlgm ZnGe}S RRDILHHE %xreqa}aawal @l)-ZnTe | ayer formed on
the p-(ZnTe/ ZnSe) M aW | ayer.

(1 - o)(square window) = (1/3Y5 (I M) (6).
However, when L = (3'%/2V%)M, the neighboring squares on the same axis of

symmetry are in contact with each other. Therefore, L cannot be increased

beyond that limit. In other words, (1 - o )(square window) has an upper limit of
15 less than 1. Hence,
0 = (1- o)(square window) = 3%/2 = 0.86 .

In the case of a circular window, the window has an area of = I*/4, where Lis
the diameter of the circle. Therefore, the opening ratio (1 - o) is expressed by
equation (8).

20 (1 - o)(circular window) = (= /2-3'?)(L*/ M) 8.
However, when L = M, the neighboring circles are in contact with one another.

Therefore, L cannot be increased beyond that limit. In other words, (1 -



20 6. A structure as defined by claim4, wherein: (a) the n-type

sem conduct or substrate is an n-type ZnSe substrate; (b) the n-type buffer

| ayer is an n-ZnSe buffer layer; (c) the n-type cladding |ayer is an

n- ZnMgSSe cl addi ng | ayer; 33 (d) thglactive layer is one nenber selected

fromthe group consisting of a ZnCdSe/ ZnSe M ~, 1W active | ayer and a ZnSeTe
active layer; (e) the p-type cladding |ayer is a p-ZnMySSe cl addi ng | ayer;

(f) the pgt. sem conduyctor | ayver.ds..aep-2Znse laygr: and 5 (g) the p-type
Cont act TUGERTES HABEY 1A n SPPRE e e on, BV Ranefl’ 2001 e 'y
formed on the p-(ZnTel ZnSe) MMW Il ayer. 7. A structure as defined by claim
1, wherei 0 £afl t he)(iwls wimdomndiickd2- P98 e i s 48).n- GaN substrat e;
(b) the n-type cladding layer is an n-GaN cladding |ayer; 10 (c) the active

| ayer i I.n activedayver: (d) th - clraddj | ayer is a p-Al GaN
cl addi ngg'lalg%'ﬁgﬁa a(tbgnat]i?'e %“P&%E)C@%R?S@PE@% I3i %‘g"a&g GaN cont act | ayer.
8. A structure as defined by claim2, wherein: (a) the n-type sem conductor
subst r at eln @ fonrrfolth motatienally symmsetrigal inattern, \@lsopthe distpnge betwean n- can
buffer layer; (c) the n-type cladding |ayer is an n-GN cl adding | ayer; (d)

t he act icestdraydrthesné@ighbofaly adhdowes isdenptdd byt e The upea of ahdisymarayer is
a p-Al &N cl adding |ayer; and (f) the p-type contact |layer is a p-&N

COM act pBiSiod BY e Cuibid'6h e MRS doll winBbs 5 WRFRSIEN o AP e

I
n-type &R condugt or sﬁ%strate IS a% strate; n-type buffer

| ayer is_an_n-G uffer. layer;, (c), the n-type cl addi ng | is an n- &N
1 aadi narheume of e windasnis Bt iptadipe satBi, & drdw heidheriadtt ofey t he
p-type cladding |layer is a p-Al GaN cl adding | ayer; (fj the p-type

seni coneguilaterad eianigle aap beatsddayoweveni i ghetdase @&taymldanhaxagmmyber is a
p- GaN contact layer. 5 10. A structure as defined by claim 1, wherein the

Ul el el kb RN D0 kTRELRSs x|
g];vgtpi nmé*sa%g%@ ?xbﬁo%nlf-foﬁgylpﬁnslte{r%%ﬁg Enfite %ggt!,e'}gdca%}ﬁog lb‘f(ﬂe'i.lrln f(l)ur%l%.rseﬁmpﬁehe
try because of the nature of the window shape. Figure 3 shows a pattern in
which the window has the shape of a square; Fig. 4, a circle. In the case of the
square window shown in Fig. 3, the symmetry of the arrangement of the win-
dows coincides with the symmetry of the shape of the window. Consequently,
15 when the circumscribed circle of the window has a diameter of L = 224/, the
opening ratio is 1. The ratio L/M determines the opening ratio (1 - ¢ ) as shown
in equation (10).
(1- o)(square window) = L*/2MF (10).
The upper limit of the opening ratio is 1. Hence,
20 0 = (1- o)(square window) = 1 (11).
In the case of the circular window shown in Fig. 4, the opening ratio is ex-

pressed by equation (12), where Lis the diameter of the circle.

(1- ¢)(circular window) = (= /4)(I*/ M) (12).




mesh-shaped sem -transparent thin-filmnetal electrode has a thickness, d,
of 1o at least 10 nmand at nost 60 nm 12. A structure as defined by claim
1, wherein the opening portion of the mesh shaped sem -transparent
thin-filmnetal electrode has an openi28g ratio of 30%to 90% 13. A
structure of a p-electrode fornmed at the |ight-energing side of an LED, 15
the LED conprising: (a) a sapphire substrate; (b) an n-type cl addi ng | ayer

ol adai ng a9 & =P ?bé?lgf%“‘?“s et} Sl s R pFact i {rﬁ%gﬁ&hﬁé‘e’fﬂ% 50

(e) a p- type contact layer forned, on the type .cl addi ng | ayer; and (f) an
n- el ect foe: the opeping saiie gannel beincgreasqd ﬁeyp%thatdhm& opemngaese | ayer
of the p-type contact |ayer, the p-type cladding |ayer, and the active

| ayer i hcisudh apper bmiit axpressetdilyneqiatidre (18)t ype cl addi ng | ayer is renoved
by 35 etchi ng to expose part of the n-type cladding |ayer, the

n-el ectrodg 4<s Wéﬁmaﬁ&fﬁﬂ 9?8 & of the n- type(t g%.a_ddi ng | ayer; the
shape

structure corrprlsm a mes sem -transparen hin-film netal
el ectrode for diffusing 5_el ectrlc current formed on the p-type contact

| aye¥, t[heThmkaxeseué@ﬁ oge} a covering portion having a
transmttance of at |east 10% and (gZ) an openi ng portion being forned of

a mul titude ddfscribed@agliafGohventiogally, Aapelickdedidveingfa ahifopdsthid®léssand 10
(h) a bonding electrode for wire bonding, the bonding el ectrode being: (hl)

dir :“‘fl &Té@b CB*’@fsathrezﬁé%%?%r‘#f & o ﬁlﬁf ¥ aphrc |4E, ThiRbaile LBE?SES
13, LED

ayer bpREbHteHbIGHHIN HOaBLis theniiter Reiimesge neaabthag of ShoJiEt 15,

A structure as defined by claim13, wherein the LED further conprises a p

type seiis abseitbaidousdleysty. I ¢hadhickinless s lypeastddoliesy thaye20 ang whergast ype
con tact layer. 16. A structure as defined by claim 13, wherein the LED

e S ol BT A, S St e
layer bel ULl ReibiantB et aadly delrBY S t%%dc&rQSnP B TS B g RS-
de to the semi-transparent thin-film electrode. Therefore, the thin-film electro-
de must have a thickness of at least 10 nm. In terms of the production process,
it is difficult to produce a thin-film electrode having a thickness of less than 10
15 pnm.

Even in the covering portion composed of the thin metal film, it is desirable
that the metal film has a transmittance of about 10%. This requirement deter-
mines the upper limit of the thickness. Au is an excellent material because it
has low electrical resistivity and provides ohmic contact with a p-type contact

20 layer. Depending on the production method, when an Au film has a thickness is

20 nm, a highly conductive film can be produced with a resistivity of about 2 X
10°¢ Qem.

In the present invention, the bonding electrode is directly bonded to the Au



36 17. A structure as defined by claim 14, wherein: (a) the n-type buffer

| ayer is an n-GN buffer layer; (b) the n-type cladding |ayer is an n-GN
cl adding layer; (c) the active layer is an InGaN active layer; 5 (d) the
p-type cladding |ayer is a p-Al GaN cl28lding | ayer; and (e) the p-type
contact layer is a p-GaN contact layer. 18. A structure as defined by claim
16, wherein: (a) the n-type buffer layer is an n-GN buffer |ayer; (b) the

n-type gl.addi ng 4l ayer i s$yan n-GN cl addi ng | ayer;. 10 ) e agtive |ayer
< 2 Rriitad feloRiB . ToatupRt g eRbinat e hen gniestl snthGeqfiy eee
cladding_layer; (e) the p-type sem conductor |layer is a_p-GaN | ayer; and
(f) thewhenytbe A a thicknpsanthionasd0 to 30arm. Depending o the e as
defined by claim 13, wherein the circunscribed circle of each 15 w ndow of

t he opepirothchidnt m@thod, whennehtldtlomess 3620 nini aghepAnehin tilind bk | h &bt al
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by cl ai ) i h i o) f -

o - ¢ r b plort RFEEeTbaten St BUGEE 5%, P e IR SERETIRREA g0 10 mpn | oo,
10 nm and at st 60 nm 20%%&, A structure asé&gfi ned b%w‘cl aim13, wherein
t he Hpehibegednthe shsyptionccoptlpient as dgcreaspditp abeph 0%, the eleetrioal pet al

el ectrode has an opening ratio of 30%to 90%
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5 examples of these semiconductors. Figure 1 shows an example of a ZnSe-based

white LED to which the present invention is applied. A ZnSe-LED is a blue
LED that emits blue light having a wavelength of about 485 nm. However,
when the ZnSe substrate is doped with an impurity that becomes a certain type
of color center, the blue light generates orange-to-yellow fluorescence (the cen-
10 ter wavelength is about 590 nm) at the substrate, and the blue light and the
fluorescence are combined to produce white light. Hence, such a ZnSe-LED is
called a white LED (see Japanese patent No. 3087742 entitled "white color
LED").
Epitaxial growth process was performed by using a molecular-beam epitaxy
15 apparatus equipped with a Zn cell, a ZnCl, cell, an Se cell, an N radical gun, a
Cd cell, an Mg cell, etc. The following layers were formed on an n-type-
conductive ZnSe single-crystal substrate 2 by the molecular-beam epitaxial
growth method:

(a) an n-type ZnSe buffer layer 3 having a thickness of 1 x m;
20 (b) an n-type ZnMgSSe cladding layer 4 having a thickness of 0.5 1 m;

(c) an ZnCdSe/ZnSe MQW active layer 5;

(d) a p-type ZnMgSSe cladding layer 6 having a thickness of 0.5 p m;

(e) a p-type ZnSe layer 7 having a thickness of 0.2 u m; and
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m/hr. Nitrogen (N) was supplied as a p-type impurity from the N radical gun to

the surface of the ZnSe substrate. Chlorine was used as an n-type impurity and
evaporated from the ZnCl, cell. This concludes the explanation for the process
10  of the epitaxial growth on the n-type ZnSe wafer.

Subsequently, chemical etching vs'/as conducted on the surface of the epitaxi-
ally grown wafer such that the peripheral portion of each device is etched ex-
cluding the central portion for the light-emitting region. Thus, the p-type ZnSe
layer 7 was exposed at the peripheral portion. A bonding electrode 9 composed

15 of Ti/Au for wire bonding was formed on the exposed peripheral portion of the
p-type ZnSe layer 7. The bonding electrode 9 was not intended to inject a cur-
rent directly to the p-type ZnSe layer 7. It was intended to inject the current to
the p-type ZnTe layer 7 through the neighboring Au electrode 20. The current
flows in order of the bonding electrode 9, the mesh-shaped thin-film metal elec-

20 trode 20, the p-type ZnTe layer (not shown in Fig. 1), the p-type (ZnTe/ZnSe)
MQW layer, and the p-type ZnSe layer 7. If the current flows through the
peripheral portion, it accelerates the deterioration. Therefore, the current is

not intended to flow through the peripheral portion. The Ti/Au layer (the
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on the back face of the n-type ZnSe substrate.
After the formation of the electrodes 9 and 10, the epitaxially grown wafer

was cut to obtain a multitude of LED chips having the shape of a 400- 1 m
square. Figure 2 shows a plan view of one of the chips. The bonding electrode 9,

10 formed on the top surface of the chip, is composed of narrow belts at the four
sides of the square and a projection at one side (this projected portion is used
for wire bonding). The honeycomb-shaped thin-film electrode 20 covers the rest
of the top surface. The p-type contact layer underneath the honeycomb-shaped
thin-film electrode 20 can be seen through the windows. The current does not

15 flow downward directly from the bonding electrode. Instead, the current flows
laterally from the bonding electrode 9 to the thin-film electrode 20, from which
the current flows downward. The current flowing in the p-type contact layer
diffuses toward the center of the window. The chip was fixed onto a lead frame
such that the top surface was the face where the p-type electrode was formed.

20 'The lead and the p-electrode (the bonding electrode 9) were connected by wire
bonding. Finally, the unit was sealed with a resin to form a bullet-type LED
lamp.

As described earlier, the shape of the mesh-shaped electrode is produced by
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ample.

The optical output of the LED having the p-electrode structure of the present

invention was measured under a constant-current mode. A current of 20 mA

10 produced a highly bright white-light emission with a Light intensity of 5 mW.
The relationship between the covering ratio ¢ of the mesh-shaped Au electro-
de and the emitted-light intensity (axial brightness) ¢ was measured in the
light-emitting region by using various mesh-shaped Au electrodes having a
different covering ratio o . The measured results are shown in Fig. 5. The axis

15 of abscissas represents the covering ratio ¢ ; the axis of ordinates represents
the axial brightness @.

The brightness of a surface-illuminating-type LED varies with an angle. The
total brightness is obtained by placing the LED at the focal point of an inte-
grating sphere. All the emitted light beams are collected after they are reflected

20 by the sphere, and the intensity is measured. On the other hand, the axial
brightness is obtained by measuring the optical output of the LED with an in-
strument placed on the normal of the plane of the LED. In other words, the

axial brightness is the power of the light emitted to a specified direction. The
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5 electrode decreases, the emitted-light intensity (axial brightness) € increases.
The following data are average values obtained by measuring the brightness on
a multitude of samples having a predetermined covering ratio:
when ¢ =1, @=1,
when ¢ =0.69 (L =40 um), §=1.16,
10 when ¢ =0.61(L=40 xm), §=1.23,
when ¢ =0.49 (L. =40 um), =135, and

when o =049 (L=20 pm), §=1.36.

The conventional LED has a structure in which the entire surface of the p-type
contact layer is covered with a semi-transparent metal electrode (Au electrode).

15 This structure corresponds to o -= 1. This condition is taken as a reference,
and the axial brightness at ¢ = 1 is referred to as 1. The graph of brightness

shown in Fig. 5 is plotted using this reference value. When the covering ratio

o 1s 0.69 (the opening ratio is 0.31), the optical output increases by a factor of
1.16. When the covering ratio o is 0.61 (the opening ratio is 0.39), the optical
20 output increases by a factor of 1.23. When the covering ratio ¢ is 0.49 and L=
40 u m, the optical output increases by a factor of no less than 1.35. Similarly,

when the covering ratio o is 0.49 and Z=20 r m, the optical output increases
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The electrode thickness dis 20 nm. When the transmittance S (d) is 0.5, the
diffusion power vy (Z) is about 0.8. The axial brightness ¢ has little difference
between L =40 pm and L=20 pm . This means that when Z has a value of
10 40 pm or less, the p-type contact layer has the ability to diffuse the current
sufficiently.
[2. Example 2 (GaN-based blue LED having a honeycomb-structured p-
electrode)]
GaN is another example in which the p-type layer comes to have high resis-
15 tance and therefore makes it difficult to diffuse current. Figure 6 shows an ex-
ample of a GaN-based blue LED to which the present invention is applied. The
following layers were formed on a sapphire substrate 22 by the metalorganic
chemical vapor deposition (MO-CVD) method:
(a) a GaN buffer layer 23 having a thickness of 30 nm,
20 (b) an n-type GaN cladding layer 24 having a thickness of 4 um,
(c) an InGaN active layer 25,

(d) a p-type AlGaN cladding layer 26 having a thickness of 0.1  m, and

(e) a p-type GaN layer 27 having a thickness of 0.3 u m.
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light-emitting region. The rest of the light-emitting region was covered with a
thin-film metal electrode 29 being composed of Ni/Au, having a thickness of 20
nm, and having a honeycomb structure.
After the formation of the electrodes, the epitaxially grown wafer was cut to
10 obtain chips having the shape of a 300- » m square. Figure 7 shows a plan view
of one of the chips. The n-electrode 30 composed of Ti/Au was placed on the
lower stage of the chip at the lower right portion of Fig. 7. The bonding elec-
trode 28 was placed at the upper left portion of the upper stage. The light-
emitting region was covered with the mesh-shaped p-electrode 29 composed of
15 Ni/Au. The p-GaN layer 27 can be seen through the windows of the mesh-
shaped electrode. The chip was fixed onto a lead frame. The lead and the
bonding electrode were connected by wire bonding. Finally, the unit was encap-
sulated with an epoxy resin to form a bullet-type LED lamp.
The optical output of the LED of Example 2 was measured under a constant-
20 current mode. A current of 20 mA produced a highly bright blue-light emission
with a light intensity of no less than 4 mW. Under this condition, the forward

voltage was 3.6 V.
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& (b) an n-type cladding layer formed on the n-type semiconductor substrate;
(c) an active layer formed on the n-type cladding layer;
(d) a p-type cladding layer formed on the active layer;
(e) a p-type contact layer formed on the p-type cladding layer; and
(® an n-electrode formed on the back face of the n-type semiconductor sub-
10 strate;
the structure comprising:
(2) a mesh-shaped semi-transparent thin-film metal electrode for diffusing
electric current formed on the p-type contact layer, the metal electrode hav-
ing:
15 (g1) a covering portion having a transmittance of at least 10%; and
(g2) an opening portion being formed of a multitude of windows and hav-
ing an opening ratio of at least 20%; and
(h) a bonding electrode for wire bonding, the bonding electrode being:
(h1) formed at the periphery of the p-type contact layer; and
20 (h2) bonded directly to the mesh-shaped semi-transparent thin-film metal
electrode.
2. A structure as defined by claim 1, wherein the LED further comprises an n-

type buffer layer between the n-type semiconductor substrate and the n-type
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the n-type cladding layer; and
(b) a p-type semiconductor layer between the p-type cladding layer and the
p-type contact layer.
10 5. A structure as defined by claim 2, wherein:
(a) the n-type semiconductor substrate is an n-type ZnSe substrate;
(b) the n-type buffer layer is an n-ZnSe buffer layer;
(0) the n-type cladding layer is an n-ZnMgSSe cladding layer;
(d) the active layer is one member selected from the group consisting of a
15 ZnCdSe/ZnSe multiple quantum well (hereinafter referred to as MQW) ac-
tive layer and a ZnSeTe active layer;
(e) the p-type cladding layer is a p-ZnMgSSe cladding layer; and
() the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-
ZnTe layer formed on the p-(ZnTe/ZnSe) MQW layer.
20 6. Astructure as defined by claim 4, wherein:
(a) the n-type semiconductor substrate is an n-type ZnSe substrate;
(b) the n-type buffer layer is an n-ZnSe buffer layer;

(c) the n-type cladding layer is an n-ZnMgSSe cladding layer;
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(e) the p-type cladding layer is a p-ZnMgSSe cladding layer;
(® the p-type semiconductor layer is a p-ZnSe layer; and
5 (2) the p-type contact layer comprises a p-(ZnTe/ZnSe) MQW layer and a p-
Zn'Te layer formed on the p-(ZnTe/ZnSe) MQW layer.
7. A structure as defined by claim 1, wherein:

(a) the n-type semiconductor substrate is an n-GaN substrate;
(b) the n-type cladding layer is an n-GaN cladding layer;

10 (c) the active layer is an InGaN active layer;
(d) the p-type cladding layer is a p-AlGaN cladding layer; and
(e) the p-type contact layer is a p-GalN contact layer.

8. A structure as defined by claim 2, wherein:

(a) the n-type semiconductor substrate is an n-GalN substrate;

15 (b) the n-type buffer layer is an n-GaN buffer layer;
(c) the n-type cladding layer is an n-GalN cladding layer;
(d) the active layer is an InGaN active layer;
(e) the p-type cladding layer is a p-AlGaN cladding layer; and
(f) the p-type contact layer is a p-GaN contact layer.

20 9. A structure as defined by claim 4, wherein:
(a) the n-type semiconductor substrate is an n-GalN substrate;
(b) the n-type buffer layer is an n-GaN buffer layer;

(c) the n-type cladding layer is an n-GaNlN cladding layer;
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(g) the p-type contact layer is a p-GaN contact layer.
5 10. A structure as defined by claim 1, wherein the circumscribed circle of each

window of the opening portion in the mesh-shaped semi-transparent thin-film

metal electrode has a diameter, Z, of at most 100 x m.

11. A structure as defined by claim 1, wherein the covering portion of the
mesh-shaped semi-transparent thin-film metal electrode has a thickness, d, of
10  atleast 10 nm and at most 60 nm.
12. A structure as defined by claim 1, wherein the opening portion of the mesh-
shaped semi-transparent thin-film metal electrode has an opening ratio of 30%
to 90%.
13. A structure of a p-electrode formed at the light-emerging side of an LED,
15 the LED comprising:
(a) a sapphire substrate;
(b) an n-type cladding layer formed on the sapphire substrate;
(c) an active layer formed on the n-type cladding layer;
(d) a p-type cladding layer formed on the active layer;
20 (e) a p-type contact layer formed on the p-type cladding layer; and
(® an n-electrode formed such that after a certain portion of the laminated
layer of the p-type contact layer, the p-type cladding layer, and the active

layer including a surface portion of the n-type cladding layer is removed by
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5 electric current formed on the p-type contact layer, the metal electrode hav-
ng:
(g1) a covering portion having a transmittance of at least 10%; and
(g2) an opening portion being formed of a multitude of windows and hav-
ing an opening ratio of at least 20%; and
10 (h) a bonding electrode for wire bonding, the bonding electrode being:
(h1) formed on a peripheral portion of the p-type contact layer; and
(h2) bonded directly to the semi-transparent thin-film metal electrode.
14. A structure as defined by claim 13, wherein the LED further comprises an
n-type buffer layer between the sapphire substrate and the n-type cladding
15 layer.
15. A structure as defined by claim 13, wherein the LED further comprises a p-
type semiconductor layer between the p-type cladding layer and the p-type con-
tact layer.
16. A structure as defined by claim 13, wherein the LED further comprises:
20 (a) an n-type buffer layer between the sapphire substrate and the n-type
cladding layer; and
(b) a p-type semiconductor layer between the p-type cladding layer and the

p-type contact layer.
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(e) the p-type contact layer is a p-GaNN contact layer.
18. A structure as defined by claim 16, wherein:
(a) the n-type buffer layer is an n-GaN buffer layer;
(b) the n-type cladding layer is an n-GaN cladding layer;
10 (c) the active layer is an InGalN active layer;
(d) the p-type cladding layer is a p-AlGaN cladding layer;
(e) the p-type semiconductor layer is a p-Gal layer; and
(D the p-type contact layer is a p-GaN contact layer.
19. A structure as defined by claim 13, wherein the circumscribed circle of each

15 window of the opening portion in the mesh-shaped semi-transparent thin-film
metal electrode has a diameter, Z, of at most 100 1 m.
20. A structure as defined by claim 13, wherein the covering portion of the
mesh-shaped semi-transparent thin-film metal electrode has a thickness, d, of
at least 10 nm and at most 60 nm.

20 21. A structure as defined by claim 13, wherein the opening portion of the
mesh-shaped semi-transparent thin-film metal electrode has an opening ratio

of 30% to 90%.



