;| me3eY@/. 6T@E$ GROUP 3-5 COVPOUND SEM CONDUCTOR AND LI GHT EM TTI NG DI ODE

BACKGROUND OF THE I NVENTION Field of the Invention The prese i I on
relates to a nitride-based group 3-5 compound semni conduct or, %ﬂ'wm]’mmmlmm

particularly, to a nitride-based group, 3-5 conpound sem conduc

represented by the general fornmula | nxG~Al ZN (wherein, x+y+z=1, U8,
OSy51) Osz SlI) , Description of the Related Art As the material of |ight
emtting di | r AV ug L i Lt i r blue
| aser di ode "an Pflhéghﬁ- ?%%Mp%%ﬁDﬁé%% @%1 ggﬁﬁﬁg}f}%#tegggr @ggﬁged by
t he general formula I nxGayAl ZN (wherein, x+y+z=1, 05xsl1l, OSys | , OS z 51
21 are lgngwn . Hereinafter |, XI) y and z in thig genera: forrmm‘mm m m, ‘ 4
escri bed as,,l ] Y ' N m xed crystal rati m,mu MXe
crystal rat %&%Mi%l@fi#m%@es. O these group 3-5 Qé)o%qun

sem conduct %é_sé&rdoaréietayl arly those containing InNin an anmount o 0~ or
nore in ter M ecr%ear}tjr%ﬂio are particularly inportant for display
use since | ightmgmtti ng wavel ength in_the visible reai on can be controlled
dependi ng on | nKPRBESE Ry dfyienionoreh@ins o aBAtEdAgaLASLY 95ANPeHiIR ti ng
diodes) a light emtting |ayer is constituted of a plurality of_ I|ayers,

unl ess the [5 L eMIGPREECEP T HRORS AR TGtk an Y - tRe? MifitidariRasedy 2
spectrumis an overlap of different spectruns of the |layers and resultantly
br oadens t oBFOYP N2NEPPUND S FHCoNAUFE FiRaRiL IR RIE s EenexFil t he
ot her hand, when a single Iibght emtting layer is %'s)gg s%\% a_ probl em can
be avoi ded. TPFMH& In«fayhd-N Jstherte Hppl ¥ tat#oh. t© ar., OzhEF k. 105
emtting Iagr is conposed of a plurality of layers , the whole film

t hi ckness offlhe |ight emtting |ayer increases, consequently, |eading to

i ncrease also in absorption of light by the light emtting |ayer itself
Theref ore ( DEFETHRH HurthntRe 8t AF ¥ or | aser oscillation can be
decreased by a single |ayer structure of the light emitting |ayer. On the
other hand, in fft gpﬂem%?é&a&oﬁ’ﬁo&ﬁ&hétem sHodes Ut AS MR ng so

high quality _ and |large area _as to enable use in crystal growth is not
obt ai ned. T%‘éTt\.;fa(Yrié’,led:r&?& Rl9s 4ightremitidpet %9e§,°§ob§%ﬂaﬁer diode

het er o-epitaxial grQowth is generally conducted. Nanmely, using substrates
havi ng rel atain@elt?%né&lkq'afglr%é’é’ Sors CERPOURG: F efd condntars Sepraferind

i ke, an anmorphous or fine crystalline thin filmcalled buffer |ayer is
first grownPYat@eadepezadl formujes Indmmdind {wheeedduckey+izs lgr Xk ¢ hi s.
However, it ié %eral t%at very high density dislocation of about 108 cm?2
is present &R¥%=vh-t BY apRedkBPYBt al HeppbRaktesi Xuch and easoh, this s

very difficult to farma_thin filmhaving high uniformty fromthis
conpound seﬁe%?d’l}c%BF"‘}lllaeaﬁFrﬁe?%”d‘??@i%lﬁ’s}“ f“FrxPélaFF¥¥H@1tﬁﬁhl?i dtaN

emtting effici %n% bg ’il Sitﬂfle Iigft eirén('fe;(%ing | ayer. . 3 Consequently, in
the current "¢&F4 EFFAs2LITYHC A FN G ErEftdli eathhadEsPaR L Hy a
so-called myltiple quantumwel |l ~using a plyrality of light emtting | ayers
| ami nat ed, R SOYHR %&ﬁeﬁ'i néﬁditB&ég §§PH§ ﬁi‘r”r & Pﬁé’é’@d%@aﬁﬁﬂﬂﬂfﬂ%m-
sem conduct %ra%'ticularly those containing InN in an amount of 10% or more

in terms of mixed crystal ratio are particularly important for

displayusesincelightemittingwavelengthinthevisible region

can be controlled depending on InN mixed crystal ratio.

When, in semiconductor light emitting diodes, a light

emitting layer is constituted of a plurality of layers, unless

the layers have correctly the same structure, the light emitting



An object of the present invention is to provide a single quantumwell and
alight emtting diode obtained by using this by a nitride-based group 3-5
conmpound sem conductor having high crystallinity and high quality. SUMVARY
OF THE' | NVENTI ON The present. invention provides (1) a group 3-5 conpound
sem conductor. conprising at |east one interface of two | ayers having
lattice msmatch, an internedi ate Iayer havi ng a filn1thickness of 25 nm or

nore and a uanttum wel | layer, in th f% Al so, the %)r%ts | nventi on
provi des ( ZBeHTYGHS &R 1YSHLaR IRt FPELS TR q’%erﬁsr oned
conmpound seni conductor. BRIEF DESCRIPTICNb THE DRAW NGS Fi g. IS a_view
show ?g one:é’;garﬁﬁséﬂo antby g?’ﬁ%d%n% E%%hiﬁd @ﬁﬁ‘%g&%ﬁr ]E)?":’E]h@’p?%se?t

i nvention i g vi ew show n emttin i ode 0 e presen

i nvention predtiddeas ¢ 9E§Eaﬂﬁff%eﬂsesrhe ® QNEFDIR dWPﬁntq'lélf‘%ﬁrJg’sgl'éFe as

fol |l ows. 4 1. Substrate 2: Buffer layer 3:  GaN |l ayer 4; InGN |ayer 5:
| nt er nedi at éanl’diférn$laV‘EFI15’r yyed. such E&’Foﬁ’élret“} ‘é?nlb&/%YoBde@Sr - Fopeher caN

| ayer 9: Undoped GaN | aye
in the case of application to laser, when a light emitting layer

is composed of a plurality of layers, the whole £ilm thickness
of the light emitting layer increases, consequently, leading
to increase also in absorption of light by the light emitting
layeritself. Therefore, theminimumcurrentrequiredfor laser
oscillation can be decreased by a single layer structure of
the light emitting layer.

Ontheotherhand, innitride-based compound semiconductors,
a crystal having so high quality and large area as to enable
use in crystal growth is not obtained. Therefore, growth on
different substrates, so-called hetero-epitaxial growth is
generally conducted. Namely, using substrates having
relatively near lattice constants such as sapphire, SiC and
the like, an amorphous or fine crystalline thin f£ilm called
buffer layer is first grown, and a crystal of this compound
semiconductor is grown on this. However, it is general that
very high density dislocation of about 10%® cm™? is present also
on thus obtained crystal. Because of such a reason, it is very
difficult to form a thin £film having high uniformity from this
compound semiconductor, leading todifficultyinrealizinghigh

light emitting efficiency by a single light emitting layer.



10: Si-doped n-GaN | ayer ' DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
nitride-based group 3-5 conpound sem conductor of the present invention has
the interface of two layers having lattice m smatch, an internedi ate | ayer
and- a single quantumwel | structure, ify this order, on a substrate. A
guantum wel | |ayer neans a | ayer represented by the general formula

| nxGaYAlI ZN (wherein, x+y+z=1, OSxSI, OSy5l, Gsz S1) having a filmthickness
of 5 ~ or re and 90!~ qr [ ess and bei wi ched by and in contact
wth tvo | a0ePseRleRLYy 30 s5e rkran: ForRl e T e S B L Rk er i
0 X" S1, 0 ‘s 1 Sz S1 oty 47" =1 avj ng.l.arger ban ap
than t he quﬁﬁ?ry}ﬁf'ﬁélf:p gﬁy%9hian%¢e$3ﬁa‘f%’¥}g 2 58y qseéina&iléﬂip flﬁéngﬂfght um
wel | layer are_.described_as a barrier,.layer,. and the quantumwell |ayer is
oscri bed sPRUySSLhE Saonadydy orbiaht S Chad ki Ham Raredr g um
wel | |ayer ind barri er I@/er_ are described as a_quantumwel|l structure

t oget her, inig8teefdsddng fdodes YSIAGRNIFIAR-PIKRA CUPRIMRL t wo barri er

| ayers , x' , y'" and z' nmay be nutually the sane or different . It is

pref erabl e BRFLCPREUGtPESrence in band gap of a barrier layer and a wel |
layer is 0.1 eV or nore. Wien this difference in band gap is less than 0.1
eV, confinement®BfORIGGT Ofs the presgait) iPYGRELPR HBtt BAIE I SdRGLE ght
emtting efficiency decreases_when used as a light em tting di ode. Mre
pref er abl y, aPantymowal b\ang andight 1fihkhlelng Wieona H@tﬁécﬁ&dgg}f) Wiing BRAS er

| ayer is over 5 eV, voltage necessar)é for charge injection increases,
therefore, PHe®BaRgiggpPared FAWR &l chmroynd Sepdcoadaqtprshaving highs
The intermedi ate | ayer in the present invention is characterized in that it
i s sandwi chEFYS&akddRithe apd RLRYy Gualidhhe nearest 'interface to the wel |

| ayer anong the interfaces having lattice m smatch, may be constituted of a
plurality oPUMMPBYsOFyTHENZd VAN filmthickness of 25 nmor nore. More
preferably, the filmthickness is 30 nmor nore. Wen the thickness of_ the
i nternedi ate | abaf PXeseRt {RYANDIORNPTAELGEFetL ) of OROUPr SsEnCOMPPHRG on
may not be manifested, in _sone cases. Such an internediate |layer may be in
contact wi t FeRigOMAuchpsr CORRFLPANGHRE teatt one Apteripss af Wodaviess

| ayer. The internediate |ayer may forman interface with another | ayer 6
havi ng | at t PE¥iRgshatEhceaRysmatehi saraketerpediatekayer Raying g dd Wk |

| ayer side of two layers formng the interface. Further, the internedi ate

| ayer may aft8dck@ess O§nRAcRMPE MArGe?Pd | & Baniim rs b AAYSH erfadd i t h
anot her | ayer having lattice msmatch, and in this case, the internediate

| ayer acts 859%Ibarrier layer and also as a layer of the well |ayer side of
two | ayers form ng the interface. In the present invention, it is necessary
that at |east of&SPntehe REEIHNT AGVEREOD REOVAGESal i) c® M EHaElH fidng
present . Here; the termhaving |lattice msmatch nepans_that two_| ayers have
di fferent | 200 0BRSS LYalSHP S HS RRIYSTERF+ 2R of°™BAYR N t he case
of connection qof two layers having lattice m smatch, lattice strain is
gener at ed s&SHLCIIGEI the I attice constant along the interface direction
of a layer to that of another |layer nutually. In general, due to stress
applied to a crystal, the crystal gets a lattice constant different from
the original latti : t S having lattice msmatch are
mutual ly i nB&J aﬁ%gﬁﬁ%ﬂ@ﬁ M%@ﬁ’%&% he original lattice constants
respectively algn he interface direction, latti strain does not exjst,
ind Tatti o strird- Lk amiee SrovipanmsRamehe q tha bt 3B e TRa b e

m smat ch have ytter]ly the s | attice constant. along the interface
direction, PEMLEAN trﬂ‘rlod‘fﬁtee REGSEHE i IR tHPRsent at all. When two

| ayers having lattice m smatch are conpected and lattice strajnis
partially relaxbh 215 RYUGH PROVEASH CLORE PO TS GRAAGeLHe CRORRRATE
surface direction are different, between two |ayers, internediate |lattice
constant i s VRS flf&q}dé'r-?ﬁ{]tlﬁb H? tonplete rel axation and the case
of utterly no relaxation, differing also fromthe case of no lattice

strai n. Regar di Thetdeaopatedms abéd imbbheifiguaes afe hatfollowsni smat ch in



the present invention, specifically, the absolute value is 0. 01%or nore
and 5% or less . Here, the magnitude of lattice msmatch is cal cul at ed,
based on lattice constant along the interface direction of a |ayer of the
substrate side, by dividing a difference of lattice constant al ong the
interface direction of a layer |lam nated on the | ayer of the substrate side
fromthe lattice constant of the |layer of the substrate side, by the

| attice constant of_ the |ayer of the substrate side. Wen the absol ute
value of lattice mismaPeRStEat@ss than 0.01 or over 5% the effect of the
present invention is not remarkabl e. Regardi ng am xed crystal containing
group 3 el ements otherBYREATGhaYBErticularly those containing In, of the
above-nmenti oned conpound sem conductors, it is generally difficult to grow
thick filmof high §uadfe¥yla¥®Brefore, in the present invention, it is
preferable that at |east one |ayer of |ayers constituting the interface of

| ayers having |attite FRpGaNtAYRE a nixed crystal showing lattice
conformty with GaN or GaN. Further, in layers formng an interface having
lattice msmatch i ndt hEnppERediatayeéAYeBn, the effect is nore 8

remar kabl e and preferable in the case of application of conpressive strain
by lattice m smat chét @linlaviercase of application of tensile strain. The
effect of the present invention is particularly large in the case of a

| ami nation structur@:ifdlGaNchapréerayayesf |ayers fornming an interface
having lattice m smatch is made of GaN and anot her | ayer has larger lattice
constant than that &f Shndopedghr@aNglp¥§srs forming an interface having

| attice msmatch, it is greferable that band gap thereof is larger than the
band gap of a well 9ayérdapadecGaNalg¥ernjection into'the well layer is not
prevented. Specifically, when an.InGN quantumwell layer is provided as a
light emtting | ayet9:i®irdopedi paGpN 1A¥eTr| ayers formng an interface
having lattice m smatch are constituted of Al GaN,, GaN, InGaN having small er
INnN m xed crystal ratio than that of the light emtting layer, and I nGAIN
havi ng | arger band gap than that of the light emtting |layer. For growh of
t hese | ayerQE'%BMmdgﬁﬁﬁM%ﬂmﬁgOF atHRpINYENTEONay be controlled, and
grow h tenperature may be controlled. Particularly in the case of |InGN
growt h tenper at &he Eégré)éerhﬁ%é 9BPUR Gt Sempeungy s&MmAcondyctarepfhthe ng
smal ler InN m xed crystal ratio, for exanple, since InN mxed crystal ratio
depends i nt &Ly ipHenkdoghag khe digerfaqeot e 3aems bagh BtieRt ure

of a group 3-5 conpound
mismatch, an intermediate layer and a single quantum well

structure, in this order, on a substrate.

Aquantumwell layer means a layer represented by the general
formula In,Gay,Al,N (wherein, x+y+z=1, 05x=1, 0Sy=1, 0=z
:§1) having a £ilm thickness of 5 A or more and 90 A or less
and being sandwiched by and in contact with two layers
represented by the general formula Iny Gay'Al, N (wherein, O
=x'=1, 0=y'=S1, 05z'=1, x'+y'+2'=1) having larger band gap
than the quantum well layer. Hereinafter, layers sandwiching
the guantum well layer are described as a barrier layer, and

the quantum well laver is described simply as a well layer,



9 sem conductor of the present invention is shown in Fig. 1. In the exanple
of Fig. 1, a buffer layer 2, GaN layer 3, InGaN layer 4 , GaN | ayer 5 ,
InGaN | ayer 6 and GaAIN layer 7 are laminated in this order on a substrate
1. The interface between the GaN | ayerg3 and the InGN layer 4 and the
interface between the InGN |layer 4 and the GaN layer 5 are the interfaces
of two layers having lattice msmatch of the present i nvention, the GaN

lG:%elraielrSS ané%kf%%%% grl reltﬁgftrﬂlen%a ars %i%a%:%ndeag{fr%@ the
Sﬁ?it;ts“taﬁz. : rme&‘ ate féﬁi&ff;f‘v' hsI*Eé‘Fhéiwgl%EIf%? %ZI@%QQQK?IWH
Cayer 6 | wi SREES nadhap 9#"?%#3& €e§m%?a & 7o Sy SRETRE e R B ess

Though th | e ,shown | escr e const ion case

for : | I'ust (rjgt exa?hé‘ cortt efit® 1z tI‘.‘é‘Y Egsrgﬂ E%gnf?ﬁnsiq'?m?@ dlf#etlﬁ%?t

the’ cont ent Sf“i‘ﬁ'efs‘stpééé‘ﬁf”‘%ﬁfeﬁ%%' e %ﬁ?%?n{ﬁ%%éﬁ“‘“ FRRerle the
and I nGaN, - AA¥ERETE 94 %afégx%i#ﬁrt“‘&eé%ﬁqoerie% aﬁ fienfémn%
adopted. Furth an _i_nt erne

5
the | nGaN Ia%?’aé*dwﬁﬁehlﬁs S35 dr e SPREGNRBER toBhe cpf LERre riRed
I h I ded. bet h I

this exampl & “Erd LRYEFT A8 ek s?\ys‘éf’w@tgaﬁi& PRk entEting At fawﬁc”Ihe”
GaN | 5 which t I dj t
one o mor o ERFAAS S GRPIATRA B8 HHEU Ut b Pder MAEA et STeo Byor

dth terf t I h I tt t Furth [
fhe exanpl e 1 TR g7 I”%%Iqeﬁeérfﬁe%é@%far?m 5, EhS TRAA o B PORRSTISTn i s
f d at t t th terf t t he . GaN | 3
and the | neﬁ%yfm' '°“S%£F%y.ﬁ$ir?%%eﬁ%g$és$%% §ﬁ“’ﬁﬁeaﬂefayerecﬁéﬁ{j the
GaN | 5, h th terf be f d.
Beanpl o5 of YHESRANE ONCTORREEL ERE BRAAOPEP] AFer! BBEE LhFo LEWEe: (4 11 co
of GaN and |n r% ]égpi @ttl Cf of GaN and GaAl N. The extent of rel axation
of lattice M %2 hagni tude of lattice nisnmatch, the

:tQ'Lfik Qgsﬁ».-eingch QE:& ”a' Snaiate 15 form535%&'rﬁ'%%esr%r?ﬁgﬁ{éeﬁﬁ%ﬁﬁﬁéggwghe
at tice m

ol vt on iaaE freadu hiak B 8 sanef SeBtR et Sﬁ*ﬁ%ﬁms@% fﬁ%@a in
e present et o i B SEO TR 1 S8l BBl oL
(Noaroon . TR EL s | FuRRatd e s LTl o m b

h |

e 'S b o8 AR LN o B A LT ‘iﬁ%%?%%%mgﬁ?@a‘?}%%%ﬁ@%s%% o ot oraFe
o ecul bwpaﬁgar SR LREFET BALUEL 1 APRE BN BLED, 85 HE B oqRE oS

net hod, an ganic v ase e ereinarter, I'évi at

MOVPE e, h f :
abbrev:gtzg as Iﬁ?%?g%%ﬁ%gdgg%s §¥é£$%&g$9 ngQ?%g ??L%g§¥e£ﬁggfgga %ﬁr

t he MBE net d, .t I I b
cpi taxy (nerdinStiart BfolBeiat EafRE T imts T AL A0 DR RERLERSERE "Lp o
feeding a nE}H%ge , amoni a, and other nitrogen conpounds in the form
of gas, as nitrogen raw materials. In this case, nitrogen raw materials are

chem cal i nacti %%c%“g)n tlﬁlet%fr%%%’la%t Og‘ag%&eﬁ%& BS HCeLReLALCH kR & Ghysta

easily. In this~case i ncorporati ciency

layer, and in this case, it acts also as a barrier layer. The

intermediate layer may form an interface with another layer



of nitrogen can be raised by exciting nitrogen raw materials by m crowave
and the like to give activated materials to be fed. EXAMPLES The fol |l ow ng
exanples illustrate the present invention further in detail below, but do
not limt the scope of the invention. gxanple 1 12 A group 3-5 conmpound
sem conductor having a structure shown in Fig. 2 was produced by the MOVPE
nmet hod. As the substrate 1, a sapphire of specul ar-polished C surface was

washed with,an.organi¢.materi al before. use As the growth nethod, _a
two-step gr mvﬁnﬁe?ﬁgglﬁﬁs'“{é%ﬂtﬁgi P e 2815 Faﬁ/et'eﬁge?%*f%raes G SR SBur f er
| ayer. The t ratu f a susceptar carrying the suybstrate.was controlled
to 550'C, aﬂgngﬁ%ameﬁlgf EEYGFa%ﬁe?%aWHg éyﬁﬂﬁc REELNGs tgﬁoﬂrf‘ §69£ﬁrﬂewas
grown . TheP agb_ 1060 hedl n-tépe_l ayer 8 made of _.GaN doped with Si having a
t hi ckness of YEBBEE -3the LptarledighgopaycEafiayafdsog ber 1256t AGRE ¥idtown
usi ng hydrogen gi f carrier gas. Next, 17 nmof a GaN | ayer 10 doped with
Si and 3 nnfof'® AYERN 729 roum iy iiRf eFF acs widd adehhay JavRer 8agidth
alternately_four tinmes using nitrogen as a carrier gas and sil]ane diluted
to 1 ppm w tRtEAEeMMisRYESh . AR Inhisheasemdieal nseragdiateriayer acds a
susceptor tenperature of 825 . The InN m xed crystal ratio of the InGN

| ayer was 18% &neeF¥iemslavem,and @le® #Sshatd¥eF oh-he vedk fayay stde her,
the tenperature of the susceptor was changed to 785C) and 100 nm of the GaN
| ayer 5 dop@d ®Phlayefsi ERTdngn tiher dnfSHEASe | ayer, 3 nmof the InGaN

| ayer 6 which is a well layer and 6. 5 nmof the AlGaN |layer 7 which is a
barrier |ayer weRethe RFes@Rteinyebinan.thE ianPreeRgdrvetbaddatadgast
phot ol um nescence was neasured _at room tenperature using He-Cd | aser (325
nm) as an eREPtERIPREATYRE LWoleyens Ravingilahitire pégmakehnkes Preseny.ayer
was observed as a spectrum haviing a peak at 457 nm ang the peak strength
was 6.87 fold b&eeRl. dihe Hemr anbavdngatptelcemipsatehsumaang tdrat two
phot ol um nescence, al so _the peak fromthe ground |ayer, InGaN |ayer, grown
at 825C wasl8B8&FyBAVEt ddbEeRRNtahatise] AOBASANY St R08GF thEs interfaged
based on the standard sanple. The standard sanple was produced in

Conpar at i veEXSRBAEE agddb%ctrheo&e%%mpomﬁsng#am 9f BRif¥ens having

lattice mismatch, lattice strain is generated so as to match
the lattice constant along the interface direction of a layer
to that of another layer mutually. In general, due to stress
applied to a crystal, the crystal gets a lattice constant
different from the original lattice cor_xstant.

When two layers having lattice mismatch are mutually in
contact and the two layers have the original lattice constants
respectively along the interface direction, lattice strain does
not exist, and lattice strain is completely relaxed. When two
layers having lattice mismatch have utterly the same lattice
constant along the interface direction, relaxation of lattice
strain is not present at all. When two layers having lattice

mismatch are connected and lattice strain is partially relaxed,



In the procedure of Exanple 1, after growmh of a un-doped |ayer at 1060C ,
a GaN | ayer doped with Si, an InGaN |l ayer which is a well layer and an

Al GaN | ayer which is a barrier layer were grown directly at 785C, without
growing the GaN | ayer and InGaN layer at 825C . This sanple has the sane
structure as in Exanple 1 except that the interface of two |ayers having

| attice msmatch is not contained. This was eval uated by way of

phot ol um nescence in t sajte manne i n, Exanpl e 1. Conparative Exanple 2
A sanpl e vvagc(i’pQruo‘ﬁ'hctgbe irﬁa“fec%a‘f%n?é%aé? %Jsmil%n%ﬁnﬁ?%“fggﬁgeﬁflfcﬁacﬁhat t he
t hi ckness of_the .internediate | ayer s 17 n This was eval uat ed way of
phot ol umi neSBHFEI9P 1352 s@’rﬁ’gf?ﬁ%m r]‘g'ggw?%n Eg‘g?rpf‘éyﬁr?o F‘Pﬁarf“ﬁaﬁafb'ée peak
intensity of light em ssion fromthe Weﬁl"é Ia¥er manj fested an intensity of
only 1. 37 f it R POTE {ARE st RER P LEas e ¥SSRpFBe2CASEaRf SOofRICte
produced in the sane manner as in Example 1 14 excepting that after
growth of a TR ENTDe faspRfcutterly me IRgfe @it FhieEing
susceptor tenperature of 785C . This was eval uated by way of

phot ol uni neSHEIR ET9M tHRe Ca%e e REFHCEXRRBREM 1 to find that the peak
intensity was 13.1-fql d based on_the standard sanple_. The I nN m xed .
crystal ratio i ReEREIIRERPE BERLeRRP Ly Maghitydgof 1a§ticg pigmagflnd ch
in a-axis with GaN. Thi's photol um nescence intensity includes contribution
from | nGaN itha e SAREAGVERTd onayeRe Gl ¢dhtY i heiadP s Hadne dd Qed1® on
the outernost surface. Since the photol um nescence _intensity of the | nGaN

| ayer in theWREERAMLAY 9A}EFSi-n EREfpItee1magrituds.-algthasednbsma keh
standard sanple, the contribution to the peak intensity fromthe InGaN well
| ayer on t hétowedardatady dasethen darhdcsascanstght ahPRgi e |eriace LED
structure, of photol um nescence intensities in this exanple, was calcul ated
to be 5.60- fHIPHABY Oh T hbr¥eBAneEr B afpPetrales§htrac PVnGLivdMmig & i on
fromthe underground | ayer. Exanple 3 A sample was produced in_the sanme
manner as i e of d@ftlcg FH&FtPHGagIRP.nH the intersagediredairn he
wel | |ayer was substituted by AlGaN in Exanple 2. The ALN m xed crystal
rati o i n t heiaciRvery damiadtes ogngher 1a¥er- ot the substERtHi Shee hrem
a-axis with GaN._. This was eval uated by way of photol um nescence in the sane
manner as i FEARAEle (PRI RPE RE R 18T i of Hee t5RRkrateoside d BEsed
on the standard 15 sanple. Exanple 4_A sanple was produced in the _sane
manner as i fFiSaMptdce @?Eéﬁtﬂpﬁg"?tﬁ’ce ta¥ernPEiha § tEateu8pes - wi resi  of
the internmedi ate | ayer was changed from 100 nmto 50 nm This was eval uated
by way of pHAt®IARAHE G Y& U othdadddeenBisaated s EREFpLBaR PoOt¥nert hat

t he peak intensitg was 3 . 60-fald based on the standard sanPI e. Exangl e 5
On the sanpl ¥t SEhet Ry &HASEE oL LN PYpEersyERVGRS1IPRAHEPT FTemarkable.

Regarding amixedcrystalcontaininggroup 3elementsother
than Ga, particularly those containing In, of the
above-mentioned compound semiconductors, it is generally
difficult to grow thick f£ilm of high quality. Therefore, in
the present invention, it is preferable that at least one layer
of layers constituting the interface of layers having lattice
mismatch is a mixed crystal showing lattice conformity with
GaN or GaN. Further, in layers forming an interface having

lattice mismatch in the present invention, the effect is more



| am nated, to obtain an epi-wafer for LED . This can be further sub jected
to el ectrode formati on according to an ordinary nethod, to give LED. Thus
obtained LED is LED emitting Iight froma single quantum wel | having

i nproved property. The group 3-5 conpognd seni conductor of the present
invention has high crystallinity and high quality, and a light emtting

di ode obtained by using this manifests high light emtting efficiency and
has a hi gh i_ndustr.i val ue t.1s,.clainmed

I . 16 a 1. A group 3-5
nitri de- bas&FEamMFIt A '%‘?ﬁﬁﬁat%re clox}‘rpffl?%i%ags%tofe%%?lbﬁ%hﬁﬁe??ace of
two |layers having lattice msmtch, an internmediate |ayer having a fil.m
Lt cknoes of OB HRATHY bt STl BY of Har 6 ST O  FRER bR e, Sp et REs
order. 2. The riou 3-59(%0 ound seni conductor according to Claim1 wherein
t he quant um3RH qaﬁi/jé)rni t HE Sy B tumwel | structure is represented

by the general {ornul | nxGayAl ZN (wherein, x+y+z=1, 0<x51, Osy<l, Osz<l)..
3. The group 3- ghEOﬁﬁgﬁﬁH %‘c%;rﬁh@oﬁagc?FBF 3B¥BR ¥HB 19 Rﬁ%"ijrﬁ"ll%%g iar & d
lattice msmatch is partially relaxed or not relaxed~at, all. 4.. The group
3-5 conpoundfs it Gffc aai@ﬂ'ﬂd‘iaﬂ'&ot”o SHRPOURg dimehiqlh ORGHAYE T e
two | ayers having lattice m smatch have a | am nated structure conposed of a
lattice mat dPFEHSOTHENG a8 NREFF ER 9 MV TilakfiGfe Ay sBAChy ks mafde 5.
The group 3-5 conpound seni conduct or accordina to any of Clainms 1 to 3

wher ei n t he dfWEaN3RE nhhery Leyer kas harRit Fatdiceacrastantethar thatir e

conposed of a lattice matched | ayer
of GaN.

Regarding layers forming an interface:having lattice
mismatch, it is preferable that band gap thereof is larger than
the band gap of a well layer since charge injection into the
well layer is not prevented. Specifically, when an.InGaN
quantum well layer is provided as a light emitting layer, it
is desirable that layers forming an interface having lattice
mismatch are constituted of AlGaN, GaN, InGaN having smaller
InN mixed crystal ratio than that of the 1light emitting layer,
andInGaAlNhavinglargerbandgapthanthatofthelightemitting
layer. For growth of these layers, a method of feeding raw
materials may be controlled, and growth temperature may be
controlled. Particularly in the case of InGaN, growth
temperature can be raised for control for growth of a layer
having smaller InN mixed crystal ratio, for example, since InN
mixed crystal ratio depends intensively on the growth
temperature.

One example of the structure of a group 3-5 compound



with GaN and a | ayer having lattice constant |arger than that of GaN. 6. A
group 3-5 nitride-based conpound sem conduct or conprising a superlattice of
GaN and a conpound sem conductor represented by the general fornmula I nxGaYN
( wherein, x+y=1, 0<x< 1, 0<y<Z), an gnternediate |layer having a film

t hi ckness of 25 17 nmor nore and a single quantumwel |l structure, in
this order. 7. A group 3-5 nitride-based conpound sem conductor conpri sing
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layer 'and further as a barrier layer. The GaN layer 5,
intermediate layer, has a film thickness of 30 nm or more. The
InGaN layer 6, well layer, has a £ilm thickness of 5 A or more
and 90 A or less.

Though the example shown in Fig. 1 describes a simple
constitution case for illustrating the content of the present
invention simply, further complicated constitutions may be
provided within a range not deteriorating the content of the
present invention.

For example, though the number of the constituent elements
in each layer is two such as GaN or 3 such as GaAlN and InGaN,

a mixed crystal generally represented by InGaAlN can also be
adopted.

Further, the GaN layer 5 which is an intermediate layer
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U& () -110% Yo tne Thcan layer 6 which is a well layer are in direct contact
in this example, however, one or more layers may also be provided
between them. In this example, the interface of two layers
having lattice mismatch and the GaN layer 5 which is an
intermediate layer are in direct contact, however, one or more
layers may further be provided between the intermediate layer
and the interface of two layers having lattice mismatch.
Furthermore, in the example of Fig. 1, the interface of two
layers having lattice strain is formed at two positions, namely,
at the interface between the GaN layer 3 and the InGaN layer
4, and the interface between then InGaN layer 4 and the GaN
layer 5, however, one or three or more interfaces may also be
formed.

Examples of the above mentioned three or more interfaces
are superlattice of GaN and InGaN or superlattice of GaN and
GaAlN.

The extent of relaxation of lattice mismatch depends on
themagnitude of latticemismatch, the thicknesses of individual
layers forming the interface of layers having lattice mismatch,
and physical properties such as elastic modulus and the like.
It is preferable that relaxation is as small as possible since
relaxation is generally accompanied by dislocations.

The substrate used in the present invention and the growth
method are described below. As the substrate for growth of

the crystal of the group 3-5 compound semiconductor, sapphire,
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Zn0O, GaAs, Si, SiC, NGO (NdGaO;), spinel (MgAl,04), GaN and the
like are used. Particularly sapphire is important since it
is transparent and forms a crystal of high quality having large
area.

As the method of producing the group 3-5 compound
semiconductor, a molecular beam epitaxy (hereinafter,
abbreviated as MBE in some cases) method, an metalorganic vapor
phase epitaxy (hereinafter, abbreviated as MOVPE in some cases)
method, ahydride vapor phase epitaxy (hereinafter, abbreviated
as HVPE in some cases) method, and the like are listed. When
the MBE method is used, there is generally used a gas source
molecular beam epitaxy (hereinafter, abbreviated as GSMBE)
method which is a method of feeding a nitrogen gas, ammonia,
and other nitrogen compounds in the form of gas, as nitrogen
raw materials. In this case, nitrogen raw materials are
chemical inactive and a nitrogen atom may not be incorporated
inacrystaleasily. Inthiscase, the incorporationefficiency
of nitrogen can be raised by exciting nitrogen raw materials
by microwave and the like to give activated materials to be
fed.

EXAMPLES

The following examples illustrate the present invention
further in detail below, but do not limit the scope of the
invention.

Example 1

10%

1 10% U& () - XJYdEDC &3L109% f)10% U& ()-s' 10%
010% U8 () - #: 10% U&' ()-!:110% U& ()-"110% U& ()-Y{! BvwxdE:/ 10 U
7310% U& () - S510% U& () - 3 11



L3F10% U& ()-F1 10% U& ()- S/ Y10% U& ()- -10% U& ()-xy{xY:/ 10 U
L4109J& ()- L4109%& ()- L410% & ()- L4109& ()-L4109%& ()-109%& ()- 10
U7] <bcde}ASH= 10 U 10 10 10, F+t! 109 ()-!, M 109%& ()-!

M 10%: ()-, M 10%& ()- L410% ()-eg\ Rk ?SH= 10 U S# 10% & ()-! s!10%
& ()-s!10% & ()-!( s!10% /& ()-s! 10% & ()-110% & () - KKkuS4 10s! 10%

h& ()-16s!10% h h& ()-s!10% h& ()-10% h& ()- 10// 10// 10//!(

S#! 109 /& ()-!! A!gl;c;@y‘-"slcoo!mpo'\{lmlé) zegmg}:_ondwcjt%%«gﬁé\)/in& %(yggﬁlzlggéture shown
in Fig. 2 was produced by the MOVPE method. As the substrate
1, a sapphire of specular-polished C surface was washed with
anorganicmaterial beforeuse. As the growthmethod, atwo-step
growth method was used using GaN as a low temperature grown
buffer layer. The temperature of a susceptor carrying the
substrate was controlled to 550C, and a GaN buffer layer 2
having a thickness of about 50 nm was grown. Then at 10607TC,
an n-type layer 8 made of GaN doped with Si having a thickness
of about 3 Um and a undoped GaN layer 9 of 150 nm were grown
using hydrogen as a carrier gas.

Next, 17 nm of a GaN layer 10 8oped with Si and 3 nm of
an InGaN layer 4 having no lattice relaxation were grown
alternately four times usingnitrogenas acarrier gas and silane
diluted to 1 ppm with the nitrogen, TEG, TMI and ammonia as
raw materials, at a susceptor temperature of 825C. The InN
mixed crystal ratio of the InGaN layer was 10% and it has 1.1%
lattice mismatch in a~-axis with GaN. Further, the temperature
of the susceptor was changed to 785C, and 100 nm of the GaN
layer 5 doped with Si which is an intermediate layer, 3 nm of
the InGaN layer 6 which is a well layer and 6.5 nm of the AlGaN
layer 7 which is a barrier layer were grown.

After growth, the sample was removed, and photoluminescence
was measured at room temperature using He-Cd laser (325 nm)

as an excitation light source. Light emission from the well
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HM 1098 ()Irl Jt%{éB‘ghe(aqur]eQrP%t of photoluminescence, also the peak from
the ground layer, InGaN layer, grown at 825C was observed at
406 nm, and the intensity thereof was 7.53-fold based on the
standard sample. The standard sample was produced in
Comparative Example 1 as—described below.
Comparative Example 1
In the procedure of Example 1, after growth of a un-doped
layer at 1060C, a GaN layer doped with Si, an InGaN layer which
is a well layer and an AlGaN layer which is a barrier layer

were grown directly at 785C, without growing the GaN layer
and InGaN layer at 825°C. This sample has the same structure
as in Example 1 except that the interface of two layers having
lattice mismatch is not contained. This was evaluated by way
of photoluminescence in the same manner as in Example 1.
Comparative Example 2

A sample was produced in the same manner as in Example 1
excepting that the thickness of the intermediate layer was 17
nm. This was evaluated by way of photoluminescence in the same
manner as in Example 1 to £ind that the peak intensity of light
emission from the well layer manifested an intensity of only
1.37-fold based on the standard sample.
Example 2

A sample was produced in the same manner as in Example 1
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as in Example 1 to £find that the peak intensity was 13.1-fold
based on the standard sample. The InN mixed crystal ratio in
the InGaN layer was 17% and it has 1.9% lattice mismatch in
a-axis with GaN. This photoluminescence intensity includes
contribution from InGaN in the underground layer and
contribution fromquantumwell on the outermaost surface. Since
the photoluminescence intensity of the InGaN layer in the
underground layer in Example 1 was 7.53-fold based on the
standard sample, the contribution to the peak intensity from
the InGaN well layer on the outermost layer functioning as a
light emitting layer in a LED structure, of photoluminescence
intensities in this example, was calculated to be 5.60-fold
based on the standard sample, by subtracting contribution £rom
the underground layer.
Example 3

A sample was produced in the same manner as in Example 2

excepting that InGaN in the layers other than the well layer
was substituted by AlGaN in Example 2. The AlN mixed crystal
ratioin the AlGaN layerwas 15% and it has -0.3% latticemismatch
in a-axis with GaN. This was evaluated by way of

photoluminescence in the same manner as in Example 1 to find

that the peak intensity was 3.20-fold based on the standard
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sample.

Example 4

A sample was produced in the same manner as in Example 1
excepting that the thickness of GaN doped with Si of the
intermediate layer was changed from 100 nm to 50 nm. This was
evaluated by way of photoluminescence in the same manner as
in Example 1 to £ind that the peak intensity was 3.60-f0l1d based
on the standard sample.
Example 5 )

On the sample of the examples, a p-type layer was further
laminated, to obtain an epi-wafer for LED. This can be further
subjectedtoelectrode formationaccording toanordinarymethod,

to give LED. Thus obtained LED is LED emitting light from a

single quantum well having improved property.

The group 3-5 compound semiconductor of the present
invention has high crystallinity and high quality, and a 1ight
emitting diode obtained by using this manifests high light

emitting efficiency and has a high industrial value.
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U&'()-y!lO%)U&fiz-Aségg%p 3-5 nitride-based compound semiconductor
comprising at least one interface of two layers having lattice
mismatch, an intermediate layer having a f£ilm thickness of 25
nm or more and a single quantum well structure, in this order.

2. The group 3-5 compound semiconductor according to Claim
1 wherein the quantum well layer in the single quantum well
structure is represented by the general formula In,GayAl,N
(wherein, x+y+z=1, 0<x=1, 0=y<l, 0=z<1).

3. The group 3-5 compound semiconductor according to Claim
1 wherein said lattice mismatch is partially relaxed or not
relaxed at all.

4. The group 3-5 compound semiconductor according to any
of Claims 1 to 3 wherein the two layers having lattice mismatch
have a laminated structure composed of a lattice matched layer
with GaN and a lattice mismatched layer with GaN.

5. The group 3-5 compound semiconductor according to any
of Claims 1 to 3 wherein the two layers having lattice mismatch
have a laminated structure composed of a lattice matched layer
with GaN and a layer having lattice constant larger than that
of GaN.

6. A group 3-5 nitride-based compound semiconductor
comprising a superlattice of GaN and a compound semiconductor
representedby the general formula In,Ga,N (wherein, x+y=1, 0<x<1,

0<y<1l), an intermediate layer having a f£ilm thickness of 25
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. A group 3-5 nitride-based compound semiconductor

comprising a superlattice of GaN and a compound semiconductor
representedby the general formulaGa,Al,N (wherein, y+z=1, 0<y<1,
0<z<1l), an intermediate layer having a f£ilm thickness of 25
nm or more and a single quantum well structure, in this order.

8. The group 3-5 compound semiconductor according to Claim
6 or 7 wherein the quantum well layer in the single quantum
well structure is represented by the general formula In,Ga,Al,N
(wherein, x+y+z=1, 0<x=1, 0=3y<l, 0=2z<1).

9. A light emitting diode obtained by using the group 3-5

compound semiconductor of Claim 1 or 6.



