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- The present |nv MMS to a sem conductor | um nescent el enent

capabl e of em tt virtue of an exciton i cul ar,
um nescent el ement Whllmmullm"["mmm by using an
epitaxial ZnO film aWW‘II ch has wave Iengt hs in a rangg fromblue light to
ultraviolet light, and to a nmethod of manufacturing the sane. |In recent
years, there have been a demand for developing a nulti-color |um nescent
Sef \ 91 AMIRER 5 i e ARpPect to dat a
communi cation and data recordrng: re, ere rs a s rong need to
METHOD OFR % i G BAME | engths in a range
fromblue light to ultraviolet flght As a materlal for formng a
sem conductor |uninescent el enent capable of emtting blue light, people
tor material based on the GaN system
, e P e aY e rahy =t et problens in the process for nmanufacture
such a ﬁﬁﬁ&ﬂ%ﬁ_&ﬁ%ﬁﬁbﬁ“al this material has not been put into
practical use. Accordingly) the inventors have suggested using ZnO which
can serve as Thespresenhniduention reldiesitala savicogduetor lumingstentieteraentange from

blue light to ultraviolet light, thereby making it possible to substitute
such a rfﬁpéplea‘Pf 9rpitting g %@fté%%ﬁ”e‘?’icﬁpn ey B Rybcuiar dglates 98 use zno, a

Zn0 filrg &%@Hufrﬁné’g&‘ﬁt BRI vahikd |§fbrﬁwe§L®56§|ﬁg%]nﬁerﬁ?ﬁgral %@fﬂfrﬂe use

of such epltaX| has been tried to obt’arn scent el enment

whi ch i sarchwhichehasfwadd Raigthiginea Fargdd fremi laée tighby witravieketdight aneitoid on in

the vicinity of a wave |l ength of 370 nm However, there have been the

f ol I owi fBerIRf sRanUiREtIingdh@asaTe- seni conduct or | umi nescent el enent for med
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by using,t ely, the ZnO filmto be used as a

eferred to as a ZnO | um nescent | ayer) has

to have an thrreGMtyyeexeethé@haw petalal demand fddweveldping armutiicatorof such
Zn0 | um nescent |ayer is extrenel g difficult. Conventionally, ZnO filmis

used i n WEineseentHiselayoanda gem fornmprqvmgsa&a&_ﬂ?w%wah resrpect 19 Aatdavi ng
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manuf act Ur ed anoun Us€ of a spu P ng nefhod.

Furt her setrﬁm@nd@cﬂphlunﬁsnesttatt reaaéraenshammgl wavedesgthstin atranpkditoen biueflidhm
formation nethod mat%/| be enployed to form Zn0O epitaxial filmby virtue of

the sputliodfiragoletdghtrerds amcevew)onfqafmegﬁ%wapnmow luminessant ¢lamem t he
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moki g | RAbeBERIAG BISP g BooPiBitey® B0k RIARMAIN U pERBLER: 1NCE |

form ng matatidl baseéoh the GaNbystet. (BULS sineatbere are madetedtmndabpmtaerﬁeo
| um nescent | ayer which can be used as a lum nescent elenent, it is
necessar \ the Alikeess f@éWﬂ%@tﬁ%%‘ﬂqrhﬁéeﬁﬂc%[‘%tmaﬁ'ablta'tsematz%ﬁ'&' Pas 08k an
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Beam Epi Wever, suc ormati on me remely

i mted whichtcanusatve grd *s@mcoa\dentdnshaﬂgnahlea\mb@mvéileng&senl amehpedropme is
still not sure of being able to reproducibly obtain a Zn0O | um nescent film
havi ng abliugilight gcapit@w eldights therelpuenaking it Pﬁs%lalﬁ to bstityte such a matesial VBE
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at no uar e reover

f or mat i ofrow ebﬂﬂ@)«éw on laSeLﬁdstMte prRité NgWilretheriseosk siwh epitebd iemfiohagn
i ndustrial mass production. Therefore, it is an p@lpeCt of the present

i nvent i oheentriadia ektain aminesaert eemantiviidtisrapsblaeheffetingrylightzno

el amont . SRIRIALEY S B 2 B ot BB RL Bt S Rehbl oo M nfocuc iy -

manuf act ur i NgHeWeNel tRERMha b8 MBS falloMing bt shilerms Mith thEhébdwver egoi ng and
other objects are achi eved in accordance with certain asg ects of the

i nvent i oaertmpcmdgemmwnmascent elameﬁé&md by asing: thetdbsive filrmesNamehyse

substrat nes | ayer for the ubsirate d a Zn0
burter | BpnGdlm %wsefa?ﬁdu RS CHT T e SATRE SRTeTTA foih Z00E Pt o
and the m laH@érﬁQ?f&E}hah veg?ﬁeﬁ?e?ﬁeﬁ%bﬁé’ﬁtecryﬁaﬂfn%erB}at ¥heade of a

mat eri al ect e group
formatnon of such ZnO luminescent layer is extremely difficult. Conventionally, ZnO

film is used in various electronic devices. |Ifitis a polycrystal ZnO film having only
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-inmpurity is preferably selected fromthe group consisting of Li, Cu, N, Y,
Ag, Mh, My, A, V) Fe, La, Ti, Ta, Nb and Ga. Z 3 MAY 2003 -3 According
_to the present invention, it is possible to manufacture, with the use of a
relatively easy nethod, such as a spuf?e’ri ng nmet hod, and with a high
productivity, a ZnO |um nescent |ayer having a good

or i ent at & selatively dew crystalljinityittcapl ke easilyupanulecredin addrgeramedrdnsti thehi ch

was difficulf to nuf acturge i he .past. For t ur.pose,of illustratin
the fnveuss oha SOuEBENG Beld, RUriaR JP8 Ranp ok sUbSAte S REn s g pugsiigd ' M

resentl ki ' i 1 i [

ot 1 1 0128, BRI Rfmation RS HAHERBRYl MMIH IO i IIALEUINES [ =
i's a crosktheeputtering treatmenntndiHoaavey, tha epgaxiabZoOdilmf foemed mithathd wsearf

| um nescent el enent nade accordi ng to,. one enpodi pent of the present

i nvent i ofe 3kqye rmethod Qﬁsa[ﬁ)rﬁ?@ﬂﬁ\ﬂ %‘S?%Wﬁ”gﬂwrbm%ﬁnﬁ ’ggﬁhoto

| um NeSCRRACSK m r I i ' d r made
accordi ng tosﬁgwppesen aigﬁégnt (;%mg%%ﬁ:ehqgﬁ%g@rﬁ%iﬁﬁ@cﬁ%%&éﬁ%@mnt
resul t s eletamedFonthis EE3ohpim drelec enforina/ZnOrfachinescent iyegwhichecg ber art

pr ocess. Fi(g. 3is. a gragg‘ I ndi cating the photo | um nescence neasurenent
resul ts BPRAAREJUBINGSTENTRIEMant hiSREGEESAR IR USRRB2RRIES SRRlrat® a81%e present
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sorts of
a Laser MBE (Molecular Beam Epitaxy) method. However, such a film formation

method is extremely limited in its use. Further, even using the above discussed
method

one is still not sure of being able to reproducibly obtain a ZnO luminescent film
having a fully satisfactory film quality. In addition, with the Laser MBE method, an
obtainable area of the ZnO luminescent layer is extremely small, i.e., at most
several square millimeters. Moreover, a speed for the formation of the film is slow,

making the method not suitable for an industrial mass production.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to provide a semiconductor
luminescent element having a ZnO luminescent layer exhibiting a satisfactory
crystallinity as a luminescent element.

Another object is to provide a method capable of reproducibly manufacturing
such element on a mass production scale.

The foregoing and other objects are achieved in accordance with certain
aspects of the invention by a semiconductor luminescent element which comprises:
a base substrate; a ZnO luminescent layer formed on the base substrate; and a ZnO
buffer layer doped with an impurity and formed between the base substrate and the
Zn0 juminescent layer.

The base substrate is preferably made of a material selected from the group
consisting of sapphire, quartz, silicon, glass and fused quartz. The impurity is
preferably selected from the group consisting of Li, Cu, Ni, Y, Ag, Mn, Mg, Al, V, Fe,
La, Ti, Ta, Nb and Ga.



substrates. Fig. 4 is a cross sectional view indicating the structure2afMa 253

-sem conductor |um nescent el enment nade accordi ng to anot her enbodi nent of
.the present invention. Fig. 5is a cross sectional view indicating the

. Structure of a sem conductor |um nescent el enent made according to an

vari ation of the enbodi nent shown in F?g. 4. The sem conductor | um nescent
el enent of the present invention conprises a base substrate, such as a
sapphire substAC@DBjinthjtm meeehumﬂemmislp@?ehblﬁ tor madutacturbewitiatlee

"substrate, ar cterlzed i n that Zn0 buf ninpurity
s Tor miBalaleda o S5retisls sulnaSe: shitlhg PREoshoRd widtBidne | ayer
Her e, r gt to use
2 sapph rféditwi@d RimiHE SR Iayor Peing e good pfientehiohforpablily Shiivle

subst r atfer ose as a lanm'\é%‘éneéléﬁnem whisrewag wiifficalt fulmenuttcturefnthdipast. an

inpurity to be doped into the Zn0O buffer Ia er, is at |east one kind of
netal sel ect e(fcffrtB?erl"RﬁSGLRf ”&ﬁﬁ@t@gﬁha 'r@fenl_'P” @?}’eﬁs own n;gtpemaww@s Al ,

Fo. oo sBverdBortDuAd Fo.o Thedy MERALE 11MEG LANBRGAE d o 208 urer

| ayer d RN Ui ter pos e 'base substrate and
the Zn0 |hvlént|”tﬁ?ﬁle€mit hh'ﬁtéﬁrto thé pf@lwaﬁab@@nbﬁtsl emlf m‘sﬁumntahtles shown.
orientation/crystallinity of the ZnO | um nescent |ayer formed on the buffer
| ayer) thereby acconpllshlng the present invention. This is because, by

dopi ng O buffer layer) it is possible to
i mpr ove?ﬁﬁ‘%

0 Ty of the ZnO buffer |ayer, thereby
at the same tipg. 1li@é@Véé%gsédﬁ@nélr\)iéwahbl'cahﬁgtlﬁsthh'tﬁun@@féﬁéﬁni&ﬁ@@@ﬂbr' ayer
formed on the buffer layer. In this way, since a buffer layer is fornmed
whi ch hdsminegsent elenmntamamamdmggomnecembo@menﬁm $he presgot mezenwgw met hod
whi ch could n m f or mat.i on._net ho

b n0
| uni nescent %)grsl'%atgﬁ%&bﬁﬁ%\?’mgrq COMPAIERN B?%%ﬁd’ﬂ?&% U'E'ng?%q% nity,
has now rﬁ@ﬁé’tﬁ%nﬁ?ﬁ %Qh@. 5%.%&&@% Zh@ﬁ’ur}Hfrf%%Eé'rﬁt' IB?eF MEdEHecOIRd RSPRNt
Iayer of the sem conductor |um nescent elenent in the present Invention. It
i s to bepnesertinvaation aed m&)pbutbﬂemlm%oencambaawﬂemam msttenbtauagcbon ef erred

toin :nke%ls ﬁpemflca{lon |nc ‘ﬁ i |\égo Hereinafter, the preferred
embodi meftQ 18MINgsEep '@é’@?ﬁn [BRS Lo 8 REEE RS RIGESPH nore detail with
reference to tlifigI Q"@Wd?gﬁh |n%|§éimgcl‘h%q&rﬁ§t@luﬂw»%€b6@f$c@ﬁka§ur@mﬁt résumde

according tq a first _enbodi ment of the present invention conprises, as
shown i nomgwedlon thecZpDdumirssspht lfayesma@lteraqcercangao:rmp@sentawentaon the

contai nin I npur i.t no | um nt fornmed on the
700 but rapapgsted Fesd it opHfied s resPRUIBETSent S ofea®ting Che
above stgusdititesi s manufactured in the follow ng process. At first, a

c- pl ane sapphire substrate 2 is prepared for use as a base substrate. Then)
the ZnO buf f erFigagds axrdemeecticnehviaw ir@idaﬁngﬁbeﬁhucmegaprﬂﬁmieomuﬁmrr ate 2
using a sputte nmet hod, .t hereb a filmthickness of 1.3 E~m
bur i gt R BPStar GidRen ate SERRIRALD ShcaPr sPogalme HEEBS 2 2o
ceram C f{r3elgbnOr a Zn netal target cont aining N as an inpurity may be
used as a sputtering target, so as to obtain the above film As a
sputtering appEigatSleaqnsappe&mahyimmdi@aiinunhs;ﬁnucwemj agseicandictor ECR

fg;; egl’ nggggqrfﬁtelfemgw mase %Sé%grdlr% oe ran tvgl(rala{lon o) Heogmgfodntn‘rl]eentzsprgwpwlﬁ\f er

Fig. 4.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The semiconductor luminescent element of the present invention comprises
a base substrate, such as a sapphire substrate, and a ZnO luminescent layer
formed on the base substrate, characterized in that a ZnO buffer layer doped with
an impurity is formed between the above base substrate and the ZnO luminescent
layer. Here, as a substrate for use as a base substrate, it is satisfactory to use a

sapphire substrate, a quartz substrate, a silicon substrate, a glass substrate or a



Z*3 MAY 203 -5 sputtering nethod is enployed again to formthe Zn0O 23MAYC§UU$
| um nescent | ayer 4 having a thickness of 1.0 E-m wth the use of the Zn
.ceram c target or Zn netal target. Thus, the sem conductor | unm nescent

. element 1 may be nmanufactured using a sputteri ng process. However, each of
the above ZnO filns is an epitaxial fi¥mM In the past, although it was

possible to forma Zn0 epitaxial filmonce the Zn0O filmwas formed on the
c- pl ane ﬁ@gérqueetzawbgtra@t e Fwirthier tareinpurityto aemmedenfwtbemwﬁer tayass

Teason) Euiean s i B et sketd KB A punFescara of Uy B B e Ve

Furt her, N%VWF \yfFé rL% ETP"Faﬂ)Nt%ncﬁ dgn were used as a buffer | ayer and a
second Zn0' epi t'axi’al Im'were formed thereon, it was difficult for the

second epit axi &he fnvlemctrs halge dounchtheah iffa Zn@rbuftarysyaildqpredtwr)h amiropurityrigler i ng
it |rrpossrblet h filmas the Z | unpnescent However, when
a N - dopHieTaRe=H beRieen g rasecsufsiy atkiatf the ZADGRE Groent it dbd %SSH% hod,

a Zn0 ep I

orient at f‘% crraysfaglcfnr ni ty m%ﬁ’tﬂz%g@@m@gﬁ?ﬁﬁeﬁgﬂb eq ayer itself

i s dopedbufféhiager, itigreby tagcomplishing tihe pragembirvehtion usTéhrsssfbbeaIZsEQ by

| um nescent_ | ayer. On the other hand,_if the ZnO epitaxial filmis forned
on the zABPIHGE Breqeégrgrn%wmgltm the ZnPechiifes iavast his BPSLRIpSPAMPIOHL R | ¢

i s possi qﬂ[ﬁ to forma
| um nescgn?n%goé%rn@%{)%%ﬂﬂ%f)gr reg'§§ ﬁ\%@h@ﬁb%& éfmle}%er ﬁg‘ ® ormed so
as to ha\mpmvtdg mlemaamhrt@osthmzm lomiresscéheraybhforinedf et tHestysferhagera

t hi ckness which is less than 0.3 umeven if an inpurity is added, it is

still difficul {n this waynsiace atulier laypeis fRsmadgvich hesia:gead orientation and
Chat o r GO RrRb Rl ¢ ¥ryREs itidd SRR ol P! 68 LASHGIT bR b e

Zn0 buf f efiethey edr foemiAgdRe ZR© imihescant Tagerrin as® Priboart i eierboveausing pesr by
sel ecting the above values, it is Bossr ble to obtain a ZnO | um nescent

| ayer whiceystalinit,ingsinay beearae pessible tonkes sped in mAPURRCYRGIthSZM@r m t he

| ayer be bR Ey e Sermir e G iegEnt St PN Cacon ¢ or
this is timantioaven if the crystallinity of the ZnO buffer layer is good,

when the ZnO |uninescent layer is not forned as having a thickness of 0.05
um or nore, it hifte ba&otrd tHatthe 200 Rifefilaver anbZnQrivmingsssdt laYeer havi ng a

9903,y ShOALIN (LB oy B yg, o | umnescent Taver T

t hi ckness of tIﬂﬁr&haftéum\élﬁﬁéfénbd|e&r}d§ﬂdrfr&n8§ofthblpmsenttlh@eritfdrimr t he
t hi ckness of the ZnO buffer |ayer, the nore necessary it 2 3 MAY 2003 -s
isto foer‘P!?”Z?ﬂ)'ﬂ mﬁrmegt@émﬂh @f%rrenﬁa\fpﬁfgeérwﬂgé t hi ckness, and the |arger

the thickness 9\ o%HQmBP L.{n%e{s.,\czé'rﬁreb%ﬁrgﬁ%f r?ﬁéHbeécéo?ﬁfné éuﬁnescent

| ayer may be i or ex i ckness o r layer is
as snal | aﬁbcmrﬂrennbnlme ﬁé@eﬂrtuﬁf/mﬁﬁeﬁmbﬁyﬁ dsssHoauin' &g, 1 oa kaglana

t hi ckness of 0.1 umor nore. On the other hand) when the buffer_ |layer has a
t hi cknes $SapPhiBSUPStIate A btuiléerzﬁmen 3 epRtaivipaiNijagan infRIEEY ol 2R a

t hi cknes nt enbodi nent, although Ni
is used EE&L %ﬁt'?g?eéfmeoi %fzpﬁéﬁ%ég{}%?added in the buffer | ayer)
and it is pref anree§brhr@on§@ctar ldnﬂﬁéécmetel@hehhehfaofnlngermadvetswulcmeeé enent s

including Li, Cu, Y, M, My) A, V, Fe, La, Ti) Ta, Nb, G, to inprove
the ori ermanifeaieey st ﬁfa fﬁHOWVIQCﬁFOPﬁ%S Zrit fst, faae-pfmapnmrﬁ sistrage i®ugh in

Substr at Sreparaoer [E s faft A0STRL, ThEo B 2AG s AYRER Bist B R ) e
si licon syhgiied 6n tife SARSHHressiAsstras © usﬁﬁ% A épm@ﬁnguﬁémédswmw@bstarmug al so

be used as the base substrate, provided that the above inpurity is doped in
. the ZnO bafilnethitkness,oft k8 edny. strmgmg/pmnessmjfrfméormﬂdmfahe%r/(l)ggas ishavi ng
+ a good ori ent at i onéCsttal linit Eeatl n n&erat ure sed in a ocess
. for formYREd W%‘F"q’é&@g t Ry pHget f}"‘rgﬁ %@'@éﬂﬁ I a$épn 'F@“B ef erred
to be 200t C t o]

QR:,% a /€§pg ﬁﬁ‘%l’%rﬁe?fsgoéy 6@/@[@%&5&&)&% 'As f‘spﬁf’tér‘uﬁd

pressure ra io ormat!| on process IS prererre

be in a rapgeatls, GA/apPatatud sLbh SBERF putigriag @ppardtas bAEGR spbitérings
preferred to be in a range of 40/60 to 90/10 when using a metal target.

Here, in ®PRESAtUSIMAY REiYsRd: hAfter the frrmation foth?R@%eﬁrrulﬁr/ﬁre%@msana@/er of
the present invention, an experinment was conducted to carry out a

conpari son between the above | uni nescent | ayer and a ZnO | um nescent | ayer
obt ai ned by using a conventional manufacturing nethod. In nore detail, an
eI ement obt ar ned by di rectly form ng a ZnO | um nescent Iayer on a sapphr re

. " . . oy 1. . rr T  r r



photo | um nescence neasurenent. The results of the neasurenent are sl? AY- ﬂms
"Fig. 2. As may be understood fromFig. 2, with the sanple 1 obtained E{QJAM
Jdirectly formng a ZnO | um nescent |ayer on the sapphire substrate through
. Sputtering treatnent, photo |um nescence |ight em ssion was not found.
However, with the el ement obtained by-&rectly forming a ZnO | um nescent
|'ayer through Laser MBE nethod, and with the el enent obtained by fornmng a
Zn0 | um smstirly mathod ioenigieydd againad fetndtheli@ lurimestentdagérod havingescence

| i ght em ssion was found. Nevertheless, it is understood that the above
sanpl e 3thickness sf Adhpgax withrihe aise ofthe ZROGesaMIE terget arin metal targehbbove
sanple 2. Furiher. .as fao.s le 2 sa e 3., the re different not only
h het r ThghSaRmi&d ik TiRuTaseell Haf ol 4 5nabnoe ABNAERURALTII A eo

Namel y) speuaRysroeasd| eHawboerOBhah BEthd bR ARG HIMSs aRkprialmRce it is

i npossi ble for a Zn0O | um nescent layer to be fornmed except for a quite
smal | area of bxthegsst,sdtheugh ittgampessiblel tp deme aZn@epitaxablilmeendeathe, t he
above sa hefHS i s ?bt ai ned eat nenf so {‘hat t he

b irt . 1 i L
om0, but RO Lwas feresl L e o-blane Srphig b at Wit e pf asPubsiiia by

ensur i ngn@uqisd if % birhic0If ©f SBRINCA sOfficle€ of BhtalibnRhRlaifhit? PESnEYREER! €
having a dianeter of 3 to 6 1nches during only one operation, thus ensuring
an ext r esetlyahiegitagiabfilot & the ¥nONeminescest lageai was dot Used.| uRuntiesrc ewen dl enment

manuf actyred in . the nmethod of th resent inventio subj.ected to an
oenor toL i Cpit DAV rSeoes Bulter BYPhoeL BapsPaa 2N PN SN TR 11 1 m
quality n{e%ﬁ nigp 64k kb i asRseanl y
because t re agéF%urLg{M%gteg I'S tc gﬁg%%ecﬁﬁgmr@?g%g%:@ab@pn%l es We@e

pr epar ed crystaliniby, dhehoe meaddringis impossitpbao ass spphifiira asuthe tZrd Riminedartt

gquartz substrate, an n-type silicon substrate, and a gl ass, substrate, all
t hese su at BOMS¥PH YVhenea Nirdopgd LNnQ, BE%‘?’Q?&%’. ‘S[}ﬁ@ﬂ?&ﬁ"%ﬁ% §se Hnescent
nmeasur e ' e : ; ' n He-Cd
Cacer bosnetidtils ol & 240 qohadaf i ey T ORGirRR, WCrPREY Bn botert L 0 e
under st oodehtationfdrgstalinityv t Neashel&ss,sincsstinel 20 baffarthyky itself isgddges
sapphire substrate, Z-cut quartz substrate pe silicon SUbétn:t te and
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. - . A

gl ass suMéira ENPYTHE I 'Wt%"tﬁg}ﬁfﬁégééﬁééh?izﬁﬂP{‘@HP‘PW%'Wﬁ’en 8s were
found to - i2RSnsy r i IS
figure, vc\)/nhger{q’{a uﬁsfetﬁg%ﬂ‘??t 'tﬁ%@pﬁa{?e (S ug%g"%ghg %ua%z l%ﬁ\sﬂ%rvg{be%ﬁit IS
possi bl e exoeltdritairientationgdry staltinity) ib & posyisletty forim thie ZsOdumirstscehelagane as in
a conditign where an n-tﬁge silicon substrate is used. Thus, 2 3 MAY 20U3
-8 it ié""ilﬁl' HERR PEdseatg P aduminasceRtiayei. the el enent is forned by
interposing a I | im' ith p ' to
forma ZnO | umﬁgggg%lﬁﬁgépébggﬁﬁawgqg%@gﬁgﬁgst a (? %%FEJBSr?%g%gﬁgd#?%?s

subst r at efor0.3 psi bi more.s A ianathe, bulfer taydr hak rethickniess ayhich isdesy trarv@8 not

possible to be obtained in the prior art. However, in order to forma Zn0O
buf f er | ayerevendf animourityis asslednit is slilbdifficattio ferm adoudfer iaveRdavingR oved

orientati >L WS |, L0 b 1S, PR r - Al et
havi ng a s%ﬁcﬁ{z%t %fé %%t%géygirﬂ%&é, |“(;grrg’t %lﬂﬁ%%ﬂ%&ﬁ]&btﬁt'%ﬁﬁ B&S?/élw{wrgggé i on gas
havi ng a that a tockiig 88nBN4ADVal B nedth obdainedibyOnaa titfrattion okthediO blfieent 11
made according to the second enbodi nent of the present invention is a

\SAﬁm ﬁ ondd@YeriSIQLf?]ﬁgfég@é ;lﬁssm aérr’f’@nhlteaﬁ@ﬁ rf@l’flthsyahilyﬁﬁﬁ ftr@atmﬁqlaeﬁn%@@@fhoveayer ,
Vol tage (PN S RS is BE OBiEi A 2 e B 8t S il R My PRRR b a0 o1

will be gh¥RAofedmbBesidedciotben e IUMinkstBMaseasht. eIRFBRY, iofs prférred that
enbodi nent of the invention with reference to Fig. 4. At first, a Zn0O
buf f er | aherZr(3 lutoipedcanttlayeX be formedrasthaving hdhickpessmef 8 Hppimoe myrbst r at e

12 e AL REE s R CRRE L SR B bR 15, 10 B

t he Zn0O r ; - ; f or
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el ectrode 17 consisting of a netal in ohmc contact wwth ZnO In a p-n
conbi ned type sem conductor |um nescent el enent 11 having the above
structure, if an electric voltage is applied to a position between the

| ower el ectrode 16 and the upper electrode 17, it is possible to effect an



On the contrary, it is preferable that the second sub-layer 23b is maggém
Zn0 doped with a dopant capabl e of reducing a resistance of the ZnO 3003
+dopant includes Al and V. According to the structure, it is possible to

. fromthe ZnO active |ayer 14 having an excellent crystallinity on the Zn0O
buffer layer 23, and to inject a Iarge'Q:‘urrent in the zZn0 | ayer 14 due to
the | ow resi stance of the second sub-layer 23b. Wile preferred enbodi nents
of the i®erdeir ZrQ)duminescentdayershaling adargesthinkiess,gindcterlargey thait t he
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according to claim'l, wherein the inpurity is selected e group
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an i npur ietthough i hequedecterdoodimeant v d-plapesapphoersetbstrate iseiséalad atasescent
| ayer. 5. sem condyct or | um nescent gl ement according to clai n]4, wher ein

the baseS¥ pLateati Das SRE) stQOoRdpak 3 4rout Quarizesy V@T‘ﬁvtal’i‘en'@mij% ie¥hsi sting
of sapphig[,gstr ahé asssédtisg%'fb & ea:ﬁlf‘jr& st %rﬁg %fso ée%%@ﬂgéi\ﬁﬁcmr
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sem conduct or | unm nescent el ement accordi ng to claim4, wherein the first
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second A pbMRY BRfbRrature used in a process for forming the ZnO buffer layer and the
ZnO luminescent layer is preferred to be 200 to 600°C so as to ensure a good
crystal orientation. A partial pressure ratio of Ar/O, during the film formation
process is preferred to be in a range of 60/40 to 95/5 when using a ceramic target,
but is preferred to be in a range of 40/60 to 90/10 when using a metal target.

Here, in order to confirm the film quality of the ZnO luminescent layer of the

present invention, an experiment was conducted to carry out a comparison between
the above luminescent layer and a ZnO luminescent layer obtained by using a
conventional manufacturing method. In more detail, an element obtained by
directly forming a ZnO luminescent layer on a sapphire substrate through sputtering
treatment without forming a ZnO buffer layer thereon was prepared as a sample 1
(prior art), an element obtained by directly forming a ZnO luminescent layer on a
sapphire substrate through a Laser MBE method without forming the ZnO buffer
layer thereon was prepared as a sample 2 (prior art), an element obtained by first
forming a Ni-doped ZnO buffer layer on a sapphire substrate and then forming a
ZnO luminescent layer thereon through sputtering treatment was prepared as a
sample 3 (present invention). Subsequently, each of the above samples is

irradiated with a He-Cd laser beam having a wave length of 325.nm, followed by a



-11 sub-layer in contact wwth the ZnO | um nescent |ayer, and the second
"sub-layer is doped with the inpurity of a first conductivity type. 8.2 AMAY 2003
.sem conduct or | um nescent el enent according to claim7, wherein the the
dinmpurity of a first conductivity type is selected fromone of Al and V, and
the first sub-layer is doped with an i‘r?p‘urity sel ected fromthe group
consisting of Li, Cu, N, Y) Ag, Mh, My, Fe, La, Ti, Ta, Nb and Ga. 9. A
sem condpboty lumingéscence measuezroent. adderresulls obthel raeaswremm(eaee showr in he
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manuf acturing a sem conductor | um nescent el enent according to claim10)

wher ei n tNRvethelasgnit ircdrdarstoogyibat the akaviessample 3 Ryrud sienagr ndeeseences. A
method of, IROW AEhUhh{ ' Re WBVE QAR g7 | um nescent el ement,

Further, as to sample 2 and sample 3, they are different not only in their
light emission intensities but also in their productivities. Namely, the above sample
2 is obtained by a Laser MBE method, hence it is impossible for a ZnO luminescent
layer to be formed except for a quite small area of at most several square
millimeters. On the other hand, the above sample 3 is obtained by virtue of
sputtering treatment so that the ZnO buffer layer/luminescent layer are formed at the
same time, thereby ensuring a desired film formation on the entire area of a base
substrate having a diameter of 3 to 6 inches during only one operation, thus
ensuring an extremely high productivity.

Next, the semiconductor luminescent element manufactured in the method
of the present invention was subjected to an experiment which is conducted so as to
investigate a variation in the film quality of the ZnO luminescent layer. Such a
variation is caused only because the base substrate is changed. In more detail,
samples were prepared which are formed by using c-plane sapphire substrate, a Z-
cut quartz substrate, an n-type silicon substrate, and a glass substrate, all these
substrates being used as base substrates. Then, a photo luminescent
measurement was carried out in the same manner as the above using an He-Cd
Laser beam. The results of the measurement are shown in Fig. 3. As may be
understood from Fig. 3, with any of the samples formed by using the sapphire
substrate, Z-cut quartz substrate, n-type silicon substrate and glass substrate, their
photo luminescence light emitting intensities were found to be almost the same as
one another. Further, as shown in this figure, when a fused quartz substrate is
used as a base substrate, it is possible to obtain a light emitting property which is

almost the same as in a condition where an n-type silicon substrate is used. Thus,



conprising the steps of: formng on a base substrate a first ZnO Iayfg
doped with an inpurity of a first type conductivity; formng a Zn0O MAY 2003
Jum nescent |ayer on the first zZn0O buffer; and 2 3 MAY 2003 -12 formng a
~ second Zn0O | ayer doped with an inpuri té of a second conductivity type on
the ZnO | um nescent layer. 15. A nmethod of manufacturing a sem conductor
| um nescent el enent accordi n(% to claim 14, wherein said base substrate is
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embodiment of the present invention is a semiconductor luminescent element
formed by using a ZnO luminescent layer, which is an LED having formed thereon
electrodes for use in applying voltage from the outside of the element 11. In the
following, description will be given to the structure of the luminescent element of this
embodiment of the invention with reference to Fig. 4.

At first, a ZnO buffer layer 13 doped with Al is formed on the c-plane
sapphire substrate 12. Here, since Al has been doped into the buffer layer, the
ZnO buffer layer 13 has become n-type ZnO. Then, a ZnO active layer 14 is
formed on the ZnO buffer layer 13. Further, a p-type ZnO layer 15 doped with N
(or its ions) is formed on the active layer. The Zn0O layers 13, 14 and 15 are all
epitaxial films each formed by virtue of a sputtering treatment.

The p-type ZnO layer 15 and the ZnO active layer 14 are partially removed
through etching treatment. On the exposed areas of the ZnO buffer layer 13
obtained after the etching treatment, a lower electrode 16 in ohmic contact with ZnO
is formed. The lower electrode 16 being made of a metal material such as Ti/Au.
On the p-type ZnO layer 15 is similarly formed an upper electrode 17 consisting of a
metal in ohmic contact with ZnO.

In a p-n combined type semiconductor luminescent element 11 having the
above structure, if an electric voltage is applied to a position between the lower
electrode 16 and the upper electrode 17, it is possible to effect an exciton light
emission so as to emit light in a range from blue light to ultraviolet light.

in a variant of the above structure of the second embodiment, the ZnO
buffer layer 13 may be formed as a two-layer structure. As shown in Fig. 6, a

semiconductor luminescent element 21 includes a ZnO buffer layer 23 between the
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9(xmbC Yllrg;(;/r%vu(r\)g an orientation or crystallinity of ZnO. Such a dopant includes Li, Cu, Ni,
Y, Ag, Mn, Mg, Fe, La, Ti, Ta, Na and Ga, and Ni is more preferable for the dopant.
On the contrary, it is preferable that the second sub-layer 23b is made of ZnO
doped with a dopant capable of reducing a resistance of the ZnO. Such a dopant
includes Al and V.

According to the structure, it is possible to from the ZnO active layer 14
having an excellent crystallinity on the ZnO buffer layer 23, and to inject a large
current in the ZnO layer 14 due to the low resistance of the second sub-layer 23b.

While preferred embodiments of the invention have been disclosed, various
modes of carrying out the principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is understood that the scope

of the invention is not to be limited except as otherwise set forth in the claims.
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a ZnO luminescent layer formed on the base substrate; and

a ZnO buffer layer doped with an impurity and formed between the base

substrate and the ZnO luminescent layer.

2. A semiconductor luminescent element according to claim 1, wherein the
base substrate is made of a material selected from the group consisting of sapphire,

quartz, silicon, glass and fused quartz.

3. A semiconductor luminescent element according to claim 1, wherein the
impurity is selected from the group consisting of Li, Cu, Ni, Y, Ag, Mn, Mg, Al, V, Fe,
La, Ti, Ta, Nb and Ga.

4. A semiconductor luminescent element comprising:

a base substrate;

a ZnO luminescent layer formed on the base substrate;

a first ZnO layer doped with an impurity of a first conductivity type and
formed between the base substrate and the ZnO luminescent layer; and

a second ZnO layer doped with an impurity of a second conductivity type

and formed on the ZnO luminescent layer.

5. A semiconductor luminescent element according to claim 4, wherein the
base substrate is made of a material selected from the group consisting of sapphire,
quartz, silicon, glass and fused quartz.

6. A semiconductor luminescent element according to claim 4, wherein the
first conductivity type is n-type and the second conductivity type is p-type.

7. A semiconductor luminescent element according to claim 4, wherein the

first ZnO layer includes a first sub-layer formed on the bas substrate and a second
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8. A semiconductor luminescent element according to claim 7, wherein the
the impurity of a first conductivity type is selected from one of Al and V, and the first

sub-layer is doped with an impurity selected from the group consisting of Li, Cu, Ni,
Y, Ag, Mn, Mg, Fe, La, Ti, Ta, Nb and Ga.

9. A semiconductor luminescent element according to claim 7, wherein the
the first sub-layer is doped with Ni.

10. A method of manufacturing a semiconductor luminescent element,
comprising the steps of:
forming on a base substrate a ZnO buffer layer doped with an impurity; and

forming a ZnO luminescent layer on the ZnO buffer layer.

11. A method of manufacturing a semiconductor luminescent element
according to claim 10, wherein said base substrate is made of a material selected

from the group consisting of sapphire, quartz, silicon, glass and fused quartz.

12. A method of manufacturing a semiconductor luminescent element
according to claim 10, wherein the impurity is selected from the group consisting of
Li, Cu, Ni, Y, Ag, Mn, Mg, Al, V, Fe, La, Ti, Ta, Nb and Ga.

13. A method of manufacturing a semiconductor luminescent element

according to claim 10, wherein the ZnO luminescent layer is formed by a sputtering
process.

14. A method of manufacturing a semiconductor luminescent element,
comprising the steps of:

forming on a base substrate a first ZnO layer doped with an impurity of a
first type conductivity;

forming a ZnO luminescent layer on the first ZnO buffer; and
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16. A method of manufacturing a semiconductor luminescent element
according to claim 14, wherein the first conductivity type is n-type and the second

conductivity type is p-type.

17. A method of manufacturing a semiconductor luminescent element
according to claim 14, wherein the first ZnO layer, the ZnO luminescent layer, and

the second ZnO layer are each formed by a sputtering process.



